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Arenaviruses are known to show antigenic relationships in the complement-fixation
(CF) andfluorescent antibody tests but not in the neutralization test. The humoral response
to some of the arenaviruses is characterized by a dissociation between the antibodies
determined by the CF test and those determined by the neutralization test and also by its
late appearance following natural infection. Investigations are reported showing that, as
regards the CF test, Junin, Machupo, Amapari, and Tacaribe viruses are closely related,
while LCM and Lassa viruses are distantly related to each other and to the remaining
viruses in the group. Studies by agar gel diffusion and precipitation have shown complete
specificity except among viruses that are very closely related in the CF test. Observations
with sera from persons infected with Lassa fever virus show that CF antibodies rarely
appear before the 18th day after onset; they can persist, with diminishing titres, for up to
6 years.

GENERAL CONSIDERATIONS

Antigens
The most extensive studies to determine the bio-

chemical and physical properties of an arenavirus
have been done with lymphocytic choriomeningitis
(LCM) virus (1) and Pichinde virus (2). To a con-
siderable extent this is also true of investigations of
antigenic properties, i.e., correlation of the structural
constituents of the virion with antigenic function or
activity.

Early studies with LCM virus had demonstrated
the existence of a complement-fixation (CF) antigen
separable from the infective particle by centrifuga-
tion; this was called a soluble antigen. Recent
investigations by Gschwender & Lehmann-Grube (3)
employing newer methods of isolation and separa-
tion-rate zonal centrifugation, gel electrophore-
sis-have confirmed and extended earlier studies;
not only are the CF antigen and the virion different
physical entities but they manifest distinct antigenic
properties. Inoculation of the CF antigen into ani-
mals induces antibodies that react in vitro with that
antigen but fail to neutralize the virion; furthermore,
repeated inoculations of the CF antigen fail to
protect guinea-pigs against subsequent challenge
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with LCM virus. It was concluded that the CF
antigen was not present on the surface of the virion
and it remained uncertain whether the CF antigen is
a structural component of the virion (3).

Since structurally and morphologically the arena-
viruses appear to be a homogeneous group, it may
be anticipated that the presence of two distinct
antigenic constituents in the virion-or associated
with it-as noted in LCM virus, may also occur with
other arenaviruses; this is an important fact to bear
in mind when investigating properties of the arena-
viruses that depend on their antigens and the rel-
evance of these properties to problems of diagnosis,
serotherapy, and vaccine development.

Humoral response

The humoral immune response to some of the
arenaviruses has a characteristic that may apply
generally and that may be a consequence of the
existence of two distinct structural and non-struc-
tural antigens with different localization in the
virion. This characteristic, a lack of synchrony in the
development of antibodies detected by different
tests, has been observed with LCM after natural
infection of man and with Pichinde and Lassa virus
following immunization of mice.
Hotchin (4) reported that CF and neutralizing

antibodies and those detected by the fluorescent
antibody technique (FAT), appear to be indepen-
dent. CF antibodies appear in man relatively early in
the disease or during convalescence, from 8 days
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after onset onward, while neutralizing antibodies are
found much later, usually not before 5 weeks from
onset; fluorescent antibodies may appear at an ear-
lier time than CF antibodies and certainly much
before neutralizing antibodies.

It is very simple to prepare potent CF antisera in
mice for Pichinde and Lassa viruses, with titres in
the range between 1:128 and 1: 512. However, the
same sera have little neutralizing capacity when
tested by the mouse neutralization test against
Pichinde (5) or Lassa (6) viruses.

Antigenic relationships

The main, but not unique, criterion for estab-
lishing the taxon Arenavirus is that the viruses
included in it possess a characteristic morphology.
As is the case with other virus taxons there exist
antigenic relationships among arenaviruses, or
among some if not all of them, while none has been
found between an arenavirus and viruses of other
taxons or antigenic groups; extensive studies, parti-
cularly with Lassa virus (7), amply support this
statement. In fact, antigenic relationships among
arenaviruses were known before morphological and
biochemical studies were initiated.

Antigenic relationships among these viruses have
been mainly studied by the CF test, probably be-
cause of its simplicity, the ease with which repeated
determinations can be made, and its relatively low
hazard to personnel. Current studies in this labora-
tory, using as CF antigen different types of prep-
aration from those generally used before, are de-
scribed in a later section; they confirm and extend
past observations.

