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Ebola	River	



Kikwit	1995	



Kikwit	1995	
	

•  On	April	4,	a	hospital	laboratory	technician	in	
Kikwit	had	onset	of	fever	and	bloody	diarrhea.	On	
April	10	and	11,	he	underwent	surgery	for	a	
suspected	perforated	bowel.	Beginning	April	14,	
medical	personnel	employed	in	the	hospital	to	
which	he	had	been	admiPed	in	Kikwit	developed	
similar	symptoms.	One	of	the	ill	persons	was	
transferred	to	a	hospital	in	Mosango	(75	miles	
west	of	Kikwit).	On	approximately	April	20,	
persons	in	Mosango	who	had	provided	care	for	
this	paUent	had	onset	of	similar	symptoms.	



The	Hospital	



Kikwit	1995	
	

•  On	May	9,	blood	samples	from	14	acutely	ill	persons	
arrived	at	CDC	and	were	processed	in	the	biosafety	
level	4	laboratory;	analyses	included	tesUng	for	Ebola	
anUgen	and	Ebola	anUbody	by	enzyme-linked	
immunosorbent	assay,	and	reverse	transcripUon-
polymerase	chain	reacUon	(RT-PCR)	for	viral	RNA.	
Samples	from	all	14	persons	were	posiUve	by	at	least	
one	of	these	tests;	11	were	posiUve	for	Ebola	anUgen,	
two	were	posiUve	for	anUbodies,	and	12	were	posiUve	
by	RT-PCR.	Further	sequencing	of	the	virus	
glycoprotein	gene	revealed	that	the	virus	is	closely	
related	to	the	Ebola	virus	isolated	during	an	outbreak	
of	VHF	in	Zaire	in	1976		



Kikwit	1995	
	

•  As	of	May	17	1995	,	the	invesUgaUon	has	
idenUfied	93	suspected	cases	of	VHF	in	Zaire,	of	
which	86	(92%)	have	been	fatal.	Public	health	
invesUgators	are	now	acUvely	seeking	cases	and	
contacts	in	Kikwit	and	the	surrounding	area.	In	
addiUon,	acUve	surveillance	for	possible	cases	of	
VHF	has	been	implemented	at	13	clinics	in	Kikwit	
and	15	remote	sites	within	a	150-mile	radius	of	
Kikwit.	EducaUonal	and	quaranUne	measures	
have	been	implemented	to	prevent	further	
spread	of	disease.		



Kikwit	case	FataliUes	1995	



MaPresses	washed	and	drying	
outside	prior	to	re-use	



Chronology of events during Ebola virus outbreak in Kikwit, Democratic Republic of the 
Congo. 

Muyembe-Tamfum J J et al. J Infect Dis. 1999;179:S259-
S262 

© 1999 by the Infectious Diseases Society of America 



Infections that may present with clinical manifestations similar to those of Ebola hemorrhagic 
fever (EHF). 

Muyembe-Tamfum J J et al. J Infect Dis. 1999;179:S259-
S262 

© 1999 by the Infectious Diseases Society of America 



Ebola	and	Marburg	Virus	
	

•  Ebola	virus	and	Marburg	virus	are	the	two	known	members	of	the	
filovirus	family.	Ebola	viruses	were	first	isolated	from	humans	
during	concurrent	outbreaks	of	Viral	Hemorrhagic	Fever	in	
northern	Zaire	(1)	and	southern	Sudan	(2)	in	1976.	An	earlier	
outbreak	of	VHF	caused	by	Marburg	virus	occurred	in	Marburg,	
Germany,	in	1967	when	laboratory	workers	were	exposed	to	
infected	Ussue	from	monkeys	imported	from	Uganda	(3).	Two	
subtypes	of	Ebola	virus	--	Ebola-Sudan	and	Ebola-Zaire	--	previously	
have	been	associated	with	disease	in	humans	(4).	In	1994,	a	single	
case	of	infecUon	from	a	newly	described	Ebola	virus	occurred	in	a	
person	in	Cote	d'Ivoire.	In	1989,	an	outbreak	among	monkeys	
imported	into	the	United	States	from	the	Philippines	was	caused	by	
another	Ebola	virus	(5)	but	was	not	associated	with	human	disease		



