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HEMORRHAGIC FEVER VIRUSES

(HFVs) are the subject of the
sixth article in a series on
medical and public health

management of civilian populations fol-
lowing use of biological weapons.1-5 His-
torically, the term viral hemorrhagic fe-
ver (VHF) has referred to a clinical
illness associated with fever and a bleed-
ing diathesis caused by a virus belong-
ing to 1 of 4 distinct families: Filoviri-
dae, Arenaviridae, Bunyaviridae, and
Flaviviridae (TABLE 1).

The HFVs are transmitted to hu-
mans via contact with infected animal
reservoirs or arthropod vectors (the
natural reservoirs and vectors of the

Ebola and Marburg viruses are
unknown). The mode of transmission,
clinical course, and mortality of these ill-
nesses vary with the specific virus, but
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Objective To develop consensus-based recommendations for measures to be taken
by medical and public health professionals if hemorrhagic fever viruses (HFVs) are used
as biological weapons against a civilian population.

Participants The Working Group on Civilian Biodefense included 26 representa-
tives from academic medical centers, public health, military services, governmental agen-
cies, and other emergency management institutions.

Evidence MEDLINE was searched from January 1966 to January 2002. Retrieved
references, relevant material published prior to 1966, and additional sources identi-
fied by participants were reviewed.

Consensus Process Three formal drafts of the statement that synthesized infor-
mation obtained in the evidence-gathering process were reviewed by the working group.
Each draft incorporated comments and judgments of the members. All members ap-
proved the final draft.

Conclusions Weapons disseminating a number of HFVs could cause an outbreak
of an undifferentiated febrile illness 2 to 21 days later, associated with clinical mani-
festations that could include rash, hemorrhagic diathesis, and shock. The mode of trans-
mission and clinical course would vary depending on the specific pathogen. Diagnosis
may be delayed given clinicians’ unfamiliarity with these diseases, heterogeneous clini-
cal presentation within an infected cohort, and lack of widely available diagnostic tests.
Initiation of ribavirin therapy in the early phases of illness may be useful in treatment
of some of these viruses, although extensive experience is lacking. There are no li-
censed vaccines to treat the diseases caused by HFVs.
JAMA. 2002;287:2391-2405 www.jama.com
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each is capable of causing a hemor-
rhagic fever syndrome. Clinical and epi-
demiological data are limited; out-
breaks are sporadic and unanticipated,
and there are few case series or clinical
trials involving human subjects.

The Working Group on Civilian Bio-
defense previously established a list of
key features that characterize biological
agents that pose particularly serious risks
if used as biological weapons against ci-
vilian populations: (1) high morbidity
and mortality; (2) potential for person-
to-person transmission; (3) low infec-
tive dose and highly infectious by aero-
sol dissemination, with a commensurate
ability to cause large outbreaks; (4) ef-
fective vaccine unavailable or available
only in limited supply; (5) potential to
causepublic andhealthcareworkeranxi-
ety; (6) availability of pathogen or toxin;
(7) feasibility of large-scale production;
(8) environmental stability; and (9) prior
research and development as a biologi-
cal weapon. Some HFVs exhibit a sig-
nificant number of these key character-
istics and pose serious risk as biological
weapons, including Ebola and Marburg
viruses (Filoviridae), Lassa fever and
New World arenaviruses (Arenaviri-
dae), Rift Valley fever (Bunyaviridae),
and yellow fever, Omsk hemorrhagic fe-
ver, and Kyasanur Forest disease
(Flaviviridae).

Severalviruses thatcancauseVHFwill
not be considered further in this analy-
sis. Dengue is excluded because it is not
transmissible by small-particle aero-
sol,7 and primary dengue causes VHF
only rarely. Crimean-Congo hemor-
rhagic fever (CCHF) and the agents of
hemorrhagic fever with renal syn-
drome (HFRS) also have been excluded
after much deliberation. Although these
pathogens can cause VHF and may be
transmissible by small-particle aerosol,
the working group noted that technical
difficulties (ie,barriers to large-scalepro-
duction) currently preclude their devel-
opment as mass casualty weapons.
Crimean-Congo hemorrhagic fever and
the agents of HFRS do not readily rep-
licate to high concentrations in cell cul-
tures, a prerequisite for weaponization
of an infectious organism. However,
CCHF, the agents of HFRS, and dengue
may carry great morbidity and mortal-
ity in naturally occurring outbreaks. In
particular, CCHF may be transmitted
from person to person, has a high case-
fatality rate, and is endemic in central
Asia and southern Africa. We acknowl-
edge that technical difficulties may be
overcome with advances in technology
and science, and these excluded viruses
maybecomeagreater threat in the future.
Other sources provide information on
the viruses not addressed herein.8-12

The consequences of an unan-
nounced aerosol attack with an HFV are
the primary focus of this analysis. A va-
riety of attack scenarios with these
agents are possible. This analysis does
not attempt to forecast the most likely
but focuses on perhaps the most seri-
ous scenario. Understanding and plan-
ning for a covert aerosol attack with
HFVs will improve preparedness for
other scenarios as well.

CONSENSUS METHODS
The working group for this article was
composed of 26 professionals from
academic medical centers, public
health, military services, governmental
agencies, and emergency management
institutions. MEDLINE databases were
searched from January 1966 to Janu-
ary 2002 for the Medical Subject
Headings viral hemorrhagic fever,
Ebola, Marburg, Lassa, arenavirus,
Junin, Guanarito, Machupo, Sabia,
CCHF, Rift Valley fever, hantavirus,
dengue, yellow fever, Omsk hemorrhagic
fever, Kyasanur Forest disease, biologi-
cal weapons, biological terrorism, bio-
logical warfare, and biowarfare. The
references were reviewed and relevant
materials published prior to 1966 were
identified. The working group also
identified other published and unpub-
lished references for review.

Table 1. Hemorrhagic Fever Viruses*

Family Genus Virus Disease Vector in Nature Geographic Distribution

Filoviridae Filovirus Ebola† Ebola hemorrhagic fever Unknown Africa

Marburg Marburg hemorrhagic fever Unknown Africa

Arenaviridae Arenavirus Lassa Lassa fever Rodent West Africa

New World Arenaviridae‡ New World hemorrhagic fever Rodent Americas

Bunyaviridae Nairovirus Crimean-Congo hemorrhagic
fever

Crimean-Congo hemorrhagic
fever

Tick Africa, central Asia, eastern
Europe, Middle East

Phlebovirus Rift Valley fever Rift Valley fever Mosquito Africa, Saudi Arabia, Yemen

Hantavirus Agents of hemorrhagic fever
with renal syndrome

Hemorrhagic fever with renal
syndrome

Rodent Asia, Balkans, Europe,
Eurasia§

Flaviviridae Flavivirus Dengue Dengue fever, Dengue
hemorrhagic fever, and
Dengue shock syndrome

Mosquito Asia, Africa, Pacific, Americas

Yellow fever Yellow fever Mosquito Africa, tropical Americas

Omsk hemorrhagic fever Omsk hemorrhagic fever Tick Central Asia

Kyasanur Forest disease Kyasanur Forest disease Tick India

*Bold indicates hemorrhagic fever viruses that pose serious risk as biological weapons (addressed in this consensus statement).
†There are 4 subtypes of Ebola: Zaire, Sudan, Ivory Coast, and Reston.
‡The New World Arenaviridae include Machupo, the cause of Bolivian hemorrhagic fever; Junin, the cause of Argentine hemorrhagic fever; Guanarito, the cause of Venezuelan hem-

orrhagic fever; and Sabia, the cause of Brazilian hemorrhagic fever. An additional arenavirus has been isolated following 3 fatal cases of hemorrhagic fever in California, 1999-2000.6
§Additionally, the agents of hantavirus pulmonary syndrome have been isolated in North America.
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A first draft resulted from the synthe-
sis of information obtained during the
evidence-gathering process. Members of
the working group were convened to dis-
cuss the first draft of the formulated
guidelines on January 10, 2002. Subse-
quently, a second draft was produced in-
corporating comments and judgments
of the working group. They reviewed the
second draft and submitted comments,
which were incorporated into a third and
final draft of the document.

