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Abstract

Objective: Prediction of influenza incidence among outpatients from an influ-
enza surveillance system is important for public influenza strategy.

Methods: We developed two influenza prediction models through influenza
surveillance data of the Korea Centers for Disease Control and Prevention (each
year, each province and metropolitan city; total reported patients with
influenza-like illness stratified by age) for 6 years from 2005 to 2010 and disease-
specific data (influenza code J09-J11, monthly number of influenza patients,
total number of outpatients and hospital visits) from the Health Insurance Review
and Assessment service.

Results: Incidence of influenza in each area, year, and month was estimated
from our prediction models, which were validated by simulation processes. For
example, in November 2009, Seoul and Joenbuk, the final number of influenza
patients calculated by prediction models A and B underestimated actual
reported cases by 64 and 833 patients, respectively, in Seoul and 6 and 9
patients, respectively, in Joenbuk. R-square demonstrated that prediction
model A was more suitable than model B for estimating the number of influenza
patients.

Conclusion: Our prediction models from the influenza surveillance system could
estimate the nationwide incidence of influenza. This prediction will provide
important basic data for national quarantine activities and distributing medical
resources in future pandemics.
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1. Introduction

Influenza remains a global concern; estimates show
that annual epidemics may cause <5 million severe
cases and 500,000 deaths worldwide [1].

We established the Korean Influenza Surveillance
Scheme (KISS) to monitor outbreaks of influenza-like
illness (ILI) and detect new influenza virus strains in
2000 [2]. Surveillance of ILI in KISS is based on reports
made by private sentinel physicians including pediatri-
cians, internists, and general practitioners and physi-
cians in county public health centers. Every Tuesday
these physicians report the number of patients with ILI
and the total number of patients who visited during the
previous week via an internet reporting system to the
Korea Centers for Disease Control and Prevention
(KCDC). ILI is defined as fever (>38°C) with cough or
sore throat. KCDC designated one clinic per 50,000
persons as sentinel sites participating in KISS; 820
sentinel clinics participated in reporting ILI in 2011 [3].

Data collected from ILI surveillance are used to
calculate national outbreaks each year and advise
vaccination strategy—notably in 2009 influenza

A (HINI1) pandemic [4—6]. Despite these efforts, KISS
has some limitation in that it cannot accurately estimate
the nationwide number of ILI patients with data
collected only from sentinel physicians, because it is not
a population-based surveillance.

The objective of the present study was to model the
number of nationwide influenza patients based on ILI
surveillance data and to analyze the usefulness of our
model to prevent influenza outbreak.

2. Materials and Methods

We collected ILI surveillance data of KCDC (each
year, each province and metropolitan city, total number of
patients reporting ILI stratified by age) over 6 years from
2005 to 2010, as well as disease-specific data (influenza
code J09-J11, monthly number of influenza patients, total
number of outpatients and hospital visits) from the Health
Insurance Review and Assessment (HIRA) service.

We performed statistical analyses using SAS soft-
ware version 9.1 (SAS Institute). First, we estimated
monthly the number of influenza patients and hospital
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Figure 1.

Development process of prediction model A.
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visits in each province with estimated monthly reporting
rates (W1). Second, we estimated the weight of scale of
sentinel clinics (W2) compared with national clinics
using numbers of hospital visit patients from clinics in
the influenza surveillance system and that of national
hospital visits. To estimate W2 in advance, we calcu-
lated fixed W2 with 3rd-order polynomial regression,
because we did not know the number of national
hospital visits (model A) [7—9]. Using fixed W2 after
2012, it will be estimated <1 in most regions. On the
other hand, we also used W2 as the mean estimated
number of hospital visits and influenza patients over 7
years by region (model B) [10,11]. Third, we estimated
W3 as the weight in each province through yearly
tendency. Finally, we obtained the final number of
influenza patients by the following equations (Figure 1):

Model A

a + Cl1*Estimated number of influenza patients +
C2*W3 + C3 (year-2004)

Model B

a + Cl*Estimated number of influenza patients +
C2* (year-2004)

3. Results

We developed two prediction models and explored
final number of influenza patients by region, monthly
using these models.

For example, in Seoul in November 2009, we
obtained a reporting rate of 0.50 (324 of 648 total
sentinel sites). The estimated hospital visit number was
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calculated to be 213,982 from the reported total hospital
visit number divided by the abovementioned reporting
rate (0.50). Also, the estimated influenza patient number
was calculated to be 7983 divided by above-obtained
reporting rate (0.50). Next, we calculated W3 (13.57) as
the value of 3rd-order polynomial regression. In the last
step, we obtained 320,503 as the final number of influ-
enza patients using model A.

In model B, the 0.50 calculated reporting rate and
15,966 estimated hospital visit number were the same as
for model A. Next, we calculated W3 (17.33) as mean
estimated hospital visits and estimated the number of
influenza patients over 7 years, and finally obtained
319,734 using model B.

The final number of influenza patients calculated by
prediction models A and B was 320,503 and 319,734,
respectively, whereas according to HIRA it was 320,567
during pandemic influenza season (Figure 2). Therefore
prediction models A and B underestimated the incidence
of influenza by 64 and 833 influenza patients according
to HIRA.

To compare differences between the numbers of
predicted and real influenza patients, we applied stan-
dardized residual techniques in which no difference was
demonstrated if the value range was from —2 to +2. The
standardized residual was 1.00 in validation of estima-
tion value, demonstrating no difference.

As a second example, in Joenbuk in November 2009
the number of ILI patients predicted by models A and B
was 68,610 and 68,607 whereas that by HIRA was
68,616 (Figure 3). Again, the standardized residual was
1.00 as was demonstrated for the above example using
data from Seoul.
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Figure 2. Estimated number of ILI from prediction model in Seoul.
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Figure 3. Estimated number of ILI from prediction model in Joenbuk.

Finally, we attempted to validate our model using
root mean square error (RMSE) and R-square [12]. The
R-square value of model A was higher than that of
model B in Seoul (model A: 0.9998; B: 0.9967) and
Joenbuk (model A: 0.9999; model B: 0.9998).

4. Discussion

We developed prediction models that were able to
estimate nationwide numbers of influenza patients using
data of ILI patients and hospital visit patients collected
from sentinel sites. Because we know the number of
reporting sentinel sites, the total number of sentinel
sites, and number of patients and reported hospital visits
by region monthly, we can calculate the total number
of influenza patients by applying these data to models
A and B.

In the above examples, compared versus real influenza
patients, that predicted by models from ILI surveillance
data exhibited no difference according to standardized
residual 1.00. However, validation of our models using
data on Seoul and Joenbuk suggested that model A was
better as an influenza-estimating model. As mentioned
above, as W3 will be calculated <1 after 2012 because
3rd-order polynomial regression equation is applied in
model A; we constantly have to revise this model.

Although we collect and analyze ILI data weekly, we
will be able to estimate the number of influenza-patients
only on a monthly basis because this model uses ILI
surveillance data that are charged monthly. Therefore
our models will need further refinement to obtain the
number of nationwide influenza patients weekly.

Although our models have certain limitations, the
number of nationwide influenza patients they predict

will provide important basic data for national quarantine
activities and distributing medical resources, including
influenza vaccine, admission beds, and so on, in future
pandemics [13—15].

Although we developed only equations to estimate
numbers of nationwide influenza patients in this study, it
would be more useful to build a program to handle data
automatically, simply, and in real time.
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