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Bldg 8, Dr. Bob Huffaker, Biosafety Director, conducting a leak test on one of the
glove box cabinets.



Bldg. 8, Dr. Bill Gary at an autoclave and the pass-through box, used as
communications device
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Marburg Virus
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An Electron Micrograph of Marburg Virus,
Obtained on October 13, 1976 at the Centers for Disease
Control and Prevention

Unfixed diagnostic specimen from
Vero cell passage:

Sodium phosphotungstate x 90,000

(Fred Murphy)

Center for Disease Control
Viral Pathology Branch
Atlanta, Georgia 30333
Negative No. 5917
Specimen Warbeng 76
Preparation
Magnification #9200
Date 0[i52. 19 76
Source: Fred Murphy




Flying along the Zaire River to Yambuku, DR Congo (Zaire), October
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Villages on the Bumba to Yambuku Road:
Transport, DR Congo (Zaire), October—-December, 1976

Yambuku Mission Church, 1976

Photo: J. Breman Photo: Joe McCormick



The Belgian Missionaries Who Died of Ebola, Yambuku, Zaire, 1976

Sister Superior Marcella

Photo: P. Piot

S* EDMONDA

From CDC slide set, 1977

Hospital Staff: 17
- EHF 13
- Died 11
Closed Sept. 30



Numbered Routes Followed by the Surveillance Teams, DRC Congo (Zaire), 1976
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Patient with Ebola Hemorrhagic Fever, Bumba Zone, Equateur Province,
DR Congo (Zaire), October 1976
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Pierre Sureau (France) and patient, 1976. Photos: J. Breman
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Left to Right: M. Isaacson, Joel Breman, Bill Close
DRC (Zaire), October 1976




Investigations of EHF Cases in Villages, Equateur Province,
DR Congo (Zaire), October-December 1976

Photo.gJs Breman
Dr. M. Mbuyi & Nurse Sukato interviewing mourning family member



Cases/Deaths, Ebola Hemorrhagic Fever in
Sudan and DRC (Zaire), 1976

Deaths/Cases  Case-fatality rate

1976 Zaire 280/318 88%0

1976 Sudan 150/284 53%

Report of an International Commission, Bull Wid HIth Org, 1978.
WHO Commission, Bull WId HIth Org, 1978.



Number of Cases of Ebola Hemorrhagic Fever in the Equator Region, by Day of Onset

and Probable Type of Transmission, 1976
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Time of Onset of Ebola Hemorrhagic Fever by Transmission Type
(after initial contact with source), DR Congo (Zaire), 1976

Injection, n=57
Mean 6.3 days

No. Cases
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Days

Person to person, n=109
Mean 9.5 days of contact

No. Cases
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Days

International Commission, Bull Wid HIth Org, 1978.



Major Clinical Manifestations of Persons Dying and Recovering
Ebola Hemorrhagic Fever, DRC, (Zaire), 1976

Death (h = 178-231)

Recovered (n = 9-34)*

% Duration (days) %
Symptoms
Fever 98% 4 59
Headache 96 7 59
Abdominal pain 81 6 50
Sore throat 79 6 32
Myalgia 79 7 47
Nausea 66 5 33
Arthritis 53 6 38
Other 5
Signs (n = 208-228)

Diarrhea 79 5 44
Bleeding 78 4 18
Oral lesions 74 6 27
Vomiting 65 4 35
Conjunctivitis 58 5 6
Cough 36 7 7
Abortion 25 1
Jaundice 5
Other (including rash) 5

* IFA=2=1:64.

International Commission, Bull Wld HIth Org, 1978.




Distribution of Number of Cases in Villages
Ebola Hemorrhagic Fever, DRC, (Zaire), 1976

Number of Number of % of total
Cases Villages Villages Cumulative
1 17 31% 31%
2—5 18 33 64
6—-9 12 22 85
10-14 4 7 93
15-19 1 2 95
20 - 29 1 2 96
>30 2 4 100
- 55

International Commission, Bull Wid HIth Org, 1978.



Age and Sex Distribution
Ebola Hemorrhagic Fever, DRC, (Zaire), 1976

Age (Years) Male Female Total (n = 318)
Newborns 10 3% 14 4% 24 @
and <12 months

1-14 18 6% 22 7% 40 13%

15 - 29 31 10% 60 91 29%

30 -49 57 18% 52 16% 109 34%
>50 23 7% 26 8% 49 15%
Unknown 2 1% 3 1% 5 2%

D

141 44% 177 @ 318 100%

International Commission, Bull WId Hlth Org, 1978.



Factors Associated with Person-to-Person Spread of EHF, DR Congo (Zaire), 1976

Controls (% Yes)
Case (% Yes) Family Village
Risk (n = 104-126 (74-98) (n = 22)
Touched case 86% 84% 68%
Cared for case 71 71 68
Slept in room 69 66 23
Prepared cadaver 59 58 55
Attended funeral 86 86 96
Aided in delivery of 10 5
newborn
*< 0.05




Family Contact Attack Rates of Ebola Virus Disease by Generation of llIness,
Democratic Republic of Congo, 1976

Families Attack
Generation Number Exposures Cases Rate (%)
1 (injection) 61 498 38 7.6
2 (person-to-person) 62 459 20 4.4
3 (person-to-person) 18 117 3
4 (person-to-person) 5 29 1 3.4

Total 146 1,103 62 @
Delivered fetus or was

caregiving spouse




Serosurveys and Plasmapheresis in Yambuku, DR Congo, 1976

Denis Courtois (France), Margaretha Isaacson (RSA)
and convalescent patient, 1976

Dell Conn (PCV, US), Serosurveys

Photos: J. Breman



Evacuation of EHF Commission Member from Yambuku,
DR Congo (Zaire), to Johannesburg, December 1976
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From Inpatient Register, Yambuku Hospital, August 1976
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Ebola Hemorrhagic Fever, DRC (Zaire)
Major Findings, 1976

H Clinical m Control
- Manifestations - Area quarantine
- Incubation period - Identify, isolate patients
- Plasmapheresis of convalescents - Rapid burial

- Rule out other diseases

M Epidemiology M Laboratory
- Geographic extent - Basic lab tests
- Persons at risk - |IFA for Ebola
- Mode of transmission - Virus culture

_T - -b-I-t ° L4
ransmissioility M Ecological studies



Ebola Hemorrhagic Fever, DRC (Zaire)
Major Unknowns, Unsolved, 1976

B Animal reservoir

B Transmission to humans
B Treatment
B Vaccine

m Extent globally



Ebola Hemorrhagic Fever Team in
Yambuku, DR Congo (Zalre) 1976

Johnsen* “»* ""Wllatudlla

“'.