HISTORY AND POTENTIAL
AS BIOLOGICAL WEAPONS
Hemorrhagic fever viruses have been
weaponized by the former Soviet Union,
Russia, and the United States.13-15 There
are reports that yellow fever may have
been weaponized by North Korea.14 The
former Soviet Union and Russia pro-
duced large quantities of Marburg, Ebola,
Lassa, and New World arenaviruses (spe-
cifically, Junin and Machupo) until
1992.13,15 Soviet Union researchers quan-
tified the aerosol infectivity of Marburg
virus for monkeys, determining that no
more than a few virions are required to
cause infection.16 Yellow fever and Rift
Valley fever viruses were developed as
weapons by the US offensive biological
weapons program prior to its termina-
tion in 1969.14 The Japanese terrorist cult
Aum Shinrikyo unsuccessfully at-
tempted to obtain Ebola virus as part of
an effort to create biological weapons.17

Several studies have demonstrated
successful infection of nonhuman pri-
mates by aerosol preparations of
Ebola,18 Marburg,19 Lassa,20 and New
World arenaviruses.21 Arguments as-
serting that the absence of effective an-
tiviral therapy and vaccines would make
these viruses too dangerous to de-
velop as weapons are not supported by
the historical record.

In 1999, the Centers for Disease Con-
trol and Prevention (CDC) classified the
HFVs as category A bioweapon agents,
based on the potential to cause wide-
spread illness and death, ease of dissemi-
nation or person-to-person transmis-
sion, potential for major public health
impact, and requirement of special ac-
tion for public health preparedness.22

EPIDEMIOLOGY OF DISEASE
TRANSMISSION
In nature, HFVs reside in animal hosts
or arthropod vectors. The natural reser-
voir of filoviruses is unknown. Humans
are infected incidentally, acquiring the
disease by the bite of an infected arthro-
pod, via aerosol generated from infected
rodent excreta, or by direct contact with
infected animal carcasses.23 With the
exceptionofRiftValley fever and thedis-
easescausedbyflaviviruses(yellowfever,
Omsk hemorrhagic fever, and Kyas-
anurForestdisease),whicharenot trans-
missible from person to person, infected
humans can spread the disease to close
contacts, which may result in commu-
nity outbreaks and nosocomial infec-
tions. Limited knowledge exists about
transmission because outbreaks of these
diseasesaresporadicandunpredictedand
often occur in areas without adequate
medical and public health infrastruc-
ture. Outbreaks are usually well under
way or have subsided by the time data
gathering begins. The risks associated
with various modes of transmission are
not well defined because most persons
who acquire these infections have a his-
tory of multiple contacts by multiple
modes. Infections acquired percutane-
ously are associated with the shortest
incubation period and highest mortal-
ity. Person-to-person airborne transmis-
sion appears to be rare but cannot be
ruled out.

Filoviridae: Ebola and Marburg
Since 1967, when the first outbreak of
VHF caused by Marburg virus oc-
curred in Germany and Yugoslavia, there
have been 18 reports of human out-
breaks of VHF secondary to Ebola or
Marburg viruses, resulting in approxi-
mately 1500 cases to date.24 Most have
occurred in Africa. Epidemiological in-
vestigation indicates that most cases oc-
curred after direct contact with blood,
secretions, or tissues of infected pa-
tients or nonhuman primates.

Several cases have followed needle-
stick injuries. During the 1976 Ebola epi-
demic in Zaire (now Democratic Repub-
lic of the Congo), 85 (26.7%) of 318 cases
occurred in individuals who had re-

ceived an injection, and every case of dis-
ease acquired by contaminated sy-
ringes resulted in death.25 Mortality was
substantiallyhigherwhen thediseasewas
acquired percutaneously. Evidence sug-
gests that percutaneous exposure to very
low inocula can result in infection.26

Filoviruses can also be transmitted by
mucosal exposure. Experiments in non-
human primates have documented
transmission of infection after direct ad-
ministration of Marburg virus into the
mouths and noses of experimental ani-
mals27 and after direct administration of
Ebola virus into the mouths or conjunc-
tiva28 of experimental animals. Human
infections might occur through con-
tact of contaminated fingers with oral
mucosa or conjunctiva,29 but direct evi-
dence is lacking.

Copious numbers of Ebola viral par-
ticles found in human skin and lu-
mina of sweat glands have raised con-
cern that disease transmission may
occur from touching an infected pa-
tient or corpse.30 In the 1995 Ebola out-
break in Kikwit, Democratic Republic
of the Congo, several persons prepar-
ing bodies for burial acquired the in-
fection.31-33 According to local cus-
tom, burial practices may involve
washing the body and cutting the hair
and nails of the corpse.34 However, a
study using guinea pigs was unable to
document Marburg virus transmis-
sion through intact skin, while infec-
tion through skin lesions did occur.35

A few cases of disease transmission by
uncertain mechanisms described in 2 re-
cent Ebola outbreaks,36,37 and findings
from animal studies16,18,38 and 1 out-
break of Ebola in nonhuman pri-
mates,39 raise concern about the poten-
tial for person-to-person transmission by
way of small-droplet airborne nuclei.
However, to date, Ebola epidemics in Af-
rica were ultimately controlled and
ended without use of specific airborne
precautions. (HICPAC’s definitions of
standard, contact, droplet, and air-
borne precautions are at http://www.cdc
.gov/ncidod/hip/isolat/isopart2.htm.)

Airborne transmission of Marburg vi-
rus was not observed in the 1967 out-
break in Germany and Yugoslavia fol-
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lowing the importation of infected
African green monkeys from eastern Af-
rica.40 In 1975, only 1 of 35 health care
workers who cared for 2 patients with
Marburg disease in South Africa with-
out any barrier precautions became ill.41

In 1979, an outbreak of Ebola in south-
ern Sudan infected 34 people. Al-
though direct physical contact could not
be established in 2 instances, 29 cases
resulted from direct physical contact
with an infected person and there were
no cases of illness among 103 persons
who were exposed to cases in confined
spaces without any physical contact.42

In 1994, only 1 of 70 contacts of a pa-
tient with Ebola acquired the disease de-
spite lack of airborne precautions.43 In
1996, none of the 300 contacts of 2 pa-
tients with Ebola acquired the disease44

despite involvement in numerous haz-
ardous procedures prior to the pa-
tients’ diagnosis, protected only by stan-
dard blood and bodily fluid precautions.

In 1995, 316 people became ill with
Ebola in the Democratic Republic of the
Congo; 25% of the cases involved health
care workers. When barrier precau-
tions were instituted, only 3 health care
workers became infected. One was non-
adherent to barrier precautions, the sec-
ond had a needlestick injury, and it is
speculated that the third, who always
used protective equipment, became in-
fected after touching her eyes with a
contaminated glove.45 None of the 78
household members who did not have
direct physical contact with an in-
fected person developed disease.31 How-
ever, in this outbreak, the only risk fac-
tor identified for 5 patients was visiting
an infected patient in the absence of
physical contact. These few cases led re-
searchers to conclude that airborne
transmission could not be ruled out37

but seemed to be, at most, a minor
mode of transmission.

In 2000, 224 people died in Uganda
during an Ebola outbreak.37 Fourteen
(64%) of 22 medical personnel were in-
fected after institution of isolation wards
and infection control measures37 in-
cluding donning gowns, gloves, and
shoe covers, standard surgical masks,
and either goggles or eye glasses.46 It is

not clear whether lack of adherence to
guidelines contributed to nosocomial
cases in this outbreak, but airborne
transmission could not be ruled out.

Although Marburg virus has been iso-
lated from healthy-appearing infected
monkeys several days before clinical
signs appear,27 no transmission has been
observed in this stage.40 In humans,
transmission of Ebola during the incu-
bation period does not appear to be com-
mon.31 Transmissibility of Ebola in-
creases with the duration of disease, and
direct physical contact with an ill per-
son during the late phase of clinical ill-
ness confers an additional risk.31 There
has been only 1 reported case, during the
outbreak in Zaire in 1976, in which the
only possible source of infection was
contact with an unconfirmed case hours
before the patient developed symp-
toms.25 The preponderance of evi-
dence suggests that transmission of
Ebola and Marburg virus rarely, if ever,
occurs before the onset of signs and
symptoms.

