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Preface

Mobility of large parts of the human population, whether related to commercial
necessity, touristic activities or to migration induced by war and social pressure,
carried and carries the risk of spreading infections. Modern air travel effectively
circumvents existing quarantine regulations as infected individuals thereby can
reach almost every geographic location while still in the incubation phase of the
disease. Hence, infections previously restricted to distinct regions due to their
strict association with non-human reservoirs or vectors can suddenly surface in
non-endemic areas where lacking experience and technical means make clinical
and laboratory diagnosis difficult. Excellent examples for such situations are
many vector- or rodent-borne viruses but also hepatitis viruses, the human
immunodeficiency virus and, last but not least, filoviruses.

The following articles are based on papers presented at an international
symposium on “Imported Virus Infections” held at the Max von Pettenkofer
Institute, University of Munich, Munich, Germany on March 31 to April 1, 1995.
They illustrate today’s knowledge on the epidemiology, dynamics of spread, as
well as the frequently limited possibilities of prevention and therapeutic treat-
ment of associated disease. Special emphasis was placed on filovirus infections
which, as if to highlight the topics of the symposium, reappeared and spread in
Zaire in the first half of 1995.

The symposium was dedicated to the memory of Friedrich Deinhardt M.D.,
virologist, professor and director of the Max von Pettenkofer Institute for
Hygiene and Medical Microbiology from 1977 until he died on April 30, 1992.
Throughout his scientific career he had a continued interest in emerging virus
diseases and till his death actively supported research programs on human
immunodeficiency virus and hepatitis C virus infections at the institute. He
certainly would have appreciated this meeting of experts as well as the lively
discussions concerning the various topics at the symposium.

The symposium was sponsored by contributiong from pharmaceutical com-

panies and private agencies, which we hereby gratefully acknowledge:
Abbott GmbH, Germany, Baxter Deutschland GmbH, Germany, Behringwerke
AG, Germany, Biotest Pharma GmbH, Germany, Boehringer Mannheim
GmbH, Germany, Deutsche Vereinigung zur Bekampfung der Viruskrankheiten
e.V., Germany, Deutsche Wellcome GmbH, Germany, Dr. Karl Thomae
GmbH, Germany, Forderverein des Deutschen Griinen Kreuzes, Germany,
Immuno GmbH, Germany, Institut Virion GmbH, Germany, Pasteur-Merieux-
MSD GmbH, Germany, Procter & Gamble GmbH, Germany, Sanofi GmbH,
Germany, SmithKline Beecham GmbH, Germany.

Tino F. Schwarz
Gtinter Siegl
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Imported vector- and rodent-borne virus infections — an introduction

T. F. Schwarz

Max von Pettenkofer Institute for Hygiene and Medical Microbiology, Ludwig
Maximilians University, Munich, Federal Republic of Germany

Summary. Travel is a potent force in the emergence of virus infections. Migra-
tion of humans and animals has been the pathway for disseminating virus
diseases throughout history. In recent years, dengue virus has been identified as
the most important travel-related, vector-borne virus disease. Other vector-
borne virus infections, such as sandfly fever, Rift Valley fever, chikungunya fever
and Japanese encephalitis, have been diagnosed in travelers returning from
endemic areas. Crimean-Congo haemorrhagic fever may not only be imported
by infected live stock, but also by travelers. Of rodent-borne virus infections,
Lassa fever has been diagnosed occasionally in travelers returning from endemic
areas. The potential impact of imported filoviruses is currently discussed.

Introduction

Importation of virus infections is equivalent to the transport of an agent from an
endemic to a non-endemic area. In recent years, most studies of imported virus
infections in Europe dealt with hepatitis A virus, hepatitis B virus, and human
immuno-deficiency virus, and imported vector- and rodent-borne virus infec-
tions received little attention. Although imported arbovirus infections and a few
cases of rodent-borne infections were reported, the true incidence of cases in
non-endemic countries was unknown. However, the gravity of this problem is
illustrated by the diagnosis of the following vector-borne virus infections which
were imported from endemic countries to the Netherlands from 1977 to 1980:
Bwamba virus (Cameroon), chikungunya virus (Cameroon, Niger, Nigeria,
Zaire), Chagres virus (Costa Rica), Colorado tick fever virus (USA), Mayaro
virus (Surinam), Rift Valley fever virus (Tanzania), Ross River virus (Samoa), and
dengue virus (Thailand, Indonesia, Surinam, Curagao) [40].

Several factors may underly the increase in the incidence of imported vector-
and rodent-borne virus infections. Travelers returning from endemic tropical
and subtropical countries probably account for most cases of imported virus
infection; according to the World Tourism Organization, Madrid, Spain, 528
million people vacationed in foreign countries in 1994 with Germans and
Americans accounting for 65 and 47 million visits abroad, respectively. Other
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possible sources for the importation of virus infections are transit passengers,
asylum-seekers and refugees from endemic areas in Third World countries.
Similarly, aid workers and military staff, e.g. United Nations troops, stationed in
endemic countries may be exposed to infectious agents, and can import the
diseases upon return to their home countries. Also, virus infections have been
introduced by animals imported from endemic areas.

Current frequency of imported vector- and rodent-borne virus infections

Several studies and case reports have demonstrated the importation of vector-
and rodent-borne virus infections in recent years.

Dengue fever

Of all the vector-borne infections, dengue fever appears to be the most frequently
imported virus disease from endemic to non-endemic countries. During the first
half of 1995, approximately 250 clinical cases of imported dengue fever were
diagnosed in Germany (J. L'age-Stehr, Berlin pers. comm.). Dengue viruses are
endemic and epidemic in tropical and subtropical regions, especially in the
Caribbean basin, South America, Central America, some African countries,
islands of the Indian Ocean, southeast Asia, Australia, and Oceania; they are
transmitted by mosquitos (Aedes) [15]. In some endemic areas, such as the
Americas, and southeast Asia, the incidence of this infection has been increasing
dramatically in recent years [15]. Dengue infection may be asymptomatic, or
overt disease may range from a mild, febrile illness (classical dengue fever) to
severe and fatal haemorrhagic disease (dengue haemorrhagic fever, dengue shock
syndrome). Most infections were reported in travelers returning from endemic
areas in southeast Asia, especially Thailand, the Caribbean Islands and Oceania
[3, 4,8, 17, 21, 25, 29, 32, 36, 42, 43] or in military personnel stationed in the
Philippines [ 18], Haiti [5] or Somalia [23]. In most patients, dengue fever was
diagnosed whereas haemorrhagic dengue fever or dengue shock syndrome still
seem to be rare complications in travelers from non-endemic countries [6, §,
25, 29]. With the growing spread of dengue viruses and their vectors, Aedes
aegypti and Aedes albopictus, it is likely that imported cases will increase but as
this disease is not notifiable, and diagnostic tests are rarely performed in non-
endemic countries, the true extent of the problem is not known.

Sandfly fever

Sandfly fever viruses belong to the Phlebovirus genus of the Bunyaviridae. Three
serotypes, Sicilian (SFSV), Naples (SFNV) and Toscana (TOSV) are medically
significant because they cause sandfly fever (pappataci fever). This infection
gained some importance in the Mediterranean region during World War II,
afflicting 19000 soldiers requiring hospitalization. SFSV and SFNV cause
a febrile illness with headaches and myalgia lasting for several days whereas
TOSYV is more virulent, causing high fever, severe headaches, aseptic meningitis
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and meningoencephalitis. Convalescence may be prolonged. Sandfly fever is
becoming more significant as a travel-related disease, and several cases of sandfly
fever in travelers and soldiers infected during visits to Italy, Cyprus, Spain,
Tunisia, and Central Asia have been reported recently [ 2, 10—12, 14, 33-35]. The
reduced use of pesticides in the Mediterranean region has led to an increase in the
number and density of sandflies. As these insects are the vector for sandfly fever
and leishmaniasis, more clinical cases may be expected in endogenous popula-
tions and travelers in the future.

Rift Valley fever

Rift Valley fever virus is widely distributed throughout sub-Saharan Africa. So
far, the virus has been isolated in Burkina Faso, the Central African Republic,
Egypt, Guinea, Kenya, Madagascar, Mauritania, Mozambique, Namibia,
Nigeria, Senegal, South Africa, Sudan, Tanzania, Uganda, Zaire, Zambia, and
Zimbabwe. In the past 20 years, epizootics affecting livestock and humans
occurred in Egypt, Mauritania, and Senegal. The latest epidemic started in
Sudan and Egypt in 1993, and lasted until 1994 [1]. In the late 1970s, imported
cases of Rift Valley fever acquired in Egypt were reported in travelers returning
to the United Kingdom [9, 45], and in Swedish UN soldiers stationed in Egypt
and in the Sinai [31]. Since this disease occurs in irregular cycles in Africa,
infections may be expected only during epizootic outbreaks.

Lassa fever

Lassa fever virus is endemic in West Africa ranging from Guinea to Nigeria. In
the last 15 years, several cases of imported Lassa fever were observed in the USA
[20, 49], Canada [27], the United Kingdom [7], and Japan [19]. Nosocomial
spread was not observed with the most recent cases. With further political and
economic destabilisation of some West African countries, established pro-
grammes to control Lassa fever virus, e.g. in Sierra Leone, may fail, subsequently
leading to locally increased endemicity and an increased likelihood of future
importation in travelers or endogenous persons returning from West Africa.

Chikungunya fever

Chikungunya virus is endemic in most parts of Africa and Southeast Asia, and
epidemics have occurred in sub-Saharan Africa, India, Thailand, and the Philip-
pines. Until recently, imported infections with chikungunya virus in travelers
were rarely reported [ 16, 40]. Chikungunya fever is a dengue-like illness, and in
areas where dengue is endemic, clinical diagnosis of chikungunya fever may be
difficult, requiring laboratory confirmation. Since the virus is present in Africa
and Asia, imported infections may be expected in the future.

Japanese encephalitis

Japanese encephalitis virus (JEV) is endemic in tropical areas of south and
southeastern Asia [41]. Recently, an outbreak of JEV occurred among residents
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of an island of Australia’s Torres Strait, which lies between mainland Queens-
land and Papua New Guinea [47]. Infections with JEV acquired in Southeast
Asia, were reported in travelers returning from Bali, Indonesia [28, 44]. Al-
though control measurements have been effectively implemented in some East
Asian countries, JEV circulates in countries such as Thailand, Vietnam,
Myanamar, Nepal, Bangladesh, and Sri Lanka [41]. As an active vaccine is
widely available for travelers, infection can be prevented.

Crimean-Congo haemorrhagic fever

Crimean-Congo haemorrhagic fever virus (C-CHFYV) is widely distributed
throughout the arid regions of Africa, the Middle East, south and eastern Europe
and Asia. C-CHFV may cause outbreaks or isolated cases among farm and
abattoir workers, and veterinary surgeons. The infection is enzootic, but mainly
asymptomatic in many species such as cattle, sheep, goats, camels and hares.
Humans become infected by bites of Hyalomma ticks or through close contact
with infected animals or humans. Nosocomial outbreaks of C-CHFV infections
have been reported repeatedly [13, 38, 39]. Mortality rates ranged from 10 to
30% in different outbreaks. C-CHFV may be introduced in a non-endemic area
through the import of livestock from endemic areas, and thus cause outbreaks.
The recent C-CHFV outbreak in the United Arab Emirates was thought to have
been caused by the importation of infected sheep from neighbouring countries
(pers. comm., H. Nsanze, Al Ain). Travelers may be infected during visits of
endemic areas.

Filovirus-associated haemorrhagic fever

Since the first outbreak of Marburg virus in the homonymous city in Germany in
1967, associated with imported African green monkeys (Cercopithecus aethiops)
from Uganda [37], sporadic cases of Marburg virus infections have been
reported in travelers infected in Zimbabwe/South Africa in 1975, and Kenya in
1980 and in 1987 [39]. Recently, the first cases of suspected imported filovirus
haemorrhagic fever were reported in Sweden [24] and in Switzerland [26]. In
1989, a simian haemorrhagic fever virus, now designated Ebola Reston, im-
ported to a primate center in Reston, VA, USA, from the Philippines, only caused
asymptomatic infections in staff working with infected monkeys [22]. In
1992, a filovirus, identical to Ebola Reston, was 1solated from cynomolgus
monkeys imported from the Philippines into Italy; it is noteworthy that these
animals were obtained from the same exporter in the Philippines [46]. These
two incidents demonstrated the need for better safety standards, particularly
those concerning infectious diseases, for animal imports, especially primates.
In 1994, Ebola virus was isolated from a Swiss ethologist who got infected
during autopsies of chimpanzees in Ivory Coast [26]. This Ebola strain, desig-
nated Ebola Cote d’Ivoire, had caused an outbreak of haemorrhagic fever
in chimpanzees. The year of 1995 witnessed the reemergence of Ebola virus
in Zaire causing a major outbreak among humans [30]. As of 24 August
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Table 2. Medically important human rodent-borne virus infections

and their occurrence

Agent Rodent reservoir Occurrence
Hantaan virus Apodemus sp. Asia
Puumala virus Clethrionomys sp. Europe, Asia
Balkan hantaviruses Apodemus sp. Southeast Europe
Seoul virus Rattus sp. Europe, Asia

Sin Nombre virus
Brasilian hantavirus
Guanarito virus
Junin virus
Machupo virus
Sabia virus

Lassa virus

Peromyscus sp., Sigmodon sp.

?

Sigmodon sp.
Calomys sp.
Calomys sp.
9

Mastomys natalensis

North America
Brazil
Venezuela
Argentina
Bolivia

Brazil

West Africa

1995, a total of 315 human cases had occurred of which 244 (77%) had died
[48].

Prospects for the future

There are many vector- and rodent-borne infections endemic in countries
frequently visited by travelers. An overview of the occurrence of vector- and
rodent-borne virus is summarized in Tables 1 and 2. With the growing number of
travelers to remote geographic regions on earth, there is a potential risk of
acquiring vector- or rodent-borne infections. However, many clinicians in
countries where these infections do not occur frequently, are unaware of this
possibility. Laboratories should be prepared to offer diagnostic support for these
infections. Some of these viruses, €.g. Crimean-Congo haemorrhagic fever virus,
have a potential for nosocomial spread [13, 38], and public health officials and
hospital hygiene consultants need to define guidelines to avoid secondary or
nosocomial transmission of such viruses. Precautions are necessary to avoid the
import of infected vectors, rodents or livestock by air or sea.
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WHO program on emerging virus diseases
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Summary. Infectious diseases, and especially viral diseases, are important,
evolving, complex public health problems. Their ultimate prevention and control
will increasingly require sophisticated interaction between epidemiologic re-
sources, molecular expertise, and application of modern statistical tools. The
integration of epidemiologic and laboratory sciences is central to the success of
a coordinated approach to new, emerging and re-emerging infectious diseases,
and the WHO is attempting to facilitate and strengthen these resources interna-
tionally by focusing on improved surveillance, infrastructure building, applied
research, and improved prevention and control strategies. Reference virus
laboratories, especially those that deal with exotic virus diseases, will play a key
role in implementation of the program, since these laboratories are likely to be
called upon to assist in the identification of new, emerging, or re-emerging
diseases. Thus, ensuring that these laboratories are well prepared to perform
their critical tasks is essential to the ultimate success of the program.

Introduction

In this book detailed descriptions will be presented of various important viruses
and the diseases they cause. Some of these are well known pathogens, while
others, like recently recognized South American arenaviruses and Sin Nombre
virus, the cause of hantavirus pulmonary syndrome, are new and justifiably
called emerging virus diseases. This paper will not refer to any single virus or
disease, but rather deal in more general terms with the growing public health
problem of emerging infectious diseases, and describe some of the initiatives now
under way at the World Health Organization (WHO) in our attempts to address
this important topic.

In April 1994, the WHO held an organizational meeting to address the issue
of emerging infectious diseases. Attention was brought to this subject by two
significant publications. The United States Institute of Medicine (IOM) report,
Emerging Infections [1], was published in 1992, and crystallized the thinking of
many scientists and public health officials who had been concerned about the
growing incidence of new diseases, most notably HIV and AIDS, but also the
dramatic increase of other diseases such as dengue, and the threatening problem
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of antimicrobial resistance. This book targeted public health issues in the United
States, but in fact, the vast majority of problems discussed were international in
nature, and applied equally well to most other countries of the world.

In response to the challenges raised in the Institute of Medicine report, the
US Centers for Disease Control and Prevention (CDC)developed a detailed plan
entitled Addressing Emerging Infectious Disease Threats, a Prevention Strategy
for the United States [2]. This plan listed specific goals and tasks, which are now
being systematically addressed. As with the Institute of Medicine report, the
CDC plan, while focused on US public health issues, raised many points that are
equally important internationally, and in fact a significant component of the plan
involves international activities related to emerging infectious diseases.

At about the time the CDC plan was released, WHO hosted its first meeting
on emerging infectious diseases. The objective was to lay the ground work
necessary for an international program on emerging infectious diseases, and
both the IOM and CDC reports weighted heavily in the design and direction of
the final WHO plan [3].

WHO plan objectives

Four specific goals were adopted during the WHO meeting [3]. The first was to
strengthen global surveillance of infectious diseases, and there the call was made
to define existing networks of WHO Collaborating Centers that could be used to
recognize, report and respond to specific infectious disease problems. For
example, networks of collaborating centers are already in place to investigate
influenza, polio, HIV/AIDS and arboviruses and haemorrhagic fevers. Anti-
microbial resistance was also recognized as a critical target for surveillance, and
it was recommended that special efforts be made to monitor antimicrobial
resistance trends globally. With the dramatic changes underway worldwide in
food production and distribution, special attention was also drawn to zoonotic
diseases and foodborne pathogens.

The second goal was to strengthen national infrastructures necessary to
recognize and respond to emerging infectious diseases. To do this, we hope to
build laboratory capabilities, increase training opportunities, and improve
communications between national, regional and international resources.

The need was recognized to use the advances of the biotechnological
revolution to address practical applications in infectious disease diagnosis,
especially in the production of accurate, inexpensive tests suitable for use in
developing countries. We also need to better understand the epidemiology of
various diseases so that improved strategies of disease prevention can be made.
Further, we need to foster regional collaborations, especially directed towards
regional self-sufficiency in reagents production and quality control. Finally,
there is a need to evaluate and set standards for basic public health practices.
Thus, the third goal was to encourage an applied research program.

Last, the need was recognized to strengthen prevention and control strategies
by developing specific guidelines for various known disease conditions such as
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zoonoses, foodborne pathogens, and others, and to actively intervene to prolong
the useful lifespan of antimicrobial agents. Also, we need to develop better ways
of exchanging health information.

Implementation of the WHO plan

To accomplish these goals, we set out to review those critical elements necessary
for effective surveillance and response to emerging infectious diseases. Clearly
the focus of our work will be to deal with human pathogens, so we must have
access to acutely ill patients. Further, to understand why these patients are sick,
we must have laboratory-based diagnostic capabilities, and these laboratories
must be able to accurately confirm common pathogens present in their region, so
that they can recognize what is new or unusual. Further, we will require some
form or reference facility for assistance and confirmation of difficult diagnoses.
We also need the ability to communicate rapidly and reliably, and we will require
a centralized facility to receive information, coordinate efforts and assist in
response activities when problems are identified. We should also have the
capacity to train and motivate collaborators, and a focal point to lead fund-
raising activities.

Given these prerequisites, it became clear that the most efficient means of
approaching this problem was to make greater use of the existing network of
WHO Collaborating Centers, especially those that deal with exotic virus dis-
eases, since they are the ones most often called upon to assist in the identification
of unknown agents. Most of these centers have access to acutely ill patients, they
have laboratory-based diagnostics, there is a referral laboratory system in place,
and they could be actively coordinated through WHO Headquarters.

We then set about to develop a plan of action for this program. Our
short-term goals were to assess the capabilities of the existing networks of
Collaborating Centers, identify those eager to participate in this initiative, and
begin frequent contact with and between them.

We next hoped to finalize the composition of the network, identify critical
diagnostic reagent needs, improve communications, and enhance WHO’s ability
to respond to emergencies.

Our long term goals are then to develop a dynamic, interactive global
network of Collaborating Centers able to readily differentiate routinely encoun-
tered diseases from those that might be considered new, emerging, or re-
emerging, and to investigate and report the appearance of such diseases as they
are recognized. We also hope that this network will allow a rapid exchange of
technology, equipment advances, and reagents. This network should also be able
to assist with training activities of both students and professionals, and to have
ready access to a communications network for prompt information exchange.

Survey of WHO virus collaborating centers capabilities

With these goals and plan of action in mind, in 1993 we surveyed the existing
network of Collaborating Centers and selected other laboratories with expertise
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in arboviruses and haemorrhagic fevers. The 34 laboratories participating in this
survey are listed in Table 1. We first asked if the laboratories were associated with
their national Ministry of Health, if they had immediate access to clinical
material through a direct association with a hospital, if they maintained a serum
bank, and the kinds of techniques available to them for virus isolation. The
results of these questions are summarized in Table 2 and indicate that the
majority of participating laboratories responded positively to these questions.
We then ask about the serological techniques in use in their laboratories, and
most laboratories were found to be well equipped for serological analyses. Next
we asked what kinds of molecular techniques were routinely used in their facility,
and again, the laboratories were in general using modern molecular techniques
routinely (Table 2).

When each laboratory was asked if they had the reagents necessary to
diagnose a human infection caused by an alphavirus, less than half had the
reagents necessary to do so (Fig. 1). Similarly, when questioned about common
flavivirus infections such as yellow fever and dengue, about two-thirds had the
necessary reagents to make an accurate diagnosis. Reagents were even further
limiting in terms of the bunyaviruses, with less than half the laboratories
equipped to diagnose infectious due to these viruses. And the situation was worst
with the causes of viral haemorrhagic fever, where only about a quarter of the
labs had the necessary reagents to confirm an infection due to these viruses
(Fig. 1).

The conclusion of the survey was then that the laboratory network was
generally well prepared to participate in global surveillance of new, emerging and
re-emerging infectious diseases in terms of technical skills and access to acutely ill
patients, but most laboratories lacked a complete set of reagents necessary to
recognize even common viral infections that they may encounter, especially for
those diseases not frequently seen in their particular area, as might be the case
when examining clinical specimens from returning travellers.

In response to this identified weakness in the proposed network, we have
actively begun production and distribution of critical diagnostic reagents for
provision to these laboratories. We have started with antigens to dengue, yellow
fever and Rift Valley fever viruses. We are also attempting to collect human IgM
positive sera from these and other important viral diseases for use as positive
control reagents. This has been especially important in the case of yellow fever
and dengue. Finally, we are working closely with the WHO Expanded Program
on Immunizations and their polio eradication laboratory network and the
training initiative to include laboratory diagnosis for yellow fever as part of the
training sessions. Most activities have been centered in Africa, and we have
completed two workshops already, with a third scheduled soon. In addition, we
held a special workshop in Kenya in June 1995, specifically dedicated to the
laboratory diagnosis of yellow fever and other arbovirus and haemorrhagic
fevers.

New, emerging and re-emerging infectious diseases are not limited only to
those caused by viruses. Consequently, brief mention is appropriate regarding
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Table 1. World Health Organization Collaborating Centers and other reference
laboratories participating in a 1993 survey of technical capacity to address new,
emerging, and re-emerging virus diseases

Laboratory

Location

The Americas
Laboratory Center for Disease Control
Special Pathogens Branch, Centers for Disease
Control and Prevention
Division of Vector-Borne Infectious Diseases
Centers for Disease Control and Prevention
Yale Arbovirus Research Unit
Instituto “Pedro Kouri”
Dengue Branch
Centers for Disease Control and Prevention
Instituto Evandro Chagas
Instituto Adolfo Lutz
Instituto Nacional de Enfermedades
Virales Humanos

South-East Asia
National Institute of Virology
Centre for Vaccine Development

Western Pacific
University of Western Australia
Queensland Institute of Technology
Institute of Tropical Medicine
National Institute of Health
University of Malaya
Korea University

Europe
Institute Pasteur
Institute of Molecular Genetics
Aristotelian University
Istituto Superiore de Sanita
Erasmus University
Institute of Virology
Medical Faculty of Ljubljana
Centre for Applied Microbiology and Research
Swedish Institute for Infectious Disease Control
Institute of Poliomyelitis and Viral
Encephalitides
Ivanovsky Institute of Virology

Africa
Pasteur Institute
Pasteur Institute
Kenya Medical Research Institute
University of Ibadan
Uganda Virus Research Institute
National Institute for Virology

Ottawa, Canada
Atlanta, Georgia, USA

Fort Collins, Colorado, USA

New Haven, Connecticut, USA
Havana, Cuba
San Juan, Puerto Rico

Belem, Brazil
Sao Paulo, Brazil
Pergamino, Argentina

Pune, India
Nakhon Pathom, Thailand

Perth, Australia
Brisbane, Australia
Nagasaki, Japan

Tokyo, Japan

Kuala Lumpur, Malaysia
Seoul, Korea

Paris, France

Heidelberg, Germany
Thessaloniki, Greece

Rome, Italy

Rotterdam, Netherlands
Bratislava, Slovak Republic
Ljubljana, Slovenia

Porton Down, Salisbury, UK
Stockholm, Sweden

Moscow, Russian Federation

Moscow, Russian Federation

Bangui, Central African Republic
Dakar, Senegal

Nairobi, Kenya

Ibadan, Nigeria

Entebbe, Uganda

Sandringham, South Africa
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Table 2. Summary of WHO Collaborating Center’s associations
and technical resources

Associations
Directly associated with national
Ministry of Health 74%?®
Directly associated with a
hospital or clinical care facility 59%
Technical resources
Maintain cell cultures 100%
Access to suckling mice 85%
Access to mosquitoes for
virus isolation 32%

Serological techniques used

Enzyme immunoassay 100%
Immunofluorescent assay 100%
Hemagglutination inhibition 91%
Complement fixation test 81%
Radioimmunoassay 44%
Plaque reduction neutralization test 94%
Agar gel immunodiffusion 56%
Mouse neutralization test 74%

Molecular techniques used

Western blot 91%
Polyacrylamide gel electrophoresis 85%
Polymerase chain reaction 91%
Ultracentrifugation capability 94%
Protein purification capability 79%
Radio-labelling capability . 59%
Sequencing capability 71%
Cloning capability 65%
Expression capability 47%

2Percentage of laboratories indicating a positive response. Not all
laboratories responded to all inquiries

some other activities now in progress on emerging diseases at WHO. First, the
Director-General has proposed a resolution to the Executive Board of the World
Health Assembly recognizing the importance of emerging infectious diseases,
and stating the four goals outlined above as the focus of the WHO effort in this
field. The resolution urges Member States to strengthen national and local
surveillance programs, to improve routine diagnostic capabilities, to enhance
communications, to foster more applied research and establish prevention
strategies, and specifically calls for greater concern about antimicrobial sensitiv-
ity and to encourage more rational use of existing antimicrobial agents. The
resolution also calls for efforts to strengthen WHO’s capacity to address issues of
emerging infectious diseases, and encourages greater coordination of the various
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WHO Collaborating centres for arboviruses and
haemorrhagic fevers

Fig. 1. Percentage of laboratories
indicating availability of diagnostic
reagents for the viruses are indicated.
(Alphaviruses: EEE eastern equine
encephalomyelitis; WEE Western
equine  encephalomyelitis; VEE
Venezuelan equine encephalomyeli-
tis; CHIK Chikungunya; Flavi-
viruses: YF Yellow Fever; DI dengue
1; D2 dengue 2; D3 dengue 3; D4
dengue 4; JE Japanese encephalitis;
TBE tick-borne encephalitis (any
type); WN West Nile; SLE St. Louis
Encephalitis; Bunyaviruses; CCHF
Crimean Congo haemorrhagic fever;
RVF Rift Valley fever; SF Sandfly
fever (any type); ORO Oropouche;
CAL California group (any type);
HTN Hantaan. Arenaviruses and
Filoviruses: LAS Lassa; LCM lym-
phocytic choriomeningitis; N Warenas
New World arenaviruses (any type);
MAR Marburg, EBO Ebola; RST
Reston)

technical programs within WHO to develop this initiative. The resolution was
endorsed by the Executive Board of the World Health Assembly, and approved
by the full Assembly during their annual meeting in May, 1995.

To implement this program, we have organized an internal coordinating
group, which meets periodically to discuss areas of mutual interest in emerging
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infectious diseases. Each collaborating group prepares a summary of those
activities they consider to be appropriate for consideration under new and
emerging diseases, and these are then arranged together for submission to donor
agencies in hopes of obtaining extrabudgetary support.
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Arboviruses as imported disease agents:
the need for increased awareness
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U.S. Department of Health and Human Services, Fort Collins, Colorado, U.S.A.

Summary. The arboviruses are an important group of etiologic agents that are
transported between geographic regions in infected animals and humans. This
group of viruses is briefly reviewed as agents of imported disease and dengue
viruses are discussed as an example to illustrate the trend of increasing incidence
of imported arboviral diseases.

Global distribution of arboviruses

The arboviruses are a heterogeneous group that require a hematophagous
arthropod for transmission from one vertebrate host to another. All true
arboviruses produce a significant viremia in their natural vertebrate host. The
arthropod is exposed to and becomes infected with the virus when it takes
a blood meal from the viremic host. The major arthropod vectors of arboviruses
include mosquitoes, sandflies, midges, and hard and soft ticks; the major
vertebrate hosts are rodents and birds. A characteristic of these viruses is their
natural association with specific vertebrate hosts and arthropod vectors. Over
535 arboviruses and zoonotic viruses have been described in 13 taxonomic
families; many of the latter are rodent-borne viruses and do not require an
arthropod vector [ 15]. The true arboviruses belong to seven taxonomic families,
but most of those causing human disease belong to only three of these
(Togaviridae, Flaviviridae, and Bunyaviridae, Table 1).

The majority of arboviruses are maintained in natural cycles involving
a nonhuman primary vertebrate host and a primary arthropod vector (Fig. 1).
Most such cycles remain unknown until humans encroach on the natural
enzootic focus, or the virus escapes the primary cycle via a secondary vector or
vertebrate host as the result of some ecologic change. Humans and domestic
animals generally become involved only after the virus is brought into the
peridomestic environment by a bridge vector; they frequently develop clinical
illness and are “dead-end” hosts because they do not produce viremia and,
therefore, do not contribute to the transmission cycle.
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Fig. 1. Generalized arbovirus maintenance
cycle

Fig. 2. Epidemic/maintenance arbovirus
cycle involving humans as the primary
vertebrate host

A few arboviruses cause significant viremia in humans and may be transmit-
ted in a human-arthropod-human cycle (Fig. 2). This is generally an epidemic
transmission cycle, but with some viruses such as dengue, it may also be an
endemic maintenance cycle [8]. Occasionally, a secondary vector may transmit
the virus to other vertebrates, which are usually dead-end hosts. In both types of
transmission cycles, maintenance of the viruses in nature may be facilitated by
transovarial transmission, in which the virus is transmitted from the female
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through the eggs to the offspring. The significance of transovarial transmission
or whether it occurs is not known for most arboviruses.

Arboviruses have a global distribution, but the majority are found in tropical
developing countries [ 15]. The greatest number of viruses have been described
from Africa and South America, where the flora and fauna are diverse and exten-
sive studies have been conducted. The smaller number of viruses described from
Asia, which has ecologic diversity comparable to Africa and tropical America,
may simply reflect the lack of studies conducted in that region. The geographic
distribution of each arbovirus is limited by the ecologic parameters governing its
transmission cycle. Important limiting factors include temperature, rainfall
patterns, distribution of the arthropod vector and vertebrate reservoir host.

The majority of arbovirus infections in humans result in a nonspecific viral
syndrome [24]. Onset is usually sudden with fever, headache, myalgias, malaise
and occasionally prostration. Infection with some arboviruses may lead to more
severe hemorrhagic disease or encephalitis, often with a fatal outcome or
permanent neurologic sequelase. Table 1 lists the most important arboviruses
causing human disease along with their arthropod vector, the most common
vertebrate hosts, the type of illness in humans, their geographic distribution and
whether or not virus transmission is associated with epidemics. It will be noted
that mosquitoes are the most common arthropod vector of human disease; birds
are the most important reservoir hosts, although rodents and lower primates are
also important. Dengue viruses have the widest geographic distribution. They
are found worldwide in the tropics (Fig. 3), and are by far the most common as

Fig. 3. The world distribution of dengue viruses and their primary mosquito vector, Aedes
aegypti, in 1995
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Fig. 4. Global distribution of arbovirus epidemics, 1980-1995. BF Barmah Forest, CE

California Encephalitis, Chik Chikungunya, CCHF Congo-Crimean Hemorrhagic Fever,

DEN Dengue, EEE Eastern Equine Encephalitis, JE Japanese Encephalitis, M VE Murray

Valley Encephalitis, ORO Oropouche, RV F Rift Valley Fever, RR Ross River, SLE St. Louis

Encephalitis, TAH Tahyna, TOS Toscana, VEE Venezuelan Equine Encephalitis, WEE
Western Equine Encephalitis, Y F Yellow Fever

a cause of human disease [8, 10]. Other viruses such as Sinbis have a widespread
geographic distribution, but are less important as a known cause of human
disease. Some viruses, such as Kyasanar Forest virus in Karnataka State in
India, have a very limited focal distribution. Arboviruses are found in diverse
ecologic settings, but most human pathogens occur in rural and urban/suburban
areas. For most, exposure in the latter areas is a problem only during epidemic
transmission when the virus has been brought into the peridomestic environ-
ment by a bridge vector. Dengue viruses are exceptions, as they are maintained in
urban areas of the tropics [8].

There has been a significant emergence of epidemic arboviral disease world-
wide in the past 15 years [10]. Each of the major geographic regions has
experienced large epidemics of at least one arbovirus during this time, and those
in the tropics and subtropics have experienced multiple epidemics of several
arboviruses (Fig. 4). The factors responsible for emergence vary with each virus.
For example, there has been a dramatic increase in both the incidence and
a geographic expansion of the dengue viruses associated with urbanization of
tropical developing countries. This will be discussed in more detail below. On the
other hand, the emergence of diseases like Rift Valley fever in Africa, Japanese
encephalitis in Asia and Oropouche in Central and South America are all
associated with changing agricultural or irrigation practices [10]. For each of
these viruses there are specific changes in the ecology that resulted in humans
having more frequent contact with either the primary or secondary transmission
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cycles, thus increasing the risk of human exposure. The asterisked viruses
(Table 1) cause significant viremia in humans; most are transmitted by mos-
quitoes.

Because most arboviral infections result in a nonspecific febrile illness, it is
difficult to clinically differentiate them from a wide variety of other viral,
bacterial and parasitic infections [24]. To diagnose these infections accurately,
three things are essential: a detailed clinical summary, detailed epidemiologic
data on the possible circumstances of infection (including a travel history that
lists the dates and places the person has visited in the past month and informa-
tion on the ecology of those areas), and a diagnostic laboratory test to make
a definitive diagnosis. Both serologic and virologic methods are used for
laboratory diagnosis.

Those arbovirus infections of humans (dengue, yellow fever, Chikungunya,
Ross River, Venezuelan equine encephalitis, Rift Valley fever, Congo-Crimean
hemorrhagic fever, Oropouche and other viruses) that produce a high viremia in
humans, can be isolated from the blood of acutely ill patients. A number of
mammalian and mosquito cell lines, baby mice or intrathoracic inoculation of
mosquitoes can be used to isolate arboviruses from serum, cerebral spinal fluid
and tissue samples [4, 12, 21, 25].

Definitive serologic diagnosis of arboviral infections requires paired acute
and convalescent serum samples to demonstrate a seroconversion (four-fold or
greater change in antibody titer) to specific viral antigens. A number of tests can
be used to measure antibodies including the hemagglutination-inhibition, the
complement-fixation, the neutralization, immunofluorescent assay and the en-
zyme-linked immunosorbent assay for IgG and the enzyme-linked immunosor-
bent and the immunofluorescent assays for IgM [4, 12, 25]. Many arboviruses
are closely related to each other antigenically. As a result, there may be
considerable cross-reactivity in serologic tests, making identification of the
infecting virus difficult when only serologic methods are used. A detailed
discussion of laboratory diagnostic tests is beyond the scope of this paper.

Imported arbovirus diseases

The movement of people and commodities between countries and regions via jet
airplane has increased dramatically in recent years. For example, the annual
number of air passengers departing from the United States has doubled since
1983, from nearly 20 million to an estimated 40 million in 1994 [6] (Fig. 5). In
most years, over 50% of these passengers traveled to a tropical destination, thus
increasing potential exposure to vector-borne diseases. Rapid air travel provides
the ideal mechanism for the transport of disease agents, their reservoir hosts and
arthropod vectors to new geographic regions. This type of rapid movement is
especially important for those mosquito-borne arboviruses that produce viremia
in humans (Table 1). Moreover, because of the large numbers of visitors to
tropical regions of the world, there is increased exposure to a variety of other
arboviral diseases, such as Japanese encephalitis, that cause serious illness in
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Fig. 5. The number of air passengers departing from the United States, 1983—1994. Source:
U.S. Department of Transportation, IP92 data. Project based on data from three quarters

humans, but do not pose a threat to the populations in temperate regions
[29].

Dengue is the most important arboviral disease of humans and will be
discussed in more detail to underscore the importance of exotic viruses to
travelers. Increased air travel has resulted in constant and repeated introduc-
tions of new dengue virus strains and serotypes into areas of the world where the
principal mosquito vector, Aedes aegypti, occurs. The result has been increased
frequency of epidemic dengue fever, expanding geographic distribution of both
the vector and the viruses, the development of hyperendemicity (the co-circula-
tion of multiple virus serotypes in a community) and the emergence of the severe
and fatal form of disease, dengue hemorrhagic fever (DHF) [13]. The emergence
of dengue/DHF as a major epidemic disease of the tropics has made it a global
public health problem because even in temperate areas where endemic dengue
transmission does not occur, the disease is being seen more often in travelers
returning from tropical endemic areas.

In the United States, surveillance for imported dengue is passive and relies on
the attending physician to make the diagnosis, take appropriate samples for
testing in the laboratory and report the case to the state health department.
Unfortunately, physicians in the United States have a low index of suspicion for
dengue fever because the disease is not endemic. Therefore, they rarely include
dengue in the differential diagnosis of viral syndrome, even in those patients with
a travel history. As a result, many imported cases go unreported. Even so, over
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2265 suspected cases of dengue infection have been reported to the Centers for
Disease Control and Prevention (CDC) from 1977 through 1994. Of these,
appropriate blood samples were taken on only a portion. Nevertheless, 498
(22%) were laboratory confirmed as dengue infections [ 5, 20]. Cases were caused
by all four virus serotypes and were introduced from all major regions of the
tropics. The number of imported cases to the United States has been decreasing
in recent years, but this most likely reflects a trend of decreased emphasis on the
passive dengue surveillance system in the continental United States. With
waning resources for surveillance in recent years, emphasis has been placed on
disease-endemic areas, where the disease is a major public health problem. The
percentage of cases confirmed has remained fairly constant over the years, but
increased dramatically in 1994. This was most likely the result of widespread
epidemic transmission in the Caribbean in 1994.

