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he Lassa virus belongs to the family of Arenaviridae,

the members of which persist in chronicallyinfected
rodents without causing overt pathology in their natural
hosts. Rodents shed virus in high concentrations (106/ml)
in their urine. Reservoir and vector of the Lassa virus is a
small rodent, Mastomys naalensis, which is prevalent all
over A frica. Since this rodent preferentiallylives in a semi-
domestic fashion in or near human dwellings, rodent-to-
human transmission of the virus occurs via food stuff conta-
minated with the animal’s excrements. Human-to-human
transmission is not norm ally of major importance. In forest
areas hunting of small mammals including Mastomys as a
soure of proteins is common practice and manipulation of
infected rodents poses a major risk of infection (1).

Lassa fever, named after its firstappearance in 1969
in Lassa, Nigeria, is very common in certain areas of West
Africa (Nigeria, Liberia, Sierra Leone, Republic of Guinea).
The clinical disease must occur undiagnosed in more West
African countries, because a recent case of imported Lassa
fever in Germany originated either from Coéte d’Ivoire,
Ghana or Burkina Faso (2). In some hospitals of north-eas-
tem Sierra Leone, up to 15 p. 100 of all medical inpatients
suffer from Lassa fever (3). In a study whichwe conducted
in the Rep u blic of Guinea, 16.4 p. 100 of all inpatients with
the diagnose «py rexia of unknown origin (PUO)» had Lassa
fever (4). Serosuneys in Sierra Leone and Liberia revealed
up to 50 p. 100 seroprevalence of Lassa antibodies in selec-
ted villages, with 6 p. 100 of the seronegative persons sero-
converting annually. Based on these data it was calculated
that 70 p. 100 of all Lassa virus infections are asymptoma-
tic and that the matality-to-infection ratio is 1-5 p. 100.
However, 10-15 p. 100 of symptomatically infected patients
die (3).

CLINICAL PICTURE OF LASSA FEVER

The clinical picture of a Lassa virus infection is quite
variabl e. After an incubation period of 7-18 days unspeci-
fic flu-like symptoms develop. The fever rises above 40°C
between the third and sixth day and a conjunctivitis is fre-
quently observed. Concomitant with the development of tho-
racic and abdominal pain, vomiting and diarrhea can occur.

Typical, but not pathognomonic for Lassa fever are a dry
cough accompanied by retrosternal pain, as well as an exsu-
dative phary n gitis with yellowish pat ches on the tonsills. 50
p- 100 of patients develop a generalized, painless lympha-
denopathy. Interstitial pneumonia is quite common and may
be the leading pathological finding in a returned trawveller
with PUO, as was the case in the recent Lassa fever patient
imported from Sierra Leone to London (5). The disease then
takes two diffe rent courses : in the majority of cases, defer-
vescence is accompanied by diminishing headache, thora
cic and pharyngeal pain. More than 30 p. 100 of patients
develop an uni- or bilateral auditory deficit, which is irre-
versibk in two of three cases and prob ably caused by an
immunopathogenetic process. However, 15 p. 100 of all
patients deteriorate rapidly. They suffer from intractable
vomiting, develop a typical edema of the face and neck and
may additionally become dyspnoic and cyanotic. In fatal
cases, encephalopathy, hemomhages (20 p. 100) and pleu-
ral effusions are observed, with circulatory failureand irre-
versible shock finallyleading to death. Bleeding usually
occums only at mucosal surfaces but not into the skin, so that
gstointestinal, vaginal, urogenital and gingival hemor-
rhages and epistaxis are observed.

A specific therapy of Lassa fever offe rs the nucleo-
sid-analogeRibavirin (1-beta-D-Ribofuanosyl-1,2,4-tria-
mle-3-carboxamide). Clinical trials have shown that early
administraion of the drug, i.e. within six days after onset of
symptoms, decrases mortality from 75 p. 100 to 9 p. 100.