Left to Right, Back Row: Del Conn (obscured), Michael White, Karl Johnson, Guido van der
Groen, Sister Mariette. Middle Row: G. Dujeu, Denis Courtois, Sister Marcella, Peter Piot,
Stefan Pattyn, M. Miatudila. ~Front Row: Unidentified, Joel Breman.



Summary Lessons
from the Ebola 1976 Outbreak

Administrative

1.

2.

Leadership

Organization

. Communications
. Transparency
. Partnerships

. Coordination

7. Logistics (supplies)

8. Transport (mobility)
9. Quarantine (selective)
10. Isolation

11. Survivor assistance



Dr. Karl Johnson: Checking Possible Sudan-Zaire Link and the
Historical Naming of Ebola, November 1976
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Spectrum of Emotion and Activity of Population and Investigative Team,

Ebola in Democratic Republic of Congo (Zaire), 1976

High _ Low
Anxiety >
Terror Uncertainty Understanding  Confidence Clarity
g Fear Anger Trust Comfort Celebration
=
g Confusion Sorrow Focus Camaraderie
L
Shock Worry
Flight Isolation Rapid Patient Active case
and surveillance management  detection and
Chaos Quarantine tracing
>
E Local Virus Quick Detailed field  Plasmapheresis
2 Investigations  identified investigations investigations
Specimens Commission Rapid Data Quarantine
collected formed burial analyzed lifted
Information Sharin —>
Low J High

J. Breman, 50t EIS Anniversary, CDC, 2001



Ebola Hemorrhagic Fever, DR Congo (Zaire), 1976:
Team Members, Antwerp, 1996

Left to right: Joe McCormick, Guido van der Groen, David Heymann, Stefan Pattyn, Muyembe Tamfun,
Karl Johnson, Joel Breman, Simon van Niewvenhove, Patricia Webb, Peter Piot



International Commission for the Investigation and
Control of Ebola Hemorrhagic Fever

Democratic Republic of the Congo (Zaire), 1976-77

dedicated to the people who were afflicted and

Our Collaborators

Belgium
Democratic Republic of the Congo (Zaire)
Canada
France
South Africa
United States
World Health Organization
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Ebola in Zaire, ‘76 — From Then Until Now

Jonathan S. Towner, PhD

Viral Special Pathogens Branch,
Division of High-Consequence Pathogens and Pathology,

National Center for Emerging Zoonotic Diseases
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Timeline of Ebola Outbreaks 1976-Present

*2500+ cases — *1600+ deaths
Outbreak in DRC
2nd largest outbreak

34 cases — 22 deaths 12 cases — 10 deaths 201 4
Qutbreak in Sudan Qutbreak in Republic of the Congo 28,610 cases — 11,308 deaths

Qutbreak in West Africa

425 cases — 224 deaths Largest Ebola outbreak
Qutbreak in Uganda 201 8
318 cases — 280 deaths
54 — 33 deaths
Outbreak in DRC 1995 Otk i DRC
First outbreak of Ebol 315 cases — 250 deaths 2002
Qutbreak in DRC
264 cases — 187 deaths
143 cases — 128 deaths k
Outbreak in Republic of the Congo Outbreak in DRC
J“, @

1976

284 cases — 151 deaths

OQutbreak in Sudan 2001 2007

59 cases — 43 deaths 131 cases — 42 deaths 69 cases — .49 deaths
1st time Ebola reported Outbreak in Uganda Outbreak in DRC
Republic of the Congo

52 cases — 31 deaths
Qutbreak in Gabon

35 cases — 29 deaths
B 1 996 Qutbreak in Republic of the Congo 201 2
/ 36 cases — 13 deaths
60 cases — 45 deaths Qutbreak in DRC

| ﬁ;}fg;}ls Qutbreak in Gabon

Branch

* As of July 15, 2019.
Note: Not a complete list of all outbreaks




Timeline of Ebola Outbreaks 1976-Present

Family Filoviridae
Genus Marburgvirus
Species Marburg marburgvirus
virus: Marburg virus
virus: Ravn virus
Genus Ebolavirus
Species Zaire ebolavirus
virus: Ebola virus
Species Sudan ebolavirus
virus: Sudan virus

Species Reston ebolavirus
virus: Reston virus

Species Tai Forest ebolavirus
virus: Tai Forest virus

Species Bundibugyo ebolavirus

virus: Bundibugyo virus

Species Bombali ebolavirus
virus: Bombali virus

/ pecial
| athogons

Branch

1979

34 cases — 22 deaths
Qutbreak in Sudan

318 cases — 280 deaths
Qutbreak in DRC
First outbreak of Ebol

I

284 cases — 151 deaths
Qutbreak in Sudan

52 cases — 31 deaths
Qutbreak in Gabon

* As of July 15, 2019.
Note: Not a complete list of all outbreaks

315 cases — 250 deaths

425 cases — 224 deaths
Qutbreak in Uganda

1995

Qutbreak in DRC

-

143 cases — 128 deaths
Qutbreak in Republic of the Congo

2005

12 cases — 10 deaths
Qutbreak in Republic of the Congo

2002

2007

264 cases — 187 deaths
Qutbreak in DRC

*2500+ cases — *1600+ deaths

Qutbreak in DRC

2nd largest outbreak

2014

28,610 cases — 11,308 deaths
Qutbreak in West Africa
Largest Ebola outbreak

e

2018

54 cases — 33 deaths
Qutbreak in DRC

59 cases — 43 deaths
1st time Ebala reported
Republic of the Congo

131 cases — 42 deaths
Qutbreak in Uganda

69 cases — 49 deaths
Qutbreak in DRC

1996

60 cases — 45 deaths
Qutbreak in Gabon

35 cases — 29 deaths
Qutbreak in Republic of the Congo

36 cases — 13 deaths
Qutbreak in DRC



Timeline of Ebola Outbreaks 1976-Present

1997 - Arrive at Special Pathogens Branch
to develop a genetic system to study

determinants Ebola virus virulence

1979

34 cases — 22 deaths
Qutbreak in Sudan

318 cases — 280 deaths
Qutbreak in DRC
First outbreak of Ebol

The EMBO Journal vol.13 no.18 pp.4195-4203, 1994

Infectious rabies viruses from cloned cDNA

Matthias J.Schnell, Teshome Mebatsion
and Karl-Klaus Conzelmann'

