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1

OPENING REMARKS: CALL TO ORDER, INTRO OF COMMITTEE

2
3

DR. EL SAHLY:

Good morning everyone and

4

welcome to the 158th meeting of the Vaccine and Related

5

Biological Products Advisory Committee.

6

today will be meeting in open session to discuss and

7

make recommendations on the development on a

8

chikungunya vaccine.

9

members of the committee, beginning with Dr. Gruber.

The committee

We will begin by introducing the

10

Please list your name, institutional affiliation, and

11

expertise.

12

DR. GRUBER:

Yeah.

Good morning.

My name is

13

Marion Gruber, and I’m the Director of the Office of

14

Vaccines Research and Review at the Center for

15

Biologics U.S. FDA.

16

DR. FINK:

Good morning.

I’m Doran Fink.

I

17

am the Deputy Director for Clinical Review in the

18

Applications Review Division of the Office of Vaccines.

19
20
21

DR. GANS:

Hayley Gans, Pediatric Infectious

Disease at Stanford, working on vaccine immunology.
DR. JANES:

Good morning.
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1

I’m a biostatistician.

2

Seattle.

3

DR. MEISSNER:

I’m at the Fred Hutch in

My name is Cody Meissner, and

4

I’m a professor of pediatrics at Tufts University

5

School of Medicine in Boston with an interest in

6

immunizations.

7

DR. EL SAHLY:

Dr. Beckham should be joining

8

soon.

9

Medicine, Adult Infectious Diseases with work on

10

My name is Hana El Sahly, Baylor College of

clinical vaccine development.

11

DR. SPEARMAN:

Good morning.

My name is Paul

12

Spearman.

13

Cincinnati Children’s Hospital.

14

is on HIV pathogeneses, and I also work on development

15

of vaccines in clinical trials.

16

I’m Director of Infectious Diseases at

DR. SWAMY:

My basic science work

Good morning.

I’m Geeta Swamy.

17

I’m at Duke University.

18

maternal fetal medicine, and I specifically work on

19

clinical trials with vaccines and other biologics for

20

perinatal infections.

21

DR. KURILLA:

I’m an obstetrician in

Mike Kurilla.
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I’m a pathologist
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1

by training.

2

Clinical Innovation at the National Center for

3

Advancing Translational Sciences at NIH.

4

background in infectious disease drug and vaccine

5

development.

6

I’m the Director of the Division of

DR. WHARTON:

Good morning.

And I have a

I’m Melinda

7

Wharton.

8

and I’m director of the Immunization Services Division

9

at the Centers for Disease Control and Prevention.

10

I’m an adult infectious disease specialist,

MR. TOUBMAN:

I’m Sheldon Toubman.

I’m an

11

attorney with New Haven Legal Assistance in New Haven,

12

Connecticut.

13

folks and the Medicaid program.

14

consumer representative for the committee.

15

I mostly work on behalf of low-income

DR. FISCHER:

And I’m here as the

Good morning.

I’m Marc Fischer.

16

I’m the lead of the Surveillance and Epidemiology team

17

in the Arboviral Diseases Branch at the Centers for

18

Disease Control and Prevention.

19

DR. BOLLINGER:

Good morning.

I’m Lisa

20

Bollinger.

21

am currently the vice president of Global Patient

I am a general pediatrician by training and
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1

Safety and Pediatric Drug Development at Amgen.

2

here as the industry rep.

3
4

DR. EL SAHLY:

Dr. Pergam on the phone please

introduce yourself.

5

DR. PERGAM: Sorry.

6

DR. EL SAHLY:

7

DR. ATREYA:

8

yourself?

9

Can you hear me?

Yes, we can hear you.

Dr. Pergam, can you reintroduce

We couldn’t hear you.
DR. PERGAM:

You want me to repeat that?

10

DR. EL SAHLY:

11

DR. PERGAM:

Yes, please.

I’m sorry.

Okay.

Sorry.

12

Pergam.

13

infectious disease physician.

14

Hutchison Cancer Research Center in Seattle,

15

Washington.

16

I’m

Steve

I’m an infectious disease physician -- adult

DR. EL SAHLY:

And I work in the Fred

Welcome all.

Thank you.

17

Dr. Atreya will read housekeeping and conflict of

18

interest statement.

Next,

19

ADMINISTRATIVE ANNOUNCEMENTS, CONFLICT OF INTEREST

20

STATEMENT

21

DR. ATREYA:

Hi, good morning, everyone.
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My
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1

name is Prabhakara Atreya, and it is my pleasure and

2

great honor to serve as the designated federal officer

3

for this 158TH VRBPAC meeting.

4

the Center for Biologics Evaluation and Research and

5

Vaccines Advisory Committee, I would like to welcome

6

you all to this meeting.

7

the public in its entirety.

8

described in the Federal Register Notice that was

9

published in August 23, 2019.

10
11

On behalf of the FDA,

Today’s session is open to
The meeting topic is

Today’s meeting has one

topic that will be completed today.
The committee management specialists for this

12

meeting are Ms. Monique Hill and Joanne Lipkind who are

13

at the registration table outside.

14

questions, please reach to them.

15

management officer for this meeting is Ms. Casey

16

Stewart, who assisted in the Conflict of Interest

17

Screening and making travel and/or meeting

18

arrangements.

19

assistance of Ms. Kathleen Hayes, Jeannette Devine, and

20

Valeria Marshall for this meeting.

21

If you have any

The committee

We also acknowledge the help and

Our FDA press and media representative for
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1

today is Megan McSeveney who is in the audience.

2

you have any questions with regards to press and the

3

media request, please contact her.

4

Richards, Public Affairs Specialist of the Agency, is

5

also available in the audience.

6

If

And also Mr. Bob

The transcriptionist for this meeting is Ms.

7

Linda Giles with Transcription, Etc., and sitting in is

8

Ms. Devin Shipley.

9

please check your cellphones and make sure that they

I would like to remind everyone to

10

are either turned off or in the silent mode.

11

making your comment, please first state your name and

12

speak up so that your comments are accurately recorded

13

for the transcription and also for the benefit of the

14

FDA staff here in the room, members of the public, and

15

those who are listening via webcast.

16

proceed to read the Conflict of Interest statement for

17

this meeting.

18

When

Now, I will

The Food and Drug Administration is convening

19

today, November 8, 2019, for the 158th meeting of the

20

Vaccines Advisory Committee under the authority of the

21

Federal Advisory Committee Act of 1972.
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1

Sahly’s serving as the chair of the meeting.

2

members are participating in person and also by phone.

3

Committee

Today, the committee will meet in open session

4

to discuss and make recommendation on the development

5

of chikungunya vaccines.

6

a particular matter of general applicability.

7

topic will be discussed in broad, general terms without

8

reference to specific products or companies.

9

The topic is determined to be
The

Presenters and speakers will provide data on

10

various products or strategies that serve only as

11

examples for the committee to have scientific

12

discussion while considering various classes of

13

products or strategies related to the topic.

14

committee will not vote but will have discussion topics

15

after the presentations.

16

The

The meeting is not being convened to recommend

17

any action against or approval for any specific

18

product, other strategy, or to make specific

19

recommendations that will potentially impact any

20

specific party, entity, individual, or form in a unique

21

way.

Similarly, this meeting will not involve the
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1

approval, disapproval of labeling requirements, post-

2

marketing requirements or related issues regarding the

3

legal status of any specific products.

4

of the individual products will only be to serve as an

5

example of the product class.

6

Any discussion

With the exception of the industry

7

representative, all participants of the committee

8

around the table are special government employees or

9

regular government employees from other agencies and

10

are subject to federal conflict of interest laws and

11

regulations.

12

of this advisory committee’s compliance with the

13

federal ethics and conflict of interest laws, including

14

but not limited 18 U.S.C. 208, is being provided to

15

participants at this meeting and to the public.

16

conflict of interest statement will be available for

17

public reviewing at the registration table outside.

18

The following information on the status

This

Related to the discussions of this meeting,

19

all members and SGE consultants of this committee have

20

been screened for potential financial conflicts of

21

interest of their own, as well as those imputed to
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1

them, including those of their spouse or minor children

2

and for the purpose of 18 U.S. Code 208, their

3

employers.

4

consulting, expert witness testimony, contracts and

5

grants, CRADAs, teaching, speaking, writing, patents

6

and royalties, and primary employment.

7

determined that all participating members of this

8

advisory committee are in compliance with federal

9

ethics and conflicts of interest laws.

10

These interests may include investments,

FDA has

Under 18 U.S. Code 208, Congress has

11

authorized FDA to grant waivers to special government

12

employees and regular government employees who have

13

financial conflict of interest when it is determined

14

that the Agency’s need for a particular individual’s

15

service as a subject matter expert outweighs the

16

concern related to his or her potential conflict of

17

interest.

18

financial interest reported by members and consultants,

19

no conflict of waivers were issued under 18 U.S. Code

20

208.

21

However, based on today’s agenda and all

With regards to participants, Dr. Lisa
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1

Bollinger, MD is currently serving as the temporary

2

acting industry representative to this committee.

3

She’s Vice President of Global Patient Safety at Amgen.

4

Industry representatives act on behalf of all

5

related industry and bring general industry perspective

6

to the committee.

7

appointed as special government employees and are non-

8

voting members of the committee.

9

representatives are not screened and do not participate

Industry representatives are not

Hence, industry

10

in the closed sessions and do not have voting

11

privileges.

12

Mr. Sheldon Toubman, JD, is serving as the

13

consumer representative for this committee.

14

representatives are appointed special government

15

employees and are screened and cleared prior to their

16

participation in the meeting.

17

of the committee and hence do have voting privilege,

18

and they do participate in the closed sessions if they

19

are held.

20
21

Consumer

They are working members

We have three temporary voting members
participating in today’s meeting and they were screened
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1

and cleared for participation.

2

D.V.M., PhD, serves on the committee as a temporary

3

voting member at this meeting.

4

Assistant Secretary in Vaccines and Infectious Disease

5

Director in the Department of Health and Human

6

Services.

7

temporary voting member of this meeting.

8

Chief of Surveillance and Epidemiology Branch of the

9

National Center for Emerging and Zoonotic Infectious

Dr. Tammy Beckham,

She’s the Deputy

Dr. Marc Fischer, M.D., M.P.H. serves as the
He’s the

10

Diseases at CDC, Fort Collins, Colorado.

11

Pergam is an associate professor and serves as an

12

infectious prevention director at the University of

13

Washington.

14

temporary voting members.

15

Dr. Steve

So these are the three voting members --

With regard to the external speakers, Major

16

Damon Ellison, who is in the audience, he’s employed by

17

Walter Reed Army Institute of Research in the

18

Department of Defense.

19

employee and has been screened and cleared prior to his

20

participation.

21

microbiologist and serves as the chief of the

He’s a regular government

Dr. Ann Powers is a research
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1

Alphavirus Laboratory in the Division of Vector-Borne

2

Diseases in CDC.

3

and was screened and cleared prior to her

4

participation.

5

She’s a regular government employee

Dr. Pierre Roques, Ph.D., is the senior expert

6

in the Atomic Energy and Alternative Energies at the

7

Francois Jacob Institute of Biology in Paris, France.

8

He’s an expert in infectious diseases and is a leader

9

of the animal model system for chikungunya disease

10

models.

11

Department of Microbiology and Immunology at University

12

of Texas Medical Branch.

13

Vector interactions in vaccine development.

Dr. Scott Weaver, Ph.D., is the chair of

He’s an expert in ecology and

14

At this meeting, there are regulatory industry

15

speakers and other outside organization speakers making

16

presentations.

17

interests associated with their employer and with other

18

regulatory forums.

19

fairness, that they address any current or previous

20

financial involvement with any forum who’s product they

21

may wish to comment upon.

These participants may have financial

The FDA asks, in the interest of

These individuals are not
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1

screened by the FDA for the conflicts of interest.

2

This concludes my reading of conflict of

3

interest statement for the public record.

4

time, I would like to hand over the meeting to Dr. El

5

Sahly.

At this

Thank you so much.

6

DR. EL SAHLY:

Thank you, Dr. Atreya.

Dr.

7

Bharat Khurana from the Office of Vaccines and Related

8

Research at the FDA will do the FDA introduction of

9

this meeting.

10

FDA INTRODUCTION

11
12

DR. KHURANA:

Hello.

Good morning, everybody.

13

Thank you for coming out today, and my name is Bharat

14

Khurana.

15

Product Applications within the Center of Biologics at

16

FDA.

17

development of chikungunya vaccines, approaches to

18

demonstrating effectiveness.

19

brief background on chikungunya.

20
21

I work for the Regional Vaccines and Related

And today, we are going to talk about the

I’m going to give a very

Chikungunya is an emerging viral disease of
increasing concern that can cause significant long-term
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1

sequelae and chronic arthritis in infected individuals.

2

The disease mostly occurs in Africa, Asia, and the

3

Indian subcontinent.

4

2014/15 affected several countries of the Americas.

5

Increased scope and frequency of chikungunya outbreaks

6

with high attack rates may allow for field efficacy

7

trials for chikungunya vaccines.

8

outbreaks are irregular and unpredictable, and,

9

therefore, feasibility of such trials is uncertain.

10

However, a major outbreak in

However, the

The VRBPAC today will be asked to discuss

11

various approaches to demonstrating effectiveness of

12

chikungunya vaccines and to identify the gaps in

13

information needed to support these approaches.

14

I’m going to go over today’s invited speakers and the

15

topics that they are going to speak about.

16

Powers is up first.

17

the U.S. CDC.

18

“Epidemiology of Chikungunya.”

19

will hear from Dr. Roques from Francois Jacob Institute

20

of Biology.

21

Chikungunya: A Key to Vaccine Validation.”

Now,

Dr. Ann

Dr. Powers an epidemiologist with

And the title of her talk is
After Dr. Powers, we

His talk is entitled “Animal Models for
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1

Major Damon Ellison will be up next, and he is

2

from U.S. Department of Defense.

3

“Evidence of Ongoing Chikungunya Viral Transmission in

4

Southern Thailand.”

5

manufacturers, Moderna Therapeutics, Themis Bioscience,

6

Emergent, and Valneva Austria.

7

committee will break for lunch.

8

break, we’ll be having an open public hearing.

9

His talk is entitled

We will then here from

Thereafter, the
And after the lunch

And after this public forum, we will hear from

10

Dr. Scott Weaver from University of Texas Medical

11

Branch.

12

transfer studies to determine corelates of protective

13

immunity against chikungunya fever.

14

will hear from Dr. Sudhakar Agnihothram from FDA, and

15

he is going to frame the discussion of approaches to

16

assessing effectiveness of chikungunya vaccines.

17

hearing from Dr. Agnihothram, we’ll have committee

18

discussion.

19

Dr. Weaver will talk about the passive

Thereafter, we

After

And now, I’m going to go over the questions

20

that we are asking the advisory committee to opine on.

21

Number one, discuss the following aspects of clinical
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strategies to assess effectiveness of Chikungunya

2

vaccines, which include feasibility of randomized

3

controlled clinical disease endpoint efficacy trials

4

and role of CBER epidemiologic data in identifying an

5

immune marker reasonably likely to predict vaccine

6

effectiveness.

7

non-human primate challenge model to assess

8

effectiveness of chikungunya vaccines, including

9

effectiveness endpoints, such as viremia, arthritis

Number two, discuss the utility of the

10

regular endpoints, or other essential endpoints, role

11

of passively transferred sera or purified IgGs from

12

vaccinated humans in identifying an immune marker

13

reasonably likely to predict vaccine effectiveness, and

14

whether additional information is necessary or is

15

needed to support the utility of the NSV challenged

16

model.

17

discuss.

Thank you once again for coming out today to

18

DR. EL SAHLY:

Thank you, Dr. Khurana.

Anyone

19

has any question regarding this introduction to the

20

meeting?

21

Okay.

All right.

DR. KHURANA:

Thank you, Dr. Khurana.

Thank you.
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21
1

DR. EL SAHLY:

I would like to welcome now Dr.

2

Ann Powers.

3

microbiologist and chief, Alphavirus Laboratory at the

4

Division of Vector-Borne diseases at the CDC.

5

Powers will review the epidemiology of chikungunya.

Dr. Ann Powers is the research

Dr.

6
7

EPIDEMIOLOGY OF CHIKUNGUNYA

8
9

DR. POWERS:

Good morning.

Thank you very

10

much for the opportunity to come and talk with you

11

about chikungunya.

12

studying since about 1997, long before there was

13

anybody who had ever heard of it or any interest in

14

developing a vaccine.

15

here together for this particular purpose.

16

to try and cover a very broad swath of chikungunya

17

virology, clinical presentation, recent epidemiology so

18

you can have a better sense of some of the important

19

factors in terms of evaluating what is the possibility

20

for a vaccine down the road.

21

It’s a virus that I’ve been

So it’s nice to see this meeting
I’m going

So looking at the virus, the virus is fairly
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new in terms of discovery, just identified during an

2

outbreak in 1952/1953 in east Africa, current modern-

3

day Tanzania.

4

do pointing.

5

look at the collection of alphaviruses, which

6

chikungunya is a part, there’s this entire group here

7

in yellow, which is part of the Semliki Forest

8

antigenic complex.

9

viruses.

And from the time -- let’s see if I can
Yeah.

Okay.

So chikungunya, when you

So these are antigenically related

Most of these actually cause some kind of

10

polyarthralgia, and so chikungunya is, of course, the

11

most prominent one that’s in this group.

12

For a number of decades, actually, there were

13

sporadic outbreaks.

14

outbreaks, one in Bangkok in the early ‘60s, two others

15

in India in the early ‘70s.

16

there were individual reported cases or small periodic

17

clusters of cases with only these two large outbreaks.

18

And then there’s been an ongoing large outbreak or

19

succession of outbreaks since about 2005.

20

talk more about those later.

21

There were two very large

But for the most part,

And I’ll

One thing that will be important is that there
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are three distinct genotypes of the virus.

2

were originally segregated geographically when we first

3

started looking at the genetics of the virus.

4

there was this West African genotype, which is the most

5

distinct, the East African -- east central, South

6

African genotype, and then the Asian genotype.

7

can see that this cluster split off from the West

8

African cluster at some point in time.

9

the West African group is by far the most distinct.

And these

And

And you

So genetically,

10

The most recent activity in the Americas is of the

11

Asian genotype.

12

Clinically, what does the chikungunya

13

infection look like?

14

infected are symptomatic.

15

of symptomatic presentation that occurs.

16

typically, it’s somewhere between 70 and 95 percent.

17

The incubation period is fairly short, three to seven

18

days, with a range of one to 12 days.

19

characterized primarily by fever and polyarthralgia.

20

And these are very distinctive.

21

abrupt.

So most of the people who become
Obviously, there’s a range
But

And it’s

The fever is very

People can actually tell you the hour the
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fever started because it comes on rapidly, and it goes

2

very high very quickly.

3

severe, very intense.

4

And the polyarthralgia is very

And again, it comes on abruptly.

It’s usually bilateral, and it’s usually in

5

this peripheral small joints.

6

intense in some cases with chikungunya patients they

7

won’t want to shake your hand because they said that’s

8

too painful, or they won’t stand up off their couch or

9

get out of their bed because it hurts their ankles and

10

toes too much to stand up.

11

very severe pain.

12

Again, this is so

So it’s a very intense,

Classically, if you read the literature of

13

chikungunya, it will also include a rash as the third

14

component of the triad.

15

from this chart, is fairly variable in its

16

presentation.

17

where the outbreak is occurring.

18

skinned individuals, it’s much harder to see a rash.

19

So there’s a lot of variation in the rash.

20

now we’re looking more at the very high fever with

21

rapid onset and the severe polyarthralgia.

But rash, as you can see here

And this, of course, is dependent upon
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1

Clinically, there are a few characteristics,

2

but it’s not particularly remarkable.

3

lymphopenia, which is slightly higher than a typical

4

dengue infection.

5

lower than, for example, a dengue infection.

6

sometimes there’s evidence of elevated creatinine or

7

hepatic transaminases, but these, again, are not

8

particularly diagnostic features.

9

There is

Thrombocytopenia is typically much
And

In terms of a differential diagnosis, there’s

10

obviously a lot of viruses that this looks like,

11

anything that comes up as a febrile polyarthralgic type

12

or arthralgic type syndrome.

13

one of the very classical things that is often confused

14

for chikungunya, as are malaria, leptospirosis, a

15

number of other alphaviruses, things like measles.

16

These can all very easily be confused.

17

lot of importance in finding a laboratory diagnosis as

18

well.

19

So dengue, of course, is

So there is a

I mentioned dengue specifically because

20

there’s a lot of overlap between chikungunya and dengue

21

in terms of their transmission, their epidemiology, and
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their geographic distribution.

2

clinically at chikungunya again, there’s a very high

3

fever with chikungunya -- it’s typically above 39 --

4

and the very distinct arthralgia, which is much more

5

prominent with chikungunya than with dengue.

6

the other features that you can see here are fairly

7

similar between the two, the big difference, of course,

8

being that chikungunya rarely goes on the hemorrhage or

9

shock-type syndrome.

10

So if we look

A lot of

This is kind of just some evidence of

11

laboratory infection to kind of demonstrate some

12

parameters of CHIK that will be valuable in comparing -

13

- this was information collected during a febrile

14

outbreak period where there was both chikungunya and

15

dengue cocirculating.

16

that most of the chikungunya diagnostics were performed

17

by RT-PCR.

18

when patients get infected, the viremia that they

19

develop is very high -- about ten to the eight per mil,

20

which is extremely high for a virus -- and it actually

21

persists for a fairly long time.

And what’s interesting here is

So one other feature about chikungunya is,
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1

to detect RNA in a patient’s serum for up to a period

2

of a week, which is very important feature about

3

chikungunya in terms of diagnostics.

4

So here, in this particular study, you can see

5

that somewhere around 10 percent of the cases of CHIK

6

were diagnosed by RT-PCR; whereas, in comparison for

7

dengue, none of them were able to be diagnosed

8

molecularly.

9

again, a distinction with chikungunya virus.

But they were diagnosed by antibody so,

10

Clinically, most people resolve the symptoms within a

11

week to ten days.

12

fever and the joint pain.

13

typically occurs in older adults and people with

14

comorbidities.

15

relapse of rheumatic symptoms in the months following

16

infection, and this is, again, typically a

17

polyarthritis or a tenosynovitis type syndrome.

18

These are the acute symptoms, the
Mortality is very rare and

There are some patients that have this

But there’s a lot of variability in terms of

19

the proportion of patients that have these joint pains

20

that persist.

21

because a number of the studies that look at this are

And I think that’s probably in part
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not controlled studies.

2

infected patients and not the population as a whole.

3

And I’ll point some of that out a little bit later.

4

So they’re looking just at the

So how is chikungunya transmitted?

Well,

5

there’s actually a very complex set of cycles.

6

course, originally, this is a jungle fever, a jungle

7

virus, and it’s primarily in the sylvatic cycle where

8

the mosquitos that transmit it are Aedes species.

9

they’re Aedes disoremia and stagomia subgenera.

Of

But

These

10

mosquitos rarely come out of the forest.

11

the dense forest, and this virus is maintained in the

12

cycle most likely between non-human primates and other

13

vertebrates, which are still being explored, perhaps

14

rodents or other things.

15

maintenance and zootic cycle.

16

They stay in

But this is primarily the

Periodically what happens is an individual

17

from some kind of a peri-urban area will come into the

18

forest or the jungle, become infected by one of these

19

mosquitos, and bring it back out into this peri-urban

20

cycle or rural cycle.

21

might see Aedes albopictus, for example.

And often here, this is where we
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1

some transmission then that can occur in this area.

2

And the degree of transmission will depend upon the

3

particular strain of virus we’re looking at and the

4

particular circumstances there.

5

I mentioned there are three different

6

genotypes.

7

transmitted by Aedes albopictus than others.

8

albopictus is not the primary vector, in terms of human

9

transmission, but for certain strains and certain

Some of the genotypes are more easily
Aedes

10

lineages of CHIK it has become adapted to be a good

11

transmitter.

12

concerned about is this urban cycle where you have

13

people moving from the rural setting into large, urban,

14

very crowded centers.

15

be transmitted by Aedes aeqypti mosquitoes.

16

is where you can have very explosive outbreaks with

17

lots of people affected in a very small amount of time.

18

Okay.

19

And then, of course, what we’re really

And this is primarily going to
And this

So kind of going a little bit through the

20

history of how this occurred and how it brings us to

21

where we are today with chikungunya, again, the first
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outbreak occurred here in East Africa in 1953, and it

2

was a fairly large outbreak.

3

geographically in the country to particular regions.

4

It did move over the next 50 years, basically, to be

5

found approximately in most of sub-Saharan Africa and

6

Southeast Asia.

7

very large outbreaks that were occurring in Bangkok was

8

one -- and I’m having trouble getting the exact angle

9

on here -- and then two, again, in India in the ‘70s.

But it was also limited

And again, this is when there were two

10

But this was not particularly explosive, apart from

11

those two outbreaks.

12

for years or even decades between epidemics in these

13

regions.

14

And the virus would sometimes go

What happened in 2004 -- let’s go back one.

15

In 2004 -- okay.

16

there was an outbreak that started on the eastern coast

17

of Africa that then moved into the islands of the

18

Indian Ocean, moved to India, and this is where there’s

19

been a mutation that was introduced or identified,

20

basically, where it was capable to be transmitted by

21

Aedes albopictus at this point.

We won’t go back one.

Basically,

This became a very big
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thing, and everybody thought it’s going to go

2

everywhere.

3

Well, there’s important things to understand

4

about that particular mutation.

5

the context of a particular lineage, this Indian Ocean

6

lineage of the ECSA genotype.

7

CHIK are created equally in terms of transmissibility,

8

and that’s important to know.

9

-- there’s some interesting and important points here -

It’s only relevant in

So not all strains of

What did happen in 2011

10

- is the tier in the South Pacific, in Vanuatu and New

11

Caledonia, there was an outbreak of CHIK.

12

point, chikungunya had been spreading all over the

13

South Pacific and the islands of the Indian Ocean,

14

India, Southeast Asia, so nobody was terribly surprised

15

when it showed up here.

16

it was due to the Asian genotype.

17

And at this

But what was interesting was

Now, everything that had been happening for

18

the past seven to eight years had been due to the

19

Central East Africa, the ECSA lineage.

20

beginning to think -- or there was speculation, I

21

guess, that the Asian genotype had gone extinct because
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all over Southeast Asia now we had this ECSA genotype

2

that had potential for transmission by Aedes

3

albopictus.

4

is alive and circulating.

5

outbreak in Congo in 2011, and this was actually due to

6

the ECSA genotype but a different lineage.

7

not have this mutation.

8

transmission by Aedes albopictus.

9

important in terms of transmission, not important in

But now we’re seeing that Asian genotype
And there was another

So it did

It was not associated with
So again, kind of

10

terms of disease.

11

there’s significant differences in terms of disease

12

patterns due to the different genotypes and lineages,

13

with a couple exceptions that we’ll talk about again

14

later.

There’s no evidence, really, that

Okay.

15

Of course then it moved into the South

16

Pacific, and the first large outbreak then that was a

17

bit concerning, because this was moving into new

18

geographic territory, was when, in 2013, there was an

19

outbreak in Yap, which seems to be a particular target

20

for a lot of arboviruses that show up in the South

21

Pacific.

And this again was interesting because it was
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Asian.

2

the virus into the Americas.

3

2013 when it was first detected.

4

And then from there we had the introduction of
And this occurred in late

And over just a matter of basically one year,

5

it had spread throughout the entire Americas, 45

6

different countries affected, somewhere between 1.5 and

7

2.5 million infectious.

8

time -- over the different years -- is that the virus

9

hasn’t disappeared from these areas.

And what you can see, over the

It’s still

10

continuing to circulate.

11

intense at the beginning because there’s these very

12

high attack rates when it enters a naïve virgin

13

territory where there is no seroimmunity.

14

continued to cause a number of large cases over the

15

years.

16

But what’s interesting is even here in 2019 the numbers

17

are going back up.

18

2019 to date.

Yes, it was certainly very

But it’s

In the second year, there was about 700,000.

There’ve been over 160,000 cases in

19

And there’s a couple things here to look at on

20

this bottom map that kind of demonstrate the geographic

21

spread.

It’s not continuously all in one place, which,
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of course, is one of the challenges.

2

disappear -- or appear, disappear, and reappear.

3

particular, if we look over here, you can see there’s

4

an outbreak and then some period of calm and some

5

reintroduction of cases.

6

this, which was historically the case as well but seems

7

to be a little bit more prevalent and more frequent.

8
9

But it does
So in

So there is a periodicity to

This is kind of just a different way of
representing the movement of the virus in the early

10

period of the first year it was in the Americas.

11

was virtually present only in the Caribbean.

12

just a matter of several months, it was primarily in

13

South America and parts in Central America with no

14

transmission in the Caribbean.

15

because all the Caribbean islands had been affected,

16

large attack rates.

17

affected.

18

It

Within

And this was basically

Most of the population had been

Again, just a couple of other ways of looking

19

at transmission.

20

transmission in Colombia, right up to 2017.

21

blue bars are actually dengue transmission, which

This is specifically looking at
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occurs with complete regularity in Colombia.

2

can see the high attack rate of chikungunya and how it

3

very intensely occurred and then burnt out in 2014 and

4

’15 -- and a similar kind of pattern that was seen in

5

Brazil.

6

chikungunya outbreaks, and there are two of them.

7

There’s a first one here in 2016 and then a second one

8

in 2017 and ’18.

9

might be some disappearing and then reappearance.

10

And you

Although, with Brazil, in red, you can see the

So again, the virus present.

It

So if we look at the global distribution of

11

chikungunya as of last month, you can see that it

12

spread again virtually across the entire tropical zones

13

of the globe.

14

geographic distribution of Aedes aegypti mosquitoes and

15

places that are at risk for dengue infection.

16

the things, of course, we want to know is how much

17

damage has the virus done, how extensively has it

18

infected people.

19

serosurveys that have been done in the Americas, a lot

20

of variation in these in terms of who they investigate,

21

the population under study, the laboratory testing

And this matches very well with the

One of

So there have been a number of
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methods.

2

mind that there’s a lot of caveats in terms of how the

3

studies were performed and a lot of variability.

4

So when I give these numbers, please keep in

But basically, again, we see very high attack

5

rates.

6

86% infection rate, parts of Brazil even, which is not

7

an island population, of course.

8

communities had attack rates up to six, 70 percent, 60

9

percent; little bit lower in parts of Nicaragua; Puerto

In Grenada, one of the islands, there was up to

But certain

10

Rico about 25 percent.

11

somewhere typically around 25 to 30 percent of

12

population becomes infected.

13

So a lot of variability but
a

A few of these I want to talk about because

14

there’s some interesting points to note.

15

chikungunya transmission in Nicaragua across a two-year

16

period.

17

outbreak that occurred and then the virus seemed to

18

disappear.

19

even in this particular population, this is the same

20

group under study for both of these outbreaks, there

21

was tremendous variability in terms of the symptomatic

So this is

And again, what we see here was there was an

And then a larger outbreak occurred.
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trait, in terms of the severity of the disease.

2

within a population with virtually the same lineage as

3

a virus, we can see a lot of variability.

4

obviously many factors that are involved in a

5

particular outbreak’s transmission dynamics.

6

Ultimately, after these two outbreaks they found a

7

final seroprevalence rate of about 45 percent.

8

What is interesting about this is the

9

seroprevalence.

So

So there are

Because the virus had just newly been

10

introduced in Nicaragua, you would expect similar

11

seroprevalence across all age groups because everybody

12

was naïve at that point.

13

increasing seroprevalence with age, which is what you

14

would expect in an area where there’s been long

15

endemicity of the virus.

16

finding here.

17

But it actually showed an

So kind of an interesting

Brazil, kind of similar, these are two

18

different communities in Brazil, two separate cities

19

that were studied.

20

here is the people who self-reported chikungunya

21

infection, in other words they reported fever and joint

And really what I want to point out
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pain, the seroprevalence rates when laboratory

2

confirmed were somewhere on the order of 30 to 40

3

percent.

4

Brazil.

5

So this is two specific communities in

And one other study in the Americas I want to

6

point out -- and this was a particularly valuable one

7

because remember I mentioned that a lot of the studies

8

were not controlled.

9

that did look at comparing the seroprevalence of those

Well, this is actually a study

10

who were laboratory confirmed with infection versus

11

those who were not infected by laboratory means.

12

when we look at this, the symptomatic disease

13

prevalence was about 72 percent, but approximately 20

14

percent of the people who were not infected were also

15

reporting fever and polyarthralgia.

16

taken into account when you look at a population as a

17

whole in terms of when you might be considering, for

18

example, a vaccine study or an efficacy trial.

19

So

So this has to be

Again, if we look at the percentage who had

20

fever, it was basically determined that about 70

21

percent of the fever and joint pain in these infected
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individuals was actually due to their infection so,

2

again, controlling for the population that did not have

3

infection but were reporting the same symptoms.

4

approximately 43 percent of the symptomatic illness in

5

the entire population was actually due to chikungunya.

6

So

I think what’s important in this one about

7

looking at the chronic disease, because this is

8

something that people often mention -- there’s this

9

terrible chronic phase.

And admittedly, it is very

10

terrible for those who have it.

I think it’s probably

11

overestimated in the population.

And this is a great

12

example because, again, there were 31 percent of those

13

infected reporting this chronic pain.

14

looked at the non-infected, there was 26 percent of the

15

population that also reported chronic pain at one year.

16

So this actually showed that about 12 percent of the

17

chronic pain was actually due to CHIK.

18

important to have that kind of information when we’re

19

looking at this chronic particular phenomena.

20
21

But if you

So very

So kind of summarizing the clinical evidence
from the Americas, very high attack rates overall is
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kind of the point that I want to point out and that the

2

symptomatic rate is still fairly high.

3

be valuable if you’re, again, looking at how do I do an

4

efficacy study, what kind of endpoints am I looking

5

for?

6

Americas?

7

like it is in Africa, Southeast Asia.

8

continue to spread, reemerge, emerge in areas where the

9

vectors are competent.

And this will

So what do we think CHIK is going to do in the
Basically, we think it will become endemic,
The virus will

There’s nothing to stop it.

In

10

terms of the U.S., there’ll likely be travel associated

11

cases.

12

But probably lifestyle factors and temperature dynamics

13

in the northern parts of the Americas will limit that

14

particular transmission.

15

to use dengue as a predictive model for what it will

16

look like in the Americas.

17

Americas, there’s about 2 million cases of dengue every

18

year, about 800 travel reported cases to the U.S., with

19

about 50 local cases.

There may be limited, very local transmission.

But it’s probably very useful

So for example, in the

Okay.

20

So moving to Africa and Southeast Asia where

21

the virus has obviously been for a much longer period
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of time, so there’s much more information in terms of

2

seroprevalence.

3

up so you can kind of take a look at the range.

