THIS FILE IS5 MADE AVAILABLE THROUGH THE DECLASSIFICATION EFFORTS AND RESEARCH OF:

THE BLACK WAULT IS THE LARGEST ONMLIME FREEDOM OF INFORMATION ACT { GOVERNMENT
RECORD CLEARING HOUSE IN THE WORLD. THE RESEARCH EFFORTS HERE ARE RESPOMNSIBLE
FOR THE DECLASSIFICATION OF THOUSANDS OF DOCUMENTS THROUGHOUT THE U.5. GOVERMMENT,
AMD ALL CAM BE DOWNLOADED BY VISITING:

HTTP:{WWW.BLACKVALULT.COM
YOU ARE ENCOURAGED TO FORWARD THIS DOCUMENT TO ¥YOUR FRIEMDS, BUT

PLEASE KEEP THIS IDEMTIFYING IMAGE AT THE TOP OF THE
-PDF 50 OTHERS CAMN DOWNLOAD MORE!


http://www.blackvault.com/

v Bmae 12:92 =« UCMLAL TUD WRAML™ JI~OVLILO0OJIUO'# 4/ ©

SENT BY:WASH DC 20307-5001

S148

Field Investigations of an Outbreak of Ebola Hemorrhagic Féver, Kikwit,
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During the final weeks of a 6-month epldemic of Ebvla hemorrhagic fever in Kikwit, Democratic
Republic of the Congo, an extensive collection aof arthropods was made in an atterapt to learn mare
of the natural history of the discasc. A reconstruction of the activities of the likely primary case, &
42-year-old man who lived I the city, indicated that he probabty acquired his Infection In a partly
forested ares 15 km from his home. Collectians were made throughout this arca, ulong the route
he followed from. the clty, and at various sitcs in the clty {tself. No Ebola virus was isalated, but a
description of the collections and the ecotopces involved !s given for comparison with future studies

of other outbreuks.

Tn the first 6 months of 1995, 8 major outbreak of Ebola
(EBO) hemorrhagic fever (EHF) occurred in Xlkwit, Demo-
cratic Republic of the Congo (DRC). Of 317 cascs reported,
244 (77%) were fatal [1].

By coincidence, a popular account of previaus outbreaks of
hemarrhagic disease [2] and a movic of a fictional outbreak in
the United States (Outbreuk, Warner Brothers, released March
15, 1995) had recently achicved worldwide success. This syn-
chrony of popular fiction with actual events energized the news
media to capitalize on the Kikwit story, focusing on the fright-
ening pathology, contagious nature, high mortality, and enig-
matic origins of the disease, all in the scenario of a remote
city in the African rain forest. The attention gencrated by this
unprecedented level of publicily lent a special urgency to scicen-
tific investigation. An intemational team, coordinated by the
World Health Organization, arrived in early May. One month
Iater, when sufficient epidemiologic information was avajlable,
a second group of specialists was dispatched to scarch tor the
origins of the virus and the factors that had led to its emergence.
By this time, the epidemic was in its final stages. (The Jast
identifiod case died on July 16.) ,

Despite investigations of three previous outbreaks, virually
nothing was known of the natura! history of ERQO. The geo-

graphic, temporal, and ecologic setting of transmission was

uncicar. The only suggestion of a reservoir was that bais had
been present in a cotton factory that was the workplsce of the

Reprints or comespondence: Dr. Paul Reiter, Chicl, Entomology Sectian,
CDC Denpue Brunch, 2 Calle Casia, San Juan, Puerto Rico 00921-3200
(tpel @ede.gov)

The Journal uf Infections Diseases  1999: 179(Supp) 1):5148-54

© 1999 by the Infectious Diseases Socicty of America. All rights teserved.
0022-1899/99/7981-0024302.00

first identifiable cases during three outbreaks in southern Sudan
[3-5], and they had also been present in 2 Kenyan cave where
two infections of Marburg hemorrhagic fever (MHF), a closely
reluled filovirus, were ussumed to have been acquired [6]. There
was no evidence for or against transmission by arthropods.
although a case In Rhodesia (now Zimbabwe) coincided with
a lesion *‘compatible with a horsefly or spider bite”” (7], and
a single study had suggested that Marburg virus could replicute
in Aedes (Stegomyia) aegypti mosquitoes after intrathoracic
inoculation [8]. However, since many of the diseases that the
public associatc with the tropics are vector borne, there was
strong presswre to include arthropods in the work of the interna-
tional tcums.

