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ABSTRACT

Influenza is a very important respiratory infectious disease that causes seasonal epidemics
and pandemics. A well-organized surveillance system is necessary to monitor and respond
effectively to the epidemiologic features of influenza. Korea currently operates a national
influenza surveillance system based on the clinical sentinel surveillance system, laboratory
sentinel surveillance system, and hospitalization and mortality surveillance system.
However, there is a need for a better national surveillance system due to a demand for various
pieces of information related to influenza. This article discusses the general aspects of
influenza surveillance systems and the future direction of the national influenza surveillance
system of Korea.
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INTRODUCTION

Influenza is a very important respiratory infectious disease that causes seasonal epidemics
globally and annually among people of all age groups. Influenza not only causes seasonal
epidemics but also causes pandemics every 10 to 40 years. Thus, influenza is considered as
one of the most important among various infectious diseases [1]. Although vaccines and
antiviral agents can be used in the control of influenza, so far, they have not yielded very
satisfactory results [2, 3]. Therefore, a well-organized surveillance system is necessary to
monitor and respond effectively to influenza epidemics.

An influenza surveillance system is useful for identifying influenza epidemics, the nature of
the virus, and the burden of disease, as well as determining the policies aimed at influenza
epidemic control, vaccine selection, and the development of guidelines for the use of antiviral
drugs. An influenza surveillance system can also be used to monitor influenza pandemics
and new respiratory infectious diseases. Korea currently operates a national influenza
surveillance system based on the clinical sentinel surveillance system, laboratory sentinel
surveillance system, and hospitalization and mortality surveillance system. However, there

is a need for a better national surveillance system due to the increased demand for various
pieces of information related to influenza. This article reviews the influenza surveillance
system characteristics, foreign surveillance systems, including those of the World Health
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Organization (WHO) and the United States (US), and the influenza surveillance system of
Korea. It further discusses the future direction of the national influenza surveillance system
of Korea.

National influenza surveillance system of Korea

INFLUENZA SURVEILLANCE SYSTEMS IN GENERAL

Infectious disease surveillance systems can be classified into general or sentinel, clinical

or laboratory-based, or passive or active surveillance systems [4]. In countries operating
influenza surveillance systems, the most common form is active sentinel surveillance, which
involves the use of both clinical and laboratory data [5-8].

There are two major forms of influenza surveillance systems: clinical sentinel surveillance
and virologic sentinel surveillance systems [9]. A clinical sentinel surveillance system is used
to identify influenza outbreaks and epidemics, establish a vaccination plan, initiate antiviral
agent use, and measure the burden of influenza, which are the basic data required for public
health policies for influenza. The most important indicators in clinical sentinel surveillance
are the influenza-like illness (ILI) incidence and influenza-associated mortality. In addition,
other indicators can be used that represent the burden of influenza in the community

such as absenteeism, or that show the severity of influenza or burden from the healthcare
perspective such as emergency department visit ratio and hospitalization ratio. Virologic
sentinel surveillance is used to identify the characteristics of circulating viruses, which
include resistance to antiviral agents, and matching of vaccine strains and circulating strains.
Since clinical sentinel surveillance and virologic sentinel surveillance play a complementary
role, they should not be operated separately; they should ideally be operated concurrently by
selecting representative sentinel sites.

Clinical sentinel surveillance systems are classified into the outpatient department (OPD)-
based surveillance and hospitalization-based surveillance systems. OPD-based surveillance
systems are used to determine the occurrence of influenza epidemics by monitoring the

ratio of the number of ILI patients relative to all outpatients. The sites assessed during
OPD-based surveillance should be selected based on their geographical distribution and
population characteristics among OPD clinics that directly treat influenza patients. The
selected sites report the information of patients with ILI predefined on a daily or weekly basis
via internet, telephone or fax. The collected data are interpreted taking into consideration

the characteristics of the participating sites, virologic surveillance data, geographical and
demographic characteristics, and influenza vaccination rate. The hospitalization-based
surveillance system contributes to the understanding of the severity and burden of influenza by
monitoring cases of severe acute respiratory illness (SARI), hospitalization, intensive care unit
(ICU) care, and mortality. Influenza is more likely to cause complications or severe progression
than other respiratory viruses. The main anticipated effect of influenza vaccination is to reduce
the burden of influenza. Therefore, a hospitalization-based surveillance system is essential to
determine the appropriateness and evaluate the effectiveness of policies for influenza control.
Data collected through both surveillance systems can be used to assess influenza vaccine
effectiveness. However, a procedure for increasing the accuracy of influenza vaccination history
is required to evaluate the influenza vaccine effectiveness accurately. In addition, a sufficient
number of patients should be included in the surveillance to assess the vaccine effect by virus
type/subtypes and age groups.
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FOREIGN INFLUENZA SURVEILLANCE SYSTEMS