Of interest is that on two occasions recently (1980 and 1986), autochthonous
dengue transmission occurred in the United States following introduction of the
virus [20]. Both outbreaks occurred in south Texas and both were caused by
dengue 1 virus. Fortunately, they were limited in time, geographic distribution
and magnitude. These two occurrences, after an absence of 35 years, underscore
the increased potential for epidemic dengue transmission in the United States, as
well as in Europe, where a competent mosquito vector also occurs [1, 18].

In the United States, two mosquito vectors are well established, Ae. aegypti
and Ae. albopictus. Ae. aegypti originated in Africa and has been in the United
States for over 200 years [22]. Ae. albopictus is an Asian species and was first
detected in 1985 after being imported in used automobile tires [ 19]. Because Ae.
albopictus has the capability to diapause, it can withstand cold temperatures. As
a result, this species has expanded its range in the United States as far north as
Chicago. This species currently has a wide distribution in the eastern United
States.

Ae. albopictus was also recently introduced into Europe (Italy and Albania)
and has expanded its geographic distribution in those countries [ 1, 18]. Whether
it will expand its range to more northern countries in Europe remains to be seen,
but the experience in the United States suggests that this is possible. If it does,
there is the potential for autochthonous transmission secondary to importation
of the virus in travelers in more northern latitudes of Europe. Dengue virus
importation into Europe has been repeatedly documented in recent years [ 3, 16,
17, 26, 28].

The occurrence of severe disease associated with imported dengue cases has
been a relatively rare event. Thus, it has generally been recommended that
travelers not be concerned about severe disease when visiting dengue-endemic
areas. In recent years, however, there have been several incidents that may call
for a reassessment of this recommendation. In 1991, two adult travelers from
Sweden had onset of a dengue-like illness within 24 h of each other approx-
imately 1 week after returning from holiday in Thailand [28]. Both were
hospitalized with thrombocytopenia (< 100000/mm?), hemoconcentration and
hemorrhagic manifestations. Both cases met the World Health Organization’s
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case definition for DHF [27] and both were confirmed as dengue infection by
serology and by isolation of dengue 1 virus. These are interesting cases for two
reasons. First, the near simultaneous onset of illness suggests that both were
probably infected by the same mosquito, most likely the result of interrupted
feeding. Secondly, the fact that both developed DHF is unusual in itself, but is of
even more interest because both patients were experiencing their first (primary)
dengue infections.

In 1994, 3/46 (6.5%) of patients with laboratory-confirmed dengue infection
imported into the United States had severe disease [4]. These included a 12-year-
old, hospitalized with dengue shock syndrome (DSS); an 11-year-old hospital-
ized, with mild disseminated intravascular coagulation; and a 49-year-old with
apparent DSS, although capillary leak was not confirmed. Two of the three
patients had secondary dengue infections (the third was unknown); the infecting
dengue virus serotype was not known for any of these cases.

In 1995, dengue/DHF is the most important arbovirus disease of humans;
it has a global distribution in the tropics comparable to malaria, with an
estimated 2.5 billion people living in areas at risk for epidemic transmission
(Fig. 3). Each year there are numerous major epidemics in urban centers of the
tropics. More than 50 million cases of dengue fever and in excess of 200 000 cases
of the severe disease (DHF or DSS) are estimated to occur annually. The
case-fatality rate for DHF/DSS in most countries is about 5%, primarily
involving children.

The reasons for this dramatic global emergence of dengue and DHF as
major public health problems are complex and not well understood [13].
However, several important factors can be identified. First, effective mos-
quito control is virtually nonexistent in most dengue-endemic countries.
The recommended method for the past 20 years has been ultra low volume
insecticide space sprays for adult mosquito control, an ineffective approach
for Ae. aegypti [7, 9, 11]. Second, there have been major global demographic
changes in the past two decades. The most important of these is unprecedented
population growth with concurrent uncontrolled and unplanned urbanization.
This has resulted in inadequate housing and water, sewer, and waste manage-
ment systems, all of which facilitate transmission of mosquito-borne disease in
tropical urban environments. Third, increased human movement by airplane
provides the ideal mechanism for transporting dengue viruses between popula-
tion centers of the tropics, resulting in a constant movement and exchange
of dengue viruses and other pathogens. Lastly, the public health infrastructure
has deteriorated badly in most countries of the world. Limited financial and
human resources and competing priorities have resulted in a crisis mentality,
with emphasis on implementing so-called emergency control methods in re-
sponse to epidemics rather than developing programs designed to prevent
epidemic transmission. This approach has been particularly detrimental to
dengue control because in most countries surveillance is very poor; the system
to detect increased transmission normally relies on reports by local physicians,
who often have a low index suspicion for dengue even in endemic countries [9].
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As a result, an epidemic has often reached or passed the peak of transmission
before it is detected and reported.

Currently, no dengue vaccine is available for disease prevention, but at-
tenuated candidate vaccine viruses have been developed in Thailand [2]. These
have been shown to be safe and immunogenic when given in various formula-
tions, including a quadravalent vaccine for all four dengue virus serotypes.
However, efficacy trials in human volunteers have yet to be initiated. Research is
also being conducted to develop second-generation recombinant vaccine viruses
by using the Thailand attenuated viruses as templates. Unfortunately, it will
probably be 5 to 10 years before an effective dengue vaccine is available for public
use.

Prospects for reversing the recent trend of increased epidemic activity and
geographic expansion of dengue are not very good for the near future. Thus,
there are constant introductions of new dengue virus strains and serotypes into
areas where the population densities of Ae. aegypti are the greatest in history.
With no new mosquito control technology available, emphasis in recent years
has been placed on disease prevention and mosquito control through larval
source reduction using community participation [9, 14, 237]. While it is likely that
this approach may be effective in the long-term, it is unlikely to impact disease
transmission in the near future. It is important, therefore, to develop improved,
proactive, laboratory-based surveillance systems that can provide early warning
of an impending dengue epidemic [ 11]. At the very least, surveillance results can
alert the public to take action and physicians to diagnose and properly treat
patients with dengue or DHF.

Similarly, prospects for reversing the trend of increased epidemic activity of
other arboviruses are poor. And with continued frequent travel to tropical
destinations by people from temperate areas, increasingly larger numbers of
imported dengue and other arboviral diseases can be expected. Moreover, with
the occurrence of competent mosquito vectors in many temperate regions of the
world, there will be increased potential for outbreaks of autochthonous disease
transmission. It is important that public health officials and physicians recognize
this threat and implement more effective, laboratory-based surveillance for all
arboviral diseases.
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Arboviruses causing neurological disorders
in the central nervous system

G. Dobler

Max von Pettenkofer-Institute for Hygiene and Medical Microbiology,
Ludwig-Maximilians-Universitdt, Munich, Federal Republic of Germany

Summary. Arthropod-borne viruses are important causes of diseases of the
central nervous system. In addition to the tick-borne encephalitis viruses, other
arboviruses in Europe are known to cause neurological disorders. Among them
are West Nile, California group, Bhanja, Erve, Kemerovo group, Eyach, and
Thogoto viruses. The ecologies and epidemiologies of these viruses are presented
and their medical importance as travel-related diseases is discussed.

Introduction

More than 40 arthropod-borne viruses have been isolated in Europe. When
countries of the former Soviet Union are included, the total is 60. More than half
of these viruses cause human diseases. The best known and probably most
important of the European arboviruses are the agents of European tick-borne
encephalitis (Central European encephalitis virus and Russian Spring Summer
encephalitis virus, family Flaviviridae). Several other arboviruses have been
implicated in disorders of the central nervous system (CNS) in humans in Europe
(Table 1). The European epidemiology and medical importance of West Nile,
California group, Bhanja, Erve, Kemerovo group, Eyach, and Thogoto viruses
as etiologic agents of CNS disorders in humans are discussed in some detail.

West Nile virus

West Nile (WNYV) virus, originally isolated in Uganda, is a member of the genus
Flavivirus (family Flaviviridae). It has been isolated many times from various
mosquito species and from vertebrates (birds and mammals, including humans)
[7]. WNYV also has been isolated from ticks although the ecological significance
of these isolates is unknown. The natural cycle of WNYV involves birds and
ornithophilic mosquitoes. The geographic distribution of this virus covers large
areas of Africa, Asia and parts of Europe (Fig. 1). In Europe WNV was isolated in
Southern France, Cyprus, Slovakia, and Hungary [7]. Antibody studies, how-
ever, suggest a greater distribution in southern Europe and also in parts of
Central Europe. Over its geographical range WNYV is transmitted to humans in
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Table 1. Arboviruses causing neurological disorders in Europe

Virus Principal vector Distribution in Europe

Flaviviridae

Flavivirus
Central European Encephalitis ticks throughout
Russian Spring-Summer Encephalitis ticks Russia
Louping ill ticks Great Britain, Spain
West Nile mosquitoes Southern Europe,

Bunyaviridae Slovakia, Hungary

Bunyavirus
Tahyna mosquitoes throughout
Inkoo mosquitoes Northern Europe,
Russia
Snowshoe hare mosquitoes Russia
Phlebovirus
Arbia sandflies Italy
Toscana sandflies Italy, Portugal
Nairovirus
Erve ticks France
(unplaced)
Bhanja ticks Southern Europe
Reoviridae
Orbivirus
Lipovnik ticks Czech Republic,
Slovakia
Tribec ticks Czech Republic,
Slovakia, Germany,
Russia
Coltivirus
Eyach ticks Germany, France
Orthomyxoviridae
Thogoto virus ticks Southern Europe

an endemic and, under favourable ecological circumstances, in an epidemic
transmission cycle.

WNYV infections in humans can manifest with various symptoms. Illness
appears suddenly and can be accompanied by fever, malaise, frontal headache,
photophobia, myalgia, arthralgia, and lymphadenopathy, some or all manifesta-
tions lasting about 5 to 7 days [ 7]. A maculopapular rash occurs in about half of
the cases. Gastrointestinal disorders, respiratory symptoms and more severe
clinical manifestations, including meningitis, meningo-encephalitis, myocarditis,
pancreatitis, and hepatitis have been reported [ 7]. These severe and sometimes
fatal clinical forms of WNYV infections tend to occur predominantly in patients of
older ages.
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Fig. 1. Geographical distribution of West
Nile virus

The importance of WNYV as a travel-related disease is unclear. The high
endemicity, especially in parts of the mediterranean region (Egypt, Israel),
suggests that travellers could come in contact with the virus. The usually mild
clinical course, a “flu-like” disease in most cases probably will not lead the
patient to visit a physician. It is likely that most cases are misdiagnosed as dengue
fever (serological cross-reaction), malaria or other infectious diseases.

California encephalitis viruses

At least three viruses of the California (CAL) group (genus Bunyavirus, family
Bunyaviridae), Tahyna, Inkoo and snowshoe hare viruses are known to occur in
Europe [9]. Tahyna virus has been isolated over large areas of central and
eastern Europe and in Asia (Fig. 2). Inkoo virus is mainly found in northern
Europe and northeastern Russia (Fig. 2). Snowshoe hare virus occurs in western
Russia. In some of these areas, two and possibly three CAL group viruses
co-circulate (Fig. 2). Under these circumstances, it is possible for genome
reassortment to occur between these viruses.

The natural cycles of CAL group viruses in Europe involve mosquitoes of
various species (Aedes species and Culex species) as vectors. Primary vertebrate
hosts are hares and rabbits as well as other small- to medium-size vertebrates.

Although CAL group viruses frequently produce inapparent infections in
humans, the pathogenic potential of the European CAL group viruses has been
well established for several decades. In a Czechoslovakian study the respiratory
form of Tahyna virus infection was prominent in humans in about 70% of
clinically apparent infections [ 15], musculoskeletal and abdominal (“appendicitis-
like”) manifestation forms were observed in about 10% of cases, and involve-
ment of the CNS was observed in about 3% [15].

The primary manifestation of Inkoo virus seems to be a febrile illness with
very rare CNS manifestations. Snowshoe hare virus is known to cause febrile
illness with frequent CNS involvement. A study in the former U.S.S.R. showed



36 G. Dobler

a frequency of respiratory involvement of 65% in CAL group virus infections
[10]. In the same study CNS involvement of CAL group virus infections in
humans was reported to occur at a rate of 35%. Unfortunately the study did not
differentiate between the CAL serotypes. Possibly most of the severe cases were
caused by snowshoe hare virus or by reassortment CAL viruses.

The importance of CAL group viruses as travel-related diseases is unknown.
Prevalence and incidence studies of travellers have not been done so far.
Snowshoe hare virus, the virus that appears to have the greatest pathogenicity
for humans, is found in sparcely inhabited regions. However, the importance of
the northern tundra regions of Eurasia is increasing, because of its wealth of
natural resources. Increasing numbers of technologists, miners, and also tourists
are travelling to these regions. One study showed high antibody prevalences to
several CAL group viruses in U.S. Geological Service and U.S. Forest Service
workers in Alaska [16]. In this study seropositivity strongly correlated with
travel to remote areas in Alaska. Unpublished allusions to hundreds of thou-
sands of cases of CAL group virus infections with CNS involvement have been
reported from essentially throughout Russia within the past few years (CH
Calisher, pers. comm., 1994). Whether these infections are associated with CAL
group virus infections or only with antibody to these viruses has not been
determined. CAL group viruses, possibly natural reassortant mutants, may yet
be incriminated in these infections.

Bhanja virus

Bhanja virus (family Bunyaviridae) has not been placed in any of the four genera
of the family [9]. This virus was first isolated from ticks in India, but subsequent
studies showed that it is distributed over large geographical areas in Africa, Asia,
and Europe (Fig. 3). Virus isolations have been reported from ixodid ticks, cattle,
sheep, goats and humans (natural and laboratory infections with illnesses). The
natural cycle of this virus is not clear. Likely, Bhanja virus occurs in econiches,
that include ixodid ticks as vectors and domestic animals (sheep or cattle) and,
possibly small mammals, as vertebrate hosts.
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Fig. 3. Geographical distribution of
Bhanja virus

Subclinical human infections occur and the clinical picture may be as severe
as meningoencephalitis. One subclinical laboratory infection and one laboratory
infection with mild symptoms (fever, weakness, photophobia, frontal headache)
have been described [13]. One naturally acquired Bhanja virus infection was
reported, with symptoms of a severe meningoencephalitis, including back pain,
fever, photophobia, vomiting, meningeal signs, hyperreflexia, and unconscious-
ness for several days [17].

Because of the ecological specificity of the natural cycle of this virus, Bhanja
virus infections are not a major threat to travellers. However, travelling in
endemic areas with intensive contact with domestic animals can increase the risk
of infection with this virus.

Erve virus

Erve virus was isolated from shrews in France in 1982 [2]. Subsequent studies
showed that this virus is a member of the genus Nairovirus, family Bunyaviridae
[18]. Serosurveys indicate that Erve virus has a wide distribution, at least
throughout France. Antibodies against Erve virus were found in rodents,
insectivores, large forest animals (wild boars, deers), and humans [2].

There is evidence that Erve virus can cause disease in humans. One child
exhibiting a fatal hemorrhagic syndrome showed complement fixing (CF) anti-
bodies against Erve virus [2]. Three other patients with neurological disorders,
and exhibiting CF antibodies against Erve virus have so far been reported [2].
Further studies must show whether the geographical distribution of Erve virus is
restricted to France, and what relevance this virus has as a cause of human
illness.

Kemerovo group viruses

The viruses of the Kemerovo group form a distinct serogroup in the genus
Orbivirus, family Reoviridae. Six Kemerovo group viruses have been isolated in
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Fig. 4. Isolations in Europe of vi-
ruses of the genus Orbivirus with
pathogenic potential for humans

Europe [10]. Of these, Tribec and Lipovnik viruses have been incriminated as
causes of human illness. Both viruses are transmitted by ixodid ticks, but the
complete natural cycle of these viruses is unknown. Kemerovo virus has been
isolated from small rodents and ticks [9] and serologic evidence of infection has
been found in domestic cattle and humans. Isolations of Tribec and Lipovnik
viruses have been reported from Slovakia, Italy, Romania, Belorussia, and
Germany (Fig. 4) [9].

Viruses of the Kemerovo complex were first associated with human illness,
when Kemerovo virus was isolated from cerebrospinal fluid of patients with
meningoencephalitis in West Siberia in 1962 [ 3]. Since then, on several occasions
Kemerovo group viruses were found as agents of meningo-encephalitis in the
former U.S.S.R. [4]. In Slovakia, antibodies to Tribec virus were found in
cerebrospinal fluid of patients with inflammatory neurologic disorders (M.
Labuda, pers. comm., 1992). Viruses of the Kemerovo complex were in-
criminated in aggravating the clinical symptoms of tick-borne encephalitis in
concurrent infections [9]. Detailed data on the distribution and medical import-
ance of Kemerovo group viruses in Europe are lacking.

Eyach virus

Eyach virus was isolated in 1972 from Ixodes (Ix.) ricinus ticks in southern
Germany [14]. A second isolation was reported from Ix. ventalloi and Ix.ricinus
ticks in Brittany, France [1]. Subsequently, Eyach virus was found to be
serologically related to Colorado tick fever virus. Studies showed that these two
viruses were distinct from other tick-borne orbiviruses. For these reasons, they
recently were reclassified into the newly created genus Coltivirus within the
familiy Reoviridae [12].

Eyach virus so far is the only virus related to Colorado tick fever virus found
outside of Northern America. Limited studies did not show antibodies against
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Eyach virus in any of the tested animals. Therefore, the origin and the natural
cycle of this virus remain obscure.

The close serologic relationship of Eyach and Colorado tick fever viruses
implies a possible role of Eyach virus in pathogenicity in human disease. [gM
antibodies were found in the cerebrospinal fluids of patients with meningoen-
cephalitis, meningoradiculitis and polyneuritis in Czechoslovakia [5, 11]. The
role of Eyach virus in the pathogenicity of human neurological disorders remains
to be elucidated.

Thogoto virus

Thogoto virus originally was isolated from ticks in Kenya [6]. Subsequently
other isolations of this virus were reported, mainly from ticks and domestic
animals in sub-Saharan Africa [9]. Subsequently, Thogoto virus was isolated
from ixodid ticks in Ethiopia, Egypt, and Sicily, which expands the distribution
of Thogoto virus to the Mediterranean [9]. Thogoto virus is classified in the
family Orthomyxoviridae; its genus placement is uncertain. Domestic animals
(cattle and camels) appear to play a possible role in the natural cycle of the virus.

Human infections with Thogoto virus are characterized by fever and CNS
involvement; encephalitis, meningo-encephalitis were reported. Other clinical
symptoms observed during infection with Thogoto virus include optic neuritis.
Human cases described so far are few, therefore the medical importance of
Thogoto virus infections in Africa and especially in the Mediterranean remains
unclear.

Bhanja, Erve, Kemerovo, Eyach, and Thogoto viruses do not seem to play an
important role as travel-related diseases. However, physicians should be aware
of them. An arboviral etiology should be ruled out in neurological disorders of
unknown origin in patients returning from areas where these viruses are
endemic.
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Sandfly fever viruses in Italy

L. Nicoletti, M. G. Ciufolini, and P. Verani

Laboratory of Virology, Istituto Superiore di Sanita, Rome, Italy

Summary. Two serologically distinct agents, the sandfly fever Sicilian and the
sandfly fever Naples viruses, were isolated by Sabin from blood samples taken
during an Italian epidemic of febrile illness. Since then, several different viruses
have been isolated from sandflies and/or humans in both the Old and New
World. Toscana virus, a new virus closely antigenically related to sandfly fever
Naples virus, was isolated in 1971 from the sandfly Phlebotomus perniciosus in
Italy. Extensive studies on the importance of Toscana virus as a human pathogen
demonstrated its association with acute neurologic diseases. A serosurvey for the
presence of antibodies to sandfly fever Sicilian, sandfly fever Naples and Toscana
viruses indicated that, as in other Mediterranean areas, both sandfly fever
Sicilian and sandfly fever Naples viral infections decreased or disappeared after
the 1940s in countries performing insecticide-spraying malaria eradication
campaigns. In contrast, clinical cases of aseptic meningitis or meningoencepha-
litis caused by Toscana virus are observed annually in Central Italy during the
summer. Toscana virus may be present in other Mediterranean countries where
sandflies of the genus Phlebotomus are present.

Historical review

As Sabin has pointed out in his review of the history of phlebotomus fever, Pick
first described sandfly fever disease in 1886 [25]. At the same time, the disease
was already known in Italy as “Pappataci fever”, suggesting a possible link with
sandflies. Since then, sandfly or phlebotomus fever has been a disease of
considerable medical importance, mainly for the military. Typically, outbreaks
of sandfly fever occur when large numbers of nonimmune individuals, such as
military personnel, enter an endemic area, as was the case during World War II
for Allied Troops in Italy in 1943-44 [23] as well as for German, British and
American troops stationed in North Africa and in the Mediterranean region, and
for British colonial troops in India and Pakistan [2, 15]. Two serologically
distinct agents, the sandfly fever Sicilian and the sandfly fever Naples viruses,
were isolated by Sabin from blood samples taken during the Italian epidemic
[24]. Since then several different viruses have been isolated from sandflies and/or
humans in both the Old and New World and, on the basis of their serologic
reactivity, these viruses have been classified in the phlebotomus fever group of
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arboviruses [ 16, 36, 37]. Some of them have been suspected of causing human
infection, although in some cases, only on the basis of the presence of antibodies
[30]. For seven different viruses, including sandfly fever Sicilian and Naples,
overt disease has been described [16, 29].

During field studies, in 1971, on the ecology of arboviruses, a new virus
closely antigenically related to sandfly fever Naples virus, was isolated in Italy
from the sandfly Phlebotomus perniciosus and was named Toscana after the
region of Central Italy where the sandflies were collected. In addition, antibodies
in healthy individuals were relatively highly prevalent in the region of isolation,
indicating that the virus infects man [20, 42]. Extensive studies on the import-
ance of Toscana virus as a human pathogen demonstrated its association with
acute neurologic diseases [19] and this is the only sandfly-transmitted
phlebovirus with such neurotropic activity.

Clinical presentation

Phlebotomus fever is a mild, self-resolving, flu-like illness. The incubation period
ranges from 2—6 days. Fever is always present ranging from 38 to 41 °C; it has an
abrupt onset, with a duration from a few hours to four days (phlebotomus fever is
also known as “three day fever”). Myalgia and headache are often observed. In
some cases low back pain, retro-orbital pain, conjunctivitis, photophobia and
malaise, nausea, vomiting, dizziness and neck stiffness are present. Occasionally,
the illness resembles early meningitis [ 14]. Viremia is quite transient (24 to 36 h).
Patients completely recover within 1 to 2 weeks. No deaths associated with
phlebotomus fever have been reported [1, 4, 10, 13, 14, 23, 27, 29].

IgM antibodies, present in serum of patients 4-5 days after the onset of
symptoms, reach their highest titer after 1 to 4 weeks, and persist for at least
8 months. High titers of neutralizing antibodies are present in convalescent sera.

Acute neurologic disease

An extensive survey conducted in different regions of Central Italy identified
more than 500 cases of meningitis or meningoencephalitis associated with
Toscana virus infection [19]. The disease has an incubation of at least five days
and begins as a classical phlebotomus fever, with fever and headache 2 to 4 days
before the appearance of more serious symptoms, elevated fever (>38°C),
myalgia, neck rigidity and a positive Kernig’s sign. Mental confusion and
lethargy can also occur. The hematologic picture is similar to phlebotomus fever.
In many cases, there is increased cerebrospinal fluid pressure (>200 mm/Hg).
Pleocytosis is always present, ranging from 11 to 1400 cells/mm?>. The protein
concentration is elevated, from 0.4 to 1.8 mg% [22]. Clinical abnormalities
usually resolve in a few days, and patients recover spontaneously within 1-2
weeks, with severe and persistent headache as the only recorded sequela [6,9]. In
one patient, the initial picture of the disease mimicked an Herpes simplex virus
type 1 infection [6].
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IgM antibodies, usually present at the onset of symptoms, can persist for
more than one year. IgG antibodies can be absent at the onset of symptoms; their
titers rise in convalescent sera and persist for many years, probably conferring
long-lasting immunity. By ELISA test, both IgM and IgG antibodies were found
in cerebrospinal fluid [6, 19]. As patients live in areas where Toscana virus is
endemic, periodic reinfections could also be responsible for persistent antibodies.
By radioimmunoprecipitation test, the main immunologic response of both IgM
and IgG subclasses is directed against the nucleoprotein N. Antibodies against
this protein are usually present at the onset of symptoms and their titers rise in
convalescent sera; IgG against N protein can be detected for at least two years
after recovery (Nicoletti et al., unpubl. data).

The virus has been isolated repeatedly from CSF but not from blood, even
when samples were collected at the same time, suggesting that the virusis already
cleared from the blood at the onset of neurologic symptoms.

Geographic distribution, incidence, and prevalence

Phlebotomus fever viruses have been isolated from sandflies in Southern Europe,
Africa, Central Asia and the Americas and there is evidence for the presence of
different viruses in the same sandfly population. Tesh et al. [35] documented the
simultaneous occurrence of sandfly fever Sicilian, Karimabad and Isfahan (a
Vesiculovirus) viruses in Iran, and Verani et al. [41] isolated Toscana (associated
with human disease) and Arbia (not yet shown to cause infection in man)
viruses in Italy in the same sandfly population. Sandfly fever Naples and Sicilian
viruses have the widest geographical distribution, in parallel to their vector’s
(P. papatasi) distribution. Reports of isolations and serologic studies indicate
that sandfly fever Naples and Sicilian viruses are present in the Mediterranean
coastal regions of Europe and North Africa, the Nile valley, most of South West
Asia, areas adjacent to the Black and Caspian Seas, and in Central Asia including
Bangladesh [38].

The Old World phleboviruses, such as sandfly fever Naples, sandfly fever
Sicilian, Karimabad and Toscana, are relatively ubiquitous and are known to
cause epidemics of human infection and/or disease. The sandflies carrying these
viruses, P. papatasi, P. perfiliewi and P. perniciosus, come closely in contact with
man, readily entering houses to feed. In some rural communities of endemic areas
in the Old World, the prevalence of phlebovirus infection is quite high among the
indigenous human population. For example, Tesh et al. [38] found prevalences
as high as 62% for Karimabad virus in some provinces of Iran, and in Egypt
Saidi et al. [26] reported prevalences of 59% and 56% for sandfly fever Sicilian
and Naples viruses, respectively.

Antibodies to sandfly fever Sicilian, sandfly fever Naples and Toscana viruses
surveyed in 1977 in Italy [20] indicated that, as in other Mediterranean areas,
both sandfly fever Sicilian and sandfly fever Naples viral infections decreased or
disappeared after the 1940s in countries performing insecticide-spraying malaria
eradication campaigns [35]. In fact, antibodies were detected only in people born
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before the malaria control program began, which was probably the result of
a dramatic reduction of the P. papatasi population to levels not permitting virus
transmission. In contrast, age-specific antibody rates suggest that Toscana virus,
which is transmitted by P. perniciosus and P. perfiliewi with breeding habits
different from P. papatasi, is still endemic in Italy. A high infection rate (24.8%)
was observed among residents of the region where the virus was first isolated
[20].

Indirect evidence of the presence of Naples, Sicilian and Toscana viruses in
Cyprus has been obtained during serological studies on Swedish troops and
Swedish tourists travelling in that country. [10, 11, 21].

Clinical cases of aseptic meningitis or meningoencephalitis caused by Tos-
cana virus are observed every year in Central Italy during the summer, with
peaks in August, when the sandflies vector are most active, and when virus
strains are isolated from insects collected in natural foci [ 19, 41]. The incidence of
cases of meningitis due to Toscana virus is linked to climatic conditions which
influence the annual density of the vector sandflies.

Toscana virus infections can produce only mild symptoms, and it is possible
that only severe cases, involving CNS disease and requiring hospitalization, are
recognised. Sporadic cases of CNS disease due to infection with Toscana virus
have been reported; one occurred in a Swede visiting Portugal [9], and others in
an American and a German returning from central Italy, where natural foci of
Toscana virus have been identified [ 5, 28]. These reports indicated that Toscana
virus may be present in other Mediterranean countries where sandflies of the
genus Phlebotomus are known to occur [3].

Transmission cycles

Many studies on the maintenance of sandfly-transmitted viruses in nature have
shown that the main mechanism seems to be transovarial transmission in this
vector, a hypothesis which has been confirmed by isolation of phleboviruses from
naturally-infected, non-hematophagous male sandflies [1, 31, 39, 41]. Labora-
tory studies have confirmed that some phleboviruses can be transmitted trans-
ovarially from both parenterally and orally infected females to their progeny
[7,8,12,17,34], and Toscana and Arbia viruses have been maintained in laboratory
colonies of P. perniciosus by vertical transmission for several consecutive gener-
ations [7]. Nevertheless, it has been observed that the virus infection rates in each
subsequent generation of the colony gradually decreased [34], suggesting that
phleboviruses cannot be maintained in the vector population by transovarial
transmission alone, and that alternative mechanisms of amplification may occur
in nature. Laboratory studies demonstrated venereal infection of of P. per-
niciosus females mated to males transovarially infected with Toscana virus and
this may be an accessory amplification mechanism for some phleboviruses in
nature [7, 32]. A third possible maintenance mechanism, which would further
enhance virus survival, is the vertebrate-insect cycle. However, although some
phleboviruses have been isolated from the blood of sick persons and from wild
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animals [5, 16, 20, 40, 41], the importance of vertebrates in the maintenance cycle
of these agents in unclear. Viremia is present after phlebovirus infection in
humans and in susceptible laboratory animals only for short periods and at low
titer [4, 18]. Moreover, experimental studies have shown that sandflies are
relatively refractory to oral infection with a number of phleboviruses. A large
quantity of virus must be ingested in order to infect the flies [8, 33], so it seems
unlikely that a biting sandfly would often come in contact with an animal with
a viremia high enough to infect the insect orally. These observations support the
hypothesis that, in order for the virus to survive, amplification of a vertebrate-
insect cycle occurs only occasionally in nature.
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Vector-borne viral diseases in Sweden — a short review
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Summary. Ockelbo disease, caused by a Sindbis-related virus transmitted to
man by mosquitoes, was first described in the central part of Sweden in the 1960s
as clusters of patients with fever, arthralgia and rash. An average annual rate of
30 cases was recorded in the 1980s but no cases have been diagnosed during the
last few years. Nephropathia epidemica (NE) characterized by fever, abdominal
pain and renal dysfunction has been known to cause considerable morbidity in
Sweden during the last 60 years but the etiologic agent (Puumala virus) was not
isolated until 1983. This virus’s main reservoir is the bank vole (Clethrionomys
glareolus). NE is endemic in the northern two thirds of Sweden where more than
a hundred cases are diagnosed each year. Tick-borne encephalitis transmitted
by Ixodes ricinus ticks is restricted to the archipelago and Lake Mélaren on
the east coast close to Stockholm. Between 30 and 110 cases are diagnosed
every year. Inkoo virus, a California encephalitis group virus, has been
isolated from mosquitoes in Sweden. The antibody prevalence to Inkoo virus is
very high in a normal population, but no disease has as yet been associated with
this virus in Sweden. Among the vector-borne virus diseases imported to
Sweden, dengue is the most important, with approximately 50 cases recorded
every year.

Ockelbo disease

In the latter half of the 1960s, clusters of cases with fever, arthralgia, and rash
were observed in Sweden. The disease, called Ockelbo disease, was caused by
infection with a Sindbis-like virus [27], and epidemics involving a similar disease
were described later in Finland as Pogosta disease, and in Russia as Karelian
fever [1,2, 15, 16, 23]. In the 1980s, Ockelbo disease caused considerable human
morbidity in areas of northern Europe with outbreaks involving hundreds of
cases. Russia reported 200 and Finland 300 laboratory-confirmed cases in 1981
[1,2,15,16,23]. In Sweden, an annual average of 30 laboratory-confirmed cases
were recorded during the 1980s [13]. The number decreased during the last
4 yearsas shownin Table 1. Most diagnosed individuals are of working age (most
between 30 and 60 years of age) with an equal sex distribution [ 13]. Age-adjusted
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antibody prevalence of 4% was measured by plaque reduction neutralization
(PRNT) assay in the endemic area [13]. Cases occur mainly between the 60th
and 64th parallels, and start to appear in the late July with a peak in August with
the last cases seen in October [13]. This period coincides with the season of
mushroom and berry picking, a very popular activity in this part of the world. It
has not yet been determined whether the peak incidence in mid-August is due to
the extent of viral dissemination in nature, increased human exposure, or both.

Both field and experimental laboratory studies have documented that
Ockelbo virus, like other Sindbis and Sindbis-like viruses, is maintained in
nature in an enzootic bird-mosquito cycle. Ockelbo virus has been isolated from
Culiseta (Cs) spp., Cs. morsitans, Culex (Cx) pipiens/torrentium and Aedes (Ae.)
cinerius [ 5, 19]. Transmission experiments found Cx. torrentium, Ae. cinerius, Ae.
communis and Ae. excrucians to be highly susceptible and competent vectors
whereas Cx. pipiens was a poor transmitter [11, 29].

The antigenic variation found between strains from different geographic
regions 1s most often “one-way”, where the strain is indistinguishable in a one
directional test, but can be differentiated in a complete cross PRNT [ 14]. Strains
from Northern Europe (Sweden and Russia) are indistinguishable by PRNT.
Sequence analysis has demonstrated that strains from northern Europe are more
closely related to South and Central African strains than to the Egyptian
prototype, and that Indian and Australian strains belong to another distinct
branch of the evolutionary tree [35]. One theory is, therefore, that Ockelbo virus
was introduced recently by migrating birds from southern or central parts of
Africa.

Nephropathia epidemica

An illness characterized by sudden onset of fever, headache, severe abdominal
pain, and renal dysfunction was first described in Sweden in 1934 by Myhrman
and Zetterholm [17, 36]. The name Nephropathia epidemica (NE), suggested by
Myhrman, is now generally accepted. Myhrman was an internist and the title of
his first publication on NE was “A new renal disease with peculiar symptomatol-
ogy”, while Zetterholm, who was a surgeon, wrote a paper entitled “Acute
nephritis that can mimic acute abdomen”. NE still causes differential diagnostic
problems, and patients may be subjected to acute laparatomy because of a severe
abdominal status.

It later became clear that diseases clinically identical or closely related to NE
occurred in large parts of Europe and Asia. The name hemorrhagic fever with
renal syndrome (HFRS), including both NE and Korean hemorrhagic fever
(KHF), was suggested by Gajdusek in 1962 and is now widely accepted, although
hemorrhagic manifestations are noted only in a minority of the patients [6].

During 1985-1991, the average annual number of NE cases in Sweden was
153. The number of serologically confirmed cases 1991-1994 is seen in Table 1.
The population in the endemic area of Sweden is 2.3 million, which gives an
average annual incidence of 7 (range 0.4—12) per 100 000 inhabitants in that area
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Table 1. Vector-borne viruses in Sweden (serologically verified cases)

Year SFF Dengue JE TBE Ockelbo NE
1991 5 49 0 68 5 289
1992 2 62 0 75 9 184
1993 0 50 0 46 0 186
1994 0 46 1 116 0 113

[18] and the male:female ratio is approximately 2:1. Age-adjusted antibody
prevalence is 8% in the 3 most endemic counties of northern Sweden [24].
Comparing antibody prevalence with the number of diagnosed cases suggests
the ratio of cases to infections at approximately 1:14—1:20 in the male and female
populations, respectively [22]. The etiological agent of NE, Puumala (PUU)
virus, was isolated in 1983 from a bank vole (Clethrionomys glareolus) in Sweden
[18, 26, 34] and a nationwide study of NE in Sweden identified the major
endemic area of the disease, and showed that C. glareolus is an important vector
of PUU virus [24]. C. glareolus is also the most abundant small mammal in
Sweden and has a range from the southern tip of the country close to the Arctic
circle. Although only one subspecies of C. glareolus is recognized throughout the
Swedish mainland, a gradient exists in population stability. Populations of voles
in southernmost Sweden are non-cyclic, in middle Sweden the populations are
intermediate, whereas populations in the north fluctuate on a three- to four-year
cycle of abundance [7, 9]. During peak abundance, voles may be >300 times
more abundant than immediately after population declines in northern Sweden
[9]. There is a boundary between the cyclic populations in the north and the
intermediate or non-cyclic populations in the south, and this boundary corre-
sponds to the Limes Norrlandicus, a bio-geographical border running from 59 °N
on the west coast of Sweden to 61 °N on the east coast. The Limes Norrlandicus
also appears to demarcate the southern distribution boundary of NE in humans
and of PUU virus in voles. A recent serological study among voles trapped in the
endemic area provided further evidence that C. glareolus is the most important
vector of PUU virus. Both the abundance and the antibody prevalence were
higher for this species than for C. rufocanus and Microtus agrestis [25].

Tick-borne encephalitis

Tick-borne encephalitis (TBE) is typically a biphasic disease. The initial stage
(1-8 days) includes symptoms such as fever, headache and myalgia. After an
asymptomatic interval of a few days to 3 weeks, patients develop meningo-
encephalitis [37]. The first case of TBE in Sweden was described in 1954, and
TBE virus was isolated in 1958 from a patient and from Ixodes ricinus [32, 28].
Most patients are infected in the archipelagos and at the coastline of the Baltic
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sea and Lake Mailaren close to Stockholm [8]. The endemic area has been stable
over the last three decades when cases have been recorded. Between 1956 and
1989, an average of 3050 cases per year were diagnosed with a fatality rate of less
than 1% [8], and the cases recorded 1991—-1994 are listed in Table 1. Most cases
occur in July-September. The median age of TBE patients is 40 years and the
male:female ratio is approximately 2:1.