Ebola	Clinical	ManifestaUons	

•  IniUal	clinical	manifestaUons	of	Ebola	
hemorrhagic	fever	include	fever,	headache,	chills,	
myalgia,	and	malaise;	subsequent	manifestaUons	
include	severe	abdominal	pain,	vomiUng,	and	
diarrhea.	Maculopapular	rash	may	occur	in	some	
paUents	within	5-7	days	of	onset.	Hemorrhagic	
manifestaUons	with	presumpUve	disseminated	
intravascular	coagulaUon	usually	occur	in	fatal	
cases.	In	reported	outbreaks,	50%-90%	of	cases	
have	been	fatal	(1-3,6).	



Natural	Reservoir	
•  The	natural	reservoirs	for	these	viruses	are	not	known.	Although	

nonhuman	primates	were	involved	in	the	1967	Marburg	outbreak,	
the	1989	U.S.	outbreak,	and	the	1994	Cote	d'Ivoire	case,	their	role	
as	virus	reservoirs	is	unknown.	Transmission	of	the	virus	to	
secondary	cases	occurs	through	close	personal	contact	with	
infecUous	blood	or	other	body	fluids	or	Ussue.	In	previous	
outbreaks,	secondary	cases	occurred	among	persons	who	provided	
medical	care	for	paUents;	secondary	cases	also	occurred	among	
paUents	exposed	to	reused	needles	(2).	Although	aerosol	spread	
has	not	been	documented	among	humans,	this	mode	of	
transmission	has	been	demonstrated	among	nonhuman	primates.	
Based	on	this	informaUon,	the	high	fatality	rate,	and	lack	of	specific	
treatment	or	a	vaccine,	work	with	this	virus	in	the	laboratory	
sehng	requires	biosafety	level	4	containment		



Biosafety	Levels	
•  Level	1	has	protecUon	against	things	generally	not	dangerous	

to	healthy	people,	like	brewer’s	yeast.		
•  Level	2	is	the	safety	margin	of	the	standard	hospital	

microbiology	lab,	where	clinicians	test	for	rouUne	diseases	
like	chicken	pox	or	staph	infecUons.	

•  Level	3	spaces	can	handle	infecUous	diseases	spread	by	air,	
like	influenza,	bubonic	plague	or	yellow	fever	–	that	have	
known	cures.		

•  Level	4	units	are	for	exoUc	agents	that	may	or	may	not	have	
cures	available,	or	appear	in	highly	concentrated	or	modified	
forms	from	a	research	insUtuUon.	



Biosafety	Level	4	
Hospital	Room	Requirements	

•  The	“care	and	isolaUon	unit”	of	the	hospital	occupies	one	
hallway	of	its	intensive	care	unit.	It	has	a	set	of	hallway	doors	
that	can	close	to	keep	out	other	hospital	traffic.	Each	room	
has	an	anteroom	–	a	double-doored	chamber	where	medical	
staff	can	put	on	or	take	off	their	personal	protecUve	gear	
before	tending	to	the	paUent.	The	double	doors	also	preserve	
negaUve	air	pressure	inside	the	paUent’s	space,	so	air	is	
always	being	sucked	into	the	room	instead	of	floaUng	out.	



Biosafety	Level	4	
Room	Requirements	

•  Inside	the	room,	more	complicated	air	circulaUon	and	
filtraUon	systems	blow	air	from	the	ceiling	across	the	paUent	
and	staff	and	into	filters	that	remove	any	infecUous	organisms	
before	release	to	the	general	atmosphere	on	the	hospital	
roof.		-	Similar	to	orthopedic	OR	

•  Otherwise,	it	has	the	usual	equipment	needed	for	criUcal	
care:	ports	for	administering	Air,	oxygen	and	medicines,	
SucUon,	and	related	treatments.		

•  Outside,	a	separate	nursing	staUon	has	all	the	regular	ICU	
medicines,	equipment	and	supplies.	



Biosafety	Level	4	
	Hospitals:	Where	are	They?	

•  The	NaUonal	InsUtutes	of	Health	(NIH)	Clinical	Center,	
Bethesda,	Maryland,	has	3	beds.		

