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Abstract

Since the beginning of the new coronavirus 2019-nCoV disease (Covid-19) in December 2019, there
has been an exponential number of studies using diverse modeling techniques to assess the dynam-
ics of transmission of the disease, predict its future course, and determine the impacts of different
control measures. The reliability and correctness of predictions of Covid-19 confirmed cases and
deaths have been questioned. Here, we conducted a global systematic literature review to sum-
marize trends in the modeling techniques used for Covid-19. We further examined the reliability
and correctness of predictions by comparing predicted values and observed values for cumulative
cases and deaths. From an initial 2170 peer-reviewed articles and preprints found with our defined

keywords, 148 were fully analyzed. We found that most studies on the modeling of Covid-19 were
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Motivations

Unprecedented surge in publications related to COVID-19
Weekly Publications in 2020
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Kambhampati et al. (2020).
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Motivations

Unprecedented surge in publications related to COVID-19

Timothy Sheahan, a virologist
studying COVID-19, wishes he
could keep pace with the
growing torrent of new
scientific papers about the
disease and the novel
coronavirus that causes it. But
there are just too many—
more than 4000 alone last

week. “I'm not keeping up,”

says Sheahan, who works at the

Scientists are drowning in COVID-19 papers. Can new University of North Carolina,
tools keep them afloat? Chapel Hill. "It's impossible.
By Jefirey Brainard | May. 13,2020, 12:15PM
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Motivations

Unprecedented surge in publications related to COVID-19
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Pulmonary embolism in COVID-19 patients: awareness of an increased
prevalence

J Poissy, J Goutay, M Caplan, E Parmentier._. - Circulation, 2020 - Am Heart Assoc

Page 1. 10.1161/CIRCULATIONAHA 120.047430 1 Pulmonary Embolism in COVID-19
Patients. Awareness of an Increased Prevalence Running Title: Poissy et al., COVID-19 and
Pulmonary Embolism Julien Poissy,MD, PhD1; Julien Goutay,MD2; Morgan Caplan,MD2
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Closed environments facilitate secondary transmission of coronavirus disease [PDF] medrxiv.org

2019 (COVID-19)

H Nishiura. H Oshitani, T Kobayashi, T Saifo - - MedRxiv, 2020 - medndv.org
Commissioned by the Minister of the Ministry of Health, Labour, and Welfare of Japan, we
collected secondary transmission dala with the aim of identifying high risk transmission
settings. We show that closed environments contribute o secondary transmission of COVID
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Discussion Since February 12, 4,226 COVID-19 cases were reported in the United States,
31% of cases, 45% of hospitalizations, 53% of ICU admissions, and 80% of deaths occurred
among adults agedz 65 years with the highest percentage of severe outcomes among
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mortality rate of less than 1% from influenza. There is an urgent need for effective treatment
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Motivations

Questioning accuracy and correctness of COVID-19 predictions’

Contents lists available at ScienceDirect

©
K€A1 Infectious Disease Modelling

CHINESE ROOTS
GLOBAL IMPACT

journal homepage: www.keaipublishing.com/idm

Infectious Disease Mode

Why is it difficult to accurately predict the COVID-19
epidemic?

Weston C. Roda ¢, Marie B. Varughese ”, Donglin Han ¢, Michael Y. Li *"

2 Department of Mathematical and Statistical Sciences, University of Alberta, Edmonton, Alberta, T6G 2G1 Canada
"Anal’ytics and Performance Reporting Branch, Alberta Health, Edmonton, Alberta, T5] 2N3, Canada
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Objectives

e Summarize trends in the modelling techniques used to predict Covid-
19 cases;

e Assess the reliability of predictions of Covid-19 cases;

o Discuss to what extent studies accurately and correctly predict Covid-
19 cases and whether some differences exist among modelling tech-
niques.
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Methods

Period

January 1st to 30 June 2020

Keywords for search
« Coronavirus,

* Covid-19, + Modelling,

- Corona, + Prediction / Predicting
»  SARS viruses and + Dynamics

+ 2019-nCoV + Forecasts / Forecasting
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2170 studies identified
initially through database
searches (PubMed,
Google Scholar,
ResearchGate, MedRxiv)

1949 studies removed to
exclude some items.
covering many others
aspects apart from the
modeling of the Covid-

221 studies screened
using title and abstract

Full text articles assessed
for (n=221)

n the

review (n=148)

19 virus transmission

« 1949 studies removed to
exclude studies covering
aspects other than
modeling of the Covid-19
virus transmission

* 73 studies excluded because

they were not related to

FIGURE 1 — Flow diagram (PRISMA) showing how articles were screened and selected
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Methods

