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Introduction of Epidemiological Parameters and
the First Few X Cases and Contacts Investigation for
Infectious Diseases with Pandemic Potential
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ABSTRACT

It is crucial to ascertain the epidemiological characteristics of emerging infectious diseases with pandemic potential through
the investigation of the First Few X (FFX) cases and contacts, coupled with the estimation of epidemiological parameters. The
primary objective of FFX investigations is to gather epidemiological, clinical, and virological data from a limited initial pool
of laboratory-confirmed cases and contacts, aiming to delineate the actual transmission dynamics of a novel pathogen. These

identified characteristics from FFX investigations can yield epidemiological parameters indicative of the transmissibility and

severity of infectious diseases. Moreover, they can inform the development of targeted strategies for disease prevention.

Key words: The First Few X cases and contacts; Epidemiological parameters; Incubation period; Serial interval
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Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19)
in Wuhan, China, it has spread worldwide, leading to a pan-
demic, with 774,954,393 confirmed cases and 7,040,264
deaths as of March 17, 2024 [1]. Throughout the pandemic,
different variants of the original Wuhan strain, including al-
pha, delta, and omicron, have emerged, significantly impacting
the perceptions of its transmissibility and severity, which are

important considerations for infectious disease response [2].

www.phwr.org Vol 17, No 27, 2024

A comprehensive understanding of infectious disease out-
breaks requires a thorough grasp of the epidemiological pa-
rameters that characterize them [3]. Many countries have
quickly estimated the incubation and generation periods early
in the COVID-19 outbreak and have used these estimates to
develop disease control policies. However, the time points for
calculating epidemiologic indicators (date of onset, date of
contact, date of diagnosis, etc.) have been inconsistent, and the
epidemiological parameters estimated in countries other than

the Republic of Korea (ROK) have been used [4].
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Key messages
(D What is known previously?

Understanding the epidemiological, clinical, and vi-
ral characteristics is pivotal for preventing infectious
diseases.

(@ What new information is presented?

Recognizing the significance of the First Few X cases and
contacts investigations and epidemiological parameters is
essential in curbing the spread of infectious diseases.

® What are implications?

Training initiatives focusing on epidemiological param-
eters have been instituted. This data can inform the de-
velopment of tailored policies better suited to the na-
tional context when confronted with emerging infectious
diseases.

In the early days of the COVID-19 outbreak in the ROK,
several mathematical epidemiology studies used internation-
al epidemiological parameters for estimation and prediction.
However, these parameters can vary depending on the coun-
try’s pandemic response level, and the use of inappropriate epi-
demiological parameters can lead to incorrect predictions [5].
Therefore, producing quantitative predictions using country-
specific epidemiological parameters is essential for accurately
estimating the effectiveness of disease control policies.

Calculating these epidemiological parameters requires un-
derstanding the epidemiological, clinical, and virological char-
acteristics of infectious disease pathogens through the investi-
gation and analysis of the First Few X cases and contacts (FFX)
[6]. Analyzing the epidemiological characteristics of patients
and pathogens through FEX investigations is invaluable for ad-

justing and updating public health guidance and surveillance

recommendations. Most importantly, it provides a basis for de-
veloping the models of the epidemiological transmission char-
acteristics of pathogens, their local transmission, severity, and
community impact, and designing and implementing disease
control measures such as non-pharmaceutical interventions
(7.

Because of the COVID-19 pandemic, the importance of
FFX investigations and the analysis of epidemiological param-
eters has been highlighted in order to provide a scientific basis
for disease control responses. Therefore, this study aimed to
introduce FFX investigations and epidemiological parameter
analysis to prepare for future pandemics caused by new infec-
tious diseases and highlight the establishment of the Korea

Disease Control and Prevention Agency (KDCA) in 2023.

The First Fex X Cases and Contacts
Investigation

FFX investigations are carried out to collect epidemiologi-
cal, clinical, and virological data by initially investigating indi-
viduals with laboratory-confirmed infections and their contacts
to determine the transmission modes [7,8]. Epidemiological
parameters can be measured from two perspectives: transmis-
sibility and severity (Table 1). The transmissibility" of infec-
tious diseases can be determined by assessing the asymptomat-
ic-to-symptomatic ratio, secondary clinical attack rate, second-
ary infection rate, incubation period, serial interval, and basic
reproduction number. The severity can be determined by mea-
suring the infection hospitalization rate and hospitalization fa-
tality rate.