4

also tried to focus on the more recent ones because,

5

again, there’s much older literature which talks about

6

the prevalence.

7

virus has been endemic for a long time or Africa, the

8

range can go anywhere from 2 percent in Singapore, up

9

to about 80 percent in Bangladesh.

And here I’ve just put a lot of them
I’ve

But basically even in Asia where the

And again, this is

10

not necessarily countrywide data.

11

studies looking at specific sites, specific

12

populations, perhaps at varying times post outbreaks

13

that have been identified.

14

there obviously are quite a range of populations here

15

that are still quite susceptible.

16

This is specific

But again, you can see that

And again, I want to point out just a few

17

specific studies I’m looking at.

18

looking at the frequency of chikungunya fever and many

19

other disease amongst children in five different

20

countries of Southeast Asia, and this is in 2010 to

21

’11.

This is actually

And chikungunya is the one in the white bars, and
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you can see that chikungunya is one of the more

2

frequent febrile illnesses that are identified in

3

children across this time.

4

this to the frequency of dengue infection, dengue in

5

most of these countries in this particular group is

6

around 20 percent.

7

example in the Philippines where it’s nearly 60 percent

8

in this one year, chikungunya can still have very high

9

attack rates, even in these long endemic areas.

10

And if you actually compare

So chikungunya, in some cases, for

Singapore, which was one of the places I

11

pointed out that has a very low seroprevalence area --

12

if we look at some of the transmission dynamics over a

13

decade, beginning in 2006, even here, there were very

14

defined outbreaks that occurred with some period of

15

interepidemic activity and then another outbreak.

16

the virus doesn’t ever completely disappear.

17

present.

18

numbers of cases across here.

19

imported, but some of these are still indigenous in

20

local transmission.

21

It’s there at low levels.

So

It’s

You can see low

Oftentimes, these are

This was an interesting study that has come
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out more recently that’s looking at modeling because we

2

hear about chikungunya coming in and attacking and

3

having very large attack rates, affecting a population

4

very quickly and then moving on.

5

a study that showed, even if the outbreak were to last,

6

for example, three years, yes, there would be a smaller

7

peak at any one time.

8

estimated for an outbreak would be the same across that

9

particular area and population for that duration.

But this was actually

But the total number of cases

So I

10

think this is kind of an important thing to think about

11

in terms of how we could look at the number of cases

12

that might be important.

13

And here’s another one from the Philippines in

14

2012 and ’13.

15

looking at the clinical to subclinical ratio.

16

in the Philippines in particular they were finding a

17

much higher percentage of people who were asymptomatic

18

or subclinically infected.

19

one of these things that’s important to remember that

20

it depends on how the study was performed.

21

prospective study?

Again, this kind of gets to the idea of
And here

But again, I think this is

Is it a

Is it a retrospective study where
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they went back a year later and said, “Did you have any

2

joint pain over the past year?”

3

ask that to people “Of course I did.

4

softball game, I woke up feeling really crappy the next

5

day.”

6

the studies are performed.

7

A lot of places you
Last time I had a

So again, it’s really a matter of looking at how

There’s also some issues of self-reporting.

8

One of the outbreaks I was studying I was meeting with

9

people who basically looked like they were in obvious

10

pain, and they said, “Well, yeah.

11

it do to report it and complain because I have to go to

12

work anyway.”

13

need to be considered in terms of the definition of

14

symptomatic versus non-symptomatic.

15

But what good would

So there’s a lot of cultural things that

Okay.

So I’ve been giving you a lot of data in a

16

really short amount of time.

17

the limitations of some of the regional surveillance

18

data.

19

that there is still a huge limitation on what gets

20

reported and what is reported, what percentage of those

21

are laboratory confirmed?

I do want to talk about

Of course, one of the very important things is

Oftentimes during an
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outbreak there might be a little bit of laboratory

2

confirmation initially, but then the resources and the

3

public health facilities become so quickly overwhelmed

4

during an outbreak that they simply can’t test

5

everything that comes in.

6

about laboratory confirmation of these.

7

So there’s some assumptions

Surveillance capacity, laboratory

8

confirmation, reporting, these things all vary by

9

country, by region.

They vary over time.

As an

10

outbreak gets farther away, it gets less important to

11

be reported, or in their minds it does.

12

lot of variation in terms of that type of thing.

13

there’s also probably and underestimate of the disease

14

incidence, again, due to some of those features I

15

mentioned, and probably an overestimate of the disease

16

severity.

17

surveillance of patients who do present for medical

18

care.

So there’s a
And

And this is based on some passive

Okay.

19

So having said that there are these

20

limitations, again, I do want to point out that there

21

are still recent CHIK outbreaks and transmission
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occurring.

2

there were outbreaks in both France and Italy.

3

proposing that those are great study sites, but it

4

occurs.

5

Kenya and Sudan.

6

in Congo and this year as well tremendous numbers of

7

cases in Brazil, in particular.

8

and El Salvador have all reported around 500 cases

9

through the official channels.

In 2017, even in these northern regions,
Not

In 2018, there was a very large outbreak in
2019, there’s been a large outbreak

And Colombia, Bolivia,

So there is still quite

10

a bit of activity, and it’s occurring with probably

11

increased frequency compared to what it used to.

12

So why is this important?

Okay.

And I do want to

13

mention a few things here specifically.

14

about the chronic or persistent phase of chikungunya.

15

And again, this is important critically to those who

16

have it, probably overestimated.

17

necessarily that is a huge consideration in terms of

18

what we’re looking to prevent with a vaccine.

19

what we’re looking at is the acute phase in terms of a

20

public health response.

21

there’s this very high, non-specific morbidity.

We hear a lot

So it’s not something

Really

Even in the acute phase,
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There’s people who are feeling terrible.

2

headaches.

3

huge psychological impact when you have joint pain

4

that’s so incapacitating you cannot function daily.

5

And there’s particular impact on the quality of life

6

during this acute phase because, even if you have this

7

joint pain and the fever clear in a short amount of

8

time, for the two to three weeks when you have this

9

joint pain, it’s intense and very debilitating.

10

They have fatigue.

They have

There’s obviously a

And in particular, it’s a huge drain on the

11

public health resources because think about an attack

12

rate of 60 or 70 percent.

13

your physicians, your laboratorians.

14

out sick as well for two to three weeks.

15

nobody to take care of the sick.

16

lab testing.

17

associated with an acute CHIK infection that are very

18

critically important from a public health perspective.

19

So with that, I will stop so we have a little bit of

20

time for questions.

21

nice broad background of the virus and what it does and

You’re also talking about
These people are
You have

You have nobody to do

So there’s a lot of particular features

And hopefully, that’s given you a
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1
2

what it’s been doing.
DR. EL SAHLY:

Thank you, Dr. Powers.

I will

3

begin the round of Q&A as my colleagues are preparing

4

their questions.

5

has been established in a region and the vector is

6

still circulating freely, what do we know about the

7

acute and chronic impact of chikungunya longitudinally,

8

and do we know that?

9

DR. POWERS:

Once a disease -- once chikungunya

So again, I think it kind of

10

depends a bit on the population.

11

look at an island community like Puerto Rico, came in,

12

there was a very intense amount of activity in a very

13

short amount of time -- or Comoros, which is where I

14

spent a lot of time studying it.

15

matter of about four months, 60 to 70 percent of the

16

population was affected, so very intense very quickly.

17

After that, it practically burned out there and you

18

didn’t see anything.

19

For example, if we

Basically, in a

If we look at particularly larger land masses

20

or places where there’s much larger population, I think

21

what we’re seeing is that, again, there’s these very
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1

high attack rates.

2

follow up, we still see small numbers of cases even in

3

the years or months that follow that outbreak.

4

Americas, we haven’t had enough time necessarily.

5

Although, we have seen some periodic reemergence, for

6

example, in Brazil where there’s an outbreak that

7

occurred in 2014/15.

8

and then, again, like in 2019, over 110,000 cases.

9

that’s the acute part.

10

But if we look at it a bit in

In the

No very large numbers for a while
So

The chronic part, as I mentioned, is really

11

incredibly variable depending on the study you looked

12

at, how the study was performed.

13

that we have controlled studies that we look at.

14

there’s a very small number of those out.

15

the chronic phase is a little bit less clear.

16

acute phase, I think we have pretty good evidence that

17

there are these huge attack rates, but the virus isn’t

18

going away.

19

periodicity seems to be a little bit shorter now than

20

in the long endemic areas, for example, the period

21

between the ‘70s and 2000 in Africa and Asia.

It’s very important

And it seems to reemerge.
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1

that might be awareness.

2

diagnostics.

3

again, lots of reasons for that variation.

Part of it might be better

Part of it might be reporting methods so,

4

DR. EL SAHLY:

Dr. Meissner?

5

DR. MEISSNER:

Thank you and thank you for a

6

very clear presentation of a very complicated illness.

7

I have two questions that I would like to ask.

8

you drew a careful distinction between arthritis and

9

arthralgia.

First,

During the acute stage, it’s primarily an

10

arthralgia, and then the chronic phase, I think, is

11

more of an arthritis.

12

do we know, for example?

13

the pathology, other antibodies against synovium?

14

the virus live in the joints or persist in the --

15

what’s going on between those two situations?

16

secondly, if I’m not asking -- it’s hard to remember.

17

DR. POWERS:

Is there an HLA predisposition
And do we know anything about
Does

And then

Well, let me start by answering

18

that question before I forget it.

19

little bit of an assumption.

20

necessarily have good data, even in the chronic phase,

21

of whether it’s arthritis or arthralgia.

So I think that’s a

I think we don’t
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1

there are a lot of studies that are looking

2

specifically to determine, yes, this is arthritis as

3

opposed to arthralgia.

4

that we shouldn’t assume that it’s arthritis in the

5

chronic phase.

6

arthralgia that’s being reported.

7

So I think that’s something

I think there’s still a lot of

Some of these studies actually even mention

8

that it’s not chronic, per se, but that there’s

9

recurrences.

And it may be one recurrence in the

10

previous year, for example, in one study.

11

the chronic thing is a little bit less well studied.

12

We might hear more from Pierre when he gets to the

13

animal model section.

14

How is it persisting?

So I think

That’s an excellent

15

question.

There is evidence of antigen or RNA in

16

synovium.

And again, Pierre will probably have much

17

more information on the animal model aspect.

18

no evidence of the virus, per se, is there or viable

19

virus.

20

point of view, we’re still kind of looking at exactly

21

what is the pathology of what’s occurring.

There’s

So I think that’s, from at least the human
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1

DR. MEISSNER:

Because that will be an

2

important issue with any vaccine, trial with a live

3

vaccine.

4

DR. POWERS:

Yeah.

And I know there’s been a

5

lot of animal model studies to kind of look at that, so

6

you’ll hear about that shortly.

7

DR. MEISSNER:

And then the second question,

8

if I may, is secondary infections.

9

tell from your presentation if the immune response to

I couldn’t quite

10

one phenotype is protective against the second

11

infection.

12

with the second infection as we see with dengue?

13

And is there any immune enhancement risk

DR. POWERS:

Right.

So one thing about

14

chikungunya, there are the three distinct genotype, but

15

serologically there’s one serotype.

16

number of studies that looked at cross protection or

17

cross-reactivity.

18

reactive with a different antibody type as vice versa.

19

So there’s no indication that, if a vaccine were

20

developed against one strain, it would be ineffective

21

against others.

There have been a

One antigen is just as cross-

There would seem to be good levels of
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1

cross-protection.

2

going to the most closely related virus, o’nyong’nyong,

3

which actually shows that a chikungunya vaccine would

4

probably also protect against an o’nyong’nyong

5

infection, which would be a nice bonus, because that’s

6

a particular problem in east Africa.

7

any indication that there would be a failure to protect

8

a different infecting strain or genotype.

9

There’s even one study that looks at

So I don’t see

As far as the EVE question, these are not

10

flaviviruses.

11

- I know there was one study that was reported in the

12

manual that talked about the fact that there was some

13

evidence in cell culture in vitro with Ross River and

14

macrophage infection.

15

that occurs with alphaviruses, so I think it would be

16

something that would probably not be -- something like

17

we’d have to look out for dengue viruses, for example.

18

They’re very different, and there’d be -

DR. KURILLA:

We don’t have any evidence that

So I believe you said that

19

genotype does not impact severity of disease, but it

20

does impact transmission.

21

effect on transmission is due to an interaction between

And I’m curious whether that
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1

the virus in the mosquito or the ability of the

2

particular mosquito species that transmits the disease,

3

or is it the interaction between the mosquito and the

4

human being bitten by the mosquito?

5

transmission being reflected?

6

DR. POWERS:

Right.

Where is that

So at this point, the

7

evidence we have is that it is within the mosquito.

8

when there is the Indian Ocean lineage of the central

9

east African genotype, in that backbone, the contextual

So

10

genotype of that, if you have a particular mutation,

11

that allows Aedes albopictus to be a better vector.

12

This does not eliminate the fact that aeqypti is still

13

an excellent vector, and there is no difference in

14

transmission in Aedes aegypti in any of the strains

15

that have been looked at.

16

for all the lineages and genotypes.

17

to be a particularly better vector for that one

18

particular sublineage.

19

DR. KURILLA:

So aegypti is a good vector
Albopictus happens

And just as a follow up to that,

20

so while the albopictus gives you a broader geographic

21

distribution, is there any interaction with temperature
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1
2

in terms of affecting the mosquitos -DR. POWERS:

The development?

Yeah.

So

3

certainly, as with any arbovirus, as you become into

4

more temperate zones and it gets colder, the virus

5

develops within the mosquito more slowly.

6

a longer incubation period, which means less

7

transmission ultimately because the virus has to

8

replicate in the mosquito, go through the midgut, be

9

disseminated throughout into the salivary glands.

So you have

And

10

as it gets colder, that process happens less quickly.

11

So there would overall be less transmission occurring

12

at more temperate climates than there would be where

13

the virus can replicate very quickly in whichever

14

mosquito, for example, at the Equator where the

15

temperatures are fairly consistent.

16

DR. EL SAHLY:

17

DR. JANES:

18

really fascinating.

19

it reflected in your summary there, but I assume, this

20

being a mosquito borne disease, that there’s some

21

seasonality associated with circulation of the vectors.

Dr. Janes?

Thank you.

Thank you.

Two questions.
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1

And that should aid in, if not pinpointing years in

2

which outbreaks might occur, but at least the seasons

3

in which they would be more likely to occur.

4

correct?

5

DR. POWERS:

Is that

In temperate zones, that would be

6

true.

7

conditions are similar throughout the year.

8

would not be any variation.

9

occurring year long.

When you’re looking at the Equator, basically
So there

You can have epidemics

Now, what does occur is there’s

10

some variation with rainy seasons versus dry seasons.

11

And that has to do more with the mosquitos themselves

12

and the dynamics of the mosquito populations.

13

actually, when it becomes very dry, you obviously have

14

fewer mosquitos because they require some level of

15

humidity to survive.

16

mosquitos that do survive into the dry seasons probably

17

have a higher percentage of being infected because they

18

have been alive longer, had more time to take blood

19

meals from infected individuals.

20
21

They

But interestingly, those

So it’s kind of an interesting tossup.
have fewer mosquitos during the dry seasons.
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1

might have more transmission by those mosquitos that do

2

survive.

3

not necessarily cold.

4

would be an issue.

5

Italy and France, once they got into the colder

6

seasons, October/November, transmission practically

7

ceases because there are no mosquitos at that time of

8

year.

9

So seasonality is kind of an issue but for
In the northern regions that

So for example, the outbreaks in

DR. JANES:

Great.

Thank you.

And my second

10

question, host characteristics, you touched on this in

11

one of the studies potentially being differences in

12

attack rates across the age groups.

13

known about host characteristics and how they predict

14

infection risk?

15

exposure, or are there other biological factors that

16

might explain differences?

17

What generally is

And is that entirely mediated by prior

DR. POWERS:

Yeah.

I think this is an area

18

where we don’t have a lot of information.

19

probably are a number of host factors.

20

that those have been worked out particularly well yet.

21

I know Cody asked about HLA types and things, so I
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1

think there’s a lot of information we’re still lacking

2

in that area, a lot coming from the animal models that

3

we’re learning.

4

information on exactly how that’s happening in humans.

But we’re still trying to get some

5

DR. EL SAHLY:

6

DR. GANS:

Dr. Gans?

Thank you.

Thank you for that

7

presentation.

8

learn a little bit more what we might glean from the

9

epidemiology in terms of the immunology and where it

I had two questions, just trying to

10

has been circulating for a period of time.

11

look at sort of the outbreaks.

12

idea of when waning immunity might occur to make the

13

susceptibility in the population, to the point that you

14

would allow transmission again?

15

infections, we can sort of predict that better, and we

16

learn a lot from that.

17

And you can

Does that give you any

As we see with other

That’s my first question.

My second question is related to do we have

18

any evidence that young infants are perhaps protected

19

from maternal passively acquired antibodies in terms of

20

is the attack rate lower?

21

mosquitos might also be impacted.

Obviously, their exposure to

www.transcriptionetc.com

I get that.

But is

59
1
2

there any evidence along those lines?
DR. POWERS:

Yeah.

Both good questions.

So

3

starting with the first one, if we look at areas that

4

are long endemic for the virus, so take a country like

5

Indonesia where there’s been documented chick antibody

6

serosurveys done over the years, probably since about

7

the early ‘80s and then right up to current times, we

8

can see that chikungunya’s occurring there.

9

cases detected every single year.

There are

It may not always be

10

in the exact same city or same neighborhood, but even

11

from the same general regions we’re seeing CHIK cases

12

year after year.

13

one of the islands of Indonesia, Makassar.

14

past, say, five years, we’ve routinely found cases

15

there every single year.

16

epidemic or large outbreak type of occurrences where

17

there’s a population that has some level of antibody

18

and more frequent smaller numbers of clusters of cases

19

or individual cases.

20
21

So my team actually has a study in
Over the

So there is less of the large

And again, with chikungunya, because it’s so
easy to detect molecularly and even isolate, this is
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1

not a question of whether or not it’s truly a CHIK

2

infections.

3

after year after year.

4

of seeing that trend in Brazil.

5

question about protection of infants, I can’t think of

6

a study right off that’s looked at something like that.

7

I’m assuming you mean like breast milk or something?

8
9
10
11
12

These are distinctly CHIK infections year

DR. GANS:

I think, similarly, we’re kind
And then your second

More passively acquired maternal

antibody at time of -DR. POWERS:

Presumably there would be.

I’m

trying to think if there are any studies.
DR. GANS:

Just wondering if it’s protective.

13

In the cases that you see recur in populations, but are

14

they in naïve people?

15

immunity rather than new cases.

16

always be new cases in susceptible individuals.

17

DR. POWERS:

I’m trying to get at waning
Obviously, there will

I don’t know of any really

18

strong, good evidence that says once you’ve been

19

infected you could be re-infected.

20

course, is that with this virus, you get an infection,

21

you have lifelong protection.

The dogma, of

Dogma, so obviously
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1

we’re still looking for data on that.

2

paper very recently looking at coinfections in Brazil.

3

I think the data’s still kind of out on that because

4

they were looking at individual mutations and the

5

frequency of those in an individual patient.

6

did find several patients, six to eight, where they

7

suggested that some of the mutations were present in

8

one genotype and some in another.

9

There was one

And they

There’s some question about is that just the

10

random mutation that occurs, which we often find a lot

11

of variability when we do sequence analysis during an

12

outbreak.

13

become fixed in the population -- they would go extinct

14

after a very short amount of time.

15

have good information on that, other than to say I

16

can’t think of any studies that definitively show you

17

can be re-infected.

18

A lot of those mutations that would not

DR. EL SAHLY:

So I don’t think we

If I may add on this matter, in

19

the debriefing documents we received, there was a study

20

from the Philippines where the neutralizing antibodies

21

at baseline seemed to protect from infection.
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lot of the infection was subclinical, at least in that

2

study.

3

DR. POWERS:

4

DR. EL SAHLY:

In that particular study.
Yeah.

5

question a little indirectly.

6

questions?

7

So that gets to this
Any additional

Oh, wow.

DR. SPEARMAN:

Thank you for that

8

presentation.

9

unpredictability of where the next epidemic will be but

I guess I’m struck by the

10

then contrasting that with where the virus has already

11

come into a population.

12

of infection.

13

could we do a real protective or real efficacy study?

14

Are those rates completely unpredictable?

15

virus has gone into a region, can you identify

16

seronegatives, and can there be predictions that would

17

say we could actually do a study?

18

You say there’s ongoing rates

So in thinking about vaccine designs,

DR. POWERS:

Yeah.

Once the

It obviously is

19

challenging.

20

certain number of susceptibles to have a large enough

21

cluster or outbreak of cases to be able to evaluate

You’re right because you obviously need a
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efficacy.

2

occur is still going to be challenging but not

3

impossible.

4

now the virus does recur frequently or periodically.

5

And even there, there’s spikes where you have higher

6

clustered numbers.

7

an easy thing, and it’s not like I can say, in six

8

months, there’s going to be an outbreak in Mexico in

9

this area.

10

Predicting where a large outbreak would

Again, there are certain places where we

So I’m not saying it’s going to be

DR. SPEARMAN:

And the low-level rates, what

11

are the kind of rates you’re seeing in Indonesia or

12

Brazil where it’s already gone in?

13

DR. POWERS:

Yeah.

For example, in Indonesia,

14

we can’t actually give a rate because these are

15

specimens that are coming into us from people who have

16

febrile illness, and they want a diagnosis.

17

very easy to identify them.

18

find is either chikungunya or dengue year after year.

19

So it’s not like the virus has disappeared.

It’s not

20

like people aren’t getting sick with them.

The numbers

21

game might be more challenging.

It’s just

In fact, mostly what we

So the outbreaks are
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2
3
4

hard to predict.
DR. EL SAHLY:

Thank you.

Dr. Wharton, then

Mr. Toubman.
DR. WHARTON:

Thank you.

This was really

5

interesting and so complicated and difficult.

6

place like Brazil or Indonesia where there are small

7

numbers of cases but not large outbreaks occurring

8

regularly, what’s the age distribution of the cases

9

that occur?

10
11

In a

Are they more in younger people or people

of all ages?
DR. POWERS:

Typically, in these long endemic

12

areas, the younger population is where more of the

13

larger clusters or outbreaks occur.

14

imagine, obviously, where there is endemic circulation,

15

the seroprevalence rate goes up over time, which is why

16

that Nicaragua study was so interesting that it was

17

kind of an endemic-looking area seroprevalence rate.

18

DR. WHARTON:

So is it children, or is it

19

adolescents?

20

and young adults or both?

21

As you can

Is it young children or is it adolescents

DR. POWERS:

I don’t know that for any --
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1

you’d have to look at a specific population as to where

2

that cutoff might be.

3

populations have more.

4

example, there’s only 30 percent seroprevalence

5

detected, you still have a very, very high percent

6

that’s susceptible.

7

particular area, so there’d have to be some information

8

about a particular area you’re looking at.

9

Certainly, the younger
But in an area where, for

It’s really going to depend on the

DR. EL SAHLY:

10

MR. TOUBMAN:

Okay.
Yes.

Mr. Toubman?

Thank you.

Thank you for

11

the presentation.

12

person, bear with me in my question.

13

say that there’s no reason to believe that a vaccine

14

developed for one genotype would not be effective in

15

all the other genotypes.

And I was looking at the

16

FDA’s briefing document.

And they’re referring to --

17

maybe this is what you’re referring to -- a study in

18

Brazil where people were hospitalized.

19

Since I’m the one non-technical
I heard you to

They found that they had more than one

20

genotype.

21

unknown whether the infections were contemporaneous or

And they conclude from that that it’s
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sequential.

2

concern that vaccination or infection with one genotype

3

of CHIKV may not confer cross-protection against other

4

genotype.

So that seemed inconsistent with what you

5

had said.

Maybe I’m missing something.

6

Nevertheless, the study has raised a

And the other related question, which is only

7

premised upon the idea that there may be something to

8

what they’re saying here, is that you were talking

9

about how these epidemics have -- there used to be long

10

periods in the same location between one and the other.

11

And now, they seem to be coming a little closer.

12

was wondering, since it’s not known where that really

13

comes from, is it theoretically possible that that’s

14

related to the fact that the first infection was with

15

one genotype, and there’s maybe mutation or something

16

such that it’s not giving as much protection with

17

another genotype?

18

different genotype?

19

DR. POWER:

And I

So the second infection was a

Yeah.

So the one paper you’re

20

referring to is the one I mentioned where they were

21

looking at individual mutations and assessing the
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proportion that were present in, for example, Asian

2

genotype lineages versus the ECSA genotype.

3

that that’s one study, so I think we need to cautiously

4

interpret what that means.

5

studies, at least a dozen I can think of probably right

6

off, where they have actually looked at cross-

7

protection, either in vitro or in animal models -- or

8

if it’s vaccinated with one strain, would it be

9

protected from the subsequent infection of a different

I think

There have been a number of

10

type.

11

is good cross-protection.

12

one genotype will be protective against a different

13

genotype, for example, in neutralization assays or

14

something.

And all of those studies have shown that there

15

Neutralizing antibodies from

So that one particular study, I think, needs

16

to be interpreted cautiously until we have some more

17

information as to what it means.

18

thing is, in Brazil in that particular region, there

19

actually is both genotypes circulating.

20

introduction of the ECSA, as well as the Asian

21

genotype.

Now, the interesting

So both are cocirculating.
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1

be an individual mosquito, for example, or two

2

mosquitos, one with Asian, one with ECSA bit that

3

person.

4

they might have, in a very short time interval -- and

5

I’m talking about a matter of days, probably -- become

6

infected with both genotypes.

7

Incredibly unfortunate, but it happens.

And

So I think there’s still a lot of information

8

we don’t have about that particular information.

9

the vast bulk of studies, apart from that one, would

10

certainly suggest that any particular genotype would

11

cross-protect against others.

12
13
14

DR. EL SAHLY:

But

And last question from Dr.

Bollinger.
DR. BOLLINGER:

This is sort of a follow up

15

question to what Dr. Gans had asked.

16

the extremes of life, do we have data on vertical

17

transmission?

18

need to be thinking about an appropriate vaccine that

19

could be given during pregnancy, so a non-live virus,

20

and then on the other extreme of life, older people?

21

If immunity wanes over time, if they’re immunized early

Thinking about

And I’m asking that in terms of do we
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1

in life and then lose that immunity later when they may

2

have a disproportionate symptomatic disease, do we need

3

to consider about if patients need to be revaccinated

4

later in life?

5

DR. POWERS:

Yeah.

The second question’s a

6

little easier to answer because we don’t have that

7

data.

8

as far as protection of babies or pregnant mothers, the

9

only evidence we have really of chikungunya infection

So that’s a good question.

The first question,

10

in the babies is when there is infection of the mother

11

right at the intrapartum period.

12

very short window that we’re looking at there.

13

there have been a number of babies that have been

14

infected, and they have some bad outcomes.

15

that’s a very small percentage or a very small number

16

of cases and a very small window.

17

vaccine development, we have no information on other

18

periods of development.

19
20
21

DR. EL SAHLY:
questions on the phone?
DR. PERGAM:

And it’s obviously a
And

But again,

So in terms of

Dr. Pergam, do you have any
Okay.

My only question is related to --
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DR. EL SAHLY:

We cannot hear you well, Dr.

Pergam.

3

DR. PERGAM:

Related to both of the

4

(Inaudible) population, those with severe HIV or organ

5

transplant that are (Inaudible) particularly high-risk

6

population for a severe output.

7

DR. EL SAHLY:

8

Dr. Pergam, we could not hear

your question.

9

DR. PERGAM:

Sorry, guys.

Could you not hear

10

me again?

11

here.

12

Are there any data with chikungunya disease in regions

13

where there have been more immunosuppressed patients

14

who develop that that might suggest that population has

15

increased risk for complications?

16
17
18

I apologize.

I’m not the greatest to hear,

My question was about immunosuppressed patients.

DR. POWERS:

I’m not aware of any data that’s

looked specifically at immunocompromised populations.
DR. EL SAHLY:

All right.

Well, thank you,

19

Dr. Powers.

20

Dr. Pierre Roques is from the Commissariat a l’energie

21

atomique et aux energies alternative from Francois

Our next speaker is Dr. Pierre Roques.
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1

Jacob Institute of Biology in France.

2

animal models of chikungunya, a key to vaccine

3

validation.

He will discuss

4
5

ANIMAL MODELS OF CHIKUNGUNYA: KEY TO VACCINE VALIDATION

6
7

DR. ROQUES:

Okay.

First, I would like to

8

thank you for the kind invitation, and I’m new in the

9

field at hand, but I first was about a month or two

10

infant infection -- HIV infection, sorry; and then

11

moved to the animal models as well as for HIV infection

12

before coming into the chikungunya because of the

13

Reunion outbreak in 2006.

14

So the point is first to define which is the

15

chikungunya disease symptoms before going to a vaccine.

16

As it was nicely resumed by Ann, after the infection by

17

mosquito bite, you have a few windows of incidences and

18

then the infection is mainly symptomatic, and this is

19

the phase we know as the acute phase.

20

characterized by fever, skin rash, joint swelling,

21

arthralgia and/or myalgia.

It’s

And this is at the very
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1

beginning not specific, it’s more a flu syndrome.

2

-- it -- except -- then you are in an epidemic phase.

3

Then you have the recovery phase.

Has

But in

4

chikungunya, this is mainly associated with, I say, the

5

chronic early stage with continuous joint and muscle

6

pain.

7

into the chronic long-term disease, which is mainly

8

joint and muscle pain.

9

quite characterized by a very short period of viral

And then a short proportion of the population go

As a biological -- below it’s

10

replication detectable within the blood, then the very

11

early apparition of the IgM.

12

specific IgGs response, which is quite classical.

13

Specific IgM then has

So the question I have at the very beginning,

14

because of my initial fields, is there the chronic

15

disease associated with the virus replication, or is it

16

only an immune induced imbalance?

17

model subjective?

18

virus replication in the models you want to use -- it’s

19

macaque or mice mainly.

20

biological, and biochemical markers of the infection

21

and the cellular target to understand the mechanics of

So what’s an animal

It’s first to assess the chikungunya

And to define the clinical,
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1

the induction of the arthralgia.

2

And our working hypothesis was all this

3

disease is driven by the virus.

4

described the animal models are replicating the disease

5

and the biologic of the chikungunya, this provides you

6

a preclinical model for therapeutic and prophylactic

7

treatment.

8

into the

9

a long time described as infectible by the chikungunya

10

while the mice seems to be mainly resistant, except as

11

a purpose for even -- and was done initially mainly by

12

intra-route inoculation which is far from the normal

13

inoculation used by the mosquito.

14

And once you have

So because of my history, we go directly
cynomolgus macaque because primate was since

So we use a chikungunya strain from La Reunion

15

Island, and we infect the animals.

16

was to characterize our viral stock to perform an in

17

vivo titration of this virus.

18

dilution of this virus, inoculated the monkey, and

19

followed the viral replication.

20
21

And the first step

And we performed

As you can see, just after the infection there
is a very high viral replication detectible in the
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1

blood followed by a clear restriction in a clear

2

decrease.

3

and the error and other curves, which indicated amount

4

of virus produced by the animal -- infected animals --

5

we can see a clear relationship between the two and

6

that we are able to determine an animal infection dose

7

is 50 percent; which is, in fact, very small and grows

8

to ten plaque forming

9

high amount of virus variable to infect this primate.

And following the amount of virus inoculated

units.

Which means, with a very

10

And probably is exactly the case in humans also.

11

means that there is no restriction of the viral

12

replication in the humans which are not pre-exposed --

13

or which are naïve to this infection.

14

Which

And this infection is, as we stated, with a

15

very high innate humoral response with very high peak

16

of (Inaudible), some interferon gamma replication later

17

on and some cytokine signaling the inflammation like

18

MCP-1, TNFa of Y axis and interferon gamma, which is

19

clearly related to the viral replication level.

20
21

Other groups vary.

With rhesus macaque, we

are working first with cynomolgus macaque which is a

www.transcriptionetc.com

75
1

very close species; and they obtain using either our

2

strain or (inaudible) strain, a very similar kinetics

3

and also very similar natural immune response.

4

they’ve shown at this time that there is no -- in this

5

model, the rhesus macaque, there is no transmission of

6

the virus from the mother to the infant during the

7

pregnancy.

8
9

And

Sorry.

Because it was a question that was always
arising, we have also tested the intravenous

10

circulation, intradermal inoculation as well as

11

intramuscular inoculation gives a very similar viral

12

replication kinetics, induced similar fever level and

13

as well that I don’t show you here, also the very

14

similar innate humoral response in terms of

15

inflammation.

16

As expected and as it was also seen in human,

17

there is a clear lymphopenia, some with monocytes

18

population increase after the infection.

19

initial decrease in some ways of diffusion of the

20

monocyte within the peripheral blood, not too much

21

effect on the liver, and nice granulocytosis which is
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1

related to the viral replication in the liver.

2

In this macaque, we also found that there is

3

some clean rash in part of the animal, which is not so

4

easy to assess in terms of computation in fact.

5

remains, unfortunately, some specific observation,

6

which I have not found any system to quantify that

7

point.

8
9

It

Interestingly, at early time, day one or two,
virus is detected in all biological fluids,

10

cerebrospinal fluid, and urine.

11

except in saliva and CSF, the virus from urine is not

12

replicative at this time.

I have to say that,

Next.

13

When we inoculate the virus subcutaneously in

14

the wrist of these animals, we are also able to induce

15

localized swelling of the wrist, which is interestingly

16

observed only after the viral replication first in the

17

peripheral blood, and which is persistent up to here --

18

up to two weeks.

19

quantify, but it’s not so easy to do one more time

20

because it’s not observed on all the animals.

21

This is perhaps something we can

About tissues lesions, as I have said, there
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1

is monocytopenia, lymphopenia, granulocytosis and

2

thrombocytopenia, but slight thrombocytopenia in the

3

model.

4

joint, meninges, spleen, muscle, and lymph nodes, we

5

are not able to see any disturbance of the tissue

6

before the second week after the inoculation.

7

have said, always we detect virus in cerebrospinal

8

fluid and saliva.

9

And within the target tissues, skin, liver,

And as I

What happens after this acute phase in terms

10

of immune response, which is a period of recovery, and

11

if there are varied persistence.

12

response is clearly classical with first IgM apparition

13

after and then IgG here in the pink bar.

14

line is CTR response we determined using an antifungal

15

virus method on wall inactivated virus.

16

neutralization, which was the very first experiments,

17

which is a very crude and old method, but as you can

18

see, the sera is able to neutralize very early in vitro

19

infection of VERO cells here and very efficiently,

20

which means that it’s close to 100 percent after 20

21

days.
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1

About the virus persistence, and yes we are

2

able to assess the virus persistence in the target

3

tissue where we find them here by Q-PCR.