Essentially, it had been found (8) that Amapari,
Latino, Junin, Machupo, Parana, and Tacaribe
viruses were closely related in the CF test using
mouse hyperimmune sera or ascitic fluids. There was
also fragmentary evidence that Pichinde and
Tamiami viruses were not closely related to each
other or to the remaining viruses. In the CF test,
LCM and Lassa viruses are found to be distantly
related to each other and to other members of the
group; these relationships are only observed when
using sera of very high titre.

In sharp contrast, the results of neutralization
tests, often done with the same sera that gave strong
cross reactions in the CF test, were markedly speci-
fic. In extensive plaque-reduction tests (9-11) with
sera that had homologous titres in the range between
1: 32 and 1: 2048, no cross-reactions were observed
among viruses that show such close CF relationships

as Machupo, Tacaribe, and Junin. Scarcely any
neutralization test studies have been done with LCM
and Lassa viruses, or at least they are unreported; as
far as they go they show specificity.

Studies with the FA technique have been particu-
larly successful in showing antigenic relationships
between members of the Tacaribe group and LCM
and Lassa viruses (12); all antisera against viruses
of the group that were tested reacted with LCM virus.
Cross-reactions have also been noted between LCM
and Lassa viruses, and between Latino antiserum
and Pichinde antigen (11).

Pathogenesis and immunity

These aspects of infection with arenaviruses are
described in other papers; only a few reported
observations that have a bearing on the specific
diagnosis of the diseases will be mentioned here.

After clinical infection of man with an arenavirus,
antibodies develop that at some period after the
illness have been detected by CF, neutralization, or
FA tests. The neutralization test for the diagnosis
of a current illness does not appear to have been
used much; in the case of LCM virus, this is
probably due to lack of a practical tissue culture
system, whereas with Lassa and Machupo viruses
there are safety reasons.
The test most widely used as an aid to clinical

diagnosis in infection with Junin, Machupo, and
Lassa viruses has been the CF test; however, the
diagnosis is usually retrospective, since antibodies
against these viruses are seldom detected before the
middle or the end of the third week after the onset of
the disease.

It has been reported that CF antibodies are not
long-lasting and diminish rapidly in titre, so that
between 6 and 12 months after the onset of the
disease most patients have negative sera; neutrali-
zing antibodies may persist for years.

Subclinical infections
Antibodies against LCM virus have been detected

in persons in whom no specific diagnosis had been
made; while it is possible that these persons may
have had an inapparent infection they could also
have suffered an undiagnosed clinical attack (13). It
is the current view that clinically inapparent infec-
tion is rare with Junin and Machupo viruses.

Seroepidemiological surveys

Surveys have been made in the past to detect the
presence of LCM virus activity, particularly in the
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USA and the Federal Republic of Germany; in the
latter country, Ackermann (14) estimated that as
many as 1000 new infections a year occur, of which
only very few are diagnosed.

Little is available in the literature concerning
attempts to survey populations for neutralizing anti-
bodies against Machupo and Junin viruses; perhaps
the view that subclinical infections are rare has been
a deterrent. There is evidence of antibodies for Lassa
virus in persons who may have had a mild illness,
perhaps even no illness at all (15).

EXPERIMENTAL OBSERVATIONS

Current investigations in this laboratory include:
examination of relationships among arenaviruses by
the CF test; the application of the agar-gel diffusion
and precipitation (AGDP) test to these agents in an
attempt to characterize them further; and a contin-
uing study of the occurrence and persistence of CF
antibodies against Lassa virus in a particular group
of individuals.

Complement-fixation test: antigens
In previous work (7) antigens were prepared by

the sucrose-acetone method. The antigens at present
under study were prepared by a method first used in
our laboratory years ago, based on alternate freezing
and thawing of a tissue suspension. As the method
uses no chemical procedure of extraction, it may
alter the antigens' properties to a lesser degree than
acetone treatment; furthermore, since the procedure
of homogenization and inactivation of virulence is
carried out in an unopened vessel, the risk of
accidents is minimized.

Mice 1 or 2 days old are inoculated intracerebrally
with a virus and sacrificed 7 or 8 days later, even if
no signs of illness are visible. A 20 g/100 ml suspen-
sion of brain tissue in physiological saline is pre-
pared and to this is added betapropiolactone in a
concentration of 0.1 ml/100 ml; the suspension is
homogenized for 30 seconds and kept in the un-
opened blender at 4°C for 18 hours. The suspension
is then distributed in plastic tubes, about 10-12 ml
per tube, and immersed alternately for periods of
15 minutes in dry ice-alcohol and in water at 37°C;
after 3 cycles the suspension is centrifuged at
12 800 g for 1 hour. The clear supernatant is the
antigen; it is stored lyophilized in 1-ml amounts.

