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Irish Epidemiological Modelling Advisory Group

I The first case of COVID-19 in Ireland was confirmed on
February 29th, 2020.

I A meeting was held on March 11th to form the Irish
Epidemiological Modelling Advisory Group.

I The group is chaired by Prof. Philip Nolan from Maynooth
University.

I The IEMAG has three working groups:
I Modelling
I Healthcare demand
I Geospatial analysis

I With much overlapping work between the working groups.
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Irish Epidemiological Modelling Advisory Group

I The remit of the group includes:
I gathering evidence and monitoring the epidemiological

characteristics of the COVID- 19 outbreak in Ireland and the
pandemic internationally

I developing epidemiological models to forecast the COVID-19
outbreak in the Republic of Ireland, monitoring the impact of
public health interventions, and modelling probable scenarios
for numbers of new cases of COVID-19 over time.
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Modelling

I Much of the modelling done in the IEMAG falls into the
following categories:
I Modelling case, death, hospitalisation and other data
I Estimating epidemiological parameters (including Rt)
I Developing disease models for future scenarios
I Healthcare demand modelling
I Geospatial data visualisation and modelling
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Data

I Much of the modelling was based on data collected from
numerous parts of the Irish health ecosystem.

I The data used for modelling the epidemic included:
I Case data

I Date of reporting
I Lab specimen collection date
I Symptom date

I Death data
I Date of reporting
I Date of death

I Hospitalization data
I Testing data
I Other data... 1

1An evaluation of data sources is given in Raftery et al (2020) Evaluating
Data Types: A Guide for Decision Makers using Data to Understand the Extent
and Spread of COVID-19. US National Academy of Sciences.
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Curve Fitting

I In the early stages of the COVID-19 epidemic, limited data
were available.

I Short term forecasts of the number of cases were based on
parametric models with simple forms.

I Specifically, the daily case counts were modelled as Poisson
with mean µ(t), where µ(t) follows a parametric functional
form.
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Curve Fitting

I Three functional forms were considered2:
I Exponential

µ(t) = θ1θ2 exp(θ2t).

I Logistic

µ(t) =
θ1e

[(θ2−t)/θ3]

θ3{1 + e [(θ2−t)/θ3]}2

I Gompertz

µ(t) = θ1θ2θ
t
3 log

(
1

θ3

)
exp(−θ2θt3)

I The models were fitted using maximum likelihood. The model
fit was assessed and predictions were based on the best model
(or a Bayesian model average of the models).

2These forms are the first derivative of the functional form usually used for
modelling total cases
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Curve Fitting Experience

I In the very early stages of the epidemic, the exponential
growth model gave the best performance.

I As the growth in cases slowed and the started to decline, the
logistic model gave the best performance for a short period.

I The Gompertz model provided accurate predictions for an
extended period, but its performance became unsatisfactory
during the summer.
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Bayesian Models

I A Bayesian version of the Gompertz model was developed to
capture the parameter uncertainty in the model.

I The Bayesian model allowed for:
I More accurate prediction intervals
I Posterior summaries of quantities including3:

I Parameters
I Peak timing
I Peak height
I Other functions of the parameters
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This plot suggests that there has been a change in the rate of increases in daily cases around day 18, which is
around two weeks ago today (March 31st).

We can also find the posterior density of when the peak of the Gompertz curve occurs.
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The posterior of the peak height can also be found.

2

630 640 650 660

0.
00

0.
02

0.
04

0.
06

Posterior Density of Peak Height

N = 10000   Bandwidth = 0.7581

D
en

si
ty

3

3Example output from early April
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County Specific Modelling

I The Republic of Ireland has twenty six counties that vary in
size and composition.

I The COVID-19 experience in the counties varied considerably,
in terms of incident rate, the peak incidence and the timing of
the peak incidence.
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Hierarchical Bayesian Gompertz Model

I A hierarchical Bayesian model was developed to model the
county specific case data.

I The model for Yct , the number of cases in county c on day t,
is of the form

Yct ∼ Poisson(λct), where λct = Ncαcβcδ
t
c log

(
1

δc

)
exp(−βcδtc),

Nc is the population of county c , αc > 0, βc > 0 and
0 < δc < 1 are unknown county specific parameters.

I We further assume that the county parameters have the
following prior distributions,

αc ∼ N(µα, τ
2
α), βc ∼ N(µβ, τ

2
β) and δc ∼ Beta(aδ, bδ),

where the priors were constrained to the valid range of the
parameters.
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Model Fitting and Outputs

I The model was fitted using the Stan probabilistic
programming language (Carpenter et al, 2017; Stan
Development Team, 2020).

