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Abstract

When hantaviruses hit the headlines with the advent in May 1993 of a new disease in the USA, and later in the New World from Canada
to south Argentina, called “hantavirus pulmonary syndrome” (HPS), speculations in the lay press rose from the very beginning around the
possibilities of a biological warfare (BW) weapon. Indeed, the responsible agent of HPS, hantavirus, was almost unknown at that moment
in the New World, was airborne, seemed to target preferentially young adults, and induced a devastating cardio-pulmonary collapse with
a high case-fatality rate (50%), often within hours. It quickly became clear, however, that the same scourge had been known for many
years in the Old World under different and mostly milder presentations. With the rapidly increasing knowledge about hantaviruses, it also
became clear that they lack many of the potentials of an “ideal” BW weapon, as will be explained in this paper.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Description of the virus

In contrast to the other viral hemorrhagic fever (VHF)
viruses considered as potential agents for biological warfare
(BW), hantaviruses (HTVs) are the only VHF viruses with
a worldwide distribution, with documented clinical cases on
the Eurasian landmass and the American continent. HTV
was genetically characterized as a new genus in theBun-
yaviridae family (Schmaljohn et al., 1985), where it is the
only nonarthropod-borne pathogen. HTVs possess a tripar-
tite, single-stranded, negative sense RNA genome enclosed
in circular nucleocapsid structures and consisting of three
segments designated as small (S), medium (M) and large
(L).

HTVs are transmitted to man via aerosols of infectious
excreta (urine, faeces, saliva) from chronically infected, but
apparently healthy small mammals, mainly wild rodents and
formerly also laboratory rats.

Based first on serotyping by plaque reduction neutral-
ization tests (PRNT), and later confirmed and extended by
polymerase chain reaction (PCR) genotyping, more than 30
different HTV “types” have been distinguished so far, at
least half of which are of clinical relevance (Sheshberadaran
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et al., 1988; Xiao et al., 1994; Hjelle et al., 1995; Clement
et al., 1998; Peters and Khan, 2002). Each serotype has its
own specific main rodent reservoir of theMuridae family,
its own geographical spread, and induces in humans a more
or less specific clinical picture (Table 1). Clinical presenta-
tion of Old World HTVs is called “hemorrhagic fever with
renal syndrome” (HFRS), consisting of sudden fever, severe
lumbalgia, acute renal failure (ARF) and particularly throm-
bocytopenia. HFRS is mainly caused by rat-transmitted
Seoul (SEO) worldwide, Hantaan (HTN) in the Far East,
and Puumala (PUU) in Russia and Western Europe. “New”
European pathogenic serotypes are Dobrava (DOB), with a
documented presence in Central and Eastern Europe, and
Amur (AMR) in East Siberia.

In the New World, the lung is the main target of Sin nom-
bre virus (SNV) and other SNV-like agents. They cause an
acute pulmonary oedema, often worsened by cardiac depres-
sion. This “hantavirus pulmonary syndrome” (HPS) has been
described only since May 1993 (Nichol et al., 1993; Duchin
et al., 1994) and had originally a case-fatality rate of about
50%. Phylogeny and epidemiology of HTVs are closely
linked to those of their respective rodent reservoirs, and both
have undergone a long-standing coevolution. This probably
explains the marked differences between hantaviroses spread
by the murid subfamiliesArvicolinae(Old World voles) and
Murinae (Old World rats and mice),versusthose spread by
Sigmodontinae(New World rats and mice).
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Table 1
Pathogenic hantavirus genotypes known up to 2001

Hantavirus serotype Main rodent vector (geographical spread) Human illness (type of spread)

1. Hantaan (HTN ) Apodemus agrarius(striped field mouse) (Asia, Eastern Russia and
Southern Europe)

Severe: KHF, EHF, HFRS (rural)

2. Seoul (SEO) Rattus norvegicus(brown rat) (worldwide) Intermediate: HFRS (urban and rural)
3. Puumala (PUU) Clethrionomys glareolus(red bank vole) (Eurasian continent) Mild: NE (rural)
4. Dobrava (DOB) Apodemus flavicollis(yellow necked field mouse) (Balkan, Central and

Eastern Europe, Middle-East)
Very severe HFRS (rural?)