According to the World Health Organization (WHO)’s

1) Transmissibility denotes the ease with which an infectious disease spreads; for example, an basic reproduction number of 15-17 for measles

indicates that one infected person can spread the disease to 15-17 people

1180

www.phwr.org Vol 17, No 27, 2024


http://www.phwr.org

I Public Health Weekly Re.:uu’\

Table 1. Definitions for key epidemiological terms in First Few X cases and contact investigation

Category

Definition

Transmissibility

defined period of time

@ Secondary clinical attack rate
® Secondary infection rate
defined period of time
® Incubation period
® Serial interval
secondary case

® Basic reproduction number

Severity @ Infection-hospitalization ratio

Infection-fatality ratio

indirect consequence of their infection

@ Symptomatic/Asymptomatic proportion of cases

The frequency of symptomatic/asymptomatic infections of pathogen X among all confirmed cases in a
The frequency of new symptomatic persons among contacts in a defined period of time

The frequency of new infections of pathogen X among contacts of confirmed primary cases in a
The period of time between an exposure resulting in pathogen X infection and the onset of the first
clinical symptoms of the disease in a secondary case

The period of time from the onset of symptoms in the primary case to the onset of symptoms in a
The number of infections produced, on average, by an infected individual in the early stages of the
epidemic, when virtually all contacts are susceptible

The proportion of persons with a laboratory confirmed pathogen X infection who are admitted to
hospital for clinical management or treatment

The proportion of persons with a laboratory confirmed pathogen X infection who die as a direct or

Data from World Health Organization [7].

FFX investigation protocol for respiratory pathogens in 2023,
investigations involve several key steps [7]. When conducting
FFX investigations among the initial confirmed cases and con-
tacts of pathogen X, the data collected are used to evaluate the
secondary infection rates, secondary clinical attack rates, clini-
cal symptoms, complications, and the presence of symptoms
by gender and age. It can also assist in determining the possible
modes of transmission by examining the connections among
initial confirmed cases and in calculating incubation periods
and serial intervals by investigating their relationships to ad-
ditional cases. Analyzing the pathogen in a confirmed case al-

lows for determining its specificity, which can provide key

information for the development of vaccines and therapeutics

(Table 2).

Examples of the First Few X Cases and
Contacts Investigation

In April 2009, a novel influenza (H1N1) outbreak oc-
curred in Mexico and the United States, with the United
Kingdom among the first European countries affected. The in-
dex patients were a Scottish couple who arrived from Mexico
in late April 2009. Surveillance and investigation began af-

ter identifying these index patients, which spanned from

2) FF100 is a term used in the United Kingdom that refers to the First Few X cases and contacts.

www.phwr.org Vol 17, No 27, 2024
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potential

Table 2. Details of the First Few X cases and contacts investigation and studies for respiratory pathogens with pandemic

Category

Contents

Population

Potential output and analysis

Primarily:

age and sex

Secondarily:
The serial interval

Timing of the investigation
Duration
Minimum data and specimens

to be obtained from participants

The FFX cases of pathogen X and their close contacts
To identify transmission dynamics, severity and clinical spectrum in the population of
initial cases of pathogen X

The secondary infection rate and secondary clinical attack rate by key factors such as

The clinical presentation and course of associated disease
The symptomatic and asymptomatic proportions of cases

Duration of viral shedding (if possible)

Possible routes of transmission including possible animal-human transmission

Risk or protective factors for transmission of severe disease

Advanced related objectives;

The basic reproduction number

The incubation period
Immediate investigation following the confirmation of a case of pathogen X in the domestic
Recruitment and follow-up of index cases and all close contacts for 28 days from recruitment
Epidemiological, clinical, virological and serological data will be collected from each

participant at multiple times during the study

contacts.

Data from World Health Organization [7]. Contents of analysis can be flexible by outbreak situation. FFX=the First Few X cases and

April 27, 2009 to June 14, 2009. The investigation was con-
ducted using online databases along with the FFX investiga-
tion protocol (termed the first few hundred [FF100”] in the
United Kingdom) and a questionnaire adapted for influenza.
Epidemiological investigations were conducted twice: initially
at the time of diagnosis (or as soon as possible) and 14 days lat-
er. The patients with confirmed cases, parents, and healthcare
providers were interviewed, with continuous surveillance of
contacts. During the epidemiological investigation, clinical and
epidemiological data (date of onset, symptoms, severity, past
medical history, comorbidities, and influenza vaccination his-
tory) were obtained using the FF100. Additional information
was collected to determine the occurrence of medical compli-

cations, outcomes (death or recovery), and the use of antivirals

1182

and antibiotics [9-11]. The results of the analysis based on the
collected data were documented in three studies published be-
tween May and July 2009, marking the onset of the outbreak
(Table 3).

Epidemiological Parameters

Based on the epidemiological, clinical, and virological char-
acteristics collected through FFX investigations, the epidemio-
logical parameters can be calculated to determine the transmis-
sibility and severity of infectious diseases. These parameters
typically include the incubation period, the serial interval, and
others. These parameters provide a useful basis for understand-

ing the dynamics of the epidemic and devising future disease
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Table 3. Cases investigation and analysis at the early stage of Influenza A in 2009

Source Period Confirmed cases Collection and analysis
McLean et al. [9] 2009. 4. 27.-2009. 6. 14. 369 cases by FFX Demographic characteristics of
investigation of total cases (distribution of region, sex,

1,009 confirmed cases  and age), source of infection,
clinical features (distribution of
symptoms by age group), FFX
cases of total confirmed cases
underlying risk factors

Health Protection Agency [10] ~ 2009. 4. 27.-2009. 5. 31.  Total 252 cases Frequency of cases by sex and age,
travel history, setting/source of
acquisition, clinical presentation
of confirmed cases

Health Protection Agency and ~ 2009. 4. 27.-2009. 5. 11.  Total 65 cases Travel history, regional distribution
Health Protection Scotland of confirmed cases, type and
New Influenza A (HIN1) frequency of symptoms, children’
Investigation Teams [11] symptoms, symptoms by sex

FFX=the First Few X cases and contacts.