I The posterior samples of the model parameters were used to
produce a number of summaries4.

For example, the number of new cases in Cork, Dublin, Limerick and Galway on the last seven days of lab
specimen collection are as follows:

2020-05-15 2020-05-16 2020-05-17 2020-05-18 2020-05-19 2020-05-20 2020-05-21
Cork 11 6 4 12 15 17 11
Dublin 29 21 10 42 41 17 24
Galway 5 2 0 4 4 5 3
Limerick 2 9 1 0 1 2 0

Results
Incidence
The county specific incidence per 100,000 is estimated (see Appendix) for each date using the posterior mean
of the Gompertz function for each county, with Nc set to equal 100, 000.

The estimated county specific incidence for Cork, Dublin, Limerick and Galway are as follows:

2020-05-22 2020-05-23 2020-05-24 2020-05-25 2020-05-26 2020-05-27 2020-05-28
Cork 0.6 0.6 0.6 0.5 0.5 0.5 0.4
Dublin 1.8 1.6 1.5 1.4 1.3 1.2 1.2
Galway 0.6 0.5 0.5 0.5 0.4 0.4 0.4
Limerick 0.8 0.8 0.7 0.7 0.6 0.6 0.6

The incidence over time is plotted for each county (see Appendix), a plot of the estimated incidence for the
four selected counties is as follows (the vertical line shows the date 2020-05-25):
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4Those shown were produced on May 27th, 2020
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Model Fitting and Outputs

I Posterior summaries of peak timing

Peak Date
Q1 Median Q3

Cork 2020-03-31 2020-03-31 2020-04-01
Dublin 2020-04-03 2020-04-03 2020-04-03
Galway 2020-04-02 2020-04-02 2020-04-03

Limerick 2020-04-04 2020-04-05 2020-04-05

I Posterior summaries of peak size

Peak Size
Q1 Median Q3

Cork 5.90 6.00 6.20
Dublin 22.70 22.90 23.10
Galway 3.80 4.00 4.10

Limerick 7.70 8.00 8.30
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County Incidence Map

I A county estimate incidence map was available for any
specific date.

Peak Incidence Timing
The timing of the peak incidence per county is also estimated (see Appendix). The posterior summaries of
the peak incidence timing for Cork, Dublin, Galway and Limerick are as follows:

Q1 Median Q3
Cork 2020-03-31 2020-03-31 2020-04-01
Dublin 2020-04-03 2020-04-03 2020-04-03
Galway 2020-04-02 2020-04-02 2020-04-03
Limerick 2020-04-04 2020-04-05 2020-04-05

Peak Incidence Size
The size of the peak incidence per 100,000 is also estimated (see Appendix) and posterior summaries for the
four selected counties are as follows:

Q1 Median Q3
Cork 5.9 6.0 6.2
Dublin 22.7 22.9 23.1
Galway 3.8 4.0 4.1
Limerick 7.7 8.0 8.3

Maps
Incidence
A map of the estimated incidence per county on 2020-05-25 is as follows:
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Epidemiological Parameters

I A subgroup of the IEMAG was tasked with producing
synthesis documents on the values of epidemiological
parameters for the COVID-19 epidemic.

I Parameters of interest included:
I Incubation period
I Latent period
I Generation time & serial interval
I R0/R
I Proportion of infected that are symptomatic
I Length of infectious period

I In asymptomatic people
I In symptomatic people that do not isolate
I Time from onset of symptoms to test results/hospitalisation

I Relative infectiousness of asymptomatic versus symptomatic
infected people
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Epidemiological Parameters

I Extensive literature searches were completed and
meta-analyses of the results were used to summarise the
known information about these epidemiological parameters.

I A number of reports have been submitted to medRxiv or have
been published:
I McAloon, C. et al (2020) Incubation period of COVID-19: a

rapid systematic review and meta-analysis of observational
research. BMJ Open, 10(8), e039652.

I McEvoy, D. et al (2020) The relative infectiousness of
asymptomatic SARS-CoV-2 infected persons compared with
symptomatic individuals: A rapid scoping review. medRxiv

I Barber, A. et al (2020) The basic reproduction number of
SARS-CoV-2: a scoping review of available evidence. medRxiv

I Griffin et al (2020) A rapid review of available evidence on the
serial interval and generation time of COVID-19. medRxiv

I Byrne et al (2020) Inferred duration of infectious period of
SARS-CoV-2: rapid scoping review and analysis of available
evidence for asymptomatic and symptomatic COVID-19 cases.
medRxiv
...
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SEIR Model

I An SEIR model was developed to model the spread of
COVID-19 in Ireland.
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SEIR Model

I The model equations are:
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SEIR Model

I Plausible ranges for the timescale parameters were obtained
from the epidemiological parameters reports.
In particular, Griffin et al (2020), McAloon et al (2020) and
Byrne et al (2020).