PECULIARITY OF THE IMMUNE RESPONSE TO LASSA VIRUS
AND THE PROBLEM OF VIRUS VARIABILITY

The Lassa virus is poorly cytopathogenic, causes a
persistent infection in its natural host and induces no or only
low-titreneutralizing antibodies. Animal vaccination studies
using recombinant vaccinia-Lassa constructs have shown
that protection against an otherwise lethal Lassa virus infe c-
tion is solely T-cell mediated (6). Cytotoxic T-cells presu-
mably play the pivotal role, because adoptive CD8 T-cell
transfer from guineapigs vaccinated with avirulent arena-
viruses protected naive animals against a fatal Lassa virus
infection. However, this protection was restricted to cells
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Table I - Proliferat ive responsa of PBMC from Lassa virus antibody
positive and negative individuals.

Sex/age Lassa antibody Proliferative response PL
Titre JOS-recNP NEG

M/45 1: 20 8200 92 91*
M/23 1:160 1390 40 35%
F/81 1: 20 4670 150 31
M/24 1:160 2680 90 30%*
F/44 1:160 4060 170 24%*
M/30 1: 80 3370 160 21%*
M/15 neg. 1340 100 13*
M/16 1:160 2960 300 10*
F/62 1: 80 300 60 5

F/19 1:160 320 120 2,7
M/38 1:160 150 60 2,5
M/76 neg. 290 120 2,4
M/86 1: 40 179 79 23

sampled during early convalescence of the animals.
Interestingly, highly virulent Lassa virus strains did not
induce a CTL+esponse. It is not known whether an immu-
nologcal memory exists, which is capable of protecting
against challenge with other variants. Vaccination of mon-
keys with recombinant Vaccinia-Lassa constructs protected
f rom disease but not infection upon challengewith a viru-
lent Lassa virus strain (7). The animals developed viremia
and mild disease and Lassa virus RNA was detectable by
PCR in seve ral organs throughout the observation period (6
months).

In contrast to the animal models, little is known
concerning the immunity to Lassa fever in humans.
Neutrdizing antibodies develop late in convalescence and
to low titres, therapeutic efforts using «immune plasma»
have there fore not been ve ry successful in the past. We could
recently show that peripheral blood mononu clear cells of
healthy, Lassa antibody positive and negative donors show
a strong proliferative reaction to recombinant Lassa virus
nucleoprotein (Table I). The observed proliferation index of
up to 90 (specific proliferation in comparison to a contro
protein ex pressed in the same Escherichia coli expression
system) is unusuallyhigh and indicates the presence of very
active CD4-memory cells. T-cell clones ge n e rated from one
donor reacted partly strain specific (with the Josiah strain of
Lassa) and part ly cross-reactive (Nigeria, Mopeia) with their
respective peptide epitopes, mapped on the nucleoprotein
(8). During field studies, we have identified healthy, asymp-
tomatic individuals with high anti-Lassa IgG but not IgM
antibody titres, who had Lassa virus RNA detectable in their
urine. Peliminarydata suggest that individuals undergoing
asymptomatic infection with ex c retion of viral RNA in their
urine show a absent or reduced virus specific CD4 T-cell pro-
liferation compared with those who do not excrete RNA.

The crucial role of T-cell immunity with respect to
both clearance of the acute infection and protection from
disease upon reinfection, has important implications for the
epidemiolog of Lassa fever. The MHC-re striction of the T-
cell response could negatively affect a cross-protection
against diffe rent Lassa virus strains, given a sufficient gene-

tic varablity of the virus. To date, only three Lassa virus
strains have been completely sequenced and published,
revealing approx. 10 p. 100 divergence on the aminoacid (aa)
level. Our studies in Guinea produced PCR based evidence
of a new Lassa strain with 10.4 p. 100 variation on the aa-
level of the nucleoproein (4). A systematic correlation of
Lassa virus strain, disease severity and genetic background
of the patient has so far not been carried out, however, virus
strains isolated from patients with seve re disease tend to be
more virulent for guineapigs than others.