Other vector-borne viruses in Sweden

Batai virus and Inkoo viruses have been isolated from mosquitos in Sweden [5].
A total of 882 sera from normal population collected at 8 different locations
distributed from northern to southern Sweden were tested for presence of
antibodies to Batai and Inkoo viruses by PRNT. No sera were positive to Batai
virus while 549 (62%) of the sera had a PRNT titer of 1:10 or more to Inkoo virus.
The Inkoo virus antibody prevalence showed a gradient with a low antibody
prevalence in the south (Dalby, 8%), medium in central Sweden (38 %—53%), and
high antibody prevalence figures in northern Sweden (Ume4d, 90% and Kiruna,
80%) (Niklasson, unpubl. obs.). Acute and convalescent sera from 46 patients
with encephalitis and negative for TBE, enterovirus and herpes virus, were also
negative for Inkoo virus antibodies (Niklasson and M. Forsgren, unpubl. obs.).

Vector-borne viral diseases imported to Sweden

Dengue fever is the single, most common imported vector-borne viral disease in
Sweden. Of 161 patients diagnosed in 1991-1993, most (86%) contracted the
infection during travel in Southeast Asia (53% visiting Thailand) [31]. The
number of diagnosed patients during 1991-1994 can be seen in Table 1. The first
case of Japanese encephalitis in a short term tourist visiting Bali was diagnosed
in 1994 [33].

In 1984, seven clinical cases of sandfly fever (SE) were confirmed serologically
in Swedish UN troops stationed in Cyprus [20] and one was diagnosed in
a Swedish tourist visiting the island in the same season. In 19861989, a total of
37 cases of SF occurred among Swedish patients. One patient was diagnosed
with a Naples virus infection, one with Toscana virus, and the remaining 35 with
Sicilian virus infections. Except for the patient with a Toscana virus infection,
who had visited Spain [3] all patients were short term tourists visiting the same
resort in Cyprus. The epidemiological data was sent to the local health authority
on Cyprus and appropriate vector control measures were initiated. There have
been no diagnosed cases during the last 2 years (Table 1).

After travelling in sub-Saharan Africa, an area where sporadic cases of
Marburg virus infection are known to occur, a young Swedish man presented in
1991 with a classical picture of severe viral hemorrhagic fever, complicated by
disseminated intravascular coagulation and septicemia [10]. Serum samples
examined by electron microscopy revealed particles of a size compatible with
filovirions. Indirect fluorescent antibody tests indicated a transient seroconversion
to Marburg virus. In lymphocyte transformation assays of cells isolated from the
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patient 11 months after onset of acute disease, Marburg viral antigen stimulated
lymphocyte proliferation 3.9-fold; however, exhaustive attempts to isolate virus
from acute blood cultured in vitro or in vivo in guinea-pigs and monkeys failed.
Data suggest that this patient may have been infected with a filovirus but no
definitive diagnosis was made. This case demonstrates not only the difficulties
that may occur in laboratory diagnosis of viral hemorrhagic fevers [ 10], but also
the difficulties facing the nursing staff of an intensive care ward [4].
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Summary. Laboratory diagnosis of imported, vector-borne virus diseases
during a 22-month-period in Munich, Germany, is summarized. In 13/317
Germans returning from the Mediterranean with suspected sandfly fever, acute
sandfly fever, serotype Toscana, was confirmed serologically: 84.6% of the
infections were acquired in Italy. Of 249 German tourists with febrile disease
returning from the tropics, acute infection with dengue virus was diagnosed
serologically in 26 (10.4%): most infections were acquired in Thailand (57.7%).
In a seroepidemiological study of 670 German aid workers who had spent two
years in the tropics, 49 (7.3%) were positive for antibodies to dengue, 9 (1.3%) to
chikungunya, and 1 (0.1%) to Sindbis virus. Of 17 Middle Eastern patients with
suspected viral haemorrhagic fever, genomic Crimean-Congo haemorrhagic fever
virus RNA was amplified in 4 (23.5%) by semi-nested reverse transcriptase
polymerase chain reaction, and confirmed by molecular characterization of
nucleic acid. With the increase in travel to and from endemic areas, imported
vector-borne virus infections are increasingly important in Germany.

Introduction

Until the 1960s, public health concern about imported virus diseases in Germany
mainly centered on the importation of variola virus. In 1967, a previously
unknown virus (Marburg virus) caused an outbreak among laboratory staff
handling newly imported monkeys from Uganda [30]. The 1980s and 1990s were
characterized by the emergence of several “newly” identified vector- and rodent-
borne viral pathogens. Of these, Ebola Reston, Guanarito, Sabia, Puumala virus,
Dobrova virus, sin nombre virus and other related hantaviruses, are the most
significant [22]. Some of these viruses are endemic in areas visited often by
persons from non-endemic countries, and therefore may pose a potential risk of
infection.

Although numerous cases of vector-borne infections associated with travel-
ling were reported in recent years, the true incidence is unknown. Most frequent-
ly, dengue virus infection was reported in travelers returning from southeast
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Asia, the Caribbean, and Oceania [6, 7, 10, 19, 21, 25, 29, 33, 34]. The virus is
transmitted by Aedes aegypti and Aedes albopictus, and may cause dengue fever,
dengue haemorrhagic fever, or dengue shock syndrome [9, 16]. In most travelers
infected in these areas, dengue fever was observed, and only few cases of dengue
haemorrhagic fever were reported [9, 33, 34]. The widespread re-emergence of
dengue virus in recent years [ 16] means that dengue must be considered the most
frequently imported vector-borne virus infection.

Sandfly fever virus, serotype Toscana (TOSV), transmitted by Phlebotomus
(P.) perniciousus and P. perfiliewi causes a febrile illness with headaches, photo-
phobia, myalgia and arthralgia, sometimes complicated by aseptic meningitis
[23]. Sandfly fever (pappataci fever) was medically significant in the Mediterra-
nean during World War II, requiring hospitalization of 19000 soldiers [24].
Recent studies have shown that TOSV is still present in some Mediterranean
countries and, since the 1980s, several TOSV infections in travelers indicate
a growing significance of this reemerging disease [5, 11-13, 26-28].

Crimean-Congo haemorrhagic fever virus (C-CHFV) occurs endemically in
eastern Europe, Asia, and Africa [32]. The virus is transmitted by Hyalomma
ticks. Several nosocomial outbreaks with C-CHFV have occurred in recent years
[2, 31]. In the past 20 years, C-CHFV outbreaks were reported from South
Africa, the United Arab Emirates, Iraq, Kuwait, Pakistan, Bulgaria, and the
former USSR [2-4, 14, 24, 31]. To date, C-CHFV has not been reported as
a travel-related infection.

Chikungunya virus (CHIK) is endemic in Africa and Asia, causing a febrile
illness associated with severe polyarthritis [1]. Minor haemorrhagic symptoms
may occur [32]. The virus is transmitted by Aedes and Mansonia species. CHIK
has rarely been reported as a travel-related infection [17, 33].

Sindbis virus (SIN), which causes an endemic-epidemic mosquito-borne
febrile disease, is widely disseminated in Africa, Asia, Australia, the Middle East,
and northeastern Europe. Epidemics were reported from South Africa [20]. The
virus is transmitted by Culex species. Sindbis fever is characterized by fever,
exanthema, and arthritis; haemorrhagic manifestations may occur occasionally
[15]. At present, it is unknown whether SIN is of any significance as a travel-
related infection.

This paper describes vector-borne virus infections diagnosed in Munich,
Germany, during a 22-month-period.

Materials and methods
Patients with suspected acute sandfly fever

From May 1993 to March 1995, we received 328 sera of 317 patients with suspected sandfly
fever from various clinics or private practitioners. Of 7 patients with sandfly fever, one or
more follow-up sera were available. All 328 sera were examined for antibodies to TOSV
(anti-TOSV IgM and IgG) by indirect immunofluorescence assay (IFA) at a dilution of 1:16
(IgM) and 1:32 (IgG). Positive sera were titrated in serial dilutions to determine the
end-point. For confirmation, positive sera were retested for anti-TOSV IgM and IgG by
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a recently developed enzyme-immunoassay (EIA) [27]. Additionally, sera positive for TOSV
markers were tested for anti-TOSV IgM, IgA and IgG by a newly developed immunoblot
(unpublished) at a dilution of 1:50.

Patients with suspected dengue fever

Sera of 249 patients with suspected dengue fever were received from May 1993 to March 1995
from various clinics in Germany to test for dengue virus-specific antibodies. All sera were
from German tourists returning from endemic countries. Sera were screened for anti-dengue
virus IgM and IgG at dilutions of 1:16 (IgM) and 1:32 (IgG). Positive sera were then retested
in serial dilutions to determine the end-point.

Aid workers in Third World countries

A total of 670 individuals who had worked on aid projects in Africa, Asia and Oceania for two
years were tested for antibodies to dengue virus, CHIK, and SIN by IFA after returning to
Germany. All sera were screened for anti-dengue virus IgG at a dilution of 1:32, and if
positive, retested to determine the end-point titer. For detecting anti-CHIK IgG and
anti-SIN IgG, sera were also screened at a dilution of 1:32. Sera positive were retested in serial
dilutions to determine the end-point.

Patients with suspected viral haemorrhagic fever

Sera of 17 patients with suspected viral haemorrhagic fever were obtained from various
clinics in the Middle East. Infection with C-CHFV was suspected, because the medical
history included tick bites or contact with tick-infested animals. For detection of anti-C-
CHFYV IgM and IgG by IF A, sera were screened for [gM and IgG to C-CHFV at a dilution of
1:16.

Detection of genomic C-CHFV RNA by semi-nested RT-PCR

Total RNA in sera of the 17 patients with suspected C-CHFYV was recovered by addition of
an equal volume of guanidine thiocyanate solution, followed by phenol-chlorofom extrac-
tion and purification with an RNA matrix (RNaid Kit, Bio 101, La Jolla, CA, USA). For
semi-nested RT-PCR, oligonucleotide primers designed from a published sequence of
S segment of the C-CHFV genome, were used. All primer sequences were kindly supplied by
J. Smith, United States Army Research Institute for Infectious Diseases, Fort Detrick,
Frederick, MD, USA. Reverse transcriptase was added to the PCR mix, and the reaction run
with 1 cycle of 45 °C for 45 min, then 40 cycles of 94 °C for 40 sec, 38 °C for 40secand 72 °C for
1 min 30sec on a GeneAmp PCR System 9600 thermocycler (Perkin-Elmer). The nested
reaction was performed in 40 cycles of 94 °C for 40 sec, 41 °C, for 40sec and 72 °C for 1 min
30sec. PCR products were electrophoretically separated on a 2% agarose gel. Nucleic acids
of the amplified PCR products were then analysed using the dyedeoxy cycle sequencing
method.

Detection of arbovirus antibodies by indirect immunofluorescence assay

The IFAs used in this study for detecting antibodies to TOSYV, dengue virus, C-CHFYV,
CHIK, and SIN virus were based on the method described for Lassa fever virus [35], and
have been described in detail previously [27, 29]. “Spot slides” of Vero-E6 cells infected with
the various viruses, and uninfected Vero E6 cells, were mixed, and attached in the same spot.
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To detect specific IgM, sera were incubated with RF absorbents (Behringwerke,
Marburg, Germany) before being added to the spots.

Results
Antibodies to TOS in patients with suspected sandfly fever

Of 317 patients, acute TOSV infection was diagnosed serologically by detecting
anti-TOSV IgM in 13 (4.1%). All 11 follow-up sera of 7 of these patients obtained
within 3 months after acute infection were also positive for anti-TOSV IgM.
Some serological results of these 13 patients with acute infection have been
reported previously [26-28]. All 24 sera were positive for anti-TOSV IgM and
IgG by EIA. In immunoblot assays using TOSV proteins derived from cultured
virus, all sera of patients with acute infection showed a very strong reaction for
anti-TOSV IgM, IgA and IgG to the 28 kDa nucleoprotein protein.

All 13 patients with acute sandfly fever were Germans who had vacationed in
endemic areas. Medical history of these 13 patients with acute TOSV infection
revealed that 11 (84.6%) had been infected in Italy, 1 (7.7%) in Portugal, and
1 (7.7%) in Turkey. Aseptic meningitis of various severity occurred in 10/13
(77.9%) of the patients, and 3 (23.1%) experienced only severe headaches. Of the
patients with meningitis, abducens nerve palsy and acute hearing loss occurred
in one patient each. No patient suffered residual damage.

Antibodies to dengue virus in patients with dengue fever

Of 249 sera, dengue fever was confirmed serologically by detecting anti-dengue
virus IgM and IgG by IFA and EIA in 26 (10.4%) patients. The results of 17 of
these 26 (65.4%) patients have been published previously [29].

All 26 patients with dengue fever were Germans who had vacationed in areas
endemic for dengue virus (Table 1). In 20/26 (77.0%) of patients, infection
occurred in southeast Asia. Most dengue virus infections (57.7%) were in

Table 1. Imported dengue virus infections in German
tourists (n = 26) (May 1993 to March 1995)

Country No. of cases (%)
Thailand 15 (57.7)
Maledives 2 (1.7
Indonesia 1 (3.8
Malaysia 1 (3.8
Laos 1 (3.8
Venezuela 3 (11.5)
Dominican Republic 2 (1.7

Ecuador 1 (3.8
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Table 2. Seroprevalence of antibodies to dengue virus, CHIK, and SIN
in sera (n = 670) of German aid workers tested by IFA

Country (no. of sera) dengue CHIK SIN
pos (%) pos (%) pos (%)
Benin (88) 13 (14.8) 5(5.7) 0 (0.0)
Botswana (32) 3 (3.0 0 (0.0 0 (0.0)
Burkina Faso (76) 8 (10.5) 1 (1.3) 0 (0.0)
Ghana (47) 2 4.3) 0 (0.0) 0 (0.0)
Kamerun (63) 3 4.8 1 (1.6) 0 (0.0
Lesotho (46) 0 (0.0 0 (0.0) 0 (0.0)
Papua New Guinea (43) 3 (7.0 0 (0.0 0 (0.0
Ruanda (33) 1 (3.0 0 (0.0) 0 (0.0
Tanzania (65) 3 (4.6) 0 (0.0 0 (0.0)
Thailand (36) 7 (19.4) 2 (5.5) 0 (0.0)
Togo (36) 2 (5.5) 0 (0.0) 0 (0.0
Zambia (40) 1 (295 0 (0.0 1(2.5)
Zimbabwe (65) 3 (4.6 0 (0.0) 0 (0.0)

travelers returning from Thailand. Fever, headaches, arthralgia and myalgia
were the most frequently noted symptoms in patients with acute dengue virus
infection.

Seroprevalence to arboviruses in German aid workers

The study on the seroprevalence of antibodies to various arboviruses in German
aid workers revealed that 49/670 (7.3%) had antibodies to dengue virus,
9/670 (1.3%) to CHIK, and 1/670 (0.1%) to SIN (Table 2). Of these three
arboviruses, a relevant antibody prevalence was detected only to dengue
virus. For aid workers who had resided in Benin, Burkina Faso, or Thailand,
seropositivity rates were 14.8%, 10.5%, and 19.4%, respectively. All sera
positive for anti-dengue virus IgG by IFA were confirmed positive by haemag-
glutination-inhibition assay (kindly performed by H. Holzmann, Vienna, Aus-
tria).

Genomic C-CHFV RNA in patients with viral haemorrhagic fever

Of 17 patients with suspected viral haemorrhagic fever, genomic C-CHFV RNA
was amplified by nested RT-PCR in sera of 4 (23.5%) patients giving rise to
a 260bp cDNA fragment. Molecular characterization of the PCR products
confirmed the presence of C-CHFV in these 4 sera. All four C-CHFV-RNA-
positive patients and the 13 CCHF-RNA-negative patients were negative for
antibodies to C-CHFV by IFA (sce Fig. 1).
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Fig. 1. Detection of genomic C-CHFV RNA by semi-nested RT-PCR in serum specimens

from the Middle East: marker (M), positive control (P), negative control (N), water controls

(H),serum specimens I to 4. A 260 bp C-CHFV PCR fragment was amplified from all 4 serum
specimens

Discussion

Infection with sandfly fever virus may occur in travelers returning from Mediter-
ranean countries. We demonstrated here that patients with acute TOSV infec-
tion mainly presented with aseptic meningitis after vacationing in Italy,
Portugal, and Turkey. The risk of acquiring TOSV infection in endemic Mediter-
ranean areas for travelers from non-endemic countries is unknown, and to date,
all reports only describe isolated cases [5, 11-13, 26-28]. In contrast, a large
number of TOSV infections with neurological symptoms was reported in an
endogenous Italian population [23]. Since a focal occurrence has been reported
for TOSYV, clusters of infections should be expected in areas where index cases
have been observed. Previous studies described the Italian regions of Tuscany
and Marche as endemic areas, but recently acute infection was also diagnosed in
a German traveler with meningitis on holidays near Naples [28].

Imported dengue virus infections have been reported from several countries.
In 1990 and 1991, a total of 49 laboratory-confirmed dengue virus infections
were reported in the United States [6, 7]. During 1993 and 1994, a total of 148
cases of imported dengue were suspected among U.S. residents, of which 46 were
laboratory-confirmed [9]. In the United Kingdom, 106 cases were reported in
1990 [19]. In Sweden, 106 cases were confirmed serologically from November
1989 to June 1992 [34]. In our study, dengue virus infection was diagnosed in 26
patients from May 1993 to March 1995. In all studies, most imported infections
were acquired in Thailand. Since most German tourist destinations, such as Sri
Lanka, Maledives, Seychelles, Australia, French Polynesia, Cuba, Dominican
Republic, Trinidad and Tobago, Costa Rica, Venezuela, and Brazil, are endemic
for dengue viruses, more cases in tourists can be expected.

To date, there are limited data on the occupational risk of arbovirus
infections in persons such as aid workers spending longer periods in endemic
areas. For military personnel based in endemic areas, arbovirus infections are
considered a risk [24]. Dengue virus infections were shown to have caused epi-
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demics among American soldiers in Vietnam, the Philippines and Haiti [8, 18, 24].
Also, infections with CHIK were diagnosed in American soldiers during the
Vietnam War [24]. In this study, anti-DEN IgG was found in 7.3% of German
aid workers. The highest rates of seropositivity were found in those based in
Benin, Burkina Faso, and Thailand. Antibodies to CHIK were less frequent, and
were detected mainly in aid workers who had been in Benin and Thailand.
Whether CHIK infection is presently of epidemiological and medical import-
ance in these two countries, is unknown. Although most of the aid workers
studied here were residing in countries known to be endemic for SIN, only one
was antibody-positive, indicating that this infection is not so important as an
occupational hazard.

This study describes the detection of genomic C-CHFV RNA by semi-nested
RT-PCR in sera of four Middle Eastern patients with haemorrhagic fever. Until
now, diagnosis of C-CHFV was based on virus isolation in cell culture and
detection of specific C-CHFV antibodies [ 3, 4]. Working with C-CHFYV in the
laboratory is hazardous, and requires special containment. Consequently, semi-
nested RT-PCR is an improvement for detecting C-CHFV because it is more
rapid than virus isolation in cell culture and reduces the risk of laboratory
infection. Genomic C-CHFV-RNA was not detected in the sera of the other 13
patients with suspected viral haemorrhagic fever. One explanation may be
that these sera had not been stored at — 70 °C and the shipment to Germany had
been delayed. This may have led to the loss of amplifiable viral genomic
sequences.

C-CHFV is a rare but often lethal disease. Until now, there has not been any
report of travel-related C-CHFV. Since C-CHFV is occurring in areas which are
visited by tourists, importation must be considered in the future. Rapid detection
of genomic RNA by semi-nested RT-PCR is necessary to confirm or exclude
C-CHFYV, because the virus may represent a significant risk for nosocomial
transmission [2, 14, 31].

Since most physicians in non-endemic countries are unaware of the potential
importation of these vector-borne virus diseases and unfamiliar with the
symptoms, such infections are rarely suspected. At present laboratory diagnosis
of vector-borne virus infections is also hampered by the limited number of
institutions performing these tests, but with a growing number of travelers to and
from endemic areas, the possibility of these infections has to be drawn into
consideration.
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Imported tropical virus infections in Germany

H. Schmitz, P. Emmerich, and J. ter Meulen

Department of Virology, Bernhard-Nocht Institute for Tropical Medicine, Hamburg,
Federal Republic of Germany

Summary. Our routine tests for tropical viruses document that several hundreds
of Dengue fever cases are imported into Germany every year. In contrast,
hemorrhagic fever cases are rarely diagnosed in Germany. Our investigations
suggest that this low number is due to the different living conditions of the local
population in the tropics compared with that of travellers from Europe or North
America. Improved methods for detecting Dengue virus infections, e.g. three
different antibody tests and the reverse transcriptase-polymerase chain reaction
(RT-PCR) for detection of viral RNA, have been developed.

Introduction

High population density and inadequate sanitary conditions increase the risk of
acquiring viral infections in tropical areas, and this holds true for ubiquitous as
well as for endemic viral infections. Hepatitis and AIDS are found worldwide but
play a dominant role in tropical areas.

In contrast, the classical tropical viral infections are zoonoses, primarily
infections of non-human vertebrates (e.g. rodents) and of arthropod vectors,
which can be transmitted to man. These rodents and arthropods live in high
temperature areas, and are not found in regions of moderate climate.

Due to increased international travel, tropical diseases of humans are no
longer confined to tropical areas, but are seen increasingly often by clinicians in
Europe or North America. Unfortunately, European clinicians are often unfam-
iliar with such diseases.

According to the clinical picture, these viral infections can be divided into
three basic patterns: a) Influenza-like diseases with arthralgia, b) encephalitis,
and (c) hemorrhagic fevers (Table 1). To diagnose the infections caused by the
above-mentioned tropical viruses (Table 2), we have prepared numerous tests in
our own laboratory.

Most infections diagnosed in our institute belong to the group of influenza
like symptoms. Viral hemorrhagic fevers are rare in visitors of tropical areas,
which is also reflected by the specimens sent to our institute for diagnosis
(Table 2). The most frequent disease is dengue fever whereas all other viruses are
only rarely found. Our routine diagnostic data show slightly increasing numbers
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Table 1. Main clinical symptoms and vectors/animal reservoirs of tropical virus diseases

Vector/reservoir Disease
Flu, arthralgia, Encephalitis Hemorrhagic fever
fever
Insects Dengue Japan B Yellow fever
Chikungunya St. Louis Rift valley
Ross river various equine Crimean-Kongo
West Nile
Sandfly
Rodents Nephropathia HFNS
epidemica Lassa
Junin
Not known Ebola
Marburg
Monkey pox

Table 2. Detection of antibodies to tropical viruses during the first quarter of 1995,
Institute of Tropical Medicine, Hamburg

Virus Suspected Diagnosed Methods
cases cases

Dengue (Flavi) 269 54 ELISA, IF, HI

Chikungunya 22 2 HI

Japan B 10 1 ELISA

Ross River 4 2 IF

Sandfly 8 0 IF

Rift Valley 2 0 IF

Lassa 4 0 IF

Marburg-Ebola 3 0 IF

HIV-2 42 2 WB*, IF

All tests are home made except the Western blot (WB¥*). I F Indirect immunofluorescence,
HJI hemagglutination inhibition

of dengue fever cases during the last years (Dengue fever patients 1993: 247/712;
1994: 303/1259; confirmed to suspected cases, respectively). It is unclear, how-
ever, whether this is due to an increased number of imported cases or to an
improved awareness by the clinicians. Compared to Dengue fever, only a few
cases were caused by infections with Chikungunya virus or Ross River virus,
neither of which can be differentiated from Dengue fever by clinical examination.
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Filovirus or Arenavirus infections did not occur at all. During our work in
Guinea, however, we diagnosed several Lassa fever cases.

Epidemiological investigation on the prevalence of Lassa virus
in an endemic area in southern Guinea, West Africa

Lassa virus infections are very common in the southern part of the Republic of
Guinea. In contrast, infections among European tourists are rarely reported,
although many Europeans are travelling in this country. We, therefore, evalu-
ated antibodies to Lassa in southern Guinea, to obtain detailed information on
the transmission of Lassa virus from the chronically infected rodent (Mastomys
natalensis) to humans. In order to carry out serological investigations locally, we
have designed a new enzyme linked immunosorbent assay (ELISA) for anti-
Lassa antibodies.

Fragments of the nucleoprotein gene (NP) of the Lassa virus were cloned into
the T7-polymerase driven expression vector pJC40 [ 2], which adds a N-terminal
tag of 10 histidines to the recombinant protein. Expression was carried out in E.
coli BL 21(DE3), transformed with the plasmid pAP2-lacl?, coding for the
lac-repressor, to facilitate expression of toxic proteins. Neither the whole NP nor
the N-terminus (aa 1 to 139) could be expressed, but a truncated protein (aa 141
to 569) was abundantly overexpressed and purified by Ni-chelate chromatogra-
phy. After a process of prolonged renaturation, the protein reacted with human
sera positive in immunofluorescence for Lassa antibodies, but not with 5 mon-
oclonals reactive for NP [4]. We conclude that the monoclonals are directed
against conformational epitopes that cannot be mimicked by the recombinant
protein. Testing a large pannel of positive and negative sera from a Lassa
endemic area, and calculating the cut-off of the ELISA as the mean of the
negative controls plus three times the SD of the negatives, a sensitivity of only
26.8% but specificity of 98.6% was observed (Fig. 1). For sera with a titre of
= 1:80 the sensitivity was 74% (Fig. 2), indicating that the test might be of
valuable for diagnosing acute cases of Lassa fever. This is currently under
investigation in Gueckedou, Republic of Guinea, West Africa.

A population-based, randomised epidemiological survey was carried out in
Southern Guinea, utilizing the “cluster sampling method”, recommended by
WHO [3]. A total of 991 persons from 27 villages was enrolled. Lassa anti-
bodies were measured by indirect immunofluorescence and the recom-
binant Lassa ELISA and correlated with epidemiological data by multivariate
logistic regression analysis. The prevalence of Lassa antibodies varied from 2.5%
up to 37.5% in selected villages of the endemic area. Both sexes were nearly
equally affected and prevalence rates were highest in the age group 40-49
years [5].

All persons reported close contacts with M. natalensis, the vector responsible
for transmission of the virus. Contact varied from observation of the rodents and
their excrements inside the houses and the stored food supplies to hunting and
eating of the animals. It appears that specific close contact to M. natalensis is the
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Sensitivity:
26 8
P 26197 = 26.8%
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Specificity:
- 71 544
544/552 = 98.6%
97 552

Fig. 1. Sensitivity and specificity of the ELISA for the detection of anti-Lassa antibody
using the NP antigen produced in E. coli. Comparison with the indirect immuno-
fluorescence method

Fig. 2. Sensitivity of the ELISA compared to indirect immunofluorescence when only
antibody titers of > 1:40 are considered
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main risk factor for acquisition of Lassa fever and distinguishes local populations
from occasional tourist visitors of the endemic area.

The relative contribution of these risk factors to the prevalence of Lassa
antibodies is currently under statistical investigation.

Ebola and Marburg diagnostics

The Bernhard Nocht Institute is the German Reference Centre for the diagnosis
of hemorrhagic fever viruses. With respect to the Ebola or Marburg infections,
some guidelines are important for handling suspected cases of Ebola or Marburg
fever. As already mentioned for Lassa fever, patients present with acute severe
flu-like symptoms (high fever, pharyngitis, diarrhea, vomiting, malaise). Hemor-
rhagic signs may not be seen early in the course of the disease. Since these patients
come from Central Africa, an acute malaria must be excluded. During the first
week, virus (both Marburg and Ebola) can already be isolated in Vero cells, and
the virus inside the cells can be identified by monoclonal antibodies or by
electron microscopy. At the end of the first week after onset of symptoms
antibodies (IgM and IgG) can be detected by indirect immunofluorescence. To
test for specific anti-Marburg or anti-Ebola virus antibodies, cell smears of
infected Vero cells are continuously produced in our class 4 high security
facilities. Recently an RT-PCR for Ebola virus genomic RNA has been estab-
lished which detects Ebola virus RNA in tissue culture supernatant with high
sensitivity. However, this method has to be evaluated for its use on clinical
specimens.

Diagnostics of flavivirus infections

In contrast to Lassa fever patients, who were only found in West Africa, we
diagnosed an increasing number of imported Dengue fever patients in Germany.
Some suffered from severe flu-like symptoms and had elevated aminotrans-
ferases and low platelet counts.

The diagnosis of acute Dengue fever was made using three different antibody
detection methods. The standard hemagglutination inhibition (HI) test was
carried out using mouse brain infected with Dengue type 1 virus as source of
glycoprotein antigen. This test has been used for several decades to diagnose
acute Flavivirus infections. Due to the various purification and absorption
procedures, it is relatively time consuming. In a highly sensitive anti-Flavi IgM
test antibodies were bound to a solid phase anti-p microtiter plate, and the [gM
antibodies in turn reacted with viral glycoprotein obtained from tissue culture
supernatant (C6/36 cells infected with Dengue type 1 virus). To avoid the
purification process necessary for direct labeling of Flavivirus glycoproteins [6],
we now detect glycoprotein bound to the patients IgM antibody with a biotin-
labeled anti-West Nile monoclonal antibody. This double sandwich technique is
completed by adding a Streptavidin-peroxidase conjugate. Using this method,
a positive/negative ratio of >20 fold was obtained with human serum speci-
mens. Moreover, all serum samples were also tested for anti-Flavivirus anti-
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Fig. 3. Detection of antibodies to Flavivirues in serum samples obtained from four individ-
uals (4-D) during acute Dengue fever using the IgM ELISA, the indirect immunofluo-
rescence (IIF) and the HI test

bodies using the indirect immunofluorescence (IF) technique. Dengue type 1-
infected Vero cells were applied after fixation with cold (— 20 °C) acetone.

As several hundred of Dengue cases are submitted every year, we started
a programme to detect anti-Flavivirus antibodies optimally. When different
antibody titers in various individuals with acute Dengue fever were compared, it
turned out that high IgM antibody titers can be detected about one week after
onset of infection (Fig. 3). In contrast to the specific IgM antibodies, IgG
antibodies detected by IF were found only several days later. In about half of our
patients the IgG antibodies were absent in the first serum specimen obtained
from patients with acute Dengue fever. The HI method was more effective in
detecting an early antibody response in Dengue patients, and this can be
explained by our observation that the HI test detects both IgM and IgG
antibodies with high sensitivity.

From our data we conclude that using only indirect immunofluorescence to
diagnose acute Dengue fever, false negative results will be frequently obtained if
only a single serum sample is available. Therefore, unless a second serum sample
can be provided, the IF test should be applied in combination with one of the
alternative methods (IgM test or HI test) which are able to detect antibodies
earlier in the course of the disease. Despite that, a reliable diagnosis can be made
by IF, if a significant rise in titer is demonstrable in a second serum sample.

Unfortunately all antibody tests to Flaviviruses show strong cross reactivity.
Thus, it may be difficult to differentiate between anti-JB and anti-Dengue anti-
bodies, if only serum samples and no cerebrospinal fluid is available.

In order to identify the Flavivirus type or subtype in a serum sample, we have
also used RT-PCR to detect the viral RNA directly in serum samples. For our
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Fig. 4. RT-PCR using different genomic Flavivirus RNAs obtained from tissue culture

supernatant (TCS) or from mouse brain (MB). 1, 2 DEN3, TCS; 3 West Nile, TCS; 4 Dengue

3, TCS; 5 Dengue 2, TCS; 6 negative control, TCS; 7 West-Nile, MB; 8 Dengue 1, TCS; 10
Dengue 4, MB; 11 Dengue 4, TCS

PCR, optimized primers have been designed showing a maximum of three
mismatches with all four Dengue virus RNAs and also with West Nile virus RNA
asillustrated in Fig. 4. Using these primers, the genomic RNA of all Dengue type
viruses (1-4) as well as that of West Nile virus could be amplified. By PCR
a DNA fragment of 235 bp was obtained with all Flaviviruses tested. In two early
sera with already high IgM antibody titers viral RNA could be obtained. In both
patients, a sequence compatible with that of Dengue 1 virus was obtained.
Moreover, specific RNA was amplified both from cerebrospinal fluid and from
serum of a patient with Japanese B encephalitis. Work is in progress to
differentiate the amplified material on SSCP gels to avoid sequencing of each
PCR product.

Discussion

During our work on the diagnosis of tropical viruses we learned that numerous
viral antigens have to be maintained in our laboratory for an exact diagnosis of
the various clinical cases. We can now diagnose not only the common Flavivirus
infections but also Lassa, Marburg or Ebola virus infections which are rarely
found among travellers returning from tropical areas. In contrast, Lassa virus
infections are a frequent cause of severe hemorrhagic fever in West Africa, and
during our work in this region we did some epidemiological evaluations using
antibody detection and a questionnaire to study the transmission of Lassa virus.
From these data, we conclude that contact to the rodents and their excrements
inside the houses and stored food supplies may play a role in transmission but
hunting and eating of the animals seems to be even more important.

In most patients, Dengue viruses could be identified as causative agents of the
flu-like tropical virus diseases, but occasionally similar symptoms were caused
by Chikungunya, West Nile or Ross River viruses. Routine serological tests are
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not commercially available for most of these viruses; they have to be prepared in
a high security lab. Unfortunately, routine tests with the exception of the
relatively complicated neutralization test for Dengue virus, do not allow a differ-
entiation between antibodies to the various Flaviviruses. Thus, using HI or
immunofluorescence tests as well as our Flavi-IgM test, an acute Flavivirus
infection can be diagnosed, which may be sufficient for clinicians who rarely need
a type specific diagnosis. Our data show that, using indirect immunofluores-
cence, antibodies to Dengue virus are rarely detected during the first week after
onset of symptoms. Therefore, an additional method such as the HI test or the
IgM test should complement the immunofluorescence technique. For epi-
demiological studies, the worldwide distribution of Dengue type viruses is very
important. For this purpose, the detection of the viral RNA in serum samples of
the patients might be of special value [1]. The RNA sequences amplified by
RT-PCR can be further characterized by sequencing or gel chromatography.
Thus a type or even subtype specific identification of the Flavivirus in question
would be possible.

In conclusion, our data show that due to the increased travel activities of the
peoplein various parts of the world, an increasing number of exotic diseases must
be anticipated in the future. Studies on improved diagnostic methods, on the
pathogenesis and on suitable vaccines for various tropical virus diseases have
a high priority in virus reseach.
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Emerging and reemerging of filoviruses
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Summary. Filoviruses are causative agents of a hemorrhagic fever in man with
mortalities ranging from 22 to 88%. They are enveloped, nonsegmented nega-
tive-stranded RNA viruses and are separated into two types, Marburg and
Ebola, which can be serologically, biochemically and genetically distinguished.
In general, there is little genetic variability among viruses belonging to the
Marburg type. The Ebola type, however, is subdivided into at least three distinct
subtypes. Marburg virus was first isolated during an outbreak in Europe in 1967.
Ebola virus emerged in 1976 as the causative agent of two simultaneous out-
breaks in southern Sudan and northern Zaire. The reemergence of Ebola, subtype
Zaire, in Kikwit 1995 caused a worldwide sensation, since it struck after a sensibil-
ization on the danger of Ebola virus disease. Person-to-person transmission by
intimate contact is the main route of infection, but transmission by droplets and
small aerosols among infected individuals is discussed. The natural reservoir for
filoviruses remains a mystery. Filoviruses are prime examples for emerging
pathogens. Factors that may be involved in emergence are international com-
merce and travel, limited experience in diagnosis and case management, import of
nonhuman primates, and the potential of filoviruses for rapid evolution.

Epidemiology
Marburg hemorrhagic fever
Marburg hemorrhagic fever, Marburg, Frankfurt, Belgrade 1967

Hemorrhagic fever caused by filoviruses emerged first in 1967 (Table 1; Fig. 1).
The epidemic started in mid-August with three laboratory workers of a factory in
Marburg, Federal Republic of Germany, who became ill with a hemorrhagic
disease after processing organs from African green monkeys (Cercopithecus
aethiops). In the course of the epidemic 17 more patients were admitted to the
hospital and two medical staff members became infected while attending the
patients. The last patient who apparently had been infected by her husband
during the convalescent period was admitted in November of 1967 [54, 55]. Six
more cases, including two secondary infections, occurred in Frankfurt, Federal
Republic of Germany, that apparently got the disease at the same time [75, 76].
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Table 1. Outbreaks/episodes of filoviral hemorrhagic fevers

Location

Year

Virus/subtype®

Cases (mortality) Epidemiology

Germany/‘Yugoslavia’

Zimbabwe

Southern Sudan

Northern Zaire

Tandala, Zaire

Southern Sudan

Kenya

Kenya

USA

Italy

Ivory Coast

Kikwit, Zaire

Gabon

1967

1975

1976

1976

1977

1979

1980

1987

1989/90

1992

1994

1995

1995/96

Marburg 32 (23%)°

Marburg 3 (33%)

Ebola/Sudan 284 (53%)

Ebola/Zaire 318 (88%)

Ebola/Zaire 1 (100%)

Ebola/Sudan 34 (65%)

Marburg 2 (50%)

Marburg 1 (100%)
Ebola/Reston 4 (0%)

Ebola/Reston 0 (0%)

Ebola/(Ivory Coast?) 1 (0%)
Ebola/Zaire 315 (77%)

Ebola(?) ?

Imported monkeys from Uganda
source of most human infections
Unknown origin; index case
infected in Zimbabwe; secondary
cases were infected in South Africa
Unknown origin; spread mainly
by close contact; nosocomial
transmission and infection of
medical staff

Unknown origin; spread by close
contact and by use of con-
taminated needles

and syringes in hospitals
Unknown origin; single case in
missionary hospital; other cases
may have occurred nearby
Unknown origin; recurrent out-
break at the same site as the 1976
outbreak

Unknown origin; index case
infected in western Kenya died,
but physician secondarily
infected survived

Unknown origin; expatriate
traveling in western Kenya
Introduction of virus with
imported monkeys from the
Philippines; four humans
asymptomatically infected
Introduction of virus with
imported monkeys from the
Philippines; no human infections
associated

Contact with chimpanzees; single
case

Unknown origin; course of
Outbreak as in 1976

Outbreak ongoing

Beside the well documented episodes listed here, two more suspected fatal and nonfatal cases of Ebola
hemorrhagic fever (see ‘Ebola hemorrhagic fever 1976—1979’) and a single case of Marburg hemorrhagic fever

(laboratory infection) (Ryabchikova, pers. commun.) have been reported

2Subtypes of Marburg are not classified
®Numbers include a primary case which has been diagnosed some years after the epidemic (Slenczka,

unpubl. data)



Emerging and reemerging of filoviruses 79

Fig. 1. A Prevalence of filovirus reactive antibodies. Countries are marked which have been

subject to published serosurveys. For references see text (‘serosurveys’) and reference list.