Institute of Clinical Virology, Federal Research Centre for Virus
Diseases of Animals, Paul-Ehrlich-Strasse 28, D-72076 Tiibingen,
Germany

284 cases — 151 deaths
Qutbreak in Sudan

/ pecial
| athogons

Branch

* As of July 15, 2019.
Note: Not a complete list of all outbreaks

315 cases — 250 deaths

425 cases — 224 deaths
Qutbreak in Uganda

1995

2005

12 cases — 10 deaths
Qutbreak in Republic of the Congo

2002

*2500+

cases — *1600+ deaths
Qutbreak in DRC

2nd largest outbreak

2014

28,610 cases — 11,308 deaths
Qutbreak in West Africa
Largest Ebola outbreak

201

54 cases — 33 deaths
Qutbreak in DRC

8

Qutbreak in DRC

143 cases — 128 deaths
Qutbreak in Republic of the Congo

264 cases — 187 deaths
Qutbreak in DRC

52 cases — 31 deaths
Qutbreak in Gabon

o

1996

60 cases — 45 deaths
Qutbreak in Gabon

59 cases — 43 deaths
1st time Ebala reported
Republic of the Congo

2007

35 cases — 29 deaths
Qutbreak in Republic of the Congo

131 cases — 42 deaths
Qutbreak in Uganda

e

69 cases — 49 deaths
Qutbreak in DRC

36 cases — 13 deaths
Qutbreak in DRC




Ebola (Sudan) Outbreak, Uganda 2000—2001 (425 cases, 53% CFR)

2018 and
ongoing
Ve ' #2500+ cases — *1600+ deaths
" 2 Outbreak in DRC
Democratic 2nd largest outbreak
Republic of 1979 2005
Co n’g 0. 34 cases — 22 deaths 12 cases — 10 deaths 201 4
: Outbreak in Sudan Outbreak in Republic of the Congo 28,610 cases — 11,308 deaths
2000 Outbreak in West Africa
425 cases — 224 deaths Largest Ebola outbreak
1976 Outbreak in Uganda 2018
318 cases — 280 deaths e
7, Outbreak in DRC 1 995 540861‘?[?[%\8
£ First outbreak of Ebol 315 cases — 250 deaths
s N Outbreak in DRC 2002 264 2001;(1 hs
7 , 143 — 198 death cases — eat
- Oulhreakcians;sepublic of t?:; {;ngo Outbreak in DRC

1976

284 cases — 151 deaths

Qutbreak in Sudan 1 994 2001 2007 201 4
59 cases — 43 deaths 131 cases — 42 deaths 69 cases — flg deaths
52 cases — 31 deaths 1t time Ebola reported Outbreak in Uganda Outbreak in DRC

Qutbreak in Gabon Republic of the Congo

2003

35 cases — 20 deaths
1 996 Qutbreak in Republic of the Congo 201 2
/’ ; 36 cases — 13 deaths
[ Waciai 60 cases — 45 deaths Outbreak in DRC
( athogons CDC team members who participated in the initial response to the Qutbreak in Gabon
Branch Ebola outbreak in Uganda were (L-R) Daniel Bausch, Scott Harper,
Scott Dowell, Pierre Rollin, Jonathan Towner, and Anthony Sanchez. * As of July 15, 2019.

Note: Not a complete list of all outbreaks




Field-able Diagnostic Assays, circa 2000

ELISA Based

e Antigen capture
* [gM

¢ [gG

PCR-Based

eTraditional electrophoresis
ePrimary
-Filo L-primers
eNested
-EboS/EboZ NP
-Marb VP35



Nested RT-PCR

Diagnostic Lab Set-up at St. Mary’s Lacor Hospital, Gulu, Uganda

Entrance
CDC storage PCR
and product
changing room analysis
i Working
Workin _
hospitalg hospital
HIV lab Pathology
lab
Working
hospital
Sampl_e micro lab
Processing
cold
Ag and IgG room
Elisa RNA —
extraction
i PCR
Working BSCle
hospital setup
offices 40|l -20

Tested over 1000 clinical samples, Oct, 2000-Jan, 2001 (3 teams total) ﬂ;%




Quantitation of genomic-sense Ebola Sudan RNA in patient sera

10.0 Genomic RNA copy levels per ml sera

9.0

8.0

il f!

5.0 f’
. 4.0
Detection ]

% l‘ - [ ] Log RNA Fatal

[ ] Log RNA NonFatal

Log RNA copies/ml serum

mp

Threshold
N=(fata) 3 4 4 6 6 11 7 8 5 3 5 1 3 1 1 1

N=(non-fatal) 5 2 3 3 8 6 6 3 8 6 6 2 7 3 2 2 3 1 1
J L [ JL [ [ [ [ [

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Days post onset of symptoms




Marburg outbreak, Angola 2005 (252 cases, 90% CFR)

Director Geral: Lufs Fernando .

www.jornaldeangole.com

400

—
kilometers
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Field-able Diagnostic Assays, circa 2005

ELISA Based

e Antigen capture
* [gM

¢ [gG

e Real-time RT-PCR
*Probe-based
-EboZ (Zaire ’76, '95, '94, '96)
-EboS (Sudan 76, ’79, 00)

-Mbg ('67, 75, '80, '87, '98'00)




Diagnostic lab setup at INSP Luanda, Angola

/\

INSP Microbiology laboratories

INSP Microbiology laboratories

Administrative Offices
(main floor)

e

ecial
{ athogans
\ Branch

CDC Marburg Dx lab converted from
existing HIV diagnostic lab

[:::: ; Hot

(Global Aids Program)

Waste
Incineration

Diesel generator
(100 kVA)