Herein, we repart an that wark, and discuss its merits in
light of the failure to detect virus in the large quantity of
material that was collected. The search for a vertebrate host is
prescated separatoly [9).

Background to the Investigation

The outhreak became knmown to the outside world in April
1995 but had prubably begun in curly January of that year. All
cases appeared to have originated from | person [1], a 42-ycur-
old man who had presumably made contact with the natural
reservoir in the last week of 1994, Por this reason, much of
the search for that reservoir centered on the daily routine and
environment of this putative primary case (identified as C1).

Kikwit and its surroundings. Kikwit (5°2° S, 18°48' E;
population ~200,000) lics ~400 km west by southwest of the
national capital, Kinshasa, and is the largest city in the Ban-
dundu region. It is a terminal port on the river Kwily, 8 tributary
of the Kasai, which flows into the river Congo. Most of the
inhabitants are Bantw. The dominant ethnic groups are Kwungo
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and Kasai. Several African languages arc spoken in the arca,
but French is the lingua franca.

European setiement began in 1901, and the region becume a
flourishing center of trade and agricultural production. Extensive
rubber plantations lster gave way to oullivation of oil palm,
groundnuts, cassavy, and maize. Today, however, Kikwit is an
impovcrished, declining city in a country that has become among
the poorest in the warld. The road tn the capital, once a journey
of about 4-h, is now utmost impassable during rainy weather.
Roads and footpaths in the city are also severcly croded. Public
utilities are virtually nonfunctional, and most homes are without
domestic water or sewage systems. At night, there is virtually no
street lighting. Education and health facilitics are severely limited,
and there is no local radio or newspaper.

Most homes are buiit of mud and wattle, with thatched or
cotrugated iron roofs. indeed, much of the city has morc the
appearance of & conglomeration of traditional villages than a
modern urban area; there are many small subsistence plots
where cassava, iuaize, and other stapley urc grown, and most
families keep sheep, goats, chickens, and other domestic ani-
mals. Many species of wild birds are common, as are rats snd
other small mummals,

Local agricultural producc is still shipped 1o Kinshasa, and
there is paid work on the oil palm plantations, but most of the
inhahitants survive by subsistence farming and petty trade.
Indeed, a striking fature of the city is the number of people
who commute to the surrounding countryside: At daybreak,
thousands can be seen leaving the city, mainly vn fool, and they
retum at nightfall laden with agricultural produce, firewood,
charcoal, and other items. Among these retuming crowds are
cattle und other domestic livestock, many from far aficld, that
are driven to the city markets for slaughter. Other meats, such
as monkey, pangolin, guinca pig, and rat, plus a varicty of
dricd insects and other creatures are alko sald for food.

Geobotanically, the region is part of the Guineo-Congolesc
and Zambesian transitional region, a low plateau with dense
gallery lorest along the numerous river courses and derived
savanna on the uplands. The growth of the human population

over the past 30 years has practically eliminated the primal _

forest around the city, a« an ever-increasing radius of land has
been cleared for timber harvest, fuel wood, and the cultivation
of food staples. -

The climate is moist equatarial. Meun daily temperaturcs ure
almost constant throughout the year (monthly mean, 24.2°C;
range of monthly means, 23.6-24.5°C), but there is 8 well-
defined rainy season from October w0 April [10). Thus, C!
became infected during the rainiast period of the year, whereas
our investigations were done at the height of the dry season,
when rainfall was rare, but a heavy mist and dew often formed
at sundown.

