Lecture 10: Desigh and Analysis of
Cluster Randomized Vaccine Trials for
Emerging Infectious Disease Epidemics:
The Case of Ring Vaccination for Ebola

Ira Longini



The Threat

* Emerging infectious diseases are trying to
kill, or at least, maim use
* We can stop or mitigate them
Surveillance and containment
Vaccines
Therapies
* Current threats (examples)
Influenza, Zika, dengue, MERS, Ebola
and other hemorrhagic viruses, agent X



The Solution

* WHO research and development blueprint:
http://www.who.int/blueprint/en/

* Devise analytic and statistical methods for
rapid estimation of the effectiveness of

control measures
e Devise statistical and mathematical models

for optimal control strategies



% %\, World Health

V
W% Organization

Sharing biological samples and
data during public health
emergencies

WHO is developing a web-based tool to
facilitate equitable sample and data sharing
during public health emergencies. This
document is now released for comments. It
discusses in detail the possible approaches that
can be used to share samples and benefits on
the same footing, and provides concoete, real
world examples of how these can be embedded
in an MTA. Go to public consultation page

more on biclogical smaples and data
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The design and analysis of vaccine
trials for infectious disease
emergencies



Infectious disease factors to
consider

Transmissibility: R,, other transmission
parameters

Speed of transmission: Serial interval,
incubation, latent and infectious periods
Type of contact

Pathogenicity: Proportion asymptomatic
Stage of epidemic

Heterogeneity in transmission



Vaccine factors to consider

Vaccine action: protection against infection,

disease, transmission to others; leaky, all-or-
hone, mixture

Number of doses
Immunity ramp up period



Statistical factors

Cluster randomized tralil

Estimate both efficacy and effectiveness
within clusters

Adaptive desigh on some level

Stopping rules clearly defined



Ebola vaccine trail in Guinea, West
Africa



Infectious disease factors for Ebola

* Transmissibility: R,=1.4-2.0

* Speed of transmission: 10-12 days,
incubation period 6 days

 Type of contact: direct to bodily fluids

 Pathogenicity: Close to 100%

* Stage of epidemic: Late

* Heterogenelity In transmission: close
contact networks



Vesicular Stomatitis Virus vaccine
(rVoV-ZEBOV) Merck

* Vaccine action: protection against disease;
leaky
* Number of doses: one
* |mmunity ramp up period: 4-7 day
Non-human primate challenge studies
Phase | and Il human vaccine trials



BMJ 2015351:h3740 doi: 10.1136/bmj.h3740 (Published 27 July 2015)
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RESEARCH METHODS & REPORTING

The ring vaccination trial: a novel cluster randomised

controlled trial design to evaluate vaccine efficacy and
effectiveness during outbreaks, with special reference
to Ebola

Bl OPEN ACCESS

Ebola ¢a suffit ring vaccination trial consortium

Abstract
A World Health Organization expent meeling on Ebola vacdnes proposed
urgent safety and efficacy studies in response o the cutbreak in West
Alrica. One approach o communicable disease control is ring vaccination
of individuais al high risk of infection due 10 thesr social or geographecal
connection 10 a known case. This paper describes the protocol for a

novel cluster randomised controlled trial design which uses «
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discase within a few weeks. When implemented as a targeted
programmatic public health measure, such an approach is
descnibed as “nng vaccination.”

A surveillance-containment strategy using ring vaccination was
central to smallpox eradication in the 1970s. This contnbuted
to the interruption of transmission 1n Afnca, South Amenca,
and Asia.” Ring vaccination with an efficacious vaccine might




Efficacy and effectiveness of an rVSV-vectored vaccine
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Summary

Background A recombinant, replication-competent vesicular stomatitis virus-based vaccine expressing a surface
glycoprotein of Zaire Ebolavirus (rVSV-ZEBOV) is a promising Ebola vaccine candidate. We report the results of an
interim analysis of a trial of r'VSV-ZEBOV in Guinea, west Africa.

Methods For this open-label, cluster-randomised ring vaccination trial, suspected cases of Ebola virus disease in
Basse-Guinée (Guinea, west Africa) were independently ascertained by Ebola response teams as part of a national
surveillance system. After laboratory confirmation of a new case, clusters of all contacts and contacts of contacts were
defined and randomly allocated 1:1 to immediate vaccination or delayed (21 days later) vaccination with rVSV-ZEBOV
(one dose of 2x 107 plaque-forming units, administered intramuscularly in the deltoid muscle). Adults (age =18 years)
who were not pregnant or breastfeeding were eligible for vaccination. Block randomisation was used, with randomly
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Articles

Efficacy and effectiveness of an rVSV-vectored vaccine in > W) @
preventing Ebola virus disease: final results from the Guinea

ring vaccination, open-label, cluster-randomised trial

(Ebola Ca Suffit!)
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Summary
Background rVSV-ZEBOV is a recombinant, replication competent vesicular stomatitis virus-based candidate vaccine  Published Online
expressing a surface glycoprotein of Zaire Ebolavirus. We tested the effect of rVSV-ZEBOV in preventing Ebola virus = Peesmoer23 2018

z . . . . tipl b doi oegyl 10101 6
disease in contacts and contacts of contacts of recently confirmed cases in Guinea, west Africa. ;:-Tr L-":l.é-ll':fi-%?:'l:-'“l .