B Outbreaks of hemorrhagic fever caused by filoviruses. All important documented episodes

are shown with the year of emergence and/or reemergence. EBO-1C Ebola subtype (?) Ivory

Coast; EBO-R Ebola subtype Reston; EBO-S Ebola subtype Sudan; EBO-Z Ebola subtype
Zaire; EBO-? Ebola subtype unknown; M BG Marburg

Further cases occurred in September in Belgrade, former Yugoslavia, with
a veterinarian being infected performing an autopsy of dead monkeys, and his
wife who nursed him during the first days of the illness [77]. Altogether, there
were 31 cases, including six secondary cases, and there were seven deaths (Tables
1 and 2) [36]. Serologic data obtained some years after the epidemic suggest an
additional primary case in Marburg during the 1967 outbreak (Slenczka, unpubl.
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Table 2. Distribution of cases by transmission route during four major epidemics

Transmission type Germany/ Sudan, 1976¢ Zaire, 19764 Sudan, 1979¢
‘Yugoslavia’ 1967

Nosocomial 5 (15.6%) 6 (2.1%) 85 (26.7%) 4 (11.8%)
Person-to-person 1 (3.1%) 231 (81.3%) 149 (46.9%) 27 (79.4%)
Nosocomial or person-to-person -f 18 (6.4%) 43 (13.5%) £

Contact to infected monkeys 26 (81.3%)° f -f -

Neonatal -f =) 11 (3.5%) f
Unknown f 29 (10.2%) 30 (9:4%) 3 (8.8%)
Total number of cases 32 (100%) 284 (100%) 318 (100%) 34 (100%)
Total number of deaths (mortality) 7 (21.8%) 151 (53.2%) 280 (88.1%) 22 (64.7%)

*Based on [56]

®Including one primary case which has been diagnosed some years after the epidemic (Slenczka, unpubl.
data)

°Based on [85]

4Based on [86]

®Based on [2]

fNo data available

data). A virus that was morphologically unique and antigenically unrelated to
any known human pathogen was isolated from blood and tissues of patients by
inoculation of guinea pigs and cell cultures [48, 70, 72]. The virus was named
Marburg virus after the city in Germany where it was characterized first.

The infectious agent was introduced by infected monkeys imported
from Uganda among which a few originally infected animals were probably
responsible for the whole episode. Numbers on hemorrhagic disease and death
among the monkeys from the single shipment from Uganda have never been
published, but all African green monkeys experimentally inoculated with the
virus died [33]. The origin of the infectious agent could be traced back to foci
outside of continental Europe. During July and August vervet monkeys com-
pounded in Entebbe (central holding station at Lake Victoria) (Fig. 2) were
exported from Uganda to Germany and to former Yugoslavia via London where
they potentially had contact with a large variety of animals from many parts of
the world while being held in animal quarters near the airport. There had been no
evidence of infection until the monkeys reached their final destination.

Aerosol transmission during the epidemic is very unlikely, and infection from
monkey to man occurred by direct contact with blood or organs of the animals
including the handling of tissue cultures derived thereof (Table 2). The occurr-
ence of new cases was stopped by applying common barrier nursing techniques.
Complement fixing antibodies were found in sera from some monkeys originally
trapped near Lake Kyoga, the main area where vervet monkeys had been
captured since the establishment of the trade in 1962. The finding of antibodies in
3 monkey trappers indicates that human infection may have occurred in Uganda
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during that time. However, all titers observed were weak, and an agent has never
been isolated from the blood of a wild-trapped monkey or a monkey trapper
[35, 36].

Marburg hemorrhagic fever, Africa 1975-1987

Marburg virus remained an obscure medical curiosity until 1975, when three
cases of Marburg hemorrhagic fever were reported from Johannesburg, South
Africa (Table 1; Fig. 1) [29]. The index patient was a man who had traveled in
Zimbabwe shortly before becoming ill. Seven days post-onset of his illness, his
traveling companion became ill followed by a nurse who came down with the
symptoms 7 days after contact with the second patient. The index case patient
died 12 days post-onset of the disease, whereas both patients secondarily infected
survived. An investigation was conducted along the travel route of the index
patient, but no source of the virus was discovered [ 16, 78]. The last two episodes
occurred in 1980 and 1987 in Kenya (Table 1; Figs. 1 and 2). The index patient in
1980 became ill in western Kenya and died in Nairobi. An attending physician
became infected but survived. Further spread was prevented, presumably by use
of barrier nursing procedures [74]. In 1987, a single fatal Marburg case was
reported in western Kenya, near the location where the index patient of the 1980
episode had become infected (Johnson, unpubl. data). Both index case patients
traveled in Kenya including the Mt. Elgon region (Fig. 2). This region is not far
from the shores of Lake Victoria and thus close to the trapping place (Lake
Kyoga, Uganda) and holding station (Entebbe, Uganda) of the monkeys that
initiated the 1967 outbreak in Europe. One of the index cases had visited a cave
(Kitum cave) in that area shortly before becoming ill. Serological studies in this
area, however, again failed to uncover the source of the virus. These studies
included an extensive investigation of many animal species inhabiting the cave
(Johnson, unpubl. data).

Ebola hemorrhagic fever

Hemorrhagic fever caused by Ebola virus, another filovirus, emerged in 1976,
when two epidemics simultaneously occurred in Zaire and Sudan (Table 1; Figs.
1 and 2). The agent was isolated from patients in both countries and named after
a small river in northwestern Zaire. This virus was morphologically similar to
but serologically distinct from Marburg virus [46, 58—60, 85, 86].

Ebola hemorrhagic fever, Sudan 1976

In June and July first cases were reported from Nzara in Western Equatoria
.Province of southern Sudan, a small town bordering the African rain forest zone
(Fig. 2). The outbreak was strongly associated with index cases in a single cotton
factory in town, and spread was to close relatives (67 cases). The epidemic was
augmented by exportation of cases to neighboring areas, Maridi, Tembura, and
Juba. High levels of transmission occurred in the hospital of Maridi, a teaching
center for student nurses (213 cases). Despite the similarities in clinical disease
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Fig. 2. Geographic location of the main centers of hemorrhagic fevers caused by filoviruses.
Shown are the countries Kenya, Sudan, Uganda, and Zaire. The centers of the three major
outbreaks of hemorrhagic fever caused by Ebola viruses are marked by black zones (Nzara,
Maridi, Juba 1976; Yambuku, 1976; Kikwit 1995). Another black zone (Mt Elgon) indicates
the region where two index cases of Marburg hemorrhagic fever became infected (1980/87).
A central station for wild-caught monkeys in the late 1960’s was located near Entebbe at
Lake Victoria. Infected vervet monkeys were shipped from here to Germany and the former
Yugoslavia in 1967

and mortality rates, the epidemic in Nzara contrasted with Maridi. The Nzara
outbreak mostly involved factory workers and their close relatives, whereas in
Maridi the hospital served both as focus and amplifier of the infection. At least
a third of the staff of Maridi hospital was infected of which 41 died. The outbreak
lasted until November and comprised approximately 15 generations of person-
to-person transmissions (Table 2). Transmission of the disease required close
contact with an acute case and was usually associated with nursing patients. The
overall secondary attack rate was 12% and documented the relatively slow rate
of spread into the community outside the hospital. In total, there were 284
probable and confirmed cases involved of which 151 died (53%) (Tables 1 and 2).
Establishment of strict barrier nursing and classic public health principles, and
identification and isolation of cases were successful in controlling the epidemic.
The episode in Nzara died out spontaneously [1, 7, 28, 73, 85].
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Ebola hemorrhagic fever, Zaire 1976

By the end of August a second epidemic started in equatorial rain forest areas of
northern Zaire (Fig. 2). A direct link between the two epidemics has always been
discussed but could never be verified. In total, there were 318 probable or
confirmed cases and 280 deaths (88%) (Tables 1 and 2). The presumable index
case came to Yambuku Mission hospital for treatment of acute malaria, where he
received an injection of chloroquine. It remains unclear whether this man was the
source of the epidemic or became infected by the injection. Most persons
acquired the disease following contact with patients, but for more than 25% the
only apparent risk factor consisted in receipt of injections given at Yambuku
Mission hospital (Table 2). Nearly all survivors were infected by person-to-
person contact. All ages and both sexes were affected, but the highest incidence
was in women aged 15 to 29 years, who were frequently patients attending
antenatal and outpatient clinics at the hospital. Of the 17 medical staff members
of Yambuku Mission hospital, 13 acquired the disease and 11 died. Although
transmission occurred predominantly in the outpatient clinics of the hospital,
there was subsequent dissemination of disease in surrounding villages to people
caring for sick relatives, attending child birth, or other forms of close contact. The
overall secondary attack rate was approximately 5% but amounted to about
20% in close relatives of a patient. The epidemic, which lasted from the end of
August until the end of October, spread relatively slowly in the area, and all
infected villages (55; population < 5000) were located within 60 km of Yambuku.
The epidemic ended after institution of basic quarantine procedures. The major
mode of spread, contaminated syringes and needles, almost completely termin-
ated when the hospital closed [7, 8, 46, 86].

Ebola hemorrhagic fever 1976-1979

One Ebola hemorrhagic fever case occurred in the United Kingdom in 1976,
in a laboratory worker who pricked his finger with a needle while transferring
homogenized liver of a guinea pig infected with the new African Ebola virus. The
case patient survived, perhaps because of treatment with human leukocyte
interferon and human convalescent plasma [20]. In 1977, another confirmed,
fatal case of Ebola hemorrhagic fever was reported from Tandala, Zaire, about
325km from the original focus of the 1976 outbreak (Table 1) [37]. Reports on
two other probable fatal cases and a serologically confirmed nonfatal case, which
had occurred in 1972 in a missionary physician after he had performed an
autopsy on a patient diagnosed clinically as having yellow fever [47, 59, 79], are
controversially discussed.

In 1979, Ebola hemorrhagic fever reemerged in Nzara and Yambio which are
located in the remote savanna of southern Sudan, near the border with Zaire
(Table 1; Figs. 1 and 2). The index case, a 45-year old man, was admitted to the
Nzara hospital with fever, vomiting and diarrhea. He developed gastrointestinal
bleeding and died three days post admission. The index case worked in the same
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textile factory cited as the source of the 1976 outbreak in Sudan. The outbreak
took place from July 31 to October 6, 1979, and started in the hospital where the
index case patient was responsible for four nosocomial infections, which in turn
led to disease in five families. Thirty-three cases could be traced to a human
source of infection with 22 fatalities (65% mortality) (Tables 1 and 2). Seven
generations of virus transmission were estimated and mortality changed from
89% in the first 4 generations to 38% in the last three. Studies within families
confirmed reports from previous outbreaks (Sudan and Zaire, 1976), and sugges-
ted that Ebola virus is not easily transmitted. Again, the hospital appeared to be
the important focal point for dissemination of the disease. Follow-up studies
failed to identify the ecology of the virus [2, 87].

Reston hemorrhagic fever

In 1989 veterinary staff in a primate import quarantine facility in Reston,
Virginia, noted numerous deaths among cynomolgus monkeys in one animal
room and suspected simian hemorrhagic fever (SHF) as the cause (Table 1;
Fig. 1). Samples tested in the virus laboratory yielded SHF, but also were shown
to contain a filovirus. A virus closely related to Ebola virus was isolated from
monkeys, it was called Ebola Reston [13, 18, 42]. The cynomolgus monkeys
(Macaca fascicularis) had been imported from the Philippines. The shipment
arrived either via Amsterdam or directly from the Philippines across the Pacific
ocean. No link to African or animals of other continents could be established on
any route. Therefore, the presumption prevails that this new Ebola virus isolate
is of Asian origin. The role of SHF in initiating or propagating the epidemic is
unknown, but the new filovirus was found to be pathogenic for monkeys under
experimental conditions. Filoviral antigen and particles were found in tissues of
naturally and experimentally infected monkeys in close anatomic relationship to
the pathologic lesions [18, 26, 30, 42]. The epizootic occurring in monkeys
spread through affected rooms by droplet contact between animals in adjacent
cages or to distant cages and different rooms by larger droplets and/or small
particle aerosols [62, 63]. The airborne route of transmission was supported by
the prominent respiratory involvement of the infected monkeys. Spread of the
disease to other rooms within the facility led to a decision to euthanize all the
monkeys in the building. Resumption of importation of monkeys led to new
outbreaks of disease. Subsequent investigation traced the source of the infection
to a single holding facility in the Philippines that was thought to have furnished
allidentified infected shipments, including monkeys sent to facilities in Texas and
Pennsylvania [34]. Four animal handlers at the quarantine facility became
infected as judged by serological tests and, in one case, by virus isolation. All four
had a high level of daily exposure, but except for one, who cut himself while
performing a necropsy, the mode of transmission remained unclear [15]. None of
them had an unexplained febrile illness suggesting that this virus may be less
pathogenic for humans in contrast to human infections with previously known
filoviruses resulting in significant disease and mortality rates ranging from
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25-90%. However, the observations should not be interpreted as assuring that
this new virus is avirulent for humans.

In 1992, cynomolgus monkeys were imported into Italy from the same
holding compound in the Philippines which exported the monkeys causing the
1989-1990 epizootic (Table 1; Fig. 1). Ebola Reston virus was isolated from three
monkeys which died. No illness in associated humans was reported [89].
Reportedly, in 1991 monkeys were eliminated from the holding facility and cages
were disinfected. Thus, the virus had either persisted or was re-introduced by
a similar mechanism as lead to the 19891990 epizootic.

Evidence for ongoing epizootic and transmission of Ebola viruses among
captured monkeys at the export facility in the Philippines was obtained in 1990
and 1993 (Fig. 1). In 1990, filoviral antigen was detected by ELISA in 52.8% of
monkeys dying within the facility, but never in dead monkeys from another
facility in the Philippines. The investigation suggested that the type of holding
cage was important in transmission, since being in gang cage at the time of the
initial serosurvey was a significant risk factor for subsequent infection [34].
Again in summer 1993, high titered ELISA antibodies were present in monkeys
held at that facility, but no evidence of viral antigen was found. Monkeys
imported at that time from the facility into the United States had stable IgG titers
suggesting infection in the recent past but not during quarantine [64]. Even so,
the original source remains unknown, it seems likely that naturally infected wild
monkeys captured in the Philippines are the source of the virus.

Emerging and reemerging of Ebola hemorrhagic fever in Africa
Ebola hemorrhagic fever, Ivory Coast 1994

Two episodes of mortality were noticed among a troop of chimpanzees in 1992
(8 deaths) and 1994 (12 deaths). The chimpanzees were objects of a 15 year
observation by ethnologists in the Tai National Park in western Cote-d’Ivoire.
Several of the dead animals showed signs of hemorrhages, and one of the animals
was autopsied in the field. A 34-year old woman developed a dengue-like
syndrome 8 days after performing the autopsy. She was admitted to the hospital
in Abidjan two days later with continuing fever resistant to anti-malaria
treatment, diarrhea, and pruritic rush. The evacuation to Switzerland followed
5 days later when she developed a syndrome similar to that described for
surviving Ebola-infected patients; she recovered without sequelae. An infection
with an Ebola virus was confirmed by isolate-specific [gM and IgG antibodies,
Ebola-Zaire-specific IgG antibodies, antigen ELISA, reactivity to an Ebola
serotype-specific monoclonal antibody, and virus isolation. The isolated agent
was antigenically and genetically distinct from all previously known Ebola
1solates and most closely related to the Zairian subtype [ 53, 69]. Epidemiological
data suggest an Ebola epizootic among the troop of chimpanzees as the cause of
death. Contact with infectious blood and tissues during necropsy was considered
to be the most likely source of the human infection. Organs of the dead
chimpanzee were studied by immunohistochemistry and the findings were similar
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to those seen in material of the 1976 Ebola outbreaks and monkeys experimen-
tally infected with Ebola virus. None of the persons in contact with either the case
patient or the materials of the chimpanzee developed the disease or were tested
antibody-positive (Table 1; Fig. 1) [53].

Ebola hemorrhagic fever, Zaire 1995

Recently Ebola hemorrhagic fever reemerged in Zaire. The first identified case
related to the outbreak had onset of illness on January 6, 1995 (Table 1; Figs.
1 and 2). Until August 24, the official end of the epidemic, 315 cases occurred and
244 patients died (77%). The center of the epidemic was Kikwit, a city with
a population of approximately 400000 and two hospitals (Kikwit General
hospital and Kikwit 2), and the surrounding areas in Bandundu region in
southwestern Zaire. The first case at Kikwit General hospital was a male
laboratory worker who had previously been admitted to Kikwit 2 hospital.
A laparatomy was performed after a differential diagnosis of typhoid fever with
intestinal perforation. This was followed by a second laparatomy which showed
massive intra-abdominal hemorrhage. The patient died 3 days later. Four days
after the first laparatomy the first case among medical staff members occurred
with fever, headache, muscle aches, and hemorrhages. About three-quarters of
the first 70 patients within the subsequently developing epidemic were health
care workers. Prior to this time, cases have been sporadic. Major risk factors for
contracting disease were involvement in patient care in hospitals, and house-
holds and preparation of bodies for burials. This is reflected by the fact that 26%
of the cases with known professional occupation were medical staff members or
students and 21% were housewives. During the course of surveillance, several
chains of infections could be traced back as far as late December 1994. The chain
of the presumable index case, a charcoal worker, involves 7 out of 12 persons
living in his household. In order to define the natural reservoir of the virus, field
teams captured birds, mammals, and thousands of possible insect vectors mainly
within the area around the working place of the presumable index case, but also
at different places in the close vicinity of Kikwit. Up to now no evidence of the
reservoir could be found, but testing continues ([90,91], CDC, pers. comm.). The
virus isolated from case patients was antigenically and genetically closely related
to the 1976 Zairian isolate of Ebola [69].

Transmission

The usual pattern seen in large outbreaks of filovirus hemorrhagic fever begins
with a focus that disseminates infection to several patients. Secondary and
subsequent infections occur in close family members or among medical staff. The
epidemic terminates, because the index focus is transient and the spread of the
virus is inefficient (Table 2).

Person-to-person transmission by intimate contact is the main route of
infection in human filoviral hemorrhagic fever outbreaks. However, more super-
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ficial contact and sleeping in the same room has a relatively low attack rate,
whereas nursing of patients and preparing bodies for burials increase the chances
of becoming infected. In the Ebola outbreak of 1976 (27%), and to some extent
1995, nosocomial transmission via contaminated syringes and needles has been
a major problem. Neonatal transmission has been reported from the 1976
outbreak in Zaire (Table 2). Additional late spread via semen has been
documented in Marburg disease [54]. In general, transmission seems to be not
efficient as documented by secondary attack rates which in average rarely exceed
10-12%. Among family members, however, secondary attack rates can increase
as reported during the Ebola outbreaks in 1976.

Based on the experience of former and recent episodes isolation of patients
and use of strict barrier nursing procedures (e.g., gowns, gloves and masks) are
required and sufficient to interrupt transmission. Transmission by droplets and
small aerosols has been observed with the Ebola Reston epizootic [63]. Cage-to-
cage transmission of monkeys experimentally infected with Marburg or Ebola
viruses also suggest aerosol transmission ([65]; Johnson, unpubl. data), and
monkeys exposed to aerosols of filoviruses get readily infected ([4]; Johnson,
unpubl. data). Furthermore, virions were detected in alveoli of infected animals
[63] and humans [93]. Course of human outbreaks, however, indicate that
aerosols and droplets do not seem to be an important route of transmission,
although there are occasionally secondary cases without any clear history of
close contact to infected individuals [64]. Information regarding case manage-
ment and approaches to minimize virus spread in critical situations such as
outbreaks have been published [11, 27, 63, 88, 92].

Wild monkeys are an important source for the introduction of filoviruses
which has clearly been demonstrated in 1967 for Marburg [56], in 1989-1990
and 1992 for Ebola Reston [42, 89], and in 1994 for Ebola Ivory Coast [53].
Quarantine of imported non-human primates and professional handling of
animals are essential to prevent introduction of these agents into human (for
guidelines see [ 14]).

Natural reservoir

Ecological investigations have been conducted after almost all filovirus out-
breaks. It has generally been possible to identify an index human case or index
group of imported non-human primates, but the origin in nature and the natural
history of Marburg and Ebola viruses remain a mystery. It is generally believed
that the viruses are zoonotically transmitted to humans from ongoing life cycles
in animals or arthropods. Species such as guinea pigs, primates, bats, and hard
ticks have been discussed as natural hosts, but a high frequency of false-positive
results, especially when the Ebola indirect immunofluorescence assay (IFA) was
used to detect filovirus-specific antibodies, has contributed to difficulties in
interpretation. Thus, all attempts to backtrack from human index cases in Africa
or from epidemics in monkeys in Africa and the Philippines failed to uncover
a reservoir.
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The Ebola Reston epizootic again raised the question of whether non-human
primates might be the primary reservoir. This seems to be not very likely, since all
filoviruses are relatively pathogenic for experimentally and naturally infected
animals and persistence of virus in such animals has never been demonstrated
[26]. The emergence of the presumably new Ebola subtype ‘Ivory Coast’ demon-
strated for the first time a connection between a human infection and naturally
infected monkeys in Africa [53]. But again, based on the ongoing deaths in the
chimpanzee colony, it seems to be unlikely that these monkeys are the natural
reservoir of this virus. Bats have seriously been discussed as sources of infection for
two index Marburg cases (1980 and 1987) and for an index case in one of the Sudan
outbreaks (Table 1). Despite failure to detect filovirus in the respective environ-
ments, the possibility still exists that an aerosol transmission cycle in bats or other
mammals plays some role in the natural history of filoviruses.

All attempts to identify the reservoir of filoviruses were handicapped by the
lack of sensitive diagnostic tools. With the enzyme immunoassays, antigen
detection assays, and PCR assays developed during the past years ([24, 52, 71];
Ksiazek, unpubl. data) the situation has now improved, presupposed appropri-
ate material can be collected. A major investigation has recently been started in
association with the latest reemergence of Ebola subtype Zaire in Kikwit.

Serological studies

Serological studies have been performed over the years in various geographical
regions of African countries (Fig. 1)[2, 3, 6, 8,28, 32, 35-37, 40, 41, 43-45, 47, 56,
57, 59,71, 73,74, 78, 80—82]. Results are mainly based on the indirect immuno-
fluorescence technique which, however, is prone to yield false-positives, but
a technique that can be easily applied under field conditions. Thus, many of the
data are of limited reliability, but helpful to demonstrate that endemic areas are
mainly located in the central African region (Fig. 1). Recent serosurveys using
additional techniques (immunoblot, enzyme linked immunosorbent assay) and
conducted in countries outside of Africa, such as Germany [ 5], the United States
[15], and the Philippines [ 34] indicate filoviral activity in those countries as well,
and may suggest that presently known or unknown filoviruses are also endemic
outside of Africa. The value of those serosurveys is controversially discussed, and
none of the serological studies was verified by virus isolation in association with
the surveys. The fact that filoviruses belong to the order Mononegavirales, an
order combining many common human pathogens that could be the cause of
crossreactivity, has to be considered in this discussion.

The infectious agents

Virion morphology and structure

In most virus preparations, Marburg and Ebola virions are pleomorphic,
appearing as either long filamentous and sometimes branched forms, or in
shorter “U”-shaped, “6”-shaped, or circular configurations (Fig. 3). The filamen-
tous forms vary greatly in length (up to 14 000 nm), but the unit length associated
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with peak infectivity is 790 nm for Marburg virus and 970 nm for Ebola virus.
Virions have a uniform diameter of 80nm. They are composed of a helical
nucleocapsid (50 nm in diameter, with an axial space 20 nm in diameter and
a helical periodicity of about 5 nm). The nucleocapsid consists of a noninfectious,
negative-sense, linear single-stranded RNA molecule and of four of the virion
structural proteins: nucleoprotein (NP), virion structural proteins (VP) 35 and
30, and the polymerase (L) protein. The nucleocapsid is surrounded by a lipid
envelope derived from the host cell plasma membrane and a surface projection
layer composed of trimers of the viral glycoprotein (GP). Two additional viral
proteins, VP40 and VP24, are membrane-associated (Table 3; Fig. 3)[19, 22, 25,
31, 49-51, 58, 61, 66, 70, 83].

Fig. 3. Morphology of filoviral particles. a Electron
micrograph. Budding of Marburg virus particles
from the plasma membrane of infected primary cul-
tures of human endothelial cells. Particles consist of
a nucleocapsid surrounded by a membrane in which
spikes are inserted (arrows). The nucleocapsid con-
tains a central channel (inset). The plasma membrane
of infected cells is often thickened at locations where
budding occurs (arrowheads). Ultrathin section —
bar: 0.5 pm; bar inset: 50 nm. b Electrophoretic mo-
bility patterns of filoviral structural proteins. The
mobility patterns (SDS-PAGE) of structural proteins
of Marburg and Ebola type viruses are compared.
Four proteins are involved in the nucleocapsid form-
ation; polymerase or large (L) protein, nucleoprotein
(NP), virion structural protein (VP) 30 and VP35
(black). The glycoprotein (GP) is a transmembrane
protein and anchored with the carboxy-terminal part
in the virion membrane. Homotrimers of GP form
the spikes on the virion surface (arrows in a). VP40
and VP24 are membrane-associated proteins
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Table 3. Filoviral proteins and their proposed function

Designation Virus type Encoding Localization Proposed function

gene
NP MBG/EBO 1 ribonucleocapsid complex encapsidation
VP35 MBG/EBO 2 ribonucleocapsid complex phosphoprotein analogue
VP40 MBG/EBO 3 membrane-association matrix protein
GP MBG/EBO 4 surface (transmembrane protein) receptor binding, fusion
VP30 MBG/EBO 5 ribonucleocapsid complex encapsidation, RNA binding
VP24 MBG/EBO 6 membrane-association unknown
L MBG/EBO 7 ribonucleocapsid complex RNA-dependent RNA

polymerase

sGP EBO 42 nonstructural, secreted unknown

2 Expressed by RNA editing and/or translational frameshifting [69, 84]; NP nucleoprotein; VP virion
structural protein; GP glycoprotein; L large protein (polymerase); sGP small glycoprotein; MBG type
Marburg filoviruses; EBO type Ebola filoviruses

The genome is approximately 19 kilobases in length, the largest genome
reported for members of the order Mononegavirales. The organization of the
seven genes is sequential and shows the following order: 3'leader — NP gene —
VP35 gene— VP40 gene—- GP gene - VP30 gene— VP24 gene— L gene —
S'trailer (Fig. 4). The extragenic sequences at the extreme 3’ (leader) and 5’ (trailer)
ends of the genomes are conserved and show a high degree of complementarity.
Genes are delineated by conserved transcriptional signals, beginning with a start
site at the 3’ end and terminating with a stop (polyadenylation) site. Beside
common characteristics, there are others that distinguish filovirus genomes from
those of rhabdoviruses and paramyxoviruses: (i) transcriptional signals of
filoviruses contain a common sequence (3 UAAUU, at the 5’ end of start sites
and at the 3’ end of stop sites), (ii) genes possess long noncoding regions at their 3’
and/or 5 ends, and (iii) localization of overlapping genes [10, 21,
22, 68].

An unusual feature of the organization and transcription of the GP genes of
Ebola viruses is the fact that they are encoded in two open reading frames. The
full-length GP is expressed only through transcriptional editing [69, 84] or
translational frameshifting [69] close to the editing side (Fig. 4). The primary
gene product of the GP gene is a small nonstructural glycoprotein (sGP)
of approximately 60 kDa that is secreted from infected cells in large quantities
[69, 84].

Classification

In early days, the morphology of virion particles has led to proposals to classify
filoviruses in the family Rhabdoviridae. In 1982, the classification in a separate
family, called Filoviridae, based on unique morphologic, biochemical and
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Fig. 4. A Genome organization of filoviruses. Filoviral genomes consist of a single, nega-
tive-stranded, linear RNA molecule. Differences in organization between Marburg and
Ebola type viruses are indicated. Asterisks show the positions of gene overlaps. B Expression
strategies of gene 4 of type Ebola viruses. Gene 4 of Ebola viruses is transcribed from two
open reading frames (ORFs). The primary gene product is a small glycoprotein (sGP).
Full-length glycoprotein (GP) can be expressed by two independent mechanisms; RNA
editing and/or translational frameshifting. A Adenosine residue; ¢ carboxy-terminal end of
proteins; n amino-terminal end of proteins; G glycoprotein gene; L polymerase (L) gene;
N nucleoprotein gene; 24/30/35/40, virion structural protein (VP) genes; 3', 5’ terminal ends
of genomes and subgenomic RNAs

physicochemical features was introduced [50]. Today all nonsegmented nega-
tive-stranded RNA viruses are grouped in the order Mononegavirales bearing
three distinct families, Paramyxoviridae, Rhabdoviridae, and Filoviridae [39]. All
these viruses share a similar genomic organization with conserved regions at
both ends encoding the core and polymerase (L) proteins and surrounding
a variable part in the middle encoding the envelope proteins. Filovirus genomes
are more complex than those of lyssaviruses and vesiculoviruses and align
organizationally more closely to members of the genera Paramyxovirus and
Morbillivirus. This is also supported by amino acid sequence comparison of
different structural proteins (e.g., NP and L protein) [22]. Transcription and
replication of all these viruses follow similar mechanisms and take place in the
cytoplasm of the infected cell.

The family Filoviridae consists of a single genus, Filovirus, which can be
separated into two types, Marburg and Ebola. Nucleotide sequence comparison
among Marburg and Ebola viruses shows only scattered similarities which is in
contrast to similarities seen among amino acid sequences of structural proteins.
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This finding indicates that these agents may have diverged at some point in the
distant past. The main type-specific differences are:

(I) Lack of serologic cross-reactivity [23, 51, 52, 67]. Between the two filo-
virus types serological cross-reactivity does not exist. Subtypes of Ebola share
common epitopes, and GP-specific polyclonal antibodies react type-specific.

(2) Protein profiles of virion structural proteins on SDS-PAGE [ 19, 22,23, 51].
Sodium dodecylsulfate-polyacrylamid gel electrophoresis (SDS-PAGE) profiles
clearly distinguish Marburg from Ebola-type viruses (Fig. 3). Differences are
evident for GP, which migrates much slower with Marburg viruses, and for NP
and VP40, which migrate faster with those viruses. In addition, minor differences
are found in the migration patterns of VP24. Within the Ebola type, subtypes
can be differentiated by the mobility patterns of the NP and VP40. Subtype
Zaire viruses possess a slower migrating NP and a faster migrating VP40
compared with the isolates of the Sudan and Reston subtype. Reston, on the
other hand, can be distinguished from Zaire and Sudan subtype isolates by
a larger VP40. In contrast, Marburg viruses are homogenous in their SDS-
PAGE profiles.

(3) Sialylation pattern of carbohydrates [23, 25, 31]. Differences in terminal
sialylation of carbohydrates are found following propagation of filoviruses in
Vero cells, clone E6, and MA 104 cells. Both cell lines originate from monkey
kidney and are commonly used for filovirus isolation. Marburg viruses com-
pletely lacks sialic acid when propagated in those cells.

(4) Genetic makeup [ 10, 21, 22, 68, 69, 83, 84]. The 3’ noncoding region of the
NP gene is much shorter with Marburg than with Ebola viruses. Positions and
numbers of gene overlaps are different and Ebola-type viruses possess more than
one overlap (e.g., Zaire subtype between genes VP35/VP40, GP/VP30, and
VP24/L), whereas Marburg viruses have only one overlap between genes
VP30/VP24. In contrast to Ebola viruses, there is no evidence for expression of
a nonstructural glycoprotein with Marburg viruses, and RNA editing has not
been demonstrated with those viruses (see above). On the other hand, a second
overlapping open reading frame is highly conserved in the VP35 gene of
Marburg viruses, but is not present in Ebola-type viruses (Feldmann, unpubl.
data). An expression product has not yet been identified.

Filoviruses are classified as “Biological Level 4” agents (WHO; Risk Group 4)
based on their high mortality rate, person-to-person transmission, potential
aerosol infectivity, and the lack of vaccines and chemotherapy. Maximum
containment is required for all laboratory work with infectious material
[12, 88, 92].

Genetic variability

In general, there is little genetic variability among viruses belonging to the
Marburg type of filoviruses and known subtypes do not exist. Recent sequence
data on parts of the second (VP35) and fourth (GP) open reading frame, however,
indicate the coexistence of at least two different genetic lineages. One lineage



Emerging and reemerging of filoviruses 93

comprises isolates from the 1967 epidemic which are very closely related, and
viruses isolated from the episodes in Zimbabwe (1975) and Kenya (1980). The
second lineage is represented by the isolate from the 1987 Kenyan case which
shows more than 20% divergence to the others ([51]; Feldmann, unpubl. data).
Ebola, however, can be subdivided into at least three subtypes — Zaire, Sudan,
and Reston [22, 23, 68]. A distinction within the Ebola type had previously been
based on peptide and oligonucleotide mapping [9, 17]. This has recently been
confirmed by sequence comparison. Molecular characterization of the ‘Ivory
Coast’ agent now points to the existence of a fourth subtype [69]. All subtypes
are approximately equally distinct from each other in their nucleotide sequence.
The genetic variability within the subtypes is low and comparable with that seen
for most of the Marburg type viruses. The fact that Ebola Reston does not
represent a different lineage may question the Asian origin of this virus, and
would support its recent introduction from Africa. The similarity of Ebola Zaire
1976 and 1995 is striking and unexpected. High similarity among filoviruses
temporally and geographically isolated far apart from each other suggests that
variants may emerge with comparatively low frequencies in nature and that
filoviruses may occupy specific niches. The genetic variability among filoviruses
in general is less than that of many other RNA viruses.

Factors of emergence/reemergence

Filovirus are among the most pathogenic human viruses. Yet, we are only
beginning to understand the interactions of these viruses with their hosts, and
our knowledge on genetics, pathogenicity, and natural history is still limited.
Even though outbreaks in human and non-human primates have so far always
been self-limiting, our ignorance concerning the natural reservoir, the potential
of these viruses to be transmitted by aerosol, and the lack of immunoprophylac-
tic and chemotherapeutic measures make these infections a matter of high
concern in biomedical science. The chronology of human epidemics and epi-
zootic in non-human primates proves that filoviruses are prototypes of emerging
and/or reemerging pathogens. The recent news of the reemerging of Ebola
subtype Zaire in Kikwit alarmed the world which was already sensitized by
books, movies, and television reports. Several factors have to be discussed as for
the emergence/reemergence of hemorrhagic fever caused by filoviruses.

(I) International commerce and jet travel. A major public health concern for
many countries in the world has been the potential of spread as a result of
international commerce and jet travel. Infected persons can be at nearly any
point in the world within the incubation period and can become the starting case
of a new epidemic in even a non-endemic area.

(2) Transmission route. Inter-human spread in the course of normal social
interactions as well as during sexual intercourse has been demonstrated. In
previous human epidemics, transmission was primarily by contaminated needles
and syringes or close contact with case patients, although some degree of spread
to contacts with less intimate interactions was reported. An uncontrolled
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propagation from person to person in an urban environment would not be likely.
Fortunately, to date all outbreaks of filoviral hemorrhagic fever have been
self-limiting. Aerosol transmission as an important route for spread is doubtful
but cannot be excluded based on recent data obtained from experimentally and
naturally infected monkeys and human cases.

(3) Limited knowledge concerning genetics and pathogenesis of the agents.
Investigations of filoviruses using modern technologies started approximately 10
years ago. We are still just at the beginning to understand basic mechanisms in
biology and pathogenesis of filoviruses.

(4) Limited experience in diagnosis and case management. Filoviruses are
classified as biosafety level 4 agents and therefore, work with the agents and to
a high extent also diagnosis can only be performed in a few selected laboratories.
More sensitive and safe diagnostic tools have been recently developed and,
hopefully, can be provided in the near future. Medical staff has to be trained in
proper management and care of patient cases, and national or international units
have to be founded for emergency situations. National public health systems
have to be prepared for emergency situations and distribution of information to
physicians and the population has to be provided.

(5) Import of nonhuman primates. Non-human primates are still a vital
source to the biomedical community and needed for the development, safety
testing, and production of viral vaccines, and as important models for studying
human diseases. Proper quarantine procedures should help to minimize the risk
of introduction by wild-caught monkeys (see [14]). In addition, breeding of
monkeys in colonies instead of importation will minimize the risk of introduc-
tion of these agents.

(6) Unknown reservoir. The origin of filoviruses in nature is still unknown.
Knowledge of the natural reservoir would be helpful to develop strategies to
prevent infection.

(7) Potential of evolution. Filoviruses, like other RNA viruses, presumably
have a potential for evolution due to an error rate of the virus-encoded
polymerase and a lack of repair mechanisms [38]. The consequence may be
a spectrum of genetic variants which are selected by the hosts for different
transmissibility, virulence and other biological properties. Sequence analysis of
different filovirus isolates, however, suggest a low frequency for the emergence of
variants which is in contrast to many other RNA viruses. Changes in socio-
economical structures, such as increase in human population, increase in speed,
variety and frequency of travel, and disruption of social structures, may support
the development of mutant virus populations and the probability of a filovirus
truly emerging as a serious public health problem.
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Summary. In 1987, an isolated case of fatal Marburg disease was recognized
during routine clinical haemorrhagic fever virus surveillance conducted in
Kenya. This report describes the isolation and partial characterization of the
new Marburg virus (strain Ravn) isolated from this case. The Ravn isolate was
indistinguishable from reference Marburg virus strains by cross-neutralization
testing. Virus particles and aggregates of Marburg nucleocapsid matrix in
Ravn-infected vero cells, were visualized by immunoelectron microscopic tech-
niques, and also in tissues obtained from the patient and from inoculated
monkeys. The cell culture isolate produced a haemorrhagic disease typical of
Marburg virus infection when inoculated into rhesus monkeys. Disease was
characterized by the sudden appearance of fever and anorexia within 4 to 7 days,
and death by day 11. Comparison of nucleotide sequences for portions of the
glycoprotein genes of Marburg-Ravn were compared with Marburg reference
strains Musoki (MUS) and Popp (POP). Nucleotide identity in this alignment
between RAV and MUS is 72.3%, RAV and POP is 71%, and MUS and POP is
91.7%. Amino acid identity between RAV and MUS is 72%, RAV and POP is
67%, and MUS and POP is 93%. These data suggest that Ravn is another
subtype of Marburg virus, analogous to the emerging picture of a spectrum of
Ebola geographic isolates and subtypes.

Introduction

The filovirus pathogens, Marburg and Ebola viruses, have been associated
with dramatic outbreaks of viral haemorrhagic fever and high mortality rates
in sporadic occurrences since Marburg virus was first recognized in 1967
[17, 18, 20]. The natural histories of these viruses remain obscure. Each
occurrence of filovirus disease is viewed as an opportunity to identify the natural
reservoir of filoviruses in nature, and representative isolates are characterized
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in comparison with reference strains for clues to viral maintenance and
spread.