Antigens were prepared for the following viruses:
Amapari, Junin, LCM, Pichinde, Tamiami, and
Tacaribe, with uninfected brain tissue as control. No

infective virus has been recovered from any of the
preparations by intracerebral inoculation in new-
born mice or, with LCM, in 3- to 4-week-old mice.
The homologous CF titres determined with mouse-
immune sera were in the range 1: 32 to 1: 64, except
for Pichinde, which was 1: 16; the antigens have not
shown any trace of anticomplementary activity even
when used undiluted.

Latino and Parana viruses were not included in
the study. No attempt was made to prepare antigens
for Machupo and Lassa viruses; antigens for these
agents were generously provided by the US Middle
America Research Unit (MARU), Canal Zone, and
by the Center for Disease Control (CDC), Atlanta,
respectively.

Immune sera
Immune sera, and in some instances ascitic fluids,

were prepared in mice; the mice were usually given,
by the intraperitoneal route, 3 immunizing injections
of a 10 g/100 ml suspension of infected newborn
mouse brain tissue in physiological saline. The sera
and ascitic fluids were stored at -20°C; for use, a
sufficient amount was heated undiluted at 60°C for
20 minutes and then centrifuged at 9000 g for 30
minutes. The clear supernatant could be used undi-
luted in a CF test without any anticomplementary or
nonspecific activity developing, except in rare
instances.

Complement-fixation test
A routine semimicro method was used, with a

total volume of reagents equal to 0.15 ml, or
6 drops; the amount of complement present after
incubation of the first phase (18 hours at 40C) was
found by titration to be between 1.2 and 2 units,
depending on the dilution of serum and antigen.
Nonspecific reactions were rarely observed with the
reagents used.

Agar-gel diffusion and precipitation (AGDP) test

A gel was prepared in barbital buffer, at pH 8.8,
by dissolving 0.6 g of agarose in 100 ml of buffer.
Twenty ml of the gel was poured on a 10-cm x 7.5-
cm glass slide; clusters of wells were cut in the
agarose. The central well was filled with antigen, the
peripheral ones with sera. The reaction was allowed
to proceed at 22°C and the final reading was made at
48 hours. The same reagents were used as in the CF
test, except that the antigens were used in 5-fold to
10-fold concentration by resuspending the lyophi-
lized material in a correspondingly smaller volume
of diluent.
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Table 1. Cross-reactions among arenaviruses by complement-fixation

Serum a

Antigen AMA JUN MAC TAC PIC TAM LCM LAS LAT PAR

Amapari 256 32 32 64 32 16 0 4 32 32

Junin 64 128 32 64 0* 0 0 0* 64 32

Machupo 128 64 64 128 4 4 2 4 64 32

Tacaribe 64 64 16 256 1 0 0 0* 32 32

Pichinde 32 8 4 8 512 16 1 8 4 64

Tamiami 4 0 0 2 8 128 0 0* 0 32

LCM 1 0 0 0 0 0 256 16

Lassa, brain 4 2 1 0 4 4 8 256

Lassa, Vero cells 1 0 0 1 1 4 128

Control, brain 1 0 1 0 1 0 0 0*

Control, Vero cells 0 0 0 0 0 0 0*

Latino 8 32 32 8 0 256 16

Parana 16 16 32 16 0 16 512

a Reciprocal of serum titres; 0, no fixation, and 0 *, trace fixation, with undiluted serum and antigen.
Results with Latino and Parana reagents are reproduced from the literature (11, 16).

Results
CF test: The combined results are shown in

Table 1. The basic pattern of cross-reactivity among
the viruses studied is, in general, the same as that
noted previously, namely, a close association be-
tween Amapari, Junin, Machupo, and Tacaribe
viruses; a number of distant cross-reactions could be
detected with the low dilutions of serum, particularly
with Lassa antigen prepared with infected mouse

brain tissue. LCM serum and antigen showed practi-
cally no cross-reactivity with the other members of
the set, with the exception of Lassa.

AGDP: This test gave more specific results than
the CF test. Only the closely allied viruses-Ama-
pari, Junin, Machupo, and Tacaribe-showed cross-

reactions among themselves; no cross-reactions were

observed with Tamiami, Pichinde, LCM, and Lassa
viruses, either among themselves or with any of the
former 4 viruses. The test may be more effective for
detecting specific reactions than for establishing
group relationships; by using varying serum and
antigen dilutions, it may be applicable to the study
of possible strain differences within the arenavirus
serotypes.

