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.. Plagues are as certain as death and taxes ... 
--Dr. Richard Krause, former Director, National Institute of Allergy and Infectious 

Diseases, NIH 

11The history of our time will be marked by recurrent eruptions of newly discovered 
diseases, epidemics of diseases migrating to new areas, diseases which become 
important through human technologies, and diseases which spring from insects 
and animals to humans through manmade disruptions in local habitats ... 
--Dr. Jonathan Mann, Harvard AIDS Institute 
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INTRODUCTION 

For medical practitioners and public alike, the approach of the new millennium 
should be a source of optimism in the 
marvelous advances to ensue as the 
secrets of the human genome are AFRICA 

disclosed by the powerful tools of 
molecular biology. Unfortunately, this 
promise for a future of unparalleled 
advancement of individual health is 
clouded by the certainty that 
humankind also will need to endure Olibola--relentless assaults by the microbial • --.n-•-a:.-world largely beyond its control. 
Penicillin-resistant pneumococci, 
11flesh-eating .. group A streptococci, 
Hanta virus, multi-drug resistant 
tuberculosis, Lyme disease, and, of 
course, AIDS, are only a few of the 

Figure 1. African filoviruses through 1992. 

emerging and/or resurging pathogens which have ravaged our civilization in the 
latter part of the twentieth century. Today in this Grand Rounds, I am going to 
discuss one of the latest, but certainly not the last, in this expanding list of 
pathogens-Ebola virus (EBO). Though affecting many fewer persons than the 
above illnesses, EBO is nonetheless remarkable because of its periodic emergence 
from total obscurity to cause spectacular outbreaks of highly lethal viral 
hemorrhagic fever (VHF). It is fair to say that EBO is one of the most virulent 
human pathogens on the face of the earth. Nevertheless, apprehensions about this 
disease clearly have been fueled by the apocalyptic tone of the mass media and 
medical journalists' coverage of the disease (1-3). 

As shown in figure 1 and table 1 ,. EBO and its close relative, Marburg virus (MBG), 
are relatively new and uncommon viral agents. With the exception of single cases 
in Zimbabwe and the Ivory Coast in 1975 and 1994, respectively, human disease 
caused by these agents either occurred or originated from a circumscribed region 
of central equatorial Africa (4). The discovery of these agents, now classified as 
filoviruses, followed an outbreak of hemorrhagic fever (HF) in Marburg, Germany 
and Yugoslavia among laboratory workers who processed tissues from African 
green (vervet) monkeys caught in Uganda. In 1976, simultaneous epidemics of a 
VHF in Zaire and Sudan caused more than 500 cases with about 430 deaths (4,5). 
EBO, which is morphologically identical but serologically and genetically 
distinguishable from MBG, was isolated from patients in both countries (4,5). The 
mystery of the origins of these viruses deepened further when in 1989 a new strain 
of EBO was isolated from macaques shipped to the USA, not from Africa, but from · 
the Philippines (1 ,2). Our current preoccupation with EBO began on May 6 of this 
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year when the Centers for Disease 
Control and the World Health 

The htmOfthq;ic fncr (HF) rirliMI, lhelr dlaulb"llotl, and prladp&l mode or Uanlllllu!Ofl . 

..... , .... ~ "'- ............ .=.~::. Organization were asked by Zairian 
-'7:..:..::= ...... .:::::.....---.._-,~----==---.. -.. -..... ==-------== ..... = health officials to investigate an 
:::_ =·~· :::::-- = outbreak of VHF in Kikwit, a city of . .,. ....... 
~==·':'" ~~.. _ ~...::.=...- ~ 400,000 persons located 240 miles east 
"=.......... • .... _,_ ---""··- ..... of Kinshasa (6). As will become clear -=-· =:" =~= = shortly, each of these epidemics has 

·-- ··:.::-·- - followed a rather similar pattern: the - "'='~···- .... AI- ....... - -· source and index case of the virus 
ec........, .... ~ r:,.._. ,..., ....., ..... T1d: 

""" ....... USS& .... were unknown, transmission 
Table 2 accelerated after an unrecognized case 

was hospitalized, the epidemic was 
curtailed following the institution of 

modest barrier techniques (e.g., use of gowns and gloves) and exhaustive 
investigations into the ecology and potential reservoirs were unproductive. Thus, 
no information was obtained which enabled the prediction of subsequent episodes. 
Moreover, as recent events have shown, attempts to develop ongoing surveillance 
systems to recognize new cases, a major recommendation of the original WHO
sponsored investigative team, have been only partly successful. 

VIRAL HEMORRHAGIC FEVERS - BACKGROUND 

Before discussing EBO and MBG in depth, some background material about VHF 
is necessary. Generally speaking, the clinical manifestations of disease caused by 
these .. nasty viruses .. (7) range from undifferentiated febrile illnesses to capillary 
leak syndromes with bleeding diatheses and various types of end-organ damage 
(e.g~, CNS, pulmonary, renal, hepatic). As shown in table 2, the VHFs are caused 
by 12 distinct RNA viruses grouped into four families (Arenaviridae, Bunyaviridae, 
Filoviridae, and Flaviviridae) which are global in distribution (8). Yellow fever, the 
original hemorrhagic fever virus, and dengue virus date back to antiquity as public 
health problems. Hanta virus, which is maintained in nature by chronic infection 
of rodents and other small mammals, was the cause of a well publicized outbreak 
in the .. four corners .. region of the Southwestern United States in 1993. The agent 
responsible for that outbreak, Muerto Canyon virus, is transmitted from infected 
deer mice to humans. Of the remainder, Lassa virus is particularly notable 
because of its epidemiological similarities to EBO. Lassa, one of the so-called 
.. nasty viruses .. (7), was discovered in the late 1960s after an outbreak at a mission 
hospital in Jos, Nigeria (9, 1 0). During that outbreak, several persons died who had 
contracted the disease nosocomially and the impression was created that lassa 
was a highly virulent, easily transmissible agent. Subsequent seroepidemiological 
studies in West Africa showed that lassa is much more common and benign than 
initially thought (8). Detailed epidemiological studies identified the rodent 
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Mastomys natalensis as the natural host of lassa virus and established that 
transmission from rodent to human is primarily by aerosol from infected urine 
(11-13). During nosocomial outbreaks, parenteral inoculation of body fluids, 
contact with infected body fluids, and aerosols generated by patients have all been 
incriminated (11 ). As with EBO and MBG, control of Lassa in the hospital 
environment can be accomplished with simple barrier nursing techniques (14). 
Lassa virus gained notoriety because of well-publicized infections among a 
virologist at the Yale Arbovirus Research Unit and, five months later, a laboratory 
technician who had not had direct contact with the virus (7). 

HISTORY, EPIDEMIOLOGY, AND ECOLOGY 

Marburg Virus ( .. African Green Monkey Disease .. ). Filoviruses made their explosive 
entrance onto the world stage in 1967 when a fulminant form of HF struck workers 
in Marburg, Germany and Belgrade, Yugoslavia who had handled body fluids and 
tissues of African green monkeys (Cercopithecus aethiops) shipped from Uganda. 
Considerable effort was expended in tracing the route of the monkeys to discern 
clues to the source(s) of the catastrophic illness. The epidemic originated from 
consignments of monkeys shipped from Entebbe to Frankfurt, Marburg, and 
Belgrade via London between late July and early September. The monkeys had 
been caught in the Lake Kyoga region of Uganda where they were caged 

5 u 0 • ~ 

Figure2 

individually in one of three holding 
stations (Fig. 2). After periods as long 
as two weeks, the animals then were 
transported in individual compartments 
to the central holding area in Entebbe 
where they also were caged singly. 
After a further holding period of at least 
three days, the monkeys were exported. 
Most, but not all shipments, were via 
London. While being held at London 
airport (only for several hours), the 
monkeys were in potential contact with 
a large variety of animals from many 
parts of the world. Excess mortality 
was not reported for the monkeys 
quarantined in Germany (15). In 
contrast, records from the Belgrade 
facility (which are said to be better than 

.. ·, those ·from Marburg) were consistent 
with ongoing viral transmission 

throughout the quarantine period (Fig. 3) (16). That MBG is highly virulent for 
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monkeys was subsequently demonstrated by experimental inoculation studies (17). 

The human epidemic consisted of a total of 31 cases, 29 of which occurred in 
Marburg, during August and September of 1967. Twenty-five of the 31 (20 in 
Marburg, 4 in Frankfurt, 1 in Belgrade) were primary infections among individuals 
involved in procedures such as autopsies, trephining skulls, or handling glassware 
that contained cell cultures from the monkeys (15). All seven deaths were primary 
infections. Six secondary cases, none of which was fatal, resulted from person-to
person contact either at home or in hospital. One of the secondary cases involved 
the wife of a veterinarian who became ill several weeks after her husband's 

recovery; MBG was cultured from his 
seminal fluid 83 days after the onset of 

..,, illness and demonstrated by ... 
1 ~· ..l±:r:a:tto:u:an..lil:IL...oL.ro...rrl:!:rl::tt:rnl:t±ijtm.. "6 immunofluorescence seven months 

riO 

Figure 3. Monkey mortality in Belgarde, 1967 

later (18, 19). The paucity of infections 
in Belgrade was due to the fact that 
experimental procedures were not 
performed on the monkeys. The two 
Yugoslavian cases involved a 
veterinarian who performed autopsies 

on dead monkeys and his wife who became infected while nursing him at home. 

Extensive field investigations were performed in Uganda to uncover evidence of a 
comparable disease in monkeys and/or humans (20). Initial inquiry revealed that 
no unusual incidence of illness had occurred among monkey trappers or among 
trapped green monkeys. Using a crude antigen prepared from the livers of guinea 
pigs inoculated with MBG in complement fixation assays, Henderson and co
workers (20) found a progressive increase in the seropositivity rate of monkeys at 
the Entebbe collecting station from mid-September through October. This 
suggested that an infectious agent related to MBG had been circulating in primates 
in the Lake Kyoga area somewhat earlier. However, no viruses were recovered 
from monkey bloods inoculated into guinea pigs and mice. The fact that no 
seropositive monkeys were ill suggested that the cause of the seropositivity was 
not the same agent responsible for the outbreak (20). Slenczka et a/. (21) called 
these serological results into question by showing that false-positive reactions 
were frequent using infected organs as antigen and that MBG-specific antibodies 
were not detectable using antigen consisting of infected Vero cells. At present, 
claims of naturally occurring antibodies to MBG in African primates are not 
generally accepted. 

Since the original ·outbreak; there have been only four primary human MBG 
infections, all naturally acquired and all equally baffling (Table 1 ). The 1975 
primary infection involved a 20 year-old Australian backpacker who contracted his 
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disease in Zimbabwe six days after being bitten or stung on the flank and 
subsequently died in Johannesburg, South Africa (22). Secondary cases occurred 

YAHBUKU 

among his traveling companion and a 
South African nurse who cared for both 
travellers (22). Virologic and serologic 
studies confirmed that these infections 
were due to an agent virtually identical 
to that which caused the 1967 outbreak 
(22). Of particular interest, the nurse 
who recovered developed anterior uveitis 
three months after her illness; MBG was 
cultured from her anterior chamber (22). 
An exhaustive study of insects and 
mammals along the traveler's itinerary, 
made possible by photographic records 
and an hour-by-hour reconstruction of 
antecedent events by the surviving 
companion, failed to produce a source of 
infection, despite the fact that numerous 
potential environmental contacts were 
identified (23). The 1980 and 1987 
primary cases, a 56 year old French 

Map of Sudan and Zaire showing main centres engineer and a 10 year old Danish boy, 
of infection (Scale, 1 em = 450 km, approxi-
mately). respectively, occurred shortly following 

Figure 4 
excursions into Kitum Cave on Mount 
Elgon, a major peak near the Uganda
Kenya border, which harbors enormous 
colonies of bats and is visited by a wide 

range of mammals, birds, reptiles and insects (22,24). This region in Kenya 
happens to be within 200-300 km from of the site from which the monkeys were 
shipped in 1967. The similar location of these two cases, coupled with the large 
time interval separating them, has fueled speculation that, despite the negative field 
studies, a natural host of MBG lives 11Within the shadow of Mount Elgon .. (Fig. 1) 
(2). The 1980 incident also was notable for the fact that virus was recovered from 
seminal fluid of the secondary case, a Nairobi Hospital physician who attempted 
resuscitation of the dying engineer, approximately two months after the illness (24). 
Furthermore, although prospective studies failed to identify any other cases of 
Marburg Disease, they did identify three sporadic serologically confirmed cases of 
Ebola HF. The fourth involved a young Swedish male who contracted VHF while 
backpacking in subSaharan Africa. Acute phase serum samples contained 
particles consistent with filoviruses and he seroconverted to MBG. Exhaustive 
attempts ·to isolate virus . by cell . culture and guinea pig inoculation were 
unsuccessful (25). 
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Ebola Sudan (26,27). After the MBG outbreak, the filoviruses attracted little 
attention until 1976 when nearly simultaneous outbreaks of highly lethal HF 
occurred in northern Zaire and southern Sudan (Fig. 4). Initially, it was felt that the 
causative agent must have spread from one region to the other. Extensive 
searching, however, failed to identify possible links between the two epidemics. 
The lack of established communications and trade routes between these two 
regions separated by 900 kilometers of rugged terrain lent additional credibility to 
the suggestion that these two outbreaks were unrelated. This deduction 
subsequently was confirmed by antigenic and molecular analyses of the viral 
isolates (28). Although these outbreaks share many features, they will be 
discussed separately. 

The first cases of HF in the Sudanese outbreak were traced to three employees of 
a cotton factory situated near the center of Nzara township (population 20,000), 
located in the. remote savanna of southern Sudan near the Zairian border. It was 
subsequently noted that the roof of the factory was heavily infested with bats. The 
index case was a storekeeper in the factory who became ill on June 27, 1976 with 
a severe febrile illness, headache, and chest pains. He developed hemorrhagic 
manifestations on the fifth day of illness with profuse bleeding from the nose and 
mouth along with bloody diarrhea. He was admitted to Nzara hospital on June 30 
and died on July 6. Shortly thereafter, two of the index case's co-workers also 
became ill. 48 cases and 27 deaths in Nzara were related to one of these co
workers, a popular individual who was well known throughout the city and was 
comforted by many people before he was admitted to hospital. The disease was 
introduced into Maridi (population 15,000 and 128 km from Nzara}, a second 
epicenter, when one of his contacts was hospitalized in that city. Largely because 
of inadequate nursing techniques and, to a lesser extent, reuse of hypodermic 
needles, the hospital became an efficient amplifier for dissemination of the virus 
throughout the town and environs 
for further transmission by 
household spread. Throughout ('.a ... 