See il ney Comimenit

Methods We did an open-label, cluster-randomised ring vaccination trial (Ebela ¢a Suffit!) in the communities of o, i cegrin o
Conakry and eight surrounding prefectures in the Basse-Guinée region of Guinea, and in Tomkolili and Bombali in  sowe 6r36016)32618 6
Sierra Leone. We assessed the efhcacy of a single intramuscular dose of rVSV-ZEBOV (2107 plaque-forming units  sconmibuted equaly
administered in the deltoid muscle) in the prevention of laboratory confirmed Ebola virus disease. After confirmation  wwo, Geneva, Switzerland
of a case of Ebola virus disease, we definitively enumerated on a list a ring |cluster) of all their contacts and contacts % MHerac-Restrepo MD,




“...three challenges...

three fixes...”



Challenge 1

The way cases had surged in
different geographic areas,
thwarting efforts to design a
randomized trial in which
participants in each district faced
the same infection risk.



Fix 1

Randomization within small groups of
people — that Is, among small groups of
people projected to have a similar risk
of exposure to the virus
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Clustering: Distribution of attack rates among
known contacts of Ebola cases in Guinea

15

Fraguency
10

0.0 0.1 0.2 0.3 0.4

Attack rate
Median = 0.034, Mean = 0.065, Intraclass correlation = 0.065

"Source: WHO contact tracing teams in Guinea.



How was the ring vaccination trial implemented?
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Why “ring” vaccination trial for Ebola
epidemics in terms of numbers?

Transmission can be intense but is usually
clustered Iin transmission units, e.g., rings,
households, contact networks

Ebola epidemic in West Africa

28,454 cases of EVD so far in a combined population of
22 million people: AR =0.13%
For RCT: Sample size per arm = 21,000

(VE = 0.7, power = 0.90, a = 0.05 two sided)
Where do we do the trial?



Ring vaccination follows the transmission

For ring vaccination trial: AR in rings is 1-2% with a lot of
variation, ICC = 0.05

Sample size per arm:

= 95 rings (5,000 people): two orders of magnitude smaller than
RCT assuming VE = 0.7, power = 0.90, a = 0.05 two sided, ICC =

0.05)
=~ 36 rings (1,800 people) if VE = 1.00

Actual trial at interim analysis (half-way point): For the primary
analysis, there where 4,394 people in the two arms, in 90 rings’

"Henao-Restrepo, Longini, Egger, Dean, et al. Lancet (2015)



Challenge 2

The unprecedented outbreak
outpaced the speed with
which clinical trials could be
mplemented



Fix 2
Randomization within small
groups of people — that Is,

among small groups of people

projected to have a similar risk
of exposure to the virus



Decision to conduct trial

' Total confirmés : 3347 | Total probables : 453 | Total suspects : 3 |

O Grouped 9 Stacked Confirmes Probables Suspects

Start of the trial

Stop
randomization

512-2014 S24-2014 S30-2014 48-2014 58-2015 S320-2015 533-2015

Semaines




Challenge 3

The uncertainty in predicting
future infection incidence



Fix 3

Adaptive design with real-time
modifications, based on a
predetermined interim
analysis of study data.



Newly lab confirmed case of EVD

Rin

g - ti Definition of ring
"FE!"::" nazion (Known contacts, contacts of contacts)
trial informed consent and randomization

4

r’_'_’_ﬁandnm allocation of ring )

Immediate vaccination | Delayed vaccination

v v

Follow up for outcomes | Follow up for outcomes

Comparisons

%F - Efficacy =

Effectiveness

v Y

- | Eligible, vaccinated [ Ebgibds, not vaccinated J Mot eligible, not wvaccmnated




What is a vaccination ring?