In several studies after the 1995 Kik-
wit outbreak, Ebola was detected in the
seminal fluid of convalescing patients
by reverse transcriptase polymerase
chain reaction (RT-PCR) up to 101 days
after disease onset,47,48 and virus was iso-
lated 82 days after disease onset in the
seminal fluid of 1 patient.48 Marburg has
been isolated 83 days after disease on-
set from the seminal fluid of a patient
who may have sexually transmitted the
disease to his spouse.40

Arenaviridae: Lassa Fever
and New World Arenaviruses
In nature, arenaviruses are transmit-
ted to humans via inhalation of aero-
sols present in rodent urine and fe-
ces,49 by ingestion of food contaminated
with rodent excreta, or by direct con-
tact of rodent excreta with abraded skin
and mucous membranes.50 Like filovi-
ruses, person-to-person transmission of
the arenaviruses occurs predomi-
nantly by direct contact with infec-
tious blood and bodily fluids. A num-
ber of nosocomial outbreaks of Lassa
fever51-53 and of New World arenavi-
ruses54 have occurred via this mecha-

nism. As with filoviruses, person-to-
person airborne transmission has been
suspected in a few instances.

In 1969, during a nosocomial out-
break in Nigeria, an index patient with
severe pulmonary involvement caused
16 secondary cases in persons who
shared the same hospital ward with her.
Airborne transmission was believed to
have contributed to this outbreak, as
there were no tertiary cases of Lassa fe-
ver in the hospital, despite the admis-
sion of Lassa fever–infected patients to
other hospital wards.51 However, there
is no definitive evidence of airborne
transmission and the exact mecha-
nisms of disease transmission during that
outbreak remain unknown. Con-
versely, in the case of 1 Lassa fever–
infected individual who traveled from Si-
erra Leone to the United States, no cases
were detected in 522 contacts, even prior
to initiating additional barrier precau-
tions beyond standard precautions.55 In
another instance, in which an infected
individual originated in Nigeria and trav-
eled to St Thomas in the US Virgin Is-
lands, none of the 159 people who had
direct contact with the patient devel-
oped clinical or serological evidence of
infection, even though they attended to
the patient, without barrier precau-
tions, during a 5-day period before the
diagnosis.56

Airborne transmission of Bolivian
hemorrhagic fever has been implicated
after a student became infected after
watching a nursing instructor demon-
strate the changing of bed linens of an
infected patient, although the student
did not touch the patient or any ob-
jects in the room and kept a distance of
greater than 6 ft from the patient.54 Con-
versely, approximately 80 involved
health care workers who did not use air-
borne precautions remained healthy. De-
finitive evidence of person-to-person air-
borne transmission is lacking but, in
these rare instances, there have been no
plausible alternative explanations.

There have been no reports docu-
menting transmission of arenaviruses by
infected persons during the incubation
period.54,57 However, Lassa fever virus
can be detected in semen up to 3 months
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after acute infection58 and in urine 32
days after disease onset,59 and Argen-
tine hemorrhagic fever has been trans-
mitted to spouses of convalescent pa-
tients 7 to 22 days after onset of illness.60

Bunyaviridae: Rift Valley Fever
Humans acquire Rift Valley fever from
the bite of an infected mosquito, direct
contact with infected animal tissues, or
aerosolizationofvirus frominfectedani-
mal carcasses.61 Ingestion of contami-
nated raw animal milk has been impli-
cated epidemiologically.62 Despite high
levels of viremia and isolation of low
titers of virus from throat washings,
there are no reported cases of person-
to-person transmission of Rift Valley
fever.62 However, laboratory techni-
cians are at risk of acquiring the dis-
ease by inhalation of infectious aero-
sols generated from specimens.61,63

If Rift Valley fever were used as a bio-
logical weapon, susceptible domestic
livestock (sheep, cattle, buffalo, and
goats) could also be infected. Infected
livestock develop high levels of vire-
mia, sufficient to infect susceptible mos-
quito vectors and lead to establishment
of the disease in the environment61 and
large epizootic epidemics, as occurred
in Egypt in 197764 and the Arabian
peninsula in 2000.65 Several genera of
mosquitoes (eg, Aedes, Anopheles, and
Culex) in the United States have the
capacity to act as vectors of Rift Valley
fever.66,67

Flaviviridae: Yellow Fever,
Omsk Hemorrhagic Fever,
and Kyasanur Forest Disease
Humans acquire yellow fever virus from
the bite of an infected mosquito68 and
acquire Omsk hemorrhagic fever and
Kyasanur Forest disease viruses from the

bite of an infected tick.69 There are no
reported cases of person-to-person trans-
mission or nosocomial spread of flavi-
viruses. Infection of laboratory person-
nel via inhalation of aerosols during
cultivation of these viruses has been re-
ported.69,70 As with Rift Valley fever, there
is a theoretical risk of flaviviruses be-
coming established in an environment
following infection of susceptible ar-
thropod vectors.

MICROBIOLOGY AND
PATHOGENESIS
All of the HFVs are small RNA viruses
with lipid envelopes. Specific microbio-
logical characteristics of these viruses are
listed in TABLE 2.

Information regarding the pathogen-
esis of these agents following infection
in humans is incomplete. Most data have
been derived from clinical observa-
tions and experimentally induced dis-
ease in nonhuman primates. Interpre-
tation of data derived from animal
studies may be confounded by a series
of factors, such as the species of the
animal, the route of inoculation, and the
virus dose.40

All of the viruses of concern may lead
to thrombocytopenia, and data suggest
that platelet dysfunction is present in
Ebola, Lassa fever, and Argentine hem-
orrhagic fever.72 Reduced levels of co-
agulation factors may be secondary to
hepatic dysfunction and/or dissemi-
nated intravascular coagulation and are
most prominent in Rift Valley fever and
yellow fever.72 In addition, Ebola and
Marburg viruses may lead to a hemor-
rhagic diathesis through direct damage
of cells involved in hemostasis (such as
platelets and endothelial cells) and/or
indirectly through immunological and
inflammatory pathways.72

Filoviruses are extremely virulent in
nonhuman primates and humans.73 Ne-
crosis of visceral organs (such as liver,
spleen, and kidneys) has been associ-
ated with both direct viral-induced cel-
lular damage and impairment of the mi-
crocirculation. Filoviruses are cytotoxic
to cells. In general, inflammatory infil-
tration is absent in the affected visceral
organs.74 Even when viral titers in the
lungs of monkeys are elevated, the vi-
rus is not apparent in the alveoli or air-
ways, occurring primarily in the vascu-
lar structures.28 All experimentally
infected monkeys develop dissemi-
nated intravascular coagulation. Ebola,
but not Marburg virus, makes a se-
creted form of its glycoprotein that has
been suggested to have a role in viru-
lence.73 Endothelial cells support Mar-
burg virus replication, and their destruc-
tion may contribute to the associated
hemorrhagic diathesis and shock.75

Infection with arenaviruses is initi-
ated in nasopharyngeal mucosa.76 Are-
naviruses produce carrier states in ro-
dents, their natural hosts, and viral
multiplication is not associated with ex-
tensive cell damage. In vitro infections
with Arenaviridae show that virus
spreads throughout a variety of differ-
ent cellular monolayers, with little or ab-
sent cytopathic effects77; hence, it is be-
lieved that these viruses may exert their
effects (at least in part) by inducing the
secretion of inflammatory mediators
from macrophages. Following experi-
mental infection of nonhuman pri-
mates with arenaviruses, virtually all tis-
sues become infected, with little
histologic evidence of damage.78 Hem-
orrhage following arenavirus infection
appears to be associated with the pres-
ence of a circulating inhibitor of plate-
let aggregation and thrombocytopenia.