5. Sin nombre virus (SNV) Peromyscus maniculatus(deer mouse) (Canada and USA) HPS
6. New York (NYV ) Peromyscus leucopus(white-footed mouse) (Canada and Eastern USA) HPS
7. Black Creek Canal (BCC) Sigmodon hispidus(hispid cotton rat) (Eastern and Southern USA to

Venezuela, Peru)
HPS

8. Bayou (BAY ) Oryzomys palustris(marsh rice rat) (Louisiana) HPS
9. Rio Mamoré (RMV ) Oligoryzomys microtis(small-eared rice rat) (Bolivia and Peru) HPS

10. Monongahela (MON) P. maniculatus nubiterrae(forest form) (Canada and Eastern USA) HPS
11. Laguna Negra (LN ) Calomys laucha(white paunch mouse) (Paraguay and Bolivia) HPS
12. Andes (AND) Oligoryzomys longicaudatus(southern) (Argentina, Chile, Uruguay) HPS
13. Juquitiba (JUQ) Unknown (Brazil) HPS
14. Araraquara (ARA) Unknown (Brazil) HPS
15. Castelo dos Sonhos (CAS) Unknown (Brazil) HPS
16. Hu 39694 Unknown (Central Argentina) HPS
17 Oŕan (ORN) Oligoryzomys longicaudatus(northern) (North Western Argentina) HPS
18. Lechiguanas (LECH) Oligoryzomys flavescens(Central Argentina) HPS
19. Choclo (CHO) Oligoryzomys fulvescens(Panama) HPS
20. Amur (AMR) Apodemus peninsulae(Korean field mouse) (Far Eastern Russia) HFRS

EHF: Epidemic hemorrhagic fever; HFRS: hemorrhagic fever with renal syndrome; HPS: hantavirus pulmonary syndrome; KHF: Korean hemorrhagic
fever; NE: nephropathia epidemica. Genotypes in bold are those for which at least one (rodent or human) virus isolate exists.

2. Military importance of (Old World) hantaviruses

Few viruses have such an impressive, almost exclusively
military past. In fact, until the description of HPS in the
USA in 1993, most of the outbreaks were reported in mili-
tary in the field—with the exception of laboratory outbreaks
induced by SEO-infected laboratory rats or PUU-infected
bank voles, and the large, but often unreported mixed HTN
and SEO epidemics in the (mainly rural) populations of East
China.

Paradoxically enough, Western medicine first “discovered”
hantavirus disease under its severe Far-Eastern form, later
called “Korean hemorrhagic fever” (KHF), during the Ko-
rean War (1951–1953). US Army physicians were suddenly
confronted with a up to then unknown acute febrile illness
with multi-organ dysfunction (mainly ARF, hemorrhages,
and sometimes shock), bearing a mortality rate between 5
and 10%, and affecting over 3000 United Nation troops
(Earle, 1954). Despite a sustained investigative effort by a
special Hemorrhagic Fever Commission of the US Army,
it was not until 1976 that Lee and coworkers discovered a
virus-specific antigen in the lungs of a Korean striped field
mouse (Apodemus agrarius Coreae), which subsequently
led to the isolation and characterization of the responsible
agent in 1977 (Lee et al., 1978), the same year that Ebola
virus was first identified. This first prototype agent was
called Hantaan (HTN), after the river which runs near to
the famous 38th parallel between North and South Korea,
where most of the battles were fought, but where also most

of the KHF cases were recorded. So even the name of the
virus has a military consonance.

Only later on it became clear that an European vari-
ant of the same illness had probably affected thousands of
German troops during World War II in Finnish Lapland
(Stuhlfauth, 1943). During World War I, a similar epidemic
struck French (Ameuille, 1916) as well as British (Bradford,
1916) and German soldiers. Various military authors de-
scribed the disease as “néphrite de guerre”, “trench nephritis”
or “Kriegsnephritis”, respectively. Captain W.L. Brown sus-
pected as early as 1916 that the agent was of viral origin,
and implicated even the same agent as responsible for the
epidemic of renal disease observed during the American Se-
cession War, the first armed conflict in which trench warfare
was used (Brown, 1916).

In former Yugoslavia, the first epidemic after the World
War II took place in 1952 in Fruska Gora (Bosnia) during
major maneuvers of the Yugoslavian army, resulting in the
first description of HFRS in the Balkans (Heneberg et al.,
1962). The first isolation in Europe of a murine Hantaan-like
HTV serotype was performed on the urine of a Greek soldier
who was infected during maneuvers in Porogia (N-Greece)
and suffered from acute respiratory distress (ARDS) and
ARF (Antoniadis et al., 1987).