•  Nebraska	Medical	Center,	Omaha,	has	10	beds.		
•  Emory	Hospital,	Atlanta	has	3	beds		
•  and	St	Patricks	Hospital,	Missoula	Montana	has	3	beds	–		

•  See	more	at:	hPp://undergroundmedic.com/?
p=6990#sthash.kuOFkPGY.dpuf	



Biosafety	Level	4	
	Hospitals:	Where	are	They?	

•  The	NaUonal	InsUtutes	of	Health	(NIH)	Clinical	Center,	
Bethesda,	Maryland,	Fort	Detrick		

•  Nebraska	Medical	Center,	Omaha,	has	10	beds.		
–  Offut	AFB	

•  Emory	Hospital,	Atlanta	has	3	beds		
–  Dobbins	AFB	94th	Airliv,	CDC	

•  and	St	Patricks	Hospital,	Missoula	Montana		
–  Malmstrom	AFB	



Stemming	the	Tide	

•  AcUve	surveillance	for	cases	of	fever	
•  Rumor	Registry	to	find	suspected	cases	which	may	not	
have	made	it	to	hospital	

•  Burial	of	all	deaths	during	the	pandemic	by	trained	
personnel	

•  avoid	the	tradiUonal	burying	rituals	(cleaning	of	the	
dead	body	by	family	members,	kissing	and	touching	
the	body,	transporUng	the	body	to	the	village	of	origin,	
keeping	hair	and	nails	as	souvenirs).	These	burial	
rituals	were	an	important	cause	of	EHF	transmission	
during	the	epidemic.	



Specialized	Burial	Team	2015	



Proper	PPE	for	care	of	EVD	paUent	



Researching	the	cause	

•  Team	brought	back	over	1500	samples	from	
the	environment	around	Kikwit	to	try	to	
idenUfy	the	natural	reservoir,	without	success.	



Travel	from	Goma	to	Kikwit	





Rwanda	Genocide	1994		

•  Lead	to	refugees	streaming	toward	Goma	
•  Lead	to	Cholera	Outbreak	in	Goma	1994-5	
•  Which	is	why	the	AF	team	was	in	Goma	at	the	
Ume	of	the	Ebola	outbreak	in	1995	

•  Dr	Kau;old	got	to	meet	some	of	the	
members	of	this	Team	in	1997.	



Map	of	DRC	and		
Surrounding	countries	



Congo	Ocean	Railway		
Began	1921	



Congo	Ocean	railway	



HIV	link	to	the	same	area	

•  A	geneUc	analysis	of	thousands	of	individual	
viruses	has	confirmed	beyond	reasonable	
doubt	that	HIV	first	emerged	in	Kinshasa,	the	
capital	of	the	Belgian	Congo,	in	about	1920	
from	where	it	spread	via	the	colonial	railway	
network	to	other	parts	of	central	Africa.	

The	Independent,		Oct	4	2014	



Map	of	DRC	and		
Surrounding	countries	



Map	of	Liberia	and	Sierra	Leone	



Air	Travel	2015	

•  Surveillance	of	the	passengers	on	the	plane	
with	Thomas	Duncan	(the	case	in	Dallas)	has	
not	shown	any	new	cases	and	is	well	past	the	
incubaUon	period,	so	probably	safe.	

•  Passengers	on	the	FronUer	flight	with	the	
Nurse	from	Dallas	were	contacted	and	
monitored.	



Barriers	to	Spread	in	the	US	

•  CommunicaUon	and	knowledge	
– Lots	of	supersUUon	and	lack	of	understanding	
among	the	populaUons	in	west	Africa	

•  BePer	water	supply	and	medical	
infrastructure	

•  BePer	nutriUon	
•  Is	there	a	component	related	to	underlying	
immune	damage	from	other	diseases	such	as	
Malaria?	



Treatment	opUons		2014	

•  Zmapp	
– The	product	is	a	combinaUon	of	three	different	
monoclonal	anUbodies	that	bind	to	the	protein	of	
the	Ebola	virus.	

