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ABSTRACT

Introduction: To better understand the condi-
tions associated with pertussis diagnosis among
older adults in South Korea, a matched
case—control study was conducted of individu-
als > 50 years diagnosed with pertussis between
2009 and 2018.

Methods: Pertussis cases were identified using
the nationwide Health Insurance Review and
Assessment service (HIRA) database. Each case
was then matched to up to 10 controls identi-
fied using the National Health Insurance Ser-
vice-National Sample Cohort (NHIS-NSC) by
age, sex, and geographic region at index date. In
the 12 months and 30 days prior to index date,
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the presence of clinical characteristics previ-
ously reported to be related to pertussis and
pertussis-like conditions were assessed, respec-
tively. A conditional multivariate logistic
regression model was then used to calculate
odds ratios (ORs) of pertussis diagnosis, adjusted
for each of the characteristics.

Results: Pertussis cases (n=1004) generally
demonstrated a higher prevalence of comor-
bidities compared to controls (n=9710). Pre-
existing asthma and chronic obstructive pul-
monary disease (COPD) within 12 months of
index date were associated with a two-fold
increased risk of pertussis with adjusted ORs
(95% confidence interval) of 2.08 (1.68-2.58)
and 2.32 (1.59-3.39), respectively. Gastroe-
sophageal reflux disease [GERD; 2.67
(2.23-3.19)], cancer [1.68 (1.23-2.31)], cardio-
vascular disease [1.62 (1.31-2.00)], renal disease
[1.56 (1.12-2.16)], autoimmune disease [1.50
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(1.25-1.79)], and  hyperlipidemia  [1.43
(1.16-1.77)] were also associated with pertussis
diagnosis. Finally, acute respiratory events
within 30 days prior to index date, such as
pneumonia, acute bronchitis, and upper respi-
ratory tract infection (URTI), were highly asso-
ciated with increased odds of pertussis diagnosis
[adjusted ORs of 8.28 (5.10-13.44), 4.86
(3.84-6.14), and 2.90 (2.30-3.67), respectively].

Conclusions: This study’s findings complement
and expand upon previous studies on the adult
pertussis population, generating real-world data
to describe underlying clinical characteristics of
those diagnosed with pertussis in South Korea.

Keywords: Adults; Asthma; COPD; Pertussis;
Risk factors; South Korea; Vaccination;
Whooping cough
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Infographic

Risk Factors of Pertussis Among Older Adults
in South Korea: A Nationwide Health Data-Based
Case-Control Study

Hyungwoo Kim, Ju-Young Shin, Jing Chen, Ju Hwan Kim, Yunha Noh,
Hee Jin Cheong, Yeon-Mok Oh, Adrienne Guignard, Sumitra Shantakumar

Pertussis (or whooping cough) is a highly infectious bacterial infection of
~ the lungs that is known for the “whoop” sound made by most children and
’ in some adult patients between coughs

In South Korea, an increasing proportion of
pertussis cases have been reported in older adults

It is important to identify conditions associated with
pertussis diagnosis in adults, in order to develop effective
strategies to prevent infection

This study included patients aged 50 years or older
diagnosed with pertussis between 2009—2018 in South Korea

We examined insurance claims data from a national database
= to find out if certain pre-existing and pertussis-like conditions
— were associated with an increased risk of pertussis diagnosis

Pre-existing conditions  Date of pertussis diagnosis
A

12 months before diagnosis 30 days before diagnosis

Conditions which were associated with pertussis
12-months before diagnosis:*

g o
Chronic obstructive Gastroesophageal

Asthma pulmonary disorder reflux disease

~2x risk ~2x risk ~3x risk

Pertussis-like conditions or symptoms which were
associated with pertussis within 30 days of diagnosis:

mn M A =

. " Upper respiratory  Allergic rhinitis
SIS AELElEETENS tract infection (cold) (hay fever)
~8x risk ~5x risk ~3x risk ~2x risk

Note: These conditions could represent initial misdiagnoses

Several pre-existing conditions were identified as potential risk factors for
pertussis diagnosis in adults 50 years or older in South Korea, including
pre-existing breathing conditions and gastroesophageal reflux disease

PEER-REVIEWED .
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Why carry out this study?

A resurgence of pertussis has been reported
in South Korea in the last 2 decades, with
an increasing proportion of cases reported
in older adults.

There remains a gap in the local data on
pertussis in older adults in South Korea,
and on whether underlying conditions
established as risk factors for pertussis
apply to this population.