Table 2. Microbiology of Hemorrhagic Fever Viruses71

Family Diameter, nm Morphology
Presence

of Envelope

Genome

Size, kbp Nature* Configuration*

Filoviridae 80 Bacilliform (filamentous) Yes 19 Single-strand RNA (−) Nonsegmented (1 − segment)

Arenaviridae 110-130 Spherical Yes 11 Single-strand RNA (±) 2 ± Segments

Bunyaviridae 80-120 Spherical Yes 11-19 Single-strand RNA (−) 3 − Segments

Flaviviridae 40-50 Isometric Yes 10-12 Single-strand RNA (+) Nonsegmented (1 + segment)

*Minus sign indicates negative-strand genome; plus sign, positive-strand genome; and plus/minus sign, ambisense genome.
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However, disseminated intravascular co-
agulation does not appear to be a cen-
tral pathogenic mechanism.79 Lassa fe-
ver appears to be terminated by a
cellular, not humoral, immune re-
sponse,77 whereas in New World arena-
viruses, recovery is preceded by cellu-
lar and humoral immune responses.80

In contrast with arenaviruses, Rift Val-
ley fever virus leads to destruction of in-
fected cells.77 The hemostatic derange-
ments in Rift Valley fever are poorly
understood, and a combination of vas-
culitis and hepatic necrosis has been pos-
tulated.81,82 Interferon alfa given shortly
before or after experimental infection
with Rift Valley fever virus has been

shown to protect rhesus monkeys from
viremia and hepatocellular damage.83

Clinical recovery is associated with ap-
pearance of neutralizing antibodies, and
passive immunization prevented devel-
opment of viremia in nonhuman pri-
mates inoculated with the virus.83

Like Rift Valley fever, yellow fever vi-
rus leads to destruction of infected cells.
Hepatocyte infection and degeneration
is a late event in the course of infec-
tion,84 associated with virtually no in-
flammation.68 Neutralizing antibodies
correlate with clearance of viremia, and
paradoxically, with the second phase of
illness, when patients may develop hem-
orrhage and shock.68

Little is known about the pathogen-
esis of Omsk hemorrhagic fever and Ky-
asanur Forest disease viruses. Findings
from postmortem examinations of 3 in-
dividuals who died of Kyasanur Forest
diseaseshoweddegenerationofthelarger
visceral organs (especially liver and
spleen) and hemorrhagic pneumonia.85

CLINICAL MANIFESTATIONS
Information on the clinical manifesta-
tions of these diseases is derived from
naturally occurring outbreaks. Al-
though data derived from experimen-
tally infected animals do not support
marked differences in the clinical pre-
sentation according to route of expo-

Table 3. Clinical Characteristics of Hemorrhagic Fever Viruses Noted in Past Case Series or Outbreaks

Virus Distinctive Clinical Features
Person-to-Person

Transmission
Incubation
Period, d Mortality, % Treatment

Ebola25,42-44,47,86,99 High fever and severe prostration. A diffuse
maculopapular rash may occur by day 5 of illness.
Bleeding and disseminated intravascular coagulation
are common.

Yes 2-21 50-90* Supportive

Marburg40,41,87,102 High fever, myalgias. Nonpruritic maculopapular rash of
the face, neck, trunk, and arms may develop.
Bleeding and disseminated intravascular coagulation
are common.

Yes 2-14 23-70† Supportive

Lassa fever 52,88-91,100,101,110 Gradual onset of fever, nausea, abdominal pain, severe
sore throat, cough, conjunctivitis, ulceration of
buccal mucosa, exudative pharyngitis, and cervical
lymphadenopathy. Late signs include severe swelling
of head and neck; pleural and pericardial effusions.
Hemorrhagic complications less common.

Yes 5-16 15-20 Ribavirin,
supportive

New World
Arenaviruses54,92,128

Gradual onset of fever, myalgias, nausea, abdominal
pain, conjunctivitis, flushing of face and trunk, and
generalized lymphadenopathy. May develop
petechiae, bleeding, and central nervous system
dysfunction (tremors of the tongue and upper
extremities, myoclonic movements, dysarthria, and
generalized seizures).

Yes 7-14 15-30 Ribavirin,
supportive

Rift Valley fever61,93-96 Fever, headache, retro-orbital pain, photophobia, and
jaundice. Less than 1% develop hemorrhagic fever
or encephalitis. Retinitis affects approximately 10%,
which may occur at time of acute febrile illness or up
to 4 weeks later.

No 2-6 �1 Ribavirin,
supportive

Yellow fever68,97 Fever, myalgias, facial flushing, and conjunctival
injection. Patients either recover or enter a short
remission followed by fever, relative bradycardia,
jaundice, renal failure, and hemorrhagic
complications.

No 3-6 20 Supportive

Omsk hemorrhagic
fever69‡

Fever, cough, conjunctivitis, papulovesicular eruption on
the soft palate, marked hyperemia of the face and
trunk (but no rash), generalized lymphadenopathy,
and splenomegaly. Some patients may develop
pneumonia and central nervous system dysfunction.

No 2-9 0.5-10 Supportive

Kyasanur Forest
disease69,98

Similar to Omsk but biphasic illness: first phase lasts
6-11 days and is followed by an afebrile period of
9-21 days. Up to 50% of patients relapse and
develop meningoencephalitis.

No 2-9 3-10 Supportive

*Reported Ebola data are for Sudan (50%) and Zaire (90%) subtypes. The Ivory Coast subtype has an indeterminate case-fatality rate, as there has been a single nonfatal human
case. The Reston subtype causes subclinical infection in humans.

†Mortality ranges from 23% in the 1967 outbreak in Germany to 70% in the largest outbreak of 1999 in the Democratic Republic of the Congo.
‡Also Sergey Netesov, MD, written communication, February 27, 2002.
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sure (parenteral vs aerosol),18,21 it is not
possible to be certain that the same
manifestations would follow bioweap-
ons attacks on humans.

There are a variety of potential clini-
cal manifestations following infection
with these viruses, and not all patients
develop the classic VHF syndrome.
Clinical manifestations are nonspecific
and may include fever, myalgias, rash,
and encephalitis. The propensity to
cause the classic VHF syndrome also dif-
fers among agents. Therefore, in the
event of a bioterrorist attack with one
of these agents, infected patients may
have a variety of clinical presentations,
complicating early detection and man-
agement. It may not be possible to dif-
ferentiate among these diseases on clini-
cal grounds alone, although a number
of specific clinical features may be use-
ful clues to diagnosis (TABLE 3).

The overall incubation period for
HFVs ranges from 2 to 21 days. Pa-
tients initially exhibit a nonspecific pro-
drome, which typically lasts less than
1 week. Symptoms typically include
high fever, headache, malaise, arthral-
gias, myalgias, nausea, abdominal pain,
and nonbloody diarrhea. Filoviruses,
Rift Valley fever, and flaviviruses are
characterized by an abrupt onset, while
arenaviruses have a more insidious
onset.40,54,61,68,69,99,100

Early signs typically include fever, hy-
potension, relative bradycardia, tachy-
pnea, conjunctivitis, and pharyngitis.
Most diseases are associated with cuta-
neous flushing or a skin rash (FIGURE 1
and FIGURE 2), but the specific charac-
teristics of the rash vary with each dis-
ease (Table 3). Later, patients may show
signs of progressive hemorrhagic dia-
thesis, such as petechiae, mucous mem-
brane and conjunctival hemorrhage
(FIGURE 3); hematuria; hematemesis;
and melena. Disseminated intravascu-
lar coagulation and circulatory shock
may ensue. Central nervous system dys-
function may be present and mani-
fested by delirium, convulsions, cerebel-
lar signs, or coma and imparts a poor
prognosis.

The differential diagnosis includes a
variety of viral and bacterial diseases:

influenza, viral hepatitis, staphylococ-
cal or gram-negative sepsis, toxic shock
syndrome, meningococcemia, salmo-
nellosis and shigellosis, rickettsial
diseases (such as Rocky Mountain
spotted fever), leptospirosis, borrelio-
sis, psittacosis, dengue, hantavirus pul-
monary syndrome, malaria, trypano-
somiasis, septicemic plague, rubella,
measles, and hemorrhagic smallpox.
Noninfectious processes associated with
bleeding diathesis that should be in-
cluded in the differential diagnosis
include idiopathic or thrombotic
thrombocytopenic purpura, hemo-
lytic uremic syndrome, acute leuke-
mia, and collagen-vascular diseases.

Laboratory abnormalities include leu-
kopenia (except in some cases of Lassa
fever, in which leukocytosis occurs),
anemia or hemoconcentration, throm-
bocytopenia, and elevated liver en-
zymes. Jaundice is typical in Rift Valley
fever and yellow fever.61,68 In addition,
coagulation abnormalities may include
prolonged bleeding time, prothrombin
time, and activated partial thromboplas-
tin time; elevated fibrin degradation
products; and decreased fibrinogen. Uri-
nalysis may reveal proteinuria and he-
maturia, and patients may develop oli-
guria and azotemia.26,40,54,61,68,100,101

Convalescence may be prolonged and
complicated by weakness, fatigue, an-
orexia, cachexia, alopecia, and arthral-
gias.43,45 Reported clinical sequelae in-
clude hearing or vision loss, impaired
motor coordination, transverse myeli-
tis, uveitis, pericarditis, orchitis, paroti-
tis, and pancreatitis.40,36,52,54,61,102

The case-fatality rate varies mark-
edly among these agents, ranging from
as low as 0.5% for Omsk hemorrhagic
fever69 to as high as 90% for Ebola (sub-
type Zaire).33 Death is typically pre-
ceded by hemorrhagic diathesis, shock,
and multiorgan system failure 1 to 2
weeks following onset of symptoms.