4

in most of the lymphatic tissues, spleen, lymph node,

5

but also in liver and in some piece of joint and in

6

synovia; but with a very low level and not in all

7

animals.

8

between the animals within the tissue -- within this

9

tissue.

We find them

Because, in fact, there is a large variation

And sometimes it’s more in one joint,

10

sometimes in the other joints, which means that this is

11

very laboring work to do.

12

continue to have some virus in the CSF, even if there

13

is no signs of any neurological disease.

14

And also, interestingly, we

And this virus can be, as I said, also by

15

(inaudible) in the muscle and joint here.

16

this tissue, we were able to retrieve replicative

17

tissue -- replicative virus up to day 45.

18

it remained virus, but probably the level is too low to

19

detect viral replication by the current method we use.

20

And here is this presentation about the replication of

21

this virus.
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So what about finally, to replicate this

2

macaque model, the animals are readily infectible, and

3

viral replication is easy to follow, very homogeneous.

4

Once you have defined in vivo titer, always every --

5

close to all the animals provide a very same profile.

6

We have now infected more than 100 animals in our lab.

7

And only two times we found significant lower

8

replication in the animals.

The limitation here, it’s

9

mainly because of the cost.

And because of the clean

10

acute phase and persistent infections, the clinical

11

signs are difficult to assess with precision as

12

indicated.

13

also to compare that to mice model.

14

So we try to improve this animal model and

As I said, mice, up to recently, seems to be

15

resistant to chikungunya infections, except

16

immunodeficient mice like Ag -- and if not mice or the

17

(inaudible) strains.

18

(Inaudible) in Australia, we implemented the mice model

19

to screen the treatment of vaccine strategies at low

20

cost.

21

the virus within the feet that we induce a nice

Well, so with the help of

And we are able to demonstrate by inoculating
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1

clinical signs of swelling of the targeted legs.

2

the virus from La Reunion induce high swelling than the

3

Asian strain.

4

the strain you use because since then they also used

5

more recent strain from Southern America, and they

6

found it very close.

7

And

But in fact, it’s really dependent of

Interestingly, since the beginning we’ve also

8

seen there is a double peak.

9

associated with indeterminate response and the second

The first one is probably

10

one with a secondary mechanisms associated with the

11

viral replication.

12

model with non-attenuated nanoluciferase expressing

13

chikungunya, which has allowed us to follow the viral

14

replication in vivo up to 43 days.

15

with chikungunya virus strain but also horse liver

16

virus, which is another alphavirus inducing arthralgia

17

and myalgia, which is up to now mainly limited to

18

Australia.

19

We also in our lab developed mice

And this is done

So in this model, also, we found indeterminate

20

response very close to the one we have, as I said, in

21

the macaque and some viral replication in the tissue
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and as I have said also a persistence of the virus.

2

Thanks to a European firm, we are able to develop a lot

3

of virus vaccine strategy with attenuated virus,

4

recombinant virus, proteins.

5

tested these different strategies.

6

the neutralization -- no, the IgG endpoint data, the

7

neutralization data.

8
9

And within the mice, we
And here, this is

And here is the tissue response.

And finally, within our model, we are able to
challenge the mice, and we found that most of the

10

vaccine strategies are able to block the viral

11

replication in the model.

12

really a stringent strategy, which means that probably

13

it provides some -- we only exclude two of our system

14

here.

15

with the swelling is really, really large and probably

16

-- and the severity of the acute disease is higher than

17

the one seen in humans because there are some

18

destruction to the tissue.

19

And fortunately, it’s not

Also, in the mice, the infiltration associated

We also performed a crude comparison of the

20

adaptive immune response between human and macaque.

21

And here we’ve collaborated with Lisa -- sorry.
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FP Ng from Singapore, which performed epitope B mapping

2

of the antibody response following the infection from

3

patient population from the mouse model and also our

4

macaque assay.

5

is a few but significant peptides that are targeted in

6

all the species.

7

associated with very efficient notarization of the

8

virus by in vivo -- in vitro assay.

9

also.

10

And as you can see here, finally, there

And interestingly, this one is also

And in vivo assay

Here, it’s this region here.

This is the IgG

11

targeting the E2EP3 peptides.

12

macaque sera with the neutralization -- deplete this

13

IgG specifically, you can see that you limit the

14

capacity of the sera to neutralize.

15

remains a neutralization effect.

16

And when you deplete the

But still, it

So just to show very fast the construct.

17

pass from the mice model to the macaque assay.

18

there is an attenuated virus and some constrictors.

19

It’s modified (inaudible) vaccine expressing the

20

envelope -- sorry, the (inaudible) of the virus.

21

We

And

As you can see here, these vaccines are able
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to provide a very high titer of neutralization within

2

the animals, the macaque.

3

these vaccines protect against the viral replication.

4

And this sera is also able to naturalize as in

5

Caribbean strain.

6

between -- from the animal vaccinated with -- sorry,

7

the Reunion strain sequence to protect against Asian

8

strains.

9

And after challenge, all

There is a perfect cross-response

So it seems that -- if it seems that the

10

antibody response is necessary to protect the macaque.

11

Probably this needs more than that because, as you can

12

see here by this assay from Pal et al. -- and if you

13

inject monoclonal neutralizing antibody one day after

14

the viral inoculation and 40 after, you are able to

15

block the viral replication very recently, but not the

16

dissemination of the virus in the tissue.

17

So after infection there is a robust IgM/IgG

18

antibody response.

19

is the same between humans and the animal models we

20

have, considering immune-competent model.

21

This is probably the same -- this

We’ve shown that there is naturalizing
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antibodies primarily target, E1/E2 structural proteins;

2

they are protective in passive transfer studies, which

3

is also shown by the group of diamonds.

4

other parts other than the one I just described.

5

is a suggestion that early projection of neutralizing

6

IgG3 antibodies may be associated to a reduced risk of

7

prolonged disease, which was an observation from the

8

group of Lisa in Singapore population.

9

But we target
There

Cytotoxic T cells contribute, but it’s not

10

necessary for virus clearance.

11

whether the skin cell population contribute to

12

immunopathology of chikungunya disease and also CD4

13

sera response.

14

infection results in lifelong immunity and what about

15

the virus.

16

And it’s unclear

And the question is, is there a natural

Okay.

So according to the infection model, there is

17

a major role of macrophage in chikungunya and RRV

18

disease because I have not targeted that in that first

19

slide.

20

the mice and in the macaque during the persistence of

21

the virus in the tissue.

But the site of viral replication we found in

There is also a large
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infiltration in muscles and joint in all the models,

2

probably the same in the human being.

3

infection of fibroblast in meninges and mainly plexus

4

choroid, which explains probably the presence of the

5

virus within the CSF.

6

neurological disease, except in the very rare case

7

where the viral replication grows up to ten to the ten

8

(inaudible) of blood.

9

There is

But it is not associated with

In mice, they’ve shown also using immune-

10

depleted mice and sera population that there is a role

11

of immune partner, like a T CD4 positive NK and also

12

the granzyme A with the clinical disease.

13

and in monkeys, there is a large (inaudible) response

14

to protect against the infection.

15

compared to human and monkeys, there is differential

16

autophagy-apoptosis process, which may explain the

17

various onset of the mice to the disease.

18

it’s more easy to see that the clinical science is

19

related to inoculated dose, even if they are difficult

20

to assess -- to quantify.

21

And in mice

But in mice,

In monkey,

There is infiltration in lymphoid organs,
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macrophages, as I already said, is important to the

2

persistence of tissue.

3

replicative virus, which is also recently shown in mice

4

modelled by the group of diamonds.

5

And there is persistence of

And finally, compared to human, it seems that

6

there is some -- I don’t understand my first sentence

7

here.

8

shown that all of monocyte microphages during the

9

disease, at least, is in the acute phase, and we found

10

There’s a mistake somewhere.

Sorry.

It’s also

it also in the macaque.

11

There is only a few biopsy available, but

12

these biopsy show also viral replication within the

13

targeted tissue joint and muscle.

14

this is associated to the persistence of the disease.

15

They are also able to find virus in satellites cells

16

from muscle, which we have not found in the macaque

17

model.

18

innate immune response, and because, as I have said,

19

most of the animals infected with the Wild-type virus

20

are very highly replicative; and we have a very stable

21

-- yes, very stable signs, cytokines and so on.

And in this case,

Finally, going back to the clinical and the
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always the same.
The advantage for us of the attenuated virus

3

is that we’ve shown that this is a lower replication

4

and probably here because it is a depletion of some --

5

a deletion, sorry -- of some area in the NSP3 region.

6

There is also the lowest innate immune response, which

7

is clearly less and not even inflammatory with this

8

attenuated virus.

9

have not the depletions, the lymphopenia, graunocytosis

And with this attenuated virus, we

10

and waves of monocytes we have found here with the

11

Wild-type virus compared with the attenuated virus.

12

In conclusion, there are a number of

13

chikungunya vaccine candidates based on the attenuated

14

virus: DNA launched attenuated virus, chimeric

15

construct, recombinant and so on.

16

we have used, but there are also a lot in different --

17

done by different groups.

18

And this is the one

Most of these vaccines protect against

19

chikungunya infection in mice and non-human primates.

20

This is, I think, a point we have to consider because,

21

finally, it’s difficult to have something which allows
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us to discriminate between these vaccines.

2

vaccines cross protect against chikungunya isolate and

3

genotype.

4

antivirus, like o’nyong’nyong, as already said by Ann.

5

Most of the

It will be interesting to go to other

Immune deficient mice might be a stringent

6

model useful to understand the protective mechanism as

7

it was shown, induced by the various vaccine platforms.

8

And while all vaccines protect, there are clear

9

differences in human response.

I’m sorry, but I think

10

that I forgot the slide corresponding to this

11

conclusion.

12

the vaccine safety -- how to assess the vaccine safety

13

using all the models that we have.

14

And the question is, as was already said,

And the question I have considering my

15

experience, what will be the level of sustainable Wild-

16

type virus replication in humans or NHP in the acute

17

phase that did not induce the disease or may or may not

18

remain in the tissue?

19

about attenuated virus used as a vaccine for the virus

20

which escape through the protection of a vaccine.

21

just to say that this work was with a large

And this also, the question
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1

collaboration between groups in France but also in

2

everywhere in Europe and Singapore and Australia.

3

Thank you.

4

DR. EL SAHLY:

Thank you, Dr. Roques.

As my

5

committee members get their questions ready, I have a

6

couple of questions.

7

described that the virus did disseminate to tissues

8

with no detectible viremia following monoclonal

9

antibody administration one day after infection.

10

In one of your slides, you

Did I

read that slide correctly?

11

DR. ROQUES:

12

DR. EL SAHLY:

Yeah.
Okay.

What about a

13

prophylactic vaccine?

14

prophylactic vaccine; meaning you have both the

15

viremia, but you still see dissemination in tissue?

16

detectible viremia is probably the --

17

DR. ROQUES:

Is that also observed with a

Or

This work is ongoing, in fact.

18

feel that we may continue to detect a few of virus.

19

But I expect it’s clearly -- if you go, I’m sorry --

20

because I have too much slides, I cut some of them.

21

But in the print, you have all the slides.
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showed comparison of infections in macaque between

2

chikungunya and Ross River virus.

3

found some Ross River virus replicated at very low

4

level; but still we detect virus in the tissue one

5

month or two months after there’s an infection.

6

this -- there are not clinical signs in these macaque.

7

So probably, even if you continue to have a few virus

8

in the tissue, you can have no clinical disease.

9

We don’t know exactly.

And in this case, we

And

Because we are limited

10

by our detection method, we don’t know if this

11

remaining virus material is able to replicate to going

12

back to a large replication and induce a disease or

13

not.

14

This is a question.
Because in human population, there are people

15

with chronic disease describe waves of pain.

16

question is, is this wave of pain associative with

17

viral replication?

18

variation?

19

assess that in the macaque model.

And the

Is this associated with immune

We don’t know, and it’s not so easy to

20

DR. EL SAHLY:

21

DR. FISCHER:

Dr. Fischer?
Thank you.
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1

presentation.

2

dose that was used for the animal models, in particular

3

the macaque model.

4

were used in the challenge compare to the levels of

5

virus that an animal or human would be exposed to

6

through a mosquito bite?

7

I had two questions.

One is about the

How do the levels of virus that

That’s the first question.

The second is related to what you were just

8

discussing.

9

where there was replicative virus in joint tissue.

You showed one slide in the macaque model
But

10

on that same slide, it shows RNA detectible in a number

11

of tissues and body fluids.

12

often you actually demonstrated replicative virus

13

versus just RNA possibly remaining following infection.

14

DR. ROQUES:

15

DR. FISCHER:

16
17

Yes.

It was unclear to me how

For the first question --

The inoculation dose compared to

what a mosquito would -DR. ROQUES:

Yes, the inoculation dose.

As I

18

have shown, we determined that one animal infection of

19

50 percent is close to ten PFU.

20

the animals with 100 animal infectious dose, which

21

means it’s close to 1,000 -- between 1,000 and 10,000

And we challenged all
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1

PFU, which is probably slightly higher than the dose

2

that the mosquito may inject.

3

the second one --

4

DR. FISCHER:

But it’s close to.

And

Second one, you showed that

5

there was replicative virus, at least in one animal, in

6

joint tissue.

7

saw replicative virus versus just RNA in the tissues

8

and the body fluids.

9

DR. ROQUES:

But it was unclear to me how often you

For the data I presented, we did

10

that three times on various animals.

11

that we have to do that one more time on other groups

12

of animals.

13

repetitively, many times.

14

with you.

15

for double cell system to amplify the virus.

16

developed this point with Andreas, which continue to do

17

it in the mice model, I have to say, recently.

I have to say

But yes, we are able to isolate the virus
It’s not always -- I agree

It’s not always, which means we have to go

18

DR. EL SAHLY:

19

DR. GANS:

Okay.

Thank you.

So we

Dr. Gans?
My question relates to

20

sort of the persistence of immunity.

21

of your data was sort of around the acute phase, and
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1

that’s important, and the importance of humoral

2

immunity not only for viral clearance but really as a

3

target.

4

from what we know about the persistence of the immune

5

response, actually to have really good, robust T cells

6

in place because the humoral immunity will not continue

7

for years.

8
9

But it’s going to be very important, at least

And I’m wondering if there have been any
animal studies looking at not the acute phase but at a

10

longer time period out where you may have challenged

11

them or looked -- even in vitro, if it’s not in vivo --

12

looking at both humoral and cell-mediated immunity at

13

that point, that’s viral specific?

14

DR. ROQUES:

About humoral response, we have

15

many animals that will be -- that were reused after

16

the, as I said now, after the assay we have done with

17

them.

18

years after the initial infection.

19

to have neutralizing antibodies.

20

because it’s quite complicated because of the story of

21

this reused animals.

And I check this humoral response up to two
And they continue
This is not published

They remain at our facility.
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1

yes, the humoral response remains longer than the one -

2

- at least after natural infection.

3

do natural infection, but up to two years they are high

4

level of neutralizing antibody.

5

DR. GANS:

6

DR. ROQUES:

If we consider we

Did you also look at cellular --?
As far as CTL response, we have

7

done it.

8

Because of the story of La Reunion Island,

9

check if treatment with chloroquine is able to protect

It’s also in some of the slides I skipped.
we have to

10

or at least to reduce the clinical signs during the

11

acute phase.

12

We’ve shown that it was not efficient, even increased

13

the viral replication level and duration.

14

associated with delay in the IgM and IgG response and a

15

delay in the induction of the CTL response.

16

We’ve shown it was published in viruses.

And this is

But we have not really too much data about the

17

CTL response in duration because it’s after.

18

natural infection, it’s very low, in fact.

19

sure that -- yeah, it’s really low.

20

model is not very good to that because a high CTL

21

response gives us 200 or 300 spot per million cells,
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which is low.

2

probably it disappears after one year, something like

3

that, which it’s not easy to assess.

And it decreases after probably --

4

DR. GANS:

5

- instead of the cytotoxic.

6

and should clear in all people, but more for the CD4

7

rather than CD8, just for the longevity of the immune

8

response.

9

Yeah.

I would be more interested I mean, that will clear

But it sounds like that hasn’t been done.
DR. ROQUES:

Yes, in fact, in the vaccination

10

essay we published, we found a higher specific CD4

11

interferon gamma associated response than the CD8

12

response.

13

this is a source we are able to increase the disease in

14

the mice.

15

know.

16

But in the mice model, let’s just say that

So it’s quite disputed I think.

I don’t

But perhaps it’s more during the acute phase.

17

What happens in the chronic phase I don’t know -- and

18

after vaccination.

19

ebb to an answer (inaudible) response; which means that

20

the two models cannot give us the same sera response

21

because they’re not targeted in the same period of

Probably after vaccination it will
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1

time.

2

DR. EL SAHLY:

3

DR. JANES:

Dr. Janes, last question.

Okay.

Two quick questions, has

4

anyone attempted to challenge mosquitos via infected --

5

challenge macaques with bites from infectious

6

mosquitos, or what are the barriers to doing that?

7

also, have attempts been made to re-infect the animals?

8

Are they fully protected from infection following

9

initial challenge?

10

DR. ROQUES:

And

The first question, it was done

11

historically when the U.S. Army developed the first

12

attenuated virus strain because it was done -- I don’t

13

remember.

14

nascent strain, and they checked that, when they feed

15

the mosquito, they’re not able to transmit this strain.

16

And it was also done by the Indian people in the ‘70s

17

and the ‘80s.

18

efficient.

19

It’s not the same species of macaque.

20

macaque, I think.

21

sorry.

It’s D127, something like that.

It’s a

They infect macaque with mosquito.

It’s very efficient.

But it was Celebes.
It’s Celebes

And the second one, remind me,
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2

DR. JANES:

Whether or not the animals are

fully protected from subsequent infection.

3

DR. ROQUES:

I also did not publish this work,

4

but at the very beginning, I have tried to, after the

5

titration assay, I reinoculated some of these animals

6

with high virus dose.

7

are prevalent, a second period of viral replication

8

detectible in the blood but not any clinical signs, no

9

fever, no modification of the cytokines level and so

10

And on ten animals I used, two

on.

11

So the natural infection induces a very high

12

immune response, but it’s not fully -- it’s not

13

sterilizing protection.

14

one you’re observing in yellow fever vaccination or

15

something like that.

16

the viral replication but to the clinical signs, which

17

is probably the best.

It’s probably closer than the

You do not protect too much to

18

DR. EL SAHLY:

19

DR. FINK:

Dr. Fink?

Yes, I have just one follow up

20

question to Dr. Fischer’s question about inoculation

21

dose.

Looking at your printed slides on findings of
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1

clinical signs or histopathological signs of joint

2

involvement, the example that you give is with an

3

inoculation dose of five times ten to the fifth PFU as

4

compared to what you just said about doses of ten to

5

the third --

6

DR. ROQUES:

7

DR. FINK:

Ten to the fourth.

Ten to the fourth.

You’re

8

mimicking what a human might get via a mosquito bite.

9

So could you clarify what dose in the macaque model is

10

required to consistently observe clinical signs in the

11

joints?

12

DR. ROQUES:

I think that you have to go -- to

13

have something sustainable, you have to go to ten to

14

the five probably.

15

sufficient.

16

dose, and there is a large variation between the

17

animals for the clinical signs than to the biological

18

signs.

19

very low dose I described, you go to the very high

20

viral replication and all the cytokine inflammation you

21

can observe.

But unfortunately, it’s not

Some animals remain resistant to this

The biological signs, in fact -- even with the

But I don’t know.

Probably because of
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the timing, it’s not so easy.

2

One advantage of this model, however, is you

3

can infect male, female, young, old animals.

4

vary -- for the viral replication, it’s very close.

5

And perhaps probably when you inoculate more than ten

6

to the six PFU, you arrive to a plateau.

7

upper, you may induce a very severe disease.

8
9

They are

And if you go

At the very beginning, when I got in the
domain, I was not in the field, so I don’t know

10

(inaudible).

11

production.

12

I induce a severe neurological impairment because

13

probably because of the cytokine storm induced by the

14

infiltration of microphage and lymphocyte within the

15

CSF.

16

And I inoculate the crude viral
And so I killed the first two animals and

But it’s really -- in this case, I found

17

something close to the clinics observed in human babies

18

infected at birth, as described by Island of La

19

Reunion, the critical cases of babies born from mothers

20

with acute phase at delivery time.

21

receive so many virus, they induce a very high disease.
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Do I answer your question?

2
3
4

DR. EL SAHLY:

One last question from Mr.

Toubman.
MR. TOUBMAN:

Thank you.

Actually, two

5

questions.

6

consistent with the disclosure announcement at the

7

beginning, I just want to ask whether any of the

8

funding for all this research comes from any of the

9

companies that are working on a vaccine for this

10

The first is, not to offend but just

particular virus?

11

DR. ROQUES:

12

were funded by European Union.

13

some antibodies for titration by Alere.

14

funding, it’s from anRS in (inaudible) or company -- no

15

company, sorry.

16

No, all that I presented here
And I was provided with
But the

All the government funding.

MR. TOUBMAN:

Thanks for that answer.

So my

17

subsequent question is about this is primarily driven

18

by, as I understand it, by joint pain in humans.

19

That’s what we really are mostly all motivated by.

20

as I also understand it, though, no animal model,

21

including mice and monkeys, have shown acute
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polyarthritis or persistent polyarthritis from natural

2

infection from CHIKV.

3

concern that the pathogenesis of CHIKV in humans may be

4

difference for humans than animals.

5

issue is joint pain and animals are not experiencing

6

that, then isn’t there a problem with using the animal

7

studies as a marker or as a surrogate or whatever,

8

relative to human studies, if the issue is addressing

9

joint pain?

10

DR. ROQUES:

If that’s right, there’s a

And since the big

I think we cannot address joint

11

pain per se, but we can say that infiltration -- the

12

large infiltration we’ve seen in the mice model, for

13

example, is probably associated with pain in the mice.

14

But I don’t know how to assess the pain in the mice.

15

have to say I work directly with the mice; it’s always

16

done by a collaborator laboratories.

I

17

About the macaque, it’s not so easy.

18

tried to -- we can follow the activity of the macaque,

19

but it’s very expensive and not easy to do in a Level 3

20

facility because we have to do that in Level 3 facility

21

with chikungunya.

We have done that.
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We probably -- this might be compared to the

2

pain in humans, but it’s clearly very expensive.

3

I’m not very -- well, in my experience with these

4

animals, they are able to have normal comportment even

5

with very large disability.

6

difficult to assess the pain.

7

mean to have specialized people that study animal

8

behavior to say if they are pain or not pain.

9

And

And that’s why it’s very
They have pain, but you

So it’s why we go to the biological signs,

10

infiltration, cytokines.

11

associated with pain.

12

associated with pains in humans.

13

is a high level of IF6, we may imagine that this also

14

is associated with pain.

15

of the pain because we can’t ask to the macaque to fill

16

the paper, which you do with human.

17

and as people know, it’s not so easy to -- they give

18

you a level one to ten, you have to say how your

19

stress, or your pain is between five or ten.

20

dependent of your experience, your behavior, your

21

culture and so on.

This is not pain, but it is

IF6 (phonetic) was specifically
So we said if there

We have no direct evaluation
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DR. EL SAHLY:

2

scheduled break now, 15 minutes.

3

minutes behind schedule.

4

please, so now it’s 10:45.

5

Thank you all.

Okay.

Thank you.

We have a

We are a good 40

If we can make it ten minutes
If we can be here at 10:55.

6

(BREAK)

7
8
9

DR. EL SAHLY:

If we can each go back to our

seats so Dr. Ellison can get started, please.

I would

10

like now to welcome Dr. Damon Ellison.

11

Ellison is the Associate Director of the Viral Diseases

12

Branch at Walter Reed Army Institute of Research.

13

going to help us solve the puzzle of what happens once

14

the disease is endemic -- evidence of ongoing CHIKV

15

transmission in southern Thailand.

Dr. Damon

He’s

16
17

ONGOING CHIK TRANSMISSION IN SOUTHERN THAILAND

18
19

DR. ELLISON:

Okay.

I’ll try.

I’d just like

20

to say thank you for the invite and allowing us to come

21

here and to present our data that we have from southern
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Thailand.

2

recognize this data was produced in Thailand and sent

3

to me at AFRIMS in Bangkok and also with our

4

collaborators in the southern part of Thailand, which

5

I’ll talk about it a little bit, Prince Songkhla

6

University.

7

evidence of ongoing CHIK transmission in southern

8

Thailand and our surveillance efforts we have there.

9

Before I get started, I just wanted to

So with that, I will be talking about some

So first, I have to show the disclaimer.

I’ll

10

let you read that for a second.

11

2012, AFRIMS has been collaborating with Prince

12

Songkhla University in the southern part of Thailand to

13

perform a passive hospital-based surveillance.

14

people will come in with febrile illness.

15

the criteria.

16

They’re enrolled.

17

and then hopefully a convalescent sample seven to 21

18

days after their initial visit to the hospital.

19

All right.

So since

So

They meet

They’re asked if they want to enroll.
They collect an acute serum sample

So the region is Songkhla.

It’s an

20

epidemiologic important site for arbovirus emergence.

21

It’s located in a deforestation urban zone near the
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border of Malaysia and southern Thailand.

2

past, there’s been large chikungunya outbreaks in the

3

region, in 2008 and 2009 and recently again in 2016 to

4

2018, and appears to, based on our surveillance data,

5

continue into at least October of 2019.

6

So this is the region.

And in the

This map shows

7

Thailand.

8

and then the highlighted region in the south is the

9

southern region of Thailand where our clinical site is

You can see north, northeastern, central,

10

located.

11

highlighted pink region.

12

our surveillance, or all of our surveillance, efforts

13

are at the moment.

14

before I get into our data that I recently heard from

15

our Navy colleagues that there have also been from

16

Cambodia surveillance data showing that they have

17

ongoing CHIK transmission in that country also.

18

don’t have any of that data to share with you but

19

wanted to put that out there -- that there are other

20

regions in Southeast Asia that also appear to have

21

ongoing CHIK transmission.

And if you zoom in on that, you can see the
That is where the majority of

I would like to say really quickly
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So with that, this is the zoom in of the pink

2

region, and you can see the numbers on the provinces

3

are the different provinces.

4

indicates how many cases were found in that region

5

cumulatively from 2012 to 2018.

6

listed by city and then how many were found.

7

site of the hospital is in Songkhla, and you can see in

8

the dark red regions that those are the most densely --

9

the most cases came from those regions, which makes

10

And then the shading

And on the left, it’s
So the

sense because the hospital is the closest.

11

And as you go out, you get less and less cases

12

for the hospitals from those other regions, which makes

13

sense because it’s hard to travel to get into the

14

hospital.

15

not going to travel a long way to go to the hospital.

16

And I’ll talk about other plans we have to do more

17

exhaustive surveillance later on in the talk.

18

And if you’re not that sick, you’re probably

So with our partners at Songkhla University,

19

they enroll the subjects, collect the samples, and then

20

they send those to Bangkok to AFRIMS to test.

21

have been doing RT-PCR to detect the virus, and for
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serology we’ve been doing HAI at the moment.

2

like to move eventually to PRNTs as a more specific

3

assay to use in this instance.

4

designed and used are based on the capsid gene.

5

our seroconversion is defined as less than ten for our

6

HAI and then the convalescent sample above 40.

7

the literature, there has been some reports of cross-

8

reactivity within alphaviruses.

9

any data currently that there’s other alphaviruses

10

reported to have cross-reactivity with chikungunya

11

actually circulating in our area.

12

We would

So the primers that we
And

And in

However, we don’t have

So this gets into the data.

It’s not a huge

13

surveillance study at the moment.

14

febrile illnesses, the number of subjects per year that

15

were enrolled in the study, and on the right is the

16

chikungunya HAI serology data on paired serum samples.

17

So you can see from the HAI data that there seems to be

18

some endemic circulation of chikungunya going on from

19

2012 to 2019.

20
21

So on the left, it’s

So if we look at the RT-PCR testing results,
we see a little bit of a different story where we’re
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not detecting the virus in the earlier years to the

2

same degree as we see it in the serology samples.

3

this can be many different -- looking at many different

4

reasons why this might be, as far as primers not

5

matching exactly, the current strain circulating in the

6

area, people coming to the hospital late.

7

I learned this morning, I guess chikungunya has a

8

pretty long viremia.

And

Although, as

9

I should state -- I should have said at the

10

beginning that this surveillance study enrolls older

11

subjects.

12

it’s 14 and above for this study.

13

issues with primer specificity in the early years.

14

could be the fact that people were not coming into the

15

hospital early enough to pick up the viremia.

16

more emphasis on there’s a new chikungunya outbreak

17

going on, people are coming in earlier if they have the

18

symptoms, and we pick up the PCR that way.

19

Children are not enrolled in this study, so
So we could have
It

And with

We believe that it’s chikungunya circulating.

20

We have done whole genome sequencing on samples from

21

positive PCR from 2012 and 2018, which showed
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chikungunya virus.

2

some of those samples that were HAI positive put PCR

3

negative and do some sequencing on those to see if we

4

can detect the virus that way.

5

data, but it was pulled by our collaborators in

6

Thailand.

7

the left is chikungunya as tracked by the Thai MOPH.

8

And I can’t vouch that all of these are PCR or

9

laboratory confirmed cases.

10
11

And we are currently trying to take

So this is not our

It’s from the Thai MOPH.

And the graph on

Probably the majority of

them are not.
But the first graph is from January ’19 to

12

February ’19.

13

October ’19.

14

aware that they have a chikungunya spread going on

15

within the country.

And the second one is January ’19 to
So Thailand is tracking this.

They’re

16

So for the future, we want to better

17

characterize what’s happening in southern Thailand, and

18

we’d like to do a more focused cluster-based design

19

where we have index cases.

20

these individuals live, and we sample family members

21

and around their dwelling so we can get a better idea

And then we go out to where
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of what’s happening in the communities utilizing these

2

community-based clusters.

3

to use that to develop better chikungunya diagnostics,

4

test vaccines, antivirals and so forth.

5

identify hotspots of where the virus is circulating,

6

associated risk factors with the transmission in

7

southern Thailand.

8
9

And hopefully, we’ll be able

And we hope to

We hope to characterize patterns of
chikungunya introduction, transmission, and persistence

10

as we seek with these viruses.

11

that since it’s in a region close to Malaysia that it’d

12

probably have frequent introductions of chikungunya

13

into the area.

14

characterize the incidence, risk factors, and features

15

of acute and chronic chikungunya disease.

16

new study, we’d not only collect serum but hopefully

17

cells, PBMCs that we could do other experiments with.

18

So this is my best attempt to get us back on

And we do hypothesis

And we’d also eventually like to

So under our

19

track.

20

of ongoing CHIK transmission in southern Thailand and

21

no data to suggest some other pathogen is prevalent.

Overall, there’s, we feel, compelling evidence
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Further interrogation of trans specimens is planned,

2

and enhanced based surveillance is also planned to

3

provide better understanding of disease burden, enable

4

size calculations for future efficacy trials.

5

given that the current surveillance is passive and

6

draws cases mainly from communities nearby the

7

hospital, we feel that CHIK is probably underreported

8

in the area.

9

And

Thank you and I’ll take any questions.

DR. EL SAHLY:

Thank you, Dr. Ellison.

My

10

first question is when will the data on the active

11

surveillance and contact tracing will be forthcoming?

12

Is there a projection?

13
14

DR. ELLISON:

So that’s dependent.

dependent on how fast we can get funding.

15

DR. EL SAHLY:

16

DR. ELLISON:

17
18

That’ll be

Oh, so that’s not started yet?
It’s not funded, not started

yet.
DR. EL SAHLY:

Oh, I see.

Okay.

And as a

19

corollary to some of the data you presented, what is

20

the relative impact in terms of hospitalization,

21

absenteeism, other measure of the impact chikungunya is
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having on these communities relative, say, to dengue or

2

relative to salmonella or other infections that are

3

endemic in that region?

4

DR. ELLISON:

I don’t have exact data on that.

5

I know that, anecdotally from talking to the PI of the

6

study down there, they miss work for extended periods

7

of time.

8

things.

9

And it has an effect on those types of

DR. EL SAHLY:

10

DR. FISCHER:

Dr. Fischer?
Thank you for that presentation.

11

You addressed my question a little bit in your last

12

bullet here, but I was wondering if you could describe

13

the surveillance system and criteria a little bit more.

14

So it sounds like it’s a passive system at a single

15

hospital.

16

does a patient need to meet?

17

they have to have fever?

18

pain?

19

present from their onset of clinical symptoms, getting

20

at the question of PCR versus serologic positivity?

21

Confirm that’s true.

And then what criteria

They just present?

Do

Do they have to have joint

And then, typically, what time period do they

DR. ELLISON:

Great question.

www.transcriptionetc.com

Yes, it’s a

113
1

passive surveillance study.

2

fever, and they are enrolled from there.

3

specific enrollment criteria I don’t recall.

4

fever and I think one or two other symptoms, including

5

joint pain.

6

Actually, joint pain wouldn’t be true because they’re

7

also doing dengue surveillance under the same protocol,

8

so it would be fever and then they’ll have a list of

9

rash or myalgia or joint pain.

10

They come in if they have
So the
But it’s

But I don’t remember the exact criteria.

If they meet those certain criteria, then they

11

would be eligible to be enrolled.

12

people come in.

13

and wait and wait until they can’t -- they feel like

14

they need to go to the hospital.

15

of those early acute timepoints on those.

16

anecdotal from the site.

17

me, but I know that they try and collect that data

18

based on asking the patient when they come in, “When

19

did you first have fever, and when did you come to the

20

hospital?”

21

currently.

It varies when

It tends to be the older folks wait

So we’re missing some
That’s

I don’t have the data with

But I don’t have that data with me
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DR. EL SAHLY:

Dr. Meissner and then Dr. Gans.

2

DR. MEISSNER:

Thank you and thank you for the

3

presentation.

4

I must have misunderstood.

5

you just clarify why so few of the HAI positive

6

specimens were PCR negative?

7

I’d like to ask a question, and I think

DR. ELLISON:

And I apologize.

But could

So we have some theories, but

8

we’re still investigating as to why they were -- so

9

many of them were negative in the early timepoints,

10

ranging from potential primer mismatches, not enough

11

sensitivity in the assay to people just waiting and

12

we’re getting a late acute timepoint.

13

to pick up the PCR positive.

14
15

DR. MEISSNER:

We’re not able

But how do you know that it

wasn’t an old infection?

16

DR. ELLISON:

That’s another possibility.

17

They got a different infection that spiked their immune

18

response.

That is also a possibility.

19

DR. MEISSNER:

Have you looked for other?

20

DR. ELLISON:

No, we have not looked yet.

21

DR. MEISSNER:

Thank you.
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DR. FISCHER:

Can I just -- but they’re

2

showing a change in antibody titers.

3

single titer.

4
5

DR. MEISSNER:

It’s not just a

I understand, but why would PCR

be positive, Marc?