ST S N

,,,,

’ 3
Photo Tara Sealy ¥

Lab<

/
Change

Room

Elevator

/

Office 2
L= Specimen
Z Log-in
" I Hoop Q-RT- Clean
) PCR area
Air Flow | |
<—m \
PPE
AR RNA
Ag, IgM, IgG extractions
ELISA

Basement Floor Diagram

€nc


http://www.chevron.com/

Marburg virus field diagnostics in Angola 2005

Sample types processed:

Breast milk 4
Blood/Serum 175
. Swabs 326
Photo Tom Ksiazek
Hot Lab Total 505

Q-RT-PCR assay
180 / 505 were positive

Donning PPE for hot lab (131 positives were swabs*)

* First field use of high-throughput nucleic acid extraction platform

* First wide spread use of swabs for filovirus diagnosis

\\pecial
A athogons
. Branch

> Photo Tara Sealy
RNA extraction station-96 well




Banner years of filovirus activity

July - Marburg Virus, Kitaka mine, Uganda ALy -

(3 cases, 1 fatal) (

i' The mine came into the limelight after an outbreak of the Marburg haemorrhagic fe

it month, Marburg haem-




Banner years of filovirus activity

July - Marburg Virus, Kitaka mine, Uganda
(3 cases, 1 fatal)

: The mine came into the limelight after an outbreak of the Marburg haemorrhagic feve

“Kitaka Mine: Where people &

dle of mysterlous dlseases

mhMilhlgﬂae Amir's regicae. It W m

AT

(1 case, non-fatal)

_Sept - 2"‘1I Marburg (Ravn) Virus, Kitaka mine, Uganda



Banner years of filovirus activity

July = Wlarourg Virus, izl mineg, Ugznds Aug - Ebola, Luebo, Kasai Occidental, DRC
(3 cases, L fatal) (264 cases, 71% CFR)

Central African Republic

. ”
2007,

a0t — 20 Vlgrourg (Ravn) Virus, Kiaka mine, Ugzands)

aaaaa

(1 casz, non-fial)



Banner years of filovirus activity

July - Marourg Virus, iiale mineg, Ugands: Aug - Ebola, Luebo, Kasai Occidental, DRC
| fariza)) (264 cases, 71% CFR)

-l b - "
(2 e s
\ 4 '4:|J74J/

Negative -D
Airflow... B

: )1l ) ; I \ \ /2, 4 . ‘l,,h,,_fr; RASTET - =
20t — 2" Wlaroury (Ravn) Virus, Ktk mine, Ugarnds lov - Enola (Bundiogugyo), Ugand:

VAR 4 \ o< |
y ( y
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the ~) e b o \ 'z ) VA/S |
¥ (L cas2, non-fatal) \=2D4 LElEs, D47 L) o




Banner years of filovirus activity

. ”
2007,

OPEN a ACCESS Freely available online

PLoS§

Newly Discovered Ebola Virus Associated with
Hemorrhagic Fever Outbreak in Uganda

Jonathan S. Towner', Tara K. Sealy1, Marina L. Khristova®, César G. Albarino', Sean Conlan?, Serena A.
Reeder’, Phenix-Lan Quan?, W. lan Lipkin®, Robert Downing®, Jordan W. Tappero®, Samuel Okware?,
Julius Lutwama®, Barnabas Bakamutumaho®, John Kayiwa® James A. Comer’, Pierre E. Rollin’,
Thomas G. Ksiazek', Stuart T. Nichol™*

Nov - Ebola (Bundibugyo), Uganda
(131 cases, 32% CFR) -




Banner years of filovirus activity

. ”
2007,

* Newest species of human pathogenic Ebolavirus

* First use of NGS to characterize new filovirus

Nov - Ebola (Bundibugyo), Uganda

(131 cases, 32% CFR)




Banner years of filovirus activity

July - Marburg, Netherlands ex Uganda, Python cave Oct— Enola (Restor, Pigs), Bulacn, Pnilioovines
(1 case, fatal) (5 cas2s, 0% CFR)
VIzirourg, Colorado, 26 Ugarida Pyinors caye Dac— Erjcora E9olz, Luzoo, sl Oceldarntn), DRC

— - N —_— i
j o (L case, non-fuial) (22 case, 47% CrH
| _Jpathogans / /
\ Branch /
-~



Banner years of filovirus activity

July - Marburg, Netherlands ex Uganda, Python cave Oct— Egola (Reston, Plgs), Bulacar, Prnilioglne:
(1 case, fatal) (6 casas, 0% CFR)
Photo: Bobbie Erickson R i A :
Marburg, Colorado, ex Uganda Python cave Dac— Encore Egolz, Lusoo, Kasal Occidarnial, DR

B (1 case, non-fatal) (32 case, 47% CER) %



Banner years of filovirus activity

Jgzndz, Py 52V Oct — Ebola (Reston, Pigs), Bulacan, Philippines
) (6 cases, 0% CFR)

Discovery of Swine as a
Host for the Reston ebolavirus

Roger W. Barrette,! Samia A. Meiwally,l’ Jessica M. Rowland,! Lizhe Xu,! Sherif R. Zal-(i,z
Stuart T. Nichol,? Pierre E. Rollin,® Jonathan S. Towner,” Wun-Ju Shieh,? Brigid Batten,’
Tara K. Sealy, Consuelo Carrillo,* Karen E. Moran,* Alexa ]. Bracht,® Gregory A. Mayr,'
Magdalena SiritJns-Cruz,3 Davinio P. i!:atbal_;;an,3 Elizabeth A. Lautner,® Thomas G. I(siazek,z'l

William R. White,* Michael T. McIntosh*
k:;:;;ngaslnar;??tl r’%ﬁ a

Group C, E .2‘:;,‘ j- n
Neuva Ecija e AN

Arch Virol (2014) 159:1129-1132
DOI 10.1007/s00705-012-1477-6
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' "‘ A ' ’"_ Grspgn s

Yangyang Pan - Wen Zhang - Li Cui -
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Banner years of filovirus activity
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Banner years of filovirus activity

July — Ebola (Sudan), Kibaale, Uganda AL (f
(11 cases, 36% CFR) (38 caszs, 39% CFR))
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Banner years of filovirus activity

June—Eyola (Sudan), Koazle, Ugands: Aug — Ebola (Bundibugyo), Isiro, DRC
1L cases, 39% CFR) (36 cases, 36% CFR))
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Banner years of filovirus activity

June — Evola (Sudan), Koaale, Ugand:
(11 cases, 35% CFR)

~ Sept- Marburg, Ibanda (near Kitaka mine), Uganda
ﬁ (15 case, 27% CFR)




VHF training, surveillance, diagnostics,

and health education activities in Uganda:
outbreak response, epidemiology, ecology, pathogen discovery
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VSPB’s Trevor Shoemaker replenishes a District
hospital’s VHF cabinet with materials needed in the
event of a suspect VHF case.
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Surveillance Programme
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Poster describing VHF symptoms, collecting samples,
and safe packing and transport for diagnostics.

