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« Context
- Basic principle: from model to inference to predictions?

- Caveats
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« What do | mean by projections/forecasts/predictions?

- Projections: short term not mechanistic — taking current
trend and continuing

- Forecasts: relies on somehow more mechanistic model
but typically assumes conditions in future remain stable

- Predictions: relies on understanding the system and
making hypothesis about future conditions — closer
scenario modelling
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« Importance, especially in context of public agencies and stakeholders:
« Advocacy and planning
« Monitoring the situation

« Implementation/evaluation of control strategies

« Challenges:
« Uncertainties surrounding the data

« Uncertainties surrounding the dynamics of transmission

* In such context, we initially focussed on projecting case incidence:
* Pro: Robust methodology

« Con: weak mechanistic underlying model, so limited use for modelling the
impact of interventions
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« Basic reproduction number R,: average number of secondary cases
generated by an index case in a large entirely susceptible population
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« Effective reproduction number R,
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Estimation of RO and Rt:

As long as there is a large proportion of susceptibles in the population, the
epidemic will grow exponentially RO (later we define Rt)

Incidence t

a

Time

The serial interval (time between symptoms onset of infector and
symptoms onset of infectee), informs on the value of R,
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Distribution of serial interval: w;

proxy for infectiousness: when the RO/t new infection will occur
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Distribution of serial interval: w;

proxy for infectiousness: when the RO/t new infection will occur
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— Infer R;

— Project I, in the future (typically assuming the last observed R;
remain constant)
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Given knowledge of the serial interval distribution, we are able:

« Estimate R; , doubling time

Given a time-series of incident cases and knowledge of R;, we are able to:

* Predict the future number of cases (should the situation remains the
same) - Projections

t
I, =27 th I swe_s
s=1
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_ Guinea Liberia Sierra Leone
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Important for advocacy, planning

[WHO Ebola Response Team. 2014, NEJM]
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- Guinea Liberia Sierra-Leone

0.93 (0.77 : 1.09) 0.43 (0.26 : 0.68) 0.82 (0.74 : 0.91)

Time to > 1 year 2015-03-22 2015-11-22
extinction  (2015-07-16, > 1year)  (2015-02-18, 2015-06-12)  (2015-07-13, > 1 year)
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Implemented in a R package available in Recon website
(projection

Released projects and packages

These projecs are in & usable form. Packages have been developed following RECON's

standards, are fully functional, documented and Lested, and have been released on
R Epidemics Consortium - Chromium - + % CRAN.
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generation of analysis tools for disease outbreak response using the R software. This
includes packages specifically designed for handling, visualising, and analysing outbreak data
using cutting-edge statistical methods, as well as more general-purpose tools for data

incidence aweek outbreaker2 outbreaks
cleanlng, verslonlng, and encryptlon. Computa handing, Convert d. Modular framework for Coliection of autbresk
visualisation and simpie woek definition: outbreak reconstruction data.
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 Efficiency: our tools can be used in real time to improve situation awareness and inform

intervention strategies.

« Reliability: our tools are thoroughly and constantly tested using professional software
development methods.
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Implemented in a R package available in Recon website

projections m #  Reference  Changelog

Welcome to the projections package!

projections m a* Reference Changelog

Daily incidence

This package uses data on daily incidence, the serial interval (tit

number to simulate plausible epidemic trajectories and project it \\/orked exa mp'e

follows a Poisson pracess determined by a daily infectiousness,

In the following, we project future incidence using a simulate Ebola ot

0-

At = library(outbreaks) et provvry gy e oy
library(incidence)
where w/() is the probability mass function (PMF) of the serial in onset <- ebola sim$linelist$date of onset

i <- incidence(onset)
plot(i) # full outbreak

Installing the package

To install the current stable, CRAN version of the package, type:
install.packages("projections™)
40-

To benefit from the latest features and bug fixes, install the deve

devtools::install_github("reconhub/projections™)

Daily incidence

Note that this requires the package devtools installed.
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Can we say more about the determinants of Ebola dynamics?

Exposure patterns driving Ebola transmission in West Africa
International Ebola Response Team (2016), PLoS Medicine
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Can we say more about the determinants of Ebola dynamics?
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Reproduction number for a given
month was correlated with:

Monthly R
2
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% of individuals reporting

funeral exposure (positive
correlation)
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Monthly % reporting funeral exp.
amongst those reporting any exp.