War activities, and even field exercises mimicking war
conditions, often lead to a disruption of the natural habitat of
wild rodents, thus putting the soldier at risk. In January 1990,
US troops freshly arrived from the American continent or
partly derived from US troops stationed already in Germany,
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camped for yearly maneuvers under tents near the Danube
river in the area of Ulm, one of the most endemic regions for
HTV infections in Germany. The bivouac site appeared in-
fested with wild mice, and many rodent burrows were seen
under and between the tents. We documented a total of 24
acute PUU-induced HFRS cases, 14 of which had to be hos-
pitalized with varying degrees of ARF (Clement et al., 1996).

During the recent armed conflict in Bosnia-Herzegovina,
where soldiers were exposed to the miseries of war (in-
cluding rodents), a major outbreak concerning primarily
Bosnian military in the field was reported, with more
than 300 cases to be hospitalized (Hukic et al., 1996;
Lundkvist et al., 1997a). For the first time, a mixed epi-
demic of mild arvicoline PUU, together with severe murine
DOB was documented. For the latter,Apodemus flavicollis,
a wood mouse also present in West Europe, was involved.
During the same war, a 19-year-old British soldier stationed
in Bosnia as a member of the UNPROFOR was reported as
presenting with HTV-induced ARF combined with ARDS,
urgently needing intubation and ventilation in a local mil-
itary field hospital, followed by emergency repatriation by
air and intensive care therapy in London, UK (Stuart et al.,
1996). Another 24-year-old Canadian military was working
as a radio-operator in the besieged city of Sarajevo, in the
UN Headquarters, a building infested with rodents. In July
1992, he developed sudden fever, diarrhea with melaena,
and rapidly progressive ARF, for which he needed emer-
gency evacuation by helicopter to the University Hospital
at Zagreb (Croatia) (Clement et al., 1994). Both individ-
ual infections were initially described as SEO-induced,
but with the increased knowledge about the “new” DOB,
another related but distinct murine serotype, appeared in
retrospect almost certainly caused by this clinically more
severe serotype.

3. Facts and fictions about biowarfare (BW)
implications of hantaviruses

For all these reasons, it is not surprising that the only lab-
oratory in the Western hemisphere with an almost 40-years
uninterrupted experience in HTV research is the United
States Army Medical Research Institute for Infectious Dis-
eases (USAMRIID), initiated under President Franklin Roo-
sevelt in 1943 at Fort Detrick, Maryland, as a response to
suspicions during World War II that Germany and Japan
were developing a BW program. As a result, the few New
World scientists involved in HTV research 25 years ago were
almost without exception to be found in the American mil-
itary. But this interest was from the beginning not aimed
at developing HTV into a BW agent, since the few HTVs
known in these pioneer years (HTN, SEO, PUU, and the
American, but apathogenic isolate, Prospect Hill) possessed
little, if any, BW potentials as such. USAMRIID research
was rather first directed towards classifying this emerging
virus, and developing diagnostic tools for it (Schmaljohn

et al., 1985, 1990; Chu et al., 1994; Xiao et al., 1994) As
a remarkable accomplishment in serology, the clinical diag-
nosis of KHF in hundreds of soldiers fallen ill during the
Korean War was confirmed by modern techniques almost
40 years after the facts. Thanks to the diligent efforts of the
then Hemorrhagic Fever Commission, a unique collection of
more than 600 lyophilized sera from 245 patients admitted
with KHF between December 1951 and August 1954, was
preserved for posterity, allowing ELISA IgM and IgG testing
in 1990. Of these patients, 94% (230/245) possessed HTN
antibodies, and most sera contained high titered IgM (LeDuc
et al., 1990). Early USAMRIID attention was also paid to
the epidemiological study of HTV in human and rodent pop-
ulations worldwide (LeDuc et al., 1986), and the study of
antiviral treatment (ribavirin) in HTN epidemics (i.e. mainly
in the PR of China) (Huggins et al., 1991). Nowadays, vac-
cine development has become the main research topic at
USAMRIID (Chu et al., 1995; McClain et al., 2000).