Complement-fixation test studies with Lassa virus

Two studies currently in progress are described in
more detail in other papers: The first study (Frame,

17) is aimed at detecting infection with Lassa virus
on the basis of the presence of CF antibodies in a
selected population of residents of Africa, consisting
mainly of national and expatriate health workers
and their families, in several Mission hospitals. The
second study (Monath & Casals, 18) is an appraisal
of the development of CF antibodies in known cases
of Lassa fever in the period immediately following
onset, in order to establish guidelines for a specific
diagnosis.

Table 2. Persistence of complement-fixing antibodies
in the serum of persons recovered from Lassa fever

Serum, days Patient; reciprocal of titre
after onset LP BM PH JZ Mya

30 128 16

39 128 32

80-84 32 64

160 32

300 1

320 32

390 32

9900 4 4 4

a MY, not ill but infected in March, 1972.
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Table 3. Persistence of complement-fixing antibodies in the serum of a patient with
Lassa fever

Serum b, months (m) and years (y) after onset
Antigena, source 1 2 3 4 5 6 7 8 9

4m 8m 2y1 Om 4y2m 4y9m 4y1 Om 5y5m 5y8m 5y1 Om

Lassa, mouse brain 32 32 32 16 16 16 8-16 8 8

Lassa, Vero cells 16 8 16 16 4-8 4-8 4 4 4

Control, mouse brain 0 0 0 8 0 1 0 0 0

Control, Vero cells 0 0 0 8 0 1 0 0 0

No antigen 0 0 0 4-8 0 1 0 0 0

a Antigen used in dilutions 1: 2, 1: 4, 1: 8, and 1: 16.
b Serum: reciprocal of maximum titre; 0, no fixation at the lowest dilution.

First serum dilution, 1: 2 with No. 1, 2 and 4; 1: 4, with No. 3; undiluted with the rest.

An important issue at this time is how long CF
antibodies remain positive in the blood of persons
who have had Lassa fever, clinically diagnosed and
specifically confirmed by virus isolation, and with a
known date of onset. The results obtained with sera
from 5 individuals are given in Table 2. These show
that substantial antibody titres were detectable in a
patient, LP, 13 months after onset; the titres in two
other patients, PH and JZ, ill during an outbreak in
Liberia in 1972 (19) and in a third person, MY, who
was most likely infected at the same time, had
dropped considerably when they were bled 21/2 years
later, at which time the titres were 1: 4.a The last
person in Table 2, BM, had a serious illness and
after virus had been isolated from an early serum he
was given a transfusion of immune plasma on the
11th day after onset; the CF antibody titre during
convalescence was 1: 16, but when he was tested 10
months after onset only the undiluted serum fixed
complement.

Table 3 shows a detailed study, extending over
nearly 6 years, of the persistence of CF antibodies in
another patient; all the samples were tested simulta-
neously with two types of Lassa virus CF antigen,
one prepared with infected newborn mouse brain
tissue, the other with infected Vero cells in culture.
The results in Table 3 show that antibodies persisted
during the period, with a titre 6 years after onset
equal to one-fourth the titre observed 4 months after
onset, and that there was a consistent difference

a We are indebted to Mr Alan Bloch, Yale University
Medical School, for the late samples of serum from the
3 persons from Liberia.

between the serum titres obtained with the brain
tissue antigen and those obtained with the Vero cells
antigen, the former being 2-4 times the latter. Con-
trol titrations of the anticomplementary effect and of
the antigen titres did not account for the differences
in the titres of the sera; neither antigen was anticom-
plementary. As for the antigens, the brain tissue
preparation had a titre of 1: 8, the Vero cell antigen
a titre of 1: 16; since the antigens were used in
dilutions ranging from 1: 2 to 1: 16, similar num-
bers of units of antigen-1, 2, and 4-were used with
both; in addition, with the Vero cells antigen 8 units
were also used.

SUMMARY AND CONCLUSION

The results of CF tests with betapropiolactone-
inactivated antigens prepared by repeated cycles of
freezing and thawing of suspensions of newborn
mouse brain tissue confirmed and extended previous
observations by ourselves and other investigators
regarding cross-reactions among arenaviruses; in
particular, the distant but reproducible cross-reac-
tions between Lassa and LCM virus, and between
these viruses and the remaining arenaviruses, have
been confirmed.
The agar-gel diffusion and precipitation test with

the frozen and thawed type of antigen was specific or
showed cross-reactions only among closely related
viruses; the results were similar to those obtained
with sucrose-acetone-extracted preparations (20). The
titres of both sera and antigens by the AGDP test
were very much lower than those observed in the
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CF test-from 1: 16 to 1: 32. It seems likely that
the test may be more useful for establishing specifi-
city than antigenic relationships; it might perhaps be
applicable to determining whether antigenic differ-
ences exist between isolated Lassa virus from differ-
ent areas (17).

