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Objective
To assess studies of epidemiological forecasting models for human
influenza activity.

Introduction

Researchers have developed varied methods for forecasting in-
fluenza activity using surveillance data with predictive models, but
real-world applications in public health programs are rare. To inform
consideration of whether and how public health practice should in-
corporate influenza forecasting, we conducted a systematic review
of these methods.

Methods

We used the PRISMA methodology [1] to identify papers that:
described dynamic forecasting models [2] (i.e., use surveillance data
collected during an epidemic to forecast the course of the epidemic)
for influenza or influenza-like illness (ILI) activity in human popu-
lations; and validated models against independent data (real or simu-
lated). We searched 3 databases (PubMed, CINAHL, Project Euclid)
for publications in English since 2000 using the query: influenza AND
(forecast* OR predict*) (any search field). We screened all titles and
abstracts, and reviewed the full text when needed to identify papers
meeting inclusion criteria. For selected papers, we recorded appli-
cation type (seasonal or pandemic influenza), epidemiological set-
ting (population-based, hospital-based, or regional/global pandemic
spread), geographic setting, forecast type (temporal or spatio-tempo-
ral), forecast method, surveillance input data, validation results, and
type of sensitivity analysis.

Results

The database search identified 2,359 papers. After screening titles
and abstracts, we selected 137 for full-text review, and included 36 of
these, summarized in the Table.

Among population-based and hospital-based studies (N=28 and 4,
respectively), 10 used ILI data only, 8 used virological data only,
and 2 used both (1 of these also used serological data). Four studies
used internet search query data in addition to or instead of clinical
surveillance data (Google Flu Trends, N=3; Baidu, N=1). Five studies
used meteorological data in addition to influenza-related data. The
regional/global pandemic spread studies (N=4) used data on the time
and location of pandemic (HIN1) 2009 emergence to forecast spread
to other countries.

While many studies compared models with different predictors,
only 1 compared a (more complex) individual-based model to a (sim-
pler) compartmental model. Eight studies presented results of sensi-
tivity analyses.

Eight population-based studies measured the accuracy of peak ac-
tivity week forecasts made 4 or more weeks before the actual peak,
with median prediction error ranging from -4.5 to 0 weeks. In 3 hospi-
tal-based studies, models provided -step-ahead forecasts of influenza
or ILI incidence (step < 1 month). In 2, prediction error was < 20%;
in the other, 83% of predictions were within 20% of observed values.
Of the regional/global pandemic spread studies, 1 predicted pandemic
2009 (HINT1) peak activity and 1 predicted arrival time across coun-
tries globally, with peak week prediction error < 4 weeks for 95% of

countries and correlation between predicted and observed arrival time
=0.62, respectively.

Conclusions

Studies have applied influenza forecasting to diverse geographic
and epidemiological settings; many reported results suggesting re-
al-world usefulness. However, lack of sensitivity analyses and direct
comparisons of different model types, and implementation challenges
for individual-based and more complex compartmental models, may
hinder translation from research to public health practice.

Overview of influenza forecasting studies

Study characteristic No. studies (N=36)
Application
Seasonal influenza 22
Pandemic influenza 12
Unspecified 2
Epidemiological setting
Population-based 28
Hospital-based 4
Regional/global pandemic spread 4
Geographic setting[a]
Europe 15
North America 14
Asia/Pacific 5
Global 3
Forecast type
Temporal 29
Spatio-temporal 7
Forecasting approach

Curve prediction: time series, GLM, Bayesian network, other 19
Diffusion model: compartmental 12
Diffusion model: individual-based 5

[a]Some studies included >1 location.
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