The WHO discussion on the operation of the influenza network began in 1951 at a conference
held in Copenhagen, and in 1952, the WHO Global Influenza Surveillance Network was
launched [10]. In May 2011, the Pandemic Influenza Preparedness Framework was adopted,
which involved sharing of influenza virus characteristics and other benefits of vaccines, and its
name was changed to Global Influenza Surveillance and Response System (GISRS). The GISRS
consists of 144 national influenza centers, 6 WHO collaborating centers (CCs), 4 essential
regulatory laboratories, and 13 H5 reference laboratories (HSRefLabs) as 0f 2019 [11].

National influenza centers collect virus specimens, and ship representative clinical
specimens and isolated viruses to WHO CCs for advanced antigenic and genetic analysis.
The WHO recommends the composition of influenza vaccines based on the results of the
analysis. WHO CCs are responsible for the development of literature and research. One of
the six WHO CCs is responsible for surveillance, epidemiology, and influenza prevention.
Essential regulatory laboratories have the critical function of connecting surveillance and
risk assessment activities with influenza vaccine response. H5SRefLabs were established in
2004, in response to the public health needs arising from avian influenza A/H5N1 infection
in humans and influenza pandemic preparedness. HSRefLabs collect and analyze influenza
A/H5NT1 or other influenza subtypes that can potentially cause human infections. The data
collected by each institution of the GISRS are uploaded to the WHO database and presented
via FluNet, a global web-based tool for influenza virologic surveillance first launched in 1997.
The virologic data presented via FluNet are crucial to tracking the movement of viruses and
interpreting the epidemiological data. The WHO also operates a data sharing platform called
FluID, which provides connections between existing databases.

Currently, the WHO recommends evaluating disease burden using surveillance data from
each country [12]. Thus, in many countries, data on the burden of influenza are being
prepared [13-16].

The US Centers for Disease Control and Prevention (CDC) collect five categories of
information from eight different data sources on influenza activity year-round: virologic
surveillance, outpatient illness surveillance, summary of the geographic spread of influenza,
hospitalization surveillance, and mortality surveillance [17]. The analysis results are
presented through FluView and FluView Interactive.

Virologic surveillance. Approximately 100 public health laboratories and over 300 clinical
laboratories participate in the virologic surveillance: the US WHO Collaborating Laboratories
System and the National Respiratory and Enteric Virus Surveillance System. The clinical
laboratories provide data on the weekly total number of specimens tested, the number of
positive influenza test results, and the percentage of positive test results by influenza virus
type. Public health laboratories also report other kinds of data on the weekly total number of
specimens tested, the number of positive influenza test results, and the number by influenza
virus type, subtype, and influenza B lineage.

Outpatient illness surveillance. Information on outpatient visits to health care providers
for ILI is collected through the US Outpatient Influenza-like Illness Surveillance Network

https://doi.org/10.3947/ic.2019.51.2.98 100


https://icjournal.org

]_ C Chemotherapy

(ILINet). ILINet consists of more than 3,500 enrolled outpatient healthcare providers. They
report data on the total number of patients seen for any reason and the number of those
patients with ILI by age group (0 — 4 years, 5 — 24 years, 25 — 49 years, 50 — 64 years, and

>65 years). ILI is defined as fever (temperature of 37.8°C or greater) and a cough and/or sore
throat without a known cause other than influenza. Based on the ILINet results, state health
departments report the estimated level of the geographic spread of influenza activity in their
states each week through the State and Territorial Epidemiologists Reports. The influenza
activity is classified at five levels: no activity, sporadic, local, regional, or widespread.

National influenza surveillance system of Korea

Summary of the Geographic Spread of Influenza. Each state reports on the weekly
geographic spread of influenza activity through the State and Territorial Epidemiologists
Reports. Influenza activity is reported as no activity, sporadic, local, regional, and
widespread.

Hospitalization surveillance. The Influenza Hospitalization Surveillance Network monitors
laboratory-confirmed influenza-associated hospitalization. During the influenza season, data
are collected from cases with laboratory-confirmed influenza. Based on the surveillance data,
age-specific hospitalization rates and patients' characteristics are presented through FluView
Interactive weekly.