With the discovery in 1993 of lethal HPS in the Four Cor-
ners region of the USA, rumors in the lay press went that a
“new, deadly virus” may have escaped from a military lab
involved in BW research. Indeed, the agent appeared to be
airborne, and victims of the early outbreak were mostly pre-
viously healthy young adults (even marathon runners), some
of them dying within hours from a sudden, intractable pul-
monary oedema. It later became clear that the virus of this
mysterious disease had been in place for millions of years in
different species of New World sigmodontine rodents (see
Table 1), and HPS cases have now been noted, not only in the
USA, but also in Argentina, Brazil, Canada, Chile, Panama,
Paraguay and Uruguay. Between 1993 and 2000, a total of
550 cases of HPS have been confirmed in the Americas
(Hooper and Li, 2000), a much lower number than the about
100,000–150,000 other HTV cases per year noted world-
wide. The oldest descriptions (1931) and the most important
epidemics are to be found in PR of China, where the accu-
mulated number of officially registered cases in the whole
country from 1950 to 1990 reached a total of 904,995 with
an average morbidity of 2.69 per 100,000 inhabitants and an
average case-fatality rate of 4.3%. The peak year was 1986,
during which 115,985 serologically confirmed cases were
recorded, with a total of 2,561 deaths (fatality rate: 2.2%)
and a morbidity of 11.08 per 100,000 (Chen and Qiu, 1993).
Thus, when high lethality of SNV and SNV-like infections
remains a serious problem in the Western hemisphere (fa-
tality rate still about 40%), a high incidence of mixed HTN
and SEO infections was only noted in the Far East, but so
far high fatality rates and high incidence numbers never oc-
curred together in the same region.

PUU is the most important HTV serotype in Europe and
West Russia, causing a mild and self-remitting form of
HFRS (also called Nephropathia epidemica or NE), where
complete restoration to normal within 2–3 weeks is the rule.
Hemorrhagic symptoms are rare (22%) and minor in NE
(petechiae, nose bleeding, etc.). Each year, thousands of NE
cases are recorded in West Russia, about a thousand of cases
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in Finland, and a few hundred of cases in the rest of Europe.
In Belgium alone, we recorded between 1985 and 1999 more
than 800 seroconfirmed NE cases (Clement, 1999). How-
ever, NE has a very low fatality rate (<0.5%) and dialysis
as a treatment for ARF is required in less than 5% of most
European series (Colson et al., 1995; Clement et al., 1998).

Finally, DOB was documented so far in a few hundred
cases in the Balkan (Hukic et al., 1996; Lundkvist et al.,
1997a) and in West Russia (Lundkvist et al., 1997b). DOB
infections can bear a fatality rate of up to 12%, mainly due
to hemorrhagic shock. Of all HTV serotypes known so far,
DOB seems to possess the most outspoken hemorrhagic po-
tential, making it a true VHF virus. The fact that its rodent
reservoirA. flavicollis is the only HTV host with a known
spread encompassing the Middle East is at first sight not a
reassuring idea, but this knowledge has to be interpreted with
caution (see below). So far, no data are available concerning
the presence or not of DOB (or for that matter, of any other
HTV) in the Middle East, but we recently found DOB-like
infections in Israëli patients suspected with leptospirosis,
i.e. with patients presenting ARF, minor hemorrhages and
thrombocytopenia (Clement, unpublished findings).

4. Biowarfare (BW) potential of hantaviruses

Although still rumored by laypersons as such, the “new”
HTVs (i.e. the lethal American SNV and SNV-like agents)
have little potential for a development into utilizable BW
agents, and even less so the clinically milder “old” HTVs
(i.e. the Old World pathogens, seeTable 1). In fact, HTVs
do not even figure in most lists and articles on bioter-
ror. In perhaps the most authoritative and complete list
of all, issued by the Center of Disease Control (CDC) in
Atlanta, USA (htpp://www.bt.cdc.gov/Agent/agentlist.asp)
“hantavirus” (not specified) is mentioned only under Cat-
egory C, together with Nipah virus, also discussed in this
Special Issue. Category C has the lowest priority as a risk
to national security, and means the lowest potential for use
as BW agent. This is in contrast to the other VHF viruses,
such as filoviruses (Ebola and Marburg) and arenaviruses
(Lassa and Machupo), all listed under Category A, having
the highest priority. Indeed, if HTVs are mentioned at all
in discussions about bioterror, they are invariably listed
together with these other VHF agents, reputedly having in
common a symptomatology of capillary leak syndrome,
and of hemorrhages. However, this is an awkward classi-
fication, since as we have seen, hemorrhages are rare or
minor in most Old World HTV infections, and are absent
altogether in all North American SNV(-like) infections. As
a word game, one could say that at least SNV, NY, MON,
BAY, and BCC (Table 1), together with the European PUU,
are in fact most often “nonhemorrhagic VHF agents”, a
rather confounding factor for the attending physician. Ma-
jor hemorrhagic complications are present in a minority of
DOB, and to a lesser extent in HTN-cases, whereas they