Contacts and contacts of contacts

%% INDEX CASE
/f% Lab confirmed
% EVD case @  close contact w ith %
'ﬁ patient body or body %
fluids, linen, or clothes

visited the symptomatic
patient
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Hazard function

Awi(®) = Zp Ag(£) Vi () 8 eXmoil)'P

/

Random effect, E(Z,) =1



Hazard function

Awi (1) = Zp Ao () Vi () 67 eXmvi®)'B

/

Hazard rate to comparison group



Hazard function

Awi (1) = Zp Ao () Vi () 67 eXmvi®)'B
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Hazard function

Awi (1) = Zp Ao () Vi () 67 eXmvi®)'B

/

Vaccine effect, 1 - VE



Hazard function

Awi (1) = Zp Ao () Vi () 67 eXmvi®)'B

p

Covariates if needed



Statistical approach for
cluster-randomized trials or studies

Vaccine efficacy: VE =1—-21,/1, =1 — 8

1, = the estimated hazard of confirmed illness in the vaccinated
1, = the estimated hazard confirmed illness in the unvaccinated
Model will be a mixed-effects, time-dependent, Cox regression
model with a random effect (frailty) when there is clustering, or
small sample equivalent using cumlative incidence (logist reg).
Hy: VE = OversusH_. VE # 0.

Estimated VE and 95% CI

Adaptive a spending boundaries (e.g., O'Brien-Fleming)



Cumulative rish, estimates, statistics

A
-—-- Imrr!edie.nte ‘L
T e Prim_ary outcome:
s Vaccine efficacy = 100%
s 95%Cl [75% - 100%)
i p = 0.0036
=2 3 05+
.
‘Iﬁ' E “Vaccinated indvidual
=" I I I |
Number at risk
Immediate vacdnation 2014 2040 2009 2009
Delayed vacanation 2380 1364 2355 2351
C
3 Secondary outcome:
23 10- Overall Vaccine effectiveness = 75%
i: 95%Cl [- 7% - 94%)]
= o
3% p= 0.1791
$3
'I* _Ir'i “Vaccinated individual
o T T T &, Source: Henao-Restrepo, Longini, Egger,
Nurmbser at risk Days betwsaen randomisation and disease onset Dean; et al- Lancet (2015)
Immediate vacanation 3035 3017 3013 3012

Delayed vacanation 2380 1364 2355 2351



Statistical Analysis

* Pre-specified Cox PH with a cluster-level random effect
(frailty)

* For setting of O countable events in immediate arm:

— Two-sided Fisher’s exact test on cluster-level data

— Estimate 95% Cl lower bound by fitting a beta-binomial
distribution and using an inverted likelihood ratio test

> 1 case 0 cases
(10+ days) (10+ days)

IMMEDIATE O clusters* 48 clusters 48 clusters

TOTAL

DELAYED 7 clusters®** 35 clusters 42 clusters
p = 0.0036***



What does this mean?

Vaccine efficacy Is high: 75 - 100%

Ring-level overall protection is 75% with about 50%
coverage

Mobile stockpile of Ebola vaccine can be use to contain
and mitigate future Ebola introductions



Ring vaccination contained

No interventions (week : 1) Ring vaccination (week : 1)




Ring vaccination not contained

No interventions (week : 1) Ring vaccination (week : 1)
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And Science’s Breakthrough of the Year is...

By Science News Staff | Dec. 17, 2015. 2:30 P\

*http://www.sciencemag.org/news/2015/12/and-science-s-breakthrough-year



amara from Robertsport, Liberia holds up a sign




Current epidemic in the DRC
June 29, 20195

e 2312 confirmed cases
e 1,559 deaths, crude CFR 68%

145,445 people vaccinated with rVSV-ZEBOV
vaccine in a ring vaccination strategy

* (Cases are concentrated in the provinces of
North Kivu and lturi

* Significant violence and instability in many of
the affected areas

IIIIIIIIII
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Vaccine Efficacy

* Vaccine is delivered under a protocol with consent,
and follow-up

* Ring vaccination + vaccination of HCWs + some
additional targeted groups’

* VE is estimated by comparing the Ebola illness attack
rate for confirmed cases for vaccinated people in
vaccinated rings, compared to unvaccinated people
In appropriate comparison groups.

“https://www.who.int/immunization/policy/position_papers/interim_ebola_recommendations_may 2
019.pdf?ua=1https://www.google.com

UNIVERSITY of

. . . . . . | Q\‘ﬂ CENTER FOR
Transforming Vaccine Development July 1-2, 2019 Ring Vaccination Studies C]w INFERENCE & DYNAWICS UF‘FLORIDA

CTIOUS DISEASES



Vaccine Efficacy Estimates”

* For those vaccinated 10 days or more before their
illIness onset: VE =97.5%, 95% Cl [95.8 —98.5%]

 For HCWs vaccinated 10 days or more before their
illIness onset: VE =97.5%, 95% Cl [92.4 —99.1]
reguardless of time vaccinated VE = 88.1%, 95% CI
[79.9-92.9]

 High VE against death given illness

“https://www.who.int/csr/resources/publications/ebola/ebola-ring-vaccination-results-12-
april-2019.pdf
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Ebola model structure, estimation
and analysis

CENTERFOR W wmsy UNIVERSITY

: : . . . . of
Transforming Vaccine Development: July 1-2, 2019Ring Vaccination Studies (‘) INFERENCE 2 BYNAMICS UF ‘ FLORIDA



Modeling Methodology

Spatially structured population model

Each individual in the population model is explicitly simulated. Individuals are
assigned to specific households. Each household is geolocated and linked to
other households to create clusters of households.