VSPB Branch Chief Stuart Nichol and Trevor
Shoemaker confer with MoH and village members on

case finding during Luwero outbreak. O Ebola and Marburg virus disease outbreaks in Uganda
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Entebbe’s renovated UVRI lab runs rapid diagnostics on
suspect VHF samples.

Uganda District Health Educators at a VSPB-sponsored
workshop on health education and VHFs.

VSPB and UWA team capturing bats at Python Cave,
part of long-term Branch/UWA ecology project.




Pre- and post-implementation of enhanced
VHF surveillance and diagnostics in Uganda, 2010-2016

500 | Gulu, Ug 2000
EBOLA-Sudan
Cases: 425

400

Start of integrated VHF surveillance and diagnostics in Uganda

200 Bundibugyo, Ug 2007
EBOLA-Bundibugyo

Cases: 131

Confirmed and probablecases

100
Kitaka, Ug 2007 Agago, Wakiso, Wakiso, Kampala/Mpigi, Nakaseke/ Kabale,
MARBURG Kibaale, Ug 2012 Kabale, Ug 2012 Luweero, Ug 2012 Ug2013 Ug 2013 Ug 2013 Ug 2014 Luwero, Ug 2015 Ug 2016
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The West Africa Ebola virus
disease outbreak

Diagnostic challenges and response



Updated April 24, 2014

In the beginning......

KOULIKORO /

Bamakoo,

 March 25, Guinea MoH & WHO
report Ebola outbreak in Guinea; §

 March 26, suspect cases reported in i
Liberia ;

* Mid-April — Cases distributed in 6
districts in Guinea, including Conakry
(60 cases), and multiple counties in
Liberia

. DJINGARAYE

Initial deployed labs to offer Ebola virus
real time RT-PCR :
* EU consortium lab (led by Stephan
Gunther) in Gueckedou, Guinea
* Institute Pasteur Senegal lab in
Donka, Conakry, Guinea
 Then as EVD spread in Liberia -
LIBR lab in Monrovia supported by
DOD and NIH

Monrovia©

[X] Hospital
[ Field laboratory
[E] National laboratory
O  National Capitol

I Areas with confirmed and suspect cases \ 35 g 00 s
Areas reporting suspect cases W e

) S Y O S A
y . \ 40 80 160 Kilomet;
: Countries reporting suspect cases ! P Y b
E Ervin, CDC/VSPB, 2014

- -




‘United Nations’

of labs

e Labs provided by:

* Germany France lItaly
Bel ium Netherlands
gland Canada USA
ngerla South Africa
China Russia

* US agencies included
CDC, NIH and DOD

WHO Ebola Situation Report
Mar 18, 2015
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iy MAMOU | DABOLA
BOFFA DUBREKA KANKAN
FARANAH
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23 BOMBALI KOINADUGU GUINEA ~
CONAKRY COT
SIERRA KISSIDOUGO .
1@ PORT LOKO S LEONE D'IVO
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(Z, 22 @ 18 KAMBIA 26 @24 HeaNo ZB‘EC"EDN’ zROUANE % 5
! \ PORT { l
(35 LOKO @ —
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25 25 c ] @ 15 «ailanun
WESTERN
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KENEMA
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BONTHE 14 1 0
(A : 13 NIMBA
Laboratory Status [ ): Functional PUJEHUN @ 1250 @
Guinea Sierra Leone CAF(‘;ERQT)?JNT 1 6 1 @ -
) 2 : soMI LIBERIA
1 - Belgium Mobile Lab, NZerekore 15 - US-CDC Lab P——
2 - EU Mobile Lab, Gueckedou 16 - China-CDC Lab
3 - EU Mobile Lab, Coyah 17 - US DTRA e GRAND GRAND GEDEH
y ; BASSA
$=IF-Lyon:Moblle Lab 18 - EU Mobile Lab, Hastings SNOE
S-K:Plan.Mobia lab 19 - Italy Mobile Lab RIVERCESS S
6 - IP Dakar, Conakry 20 - Dutch Mobile Lab, Kono 11
; % z_?_ssp(:"sbgadzir Mobile Lab 21 - Dutch Mobile Lab, Freetown
g' CREMaS 4 ::n: rz_ 22 - NICD South Africa Lab AR
2 sl L 23 - Nigeria Mobile Lab KR
Liberia 24 - PHA Canada, Magburaka EASIERND
10 - Accel Lab, Tappita 25 - PH England Mobile Lab, Kerry Town
11 - US-CDC Lab 26 - PH England Mobile Lab, Port Loko
12 - LIBR/USAMRIID 27 - PH England Mobile Lab, Bombali
13 - Dutch Mobile Lab, Grand Cape Mt.
14 - OIC-NMRC Mobile Lab, Bong




“Hot Lab”

» Y %
Generator, water and waste disposal provided by MSF ,,,(/5}/%
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CDC Bo Lab set up

RNA extraction: automated
Dynal® BeadRetriever™ (15 samples) Walkway to hot lab .
MagMAX™ Express-96 Deep Well Magnetic "z, the 9.wer Ana T o g
Particle Processor (96 samples) ZZZ?E’&'?JCJZZ??"J?&Z right. g b ?f""c'?'"" M Back patio- Sl e
run takes approx. 30’ ey Dot s E| eren sampl ecivig
AN
Real time RT-PCR | e A
Biorad CFX96 Touch™ Real-Time PCR it 3 eiren |
Detection System \J ;o
run resumes in case of short power loss 1 .
can operate without alap top (less || 2 o . —
instruments requiring power) J 4 teeer g 7 — —
i Front porch—storage