I The contact rate β was calibrated.

I Non-pharmaceutical interventions (NPIs) were modelled as
time-varying β(t).
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Calibrating the SEIR Model

I First choice: constant rate β, fitted to match the early-stage
exponential growth

I Second choice: As NPIs took effect, the best fit across several
statistical models was produced by a Poisson model with rate
following a Gompertz function

I Inverse problem: given a (smooth) fit to the data, can we
invert the differential equations to determine the time-varying
β(t)?
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Inverting the SI Model

I The SI model with time-varying β(t) can be written as

dI

dt
=
β

N
SI =

β

N
(N − I )I .

I Inverse problem: given the observed I (t), what is β(t)?

I Explicit answer:

β(t) =
dI

dt

N

(N − I )I
.

I Similar idea for the full SEIR model, just more complicated 5

5See Mummert (2013) Studying the recovery procedure for the
time-dependent transmission rate(s) in epidemic models, J. Math. Biol., 67,
483.
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IEMAG SEIR Model

I The following steps are used:
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Example

I An example of the model-inferred R calculation is as follows:

⇒
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Scenario

I The model allows investigating the impact of different
interventions.
For example, if R = 1.6 from May 18th for four weeks before
being brought down to R = 0.6
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Scenario

I In contrast if R = 1.2 from May 18th for four weeks before
being brought down to R = 0.6
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Healthcare

I The outputs of the data and the SEIR models feed into a
healthcare model developed by members of the Economics
and Social Research Institute (ESRI).

 

 

Figure 1: Model of disease and care: The parameters here are clinical, and used to estimate healthcare demand from the outputs of the SEIR model.  The SEIR model 
uses wider and in some cases different estimates for these parameters. I The healthcare model includes many aspects of the healthcare

system including capacity, staffing, geography, etc.
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Recent Data Modelling

I The initial data modelling shown earlier worked well for the
early stage of the epidemic.

I In the middle of the summer, the Gompertz curve was no
longer providing an adequate fit.

I Generalised additive models (GAMs) were proposed to get a
more flexible shape for the mean, µ(t).

I Furthermore, we now consider the negative binomial
distribution as well as the Poisson distribution for the daily
numbers.
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Generalized Additive Models (GAM)

I The generalized additive model replaces the parametric model
for µ(t) with a smooth function.

I The form of µ(t) is assumed to be a cubic spline or a thin
plate spline function.

I The daily case data are modelled as Poisson with mean µ(t)
and variance µ(t)2 or negative binomial with mean µ(t) and
variance µ(t) + µ(t)2/θ.

I The GAM can be used for an SEIR model-based estimate of
Rt .

28



GAM Fits

I The GAM fit to the case data up to September 3rd, 2020 is
as follows:
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I And the model can be used to estimate a time-varying Rt .
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Recent SEIR Modelling

I An extension of the SEIR model to allow for different age
groups has been developed.

I The model accounts for the different experience with
COVID-19 across different cohorts.

I The close contact distributions (eg. POLYMOD) across age
groups are incorporated.

I The model allows for different susceptibility and infectiousness
across age groups.

I The effect of interventions on different cohorts can be studied
more deeply.
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Other Approaches for Estimating Rt

I A number of approaches have been used to estimate Rt :
I The Wallinga and Teunis (2004) approach.
I The SEIR model-based estimate, as described.
I The Flaxman et al (2020) model, extended to include Ireland.
I An incidence-based estimate using the epidemia R package.
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Recent Agent Based Modelling

I Work has commenced on developing
an agent-based model for Irish
counties and towns

I Population and commuting patterns
are simulated using Irish Census data

I Allows us to look at the effects of
interactions between changes in
agents’ behaviours, intervention
strategies, the spatial spread of the
virus, and environmental
characteristics such as population
density.

I Hunter, E, Mac Namee, B, Kelleher, JD A Model for the Spread of Infectious
Diseases in a Region. Int. J. Environ. Res. Public Health 2020, 17, 3119.

I Hunter E, Mac Namee B, Kelleher JD (2019) An open-data-driven agent-based
model to simulate infectious disease outbreaks. PLOS ONE 14(1): e0211245.
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Other Data

I Data modelling and disease detection opportunities are arising
from other data sources.

I In particular:
I Phone and transport data - this allows for assessing the impact

of travel restrictions
I Contact tracing data - this allows for a better understanding of

contacts and disease spread
I Sewage - this allows for early detection of increased incidence

in a region
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