July, September, and October, 11 

unrelated cases continued to •o 
occur among cotton factory • 
employees who had no previous 6 

contact with sick persons, • 
supporting the notion that the 1 

. viral vector or reservoir resided o ..___ 

within the building. In fact, a 
unique feature of the Nzara 

J • 5 
Generation or case 

. .......... -, .. 
• 

• 

' 

OUtbreak WaS that 21% Of all Figure 5. Mortality during successive human-to-human 
cases lacked COntact With transmission, Sudan, 1979 

previous cases. Eventually, a 
total of 284 cases were documented with 151 deaths (mortality rate of 53%). 
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Secondary attack rates were determined to be between 9% and 14%. 

The notion that EBO is endemic in that region of Sudan was reinforced when the 
epidemic recurred in Nazara and Yambio (25 km away) during a three month period 
in 1979. The index case for this smaller epidemic, which eventually involved 
involving 34 cases and 22 fatalities, worked in the same cotton factory as the index 
cases for the 1976 epidemic. Unlike the earlier outbreak, this time the hospital in 
Nzara served as a focus for dissemination of infection to family units after the 
admission of the index patient. A description of the Nzara hospital explains why 
it served so efficiently as an amplifier of the epidemic: 

The hospital in Nzara consists of two small concrete structures for 2 
patients each, and a larger building with three 8-bed wards. Patients 
at the Yambio facility are accommodated in several thatched huts. 
There is no running water in the patient-care areas, and the hospitals 
have a limited supply of masks, caps, and gowns. The staff do not 
routinely practice barrier nursing and often do not sterilize needles, 
syringes, or other instruments used on the wards. Relatives of 
hospitalized patients provide much of the routine nursing, which 
includes handling emesis, excreta, and soiled clothing. (27) 

As many as seven generations of transmission were identified during this one 
comparatively small outbreak. An interesting observation was that a reduction in 
case fatality occurred with succeeding generations of human-to-human 
transmission (Fig. 5) (27). 

Ebola Zaire (29). The Zairian epidemic occurred in the unpopulated northwestern 
Sumba Zone of the Equateur Region. The epicenter of the outbreak was the 
Yambuku Catholic Mission, an under-equipped field hospital established by Belgian 
missionaries in 1935 with 120 beds, a medical staff of 17, and three Belgian nuns 
who served as nurse/midwives. Although the index case is not known, the 
epidemic appears to have begun when a 44 year-old male instructor in the Mission 
School presented to the outpatient clinic of Yambuku Mission Hospital in August 
of 1986 with a febrile illness presumed to be malaria following a motor tour of the 
Northern Equateur Region. He was given chloroquine by injection and his fever 
promptly resolved. Five days later, however, he developed high fever and was 
admitted several days later to the mission hospital with gastrointestinal bleeding. 
At least nine other cases occurred during the first week of September, all among 
persons who had recently been treated as outpatients at the mission hospital. 
Between September 1 and October 24, 318 probable and confirmed cases of HF 
occurred with 280 deaths, ,a fatality rate of 88%! ·Fifty five -of about 250 villages in 
the Sumba Zone recorded cases, the majority being along roads running east and 
west of the mission. The single common risk factor for 85 of 288 cases for which 
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the mode of transmission could be determined was receipt of one or more 
injections at the mission hospital. Needles and syringes were in extremely short 
supply. The medical staff had to make do with a total of five syringes and needles 
for use in the outpatient department, prenatal clinic, and the inpatient wards each 
day. To make matters worse, the syringes were only rinsed in warm water between 
patients and then boiled at the end of the day. All ·20 patients in whom injections 
was the only means of transmission died. An additional149 persons acquired the 
disease following contact with patients, usually in their home villages, and 43 
cases had a history of both patient contact receipt of injection within three weeks 
prior to onset of illness. The single most important event related to containment 
of the epidemic was closure of the mission hospital four weeks after the epidemic 
began! Extensive serological and virological studies of insects and animals in the 
epidemic area were negative. 

In June 1977, a nine year-old girl died of EBO disease at the mission hospital in 
Tandala, approximately 200 km from Yambuku. No epidemic resulted, however, 
because a physician immediately suspected HF and instituted appropriate 
precautions as soon as the clinical diagnosis was made. Virus was isolated from 
a postmortem blood specimen inoculated into a guinea pig at the CDC 
approximately nine days after she died (30). Interestingly, the physician who 
suspected the diagnosis and obtained specimens from this patient had experienced 
a severe illness compatible with EBO infection in 1972 (four years prior to the large 
outbreak), 10 days after cutting himself with a scalpel during the performance of 
an autopsy on another patient thought to have had yellow fever. His serum 
contained an extraordinarily high antibody titer to EBO. Retrospective review of 
Tandala Hospital records identified other sporadic cases of presumed HF, 

..... _ .. .. 
• .. .. .. .. .. 

... --

reinforcing the impression that EBO is 
endemic in that region of Zaire (30) . 

A number of serological surveys have 
been conducted to determine the 
prevalence of EBO and obtain clues to 
the habitat of its natural reservoir . 
These studies, which mainly employed 
indirect immunofluorescence with 
infected tissue culture cells as 

- Hlstorram o/tltm of /,081 ltuman ~ra randomly ~l«trd from ctntral A/rim 
and testM by /FA againsttwo Ebola antirnu. antigen, haVe ShOWn antibody 

Figure 6 prevalences as high as 30% in 
persons living within the tropical rain 
forests of central equatorial Africa 

(31-33) (Fig. 6). Significant seropositivity (e.g., 1.8% in Nigeria, 4.5% in 
Madagascar) was reported from regions of Africa outside the areas presumed to 
be endemic for EBO (34,35). These findings suggest that the African filoviruses 
may be less pathogenic in their natural settings than is commonly thought. On the 
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other hand, as with MBG, the specificity of these population surveys has been 
called into question by finding seropositivity rates of 0.3% to 0.5% in populations 
far removed from regions experiencing filovirus outbreaks (e.g., Cona Indians from 
Central America and Alaskans) (4,30,36). Even newer methodologies such as 
immunoblotting do not appear to be entirely free of false-positive (37). 

Ebola Reston. Conceptions regarding the geographic distribution of EBO, its 
geographic and host-ranges, and, perhaps, the potential for EBO outbreaks in the 

1. Animal Holding 
1 1 1 2 Equipment Room 

3. Administration 
4. S1oraQ1 
5. Supply Room 
6. Treatment 
7. Restroom 1 ShOwer 
8. CaQI Washing 
9. Feed S&orage 

10. Maintenance 

Figure 7. Layout of the Reston facility 

United States were shattered by 
events which transpired in 1989 and 
early 1990 in monkey quarantine 
facilities located in Reston, Virginia 
and Alice, Texas. The Reston 
episode is the subject of Richard 
Preston's now famous article .. Crisis 
in the Hot Zone .. which appeared in 
the October 26, 1992 issue of the 
Atlantic Monthly (1) and his current 
bestseller .. The Hot Zone.. (2). A 
more sober account of these events 
can be found in the article by Dalgard 
et a/. (38) and a series of updates in 
MMWR (39-41). The outbreak 
involved a 12-room facility for 
quarantine of 550 feral cynomolgus 
monkeys (macaques, Macaca 

fascicularis) operated by Hazelton Research Products in Reston, Virginia, an 
affluent suburban community ten miles west of Washington, D.C. A consignment 
of 100 monkeys was received from Manila, the Philippines via Amsterdam on 
October 4, 1989 and placed in room F (Fig. 7). During the next four weeks, a 
progressive number of deaths among the animals was noted. An infectious cause 
was suspected when marked splenomegaly and scattered petechial hemorrhages 
in various organs were noted at necropsy. A tentative diagnosis of simian 
hemorrhagic fever (SHF), a disease caused by a virus nonpathogenic for humans, 
was made based on the clinical and histopathological findings and subsequently 
confirmed on November 16 by virus isolation from specimens submitted to the 
United States Army Medical Research Institute of Infectious Diseases (USAMRIID) 
in Fort Detrick, Maryland. (Here it should be noted that co-infection of these 
monkeys with SHFV, a DNA virus known to be highly virulent in nonhuman 
primates, and EBO complicated assessment of the true pathogenicity of the EBO 
strain(s) subsequently isolated). The room was depopulated on November 16 in 
an attempt to prevent spread of the virus to the remainder of the animals in the 
facility. By November 20, however, the disease animals in Room H, which held 
animals obtained from a different shipment from the same Filipino exporting facility 
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as those housed in room F, also became sick. On November 28, the .. crisis .. began 
when USAMRIID personnel reported that there was electron microscopic, serologic, 
and cultural confirmation of EBO in samples submitted from Room F. Four EBO 
isolates and three SHFV isolates eventually were recovered from animals in room 
F, and one EBO isolate was recovered from an animal in room H (42). Officials 
from USAMRIID, the Virginia Department of Health (VDH), and the CDC quickly went 
into action to avert what was believed to be a potential public health threat of 
catastrophic proportions. Personnel in the facility were fitted with full-face 
respirators and required to wear Tyvek suits and gloves while in the animal rooms. 
Measures also were instituted to safely dispose of animal wastes and carcasses. 
As more animals in Room H became sick and the presence of ER also was 
confirmed, it was decided to depopulate this room as well. This was done by 

USAMRIID personnel equipped with 
positive pressure containment suits. 
Despite extraordinary measures to 
contain the outbreak, animals in 
rooms A-D became sick and a 
decision was made on December 4 to 
depopulate and then decontaminate 
the entire facility. This decision was 
partly a response to the 
apprehension generated by 
hospitalization of an animal handler 
earlier that same day with a viral 
syndrome subsequently diagnosed 
as influenza. In January, 1990, the 
decontaminated Reston facility again 

Figure 8. Transmission EM of Ebola (Zaire) began receiving animals and by 
February had received three 

shipments of 100 animals, all from the same supplier in the Philippines who had 
supplied animals involved in the outbreak. A fourth shipment of 100 animals, also 
from this supplier, was sent to the Texas Primate Center {TPC), another Hazelton 
quarantine facility in Alice, Texas. Within a week after arrival, clinical signs 
identical to those of the original outbreak were observed among animals in the 
third Reston shipment as well as animals sent to TPC. SHF and EBO were 
eventually isolated at both locations. Inasmuch as there had been no contact 
between animals shipped to Virginia and Texas after leaving the Philippines, it 
became apparent that viral transmission at the export facility was involved. This 
subsequently was confirmed in a serological survey of monkey export facilities in 
the Philippines. Seropositivity rates for EBO Reston and animal mortality rates 
were dramatically higher in the facility which supplied animals to the Reston facility 
{43). Transmission of virus within this facility appeared to have been facilitated by 
housing animals in group cages. How the virus was introduced into the facility, 
however, has nEwer been determined. 
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Remarkably, although seroconversions to this new strain of EBO occurred in four 
animal handlers with a high level of daily exposure to the animals, none of these 
individuals developed febrile illness! One of the animal handlers serconverted after 
cutting his finger while performing a necropsy on a heavily infected animal; he 
remained asymptomatic despite a transient viremia (42). In previous EBO 
epidemics, such an exposure almost certainly would have resulted in severe 
disease. Asymptomatic infection subsequently was reported in the Philippines in 
persons working in a facility that housed the source monkeys of the US outbreak 
(44). The Reston outbreak is not the only one associated with importation of 
cynomolgus monkeys. In 1992, a highly similar filovirus was isolated from 
monkeys imported into Italy from the same exporter that shipped Reston-infected 
monkeys into the United States in 1989; human infections also were not observed 
during that outbreak (28,45). Population-based serological surveys also support 
that the Reston-associated EBO has low pathogenicity for humans. Samples from 
550 persons with varying levels of occupational exposure to monkeys or monkey 
tissues subsequently were tested for filovirus antibody. 42 or 7.6% were positive 
for one or more filovirus test antigens (41); two-thirds of these individuals had 
contact with monkeys within quarantine facilities. None of the seropositive 
individuals had illness consistent with HF. Surprisingly, 12 of 449 control sera 
(2.7%) also were positive in the same assays. 

Shortly after the Reston outbreaks in early 1990, the CDC instituted a series of 
measures to prevent recurrent epidemics with potentially more lethal outcomes 
while, at the same time, providing sufficient numbers of animals to meet the needs 
of United States researchers (46). In March, interim new guidelines for handling 
nonhuman primates during transit and quarantine (40). Compliance with these 
guidelines became a mandatory condition for continued registration of importers; 
on-site inspections of all import facilities also were begun. In April, the CDC also 
announced the availability of a special permit procedure for the importation of 
cynomolgus, African green, and rhesus monkeys (47). To obtain the permit, 
applicants were required to submit an importation plan describing the steps that 
would be taken to minimize the risk for filovirus exposure of persons and animals 
during the entire importation and quarantine process. Serologic testing for 
filovirus and CDC review of results were required before release of animals from 
quarantine. These measures were so successful in reducing mortality among 
quarantined monkeys that routine testing for filovirus antibody was discontinued 
in October of 1991 (47). 

EBO Zaire 1995 (6,48). The index case for the present epidemic is not known but 
may have been a middle-aged male forest worker who became ill in December of 
last year. A chain of deaths occurred in households throughout January, February, 
and March. In a pattern all too familiar from previous outbreaks, the epidemic was 
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dramatically amplified when a 36 year-old hospital laboratory technician at Kikwit 
General Hospital had onset of fever and bloody diarrhea. On April 10, he 
underwent surgery at the same facility for a suspected perforated bowel and died 
on April14 from a massive intra-abdominal hemorrhage. At about the same time, 
medical personnel who took care of this patient, either in the operating theater or 
in hospital wards, developed similar symptoms. One of these ill persons was 
transferred to Mosango Hospital (75 
miles west of Kikwit) which shortly 
thereafter became a second epicenter of 
the epidemic. On May 11, blood samples 
from 14 acutely ill persons were positive 
for EBO antigen, EBO antibody, and/or 
viral RNA by reverse transcriptase PCR, 
thereby confirming that EBO was 
responsible for this latest VHF outbreak 
and deepening the mystery that 
surrounds these viral pathogens (6). 
Sequence analysis of the glycoprotein 
genes from the 14 isolates revealed that 
they were essentially identical to the 
virus which had caused the 1976 
outbreak (A. Sanchez, CDC, personal 
communication). The latter part of May, 
the . WHO declared on June 1 that the 
acute phase of the epidemic was over 
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and that ongoing increases in the Figure 9 

number of cases were largely due to 
retrospective identification of cases from 
January through March. As of that date, WHO estimated that the outbreak involved 
211 confirmed or suspected cases with 164 deaths. CDC reported 296 cases with 
79% mortality as of June 25 (1 03). 
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Figure 10. Schematic representation of MBG and EBO (Zaire) 
genomes. 