DIAGNOSIS
A high index of suspicion will be re-
quired to diagnose VHF among per-
sons exposed to a covert bioterrorist at-
tack. In naturally occurring cases,
patients are likely to have risk factors

such as travel to Africa or Asia, han-
dling of animal carcasses, contact with
sick animals or people, or arthropod

Figure 1. Maculopapular Rash in Marburg
Disease

A nonpruritic maculopapular rash (resembling the rash
of measles) may occur in up to 50% of patients in-
fected with the Ebola or Marburg viruses within the
first week of illness. The rash is more common in light-
colored skin and desquamates on resolution. Re-
printed with permission from Thieme (Martini GA,
Knauff HG, Schmidt HA, et al. A hitherto unknown
infectious disease contracted from monkeys. Ger Med
Mon. 1968;13:457-470).

Figure 2. Erythematous Rash in Bolivian
Hemorrhagic Fever

This macular, flushed, erythematous rash that blanches
with pressure may be associated with infections caused
by arenaviruses. The rash most commonly involves the
face and thorax and may desquamate on convales-
cence. Reprinted with permission from Current Science/
Current Medicine (Peters CJ, Zaki SR, Rollin PE. Viral
hemorrhagic fevers. In: Fekety R, vol ed. Atlas of In-
fectious Diseases, Volume VIII. Philadelphia, Pa:
Churchill Livingstone; 1997:10.1-10.26).

Figure 3. Ocular Manifestations in Bolivian
Hemorrhagic Fever

Ocular manifestations associated with hemorrhagic fe-
ver viruses range from conjunctival injection to sub-
conjunctival hemorrhage, as seen in this patient. Re-
printed with permission from Current Science/
Current Medicine (Peters CJ, Zaki SR, Rollin PE. Viral
hemorrhagic fevers. In: Fekety R, vol ed. Atlas of In-
fectious Diseases, Volume VIII. Philadelphia, Pa:
Churchill, Livingstone; 1997:10.1-10.26).
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bites within 21 days of onset of symp-
toms. No such risk factors would be as-
sociated with a bioterrorist attack. The
variable clinical presentation of these
diseases presents a major diagnostic
challenge. Clinical microbiology and
public health laboratories are not cur-
rently equipped to make a rapid diag-
nosis of any of these viruses, and clini-
cal specimens would need to be sent to
the CDC or the US Army Medical Re-
search Institute of Infectious Diseases
(USAMRIID; Frederick, Md), the only
2 level D laboratories in the Laboratory
Response Network. There are future
plans to decentralize the process re-
quired for the laboratory confirmation
of these viruses by equipping selected US

public health laboratories in the Labo-
ratory Response Network with stan-
dard diagnostic reagents. This would
likely expedite laboratory confirma-
tion of suspected cases in the event of
an outbreak (Michael Ascher, MD, writ-
ten communication, February 26, 2002).

All suspected cases of HFV disease
should be immediately reported to lo-
cal and/or state health departments
(BOX 1), who would then notify the
CDC. The World Health Organization
has developed surveillance standards for
acute VHF syndrome with the aim of
early detection of naturally occurring
outbreaks and notification of cases, even
before identification of the causal
agent.103 This includes prompt report-

ing to public health authorities of any
patient with acute onset of fever of less
than 3 weeks’ duration who is se-
verely ill, has no known predisposing
host factors for hemorrhagic manifes-
tations, and has any 2 of the follow-
ing: hemorrhagic or purpuric rash, epi-
staxis, hematemesis, hemoptysis, blood
in stool, or other hemorrhagic symp-
tom. This broad definition may be use-
ful in the early period following a con-
firmed bioterrorist-related case of VHF
as well. Public health authorities may
develop more specific case definitions
after the etiologic agent is identified.

Public health authorities, in consul-
tation with the CDC, should provide
assistance and detailed instructions to
clinical laboratories and to clinicians for
processing and transport of laboratory
specimensrequired fordiagnosisof these
agents. (See“PackagingProtocols forBio-
logical Agents/Diseases” at http://www
.bt.cdc.gov/Agent/VHF/VHF.asp.)

Methods of diagnosis at specialized
laboratories include antigen detection by
antigen-capture enzyme-linked immu-
nosorbent assay (ELISA), IgM anti-
body detection by antibody-capture
ELISA, RT-PCR, and viral isolation. An-
tigen detection (by ELISA) and RT-
PCR are the most useful diagnostic tech-
niques in the acute clinical setting. Viral
isolation is of limited value because it re-
quires a biosafety level 4 (BSL-4) labo-
ratory. (A full description of BSL-4 cri-
teria is available at http://www.cdc.gov
/od/ohs/biosfty/bmbl4/bmbl4s3.htm.)
There are only 2 BSL-4 facilities in the
United States, located at the CDC and
the USAMRIID, with in-depth diagnos-
tic capability. Either the presence of IgM
or a 4-fold rise in titer of IgG antibody
between acute- and convalescent-
phase serum samples are diagnostic of
these viral illnesses, but antibody-
capture ELISA is of limited value in early
diagnosis because antibodies to these vi-
ruses usually do not appear until onset
of recovery, approximately at the sec-
ond week of illness. The CDC requires
approximately 1 working day (with prior
notification of arrival) to offer a prelimi-
nary laboratory diagnosis following re-
ceipt of patient specimens.

Box 1. Key Medical and Public Health Interventions
After Identification of Suspected Index Case of VHF

Identification
Identify suspected index case using these clinical criteria:* temperature �101°F
(38.3°C) of �3 weeks’ duration; severe illness, and no predisposing factors for hem-
orrhagic manifestations; and at least 2 of the following hemorrhagic symptoms:
hemorrhagic or purple rash, epistaxis, hematemesis, hemoptysis, blood in stools,
other, and no established alternative diagnosis.

Reporting
1. Report immediately to local and/or state health department.
2. Report immediately to infection control professional and laboratory personnel.

Treatment
1. Initiate supportive and ribavirin therapy (see Table 4) immediately while di-
agnostic confirmation is pending.
2. If infection with arenavirus or bunyavirus is confirmed, continue 10-day course
of ribavirin.
3. If infection with filovirus or flavivirus is confirmed, or if the diagnosis of VHF
is excluded or an alternative diagnosis is established, discontinue ribavirin.

Infection Control Measures
1. Initiate VHF-specific barrier precautions.
2. Initiate airborne precautions, with negative-pressure rooms if resources are avail-
able.

Public Health Measures
1. Confirm or exclude diagnosis via Laboratory Response Network.
2. Designated public health authority begins epidemiologic investigation.
3. Identify close and high-risk contacts and place under medical surveillance
for 21 days from day of suspected/known exposure.
4. If contact does not have temperature �101°F (38.3°C) or signs or symptoms
of VHF by the end of 21 days, discontinue medical surveillance.
5. If contact has temperature �101°F (38.3°C) or signs or symptoms consistent
with VHF, initiate diagnostic workup and treatment, infection control, and pub-
lic health interventions described for index case.

*Criteria are adapted from the World Health Organization’s surveillance standards for acute
hemorrhagic fever syndrome.103
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The diagnosis of VHF should be based
initially on clinical criteria and judg-
ment, with laboratory testing used to
confirm or exclude this clinical diagno-
sis. Laboratory testing will require time
and, in the event of a large attack, may
be delayed or perhaps not possible given
current laboratory capacities.