•  SupporUve	care	
•  Transfusion	of	blood	from	a	survivor	to	
transfer	anUbodies	

	 		



Treatment	opUons	2020	

•  The	single	monoclonal	anUbody	MAb114	and	
triple	monoclonal	anUbody	REGN-EB3	
delivered	lower	mortality	rates	aver	28	days	
compared	to	the	novel	anUviral	agent	
remdesivir	in	development	for	Ebola	and	
compared	with	another	triple	monoclonal	
anUbody,	ZMapp		

•  These	are	single	dose	treatments.	



Treatment	opUons	2020	

•  Indeed,	35.1%	of	paUents	on	MAb114	and	
33.5%	the	REGN-EB3	group	had	died	aver	28	
days	versus	49.7%	of	paUents	in	the	
remdesivir	group	and	51.3%	of	paUents	in	the	
ZMapp	group,	H.	Clifford	Lane,	MD,	of	the	
NaUonal	InsUtute	of	Allergy	and	InfecUous	
Diseases	(NIAID),	and	colleagues	reported	in	
the	New	England	Journal	of	Medicine.	

•  Mortality	is	most	assoc	with	viral	load.	
– Based	on	data	from	the	Congo	outbreak	2019	



Vaccine	OpUons	2020	

•  First	Vaccine	(Ervebo)	has	been	approved	for	
prevenUon	of	Ebola	virus	Disease	(EVD)		

•  Targets	Ebola	Zaire.	
•  Live	aPenuated	virus	
•  Single	dose	InjecUon	



Update	Nov	2015	
•  Sierra	Leone	

– Deaths	3955	
–  Includes	over	200	health	care	workers	
– Declared	free	of	Ebola	Nov	7.	

•  Liberia	
– Deaths	5000	approx	
– Declared	free	of	ebola	Sept	3	

•  Guinea	
– Deaths	3000	
– Last	case	Nov	11	–	started	42	day	period	



Update	Nov	2015	

•  Total	cases	in	West	Africa	
– Epidemic	announced	March	2014	
– Epidemic	declared	over	Nov	7	2015	

•  Aver	42	days	of	no	cases	in	Sierra	Leone	
– 28500	infected	
– 11300	confirmed	deaths	



Update	2017	

•  Ebola	Virus	Disease	(EVD)	outbreak	declared	
over	Jan	14,	2016	by	WHO	

•  Within	hours,	new	cases	reported	in	Sierra	
Leone.	

•  MERS,	Zika	outbreaks	occurred	in	2016/7.	
•  There	are	specific	WHO	guidelines	for	breast	
feeding,	hemodialysis,	pregnancy/	delivery,	
aerosol	generaUng	procedures	like	intubaUons	



Update	2019	Jan.	
•  The	ongoing	Ebola	outbreak	in	the	DemocraUc	Republic	of	

Congo	(DRC)	has	become	
the	second-largest	and	second-deadliest	in	history	according	
to	health	officials.	The	official	number	of	confirmed	cases	over	
the	last	five	months	has	now	reached	600,	and	although	many	
have	been	vaccinated	against	the	disease,	health	officials	
warn	that	the	risk	of	transmission	remains	high.	Containment	
of	the	disease	has	been	challenging	for	health	officials	due	
to	local	resistance	and	sporadic	aPacks	from	armed	groups		



Update	Oct	2019	

•  North	Kivu	Region	outbreak	
– Compliance	with	medical	direcUves	about	Ebola	
treatment	were	Compulsory,	which	interfered	
with	workers	ability	to	gain	the	public	trust.	

– During	conflict	so	lots	of	false	rumors	spread	
– There	is	now	effecUve	vaccine	and	treatment	with	
anUvirals	

– PaUents	who	survive	need	help	re-integraUng	into	
the	community	



Update	Oct	2019	

•  North	Kivu	Region	outbreak	
– 50%	mortality	risk	–	not	much	improved	

•  Higher	among	pregnant	women	

– Could	be	lower	if	paUents	would	come	to	get	care	
sooner	–	average	4-5	days	delay	due	to	sUgma/	
fear	

– Ambulance	service	markedly	improved	survival	
– Workers	have	to	help	re-introduce	survivors	into	
the	community	–	they	may	be	shunned.	