A HYPOTHESIS TO EXPLAIN THE OCCURRENCE OF SEVERE
LASSA FEVER AND LASSA FEVER EPIDEMICS

Lassa fever epidemics occur in remote, rural areas
and rural hospitals, where they have been associated with
poor standards of hygiene. Nosocomial transmission
usuallyinvolves direct contact with the patient’s body fluid,
wherefore strict «barrier nursing» (gloves, gowns, masks,
goggles) can effectively prevent transmission of the
virs (9). In contrast, it seems completely unclear why Lassa
fever epidemics occur outside of hospitals amidst a popu-
lation, which should be immune if judged by the prevalence
of Lassa virus antibodies and the normally benign course
whichLassa fever tends to take. During the last major out-
break in Sierra Leone in 1996/1997 more than 800 Lassa
fever cases with a case fatality rate of 20 p. 100 have been
repored to WHO (10). We propose that understanding the
interplay of three factors will explain these obvious contra-
dictons. First, the mode of transmission of the virus is impor-
tant ; second, the genetic vari ability and diffe rent patho-
genicity of Lassa virus strains ; and third, the extend of
cross-protective immunity against different Lassa virus
variants in a given population.

If the most prevalent Lassa variant found in
Mastomys is not very path ogenic, a high seroprevalence will
contrast with a low morbidity and mortality in the popula-
tion. In times of ciisis, e.g. during the civil war in Sierra
Leone in 1996/1997, when regular field work is almost
impossible, the people will have to re ly on increased hun-
ting activities to meet their demand for food. With extension
of the hunt to small mammals, the possibility of contact with
rare and possibly more virulent Lassa virus variants will
increase. If the T-cell based immunity against the major, less
v irulent variant does not prevent disease caused by the rare,
more virulent strains, severe cases of Lassa fever will be seen
whichmay reach epidemic proportions due to the potential
of the virus for human-to-human transmission.

PERSPECTIVES

Due to the outbreak of Ebola in fo rmer Zaire in 1995
the interest in hemorrhagic fever research has risen conti-
nuously during the past years. The European Comnunity
supports since 1998 a nultinational cooperation project bet-
ween European and West African patners, with the aim to
develop technologes for the rapid diagnosis of viral hemor-
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Figure 1 - Projet de Recherche sur les fievres hémorragiques en

Guinée (PFHG). Suspected viral hemorr hagic fevers cases are iden -
tified in the South of the Republic of Guinea. Serum is stored in a

first-line laboratory in Gueckedou and then transported for futher

analysis to Conakry. Seroprevalence of Lassa virus antibodies in

Guinea and Sierra Leone is indicated.

rhagic fevers and to dep 1 oy them to endemic areas in deve-
loping countries. Within this framework the Projet de
Recherche sur les Fievres Hémorragiques en Guinée
(PFHG) at the Institute for Microbiology, University of
Conakry was founded in 1998. Through prevalence and
prospective studies the natural history of Lassa virus and
other viral hemorr h agic fever infections (Yellow fever, filo-
vins infections) shall be elucidated in the Republic of
Guinea. Suspected viral hemorrh agic fever cases are pre-
sently identified in three regional hospitals in the South of
Guinea (Fig. 1). Patient material is transpored in a cold
chain to Conakry, where a biosafety level 3/4 laboratory was
set up for diagnostic and research purposes.
Immunofluorescence, ELISA, immunoblots and RT/PCR
can presently be performed on the clinical samples. As far
as Lassa fever is concemed, the studies focus on the clini-

cal picture of primary infections and reinfections in rela-
tion to the infecting viral strain and the paients’ T-cell re s-
ponse. During these studies the infrastructure and know-
h ow shall be established to investigate outbreaks of Lassa
fever in the Republic of Guinea as well as in neighboring
countries to test the hypothesis which was outlined ab ove.
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