} 9m 1

2 targets: Ebola NP & VP40
cellular gene (B2M) as extraction control

run takes approx. 90’




Clean Room
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Total number of samples tested, by Laboratory
Sierra Leone - blue
Liberia - red
Oct.15, 2014 - Jan.12, 2015
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CDC Sierra Leone lab contribution

e At height of outbreak processed 2,000
clinical specimens in a 3-week period
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UNMEER helicopters moving
samples within Sierra Leone
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Bo lab accomplishments

e >27,000 samples tested
* The lab remained continuously operational for 406 days
* Viral persistence in male survivors: testing of >500 semen samples

* STRIVE (Sierra Leone vaccine trial) testing began on May 24% and we tested

51 samples from 30 participants

* 28 teams of personnel from 17 different branches throughout CDC were

trained and deployed to operate Bo lab



50" Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

Dr. Karl Johnson



50t Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

e 1993 - Identification and isolation of Sin Nombre virus (4 corners virus)

Genetic Identification of a Hantavirus Associated
with an Outbreak of Acute Respiratory lliness

Stuart T. Nichol,* Christina F. Spiropoulou, Sergey Morzunov,
Pierre E. Rollin, Thomas G. Ksiazek, Heinz Feldmann,
Anthony Sanchez, James Childs, Sherif Zaki, Clarence J. Peters

A mysterious respiratory iliness with high mortality was recently reported in the south-
western United States. Serologic studies implicated the hantaviruses, rodent-borne RNA
viruses usually associated elsewhere in the world with hemorrhagic fever with renal
syndrome. A genetic detection assay amplified hantavirus-specific DNA fragments from
RNA extracted from the tissues of patients and deer mice (Peromyscus maniculatus)
caught at or near patient residences. Nucleotide sequence analysis revealed the as-
sociated virus to be a new hantavirus and provided a direct genetic link between infection

in patients and rodents.
SCIENCE ¢ VOL. 262 * 5 NOVEMBER 1993




50t Anniversary of CDC’s High Containment Laboratory:

Major virus discoveries along the way...

1999 — Identification and isolation of Nipah virus

THE LANCET

THE LANCET

Volume 354, |ssue 9188, 9 October 1999, Pages 1257-1259

Articles

Fatal encephalitis due to Nipah virus among pig-
farmers in Malaysia

Kaw Bing Chua MRCP 2, Dr Khean Jin Goh PhD * 2 &, Kum Thong Wong MRCPath ¢, Adeeba Kamarulzaman
FRACP ¥, Prof Patrick Seow Koon Tan FRCA ¢, Thomas G Ksiazek PhD ¢, Sherif R Zaki MD ¢, George Paul MD ¢, Prof
Sai Kit Lam PhD 2, Prof Chong Tin Tan FRCA®

Departments of Medical Microbiology, University of Malaya, Kuala Lumpur, Malaysia

Department of Medicine, University of Malaya, Kuala Lumpur, Malaysia

Department of Pathology, University of Malaya, Kuala Lumpur, Malaysia

Department of Anesthesiology and Intensive Care, University of Malaya, Kuala Lumpur, Malaysia
Division of Viral and Rickettsial Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia,
USA

THE LANCET

THE LANCET

Volume 354, Issue 9186, 9 October 1999, Pages 1253-1256 E_a

Early Report
Outbreak of Nipah-virus infection among abattoir
workers in Singapore

Dr Micholas | Paton MD = & B, Yee Sin Leo MRCP =, Sherif R Zaki MD &, Alexander P Auchus MD = Kim En Lee
MRCP 4, Ai Ee Ling FRCPA %, Suok Kai Chew M5cf, Brenda Ang MMed 2, Pierre E Rollin MD &, T Umapathi MRCP €,
lvy Sng FRCPA 5, Cheng Chuan Lee MRCP ®, Erle Lim MRCP <, T.G Ksiazek DVM b

* Communicable Disease Centre, Tan Tock Seng Hospital, Singapore
Centers for Disease Control and Prevention, Atlanta, USA
Department of Meurology, Singapore General Hospital

Mational Neuroscience Institute, Singapore

Department of Pathology, Singapore General Hospital

M inistry of Health, Singapore




50" Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

e 2003 - Identification and isolation of SARS

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MAY 15,2003 VOL.348 NO.20

A Novel Coronavirus Associated
with Severe Acute Respiratory Syndrome

Thomas G. Ksiazek, D.V.M., Ph.D., Dean Erdman, Dr.P.H., Cynthia S. Goldsmith, M.S., Sherif R. Zaki, M.D., Ph.D.,

Teresa Peret, Ph.D., Shannon Emery, B.S., Suxiang Tong, Ph.D., Carlo Urbani, M.D.,* James A. Comer, Ph.D., M.P.H.,
Wilina Lim, M.D., Pierre E. Rollin, M.D., Scott F. Dowell, M.D., M.P.H., Ai-Ee Ling, M.D., Charles D. Humphrey, Ph.D.,
Wun-Ju Shieh, M.D., Ph.D., Jeannette Guarner, M.D., Christopher D. Paddock, M.D., M.P.H.T.M., Paul Rota, Ph.D.,
= rFields, Ph.D., Joseph DeRisi, Ph.D., Jyh-Yuan Yang, Ph.D., Nancy Cox, Ph.D., James M. Hughes, M.D.,

2\, 'es W. LeDuc, Ph.D., William J. Bellini, Ph.D., Larry J. Anderson, M.D., and the SARS Working GroupT




50t Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

e 2007 - Identification and isolation of Bundibugyo ebolavirus

OPEN 8 ACCESS Freely available online PLOS

Newly Discovered Ebola Virus Associated with
Hemorrhagic Fever Outbreak in Uganda

Jonathan S. Towner', Tara K. Sealy', Marina L. Khristova®, César G. Albarino', Sean Conlan?®, Serena A.
Reeder’, Phenix-Lan Quan?®, W. lan Lipkin®, Robert Downing®, Jordan W. Tappero®, Samuel Okware>,
Julius Lutwama®, Barnabas Bakamutumaho®, John Kayiwa®, James A. Comer’, Pierre E. Rollin’,
Thomas G. Ksiazek', Stuart T. Nichol'*