Sierra	Leone	Lessons	learned	

•  Investments	in	infrastructure	pay	off	
•  Investments	in	people	need	to	be	prioriUzed	
as	many	healthcare	workers	were	lost	and	it	
takes	7	+	years	to	educate	and	train	the	
people	needed	to	care	for	criUcal	paUents.	

•  Another	book	Reference	–	“pregnant	in	the	
Ume	of	Ebola”	available	thru	Springer	or	MSF.	

•  hPps://livestream.com/
doctorswithoutborders/AverEbola-
SierraLeone	



Surgical	Care	in	EVD	
western	Africa	experience	

•  As	the	epidemic	spread,	paUents	stopped	
coming	to	the	hospitals,	out	of	fear	of	
infecUon.	

•  Hospitals	lost	staff	due	to	illness,	and	Fear/	
sUgma	of	potenUal	exposure	

•  Thousands	of	preventable	deaths	from	Non-
Ebola	related	illnesses	like	simple	injuries/	
trauma,	obstructed	labor,	hernias	and	
appendiciUs	due	to	closure	of	hospitals	and	
paUents	fear	of	transmission	of	disease	



Surgical	care	in	EVD	

•  Establishing	guidelines	to	protect	healthcare	
workers	is	doubly	important:	
– Protect	the	workers	
– Restore	faith	in	the	healthcare	system	for	paUents	
and	the	public	

•  The	PPE	pipeline	had	to	be	established	and	
then	taught	and	monitored.	

–  OperaUon	Ebola,	Surgical	Care	during	the	West	African	Outbreak.	
Wren,	Kushner.	Johns	Hopkins	University	Press,	BalUmore,	2017	



CDC	InstrucUons/	FAQ	

•  On	August	1,	2014,	CDC	released	guidance	
Utled,”
InfecUon	PrevenUon	and	Control	
RecommendaUons	for	Hospitalized	PaUents	
with	Known	or	Suspected	Ebola	Hemorrhagic	
Fever	in	U.S.	Hospitals		



EVD		FAQ		
•  1.	How	can	I	determine	whether	a	parUcular	EPA-registered	hospital	

disinfectant	is	appropriate	for	use	in	the	room	of	a	paUent	with	suspected	
or	confirmed	Ebola	virus	infecUon?	

•  Begin	by	looking	at	the	product	label	or	product	insert	or,	if	these	are	not	
available,	search	the	EPA	search	engine	for	this	informaUon.	Users	should	
be	aware	that	an	'enveloped'	or	'non-enveloped	virus'	designaUon	may	
not	be	included	on	the	container	label.	Instead	check	the	disinfectant's	
label	for	at	least	one	of	the	common	non-enveloped	viruses	(e.g.,	
norovirus,	rotavirus,	adenovirus,	poliovirus).	



EVD		FAQ		
•  2.	Are	there	special	instrucUons	for	cleaning	and	disinfecUng	the	room	of	a	

paUent	with	suspected	or	confirmed	Ebola	virus	infecUon?	
•  Daily	cleaning	and	disinfecUon	of	hard,	non-porous	surfaces	(e.g.,	high-

touch	surfaces	such	as	bed	rails	and	over	bed	tables,	housekeeping	
surfaces	such	as	floors	and	counters)	should	be	done.4	Before	disinfecUng	
a	surface,	cleaning	should	be	performed.	In	contrast	to	disinfecUon	where	
products	with	specific	claims	are	used,	any	cleaning	product	can	be	used	
for	cleaning	tasks.		



EVD		FAQ		
•  	3.	How	should	spills	of	blood	or	other	body	substances	be	managed?	
•  The	basic	principles	for	blood	or	body	substance	spill	management	are	

outlined	in	the	United	States	OccupaUonal	Safety	and	Health	
AdministraUon	(OSHA)	Bloodborne	Pathogen	Standards	(29	CFR	
1910.1030).5	CDC	guidelines	recommend	removal	of	bulk	spill	maPer,	
cleaning	the	site,	and	then	disinfecUng	the	site.4	For	large	spills,	a	
chemical	disinfectant	with	sufficient	potency	is	needed	to	overcome	the	
tendency	of	proteins	in	blood	and	other	body	substances	to	neutralize	the	
disinfectant's	acUve	ingredient.		