Mortality surveillance. Influenza-associated mortality surveillance consists of two systems.
The first is the National Center for Health Statistics mortality surveillance system. The
National Center for Health Statistics collects pneumonia and influenza mortality data from
each state based on ICD-10 codes. The seasonal baseline pneumonia and influenza mortality
rate is estimated using a periodic regression model. The epidemic threshold is estimated

by an increase of 1.645 standard deviations above the baseline. The second is the Influenza-
Associated Pediatric Mortality Surveillance System. Since 2004, deaths among children
younger than 18 years with laboratory-confirmed influenza have been added as a nationally
notifiable condition.

In addition, the US has been operating a vaccine effectiveness surveillance [18]. Surveillance
for monitoring influenza vaccine effectiveness is managed separately by the US Flu VE
Network, which focuses on outpatients, and the US Hospitalized Influenza Vaccine
Effectiveness Network, which focuses on inpatients. Each network consists of five sites in
the US. At the participating sites, respiratory specimens are collected for isolating influenza
viruses together with demographic and medical information, including underlying diseases
and influenza vaccination history. The two networks assess and report influenza vaccine
effectiveness separately during each season [19, 20]. The US CDC calculates and reports the
influenza disease burden using the Influenza surveillance data, and the averted burden by
vaccine based on the surveillance and estimated data [21].

The European Centre for Disease Prevention and Control (ECDC) coordinates the Influenza
Surveillance Network (EISN) [22]. The aim of the EISN is to contribute to reducing the
influenza burden in Europe. The EISN originated in the European Influenza Surveillance
Scheme (EISS) by the Netherlands Institute for Health Services Research. The EISS started
in 1996 and was Europe's initial surveillance network. Its name was changed to EISN in
September 2008 and is currently operated by the ECDC. The EISN has 50 member states in
Europe. Each member state has a separate influenza surveillance system and case definition
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for the surveillance. The form of surveillance also varies depending on the region. Each
member state reports epidemiologic and virologic data to The European Surveillance System,
which is hosted by the ECDC. Surveillance is mainly based on nationally organized sentinel
networks of primary care physicians, which cover at least 1-5% of the population of each
country. Virologic surveillance activities are coordinated through the European Reference

National influenza surveillance system of Korea

Laboratory Network for Human Influenza, a sub-network of the EISN. For the surveillance
of severe influenza, 16 member states conduct sentinel surveillance for hospitalized cases
with SAR], and 13 member states report laboratory-confirmed influenza-positive cases from
intensive care units.

The national influenza surveillance system of Japan is affiliated to the National Epidemiological
Surveillance for Infectious Diseases (NESID), which includes a mandatory reporting system for
nationally notifiable diseases and sentinel surveillance systems for various kinds of infectious
diseases including influenza [23]. The sentinel outpatient surveillance system has been

applied to influenza surveillance. Sentinel sites were designated according to the geographic
distribution, type of medical institutions, and population densities. Sentinel sites report the age
group and sex of patients with ILI every week. Virologic surveillance, consisting of testing for
influenza virus and the analysis of viral antigenicity, is incorporated into outpatient surveillance
under the scheme of NESID. About 500 medical institutions out of 5,000 sentinel sites are
designated as pathogen collection sites. In addition to the outpatient and virologic surveillance,
data on the number of influenza-associated hospitalizations are also collected under NESID.
Around 500 hospitals with more than 300 beds are selected as sentinel sites for hospitalization
surveillance. Japan has monitored the incidence of influenza-associated encephalopathy

since the late 1990s. Japan has a surveillance system for student absence and school closures.
The law of Japan states that children with influenza infection should stay home for at least

6 days after the onset of symptoms. The act also designates that the school can be closed to
stop the transmission of influenza depending on the size of influenza outbreaks. In addition

to the surveillance system operated by the public sector, there is a volunteer-based web ILI
surveillance system. The surveillance system is organized by volunteer clinicians who report the
number of influenza patients diagnosed at their clinics through the ML-Influenza Database.

THE CURRENT INFLUENZA SURVEILLANCE SYSTEM OF
KOREA

The influenza surveillance system of Korea was initiated in October 1997 with a small
number of volunteer specialists in internal medicine, pediatrics, and family medicine [9].
This surveillance system has been extended since 2000 to the Korea Influenza Surveillance
Scheme. Currently, the influenza surveillance system operated by the Korea CDC consists
of clinical sentinel surveillance, laboratory sentinel surveillance (Korea Influenza and
Respiratory Virus Surveillance System [KINRESS]), and influenza hospitalization and
mortality surveillance systems [24].