Individual Based Transmission & Vaccine strategy simulation

The resulting population structure allows the explicit simulation of
Interventions (e.g. contact tracing and ring vaccination operations with the
r'VSV vaccine) targeting contacts of cases — individuals living in the same
household of cases, e.g. relatives, or in the linked cluster of households, other
relatives, non-relative known contacts , and of the contacts of contacts.

N

MOBS LAB



e - Model Beni, DRC

129 = Model: Butembo/Katwa DRC
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DRC demographic data: population size,
distribution of household size, age
distribution of household members. Data on
household size and age distribution of
household members were taken from the
Demographic and Health Surveys (DHS)
program. Data on population size of Beni
and Butembo/Katwa.

Google maps images, OpenStreetMap
Images, and WFP Logistics Cluster maps.

Ring vaccination data: geographical distance
among contacts (and contact of contacts) in
the vaccination rings, ring size.



@ Infectious individual
@ Family member (traceable)
@ Extended family member (traceable, 80% probability)

@ Community (untreaceable)

~——> Household transmission (transmission rate: §,)

——> Extended household transmission (transmission rate: 8, )
——> Comunity transmission (transmission rate: )

——> Non hausehold contacts of index cases
——> (ontacts of contacts Index case

MOBS LAB




The compartmental
representation of the natural

history of the disease. The time

spent in each compartment by
each individual is determined by

using gamma distributions,
whose mean and standard

deviation are from data.
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The transmission process is simulated
for each infectious individual.

At the end of the latent period the
Index case can transmit the infection
through contacts in the household,
with members of the linked cluster of
households and in the general
community (three different
transmissibility parameters S, 5., and

Be).

Each individual in the specific setting

Probability mass function
00 0.1 02 03 04 05 06 0.7

feels a force of infection A; =
a;fypi/N, Where a; Is the
susceptibility and p; Is the
Infectiousness of the index case I.

I Field data
= Negative
binomial fit

Dispersion: k=0.45

g

L L ! ' 1 '

O T 2 3 4 3§
Number of secondary infections

G
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Beni, DRC
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Cases averted by ring vaccination

Beni, DRC
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Ring vaccination prevents 5 out of 6 Ebola cases for a large part of the epidemic

MIDAS Meeting 2 April 2018 | Design, analysis, modeling outbreaks

L\ CENTER FOR UNIVERSITY of
) Ffeome UF|FLORIDA




Evaluation of different vaccination
strategies

e Mass vaccination: Random vaccination 400 doses deliver daily in each
affected health zone.

e Targeted geographic vaccination: Vaccination of contacts and contacts of
contacts plus persons living around the place of residence of a case (i.e.,
in a radius of 100 meters) from a newly detected EVD case; Same
number of vaccination teams as in the case of ring vaccination, but
assume that they can vaccinate up to 80 persons per day.

e Ring+: Extending ring vaccination, with the same number of operating
teams and administered vaccine doses, by offering the vaccine also to
individuals living in the neighborhoods around health care facilities
where EVD patients consulted/were admitted

MIDAS Meeting 2 April 2018 | Design, analysis, modeling outbreaks 3"‘* UNIVERSITY of
) esone UF IFLORIDA




Impact of different vaccination

Beni, DRC
\ B C
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SAGE on Immunization

Interim Recommendations on Vaccination against EVD’

w

4,

5.

Implementation of innovative operational strategies

Revised vaccination strategy to adjust the target
population for ring vaccination to include a second and
third barrier of immunized individuals around each

incident case
Alternative dosing for the rVSV-ZEBOV-GP vaccine.

Proposal to further adjust the protocol to incorporate
alternative individual informed consent formes.

Implementation of a mass communication campaign.

“https://www.who.int/immunization/policy/position_papers/interim_ebola_recom
mendations_may_2019.pdf?ua=1https:/

P\ centereor |[UNIVERSITY
1) OF INFeCTIOUS DISEASES UF FLORI[i&



Conclusions

* Ring vaccination with rVSV vaccine is the most
effective vaccination strategy to control the Ebola
outbreak in the DRC.

* The implementation of the vaccination strategy is
the main reason that the epidemic is not rapidly
growing in several health zones and sustaining its
implementation is critical to eliminate Ebola in DRC.

IIIIIIIIII

MIDAS Meeting 2 April 2018 | Design, analysis, modeling outbreaks D) cenreox of
) esone UF IFLORIDA
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