EVD	FAQ	
•  4.	How	should	disposable	materials	(e.g.,	any	single-use	PPE,	cleaning	

cloths,	wipes,	single-use	microfiber	cloths,	linens,	food	service)	and	linens,	
privacy	curtains,	and	other	texUles	be	managed	aver	their	use	in	the	
paUent	room?	

•  These	materials	should	be	placed	in	leak-proof	containment	and	discarded	
appropriately.	To	minimize	contaminaUon	of	the	exterior	of	the	waste	
bag,	place	this	bag	in	a	rigid	waste	receptacle	designed	for	this	use.	
IncineraUon	or	autoclaving	as	a	waste	treatment	process	is	effecUve	in	
eliminaUng	viral	infecUvity	and	provides	waste	minimizaUon.	If	disposal	
requires	transport	offsite	then	this	should	be	done	in	accordance	with	the	
U.S.	Department	of	TransportaUon’s	(DOT)	Hazardous	Materials	
RegulaUons		



EVD	FAQ	
•  5.	Is	it	safe	for	Ebola	paUents	to	use	the	bathroom?	
•  Yes.	Sanitary	sewers	may	be	used	for	the	safe	disposal	of	paUent	waste.	

AddiUonally,	sewage	handling	processes	(e.g.,	anaerobic	digesUon,	
composUng,	and	disinfecUon)	in	the	United	States	are	designed	to	
inacUvate	infecUous	agents.	



EVD	FAQ	
•  6.	How	long	does	the	Ebola	virus	persist	in	indoor	environments?	
•  Only	one	laboratory	study,	which	was	done	under	environmental	

condiUons	that	favor	virus	persistence,	has	been	reported.	This	study	
found	that	under	these	ideal	condiUons	Ebola	virus	could	remain	acUve	for	
up	to	six	days.1	In	a	follow	up	study,	Ebolavirus	was	found,	relaUve	to	
other	enveloped	viruses,	to	be	quite	sensiUve	to	inacUvaUon	by	ultraviolet	
light	and	drying;	yet	sub-populaUons	did	persist	in	organic	debris.2	

•  EBV	persists	in	vaginal	fluid	for	2	weeks,	and	in	Sperm	up	to	1	year.	
–  Per	MSF	conference	Oct	15	2019	



EVD	FAQ	
•  7.	Are	wastes	generated	during	delivery	of	care	to	Ebola	virus-infected	

paUents	subject	to	select	agent	regulaUons?	
•  As	long	as	faciliUes	treaUng	Ebola	virus-infected	paUents	follow	the	CDC's	

InfecUon	PrevenUon	and	Control	RecommendaUons	for	Hospitalized	
PaUents	with	Known	or	Suspected	Ebola	Hemorrhagic	Fever	in	U.S.	
Hospitals;	waste	generated	during	delivery	of	care	to	Ebola	virus-infected	
paUents	would	not	be	subject	to	Federal	select	agent	regulaUons		



EVD	FAQ	
•  8.	Are	wastes	generated	during	delivery	of	care	to	Ebola	virus-infected	

paUents	subject	to	any	special	transportaUon	requirements?	
•  Yes,	wastes	contaminated	or	suspected	to	be	contaminated	with	Ebola	

virus	must	be	packaged	and	transported	in	accordance	U.S.	DOT	
Hazardous	Materials	RegulaUons	(HMR,	49	C.F.R.,	Parts	171-180).6,	7	

•  Once	a	paUent	with	suspected	Ebola	Virus	Disease	(e.g.,	PaUents	under	
invesUgaUon)	is	no	longer	suspected	to	have	Ebola	Virus	disease	(EVD)	or	
has	ruled	out	for	EVD,	their	waste	materials	no	longer	need	to	be	
managed	as	if	contaminated	with	Ebola	Virus.	

•  CDC	Guidelines	for	Environmental	InfecUon	Control	in	Healthcare	
FaciliUes[PDF	-	249	pages]	(see:	Environmental	Surfaces	SecUon).	

•  OSHA	Bloodborne	Pathogen	Standard	29	CFR	1910.1030	