1 Special Pathogens Branch, Centers for Disease Control and Prevention, Atlanta, Georgia, United States of America, 2 Scientific Resources Program, Centers for Disease
Control and Prevention, Atlanta, Georgia, United States of America, 3 Center for Infection and Immunity, Mailman School of Public Health, Columbia University, New York,
New York, United States of America, 4 Global AIDS Program, Centers for Disease Control and Prevention, Entebbe, Uganda, 5 Ministry of Health, Republic of Uganda,
Kampala, Uganda, 6 Uganda Virus Research Institute, Entebbe, Uganda




50t Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

e 2009 - Identification and isolation of Lujo virus

OPEN a ACCESS Freely available online PLOS

Genetic Detection and Characterization of Lujo Virus, a Nosocomial Outbreak of Novel
: . - ' Arenavirus Infection, Southern Africa
New Hemorrhagic Fever-Associated Arenavirus from

o Janusz T. Paweska, Nivesh H. Sewlall, Thomas G. Ksiazek, Lucille H. Blumberg, Martin J. Hale,
SOUthern Afrlca W. lan Lipkin, Jacqueline Weyer, Stuart T. Nichol, Pierre E. Rollin, Laura K. McMullan,
Christopher D. Paddock, Thomas Briese, Joy Mnyaluza, Thu-Ha Dinh, Victor Mukonka, Pamela Ching,

Thomas Briese'®*, Janusz T. Paweska”, Laura K. McMullan?®, Stephen K. Hutchison®, Craig Street’, Adriano Duse, Guy Richards, Gillian de Jong, Cheryl Cohen, Bridget Ikalafeng, Charles Mugero,
Gustavo Palacios', Marina L. Khristova®, Jacqueline Weyer?, Robert Swanepoel?, Michael Egholm?, Chika Asomugha, Mirriam M. Malotle, Dorothy M. Nteo, Eunice Misiani, Robert Swanepoel,
Stuart T. Nichol?, W. lan Lipkin'* Sherif R. Zaki, and members of the Outbreak Control and Investigation Teams'’

1 Center for Infection and Immunity, Mailman School of Public Health, Columbia University, New York, New York, United States of America, 2 Special Pathogens Unit,
National Institute for Communicable Diseases of the National Health Laboratory Service, Sandringham, South Africa, 3 Special Pathogens Branch, Division of Viral and
Rickettsial Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia, United States of America, 4 454 Life Sciences, Branford, Connecticut, United States of
America, 5 Biotechnology Core Facility Branch, Centers for Disease Control and Prevention, Atlanta, Georgia, United States of America

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 15, No. 10, October 2009
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50t Anniversary of CDC’s High Containment Laboratory:
Major virus discoveries along the way...

e 2012 - Identification and isolation of Heartland virus

The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

A New Phlebovirus Associated with Severe
Febrile Illness in Missouri

Laura K. McMullan, Ph.D., Scott M. Folk, M.D., Aubree J. Kelly, M.S.,
Adam MacNeil, Ph.D., Cynthia S. Goldsmith, M.G.S., Maureen G. Metcalfe, B.S.,
Brigid C. Batten, M.P.H., César G. Albarifio, Ph.D., Sherif R. Zaki, M.D., Ph.D.,

Pierre E. Rollin, M.D., William L. Nicholson, Ph.D., and Stuart T. Nichol, Ph.D. -!;g E!;EE;



50t Anniversary of CDC’s High Containment Laboratory:

Major virus discoveries along the way...

e 2014 - Identification and isolation of Sosuga virus

Novel Paramyxovirus Associated
with Severe Acute Febrile Disease,
South Sudan and Uganda, 2012

César G. Albarino, Michael Foltzer, Jonathan S. Towner, Lory A. Rowe, Shelley Campbell,
Carlos M. Jaramillo, Brian H. Bird, DeeAnn M. Reeder, Megan E. Vodzak, Paul Rota,
Maureen G. Metcalfe, Christina F. Spiropoulou, Barbara Knust, Joel P. Vincent,
Michael A. Frace, Stuart T. Nichol, Pierre E. Rollin, and Ute Stroher

Emerging Infectious Diseases » www.cdc.gov/eid « Vol. 20, No. 2, February 2014




Ebola in Zaire ‘76 — Where are we now?

Ebola reverse genetic systems at CDC

Available online at www.sciencedirect.com

SGI!NGE@DIHEGT" V[ROLOGY
EEVIER Virology 332 (2005) 2027

www.elsevier.com/locate/yviro

Rapid Communication

Generation of eGFP expressing recombinant Zaire ebolavirus for analysis
of early pathogenesis events and high-throughput antiviral drug screening

Jonathan S. Towner®, Jason Paragas®, Jason E. Dover®, Manisha Gupta®, Cynthia S. Goldsmith®, .
John W. Huggins®, Stuart T. Nichol®* Brightfield

THE LANCET
Infectious Diseases

Available online 9 July 2019
In Press, Corrected Procf@

Articles

Characterisation of infectious Ebola virus from
the ongoing outbreak to guide response activities
in the Democratic Republic of the Congo: a

o phylogenetic and in vitro analysis
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Laura K McMullan PhD = .2 &, Mike Flint PhD ®°, Ayan Chakrabarti M5 =, Lisa Guerrero MPH ®, Michael K Lo PhD =, F|u0rescent
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Ebola in Zaire ‘76 — Where are we now?

Ebola vaccines




Ebola in Zaire ‘76 — Where are we now?

Ebola vaccines

 In 2000 - 15t demonstration that
Ebola infection could be prevented
by a vaccine

« 3 xDNA (GP) + ADV (GP) boost

* All vaccinated nonhuman primates
asymptomatic after challenge

nature

International journal of science

Letter | Published: 30 November 2000

Development of a preventive vaccine for
Ebola virus infection in primates

Mancy J. Sullivan, Anthony Sanchez, Pierre E. Rollin, Zhi-yong Yang & Gary J. Nabel

MNature 408, 605609 (2000)

Vaccine Research Center, National Institutes of Health, 40 Convent Drive,
MSC-3005, Bethesda, 20892, Maryland, USA
Nancy J. Sullivan, Zhi-yong Yang & Gary J. Nabel

Special Pathogens Branch, Centers for Disease Control and Prevention, 1600
Clifton Road, Mailstop G14, Atlanta, 30333, Georgia, USA

Anthony Sanchez & Pierre E. Rollin



Ebola in Zaire ‘76 — Where are we now?