Clinical sentinel surveillance. The clinical sentinel surveillance is operated by selecting

200 outpatient clinics with the recommendation of a medical association. It is required to
report the number of ILI patients and the total number of outpatients by age groups. Reports
are provided every week from April to November and daily from December to April of the
following year. The data are used to identify influenza epidemics in Korea.
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Laboratory sentinel surveillance. KINRESS is operated at 52 sites (as of July 2018) among the
clinics participating in the clinical sentinel surveillance. The sites participating in KINRESS
collect respiratory specimens from patients with ILI and send them to the regional Research
Institutes of Public Health and Environment. The institutes conduct gene detection tests and
send the results and residual samples to the KCDC. The KCDC conducts virus identification
and reexamination of unidentified specimens. Based on these results, the circulating
influenza viruses in Korea are identified, and the characteristics of the viruses are revealed,
including resistance to antiviral agents and matched with the vaccine strain.

Influenza hospitalization and mortality surveillance. Influenza hospitalization and
mortality surveillance are being conducted at 207 hospitals (as of July 2018) participating
in Acute Respiratory Infection Sentinel Surveillance in Korea. The hospitals participating
in the surveillance report statistics on new inpatients, outpatients, and emergency room
patients diagnosed with influenza, as well as the number of deaths among patients
diagnosed with influenza.

The Hospital-based Influenza Morbidity and Mortality (HIMM) surveillance system has
been operated since 2011 as a research project of the Transgovernmental Enterprise for
Pandemic Influenza in Korea [25]. The HIMM system is a kind of SARI surveillance system
and has ten participating university hospitals. Respiratory specimens are collected at

the sites for patients who visited the ER with ILI or hospitalized patients diagnosed with
influenza. Medical histories are also collected, including influenza vaccination history,
underlying medical condition, travel history, and the progress of influenza. Influenza-
related statistics and collected data are reported on a daily and weekly basis. The HIMM
data have been used to analyze the clinical course of severe influenza [26, 27], influenza
disease burden [28], characteristics of influenza viruses that caused severe clinical course
[29], influenza vaccine effectiveness, and so on. In addition to surveillance for severe
influenza, there is surveillance for avian influenza viruses that can cause human infection
such as A/H7N9 and A/H5NT1 [30]. Currently, the HIMM surveillance system continues to be
operated at nine hospitals.

THE FUTURE DIRECTION OF INFLUENZA SURVEILLANCE
SYSTEMS IN KOREA

Influenza comprises not only a burden on the medical system but also has a huge
socioeconomic burden in Korea. A large part of the government budget has been used to
target influenza vaccination. Influenza vaccination among the elderly has been included

in the national immunization program since 1997, and children have been included since
2015 [31]. Influenza vaccination for pregnant women will also be included in the national
immunization program from the 2019-2020 season. Considering the impact of influenza

and the continuous change in the characteristics of influenza viruses, a proper surveillance
system is essential in Korea. The national influenza surveillance system currently operated by
the government has played an important role in identifying influenza epidemic patterns and
virus characteristics in Korea. However, it has limitations and needs to be supplemented.

First, the current surveillance system operated by the KCDC provides a limited understanding

of the characteristics of serious influenza and its disease burden. The hospitalization and
mortality surveillance system is being operated, but the data collected are very limited
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and cannot be used to fully understand the clinical course. It is also difficult to identify

the characteristics of viruses associated with severe influenza because specimens are not
collected. If it is not possible to collect enough data on severe influenza, it would be difficult
to fully assess the burden of influenza. In the US, when assessing the burden of influenza
illness, the spectrum of influenza from mild to dead is estimated based on hospitalized

National influenza surveillance system of Korea

patients. Another limitation is the difficulty in assessing the effectiveness of influenza
vaccines. Although information regarding influenza vaccination history has been collected,
the reliability of the information is insufficient. In order to ensure a reliable vaccination
history, it is necessary to approach history taking via various methods such as reviewing
past medical records, reviewing vaccine registration data, and in-depth interview. However,
it is difficult to obtain such reliable data in the current surveillance system. In addition,
evaluating vaccine effectiveness among outpatients would yield unrepresentative results,
so data should be collected from both outpatients and inpatients. An example is the
surveillance system for influenza vaccine effectiveness in the US. The assessment of the
burden of influenza and the evaluation of the vaccine effectiveness is very important not
only in the determination of policy direction and assessment of the impact, but also in the
risk-communication with people on the influenza. The surveillance system should have a
clear objective, and a single system cannot fulfill every purpose. To meet the unmet need
of influenza surveillance in Korea, therefore, it does not simply suffice to adjust the data
collected from the existing influenza surveillance system.

The national influenza surveillance system currently operated in Korea is relatively well-
organized and has contributed to our understanding of the characteristics of influenza. However,
more needs to be done to better cope with influenza considering the influenza situation of Korea
and foreign surveillance systems. A better national surveillance system will support proper policy
making and produce enough scientific evidence regarding influenza control.
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