Daily routine of the primury case. The following descrip-
tion is given in detail to emphasize the variety of ccotopes that
C1 encountered during his normal dsy, any of which could
presumably have harbored the putative EBO reservoir.

1490
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C1 lived in the city with his extended family of 20-30
people. The family compound was relatively lurge and well
maintained. Surviving members told us that his daily routine
involved 4 12-h round trip of >30 km in the country. His two
principal occupations were cultivation (maizc and cassava) and
charcoal production. He also trapped rodents and other small
animals for food. :

Cl left home at 6:30 A.M., shortly after sunrisc, and cycled
via a bridge across the Kwilu River to a paved road thal runs
eastwurd along the northern flanks of the river vallcy, After 9
km. be turned onto 2 dirt logging track. Nearby, on the banks
of a tributary river, was a small family compound, where he
broke the first stage of his journey to drink and bathe. He then
followed the track for 4 km, passing through cultivated plots
(mainly cassava and maize), fallow land with trees (mnostly
secondary growth), and small patches of primary forest. A
single family compound about midway along this section was
the only other permanent human habitation in the area.

[1e habitually left his bicycle at the roued hollow stump of
4 large tree. From there, he walked for ~ 150 m through maize
and cassava plots into a woodland area known as Mbwambala,
where he spent the rest of the day. Two kilometers of foot
track connected his uctivitics in this ares (figure 1). The track
led south, first through more patches of cultivation on level

* ground and then down a slope for ~150 m to a point where

a side track led to the site of his charcoal mound.

The mound was rectangular, roughly 4 m X 2 m, and set in
a pit dug ~1.5 m into the soft earth. During thc firing phasc,
it probably stood ~1.75 m abovc the ground. The cxtent of
the surrounding clearing indicated that the site had been worked
for several years. At the time of his death, C1 had completed
a production cycle and had removed most of the churcoul.
Nothing of note was observed in the vicinity except for a small
but deep (60 cm) hole dug among the roots of an adjacent tree,
perhaps for excavation of a root or other edible item.

The land around the charcon) mound was mainly secondary
woodlund. Much of the understoty was dominated by a leafy, 1-
to 2-m-high brush plant, Chromolaena (Eupatorium) odoratum,
which weas dense and difficult to penetrate. A scaliering of
SInooth-poied trees, some up to 45 m til, survived from the
original farest, but many of these were dead or in 8 deteriovatcd
condition. The only patch of seemingly undisturbed primary
forest was on an almost vertical face ~150 m west of the
charcoal mound.

Below the side track, the main track Jed down a steep slope
to morc level ground, where C1 had cultivaied a small patch
of maize. The crop had been harvested, perhaps shortly before
hc became infected.

Cl had a sccond cultivation patch ~1.5 km from the first.
He reached this through cultivared and wooded land, clamber-
ing up and down several steep, muddy slopes. Felled trees
served to bridge a small river that was almost stagnant a1 the
time of our investigation but probably fluwed more swiftly
during the rainy season. On the west side of this river, the
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track led down a precipitous slope, which retained much of its
primary forest. On the cast sidc, it passed through fallow land
bordered with dense, tall, grassy vegetation. After fording a
small stream, it ended at a steep south-tacing slope, C1°s yec-
ond cultivated site. At the foot of this slope. bordered by the
stream, was 4 Jevel patch of wmarshy grass and plants. [n a drier
part of this patch he had erected a smal} sheltcr, where he
rested on the ground in the hoter part of the day. C1 hud
cultivated maize on the lower levels of the slope and cassava
on the land above. Since his dearh, the patch had been recluimed
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- Figure 1. Collection sites in
Mbwurnbala  woodland.  Principal
aroa of activity [or primury Ebola
hemorrhagic fover cuse in weeks
preceding hig iliness.

by secondary vegetation, dominated by C. odorafum. At the
top of the slope was a patch of dense woodland, much of which
wus primary vegetation,