In 1987, an isolated case of fatal Marburg disease was recognized during
routine clinical haemorrhagic fever virus surveillance conducted in Kenya by
the Virus Research Centre at the Kenya Medical Research Institute (KEMRI),
the Nairobi Hospital, and the United States Army Medical Research Institute
of Infectious Diseases (USAMRIID). This report describes the isolation and
partial characterization of a new Marburg virus (strain Ravn) isolated from
this case. Until recently, the Ravn isolate was thought to be indistinguishable
from reference strains associated with the first occurrence in Germany and
Yugoslavia in 1967 and Kenya in 1980 [20]. However, modern techniques in
molecular virology which have been applied to develop phylogenetic relation-
ships [ 7] among the disparate species of Ebola virus (i.e. Ebola-Zaire, -Sudan,
-Reston, and Ivory Coast) have also been applied to discriminate Marburg-
Ravn from reference Marburg virus strains. Since this new virus subtype
may prove to be epidemiologically important in some future outbreak, certain
aspects of the informal epidemiological investigation which ensued are also
reported.

Materials and methods
Virus isolation

Serum from blood collected during clinical disease was inoculated into 25 cm? tissue culture
flasks containing confluent monolayers of Vero (African green monkey kidney cells), Vero E6
(a clone of Vero cells) and SW-13 (human adrenal cortex adenocarcinoma) cell cultures
grown in Eagle minimum essential medium (EMEM) with 2mmol L-glutamine, 10% heat
inactivated fetal bovine serum, 100 U of penicillin, and 0.5 pg of streptomycin per ml. The
cultures were incubated at 37°C in a 5% CO, atmosphere and observed daily by inverted
phase microscopy for cytopathic effect (CPE). Cultures were harvested and subcultured
when CPE was observed. Supernatant fluids were clarified and stored at —70°C. Cell
monolayers were trypsinized and the single cell suspension pelieted by centrifugation at
1500 RPMs for 10 min. Cells were resuspended in isotonic saline and dispensed in 25 pl drops
onto teflon templated microscope slides, air-dried, fixed overnight at —70°C in acetone,
gamma irradiated while on dry ice to inactivate residual infectious virus, and screened for
cell-associated viral antigens by the immunofluorescent antibody test (IFAT) as previously
described [12, 14] and below.

Infectious clinical material was handled within negative pressure flexible plastic isolators
at the Virus Research Center, and subsequent viral isolation and characterization utilized the
maximum biological containment (BSL-4) facilities at USAMRIID.

Indirect IFAT reagents and assay

The indirect fluorescent antibody test (IFAT) utilized mouse ascitic fluid monoclonal and
polyclonal antibody preparations with specificities for Marburg, Ebola, and a variety of
viruses associated with haemorrhagic fever in Africa including Congo-Crimean hemorrhagic
fever, dengue, Lassa, West Nile, and Yellow Fever. Sera from confirmed convalescent human
Marburg and Ebola cases were also used. Inactivated reference spot slides of acetone fixed
cellsinfected with the corresponding viruses were prepared, stored at —70°C, and used in an
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indirect IFAT [12, 14] using appropriate dilutions of commercially obtained, fluorescein-
conjugated goat anti species immunoglobulin.

Neutralization testing and viral assay

Infectious virus was assayed by counting plaque forming units (PFU) on vero cells main-
tained under agarose in 10 cm? well of plastic tissue culture plates as described [12]. For
measuring neutralizing (nt) antibody to filoviruses, test sera were diluted 1:10 in EMEM with
10% guinea pig serum as a complement source and mixed with serial dilutions of challenge
virus, as previously detailed [12]. Titers are expressed as a log, , neutralization index (LNI),
defined as (log, , PFU in control) — (log,;, PFU in test serum). Infectious virus was assayed
by counting plaque forming units (PFU) on monolayers of MA-104 cells maintained under
agarose as previously described [12].

Electron microscopy of cell pellets

Cells from 25 cm? flasks were scraped into 1.5 ml of EMEM and centrifuged at 12 000 rpm in
a conical tube for 30sec to form a loose pellet. These, and autopsy tissues were immersion-
fixed in either 2% glutaraldehyde in 0.1 M Millonig’s phosphate buffer for standard
transmission electron microscopy (TEM) or 2% paraformaldehyde +0.1% glutaraldehyde
for immunoelectron microscopy (IEM), as described previously [11].

Polymerase chain reaction and sequencing

The Musoke (MUS) and Popp (POP) strains of MBG were obtained from GenBank
(accession numbers Z12132 and Z29337, respectively). The Ravn (RAV) strain sequence was
derived from a reverse transcriptase-polymerase chain reaction (RT-PCR) product. Genomic
RNA (vRNA) was extracted from virions, purified from clarified tissue culture supernatant
fluids by pelleting through a 20% sucrose cushion by the method of Chomczyski and Sacchi
[4]. The vRNA was used as template for the RT-PCR using a pair of MUS GP-specific
oligodeoxynucleotide “primers”, and the product was directly sequenced using an auto-
mated sequencer (ABI) and the same primers. Sequences used in alignments encode or
correspond to amino acid sequences 175 to 274 of the GP. Alignments were produced using
the PileUp computer program (Genetics Computer Group, Wisconsin Package, Version
8.0-OpenVMS AXP). Comparisons used “Gapweight” and “Gaplengthweight” settings of
5.0 and 1.0, respectively, for nucleotide sequences and 3.0 and 1.0 for amino acid sequences.

Monkey inoculation

Six adult rhesus monkeys, Macaca mulatta, were screened and found negative for filovirus
IFAT antibodies, then separated into two groups of three animals and maintained in
individual cages on standard diets. Monkeys were inoculated intramuscularly (IM) with
0.5ml of clarified and diluted (1:100) cell culture supernatants (sn) containing 10 000 PFU of
infectious virus or control (uninfected sn). All animals were observed daily for signs of disease.
On day 0 pre-exposure and days 4, 7 and 10 after exposure, animals were sedated with
ketamine (5mg/kg dose), and venous blood drawn for laboratory evaluation. Necropsies
were performed on moribund euthanized animals and organ samples taken for virological
and pathological studies.

Whole blood samples were anti-coagulated in 7.5% potassium EDTA for hematologic
examination or in 3.8% sodium citrate for coagulation studies or fibrinogen level determina-
tions. For fibrin-fibrinogen degradation product (FDP) measurements, whole blood was
collected in glass tubes containing 10 NIH units of thrombin and 18 mg of EACA, and the
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serum removed after clotting. Serum for enzyme levels was separated from whole blood
drawn into glass vacutainer tubes and allowed to clot. Total and differential white blood cell
counts, hematocrit, and platelet counts were determined using a ELT-9/ds (Ortho Diagnos-
tics, Westwood, MA) laser-based hematologic analyzer. Hemostasis was evaluated by
determining activated partial thromboplastin times (APTT) on a MLA 750 coagulometer
(Medical Laboratory Automation, Inc., Mount Vernon, NY) using standard assay pro-
cedures [21]. Fibrinogen was measured by the method of Clauss and FDP levels by the
staphylococal clumping assay [5, 11]. Serum aspartate aminotransferase (AST) and lactic
dehydrogenase (LDH) measurements were performed using a Multistat centrifugal chemical
analyzer (Instrument Laboratories, Lexington, MA).

Epidemiological investigation

An informal medical field team was assembled, shortly after the laboratory diagnosis of
Marburg virus disease was obtained, to conduct an epidemiological investigation of the
incident. The patient’s travels during the 21 days prior to disease onset were reconstructed,
and likely locations where the disease could have been contracted were visited. Local
hospitals and clinics were visited to identify unusual morbidity or mortality and review likely
cases. The general health and serological status of those exposed to the patient prior to and
during his illness were also evaluated. Venous blood was drawn aseptically according to
accepted procedures.

Results
Case history

On 13 August 1987, a 15 year old European male who had been in Kenya
for 1 month, was admitted to the Aga Khan Hospital, Mombassa, with a 3
day history of headache, malaise, anorexia, fever and vomiting. He had
been taking chloroquine phosphate prophylactically and prior to admission
had been treated with Fansidar (pyrimethamine sulfadoxine) and Camoquin
(amodiaquine). On admission, a blood film was malaria parasite negative, but
since no history of amodiaquine treatment was given, he was treated with
amodiaquine and Metakalfin (sulfamethopyrazine). The white blood cell count
was 1800 permm?3. The patient steadily deteriorated, developing bloody diar-
rhea which became copious over a 3 day period, and hypotension. His white
blood cell count rose to 20 000 per mm?. He was transferred to the intensive care
unit of the Aga Khan Hospital on the eighth day of illness. On the ninth day, he
was transferred to the Nairobi Hospital by the Flying Doctors Service. On
admission to the Nairobi Hospital, the patient was febrile (40 °C) and delirious.
Blood pressure was 80/60 and subsequently fell to unrecordable levels. The
patient was cyanotic and had cutaneous lesions resembling urticaria, which later
became dark blue patches. Laboratory tests revealed a thrombocytopenia
(26 000 per mm?) and prolonged prothrombin and partial thromboplastin times.
The Widal test was negative. Despite intensive supportive therapy, high dose
steroids, chloramphenicol and Cloxacillin, heparin, fresh plasma, blood, and
haemoceal, the patient became haemorrhagic and toxic. The patient continued
to be hypotensive, developed elevated blood potassium and urea levels, and was
dialyzed twice but continued to deteriorate. He developed dark blue cutaneous
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lesions which appeared to be small microthrombi and part of a disseminated
intravascular coagulation (DIC) process, and died of cardiac failure the morning
of the 11th day of illness. The provisional diagnoses were viral haemorrhagic
fever, most likely Marburg virus disease based upon the characteristic clinical
picture [9, 20], or less likely, typhoid fever with extreme toxicity [15, 18].

Post mortem examination revealed a significant haemorrhagic disease with
massive petechial and purpuric hemorrhage in the skin, conjunctiva, and gas-
trointestinal mucosa. Copious blood tinged pleural, pericardial, and peritoneal
effusions were present as well as marked retropertioneal edema. The lungs and
tracheobronchial tree were hemorrhagic. Multiple hemorrhagic petechiae were
observed on the epicardium, renal cortices and pelvises and bladder. No
haemorrhage was observed in the acutely congested liver, spleen, pancreas, or
adrenals. Histological examination revealed 3 pathological processes: diffuse
coagulative necrosis resulting from clinical shock, micro-thrombi with sur-
rounding tissue infarction resulting from DIC, and micro-abscesses containing
Gram negative rod-shaped microorganisms.

Pseudomonas aeruginosa was isolated from blood, tracheal aspirate, and
urine cultures of samples drawn at admission to the Nairobi Hospital. The gross
pathological findings suggested acute cardiac decompensation as a result of
septicemia and the preliminary anatomic diagnosis suggested that bacteremic
shock was the immediate cause of death.

Isolation and characterization of the virus

Acute serum collected on the ninth day of illness was found to contain infectious
Marburg virus by cell culture inoculation. Vero E6 cell cultures inoculated with
the patient serum developed signs of cytopathic granulation and rounding by
5 days post-inoculation (PI). Acetone-fixed Vero E6 cells from the primary
culture reacted positively with the patient’s serum in the indirect IFAT. SW-13
cells inoculated with the patient’s acute serum or passaged Vero E6 supernatant
fluid reacted positively on day 5 PI with the patient’s serum, reference MBG
virus-immune human convalescent plasma and anti-MBG mouse monoclonal
antibodies, but did not react with antisera against Ebola virus or Rift Valley fever
virus by IFAT (Table 1). CPE was observed in SW-13 cell culture on day 9 PI.
Fixed SW-13 cells from CPE positive cultures did not react with antibodies
against Congo-Crimean hemorrhagic fever, Lassa, dengue, West Nile or yellow
fever viruses by indirect IFAT. The patient’s day 9 serum reacted at a dilution of
1:16 against antigens produced in Vero cells infected with the reference Musoke
strain of MBG virus, recovered during the 1980 MBG disease episodes.
Cross-neutralization testing confirmed that the virus isolated was closely
related to the reference (Musoki) Marburg strain (Table 2). Serum from guinea
pigs (GP) surviving Ravn strain neutralized 2.3 log, , PFU of the Ravn virus and
2.1log;, PFU of the Musoki strain but failed to neutralize Ebola-Reston strain.
Likewise, GP anti-Musoki neutralized Ravn and Musoki equally but failed to
neutralize Ebola-Reston, as did monkey anti-Ravn serum. Conversely, both GP



106 E. D. Johnson et al.

Table 1. TFAT reactivity of acetone-fixed SW-13 cells incubated with the
suspected filovirus isolate®

Diagnostic reagents IFA reactivity: inoculum
Virus Dilution Patient  Virus®
specificity isolate
Specimens MBG EBO RVF
Acute serum® ? 1:16 1+ 2+ — —
Reference immune MBG 1:16 3+ 3+ — —
serum
EBO 1:16 — — 3+ —
Non-immune - 1:16 — — — -
human serum
Monoclonal MBG 1:100 3+ 3+ — —
antibody (CB01-BB01)
1:1000 + 1+ — —
EBO 1:100 - — 3+ —
(DD4AE-8A1)
1:1000 - — 34+ —
RVF 1:1000 — — — 3+

(R3-1D8-1-1A)

*IFAT staining intensity was ranked (— negative, + trace, 1 + weak, 24 moderate,
3+ strong fluorescence) in comparison with reference reagents

b Abbreviations: M BG Marburg virus; EBO Ebola virus; RVF Rift Valley fever virus

°The acute serum specimen was collected nine days after onset

Table 2. Cross-neutralization test with Marburg-Ravn and reference Marburg
and Ebola virus strains

Specificity of antiserum LNT? of antiserum against virus
Marburg-Ravn Marburg-Musoki  Ebola-Reston

Species Virus strain

GP Mbg-Ravn 2.3 21 0.0

GP Mbg-Musoki 1.9 2.0 0.1

GP Ebola-Reston 0.0 0.0 2.5

Monkey Mbg-Ravn 1.7 1.6 0.1

Monkey Ebola-Reston 0.0 0.0 25

2LNI = Log, , neutralization index of serum diluted 1:10

and monkey anti-Ebola-Reston sera neutralized Ebola-Reston but not Ravn or
Musoki.

The serologic diagnosis of Marburg virus was corroborated by electron
microscopic examination of tissues taken at autopsy from the patient. Although
tissue preservation was not optimal, virus particles morphologically resembling
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Fig. 1. Thin section through human adrenal cortex showing filovirus-like particles frequently
seen in intercellular spaces. Bar: 250 nm

characteristic filovirions [8] were clearly visualized in some tissues such as
adrenal (Fig. 1). Immunoelectron microscopy of MBG-infected Vero cells
showed positive gold-sphere labeling of virus particles and intracytoplasmic
viral inclusions when incubated with a monoclonal antibody specific for MBG
nucleoprotein (NP) (Fig. 2).

Genetic characterization of M arburg-Ravn

The Ravn (RAYV) strain sequence for a region of the glycoprotein gene was
derived from a reverse transcriptase-polymerase chain reaction (RT-PCR) prod-
uct and compared with the sequences of two reference strains of Marburg,
Musoke (MUS) and Popp (POP) (Fig. 3). Nucleotide (A) and predicted amino
acid (B) sequences for three strains of MBG are shown with consensus sequences
at the bottom of the alignments. Sequences used in alignments encode or
correspond to amino acid sequences 175 to 274 of the GP. Sequences shown in
lanes of MBG strains differ with the consensus (2 or more identical
bases/residues). Nucleotide identity in this alignment between RAV and MUS is
72.3%,RAV and POPis 71%,and MUS and POP is 91.7%. Amino acid identity
between RAV and MUS is 72%, RAV and POP is 67%, and MUS and POP is
93%.
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Fig. 2. Thin section through Ravn-infected Vero cells showing positive gold-sphere labeling
of filovirus particles and an intracellular filoviral inclusion when incubated with a murine
monoclonal antibody directed against a MBG viral nucleoprotein. Bar: 385nm

Experimental infection of rhesus monkeys with Marburg-Ravn strain

The cell culture isolate produced a hemorrhagic disease typical of Marburg virus
infection [4, 19] when inoculated into rhesus monkeys. The onset of disease,
between 4 and 7 days post-inoculation was sudden and accompanied by fever
and anorexia. A petechial rash and hemorrhagic diathesis developed. Elevated
coagulation times, hypofibrinogenemia, and increased levels of circulating fibrin
degradation products were also observed (Table 3). The disease, however, did not
prove uniformly fatal; one of three ill animals, 8A40, started to improveonday 11
and made a full recovery, eventually seroconverting by both the IFAT and
neutralizing antibody assays. A detailed description of the anatomical lesions in
the two lethally infected monkeys will be reported separately, (Jaax et al., in
prep.). In brief, histopathological examination of tissues from the two fatal rhesus
infections revealed hemorrhage in all major organ systems. Filovirus particles
were observed by EM in necropsy samples of liver, lung, spleen, lymph nodes,
kidney, and adrenal samples (Fig. 3).
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Epidemiological studies

The patient was a 15 year old boy who had arrived in Kenya from Europe on 14
July, 1987. Detailed epidemiological studies tracing the movements and contacts
of the patients will be reported separately. He had spent most of the first two
weeks in Kisumu, an urban setting on the shore of Lake Victoria in Nyanza
Province. The patient’s stay in Kisumu was uneventful. On 2 August (9 days
prior to onset) the family visited Kitum Cave in Mount Elgon National Park; the
patient spent at least 45 min exploring the cave. Kitum Cave is very large; it is
frequented by many types of feral animals including elephants, buffalo, monkey,
predator cats, birds, bats, and small rodents species. During his visit, the young
man penetrated to the depth of the cave, about 500 meters from the mouth, and
also took several trips to side chambers within the cave to collect crystals unique
to Kitum. He may have received small cuts or puncture wounds from the crystals
which were needle sharp. The family returned to Kisumu after the cave expedi-
tion. On 8 August, the family traveled by road from Kisumu to Mombasa,
arriving on 9 August. He began to feel ill on 11 August, and was admitted to Aga
Khan Hospital two days later.

A number of medical workers were exposed to the patient during the course
of his illness, in addition to family members and domestic staff. A total of 64
known contacts of the patient were bled between 9 September and 16 October, 24
days or more after last possible exposure to the patient. All were found negative
for MBG virus antibodies except one doctor from the Nairobi Hospital who had
suffered a virologically and serologically confirmed and serious clinical case of
MBG virus disease in 1980 and was known at the time of our survey to have
pre-existing antibodies.

Discussion

Marburg virus may continue to cause sporadic cases of fatal disease in Africa.
The latest documented case occurred in August 1987, as reported here. The
illness was suspected from the clinical picture which was similar to previously
described cases of Marburg virus disease [6, 9, 20] but complicated in the
terminal stages, by a Pseudomonas aeruginosa septicemia. Marburg virus was
isolated in cell culture from an acute blood sample, and was recognized as
a filovirus by electron microscopy of infected cell cultures and post-mortem
tissue samples. The virus isolate was demonstrated to induce a haemorrhagic
disease typical of Marburg virus infection in rhesus monkeys. The clinical
diagnosis of Marburg virus disease and successful virological confirmation of the
diagnosis in 1987 was facilitated by the proximity of a well equipped hospital
with staff who recognized Marburg virus disease, and a virology laboratory with
specialized expertise and containment capability to manage the highly
pathogenic African hemorrhagic fever viruses.

Since this viral isolation was accomplished in 1987, the virological tools
available for diagnosis of Marburg have improved substantially. An antigen
capture ELISA has been developed which facilitates the detection of antigenemia
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Fig. 4. Thin section through spleen of monkey experimentally infected with MBG-Ravn
virus showing aggregate of filovirus particles often seen in areas of fibrin deposition. Bar:
930 nm

in serum [12]; this technique has been successfully applied to formalin-inac-
tivated specimens, which should reduce the biohazard of the procedure. Applica-
tion of polymerase chain reaction has not been tested in a clinical setting with
Marburg, but retrospective analysis of specimens banked from the original 1967
outbreak in Germany and Yugoslavia could confirm its potential. Certainly,
PCR has proven to be useful in achieving a timely diagnosis of other filovirus
outbreaks, including the 1995 Ebola outbreak in Zaire [2]. One potential
shortfall in the PCR technique is its strict specificity; consensus primers must be
employed to ensure that variant strains, analogous to the Ebola-Reston[13] and
-Ivory Coast strains [ 16] are not missed. There will always be a requirement to
isolate and characterize the virus however, and for this, biocontainment facilities
are a necessity. The lack of secondary cases was fortuitous; there was ample
opportunity for secondary infection to occur during the incident. The patient’s
lungs, tracheobronchial tree, gastrointestinal tract and bladder were all severely
hemorrhagic. During his illness the patient had frequent contact with health care
workers and family members. The patient experienced severe vomiting and
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bloody diarrhea and required numerous bedding changes. The patient was
flown from Mombasa to Nairobi in a small aircraft and after admission to
Nairobi Hospital was dialyzed twice. The lack of secondary cases, however,
could also be a reflection of potentially lower virulence for this strain, a testable
hypothesis in monkeys. Recommendations for the safe management of viral
hemorrhagic fever patients have been recently updated [ 3]. Genetic comparisons
suggest this strain (Ravn) is clearly distinct from reference strains isolated from
this same geographic area of East Africa. This genetic variation may
have significance in both epidemiology and pathogenicity of Marburg virus
strains.

Despite the genetic disparity of the isolates from the 1980 and 1987 episodes,
the similarity of circumstances for the two exposures is striking. Marburg virus
activity seems to occur, at least periodically, in the area between Lake Kyoga
(Uganda) and Mount Elgon (Kenya). In this area, humans are incidental hosts
who become involved through accidental contact with a reservoir species [1].
The fact that the 1987 patient and the 1980 Marburg virus disease index case had
visited Mount Elgon National Park and entered Kitum cave 9 and 14 days
before falling ill is intriguing and suggests a possible site for the accidental
interaction between infected animals and man. However, an ecological survey
conducted at Kitum Cave shortly after the 1987 exposure failed to identify the
source of the infection or the mode of transmission. Reassessment of the
numerous specimens from this survey using the PCR assay is feasible and
potentially important. A breakthrough in understanding the natural history of
any of the filovirus pathogens might lend valuable insight into maintenance
cycles of the others, including the Ebola strain which recently emerged in Zaire in
1995. Until we reach this understanding, we will remain unable to predict which
changes in social practices, ecological factors, and genetic characteristics of
the filoviruses will combine to result in the emergence of the next filovirus
outbreak.
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Summary. This study describes the pathogenesis of the Ebola-Reston (EBO-R)
subtype of Ebola virus for experimentally infected cynomolgus monkeys. The
disease course of EBO-R in macaques was very similar to human disease and to
experimental diseases in macaques following EBO-Zaire and EBO-Sudan infec-
tions. Cynomolgus monkeys infected with EBO-R in this experiment developed
anorexia, occasional nasal discharge, and splenomegaly, petechial facial hemor-
rhages and severe subcutaneous hemorrhages in venipuncture sites, similar to
human Ebola fever. Five of the six EBO-R infected monkeys died, 8 to 14 days
after inoculation. One survived and developed high titered neutralizing antibo-
dies specific for EBO-R. The five acutely ill monkeys shed infectious virus in
various bodily secretions. Further, abundant virus was visualized in alveolar
interstitial cells and free in the alveoli suggesting the potential for generating
infectious aerosols. Thus, taking precautions against aerosol exposures to
filovirus infected primates, including humans, seems prudent. This experiment
demonstrated that EBO-R was lethal for macaques and was capable of initiating
and sustaining the monkey epizootic. Further investigation of this animal model
should facilitate development of effective immunization, treatment, and control
strategies for Ebola hemorrhagic fever.

Introduction

The recent re-emergence of Ebola virus in Zaire [2, 3, 28] is but the last of
a succession of filovirus [20] outbreaks [26] which have occurred sporadically
since Marburg hemorrhagic fever was first recognized in 1967 [23]. In 1989,
a previously unrecognized Ebola virus subtype (Ebola-Reston) was associated
with an epizootic in cynomolgus monkeys imported into the United States from
the Philippines [17]. The source of this virus was eventually traced back to

* Present address: Special Pathogens Branch, Centers for Disease Control, Atlanta,
Georgia, US.A.
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a single exporter among several operating in the Philippines [14]. Two years
later, this same supplier exported monkeys to Siena, Italy where another filovirus
outbreak subsequently occurred [30]. Sequence analysis of the virus isolated
from the monkeys in 1992 showed 0.8% nucleotide changes compared with
previous isolates of Ebola-Reston [25]. The mechanism by which EBO-R
sustained itself or was re-introduced into the export facility remains unknown.
However, within the quarantine facility at Reston, VA, virus was apparently
disseminated within and between rooms by the airborne route [6]. Four workers
in the facility were also infected, as judged by serological tests and in one case,
viral isolation. Fortunately, EBO-R did not cause overt disease in these individ-
uals, unlike the disease in the monkeys which was associated with an 83% fatality
rate [14].

While epidemiological date suggest that among humans close contact was
usually required for transmission of filoviruses, the possibility of airborne
transmission could not always be ruled out [31, 32]. Also, given the clear
predilection of EBO-R for the alveoli of naturally infected monkey lung [11], and
the demonstrable aerosol infectivity of the human pathogens, Ebola-Zaire
(EBO-Z) and Ebola-Sudan (EBO-S) for experimentally exposed monkeys
[15-18], investigations of the spread of filovirus infections must consider the
possibility of airborne transmission and the possible sources of airborne virus.
The studies reported here describe the pathogenesis of EBO-R isolates for
experimentally infected cynomolgus monkeys. Analysis of the results gives
insight into the pathogenesis of filovirus disease and documents the shedding of
infectious virus in various bodily secretions. The disease course of EBO-R in
macaques is very similar to human disease following EBO-Z and EBO-S, and
this model should facilitate development of effective immunization, treatment,
and control strategies.

Materials and methods
Viral inocula and assays

Two separate isolates of Ebola-Reston (EBO-R) virus were employed. Both were isolated
from monkeys infected during the outbreaks in Reston VA [6, 17]. Monkey #28 virus was
associated with the first outbreak (in 1989) and was obtained from a monkey determined to
be free of simian hemorrhagic fever (SHF) virus. EBO-R was isolated from the serum of
Monkey #28 by inoculation of MA-104 cells as described. Following a second passage in
MA-104 cells, this virus was passed once at low multiplicity in vero cells (which are
non-permissive for SHF), and then once more in MA-104 cells. AZ-1435 virus was isolated
from the spleen of a monkey with signs of respiratory infection [6] during the second
outbreak, in March 1990. To reduce the possibility of co-isolating SHF virus, the original
10% spleen homogenate was diluted 1:5 in antiserum with neutralizing antibody against
SHF and incubated at 37 °C for 60 min, before further dilution of 1:10 and inoculation of
MA-104 cells. The supernatant from this first passaged material was harvested after four
days’ incubation and passaged at low multiplicity to vero cells, incubated for 11 days. Both
virus seeds (Mk #28 and AZ-1435) were demonstrably free of SHF virus as described
previously [9]. Infectious virus was assayed by counting plaque forming units (PFU) on
monolayers of MA-104 cells maintained under agarose as previously described [16].
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Ebola antigen concentrations were measured in sera in a double sandwich capture
ELISA using murine monoclonal antibodies to capture Ebola antigens and rabbit antiserum
as detector in wells of polyvinyl chloride microtiter plates as described [16].

Inoculation and treatment of monkeys

Six fully conditioned cynomolgus monkeys (Macaca fascicularis), weighing 4.5-6.0 kg were
caged individually in stainless steel cages in a maximum containment (BSL 4 laboratory),and
fed twice daily with monkey chow supplemented by fresh fruit. Water was available ad
libitum. All animals were healthy, and tested seronegative for filovirus reactive antibody. All
monkeys were inoculated with 0.5 ml of virus; group I received seem Mk#28, 10000 PFU sc.
Group III received seed AZ-1435, 50000 PFU sc. To obtain blood, monkeys were lightly
sedated with ketamine and bled by femoral venipuncture. Complete necropsies were
performed on the five animals that died. For infectivity assays, portions of unfixed tissues
were ground with mortar and pestle as 10% w/v suspensions and clarified by centrifugation
at 10000 x g and stored at — 70 °C until assayed for virus.

Immunological assays

The indirect immunofluorescence antibody test (IFAT) was performed using Ebola virus-
infected vero cells dried and fixed onto circular areas of Teflon-coated microscope slides as
described [16, 19]. The ELISA assay for IgG responses to EBO-R, Ebola-Zaire (EBO-Z), and
Ebola-Sudan (EBO-S) were performed using vero cell lysates as antigens as described [22].
The neutralizing antibody assay was performed by a plaque reduction test, using the constant
serum: varying virus format [16]. Neutralizing antibody titers were expressed as a log,,
neutralization index (LNI) calculated by the formula LNI = [log, , (PFU in control)-log,,
(PFU in test serum)].

Necropsy and histology

Complete necropsies were performed on the five animals that died. Representative tissue
samples from all organs were selected and immersion fixed in 10% neutral buffered formalin.
Tissue specimens were processed and embedded in paraffin. Histology sections were cut at
5-6pum on a rotary microtome, mounted on glass slides, and stained with Harris’s hema-
toxylin and eosin using a Stainomatic specimen stainer. For immunohistochemical staining,
the paraffin-embedded tissues were sectioned at 5 um and mounted on silane coated glass
slides. Following deparaffinization and hydration, the sections were digested with protease
and treated with EBO-reactive monoclonal antibodies. Biotinylated horse anti-mouse
immunoglobulin immune serum was reacted with the bound monoclonal antibody and the
reactive product visualized using a streptavidin and alkaline phosphatase system [17].

Electron- and immunoelectron microscopy

Tissues from necropsied animals were immersion-fixed in either 2% glutaraldehyde in 0.1 M
Millonig’s phosphate buffer for standard transmission electron microscopy (TEM) or 2%
paraformaldehyde + 0.1% glutaraldehyde for immunoelectron microscopy (IEM). The
TEM samples were post-fixed in 1% osmium tetroxide in 0.1 M Millonig’s phosphate buffer,
rinsed, stained with 0.5% uranyl acetate in ethanol, dehydrated in ethanol and propylene
oxide and embedded in POLY/BED 812 resin as described [11, 13]. Ultrathin sections were
cut, placed on 200-mesh copper electron microscopy grids, stained with uranyl acetate and
lead citrate and examined with a JEOL 100 CX electron microscope (JEOL Ltd., Peabody,
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MA) at 80 KV. Samples fixed for IEM were embedded in LR White resin, sectioned, and
reacted with murine guinea pig antibodies against Ebola virus, then labeled with anti-guinea
pig IgG conjugated with 10 nm gold spheres, as described [13]. Finally, the grids were rinsed
in distilled water, stained in uranyl acetate and lead citrate, and examined at SOKYV.

Serum and urine samples were processed for electron microscopy [12] by centrifugation
in microcentrifuge tubes at 12 000 x gfor 15 min, removal of the supernatant, resuspension of
the virus pellet and transferring to 300-mesh, nickel electron microscopy grids pre-coated
with formvar and carbon. Nasal exudates were diluted 1 in 2 with distilled water and applied
in 5 pl aliquots to the 300-mesh nickel pre-coated grids. After blotting excess fluid, some grids
were processed for IEM as outlined above. Grids for TEM were fixed in drops of 2%
glutaraldehyde in PBS for 10 min, exposed to osmium tetroxide vapors, rinsed in drops of
distilled water, and negatively stained with 1% phosphotungstic acid (pH = 6.6).

Hematology, clinical chemistry, and coagulation assays

Total and differential white blood cell (WBC) counts were obtained using a laser-based
(Coulter) hematological analyzer. Leukocyte differentials were confirmed manually using
a Wright-stained blood smear. Blood chemistries were measured using a Kodak 700
chemical analyzer. Prothrombin time (PT) and activated partial thromboplastin times
(APTT) were performed with an A.C.L. coagulation analyzer. Fibrinogen levels were
measured spectrophotometrically using the Clauss method.

Results

Experimental infection of six cynomolgus monkeys with the filovirus isolated
from sick monkeys during the course of the epizootic in Reston, VA, resulted in
five deaths and one sublethal infection. The clinical features of the disease
resembled the epizootic disease course, and included abrupt anorexia, weight
loss, splenomegaly, and fever (> 39 °C). Clinical signs occurred 4 to 5 days after
inoculation, followed by death 3 to 9 days later (8 to 14 days after inoculation).

Viremias were detected in all 6 monkeys (Fig. 1). Viremias >2log,, PFU/ml
were detected by day 3, for 4 of the 5 lethally infected monkeys, and for all by days
5 or 6. Viremia for the one surviving monkey (I1-90) was transient, detected only
onday 6. In contrast, viremias for the dying monkeys increased to titers >7log, o
PFU/ml by days 6 to 8, before subsiding prior to death. Antigen was detected by
ELISA in serum dilutions of 1:4 or greater when infectious viremias exceeded 2 to
3 log,, PFU/ml. Antigenemia curves closely followed infectious viremias until
the terminal stages, when antigen titers were maintained at peak values while
infectious viremias declined, perhaps as a result of early humoral antibody
response. Antibody titers >20, measured as IFAT titers to Ebola-Reston
(EBO-R) antigen, were detected as early as day 6 in experiment II, and day 10 in
experiment ITI (Fig. 1). None of the monkeys developed an antibody response to
simian hemorrhagic fever (SHF) virus, further evidence that the virus inoculae
tested in this experiment were free of SHF virus.

Tissues for 4 of the 5 lethally infected monkeys were tested for infectious virus
(Table 1). In the 2 monkeys dying on day 11 (II-95 and III-57), the liver and spleen
were clearly sites of viral replication, as were kidney, adrenal gland, and lung.
Only one brain was processed for infectivity, and it harbored viral titers no
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Fig. 1. Concentrations of infectious virus, Ebola antigenemia, and IFAT antibody to
EBO-R in sera of six cynomolgus monkeys inoculated sc with either of two EBO-R isolates
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Table 1. Infectivity of organ homogenates (10% w/v) obtained from terminally
ill monkeys inoculated with Ebola-Reston virus

Monkey # Days Log,, PFU/mlorg

serum liver  spleen kidney adrenal lung  brain
111-48 8 7.2 7.1 7.5 6.2 7.0 6.4 ND?
I11-57 11 59 7.5 7.5 7.1 7.5 6.5 ND
11-96 8 7.3 6.3 6.2 ND 6.4 ND ND
11-95 11 42 7.0 7.1 ND 8.2 ND 42

2 ND Not done

higher than the contained blood. Likewise, tissues from the two animals dying
earlier (II-96 and III-48) contained only modest concentrations of infectious
virus relative to blood. However, when tissues from III-48 and III-57 were
examined by transmission electron microscopy (TEM), viral inclusions and
budding viral particles were readily demonstrable in all tissues examined, usually
in association with fixed tissues macrophages and fibroblasts. For example,
virions were visualized in the lung of monkey III-57, in association with the

Fig. 2. Lung. Virions are present in the interstitium of alveolar septa. Poly/Bed 812 thin
section stained with uranyl acetate and lead citrate. x 29950
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Fig. 3. Lung. Thin section through alveoli shows free virions in the pleural fluids. Poly/Bed
812 thin section stained with uranyl acetate and lead citrate. x 17 500

interstitium of the alveolar septae (Fig. 2), and free in the pleural fluid (Fig. 3). In
spleen, virus was found in association with red pulp, but not white pulp. Virions
were interspersed with large deposits of fibrin (Fig. 4). In livers, virus was closely
associated with fibrin deposits in the space of Disse (Fig. 5). Using immunoelec-
tron microscopy (IEM) techniques, virions in the space of Disse were labeled
with gold particles using guinea pig antibodies against EBO-R viral antigens,
(Fig. 6). Mesenteric lymph nodes were congested with large numbers of virions,
although lymphocytes seemed to be uninvolved (Fig. 7).

To determine whether infected animals shed virus, swabs were obtained
sequentially from nasal, pharyngeal, conjunctival, and anal mucosa of animals
I11-48, I11I-57, and III-89 and tested for viral infectivity (Table 2). Pharyngeal and
nasal washes from all three monkeys yielded infectious virus prior to death.
Swabs from conjunctival and anal mucosa of only one animal, I1I-57, yielded
virus. Direct visualization of viral particles by EM in serum was easily achieved
for all 3 animals, within 5 days of inoculation (Fig. 8). In contrast, viral particles
were detectable by EM in pharyngeal washes and urines only in samples
collected from moribund animals (Fig. 9).

Localization of viral antigens was established immunohistochemically in
mucosal cells of the oral cavity, gastrointestinal tract, and urothelium (Figs. 10, 11).
Electron micrographs confirmed that virus was actively replicating in salivary
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Fig. 4. Spleen. This section through red pulp shows several clusters of virions interspersed
with large deposits of fibrin. POLY/BED 812 thin section stained with uranyl acetate and
lead citrate. x 11500

Fig. 5. Liver. Virions are closely associated with deposits of fibrin in space of Disse.
POLY/BED 812 thin section stained with uranyl acetate and lead citrate. x 31000
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Fig. 6. Liver. Positive immunogold staining of virions in the space of Disse of monkey liver
when incubated with EBO-R antiserum. LR White thin section stained with uranyl acetate
and lead citrate. x 63250

Fig. 7. Mesenteric lymph node. Thin section TEM shows medullary sinus congested with
a large mass of EBO-R virus and cell debris. Note that lymphocytes show no indication of
infection. Poly/Bed 812 section stained with uranyl acetate and lead citrate. x 7900
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Table 2. Infectivity of mucosal wash fluids obtained from experimentally
infected monkeys

Monkey # Day Log,, PFU/ml of wash fluid
pharynx nares conjunctiva anal
48 3 <? < < <
5 < < < <
7 < < < <
8 (term) 2.3 2.0 < <
57 3 < < < <
5 < < < <
7 21 < < <
10 < 2.8 2.1 2.1
11 (term) < 35 29 2.3
89 3 < < < <
5 < < < <
7 2.3 < < <
10 < < < <
14 (term) 2.9 29 < <

* < Less than 0.7 Log,, PFU/ml

Fig. 8. EBO-R virions recovered from serum of infected monkey seven days after inocula-
tion. Preparation negatively-contrasted with 1% phosphotungstic acid (pH = 6.6). x 31000
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Fig.9. EBO-R virion recovered from nasal exudate of moribund monkey. Preparation
negatively-contrasted with 1% phosphotungstic acid (pH = 6.6). x 82150

Fig. 10. Salivary gland. Immunohistochemical localization of EBO-R antigens in the sali-
vary gland duct epithelium. EBO-R antigen is also present in circulating cells within
capillaries and small venules. x 50
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Fig. 11. Urinary bladder. Immunohistochemical localization of EBO-R antigens in
urothelium. x 50

Fig. 12. Salivary gland. TEM of sublinguinal salivary gland with EBO-R viral inclusion

masses (arrowheads) in epithelial cells lining a duct (*), epithelial cells removed from the duct,

and an infiltrating macrophage (m). Poly/Bed 812 thin section stained with uranyl acetate
and lead citrate. x 7380
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Fig. 13. Urinary bladder. Viral-infected epithelial cells lining lumen of urinary bladder, with
cytoplasmic viral inclusion material, free virions in the lumen, and viral envelopes protruding
into the lumen from plasma membranes. x 25200

gland (Fig. 12), and urothelium in the bladder (Fig. 13). Thus, it is not necessary
to speculate that the source of this infectious virus was infected blood.