Ivory Coast may represent a potential 

not always been identified or died 
before detailed interviews could take 
place. For this reason, an outbreak 
of EBO among chimpanzees in the 
breakthrough because it enables 
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investigators, for the first time, to study 
the illness in its natural habitat (23). Filcmn.a a~n~<~ural protcint aad tllcir praposed fllnclion~ 

Ethologists studying a troop of DcsiJaation MWCMBGl MWCEBO> Eacadocl Propooecltw>etion 

chimpanzees in the Tai National Park of A a A 
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recovered. A new strain of EBO was Table 3 

isolated from her blood. Histopathological 
and immunocytochemical analyses of 
specimens from the dead chimpanzee also were consistent with EBO. The authors 
concluded that the chimps were dying from an EBO epizootic. The fact that the 
outbreak occurred at the end of the rainy season was consistent with an insect 
vector. They hypothesize that, as with arboviruses, an insect vector infects an 
intermediate host mammal in which the virus can replicate to high titers without 
being harmed. These investigators now plan to search the 4200 square kilometers 
of the Tai Forest to prove their hypothesis. 

VIRUS CHARACTERIZATION 

Gordon Smith eta/. (49) showed that guinea pigs became sick after inoculation 
with whole blood or post-mortem tissue suspensions from Marburg patients and 
that the agent of disease could be serially passaged in guinea pigs. Serological 
studies with a large number of reference antigens were negative, however, while 
filtration studies revealed that the agent was larger than most known viruses. In 
1968, Kissling and co-workers {50) reported isolation of the "African green monkey 
disease agent" by inoculating blood from infected guinea pigs onto tissue culture 
cells. Morphologically identical, but antigenically distinct, particles were isolated 
from specimens associated with the 1976 Zaire and Sudan outbreaks {51-55) or 
were visualized by EM analysis of post-mortem tissue specimens {56). This new 
virus was named "Ebola" after a tributary of the Congo River close to the outbreak 
site in Zaire. Based upon their distinctive morphology, as well as other shared 
physicochemical characteristics {57-60}, it was proposed that a new taxon be 
created to distinguish these viruses from the rhabdoviruses {to which they are 
related) {57). The name filoviruses {"filo" being Latin for "filament" or thread") was · · 
recommended {57) and eventually adopted. Sequence analyses of viral proteins 



16 

and, more recently, the entire viral genomes, have validated this taxonomic 
classification (28,61-65). Antigenic, structural, and pathogenicity studies have 
provided strong evidence that the Sudanese and Zairian isolates are distinct 
subtypes (28,66-68). It is still undetermined whether the Reston isolates are EBO 
subtypes or a distinct filovirus species (28). 

MBG and EBO are highly pleomorphic cylindrical particles appearing as long 
filamentous, sometimes branches, or as "U"-shaped, "6"-shaped, or circular (torus) 
forms (Fig. 8). Virions vary greatly in length but have a uniform diameter of 
approximately 80 nm - 90 nm. The relatively uniform viral particles purified by rate 
zonal gradient centrifugation have an average length of 665 nm for MBG and 805 
nm for EBO and are associated with peak infectivity (28). Particle cores are formed 
by nucleocapsid consisting of a dark central space 20 nm in diameter surrounded 
by a helical capsid 50 nm in diameter. Within the nucleocapsid is an axial channel 
of 10-15 nm. The helical nucleocapsid is surrounded by a lipid envelope derived 
from the host plasma membrane. Spikes of approximately 7 nm in length and 
spaced at about 10 nm intervals are located on the virion surface (Fig. 9). 

EBO and MBG particles contain seven proteins (Table 3); as shown in fig. 9, each 
of the filoviruses has a characteristic polypeptide profile. Differences in mobility 
are most prominent for the glycoprotein (GP) and the viral structural proteins (VP) 
40, 35, . and 30. Four proteins are associated with the viral ribonucleocapsid 
complex: the nucleoprotein (NP), VP 35 and 30, and the large protein (l) (the viral 
RNA-dependent RNA polymerase). VP40 and VP24 are matrix proteins believed to 
connect the helical nucleocapsid with the viral membrane. The glycoprotein (GP) 
is a class I transmembrane protein which exists as a homotrimer. GP is the only 
glycosylated viral protein; GPs of MBG and EBO have different glycosylation 
patterns (64). Sequence analysis of GPs revealed that the middle portion of the 

protein contains the antigenically 
variable domains. GPs also contain a 

Molecular bioloJY ud evolution of filovirusoa stretch of amino acids with 
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homologous to an 
immunosuppressive motif found in 
the glycoproteins of oncogenic 
retroviruses (e.g., feline leukemia 
virus, avian reticuloendotheliosis 
virus) (69,70) which has been shown 
to inhibit cytotoxic T cell responses, 
monocyte chemotaxis, cytokine gene 
expression, and natural killer cell 
activity (71-75). It has been 
speculated .that .immunosuppression 

Figure 11. Proposed revolutionary relationships among NNSA by the VirUS iS responsible for the 
RNA viruses. A. L proteins. B. Nucleoproteins impreSSiVe lack Of inflammatory 
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response in infected tissues. Significant homologies between filovirus GPs and 
envelope proteins of other nonsegmented, negative strand (NNS) RNA viruses do 
not exist. The functions of VP 40, 35, 30, and 24 are poorly understood. VP40 and 
VP24 are thought to function as 
matrix proteins connecting the helical 
nucleocapsid and the viral membrane 
(76). 

The genomes of filoviruses consist of 
a single, continuous strand of RNA ~ • 
which is noninfectious, not i r , 
polyadenylated, and complementary 
to viral messenger RNA (that is the 
viral genome is negative-stranded). 
The genome's size, 19 kb, is larger 
than those of other negative strand 
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RNA viruses (e.g., influenza A, Figure12.Meanserumtitersovertimeinfilovirus-infected 

bunyavirus, rhabdovirus, and rhesus monkeys 

paramyxovirus). Filovirus genes are 
arranged in the following order: 3'-NP-VP35-VP40-GP-VP30-VP24-L-5' (Fig. 10). EBO 
has three gene overlaps (VP35NP40; GPNP30; VP24/L), while MBG has one 
(VP30NP24). Transcriptional start and termination signals are at the 3' and 5' ends, 
respectively. Six mANA species have been identified from filovirus-infected cells. 
In vitro translation resulted in products co-migrating with the structural proteins 
NP, VP40, VP35, VP30, VP24, and the unglycosylated form of GP. A mANA specific 
for the L protein has not been detected, presumably due to its low copy number 
(63,n,7s). 

Sequence analyses of the MBG and EBO genomes have demonstrated that 
filoviruses and other NNS RNA viruses (Paramyxoviridae, Rhabdoviridae) are 
genetically related and have a similar arrangement of genes according to function 
(3' leader-core proteins-envelope proteins-polymerase-5' leader). These genomes 
can be viewed as containing conserved regions at the 3' and 5' ends (which encode 
functionally conserved L and core proteins) and a variable part in the middle 
encoding the nonconserved glycoproteins. Comparisons of the deduced amino 
acid sequences of the Land the NP genes with those of different NNS viruses 
demonstrate that filoviruses are more closely related to paramyxoviruses than to 
rhabdoviruses. The dendrogram in figure 11 shows the evolutionary relationships 
between filoviruses and other NNS RNA viruses as determined by nucleotide 
sequence analysis of the genes encoding the L protein and the nucleoprotein. 

The international teams investigating the Zaire and Sudan outbreaks recognized 
clinical differences between the two outbreaks, most notably the higher mortality 
rate among victims of the Zairian outbreak (26,29). Histopathological examination 
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of specimens indicated that cases from Zaire had more extensive necrotic changes 
and greater viral burdens (26,29,56). 
Cumulative experimental evidence 
shortly thereafter began to support the 
notion that biological differences exist 
between the Sudanese and Zairian 
EBO. Isolates of EBO strains from 
Zaire were readily obtained by primary 
inoculation of cell cultures, while 
strains from the Sudan were difficult to 
isolate using the same cell lines and 
technique (79); the poor CPE of 
Sudanese strains also contrasted with 
the marked CPE of strains from Zaire 
(79). Ellis and co-workers (80) found 
that rhesus monkeys survived 
inoculation with a Sudanese strain of 
EBO while an identical sized inoculum 
of a Zairian isolate was fatal. They also 
noted that virions were relatively 
difficult to find in the livers of monkeys 
inoculated with the Sudanese strain 
and included a high proportion of 
"aberrant" or defective forms (RNA 
cores without coats or coats without 
cores). In contrast, monkeys given the 
Zairian strain had great numbers of 
virions in liver, lung, and spleen with 
only rare aberrant particles (similar to 
humans). The propensity of Sudanese 
strains to produce aberrant virions 
could be reproduced in cell culture 
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(81 ). Bowen et a/. (52) also observed Figure 13. Laboratory abnormalities in an EBO-infected rhesus 

greater virulence of Zairian strains for monkey 

rhesus monkeys and guinea pigs. 
They also showed that infection with a Sudanese viral strain completely protected 
monkeys against re-challenge with the homologous strain but did not prevent a 
lethal outcome following challenge with a Zairian isolate. McCormick et a/. (79) 
found that the LD50s of Sudanese isolates for suckling mice were five logs lower 
than those of Zairian strains. Based upon their lack of pathogenicity for humans, 
it has been presumed that the Asian filoviruses are less virulent than their African 
counterparts. This was confirmed by experiments in which vervet monkeys and 
macaques were challenged with either African or Asian filoviruses. Compared to 
disease caused by African viruses, Asian filovirus disease was characterized by 
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lower mortality, slower development of viremia, and delayed onset of hepatocellular 
and hematological abnormalities (15). 
Nevertheless, these studies did 

500 

300 

FM.LflEOFAGGRE<lATION demonstrate that the Asian filoviruses are 
·. ; : , .. _: . . ; . ~··· .. ·:~ . ! # ••• 

pathogenic, even lethal, for monkeys in the 
absence of the SFHV infection. These 
experiments also emphasized the 
extraordinary pathogenicity of the Zairian 
strains (Fig. 12) (15). 

PATHOGENESIS AND PATHOLOGY 

Soon after the discovery of filoviruses, 
infectivity studies confirmed the 
extraordinary susceptibility of monkeys to 
filovirus infection and established them as 

t 2 3 4 5 II 1 
D1ys post inocUlation the animals of choice for the study of 
Figure 14 disease pathogenesis (4). In contrast, 

results with small animals have been less 
impressive. EBO (Zaire) kills guinea pigs 

only after it has become adapted by serial passage, while EBO (Sudan) and MBG 
do not (4). Only the Sudan variant was found to be lethal for suckling mice (79). 

MBG Disease. Subcutaneous inoculation of either vervet or rhesus monkeys with 
0.5 ml of acute-phase blood from MBG patients resulted in death within 9-10 days 
(17,82). Monkeys did not appear overtly sick until1-2 days prior to death. Levels 
of viremia were so high that their antemortem blood remained lethal for other 
animals when diluted 1 x 1010-fold (83,84). Uninoculated animals which had direct 
contact with infected monkeys also died but the course of disease was protracted 
(i.e, 20-36 days), consistent with a smaller inoculum. Aerosolization as a mode of 
transmission was ruled out by the observation that animals living in the same room 
but without direct contact showed no symptoms of disease (82). Within four days 
of infection, liver biopsies revealed diffuse intracytoplasmic eosinophilic inclusions 
(dense aggregates of viral tubular structures by EM), similar to Councilman bodies 
of yellow fever, and scattered necrotic hepatocytes (85,86). This was followed by 
progressive necrosis with focal hemorrhage. Diffuse necrotic changes also were 
observed in the spleen and lymph nodes of premorbid animals. Inflammatory cell 
infiltrates were noticeably absent (85,86). 

EBO Disease. Vervet or rhesus monkeys inoculated intraperitoneally with 103-105 

guinea-pig infectious units of EBO Zaire become febrile on the third to fifth day 



after inoculation (51 ,87,88). Rhesus 
monkeys tend to develop a petechial 
rash on the forehead, face, limbs, 
and chest. Intractable hypovolemic 
shock, exacerbated by diarrhea, 
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bleeding, ARDS, and central nervous 
system dysfunction is the cause of 
death. Figure 13 shows the typical 
progression of hematological and 
biochemical abnormalities (89). .. 
Hematologic abnormalities consist of ~ 1

. 

lymphopenia in combination with f 
neutrophilia (degranulated and band i 1

-e 

forms are pronounced on peripheral 
blood smear) (88,89). Progressive 
quantitative decreases in platelets 
also occur, but these are preceded 
by profound platelet dysfunction 
(measured by in vitro platelet 
responsiveness to ADP and collagen) 

2· 

2· 

(Fig. 14). Laboratory evidence of 
disseminated intravascular 

~ post inoCulation 

Figure 15 

.. . 

coagulation (DIC) is present as disease progresses but is usually rather modest, 
suggesting that DIC is neither a primary pathophysiological process nor a major 
cause of bleeding (Fig. 15). Hepatocellular liver enzymes become elevated (AST 
disproportionate to AL T), while alkaline phosphatase and bilirubin tend to remain 
normal (88,89). Overall, the elevations in hepatocellular enzymes are unimpressive 
compared to those seen in viral hepatitis. Histopathologic abnormalities are similar 

to but even more widespread than 
those observed with MBG and are 

Tlaoo«< ___ _,_....--a... .. .-....--
.. _.,_ consistent with the high viral titers 
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,., N.D. fulminant HF. Schnittler and co-
Table 4 workers (90) showed that MBG 

replicates well in cultured endothelial 
cells and they proposed that disruption 

of endothelium due to viral replication deranges the vascular permeability barrier 
and other physiological functions of endothelium. Others have noted that severe 
damage to vascular endothelium is not a typical finding at autopsy even though · 
vascular changes are widespread (5). Presently, the pathophysiologic events that 
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make filovirus infections of humans so devastating remain obscure. It is worth 
noting that essentially nothing is known about disease pathogenesis at the 
molecular level. 