TREATMENT
The mainstay of treatment of VHF is
supportive, with careful maintenance of
fluid and electrolyte balance, circula-
tory volume, and blood pressure. Be-
cause in some cases intravenous fluids
have not reversed hypotension and
may have contributed to pulmonary
edema,104 consideration should be given
to early vasopressor support with he-
modynamic monitoring. Mechanical
ventilation, renal dialysis, and antisei-
zure therapy may be required. Intra-
muscular injections, aspirin, nonsteroi-
dal anti-inflammatory drugs, and
anticoagulant therapies are contraindi-
cated. Steroids are not indicated.9

Drug Therapy
There are no antiviral drugs approved
by the US Food and Drug Administra-
tion (FDA) for treatment of HFVs. Riba-
virin, a nucleoside analog, has some in
vitro and in vivo activity against Are-
naviridae and Bunyaviridae (includ-
ing CCHF) but no utility against Filo-
viridae or Flaviviridae. Oral ribavirin,
in combination with interferon alfa, is
FDA-approved for treatment of chronic
hepatitis C virus infection. Intrave-
nous ribavirin is of limited availability
in the United States. It is produced by
ICN Pharmaceuticals Inc (Costa Mesa,
Calif) for compassionate use under an
investigational new drug (IND) appli-
cation. Although a risk of human tera-
togenicity has not been demonstrated
for ribavirin, its pharmacologic action
and its teratogenicity and embryole-
thality in several animal species raise
concern that such a risk may exist with
maternal therapy during pregnancy.
Therefore, ribavirin is classified as a
pregnancy category X drug, and is
contraindicated in pregnancy.105 The
primary adverse effect caused by riba-

virin is a dose-related, reversible, he-
molytic anemia. However, a range of
cardiac and pulmonary events associ-
ated with anemia occurred in approxi-
mately 10% of patients treated with
combination ribavirin-interferon
therapy for hepatitis C.105

Small trials have shown that ribavi-
rin may reduce mortality after infec-
tion with Lassa fever106 and select New
World arenaviruses.57,107 Ribavirin does
not penetrate the brain well; therefore,
it is not expected to be particularly ef-
fective against the neurological effects
of these pathogens.57,108 Intravenous riba-
virin given within the first 6 days of fe-
ver to patients with Lassa fever who had
high levels of viremia decreased mor-
tality from 76% to 9%.107 A controlled
trial of 18 patients with Argentine hem-
orrhagic fever resulted in 12.5% mor-
tality in treated patients compared with
40% in untreated patients.108

Recommendations for drug therapy
by the working group are not approved
by the FDA for any of these indica-
tions and should always be adminis-
tered under an IND protocol. In a mass
casualty situation, these requirements
may need to be modified to permit
timely administration of the drug. In
addition, treatment of other suspected
possible causes, such as bacterial sep-
sis, should not be withheld while await-

ing confirmation or exclusion of the
diagnosis of VHF.

In a contained casualty situation (in
which a modest number of patients re-
quire therapy), the working group rec-
ommends that an intravenous regimen
of ribavirin be given as described in
TABLE 4, in accordance with CDC’s rec-
ommendations for treating patients with
suspected VHF of unknown cause,
pending identification of the agent.109 A
similar dose has been used in the treat-
ment of Lassa fever.106

In a mass casualty situation (in which
thenumberofpersons requiring therapy
is sufficiently high that delivery of intra-
venous therapy is no longer possible),
an oral regimen of ribavirin as described
in Table 4 is recommended. This dose
is currently licensed for treatment of
chronic hepatitis C infection in the
United States.105 Although it is substan-
tially lower than that in the intrave-
nous regimen, a similar dose has been
used to treat a few patients with Lassa
fever,106 and there are no available stud-
ies on tolerability or efficacy of higher
doses of oral ribavirin.

Ribavirin is contraindicated in preg-
nancy. However, in the context of in-
fection with VHF of unknown cause or
secondary to an arenavirus or Rift Val-
ley fever, the working group believes that
the benefits appear likely to outweigh

Table 4. Recommendations for Ribavirin Therapy in Patients With Clinically Evident Viral
Hemorrhagic Fever of Unknown Etiology or Secondary to Arenaviruses or Bunyaviruses*

Contained Casualty Setting Mass Casualty Setting†

Adults Loading dose of 30 mg/kg
intravenously (IV) (maximum,
2 g) once, followed by 16
mg/kg IV (maximum, 1 g per
dose) every 6 hours for 4
days, followed by 8 mg/kg IV
(maximum, 500 mg per dose)
every 8 hours for 6 days

Loading dose of 2000 mg orally
once, followed by 1200 mg/d
orally in 2 divided doses (if weight
�75 kg), or 1000 mg/d orally in 2
doses (400 mg in AM and 600
mg in PM) (if weight �75 kg) for
10 days‡

Pregnant women§ Same as for adults Same as for adults

Children Same as for adults, dosed
according to weight

Loading dose of 30 mg/kg orally
once, followed by 15 mg/kg per
day orally in 2 divided doses for
10 days

*Recommendations are not approved by the US Food and Drug Administration for any of these indications and should
always be administered under an investigational new drug protocol. However, in a mass casualty setting, these re-
quirements may need to be modified to permit timely administration of the drug.

†The threshold number of cases at which parenteral therapy becomes impossible depends on a variety of factors, in-
cluding local health care resources.

‡Although a similar dosage (1000 mg/d in 3 divided doses) has been used in a small number of patients with Lassa fe-
ver,106 this regimen would be impractical because the current formulation of oral ribavirin in the United States consists
of 200-mg capsules, and ribavirin capsules may not be broken open.

§Refer to the section in text on treatment of pregnant women for details.
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any fetal risk of ribavirin therapy, and
ribavirin is therefore recommended. The
associated mortality of VHF tends to be
higher in pregnancy.110

The use of oral or intravenous riba-
virin is not approved by the FDA for
children, and proper doses have not
been established. Only aerosolized riba-
virin has been approved by the FDA for
children, to treat respiratory syncytial
virus infection. However, in the con-
text of infection with VHF of un-
known cause or secondary to an are-
navirus or Rift Valley fever, the working
group believes that the benefits likely
outweigh the risks of ribavirin therapy,
and it is therefore recommended as de-
scribed in Table 4. Similar doses have
been used to treat children with adeno-
virus pneumonia111 and hepatitis C112

and were well tolerated. Ribavirin cap-
sules may not be broken open and are
only available in 200-mg doses. How-
ever, Schering-Plough Corp (Kenil-
worth, NJ) produces a pediatric syrup
formulation (which is not commer-
cially available) for use under an IND
application.

For infections caused by filoviruses
or flaviviruses, the working group rec-
ommends supportive medical care only.
Ribavirin has been shown to have no
clinical utility against these groups of
viruses.

Passive Immunization
Studies and case reports evaluating con-
valescent plasma as therapy (or prophy-
laxis) of the diseases caused by HFVs
have yielded mixed results depending on
the disease, with some reports suggest-
ing clinical utility26,80,82,101,113-117 and other
studies showing no benefit.52,106,118 Pas-
sive immunization has also been asso-
ciated with enhanced viral replication in
experimentally infected animals.119 The
logistics of collection, testing, and stor-
ing immune convalescent plasma are for-
midable. In the United States, the pau-
city of survivors of these diseases and the
lack of a national program that collects
and stores HFV immune plasma pre-
clude its use in the initial response to a
bioterrorist attack. Development of
methods to manufacture monoclonal an-

tibodies and recent advances in select-
ing highly effective human-derived or
humanized products may provide new
approaches to therapy in the future.

POSTEXPOSURE PROPHYLAXIS
Effective prophylaxis following expo-
sure to an HFV is hampered by the ab-
sence of effective vaccines and antiviral
medications. The working group does
not recommend preemptive adminis-
tration of ribavirin in the absence of signs
of infection to persons with known or
suspected exposures to the HFVs. Riba-
virin has no utility against filoviruses or
flaviviruses. For arenaviruses, there is
limited experimental evidence that post-
exposure prophylaxis with ribavirin will
delay onset of disease but not prevent
it.120,121 Furthermore, the effectiveness
of ribavirin as postexposure prophy-
laxis for arenaviruses or Rift Valley fe-
ver virus has never been studied in hu-
mans. While 1995 CDC guidelines
recommend ribavirin to high-risk
contacts of patients with Lassa fever,109

a review and possible revision of these
recommendations is to be shortly un-
dertaken (James Hughes, MD, oral com-
munication, January 10, 2002). How-
ever, public health professionals suggest
that stratification of risk groups into
high-risk and close contacts may facili-
tate counseling and outbreak investiga-
tion. High-risk contacts are those who
have had mucous membrane contact
with a patient (such as during kissing
or sexual intercourse) or have had a per-
cutaneous injury involving contact with
the patient’s secretions, excretions, or
blood. Close contacts are those who live
with, shake hands with, hug, process
laboratory specimens from, or care for
a patient with clinical evidence of VHF
prior to initiation of appropriate pre-
cautions.

Persons considered potentially ex-
posed to HFVs in a bioterrorist attack
and all known high-risk and close con-
tacts of patients diagnosed with VHF
should be placed under medical surveil-
lance. All such individuals should be in-
structed to record their temperatures
twice daily and report any temperature
of 101°F (38.3°C) or higher (or any

symptom noted in Table 3) to a clini-
cian, hospital epidemiologist, or public
health authority designated with sur-
veillance. Surveillance should be con-
tinued for 21 days after the person’s
deemed potential exposure or last con-
tact with the ill patient.