% of individuals hospitalised
within 4 days (negative
correlation)

Monthly R

Monthly % hospitalised within <= 4 days
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Can we make predictions if conditions were different?
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Disease progression model

Single test strategy (PCR-alone or RDT alone)

Dual (RDT+PCR) testing
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Population perspective
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Population perspective
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« But requires even better understanding
of the dynamics:

— Easy to construct,
— Hard to parameterise, _EE _
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« When using projections, things to consider:

— Caveats linked to estimation of transmissibility (e.g.
epiestim issues if level reporting changes or delay In
reporting)

— Assume constant transmissibility in the future — to be
used for short term projections (few serial intervals)

— Be aware of the importance of accounting for
« Delay in reporting

« Uncertainty in current situation before projecting in the
future (nowcasting)

— Heterogeneity in transmission



119 Imperial College
O ] _ London
University of Sussex Caveats for projections oo

Outbreak Analysis

M RC and Modelling

* Heterogeneity in transmission
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* over 300 cases
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* Required quarantine
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SARS and heterogeneity In transmission

Reproduction number:

The number of cases one case
generates on average over the
course of its infectious period

Contagion
FIGURE 2. Probable cases of severe acute respiratory
syndrome, by reported source of infection* — Singapore,
February 25-April 30, 2003
e? 2929,
o0l .
35 5o P
Wiz oy Typically require detailed investigation
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Reproduction number:

From One Hotel Guest,
Many Infections

As of March 26, these 249 cases of
sudden acute respiratory syndrome, or
SARS, had been traced to one man.
Other cases have surfaced since, but
officials can't be sure which ones are

LEGEND
B SICK MAN FROM GUANGDONG
12 OTHER SICK HOTEL GUESTS

FEOPLE INFECTED BY HOTEL GUESTS IN HONG KONG
108 people are infected by
the professor and two guests.

related to the same man. €@ A Chinese medical
professor whe had been
treating SARS patients
in Guangdong becomes
CHINA infected. "\ e

IN VIETNAM
One hotel
guest travels to

The number of cases one case

>

A guest infects

Hanal; 37 medical GUANGDONG 7™ Aguestinfacta 59 4 AL three medical
enerates on average over the parsarnsam e = e pononrl
He retumns to Hong Kong. Guangzhou The professor stays
- ovemight Feb. 21. - >
L _Hong Kong -
H 1 1 1 7/ - Hl Atotal of 12 other -
course Of ItS Infectious perio — guessbecome o pressr
] Four die. This guest dies infocted. infacts two
h in Hong Kong. relatives and four
3\ medical
IYANMAR g AN parsannel, He
A ‘\ dies.
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infect 34 health-care infacted hotel guests retum.
WOrkers.., Two are a married couple
who stayed at the hotel
after the professor but
during the same time as
A physician three of the other ill guests.
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Simplest case, assumes:

 Number of secondary cases for
each infectious individual follows
a Poisson distribution (offspring
distribution)

« Same mean for everyone (R)

Increased heterogeneity, assumes:
 Individual ‘offspring distribution’ is
still Poisson

 Individual R is gamma distributed
(not the same for everyone)

» Negative binomial offspring
distribution for the population

Frequency
o
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T
0.6} £ 0.5
O
0
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Individual reproductive number

o
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0 5 10 15 20 25
Number of secondary cases (Z)

e 005|doi:10.1038/nature04153 nawmure

LETTERS

Superspreading and the effect of individual
variation on disease emergence

J. 0. Lloyd-Smith'*, S. J. Schreiber®, P. E. Kopp* & W. M. Getz'
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Simplest case, assumes:

(1]

* Number of secondary cases for o~ SARS
each infectious individual follows 3¢5 = Measles”  _ _ .
a Poisson distribution (offspring &8 o onkerpox
) ) ] 20 6l 4___._._.-—quIIpox.
d|Str|bUt|0n) = R Smallpox (Variola minor)¥
E N (Variola major)v
« Same mean for everyone (R) s Bo4f
c 5 Pneumonic plague
BEo2 = = = = = = = — = = =
. S8
Increased heterogeneity, assumes =& | | | |
.. . : C C 0.01 0.1 1 10
¢ IndIVIduaI Offsprlng d|Str|bUt|On IS Dispersion parameter(k)
still Poisson
 Individual R is gamma distributed o -
LETTERS

(not the same for everyone)
> Negative b| nOmiaI Offspring Superspreading and the effect of individual

variation on disease emergence

dlstrlbutlon for the populatlon J. 0. Lloyd-Smith'?, S. J. Schreiber®, P. E. Kopp®* & W. M. Getz'
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Simplest case, assumes: Implications for Projections
 Number of secondary cases for

each infectious individual follows

a Poisson distribution (offspring

distribution) ;
« Same mean for everyone (R) I, =P <th It_swt_s>

Increased heterogeneity, assumes:
 Individual ‘offspring distribution’ is
still Poisson

 Individual R is gamma distributed
(not the same for everyone)

» Negative binomial offspring :
distribution for the population It th ’t—s“’t—
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Simplest case, assumes: Implications for

 Number of secondary cases for outbreak extinctions

each infectious individual follows b

a Poisson distribution (offspring T 1.0
distribution) S o8l
« Same mean for everyone (R) £ 06}
> 04t Z i3
% — k=05
Increased heterogeneity, assumes: $§ °°| =1
. ‘ _ L L, @ ol — k=Inf=Poisson : ,
 Individual ‘offspring distribution’ is 0 1 2 3 4 5
Sti” Poisson Basic reproductive number (R;)

 Individual R is gamma distriouted =
(not the same for everyone) LETTERS

» Negative binomial offspring _ —
. . . : Superspreading and the effect of individual
distribution for the populatlon variation on disease emergence

J. O. Lloyd-Smith'?, S. J. Schreiber’, P. E. Kopp® & W. M. Getz'
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