CLINICAL MANIFESTATIONS 

Serological studies of 
contacts of confirmed EBO cases, 
population-based serological 
surveys, and the experience with 
Ebola Reston, suggest that the 
spectrum of EBO disease includes 
asymptomatic or mildly 
symptomatic disease. If one 
believes that population-based 
serological assays are specific, mild 
disease due to infection with cross
reactive less virulent viruses may 
also be relatively widespread, 
perhaps worldwide (91 ). 

Severe EBO disease in humans 
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closely parallels that in nonhuman primates (Figs. 16, 17, and Table 5). Figure 17 
graphically describes the clinical course of a laboratory worker in England who 
accidentally inoculated himself with EBO (Zaire). Fortunately, he survived! After 
an incubation period of 2-21 days with an average of 7 days (the incubation period 
depends on inoculum size and whether the mode of transmission is by needle 
inoculation or person-to-person contact). The onset is abrupt with fever, severe 
periorbital/frontal headache, myalgia, conjunctivitis, and malaise. Nonexudative 
sore throat also is common but is less pronounced than the pharyngitis of Lassa 
fever. These prodromal symptoms are followed by gastrointestinal symptoms, 
crampy abdominal pain, nausea, vomiting, and watery diarrhea. Jaundice is not a 
feature of filovirus infection despite the fulminant hepatic involvement. Chest pain, 
usually pleuritic, was common in the Sudan outbreak but infrequent in Zaire (26). 
A papular rash may occur in some patients, especially on the trunk and back, 
. though it may be difficult to appreciate in blacks; the rash eventually desquamates. 
Bleeding occurs 5-7 days into the illness and, when spontaneous, is most 
commonly from mucosal surfaces. Persistent bleeding at venipuncture sites also 
is well described. Hemorrhagic complications are a poor prognostic sign; they 
were noted in 77.6% of fatal cases as opposed to 17.6% of nonfatal cases (Table 
5). Central nervous system involvement is manifested as disorientation, apathy 
("ghost-like facies"), and occasionally frank psychosis. There are no available data 
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Frequency of Symptoms and Signs in Fatal 
and Nonfatal Ebola lnfectioas (Zaire, 1976) 

Flltal lalectioal Noalal.ll WecdOIII 

N F I"Df''DDC1 '*' N F~ ~ s,,.,,,,, 
Fever 231 226 98 34 20 59 
Headache 210 202 96 34 20 S9 
Abdominal pain 201 163 81 34 17 so 
Sore throat '1m 164 79 34 11 32 
Myalgia 206 163 79 34 16 1.7 
Nausea 178 117 66 30 10 33 
Arthritis 193 102 53 34 13 38 

SlfU 
Diarrhea 228 180 79 34 IS 44 
Bleed ina 223 174 78 34 6 18 
Oral/throat 208 1S4 74 34 9 27 

let ions 
Vomitlna 225 146 65 34 12 35 
Conjunctivitis 208 121 S8 34 12 35 
Cou1h 208 75 36 34 6 18 
Abortion 73 18 2.S 9 I 11 
Jaundice . 191 10 s 34 0 0 

Table 5 

on the spinal fluid abnormalities 
characteristic of CNS involvement in 
EBO disease. Laboratory 
abnormalities parallel those observed 
in animal models. Death occurs from 
hypovolemic shock secondary to 
diffuse capillary leakage with or 
without hemorrhage. 

DIAGNOSIS AND MANAGEMENT 

From a purely technical standpoint, 
diagnosis of EBO disease is 
straightforward. The diagnosis of EBO 
HF traditionally has been made by 
isolating the virus or by demonstrating 
lgM antibody or a fourfold rgse in lgG 
antibody in serum (4,5). Virions are 
profuse in body fluids and easily 

cultured on appropriate cell lines (e.g., Vero cells derived from African green 
monkey kidneys). Experience from the 1970's showed that virus often can be 
recovered from acute-stage specimens handled under suboptimal conditions 
(26,29). At this time, viral titers are so high that a rapid diagnosis can be confirmed 
by direct EM examination (29,92). IEM using specific antisera has been proposed 
as a means of confirming that observed viral particles are filoviruses (93,94). 
Antigen ELISA (91 ,93) has the obvious advantages that it obviates the need for viral 
culture and it can be performed on chemically inactivated sera in most hospital 
clinical laboratories (95,96). PCR as a nonculture-based detection method has 
particular appeal (97) although data on its clinical performance are lacking and it 
is not yet adapted for routine use in clinical laboratories. While the specificity of 
EBO serologies, particularly IFA, has been questioned, it is believed that they are 
accurate in an appropriate clinical setting (i.e., a patient from an endemic area with 
a compatible clinical syndrome) (36). For diagnostic purposes, the ELISA has 
supplanted the IFA. Seroconversion occurs on days 8-12 of illness. Serologic 
tests are performed with gamma-irradiated and serum samples that have been 
inactivated with heat or gamma irradiation. Recognition of postmortem cases is 
important for infection control and should be vigorously pursued. Confirmation is 
readily accomplished by routine transmission EM of tissues and by 
immunocytochemistry of fixed tissues (26,29). 

Expeditious diagnosis ofEBO disease has profound implications for public health 
as well as for the health of the individual patient. As with any rare disease, the 
difficulty in diagnosing EBO HF rests largely in not having the presence of mind 



to think of the diagnosis. This is 
compounded further by the 
nonspecificity of its many symptoms 
and signs, particularly early in the 
disease course, and their 
resemblance to other far more 
common entities. Thus, diagnosis of 
EBO begins with suspicion of the 
diagnosis. For this reason, one 
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imported nonhuman primates. The Ftgure 11. Clinical course of a patrent with EBO (Zarre) 
diagnosis is realistically excluded if infection. 

the interval between the onset of 
symptoms and the last possible exposure exceeds three weeks. Even so it must 
be recognized that the differential diagnosis is broad and includes many other 
entities (e.g., malaria, typhoid, relapsing fever, leptospirosis, other hemorrhagic 
fevers, brucellosis, and meningococcemia) which must be vigorously sought and, 
perhaps, empirically treated while precautions are taken to deal with the possibility 

Risk or TnllllllillioD or Ebola vn. by 
Dqree of Penoa to Penoa Coatllct 

Nursing care 
Pbyaic:al contact only 
Entered room (ao 

contact} 

(Saaa, 19'76 aad 19'79) 

19'76 1979 

.a 39 81 60 24 40 
28 S23 26 312 

Not anilahle 23 0 0 

Table 6 

of EBO disease (98). The CDC has 
emphasized the importance of ruling 
out malaria in travelers from 
endemic areas and has provided 
explicit instructions on how to do 
this at minimal risk for laboratory 
personnel who perform the blood 
smears (98,99). 

Unfortunately, specific antiviral 
chemotherapeutic agents are not 
available. Ribavirin, the most broad

spectrum antiviral available, has no in vitro activity against EBO (1 00). 
Convalescent plasma and interferon have been used in isolated cases, but there 
is no evidence that these agents are efficacious in animal models (1 01 ). 
Management of the patient is entirely supportive. Heparin therapy for DIC, which 
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is usually mild, is generally not indicated (5). 

As elegantly stated by the CDC, .. the challenge of managing patients with VHF is 
to provide the highest quality care with the least risk of transmitting infection to 
health care providers .. (98). Fulfillment of this injunction is possible only if care 
providers understand the mechanisms of viral transmission. As noted earlier, 
epidemiologic studies indicated that viral transmission occurs either by direct 
inoculation (the most efficient and deadly route of inoculation) or by direct skin or 
mucous membrane contact with infected body fluids (27,98). Studies in animals 
have shown that viral titers in urine are substantial, though below those in serum 
(15), and it is presumed that large numbers of virus also are excreted in stool, 
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saliva, and tears. On the other hand, data 
from the Reston outbreak and more 
recent studies (1 02) suggest that airborne 
transmission of EBO is possible. This 
would most likely occur during late stage 
disease. 

In 1988 the CDC published a MMWR 
supplement entitled .. Management of 
patients with suspected viral hemorrhagic 
fever.. (98); an update was recently 
published as well (99). These documents, 
which are appended to the protocol, lay 
out the basic principles involved in caring 
for patients with various viral HFs, 
including EBO. A second document 
entitled 11Special Pathogen Plan for 
DCHD .. , also appended to the protocol, 
describes in great detail how the CDC 
recommendations are to be implemented 
in the Parkland environment. In the event 

that a patient is suspected of having VHF, Infection Control should be contacted 
immediately. They will take care of implementing all aspects of the .. Special 
Pathogen Plan .. , including mobilization of appropriate support personnel. The 
basic principle is that patients can be safely managed using the universal 
precautions now routinely implemented for all blood and body fluids combined with 
strict barrier nursing techniques (i.e., disposable gloves, gowns, masks, shoe 
covers, and, when appropriate, protective eye covers). This can be accomplished 
by isolating a patient with suspected VHF in a single room with an adjoining 
anteroom serving as its only entrance (at PMH the designated rooms are in 9E or 
the ICU, depending on the severity of illness). Rooms at negative pressure are 
needed for patients with advanced disease who might be capable of transmitting 
virus in respiratory droplets. Blood specimens pose a particular risk to personnel. 
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However, specimens can be handled using universal precautions and transported 
by dedicated personnel to clinical laboratories. There the sera can be inactivated 
by chemical agents for appropriate laboratory and diagnostic tests (96,99). 
Specimens for viral isolation will be sent to the CDC which has the containment 
(P4) laboratory required for these manipulations. 
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temparature varie5 with the humidity). fans should not be used for preventing heat· 
related fllness in areas of high humidity (5',7 ). Persons without home air conditioners 
should be assisted in taking advantage of such environments in private or In public 
places, such 111s shopping malls. Immersion in cool water (59 .0 F- 61.0 F [15.0 C-
16. 1 en also can be used for maintaining acceptable body temperatur&. 
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Update: Outbreak af Ebole VIral Hemonhagic Fw• - Zaire. 1995 

As of June 25, public health authorities have ielentffted 298 persons with viral hem
orrhagic fever {VHF) attributable to documented or suspected Ebola virus Infection in 
an outbreak in the city of Kikwlt and the surrounding Bandundu region of Zaire C 1.2 )~. 
79% of ttle cases have been fatal, and 90 (~) of 283 cases in persons for wflom 
occupation was known occurred In health-care workers. This report summarizes char
acteristics of persons with VHF from an initial descrlptton of cases and preliminary 
findings of an assessment of risk factors for transmission. 

A case was defined as confirmed or suspected VHF in a reSidant of Kikwit or the 
surTounding Bandundu region ldentffied Since January 1. The median age of parMlns 
with VHF was 37 years (rang.: 1 month-7, years); 52% ware female. Based on prelimi
nary analysis of 66 cases for whiCh data ware available. the most frequent symptoms 
at onllt ware fewer CM%), dierrhn (80%), and sevara weakness (74%); other symp. 
toms included dysphagia (41%) and hiccups (1!5%). Clinical signs of bleeding occurred 
in 38% of cases. 

Potential risk factors for lntrafamillal transmission ware evaluated for secondary 
casas within households of 'Z1 prtmarv household casas identified through May 10. A 
primary household a.se was defined as the first case of VHF In a household; houM· 
hold w.. defined aa persons who shared a cooking fire at the onset of Illness In the 
primary household case. Among 173 household members of the 'Z1 primary house
hold ca&es, there were 28 (16'%) secondary case-patients. The risk far developing VHF 
was higt1er for spouses of ttlll prlmery household case-patients than for other house-
hold members (10 145%1 of 22 compared wnh 18 [14%1 of 151; rate ratio [ARJ- 3.8; 
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95% confidence interval (CI1::~~2.~7 .2) and for adults taged ~18 yeers) than for children 
(24 [30%1 of 81 compared with four [4%1 of 92; RR=6.7; 95% CI=2.4-,8A). 

Nei!dle sticks or surgical procedures during the 2 weeks before illness were re
ported for two of the 27 primary household case·patients ttnd none of 28 secondary 
case-patfents. Of the 28 secondary case-patients, 12 had direct contact with blood, 
vomitus, or stool of the ill person during hospitalization (i.e., later stages of illness), 
and 17 simuhaneousty shared the same hospital bed. Of 78 household members who 
had no direct physical contact with the person with the primary household case
patient during their clinical Illness, none developed VHF (95% ~4). 

R.ponfld by: M MUlionQ, MD, Min~r of He,lth, Kinmas1; T Muyem#», MD. Univ of /(jnshiiSil; 
Techniall and Sciflntif'te lntMNtio,.l CofJrdHvtlng Cmnmitt• for v;rat H.morrhagic Fever, 
Kilcwit,. Z•irw. World HHJth OTglJ!liz•tion Kln5h..._ Zaire. ~ 1-MIIIth OrgMJatiofl, Brazzt~vill•, 
Congo. ~t#d HNith Orpn;mtlon, G9n.W. SwilZfH11tnd. MM!ttciM S.ns Frontil:rtl$, Belgium. 
£piCfltttra, Pam. Frent». Pritrf» t.opold lfl$fituts of Tropif;al Medicine anrl Hygiene, Alltw.rp, 
Belflium. ON rJf llitlll ~ Rlclcetlml Disusft. IUtionll C111ter for lnlec:tiau$ ~; lnter
l'llltioMI HHith Program OHica; Epidemiology Program OHice, CDC. 
Edltorlll Hale: The lncidenee of VHF related to Ebola virus in Kikwft has diminished 
following the institution of interventions including 1) training of medical and relief 
personnel on the proper use of protective equipment, 2) initiatioo of aggressive case
finding; and 3) educational measures in the community (e.g., pamphlets and public 
announoements) I 1,2 ). However. cases continue to occur, and aach case has the po
tential to be a source for additional Infections. Therefore, ongoing measures including 
continued Intensive surveillance. training actlvitfes, and public education are neces
sary to contain the epidemic. 