6

DR. FISCHER:

Well, because PCR for

7

chikungunya remains positive for about a week.

8

it’s --

9

than a week after the onset of their symptoms, they

So if

if the patients are presenting out greater

10

would be antibody positive and have a titer change

11

potentially at that point but not be PCR positive.

12
13
14

DR. MEISSNER:

But then we hear earlier that

it’s a prolonged viremia in most cases?
DR. FISCHER:

Well, detectable viremia in

15

human patients typically is about a week and can be

16

longer in some patients, but that’s about the

17

detectible level of viremia.

18

DR. MEISSNER:

19

DR. GANS:

Thank you.

Thank you.

My real only question

20

is, is the active study going to include children

21

because I think that will be an important group to
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2

study?
DR. ELLISON:

So we’re going to try and --

3

yes, we would like the site to include children in the

4

new studies, but it’s a site IRB issue down there.

5

we’re going to have to get around that somehow.

6

DR. EL SAHLY:

7

DR. JANES:

So

Dr. Janes?

Thank you.

I’m thinking along the

8

lines of future discussion around trial designs.

9

you at least begin to comment or share your thoughts on

10

the feasibility for conducting a clinical trial in such

11

a setting?

12

years, 11 laboratory confirmed cases by RT-PCR in the

13

last year and 76 in the prior year.

14

that, based on purely passive surveillance, you

15

potentially have a sufficient number of cases to study

16

an impact of a vaccine.

17

what the catchment area of this site is and what the

18

population would need to be that would need to be

19

vaccinated to catch such a number of cases?

20
21

Can

I see here that you’ve got, in the past few

DR. ELLISON:

So it would seem

I wonder, related to that,

It’s about a million population

within the catchment site, and this isn’t the only --
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this is the big regional hospital.

2

hospital.

3

push out to and utilize as sites for such a trial.

4

think it depends on what you’re looking at.

5

able to have an assay where you can distinguish between

6

vaccinated and unvaccinated with serology, or can you

7

only rely on the PCR to look at vaccine efficacy?

8

think that’ll depend on some of those questions being

9

answered.

10

It’s like 100 bed

There’s also clinics that we could hopefully

DR. EL SAHLY:

I

Are you

I

I guess this particular study

11

that we are hoping would get funded is going to help us

12

really answer the question and the task we are given

13

today better.

14

Ellison.

15

I’m forgetting Dr. Pergam.

16

Pergam, do you have questions for Dr. Ellison?

17

guess he doesn’t.

But we will see.

Thank you so much, Dr.

Now, we will move on to -- oh, before you go,
He’s on the phone.

Dr.
Well, I

Thank you.

18

DR. PERGAM:

19

DR. EL SAHLY:

No, I’m good.
Okay.

Thanks.

So now we will have four

20

back to back presentations, comments from

21

manufacturers.

The first presenter is Dr. Kelly
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Warfield, Vice President for Vaccines and Anti-

2

Infectives Research and Development from Emergent

3

BioSolutions.

4

virus-like particle vaccine development.

Dr. Warfield will discuss chikungunya

5
6

CHIKUNGUNYA VIRUS-LIKE PARTICLE VACCINE DEVELOPMENT

7
8
9

DR. WARFIELD:

Thank you for the introduction.

10

I’d like to thank the FDA for the opportunity to

11

participate in this meeting today, and we look forward

12

to receiving the input from the committee regarding the

13

development of chikungunya vaccines.

14

recognizes the current unmet medical need for

15

chikungunya and the challenges for conducting a field

16

efficacy trial, which I will discuss towards the end of

17

my presentation.

18

Emergent

First, I’d like to share with you the roadmap

19

for our development plan that relies on both non-

20

clinical and clinical data to support the potential use

21

of serum neutralizing antibodies, or SNA, as a
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potential surrogate endpoint likely to indicate

2

clinical benefit.

3

history and epidemiologic studies provide evidence

4

that, following a natural infection, generation of

5

serum neutralizing antibodies are sufficient to protect

6

against infection.

7

our virus-like particle, or VLP, vaccine closely mimics

8

natural presentation of chikungunya protective

9

antigens, which should generate antibodies similar to

We propose that data from natural

I will show you that the design of

10

those induced by natural infection.

11

using a non-human primate model that mimics human

12

disease following chikungunya infection to generate

13

non-clinical data to demonstrate SNA is a valid

14

surrogate endpoint to predict protection in humans.

15

Finally, I will present data that demonstrate our

16

vaccine, can generate protective neutralizing

17

antibodies in clinical studies.

18

Further, we are

Emergent’s VLP vaccine was originally

19

developed at the National Institute of Allergy and

20

Infectious Diseases Vaccine Research Center, or VRC.

21

And they generated much of the data that I will show
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you today.

2

chikungunya structural proteins, including the capsid

3

and protective envelope proteins one and two.

4

vaccine is based on a chikungunya strain isolated in

5

1983 in Senegal and is from the West African genotype.

6

Our vaccine is comprised of three

The

As you can see in the cross section of the

7

electron microscopy images of the VLP on the top and

8

the virus on the bottom, the structure of the VLP is

9

nearly indistinguishable from authentic virus.

This

10

lookalike structure allows the protective envelope

11

proteins to be naturally presented to the immune system

12

in the same manner as they would be in a live virus

13

infection.

14

active immunization to prevent chikungunya virus

15

disease.

16

hydrogel, which enables a robust immune response and

17

allows storage at refrigerated temperatures.

18

The target indication for our vaccine is

The product will be adjuvanted with a

The dosing regimen selected from our phase two

19

clinical study is a single dose of 40 micrograms

20

administered as an intramuscular injection from a pre-

21

filled syringe.

This regimen was selected based on
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1

desired characteristics for a chikungunya vaccine.

2

later slides, I will show you that this regimen

3

provides a rapid immune response within seven days.

4

This immune response is persistent to at least 18

5

months.

6

elicit broadly neutralizing antibodies to all

7

chikungunya genotypes.

8

safety concern have been identified in analyses to date

9

in over 650 subjects vaccinated.

10

In

The vaccine has been shown by the VRC to

No significant vaccine related

Now, I’d like to discuss the data in the

11

literature demonstrating that antibody responses play a

12

critical role in protection against chikungunya

13

infection and disease.

14

infections, IgM is detectible within four days and IgG

15

is detectible within seven days.

16

and polyclonal sera isolated from infected humans or

17

animals can neutralize chikungunya in vitro.

18

next couple of slides, I will show you some key data

19

that demonstrates that neutralizing antibodies corelate

20

with protection from infection.

21

Following natural chikungunya

Monoclonal antibodies

In the

Importantly, multiple studies have shown that
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1

passive transfer of convalescent serum or neutralizing

2

monoclonal antibodies from humans can protect against

3

chikungunya infection and disease in mice and non-human

4

primates, providing direct evidence that antibodies

5

alone are sufficient for protection.

6

summarized on this -- the data summarized on this slide

7

is from work published by Yoon in 2015 that describes a

8

perspective epidemiology study conducted in the

9

Philippines in 2012 and ’13 where 853 subjects were

The slides

10

enrolled.

11

diagram, you can see that 614 or 72 percent had no

12

detectible neutralizing antibodies at baseline.

13

of those were subsequently diagnosed with a symptomatic

14

infection.

15

diagram, 239 subjects or 28 percent had detectible

16

baseline neutralizing response, and none of them

17

developed a chikungunya infection in the following

18

year.

19

neutralizing antibodies at baseline was strongly

20

correlated with protection against symptomatic

21

infection.

If we start on the left-hand portion of the

And 19

In contrast, on the right side of the

These data demonstrate the presence of
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Next, I’d like to show you data that was

2

generated by Emergent in collaboration with Eva Harris

3

from UC Berkeley.

4

pediatric dengue cohort that was studied in Nicaragua

5

in 2015 and ’16.

6

children were enrolled in the study.

7

left of the diagram, 12.8 percent of the children with

8

no measurable antibody titer developed a symptomatic

9

chikungunya infection during the follow up period.

Here, samples were analyzed from a

During that time, more than 3,000
As shown on the

10

contrast, on the right, only 1.8 percent of the

11

children who had detectible baseline titers were

12

subsequently infected.

13

protection shown in this cohort, but the data still

14

demonstrate a strong correlation of baseline serum

15

neutralizing antibodies with protection against

16

reinfection in children.

In

Overall, there’s not a complete

17

In the last two slides, I showed you the

18

correlation of serum neutralizing antibodies with

19

infection.

20

that support the protective role of neutralizing

21

antibodies against arthralgic complications.

In this slide, I’d like to show you data
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1

patient were recruited in India based on positive PCR

2

or IgM testing.

3

followed to determine clinical outcome after 12 weeks.

4

The group of patients shown on the left developed early

5

neutralizing IgG.

6

have restrictions in joint movement.

7

group on the right with low or no serum neutralizing

8

antibodies were more likely to progress to restricted

9

joint movements and pain.

The graph shows subjects who were

These patients were less likely to
In contrast, the

These data demonstrate the

10

presence of neutralizing antibodies can positively

11

impact chikungunya disease persistence and outcome.

12

Next, I’d like to turn to some non-clinical

13

data.

14

mice were infect with a sublethal dose of chikungunya.

15

The wild-type but not B cell deficient mice generate

16

neutralizing IgG following the infection.

17

the left, wild-type mice were able to clear viremia

18

within ten days.

19

shown in orange became viremic much more quickly, had

20

higher peak viral titers, and remained viremic through

21

80 days post infection with viral RNA being detectible

In this study, wild-type or B cell deficient uMT

As shown on

However, the B cell deficient mice,
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in some of the mice over a year later.

2

The right graph shows both sets of mice

3

generate significant joint swelling over the first

4

week, after which the wild-type mice begin to quickly

5

resolve the joint swelling.

6

deficient mice, again shown in orange, had

7

significantly more joint swelling for prolonged period

8

of time.

9

for B cells and the importance of antibodies in

10
11

However, the B cell

Taken together, these data demonstrate a role

controlling chikungunya viremia and resulting disease.
As we’ve heard multiple times this morning,

12

chikungunya disease in humans can be divided into

13

several phases.

14

occurring within the first two weeks, illness can

15

include symptoms such as rash, fever, viremia,

16

headache, myalgia, arthralgia, as well as changes in

17

clinical chemistries and hematologic markers.

18

patients who did not recover quickly, many of those

19

same symptoms persist through the post-acute stage,

20

which can last several months.

21

subset, the longer-term effects have been observed.

In the acute stage, generally

For

And for an unfortunate
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A number of groups have developed non-human

2

primate models to assess chikungunya disease.

3

along with our colleagues at UC Davis, have focused on

4

a model similar to that that was described by Dr.

5

Roques this morning for our supportive animal studies.

6

In this model, as indicated by the checkmarks, you can

7

see that most of the markers of chikungunya disease are

8

observed in the animals through the acute and post-

9

acute stages.

We,

The notable difference is that, in our

10

model, the animals do not develop overt clinical

11

evidence of arthritis.

12

so they do develop quantifiable inflammation of the

13

joints and surround tissues, making this a valuable

14

model to mimic chikungunya disease and study the

15

efficacy of our vaccine.

16

But we have designed our model

In this active immunization study, animals

17

were vaccinated twice with alum-adjuvanted chikungunya

18

VLPs on day zero and 28 at three different dose levels.

19

These are macaques.

20

of serum neutralizing antibodies were induced after a

21

single vaccination within the first two weeks.

As shown in the graph, high titers
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1

titers were boosted another tenfold after the second

2

vaccination.

3

viral challenge at day 56, the control non-human

4

primates developed serum neutralizing antibodies at a

5

similar level to the VLP vaccinated non-human primates.

6

This demonstrates the ability of the VLP vaccine to

7

induce equivalent levels of neutralizing antibodies as

8

a natural infection and within the same timeframe.

9

As a comparison in the ten days following

So I’ll start telling you about the data

10

that’s on the next slide.

11

results of the challenge of the annuls that I showed

12

you in the previous slide.

13

selected for our studies is OPY1-2006, and that’s

14

genetically divergent to the virus that we used to

15

generate our VLP.

16

left, this shows you viremia in the animals as measured

17

by plaque assay.

18

receiving adjuvant only had peak titers of five to

19

eight logs, while no detectible virus was observed in

20

any of the VLP vaccinated animals.

21

This slide shows you the

So the challenge virus we

If we start in the graph on the

The control non-human primates

The middle panel shows you the findings of our
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joint pathology in the animals at ten days post-

2

infection, which is the end of the study.

3

see based on the combined pathology scores, the VLP

4

vaccination provided dose dependent protection.

5

right panel shows you that viral RNA in the VLP

6

vaccinated animals was sparsely detected and at a much

7

lower level than the controls.

8

these data demonstrate that chikungunya VLPs can

9

protect against generation of viremia and arthritis in

10
11

As you can

The

So taken together,

a model that mimics human disease.
Now, I’d like to show you some non-clinical

12

data generated by the VRC.

13

vaccinated or naïve non-human primates was transferred

14

to type 1 interferon deficit mice.

15

mice were administered a lethal virus challenge.

16

it pops up, in the middle panel it’s going to show you

17

that the mice that received the IgG from VLP vaccinated

18

non-human primates did not develop viremia.

19

contrast, those that received IgG from the naïve non-

20

human primates developed very high levels of viremia.

21

In the right graph, you can see that the mice receiving

In this study, IgG from VLP
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1

the naïve control IgG succumb to disease within three

2

days of the viral challenge while the mice receiving

3

IgG from the VLP vaccinated primates were protected

4

against lethal infection.

5

evidence that antibodies generated in response to VLP

6

vaccination are sufficient to provide protection

7

against disease.

8
9

So these data provide

To build upon the findings of the VRC and
demonstrate that antibodies generated in human vaccine

10

recipients are sufficient to protect against

11

chikungunya we are currently performing a passive

12

transfer study in the non-human primate disease model

13

that I’ve described.

14

design of that ongoing study.

15

phase two clinical trial were vaccinated with the

16

chikungunya VLPs.

17

and then we purified the IgG antibodies.

18

And I’ll walk you through the
So volunteers from our

The volunteers were plasmapheresed,

Cohorts of primates received the purified IgG

19

at several different dose levels, and they were

20

challenged the next day with chikungunya.

21

endpoints will include measures of chikungunya disease
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as previously described.

2

help us demonstrate a direct link between VLP vaccine

3

induced antibodies in humans and protection against

4

disease.

5

And this study is intended to

Next, I’d like to turn to some of the clinical

6

data that has been generated with our vaccine.

7

date, three studies have been conducted in humans and

8

over 650 volunteers receiving the vaccine at various

9

regimens and doses.

To

Collectively, these studies have

10

demonstrated that the vaccine is highly immunogenic at

11

all dose levels, and levels induced are similar to

12

those observed following natural infection.

13

of samples from the phase one study were analyzed and

14

demonstrated to have high neutralizing antibodies

15

against all chikungunya genotypes.

16

the VRC 704 phase two study had high levels of serum

17

neutralizing antibodies that persisted at least 18

18

months.

19

generally well-tolerated at all doses and regimens.

20

There were no vaccine related serious adverse events or

21

discontinuations in these three studies.

A subset

And studies from

In these studies, the VLP vaccine has been
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In Emergent’s phase two study, different dose

2

levels and regimens were tested.

3

slide shows you neutralizing antibody titers from four

4

of the study groups that were administered the VLP

5

vaccine in the presence of alum.

6

red line showing the 40-microgram single dose regimen

7

that we’ve selected for our phase three study, you can

8

see these individuals generate very rapid responses,

9

with 96 percent having detectible antibodies and a

The graph on this

If we focus on the

10

geometric mean titer greater than 100 within seven days

11

of the vaccination.

12

highest geometric mean titer on day 28.

13

that group to the right, you will see that despite not

14

receiving a second dose the subjects receiving the

15

single dose of 40 micrograms maintained the highest

16

antibody titers through one year.

17

being followed for at least two years to examine

18

persistence of the response.

19

This regimen also generated the
If you track

These subjects were

I’d just like to take a brief moment to talk

20

about our planned phase three clinical trial.

21

the outcome and recommendations of this committee and
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subsequent discussion with regulators, we are currently

2

planning a large phase three lot to lot consistency

3

study to further evaluate safety and immunogenicity of

4

our vaccine.

5

be to expand the safety database and examine the

6

generation of serum neutralizing antibodies using our

7

high throughput luciferase-based assay.

8

vaccine lots will be assessed in the trial.

9

The primary objectives of this study will

Multiple

Turning to the conduct of a field efficacy

10

trial, the primary barrier is, as I believe we’ve

11

heard, is the unpredictability of the epidemiology.

12

this slide progresses, the year changes in the lower

13

left-hand corner from 2005 into 2019.

14

progress, you’ll see dots that appear on various places

15

across the globe.

16

appear, and often they are gone the next year.

17

extreme example, chikungunya was not detectible for a

18

period of almost five years from 2008 to 2012.

19

what has been termed the disappearing act.

20
21

As

As the years

Each of these dots or outbreaks
As an

This is

Proper site selection will be critical to
successful trial conduct.

It will require constant
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global surveillance or initiating a trial in many

2

locations in the hopes of catching an outbreak.

3

our perspective, given the location size and duration

4

of each outbreak is unpredictable, performing a field

5

trial for purposes of demonstrating vaccine efficacy

6

will be a very difficult task to execute within a

7

reasonable timeframe.

8
9

From

As noted in the previous slide, the
epidemiology of chikungunya is highly variable, rapidly

10

evolving, and unpredictable.

11

is heterogenous within and between countries and can be

12

rapidly interrupted by herd immunity or other

13

conditions that need to be better studied.

14

addition, multiple factors introduce significant

15

logistical challenges to performance of a field

16

efficacy trial.

17

initiation to be conducted prior to the epidemic peak.

18

Another is the challenge of the variable rate of

19

seroprevalence, which has been reported to be as low as

20

3 percent in Asia and as high as 90 percent in Asia, in

21

the Americas, as Dr. Powers showed this morning,

Chikungunya transmission

In

One example is the need for trial
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related to the ability to properly differentiate

2

baseline seroprevalence of chikungunya versus other

3

related alphaviruses given the cross-reactivity of the

4

serologic assays.

5

identifying seroprevalence is critical for proper

6

design and execution of the study.

7

So accurately predicting and

The frequency of measurable endpoints in any

8

field efficacy trial will determine the speed and

9

accuracy with which you can determine a clinically

10

meaningful benefit.

11

emergency setting during an active and explosive

12

outbreak would be very different than those in a

13

preventative trial in a chikungunya endemic area.

14

we think about the potential design for randomized

15

controlled field efficacy trial, we believe a study

16

would be difficult and would require about four years

17

to recruit, with a potential overall effort of ten

18

years to execute a study.

19

considered include seroprevalence in the study

20

population, presumed vaccine efficacy and attack rate.

21

Recently, the WHO predictive require sample sizes of

As such, trials conducted in an

If

Factors that need to be
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seronegative subjects could range from 3,000 to greater

2

than 132,000 subjects.

3

subjects would be valuable for outcomes, high baseline

4

seroprevalence rates would require significantly larger

5

numbers of subjects to be screened.

6

with a lengthy time to conduct a trial, we believe

7

there’s considerable risk that a field efficacy trial

8

could be underpowered and result in inconclusive

9

outcomes.

10

Since only seronegative

Overall, along

In conclusion, we believe that a chikungunya

11

field efficacy study will be very challenging to

12

complete in a reasonable timeframe.

13

provided evidence that serum neutralizing antibodies as

14

a surrogate endpoint is likely to predict clinical

15

benefit through a combination of both non-clinical and

16

clinical data.

17

of natural history and epidemiologic studies to

18

identify protective levels of serum neutralizing

19

antibody, use of a vaccine that mimics natural

20

presentation of the protective antigens that can induce

21

neutralizing antibodies similar to those generated in

Therefore, we have

These data include continued analysis
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1

natural infections, developing and using a non-human

2

primate model that recapitulates human disease,

3

generating active and passive vaccine data in the

4

relevant animal model, and demonstrating that our

5

vaccine consistently generates protective neutralizing

6

antibodies in humans.

7

discussion and recommendations of the committee, and we

8

will continue to collaborate with the Agency with the

9

goal of bringing our product to licensure in a timely

10
11

We’re interested in hearing the

manner to satisfy a currently unmet medical need.
DR. EL SAHLY:

Thank you, Dr. Warfield.

We

12

will do the presentations back to back, and then they

13

will answer the questions from the committee.

14

Dr. Allison August, Senior Director of Clinical

15

Development at Moderna.

16

presentation on mRNA-based chikungunya virus vaccine.

Next,

She will be discussing VRBPAC

17
18

VRBPAC PRESENTATION ON MRNA-BASED CHIKUNGUNYA VIRUS

19

VACCINE

20
21
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1

DR. AUGUST:

Thank you to the committee for

2

the opportunity to review the Moderna data on our

3

platform, as well as where we’re at in terms of data

4

for our chikungunya virus vaccine.

5

this morning about -- this is our forward-looking

6

statement.

7

difficulties of trying to do a field trial.

8

not going to repeat the epidemiology that we’ve heard

9

from both Dr. Powers as well as Dr. Warfield.

We’ve heard a lot

We’ve heard a lot this morning about the
And I am

But

10

instead, I’d like to focus on our technology, what we

11

think is unique about our technology in its ability to

12

address this clearly unmet need.

13

our -- in addition to reviewing our platform and our

14

specific vaccine construct, I’d like to review our pre-

15

clinical data and our phase one data and then summarize

16

by reviewing our ideas about the best path forward.

17

again, I’m going to acknowledge that we agree that

18

there’s a clear unmet medical need and that predicting

19

an outbreak is near impossible.

20
21

I’d like to review

Moderna is an mRNA platform company.
the drug.

So

mRNA is

It encodes for the protein of interest, and
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1

it’s encapsulated in a lipid nanoparticle.

2

vaccine portfolio employees this same technology.

3

a lipid formulated mRNA, which is then administered in

4

a standard fashion as other vaccines as an

5

intramuscular injection.

The lipid shield then

6

delivers the mRNA intact.

And we use the host

7

ribosomal machinery to translate the encoded mRNA to

8

the protein of interest.

9

me the pointer?

Our entire
It’s

Could you just point out for

Ah, there we go.

Okay.

Great.

This

10

is done largely by the antigen presenting cells in

11

muscles, and then that is trafficked to the lymph node

12

and spleen, such that we elicit both B and T cell

13

responses.

14

One of the advantages of this technology is

15

that, in many of the features, because the protein is

16

made intracellularly, it very closely mimics what a

17

natural viral infection would elicit.

18

because those proteins are made intracellularly,

19

they’re folded and processed in a similar fashion to,

20

and mimicking, a natural viral infection.

21

other advantage -- so yielding an advantage of a native
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1

protein confirmation.

2

that there’s no genomic integration and that it enables

3

multivalency.

4

across seven of our vaccine studies in our infectious

5

disease division.

6

the bar in terms of immunogenicity, and our safety

7

profile is very similar to an adjuvanted vaccine.

8
9

Some of the other advantages are

We’ve given vaccines of this nature

Six of the seven of those have met

This slide details the specific construct of
our chikungunya virus vaccine.

It is a single mRNA,

10

which encodes for the full native structural

11

polyproteins of the virus, including the capsid as well

12

as the envelope proteins.

13

a lipid nanoparticle, delivered intracellularly using

14

the host ribosomal machinery.

15

proteins of interest.

16

as the envelope proteins.

17

the plasma membrane and bud as virus-like particles

18

with the capsid assisting the structure and the

19

envelope proteins on the surface.

20
21

Again, it is encapsulated in

We get synthesis of the

Here, it’s the capsid, as well
Those are then trafficked to

This VLP contains no viral genome but is a
good source of the envelope proteins on the surface,
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1

which elicit and are responsible for the dominant

2

neutralizing antibody.

3

photos confirm the synthesis of an intact VLP with the

4

envelope proteins integrated.

5

statement about we’re very proud of the fact that we

6

just completed the build of our manufacturing facility,

7

which enables rapid production and use of vaccines in

8

our clinical trials.

9

facility.

These electron micrograph

And just one short

And this is a multiproduct

10

So we’re very grateful to our collaboration

11

with our DARPA colleagues who funded the research as

12

well as development of this vaccine and supported these

13

preclinical studies.

14

NHP, data here.

15

-- we had animals that received either one or two

16

doses.

And in the two-dose regimen, it was one month

17

apart.

And we saw that we had a dose related increase

18

in neutralizing antibody response.

19

these animals at day 112 and were able to show that we

20

had persistent neutralizing activity, even at the two-

21

microgram single dose level.

We have both Murine, as well as

And in the Murine studies, what we saw

We also challenged

So here we see that we
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1

have 100 percent protection against that lethal

2

challenge at day 112.

3

able to show robust dose related neutralizing antibody

4

response, quite robust between dose one and two,

5

somewhat less robust after dose three, but supporting

6

the fact that a two-dose regimen would be a viable

7

regimen.

8
9

Our NHP data, we similarly were

It was with this preclinical data that we then
moved into our first in-human study.

This is a

10

completed study.

11

the goals were, of course, safety and immunogenicity.

12

So we wanted to evaluate the full safety profile and

13

looked at immunogenicity changes using both serum

14

neutralizing antibody titers, as well as binding

15

antibody titers.

16

It was done in the United States, and

And these are the safety results from that

17

phase one study.

18

common solicited adverse event was injection site pain

19

and tenderness at all dose levels.

20

of a trend in increased adverse events after second

21

dose in the 50 and 100 microgram dose levels.

And what we saw is that the most
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1

only two grade three events in the 100-microgram dose

2

level, and that was one of tenderness and one of

3

erythema.

4

100 microgram -- only in the 100-microgram dose level

5

group.

6

within four days.

7

external safety monitoring committee who noted no

8

safety concerns.

We did have arthralgia that was noted in the

And that was a transient completely resolved
This study was overseen by an

9

The immunogenicity data from this study shows

10

-- again, it was a two-dose regimen, and we saw modest

11

increase in neutralizing titers after dose one but

12

quite robust response after dose two.

13

microgram dose level, we saw, for GMT, a max titer of

14

around 100.

15

again, in that 100-microgram dose level, which

16

persisted out to day 196.

17

And in the 100-

And we saw 100 percent sera response,

So we have compelling data from our phase one

18

study, and we thought about what our next step might be

19

with this phase one study completed.

20

generic clinical development plan, many of the

21

components of which we could all agree upon.
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1

acknowledge that we would have to do additional safety

2

and immunogenicity and dose confirmation in phase two

3

in both seronegative and seropositive individuals and

4

both in endemic and non-endemic regions.

5

appreciate that we’d have to do lot consistency, as

6

well concomitant administration studies.

7

And we

But what is less clear to us and we lack

8

wisdom about is what this phase three pivotal trial

9

might look like.

We think, as Dr. Warfield has -- we

10

concur with Dr. Warfield that we think it’d be

11

extremely difficult to execute a traditional randomized

12

controlled trial given the parameters that we’ve

13

discussed, the unknown and unpredictable nature of the

14

epidemic, the unknown and unpredictable nature of the

15

attack rate and the locale.

16

surrogate endpoint may be -- may make a clinical

17

development plan feasible.

But we do think that a

18

And as both Dr. Sahly and Dr. Warfield sited,

19

this Yoon study in the Philippines -- apologies -- the

20

Yoon study in the Philippines in which they looked at -

21

- it was a prospective one-year trial where they looked
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1

at over 800 -- followed over 800 subjects.

2

were able to identify what is a reasonable threshold

3

for protection based on serum neutralizing antibodies.

4

And those that were less than ten clearly were those

5

that were symptomatic and effected.

6

Warfield pointed out, there are multiple studies

7

showing passive transfer, which I think we’ll hear a

8

little bit more about to follow, using, again, broadly

9

neutralizing human antibodies in passive transfer

10

studies showing that there was protection against

11

lethal challenge.

12

preclinical Murine trial.

13

And they

Similarly, as Dr.

And we similarly showed that in our

So where we sit right now is really with the

14

challenge of, from a developer’s perspective, of how to

15

demonstrate the effectiveness, given that we think

16

there is a limited feasibility for using this

17

traditional efficacy design, again, due to the

18

difficulties in predicting locale, onset, and duration

19

of that next epidemic or outbreak.

20

think that the infrastructure that would be required

21

for successful execution of a randomized clinical trial
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1

during an outbreak makes this traditional approach

2

really not attainable.

3

marketing -- even if we did conquer that, in a post-

4

marketing setting we would face other challenges,

5

including potentially having a licensed vaccine.

6

therefore, justification of the use of a placebo would

7

be challenging and then the cluster randomization and

8

observational designs having, as well, their unique

9

challenges.

In addition, in a post-

And

10

We do think that the potential use of a

11

biomarker is supported, even though there are no

12

approved biomarkers available.

13

from epidemiologic, as well as the animal passive

14

transfer and challenge studies that support

15

neutralizing antibodies as a viable surrogate of

16

protection.

17

from the agency on an acceptable design for post-

18

marketing study to verify clinical benefit.

19

Again, there’s data

So we, too, would look forward to guidance

DR. EL SAHLY:

Thank you.

Thank you, Dr. August.

I would

20

like to invite now Dr. Christian Mandl, who will

21

discuss the proposed path to licensure for the measles
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1

vector chikungunya vaccine, MV-CHIK.

2

chair of the Scientific Advisory Board at Themis.

Dr. Mandl is

3
4

PROPOSED PATH TO LICENSURE FOR THE MEASLES VECTORED

5

CHIKUNGUNYA VACCINE MV-CHIK

6
7

DR. MANDL:

All right.

Well, I’m very

8

grateful for the opportunity to present the Themis

9

chikungunya vaccine program, which we think is the most

10

advanced clinical program with all the very broad

11

development activities that I want to review here

12

together with you.

13

to licensure, we have come to very similar conclusions

14

than our previous two speakers from the industry, but I

15

will still walk you through our rationale here.

16

It looks like, as far as the path

Just a few words about the company, Themis --

17

not all of you may be familiar with this, originally

18

small -- still pretty small -- biotech based in Vienna,

19

my hometown of Vienna, founded about ten years ago by

20

the then, and still current, CEO Erich Tauber, who

21

before starting Themis had brought another arbovirus to
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1

the clinic, (inaudible), the Japanese virus vaccine

2

that was originally developed at Walter Reed.

3

kind of set out to say, okay, let’s do it again.

4

pick another important vector borne disease and develop

5

a vaccine.

6

developed at Institute Pasteur based on, and I will

7

talk about this a little bit more in a moment, on

8

measle vaccine strains.

9

technology in the last ten years has been applied to a

So he
Let’s

And he found the technology originally

And even though that

10

number of other targets, the company has always

11

remained remarkably focused on the chikungunya mission

12

to bring the first chikungunya vaccine to patients.

13

Starting as a small European biotech, it has

14

meanwhile acquired a lot of visibility and a global

15

network through important collaborations and funding

16

through agencies such as CEPI, where it was the first

17

one ever to receive a grant.

18

collaboration with Merck was recently announced, and

19

the support and the collaboration with NIH, Walter

20

Reed, and SBRI, as I will point out in a minute,

21

allowed to make additional clinical trials and be

A high-class development

www.transcriptionetc.com

148
1

tremendously helpful in the context of this

2

development.

3

NOVARTIS five years ago where I was the head of

4

vaccines research and exploratory clinical development,

5

I’ve been the chair of the advisory board for Themis

6

and have been working closely with them.

7

actually been following them already during my NOVARTIS

8

times because of my original Vienna connection.

9

it’s always a pleasure to work with them.

Just my own role, I’ve been, since I left

I have

And

Also here in

10

the room is Katrin Ramsauer, the chief scientific

11

officer for Themis, and she will also be available for

12

questions in the discussions afterward.

13

Just a few words about the technology,

14

reversed genetics has allowed to recreate exactly a

15

vaccine strain of measles.

16

Schwarz.

17

exactly like strain Schwarz, with the only exception

18

that a cassette coding for the structural proteins of

19

chikungunya is inserted into an antigenic region of

20

that viral genome.

21

when expressed from this.

In this case, it’s strain

So there’s no changes here.

This behaves

And it makes virus-like particles
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So there’s similarity to the tox we’ve heard

2

before.

3

particles, and it’s also expressed in vivo in the

4

vaccinee upon infection with this vaccine strain.

5

There is no nonstructural proteins here contained in

6

that cassette so there’s no way that any kind of

7

chikungunya infection could be caused by this kind of a

8

construct.

9

due to being inserted into the measles live attenuated

10
11

The vaccination principle is also virus-like

But it’s still a life attenuated vaccine

vaccine strain.
A low-cost manufacturing process has been

12

established, and that’s very important and hopefully

13

soon a licensure and ability to provide the commercial

14

scale production.

15

obviously, active immunization for the prevention of

16

chikungunya disease, and the target population at this

17

time is for 18 years and older.

18

development plan is already in discussion, under

19

development, and will be pursued post-licensure.

20
21

Proposed indication will be,

A pediatric

Now, the clinical program, as I’ve said, quite
an extensive and advanced clinical program.
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1

and two have been successfully completed, and I will

2

show you some data from both right after this slide.

3

But in addition, there is auxiliary phase two trials

4

made possible the generous support and collaboration of

5

NIH and Walter Reed and SBRI that address additional

6

populations in nonendemic in the U.S., but also in

7

endemic countries to address questions of

8

immunogenicity and safety in those populations, as well

9

as longevity of the immune response.

So those are in

10

part ongoing.

11

completed, and data analysis is happening right now.

12

But we can already say now that the safety, including

13

safety data from people in endemic regions and

14

including subjects that had previously been infected by

15

chikungunya do not produce a safety signal.

16

three, GMP production is almost completed.

17

selection and setup is very far advanced, and we expect

18

those first subjects at the end, or at the latest very

19

early in 2020 -- at the end of this year or, at the

20

latest, very early in 2020.

21

The first two actually have already been

Phase
Site

Safety I already mentioned results from those
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1

phase two trials.

2

for any vaccine, and we do think that using the measles

3

vaccine strain is one of the big advantages as far as

4

safety goes because there is probably no other viral

5

vector that has already been in so many subjects.

6

Basically, every human being in the world has received

7

the measles vaccine, so we think that this is a good

8

starting point.

9

so far been in over 500 patients, with a safety profile

Safety, of course, is of the essence

And then the measles CHIK vaccine has

10

similar to a parental life measles vaccine.

11

corresponds to more than 1,000 doses because most

12

patients have received -- most subjects have received

13

two doses.

14

subjects that were pre-exposed to chikungunya living in

15

endemic countries.

16

and independent data management company to recommend

17

progression to phase three and to move forward towards

18

licensure.

19

That

And this very recently also includes

All of these safety data have lead

Immunogenicity, of course, almost as important

20

or equally important as safety.

21

showed that a single immunization cause seroconversion

Already phase one
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in a high percentage, up to almost 90 percent of

2

subjects.