If a temperature of 101°F (38.3°C) or
higher develops, ribavirin therapy
should be initiated promptly as pre-
sumptive treatment of VHF, as de-
scribed in Table 4, unless an alterna-
tive diagnosis is established or the
etiologic agent is known to be a filovi-
rus or a flavivirus. In the case of close
and high-risk contacts of patients diag-
nosed with Rift Valley fever or a flavi-
virus, only those who process labora-
tory specimens from a patient prior to
initiation of appropriate precautions re-
quire medical surveillance, as these spe-
cific viruses are not transmitted from
person to person but may be transmit-
ted in the laboratory setting.

VACCINE
With the exception of yellow fever live
attenuated 17D vaccine, which is highly
effective when administered to travel-
ers to endemic areas,68 there is no li-
censed vaccine for any of the HFVs. The
yellow fever vaccine is produced in lim-
ited supply, and world stocks are not suf-
ficient to meet a surge.122 This vaccine
would not be useful in preventing dis-
ease if given in the postexposure set-
ting because yellow fever has a short in-
cubation period of 3 to 6 days, and
neutralizing antibodies take longer to ap-
pear following vaccination.68

INFECTION CONTROL
Given the lack of licensed or effective
therapies and vaccines against the HFVs,
efforts to prevent transmission of infec-
tion must rely on the meticulous imple-
mentation of and compliance with strict
infection control measures. Filoviruses
and arenaviruses are highly infectious af-
ter direct contact with infected blood and
bodily secretions. A suspected case of
VHF must be immediately reported to
the hospital epidemiologist (or infec-
tion control professional) and to the lo-
cal or state health department. The epi-
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demiologist (or infection control
professional) should, in turn, notify the
clinical laboratory (so that additional
precautions are put in place) as well as
other clinicians and public health au-
thorities.

Isolation Precautions
Direct contact with infected blood and
bodily fluids has accounted for the ma-
jority of person-to-person transmis-
sion of filoviruses and arenaviruses.
Therefore, we recommend that in the
case of any patient with suspected or
documented VHF, VHF-specific bar-
rier precautions should be imple-
mented immediately (BOX 2). These pre-
cautions do not reflect HICPAC’s
isolation guidelines terminology and are
defined here as strict hand hygiene plus
use of double gloves, impermeable
gowns, face shields, eye protection, and
leg and shoe coverings (given the copi-
ous amounts of infected material, such
as vomitus and liquid stool, that may be
present in the environment).

Airborne transmission of HFVs ap-
pears to be a rare event but cannot be
conclusively excluded. Given the inabil-
ity to completely exclude this potential,
the lack of preventive vaccines, and, in
the case of filoviruses, the lack of effec-
tive drug therapy, we recommend that
in addition to VHF-specific barrier pre-
cautions, airborne precautions also be in-
stituted. Airborne precautions entail the
use of a high-efficiency particulate res-
pirator for any person entering the room
and, as required by HICPAC stan-
dards,123 the patient should be placed in
a room with negative air pressure, 6 to
12 air changes per hour, air exhausted
directly to the outdoors or passage
through a high-efficiency particulate air
(HEPA) filter before recirculation, and
doors kept closed. There are many cir-
cumstances in which the use of negative-
pressure rooms may not be possible, in-
cluding mass casualty situations. In such
conditions, all other infection control
measures should be taken (ie, VHF-
specific barrier precautions and a HEPA
respirator for any person entering the
room), which would, in combination,
substantially reduce the risk of nosoco-

mial transmission. Available evidence
suggests that in the great preponder-
ance of historical cases, these measures
were sufficient to prevent transmission
of disease to health care workers, fam-
ily members, and other patients. Non-
essential staff and visitors should have
restricted access to patients’ rooms. If
there are multiple patients with VHF in
a health care facility, they should be cared
for in the same part of the hospital to
minimize exposure to other persons.

All persons, including health care
workers and laboratory personnel who
have had a close or high-risk contact
with a patient infected with a filovirus
or an arenavirus within 21 days of the
patient’s onset of symptoms, prior to the
institution of appropriate infection con-
trol precautions, should be placed un-
der medical surveillance and managed
as described in the section on postex-

posure prophylaxis. Laboratory person-
nel who have processed laboratory speci-
mens from a patient with any HFVs
(including Rift Valley fever and the fla-
viviruses) within 21 days of the pa-
tient’s onset of symptoms, prior to the
institution of appropriate infection con-
trol precautions, should also be placed
under medical surveillance.

Because some of these viruses may
remain present in bodily fluids for long
periods following clinical recovery, con-
valescentpatients continue toposea risk
of disease transmission.40,60 Therefore,
patients convalescing from a filoviral or
an arenaviral infection should refrain
from sexual activity for 3 months after
clinical recovery.

Personal Protective Equipment
Powered air-purifying respirators
(PAPRs) are theoretically more effica-

Box 2. Recommendations for Protective Measures Against
Nosocomial Transmission of Hemorrhagic Fever Viruses

Strict adherence to hand hygiene:
Health care workers should clean their hands prior to donning personal protec-
tive equipment for patient contact. After patient contact, health care workers should
remove gown, leg and shoe coverings, and gloves and immediately clean their hands.
Hands should be clean prior to the removal of facial protective equipment (ie, per-
sonal respirators, face shields, and goggles) to minimize exposure of mucous mem-
branes with potentially contaminated hands, and once again after the removal of
all personal protective equipment

Double gloves
Impermeable gowns
N-95 masks or powered air-purifying respirators, and a negative isolation room with

6-12 air changes per hour, as required by Healthcare Infection Control Practices
Advisory Committee standards for airborne precautions*

Leg and shoe coverings
Face shields†
Goggles for eye protection†
Restricted access of nonessential staff and visitors to patient’s room
Dedicated medical equipment, such as stethoscopes, glucose monitors, and, if avail-

able, point-of-care analyzers
Environmental disinfection with an Environmental Protection Agency–registered

hospital disinfectant or a 1:100 dilution of household bleach
If there are multiple patients with viral hemorrhagic fever in one health care facility,

they should be cared for in the same part of the hospital to minimize exposures
to other patients and health care workers

*These resources may not be possible in many health care facilities or in a mass casualty
situation. In this case, all other measures should be taken and would, in combination, be
expected to substantially diminish the risk of nosocomial spread.

†Face shields and eye protection may be already incorporated in certain personal protective
equipment, such as powered air-purifying respirators.
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cious than N-95 disposable masks in
providing respiratory protection from
small-particle aerosols, mostly due to
issues related to proper fitting of the
masks.124 However, no data exist to sup-
port higher efficacy of PAPRs over N-95
masks in preventing airborne transmis-
sion of infection in the health care set-
ting.125 PAPRs are more expensive
($300-$600 vs less than $1 for dispos-
able N-95 masks), are bulky, require
maintenance, and impair voice com-
munication to a higher degree than dis-
posable N-95 masks.126 One study has
shown that PAPRs are associated with
a higher incidence of needlestick inju-
ries.127 Disadvantages of the N-95 masks
include the difficulty in ensuring a re-
liable face-mask seal with each use and
impossibility of effective use by bearded
individuals. The theoretical advan-
tage of PAPRs over N-95 masks may be
offset by the danger of increased needle-
stick or sharp injuries to those using
PAPRs in these settings. The N-95
masks (in combination with face shields
and goggles) are likely equivalent in
protection to PAPRs in the health care
setting.

Therefore, we recommend that clini-
cians caring for patients with a VHF use
either N-95 masks or PAPRs, depend-
ing on their familiarity with one or the
other, the suitability for the individual,
and availability at a given institution.
Some experts have advocated that PA-
PRs be used during cough-inducing pro-
cedures (ie, endotracheal intubations,
bronchoscopies), autopsies, and cen-
trifugation or pipetting of laboratory
specimens. While there are no data to
support this recommendation, we would
concur as long as the health care work-
ers are familiar with the use of PAPRs
and are not subjecting themselves to the
risk of inadvertent needlestick injury.