Selected coagulation parameters were measured in three of the infected
monkeys. Fibrin degradation product (FDP) values increased from a baseline
of 0, to 101-202 pg/ml on days 6 to 10. For one monkey (#II1-57), values
subsequently declined, indicating sytemic clearance of the FDP’s. Baseline
fibrinogen values (average 185mg/dl) increased two-fold by day 7 (average
473mg/dl) (Fig. 14), before declining to values less than baseline at death.
Prothrombin times were prolonged from an average of 9.3 sec to 15.3 sec in these
animals. Similarly, activated partial thromboplastin times increased from an
average of 34.1 sec to more than 60 sec. Platelet counts declined progressively in
all animals, and fell below 1.0 x 10° cells/dl in one animal.

Alterations in several serum enzyme concentrations were pronounced
(Fig. 15). The most striking elevations in clinical chemistries occurred in serum
lactic dehydrogenase (LDH), serum aspartate amino transferase (AST), alkaline
phosphatase (ALP), and creatinine phosphokinase (CPK). Baseline values of
LDH increased more than 8-fold in all five animals that died; peak values, which
occurred near death in two animals, exceeded 45000 and 67000 1U/1 Likewisc
values increased dramatically in the five lethally infected animals, with peak
values that exceeded 2000 1U/1 in two animals. Although alkaline aminotrans-
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Fig. 14. Coagulation parameters measured in plasmas of three experimentally infected
cynomolgus monkeys inoculated with EBO-R strain AZ 1435, 50000 PFU, sc

ferase (ALT) reached an average level of 363 IU/l in terminal animals (range
74-833 TU/1), the ALT levels never exceeded the AST levels at any time. Blood
urea nitrogen levels (BUN) remained within normal limits until animals became
moribund, at which point they rose dramatically in 3 of the 5 animals, suggesting
renal failure occurred as an agonal event.

While all the monkeys developed antibody responses to EBO-R while they
were still viremic (Fig. 1), only one monkey (II-90) survived long enough to
develop a neutralizing antibody response (Table 3). The earliest detectable
response was by IFAT, while the ELISA was somewhat delayed. By both tests,
the early response was very specific for EBO-R, with titers 8 to 12-fold higher
than for EBO-S and -Z; however, by 9 months, the responses had broadened, and
titers varied only 2 to 4-fold. The neutralizing antibody response, measured as
the LNI in a virus dilution:constant serum format, was much delayed. The LNI

14 15 16
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Table 3. Sequential serology for one monkey (II-90) surviving
Reston viral infection

Serologic Days Antibody reactivity
test R® S V4
IFAT® 0 <10 <10 <10
8 80 <10 <10
13 2560 160 160
20 2560 160 320
74 1280 160 640
181 640 80 40
323 320 160 80
423 320 160 80
LNI® 0 <03 <0.3 <03
13 <0.3 <03 <03
20 <03 <03 <0.3
30 0.5 <0.3 <0.3
74 2.3 0.4 <03
181 3.5 04 <0.3
232 4.1 0.3 <03
323 >4.1 03 <0.3
423 >4.1 0.3 <03
423 >4.1 0.3 <0.3
ELISA¢ 0 0.01 0.02 0.00
(1:100) 13 1.93 0.15 0.08
20 1.89 0.08 0.03
323 1.93 1.79 1.19
ELISA 0 0.02 0.07 0.09
(1:400) 13 1.54 0.02 0.00
20 1.05 0.05 0.01
323 1.23 0.36 0.33

2 R Ebola-Reston; S Ebola-Sudan; Z Ebola-Zaire

® Numbers represent highest dilution of serum yielding positive immunofluorescence

° LNI Log neutralization index, in a constant serum: virus dilution plaque reduction test

4 Numbers represent optical densities in reaction vessel with serum diluted either 1:100 or
1:400

was first detected on day 30, then gradually increased to reach maximal titers by
day 232. Maximal LNI titers were maintained for more than 423 days. Unlike the
IFAT and ELISA responses, the LNI did not lose specificity. EBO-R was clearly
a distinct serologic entity by cross-neutralization criteria.

Discussion

The clinical presentation and course of disease in the experimental infection of
cynomolgus macaques with EBO-R was very similar to EBO-Z in rhesus and
EBO-Z or-EBO-S in cynomolgus macaques, although the course of the disease
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was somewhat longer [1, 9, 10]. All animals experimentally inoculated with the
EBO-R isolates were febrile (>39.5°C) within 4 days, and five of the six
inoculated animals died within 8 to 14 days after inoculation. In comparison,
monkeys inoculated with EBO-Z and adapted strains of EBO-S frequently died
more rapidly, consistently within 8 days of inoculation. Viremias for the lethally
infected EBO-R monkeys exceeded 7log,, PFU/ml by day 7, a slight delay in
comparison with EBO-Z and EBO-S. EBO-R viremias as well as mortality were
higher in this experiment than were reported previously [8, 9]. This discrepancy
may reflect the different passage levels of the virus seeds in cell cultures and the
higher viral doses used in the present study. Cynomolgus monkeys infected with
EBO-R in this experiment developed anorexia, occasional nasal discharge, and
splenomegaly, the same findings reported in the cynomolgus monkeys infected
naturally with the EBO-R viruses that served as the source for the virus inocula
used here [6]. The EBO-R inocula were demonstrably free of SHF virus, whose
simultaneous presence during the Reston outbreak complicated epidemiological
analyses. EBO-R clearly had the potential to initiate and sustain the monkey
epizootic. The true role of SHF virus in the event may never be understood.

Experimentally infected EBO-R monkeys also showed petechial facial hem-
orrhages and severe subcutaneous hemorrhages in venipuncture sites, analogous
to common findings with human Ebola fever [2, 31, 32] which include wide-
spread petechial hemorrhage on the face, chest, and medial aspects of the arms
and thighs. EBO-Z also produces these lesions in experimentally infected
cynomolgus [9] and rhesus monkeys [1]. EBO-S does so apparently less often
[9].

In comparison with other reference filovirus strain infections, the IFAT
antibody response to EBO-R occurred much earlier, between 6 to 10 days after
inoculation. This was probably not a protective antibody response, however,
since all six animals responded but five of them died. Neutralizing antibodies
were not detectable until 30 days after infection in the one survivor. The LNI was
specific for EBO-R; this antiserum barely neutralized EBO-Z and -S at all,
suggesting that EBO-R is a distinct filovirus by serological criteria. The late
evolution and persistence of this specific LNI response may have some practical
importance. If neutralizing antibody is an important mediator in clearance of
viremia and can be used to effectively treat acutely ill patients, efforts should be
made to identify plasma donors whose acute illness was several months or more
previously, rather than recently convalescent patients. Also, it may well be
important to match the subtype of the virus with immune plasma for therapy.
EBO-R immune plasma would not be predicted to protect against EBO-Z or -S,
and on the basis of preliminary testing in guinea pigs, inappropriately matched
antiserum might even precipitate immunologically enhanced disease (P. Jahrl-
ing, unpubl. obs.).

In the experimentally infected EBO-R monkeys, the most striking elevations
in clinical chemistries occurred with serum lactic dehydrogenase (LDH), serum
aspartate amino transferase (AST), alkaline phosphatase (ALP), and cretinine
phosphokinase (CPK). These serum enzymes are non-specific markers of cellular
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injury, and when elevated as a group reflect tissue necrosis in multiple tis-
sues,most notably striated muscle, gastrointestinal tract, lymphoid tissue, and
liver. While the ALT values (considered specific markers for hepatocellular
damage) were elevated, the ratios of AST:ALT values exceeded 5, suggesting that
there are critical extrahepatic viral targets. BUN and creatinine values were
markedly elevated, but only in terminal animals, suggesting acute renal failure as
a contributing cause of death, and perhaps as a consequence of disseminated
intravascular coagulation (DIC).

The coagulation values, presence of FDP’s, and declining platelet counts of
infected monkeys in this experiment were consistent with a clinical diagnosis of
DIC. This diagnosis was confirmed histologically by the presence of fibrin
thrombin in tissues of necropsied monkeys, and was reported as a consistent
finding in the previous references. While the coagulopathy in EBO-Z infected
rhesus monkeys was characterized previously as related to neutrophilia, failure
of platelet function and defects in the intrinsic system [10], the exact nature and
pathogenesis of the coagulopathy in EBO-R infection will require further
investigation. The clinicopathologic picture of sustained neutrophilia, leakage,
enzymes indicating multiple tissue damage, and consumption coagulopathy
suggest a complex interactive relationship between the three events. Sustained
neutrophilic response is uncharacteristic of most viral infections, and in the case
of Ebola viruses, may be a response to a combination of chemotactic factors
released from tissue damage directly induced by virus infection, ischemic tissue
damage occuring secondary to intravascular thrombus formation, and soluble
mediators released when platelet aggregation occurs.

Infectious viremia levels exceeded 7log,, PFU/ml of blood, and infectious
virus was readily isolated from swabs of the nasal, pharyngeal, conjunctival, and
anal mucosa. While the possibility could not be excluded that some of the
infectious virus isolated from bodily fluids originated from blood, virus clearly
replicated in mucosal cells of the oral cavity, GI and urinary tracts. Likewise, by
TEM, Ebola virus replication was demonstrable in these cells and in alveoli,
suggesting the potential of generating infectious aerosols from these animals. Thus,
virus shed in bodily secretions and in aerosols may be significant sources of
contagion. It may also be significant that EBO-Z virus is demonstrably infectious
for monkeys exposed by the oral or conjunctival routes [33]. To reduce the spread
of Ebola virus, taking precautions against all routes of exposure, including the oral,
conjunctival, and aerosol routes are appropriate [2, 6].

One of the two EBO-R isolates (AZ-1435) tested in this study was isolated
from a monkey with interstitial pneumonia during the apparent airborne
transmission phase of the outbreak at Reston [6]. Although the numbers of
experimentally infected monkeys was not statistically significant, AZ-1435 infec-
tion was associated with interstitial pneumonia in 3 of 3 inoculated monkeys,
while the other EBO-R isolate (H25) was not. This suggests that EBO-R may
have accquired a pneumonic potential during the course of the outbreak. The
four workers with serologic evidence of infection seroconverted during the later
phase; for three of these, aerosol was the presumed route of exposure [4, 26]. Had
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EBO-R been as virulent for humans as reference strains of EBO-Z and -S, the
combination of pneumonic tropism and virulence could have resulted in
multiple aerogenic transmissions and a major human outbreak. Phylogeneti-
cally, based on nucleotide sequences, EBO-R is as closely related to EBO-Z and
-S as these human pathogens are to each other [7, 25, 29]. There is no guarantee
that future filovirus isolates will not possess the attributes of both virulence and
aerosol potential.
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Passive immunization of Ebola virus-infected cynomolgus
monkeys with immunoglobulin from hyperimmune horses
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Summary. A commercially available immunoglobulin G (IgG) from horses,
hyperimmunized to Ebola virus, was evaluated for its ability to protect cynomol-
gus monkeys against disease following i.m. inoculation with 1000 PFU Ebola
virus (Zaire *95 strain). Six monkeys were treated immediately after infection by
i.m. injection of 6.0 ml IgG; these animals developed passive ELISA titers of 1:160
to 1:320 to Ebola, two days after inoculation. However, the beneficial effects of
IgG treatment were limited to a delay in onset of viremia and clinical signs, in
comparison with untreated controls. The six IgG recipients had no detectable
viremia day 5, in contrast with three virus infected controls whose viremias
exceeded 7.0log, , PFU/ml that day. The controls died on days 6, 6, and 7, while
two IgG recipients died day 7 and the remaining 4 died day 8, all with high
viremias. These results document that passively acquired antibody can have
a beneficial effect in reducing the viral burden in Ebola-infected primates;
however, effective treatment of human patients may require antibodies with
higher specific activities and more favorable pharmacokinetic properties than
the presently available equine IgG.

Introduction

The recent outbreak of Ebola fever in Zaire claimed 244 human lives  MMWR
95) among 344 cases and attracted world-wide attention to the highly virulent
nature of this viral infection [2, 3, 13]. Unlike some other viral haemorrhagic
fevers (VHF) for which effective antiviral drugs have been identified, Ebola virus
infections can not be effectively treated [11]. Immune plasma has been used
successfully with other VHF infections [8, 9, 11] and there are anecdotal case
reportsin the literature suggesting the potential benefits of passive immunization

Present addresses: * World Health Organization, Geneva, Switzerland; ** Special
Pathogens Branch, Centers for Disease Control, Atlanta, Georgia, U.S.A.
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against Ebola infection [1]. In the waning days of the 1995 outbreak, reports
began to surface that whole blood transfusions from recently convalescent
patients had been used with remarkable success to treat acutely ill Ebola fever
patients. Evaluation of those studies must await formal publication and analysis
of the virological and immunological aspects of the treated patients in compari-
son with untreated cohorts. Even if these whole blood transfusion studies
withstand scientific scrutiny and prove the principle of antibody therapy for
Ebola fever, the problems of acquiring, processing, and storing this material
would remain [6].

In June 1995, the World Health Organization (W.H.O.) was made aware of
the existence of hyperimmune immunoglobulin G (IgG) against Ebola, prepared
by Russian investigators in horses [6]. This product had been reported to protect
baboons experimentally infected with Ebola virus [10] and was offered by the
Russian Association “Epidbiomed” for sale to the W.H.O. to be used in Zairian
patients. The W.H.O. obtained several hundred doses of this product, and
requested that the United States Army Research Institute of Infectious Diseases
(USAMRIID), in its capacity as a W.H.O. collaborating Center-Designee with
BL-4 primate capability evaluate this product in cell culture and in animal
models. Purified equine IgG would circumvent many of the problems associated
with human plasma acquisition, and would probably contain higher concentra-
tions of neutralizing antibodies. This report documents the initial evaluation of
the “Epidbiomed” hyperimmune IgG product.

Materials and methods

The IgG was received in 3 ml glass vials from Epidbiomed, labeled, “Immunoglobulin against
Ebola fever, from horse antiserum, liquid, (basic preparation), Lot N34”. These vials contained
colorless, weakly opalescent liquid. Total IgG was determined by nephthalometry, based on
antigen-antibody binding between the sample and anti-horse IgG. Purified horse 1gG was
the standard. Reagents were from Cappel Laboratories, Inc. The sample was devoid of
hemoglobin; total protein was 140 mg/ml, and total IgG was 120 mg/ml. By size exclusion
chromatography using Pharmacia Superose-12 and Superose-6 columns and a Pharmacia
FPLC instrument, chromatographic profiles and elution profiles of the sample were com-
pared with reference (Cappel) equine IgG. On both columns, the sample gave a single
symmetrical peak with an elution volume identical to the IgG standard. No albumin or
higher molecular weight materials (aggregates) were found in the sample. Sodium dodecyl-
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the IgG sample gave the expected
peaks for heavy and light chains; it was free of albumin, and exhibited a high degree of purity.

The anti-Ebola titers of the equine IgG were measured in several standard serological
tests. The indirect immunofluorescent antibody titer (IFAT) was measured using Ebola-
Zaire infected vero cells [4] and amounted to 1:20480. By ELISA, using Ebola-Zaire infected
vero cell lysate as antigen [ 7], the IgG titered 1:256 000. The neutralizing antibody titers were
determined by plaque reduction in both the serum dilution test (PRNT) against 100 plaque
forming units (PFU) of Ebola-Zaire (Mayinga strain) and in the virus dilution test using
a constant serum dilution (1:100) which yields a Log,, neutralization index (LNI) as
described [4]. The 80% PRNT titer was 1:2 560, and the 50% PRNT was 1:10240. The LNI
was 4.2 against both Ebola-Mayinga and against a 1995 isolate of the virus (#807224)
obtained from the Centers for Disease Control, Atlanta, GA. These neutralizing antibody
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titers are much higher than any we have ever measured in human convalescent plasma.
Passive equine IgG titers against Ebola virus were determined by a modification of the
standard procedure [7] using goat anti-horse 1gG. Quantitation of total horse IgG in
monkey plasma was by ELISA, using a reference standard (Cappel Laboratories, Durham,
NC, USA) to generate a standard curve.

Cynomolgus monkeys were used to measure protective efficacy of the IgG. Nine
monkeys, weighing 56 kg, were anesthetized with Telazol and inoculated i.m. in the leg with
0.5ml containing 1000 pfu of Ebola (Zaire ’95) virus. Three of these monkeys served as
untreated, virus controls. The remaining six monkeys were treated immediately following
virus administration by inoculation of 6.0ml undiluted equine IgG, as supplied by Epid-
biomed, (2.0 ml in each of three sites, both arms plus the leg opposite that inoculated with
virus). Monkeys were supplied with food and water ad libidum and housed in individual
cages in the BL-4 facility. They were anesthetized with Telazol on days 2, 5, and 7 following
virus inoculation, (or, when terminally ill, on days 6 or 8) and bled for determination of
infectious circulating virus, passive antibody titers, and standard hematological
and clinical pathology parameters. Temperatures were also determined with a rectal probe
while the animals were being bled. All animals were closely monitored twice daily and
were scored objectively for a number of clinical parameters. All terminally ill monkeys
were euthanized and necropsied for pathological examination. Viral infectivity assays on
plasma and tissue homogenates were performed as described by plaquing on vero cell
monolayers [5].

Results

The beneficial effects of IgG treatment were limited to a delay in onset of viremia
and clinical signs, and a prolongation in mean time to death (from 6.3 days in
untreated controls to 7.7 days in IgG recipients). Five days after Ebola virus
inoculation, the three cynomolgus monkeys that served as untreated controls
were febrile (>40 °C) and anorectic; all three had developed moderate to severe
petechial rashes on the arms and lateral thorax. In contrast, none of the six
virus-infected IgG recipients displayed any visible signs of illness on day five.
Most impressively, the treated group had no detectable viremia on day 5, in
contrast with control animals whose viremia exceeded 7log,, PFU/ml that day
(Fig. 1a). However, 5 of the 6 treated animals were febrile (range 38.6-40.1 °C)
and hematologic data revealed a leukocytosis (24 500 WBC/mm?3, 87% seg-
mented neutrophils), like untreated controls. On day 6, two of the three controls
died, while all of the IgG recipients became symptomatic. By day 7, the third
control had died, and all six treated animals were viremic (> 7log,, PFU/ml)
and febrile (range 38.5-40.6°C). Two IgG recipients died day 7, while the
remaining four animals died day 8 (Fig. 1a).

Comparison of increases in clinical chemistry values (including AST, GGT,
and BUN) between groups confirmed the impression that IgG treatment served
only to delay the onset of disease. Comparison of infectious viral burdens in
target tissues of treated versus control animals indicated no significant effect of
IgG on quantitative or qualitative distribution of virus, and preliminary his-
topathologic examination of tissues revealed no suggestion of immunologically
mediated disease in IgG recipient animals.
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Fig. 1. a Geometric mean titer of virus in plasmas from three Ebola virus-infected cynomol-
gus monkeys (controls, open triangles) and six virus-infected IgG recipients (open squares).
Days of death are recorded for controls (black crosses) and IgG recipients (open crosses).
b Geometric mean antibody titers in virus-infected IgG recipients and controls. Total equine
1gG in recipient animals ranged from 1:16 000 to 1:32000 day 2 (open squares) and was
sustained through day of death, day 7 or 8. Total equine IgG was undetectable in controls
(open triangles). Specific equine Ebola ELISA titers ranged from 1:160 to 1:320 on day 2
in IgG recipients (black circles); these titers were sustained through day 5 but then declined to
undetectable titers day 7. Passive Ebola IgG titers in controls remained undetectable (black
triangles)

The IgG recipient animals acquired passive anti-Ebola (equine) IgG titers
ranging from 1:80-1:320 on day 2 (geometric mean = 226) (Fig. 1b). The geomet-
ricmean titer of total equine IgG was 1:28 508 (or 108 pg/ml) on day 2. The titer of
total equine IgG was sustained above 1:16 000 (> 52 ug/ml) through day 8, when
the animals died. In contrast, the specific anti-Ebola antibody titers were
sustained only through day 5, but then declined to undetectable levels by day 7.
This disappearance of specific anti-Ebola antibody coincided with the dramatic
evolution in viremia between days 5 and 7 in the IgG recipient animals. None of
the animals developed active immune responses to Ebola before they died.

The kinetics of passive IgG disappearance suggested that a second infusion of
IgG around day 5 might be beneficial. In uninfected monkeys inoculated with
6 ml of equine IgG, we determined that passive IgG titers (both total and Ebola-
specific) were maintained through day 8 at titers of 1:16 000 and 1:160, respective-
ly, then disappeared on day 9, suggesting immunological clearance. Although
testing the potential benefit of a second IgG infusion on day 5 has merit, the
possibility of inducing serum sickness must be considered. Also, the rapid
evolution of viremia between days 5 and 7 suggests that target tissues were
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already virologically involved on day 5. Humoral antibody is unlikely to be
effective in clearing virus from infected tissues. Moreover, the total infectious
viral burden in the entire animal is likely to exceed the neutralizing capacity of
the IgG infused on day 5. The ability of IgG to prevent infection of target tissues
and to prevent spread, once infection is established, may be clarified by im-
munohistological assessment of viral antigen distribution in target tissues from
sequential sacrifice studies, now being considered.

Discussion

The results of protective efficacy studies must be interpreted with caution. While
the present studies demonstrated failure of the equine IgG to protect cynomolgus
monkeys against lethal Ebola virus infection, previously published studies using
small numbers of Hymadryl baboons suggested the opposite [8]. In those
experiments, two baboons receiving the same dose of IgG (6 ml/6 kg baboon) two
hours prior to virus inoculation survived; two of three baboons treated with IgG
immediately after infection also survived. Cynomolgus monkeys develop higher
viremias and die more quickly with higher viral titers in target tissues than
baboons infected with Ebola; thus the odds of treatment success may be less in
the cynomolgus monkey model. The strain and dose of Ebola virus may also be
a factor; the present studies used a recent Ebola virus isolate from the 1995 out-
break in Zaire, and the dose (1 000 PFU, i.m.) could be somewhat higher than the
30 LD, (for African green monkeys) dose used in the baboon study [ 8]. In preli-
minary studies using strain 13 guinea pigs infected with a guinea pig-adapted
strain of Ebola-Zaire (Mayinga), we demonstrated that animals treated with the
equine IgG (1ml/kg, i.m.) simultaneously with injection of 1000 GPLD,,
survived, with no detectable viremia but eventual seroconversion to the infecting
virus strain. It was on this basis that we initiated the monkey studies. However,
we subsequently learned that when treatment of guinea pigs was delayed until
the onset of detectable viremia (day 4), IgG was totally ineffective in preventing
death, and even failed to clear the modest (3—41og,, PFU/ml) viremia.

The equine IgG would thus be predicted to have marginal effectiveness in
treating human patients with acute Ebola virus infections. In both the published
baboon studies [8] and the cynomolgus monkeys and guinea pig studies
reported herein, the dose of IgG was 1 ml/kg. This is ten-fold higher than the dose
recommended by the manufacturer for human treatment. There is no reason to
postulate that lower doses of IgG would be more effective than higher doses in
animal models, further eroding confidence in the efficacy of this IgG for
treatment of human patients. However, in the absence of any data regarding
adverse clinical reactions in human patients, the potential benefit of this IgG in
suppressing the infectious viremia might drive a recommendation to use it in an
acutely ill patient. Recent verbal reports that patients were effectively treated
with whole blood transfusions from recently convalescent patients in Zaire
suggest that quantities of antibody, predicted to be marginally effective in
laboratory tests, may still be beneficial in actual human cases. If neutralizing
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antibody is the protective entity, then the equine IgG (with an LNI=4.1) is
clearly superior to the majority of convalescent human plasma (with LNI < 1.0).

Perhaps the principal value of the equine IgG is that for the first time it has
been possible to demonstrate that passively acquired antibody has a beneficial
effect in reducing the viral burden in an Ebola-infected primate. Thus, investment
in strategies using human monoclonal antibodies, which may have higher
specific activities and more favorable pharmacokinetic properties than equine
IgG, is clearly indicated.
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Patients infected with high-hazard viruses:
scientific basis for infection control
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Atlanta, Georgia, > United States Army Medical Research Institute for
Infectious Diseases, Ft. Detrick, Frederick, Maryland, U.S.A.

Summary. Most of the viral hemorrhagic fevers (VHFs) are caused by viruses
that are handled in high containment laboratories in Europe and the United
States because of their high pathogenicity and their aerosol infectivity. Special
precautions should be taken when caring for patients infected with these viruses,
but most hospitals can safely provide high-quality care. The major danger is
parenteral inoculation of a staff member. Fomites and droplets must be consider-
ed as well. The role of small particle aerosols in inter-human transmission
continues to be controversial. We believe that the aerosol infectivity observed for
these viruses in the laboratory and the rare clinical situations that suggest
aerosol spread dictate caution, but the many instances in which no transmission
occurs provide a framework in which a measured approach is possible. The
major challenge is in early recognition by an educated medical staff and rapid
specific etiologic diagnosis.

Introduction

In the last year, there has been increasing recognition by the general medical
community and the public of two basic facts: many viral diseases exist worldwide
and modern rapid travel can transport these diseases anywhere on the globe
within their incubation period. The introduction of exotic viruses into human
populations is usually accompanied by several concerns, including the risk of
inter-human transmission and the possibility of the viruses establishing them-
selves in the new environment. There is also an almost inevitable fear factor
compounded by a lack of knowledge about the disease by medical science in
general and particularly at its site of distant introduction. We will attempt to give
some perspective to these concerns and to develop principles that can assist in the
management of such virus infections. The viruses we will discuss are those that
cause a syndrome referred to as viral hemorrhagic fever (VHF). This is a severe
multi-system disease with diffuse vascular damage and dysregulation often
accompanied by hemorrhage; the bleeding manifestations are generally a reflec-
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tion of widespread tissue involvement rather than being life-threatening in
volume. Most of the viruses that cause this syndrome are aerosol infectious and
therefore pose a particular hazard in the laboratory and perhaps in the medical
care setting.

The viruses commonly associated with the VHF syndrome are listed in
Table 1. They are all zoonotic, lipid-enveloped RNA viruses. Several viruses will
not be considered further. For example, dengue virus is not a highly virulent
organism and is not associated with inter-human transmission; therefore, the
only precaution needed for dengue patients is screening from mosquitoes to
prevent further arthropod transmission. Viruses of the genus Hantavirus, such as
Hantaan virus (causing HF with renal syndrome) and Sin Nombre virus (causing
hantavirus pulmonary syndrome), are hazardous in the laboratory and particu-
larly so when working with inoculated rodent reservoirs. However, patients
infected with these agents have never been associated with inter-human trans-
mission, presumably because the immune response occurs at the onset of disease
and reduces viral titers ([44], C. Vitek, unpubl. data), and no special precautions
are needed with these patients.

The remaining diseases provide a difficult problem to evaluate. The incidence
of person-to-person transmission varies greatly, and nosocomial transmission
has ranged from common and predictable to rare and unpredictable. The
potential transmission mechanisms include direct contact or direct projection
of droplets onto mucous membranes; indirect transmission via fomites and body
fluids; and airborne transmission via small-particle aerosols. The viruses that
cause these diseases are all infectious by aerosol in the laboratory, and because of
their lethal potential for humans require either biosafety level (BSL)-4 contain-
ment or BSL-3 containment and vaccination (Table 1) [72]. Nonetheless,
the absolute risk to family members and medical staff is low and it is by no
means established that aerosols are a major consideration in inter-human
transmission.

To approach the problem of when and why such patients pose a health risk to
those around them, it is necessary to evaluate the sparse field data available from
human infections, consider information gleaned from pathogenesis experiments
in animals, review little-appreciated facts surrounding small-particle aerosols,
and examine previously published guidelines [ 11, 16]. This information can be
synthesized into an approach to the care of infected patients who may present far
from the area where they acquired infection.

Human data

The ultimate test of the risk of caring for patients with VHF comes from direct
observations in hospitals, but these data are scarce, derived under varying
conditions of medical management, and often ambiguous. Thus, we also take
into account surrogates in our decision process. These include data on natural
and laboratory-associated infections of man and virologic observations of
humans.
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Field observations

Field data are necessarily limited in their reliability. They often are collected in
areas of the world with an underdeveloped public health and economic infras-
tructure. The virus concerned may be endemic, thus masking person-to-person
transmission which may be attributed to other sources of infection; alternately,
previous exposure to the virus may have provided immunologic protection to
medical staff. Occult use of unsterilized needles and other instruments can lead to
iatrogenic transmission that can be mistaken for other mechanisms of spread.
The worst outbreaks are more likely to be reported, but small episodes can easily
be overlooked or mis-attributed. In spite of these caveats, several observations
have been made that are worth consideration.

Lassa fever can be spread person-to-person among medical staff in the
absence of parenteral exposure [ 58], but hospitals in Sierra Leone have reported
a very low incidence of disease among health care providers in spite of caring for
large numbers of Lassa fever patients [32]. However, there has been at least one
large, well-documented nosocomial Lassa fever outbreak in Nigeria in which 24
patients were infected, with a 54% mortality rate [10]. Careful investigation
failed to identify the mode of transmission. The index patient was severely ill with
prominent cough and her bed was in front of an open window that ventilated the
general ward, suggesting the possibility of aerosol spread. Investigation of
a Nigerian family outbreak in 1993 (P. E. Rollin, unpubl. data) also suggested
person-to-person spread without any parenteral component. Seven Lassa fever
patients have been cared for in Western countries without incident [24].

Argentine HF has been suspected of nosocomial spread in a single patient
who disseminated the disease to family and medical staff (J. I. Maiztegui, unpubl.
data). Bolivian HF was generally regarded as a disease with little potential for
person-to-person spread, but two spouses of infected investigators became ill
outside the disease-endemic area [20]. A serious nosocomial Bolivian HF
outbreak occurred in 1971 outside the disease-endemic area; family members
were in close contact with the index patient case including demonstrative
embraces, but one student nurse was infected after only watching a demonstra-
tion of changing bed linen by a nursing instructor [68]. In 1994 a Bolivian HF
case in a private home was associated with subsequent fatal infection among 4 of
6 exposed household members and 2 additional non-household family members
under circumstances suggesting that at least some were likely small particle
aerosol mediated (T. G. Ksiazek, unpubl. data).

Several nosocomial Crimean-Congo HF outbreaks have been noted. These
are usually associated with an index patient who presents with severe illness and
hemorrhage and considerable exposure to blood occurs during patient care
procedures. The majority of cases are not associated with inter-human trans-
mission [81-83].

Among filovirus outbreaks, inter-human transmission is the rule and medical
staff are particularly at risk. Most, but not all, infections involve close contact
with sick patients. In modern health care settings, Marburg virus has resulted in
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a low attack rate among hospital staff. In less well-appointed hospitals, Ebola
virus has devastated the medical staff and led to the abandonment of hospitals
[14, 33, 62, 85]. About 5% of family members were infected during the 1976
Ebola epidemic in Zaire [33]. During the 1995 Zaire Ebola epidemic a 16%
secondary attack rate among family members was found and two patients were
noted to have particularly large numbers of infected contacts [15]. In all cases,
epidemics have been controlled by instituting proper medical care precautions in
which mask, gown, and gloves are worn and by educating local residents about
ways to reduce their risks, including changes in burial practices and minimizing
contact with sick persons.

These patterns strongly suggest that the major modes of inter-human
transmission of HF viruses are by direct contact, larger droplets, or fomites and
that virus spread requires close proximity. However, it is difficult to exclude
a component of small particle aerosol transmissibility, particularly in the
hospital-centered outbreaks. The reasons for these occasional common-source
epidemics are unknown. One possibility is that a uniquely pathogenic or
transmissible virus strain is circulating. A more likely explanation is that virus
replication occurs at an unusually high level in a particular patient and this is
responsible both for the severity of the patient’s illness as typically observed and
for an increased shedding of virus into the environment, resulting in a cluster of
secondary cases. It is instructive to compare the situation now prevailingin VHF
epidemiology with Langmuir’s reprise of concepts of measles, smallpox, and
rubella epidemiology [46]. The similarities among these three diseases include
the incomplete understanding of transmission patterns if a component of aerosol
transmission is not considered,the reluctance of many to accept invisible aerosols
as being an important vehicle of infection, and the presence of occasional “super-
spreaders.” It is not known what the eventual explanation will be in the VHF.

Natural and laboratory infections

In the case of arenaviruses, rodent-to-human transmission frequently results
from human exposure to aerosolized excreta or secreta of infected rodents.
Arenaviruses, Rift Valley fever virus, and to a lesser extent Crimean-Congo HF
viruses are well known for their small particle aerosol transmissibility in the
laboratory [2, 72]. There is much less experience with filoviruses because they
have been BSL-4 agents virtually since their initial isolation. In the original
Marburg virus outbreak, numerous laboratory staff working with monkey
blood and tissues as well as cell cultures were infected, but none of these persons
were using appropriate precautions and they were exposed to large amounts of
virus-containing fluids.

Virus in blood and body fluids

Another relevant variable for the transmissibility of the VHF agents, by what-
ever means, is the amount of virus present in blood and other patient materials
(Table 2). Data are incomplete, but suggest considerable variation among
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viruses. The lack of data on viral titers and duration of viral secretion in many
bodily secretions such as faeces, urine, saliva, semen, cervical fluids, sweat, and
tears underscores the difficulties in formulating guidelines for managing conva-
lescent patients.

Experimental infections

Because of the lack of detailed information about human infections, it is
worthwhile to examine the lessons that animal models may contribute. Models
that mimic the pathogenesis of human diseases in most respects are selected for
consideration, although there may be quantitative differences compared with
diseases in humans. These models have been invaluable in developing diagnostic
and therapeutic approaches to the various forms of VHF. In this discussion,
these models may also provide the only data on the early stages of infection,
which have never been studied in humans.

Pathogenesis of virus infections (Fenner model)

Our understanding of virus pathogenesis is often measured against the classic
model developed by Frank Fenner for mousepox or ectromelia infection of the
laboratory mouse (Fig. 1) [23]. While the basic scheme has many variations, the
conceptual pattern holds for most acute viral infections. Mice are inoculated
with ectromelia virus subcutaneously in the hind limb and virus is carried in the
lymph to the draining lymph node. It multiplies locally and is discharged via
efferent lymphatics into the subclavian vein, resulting in what is referred to as the
“primary viremia.” The primary viremia infects certain target organs that are
important sites of multiplication for virus and seed the bloodstream with the
“secondary viremia.” This viremia then results in infection of the skin and other
organs that serve as portals to the environment.

Pathogenesis of hemorrhagic fever models

Although the detailed pathogenesis of most of the VHFs has not been described,
excellent animal models exist for several of these diseases and patterns resembl-
ing Fenner’s model are commonly found. Infection with arenaviruses, Rift Valley
fever virus, or filoviruses by the parenteral route results in viremia and subse-
quent infection of target organs. The timing of infection of organs such as lung,
salivary gland, kidney, bladder, and others that can lead to excretion of virus to
the outside is not known in detail, but all of these are targets for one or more of
these viruses. In several models, the actual excretion of virus has been measured
(Table 3). As expected from the Fennerian paradigm, the excretion of virus
follows the onset of viremia and overt disease.

Lassa viruses infect macaques by most routes of inoculation; in the few
instances in which infectivity has been measured, the severity of disease reflects
virulence for humans. Highly virulent strains are almost uniformly fatal for
cynomolgus macaques [37]. The disease is characterized by a viremia that is first
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Ulceration lesion (reproduced from [23])

detectable 3 days after intramuscular inoculation, increases to a peak concentra-
tion >6log,,PFU/ml around day 10, and continues until the animals die
around day 14-18. By the time of death, the virus is actively replicating in most
organs, including the urinary tract epithelium and salivary gland. Thus, throat
swabs contain virus after day 10 until death. Significantly, virus occasionally has
been isolated from throat swabs of animals whose viremia was suppressed by
treatment with ribavirin (P. B. Jahrling, unpubl. data). Lassa virus concentra-
tions in urine are quite variable, but when efforts are made to stabilize viral
infectivity by addition of protein, viruria titers usually range from 5.5 to
6.5log,,PFU/ml beginning on day 10 and persisting until death. Monkeys
inoculated with Bolivian and Argentine HF viruses (Machupo and Junin viruses,
respectively) live somewhat longer but exhibit similar patterns. For the hemor-
rhagic Espindola strain of Junin, viremias range from 67 log, ,PFU/ml, peaking
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around day 17 and declining until death around day 25. The neurologic Ledesma
strain is associated with lower viremias. Both viral strains are shed in the saliva to
a greater extent than thought to occur in humans; peak titers occur after peak
viremias, but persist until death, often at concentrations higher than the corre-
sponding viremias. No attempts have been reported to isolate virus from faeces
Or semen.

In contrast with the VHF's associated with the arenaviruses, Rift Valley fever
(RVF) virus is not routinely fatal for macaques. However, RVF did cause
a significant viremia (5.5-6.51log,, PFU/ml) which peaked early (days 2-3)
before subsiding. Severity of disease did not correlate closely with magnitude of
viremia, but viremia that lasted longer than 3—4 days did. Although attempts to
isolate virus from throat swabs have not been reported, the occurrence of
epistaxis in acutely ill monkeys probably means that oropharyngeal secretions
are infectious. Like RVF, yellow fever infection of macaques is characterized by
high viremias which rapidly resolve. Yellow fever infection of rhesus macaques is
associated with 50% mortality; lethally infected monkeys develop viremias in
excess of 7log; o PFU/ml in contrast with survivors with peak viremias of 4.5 to
5.2log,, PFU/ml. Despite systematic testing, yellow fever virus has not been
isolated from the throat swabs. This correlates with the lack of ready yellow fever
transmission in humans.