3

immunization, leading then to seroconversion rates

4

close to 100 percent.

5

urgent question that may be on the mind of some people

6

here and that certainly was on my mind when I first

7

heard about the technology and that they’re ripping us

8

all the time is how in the world can this work in the

9

population that all has, or many of us has -- all of us

That could be boosted by a second

And already in phase one, an

10

should have received the measles vaccine at some point

11

in their life and may have measles antibodies?

12

was largely addressed in phase one and, as I will show

13

you in a second, also in phase two by grouping the

14

subjects into groups of varying levels of preexisting

15

measles antibodies.

16

So this

So you have the quarter with the lowest,

17

middle and so on, and then the highest.

18

the lower panel here.

19

It’s a little bit of an awkward angle here.

20

you can see there’s actually no correlation whatsoever

21

between the level of preexisting antibody and the

Oops.

Of course.
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1

chikungunya antibody response after vaccination.

2

people have found that very surprising.

3

repeated in phase two.

4

on this slide, but it is a very similar panel just with

5

a much larger number of patients.

6

brave in phase two and even included an arm that was

7

immunized with measles a month before they received the

8

measles-chikungunya vaccine.

9

published data.

Many

It was

I actually don’t have it here

And Themis was very

And even there, this is

There was no influence whatsoever.

So

10

apparently, this is not a problem for this particular

11

vector.

12

Otherwise, phase two repeated what we have

13

seen in phase one, seroconversion rates of almost 90

14

percent after one, almost 100 percent after two

15

vaccinations and the ability to boost with a second

16

shot.

17

progression to a clinical phase three and licensure.

18

would also like to mention that this program has been

19

extensively looked at and validated by regulatory

20

agencies.

21

being approved in several European countries and also

The excellent immunogenicity data also supports
I

There have been clinical trial applications
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1

by the FDA in the U.S.A.

2

The development program is currently under

3

discussion with both the FDA and EMA.

4

urgent medical need, both Europe and the FDA in the

5

U.S. have awarded the PRIME and Fast Track designation

6

respectively.

7

were the first company to have both of those

8

designations awarded.

And due to the

Actually, we are proud to say that we

9

So considerations for licensure, some of this

10

is repetitive, but let me still also give our point of

11

view.

12

be through a randomized controlled efficacy trial, and

13

we would all like to do that, if that were possible.

14

Like other people, we’ve intensely looked at the

15

existing epidemiology data.

16

with health officials in countries also like Brazil

17

where we met the Minister of Health for the state of

18

Rio de Janeiro.

19

U.S. and Europe, all over the world, and have come to

20

the very clear conclusion -- and we will talk about

21

this a little bit more in detail -- that a traditional

Of course the traditional approval route would

We’ve had conversations

We’ve talked to epidemiologist in the
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randomized controlled efficacy trial is not feasible,

2

given the specifics of the epidemiology of chikungunya.

3

A human challenge trial might also be an

4

interesting thing to do, but there is no established

5

challenge virus and human challenge model.

6

would think it’s also probably a very long shot and not

7

easy to establish one given the peculiar

8

pathophysiology of chikungunya and the theoretical

9

concern that also an attenuated virus might cause some

10

long-term sequelae.

11

protocol.

12

And we

So that leaves us with the

Fortunately, there exists an accelerated

13

approval based on a surrogate endpoint.

14

been so nicely and clearly already pointed out by the

15

previous speakers, this really looks good in the case

16

of chikungunya because there is ample evidence that

17

neutralizing antibodies can serve as such an

18

immunological marker to predict protection.

19

talk about this, what I envision the challenges for the

20

randomized trial was -- the epidemiology is, and we

21

have seen that it’s pretty typical, actually, for some
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1

of those emerging (inaudible) viruses.

2

new population, you get a massive outbreak.

3

over the country, and then what’s left is kind of a low

4

but still ongoing activity of sporadic cases.

5

you have those flares that pop up here and there that

6

so far nobody has been able to predict where they will

7

happen and that are usually short-lived, usually not

8

longer than a year or less than a year.

9

If it reaches a
It sweeps

And then

And somebody who knows how to setup a phase

10

three clinical trial would say a year is usually what

11

you need to set up a clinical trial.

12

you detect a flare.

13

certainly be too late.

14

work.

You were to rely on extremely good surveillance

15

data.

In spite of efforts, as we’ve heard today,

16

surveillance is becoming better.

17

also not easy because you need serological

18

confirmation.

19

happen.

20

only detected in retrospect and not in advance where we

21

could still react with a clinical trial.

So at the moment,

If you start setting up, you will
So that certainly will not

Nevertheless, it’s

You need PCR confirmation.

That doesn’t

And many of those outbreaks, we’ve actually
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1

course, also the infrastructure would have to be

2

excellent, which the reality of the world is not too

3

pursue such a trial in a short timeframe.

4

So for all of these reasons, we feel that it

5

is not feasible to do such a randomized controlled

6

trial for the licensure of chikungunya.

7

example, we’ve done the mathematics for many regions.

8

I’m showing you here the example using the current

9

incidence rate of Brazil where you could make a back of

Just as an

10

the envelope calculation of a viable sample size of

11

more than 100,000 to have the right number of cases.

12

And even that, of course, assumes that there is not a

13

major change in the epidemiology during the time that

14

you are making -- you see that there are certain spots,

15

here, for instance, in Brazil, where you have higher

16

attack rates.

17

will not be the same in a year or two from now when a

18

trial might start.

19

will be very difficult to follow those.

20
21

But it’s very clear that those spots

They will wander around, and it

Calculations with other countries, like
Thailand, gave even higher numbers.
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1

epidemiology that comes up now, of course, needs to be

2

assessed.

3

licensure effectiveness trials, and I will talk about

4

that in a minute.

5

useful, but in our analysis, we do not find it

6

sufficient for a perspective randomized control trial.

7

And that may be very useful for post-

It will very certainly be very

So what could the proposed path to licensure

8

look like?

9

phase three clinical program already mentioned several

10

times today; fortunately very useful non-human primate

11

model, depending on passive transfer of human

12

antibodies to a non-human primates; and a post-

13

licensure effectiveness program, which, of course, even

14

though the term is post-licensure, has to start already

15

now in its preparations and its set up -- so already in

16

the licensure phase.

17

that is actually already in its final stages of

18

starting with first dosing will have the goals of

19

expanding the safety database in our target population

20

of adults 18 years and older, the confirmation of

21

vaccine safety in both endemic and non-endemic

We envision it to rest on three pillars: a

The phase three clinical program
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1

populations.

2

measuring and utilizing antibodies is our presupposed

3

correlate of protection and also important the

4

demonstration of a clinical lot to lot consistency.

5

The evolution of immunogenicity by

Second pillar, the non-human primate model, we

6

fortunately already heard a lot of good things, and we

7

will hear more in the afternoon.

8

non-human primate models are an excellent model for

9

chikungunya infection because they’re natural hosts.

10

So we can really replicate the human infection mode,

11

which is a local infection in the skin by a mosquito

12

bit, which you can mimic by an intradermal inoculation,

13

which leads to a first round of local amplification to

14

the lymph nodes, spreads to lymph nodes, lymphatic

15

tissue.

16

viremia, where it then spreads to the organs.

17

By and large, the

From there, it goes into the blood stream

So exactly the same thing happens in non-human

18

primates as it happens in humans, and the question is

19

can we interrupt that in the model, in the non-human

20

primate model, using antibodies from vaccinated humans?

21

That is the question that we would like to address in
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1

this model.

2

the evidence that suggest strongly that neutralizing

3

antibodies are indeed a useful correlative protection

4

for chikungunya because that was already lined up

5

nicely.

6

And I don’t need to go into the detail of

We’ve done our own homework and made a proof

7

of concept study with non-human primates, similar to

8

what we’ve seem previously.

9

scientist, when I look at a result like this, I’m

I have to say, as a

10

always very happy because it’s one of those rare

11

results in science where you don’t need difficult

12

statistics to really see what’s going on.

13

every single monkey that received naïve, not immunized,

14

serum from humans was infected and developed a high

15

level of viremia.

16

antibodies from vaccinated humans was fully protected

17

against viremia, so that is a very easy interpretation.

18

And we also looked -- we have heard already about the

19

possibility of showing arthralgia in this model, but we

20

think it’s very important to look at the presence of

21

viral RNA in the joints because, to our best

Basically,

Every monkey that received
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1

understanding, pathology is linked to the -- I know

2

that not the very final word may be spoken here.

3

But all evidence points towards that the

4

pathology is linked to viral invasion of the joint.

5

if we do not find RNA in the joint, it seems reasonable

6

to conclude that we will also prevent the joint

7

symptoms, at least in the acute phase, which is the

8

phase that we’re looking at here in this model.

9

fact, that happened.

So

And in

Although, we could totally

10

prevent invasion of the joint.

11

every single joint that we looked at in this particular

12

experiment of those monkeys that got infected because

13

they had received naïve serum.

14

And we found RNA in

Not only that, but also in this model it

15

became clear that the immunity transferred by the human

16

serum from vaccinated people was sterilizing in that

17

model, measured as effected the non-protected animals

18

developed high -- strong immune response and the high

19

titer after challenge because they were infected.

20

Those animals that had received the vaccinated serum

21

pools were not boosted, but this immune response of

www.transcriptionetc.com

162
1

course was diluted and disappears.

2

reaction, which would be an indication of a sterilizing

3

immune response.

4

immune response, quote/unquote, because we never know

5

if it’s really sterilized or if it’s just a small local

6

replication that didn’t lead to an immune response.

7

Note that the titers of those animals that were fully

8

protected was actually quite low, 20, which is in line

9

with the observations that perhaps a titer that is ten

10
11

And there was no

Of course, I use the term sterilizing

or higher is already fully protective.
Now, of course, this will have to be done with

12

a series of various titers and then apply a

13

mathematical model to really detect the threshold of

14

protection to fully define the correlative protection.

15

But this experiment certainly suggests that that

16

threshold will not be higher than 20 but probably

17

lower, perhaps in the region of ten.

18

remains to be done.

19

But that still

Important question is always what makes us

20

confident that we can bridge those animal data to the

21

human citation?

I already talked a little bit about
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1

the validity of the model, as we see it and as we’ve

2

heard it also from the experts working in the field,

3

like our presentation this morning.

4

parameters are -- I talked about viremia, fever.

5

didn’t mention invasion of the joint, but of course

6

there’s a panel of other blood parameters.

7

still working on information parameters in the joints

8

that can be monitored that allows this translation.

9

The disease
I

And we’re

As I said, a protective threshold will be

10

determined.

11

that.

12

experiment.

13

and then transfer single individual’s antibody into a

14

monkey.

15

dilute them.

16

the end are still under discussion within the company

17

and certainly with the regulatory agencies.

18

just say at this point that I think there’s pros and

19

cons to both of these things.

20

for potentially not taking care of individual

21

variation.

And I would like to say a few words about

There is two different ways to make that
You can purify antibodies from individuals

Or you can make pools and use those pools and
The details of how this will be done at

But let me

A pool can be criticized
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On the other hand, I would argue that a

2

vaccine is also made to work in the general population

3

without stratification of who has which HLA type or who

4

makes which kind of functional antibody type so that

5

there’s also an advantage of having this normalization

6

that you have in a pool.

7

pool, of course, mathematicians like that because that

8

allows you to apply a relatively simple recreation

9

model to calculate the threshold.

And using dilutions of a

The individual, of

10

course, has other advantages not having those potential

11

problems arising from pooling and from diluting.

12

think at the end of the day it will need a combination

13

of both to satisfy and to make this model really fully

14

translatable.

15

decided here.

16

So I

But as I said, details have still to be

Third and last pillar of the path to licensure

17

is the development of a post-licensure effectiveness

18

program.

19

continuous engagement with epidemiologists and with

20

authorities in endemic countries is something that

21

Themis is intentionally engaging in.

As I’ve said, this is already ongoing.
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1

term follow up of clinical phase three participants, as

2

far as they are in endemic countries, will be an

3

important component of that post-licensure

4

effectiveness program.

5

potential setup of outbreak intervention protocols of

6

observational case control studies.

7

data, as we have just heard from Thailand, will be

8

invaluable for developing those -- such protocols and

9

setting up such studies for post-licensure

We heard already about

And I think that

10

effectiveness programs.

11

but equally important and still related is that, of

12

course, Themis will seek as quickly as possible WHO

13

pre-qualification because we really feel strongly to

14

make this vaccine available as quickly as possible to

15

people effected in low- and middle-income countries as

16

well.

17

Not entirely in the same part,

Summary is just to summarize what I said.

Our

18

goal is to develop a vaccine for adults in endemic and

19

nonendemic regions of the world.

20

excellent safety immunogenicity profile for our

21

candidate vaccine in more than 500 subjects that
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1

clearly allow for the initiation of a phase three

2

program, and that is ongoing.

3

regulatory validation in multiple countries, and we

4

have a commercial manufacturing process ready and the

5

proposed path to licensure, as we see it, but of course

6

are awaiting guidance and feedback on this from the

7

committee and from the FDA.

8

program, which is being started, then a non-human

9

primate model to demonstrate it because clinical

We’ve received extensive

If a phase three clinical

10

benefit from the variation of immunological marker of

11

protection neutralizing antibodies and the development

12

of a post-licensure effectiveness program.

13

These leaves me with my last slides, which are

14

the acknowledgements.

15

acknowledged enough.

16

They’re still a relatively small team and have done

17

tremendous work.

18

Pasteur.

19

the support and the invaluable help that we’ve received

20

from CEPI, SBRI, and particular also from NIH and

21

Walter Reed.

The Themis team cannot be
They’re incredibly efficient.

The technology comes from Institute

I already mentioned but really want to repeat

It’s unbelievable how much that has
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1

helped us and how great it has been.

2

the scientific advisory board and would also like to

3

acknowledge the advisors in this board and thank you

4

for your attention.

5

DR. EL SAHLY:

And then I chair

Thank you, Dr. Mandl.

I would

6

like to invite now Dr. Wolfgang Bender.

7

giving a presentation on live attenuated chikungunya

8

virus vaccine candidates.

9

medical officer at Valneva.

He will be

Dr. Bender is the chief

10
11

LIVE-ATTENUATED CHIKUNGUNYA VIRUS VACCINE CANDIDATE

12

(VLA1553)

13
14
15

DR. BENDER:

Thank you very much for the

16

invitation to see this committee and to discuss with

17

you the best way forward for the development of a

18

chikungunya vaccine.

19

four parts: a brief introduction to our company and the

20

candidate.

21

approach moving forward, followed by some pre-clinical

I will divide my presentation in

Then I’ll re-propose the development
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1

and clinical data from our candidate and the next

2

steps.

3

Valneva company is a fully integrated

4

specialty vaccine biotech company, including R&D,

5

manufacturing, commercialization of vaccines for

6

infectious disease with unmet medical need.

7

currently two trial vaccine on the vaccines, a cholera

8

vaccine DUKORAL and IXIARO, which is the only licensed

9

JE-vaccine for travelers in the U.S. and EU, with more

We have

10

than 8 million doses supplied for travelers in the U.S.

11

military.

12

commercial infrastructure to integrate further

13

travelers’ vaccine, such as chikungunya.

14

portfolio includes two very interesting candidates.

15

have the only clinical stage Lyme disease vaccine

16

candidate and the chikungunya vaccine candidate we talk

17

about today.

18

about 500 employees meanwhile with locations in the EU

19

and North America for manufacturing, R&D, and sales and

20

marketing.

21

We have an adequate industrial and

Our R&D
We

We have an international footprint with

We have a strong U.S. presence.

Our candidate, with a development code
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1

VLA1553, is live attenuated.

2

dose chikungunya vaccine for travelers and the military

3

but also for populations living in endemic countries,

4

as well as for outbreak prevention and interruption.

5

The candidate single dose attenuated lyophilized

6

vaccine; the attenuation was done with reversed

7

generics.

8

in a 60 immuno-acid deletion within the known structure

9

protein three in the genome of this virus.

We develop it as a single

You can call it rational design, resulting

And this

10

does not revert back even in passage 20 times on Vero

11

cells.

12

cell culture derived drug substance manufactured in a

13

dedicate full commercial cGMP facility at FDA approved

14

site where we also manufacture Ixiaro.

The vaccine candidate is highly purified, Vero

15

We have Fast Track status for our program from

16

the FDA.

17

Epidemic Preparedness Innovations, particularly to make

18

this vaccine also available in low, middle income

19

countries.

20

the safety, excellent immunogenicity, and the

21

protection against vaccine induced viremia by our

We work together with the Coalition for

Phase one data in 120 subjects supported
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1

chikungunya vaccine candidate.

2

So how would we think is the best way forward

3

for our chikungunya vaccine candidate?

4

some repetition, but I find the alignment with other

5

presenters quite supportive for the discussion today.

6

So the unique epidemiological pattern of chikungunya

7

virus outbreaks makes, in our point of view, field

8

efficacy studies impossible.

9

offer an endpoint that is highly likely to predict

And there is

Neutralizing antibodies

10

efficacy.

11

are on the way for our candidate to establish with

12

passive transfer in non-human primates.

13

effectiveness we would verify in phase four studies.

14

So what we propose is the licensure of our chikungunya

15

vaccine candidate by the way of accelerated approval

16

pathway using a defined neutralizing antibody titer as

17

an endpoint.

18

aims to make our candidate available in the U.S. by

19

2023.

20
21

The immunological correlate of protection we

The vaccine

Given the emerging medical need, Valneva

You have seen before that the chikungunya
epidemiology is very dynamic.

It’s explosive
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1

outbreaks, which are, however, short-lived.

2

and the location are not predictable.

3

very competent colleague said the next outbreak is in

4

Peru.

5

interepidemic periods are having very limited

6

transmission, and you see on that slide two examples, a

7

larger one from Mauritius and a smaller one in Italy.

8

And they show the same pattern.

9

month it’s over, and the precursors, early signs that

10

I’m waiting for that.

The timing

Two years ago, a

That might happen.

The

More or less, in a

something’s happening are not clear and not strong.

11

As we already said, in the interepidemic

12

periods the annual incidence is very variable and

13

limited, and previous speakers have related that to the

14

difficulty to have a reliable sample size.

15

varies hugely and recently, in the Brazil situation,

16

you have heard from Professor Mandl that you could go

17

up to subject numbers of 100,000, which is a challenge,

18

particularly when you chose the wrong region for your

19

study.

20

considerations.

21

issue, which is sometimes here, you have a ready to go

And it

The startup, these are technical
It takes more time.
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1

steady network covering all possible sites in regions

2

and countries where the next outbreak might happen is

3

almost impossible.

4

on standby.

5

an opportunity cost because in that period, for

6

example, they couldn’t do other important studies in

7

the region.

8

personally believe, in that situation, it would be a

9

waste of resources.

10

It’s the number.

They need to be

And even if they are ready to go, which is

They might still miss the outbreak.

And I

Neutralizing antibodies are an endpoint that

11

is highly likely to predict efficacy.

12

infection is considered to give lifelong protection.

13

Animal and human data indicate that it is the

14

neutralizing antibodies that give protection.

15

seen repeatedly that neutralizing antibodies in passive

16

transfer studies do protect.

17

closely and distantly related arboviruses, a correlate

18

of protection was established and served its purpose,

19

for example, by yellow fever, Japanese encephalitis,

20

tick borne encephalitis and others.

21

The natural

We have

And in other vaccines for

We have seen from studies and have already
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1

seen this morning that there are serological thresholds

2

which are associated with protection after natural

3

infection.

4

Philippines study, which is, however, a very good

5

example to use.

6

neutralizing antibody titers are in the same range as

7

sera from naturally infected CHIK subjects and

8

conferred protection against viremia after a

9

revaccination, which is a homologous re-challenge, if

You have seen more details on that

For our vaccine candidate, the

10

you wish, in its phase one study.

11

at that in more detail a bit later.

We will have a look

12

So we are working obviously closely with the

13

competent regulatory agency, the FDA, to establish an

14

immunological correlative protection.

15

submit the result of that ongoing study by December, so

16

very close.

17

particular questions included -- one, for example, is

18

in that passive transfer challenge study to

19

particularly check the joints of those cynomolgus

20

macaques and try to add to the scientific knowledge of

21

what’s going on in infection in these very important

We want to

The protocol was reviewed, and some
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target organs and tissues.

2

high for those non-human primate studies, 100 times the

3

animal infectious dose, 50.

4

virus load and the joint swelling after the wild-type

5

CHIK challenge.

6

The challenge was rather

We mostly looked at the

We think that with accelerated approval

7

pathway for licensure the vaccine effectiveness could

8

well be studied post-licensure.

9

with observational studies or others, as agreed on with

And we would do this

10

the Agency, in endemic areas.

11

widespread availability and use of vaccine would help

12

for those studies and a practical thing that those

13

studies could be targeted and implemented clearer and

14

more efficient and effective.

15

Arguments is by then the

Now some data on our vaccine candidate, both

16

for pre-clinical and clinical.

17

tested in our vaccine candidate in non-human primates

18

in active immunization.

19

immunogenic results and strong and long-lasting

20

neutralizing antibody levels.

21

protected against wild-type challenge in the non-human

Pre-clinical we have

And the vaccine created high

The vaccine candidate
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primate model, no viremia observed in vaccinated

2

animals upon challenge with wild-type chikungunya

3

virus, and no anamnestic response.

4

typical manifestations of wild-type infection in Rhesus

5

macaques could be prevented with our vaccine candidate.

6

And the vaccination itself, the active vaccination

7

didn’t cause any clinical manifestation.

8

showed a delayed and strongly, by several lot scale,

9

strongly reduced viremia as compared to wild-type.

10

The clinically

Our candidate

Now, this is the design of our phase one

11

study.

12

design comparing a low, medium, and high dose with the

13

little specialty that, in the high dose group, we split

14

the subjects in two arms at the month six.

15

of those we revaccinated.

16

a homologous virus viral challenge.

17

In general, it is a pretty straightforward

And one arm

And as I said, we called it

The results are shown here.

So on the left,

18

in the summary -- oops.

19

immunogenicity profile after single vaccination with a

20

100 percent seroconversion rate at day 14.

21

single dose, 96 percent of subjects with a 16-fold rise

We have excellent
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1

in antibody titers, high GMTs in all dose groups

2

ranging from 593 to 687, and the 100 percent

3

seroconversion rate and high GMT levels were sustained

4

until month six.

5

revaccination, no anamnestic response, no vaccine

6

strain viremia.

7

We continued measuring.

Upon

Safety, of course very important when you look

8

at live attenuated vaccine, and we had no related

9

serious adverse events and no adverse events of special

10

interest until month seven, which is our current

11

analyzed datapoint.

12

Systemic adverse events included short-term fever,

13

headache, fatigue, and muscle pains, as expected.

14

low and medium dose group had the superior safety

15

profile and were well-tolerated compared to the higher

16

dose group.

17

Local tolerability was excellent.

The

This shows the viremia on the left after

18

priming, one dose priming, the three dose levels after

19

two weeks.

20

equivalence in any of the subjects.

21

you see the viremia after re-challenge, and you see

There was no detection possible of genome
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1

nothing because it could not be detected.

2

graph showing the seroconversion rates, which is pretty

3

straightforward with micro NT of 20 as benchmark and,

4

after two weeks, 100 percent seroconversion.

5

would use other thresholds for our RNT levels of 40 and

6

80, you still would have 100 percent seroconversion at

7

day 28.

8
9

Now, where do we go from here?

Here is a

If you

So what we aim

to proceed with in a pivotal is with a correlate of

10

protection.

11

classical design, age range above 18, to be conducted

12

in the U.S.

13

the U.S. in CHIK naïve population with multiple sites.

14

We would look into antibody persistence and

15

neutralizing antibodies determined with a validated

16

micro PRNT.

17

four effectiveness in endemic areas, co-vaccination

18

studies, particularly in some of the regions we discuss

19

is, for example, cocirculating virus like (inaudible)

20

of relevance seroprevalence of these other viruses or

21

not.

We go -- we want to start in 2020 with a

The phase one study was also conducted in

Post-licensure, as we would propose, phase
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The pediatric development plan is under

2

development.

3

study in endemic regions and lower age groups we target

4

post-licensure.

5

regulatory authority.

6

We want to do a phase three adolescent

But this is to be negotiated with the

So in conclusion, we believe our live

7

attenuated chikungunya virus vaccine is safe and

8

immunogenic as shown in our phase one study.

9

of viremia after homologous challenge we think as an

The lack

10

early indication of efficacy.

11

the program because of the high medical need.

12

knows, and I believe after this morning’s session we

13

are all on the same side here.

14

where the next outbreak happens, high medical need.

15

would even say some urgency.

16

correlative protection for the further development.

17

This is ongoing in non-human primates, and we are

18

looking to discuss with you and the FDA how to proceed.

19

Thank you very much.

20
21

DR. EL SAHLY:

We want to accelerate
Nobody

Nobody knows when and
I

And we want to use a

Thank you, Dr. Bender.

We will

be now asking questions to all four members of the
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industry who presented data on their respective

2

vaccines.

3

microphone over there or over here to be able to answer

4

those questions.

5

I wonder if they either can sit close to the

I’ll give you a minute to move.

So I will begin by asking, I guess, a general

6

question to all four members.

7

presentations on the promising safety immunogenicity

8

data and giving us a sense of the challenges that will

9

be faced in the event of a phase three clinical trial

Thank you for all these

10

with a classical endpoint of efficacy against either

11

clinical or subclinical disease.

12

results would be regarding the perceived challenges

13

being a result of what we know about chikungunya

14

transmission once it’s established in a region or what

15

we don’t know about chikungunya transmission after its

16

establishment.

17

I wonder what your

Meaning, a couple of studies come to mind, the

18

one from the Philippines and the one from UC Berkeley

19

where actually they were looking for dengue, but they

20

found chikungunya -- do indicate that, with reasonable

21

sample size, some attack rate can be observed.
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it’s in line with dengue or others.

2

this was serendipity in two studies, but I wonder what

3

your take would be on that.

4

DR. WARFIELD:

And I doubt that

I don’t know if this is on.

I

5

guess one thing comes to mind is one of the graphs that

6

Dr. Powers showed this morning, and I believe it was

7

Colombia.

8

surveillance over a long period of time?

9

five or ten years.

Is it Colombia or Brazil where it shows
It was maybe

And essentially, you can see in

10

that graph that the dengue incidence is very stable

11

across that time.

12

chikungunya.

13

happened, too, right?

14

And then there’s that big blip of

There also happened to be zika that

But they were looking, and they really didn’t

15

see it over that period of time.

16

of Nicaragua, my understanding of that outbreak is

17

really that they were looking for dengue, and they

18

found chikungunya.

19

season, it really burned itself out very quickly.

20

think that’s the real problem is, even if you can catch

21

it, it goes away so quickly it would be very difficult

I guess in the case

But within one year, by the second
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1

to set up a trial in that place and catch it in enough

2

time to catch the events that you have to get to

3

demonstrate efficacy.

4

DR. BENDER:

We and other organizations worked

5

with potential partners in particularly Brazil and

6

India and discussed what we could do.

7

discussions, I would conclude as a result what you just

8

confirmed.

9

particularly from dengue sites.

They are willing.

And in those

They have networks,
There are structures,

10

but they are not very confident, I would say, that you

11

could just use those where chikungunya is cocirculating

12

and really catch enough incidence to show efficacy.

13

DR. RAMSAUER:

If I may comment, I’m Katrin

14

Ramsauer from Themis.

15

detailed in many scenarios.

16

trial and explain the detail?

17

really short.

18

presented were generated after the outbreak was already

19

over.

20

know, this was done retrospectively when they went back

21

and looked at the samples.

So we’ve looked into this quite
How could we implement the
Those outbreaks were

And a lot of these data that were

Also, the studies from Nicaragua, as far as I

So this is still a big, big
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issue.

2

A lot of the outbreaks that are reported are

3

really based on only clinical diagnosis, so there is no

4

really solid data.

5

the setup of a clinical trial?

6

day one would be called, okay, there was an outbreak,

7

we would have to set up this outbreak and continue

8

surveillance.

9

And then how would that fit into
Even if we would at the

So this is very unlikely.

The whole epidemiology will not change if the

10

vaccine is licensed through an accelerated approval

11

pathway.

12

stay difficult.

13

approved, it will be easier to implement the vaccine,

14

implement the trial maybe, or implement the use of a

15

vaccine as soon as it’s approved.

16

outbreak could potentially be faster.

The epidemiology will stay the same.

It will

But then if the vaccine is already

17

DR. EL SAHLY:

18

DR. GANS:

The response to an

Dr. Gans?

Thank you so much for sharing your

19

work and your ideas on how we can move forward in

20

making a vaccine for this.

21

thoughts to put out there in terms of how we speak

I had a couple of just
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about some of our corelates of protection, which are

2

heavily now being used as humoral immunity as the,

3

quote, sufficient immune corelate to protection.

4

Clearly, humoral immunity in all the scenarios that

5

you’ve described is really developed with an intact

6

immune system.

7

and transfer them, which we’ve shown for many, many

8

diseases, are protective against viral replication in

9

that scenario.

10
11

And while we can take those antibodies

So that’s obviously a very important

immune corelate.
But we have to be very careful when we discuss

12

that in terms of something that for a vaccine that’s

13

supposed to induce sort of immunity ongoing and in

14

special populations.

15

for instant things where measles -- where we know we

16

have passive antibody.

17

can give immune globulin that is protective.

18

vaccine is not always protective in people who are

19

deficient in other parts of their immune system.

20
21

So what has been shown, that even

That’s protective.

We know we
The

And the reason why this is important is that
special populations, including children, may not always
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have the same immune corelates that you have in these

2

protective environments.

3

who are looking at this to actually diversify their

4

ability to look at the immune response and actually

5

look more broadly, even in these early stages, because

6

it may become very particularly important, particularly

7

in some of the areas in which you actually are

8

vaccinating.

9

with HIV.

So I would urge the people

And no one has talked about co-infection

So these areas do have co-infection with

10

HIV, and this has become particularly important because

11

the ways in which we develop humoral immunity and T

12

cell immunity in those deficient populations are very

13

different than what we see in the normal immune.

14

have to be very careful about that, and I would like

15

people to think about that as they’re moving important

16

-- so HIV co-infection in children.

17

So we

So that’s one question for everybody out

18

there.

19

concerns with the live attenuated vaccines.

20

of them are why you would actually think you would need

21

two doses.

And then I had some particular continued
A couple

So the final speaker spoke about having no

www.transcriptionetc.com

185
1

amnestic responses, so obviously you don’t boost after

2

that second dose.

3

So why would you need it and why would you need two

4

doses for the first one?

5

live attenuated vaccines, obviously, is in individuals,

6

particularly when you have the measles component, but

7

any live attenuated vaccine whose, again -- immune

8

systems maybe aren’t adequate and we can’t vaccinate so

9

again, the idea of HIV co-infection in those

10
11

So it’s not really the way it works.

But the real challenge with

populations.
The only last thing, I appreciate the last

12

speaker’s inclusion of pediatrics.

13

data this morning, this is an important population that

14

we have to think about.

15

adults, it’s really going to shift down to being all of

16

the cases, obviously, in the pediatric population.

17

to have at least a phase that you’re thinking about

18

doing something for those individuals.

19

DR. EL SAHLY:

20

DR. GRUBER:

21

When we saw the epi

As you immunize all of your

So

Thank you.

Dr. Gruber?

Yeah.

Can I just make a very

brief comment, clarifying comment?
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this discussion, and I appreciate the points are being

2

made, but this discussion is really centered around the

3

feasibility of demonstrating effectiveness by way of

4

field trials.

5

What approach we can use to demonstrate effectiveness.

6

We should not be discussing specific products or the

7

pro or cons of a certain vaccine candidate.

8

should not be part of today’s discussion.

9
10

What does the animal models tell us?

DR. EL SAHLY:

So this
Thank you.

I think he was first.

Mr.

Toubman.

11

MR. TOUBMAN:

That’s okay.

This is grating.

12

It’s now three questions so cut me off.

13

is on the question, again, of the animal studies.

14

Themis says that the symptoms of naturally acquired

15

CHIK is highly similar to humans.

16

true because the symptom that we all care about is

17

arthritis, arthralgia.

18

have that in animals.

19

matters.

20
21

The first one

That’s actually not

And everybody agrees you don’t
So that’s the thing that

My specific question on this one is for the
person from I believe it was Moderna, which is the
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suggesting that you sort of a marker for it.

2

don’t have arthritis, but we have joint inflammation.

3

And I didn’t understand what that meant and how that

4

actually is going to be really reliable for arthritis

5

when that’s the real problem.

6

have that problem.

7

Yeah.

We

And these animals don’t

That’s my first question.

My second question is about the post -- at

8

least two of them have suggested they would do post-

9

licensing random studies trials.

Another one says that

10

infeasible because then you have the issue of doing

11

placebos on people when you already have licensure, and

12

that’s problematic.

13

the feasibility seem to be the same pre or post

14

licensure anyway.

15

And also, the arguments against

So I don’t understand that.

But the last thing, getting to the heart of

16

the question, like Dr. Gruber just said, the heart of

17

the question we’ve been asked is feasibility of

18

randomized controlled clinical disease endpoint

19

efficacy trials -- feasibility.

20

the question, taking money out of it, taking cost out

21

of it, I’m asking why is it not feasible?

And I’d like to ask
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Moderna did say they saw it was limited feasibility,

2

not it was infeasible.

3

whereas, of course, Themis says it’s impossible.

4

Valneva says it’s impossible, and Emergent says, well,

5

it could take ten years and there’s considerable risk

6

of the trial being underpowered.

7

It was limited feasibility;

Why couldn’t we -- the last part of this

8

question is why couldn’t pre-licensure there be, taking

9

cost out of it -- go ahead and do the studies in

10

various places where we’ve seen recurrence, where you

11

see it’s emergent?

12

locations, and then you’ve already gotten that part of

13

it done.

14

already addressed the immunization part, and now you’re

15

going to be studying what happens.

16

feasible, taking money out of it?

17

So you have several different

And then when an outbreak happens, you’ve

DR. RAMSAUER:

Why is that not
Thank you.

So thank you for this question.

18

That’s a very good question, of course, taking money

19

out of it.

20

feasible because it’s expensive, but that’s not the

21

reason.

Of course we would like to say it’s not

We can look at what’s happening to Ebola right
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now.

2

activity getting a vaccine into the field as quickly as

3

possible.

4

called public health emergency that allowed a much

5

faster turnaround of clinical trial applications.

6

There were several clinical trials.

7

this special circumstance, with this focus in a disease

8

on development of vaccines, it was impossible to start

9

a vaccine trial in time to hit the huge Ebola outbreak.

10

So there was a huge outbreak.

There was a lot of

There were clinical trials done under so

And even under

And now, chikungunya is a huge disease.

There

11

is an urgent medical need.

12

to have a vaccine.

13

outbreak in Latin America, it wasn’t a public health

14

emergency.