To maxfmi;re prevention and control measures, prompt laborstory diagnosis Is an 
important component of surveillance. An enzvme-linUd lmmunosorbent assay 
(ELISA] detected Ebola antigen In specimens Initially submitted to CDC from 1 1 of 
13 acutely Infected persons ( 1 1. Ongoing testing of additional specimens will asSBss 
the utllftv of this EUSA as a rapid diagnostic test that could be used locally. In addition, 
Ebola a,.lgen was detected In multiple formaltn-flxed tissue samples (liver, lung, and 
skin) of sewn can-patlanta by Immunohistochemical (IHC) staining using a sp•cific 
polycfonal antibody. These flndtngs suggest that JHC staining of fixed tissue may as
sist In survaillance for hemorrhagic fewrs tn Africa and other countries. Other 
activities Include ecologic studies to Identify the natural reservoir of the virus; these 
studies are focuaing eapecialty on mammals, nonmammallan vertebrates. and anhro· 
pods. 

Transmission associated with health-care providers and caregivers has been a 
prominent feature of the current and previous VHF outbreaa In Africa attributable to 
Lassa. Marburg. Ebola, or Crlmaan.Congo hemorrhagic fever viruses (3 ).In some out
breaks. transmiSsion from patlentto patient wutthln hospitals has been associated wfth 
the reu• of unsterile needles and syringes. As In previous outbreaks. high rates of 
transmission in this outbreak haw occurred from patients to health-care worters and 
to famlfy members who provided nursing care wlhout appropriate barrier precau· 
lions to prevent exposure to blood, other body fluids, ~mltus, urine, and stool. Bused 
on findings in this report. the risk for transmitting infection from patients ippears to 
be nighest during the later stages of illness, which Is c:haracteri:zed by vomiting, diar
rhea, shock, and oftan hemorrhage. However. a small number of cases of VHF in Zaire 
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Management of Patients 
with Suspected 

Viral Hemorrhagic Fever 

INTRODUCTION 
The term viral hemorrhagic fever IVHFI refers to the illness assoctated w•th " 

number of geographically rellricted viruses. This illness ts characterized by fever anti. 
in the moll severe ceaes, shock and hemorrhage I II . Although a number of otht:r 
febrile viral infections may produce hemorrhage, only the agents of Lasu. Marl..turu. 
Ebole, and Crimean-Congo hemorrhagic feveril ere known to have caused significant 
outbreeke of diM ... with peraon-to-peraon trensmtssion. Therefore, the followmu 
recommendations specifiCally address theM four agents . 

The increasing volume of international travel, including vtsits to rural areas of thu 
uopal wotld, provides opportunity for the importation of these infections tnto 
countries with no endemic VHF, such as the United Stales. Since moll pbysictans 
have linJe or no experience with theM viruaes, uncertainty often ariaes when VHF •• 
• diagnostic pouibilily. l.aiU, Malburg, end Ebola viruses ere restricted to sul..t · 
Saharan Africa, end the differential diegnoais of VHF will most often be made lot 
illneu in travelers 10 this region. SiliCa 1976, no imported cases of VHF have bt,.tn 
confirmed in the United Sleles, but every yeer there ere approximately five to 10 
auspected c:eses. 
1"-guideli,_ review the clinical end epidemiologic feeturn of these diseases; . 

provide ,__.lions on diagnosis. invelligetion, end cere of patients; an.J 
~ meMW8110 pr.-M secondllry trensmialion. This document updetese~rluu 
r~. iaued in 1983 121. lor the management of suspected •n.J 
confirmed c:eses of VHF. Accumulated evidence shows that lransmiuion of the-e 
viruMe do8l not occur through cuuel contect; lhua, some eerlief recommendations 
for prevenllng secondely trensmiuion have been relaxed. Similarly, therapy recom · 
mendMiona heve teUn in&o account r-c knowledge of the effects of anlivu•l 
druga. 

Further information on invesligMing end managing petienll with IUIJM cted VHF. 
c:ollecling end lhlpping diegnoltic specimens, end inllituting control measurea •• 
eveileble on requell from the following persons at COC in Atlanta, Georgia. For • II 
t....,.,_ numbers, dial .ecM-639 + extension: 

1. Epidemic lntelligenc.e Sentice CEISI OH'K:er. Speci., Pathogens Branch. Diviston 
of Viral Diseeaes, Centef for Infectious Disease• Cext. 13441. 

2. Chief, Special Pathogens Branch, Division of Viral Diseues, Center tor lnlttc · 
lious Diseeaes: Joseph B. McCormick. M.D. text. 33081. 

3. Senior Medical Officef, Special Pathogens Bntnch. Division ol \/trill Dlitlil~ot~». 

Center for Infectious DiiNsea: Susen P. Fist\er ·Hoch. M.D. Cext. 33081 
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have t>Hn r9p0rted in family members whose only contact with an infect&d person 
was in the domestiC setting within a few days after onset of illness. 

Updated recommendations for the management of VHFs attributable to these vi
n•sas In the United States are presented in a Notice to Readers in this issue 141. 

ReferenctiS 
1. CDC. Outbreak of Ebola viml tM.morrhagic fever-Zalra, 1995. MMWR 1995,44:381-2. 
2. CDC. Updete: outbreak of Ebola viral hamormaiiC ftver-Zalre. 199!i. MMWR 1995;44:399. 
3. CDC. Men•98f!1•nt of patients with wapeded viral hemorrhagic fvver. MMWR 1988;37(no. s-

3);1-15. 
4. CDC. Update: management of patients with suspected viml hemorrhaGic fe-..er-United States. 

MM\'VR 1995;~475-79. 

Notice to Readers 

lJpUte: MaNgement of Patients 
with SuspKted Viral Hemorrhagic Fever- Untted Stat• 

In 1988, CDC published guidelines for managing patients wftt1 suspected viral hem
orrhagic fever (VHF) (1). Pending a comprehensive review of the 1988 guidelines, thiS 
notice provides interim recommendations that update the 1988 guidelines for health
care settings in the United States. This update epplfes to four viruses that cause 
syndromu of VHF: Lassa, Marburg, Ebola, and Congo-Crimean hemonhaglc fever vf.. 
ruses; although the risk and/or mode of nosocomial transmission differs for each of 
these viruses, tt1e limited data do not permit dear distinctions. 

BltCkground 
In Africa, transmission of VHF has been assodated wtth reuse of unsterile needles 

and syringes and with provision of patient care without appropriate barrier precau
tions to prevent exposure to virus-containing blood and other boctv fluids (Including 
vomitus, urine, and stool). The risks associated witt! various body fluids have nat been 
well defined as most caregivers who acquired infectlon had multiple contacts with 
multiple ttulds. Epidemiologic studies of VHF in huma.-. indicate that lnfaction is not 
readtly transmitted from person to person by the airborne route ( f,21. Airborne tnulS· 
mission involving hum ana has never been documented and Is considered 1 possibility 
ontv In rare instances from parsons with advanced stages of disease (e.g.; one patient 
with Lassa fevet' who had extenslw pulmonary Involvement may heva transmitted 
infection by tne airborne route) (3 ). tn contraat, lnvestiQatlon of VHF in nonhuman 
primates (I.e., monkeys) has suggested possible airborne spread among these speciN 
{4-7}. Desptte uncenaintles regarding the •pplicability to humans of data regarding 
airborne transmission In nonhuman primates, such informMion must be considered 
in tha Mv&lopmant of lnfec:tion-controt precautions because Information regarding 
exposure andtrsnsmlsslon in humans Is limited. 

The rtsk for person-to-person transmission of hemorrtlagtc f&VItr viruses is highest 
during the latter stages of Illness, which are characterized by vomiting, diarrhea. 
shock, and often hemorrhage. VHF Infection has nat been rapotted In persons whose 
contact whh an infed:ed patient occurred only during the incuba1ion period (i.e .• he-
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fore the patient became febrile; the incubation period ranges from 2 d!lys to 3 weekS, 
dependlng on the etiology of the VHF 11 Jl. In the 1995 Zaire outbrnak, some Instances 
of Ebola virus transmission within a few days aft or onset of fever were reported; how
ever. other symptoms in the source patients and the level of exposure to body fluids 
among these secondary cases were unknown (CDC, unpUblished data, 1995). In stu(j. 
ies Involving three monkeys experimentally infeaed with Ebola virus (Reston strain), 
fever and other systemic signs of illness preceded detealon of Infectious virus in the 
pharynx by 2-4 days. in the nares by 5-10 days, in the conjunctivae by H days, and 
on anal swabs by 5-6 days (P. Jahrling, U.S. Army·Medical Research Institute of Infec
tious Diseases, unpublished data. 1995). 

Reporting 
All suspected cases of infection with EbOia virus and other hemorrhagic fever vi· 

ruses should be reported immedlat&fy to local and s1ata health departments and to 
CDC (telephone [4041 639-1511; from 4:30p.m. to 8 a.m., telephone 14041 639-2888). 
Sped mens for virus-specific diagnostic tests should be sent to CDC as rapldly as pos
sible according to Instructions provided when contact is made. General information 
regarding Ebola virus infection is available through the CDC Ebole HotUne (telephone 
[800) 90()-0681}. 

Recommendations 
The following recommendations apply to patients wtto, within 3 weeks before on-

set of fever, have either 1) traveled in the specifiC local area of a country where VHF 
has racanttv occurred; 2, had direct contact with blood, mher body fluids, secretions, 
or excretions of a person or animal with VHF; or 31 worked in s laboratory or animal 
facllltyth 11t handles hemorrhagic fever viruses. The llkelllood of .cqulrlng VHF is co• 
sid8rad extreme~r low in P•IOII• who do not maet any al theM critwa. The causa of 
fever in persons who have traveled In areas where VHF is endemic is more Hkely to be 
a different infectious disease (e.g., malaria or typhoid fever); evaluation for and treat· 
ment of these other potemially serious lnfect1ons should not be delayed. 

1. Becau&e most Ill persons undergoing prehospftalevaluation and transport ara in 
the earty stages of disease and would not be expected to have symptoms that 
Increase the likelihood of contact with Infectious body fluids Ce.g., vomiting, dl· 
antaea, or hemorrttagel, unlvlmsal precautions are generally sufflctant t8). If a 
patient has respiratory symptoms (e.g._ cough or rhinitis), face shields or surgi· 
cal masks and aye protection (e.g., goggles or ayegle118s with side shields} 
should be worn by caregivers to pr8V8nt droplet contact (8 ). Blood, urine, fecea, 
or vomitus. If preAnt. should be handled as described In the folowtng recom
mendations for hospitalized patients. 

2. · Patients in a hospital outpatient or Inpatient sattlng should be placed In a private 
room. A negative pressure room Is not required during the early stages of ill
n••~ but should ba considered at the time of hospitalization to avoid the need 
for subsequent transfer of the patient. Nonessential staff and visitors shoukl be 
restricted from entering the room. Car.talrers should use barrier precautions to 
prevent sldn or mucous membrane exposure to blood and other body ftulds, 
sacretlona, and excretions. All persons entering the patient's room shoutd wear 
gloves and gowns to prevent contact with items or environmental surfaces that 
mav be soiled. In additlon, face shields or surgrcal masks and eye protection 
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(e.g., gog~es or eyeglasses with side Shields) should be wom by persons com
ing within approximatBiy 3 feet of the patient to prevent contact with blood, 
other tJOdy fluids, secretions (Including respiratory droplets), or excretions. The 
need for addhlonal barriers depends on the potential for fluid contact, as deter· 
mined by the procedure performed and ttta presence of cliniCal symptoms that 
increase the likelihood of contact with baoy fluids from the patient (8). For ex
ample, if copious amounts of blood, other body fluids, vomit, or feces are 
present In the environment, leg and shoe coverings also may be needed. Before 
entering the hallway, all protective barriers should be remov!K! and shoes that 
are soned with body fluids sflould be cleaned and disinfected u described be
low (SM recommendation 6). An anteroom for putting on and removing 
proteaive barriers and for stortng supplies would be usefuL if available (1•. 

3. For patients with suspected VHF who have a prominent co~h, vomiting. diar· 
mea, or hemorrhage, additional precautions are indicated to prevent possible 
exposure to airborne particles that may contain virus. Patients with these symp
toms should be placed In a negatiVe-pressure room {9 ). Persons entering the 
room should wear personal protective respirators as recommendBd for care of 
patients with actlw tuberculosis (hfgh efficiency particulate air IHEPAJ resplnr· 
tors Ot' more protective respirators) {9 ). 

4. Maasuresto prevent pBf'Cutaneous fnjurtas assoctated with the use and disposal 
of needles and other sharp Instruments should be undertaken as outlined in rec
ommendations for universal precautions (8 t If surgiCal or obstetric proceaur.s 
are necessary, the state h&llth department and CDC's National Center for Infec
tious Disea1es, Hospital Infections Program (tolepnone [404) 638·6426) and 
Division of Viral and Rickettsial D111ases (telephone [404) 639-1611: from 
4:30 p.m. to 8 a.m., telephone 14011 639-2888) should be consulted regarding 
appropriate precautions for these procedures. 

!i. Because of the potentllf risks associated with handling infectious materials. 
laboratory testing sl'lould be ttte minimum necessary for diagnostic evaluation 
and patient care. Clinical laboratory specimens should be obtained using pre
cautions outlined above (see recommendations 1-4 lbove), placed In plastic 
bags that ar. sealed, than tnnsponed In daarly labeled, durable, leakproof con
tainers dlractly to tne specimen handling area of the laboratory. Care shOuld be 
taken not to contaminate the axtemal surfaces of the container. Laboratory staff 
should be aletted to the nature of the specimens, which should remain in the 
custody of a designated pltson until tasting Is oone. Specimens In clinical labo
ratories should be handled In a class II biological safety cabinet following 
blosafetv level 3 practica C 101. Serum used In laboratory tasts should be pre
trHted with polyethylene glycol p-tert-oc:tylphenvt ettter (Triton• X-100)•: 
treatment with 10 ..a. of 10% ltlto.,a X-100 par 1 ml of serum for 1 oour reduces 
the titer of hemorrhagic fever viruses In serum, a though 100% efficacy in inectt· 
wting these virus• should not be auumad. Blood smears (e.g., for malaria) are 
not lnftictiou~; efter fixation in solvents. Routine procedures can be used for 
automated analyzers; analyzers should be dlsfnfiCted as recommended by the 

•use of trade names and cammerdllsources il for identtfication only and do• not imply 
endo...nent by the Public Heatttl SeMel or the U.S. Dlpertment of Health ~~nd Human 
Servioea. 
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manufacturer or with a 500 parts per million solution of sodium hypoctllorite 
( l: 100 dilution of household bleach: h cup to 1 gallon water) after use. Virus 
isolation or cultivation must be done at brosafetv level 4 (10 ). The CDC mobile 
Isolation laboratory is no longer available ( 1 ). 