Investigations have shown that CF antibodies
against Lassa virus in persons surviving the disease
can persist for at least 6 years after onset; there is a
gradual drop in titre, so that 2-3 years after the
disease the titre is one quarter to one thirty-second
of its highest value. In the course of our investiga-
tions two points have become apparent that should
be borne in mind in CF antibody surveys. The first is
that the sera should be used beginning with the
lowest possible dilution-I : 2, or preferably even
undiluted. Several sera in our series, which on first
testing at dilution 1: 4 were negative or questionably
positive, were found to be clearly and specifically
positive when tested undiluted. Sera may be some-
what anticomplementary or nonspecific at that
range, but they can often be used satisfactorily if
heated at 60°C for 20 minutes and centrifuged at
9000 g for 30 minutes.
The second point is that it is necessary to stan-

dardize the antigen used in the CF test in terms of

the original infected material employed for its pre-
paration. The systematic difference observed be-
tween the titres of a serum when tested with antigens
derived from different sources raises a question
concerning the possible existence of different non-
structural antigens of Lassa virus when propagated
in newborn mouse brain tissue or in cells in culture.
Tests of serial serum samples should be done with
the same type of antigen in order to have valid
comparisons of titres.
While CF antibodies have remained detectable in

a number of Lassa fever survivors for a longer time
than may have been anticipated, it is, nevertheless,
evident that the titres drop markedly with time and
may become undetectable; it seems desirable that
efforts should be continued in order to develop a
dependable neutralization or plaque-reduction test
with this virus, so as to make extensive seroepide-
miological surveys feasible. Whether other tests-
fluorescent antibody or radioimmune precipita-
tion-are applicable deserves consideration.

Published data on seroepidemiological surveys
with Junin and Machupo viruses are scarce; it
would seem desirable to promote such surveys
or, if results exist, to make them available through
publication.

RISUMI

PROPRIETES ANTIGENIQUES DES ARENAVIRUS

On sait que les arenavirus presentent des relations
antigeniques dans les epreuves de fixation du comple-
ment (FC) et d'immunofluorescence, mais non dans
l'epreuve de neutralisation. La reponse humorale i cer-
tains des arenavirus est caracterisee par une dissociation
entre les anticorps determinables par FC et ceux que
d&ecee le test de neutralisation, ainsi que par son appa-
rition tardive apres infection spontanee. D'apres les
recherches rapportees, les virus Junin, Machupo, Ama-
pari, et Tacaribe sont etroitement lies en ce qui concerne
la FC, alors que celui de la MCL et le virus de Lassa

n'ont qu'une lointaine relation entre eux et avec les
autres virus de ce groupe. Des etudes par diffusion et
precipitation en gel de gelose ont montr6 une specificite
complete, sauf parmi les virus etroitement apparentes
dans 1'epreuve de FC. Des observations portant sur Jes
serums de personnes infectees par le virus de la fievre
de Lassa montrent que les anticorps FC apparaissent
rarement avant le dix-huitieme jour de la maladie, et
qu'ils peuvent persister jusqu'a 6 ans, mais a titres
decroissants.
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DISCUSSION

NATHANSON: For many RNA-enveloped viruses, there
are nonstructural proteins that react as CF antigens.
Do you know whether the crude freeze-thaw lysate that
you use as an antigen may include nonstructural antigens?

CASALS: I would imagine that it does, but I have no
specific information.

LEHMANN-GRUBE: The complement-fixing antigen we
have extracted and purified to some extent (we call it
extractable complement-fixing activity) is not represented
on the surface of either the virion or the infected cell.

It does not induce neutralizing antibody or protective
immunity; apparently, one finds crossing of the comple-
ment fixation but not of the surface neutralizing antibody.
This is reminiscent of the influenza situation.

CASALS: I recall that in Hamburg you presented evidence
to the effect that repeated inoculations of guinea-pigs
with soluble antigen did not protect animals from chal-
lenge, whereas animals could be successfully vaccinated
with inactivated virions. Soluble antigen and virions are,
therefore, separable biologically as well as chemically
and physically.