15

implication of a clinical trial were not there.

16

this would depend on the willingness of local

17

regulators in affected countries to get clinical trials

18

started up quickly.

And this hasn’t happened.

19

blaming any country.

It just didn’t happen.

20
21

We all agree that it’s good

But even under this huge explosive

So all the special tools that allow fast
So

I’m not

And again, if we get information on starting a
clinical trial the first day, even if the protocol is
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ready, there is things like import permits that are

2

required.

3

chikungunya outbreaks are very focal.

4

great hospital setup in one area but the outbreak is

5

actually happening 1,000 miles away?

6

to recruit those people into that hospital I have set

7

up and many other factors that doesn’t have anything to

8

do with money.

9

availability of data for the outbreak.

10
11
12

Sites have to be set up.

We’ve seen
What if I have a

It’s impossible

That’s really logistics and the
That’s why it’s

not feasible.
DR. EL SAHLY:

We’re going to take one last

question because we’re going to break at 1:00.

13

MR. TOUBMAN:

I had two other questions.

14

DR. EL SAHLY:

There are many questions,

15

actually, not just one.

16

them and then break at 1:00, reconvene because the open

17

public hearing statement time cannot be changed, and

18

then all the questions will be asked.

19

and then we’ll break.

We’re going to take one of

20

DR. BOLLINGER:

21

question for all of the sponsors.

Thank you.
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evident that there is an unmet medical need.

2

seen any evidence that says that there’s an unmet

3

medical need only for patients older than 18.

4

world where the virus doesn’t discriminate by age, I’m

5

wondering do you have evidence why you would initiate

6

pediatric data gathering now?

7

scientific rational, would you consider going into

8

pediatric patients earlier, so we don’t leave them

9

untreated or unvaccinated?

10

DR. WARFIELD:

I haven’t

So in a

And if you don’t have a

Kelly Warfield from Emergent.

11

We’re currently planning and are having active

12

discussions around our phase three clinical study and

13

are contemplating enrolling adolescents into our phase

14

three.

15

EMA and will be having those discussions post our end

16

of phase two meeting with the FDA.

17

no reasons why we could not initiate pediatric studies

18

fairly soon.

19

to date, clearly.

20
21

And then we have a pediatric plan in front of

But I think we see

Our safety profile seems to support that

DR. BENDER:

I guess everybody would say the

same, so thank you.
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DR. EL SAHLY:

Okay.

Break time.

We will

2

have a 40-minute lunch break, right?

3

minute lunch break, reconvene, and ask more questions.

4

Thank you.

Am I right?

40-

5
6

[BREAK FOR LUNCH]

7
8
9

OPEN PUBLIC HEARING

10
11

DR. EL SAHLY:

Good afternoon, everyone.

I

12

would like to invite everyone to take back their seats

13

so we can get started.

14

Hearing session of the meeting today.

15

registered on the phone to give a public statement.

16

wonder -- and I actually invite anyone in the room, if

17

they have a public statement.

18

public in the room?

19

Okay.

This will be the Open Public
We have no one
I

Anyone attending in the

No one is stepping up to the microphone

20

and no one is registered online, so this concludes the

21

Open Public Hearing session.

We had a few questions to
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the manufacturers.

2

with their hands raised before break.

3

with Dr. Michael Kurilla.

I had a couple of my colleagues
We will begin

4
5

DISCUSSION

6
7

DR. KURILLA:

Yeah, so, it looked like there

8

had been quite a bit of data generated regarding the

9

passive transfer in the non-human primates.

It seems

10

that in all the instances I saw, that’s always been of

11

a serum coming from vaccinated individuals.

12

wondering, has there been any attempt to utilize

13

convalescent serum from people who have sustained a

14

chikungunya infection, and use that as a way to further

15

refine the protected dose?

16

been able to discern any qualitative or quantitative

17

differences between the vaccinated serum and

18

convalescence serum?

19

DR. RAMSAUER:

I’m

And in addition, have you

We have done it as we’ve shown

20

the data for animals that received serum pooled from

21

vaccinated subjects.

But we also had a group of
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animals that received serum from chikungunya patients

2

with the same result.

3

correlative protection with convalescent.

4

end, we want to show that the vaccine is working.

5

Yes, it’s also a way to define a
But in the

So, the correlate would come with serum from

6

vaccinated subjects, but also studies for their

7

qualitative humoral response between -- as the humoral

8

and cellular responses, we have studies ongoing to

9

compare previously infected subjects and vaccinated

10
11

subjects.

So, that’s coming.
DR. ATREYA:

If you could please speak into

12

the microphone that would be helpful; because people

13

are not able to hear you well.

14

DR. RAMSAUER:

Thank you.

15

DR. EL SAHLY:

Okay.

16

We had -- I think Dr.

Meissner had a question.

17

DR. MEISSNER:

18

all the presenters this morning.

19

quite an exciting overview of next generation vaccines

20

and where the field of vaccinology is going.

21

it very informative.

Thank you.
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Secondly, it’s always -- I understand the

2

issue of cost.

3

take that out of the equation, but of course you really

4

can’t take it out of the equation.

5

aren’t making next generation vaccines, then we can’t

6

make recommendations to use them.

7

And I agree with Mr. Toubman.

You can

And if you folks

It’s a very difficult situation.

I think it's

8

a problem that we’re all confronting.

9

a sufficient incentive to develop new vaccines and to

There has to be

10

bring them to market.

11

enormously expensive undertaking.

12

that will have limited use, it’s even more difficult

13

because the cost of developing that vaccine will pretty

14

much be the same to complete the clinical trials and go

15

through the regulatory process.

16

We also realize that it’s an
And for vaccines

I think this is going to be an increasingly

17

important issue in the future.

18

sentiment is that whenever we start to skip a step on

19

approval, that it sometimes comes back to haunt us.

20

And I think the absence of an efficacy trial -- I worry

21

that that’s a slippery slope, that it’s a dangerous

But I guess my
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precedent to establish.

2

vaccines, obviously, with the latest generation

3

Prevnar, and meningococcal vaccines we use a serologic

4

correlate rather than an efficacy.

5

little bit different because there isn’t an existing

6

vaccine.

7

We have done that for other

But this is a

For example, how about, it’s not only efficacy

8

but also safety.

9

large numbers of people who are seropositive?

How about when you begin to vaccinate

10

confident are you that there won’t be some

11

unanticipated adverse event?

12

How

I guess it’s not so much a question as it is

13

kind of a comment in regard to I don’t think we have a

14

good animal model, I don’t think we have a convincing

15

surrogate; and I just worry about unknowns if we don’t

16

do an efficacy trial.

Because you won’t be able to do

17

it in post-licensure.

You won’t be able to get the

18

same data in a post-licensure Phase IV study.

19
20
21

Thank you.

That’s all that I wanted to say.

I don’t know if anyone wants to comment.
DR. EL SAHLY:

Dr. Gruber wants to comment.
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DR. GRUBER:

I just wanted to clarify

2

something, and that’s regarding the comment, Cody, you

3

made regarding safety.

4

accelerated approval is going to be the path forward,

5

there is still a requirement for pre-licensure safety

6

studies, even under that approval pathway.

7

thought I’d make this comment.

Even if we assume that an

8

DR. MEISSNER:

9

then in terms of data?

10

DR. GRUBER:

Okay?

Just

And so, what does that mean

Well, we would have to sit and

11

discuss with the individual vaccine manufacturers the

12

size of the pre-licensure safety database that we think

13

is necessary to support the safety of the product.

14

of course, it will depend on the vaccine candidate and

15

what the data from Phase I and II clinical studies look

16

like, the safety data.

17

licensure safety studies.

18

But there would be pre-

DR. MEISSNER:

And that could be a smaller

19

population than ones that demonstrate efficacy.

20

that what you’re saying?

21

DR. GRUBER:

Not necessarily.
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DR. MEISSNER:

Okay.

2

DR. EL SAHLY:

Dr. Janes?

3

DR. JANES:

Thank you.

Thanks for the

4

presentations and helping us all to understand the

5

sources of data and the potential pathways.

6

questions.

7

exists in humans to speak to whether or not the

8

neutralizing antibody titer is an adequate surrogate

9

for basing licensure decisions on.

I had two

One is probing further on the data that

I recall a couple

10

of studies that were shown demonstrating that the risk

11

of infection was considerably lower, I think even zero

12

in one study, among individuals who had a positive

13

antibody response as compared to individuals who did

14

not.

15

It seems to me that it’s particularly

16

challenging to validate a surrogate in this context,

17

given that the hypothesis is that prior infection

18

essentially prevents a person from becoming

19

subsequently infected.

20

extent to which the association that’s been observed

21

between the neutralizing antibody titer and infection

If that’s true, I wonder the
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risk is really just marking the fact that prior

2

exposure is a predictor of subsequent infection, or

3

those with an antibody response presumably.

4

those who were previously infected.

5

Those are

To what extent has the neutralizing antibody

6

titer itself been kind of isolated as the sole or

7

strongest predictor of infection risk, as opposed to

8

the other types of immune responses that might be

9

mounted following infection?

10

DR. MANDL:

This is a very important question.

11

And the best answer that instrumentally can be given is

12

by a passive transfer study.

13

we know that all we transfer is antibody.

14

for its effect, which would be protection.

15

Because there, at least
And we look

Does that totally exclude that after natural

16

infections other factors may be involved?

17

does it show that antibody by itself is sufficient to

18

provide protection?

19

limitation, of course, that it’s done in an animal

20

model.

21

No.

But

I would argue, yes; with the

And perhaps I can take this opportunity to
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also kind of comment on your comment before we had the

2

break, about the animal model, perhaps just to clarify

3

that I didn’t want to say that the clinical

4

presentation is exactly the same, although very similar

5

between non-human primates and humans.

6

of infection, if we choose a route like intradermal

7

inoculation and an infectious dose that is similar to a

8

mosquito bite is highly similar, including the invasion

9

of joints by the virus.

10

But the course

What’s missing is the ability to measure the

11

pain, as a source of the arthralgia.

12

possible to measure some inflammation parameters.

13

think in Scott’s talk following this discussion, we

14

will hear more about this.

15

clarify that in light of all this, we still believe

16

that the non-human primate model is as good as an

17

animal model can ever get.

18

It may be
I

But I just wanted to

And to your question, I think passive transfer

19

is really better than an active immunization in that

20

case.

21

immunize with this or that kind of a vaccine, it may be

Because there you could still argue if you
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different from an infection; but here you really

2

transfer the antibody and you look exactly what is the

3

effect of the transferred antibody.

4

scientific point of view, that’s as good as we can do

5

it.

6

DR. JANES:

I think from a

My second question is around the

7

post-licensure study designs to validate really the

8

efficacy and effectiveness of a candidate vaccine.

9

wonder if any of the developers are willing to comment

10

on what specifically they envisioned for study designs

11

in a post-licensure period, and how exactly those

12

designs would be more feasible to implement than the

13

pre-licensure efficacy trials?

14

I

I heard mention of kind of a pre/post

15

contrast, comparing incidence of disease prior to the

16

rollout of a vaccine as opposed to after the rollout of

17

a vaccine.

18

enormously compounded by any temporal trends in

19

incidence within the population.

20

comment on how you envision validating the clinical

21

efficacy.

But of course, that design would be
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4

DR. EL SAHLY:
comment?

Any other questions?

They have a comment?
DR. DE LAME:

Okay.

Hello there.

I’m vice president

of clinical development for Emergent.

5

DR. EL SAHLY:

We can’t hear you.

6

DR. DE LAME:

Let me do something.

7

Any

Is this

better this way?

8

DR. EL SAHLY:

9

DR. DE LAME:

Uh-huh.
Now I speak like Mike Trager.

10

Paul-Andre De Lame, Vice President of Clinical

11

Development at Emergent.

12

number of possibilities in terms of designs.

13

be, as was alluded to, start looking for the current

14

state compared to the future state after a significant

15

campaign of vaccination is in a selected area.

16

one way to go.

17

We have been thinking about a
One would

That’s

A big advantage of waiting for approval on an

18

accelerated pathway is that it does make access to

19

vaccine much easier.

20

things including the time window; where you could

21

actually comment that many have been made.

And that opens up a number of
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take it away or not take it away.

2

take away.

3

Time, you cannot

And the predictability of the episodes of

4

chikungunya disease is, as we saw, not new.

5

time can be taken somewhat away by having a vaccine

6

available, then you can start vaccinating even with

7

possibly a randomized control trial, if you want to,

8

and think that it is ethical.

9

preparation and wait.

You can vaccinate a

And if you have to wait forever,

10

it doesn’t matter.

11

time of course, cost accumulates.

12

So, if

You can wait.

Except that, with

There are many possible options that open

13

after approval that are not realistic before approval.

14

I hope that this helps.

15

DR. JANES:

So, do we understand you to mean

16

that basically the supply of the vaccine would be such

17

that you could envision rolling it out and implementing

18

it in a very large population where it’s --

19

DR. DE LAME:

I’m just saying those are

20

possibilities that remain totally theoretical at this

21

point.

But just to explain that there will be many
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more choices than what would be available today.

2

it would be much more feasible.

3

DR. EL SAHLY:

Dr. Bollinger.

4

DR. RAMSAUER:

Okay.

And

I can also comment to

5

this, so I had time to think about it.

6

track.

7

during his talk is that -- so, what we call post-

8

licensure at first is really not post-licensure, that’s

9

something that’s already ongoing.

Oh, God.

Now I lost

No, so, it was what Christian said

But obviously, we

10

don’t start a post-licensure effectiveness study

11

already, but we, of course, started thinking about it.

12

And one of the things we do is -- please correct me.

13

don’t know how many countries were affected of

14

chikungunya, but I think it’s over 100.

15

possibly set up 100 countries to start a clinical

16

trial.

17

And we cannot

But what can we do is think about what could

18

be a country that could have chikungunya transmission?

19

I mean, there are several countries in Southeast Asia

20

and in Latin America that are -- there’s Brazil,

21

Thailand, obviously, something like this.

www.transcriptionetc.com

And then

I

205
1

what countries do also provide an infrastructure that

2

allow large trials?

3

the world do that, but particularly Thailand and Brazil

4

were involved in large clinical trials as we’ve seen

5

for dengue.

6

would put a focus on.

7

And it’s not all the countries in

So, those would also be countries where we

Then, there are other aspects that could go

8

into it.

9

registries where you could, for example, start a larger

There are countries that have vaccine

10

vaccination campaign with an approved vaccine.

11

these countries have vaccine registries, you could

12

collect data on do people who report with chikungunya

13

or chikungunya-like symptoms, were they vaccinated

14

before?

15

working on this really.

16

countries where this could work for those reasons.

And if

So, this would be a strategy; we have started

17

DR. EL SAHLY:

18

DR. BOLLINGER:

Try to select specifically

Dr. Bollinger?
Thank you.

So, thinking about

19

the four vaccines that we heard about today kind of

20

being in concurrent development.

21

that obviously has a public health benefit because you
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can meet the needs of patients with different

2

characteristics as well as ensuring that there is a

3

continuous supply of vaccines should one manufacturer

4

have a difficult time with their vaccine.

5

I’m wondering -- we’ve heard about all of the

6

difficulties with feasibility; have your assessments on

7

feasibility been done purely looking at developing your

8

product?

9

having other vaccines competing for that small patient

Or have you also thought about the impact of

10

population?

11

think to do a randomized controlled study, because

12

you’re going to be competing for patients with other

13

companies?

14

Is it even less feasible than what you

DR. WARFIELD:

Kelly Warfield, Emergent.

I

15

mean, I think as far as we’re concerned, we really

16

haven’t thought about the fact that there’s multiple

17

developers at the same time.

18

based on the data and the feasibility of actually

19

performing the trials.

20

one of us to do it, it would be for any of us to do it,

21

one vaccine, multiple vaccines.

I mean, it’s really just

I think if it was feasible for

I mean, it’s really
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just a logistical challenge.

2

of not being able to predict where the outbreak is

3

going to occur or to actually be able to do a trial in

4

an endemic region.

5

And it’s a real challenge

As we saw this morning, there’s just a few

6

hundred cases potentially in some of these places.

7

would have to potentially vaccinate millions of people

8

and then really wait long periods of time to hope that

9

there was enough of an attack rate in a large enough

10

number to be able to show vaccine efficacy.

11

just honestly don’t believe it matters that there’s

12

multiple of us here.

13

DR. EL SAHLY:

Dr. Fischer?

14

DR. FISCHER:

Two questions.

You

I really

One is a follow-

15

up to Dr. Janes’ question, and maybe it was answered in

16

the last response.

17

you proposing that there would be still a clinical

18

endpoint?

19

immunologic endpoint that was established as the basis

20

for licensure?

21

But for a post-licensure study, are

Or would you propose that there would be an

The second question is about neutralizing
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antibodies, which, I think, are promising as an

2

immunologic surrogate, at least of protection, for

3

various reasons.

4

presented their data using different assays and

5

different cutoffs; so I’m wondering how, essentially,

6

would the commitment be made, or the decision be made

7

to what the actual immunologic correlate would be that

8

would then be met by any products that would be

9

submitted for licensure?

10

But all off the manufacturers

DR. WARFIELD:

Kelly Warfield, Emergent.

I’m

11

going to try to remember your questions.

12

first question was around the endpoints in a post-

13

licensure study.

14

doing a post-licensure efficacy study would be to look

15

at a clinical outcome.

16

purpose of it.

17

I think your

And I really think the purpose of

I mean, that’s really the

Clearly a case definition would need to be

18

established, whether it was just fever with a

19

laboratory-confirmed test, or if it’s fever and

20

arthralgia.

21

larger the sample size needs to be because the more

Obviously, the more things we add, the
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complicated that clinical definition becomes.

2

if a post-licensure trial is required, then that is

3

going to have to be a clinical outcome.

4

I think

As far as the assays, I think it’s a very

5

perceptive point that you picked up.

6

saw that in many of the presentations from both the

7

manufacturers as well as some of the people that

8

presented.

9

there’s definitely different assays that are being

And I think you

And if you look through the literature,

10

used.

11

being done with an attenuated virus, like the 18125-

12

vaccine strain that was used, or a BSL-3 vaccine that’s

13

being used.

14

neutralization 50 endpoint versus an 80 or a 90

15

endpoint.

They’re all neutralizing assays, whether they’re

16

People are using a plaque reduction

Emergent, specifically, is using a luciferase

17

assay.

18

that there’s fairly a good correlation and low bias

19

between our assay and the PRNT.

20

understanding -- and I’m not speaking on behalf of the

21

agency.

And we’ve done our own comparisons and showed

But I think, it’s my

But if every manufacturer has a negotiation
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with the agency around what their particular threshold

2

is and what their assay is, then those two things are

3

going to be linked with all of their studies, as well

4

as the assay that they’re using and not necessarily

5

with the data, per se, across the whole field.

6

DR. FISCHER:

Can I just ask you -- sorry -- a

7

follow-up question then?

8

bit more about the luciferase assay because I’m not

9

familiar with it?

Can you just explain a little

Is it a plaque reduction

10

neutralization test, a microneutralization test, a

11

different test?

12

DR. WARFIELD:

Right.

So, what we’ve done is

13

we’ve taken the 18125-vaccine strain; we’re able to do

14

the assay in a BSL-2 environment.

15

luciferase gene into that.

16

almost everybody does in the field, to perform that

17

test.

18

able to determine the endpoint.

And we’ve inserted a

We use vero cells like

And then you do dilutions of the serum to be

19

I mean, as I said, we’re using an 80 percent

20

endpoint.

21

the level of luciferase that’s generated within those

But the readout that we’re looking for is
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cells.

2

regular plaque reduction and we’ve tested that.

But as I said, it does correlate with the

3

DR. RAMSAUER:

Just to comment to the

4

comparability of the assays, there is an effort ongoing

5

from the UK NIBSC to generate an international

6

standard.

7

convalescent sera and sent it out to test labs and

8

manufacturers to standardize the assays.

9

participating in this effort to standardize our assay

10
11

So, they generated a serum pool of

And we are

also against the international standards.
MR. TOUBMAN:

To follow up on my questions

12

before the break, one of which wasn’t answered, and

13

also follow up now.

14

to do post-licensure?

15

clinical outcomes, but actually a randomized controlled

16

trial notwithstanding the difficulties.

17

Are any of the companies willing
You say you’d be looking at

Oh, sorry.

Are any of the companies willing to commit to

18

doing randomized controlled trials after licensure?

19

Because you said there’s ways of doing it that makes it

20

a little -- there’s some, you know, comments it’ll be

21

easier to do a post-licensure; even though there’s
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still feasibility issues, but it’s easier.

2

the companies willing to commit to actually doing that

3

afterwards?

4

Are any of

And then the second question, really for all

5

the companies -- it’s really the ultimate question.

6

And that is, assuming Dr. Meissner’s view is followed,

7

let’s just say the FDA follows that view and says, no,

8

we can’t skip that step.

9

do randomized controlled trials.

Before licensure, we have to
We just have to.

Are

10

the companies going to drop this whole effort or not?

11

I mean, I think that’s really the ultimate question

12

now.

13

And I think we’d want to know the answer to that.
DR. AUGUST:

Allison August from Moderna. I

14

can say that if a randomized controlled trial is

15

required, that that would make it untenable for Moderna

16

to go forward with this program.

17

MR. TOUBMAN:

18

DR. AUGUST:

19

MR. TOUBMAN:

20
21

I’m sorry.
Pre.

Before or after?

Yeah.

Pre-licensure.

And what about

after licensure?
DR. AUGUST:

I can’t comment on that right
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now.

2

MR. VYAS:

This is Manish Vyas, Vice President

3

of Regulatory Affairs for Emergent Biosolutions.

4

to that point, I think pre-licensure or post-licensure,

5

same challenges will remain.

6

different -- how the disease progression happens

7

between different regions and countries, so

8

unpredictably will remain.

9

So,

So, as we look at the

So, I think, to be pretty clear, I think the

10

feasibility of a randomized controlled trial, even in a

11

post or pooled scenario will be a challenge.

12

would most likely be more like an observational trial.

13

Because, that way, you can vaccinate a population, be

14

able to monitor kind of a clinical outcome, but it may

15

not be a randomized control trial.

16

to clarify that point.

17

DR. DE LAME:

So, it

So, I just wanted

Paul-Andre De Lame, the Vice

18

President of Clinical Development, Emergent.

19

say that we would commit to a randomized controlled

20

trial.

21

always start it.

I didn’t

I said, time not being an issue, you could
It doesn’t mean that you will ever
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see the results.

2

So, let’s assume, as Manish just said, that we

3

were to start a randomized controlled trial and it

4

never ends.

5

Obviously not.

6

alternative and the best design in the situation in

7

time, and this needs to be negotiated with the agencies

8

in the context of regulatory pathways.

9
10
11
12

Is it going to give us an answer?
So, we need to look at the best

DR. EL SAHLY:

Okay.

Make sense?

Thank you all for this -

MR. TOUBMAN:

There’s one more company we

haven’t heard from.

13

DR. EL SAHLY:

14

MR. TOUBMAN:

15

DR. EL SAHLY:

Sorry.

16

MR. TOUBMAN:

Thanks.

17

DR. RAMSAUER:

Oh, one more company.
Yeah.

So, in one of my previous

18

comments, I said that the epidemiology doesn’t change

19

after licensure, of course.

20

that after licensure we can’t do a randomized

21

controlled trial the same -- as we just heard the same

But I did not want to say
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problems stay with this.

2

randomized or a controlled trial after licensure, what

3

do we do in an outbreak?

4

control that’s unethically viable.

5

And then, also, doing a

We cannot use a placebo

There will be other ways of controlling this

6

trial as necessary.

7

looking at another area that was not vaccinated.

8

then it’s, again, sort of placebo controlled in a

9

placebo -- or a randomized trial.

Maybe vaccinating one area,
But

So, I think we say

10

we cannot do a randomized controlled trial before

11

licensure and the same will occur after licensure.

12

This is not possible.

13

DR. EL SAHLY:

14

DR. KURILLA:

Yes, Dr. Kurilla?
I think a lot of the earlier

15

discussion has really honed in on the fact that the

16

joint-related sequelae of this disease is one of the

17

major drivers.

18

infection, which I don’t think there’s any evidence

19

that this is a persistent infection, one can envision

20

where viral infection causes damage to the joint, and

21

that initiates the process that goes on.

And in the absence of persistent
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alternative would be just a purely type of autoimmune

2

response that initiates the sequelae to cause the

3

ongoing inflammation and joint pathology.

4

The concern that the animal models don’t

5

necessarily replicate that could be for a lot of -- you

6

know, that we see in humans could be for a lot of

7

issues.

8

evidence there is some potential viral infection in the

9

joint space.

But in the absence -- so we do have clear

10

But my question is, do the manufacturers feel

11

that there has been -- so far, in terms of what’s been

12

done in clinical studies -- a sufficient number that

13

would suggest that the vaccination itself is not going

14

to induce an autoimmune response that would give you a

15

sequelae on par with what we see with natural

16

infection?

17

DR. RAMSAUER:

So we have, as we’ve shown,

18

done a couple of clinical trials.

19

subjects vaccinated.

20

for any symptoms in the joints.

21

as adverse events of special interest and carefully

We have about 500

We have really carefully looked
We have defined them
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assessed every -- I mean there are -- and reported it.

2

So, people report joint pain even if they’re vaccinated

3

or not.

4

So, we carefully assessed every single report

5

of arthralgia.

6

there any other etiology?

7

any link between vaccinating and arthralgia.

8

Could it be related to the vaccine, is
And so far, we couldn’t find

We have just completed and are currently

9

analyzing this clinical trial in Puerto Rico where we

10

had -- the population had experienced the chikungunya

11

disease probably two or three years before the vaccine

12

trial.

13

We had a couple of patients -- well,

14

previously exposed people -- in this trial who had

15

reported joint pain.

16

and looked really very carefully.

17

vaccinated group, we found one subject; and also in the

18

control group who received MMR, we found one subject.

19

So, there is no correlation between the chikungunya

20

vaccine we have used in 500 subjects and also in the

21

pre-exposed subjects.

We graded them with arthralgia
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DR. WARFIELD:

Maybe just to provide a little

2

bit of color around your comment; I think it’s really

3

unclear in the field as to the cause of the arthritis

4

that happens in the chronic phase.

5

there’s -- we looked, and maybe there’s one or two

6

instances where people have taken synovial fluid and

7

looked for a virus.

8

in a couple of those biopsies of people that have

9

chronic disease.

10

I mean, I think

And there is evidence of viral RNA

I think animal studies have supported that

11

finding, the thought that viral RNA and persistence,

12

nobody can detect replicating virus in kind of those

13

long-lived studies.

14

pattern that viral RNA that resides within the joints

15

is what is likely driving that.

16

proven, I think.

17

believes that the cause is; and it’s not necessarily

18

that a vaccination would necessarily cause the same

19

thing.

20
21

But certainly, there seems to be a

It’s not what’s

But I think that’s where the field

DR. EL SAHLY:

I don’t think, though, that the

individuals who had chikungunya and did not have
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chronic joint symptoms were biopsied.

2

if this RNA -- yeah, it was uncontrolled when I read

3

it, unless new data came.

4

So, I don’t know

Anyway, thank you all for this very engaging

5

discussion.

6

Weaver.

7

Department of Microbiology and Immunology at the

8

University of Texas Medical Branch in Galveston.

9

Weaver will be discussing passive transfer studies to

I would like to welcome now, Dr. Scott

Dr. Scott Weaver is the Chair of the

Dr.

10

determine correlates of protective immunity against

11

chikungunya fever.

12
13

PASSIVE TRANSFER STUDIES TO DETERMINE CORRELATES OF

14

PROTECTIVE IMMUNITY AGAINST CHIKUNGUNYA FEVER

15
16

DR. WEAVER:

Well, good afternoon, everyone.

17

Thanks for the opportunity to participate.

18

couldn’t be here in the morning.

19

talk about passive transfer studies for you this

20

afternoon.

21

some examples from the literature.

Sorry I

But I was asked to

So, what I’m going to do is just review
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exhaustive presentation with everything that’s been

2

done.

3

But I’m going to provide examples from several

4

different donor species, including humans, non-human

5

primates, and mice, as well as recipient species.

6

show you some of the typical results that have been

7

observed.

8

for discussion, some of which have already come up just

9

in the past half hour here.

10

I’ll

Then, at the end, I’ll pose a few comments

So, let me begin just with a brief outline of

11

the presentation.

12

by donor and recipient species.

13

mentioned, some of the limitations of these studies,

14

I’ll mention at the end and some questions for

15

discussion.

16

I’m going to organize it basically
And then, as I

So I just wanted to start off with one example

17

of studies showing that antibody production by B cells

18

is very important for protection against chikungunya,

19

like other alpha viruses and many other viruses.

20

is one study done with mice that are deficient in B

21

cell production, probably nearly completely.
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couple of studies suggest that this mutation doesn’t

2

completely eliminate the B cell response.

3

certainly knocks it down quite a bit.

4

But it

And what you can see here on the left is that,

5

without antibodies, there’s a prolonged period of

6

viremia in these particular mice, black 6 mice, whereas

7

normal mice clear the viremia typically within a week

8

of infection.

9

right, the joint swelling when these animals are

10

And then a similar finding for, on the

inoculated.

11

Typically, these studies in mice are done with

12

footpad inoculation and measurement of the height of

13

the footpad or the ankle joint.

14

important for reducing the latter half of that footpad

15

swelling reaction you can see starting on about Day 7.

16

A lot of the mouse studies I’m going to show you

17

examples from, come from work that we did with a

18

vaccine we developed at UTMB, along with partners at

19

the Envergent company that later became part of Takeda,

20

as well as Ann Powers and others from the CDC who are

21

involved.

So, antibodies are
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So, this is a live attenuated chikungunya

2

vaccine.

3

genome, which has a sub-genomic RNA, and mutating the

4

promoter for making that sub-genomic message so it no

5

longer can be made at all.

6

place an internal ribosome entry site, so the

7

structural proteins can be translated from the genomic

8

RNA.

9

structural proteins, and a very predictable and very

10
11

It’s attenuated by taking the wildtype

And then, inserting in its

But this leads to a major down regulation in the

stable attenuation in this vaccine.
We did a lot of studies, including some

12

passive transfer studies using this vaccine.

13

to show you a few examples here.

14

the antibody response to this vaccine, you can see

15

that, when the isotypes were broken out, that the

16

dominate immune responses in IGG2A response shown in

17

red here on the left, but also other responses.

18

when you look down here at the bottom, these are

19

neutralizing antibody titers.

20

a plaque reduction assay and a 50 percent endpoint.

21

And you can see that the titers average about 10 to the

I’m going

So, first, looking at

And

These are measured with
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3 here, which is a very robust immune response in these

2

animals.

3

So, if you look on the right side here, you

4

can see the results from some of the passive transfer

5

studies where pooled serum from these mice -- and this

6

was done with interferon alpha receptor knock-out mice.

7

These IFNAR mice are used in the majority of the mouse

8

studies in the literature, because it’s a lethal model.

9

It makes it much easier to determine efficacy when you

10

have a lethal model, and also a lot of replication in

11

the muscles and joints, and weight loss and footpad

12

swelling.

13

serum and then doing serial dilutions, shown here on

14

the right, starting with undiluted and going down to 1

15

to 40, as well as controlled normal mouse serum.

16

So, this study was done by taking pooled

And then, looking at survival here in this

17

graph, and you can see that there’s basically a

18

titration of the survival efficacy with titration of

19

the serum delivered to the animals.

20

Panel B here, you’ll see weight change.

21

again, with the undiluted or 1 to 5 dilutions, you see
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no significant change in weight of these animals, which

2

are usually about 6 to 8 weeks old at the time of

3

challenge.

4

of that efficacy and the mouse start losing some

5

weight.

With higher dilutions, then you see a loss

6

Looking at footpad swelling here, again, you

7

see that with the undiluted and 1 to 5 diluted serum,

8

you see no evidence of footpad swelling.

9

with the lower concentrations of the neutralizing

And then,

10

antibodies, you see more and more of this typically

11

biphasic swelling in these animals.

12

And then, after challenge, you can also look

13

for viremia.

14

the serum completely prevent viremia.

15

normal mouse serum is the only other treatment group

16

here, which it has no effect on viremia.

17

also that the serum of the mice post transfer was also

18

assayed using the neutralization test.

19

And again, the two highest deliveries of
In this case,

Notice here

So, this is one of the studies where we do

20

have an accurate assessment of the antibodies present

21

during the challenge here.

These are 50 percent
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endpoints, so the undiluted serum produced a titer of

2

106, which is lower than typically seen, I think, with

3

vaccine trials directly, with most of the vaccines

4

we’re discussing today.

5

80 percent endpoint, which is often used in the

6

literature, we’d still see probably a 20 or 40 level

7

titrating them on down to undetectable at an 80 percent

8

assay.

9

But if we took that out to an

The next study was done to actually look at

10

the role of T cells.

11

show you an example of what’s known about the effect of

12

cellular immunity on protection against chikungunya,

13

and this applies to other viruses in the alphavirus

14

group as well.

15

upper two panels, the mice were depleted of CD4 and/or

16

CD8 cells with antibody treatment.

17

looking at survival here, that these animals after

18

vaccination and after depletion show no change in

19

survival here.

20
21

I just want to present this to

In the first experiment shown on the

And you can see,

They’re still completely protected despite the
absence of those cells, whereas the control animals in
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this -- again, this is the IFNAR mice.

2

a week of challenge.

3

depletion of T cells makes no difference for stability

4

of weight.

5

animals had cells transferred into naïve animals, and

6

then challenge here.

7

mirror image of what we find up here.

8
9

They die within

Same thing for weight here -- a

And then, looking at the bottom here, these

And what you can see is the

The transfer of cells has no impact on
survival.

All the mice die after challenge.

They all

10

lose weight very quickly before dying.

11

the footpad swelling here, they’re all swelling very

12

rapidly before they die.

13

protection from viremia by transferring in those T

14

cells.

15

research on alphaviruses.

16

immunity has very little, if any, impact on protection.

17

This is just another study with a very closely

If we look at

And then there’s no

So, this is in keeping with many decades of
As far as we know, cellular

18

related alphavirus called o'nyong'nyong virus, which I

19

think is relevant if we consider the need to protect

20

against all strains of chikungunya.

21

is much more distantly related antigenically to any
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1

strain of chikungunya than the inter-chikungunya

2

diversity that we see in nature.

3

vaccine when we transfer serum -- again, into the

4

IFNARD model -- completely protects against fatality

5

against o'nyong'nyong virus challenge.

6

with mice that have defects in both the alpha, betta,

7

and gamma interferon receptors.

8
9

But this particular

This is done

So, this is a study done with the measles
virus-vectored vaccine, very similar to what I’ve just

10

shown you involving mice.

11

believe these animals received two doses.

12

transferred, again, into the IFNAR model here.