During the week that he became infected, C1, ussisted by
his wife and at least 2 daughters, had been harvesting maize
in his second cultivated patch. The work involved unsheathing
the cobs and stripping the grain. Neither this nor any other of
his activities were unique: The same work was being done
at thc same time by many other fumilics in the surrounding
woodland. Thus, during our investigations, Cl's rack was al-

JITIVILI0JLUO »# 2/
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most deserted, apparently for fear of EHF, but plenty of people
were present in the surrounding area. Two men were felling
treey and operating a charcoal mound in the woodlund above
his second cultivated site, and a steep slope on the opposite
side of the stream was planted with muaize and cuysava. Snares
for wapping small rudents and other. food items were quite
cominon, and survivars of C1's family confirmed that he had
operated such devices himself, Indeed, local rumor maintained
that he had acquired BHF by stealing. a rat from the trap of a
ncighbor. '

Arthropod Collections

Arthropods were collected from 10 Junc to 14 July 1995.
‘the focus was on hematophagous species, but samples of non-
biting arthropods were also retained. Without any hint as to
which orders were most likely to yield virus, the cffort was
directed at collecting as many specimens from as many differ-
ent groups a3 possible. There was no firm evidencc that Cl
had been infected in the woodland arca, so collections also
were made in the city and at sites along his route from the city
to Mbwambala. City collections were centercd around homes
where =4 residents had contracted EHY and at Kilewit General
Hospital. Last, cctoparasites werc collected from domesticated
animals, cspccially cartle driven in from the surrounding coun-
tryside for slaughter.

Light traps.  Battery-powered light traps were set at 40 sites
along C1’s track and along 3 adjacent transcets chosen to repre-
sentall the apparent biotopes in the woodland area. Each device
was supplemented with CO,, when available, from « bag of
dry ice (imported by plane from South Africa or Switzerland).
On other nights, about half of the traps were supplemented
with a live guinca pig in a perforated plastic container.

Moust kaps were suspendod ~ 1.5 in above the ground. Near
to the charcoal mound, two were hoisted to the level of the
lower canopy, 6—8 m ahove the ground. These were operated
without rain covers, as this uppeared to augment the catch of
phlebotomine sandtlies. Traps were also run in an arca of pri-
mary forest close to the Kwilu River (12 traps), along the river
itself (5 traps), and between the isolation ward and the wmorguc
at the hospital (2 traps).

Gravid traps. CDC gravid traps were used at five sitcs in
the woodland areca. They were first used with a leaf infusion
and later with dry icc or a live guinca pig.

Goat-daited rap. A small goat was tethered under a mos-
quito bed net in the pit of the charcoal mound. A gap of ~12
cw between the lower edge of the net and the earth allowed
entry of insects, which were collected in the morning by bat-
tery-powcred aspirator [11].

SHcky traps. Sticky tapc and paper coated with a sticky
matcrial was placed overnight at the entrance to 4 number ot
holes and animal burrows alopg C)’s route, around the goat-
baited trap, around the animal and CO,-baited gravid traps,
and on the floor of the morgue. The aim was to collect host-

v B-1o-9Y  1Z:od
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seeking ticks or other arthropods amracted to these siles, but

the method was not eftective, perhaps because of the heavy
noctunal dew. _

Malaise trap. A trap was operated for a few days next to
C1’s bower, but no hematophagous arthropods were captured,
und the coliections, mainly small Diptara snd Lepidoptera and
Orithoptera, were badly damaged by the dew. :

Backpuck aspirators. Mosguitoes resting indoars were col-
lected by 3 teams, 2 men per team, who visited ubout 400
houses in Kikwit, focusing on the vicinity of homes where >4
cases of LHF had been reported. Collections were also made
at Kikwit General Hospital, in the EHF convalcscent ward, and
in the morgue.

Manual coliections. A wide range of standard methods was
used to collect non~host-associated ticks, including CO, traps,
flagging, dragging, and swabbing of burrows and tree holes. A
single specimen (2 nymphal Haemaphysalis specics) was the
sole product of these collections. Scveral receatly felled trees
were scoured, and two were deliberstely felled for collections.
All had hollow cavitics with evidence of bat habitation, but no
ticks were found.