Laboratory Testing
The HFVs described herein (including
Rift Valley fever and the flaviviruses) are
highly infectious in the laboratory set-
ting and may be transmitted to labora-
tory personnel via small-particle aero-
sols. The risk is especially high during
aerosol-generating procedures, such as

centrifugation. To minimize the possi-
bility of small-particle aerosol genera-
tion, all laboratory staff must be alerted
to any suspected diagnosis of VHF. Des-
ignated laboratory workers should re-
ceive training in handling specimens
from any suspected VHF patients in ad-
vance of such an event. Laboratory
workers should wear personal protec-
tive equipment that ensures VHF-
specific barrier and airborne precau-
tions (Box 2). All specimens should be
handled, at a minimum, in a class 2 bio-
logical safety cabinet following BSL-3
practices.127 (A detailed description of
class 2 biological safety cabinets is avail-
able at http://www.cdc.gov/od/ohs
/biosfty/bmbl4/b4aa.htm, and a de-
tailed description of BSL-3 practices is
available at http://www.cdc.gov/od/ohs
/biosfty/bmbl4/bmbl4s3.htm.) Most
clinical facilities are not equipped with
a BSL-3 laboratory. Virus isolation
should only be attempted in a BSL-4
laboratory.

Potential hazards associated with han-
dling of clinical specimens from pa-
tients infected with an HFV pose great
problems in hospital facilities. Labora-
tory tests should be limited to critical di-
agnostic tests. If adequate resources are
available, point-of-care analyzers for rou-
tine laboratory analysis of infected pa-
tients should be used. Point-of-care ana-
lyzers are small, portable devices that
may be used at the bedside, require only
a few drops of fresh whole blood, dis-
play test results in a few minutes, limit
the exposure of laboratory personnel to
infectious clinical specimens, do not dis-
rupt the clinical laboratory routine, and
do not contaminate clinical laboratory
equipment.

If point-of-care analyzers are not avail-
able, clinical specimens need to be pro-
cessed in a clinical laboratory. Precau-
tions that parallel those of a US hospital’s
successful efforts to care for a patient in-
fected with a New World arenavirus
should be followed.128 Laboratory speci-
mens should be clearly identified, double
bagged, and hand carried to the labora-
tory at prescheduled times, preferably
prior to equipment maintenance to en-
able decontamination of instruments af-

ter testing. Specimens should never be
transported in pneumatic tube sys-
tems. Only dedicated, trained labora-
tory personnel should process clinical
specimens from patients with VHF,
wearing protective equipment to en-
sure airborne and VHF-specific barrier
precautions. Serum should be pre-
treated with the detergent Triton X-100
(10 µL of 10% Triton X-100 per 1 mL
of serum for 1 hour). Pretreatment with
Triton X-100 may reduce the titers of
these enveloped viruses, but efficacy has
not been tested.109 Pretreatment with Tri-
ton X-100 does not significantly alter se-
rum electrolytes, urea nitrogen, creati-
nine, and glucose or liver function test
results.128 Additional guidelines for clini-
cal specimen transport, processing, and
disposal have been described by Arm-
strong et al.128

Postmortem Practices
In the event of an outbreak of VHF, spe-
cial provisions will be required for burial
practices. Contact with cadavers has
been implicated as a source of transmis-
sion in the Kikwit Ebola outbreak of
199536 and in Uganda in 2000.37 We rec-
ommend that trained personnel, using
the same infection control precautions
as those used to transport ill patients,
handle the bodies of patients who die of
VHF. Autopsies should be performed
only by specially trained persons using
VHF-specific barrier precautions and
HEPA-filtered respirators (N-95 masks
or PAPRs) and negative-pressure rooms,
as would be customary in cases in which
contagious biological aerosols, such as
Mycobacterium tuberculosis, are deemed
a possible risk.129 We recommend
prompt burial or cremation of the de-
ceased, with minimal handling. Specifi-
cally, no embalming should be done.
Surgery or postmortem examinations are
associated with increased risks of trans-
mission and should be done only when
absolutely indicated and after consulta-
tion with experts.

Environmental Decontamination
Linen handlers and workers involved in
environmental decontamination should
wear personal protective equipment that
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ensures VHF-specific barrier precau-
tions (Box 2). We recommend that con-
taminated linens be placed in double
bags and washed without sorting in a
normal hot water cycle with bleach. Al-
ternatively, they may be autoclaved or
incinerated.109 Detailed instructions on
handling and disinfection of contami-
nated linens are available from the
CDC.109 Environmental surfaces in pa-
tients’ rooms and contaminated medi-
cal equipment should be disinfected with
an Environmental Protection Agency–
registered hospital disinfectant or a 1:100
dilution of household bleach.109

It has been suggested that excreta
should be disinfected with 0.6% so-
dium hypochlorite before disposal.130 Al-
though a theoretical concern remains
that the disposal of contaminated hu-
man excreta may contaminate sewage
systems, the working group does not rec-
ommend the addition of disinfectants to
human excreta prior to disposal. Disin-
fectants are not effective in sterilizing
solid waste, the indiscriminate addi-
tion of hypochlorite may damage sep-
tic tanks, and these viruses are not likely
to survive standard sewage treatment in
the United States.

In general, in their natural state, these
lipid-enveloped viruses are not environ-
mentally stable and are not expected to
persist in the environment for pro-
longed periods.7 Decisions regarding the
need for and methods of decontamina-
tion following an attack with an HFV
should be made following expert analy-
sis of the contaminated environment and
the weapons used in the attack, in con-
sultation with experts in environmen-
tal remediation.

ONGOING RESEARCH AND
PROPOSED AGENDA
Mechanisms of disease transmission in
human outbreaks of HFVs are still
poorly understood. Clarification of the
role of airborne transmission is vital.
Rapid diagnostic methods need to be de-
veloped for all of the HFVs, including
those that have been excluded from this
article and made available to selected
state health departments for the expe-
dient diagnosis of suspected cases. Meth-

ods to safely handle potentially in-
fected specimens in a clinical laboratory
should be developed.

The diagnostic and therapeutic arma-
mentarium urgently needs to be aug-
mented. There also is an urgent need to
develop vaccines and drug therapy. A live
attenuated vaccine against Argentine
hemorrhagic fever (candid No. 1) devel-
oped at the USAMRIID131 is available as
an IND. This vaccine has been shown to
be safe and effective in protecting agri-
cultural workers in South America132 and
may provide cross-protection against Bo-
livian hemorrhagic fever.9 There are 2
vaccines against Rift Valley fever also
available as INDs. One is formalin inac-
tivated and appears to be safe and effec-
tive when administered to laboratory
workers. However, it is available only
in limited supply, and the manufac-
turing capacity for producing addi-
tional vaccine no longer exists in the
United States.133,134 Lastly, a formalin-
inactivated Kyasanur Forest disease vac-
cine exists and has been shown to be pro-
tective in field trials in India.135 There are
several promising vaccines in develop-
ment for prevention of filoviruses and
Lassa fever, some in nonhuman pri-
mate models.136-139 Passive immuniza-
tion strategies using recombinant hu-
man monoclonal antibodies should be
pursued, given the potential benefit of
passive immunization in a series of re-
ports.80,114,116,117,140 Research with these
agents is hampered by the requirement
of conductingexperiments inBSL-4 labo-
ratories. More BSL-4 laboratories would
expand research opportunities.

Ribavirin is the only potentially effec-
tive drug available for selected hemor-
rhagic fever because it is approved by
the FDA for another indication. How-
ever, it is not effective against all of the
HFVs and it is not widely available. The
supply of ribavirin should be rapidly
augmented, and studies to demon-
strate its efficacy and safety against
selected HFVs should be conducted to
support an FDA approval for those indi-
cations. We also recommend the addi-
tion of intravenous and oral formula-
tions of ribavirin to the US National
Pharmaceutical Stockpile (a reposi-

tory of antibiotics, chemical antidotes,
and other medical supplies managed by
the CDC that may be emergently sent
to the site of a disaster anywhere in the
United States). New antiviral thera-
pies should be pursued for the treat-
ment of all HFVs, including those
excluded from this article. The effects
of any developed therapy in pediatric
populations should also be evaluated.

Disclaimer: The views, opinions, assertions, and find-
ingscontainedhereinare thoseof theauthorsandshould
not be construed as official US Department of Health
and Human Services, US Department of Defense, or US
DepartmentofArmypositions,policies,ordecisionsunless
so designated by other documentation. The recom-
mendations on the use of drugs for uses not approved
by the FDA do not represent the official views of the
FDA or of any of the federal agencies whose scientists
participated in these discussions. Unlabeled uses of the
products recommended are noted in the sections of this
article inwhich theseproductsarediscussed.Whereunla-
beled uses are indicated, information used as the basis
for the recommendation is discussed.
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