13

are the volumes of sera, and then the challenge dose

14

here of 10 to the 5 TCID50 into the animals.

15

sorry.

16

challenged with 100 plaque-forming units of

17

chikungunya.

18

So, after a vaccination, I

That’s the vaccination dose.

Serum was
Here

I’m

And then

This study looked at mortality in this lethal

19

model, and you can see that animals that received the

20

measles virus vector chikungunya vaccine had almost

21

complete survival here.

Animals that received measles
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1

virus vaccine strain only all died as negative

2

controls.

3

was used as a positive control, and all those animals

4

survived.

5

measles system.

6

information about that vaccine this morning.

7

And then a hyperimmune mouse acidic fluid

So, this is what’s been published for the
I understand you heard more

This is an example that I wanted to present

8

because it’s a different kind of vaccine.

9

vaccinia vector chikungunya vaccine, but also because

It’s a

10

it includes some information about the kinds of

11

antibodies -- specifically neutralizing antibodies --

12

and their effect on protection.

13

vectored vaccines generally generate a very robust

14

cellular immune response, but a more limited humoral

15

response.

16

IFNAR receptor knock-out model here.

17

with vaccination of both immunocompetent BALB/c mice as

18

well as the IFNAR mice.

19

were done, and passive transfer studies were also done.

20
21

Because vaccinia-

So, this study was, again, done with the
But it was done

And then protection studies

So, in this case, you can see that, for six
mice that here were BALB/c vaccinated mice, there was a
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1

very limited neutralizing antibody response.

2

of six animals had detectable neutralizing activity.

3

And those five that did have activity, even at the 50

4

percent endpoint here, very low titers of only 10.

5

this is generally much lower than we expect to see with

6

an efficacious vaccine.

7

done and these animals were evaluated afterwards for

8

viremia, you can see that there was no effect of the

9

passive transfer.

10

Only five

Then, when the transfer was

Animals that received all of the vaccines

11

except the positive control which, in this case, is

12

that live attenuated vaccine that I just showed you

13

that we developed with these same investigators.

14

positive control protected against viremia, but the

15

transferred antiserum from the vaccinia-vaccinated

16

animals did not.

17

lethal outcome in this model.

18

So,

That

And it also did not protect against a

What may be a little bit surprising but is --

19

for people working on alphaviruses for a long time,

20

perhaps not -- is that, despite this lack of the

21

ability to transfer protection in the serum of these
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animals, they are protected by the vaccine itself.

2

these are just examples of studies simply vaccinating

3

animals then challenging them, the same IFNAR lethal

4

model here.

5

two doses of the vaccinia vaccine nearly or completely

6

protects the animals against viremia.

7

So,

And you can see that either a single or

Shown on the right panel here, these are

8

antibody responses against lethality here, where even a

9

single prime dose of the vaccine protects most of the

10

animals from the lethal outcome.

11

swelling here, almost complete protection.

12

viremia data shown at the bottom, almost complete

13

protection.

14

And then the footpad
Then the

So, this is an example of what’s been seen

15

with many other alphavirus studies over the years,

16

where John Roehrig and colleagues at the CDC actually,

17

in the 1980s and ‘90s, showed for Venezuela equine

18

encephalitis and other alphavirus that non-neutralizing

19

antibodies can protect very effectively in mirroring

20

models for disease.

21

whether the protection was absolutely attributed to

This study did not delineate
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1

non-neutralizing antibodies.

2

simplest explanation.

3

But that’s certainly the

So, moving on now to macaque antibodies.

This

4

is a study done -- the initial description of the VLP

5

vaccine, where a macaque -- I believe this was a rhesus

6

macaque that was vaccinated by the VLPs.

7

was two doses -- was then bled, and serum from that

8

animal was transferred into the IFNAR mouse model here.

9

And then, after challenge, you can see viremia.

I believe it

I

10

believe this is day two where it’s more or less the

11

peak following challenge of these mice.

12

You can see that the transferred animals had

13

complete protection against viremia and also against

14

the fatal outcome in this model.

15

amounts of antibody used.

16

does not describe the antibody titers in these animals

17

in neutralizing 50 or 80 percent endpoints for post-

18

transfer titers in these animals.

19

subsequent studies with this vaccine have determined

20

titers like that.

21

And these are the

Unfortunately, this paper

I’m not sure if

This is an example of some work done with
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1

human sera by a group at the Pasteur institute in

2

Paris.

3

donors from the post-outbreak period in La Reunion

4

Island in the Indian Ocean in about 2005 and 2006.

5

These are the criteria they used for enrolling patients

6

in this study and obtaining their plasma, so they had

7

to have had a clinical episode including arthralgia,

8

which indicated chikungunya virus infection.

In this case, they obtained a large number of

9

They had to have an absence of chronic

10

arthralgia, so by the time they were enrolled, it was

11

at least six months post-acute period and a lack of

12

chronic arthralgia.

13

opportunity to donate plasma.

14

manufactured from that pooled plasma that’s called

15

CHIKVIg, shown here.

16

individuals and tested their plasma, also by passive

17

transfer.

18

And then they were given the
And a product was

And then, they also took three

So, Patient A shown here is a non-chikungunya

19

patient.

20

symptoms of chikungunya and no testing to indicate past

21

chikungunya infection.

This patient had no clinical signs or

Then, they took two other
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1

patients that had different kinds of immune responses.

2

Patient B, you can see, had a very high ELISA titer

3

here of about 2000, but a relatively modest

4

neutralizing antibody titer of 40 at an 80 percent

5

endpoint.

Then the other patient, C, had kind of the

6

inverse.

They had a little bit weaker ELISA titer, but

7

a stronger neutralizing titer of 320.

8

was a negative control here of normal immunoglobulin,

9

and then they tested this manufacturer pooled product

10

And then there

as well.

11

So, these are some of the results from their

12

work here where they transferred these plasma or this

13

product into, again, the IFNAR knock-out mouse model.

14

So, the animals were injected IP with a half a mL of

15

one of these two plasmas or 25 milligrams of the

16

purified manufactured product.

17

challenged with various doses of wildtype chikungunya.

18

And you can see that, at a low dose here, they started

19

with only 10 plaque-forming units.

20

protection in all of the immune products, either plasma

21

B or C from the infected people or the pooled product.

Then, they were
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1

There was complete protection.

2

But when they started to increase the dose of

3

challenge, eventually they saw a little bit of

4

breakthrough from that protection with the very highest

5

doses, which were up to 10 to the 6 plaque-forming

6

units.

7

titration of the plasma into the mice.

8

further dilutions like I showed you a few slides back,

9

you eventually start to lose protection from the fatal

10
11

Shown here are some of the results for the
So, if you do

outcome here.
And then they also looked at viral loads in a

12

number of different organs and tissues.

13

they only use the manufactured immunoglobulin product

14

and then two negative controls, PBS or a sham-

15

manufactured (phonetic) product here called Tegeline.

16

And you can see that they had a major reduction in

17

viral loads in all four of these sites early, following

18

challenge.

19

In this case,

These are additional data with the same

20

products in the immunocompetent young mouse model.

21

in this case, they used black 6 mice but a number of
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1

different immunocompetent mouse strains at a young age.

2

Usually up to about three weeks of age, they develop

3

viremia, they develop inflammation of the muscles and

4

joints, changes in their movement, and so forth.

5

when they use this model, they obtain very similar

6

results.

So,

7

You can see that they had, with their pooled

8

product or those two chikungunya immune plasmas, they

9

had protection against fatality in this model.

And

10

then they titrated out those immune plasma and showed

11

that the protection titrated out as well.

12

again, looking at viral loads in various organs and

13

tissues, they showed a reduction in most of those with

14

either the two immune sera or the pooled immune

15

product.

16

And then

This is a study looking at transfer of a human

17

monoclonal antibody that was developed from B cells

18

from infected patients.

19

using a mouse model.

20

C57 black 6 mice.

21

50 or 100 micrograms of that monoclonal antibody, which

So, this was, again, tested

In this case, in immunocompetent

These mice were administered either
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was purified, or an isotype control.

2

challenged with a subcutaneous inoculation of the

3

footpad.

4

units.

5

Then, they were

This dose was 10 to the 3 focus-forming

And I won’t go into the details here, but

6

using different timings of administration of the

7

antibody or different timings of challenge, they showed

8

a significant reduction in viral loads in both the

9

inoculated footpad site or the contralateral site

10

measuring ankle swelling in all of these mouse models.

11

So, this monoclonal antibody also protected against

12

replication in this model.

13

And then they also looked at antibody

14

concentration in the animals after administration of

15

two doses.

16

here, you can see that the antibody titers rise at one

17

day after the first administration, and then they rise

18

further after the second administration.

19

two different doses that they used here, 5 and 15 mgs

20

per kg.

21

By days one and three, shown by the arrows

And that’s

Then, they looked at a viral load following
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1

challenge of these animals.

2

only administered the antibody on day one.

3

two, there was a major drop in the viremia titer that

4

continued for the remainder of the one-week study with

5

a couple of slightly positive samples at these time

6

points, but a major reduction in viremia was attributed

7

to this antibody administration.

8
9

And you can see that they
But by day

Then, they did similar studies in rhesus
macaques here.

So, what I’m showing you here is a

10

transfer of the same monoclonal antibody, followed by

11

assays of a variety of different organs after sacrifice

12

on day 7 after challenge.

13

nearly all of the organs and tissue sampled, compared

14

to the control antibody -- the one in black here at the

15

top, not a chikungunya antibody -- the two different

16

doses of the chikungunya antibody significantly reduced

17

viral loads almost everywhere in the macaques.

18

And you can see that, for

So, I want to finish up just by mentioning

19

some of the limitations of these studies which you’ve

20

already been discussing.

21

quantification of the post-transfer neutralizing

The first is lack of
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antibody titers.

2

these studies, at least the published data include

3

other measures of antibody concentration, but not the

4

kind of gold standard traditional typically plaque

5

reduction, or more recently sometimes, viruses

6

expressing reporter genes used for these assays.

7

some of them don’t include any measures of the antibody

8

titer in the animals immediately before challenge.

9

It’s unfortunate that, in many of

But

Now, as was already discussed, a lot of

10

different kinds of neutralization assays are being used

11

these days.

12

neutralization with either an attenuated or wildtype

13

virus strain and 80 or 50 percent endpoints, but many

14

different kinds of assays being used now without the

15

ability to reliably extrapolate between them.

16

Variation in the challenge strain -- often, these

17

studies use only one challenge strain, which is often

18

the La Reunion strain or another strain from the Indian

19

Ocean outbreak.

20

circulating in the Americas.

21

Traditionally, plaque reduction

Not very many of them use a strain now

And back to the issue of antigenic variation
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1

in chikungunya, it’s quite limited if you do

2

traditional comparisons of one lineage of chikungunya

3

antisera from the same lineage tested against other

4

lineages.

5

usually about two to four-fold.

6

there are significant differences in virulence and

7

possibly in pathogenicity.

8

that arrived in the Caribbean in 2013 from Asia appears

9

to be quite less virulent for producing chronic

There’s only slight variation in titers,
But nevertheless,

For example, the strain

10

arthralgia in people than the strain that hit the

11

Indian Ocean basin and then moved into Asia around

12

2005-2006.

13

And then, finally, the endpoints used for

14

these studies varied quite a bit.

15

the same IFNAR mice or closely related strains with the

16

same knock-out, and lethal endpoints as well as this

17

footpad swelling model.

18

often they don’t report fever at all.

19

them report joint swelling and other measures of

20

inflammation.

21

doses of the virus, which kind of brings me to some of

A lot of them used

But even the macaque studies,
Only a few of

And most of those involved very high
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1

the issues that I thought would be important for

2

discussion.

3

So, for non-human primates, what are the most

4

appropriate indications of disease and endpoints to be

5

used?

6

a mosquito inoculates less than one thousand plaque-

7

forming units during a transmission event into a human.

8

Yet, those very low doses are rarely used in efficacy

9

studies.

And what’s the best dose to use?

So, typically,

Typically, they’re at least a ten or a

10

hundred-fold higher.

11

or higher, as you probably heard this morning, which

12

seems to increase the ability of the virus to cause

13

joint pathology in the animals.

14

it’s a very unnaturally high dose.

15

Sometimes, up to 10 to the 7 or 8

But on the other hand,

So, where’s the tradeoff and the right balance

16

there?

17

virus strains, or is the virus conserved enough that

18

one strain is sufficient?

19

variation, I have no concern that one strain is not

20

enough.

21

pathogenicist mechanisms, there could be minor

Do we need to look at additional chikungunya

I think, for the antigenic

But I think that potentially for the
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1

differences that might need to be considered.

2

And then, is there sufficient variation in

3

human neutralizing antibody responses that, when we

4

pool their sera or when we pool mouse sera or macaque

5

sera, are we masking that animal-to-animal variation

6

that could be affecting the ability to use neutralizing

7

antibodies as the predictor of protection?

8

this is probably unlikely.

9

data from the Philippines suggests that it’s not a

10
11

I think

I think the epidemiologic

major factor.
Although a very small number of human sera

12

were used in that study I just showed you, the two sera

13

that had the divergent responses in neutralizing versus

14

total antibody titers, both of those had no problem

15

protecting the animals.

16

something that needs to be discussed going forward.

17

So, thanks for your attention.

18
19
20
21

DR. EL SAHLY:

But this is certainly

Thank you, Dr. Weaver.

questions from the committee?
DR. FISCHER:

Any

Dr. Fischer.

One question that may not be

relevant here since all the manufacturers here
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1

presented neutralizing data, but what would be the

2

potential mechanism of protection of non-neutralizing

3

antibodies?

4

DR. WEAVER:

5

to that question, even today.

6

virus, limiting dissemination, perhaps, in some way.

7

But I don’t think anyone’s really worked out specific

8

mechanisms for that.

9

I think there’s not a good answer

DR. EL SAHLY:

10

MR. TOUBMAN:

Probably binding to

Mr. Toubman?
Just near to the last point

11

there about using unreasonably high doses that elicit

12

signs of disease in animals.

13

manufacturers presented that they were able to produce

14

joint inflammation.

15

that was only possible because of extremely high doses,

16

which you would not see in normal --

17

DR. WEAVER:

And basically, one of the

But are you suggesting that maybe

Well, I think -- so, in our

18

experience, we’ve done a few studies in cynomolgus

19

macaques.

20

the 5, which is a little bit higher than a natural dose

21

but not as high as some of these studies.

Our doses are typically 10 to the 4 or 10 to
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1

been able to detect any joint swelling in our control

2

animals following a challenge.

3

telemetry reductions in movement of the animals in the

4

cage, and never been able to detect any significant

5

change in unprotected animals.

6

higher doses on our own studies.

7

We’ve also looked using

We haven’t used these

I’m sure Dr. Roques could comment more about

8

this.

9

doses.

He’s done a lot more variation in challenge
We were talking over lunch; he was commenting

10

about these macaques.

11

they don’t slow down.

12

No matter what you do to them,

DR. EL SAHLY:

Additional questions to Dr.

13

Weaver?

14

Dr. Sudhakar Agnihothram.

15

your name.

Thank you, Dr. Weaver.

16

DR. AGNIHOTHRAM:

17

DR. EL SAHLY:

Last but not least,

Sorry if I mispronounced

No, you did it right.

I did?

Okay.

He’s a biologist

18

at the Office of Vaccines and Related Research at the

19

FDA.

He will give an FDA presentation on the matter.

20
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1

FDA PRESENTATION

2
3

DR. AGNIHOTHRAM:

4

Thanks for staying through my talk.

5

interesting thoughts on several aspects of chikungunya

6

disease, including epidemiology, disease transmission,

7

animal models, passive transfer studies, my talk is

8

going to focus on the approaches to assessing

9

effectiveness of chikungunya vaccines.

Good afternoon, everyone.
Now that we heard

And what are

10

the factors that one needs to consider while utilizing

11

these approaches?

12

Here is the brief overview of my talk.

13

Initially, I’ll be discussing the regulatory framework

14

for endpoints to assess vaccine effectiveness, where

15

I’ll be talking about effectiveness endpoints in the

16

context of licensure pathways.

17

Please note that discussion of a specific

18

licensure pathway for chikungunya vaccine is beyond the

19

scope of this VRBPAC, and the committee will not be

20

asked to discuss licensure pathway of chikungunya

21

vaccines.

Then, I’ll be talking about clinical disease
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1

endpoint efficacy trials and factors that influence

2

feasibility of conducting field efficacy trials.

3

I’ll then be transitioning to the second

4

portion of my talk where I’ll be talking about

5

approaches to identify an immune marker reasonably

6

likely to predict protection from chikungunya virus

7

infection and disease.

8

include sero-epidemiological studies and non-human

9

primate studies.

10

And such approaches will

Finally, I’ll be wrapping up by

reemphasizing the topic for today’s VRBPAC discussion.

11

To support licensure through the traditional

12

approval pathway, vaccine effectiveness may be

13

demonstrated by using a clinical disease endpoint or

14

the biomarker.

15

scientifically established to predict protection

16

against chikungunya infection and disease.

17

approval pathways are also available for certain

18

diseases or scenarios.

19

For example, immune response that is

Other

The first one is the accelerated approval

20

pathway.

21

approval pathway, vaccine effectiveness may be

To support licensure through the accelerated
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1

demonstrated using a surrogate endpoint -- for example,

2

immune marker -- that’s reasonably likely to predict

3

clinical benefit.

4

protection from chikungunya disease.

5

Now, in this case, that would be

There is also animal rule approval pathway.

6

Now, to support licensure through the animal rule

7

approval pathway, vaccine effectiveness may be

8

demonstrated using a disease endpoint in a relevant

9

animal model that enables conductive studies to select

10

an effective dose and regimen in humans.

11

that animal rule approval pathway is only available in

12

a situation where licensure through traditional or

13

accelerated approval pathway is not feasible.

14

not considering the use of animal rule pathway for

15

chikungunya vaccine for the same reason.

16

Please note

FDA is

One also has to note that licensure through

17

both accelerated and animal rule pathways require post-

18

approval confirmatory studies to demonstrate clinical

19

benefit.

20

appropriate approval pathway is beyond the scope of

21

this VRBPAC, and the committee will not be asked to

As I mentioned before, discussion of the most

www.transcriptionetc.com

247
1
2

discuss licensure pathways.
Talking about clinical disease endpoint

3

efficacy trials -- in the absence of a scientifically

4

established immune marker that predicts protection

5

against chikungunya virus infection and disease,

6

traditional approval will require a clinical disease

7

endpoint efficacy trial, which ideally would be a

8

randomized controlled, double-blind trial to

9

demonstrate vaccine effectiveness against virologically

10
11

confirmed chikungunya virus infection and disease.
Now, feasibility of field efficacy trials may

12

be influenced by several factors.

13

increased scope and frequency of chikungunya outbreaks

14

with high attack rates may allow for field efficacy

15

trials of chikungunya vaccines.

16

from different talks this morning and other

17

discussions, outbreaks may be irregular and

18

unpredictable.

19

conducting such trials may be uncertain.

20
21

For instance,

However, as we heard

And therefore, feasibility of

Now, considerations for feasibility of field
efficacy trials also include ensuring that there’s
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1

adequate infrastructure for conducting such trials, and

2

there’s also close monitoring of chikungunya disease

3

activity.

4

framework and the clinical disease endpoint efficacy

5

trials, I’m now going to transition to other approaches

6

where one can identify immune markers reasonably likely

7

to predict protection against chikungunya virus

8

infection and disease.

9

Having touched base on the regulatory

The first is sero-epidemiological studies.

10

Sero-epidemiological studies have been proposed as an

11

approach to identify an immune marker reasonably likely

12

to predict protection.

13

epidemiological studies in chikungunya endemic regions

14

could employ active surveillance with serologic and

15

virologic testing methods to identify cases of

16

chikungunya virus infection, with correlation of

17

baseline antibody titers should be neutralizing

18

antibodies against chikungunya virus at enrollment with

19

infection and disease outcomes during the surveillance

20

period.

21

Now, prospective sero-

Now, considerations for conductive sero-
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1

epidemiological studies to include: reliability of

2

surveillance and testing methods to identify clinical

3

cases that reflect established features of chikungunya

4

disease and epidemiology; reliability of subject

5

recruitment methods to avoid potential selection bias;

6

proper validation of serologic assays to quantify

7

antibody titers, and in many cases, measured immune

8

marker may correlate with, but not be responsible for,

9

protection against chikungunya disease.

10

Second approach is cynomolgus macaque model of

11

chikungunya infection and disease and using this model

12

to predict an immune marker.

13

of chikungunya virus infection and disease has been

14

proposed to identify an immune marker reasonably likely

15

to predict protection in humans.

16

A non-human primate model

This macaque model, as we saw in previous

17

charts, recapitulates several features of human

18

chikungunya disease.

19

dissemination in tissues, and abnormal blood chemistry.

20

However, uncertainties do exist regarding the relevance

21

of this model to human disease.

That includes fever, rash, viral

And they include
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1

differences in disease features during subacute and

2

chronic phase that’s being observed between the

3

cynomolgus macaques and humans.

4

A challenge dose of chikungunya virus that’s

5

representative of natural infection in humans, which is

6

10 to the 3rd plaque-forming units induces fever, which

7

may or may not be accompanied by rash.

8

overt signs of arthritis.

9

higher challenge doses greater than 10 to the 7th

10

plaque-forming units does induce inflammation and

11

effusion in joints, but also results in

12

meningoencephalitis and death in cynomolgus macaques.

13

But there is no

If you go a little higher,

Talking about a passive transfer of human

14

antibodies to non-human primates using this macaque

15

model to establish an immune marker -- passive transfer

16

of pooled human sera or purified immunoglobulins from

17

vaccines into non-human primates prior to chikungunya

18

virus challenge has been proposed to identify an immune

19

marker reasonably likely to predict protection.

20

Uncertainties regarding the utility of such passive

21

transfer studies in non-human primates do include
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1

several factors.

2

First, will an immune marker derived using

3

pooled human serum or purified immunoglobulins that’s

4

prepared from this pooled serum accurately predict

5

protection from chikungunya disease in humans?

6

there clinically meaningful differences in antibody

7

quality that may influence predictive capacity between

8

a certain titer in a vaccinated human and the same

9

titer resulting from dilution during passive transfer

10
11

Are

studies?
What would be the optimal timing for

12

collecting post-vaccination human serum to be used in

13

passive transfer studies?

14

previous talks, are there other factors in human serum

15

besides antibodies -- for instance, cytokines -- that

16

contribute to protection against chikungunya virus

17

infection and disease?

18

Now, as we just discussed in

Having discussed all of this, we request that

19

the committee discuss the following aspects of clinical

20

studies to assess the effectiveness of chikungunya

21

vaccines: feasibility of randomized, controlled
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clinical disease endpoint efficacy trials; role of

2

sero-epidemiologic data in identifying an immune marker

3

reasonably likely to predict vaccine effectiveness.

4

Second, we also request that the committee

5

discuss the utility of the non-human primate challenge

6

model to assess effectiveness of chikungunya vaccines,

7

including: effectiveness endpoints such as viremia,

8

arthritis-related endpoints, or other essential

9

endpoints; role of passively transferred sera or

10

purified immunoglobulin from vaccinated humans in

11

identifying an immune marker reasonably likely to

12

predict vaccine effectiveness; whether additional

13

information is needed to support the utility of the

14

non-human primate challenge model.

15
16
17
18
19

Thank you, everyone, for listening.

And I’ll

be happy to take any questions if there are any.
DR. EL SAHLY:

Thank you for the presentation.

Dr. Meissner has a question.
DR. MEISSNER:

Yes.

I’d like to go back to

20

the issue of safety.

21

about how you address safety if you use the non-

Could you make a few comments
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1

traditional pathway that is accelerated approval or

2

animal model?

3

DR. AGNIHOTHRAM:

So, accelerated approval

4

pathway is different from animal model.

5

accelerated approval to license chikungunya vaccines,

6

pre-licensure studies to assess safety of chikungunya

7

vaccines will still be required.

8

manufacturers to establish a safety database of a

9

certain size.

10

And if we use

We will be requiring

Now, that certain size is on a case-by-case

11

basis and we cannot give a specific number.

12

typically, it’s around three thousand.

13

requiring pre-licensure studies to establish safety.

14

Does that answer your question?

15

DR. MEISSNER:

So, we would be

Yes, although it still becomes

16

complicated.

17

and seronegative individuals?

18

But

So, that will involve both seropositive

DR. AGNIHOTHRAM:

If there are concerns with

19

use of these vaccines in seropositive individuals,

20

like, you know, that is strong, then yes.

21

That may involve use of both the populations.
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DR. MEISSNER:

Thank you.

2

DR. EL SAHLY:

Dr. Kurilla?

3

DR. KURILLA:

In your discussion of clinical

4

disease endpoint efficacy trials, you say, in the

5

absence of a scientifically established immune marker,

6

then you’d have to do an efficacy trial traditional.

7

That sort of begs the question, how does the FDA define

8

a scientifically established immune marker?

9

it take to do that?

10

DR. AGNIHOTHRAM:

What does

I guess that’s part -- wait,

11

you do this?

12

VRBPAC is being convened as well.

13

reliability of an immune marker in terms of predicting

14

protection against chikungunya infection and diseases.

15

I guess that’s part of the reason this
But it’s the

Now, in instances that immune markers are

16

being used in clinical trials, there is a precedent

17

using -- like, you know, previous clinical trials has

18

been established.

19

surface antigen for licensure of hepatitis vaccines.

20

Well, that’s 10 mL infectious units per mL, like was

21

established in Heptavax clinical trial.

For instance, in anti-HBs there is
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1

was also confirmed following up with several

2

observational studies.

3

Now, for this, we all agree that there’s no

4

scientifically-established immune marker.

5

depending upon what features of the -- what

6

manifestations of the disease are being presented by a

7

specific antibody titer, that could be one parameter of

8

defining an immune marker, which obviously has to be

9

confirmed in post-licensure studies.

10

DR. KURILLA:

But

Just to clarify, can you

11

actually have a scientifically established immune

12

marker in the absence of a previously licensed vaccine?

13

DR. AGNIHOTHRAM:

Using sero-epidemiological

14

studies -- if the data from the sero-epidemiological

15

studies are authentic enough, and then if they are

16

convincing, then an immune marker derived using sero-

17

epi studies could serve as a scientifically established

18

immune marker.

19

DR. EL SAHLY:

20

DR. FINK:

21

Dr. Fink?

Yeah, so, maybe I can clarify a bit

further that I think what you’re implying -- and this

www.transcriptionetc.com

256
1

is correct -- is that, typically, validation of an

2

immune marker as a scientifically established surrogate

3

marker that predicts protection against disease would

4

be accomplished in the context of a clinical endpoint

5

efficacy study that definitively shows efficacy of the

6

vaccine and that examines immune responses among cases

7

and non-cases and then proceeds through a rigorous,

8

statistical analysis to derive that immune marker.

9

I guess one could imagine a scenario in which

10

that sort of process takes place.

11

vaccine actually undergoes licensure, there’s an

12

agreement on an immune marker that is scientifically

13

established.

14

just to be very clear, we’re not asking the committee

15

to weigh in on an established immune marker for

16

chikungunya disease.

And before the

But typically, that’s not the case.

17

DR. EL SAHLY:

18

DR. GRUBER:

But

Dr. Gruber.

I just wanted to add to this a

19

little bit.

20

was just said.

21

maybe a little bit confusion here when we use these

First of all, I agree completely with what
This one thing -- and I think that it’s
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1

terms of surrogate and correlative protection and

2

immune marker -- I just wanted to clarify, and perhaps

3

it’s already clear to the committee, but under these

4

accelerated approval pathways, the marker is not -- it

5

doesn’t have to be a well-established marker.

6

reasons why the regulations say it’s reasonably likely

7

to predict protection.

There’s

8

So, there is some residual uncertainty then as

9

to the capacity or capability of that biomarker, really

10

to predict protection, which is exactly the reason why

11

if we approve a vaccine based on such marker, the

12

company is then required to confirm the clinical

13

benefit post-licensure.

14

So, there’s a big difference here.

And these

15

well-established markers are -- you know, one was

16

mentioned.

17

antibodies, anti-deferring antibodies, these are these

18

-- oh, anti-hep titers.

19

different category than what we’re talking about under

20

the accelerated approval pathways.

21

uncertainty as to the biomarker really predicting

Then you can think about it anti-tetanus

Okay, but this is a very
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1

benefit.

2

DR. KURILLA:

But also, those markers that

3

you’re using for accelerated approval may be specific

4

for each vaccine.

5

vaccine.

And it may differ from vaccine to

6

DR. GRUBER:

7

DR. EL SAHLY:

8

DR. FISCHER:

9

Absolutely.

Yes, that’s true.

Dr. Fischer?
Thank you.

I have a question

regarding the sero-epidemilogic studies.

So, when

10

comparing, to let’s say, a vaccine clinical efficacy

11

study, I understand you would not have the issues

12

related to the enrollment, the vaccination, the safety

13

follow-up.

14

in order to define the baseline we saw, evidenced of

15

two studies here.

16

But you still would need to identify cases

Other than those factors of having to do the

17

randomization, vaccination, safety follow-up, what

18

makes a sero-epidemiologic study to establish the

19

marker more feasible than the vaccine clinical study?

20

You still need to find a population where you’re going

21

to have cases accrue to define that marker.
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DR. AGNIHOTHRAM:

What makes a sero-

2

epidemiological study easier than conducting a

3

randomized controlled clinical trial?

4

guess, sample size is one aspect.

5

sero-epidemiological study that -- I mean, you do not

6

have a predefined success criteria in the sero-

7

epidemiological study to define the perfect antibody

8

titer, for instance.

9

aimed at identifying a marker that is predictive of

Because, I

You know, for a

Now, sero-epi studies are mostly

10

protection.

11

know, predefined with the sero-epi study, whereas with

12

the randomized control, you do have to have a

13

reasonable amount of a sample size to define a census

14

criteria.

15

And the census criteria as not like, you

DR. EL SAHLY:

Maybe the calculation is

16

different.

17

of volunteers and large number -- well, a long duration

18

and sufficient number of cases accrual is very similar.

19

However, the expectation for a large number

DR. JANES:

Hana, may I weigh in?

I would

20

agree.

21

would ideally consist of a prospective study that

Roughly speaking, a sero-epidemiologic study
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1

identifies a cohort of at-risk individuals and collects

2

specimens on those individuals at enrollment, and then

3

follows those individuals, some of whom ultimately

4

become infected so that the data can be used to

5

evaluate the extent to which various immune responses

6

measured in the specimens taken at baseline predict

7

individuals’ risk of infection.

8
9

And so, an adequately powered study would
require a sufficient number of infections in that

10

cohort to establish reliably a biomarker as a correlate

11

of risk.

12

couple of existing seemingly well conducted studies

13

that have been of that nature that have enrolled a

14

cohort of individuals and collected specimens, and

15

enabled the immune responses measured in those

16

specimens to be correlated with risk.

17

And yet, I think we’ve been presented today a

So, roughly speaking, the advantages relative

18

to a randomized trial or the logistical simplicity

19

relative to randomized trial is that you are enrolling

20

a fixed cohort, none of whom -- the individuals are not

21

vaccinated.

So, you need fewer such individuals than
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1

to do a randomized trial where you have both vaccinated

2

and the unvaccinated individuals.

3

cohort study in a population with low incidence still

4

is challenged with the need to get sufficient cases for

5

analysis.

6

DR. EL SAHLY:

7

DR. FINK:

But conducting a

Dr. Fink?

Yeah.

So I agree very much with

8

the points that were just made.

9

well stated in the question but, I guess, should be

I guess what wasn’t

10

obvious is that there have been no vaccine studies

11

conducted today.

12

epidemiologic studies that we’ve heard about.

13

And there have been two sero-

Ultimately, the acceptability of -- or the

14

adequacy of those two studies to inform identification

15

of an immune marker reasonably likely to predict

16

protection rests on the details of how those studies

17

were conducted.

18

at.

19

discussion and advice on what would be important

20

features of such studies to inform their adequacy.

21

And that’s something for us to look

But we would really appreciate the committee’s

DR. EL SAHLY:

Okay.

Thank you.
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1

there’s a lot to be said, that remains to be said.

2

will -- oh, Dr. Pergam, are you on the line?

3

forget.

4

DR. PERGAM:

Yeah, I’m on the line.

5

No additional questions from me.

6

DR. EL SAHLY:

Oh, okay.

We

I always

I’m fine.

But just to remind

7

you and remind everyone, after the 10-minute break we

8

will be deliberating all these issues along the lines

9

of the two questions posed by the FDA.

10

ten minutes, that means 3:22.

Thank you.

So,

Thank you.

11
12

(BREAK)

13
14

COMMITTEE COMMENTS

15
16
17

DR. EL SAHLY:

We are reconvening for the

18

committee’s comments on the two questions as presented

19

by the FDA.

20

number one.

21

We will begin by discussing question

Question number one has two sub-questions
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1

within it.

2

the table provide feedback around those two sub-

3

questions within it back to back.

4

the following aspects of clinical studies to assess

5

effectiveness of chikungunya vaccines: a) feasibility

6

of randomized controlled clinical disease endpoint

7

efficacy trials and, b) the role of sero-epidemiologic

8

data in identifying an immune marker reasonably likely

9

to predict vaccine effectiveness.

I’m going to ask that individuals around

10

of order.

11

give her opinion.

12

Item one, discuss

We will go a bit out

Dr. Geeta Swamy is going to discuss first,

DR. SWAMY:

I guess I just have a couple of

13

comments.

14

things have been raised about feasibility and the

15

efficacy is the disease incidence and the

16

predictability.

17

preparedness to be ready for outbreaks and to really

18

focus in on the areas where we have endemic disease, I

19

think it may still be feasible but long term and a

20

significant investment, obviously.

21

probably defer to other colleagues on the sera epi data

I think clearly the difficulty -- many

If there are ways to have sort of
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1

because I don’t know that we’ve seen enough to know

2

that we can us the immune markers right now to be able

3

to predict that.

4
5

DR. EL SAHLY:

Okay.

Thank you, Dr. Swamy.

Dr. Gans?

6

DR. GANS:

Thank you.

I would agree with the

7

comment on the first that, given that we are unsure

8

about some of the animal components and using other

9

models, a randomized controlled trial is obviously the

10

best.

11

epidemiology of this.

12

of working in studies to work around that.

13

epidemiology I think is embroiled in the same sort of

14

questions around being able to identify a large enough

15

number of cases.

16

together.

17

the other is not.

18

We understand the difficulty around the

The sero-

So I think they’re embroiled

And I think if one is not feasible, probably

DR. EL SAHLY:

19

Bollinger?

20

gur?

21

So I think there are some ways

Okay.

Thank you.

Am I saying it right?

DR. BOLLINGER:

Dr.

Bollinger or Bollin-

It depends on who you talk to
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in my husband’s family.

2

me either.