Six collectors, operating in pairs, removed cctoparasites (i.e.,
ticks, fleas, and lice) from cattle and other animals. Most of
the cattle had been driven on the hoof into the city from a 50-
km radius of surrounding countryside, some from as far as 75 -
km nway. Collections were also made from domestic animals
and birds living in and around Kikwit. A few ticks were found
on wild animals, such as trce pangolins, cane rats, and palm
civets. »
Bedbug collections were made from bedding in 76 homes,
11 of which had harbored 20 rccent fatal cases of EHF.

Collections of arthropods landing on humans were pro-
scribed by safety regulations, but 11 tsetse were captured along
the tributary to the Kwilu River, close to the roud.

Processing of specimens.  Specimens were brought to Kik-
wit, immobilized by short cxposure to low temperature, sorted
by mujor taxonomic group, and transferred to liquid nitrogen.
After shipment on dry ive W the United States, they were -
identified to species on a chill table, pooled (<25 per panl),
and stored at —70°C. Pools were triturated in 2 ml. of diluent
(10% heat-inactivated fetal bovine serum in medium 199 with
Harle’s salts, antibiotics, and NalCO,), divided into multiple
aliquots, and returned to stotage. Aliquots from 10 such pools
were combined into *‘super pools’ and tested for the presence
of virus under biosafety level 4 conditions by intracranial inoc-
ulation into newborn ICR mice (Charles River Breeding Labo-
ratories, Wiltuington, MA) und strain 13 guinea pigs and by
cell culture in Vero cells.

Results

Arthropudy. A totl of 34,985 urthropod specimens were
collected (table 1), of which 27,843 were sclected for virus
isolation, identified to family or species (table 2), and processcd

JITIU1ZJI00100# I/ O
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Table 1.  Arthropod callections, Kikwit and rural surroundings, June
10 July 1995.

Asthropod Na.
Mosquitacs 18,378
Bodbugs 9139
Ticky 6166
Sandflics 141
Fleas : 198
Nonbiting flies 149
Lice : 103
Tsctse flicn 1
Totul . 34,985

in 90 super pools. Of the 15,118 mosquitoes that were tested
{54% ol the total), 4,651 (31%) were Culex quinguefusciatus
and Anopheles (Celia) species (probably of the gambiae com-
plex), all of which were caprured indoors in urban Kikwit. The
bulk of the remainder were captured in rural sites, mainly by
light trzp. -

The human bedbug (Cimex hemiprerus) was the next largest
group, with an average of 109 captured per home. Nearly all
of the 6166 ticks were collected from dogs (51%) ur domestic
cattle (42%), as reflected in the species composition of the
catch. Most of the lice and Oeas were from domestic dogs.
cats, and ducks. :

Viruses. No EBO virus was isolated from any of the super
pools. A single isolate of a bunyavirus (Bwamba group) was
made from a superpool of Anopheles (Celia) species captured
by backpack aspirator at indoor sites. The virus was subse-
queantly reisolated from the original pool, which came [rom
inside a home in the city. No other isolates were made.

Discussion

A hallmark of tho filoviruscs is their apparent ranty or at

least the rarity of their transfer to humans. Indecd, in Kikwit,
as in all previous outbreaks, the impressive number of people
who did sot acquire the virus, despite being involved in the
same activities in the same enviromment as the unlucky individ-
uzl who did, is as striking as the number of people who subse-
quently becamc infected afler contact with the primary case. In
this cantext, the chances of encountering an arthropod vector, it
onc ¢xists, are probably dauntingly smuall. Hlowever, zoonoses
are not test-tube relationships between 1 or 2 species but com-
plex systems that operate in a complex environment. In Kikwit,
we were able to focus closely on the activities of the putative
primary casc and the envirvnment where he preswnably ac-
quired his infection. Thus, although our investigations did not
yield virus, they did provide information that may be useful in
investigations of futurc outbrouk arcas.