Ebola vaccines

2 dose ‘Ebola prime boost’
ADV (GP) + MVA (GP) day 56

Johnson & Johnson Advances
Investigational Ebola Prime-boost
Vaccine Regimen with New Partnership

NEW BRUNSWICK, N.l., SEPTEMBER 29, 2017 — Johnson & Johnson (NYSE: JNJ) announced today -



Ebola in Zaire ‘76 — Where are we now?

Ebola vaccines

€% MERCK
v INVENTING FOR LIFI ABOUT US INVENTING FOR LIFE PRODUCTS RESEARCH
* 1 dose EbOIa st-baSEd Home / Newsroom / News Releases - All / Corporate News / News Release

(rVSVAG-ZEBOV-GP)
o >200,000 vaccine doses
given in eastern DRC

o V220 is the Company’s Investigational Vaccine for Ebola Zaire
o pany g,
o 97.5% efficacy
Tuesday, November 13, 2018 4:35 pm EST




Ebola in Zaire ‘76 — Where are we now?

Ebola therapeutics




As of 12 August 2019, Ebola (Zaire) may be treatable!”

"Pending release and analysis of final data - these numbers from NY Times

* PALM trial = Pamjoa Tulinde Maisha, “Save Lives Together”
* Randomized, multicenter clinical trial in DRC, started Nov 2018
* 4 arms, no placebo - interim mortality data from 499 patients

Remdesivir (Gilead Sciences)

Small-molecule, nucleotide analogue
53% mortality (33% with low viral load)

ZMapp (Mapp BioPharmaceutical)
* Cocktail of 3 chimeric mouse-human mAbs
* Given in West Africa (efficacy unproven)

*  49% mortality (24% with low viral load)

mAb-114 (Ridgeback Biotherapeutics)

Human mAb from survivor of 1995 Kikwit outbreak
34% mortality (11% with low viral load)

REGN-EB3 (Regeneron Pharmaceuticals)
e Cocktail of 3 human mAbs

*  29% mortality (6% with low viral load)

* Not significantly different from mAb-114

* Trial halted for efficacy, all patients now to be offered mAb-114 or REGN-EB3.

Names of specific products are for informational purposes only and do not constitute endorsement by CDC or HHS. M



Ebola — Where does it come from?



Ebola Zaire reservoir search in Gabon, 2002-03

s Hypsignathus monstrosus

— | PCR+ 4/21
 1gG+ 4/17

Epomops franqueti

PCR+ 5/117
lgG+ 8/117

= Only known PCR data to date for Ebola Myonycteris torquata
virus, no additional published reports

= Home ranges overlap outbreak locations

=  Ebola virus never isolated from a bat

PCR+ 4/141
lgG+ 4/58

Eric M. Leroy et al., Fruit bats as reservoirs of Ebola virus Nature 438, 575-576 (1 December 2005)



Ebola Zaire reservoir search in Guinea, 2014

Mops condylurus
* No PCR+ bats found
* No linkage to large mammal die-off
e Antibody evidence inconclusive
* Home range doesn’t overlap previous
Ebola outbreaks

* Secondary host?
* Peridomestic

Published online: December 30, 2014

Nl EMBO

Report il Molecular Medicine

Investigating the zoonotic origin of the West
African Ebola epidemic
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Ebola Zaire reservoir search in Guinea, 2014

ey A b o ¢
Mops condylurus
No PCR+ bats found
No linkage to large mammal die-off
Antibody evidence inconclusive
Home range doesn’t overlap previous
Ebola outbreaks

Secondary host?

Peridomestic

W

: Distribution of Mops éogdylurus
| %
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The discovery of Bombali virus adds further
support for bats as hosts of ebolaviruses

Tracey Goldstein ™", Simon J. Anthony?3"* Aiah Gbakima®, Brian H. Bird', James Bangura®,
Alexandre Tremeau-Bravard', Manjunatha N. Belaganahalli©’, Heather L. Wells©?2,
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Gorka Lasso?, Brett R. Smith', Amara Jambai®, Brima O. Kamara? Sorie Kamara'™, William Bangura',
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Ebola Zaire reservoir search in Guinea 2014

5 TR
Mops condylurus
No PCR+ bats found

No linkage to large mammal die-off
Antibody evidence inconclusive
Home range doesn’t overlap previous
Ebola outbreaks

Secondary host?

Peridomestic
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Egyptian rousette bat (Rousettus aegyptiacus) is a

natural reservoir for Marbur

e 1998-2000: Goroumbwa mine, DRC, Marburg outbreak
* 9 Marburg virus lineages found in miners and bats

e 2007: Kitaka Mine, Uganda Marburg outbreak
* 5 Marburg/Ravn virus isolates from Egyptian rousettes

e 2008: Python Cave, Uganda Marburg virus in tourists
* 7 Marburg/Ravn virus isolates from Egyptian rousettes

2012: Ibanda (Kitaka Mine), Uganda Marburg outbreak

* 9 Marburg isolates from Egyptian rousettes
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Isolation of Marburg virus from Egyptian rousette
bats in Sierra Leone

* 435 Rousettus aegyptiacus

 Joint study: CDC, Njala University,
UC Dauvis, University of Makeni

e 11 bats (2.5%) qRT-PCR+ for
Marburg virus

* 4 MARV isolates
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Lessons learned from Marburg: What could we apply to Ebola?

= For Ebola, there is no epidemiologic linkage to a restricted biome (e.g. cave/mine)
= For Marburg virus, the number of actively infected bats is low (2-5%)
= Africa has >250 bat species: you do the math...
= Reservoir animals typically have inapparent disease
= There may be seasonality to consider such as increased infection in juveniles, birthing
= Expect spillover to secondary bat hosts
= Expect serological cross-reactivity to different ebolaviruses

= For Marburg virus, no evidence of persistent infection (ex. rodent reservoirs of arena- or
hantaviruses)

= Virus replication and shedding may be brief; last 1-3 weeks
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