are truly exceptional in SEO and PUU cases. Only very re-
cently it has become clear that South American HTVs, and
in particular AND, have also the potential of inducing se-
vere gastrointestinal bleedings and even frank hemorrhagic
shock, a finding so remarkable that HPS could now finally
be branded this year as “the new American hemorrhagic
fever” (Peters and Khan, 2002). However, it also became
clear that that mild and even asymptomatic SNV(-like) in-
fections are also possible, as was demonstrated in American
seroprevalence studies, with, for example, prevalences as
high as 40% in Paraguay and Argentina, in people without
any history of HPS (Ferrer et al., 1998).

The definition of a “bioterrorist weapon” is not neces-
sarily synonymous to that of a “biological weapon”, since
production of the latter can be dependent of a heavy scien-
tific infrastructure, and can, if necessary, be very demanding
on technical grounds. The “ideal” bioterrorist agent should
preferably possess three characteristics, perhaps not coinci-
dentally all phrased also—be it in other words—under Cat-
egory C of the CDC list:

A. Easy to produce.
B. Easy to spread, by natural (i.e. person-to-person) or tech-

nical means (i.e. preferably by aerosols).
C. Inducing infections hard to treat and/or to prevent.

No such ideal bioterrorist agent is at hand for the moment,
and HTVs have in part “quality C” only. No single species or
subspecies of HTVs known so far meets all characteristics
A + B + C in full.

4.1. HTVs are hard to produce

HTVs are notoriously difficult to isolate in tissue culture,
necessitating serial blind passages. Moreover, these viruses
are noncytopathic, making plaque assays hard to interpret
and impractical. HTV isolation is not only long and tedious,
but also dangerous for the surrounding personnel, thus re-
quiring biosafety level (BSL)-3 or even BSL-4 laboratories.
This explains why of the 25 New World HTVs listed in a re-
cent review, only 10 could be isolated so far from rodent or
(exceptionally) from human tissues (Monroe et al., 1999),
the rest being characterized only by PCR techniques: “vi-
rology without a virus” (Clement et al., 1995).

Virus isolation is further hampered by the fact that in man
viremia is often low and short-lived, explaining why the
vast majority of HTV isolates are from rodent, and not from
human origin. In fact, the first human isolate from the serum
of an American HPS case was reported only very recently
in a 10-year-old Chilean boy, who died from AND-induced
HPS (Galeno et al., 2002). The viremic serum sample was
obtained 2 days before the symptoms began, and 6 days
before death, when the serum was still IgG and IgM negative.
This and other recent findings suggest that HTV viremia, as
quantified by PCR, most often occur in the prodromal phase,
and, if still present at hospitalization, may rapidly decline,
through a build-up of neutralizing antibodies, the titer of

http://htpp://www.bt.cdc.gov/Agent/agentlist.asp
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which seems to be an important factor in the determination
of the clinical severity (Terajima et al., 1999; Padula et al.,
2000). Even high viral loads on admission, as assessed by
quantitative PCR, were not contributive to a higher yield of
multiple isolation attempts of HPS agents in the New World
(Peters and Khan, 2002).

Symptoms leading to hospitalization are probably due to
host-related cellular immune responses, rather than to the
viremia itself. A BW agent depending mainly on the highly
variable individual immune responses of the attacked victim,
instead of the intrinsic pathogenic capacities of the agent
itself, is less interesting for a terrorist. Last but not least,
adaptation of a HTV (in this case, PUU) to growth in cell
culture can result in a reduction of infectivity of this virus
(Lundkvist et al., 1997c). If confirmed for other HTVs, this
would mean a major handicap for the use as BW weapon.

4.2. HTVs have a very peculiar transmission way

Except for the aerosol transmission from rodent excreta
and secreta to humans and other rodents, surprisingly lit-
tle is known about potential other ways of transmission.
Human infection after a rodent bite is highly exceptional
(Dournon et al., 1984). Laboratory infections from handling
blood specimens or HTV-infected tissues have not been doc-
umented so far. HTV-infected rodents present only a limited
period of viremia, after which they develop neutralizing anti-
bodies, but they go on excreting (mainly via the urine) infec-
tious virus apparently life-long, an immunological paradox.
This means that not even the blood, but only some excretory
organs (kidneys, lungs, salivary glands) and their excreta
could be considered as a source for the high mass production
of lethal virus, a hard start for a BW program outside secur-
ized laboratories. Moreover, HTV-infected rodents are not
readily recognizable, since they remain apparently healthy
for the rest of their life, and transmission to man is a dead
end for the virus. Humans do not secrete HTVs in substan-
tial amounts during infection, and apparently unequivocal
man-to-man transmission has so far been documented for
one single serotype (AND) in one single case in Argentina.
Hereby a doctor contracted the illness after having treated a
patient with HPS that had traveled from the endemic area El
Bolsón to Buenos Aires (Padula et al., 1998). This seems
the only case of man-to-man transmission so far, since in
all other so-called contact or family cases in Chile and Ar-
gentina, infection from domestic or peridomestic rodents
could not be ruled out. The mechanism(s) of this possible
interhuman transmission of AND are far from elucidated.