3

feasibility issues around this, and also I think the

4

different presentation of the disease, depending on the

5

outbreak and patient to patient variability, makes

6

assessing the clinical impact of this vaccine difficult

7

as well.

8

assume an RCT is the only way to gather reliable data.

9

And sometimes, we do have to leverage data from

Dealer’s choice.

You can call

I certainly think that there are

I do think that it is important to not always

10

multiple sources to be able to establish safety and

11

efficacy.

12

feasible to study in a randomized controlled trial, I

13

think it is a very reasonable option to look at data

14

from other sources with, of course, post-marketing

15

requirements to further establish especially safety.

So if, indeed, it turns out that this is not

16

DR. EL SAHLY:

17

DR. FISCHER:

Thank you.
Thank you.

Dr. Fischer?
So I think we heard

18

a lot of very promising data with regard to the

19

evidence that there could be a good immunologic

20

surrogate or correlate of protection with neutralizing

21

antibodies being the most likely candidate.
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1

regarding the feasibility of a randomized trial, I

2

think that most of the presentations just focus on

3

chikungunya as an outbreak prone disease, which it

4

certainly is.

5

occurs.

6

endemic background disease that occurs.

7

there are studies out there, at least two of which were

8

referred to here from Tanzania and from Southeast Asia,

9

that suggest there are significant numbers of people,

And that is where the most attention

But I think we ignore the endemicity or the
And I think

10

children in particular, who have disease that is picked

11

up in studies that are done looking for dengue that

12

potentially make randomized controlled trials feasible,

13

although difficult.

14

would be difficult.

15

And identifying those locations

With regard to the sero-epidemiologic data, I

16

think it also is caught up in the same issues as was

17

referred to.

18

already been done, which FDA would evaluate, have

19

certain limitations.

20

done in children only; whereas, the vaccines primarily

21

are being focused for adults.

And I think the two studies that have

One of them, for example, was

Whether or not there
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would be differences in the correlate of protection in

2

different age groups would need to be assessed whether

3

those would provide a -- and then, I think the non-

4

human primate studies certainly show a lot of promise,

5

especially with regard to an outcome of viremia.

6

less convinced that it could be used as a model for an

7

outcome of clinical disease endpoint from what we’ve

8

seen.

9
10
11

DR. EL SAHLY:

Thank you, Dr. Fischer.

I’m

Mr.

Toubman?
MR. TOUBMAN:

So the problem with the

12

question, frankly, is that the word feasible is not

13

defined, and that’s why my questions for the companies

14

was based upon different ways of asking the question.

15

Take cost out of it or include cost.

I think if we do

16

take cost out of it, it is feasible.

It’s difficult,

17

but it can be done.

18

it’s waiting and watching and seeing what happens.

19

did hear from Dr. Powers that the incidence between the

20

recurrences is lessening.

21

such a long wait after all.

You pick a bunch of sites, and
I

So in fact, it might not be
So there might be an
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advantage there.

2

but difficult, or as one of the companies said in their

3

presentation it was limited feasibility.

4

feasible.

So from what I heard, it’s feasible

But it’s

5

But if you factor in cost, which is to say are

6

these companies willing to do it, they don’t have to do

7

it.

8

said, “No, we won’t do it.”

9

they were hedging a little bit.

It’s their choice.

I think two of them clearly
The other two was more -And frankly, I think

10

there’s a -- obviously, I don’t know this stuff at all.

11

But from what other people are saying and what I have

12

read.

13

reason for that.

14

don’t pass over it unless it’s really, really

15

necessary.

16

compared to so many other diseases, this is a serious

17

disease.

18

debilitating.

19

The randomized controlled study, there’s a
The RCT is there for a reason, so you

And I think we should recognize that,

The people who get it, it’s very

And I certainly honor the people like Dr.

20

Roques who has worked on this -- spent years working on

21

it and trying to find an answer.
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1

But in light of the fact it’s basically a non-fatal

2

disease.

3

permanent disability, long-term sometimes but not

4

permanent.

5

wave that absolutely critical requirement?

6

sure it is.

7
8

It’s a disease that doesn’t result in

On balance, is this a case where you should

DR. EL SAHLY:

And I’m not

Thank you, Mr. Toubman.

Dr.

Wharton?

9

DR. WHARTON:

I did the wrong thing.

Thank

10

you.

11

very striking to me that, apparently, speaking of

12

feasibility, it’s more feasible to develop multiple

13

chikungunya vaccines than it is to actually develop an

14

understanding of the epidemiology of the disease, its

15

natural history, and its pathogenesis.

16

sort of the unknown space we’re in where the technology

17

for these potential preventative measures is much

18

farther along than some basic understanding that you

19

would hope we would have before we would be having to

20

have conversations like this.

21

And it does seem not feasible to me to expect that

This is a really interesting problem.

And it is

Because that’s

But we’re where we are.
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there would be randomized clinical -- a randomized

2

controlled clinical disease endpoint efficacy trials.

3

I think that’s not going to happen.

4

likely to me that there could be a laboratory endpoint

5

that was reasonably likely to predict protection.

And it does seem

6

In terms of collecting this through sera --

7

through a sero-epidemiological study -- I think that

8

could be done.

9

don’t know.

Whether or not that would be done I

It does seem like this is a disease that

10

our understanding of is really -- has not had an

11

adequate level of investment so that some of these

12

basic questions are answered.

13

site, study platform developed where actually some kind

14

of longitudinal population work was being done, it

15

seems like this would be a kind of straightforward

16

thing to do if it was in an endemic area and assuming

17

that the laboratory work is standardize enough to do

18

that.

19

was an appropriate setting.

20

questions at once?

21

done.

And if there was a study

So it seems like that might be possible if there
Are we doing both

Just number one?
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DR. EL SAHLY:

2

DR. KURILLA:

Dr. Kurilla?
Yes, so I think -- I mean, we’ve

3

had a lot of discussion on the feasibility of a

4

randomized controlled clinical disease endpoint

5

efficacy trial.

6

not feasible.

7

is potentially doable, but I don’t see that as

8

something that individual corporate entities are going

9

to be in a position to establish that capability

And I’m of the opinion that this is

I think in the context of an outbreak it

10

globally to be able to jump on top of any outbreak.

11

think that that’s something that’s more in the context

12

of post-licensure where individual entities, non-profit

13

entities, foundations, governments would be more likely

14

to establish that resource and capability so that the

15

companies would be able to feed into that going

16

forward.

17

RCT in this context.

18

I

So I really don’t see the feasibility of an

For the sero-epidemiologic data, I think it

19

does have quite -- it has some of the similar

20

limitations that the RCT has.

21

think in the context of a lot of -- just straight

On the other hand, I
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1

epidemiological research, as was pointed out, it’s very

2

limited.

3

will be more opportunity for that.

4

as being definitive in terms of coming up with an

5

immune marker.

6

candidates.

7

studies.

8

will point people in the right direction into what

9

range you need to be for maybe alternative methods of

10

That will certainly be a little more -- there
But I don’t see it

I see it coming up with the list of

It could be evaluated in other types of

And it will bound the problem quite a bit and

licensure.

11

DR. EL SAHLY:

Thank you.

Dr. Spearman?

12

DR. SPEARMAN:

Thank you.

I want to echo

13

something that Dr. Meissner said that the vaccines

14

themselves are just really fantastically exciting.

15

it’s great technology.

16

question, I don’t claim to be an expert in this

17

particular virus or its epidemiology.

18

what we heard today I’m left wondering if there really

19

have been adequate prospective sero-epidemiologic

20

studies in endemic regions that we really know how this

21

virus spreads after the intense epidemics that seem to

So

So in terms of answering this
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1

die out.

2

southern Thailand data where it looked like there’s

3

ongoing transmission, perhaps.

4

other parts of the world?

5

randomized clinical trial more feasible if you could

6

identify how much of that is really happening?

7

Certainly, the complexities of the individual --

8

identifying where the next epidemic’s going to be would

9

make it not feasible if that’s all there is.

So I was a little bit confused by the

Is that happening in

And would that make a

But I’m

10

not convinced there’s been a lot of prospective or

11

active epidemiology for this disease.

12

The antibody data from animal models looks

13

fantastic.

14

for antibody mediated protection.

15

models, it’s wonderful.

16

limited amount of human data we’ve seen that we could

17

say there’s newts correlate with being protected.

18

like to see a lot more on that before we could really

19

comment on that.

20

think we need more understanding of how the virus is

21

spread and more data from active surveillance.

That’s about as good as you could ever get
So from the animal

I’m less convinced from the

So is it feasible to do an RCT?
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1

getting there seems to be really important to make

2

these kind of decisions.

3

DR. EL SAHLY:

Thank you, Dr. Spearman.

In

4

view of the question of feasibility, built in the

5

question of feasibility is, again, an understanding of

6

the epidemiology.

7

in is the knowledge of the issue of what’s happening

8

with the epidemiology.

9

if we were to take the data from the Philippines, 850

We’re going.

It’s mine turn.

Built

The data at least from the --

10

individuals followed for a year, we accrued 105 cases.

11

That makes it feasible, but how representative are

12

these data?

13

We do not know.

Some of it was subclinical, so that has to be

14

taken into account, meaning creative ways of getting at

15

disease efficacy has to be built in.

16

data from the Philippines makes it seem feasible.

17

we see these spikes from Colombia and other places, it

18

makes it seem maybe not feasible.

19

individuals were picked only when there’s an outbreak.

20

No one was actively doing surveillance on them.

21

can’t quite answer comfortably regarding feasibility in
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1

the absence of epidemiologic data.

2

To the issue of sero-epidemiologic data, it

3

seems that also a large number of individuals will have

4

to be enrolled and followed for a long time if we are

5

to believe that chikungunya is not circulating at some

6

background level we’re not detecting because of the

7

design of the studies that get published.

8

feasibility of a particular sero-epi clinical study

9

sort of follows the same pitfalls in terms of our

So the

10

knowledge of what’s happening epidemiologically with

11

chikungunya.

12

feature clinical trials in that domain.

13

But it would certainly enrich sort of

I’m going to ask Dr. Pergam so I don’t forget

14

him.

15

Dr. Meissner?

Dr. Pergam?

16

Okay.

DR. PERGAM:

We will circle back again.

Sorry.

I’m here.

17

I have to change my mute status.

18

ahead?

19

DR. EL SAHLY:

20

DR. PERGAM:

21

I apologize.

So is it okay if I go

Yes, please.

Okay.

Great.

So I at the moment

am in sort of general agreement with colleagues who’ve
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spoken so far.

2

what’s challenging about delaying possible vaccine

3

approval is that there are still large areas of the

4

world that are potentially at risk for developing

5

chikungunya.

6

potentially put additional patients at risk if we did

7

feel like there was a potential benefit to the vaccine.

8
9

I think one thing to keep in mind is

And not having a vaccine available would

I think one thing that was a little bit
interesting that you didn’t discuss was the mortality

10

associated with chikungunya.

11

about this as a benign disease, in high risk patients,

12

elderly patients and the really young, the rates that

13

are reported are one in a thousand, which is equivalent

14

to what we see in measles.

15

to keep that in context as we’re thinking about this.

16

At the same time, I think the feasibility of

While we normally think

So I think that’s important

17

these trials seems quite challenging, partially because

18

we just don’t have enough data about ongoing

19

transmission in areas where chikungunya has sort of had

20

its original spike and is sort of endemic in those

21

areas.

I think from what I’ve seen from the data is
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most of what has been collected is during an acute

2

event.

3

continued to collect data afterwards.

4

think probably the place that was most intriguing was

5

the data from Brazil where they had sort of a general

6

decrease in cases but then, over the past few years,

7

they’ve started to see an increase in cases again.

8

would suggest that in areas where the disease has

9

become endemic there still could be opportunities to do

10
11

And there’s only been a few areas where they’ve
And I still

It

a randomized clinical trial.
And I think in any vaccine, I think we need to

12

be really cautious, particularly with newer vaccines

13

and methods for how these are developed for doing good

14

rigorous studies.

15

between a rock and a hard place in terms of the ability

16

to do these kinds of trials and the challenges that it

17

takes to enroll a large number of patients, wanting to

18

get them done quickly, and also the challenges of being

19

unable to determine where these locations -- the virus

20

will show up again.

21

studies do seem interesting, but I’m still struggling a

So I’m torn between -- sort of stuck

I think the sero-epidemiologic
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little bit because of the data that was presented.

2

differing rates of serologic responses in the different

3

strategies in how this is assessed in different

4

studies, I just don’t feel like we have enough data to

5

be able to make a clear distinction about where and

6

what would be the specific cut off that we feel

7

comfortable with.

8
9
10

DR. EL SAHLY:

Thank you, Dr. Pergam.

DR. MEISSNER:

Thank you.

The

Dr.

Meissner?
I don’t like

11

answering this after Dr. Wharton because I have so much

12

respect for her experience with vaccines.

13

little surprised at what you said, I must say.

14

vaccine is licensed, it will not be studied

15

effectively.

16

will not be the same reliable information that we get

17

before licensure.

18

is the safety issue.

19

work very well, that would be okay as long as it didn’t

20

cause harm.

21

I was a
Once a

There will be phase four trials, but it

And I guess the most important issue
You could argue, if it didn’t

I don’t think we know that yet.

Now, as Dr. Gruber said, I’m sure the FDA will
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require sufficient numbers to demonstrate safety.

2

don’t know what that number will be.

3

be in seropositive, seronegatives.

4

in different age groups.

5

genetic predisposition among different groups to

6

arthritis or arthralgia.

7

there are an awful lot of unknowns.

8

very, very sympathetic to the pharmaceutical companies

9

that are making their presentation today.

I

It will have to

It will have to be

I don’t know if there are

It just seems to me that
But again, I’m

If it comes

10

down to either licensing the vaccine at this stage or

11

not having a vaccine, that’s the question I hope that

12

we’re talking about.

13

DR. EL SAHLY:

Next meeting on that.

14

DR. MEISSNER:

Okay.

But I think of the

15

rotavirus, very different vaccine, but there were over

16

70,000 subjects enrolled over how many years?

17

very, very expensive trial.

18

availability of the vaccine, which is something that

19

hasn’t been mentioned too much.

20

trial is conducted, then people will not have the

21

benefit or the supposed benefit of this vaccine.

It was a

It delayed the

That is, if a long
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So it’s hard.

But given our uncertainty

2

around chikungunya -- and there really isn’t another

3

alphavirus that I can think of which we can draw some

4

understanding.

5

with using a serologic corelate, and I don’t think

6

there’s an animal model.

7
8
9

So I have a little bit of difficulty

DR. EL SAHLY:

Thank you.
Thank you, Dr. Meissner.

Last

but not least, Dr. Janes.
DR. JANES:

Am I last?

So I’ll try to keep

10

mine brief.

11

been said.

12

trial is ideal for getting a reliable estimate of the

13

efficacy of a vaccine.

14

I’m there in terms of being convinced of the

15

infeasibility of a randomized trial here.

16

me that we’ve seen data from at least one cohort study

17

that followed a population prospectively and identified

18

a sufficient number of cases that would be needed for a

19

randomized trial.

20

passive surveillance, let along active surveillance,

21

which would presumably identify more cases.

I agree in large part with much of what’s
It’s clear that a randomized controlled

Personally, I don’t feel like

It seems to

And that’s even in the context of
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1

clear to me whether or not the stated infeasibility of

2

the approach is attributable to their not being

3

partnerships, in-country partnerships that have been

4

established with individuals doing epidemiologic

5

research, which is certainly then a critical component

6

of successful randomized trials in other pathogens

7

where that epidemiological research and surveillance

8

has formed the basis for establishing the feasibility

9

and laying the groundwork for a subsequent randomized

10

trial.

11

be made in terms of building those partnerships and

12

giving a more rigorous read on the epidemiology of this

13

disease.

So I’m not sure that more investment needs to

14

In terms of the sero-epidemiologic studies

15

that have been shown today, it seems clear, based on

16

the discussion, that there need to be more of such

17

studies.

18

studies really need to flesh out the immune response

19

profiles of the individuals who are included in those

20

studies to establish the extent to which it’s the

21

neutralizing antibody responses versus other types of

And I guess my two cents would be that those
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immune responses or profiles, more complex profiles of

2

immune response that predict subsequent infection risk.

3

And in terms of the post-licensure studies, it seems

4

clear to me that those would be even more difficult to

5

conduct than the pre-licensure studies.

6

I don’t see how those are more feasible to

7

conduct, and how they would provide robust efficacy

8

estimates is unclear to me.

9

mention of comparisons pre, post role out of a vaccine

10

or between clinical sites that did or did not employ a

11

vaccine.

12

incredibly temporally varying and spatially varying.

13

Those are kind of classic cases where such contrast

14

over time and over space are fundamentally challenging

15

to make.

16

licensure estimates of vaccine efficacy would be

17

reliable.

18

In particular, we’ve heard

And in the context of an epidemic, that’s

So I really am not convinced that the post-

As well, I feel that we’ve seen in other

19

disease areas situations where, once a biomarker has

20

been put forth as a reasonably likely surrogate for a

21

given vaccine and then that biomarker is used as the
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basis of licensure for a given vaccine, it becomes then

2

even more difficult to validate that biomarker in the

3

post-licensure period.

4

licensed, how will we use the post-licensure phase four

5

data to validate the extent to which the neutralizing

6

antibody response truly predicts the magnitude of

7

protection, again, in the context of studies that are

8

even more challenging to interpret?

9

DR. EL SAHLY:

How will we -- if a vaccine is

Okay.

Thank you all.

Moving

10

to the second question, discussing the utility of the

11

non-human primate challenge model to assess the

12

effectiveness of chikungunya vaccines, including the

13

effectiveness endpoints: viremia, arthritis-related

14

endpoints, role of passively transferred sera, and

15

whether additional information is needed to support the

16

utility of the non-human primate model.

17

order, we’re going to go with Dr. Swamy.

18

DR. SWAMY:

Again, out of

So I think that, given all the

19

things we’ve discussed related to feasibility --

20

whether it’s an issue of feasibility, whether it’s an

21

issue of finance, whether it’s an issue of time -- it
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seems to me the non-human primate model is really

2

probably one of our best avenues for getting

3

information that we want.

4

effectiveness endpoints, anything that we can follow

5

that is as close to the human challenge sort of

6

perspective would be best.

7

related endpoints are probably going to be the most

8

likely to satisfy us from a standpoint of

9

effectiveness, the viremia, given the variation that we

I think particularly on

I think the arthritis

10

don’t necessarily know about what might be related to

11

chronic disease.

12

We’re only following a challenge model in a

13

short period of time.

14

give us any answers there that we will be satisfied

15

with as a long-term perspective.

16

transferred sera and so forth, I’m not sure that that’s

17

going to give us anything that will be field reliable

18

as a marker of effectiveness either.

I’m not sure that’s going to

19

DR. EL SAHLY:

20

DR. GANS:

21

As far as passively

Thank you.

Thank you.

I’ll stop there.
Dr. Gans?

I would agree with a

lot of the points that were brought up during the day.
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So I think that we’ve kind of entertained this.

2

summarize my thoughts on this, I think that we have

3

shown, at least from the data that was presented, that

4

the NHP models are actually fairly good at looking at

5

viremia and challenges to mortality and big time points

6

in the acute phase.

7

have shown any real relevance to human disease in terms

8

of arthritis related endpoints, particularly having to

9

be challenged with higher doses.

But to

I don’t think that they actually

So that’s going to be

10

a real challenge in this model, to really understand

11

that.

12

And again, I think it’s the same question with

13

the sero-epi.

14

humans yet to really understand what is driving that to

15

really come up with an NHP model.

16

Synovial studies.

17

around that.

18

happening.

19

been shown even in the models that are good in other

20

ways.

21

We haven’t done the real studies in the

There’s been a few

There have been some endpoints

So it’s hard to know exactly what’s

But that is clearly not something that has

The antibody responses to the vaccines that
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were used in the NHPs look okay.

2

have enough, once again, human data to know that that

3

is also something that we see in the human.

4

think one thing that I’m really struggling with is the

5

fact that everyone, although there is some data -- even

6

some depletion data in mice, which often doesn’t

7

translate to humans -- that other components of your

8

immune system are not important.

9

is clear in so many instances that humoral immunity can

But again, we don’t

And I

For acute disease, it

10

really abort sort of viral replication, could even

11

clear it.

12

which is something that we need from a vaccine, you

13

really need other components of your immune system.

14

And humoral immunity is highly dependent on the whole

15

milieu of what happens within the context of that,

16

which I don’t think has been studied.

17

But for a long-lasting immune response,

So I can’t say that these models are good to

18

predict any persistence of immunity.

19

have been shown that are good for acute haven’t been

20

challenged long-term.

21

don’t get that data long-term.

These models that

Obviously, if they’re killed, we
So I’m not convinced
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that those models are good because, again, it goes back

2

to really having not established that immunity in

3

humans.

4

The other thing that I will just say, if

5

anything does go forward, it’s going to be really

6

important to establish biobanks that we can go back to

7

and look at things after the fact because, in a lot of

8

the populations that haven’t been studied -- so those

9

with immunodeficiencies -- I think that it’s actually

10

going to be quite a different story.

11

these populations where there’s circulation of HIV,

12

this is going to be very relevant.

13

not act like adults, especially infants.

14
15
16

DR. EL SAHLY:

And again, in

Children also do

Thank you, Dr. Gans.

Dr.

Bollinger?
DR. BOLLINGER:

I thought that the non-human

17

primate data that we saw today, along with some of the

18

mouse data, was pretty compelling but obviously not

19

enough, right, to establish efficacy?

20

supportive of, perhaps, a smaller randomized controlled

21

trial in humans.

So it could be

I could see it being supportive and
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then going into humans to look at other effectiveness

2

endpoints.

3

endpoints are going to be important, if that’s what

4

we’re trying to relieve the patients from.

5

again, duration of immunity is going to be important,

6

as is safety.

7

could be collected once the product has a conditional

8

approval.

9

did think that the non-human primate data was pretty

10

I think the arthralgias, arthritis related

And then,

I still believe that those parameters

But it’s still going to be difficult.

But I

compelling.

11

DR. EL SAHLY:

12

DR. FISCHER:

Thank you.

Dr. Fischer?

So I already commented on this,

13

but I agree.

14

was presented to be compelling.

15

is it enough?

16

we know what non-human primates are most predictive of

17

disease prevention in vaccinated humans is the most

18

important question.

19

can be prevented and is a good model.

20

know that we’ve seen that you could use clinical

21

endpoints.

I found the non-human primate data that
And the question is,

I think Dr. Weaver’s question about do

I think we’ve seen that viremia
Again, I don’t

And then finally, I’m concerned about the
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numbers.

2

primates and whether those data in and of themselves

3

would ever be enough without other supporting data,

4

which I think would be needed.

5
6

You never can do large numbers in non-human

DR. EL SAHLY:

Thank you.

Thank you, Dr. Fischer.

Mr.

Toubman?

7

MR. TOUBMAN:

I’m only going to discuss the

8

first one, which I can reasonably understand.

9

really understand the second one, role of passively

I can’t

10

transferred sera, et cetera.

11

effectiveness endpoints, I think that as I in my

12

questioning made clear it seems that this is about

13

arthritis symptoms.

14

the non-human primate studies are actually useful at

15

all when these primates don’t have that reaction to the

16

-- when they have a natural exposure to the virus.

17

the only way any of the companies as reported was able

18

to illicit anything that was remotely like it was joint

19

inflammation.

20

dosages.

21

With regard to

And the -- I don’t understand how

And

And that was only after very high

So since the whole presumption of this effort
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-- if we knew it doesn’t address arthritis in humans,

2

we should terminate this entirely.

It’s not worth it.

3

That’s the only reason to do this.

So if, in the

4

animals we have, the primates, we see no indication of

5

it addressing that directly and all we have is

6

assumptions of RNA in joints and all that, I think it’s

7

really problematic to use that approach.

8

DR. EL SAHLY:

9

DR. WHARTON:

Thank you.

Dr. Wharton?

So our lack of understanding

10

about the pathogenesis of joint problems in people is

11

really a problem, and I don’t think we’re going to get

12

answers to that from animal models.

13

studies done in people to get answers to that question.

14

I do think that animal data, as presented, was pretty

15

compelling regarding the ability to prevent infection.

16

I don’t know that it has -- and maybe if you prevent

17

infection you prevent the joint problems.

18

true.

19

animal models I don’t think.

20

provides very useful information regarding identifying

21

a biomarker that is reasonably likely to predict

There needs to be

Maybe that’s

But that’s not going to get sorted out in the
But I do feel like it
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protection.

2

DR. EL SAHLY:

3

DR. KURILLA:

Thank you.
Yeah.

Dr. Kurilla?

So like many of my

4

colleagues, I think the non-human primate challenge

5

model is very promising.

6

think we heard from two different laboratories today

7

that have employed that, and I think that there is

8

probably some fundamental questions on comparability

9

but just between different laboratories using that same

A caveat though is, as I

10

challenge model.

11

of stopping rules, and that may have an impact on the

12

natural history.

13

the standardization of the animal model so that

14

different vaccines are being tested against the same

15

animal model, which will give the regulators a little

16

more confidence in looking at the data, I think is very

17

important.

18

Most laboratories have their own set

And I think some comparability across

I don’t think that a single -- because of the

19

issue of this -- as was pointed out, that the arthritis

20

related endpoints are probably the more important, but

21

if that requires a higher dose -- but again, as was
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mentioned, it may be that sterilizing immunity is in

2

fact sufficient for preventing any of the arthritis

3

that we may have to look at a combination of low dose

4

infection control in the non-human primate versus a

5

high dose to push the arthritis related effect.

6

may be a combination of animal model -- the way they’re

7

conducted in conjunction with what should be

8

accumulating sero epidemiologic data to give us a more

9

targeted approach to what the level -- the titers that

10
11

So it

we’re seeing in humans can be.
I think, ultimately, the role of passively

12

transferred sera -- it looks so far like neutralizing

13

antisera is the kay.

14

around the assays of measuring that so that everybody

15

is doing it the right way is, in the end, probably

16

going to be the basis for giving us the confidence to

17

move forward.

And I think the standardization

18

DR. EL SAHLY:

Thank you.

19

DR. SPEARMAN:

I’m going to echo a few of the

Dr. Spearman?

20

comments that have been made.

21

strong model for looking at immune mechanisms of

I think it’s a very
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protection against chikungunya.

2

compelling.

3

mediate protection.

4

more detail.

5

also happen in humans, I think that is compelling.

6

think the arthritis, like others have said, I’m not

7

convinced that we know what’s causing that and whether

8

that’s reproduced well in any of the animal models.

9

can help generate hypotheses about what’s happening in

It looks very

I think you can dissect the antibody
That can be done maybe even in

But it looks -- as something that would
I

It

10

humans, and that could be useful.

11

that, as a safety endpoint, I don’t think we have one

12

there for this animal model.

13

But I don’t think

Is protection in this model reasonably likely

14

to predict vaccine effectiveness?

15

think it actually is a great model for looking at that.

16

There’s always a gap between primates and humans.

17

There’s always some unknowns.

18

as good as animal models of protection that you could

19

see.

20
21

DR. EL SAHLY:

I would say so.

I

But I think this looks

Thank you.

I’m going to again

echo the data are quite compelling using the animal
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model, with the endpoint being specifically viremia and

2

the other disturbances around the infection, not so

3

much arthritis.

4

arthritis issue to the issue of epidemiology.

5

read the epidemiology data regarding the incidence of

6

post-acute arthritis, which is three months and longer

7

-- three months being the first cutoff, I think one

8

year being the second cutoff.

9

We have from ten percent incidence of chronic symptoms

But I’m going to kick back the
When we

The data are everywhere.

10

to -- I want to quote a study that put it in the 80s

11

percent.

12

So the discrepancy is large.
Some of these studies did not have

13

confirmation of chikungunya, meaning those patients

14

with chronic arthritis could have had other diseases.

15

So even the issue of chronic arthritis, which is the

16

main thing we’re trying to prevent with this vaccine,

17

in addition to sort of large outbreaks -- the

18

investment in epidemiologic prospective studies around

19

natural history of chikungunya are still needed.

20

Having said that, the model otherwise seems to

21

replicate the human data and can be used as a tool in
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evaluating the effectiveness of chikungunya vaccine but

2

I’m not sure alone in the absence of stronger epi data.

3

Dr. Pergam?

4

DR. PERGAM:

Yeah.

It seems like we’re all

5

echoing the same thoughts here.

6

non-human challenge model was quite good.

7

ways, it’s kind of the best that we can get being that

8

there is no perfect animal model for the clinical

9

manifestations in human disease.

It seems as though the
In some

I think, clearly, the

10

model showed protection from infection from viremia and

11

mortality.

The arthritis, I agree, is very challenging

12

to assess.

I sort of like the idea of the dual sort of

13

levels where you have a low-level exposure and a high-

14

level exposure for the two different endpoints.

15

I’m not sure that, if we really believe that viremia is

16

the driving force and that the primary infection is

17

related to viremia, if we think that that’s the cause

18

of arthritis, I’m not sure we’re going to get better

19

than what we have.

20

as we’re going to get.

21

can do to improve upon what’s already been done.

But

So I feel like it’s about as good
I’m not sure there’s much we
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I think the role of passively transferred sera

2

from vaccinated humans -- again, I think it’s a sort of

3

similar process.

4

what had been presented is this looks as though it

5

would be potentially a method to predict vaccine

6

effectiveness.

7

forward.

8

the data I saw.

9

I think it looked from -- sort of

I think it will be important as we move

I’m not sure that I was totally convinced of

And then, additionally, going back to what Dr.

10

Gans said, I’m sort of curious about, in the non-human

11

primate challenge model, are there other aspects of the

12

immune response that they can evaluate that would at

13

least be similar and reflective beyond antibody

14

responses alone to see if any are potentially

15

predictive for associations of importance?

16

some other aspects that we can look at in terms of

17

controlling chikungunya that might be important from

18

the vaccine responses?

19

DR. EL SAHLY:

Thank you, Dr. Pergam.

DR. MEISSNER:

I really don’t have anything

20
21

Is there

Dr.

Meissner?
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novel to add to what’s been said.

2

Fischer said it, and I agree most succinctly, that the

3

animal data are terrific and very helpful.

4

a sufficient basis on which to proceed in humans

5

without an efficacy trial?

6

DR. EL SAHLY:

7

DR. JANES:

Thank you.

I think that Dr.

But is that

Dr. Janes?

I guess I have a slightly more

8

maybe nuanced view on the non-human primate data.

9

guess I would suggest that there are a number of

10

attributes of the way that the non-human primate

11

studies are being done that could potentially be

12

tweaked to more precisely characterize the potential

13

efficacy of these vaccines in humans.

14

know without those attributes being changed whether or

15

not they matter.

16

in a summary this afternoon, that in addition to the

17

non-human primate models not recapitulating, not

18

capturing the acute and chronic arthritis but also the

19

challenge -- the dose of the challenge being pretty

20

much uniformly a single high dose challenge as opposed

21

to repeated exposures in a human population with a

I

It’s hard to

But it strikes me that, as mentioned
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lower dose exposure given via a bite from an infected

2

mosquito.

3

So it raises in my mind the question as to

4

whether or not the results in a non-human primate model

5

would be different if there were lower dose challenges

6

and challenges given via different route instead of

7

intradermal exposure -- an exposure more mimicking

8

natural exposure in humans.

9

those studies are fewer than the studies that we heard

Hard to know given that

10

today.

11

largely used challenge with homologous virus as opposed

12

to heterologous virus, which would be what humans see

13

in a natural setting.

14

matters given that the studies have not, generally

15

speaking, used heterologous challenge.

16

As well, it seemed that the studies have

Hard to know whether or not that

And as well the studies having used pooled

17

human sera from vaccinated individuals as opposed to --

18

with the exception, I think, of a study that looked at

19

two individual subjects in a vaccinated population,

20

there would obviously be heterogeneity in the immune

21

responses that are induced by the vaccine.
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extent does that heterogeneity and immunogenicity

2

result in heterogeneity and protection from infection

3

in the challenge model?

4

particularly if the non-human primate challenge data

5

are going to be used to critically inform licensure as

6

they would under an animal rule, it seems important to

7

me that these aspects of how the studies are done be

8

investigated a bit more in depth to determine the

9

extent to which they ought to be modified or studied in

10

order to determine whether or not tweaking those design

11

parameters would yield different results.

12

So it seems to me that it’s,

And I’ll mention that, in a non-human primate

13

challenge study in HIV studying protection from SIV

14

challenge, repeated low dose challenge studies have

15

proven to be exceptionally helpful and informative and

16

much more closely mimicking human exposure to HIV.

17

I would suggest considering those here.

18

DR. EL SAHLY:

Thank you.

19

remarks, Dr. Gruber, Dr. Fink?

20

DR. GRUBER:

21

when I heard the discussions.

So

Any parting

I was sort of silently sighing
But in so many ways, it
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really reflected internal discussions that we had

2

within the Office of Vaccines.

3

pertinent discussion, of course, with regulated

4

industry.

5

discussion.

6

perspective expressed.

7

And we also had

I think, however, that this was a good
There have been really lots of different

I was somewhat encouraged regarding the

8

remarks made in particular regarding the non-human

9

primate challenge model.

I think we will have further

10

discussions in terms of what data we need.

11

additional data?

12

as was just suggested?

13

at least in my mind, from my perspective -- and I

14

didn’t have discussions with my colleagues.

15

Do we need

Would the models need to be tweaked
But I think -- so in general,

But of course, I have a certain perspective

16

based on the data that I have seen.

17

been solidified by the discussions that have taken

18

place this afternoon.

19

the committee.

20

And I think perhaps you all sort of -- I think

21

sometimes, “Welcome to our world,” when we have these.

And I think it has

So I have to say I want to thank

I think it was a helpful discussion.
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Of course, everybody likes the idea of

2

randomized controlled clinical pre-licensure study.

3

But we also have to be realistic, especially for these

4

emerging infectious disease vaccines.

5

different challenges, and we have to carefully think

6

through and see what else is within the toolbox.

7

the RCT really the only way to demonstrate

8

effectiveness of a product?

9

that we have ongoing right now.

There are

Is

And these are discussions
There’s a big

10

initiative across the Agency, across the centers

11

discussing the topic of real-world evidence and how

12

they can help demonstrating the effectiveness of

13

therapeutics, as well as preventative vaccines.

14

think we have to look at all these different aspects as

15

we continue our discussions with regulated industry on

16

a path forward to demonstrate the effectiveness of

17

these products.

18

So these would be my comments.

So I

Lastly, I

19

really want to again thank you to all of you.

20

this was a challenging very difficult discussion to

21

have.

I know

I want to know if maybe one of my colleagues
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want to add to this?

2

Let me turn around.

3

anything today.

4

again.

5

Have additional comments to make?
No, they don’t really want to say

Okay.

DR. EL SAHLY:

Well, thank you very much,

Meeting is adjourned.

6
7

[MEETING ADJOURNED FOR THE DAY]
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