Literature synthesis and analysis

e Country of the study ;

e Publication status;

e The time period covered by the data (in days) ;

o Topics addressed in the study;

e Modeling techniques used;

e Predicted values of the cumulative number of cases;
o Date at which the predicted values will be observed;

e Uncertainty parameters (95% CI or 95% Crl).
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Results

Characteristics of the studies included in the review
Publication status

Asia 32 46
Europe - 12 25
=
@
2 I |
..g- America 1 5 16 Published
C I iy
Africa 2 14 . No
Oceaniaq g 4

0 10 20 30 40

Count

FIGURE 2 — Countries coverage (in %) across Continent
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Results

Characteristics of the studies included in the review
Geographical coverage
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FIGURE 3 — Countries coverage (in %) across Continent
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Results

Characteristics of the studies included in the review
Topics addressed by studies

Workplace distancing 27

Face mask 405

Restriction on international air travel 47

Contact tracing 676

School closure 9.46

Control Measures

Case isolation 1218

Social distancing 1824

Quarantine 70

10 20
Percentage

FIGURE 4 — Topics addressed by studies
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Results

Modelling techniques
Diversity

Modelling approaches used
: Al based approach 3%
. Bayesian models 5%
. Compartmental models 57%

. Hybrid models 1%
. Others 6%
. Statistical models 28%

FIGURE 5 — Modelling techniques used
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Results

Maodels Count
Compartmental Models

SEIR Model and SEIR Model-like 59

SIR Model and SIR-like model 29

Deterministic compartmental Model stratified by age using Baye

ian framework 1
I (MAGE) Model 1

opulation AGe-structured Epide

iologi

Reservoir-People (RI) transmission network Model 1
SUQC Model 1
Healthcare Compartmental Epidemic Model 1
Statistical Models

Growth models (Exponential Growth Model, Generalized-growth Model, Log] growth Model 2
Richard Growth Models, Von Bertalanfly Growth Model, Gompertz Model)
Time series models (ARIMA/ARIMAX models, Exponential Smoothing, VAR model, 14
Dynamic Time Warping Model Interrupted time series Model, Holt-Winters Models)

e i is (Linear R it PPolynomial Regression 8
Multilevel mixed effects linear regression Models)
Spatial regression model (Spatial Error Model, Spatial Error  Lag Model, Spatial Lag Model 4
Geographically weighted regression)
Poisson family model 6
Parametric distributions (Weibull, gamma, lognormal) fitting Model 1
Expon Decay Madel 1
Least Squared Error (LSE) Model 1
Model for Serial Interval 1
Probabilistic Model 1

s Model 1

FIGURE 6 — Compartmental and statistical models developed in the 148 studies
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Results

78%(29/37)

W e
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FIGURE 7 — Models used and number of true value of cumulative number of cases in the 95%CI or
95%Crl given in the studies (8 studies for 37 estimations)
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Results

—_ Yes:(2/4)

Yes:(0/2)

Yes:(6/31)

FIGURE 8 — Models used and number of true value of cumulative number of cases in the 95%CI or
95%Crl given in the studies (8 studies for 37 estimations) =
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Discussion and conclusions

Appropriateness of the modelling techniques

e Simple versus complex compartmental models (e.g. SIR versus
SEIR) : predictions using more complex models may not be more
reliable compared to using a simpler model (Roda et al. 2020) ;

e Models are often deterministic, yet many infectious disease systems
are fundamentally individual-based stochastic processes, and are
more naturally described by stochastic models (Mick et al. 2015) ;

v
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Discussion and conclusions

Quality of data
o Limited data at early stage of epidemics (under-detection);

e Reporting delays and poor documentation : "Biased" data which do
not allow to better track the epidemics dynamics;

v

Assumptions on epidemiological parameters used in the model-
ling : models built on strong assumptions that may not hold

e Population characteristics, such as age distribution, percentage of
older adults with co-morbidities, and risk factors (e.g., smoking, ex-
posure to air pollution) (Nicholas et al. 2020) ;

o Parameters estimated from data collected in the first affected coun-
tries (e.g. China, Italy) used to derive estimates of parameters in
other countries (Zareie et al. 2020).

v
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Discussion and conclusions

The quality of information coming
out cannot be better than the

") GARBAGE
- ® our
GIGO is used in IT O Ty, QL
and mathematics

Garbage In, Garbage Ou
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Discussion and conclusions

Possible effects of interventions between time prediction is made
and when prediction is realized

e Predictions are among others intended to guide public health poli-
cies for controlling spread of epidemics. As such, based on the pre-
dictions, different control measures might have been taken which
might have allowed to considerably reduce the number of cases).
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