Virtually nothing is known about the survival of HTVs in
free nature, which is an essential point for the use of artificial
HTV aerosols to be considered for BW purposes.

4.3. Some HTV infections can be treated or prevented

Ribavirin, a broad-spectrum antiviral with known effi-
cacy against other VHF agents such as Lassa, is also active

against Old World HTVs, such as HTN, at least when given
early enough, and in sufficiently high intravenous doses. As
shown in a field trial in mainland China, this treatment can
be life-saving (Huggins et al., 1991). However, the same
treatment has given disappointing results so far in the man-
agement of American HPS cases (Chapman et al., 1999),
and other medication schemes of immunomodulation of cy-
tokines such as tumor necrosis factor (TNF)-alpha are still
experimental.

Formalin-inactivated vaccines derived from brains of
suckling rodents have been developed, and used now since
more than 10 years in South and North Korea (Lee et al.,
1990; Kim et al., 1991). In the latter, the protection rate
in 1.2 million people was reported to be between 88 and
100%. In the PR of China and in the early 1980s, several
inactivated vaccines derived from cell cultures have been
developed against SEO, or against SEO and HTN, and are
produced now in millions of doses per year (Hooper and
Li, 2000).

In the USA, the long-standing USAMRIID policy of
developing vaccines for the military stationed in endemic
areas was obviously strongly boosted with the advent in
1993 of HPS. However, handling of dangerous BSL-3 level
agents was avoided from the very beginning, and various
approaches of recombinant DNA technology were preferred
(Hooper and Li, 2000). Since elicited neutralizing antibod-
ies, mainly directed against envelope glycoproteins 1 and
2 appeared not always cross-protective (Chu et al., 1995),
the ultimate goal remains a recombinant DNA vaccine con-
taining a panel of immunogens protecting against the most
important HTV pathogens.

Interestingly, immunization of bank voles with recombi-
nant nucleocapsid protein N (rN) from different hantaviruses
elicited cross-protection, when the voles were subsequently
challenged with PUU (de Carvalho Nicacio et al., 2002). Nu-
cleocapsid protein is relatively conserved among different
hantaviruses and is highly immunogenic in both laboratory
animals and humans.

5. Conclusions

HTV is an unlikely candidate for BW applications, since
even the American SNV(-like) agents are not always lethal
or hemorrhagic. As such, HTVs cannot be compared with
other VHF viruses, which are all listed in Category A of
CDC’s list of potential BW agents, whereas HTV ranks only
under Category C. HTV is very difficult to isolate, even with
the means available in the most advanced laboratories. A
major obstacle for its use in biological warfare is the lack
of interhuman transmission, and the limited amount of evi-
dence that artificial, HTV-loaden sprays would be truly in-
fectious for a substantial period of time. Finally, vaccination
programs are already being implemented with success in
some Far-Eastern countries with inactivated vaccines against
two widespread Old World HTV serotypes, HTN and SEO.
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American and European vaccines may be expected in the
not too distant future, but will probably be limited for sys-
tematic use to the military and to some professions at risk,
e.g. foresters and mammalogists.

In fact, another Old World VHF virus, Congo-Crimean
hemorrhagic fever (CCHF) virus, seems much better suited
for BW: it can readily be cultivated, is highly infective (al-
though not documented so far by aerosol), and is easily trans-
missible between humans, giving rise to local epidemics and
even to nosocomial infections, putting the nursing personnel
at high risk. In contrast to HTV infections, CCHF viremia
continues throughout disease until the appearance of anti-
bodies in blood heralds clinical recovery, coinciding with
the disappearance of circulating virus. The CCHF-induced
case-fatality rate of about 30% is much higher than that of
most other VHF infections, and no CCHF vaccine is at hand,
or even in the pipeline.
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