Despite the fulminant nature of human Crimean-Congo HF infection, no
adequate animal model is available for pathogenesis studies.

Marburg virus infections are usually fatal for macaques exposed by any
route. Time to death depends on viral strain and dose; generally, monkeys die
7-11 days after exposure with viremias developing early and reaching peak titers
around 7log,, PFU/ml by day 7. Throat swabs become positive for virus about
the same time, but quantitative data are lacking.

Likewise, urine frequently contains Marburg virus soon after onset of
viremia, but titers are highly variable [3, 75]. Experimental Ebola virus infec-
tions are similar, with infectious viral burdens dependent on viral strain and
route of exposure [25, 26, 36]. Most macaques inoculated with Ebola virus
develop lethal infections and high viremias before death. Virus titers in throat
swab range from 2 to 4log,,PFU/ml, and urine specimens contain trace
amounts of virus before death. Likewise, swabs of anal mucosa of terminally ill
monkeys frequently contain infectious virus, which may reflect upper or lower
gastrointestinal bleeding [36]. Recent examination of skin biopsy specimens
from Ebola virus-infected monkeys by using immunohistochemical methods
have demonstrated viral antigens in skin and appendages (N. K. Jaax, unpubl.
data), analogous to the observations in human patients (S. Zaki, unpubl. data).

Experimental transmission

Transmission between infected laboratory animals may occur in the course of
other experimental studies or exposure of naive animals may be designed as
a controlled experiment. Inadvertent transmission of Lassa virus to monkeys
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was reported to occur when 12 cynomolgus macaques were introduced into
a room occupied by guinea pigs and mice inoculated 12 days previously with
a virulent strain of Lassa virus. Before the aerosol transmissibility of Lassa virus
was fully appreciated, monkeys were conditioned to the BL-4 laboratory shared
with other animals. Although the monkeys were not inoculated and had not been
handled in any way, within 3 weeks, two of them died and Lassa virus was
isolated from all organs tested. At other times, uninoculated monkeys were
observed to seroconvert to Lassa virus without developing overt disease. While
transmission between monkeys is possible, documented occurrences of inadver-
tent Lassa infection in monkeys have always involved exposure in rooms
containing infected guinea pigs or mice and their bedding (P. B. Jahrling, unpubl.
obs.). However, infectious Lassa virus titers in monkey urine frequently exceed
6log,, PFU/ml, sufficient to transmit infection either by droplets or by true
aerosol.

Transmission of Junin virus was also documented, on two occasions, to occur
between inoculated monkeys and controls in adjacent cages. In both instances,
this involved the Espindola strain, which is associated with the hemorrhagic
form of the disease, characterized by mucous membrane hemorrhage coupled
with high viremia and high titers of virus in throat swab, salivary gland, and
urinary tract tissues (McKee, Peters, and Mahlandt, unpubl. obs.).

Experimental transmission of Marburg virus was reported [71, 75] to occur
most efficiently when monkeys were co-housed. Monkeys caged separately but
downwind of infected monkeys also became infected. In addition, transmission
of Marburg virus occurred between monkeys housed in special cages where
monkeys faced each other nose-to-nose and contact with feces and urine was
minimized by physical barriers. The latter experiment does not exclude the
possibility of transmission through larger droplets on the conjunctiva or through
ingestion.

Both guinea pigs and monkeys have been experimentally infected with Ebola
virus by direct instillation of drops onto the eye or into the throat ([34], P. B.
Jahrling, unpubl. data). This observation raises the importance of full face
protection for health care workers to avoid infection via the conjunctival or
alimentary routes. As with many of the other VHF agents, Ebola virus has been
documented to spread between experimentaly infected and control monkeys in
separate cages [ 35]. In addition, during the Ebola epizootic at Reston, there was
clear evidence of transmission within and between rooms of monkeys under
conditions in which aerogenic spread was considered possible [ 19]. This finding
is compatible with the observation that Ebola viral antigen in the lungs of the
infected monkeys had a bronchocentric distribution described previously for
monkeys experimentally exposed to Ebola virus aerosols in a controlled experi-
ment [39]. This mode of transmission also fits with the demonstration of Ebola
viral antigens in secretions on mucosal surfaces of the nose and oropharynx
[29, 36] and respiratory epithelium of experimentally infected monkeys and
guinea pigs (Fig. 2) (P. B. Jahrling, unpubl. data). It may be that infection of
respiratory epithelium leads to a vicious cycle in which increased viral shedding
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Fig. 2. Photomicrograph of lung tissue from an orally infected guinea pig showing cluster of

Ebola virus (arrowheads) particles free in alveolar space (A4) associated with degenerate

alveolar macrophages (M). Note the characteristic filoviral inclusion (*) in the cytoplasm of
a type I alveolar epithelial cell. Bar: 3.0 um. Kindly provided by Thomas W. Geisbert

via the respiratory route results in increased secondary infection via the respir-
atory route [ 12, 19].

Small-particle aerosols
Definition

When liquid suspensions containing viruses are dispersed in the air, the sizes of
the particles formed are extremely important in their subsequent behaviour
(Fig. 3). Larger droplets (>5-10pum) settle out rapidly and under ordinary
circumstances travel no further than one or perhaps 3 meters, during which they
may contact skin or mucous membranes and their presence may actually be felt
as moisture or another sensation. If air containing such droplets is inspired, they
are largely trapped in the turbinates or impinge on the posterior pharynx.
Smaller particles (1-5 um) have markedly different properties and will be
referred to here as small-particle aerosols or simply aerosols. They will remain
dispersed in the air and circulate as airborne particles for long distances without
settling. If inspired, they will penetrate deep into the lung, and Brownian motion,
sedimentation, and turbulence will result in retention of about half of them in the
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Fig. 3. Hypothetical fate in the environment of droplets and 1-5 pm small-particle aerosols

generated from an infected patient. Small-particle aerosols do not settle out at an appreciable

rate but spread, so that as the distance from the source increases, their concentration in air

decreases in proportion to 1/r3. This calculation ignores decay of the aerosol from physical

factors, such as drying and ultraviolet radiation or convective disturbances by air currents
(biological t, , for many VHF agents is approximately 15-30 mins)

lower respiratory passages or alveolae [61]. These particles are not efficiently
filtered from air by ordinary surgical masks and therefore enhanced respiratory
protection must be used. Smaller particles (<1 pm) will remain in suspension
and be carried on air currents, but their pulmonary retention is much less until
they reach very small sizes and retention increases again.

Regardless of particle size and the major anatomic area of deposition, some
particles will be retained at all sites. Particle handling varies with respiratory
rate, mouth-breathing, and other factors to make these generalizations very
approximate. Furthermore, ciliary action will move materials through the
respiratory tract, including the oropharynx where they may be swallowed.

Thus, the generation of infectious small particle aerosols raises several
concerns: 1) they may be carried on air currents and may pose a hazard if
inspired, 2) special filters must be used for respiratory protection against them,
and 3) they may contain agents that have a different pathogenesis because of the
site of infection, as seen for the non-viral pathogens Bacillus anthracis (anthrax)
and Yersinia pestis (plague).

Aerosol infectivity of viruses

Some microorganisms are infectious when aerosols containing them are gener-
ated, whereas others pose little infectious threat in this regard. Several well-
known viral diseases are transmitted efficiently by small-particle aerosols,
including influenza, measles, and rubella. The continued maintenance of such
viruses in nature implies that they are present in external secretions, that
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energy-requiring processes such as coughing generate infective small-particle
aerosols, and that the viruses are sufficiently stable in aerosol to persist until
inspired. These properties and their aerosol infectivity result in continuous
transmission of the viruses between suspectable hosts. The VHF viruses are
zoonotic, however, and have other mechanisms for their persistence in nature
[69]. Thus, in spite of the aerosol infectivity of these viruses, they are not
continuously transmitted between humans by the aerosol route.

Aerosol infectivity of viruses causing HF can be suspected in some cases,
arenaviruses and hantaviruses in particular, because the natural spread to man is
by the aerosol route. Other viruses, such as Rift Valley fever and yellow fever
viruses, have substantial aerosol infectivity but their natural mode of trans-
mission is by arthropod vectors. In some cases, the infectivity of these viruses has
been formally measured (Table 4). As can be seen, the infectivity of viruses carried
by rodent hosts ranges from 1 to 2000 PFU inhaled; in some cases, the outcome
in some is measured by infection only, but in others lethality is the end-point.
Data for non-human primates are less complete; because of the hazards and
expense in conducting such studies, it was often only confirmed that aerosols
were infectious without seeking an end-point. When parenteral infectivity is
compared with the effective aerosol dose, the former is usually more efficient.

The pathogenesis of aerosol infections resembles that of parenteral infection,
with perhaps somewhat more infectivity measured in lung homogenates after
aerosol infection (Fig. 4) [7, 42, 78, 79]. The major exception to this general
finding has been described in reports of Ebola virus experiments. Aerosol
infections with the Ebola Zaire subtype have led to more pulmonary involve-
ment than that which occurs with parenteral infection [34]. This pattern
parallels the clinical observations on monkeys undergoing transmission of the
Reston subtype in which successive generations of animals clinically evidenced
more pulmonary secretions and upper respiratory involvement; these findings
have not been studied systematically to confirm them [66].

Generation and stability of aerosols

Particles in the critical 1-5 um range require energy to be produced from bulk
fluid. This energy can vary in efficiency and source from spray nozzles, rapid
turbulent air flow of a cough, or conversion of kinetic energy by fluid falling on
a hard surface. Once formed, an aerosol can decay physically by the actual loss of
particles or by the loss of infectivity independent of the physical loss of particles.
The decay will depend on a number of factors, including relative humidity and
the composition of the fluid in which the virus was suspended. In addition, two
major factors will decrease the concentration of aerosols in natural situations:
ultraviolet light from the sun and dilution by diffusion and wind currents.

Measurements of the aerosol stability of VHF agents made under controlled
conditions in the laboratory show a significant stability, with the half-time for
loss of infectivity usually ranging from 10 min to 1 h (Table 4). As with most lipid-
enveloped viruses, the greatest stability is at the lowest values of relative
humidity.
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It would be desirable but obviously difficult to measure the quantity of
aerosolized particles emanating from infected animals or patients. In addition to
methodologic issues, particles may decrease in size due to drying (so called
“droplet nuclei”) or dynamically hydrate in the respiratory tract [43, 61].
Attempts to quantify aerosols from coughs by balloon collections have suggested
that a single representative cough by a Coxsackie virus A-21-infected person
might generate 2.5 x 10* particles between 1-8 um in diameter with a total
volume of 1.5 x 10~"ml [30]. A “typical” sneeze resulted in about 30 times the
volume of particles as a cough, but when virus was assayed, a cough was as likely
to result in recovery of airborne virus. Nevertheless, small quantities of virus
(50-500 TCIDs,) were recovered from room air and this was sufficient to infect
volunteers exposed across a double wire screen 4 feet wide [17, 43]. The aerosol
infectious dose of Coxsackie A-21 virus is 28 TCID,, for humans, and the
concentrations in respiratory secretions have been reported as 30 to 1000
TCID,, [17] and occasional titers as high as 10° (Couch, pers. comm.).

In the laboratory setting, common mistakes in technique can result in
aerosolization of 10™* to 10~ 7 ml of sample in a respirable particle size range.
Centrifuges can impart the energy to produce much larger aerosols [54], and
these aerosols have been responsible for numerous laboratory infections with
some of the viruses under discussion here. Only a few of the manipulations that
commonly occur in the patient care setting have been evaluated for their
potential to generate aerosols. Studies during hemodialysis or dental procedures
failed to detect any significant aerosolization of hepatitis B antigen or hemoglo-
bin markers [70], although some surgical power tools may produce airborne
particles of hemoglobin-containing fluid [38]. There is no significant indication
of aerosol infectivity of the traditional blood-borne pathogens, such as hepatitis
B virus or human immunodeficiency virus (HIV), either in the patient care or
laboratory setting.

Theoretical assessment of aerosols in nosocomial VHF transmission

The possibility of aerosol transmission can be approached by considering the
quantitative aspects of the generation of aerosols and the infectious process. As
discussed above, the concentration of virus in body fluids will virtually always
be <107 infectious units/ml and may be several orders of magnitude less.
Thus, a patient with a very high virus titer in pulmonary secretions may
aerosolize only a single infectious unit or even less with a cough. More vigorous
situations, such as arterial bleeding or suctioning of pulmonary secretions,
would still be expected to result in low concentrations of true small-particle
aerosols.

Of course, these theoretical considerations can only be used to give a crude
indication of the possibility of transmission. If the data for experimental animals
shown in Table 4 give some idea of the infectivity for man, then the low-intensity
aerosols expected from information on virus titers and aerosol generation would
suggest that there is a definite but low risk of aerosol transmission. Another
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consequence of the low concentration of 1-5um particles is that the risk of
transmission at a distance is greatly lessened. In addition to decay and wind
currents, the basic physical nature of an aerosol dictates that the concentration
will decrease as the third power of the distance diffused (Fig. 3). Thus, as the
distance from a source doubles, the concentration of the aerosol declines 8-fold.
This physical fact also makes it difficult to distinguish between epidemiologic
evidence of droplets and aerosol transmission since the aerosol is much stronger
closer to the patient, where droplets and fomites are also most important. The
distinction may nevertheless be important because the smaller particles readily
bypass and pass through a surgical mask.

Synthesis for individual viruses

Arenavirus-infected patients usually pose only a small risk for family members or
health-care providers, although Lassa fever may often result in secondary cases
among close contacts. Rarely there have been instances of dissemination by
individual patients under circumstances that suggest an element of small particle
aerosol transmission, but even these episodes have resulted in low attack rates
among those exposed. The ability of arenaviruses to infect a variety of rodents
other than their reservoir species with transient shedding makes it prudent to
exclude the possibility of infection of local rodents. It is unlikely that
arenaviruses could become established in local species, but there are troubling
examples to the contrary. For instance, lymphocytic choriomeningitis virus can
be maintained in hamster colonies and Lassa virus can cause chronic viremia in
genetically susceptible mice [64].

Rift Valley fever has never resulted in well-documented secondary human
cases in spite of its amply-proven hazard in the virology laboratory. Care should
be taken to exclude contact with mosquitoes because of the wide variety of
arthropods in North America and elsewhere that may become orally infected
and transmit the virus. RVF virus also has the widest mammalian host range for
acute infections and the greatest danger of establishing itself as an imported
veterinary pathogen.

Crimean-Congo HF has infrequently but regularly caused nosocomial epi-
demics but the modes of transmission have never been clearly defined. The
propensity for hemorrhage among many of these patients enhances the potential
for exposure to blood, and it seems likely that the majority of the subjects were
infected by direct contact, larger droplets, or indirect contact via contaminated
fomites and biological fluids.

Filoviruses are notorious for person-to-person transmission among family
and medical staff, but generally in circumstances involving close exposure and
often contact with blood itself. No epidemiological evidence exists for small
particle aerosol transmission from person to person. Because of the large
knowledge gaps concerning the pathogenesis, genetic variation, and natural
reservoirs of this virus family, it continues to be the most troublesome of all the
viruses causing HF.



158 C. J. Peters et al.

A B
4 6r
( a
| st
3 F 4
=
2 —
B . E 4t
® a 2
E 2 o
S — a = ° s 3
e 8
Py e
g »
g R 2
1
n
o 1+
<0.5 - ! a ] " e o o o ° ’
*
1 ST B ) ] <05 .
) 5 10 15 20 25 30 35 0 s 10 15 20 25 30 35
DAY POST - EXPOSURE DAY POST - EXPOSURE

Fig. 4. Viremia and virus in throat swabs from monkeys experimentally infected on day
0 with Junin virus by aerosol exposure. Rhesus monkeys in the high-dose group were
presented with 103, 10*°, and 10*2 PFU of virus. Rhesus monkeys in the low-dose group
were presented with 10'-%, 10*-®, and 10'” PFU of virus (reproduced from [42]). A Serum
viremia in rhesus monkeys infected by an aerosol. Low dose: @ = 121N [animal number],
* = B52, B =T280; high dose: A =P829, O =556, (] = B4. Geometric mean values are
connected by a straight line, and the upper standard errors are shown. B Titers of Junin virus
in oropharyngeal swabs from monkeys infected by aerosol. Low dose: @ = 121N, % = B52,
B = T280; high dose A = P829, O = 556, {1 = B4. Geometric mean values are connected by
a straight line, and the upper standard errors are shown

Yellow fever virus is a highly infectious pathogen that caused numerous
laboratory infections before effective vaccination became available. Patients are
usually only viremic for the first 4 days of illness so that by the time substantial
virus-induced target organ damage has occurred, they provide no appreciable
risk except for residual virus in viscera. Early in disease, the risk for transmission
to the ubiquitous urban mosquito vector Aedes aegypti is high.

An approach to patient care
Spectrum of patient containment

In disease-endemic areas, most patients with VHF are cared for without special
precautions, and mask, gown, and even gloves are usually not available or not
used. In this setting, the risk of transmission to care-givers is usually low;
however, occasional secondary cases of Lassa fever and other diseases occur
among care-givers just as they do among family members. In the case of
filoviruses, devastating, progressive, hospital-based epidemics can occur. In the
most recent outbreak in Zaire in 1995, most cases were community acquired but
24% were in medical personnel, and hospitals played a key role in amplification
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aswell as control [14, 15, 62]. Occasionally, exceptional but severe, acute clusters
of VHF have been observed that seem to be related to a single case with unusual
characteristics such as reported with Crimean-Congo HF, Ebola, Lassa, and
Machupo virus infections for which the mode(s) of transmission is not well-
defined ([10, 68], A. S. Khan, unpubl. data). None of these outcomes would
be regarded as acceptable if VHF were exported to non-endemic areas of the
world.

At the other end of the spectrum is virtually complete containment of
the patient with BSL-4 level precautions [45]. The patient can be isolated in
a room with redundant systems to provide assurance of negative air pressure,
filtered air entering and leaving, pass-through autoclaves for exit of used
materials, and sterilization of all effluent sewage. Care would be provided by
specially-trained staff garbed in impermeable suits under positive air pressure
and who exit through a disinfectant shower. These systems were reasonable 25
years ago when they were put in place and still provide a useful backup for future
eventualities. Current experience shows that these precautions may be used but
suggests they are not needed for care of patients infected with any known
pathogen.

Several intermediate levels of precaution can reasonably be applied. Clearly,
a surgical mask with a visor or separate goggles, gown, and gloves should be used
routinely. The degree of protection for the individual and the environment can be
increased by providing impermeable gowns or garments which are removed
prior to leaving the contaminated area. These can be worn over scrub suits,
which would remain in the anteroom to the contaminated area.

There is also an opportunity to provide more efficient protection against
inspired particles for patients who have a prominent cough, vomiting, diarrhea,
or hemorrhage that range from disposable dust-mist or N95 respirators, through
fitted high efficiency particulate (HEPA or N100) respirators, and finally pow-
ered air purifying respirators (PAPR). The latter is commercially available as
a plastic or disposable paper hood that fits over the person’s head and is
“washed” by a stream of HEPA-filtered air from a self-contained, battery-
powered blower. The combination of an impermeable, disposable suit with
a plastic flanged PAPR hood provides an extremely high degree of protection
against many eventualities, including small particle aerosols, splashes, and
massive blood exposure due to hematemesis [27].

Where then do we fix the level of protection for the care-givers, the commu-
nity, and the environment? Based on the knowledge of pathogenesis of viral
diseases in general, the studies of realistic animal models of VHF, and on more
limited data on human patients with VHF, there is a natural progression of virus
shedding and risk that begins in the incubation period and progresses through to
the last stages of infection. During the incubation and early disease process, there
is little or no risk except perhaps from blood. Later, viremia is high and there is
the possibility of infection of tissues that may lead to external passage of virus;
during this period, there are potential risks from secretions, excretions, and shed
blood through direct transmission (including larger droplets), indirect trans-
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mission, and possibly aerosols. Specific measures for care of these patients have
been published [11, 16]. The following is not intended to provide concrete
guidelines for care of VHF patients but rather, to suggest a framework for
approaching the problem.

Initial evaluation of the patient

A febrile illness coupled with a history of travel to a VHF-endemic area during
the 3 weeks preceding onset should alert the clinician to the possibility of an
exotic infectious disease. Identifying an exposure to arthropods or rodents may
help in the diagnosis, particularly if there is a history of tick bite or a known
rodent reservoir of a pathogenic arenavirus or hantavirus is unusually abundant.
Local patterns of virus transmission are important, including detailed geo-
graphic and ecologic features, seasonality, or ongoing epidemic transmission.
A complete history and physical may suggest other diagnoses. The important,
common, potentially lethal diseases to rule out include malaria, typhoid, shigel-
losis, leptospirosis, and rickettsial infections.

At this preliminary assessment the patient can be evaluated with minimal risk
to health care providers, although the wearing of mask, gown, and gloves is
desirable, as well as placing the patient in a private cubicle or room during the
course of the evaluation. Some of the nonspecific symptoms and signs that might
lead one to suspect a VHF include prominent myalgia, severe asthenia, dizziness,
postural hypotension, blood pressure lower than normal for the patient, enan-
them, tachycardia, or petechiae.

The possibility of viremia exists, and thus clinical laboratory studies should
be obtained only to focus on the diagnosis of the specific VHF or to exclude
likely, treatable alternative diagnoses. Samples for laboratory tests should be
obtained with care, placed in double plastic containers, and taken to the
laboratory under the control of a responsible person. In the laboratory, the usual
blood-borne disease precautions should be followed, with care taken to prevent
the generation of aerosols, and the samples should be disposed of by a method
such as sterilization by chemicals or autoclaving or, if freezing for future
analysis is required, be placed in clearly labeled, plastic-bagged containers.
Helpful but nonspecific findings include proteinuria, thrombocytopenia,
hemoconcentration, hypoalbuminemia, elevated AST or leucopenia (although
normal or increased white count is a feature of some VHFs). Important tests for
other agents include blood cultures, stool cultures, and a malaria smear. Results
of the malaria smear must be interpreted with caution, since the presence of
parasites does not establish that malaria is the cause of disease in partially
immune patients nor does the failure of an inexperienced laboratory to report
parasites exclude malaria in non-immune patients.

It is possible to diagnose the VHFs listed in Table 1 (as well as currently
unknown but genetically and/or serologically related agents) with antigen-
detection enzyme-linked immunosorbent assay (ELISA), immunohistochemistry,
IgM capture ELISA, and/or reverse transcription-polymerase chain reaction
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with established primers [47, 86]. Testing can be completed in 4-24h in most
cases. The more time-consuming conventional virus isolation and paired
serologic testing are also useful for diagnosis, recovering virus strains, and
confirming unusual findings. The necessary reagents, training, and laboratory
facilities for rapid tests are in short supply worldwide.

Transport

Transporting patients poses specific problems which, like all treatment decisions,
are dependent on the specific situation. For example, during the Korean conflict
rapid medical evacuation of patients with hemorrhagic fever with renal syn-
drome by US military helicopters led to early therapy and spared the patients the
trauma of ground transportation over rugged roads; in the 1980s, acromedical
evacuation flights from Korea to sites as far distant as Hawaii led to increased
mortality [ 8]. The balance between evacuation to optimum medical facilities and
patient deterioration en route is even more delicate in the management of HPS,
with its rapid unpredictable decline of clinical status. In the non-hantaviral
VHFs, for which disease transmission must also be considered, the goal would be
to transfer patients very early in their course of illness when the risk to the patient
and to others is minimal. Critically ill patients should preferably not be trans-
ported due to the increased mortality associated with moving patients with
severely compromised vascular beds. It is also possible to isolate the patient
within a device such as a Vickers Medical Stretcher Isolator Unit, during
transport but this approach requires anticipatory development and rehearsals
for efficient execution.

Treatment of the uncomplicated patient

Education of the traveling public and medical professionals should lead to most
patients being suspected or diagnosed early in the course of their illness. These
patients should also be at relatively low risk to transmit disease to health care
providers, although the risk of transmission increases as the patient becomes
increasingly ill. The patient should be admitted to a private room. An anteroom
to serve as a staging area for materials to enter and exit the patient’s room and as
a place for the staff to don and remove protective gear is a very useful adjunct.
Although a room with negative air pressure is not needed at this time it should be
considered, if available, to circumvent any subsequent need to transfer the
patient to such a room. Gowns, gloves, and mask should be used plus eye
protection to prevent skin and mucous membrane exposure to potentially
infectious bodily secretions. The level of protection should then be upgraded to
anticipate the patient’s clinical condition (e.g., increasing respiratory protection
in the event of profuse bleeding or respiratory disease). Given the unpredictable
nature of these illnesses and the possible progression of infectivity of any given
patient, it may be prudent to implement these upgraded measures as soon as
feasible. Members of the patient’s direct care team should be limited to a small
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number of selected, trained individuals with a goal of eliminating any parenteral
exposure. The danger of a parenteral exposure must be constantly considered.
These accidents have been associated with a high probability of transmission,
short incubation periods, and severe disease in several episodes. Effective com-
munications with the infection control practitioners and all other health care
providers who have contact with either the patient or his body fluids are crucial.

The cordon of protection cannot be limited to direct care providers. All
laboratory specimens should be considered infectious and they must be tracked
from the point of collection to disposal. These samples should be double-bagged
by the person who collected the sample and hand-carried directly to the
laboratory for testing. Testing should be limited to assays necessary for patient
management. Specimen processing and handling should be done in a manner
that minimizes the possibility of larger droplet or small particle aerosol gener-
ation. If possible, all specimen handling should occur under a Class 2 laminar
flow hood and centrifugation should be performed in covered buckets with
O-ring seals. Effluent from automated analyzers should be appropriately decon-
taminated. Decreasing the viral concentration by using Triton-X-100, beta
propionolactone, acidification, heating, or high dose gamma irradiation prior to
laboratory tests that are not affected by the chosen method are desirable
approaches [ 2, 22, 48, 57]. Residual clinical samples should be properly stored in
a frozen state for future analysis or sterilized by autoclaving, or chemical-
inactivating. Similarly, all fomites that are soiled by patient contact or secretions
need to be chemically inactivated or autoclaved prior to reuse or disposal. Virus
isolation should be attempted by experienced laboratory workers in BSL-4
facilities.

The severely ill patient

Patients with severe illness pose a more difficult problem. Virus is expected to
have potentially infected many organs, perhaps including those critical for virus
dissemination, such as the salivary glands, kidney, bladder, sweat glands, and
lungs. Hemorrhage may be a feature of their clinical course and viremia is intense
in the later stages of most severely ill VHF patients. Although two imported
VHF patients have received intensive care management without any precautions
beyond the wearing of mask, gowns, and gloves without evidence of secondary
infections, the close exposure to body fluids and the many opportunities for
generation of larger droplets and small particle aerosols suggest the need for
additional precautions as outlined above. The level of protection chosen for this
stage, however, must be balanced by practical considerations such as the health
care provider’s ability to function safely (vis a vis parenteral exposure) without
imposing undue physical impediments to provide adequate care.

Virology of convalescent patients

VHF viruses may remain sequestered in protected immunologicsites, such as the
uveal and seminal tracts of convalescent patients; therefore, these patients need
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appropriate precautions after hospitalization. Lassa virus has been isolated in
urine 32 days after disease onset [9]. There is also documented sexual trans-
mission of Junin virus, the causative agent of Argentine HF, to spouses of
recovered patients 7-22 days after illness onset [5]. Marburg virus has been
isolated from the semen of one patient 2 months [77] following recovery and
from another patient 83 days following disease onset [50] from a spouse
implicated in a sexually transmitted case [51]. Ebola virus has been isolated 61
days but not 74 days after onset of illness in an infected laboratory worker [21].
Marburg virus has also been isolated from the anterior chamber of the eye from
a convalescent Marburg patient with uveitis 80 days after the acute disease began
[28].

There is no evidence for long-term asymptomatic viral shedding, such as that
seen among persons with chronic hepatitis B virus infection; therefore, pre-
cautions to prevent sexual transmission can be safely terminated when virus is no
longer detected in genital secretions, probably within 2—-3 months. Viral isolation
from breast milk or reports of breast milk acquired Junin and Lassa infection
among nursing infants [49, 60] suggest that, if possible, breast-feeding should be
interrupted until the breast milk is determined to be sterile. Moreover, physicians
such as ophthalmologists should recognize that post-infectious sequelae in these
patients may be due to the presence of residual virus.

Protection of the environment

Since VHF are exotic, the risk of establishing a natural zoonotic transmission
cycle must always be considered. Each virus has an established geographic range
which implies that there are constraints on spread of the virus, and these are
imposed by the availability of suitable reservoir/vector species. Thus, the prob-
ability of a distant introduction must be judged to be low in general. There are,
however, several exceptions that should be considered. First, yellow fever virus
was introduced into the Americas from Africa with its urban vector Aedes
aegypti and is now also successfully established in the jungles of South America
and vectored by native mosquitoes. Second, among the arenaviruses, lympho-
cytic choriomeningitis virus from the house mouse has been able to persist in
Syrian hamster colonies, and Lassa virus from African rodents can chronically
infect selected genotypes of laboratory mice [67]. Finally, because the reser-
voir(s) and natural history of filoviruses remain unknown, it is impossible to even
speculate as to their risk. The prudent course is to minimize any possibility of an
introduction to a potentially susceptible venue.

All bodily excretions from a patient with VHF should be considered infec-
tious and should be inactivated prior to disposal to 1) prevent subsequent
accidental infections (e.g., undessicated blood from acutely infected Ebola
patients may be infectious for up to 1 month at ambient temperature [R. Swanepoel,
unpubl.data]) and 2) prevent establishment of disease within a local susceptible
vector [13]. Patients with RVF as well as yellow fever or dengue should be
screened from mosquitoes to prevent further arthropod transmission. All effluent
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should be disinfected prior to disposal into a municipal sewer system or septic
tank by adding disinfectant prior to use [84] or using chemical toilets. This level
of precaution should continue for 6 weeks of convalescence or until the patient is
virologically negative [21].
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Summary. Hepatitis contracted during a stay abroad may be caused by a wide
range of pathogens including viruses, bacteria, protozoa or helminths. In many
cases, the etiological agent primarily infects other target organs and tissues,
involving the liver either as part of a disseminated infection or secondarily to
mechanical biliary tract obstruction. The article focuses on enterically transmit-
ted hepatitis caused by the primarily hepatotropic human hepatitis viruses type
A and E and discusses their importance in travel-related disease.

Hepatitis A
Epidemiology

Viral hepatitis type A occurs in all parts of the world, yet the epidemiologic
features vary in different geographic regions, reflecting determinants such as
socioeconomic conditions and geographic factors. In countries, where living
conditions are crowded and environmental sanitation is generally poor, most
hepatitis A virus (HAV) infections occur at an early age, when asymptomatic
courses are common, and close to 100% of children acquire protective immunity
during the first decade of life. In these areas, distinct outbreaks are rare, and
disease related to hepatitis A is uncommon. As hygienic and sanitary standards
improve, exposure and thus infection shift to older age groups with increasing
incidence of clinically apparent disease. In most industrialized countries, im-
provements in socioeconomic standard over the recent years have been asso-
ciated with a marked decline in prevalence and incidence of hepatitis A, leaving
a high proportion of the population susceptible to infection. Related to lower
socioeconomic conditions in the past, 60-80% of the people born before 1950
show evidence of prior HAV infection, whereas 80-90% of the less than
40-year-olds are seronegative and thus susceptible [ 7, 16]. In this low prevalence
setting, infections tend to occur among specific risk groups, notably travellers,
intravenous drug users or homosexuals. In some European countries, a history
of recent travel to hepatitis A endemicity areas accounts for up to two thirds
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of reported cases, compared to less than 5% in the USA [7, 16]. The risk
for unprotected travellers has been estimated to vary between 0.3-0.6% and
2.0% per month of stay in a developing country, the lower figure applying to
tourists and business persons staying in good and even luxury hotels, the higher
to trampers staying at places with poor hygienic conditions [7, 18]. Thus,
after diarrhoea and malaria, hepatitis A represents the third most important
foreign travel associated infection. Considering the clinical impact, it is assumed
that 90% of all HAV infections among adult travellers are symptomatic.
The percentages of relatively mild, moderate, severe, i.e. requiring hospitaliz-
ation, and fulminant courses are estimated at 50%, 30%, 19.5% and 0.5%,
respectively.

Another route of HAV “importation” involves children of foreign workers or
immigrants from hepatitis A endemic countries who contracted the infection
abroad. Exposure to these “imported cases”, e.g. in day care centers, may lead to
considerable secondary transmission. Because infected young children are
usually asymptomatic, outbreaks are often only recognized when older play-
mates, parents or employees become clinically ill.

The principal mode of spread for hepatitis A is by the faecal-oral route, most
commonly by person-to-person contact, especially under crowded and poorly
hygienic living conditions. Faeces of infected persons can contain copious
amounts of infectious virions (up to 108/ml), with the highest titers excreted
during the late incubation period, i.e. prior to any clinical, biochemical or
serological evidence of infection. Communicability closely correlates with this
period of maximal virucopria, subsiding substantially with the onset of disease.
Infections due to consumption of faecally contaminated food or beverages are
also common. The vehicles of transmission are most often uncooked or inad-
equately heated foods, and foods contaminated after cooking by infected han-
dlers in the incubation stage of their disease. Waterborne infections have been
reported, associated with the use of faecally contaminated drinking water, as well
as with swimming in contaminated swimming pools or sewage-polluted lakes [ 2,
11]. Transmission of HAV by externally contaminated coprophagous insects
remains unconfirmed.

Virology

Hepatitis A virus has recently been classified as the prototype virus of the new
genus hepatovirus within the family Picornaviridae.

The virion is a non-enveloped, spherical particle with a diameter of about
27 nm. The single-stranded, positive-sense RNA genome of about 7.5 kb contains
one large open reading frame encoding a polyprotein precursor that is co-
translationally processed into the capsid proteins at the N-terminal end, and the
non-structural proteins at the C-terminus. Assembled particles display an
immunodominant, conformationally dependent neutralization epitope. Based
on genetic relatedness, HAV isolates have been assigned to seven unique
genotypes distinguished by more than 15% nucleotide sequence diversity.
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Within each of these genotypes, subtypes differing in approximately 7.5% of
base positions can be defined. Virus strains within these subtypes exhibit
less than 3% diversity over periods of up to 15 years [15, 21]. Four of the
seven HAV genotypes have been recovered from infected humans, the remaining
three have been isolated from old world monkeys. Molecular-epidemiological
studies found most of the HAV isolates in the USA and China belonging to
genotype I, whereas multiple genotypes have been identified in Europe and
Japan, probably representing viruses “imported” from more endemic regions
[15].

However, hepatitis A virus exhibits a remarkable antigenic stability. Only
a single serotype has been recognized among human strains isolated from widely
separated geographic regions. Immune serum globulin preparations produced in
the United States have been shown to protect against hepatitis A anywhere in the
world. Moreover, cross-neutralization studies using geographically distinct
isolates confirmed the close antigenic relatedness.

Another notable feature of the HAV particle is its exceptional physico-
chemical stability. The virus has been shown to survive on surfaces for up to one
month in a dried state under ambient conditions. In water, sewage, soils, marine
sediment or live shellfish, it may retain infectivity for 12 weeks to 10 months
[6, 12]. HAV is also relatively resistant to heat or chemical inactivation. It is
stable at 60 °C for 1 h, and is only partially inactivated after 10—12 h. Variationin
pH between 3 and 10, or even brief exposure to pH 1, have no demonstrable effect
on structural integrity or biological activity of the virus.

Clinical manifestation of hepatitis A infection

Hepatitis A is typically a relatively benign, self-limited disease with a case fatality
rate of less than 0.1%. In general, the frequency and severity of clinical manifesta-
tion progressively increase with the age at infection. In the very young, infections
are usually asymptomatic, whereas the rare fulminant and fatal courses occur
almost exclusively in those infected above the age of 50.

After an incubation period of 15-50 days, the illness begins relatively abrupt
with non-specific symptoms such as fatigue and malaise, fever, anorexia, ab-
dominal pain, nausea and vomiting. These prodromi are followed by more
specific signs of dark urine and clay-coloured stool. Jaundice of the sclera and
skin may be noted when the serum bilirubin exceeds 2.5-3.0 mg/dl. Just prior to
the icteric phase, serum aminotransferase activities become elevated.

Almost all patients recover within 1-2 months, although in some the
convalescence phase may be prolonged for several months (“post-hepatitis
syndrome”). Yet there is no evidence of viral persistence or progression to
chronic liver disease.

Some patients experience a relapsing course with recurrent clinical symp-
toms, renewed elevation of liver enzymes and virus shedding occuring 1-3
months after the initial presentation. The relapse may last for several months, but
complete recovery eventually ensues.
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Occasionally, the infection presents with a cholestatic picture and jaundice
for up to 4 months, but the condition resolves completely without permanent
sequelae.

A single infection appears to generate lifetime protection against clinical
disease.

Diagnosis

A specific diagnosis of acute hepatitis A is most easily and economically made by
testing for virus-specific IgM antibody. This acute-phase marker is almost
invariably present in serum at the onset of clinical illness, declining to nondetect-
able levels within 3—6 months in most patients. Very rarely, I[gM may persist at
low or borderline levels for up to 18 months.

IgG class anti-HAV can also be detected very early in the course of the
infection, and generally persists for life providing protective immunity.

Sensitive, solid-phase IgM capture immunoassays or competitive inhibition
immunoassays for the detection of total anti-HAV are commercially available.

In addition, hepatitis A virus antigen can be detected in faecal specimens by
enzyme-linked or radioimmunoassay. However, since virus excretion is severely
curtailed after onset of symptoms, failure to detect antigen does not exclude the
diagnosis of acute hepatitis A.

Molecular-virological methods such as HAV RNA detection by reverse
transcription-polymerase chain reaction, or virus isolation in cell culture are
neither practical nor necessary for routine diagnostic purposes.

Prevention

The risk of hepatitis A infection can be reduced by taking the same general
hygienic precautions as applied to prevent transmission of any enteric infection.
Potentially faecally contaminated food or beverages should be avoided. In this
regard, the old colonial rule of “boil it, cook it, peel it—or forget it” is still
applicable. Careful handwashing practices, especially prior to food preparation
or meals, represent another preventive measure, the more so since the virus has
been shown to survive intact on fingertips and other surfaces.

Passive immunization by the administration of normal human immuno-
globulin has proven to be effective for preventing hepatitis A when given either
before or within 10—14 days after exposure to the virus. While providing almost
immediate protection, the protective effect is short-lived, requiring repeated
injections when prolonged exposure is anticipated. A dose of 0.02 ml/kg body
weight will provide protection for up to 3 months, while a dose of 0.06 ml/kg may
protect against disease for up to 6 months [22].