Much of our cffort centered on CLs forest activities because
previous human infections with EBO and Marburg viruscs may

UCrMiIAL TUD NRAML™=
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all have imvolved contact with a forest reservoir. In the Congo
Basin of northemn DRC, the Yambuku (12} and Tandala [13]
outhreaks of EHF were in the zone of transition frem tropical
rain forest to savanna.

In southern Sudan, a 1976 outbreak of EHF in Nzara (popula-
tion ~20,000) began in workers at the local cotton factory, but
the primary case lived 10 km from that factery in a remote
homestead set in dense woodlands [3], also In the transition

Table 2. Number of arthropod specimens pooled and tested for

Ebolt virus from totsl eollected in Kikwit, Democratic Republic of
the Congo, June to July 1995,

Anhrdpod No. pnr,\lr.ll A testod
Mosquitaca
Anvpheles (Celliaj specios ) 3157
Anuphelss longipalpis ) : 1
Coquillettidta merallica : 173
Coqutllettidla (Coyuillestidia) specien 106
Culex cinereus ) 779
Culer (Culex) spocies 7368
Cullseta frascrt ) g
Uranowenia bilinsata }
Acdes argypti : 83
Ardes (Aedimorphiy) species 40
- Coquilletridia microannulata 374
Caquillciiidia (Cogdllentidlaj annetita 422
Quler guinguefuyciatus ) 1494
Cidex (Culietnmyla) species 368
Manrsonia africana - : 739
Total mosquitoes i 15,118
Phlebotomines :
Sergentompa (Nenphlebotomus) specics 113
Sergentumyia schwezi Yy
Sergentomyiu species 2
Total 124
Bed bugy
Cmex hemiplerus [ >31
Flcas '
Crenvcephalides felis : 43
Echidnophaga gullinacea . 10t
Toral ) ) 144
Lice
Linvgnathidae 9
Menoporidae 69
Philapteridse . 10
Trichodectidac s
Total lice 103
Ticks
Rhlpleephulus appsndiculancs : ‘ 25
Rhipicephalus longus 28
Rhipleephalus luagus/uppendiculatus 3
Rhlptcephalus sanpuineus 2570
Rhipicephalus species 27
Haemaphysalis parafeachi 730
Amblyomma warfégatum 1775
Bouphilus decoloratus 655
Toral 5816
Total wthropods 27.84)

NOTR.  Use of ““species” indicutes thut exact specion was not determincd.
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zone of the northern boundary of the Congo forcst (4). A secand
wave of cascs that originated in the same factory appeared
unrclated to the original chain of transmission, but here again,
each family lived in a remote homestead (3] Tn 1979, yet
another outbreak wus traced to a primary casc at the same
factory, but g review of the ahsentee and illness records fajled
to incriminate the sitc s an active source of the infection {5).

Likewise, 2 human cases of MHF in Kcnya, which were
separated by n interval of 7 years, appeared to be associated
with cntering a cave on Mount Elgon {6, 14]; however, access
to the cave was by a fool trail through primary rain forest
encircled by land that had been partially logged and cultivated,
an area strongly reminiscent of the site of C1's activitics near
Kikwit, It is entirely possible that the infectivns were acquired
in this forest, and there is serologic evidence of filovirus infec-
tion among people living in a partly forcsted urea at the basc
of thc mountain, including a well-documented fatal casc with
no travel history to the cave [15].