6. Environmental surfaces or lnanimste Objects contaminated with blood, other 
body fluids, seCfetJons. or excretions should be cleaned and disinfected using 
standard procedures (8). Disinfection can be accomplishBd using a U.S . 

.. Environmemal. Protection Agency (EPA}-reglstered hospital disinfectant or a 
1:100 dilution of household bleach. 

7. Soiled linens should be placed in clearty labeled leak·proof bags at the site of 
use and transported directly to the decontamination area. Linens can be 
decontaminatad in a gravity displacement autoctave or incinerated. Altema
tively, linens can be laundered using a normal hot water cycle with bleach if 
universal precautions to prevent exposures are precisely followed (8) and linens 
are placed directly into washing machines without sonlng. 

B. There Is no evidence for transmission of hemorrnagic fever viruses to humans 
or animals through exposure to contaminated sewage; tha risk of such transmis
sion would be uptcted to be uttemely low with sewage tntatment prooadures · 
in use In the United States. As an added precaution, however, measures should 
be taken to eliminate or r9duce the infectivfty of bulk blood, suctioned fluias, 
secretions, and exaetions before disposil. These fluids should be either auto
claved, processed in a Chemical toilet, or treated with several ounces of 
househOfd bleadl for 2!5 minutes (e.g., in 1 bedpan or commode) before flushing 
or disposal in a drain connected to • sanitary sewer. Care Should be talcan to . ~o-.W ~(}. .L..1~ 
AVOid splashing when dispOSing of thel8 ml1trials. PottntlaiJy infectiOUS solid . ·.pr I 
medical waste ,e.g., contaminated needles, syringes, and tubingl should either 
be incinerated or be decontaminated by eutoclavlng or lmm81'5ion in a suitable· 
cnam5cal garmldde (I.e., an EPA-registered hospital disinfectant or a 1:100 dilu-
tion of household bleach), then handled accon:ling to existing local and state 
regulations for waste management. 

9. If the patient dies, handUng of the body should be minimal. The corpse should 
be wrapped ;., sealed leakproof materiaL noc embalmed. and cremated or burled 
promptly In a sealed casbt.lf an autopsy Is necessary. the state health depart
ment and CDC should be consulted regarding appropriate precautions C 1 ). 

10. Persons wtth percutaneous or mucocutaneous exposures to blood, body fluids, 
seaations, or excretions from a patient witl1 suspected VHF should Immediately 
wash the affected skin surf•cea With soap and water. Application of an antiseptic 
solution or handwalhing product may be considered also, although the efftcacy 
of this supplementat measure is unlrnown. Mucous membranes (e.g.. conjunc
tiva) should be Jrrtaatad wfth coplaus amounts of water or evewaah solution. 
Exposed persons should receive medal evaluation and follow-up management 
(1 ). 

lftlpotred by. HOfll)iUI 1n1rH:tJtJn11 Prog,.,, Di'l of Vinll llfttl ~t.l ~. MJrl Dtv of 
au.,.ntinct- rutlorwl c.nrer tor mt.ct~oua ~; Olfk» m tlwl Di~ Niltioflffl haituM f« 
Occupllnon.l s.t.ty and HMitlt,· OMDe at HHirh anrl Safety, CDC. 



. . 

Vol u I No. 2.5 

Natictt to RNdelw- Continued 
R~ 

479 

1. CDC. Mene~nt of patieota with susp.cted viral humorrhagic fevor. MM\NR 1988;37 
(no. S-31:1-15. 

2. Baron RC. McCormick JB, Zuboir OA. Ebola virus disease in southern Sudan: hospital dis
seminmon and iotr.temmiiJ ~preed. Bull WHO 1983;61:997-1003. 

3. Carey DE. Kemp GE, White HA. et al.lassl fever: epidemiological aspects of the 1970 epidemic, 
JO!i, Nigeria. Tnms R Soc Trop Med Hyg 1972;66:402-8. 

4. Da&Qerd DN, Hardv RJ, Peari!ICWI SL, et al. COmbined !iimian hemorrhagic fever and Ebola 
vitUS infection in cynomolgu. monlceys. Lab Anim Sci 1992;42:162-7. 

5. CDC. Update: tiloYirua infections among persons with oa:upational exposure to nonhumllr'l 
primate~. MMWA 1990;39:266-7. 

6. Jolvlson E. Jaax N, Whn., Jatvting P. Lethal EDqJerimental infectioo of rhesus monkeys by 
aeroaoliDd Ebola virus. lnt J Exp P1thol (in .,.. .. ~. 

7. Pokhodynev VA, Gonchar Nl, Pwhenichnav VA. · ~perimental study of Merburg virus contact 
va...,.illion. Vopr Viru-' 1991;36:506-8. 

8. CDC. Guiclelin.s for prevention of transmission of human immunodeftcitncy vinn and hepa
titis B virus to hea~e and public Nfatv workers. MMWR 1989;38:too. S-$:1-37. 

9. CDC. Guideline~ for preventing the transmillion at ~ tuberculotris in ne-'th· 
care fKIHtla MMWR 19M:431no. RR·13t:33-34, 7HU. 

10. CDC/NIItionallnslitutlll of Health.. Bioufefy in microbiological and biomedical laboratories. 
3rd ed.Atl•nte. GeorgNI: US Oep1rtmant otHealthand Hum10Servlces, Public-Health Service, 
1993; OHHS pubRcation no. CCDC)9:J..839!i. 

Notice to Readers 

Prwvention 98 Contennc.: 
Prev...tion for AI- Challengel. OppartunitiM, Mel Stnlt8liM 

Prevention 96, the 13th annual national preventive medicine meeting, will be spon
sored by the American College of Preventive Medldne and the Association of 
Teachers af Preventive Medicine In collaboration with CDC and other national health 
agencies In Dallas, Texas. March 23-26, 1996. The conference will explore Challenges, 
opportunities. and strategies for preventive medicine In the heetthooeare svsaem. Infor
matiOn on registration and submission of abstracts Is avaJiable from the Meetings 
Manager, Prevention 96, 1660 L Street. N.W., Suite 206, Washington, DC, 2003f:f-5603; 
telephone (202) 466-2589. 

Erntum: VoL 44, No. SS·2 
In the CDC SutvMIIMJce SummsriBs. on page 29 of the report titled "AboRfon 

SurveiUance-United States, 1991,"' the ninth footnote ta Table 3 should read: 
•••:.100 abortions per1.000 woman 15-44. va•rs of age. 

Ern1um: \lbl. 44, No. 23 

In tl'le anfcle •Implementation of Health lnftlatives Outing a Cease Are-Sudan, 
1 995• one of the areas in Figures 1 (page 434) and 2 (page 43!5• was mislabeled. In 
Figure 1, the area lebeled "Red s..· sttould have been labeled Red Sea state. In Figure 
2, the area labeled •Red Sea" should not hava been labeled. 
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DALLAS COUNTY HOSPITAL DISTRICT 

SPECIAL PATHOGEN INFECTION CONTROL PLAN 

POLICY: Patients suspected or diagnosed with Special Pathogens will be 
will be cared for in/by Dallas County Hospital District (Parkland) facilities, 
staff and physicians according to the elements included in this plan and 
procedure. 

Management of special pathogens will depend upon the means of 
transmitting the disease to other people in accord with procedures 
developed by the CDC (Centers for Disease Control) (see APPENDIX VI) . 

The Infection Control Team will coordinate the management of 
patients with special pathogens. The CDC Team will prevail when 
on site. 

Contact tracing is the responsibility of the Dallas County Health 
Department or the CDC; Parkland staff will cooperate and assist with the 
process. (see APPENDIX V). 

Registering patients admitted with Special Pathogens will be managed in a 
special CDC account. See APPENDIX VII *to be written 

PURPOSE: To contain and prevent the spread of highly transmissible organisms (special 
pathogens). 

DEFINITIONS: 
Special Pathogens are microorganisms with a high potential for serious disease, morbidity 

and mortality. They are presently endemic or epidemic outside the USA and could 
be imported into this country. They are readily transmitted by contact with blood 
and body fluids (Viral Hemorrhagic Fever) or by airborne means (Pneumonic 
plague) or by droplets from the respiratory tract (Diphtheria-pharyngeal). 

Special Pathogens include (but are not limited to) organisms which cause the following 
diseases: 

CRITERIA: 

Viral Hemorrhagic Fever (eg. Lassa, Ebola, Marburg, Crimean-Congo 
viruses) 

Pneumonic Plague 
Diphtheria -pharyngeal 

1. Patients who are suspected of incubating or having a Special Pathogen must 
immediately be isolated. 

A. Those who are very ill should be placed in Strict Isolation in the MICU in a 
Negative Air pressure room with an anteroom. 

B. Those who do not require intensive care: Strict Isolation on 9E. 
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2. Brief Description of Entry: Upon notification or diagnosis of an incoming 
patient/suspect case or contact, the following procedure will be used. 

The ED Supervisor will contact: 

I.C.3-60 

(1) the Infection Control Team (who will activate their chain of contacts; 
at least 1 I.C .Nurse will go directly to the hospital.) 

(2) the MICU Charge nurse (who will prepare for Isolation in the unit) 
(3) Infectious Disease attending 

3. Upon recognition of symptoms/suspicion of a Special Pathogen in-house: 
A The Charge Nurse of the unit and/or physician making the diagnosis will alert : 

( 1) Chairman Infection Control Committee/ Chief of Infectious Disease 
(2) Infectious Disease Attending and Fellow on call. 
(3) Infection Control (IC) Team member by page 
(4) Medical Director ofthe MICU or unit where patient assigned. 

(See Communication List APPENDIX 1.) 
B. Infection Control Team responsibilities are: 

(1) Immediately communicate with the ID Chair or Attending 
(2) At least one member of the IC Team will be available to the hospital 

at all times (until/unless relieved by the CDC). 
(3) . Assess status of the patient and determine placement in MICU or 9E. 
(4). Notify the following: Dallas County Health Dept.Epiderniologist, the 

Dallas County Health Department, the CDC, Administration, 
Security and Public Relations dept/delegate. 

( 5) Request immediate verification of negative air pressure from 
Engineering for the room(s) selected. 

( 6) Supervise the isolation of the patient. 
C. Place Patient in Strict Isolation in a Negative air pressure room with an 

anteroom. 
D. Caregivers should be minimized in number. 
E. Security (Department ofPublic Safety) responsibilities: 

(1) Provide officer(s) at Administration, the unit and/or patient's room. 
(2) Provide a secure elevator and escort for transport through the hospital. 
(3) Cordon off areas as necessary for press and to provide security 

for the other patients at Parkland. 
(4) Provide security for the CDC containment unit as appropriate. 

F . Communication 
(1) All communication with the media will be handled by the Public 

Relations Dept. 
(2) Administration will issue statement(s) for DCHD and Medical Staffs 

awareness. 

* * * * * 
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PROCEDURE FOR STRICT ISOLATION (SPECIAL PATHOGEN) 

POLICY: Suspected or known persons who have Special Pathogens will be placed in 
rooms with negative air pressure and an anteroom and cared for by staff using 
Strict Isolation procedures. 

The exact procedures will vary depending on the mode of transmission and the 
incubation of the disease. 

DEFINITIONS: 
Special Pathogens: Certain diseases which are readily transmitted, have the ability to 

cause outbreaks of illness, or have high morbidity and/or mortality. 
Examples include: 

--Diphtheria pharyngitis 
--Pneumonic plague 
--Viral Hemorrhagic Fever (VHF) includes Lassa, Marburg and Ebola 

and Crimean-congo viruses) 

Strict Isolation: Procedure details are listed. Those which differ from the standard are 
indicated by specific disease. (See grid of diseases, incubation, 
requirements etc. APPENDIX IV) 

Phenolic disinfectant (>0.5%): Phenexcel disinfectant (1 oz to 1 gallon of water.) 
Available from the Infection Control Team only. Do not use Wexcide. 

Isolation tape: 

PROCEDURE: 

Special tape for labeling trash and reusable equipment. Available from 
Infection Control Team only. 

1. Notification: When notified in advance ofthe patient's arrival, the patient should be 
taken directly to the MICU isolation room or other designated room as determined by 
Infection Control Team designee. 

Avoid dwell time in the ED (EmergencyDepartment) if possible since ED 
Isolation rooms do not have anterooms. 

2. Begin Strict Isolation: negative air pressure required with anteroom. 
Engineering must verify negative air flow in the designated room. 

3. Location for initial case( s) 
A MICU Isolation room WITH anteroom 
B. Additional case placement will be in area(s) which profides patient support and 

minimizes contact with other patients/visitors. 

4. Signs: Post STRICT Isolation sign (see APPENDIX II) on the outer door and 
door from anteroom into patient room. 
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5. Procedure details follow guidelines by the CDC : 
VHF: -Management of Patients with suspected Viral Hemorrhagic Fever 

procedures (MMWR Vol. 37; S-3, 2/26/88 (see APPENDIX VI) 
Plague: Plague (CDC) see Ref list APPENDIX IX 
Diphtheria: Communicable Disease in Man 

6. PPE: Personal Protective Equipment -Mandatory to enter room: 
A. Gowns: Disposable. Must cover neck to knees. 
B. Masks/ Goggles 
C. Gloves 
D. Shoe covers: VHF only 
E. All barriers must be removed prior to leaving room. 
F. VHF: DCHD scrub suits are to be worn; waterproof boots will be available 

for use as necessary. 
Note: Caps not necessary. 

7. Transport plan: 
A. An RN will accompany the patient in transport until patient placed into 

isolation .. 
B. Transporters must take gown, mask and gloves with them in case there is any 

secretions, contact or splatter occurring during transport. 
C. The patient should be masked if possible and taken by the most direct route 

to the room. If the patient is intubated and being bagged there is potential 
airborne contamination in the immediate vicinity. 

· --Preferred route is via Basement floor to elevators by Dietary Department. 
--No other patient or persons not connected with the infected patient, 

permitted on the elevator at the same time. 
C. Transportation of the patient will be escorted by DPS (security). 

8. Caregiver staff: Attempts should be made to minimize exposure of the staff. 
A. Nursing staff will not care for other patients the same shift. 
B. Physician contacts will be minimized. 
C. A roster of caregivers will be maintained. 
D. DCHD scrub suits will be available for wear. 
E. Diphtheria: Vaccine boosters will be given as indicated by the Dallas County 

Health Department. 