With the licence of a formalin-inactivated whole virus vaccine (HAVRIX/SB,
Rixensart/Belgium) in several European countries, an effective alternative be-
came available. The basic course of immunization consists of two vaccinations
one month apart, with a booster injection 6—12 months later. The time interval
between the first two doses can be shortened to 2 weeks in order to achieve
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immunity more rapidly. Active immunization has been shown to be safe and
yielding both, a high seroconversion rate and high antibody levels, while causing
no serious adverse reactions. A nearly 100% seroconversion is reached 2—4
weeks after two doses. Protection is thought to last for at least 5—10 years after
a complete three-dose-regimen [ 1]. Following administration of HAVRIX with
the double antigen dose (1440 Elisa-units/ml) in a 0—6 months schedule, the
immune response develops more rapidly with 77-96% seroconversion two
weeks after one dose. An analogous product has been developed by Merck Sharp
& Dohme (VAQTA/MSD, West Point/USA).

Two additional hepatitis A vaccines are available so far: an inactivated
vaccine formulated in immunostimulating, reconstituted influenza virosomes
(EPAXAL/Swiss Serum and Vaccine Institute, Berne) and a live attenuated
vaccine developed in China.

Cost-effectiveness analyses have shown that for travellers expected to travel
3 or more times in 10 years (average duration of stay: 3—4 weeks) or for trips
exceeding a period of 6 months, active immunization is the most cost-effective
preventive option. Passive immunization by the administration of immuno-
globulin remains the most cost-effective measure for those expected to travel not
more than twice and for stays of less than 3 months duration every 10 years.
Travellers born before 1950 or those originating from hepatitis A endemic
countries may be screened for anti-HAV prior to immunization in order to save
unnecessary vaccinations.

Hepatitis E
Epidemiology

Viral hepatitis type E, initially termed enterically transmitted non-A, non-B
hepatitis (ET-NANBH), is a major cause of acute hepatitis observed among
young to middle-aged adults in developing countries. Endemic regions include
the Indian subcontinent with Nepal and Pakistan, Central and South-East Asia,
North, West and East Africa, the Middle East and Central America. 7-24% of
the population in these areas show serologic evidence of prior exposure [8, 13].
Hepatitis E occurs most frequently in epidemics often involving several thousand
cases, with outbreaks observed predominantly during or after the rainy season,
when environmental conditions promote spread. In endemic areas, the majority
of acute outbreak-associated non-A, non-B hepatitis cases are due to hepatitis E.
The reported figures range from 61% in Africa to 92% on the Indian subconti-
nent [8]. In addition, hepatitis E also accounts for a substantial proportion of
acute sporadic hepatitis cases in endemicity regions. 50—75% of acute sporadic
non-A, non-B, non-C hepatitis cases have been diagnosed as due to hepatitis
E infection.

No outbreak of clinically overt hepatitis E has ever been documented in the
USA, Canada, Europe, Japan, Australia and New Zealand. In these countries,
only sporadic cases are occasionally observed among immigrants and travellers
returning from disease-endemic areas [5, 17, 24]. However, seroprevalence
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studies suggest that 0.4-2.5% of the population have been exposed to the virus
[9, 13, 23, 25]. Recent findings in Germany (Frosner et al., unpubl. res.), the
Netherlands [24], Ttaly [25] and Greece [19] suggest that a lacking foreign
travel history does not necessarily seem to exclude the diagnosis of hepatitis
E infection. Sporadic cases in Italy and Spain have been attributed to the
consumption of shellfish from sewage-polluted waters.

Hepatitis E is transmitted by the faecal-oral route with faecally contaminated
drinking water being the primary vehicle of transmission. The infection may also
be associated with the ingestion of faecally contaminated food. Person-to-person
contact is not believed to be a common mode of spread, as only a very low
frequency of clinical disease has been observed in case contacts. However,
clinically inapparent secondary transmission may occur, because elevated serum
transaminase levels have been detected in household contacts of hepatitis
E patients. The highest attack rate of clinically apparent hepatitis E is observed
among individuals between 15 and 40 years of age. However, children may also
develop icteric disease as well as inapparent or subclinical hepatitis [20].

Another important, but unexplained observations is the unusually high case
fatality rate ininfected pregnant women. Up to 20% of women with hepatitis E in
their third trimester of pregnancy succumb, compared to an overall case fatality
rate of 0.5-3%.

Virology

The aetiological agent, named hepatitis E virus (HEV), has recently been
identified and characterized [ 14]. Yet the taxonomic placement is still uncertain.

The virion is a nonenveloped, spherical particle with a diameter of 27—-34 nm.
The genome is a single-stranded, positive-sense RNA molecule of approximately
7.5kb, without obvious sequence similarity to any known virus. Three partially
overlapping open reading frames (ORF) have been identified. ORF-1 extending
approximately 5kb from the 5 end is presumed to encode non-structural
proteins. ORF-2 at the 3’ end comprises approximately 2kb and is thought to
encode the major structural protein(s) of HEV. The function of the third open
reading frame of only 369 nucleotides is presently unknown. ORF2 and ORF3
have been found to encode immunodominant antigens useful for the diagnosis of
hepatitis E.

Cloning and sequencing of HEV isolates from different geographic regions
revealed a high degree of sequence divergence between Asian and Mexican
isolates. The Mexican strain shows an overall nucleic acid identity of 76% and
77% with the Burma and Pakistan strains, respectively. Comparison of the
deduced amino acid sequences reveals 83% and 84% amino acid identity in
ORF1,93% in ORF2 and 87% in ORF3, respectively.

Yet, HEV isolates from geographically distinct regions of the world have
been shown to possess at least one major cross-reactive epitope.

Hepatitis E virus is excreted in faecces. However, limited information is
available about the pattern of virus excretion. Virus-like particles were most
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often detected in stool specimens collected between day 4 prior to and day 6 after
the onset of clinical symptoms. The virus appears to be extremely labile to
unfavourable environmental conditions, including the enzymatic milieu in the
digestive tract. So, the virus concentrations in stool samples are rather low, and
particles are often shed in a degraded form and intermittent pattern.

Clinical manifestation of HEV infection

After an incubation period of approximately 5—6 weeks, an acute icteric hepati-
tis, similar to hepatitis A, develops. Cholestasis seems to be more prominent in
hepatitis E. The serum bilirubin may exceed 20 mg/dl. The aminotransferase
levels are often only modestly elevated. The course is usually uncomplicated and
self-limiting with clinical and biochemical recovery. Chronicity or viral persist-
ence do not develop. However, a high rate of fulminant disease occurs in infected
pregnant women, especially in the third trimester of pregnancy. These women
show a high incidence of disseminated intravascular coagulation with bleeding
diathesis. The complete spectrum of HEV-induced illness is not yet known,
particularly with regard to subclinical infections.

Diagnosis

Cloning and sequencing of the entire HEV genome allowed development and
application of serodiagnostic assays for the detection of HE V-specific antibodies.

Test formats such as enzyme immunoassay or Western Blot using ORF2 and
OREF3 derived recombinant proteins or synthetic peptides have been shown to
detect anti-HEV antibodies in acute- and convalescent-phase sera collected from
outbreaks worldwide and also in acute sporadic non-A, non-B hepatitis cases.
IgG anti-HEV antibodies remained detectable for up to 2 years, in one case for
up to 4 years, after the acute phase of illness. [gM antibodies were detected in
about 75% of patients within 1 month of onset of jaundice, in 50% of cases after
2 months and in 6% after 6 months [3]. 8 months after onset of jaundice, IgM
was no longer detectable.

At present, it is not known whether and to what extent seropositivity reflects
immunity against HEV infection.

HEV RNA can be detected in acute phase faecal and serum samples by
polymerase chain reaction. Recently, we found HEV RNA for up to 2 weeks after
onset of clinical symptoms in stool and serum samples of a patient with acute
hepatitis E. Sequencing of the PCR product may allow to trace foci of infection.

Prevention

At present, the only possible prophylactic measures for travellers to hepatitis
E endemic regions are good personal hygiene, boiling or disinfection of drinking
water and avoidance of foods which cannot be peeled or which are not cooked.

It is not known whether hepatitis E, like hepatitis A, might be modified or
prevented by administration of immune serum globulin. Certainly, immune
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serum globulin prepared within non-endemic regions is unlikely to contain
significant levels of anti-HEV antibodies, because only a very small proportion
of the population turns out to be seropositive. On the other hand, it is not clear
whether immune serum globulin would be protective if prepared from plasma
collected in countries where HEV infection is more prevalent. Candidate vac-
cines for active immunization have not yet been described.
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Significance of imported hepatitis B virus infections
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Summary. The risk of imported hepatitis B in Germany and comparable
European countries seems to be low as long as suitable control measures are
taken. These measures include testing for hepatitis B markers of immigrants from
highly endemic areas as well as of individuals who stayed for a longer period of
time in such regions, information of chronic carriers of hepatitis B virus and
vaccination of their contacts, and vaccination of travellers to endemic regions
who run an increased risk for contracting hepatitis B as e.g. i.v drug users or sex
tourists.

Introduction

On a worldwide scale, hepatitis B is still one of the most important infec-
tious diseases. Nearly 40% of the worlds population experience infection with
hepatitis B virus. More than 300 million individuals are chronic carriers of the
agent and, thus, represent a huge virus reservoir. About 6 millions die every year
due to the sequelae of acute or chronic hepatitis B such as fulminant hepatitis,
chronic liver failure, cirrhosis of the liver or hepatocellular carcinoma.

Hepatitis B is highly endemic in South East Asia as well as in Central and
South Africa where carrier rates of up to 20% can be observed. The countries of
the Near and Middle East, Northern Africa, Eastern Europe and South America
show a medium degree endemicity with 2—5% of virus carriers, whereas in the
industrialized countries of Europe and North America between 0.2 and 1% of
the population are chronically infected with hepatitis B virus. With an increasing
number of immigrants from highly endemic areas, with more and more individ-
uals from industrialized countries working at least for some time in the third
world, and with a steadily increasing number of tourists visiting areas where
hepatitis B is highly endemic, there is a growing possibility of importation of
hepatitis B infections into regions of low prevalence. The origin of these
infections, their contribution to the virus reservoir in countries with low hepatitis
B prevalence as well as the precautions necessary to prevent importation are
discussed.
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Transmission of hepatitis B

Hepatitis B virus is exclusively transmitted parenterally. Vehicles and modes of
transmission include blood and blood products, injuries with HBV con-
taminated sharp instruments or needles, and contact of injured skin or mucous
membranes with blood or other body fluids containing HBV. Consequently,
main routes of transmission are sexual contacts and infection of the newborn by
an infected mother during birth. Furthermore, hepatitis B is a nosocomial
infection whenever hygienic conditions are poor as is the case in many develop-
ing countries. The main source of the virus is blood of acutely ill or chronically
infected individuals. The degree of infectivity of a chronic carrier depends mainly
on the concentration of infectious virus, which can be as high as or even exceed
10° to 108 virus particles per ml [1]. Transmission rates in needle stick incidents
in which chronic carriers are involved are between 2 and 12% [2—4].

In countries with low hepatitis B endemicity as for example Germany,
probably the majority of hepatitis B infections are transmitted through sexual
contact and needle sharing among i.v. drug abusers. The role of imported
infections is less clear. In principle, however, three groups of individuals are likely
to introduce hepatitis B virus into this country: immigrants from highly endemic
areas, individuals returning from an extended stay in a country with high
hepatitis B prevalence, and travellers coming from such countries with high risk
behaviour (“drug” and “sex” tourists) or after medical or paramedical treatment.

Imported hepatitis B virus infections

Between 10 and 15% of immigrants from South-East Asia or from Central and
South-Africa are chronic carriers of hepatitis B virus. It is less known, however,
that individuals from east European countries also are frequently chronically
infected by hepatitis B virus. Recent reports from the World Health Organisa-
tion show 0.5-5% chronic virus carriers among residents of the former USSR,
about 5% in Bulgaria, and even up to 11% in Romania [5]. Many individuals of
German origin immigrated from these countries to Germany during the last
years. Therefore, it is of the utmost importance to test immigrants from the said
areas for hepatitis B markers; HBV carriers then should undergo a thorough
medical examination and be treated if necessary. Susceptible contacts should be
vaccinated.

Individuals who stay in a highly endemic area for months or even years, have
a significantly increased risk for contracting hepatitis B. Employees and civil
servants of the German Foreign Ministry returning from an extended stay in
developing countries showed a prevalence of an anti-HBc of 8.0%, whereas only
5.3% of applicants for the service were anti-HBc positive. Similarly, 11.1% of
German development aid workers proved to be anti-HBc positive after their
return from abroad compared to a mean prevalence of 5.3% in individuals of
similar age in Germany [6]. Of 219 French agricultural community and medical
volunteers working in Africa, 23 (10.3%) developed HBV infection during a stay
abroad of 18 to 30 months [7]. In a similar study it was shown that 9% (21/234)
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of expatriate married men working for a British company in Southeast Asia
became seropositive within 24 months [8]. Based on these data, a monthly
incidence of hepatitis B of 80—420 cases per 100 000 can be estimated for
individuals from industrialized areas working in developing countries [9].

Only few data exist concerning the hepatitis B risk of the average traveller. In
a prospective study comprising 7887 travellers to various developing countries,
Steffen et al. [10] found two cases of hepatitis B among 97 individuals who
worked abroad, whereas none of 7317 vacationers had acquired hepatitis B.
From this and other studies [9] it can be concluded that the risk for an average
tourist to contract hepatitis B even in an area of high endemicity seems to be
rather low. However, the risk increases considerably in people with high risk
behaviour, such as intravenous drug abuse, sexual contacts with the autoch-
thonous population, or undergoing paramedical or extensive medical treatment.
Consequently, drug and sex tourists as well as chronically ill people who might
need medical care while on vacation should preferentially be vaccinated against
hepatitis B.
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Summary. Hepatitis C virus (HCV) causes most cases of posttransfusion non-A,
non-B hepatitis. HCV isolates were classified by their genetic relatedness into at
least six genotypes and a series of subtypes. Methods for typing included
amplification of certain genomic regions using universal or type/subtype specific
primers, restriction fragment length polymorphism analysis, differential hybrid-
ization, nucleotide sequencing, and serologic genotyping. HCV genotypes and
their subtypes coexist in various geographic locations but show different preva-
lences. The identification of genotypes/subtypes is useful for studies on the
molecular epidemiology and pathogenesis of HCV infection.

Introduction

Hepatitis C virus (HCV) is the major cause of parenterally transmitted non-A,
non-B hepatitis [7]. Infections are most common in patients with parenteral
exposure to blood and blood products, including haemophiliacs, dialysis pa-
tients, and i.v. drug users. A high rate of chronicity leads to cirrhosis in about
20% of patients.

The viral genome is a single-stranded, positive sense RNA of about 9.4 kb
encoding one large polyprotein of 3010-3033 amino acids [8, 16]. The poly-
protein is cleaved into structural proteins [core, envelope 1 (E1), and envelope
2 (E2)] and several non-structural proteins (NS2—NS5). The genomic organi-
zation of HCV (Fig. 1) is similar to flavi- and pestiviruses and represents a new
genus of the flaviviridae family. Comparisons of published complete and partial
genomic sequences led to the classification of HCV isolates into genotypes
and subtypes [5, 6, 27, 30, 32]. Isolates of HCV can be classified into at least six
major genotypes (1—6) and a series of more closely related subtypes designated a,
b, c, etc. (Fig.2) [33]. This nomenclature recognizes that HCV genotypes
have sequence similarities of less than 72%, whereas similarities between
clusters of HCV subtype isolates range from 75%-86%. Individual isolates
within these clusters show sequence similarity of >88%. Recent HCV isolates
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Fig. 2. Hepatitis C virus types and subtypes, and their geographical distribution

from commercial blood donors in Vietnam could not be grouped into any of the
common genotypes 1 to 6 [36], and these Vietnamese HCV isolates were
classified preliminarily as new genotypes 7, 8 and 9.

HCY genotyping

Various methods of typing HCV have been employed to study isolates from
different areas of the world. They include
—the restriction fragment length polymorphism (RFLP) assay [9, 10, 21,23, 28]
—a reverse-hybridization assay, the line probe assay (LiPA) [35]
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—use of universal primers and type/subtype specific oligonucleotide probes
(DEIA) [37]

—type-specific oligonucleotide priming [26]

—direct sequencing, with analysis of consensus sequences

—serotyping [31].

Most genotype assays are based on the analysis of polymerase chain reaction
(PCR) products. RFLP, LiPA, and DEIA are simple methods and can be used
to define quickly the dominant genotype in most cases. We demonstrated
that genomic amplification in the 5’ noncoding region (5" NCR) followed by
selective restriction enzyme digestion with Rsa I and Ava 11 is useful for differen-
tiating between genotypes 1, 2, and 3 the most prevalent genotypes in Europe
[10, 28].

The method of HCV genotyping by using universal primers and type-specific
oligonucleotide probes combines, for example, PCR and DNA enzyme im-
munoassay (DEIA) [37]. In the first step of this method a cDNA of about 250 bp
of the HCV core region is amplified by nested PCR. The PCR products are then
hybridized to type-specific oligonucleotides fixed to avidin-coated plates from
GEN-ETI-K DEIA (Sorin, Biomedica, Saluggia, Italy). The resultant DNA-
hybrids are detected by a standard ELISA using monoclonal antibodies reacting
with double-stranded DNA [14, 20].

Type-specific oligonucleotide priming as described by Okomoto et al. [26] is
simple. However, a significant proportion of isolates may not be typable [18],
and in our hands results with at least some of the tested samples were equivocal
leading to a significant overestimation of subtype 1b and an underestimation of
subtype la (A. Widell, pers. comm.).

Direct sequencing and comparison to consensus sequences is unquestion-
ably the most precise method for genotype and subtype analysis but it is not
readily applicable to many clinical samples. Sequencing in the NS5 region was
especially useful in the study of subtype prevalences in German virus isolates,
particularly in intravenous drug abusers (IVDA).

The finding of major antigenic differences between the six genotypes of HCV
in the NS4 protein led to developent of a serological method for HCV typing
[31], but although such a serotyping assay is an important alternative to
conventional PCR-based typing assays the assay presupposes an adequate
humoral immune response to HCV.

Prevalence of HCV genotypes/subtypes

Several HCV types together with their subtypes coexist in various geographic
locations but with different prevalences (Fig. 2). Recently, the geographical
distribution of the six major types of HCV was investigated in an international
collaborative survey [22]. Viral sequences of HCV from blood donors were
amplified in the S’NCR and then typed by RFLP analysis. Donors in European
countries (The Netherlands, Scotland, Finland) were almost exclusively infected
with type 1, 2, and 3 (Table 1) whereas donors in the Far East (Taiwan, Japan,
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Table 1. Prevalence of HCV types in different European countries

Country No. of No. (%) of samples of HCV types
samples
Type 1 2 3 4 5
Scotland 144 67 (47) 21(14) 56 (39) 0 0
Finland 12 3(25) 5(42) 4(33) 0 0
The Netherlands 31 18 (58) 7(23) 5(16) 1(3) 0
Hungary 47 46 (98) 0 0 1(2) 0
McOmish et al. [22]
Table 2. Prevalence of HCV types in Far East countries
Country No. of No. (%) of samples of HCV types
samples
Type 1 2 3 4 5 6
Taiwan 93 53(57) 40 (43) 0 0 0 0
Japan 40 31(77) 9(23) 0 0 0 0
Hong Kong 37 22 (59) 1(3) 0 0 0 12 (38)
Macau 27 13 (48) 4 (15) 4(15) 0 0 6(22)
Singapore 10 5(50) 2(20) 3(30) 0 0 0
Thailand 83 35(42) 0 48 (58) 0 0 0

McOmish et al. [22]

Hong Kong, Macau, Singapore, and Thailand) were infected mainly with type 1
and in lower frequency with type 2, 3, and 6 (Table 2). The prevalence of certain
HCYV types seems to be somewhat country-specific: for example, HCV type 4 was
found in samples from the Middle East and Egypt, Zaire, and Burundi [4-6, 9,
22,32, 35], genotype 5 was identified in South Africa [4, 5, 9], and genotype 6 in
Hong Kong and Vietnam [5, 9, 22, 36].

The investigations of HCV subtype distribution in six European countries
showed a high prevalence of subtype 1b (Table 3). In addition, we found an
interesting distribution of HCV subtypes among intravenous drug users (IVDU)
[2, 10, 28, 34]. A high percentage of HCV RNA-positive IVDU was infected by
HCYV subtype 3a which is detected infrequently among non-IVDU HCV-
positive individuals (e.g. transfusion recipients) (Table 4). It must be stressed that
the predominance of HCV subtype 3a among IVDU was also found in Spain
(J. Esteban, pers. comm.), and Sweden (A. Widell, pers. comm.).

It is highly probable that the common use of needles and syringes leads to
frequent contact and transmission of HCV within the community of drug users.
However, this is only one possible explanation for the high prevalence of subtype
3a among IVDU; as type 3a infection is associated with a higher number of
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Table 3. HCV subtype distribution in Europe
la 1b 2a 2b 3a 4a n.t.

Italy 4(21%) 9(47%) O 0 3(16%) 2(12%) O
nG:rrlngany 10(4%) 163 (59%) 10(4%) 1(0.4%) 74(28.6%) O 7 (3%)
1gpzaizrzs 8(10%) 53(65%) O 0 12 (15%) 1 (%) 7 (9%)
Z:sfrlia 6(13%) 32(71%) 3(7%) O 2(4%) 12%) 1(2%)
Ill{:sjiz 9(24%) 26(70%) 0O 0 2(6%) 0 0
%u:rlfz:y 0 17(90%) O 0 2(10%) 0 0
n=19

n.t. Not typed

Table 4. Prevalence of HCV types in two groups of chronic
hepatitis C patients in Germany

Types
Patients no. 1 2 3
IVDU 136 66 (49%) 8 (6%) 62 (46%)
non-IVDU 39 36 (92%) 1 (3%) 2 (6%)

sexual partners among IVDU, we cannot rule out that sexual transmission
contributes to the HCV epidemic among IVDU [34]. IVDU is one of the major
reservoirs of HCV infection in Western countries, and the predominance of HCV
subtype 3a in this population may have some important epidemiological and
clinical implications.

Generally typing HCV isolates may be important in
—studies of the worldwide molecular epidemiology of HCV
—tracing HCV infections in risk groups (e.g. i.v. drug users)
—tracing sources of infections (e.g. in blood products)
—studies of the relationships between type/subtype and the clinical status

and/or outcome of disease
—clinical studies of the correlation of types/subtypes and pathogenesis of HCV

infection

—study of the significance of types/subtypes in response to antiviral treatment of
HCV infection (e.g. interferon).
At this time the spread of hepatitis C virus and the restriction of some
genotypes, e.g. types 5 and 6 to certain geographical areas are difficult to
understand. More detailed epidemiological studies of HCV infections are needed
to gain more insight into a possible type/subtype-specific pathogenesis of HCV.
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Although, there is preliminary evidence that genotype 1 is associated with
a much poorer response to interferon (IFN) than type 2 and type 3 [3, 38] many
other factors may also affect the response to IFN. Sequence divergences in
connection with the quasispecies nature of hepatitis C virus genome [11, 19, 25]
and titers of circulating HCV RNA [ 15, 17, 38 may not correlate with infectivity.
The quasispecies complexity of the hypervariable region 1 (HVR1) within the
putative envelope protein E2 before IFN therapy may be one of the factors
affecting the outcome of therapy in chronic hepatitis C patient [1].

Recently, we determined the HCV subtype and also the sequence variations
in a group of patients who developed chronic hepatitis C after parenteral
administration of a contaminated anti-D immunoglobulin [12]. This immuno-
globulin used to protect against the effects of Rh incompatibility in pregnancy
infected about 2500 women in East Germany in 1978/79. All isolates investigated
were classified as subtype 1b. The contaminated immunoglobulin was infectious,
and could be used to infect a human lymphoid cell line (H9), a porcine embryonal
kidney cell line (POEK), and human fibroblasts [ 13, 24, 39].

However, there can be problems in tracing HCV infections by genotyping
becausea HCV genotype can become selected during transmission or replication
in vitro. Recently, we demonstrated genotype selection during transmission of
HCYV from IVDU mothers to their infants [29]: selection from subtype 3a or 2a
dominant in mothers to 1b in infants occurred. Interestingly, replication in vitro
in POEK and H9 cell lines inoculated with serum of mothers led to a subtype
selection from 3a (2a) to 1b. Although very little is known about the replication
and cellular tropism of HCYV, types and subtypes of HCV may have different
abilities to replicate in cells.

In conclusion, the characterization of hepatitis C virus infections by genotyp-
ing has importance in studies of the taxonomy and epidemiology of HCV, the
prevention, diagnosis, and therapy of HCV infections, and the development of
HCYV vaccines.
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Summary. HIV-1 subtype O is a new HIV variant originating in the West-
Central African region, with highest prevalences in countries such as Cameroon,
Equatorial Guinea and Gabon. Detection of antibodies to HIV-1 subtype O can
pose problems in unmodified ELISA tests, and confirmation of anti-HIV-1
subtype O in immunoblot may give false negative results in some specimens.
Nucleic acid-based assays designed for HIV-1 detection do not amplify or detect
sequences from HIV-1 subtype O. In their env sequences, HIV-1 subtype
O strains show a higher heterogeneity than the classical HIV-1 subtypes, leading
to the conclusion that HIV-1 subtype O has been introduced into the human
population only recently. Further, unidentified subtypes are also likely to exist.

Types and subtypes of HIV

Human immunodeficiency viruses (HIV) are divided in two types, HIV-1 and
HIV-2. HIV-1 was isolated in 1983, and from the clustering of sequence
heterogeneity, especially in the env region, has been subdivided into subtypes
A to H. Subtypes A, G and E, and B and D, are more closely related. HIV-1
subtype O was described only recently, and is found in West Central Africa and
France. HIV-1 viruses have a genomic arrangement with LTR, gag, pol env and
nef and again LTR; in contrast to HIV-2, the nef and env genes do not overlap.
HIV-1 subtype O has a genomic arrangement characteristic of HIV-1, including
vpu but not vpx as activating factor. HIV-2 is subdivided into subtypes A and B,
and there 1s evidence of further subtypes C, D and E [12]. The 25 isolates of
HIV-1 subtype O characterized today show a high degree of heterogeneity,
suggesting that further ranking within this subtype will be necessary.

Nomenclature

HIV-1subtype O is grouped with the other subtypes A to Hin HIV-1. Currently,
French investigators call HIV-1 subtype O group O, to distinguish it from the
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other HIV-1s which are designated HIV-1 group M. M stands for major, whereas
O stands for the letter in the alphabet and marks the distance of HIV-1 subtype
O to the other HIV-1 subtypes. The letter O was chosen to leave room between
H and O, and O to Z, for grouping new viruses.

Epidemiology

HIV-1 has been spreading, at least in Central Africa, since 1976. Subtype B is
distributed worldwide, whereas all other subtypes are found in Central Africa
with varying prevalences [7, 8]; most prevalent is subtype A, followed by
subtypes B and D. Subtype C and E are more common in the southern parts of
Central Africa, and G and H in the western regions [9]. Outside Africa, subtype
E is highly prevalent in Thailand and India, subtype C in India, and subtype F in
Romania and Brazil. Prevalences of HIV-1 in urban centers in Central Africa
may reach over 30% in the sexually active population, whereas in some rural
regions HIV infections are still very rare.

HIV-2 is prevalent mostly in West Africa, also in Mozambique and India,
and in Europe especially in France and Portugal, i.e. in countries with historical
links to African regions where HIV-2 is present. HIV-2 is less pathogenic than
HIV-1 and, consequently, the epidemic of HIV-2 has not had the impact of
HIV-1. In contrast to HIV-1, HIV-2 is seldom transmitted vertically from
mother to child [7].

The first HIV-1 subtype O was isolated from a Cameroonian patient in 1987
by M. Peeters and G. van der Groen in Antwerp [13]. HIV-1 subtype O has its
epicenter in Cameroon and the neighbouring countries, such as Equatorial
Guinea and Gabon. In Cameroon, HIV-1 subtype O is responsible for 10% of all
HIV-1 infections [15]. Two HIV-1 subtype O infections have been found in
prostitutes in Niamey, the capital of Niger (E. Delaporte, pers. comm., 1994), and
there are also claims that HIV-1 subtype O is present in Ghana. In Europe, 16
HIV-1 subtype O infections were reported from France [6, 11], 5 from Belgium
and one from Germany. All European HIV-1 subtype O-infected patients have
links to West Central Africa.

If compared to the distribution and rapid spread of other HIV-1 subtypes,
HIV-1subtype O is presently not an epidemiological problem of highest priority,
but since some anti-HIV-1 subtype O specimens escape detection by the
currently used diagnostic assays, the subtype O may become a problem, not only
in West Central Africa, if screening tests are not properly modified.

Pathogenesis

The pathogenic potential of HIV-1 subtype O to cause immunodeficiency is very
similar to that of the other HIV-1 subtypes. Of 15 Cameroonian patients under
study for 2 years by our group, five developed AIDS and three died. Symptoms
were typical and included tuberculosis, diarrhoea, weight loss, chronic cough
and lymphoma; Kaposi sarcoma has also been observed. Vertical HIV-1 subtype
O transmission, one from Cameroon and the other from France, has been
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reported. The first HIV-1 subtype O-infected person identified in France in 1992
died from AIDS [1]. In conclusion, HIV-1 subtype O seems to be as pathogenic
as the other HIV-1 subtypes and more pathogenic than HIV-2. Preliminary
sequence data also suggest that the mutation rate in HIV-1 subtype O is higher
than in HIV-1 subtype B (B. Korber, pers. comm.). The patient from whom the
first HIV-1 subtype O was isolated in 1987 is still alive but with progressive
depletion of immune function.

Diagnostic problems of HIV-1 subtype O infection
Detection of HIV-1 subtype O antibodies
Indirect and double antigen ELISA

Most of the currently commercially available, indirect HIV-1 4+ 2 ELISA detect
HIV-1 subtype O antibodies without problems, although the extinctions read
with such tests can be close to the cut-off. Nevertheless, some assays yield false
negative results with some specimens. When ELISA tests based on the double
antigen principle (sandwich Elisa or so-called third generation ELISA) were
used, about 20% of the anti-HIV-1 subtype O-positive specimens gave false
negative results [6], but assays have been changed or are in the process of being
changed. Since 1995, commercial assays have been available in which HIV-1
subtype O antigen is included [ 10, 11]. Double antigen ELISA are preferable to
indirect ELISA tests because they detect simultaneously low titered IgG and
IgM antibodies, and so can identify developing serconversion about one week
earlier.

Confirmatory tests

Problems arise when confirmatory tests are needed for HIV-1 subtype O anti-
bodies because neither specific tests for detecting anti-HIV-1 subtype O by
indirect immunofluorescence nor immunoblot tests are currently commercially
available.

Immunofluorescence: For HIV-1 infected cells, coated on microscopic slides,
complete epitope sets for the attachment of anti-HIV-1 subtype O antibodies are
available, so false negative results are not obtained but in some specimens the
reaction is very faint [3]. Use of cells infected additionally with HIV-1 subtype
O could circumvent this problem.

Immunoblot: Dependent on the crossreactivity of HIV-1 subtype O antibodies,
all variations from a full banding pattern to only weakly stained bands can
be observed on immunoblot strips coated with HIV-1 subtype B antigens. Due
to conserved structures, staining is most prominent with proteins of the integrase
(p 34) and reverse transcriptase (p51, p66). Within the HIV-1 glycoproteins,
reaction is best with gp160. In some specimens, crossreactivity with the HIV-1
proteins is so faint that the immunoblot result is negative. Reactivity of anti-
HIV-1 subtype O with HIV-2 proteins on immunoblot strips is very low; if at all,
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Fig. 1. Typical profile of anti-HIV-1 subtype O sera following reaction with a HIV-1 subtype

Bimmunoblot. 4 anti-HIV-1 subtype B, positive-control; B anti-HIV-1 subtype O specimen

with a full banding pattern; C anti-HIV-1 subtype O specimen with a reduced staining of the

bands; D anti-HIV-1 subtype O specimen revealing a weak profile that, by usual criteria,

would hardly be considered positive. Numbers on the right side of the strips indicate the

molecular weights of the glycoproteins (gp 160, gp 120), the reverse transcriptase (p68, p51)
and the integrase (p34) in thousands

reactivity is observed with gp130 and gp36 [1, 4, 6]. The reaction profile of
anti-HIV-1 subtype O with HIV-1 subtype B antigens on immunoblot strips is
shown in Fig. 1.

Changes in the antigen composition of immunblots are urgently needed
because until now, no manufacturer has added HIV-1 subtype O antigens to the
immunoblot. Such specific HIV-1 subtype O immunoblots are presently only
available in some research laboratories.

Detection of virus
Proteins

HIV-1subtype O p24 antigen is detected when using a HIV-1 p24 antigen assay;
monoclonal antibodies of the commercially available assays show about 50% of
the reactivity found with HIV-1 subtype B, so sufficient reactivity is available to
detect more than 20 pg/mL antigen, equivalent to 2 x 105 virus particles [1, 3].
A further method to detect HIV-1 subtype O is determination of the reverse
transcriptase: since the enzyme uses the same magnesium concentration to
transcribe the RNA template, this assay has the same sensitivity for all HIV-1
subtypes.
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Nucleic acids

Respective procedures detect HIV by its nucleic acid in the viral particle (RNA)
or in the infected cell (DNA). Assays for HIV-1 nucleic acid detection are
polymerase chain reaction (PCR), branched DNA signal amplification assay
(DNA SAA) and isothermic nucleic acid amplification assay (NASBA). None of
these assays presently detects HIV-1 subtype O RNA or DNA since the
divergence of the HIV-1 subtype O sequences is so great that primers selected for
the amplification of the other HIV-1 subtype genomes do not hybridize. Primers
that amplify HIV-1 subtype O DNA properly have been designed for the gag and
env regions [11].

Conclusion based on the detection of HIV-1 subtype O

According to presently available data, HIV-1 subtype O is spreading in West
Central Africa at least since the early eighties, and the question arises why HIV-1
is prevalent predominantly in Central Africa, HIV-2 in West Africa, and HIV-1
subtype O in West Central Africa. One hypothesis is that HIVs are old viruses,
selected by evolution in different primate species for thousands of years, and
transmitted to humans only recently. Intraprimate transmission in monkeys
occurs by hunting and eating young animals especially by other species and/or
by contact of open lesions with blood [12]. A speculation for the long existence of
immunodeficiency-like viruses is drawn from the fact that besides chimpanzees
[5] several mammalian species carry immunodeficiency viruses or closely related
viruses such as the visna/maedi virus of sheep, the equine infectious anaemia
virus of horse and the bovine immunodeficiency virus of cattle. When a vector
allowing transspecies transmission is excluded, an evolution of those viruses in
parallel with their host over more than 20 million years in primates might have
been possible [14] (Fig. 2).

An argument with some validity for this hypothesis is the high HIV-2
prevalence in some areas in West Africa, where the most closely related virus to
HIV-2, the SIV-2, is endemic in monkeys like the sooty mangabey monkeys,
African green monkeys, mandrill and baboon. In mangabey monkeys, the SIV-2
prevalence may reach 15% and intraspecies transmission is most likely by sexual
contact, vertical transmission and blood contact during fighting [ 12]. In Central
Africa, only chimpanzees have been found naturally infected with HIV-1 (SIV-1);
1 in 50 animals seems to be infected without signs of immunodeficiency [5, 13].
HIV-1 subtype O is positioned in the evolutionary tree between both chimpan-
zee viruses, the CPZgab (from Gabon) and the CPZant (from Zaire) (M. Peeters,
pers. comm.). Naturally SIV-infected monkeys usually do not develop im-
munodeficiency, although they might exhibit disease when they are infected with
a SIV from another species, e.g. infection of macaque monkeys with the virus
from sooty mangabey monkeys [2]. Low pathogenicity in the SIV’s natural host
argues for a virus with a long history of evolution.

Separation of American monkeys from the Old World monkeys happened
about 25 million years ago, and South American monkeys are not infected with
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Fig. 2. Evolutionary tree of primates. The time scale is in million years, providing a crude scale
of the evolutionary age of the different species. The name of the species is given with the Latin
name: Cercocebus is the sooty magabey monkey, Cercopithecus is the African green monkey,
Papio is the species of baboon and mandrill; Hylobates is the gibbon, Pongo the orang and Pan
the chimpanzee. The group of the cercopithecinae with Cercocebus, Cercopithecus and Papio
is naturally infected with an immunodeficiency virus very closely related to HIV-2 (proposed
name SIV-2), whereas the chimpanzee is rarely infected with a HIV-1 like virus (tentatively
named SIV-1). The South American Platyrhimi monkeys are free of HIV, as are monkeys living
in Asia (Hylobates, Pongo and Macaca) and Madagascar (Lemures)

MVP-5180
CM.6778

VAU

Fig. 3. Evolutionary tree of some HIV-1 subtype O isolates from Cameroonian patients in
1994, in comparison with the positions of the published strains ANT70, MVP-5180 and
VAU. The C2/V3 region of the env gene was amplified by PCR, sequenced and aligned as
described [8]. Alignment data of this tree are based mainly on work of E. Allen and B.
Korber, Los Alamos (publication pending). CM4354, CM6103 and CM6104 are three
consecutive isolates from the same patient within three months, indicating the extreme
heterogeneity of coexisting quasispecies. Since only part of the genome has been aligned, the
branching of the tree is still preliminary
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a HIV-like virus but with HTLV-2. About 10 million years ago, monkeys such as
the colobus and cercopithecus species diverged from the common tree, and in the
cercopithecinae the above mentioned African species naturally carry SIV-2, and
additionally STLV-1. The macaque monkeys also belong to the cercopithecus
group but live in Asia, and Asian monkeys are not infected with a HIV-like virus,
but with STLV-1.

Compared to the HIV-1 subtypes A to H, the heterogeneity of V3-loop
sequences of HIV-1 subtype O is even greater. This diversity of the principal
neutralization domain of HIV-1 subtype O hints to a nonequilibrium state
between the pathogenic action of the virus and the defense mechanism of its
human host. An example of sequence heterogeneity is given from the consecutive
bleedings of one Cameroonian patient, isolates CM4354, CM6103 and CM6104
(Fig. 3). This heterogeneity and the high pathogenicity of this HIV-1 subtype
O support the hypothesis of recent introduction of this virus to the human
species.
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