A feature common to all the infection arcas is the presonce
of disturhed forcst and the *‘commuting activitics™ of infected
persons berween that forest und urban ceaters. Jt may be that
accessibility revesls the presence of EBO virus by enabling
paticnts t0 seek medical attcntion, but it is also conccivable
that tree-felling brings the reservoir to ground level or that the
ecologic changes associated with logging promote species that
arc associsted with the virus, augmenting the probability of
their contzct with humans. Even the nomadic forcst pygmies

“of Southeast Camercon, 17% uf whutn were seropositive for
EBO virus infection, were influenced by an *‘cxtensive rnad
system built by the logging companies, so that the forest is
becoming morc visible and accessible, and bandas (camps) that
used to be 30 km decp into the forest now may be only 3 km
frun a (oad’ (Webb PA; personal communicatien, from repent
to CDC, 1980). This description is strongly reminiscent of the
Kikwit area, and it would be interesting to comparc the ecology
~ of all the outbreak areas that have been studied. Unfortunatcly,
virtually no information is available, perhaps because failure
to isolate virus persuaded previous investigators that publicu-
tion was not worthwhile.

In arbovirus studies, the proportion of infected spccirmnens
captured in the field is usually mcavurable in fractions of a
percent. Therefore, maximum effort is madc to obtuin large
numbers of the speeific vectors involved by using mcthods best
‘suited to collect them. In Kikwit, we did not have the luxury
of knowing which order of arthropod to collect, so we opted
to collect the meximum number of species and spevimens {rom
as many sites as possible, However, some ccotopes, such ax
the upper canopy of large forest trees, were beyond our reach.
The {inal listing (table 1) may appear impressive in numbers,
but ~60% of the total catch were urban species. These were
unlikely to have made contact with the unknown reservoir,
although they clearly bad the highest possibility of contact with
viremic patients. C. quinquefasciutus was the dominant species
(table 2), followed by mosquitoes of the Anopheles gumbiue
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cumplex. EBO virus has been reported w replicate after inocu-
lation in adult A. acgypti [8)], a specics that was also present;
however, recent studies by Turell et al, [16] have failed (o
repeat this finding, and replication was not observed in C.
quinguefasciatus ot Anopheles stephensi.

Collcctions outside the city were less likely to y\cld virus.
Many mosquitoes collected by light trap arv unfed nullipars,
so they have not had contact with any potential host species.
Dry icc increases the proportion that has gone through at lcast
one gonatraphic cycle, and the use of live guinca pigs may
have had the same effect. However, without information on
the preferred hosts of the captured insects, we have no way of
knowing whether they are likely to be primatophilic. We did
not make human-bait collections, s¢ we have no information
on primatophilic woodland Aedes species, which aro active

during the day and not attractcd to light traps. Moreover, the

arthropod fauna in the middle of the rainy season, when C1
became infected, may have becn very diffcrent from that during
the driest time of the year, when we made our collections. Last,
the dense overgrowth of secandary vegetation on hig abandoned
land clearly constituted a change in the ccology of the area.

An alternative approach to our study would have been to
ignare the events in the field and concentrate on trausmission
studies in the laboratory. Indeed, after our rcturn, several spe-
cies of mosquitocs, cockroaches, ticks, spiders, and other ar-
thropods were inoculated with EBO virus and showed no evi-
dence of replication [16]. However, this work was done with
an Asian strain of the virus (subcype Reston), which is markedly
different from the African viruses, both in replication rate and
pathology [17]. Morcuver, such studies do unot rule out the
possibility that a species not included in the tests may be re-
ceptive to infection.

A third approach could have been to restrict ficld studies
to the vertebrate population, assuming that this includes the
reservoir. Once the reservoir was identified, attention could
have shifted to likely modes of infection, including studies of
hematophagous arthropeds associated with the relevant species.
However, despite a major effort, the vertebrute collections in
Kilwit also did uot yield any EBO virus and were subject (o
the swne problems of sampling logistics 9]

Lagt, scasonality is important in disease transmission, even in
the humid tropics. Our studies should have begun soon alter C1
was infoctod, but this was impossible because >4 months had
passed before we even leaned of the outbreak. We would have
prefered W dalay our ciforts until the rainy sesson, but the
urgency of making a visible response to the widely publicized
hanman tragedy was an important factor in the decsion-making
process. Indeed, heuvy media coverage, as illustrated by the pres-
euce of numerous intemational television crews in Kikwit, has
become a significant element in such ficld investigations and
needs to be addressed if it is not to distort scientific rusearch.
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