9. Soiled Linen: 
A. All soiled linen will be double-bagged out ofthe room. There must be no pre-

sorting of laundry prior to washing. . 
B. Exception: VHF: No linens will be laundered. Soiled Linen (cloth and/or 

disposable paper linens) will be discarded into the red bag trash (Infectious 
Waste). 

10. Excretions/Secretions will be discarded in the sewer routinely. 
A. VHF: Excretions/secretions (and bath water from cleaning up 

secretions/excretions) will be disinfected prior to discharge in sewer. 
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( 1) A chemical toilet will be used for all waste prior to disposal in the 
sewer as follows : 

(2) A portable commode with liner bag in the bucket will be used. 
(Use heavy duty bags from Housekeeping Supervisor: 2: 1.5 ml) 

. (3) Disinfectant* will be added in equal parts to the secretions/excretions to 
be disinfected for 10 minutes minimum prior to discarding in the sewer 
*(>0.5% phenolic Phenexcel-available from Infection Control). 

(4) After 10 minutes disinfection time, the contents ofthe bag will be 
flushed down the toilet, the bag discarded into the red bag trash. 

11 . Bathing: In-room shower or sponge bath may be performed. Drainage water is 
permitted to enter sewer system. 
Exception: 
VHF: For clean-up of secretions/excretions, bath water should be disinfected 
prior to discarding as above in # 1 0. 

12. Disposable items are discarded into red-bag trash : 
A. Examples of disposables include: 

--Dishes, utensils 
-- Blood pressure cuff and stethoscope . 

B. Exceptions: 
-- Sharps ie needles, syringes, lancets, razors, etc. will be placed into sharps 

disposal units. These units will be red-bagged when full or at 
the end oflsolation, disinfectant added as above in 10.3 for 10 
minutes, labeled Isolation, removed via "double-bag technique 
then microwave sterilized. 

--Thermometer (glass) (do not use electronic): discard into Sharps 
containers at the end oflsolation or if broken. 

13. Reusable items will be disinfected and/or gas sterilized as appropriate. 
A. Infection Control will advise re disinfecting/sterilizing. 
B. Phenexcel disinfectant will be used (1 oz to 1 gallon of water). 
C. Examples of reusables include: 

--IV pole, pump 
--BP sphygmomanometer 
--Monitors and cables 
--Instruments (must be sterilized) 

14. Double-bag technique: 
A. Items removed from the room will be double bagged. The gowned/gloved 

person inside the room places the inner bag into a second bag held by a 
person outside the door maintaining the outside of the outer bag free from 
contamination (example: Infectious Waste in red bags to be double-bagged.) 

B. If the outside of the bag touches anything from inside the room, the outside of 
the bag must be disinfected with Phenexcel. 

C. Place reusable Equipment (ie instruments)in regular bags (double bag system, 
the outer bag labeled "ISOLATION' with Isolation tape. Infection Control 
will advise SPD or OR regarding disinfection and/or sterilization. 

C. All bags used in any part of double-bagging must be directly laundered (no pre
sorting) or discarded into red-bag waste. 
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15 . Visitors will utilize the Special Pathogen precautions regarding apparel. Nursing 
staff will advise about precautions as appropriate. 
A. All visitation will be supervised . 
B. Exception: VHF: 

(1) Visitors are limited to direct family and/or significant other. 
(2) Visitation should be limited; depends on the patient's status .. 
(3) If confirmed VHF, it is necessary to restrict visitation to indirect video 

and telephone visitation from the anteroom (MICU). 
Note: other locations (i .e. 9E), visitation mechanisms will be set up 
as needed. 

16. Cleaning the room: 
A. Qualified staff from Environmental Services will clean the room daily and as 

necessary using standard cleaning techniques. Environmental Services 
Management will provide supervision of cleaning procedures/process. 

B. VHF Procedure: Materials will remain in the room (bucket, mop, Phenexcel 
disinfectant) . Mop heads will be discarded into red-bag trash when soiled. 

C. Terminal Cleaning: 
(1) All linens removed and laundered (including curtains). 
(2) All surfaces to be cleaned (not ceilings). Standard disinfectant used. 

Exception: VHF, use Phenexcel, available from Infection Control. 
(3) Mattress and pillow must be visually inspected and discarded if any 

tears in the surface coverings. 
(4) Sharps containers will be discarded (whether or not filled). 
(5) Disposable glove containers emptied (remainder discarded) and units 

disinfected. 
( 6) Residual soaps, paper towels and toilet paper will be discarded. 

14. Specimens sent to Lab will be handled with great care. 
A. Lab tests will be limited as much as possible. 
B. If Lab specimens are sent to the lab or to be sent to the CDC specific double

bagging and/or double-containerizing along with disinfection ofthe internal 
container. 

Transport to the lab must be by 1 person who directly gives it to a designated 
person in the lab. 

C. See details for all lab specimens in APPENDIX IV. 

15 . Post-mortem: 
A. Autopsy considered with great caution. 
B. VHF: 

(1) A waterproof shroud/body bag must be used. 
(2) No viewing of the body after placement in special body bag 
(3) The outside of the bag will be clearly labeled "Isolation." 
(4) NO embalming may occur; cremation or rapid burial necessary. 
(5) Disposal of corpse: Contact Dr. Bums, Coroner &/or DC Health 

Dept. before and about disposal. 
* * * * 
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APPENDIX I 

SPECIAL PATHOGEN I.C.PLAN: COMMUNICATION LIST 
************************************************************************ 

Dallas County Health Dept: Tel: ... ... ... ... .... ...... ..................... .. .. .. ... ... Tel: 528-6125 
(Night or day) 

Charles Haley, MD, Epidemiologist .................................................... Infection Control 
(He will notify TDH) 

Infection Control Team: 
James P. Luby, MD, Chairman Infection Control Committee Tel : 648-3480 
Barbara Moody, Manager Infection Control: 590-8429 Ho: 247-8709 Beeper 786-8192 
Laura Thurman, Infection Control Coordinator Beeper 786-8196 
Patti Grant, Infection Control Coordinator Beeper 786-8185 

Infectious Disease Attending: ...................... ... ... ............................... .... Tel: 648-3480 
Check with Page Operator 

Public Relations 
Evening nights call .......... ....... ..... ................ .... ........................ ... ............. Beeper 786-8333 

Administration .. ....................... ..................... .. ................................... Tel: 590- 8011 
Administrator On Call ..... ........ Check with Page Operator for Beeper number 

DPS (Security): 
Shift supervisor .... ........ ..... .. ...... ..... .. .. ..... ...... ...... ...................... .. ..... ...... Tel: 590-8496 
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I.C.3..QO 
APPENDIX VII 

SPECIAL PATHOGEN 

REGISTERING I ADMITTING PROCEDURE (*to complete) 
************************************************************************ 

l . A special account will be utilized for admissions meeting the Special Pathogen Criteria. 
It will be coded/targeted for CDC. 

2. Reimbursement procedures will be detailed in this protocol; Business Services will be 
copied as well. 

3. Elements covered for care of such patients include: 
Lab work relevant to the disease 
Basic Hospital charge for room including ICU 
Isolation costs 
Ventilator costs 
Blood transfusions (including Platelets, other blood components) 

Detennine the standard of care for VHF: To what limits does medical care go?) 
Dialysis 
Cardiac monitoring 
Neurological interventions or diagnostic procedures 
Physiotherapy 
Occupational Therapy 
Respiratory Therapy 
EKG's 
Other: 

:MRI 
CAT scan 

Enteral feedings 
G/J-Tube insertions 

Lab testing: what limits are there? 
Elective surgery 
Resuscitation procedures 
Autopsy fees 

4. Reimbursement fees not covered in care of patients with Special Pathogens include: 
(to obtain list from CDC) 

25 
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APPENDIX lilA 

SPECIAL PATHOGEN: DEPARTMENT SPECIFIC DETAILS 

************************************************************************************* 

NOTE: Departments where patient contact does not occur presently will not contact patients with Special Pathoa:ens. 

DEPARTMENT CONTACT DETAILS OF INTERACTION WITH THE 
YES - XIP Possible PATIENT/ROOM 
Blank z No Contact 

Admitting Communicate via family members and nursery 
Anesthesia 
Cardiac Labs Contact possible, not e~cted 
COPC Possibly in a community exposure 
Dietetic Communicate via nursing staff 
Discharge 
EEG p Possible 
EKG p Possible 
Engineering (Maintenance) p Only as necessary to repair utilities. Direct supervision by 

Infection Control or Unit Manag_er. 
Food Service No patient contact. Disposable dishes, trays delivered to 

unit. Nothing returned to kitchen. 
GILab p Possible Contact 
Labor & Delivery p Private Isolation Room. Use delivery bed. Use OR or bring 

Vaginal special HEPA filter unit to L&D. 
C-Section 

Nursery 
NNICU 
Nursing 

MICU X Most likely contact 
9E X Most likely contact 
ER X Most likely contact 
Other X As Needed 

OPC 
Operating Room Use HEPA Filter 
Patient Relations Only if interpreters needed. Use closed circuit TV or 

telephone interaction if possible. If needed to visit room, 
direct supervision by IC or Unit Manager. 

Pharmacy 
PM&R p Indirect, consultation role possible 
Public Relations Involved but not contact necessary 
Radiology p None except for portble x-ray. Portable X-ray machine 

will be covered as much as possible prior to entry; exposed 
CT, MRI, Nuclear Not anticipated areas will be physically disinfected upon leaving the room. 

Phenexcel will be used. 
Respiratory/Pulmonary X Possible contact: Ventilator Use 
Safety 
Security_ 1' Indirect(Distani)during ucucovurt 
Social Service Preferred to communicate from outside the room. If 

necessary to visit in person, supervision by IC. 
Volunteers No contact with patient or room. 

dpspecdt 
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APPENDIX IV 

SPECIAL PATHOGEN: LAB SPECIMEN HANDLING 
************************************************************************ 
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APPENDIX V 

SPECIAL PATHOGEN: CONTACT TRACING 

********************************** ********************************** * 
1. Infection Control, Infectious Disease Physicians or Dallas County Health Dept. will 

work together to identify close contacts. 
2. Definition of Contact: Those who : 

A Took care of the infected person (prior to start ofisolation) 
B. Were intimately involved with the infected person prior to infectious stage or 

symptoms, whichever came first.(* intimate: i.e. lives with, shares room, bed, 
eating or drinking utensils). 

C. Determine quarantine period based on the incubation and likely exposure 
date. 

(1) VHF: 
a. Quarantine for a 3 week surveillance period. (2-21 day 

incubation). Take and record temperature 
b. VHF Contact: Close contacts i.e. hugging, kissing, shaking 

hands, handling lab specimens, performing nursing care or 
living with the patient. 

c. Symptoms: VHF cannot transmit until symptomatic. 
--Temperature of:::_ 101 d. F., headache, malaise, vomiting 

or active bleeding, consider a case until it is ruled out. 
d. If symptoms appear, isolate promptly (Strict Isolation) 

(2) Pneumonic plague: Additional details provided by Infection Control 
at the time of suspicion of identification of pneumonic plague. 

a. Contacts are those living in the same household or who had face 
to face contact with a case. 

b. Quarantine ie place under surveillance for 7 days providing 
antibiotics taken by contacts. 

c. If antibiotics refused, place in Strict Isolation Quarantine for 7 
days. 

3) Diphtheria: Additional details provided by Infection Control at the 
time of diphtheria suspicion/identification. 

a. Culture nose and throat. lfDiphtheria cultures positive 
contacts must be treated with antibiotics. 

b. Quarantine for 7 days 
c. If handles food or work with children, exclude from work until 

proven culture negative. 
4. Determine quarantine site/location: 
• A Ensure that all contacts will be observed for symptoms of disease. 
• B Instruct caregivers (family or others) who will care for the exposed 

(quarantined) person in the following: 
• ( 1) symptoms of the disease 
• (2) practices to prevent transmission 
5. A record of all Parkland identified contacts will be maintained by Infection Control and 

shared with the Dallas County Health Department or the CDC as appropriate. 
***** 
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A laboratory technician in Kikwit, a 
city about 240 miles east of Zaire's 
capital, was hospitalized for fever 
and bloody diarrhea on April4, 

1995. A few days after the patient underwent 
surgery for a presumptive perforated bowel, 
hospital personnel began having similar 
symptoms. One of the ill employees was 
transferred to another hospital about 75 miles 
away. Personnel who cared for the trans
ferred patient at the second hospital had onset 
of similar symptoms on April 20.1 

Because Ebola virus was suspected as the 
cause of illness, blood samples were obtained 
from fourteen of the earliest suspected case
patients and shipped to the Centers for· Dis
ease Control and Prevention (CDC). All four
teen samples were positive for Ebola virus. 
Gene sequencing suggests that the virus re
sponsible for this outbreak is an Ebola subtype 
closely related to the one that caused an out
break in Zaire in 1976.1 As of June 1, 211 sus
pected cases have been identified, and 164 
(78%) of the patients have died. 2 

Background 

Ebola viral hemorrhagic fever (VHF) is one of 
several VHFs caused by enveloped RNA vi
ruses belonging to four families: Filoviridae; 
Flaviviridae;_ Bunyaviridae; and Arenaviridae. 
Ebola and Marburg viruses are rare and cause 
clinically indistinguishable, severe hemor
rhagic fevers. Because of their filamentous ap
pearance on electron microscopy, these vi
ruses are classified as filoviruses in the family 
Filoviridae. Other better known hemorrhagic 
fevers are dengue, yellow fever, and Omsk 
hemorrhagic fever (Flaviviridae); hemorrhagic 
fever with renal syndrome (HFRS), Crimean
Congo hemorrhagic fever, and Rift Valley fe-

. ver (Bunyaviridae); and Lassa and Argentine 
hemorrhagic fever (Arenaviridae). 
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The intermediate arthropod and rodent hosts 
for the viral agents of these better known 
VHFs have been elucidated.3 In contrast, very 
little is known about the natural reservoirs for 
Ebola and Marburg viruses. While most viral 
agents of hemorrhagic fever are not transmit
ted person-to-person, Ebola, Marburg, and 
Lassa viruses are notable for their ability to be 
spread this way.3

•
4 Additional information on 

transmission is provided later in this report. 