Investigation protocols Epidemiological parameters

—_— “
S - SIR
— IHR
Hospitalized - SCAR
cases - Serial interval

First Few X cases & contacts - Generation interval

- Basic reproduction number
sCFR
Medically-attended

cases
\ Incubation

/  period

Symptomatic cases,
—_ not medically attended

Outbreak investigation,
seroprevalence

Infected, asymptomatic

Figure 1. Disease pyramid with associated epidemiological parameters to be estimated through First Few X cases and contacts
investigation
Data from World Health Organization [7]. IHR=infection hospitalization ratio; sCFR=symptomatic cases infection fatality rate; IFR=infection

fatality rate; SIR=secondary infection rate; SCAR=secondary clinical attack rate.

control strategies (Figure 1) [7,12]. of symptoms among adults and children. Subsequent investi-

During the investigation of the 2009 influenza A (HIN1) gations further explored the secondary clinical attack rate, lo-
outbreak in the United Kingdom, FFX investigations were con- cation of infection, distribution of symptoms, and gender and
ducted from April 27 to May 11, 2009, to determine the initial age distribution of confirmed cases. Based on these findings,

cases, the type and incidence of symptoms, and the distribution from late April to July 1, 2009, all suspected cases were initially

www.phwr.org Vol 17, No 27, 2024 1183


http://www.phwr.org

I Public Health Weekly Repo: ’\

tested for the virus, and all confirmed cases and close contacts
were administered antiviral drugs. Since July 1, 2009, the re-
sponse strategy has been modified to include viral diagnosis
when clinically indicated, treating all patients according to
the clinical criteria and administering antivirals when needed
[9-11].

During the COVID-19 pandemic, the significance of un-
derstanding the transmissibility and severity of COVID-19 as
the scientific basis for developing disease control responses has
been emphasized. In response, the WHO expanded the FFX
investigation protocol published in 2020 to include respira-
tory infectious diseases. The updated protocol was released in
2023 under the title, “The First Few X cases and contacts (FFX)
investigation template protocol for respiratory pathogens with
pandemic potential” [7]. To facilitate the rapid implementa-
tion of the FFX investigation method in the event of a new in-
fectious disease outbreak and enable prompt calculation of epi-
demiological parameters, the KDCA initiated a policy research
project in 2023 focused on the “training in the analysis of epi-
demiological parameters and the development of tools for cal-
culating epidemiological parameters” and provided training for
central epidemiological investigators to support these efforts.

The training was aimed at acquiring theoretical back-

ground and measurement methods for epidemiological

parameters, particularly the incubation periods, serial intervals,
and basic reproduction numbers, to quantitatively character-
ize the transmission dynamics of infectious disease epidem-
ics. In the first and second half of 2023, 27 epidemiological
investigators from the Central Epidemiological Investigation
Team underwent two sets of training sessions. The first session
included both theoretical instruction and practical exercises,
while the second session involved feedback on submitted tasks.
Theoretical training utilized prepared lecture materials, while

practical training utilized the R program (Table 4).

Conclusion

During an outbreak of a new respiratory infectious disease,
the rapid understanding of its transmission characteristics, cal-
culation of epidemiological parameters, and analysis of epide-
miological characteristics through FFX investigations are cru-
cial for effective disease control response. This article explored
the implications of FFX investigations and underscored the
importance of the epidemiologic parameters derived from the
data collected through these investigations. These parameters
are instrumental in developing and implementing evidence-
based disease control response strategies aimed at preventing

and halting the transmission of infectious diseases, including

Table 4. Training contents for the estimation of epidemiological parameters for central epidemiological investigation officers in

2023
Contents Remarks
1 Understanding of characteristics of infectious disease epidemiology and epidemiological parameters Lecture & practice
2 Understanding of incubation period and serial interval
3 Practice! Incubation period and serial interval by R program
4 Understanding of R,
5  Practice! Ry by R program
6  Presentation of individual assignment and feedback

Ry=basic reproduction number.
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measures like isolation, social distancing, and vaccination.

FFX investigations and the analysis of epidemiological pa-
rameters are critical for effectively planning and implementing
disease control strategies, ensuring preparedness and timely
response to terminate the transmission of infectious diseases at
an early stage. However, the concept and procedures for con-
ducting FFX investigations have been insufficient in response
to emerging infectious diseases in the ROK, limiting the under-
standing of the epidemiological characteristics of COVID-19
patients in the ROK. Therefore, KDCA has developed a tool
for analyzing epidemiological parameters. This initiative is ex-
pected to contribute to improving the initial response capa-
bilities of epidemiological investigators by expanding regular
training and practice, thereby better preparing them for future

outbreaks of new infectious diseases.
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