The incubation period for Ebola hemorrhagic 
fever ranges from 2 to 21 days, with an aver
age of 5 to 10 days. The illness is character
ized by an abrupt onset of high fever, chills, 
and headache followed by general malaise, 
myalgia, joint pain, anorexia, nausea, and ab
dominal pain. Vomiting, watery diarrhea, 
pharyngitis, and chest pain often occur, and 
conjunctivitis is common. A maculopapular 
rash may appear between days 5 and 7 and is 
most marked on the buttocks, trunk, and 
outer aspects of the upper arms. Liver func
tion is usually impaired by the second week of 
illness. Disseminated intravascular coagula
tion (DIC}, a major feature of the disease, is 
often accompanied by gastrointestinal hemor
rhage, as well as bleeding from injection sites, 
skin, orifices, and internal organs.4-7 

Patients typically have thrombocytopenia, 
lymphopenia, elevated serum transaminases 
(AST > AL T), and proteinuria.M Seroconver -
sion occurs between days 8 and 12. Currently, 
an lgG ELISA procedure, done at CDC, is con
sidered the most reliable antibody test. Cul
tures, which should be attempted only in a 
biosafety level4 (BSL4) laboratory, are positive 
during the acute stage of illness.6 
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Ebola Outbreaks 

Prior to 1995, three separate Ebola out
breaks occurred in Africa: in northwest
em Zaire in 19768 and in southwestern 
Sudan in 19769 and 1979.10 In the 
Zairean outbreak, 280 of 318 patients 
died, for a case-fatality rate of 88%. In 
Sudan's 1976 outbreak, 151 of 284 pa
tients died, for a case-fatality rate of 
53% .8•9 Twenty-two of 34 (65%) patients 
died in the 1979 outbreak in Sudan.10 

The viruses that caused the Sudanese 
and Zairean outbreaks are genetically 
distinguishable and are referred to as the 
Ebola-Sudan and Ebola-Zaire subtrpes.6 

In 1989 and 1990 a new subtype, Ebola
Reston, appeared unexpectedly in pri
mate quarantine facilities in Virginia, 
Pennsylvania, and Texas. In the Vir
ginia outbreak, graphically described in 
the recent best-seller The Hot Zone, 11 this 
filovirus caused a high mortality rate in 
quarantined macaque monkeys. All the 
animals in the facility were euthani
tized.12 Concurrent with the Virginia 
outbreak, a similar outbreak occurred in 
animals quarantined in Pennsylvania.13 

On February 23,1990 Texas Department 
of Health (TDH) staff were notified that 
macaques from the Philippines were dy
ing at a primate quarantine facility in 
South Texas, and that an Ebola-like 
filovirus had been cultured from the 
liver of a dead animal.14 On arrival in 
early February, 50 animals had been 
placed in each of two rooms in one quar
antine building. In one room the out
break was allowed to run its course; in 
the second, the animals were 
euthanitized when it became apparent 
that few would survive. The attack rate 
in the first room was 96% and the fatal
ity rate was 87%. 

Transmission of Fllovlruses 

The definitive means of transmission of 
Ebola, Marburg, and Lassa viruses have 
not been unequivocally· established. 
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However, epidemiologic data from out
breaks of VHFs due to these viruses pro
vide compelling evidence of certain 
means of spread. While person-to-per
son transmission of Ebola, Marbur& and 
Lassa viruses is well documented, expo
sure is most likely to occur through di
rect contact with infected blood, organs, 
or secretions (including semen). Al
though respiratory transmission through 
droplet nuclei has not been documented 
in patient care settings, aerosol transmis
sion associated with close personal con
tact cannot be absolutely discounted. 

Laboratory transmission of filoviruses 
was documented as early as 1967 when 
outbreaks of Marburg virus occurred 
concurrently in laboratories in Germany 
and Yugoslavia. In these outbreaks, 25 
of 31 persons were infected through con
tact with tissue from African Green mon
keys from Uganda. Six were infected 
through person-to-person transmission, 
and seven persons died.4 Following 
these outbreaks, strict 31-day quarantines 
for imported monkeys were instituted in 
the U.S. as a precautionary measure.13 

There were 29 secondary cases in the 
1979 Ebola-Sudan outbreak. Twenty-four 
of the 29 case-patients had provided 
nursing care to other patients with Ebola, 
three had had non-nursing direct physi
cal contact with patients, and the contact 
history for two was unknown.10 These 
data suggest that a high rate of person
to-person transmission of the Ebola
Sudan virus is most likely among those 
who have direct physical contact with in
fected persons. 

Four persons exposed to the monkeys in 
Virginia in 1989 seroconverted, but none 
exhibited symptoms consistent with dis
ease.15 In the South Texas outbreak in 
1990, none of the 16 persons exposed to 
the animals directly or to their blood or 
secretions became symptomatic or 
seroconverted. These data suggest that, 
while capable of human infectivity, the 
Ebola-Reston virus may not cause serious 
human disease. 
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Viral hemorrhagic fever cases with po
tential for person-to-person spread have 
been diagnosed in the U.S. only rarely. 
In February 1989 Lassa fever was diag
nosed in a Chicagoan who had traveled 
to Nigeria to attend his mother's funeral. 
Two days after returning to Chicago the 
man was hospitalized for fever, head
ache, pharyngitis, and myalgias; he died 
two weeks later.16 Sabia virus 
(Arenaviridae) was first isolated from a 
woman who died of a hemorrhagic fever 
in Brazil in 1990.17 In August 1994, a 
case of Sabia virus infection was reported 
to the Connecticut Department of Public 
Health and Addiction Services. The pa
tient was a virologist exposed to the vi
rus during a laboratory accident.18. No 
secondary cases occurred among persons 
exposed to the patients in either Chicago 
or Connecticut.16•18 Neither ofthe U.S. 
cases of VHF have been considered 
autochthonous. 

Recommendations 

As a result of stringent safety precau
tions for laboratories and healthcare fa
cilities in the U.S., the risk of contracting 
a VHF in this country remains extremely 
low. However, an estimated 130,000 
U.S. citizens travel to sub-Saharan Africa 
each year.19 The current outbreak of 
Ebola in Zaire, the imported case of 
Lassa fever in Chicago, the Sabia virus 
infection in Connecticut, and the impor
tation of monkeys infected with Ebola
Reston virus underscore the importance 
of patient travel and occq.pational histo
ries. Because foreign travel is common, 
and occupational exposure in this coun
try is possible, it may be appropriate to 
consider "zebras at the sound of hoof
beats," even in Texas. 

Patient Management Guidelines 

• Consider a VHF in the differential 
diagnosis of an acutely ill person 
with fever, prostration, and a history 
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of recent travel to an area known to 
be endemic or epidemic for VHFs. 
However, be aware that other dis
eases such as malaria, invasive men
ingococcal disease, and typhoid 
fever are much more likely to cause 
fever in a traveler. Persons who 
work with exotic animals or their tis
sues and persons working in viral 
research laboratories may also be at 
risk for VHFs. 

• Place patients with suspected VHFs 
in rooms not directly accessible from 
common area hallways, if possible. 
Ideally, these rooms should have an 
anteroom so medical staff can don 
appropriate barrier items before en
try into the patient's room. Al
though respiratory transmission has 
never been demonstrated, placing 
the patient in a negative pressure 
room vented directly to the outside 
via the roof is an added precaution. 

• Rigorously observe universal precau
tions for blood and body secretions; 
use gloves, gowns, shoe covers, and 
masks. These precautions are man
datory. If available, use full-face 
shields and particulate respirators 
approved by the National Institute 
for Occupa~onal Safety and Health 
(NIOSH) for added protection. 

• A void using glass items and equip
ment for patient care. Whenever 
possible, find appropriate substitute 
materials (e.g., plastic) for glass 
items. Do not collect blood speci
mens with a needle and syringe. Use 
glass Vacutaine .. tubes only if plas
tic ones are not available. Do not re
cap needles! Prior to disposal, place . 
used needles in a chemical disinfec
tant in a sharps container (see Envi-
. ronmental Infection Control on 
page4). 

• A void creating aerosols during any 
procedure involving patient blood or 
body secretions. 
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Collection and Management of 
the Patient's Specimens 

+ Keep manipulation of chnical speci
mens to a minimum. 

+ Prepare thick and thin smears for 
malaria testing only under .a laminar 
flow hood. Use blood treated with 
the anticoagulant EDT A. Make the 
smears within 30 minutes of speci
men collection and allow to dry; fix 
thin smears in absolute methanol. 

+ Dilute anticoagulated blood 1:100 
(vI v) with 3% acetic acid. Keep at 
room temperature for 15 minutes to 
inactivate the virus prior to measure
ment of WBCs. 20 

+ Heat serum at 60°C for one hour to 
inactivate Ebola, Marburg, or Lassa 
viruses for safe measurement of 
heat-stable substances such as elec
trolytes, BUN, and creatinine. 2o 

+ Use beta-propiolactone (BPL) to inac
tivate these viruses for serologic tests 
such as antigen-capture assays, 
complement assays, and serum en
zyme measurements. Prepare a 10% 
(vI v) BPL stock solution initially at 
4 oc to prevent loss of the active in
gredient. Add this stock solution to 
serum until a final concentration of 
0.2% BPL is reached. Let treated se
rum stand at 37°C for 30 minutes. 21, 22 

+ Perform virus isolation only in a 
BSlA containment laboratory. Pack
age all samples for shipment in ac
cordance with established, triple con
tainment guidelines73 and send to the 
CDC containment facilities or the 
U.S. Army Medical Research Insti
tute for Infectious Diseases 
(USAMRIID) at Fort Detrick, Mary
land. 
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Environmental Infection Control 

Covered by a protein-lipid envelope, the j 
VHF viruses are sensitive to many 
readily available chemical disinfectants, 
including organic solvents. 

l + Disinfect all contaminated objects, ~ 
including patient-care items and ~ 
laboratory equipment, with 0.5% so- ~ 
dium hypochlorite (a 1:10 dilution of .· ~ 
household bleach), 0.5% p~ with \ ~% 
detergent, or a quaternary amiiio- V.:..... 
nium compound solution. Disinfec-
tant solutions should be compatible 
with the surfaces to be treated. When 
possible, also steam sterilize, inciner-
ate, or boil the contaminated objects. 21 

+ Prior to removal, chemically disinfect 
gloves that have been in direct con
tact with the patient's blood or secre
tions. 

+ Disassemble reusable equipment 
properly for cleaning and disinfec
tion; sterilize as appropriate. 

+ Run autoclave cycles according to 
times and temperatures supplied by 
the manufacturer. 

+ Perform thorough terminal disinfec
tion of environmental surfaces. A 
phenolic compound or 0.5% sodium 
hypochlorite is adequate; formalde
hyde fumigation can be considered. 21 

Notification Procedures 

Physicians in Texas who suspect that 
they have a patient with one of the hem
orrhagic fevers should first iSolate the 
patient, then call the TDH State Epide
miologist at (800) 252-8239 (business 
hours) or (512) 458-7111 (nights and 
weekends). TDH will promptly notify 
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the appropriate health authority. If a 
TDH physician is not available at the 
above numbers, the reporting physician 
sho·.,}d call the CDC Special Pathogens 
Branch, Division of Viral Diseases, at 
(404) 639-1115 (business hours) or (404) 
639-2888 (nights and week-ends). 

Published Guidelines 

For more in-depth information regarding 
the containment and management of vi
ral hemorrhagic fever, an MMWR 
supplement entitled Management of Pa
tients with Suspected Viral Hemorrhagic Fe
ver24 delineates infection control proce
dures for either suspected or confirmed 
cases. Veterinarians caring for primates 
suspected of having hemorrhagic fevers 
should review the document, Interim 
Guidelines for Handling Nonhuman Pri
mates during Transit and Quarantine 13 and 
consult with the CDC Special Pathogens 
Branch. Veterinarians also should con
sult with the State Epidemiologist as 
well. (Phone numbers are listed above.) 

Prepared by: Kate Hendricks, MD, 
MPH&TM, Director, and Lynne Sehulster, 
PhD, TDH Infectous Disease Epidemiology 
and Surveillance Division (IDEAS). 
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Hantavirus Pulmonary Syndrome • Third Case Confirmed in Texas 

The Texas Department of Health re
cently confirmed Texas' third case of 
hantavirus pulmonary syndrome (HPS). 
The patient, a 15-year-old Hispanic male 
from Deaf Smith County, was seen at a 
local emergency room on May 17 after 
four days of flu-like illness accompanied 
by nausea, vomiting, and progressive 
weakness. He arrived with no measur
able blood pressure, barely palpable 
pulses, and an axillary temperature of 
97.1 o F. After an hour of rehydration 
with Lactated Ringers, he had a tem
perature of 102.6° F, pulse of 96, respira
tory rate of 28, and a systolic blood pres
sure of 82 mm Hg. His heart sounded 
normal; his lungs were clear, although 
his 0 2 saturation was only in the 70s. 
With a preliminary diagnosis of septic 
shock, he was given 500 cc of 5% albu
min, placed on ceftriaxone, and trans
ferred to a tertiary care hospital. 

On May 18 he was tachycardic (98-170), 
hypotensive (palpable at 60 mm Hg sys
tolic, rising to 80 mm Hg systolic after 
two liters IV fluid), and hyp9xic to the 
point of requiring intubation. His chest 
x-ray showed bilateral interstitial and al
veolar infiltrates consistent with adult 

respiratory distress syndrome (ARDS). 
Approximately 850 cc of serous pleural 
fluid was removed from the left 
hemithorax. 

Initial clinical laboratory results showed 
that his creatinine level was 1.3 mg/ dL, 
hematocrit level was 50.6%, platelet 
count was 61,000/ cu mm, white blood 
cell count was 10,500/ cu mm with a left 
shift, and coagulation times were consis
tent with disseminated intravascular co
agulation (DIC). 

Despite aggressive therapy with 
intubation, hemodynamic monitoring, 
massive doses of pressors, and a pro
longed attempt at resuscitation, the pa
tient died approximately 24 hours after 
his transfer. Postmortem examination 
revealed 11heavy lungs" consistent with 
severe viral pneumonitis. There were 
950 cc of 11brownish" pleural fluid in the 
right hemithorax and 300 cc in the left. 
Frozen lung specimens, blood obtained 
at autopsy, and tissues in formalin were 
sent for laboratory analysis to detect pos
sible hantavirus infection. The patient's 
serum, tested at TDH, contained 
hantavirus antibody. 
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