What was learned from the study?

Overall, individuals > 50 years diagnosed
with pertussis between 2009 and 2018 in
South Korea demonstrated a higher
prevalence of comorbidities compared to
controls.

Pre-existing respiratory diseases, such as
asthma and chronic obstructive
pulmonary disease (COPD), as well as
gastroesophageal reflux disease (GERD)
and acute respiratory events, were all
associated with increased odds of pertussis
diagnosis.

These findings complement and expand
upon previous studies on the adult
pertussis population, helping to inform
the clinical community and public health
stakeholders for creation and
implementation of more effective
pertussis prevention strategies in South
Korea.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article go to https://10.6084/
m9.figshare.21710483.

INTRODUCTION

Pertussis, or “whooping cough”, is a highly
contagious respiratory infection caused by
Bordetella pertussis, which is characterized by a
prolonged paroxysmal cough lasting several
weeks and an inspiratory “whoop” [1]. While
the incidence rate of pertussis varies by popu-
lation and calendar year, epidemiological data
in the United States (US) have shown a recent
trend towards an increasing proportion of per-
tussis cases in adults [2]. This, in part, has been
attributed to waning immunity occurring in the
years following primary childhood immuniza-
tion, which has also been highlighted in previ-
ous studies of pertussis in adults [3, 4].

Pertussis can present atypically in adults, and
asymptomatic cases of pertussis in adults are
common [5, 6]. However, pertussis can also be
debilitating in this population with complica-
tions, including pneumonia, fainting, urinary
incontinence, rib fracture, encephalopathy, and
worsening of underlying respiratory conditions
[7, 8]. Adults with pre-existing respiratory con-
ditions may also be at increased risk for pertussis
[9] and of severe pertussis requiring hospital-
ization [10].

A resurgence of pertussis has been reported
in South Korea, where local data showed an
increase in the number of reported pertussis
cases in the early 2000s, which peaked in 2009
among infants aged 12 months or less and in
2011 among those aged 15 years or above [11].
However, there remains a gap in the local data
on pertussis in older adults in the South Korean
population and on whether the underlying
conditions established as risk factors for severe
pertussis apply to this population [9, 10, 12].

To better understand the burden of pertussis
in adults in South Korea, this study aimed to
identify the potential conditions associated
with pertussis diagnosis in adults > 50 years.

METHODS

Patients

A population-based, matched case—control
study was conducted to identify the risk factors
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and prior conditions associated with pertussis
diagnosis among individuals > 50 years in
South Korea between 2009 and 2018.

Data Source

The medical claims data of individuals diag-
nosed with pertussis were retrieved using the
South Korea national health insurance claims
database operated by the Health Insurance
Review and Assessment service (HIRA), with a
data period from January 1, 2008 to December
31, 2018. The HIRA database is a repository of
claims data collected in the process of triaging
reimbursement claims filed by healthcare pro-
viders which contains comprehensive informa-
tion pertaining to all reimbursable healthcare
services. As the national health insurance pro-
gram has achieved universal coverage of the
entire population, this database includes 98% of
the total population (approximately 50 million
as of 2014). All diagnoses are coded using the
Korea Standard Classification of Diseases 7th
revision, which is based on the International
Classification of Diseases, 10th revision (ICD-
10) [13].

Due to the HIRA data extraction policy that
limits maximum data size to be extracted per
request, the National Health Insurance Service-
National Sample Cohort (NHIS-NSC) Ver.2.0
was used to identify controls (i.e., individuals
without a pertussis diagnosis). The NHIS-NSC is
a population-based cohort established by the
NHIS in South Korea, which was constructed to
provide public health researchers and policy
makers with representative information regard-
ing citizens’ utilization of health insurance and
health examinations. This cohort includes
approximately 1 million subjects (2.2% of the
entire population) selected via systemic strati-
fied random sampling from the total eligible
population in 2002, and followed until 2015
[14].

This study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. As these databases consist of
Health Insurance Portability and Accountability
Act of 1996 (HIPAA) compliant de-identified

data, no ethics committee approval was
required.

Study Design

Individuals were included in this analysis if they
were aged > 50 years and had been diagnosed
with pertussis, as identified using the HIRA by
an ICD-10 diagnosis code of pertussis (“A37:
Whooping cough”, retrieved up to the 10th
position of medical diagnosis) between 2009
and 2018. Information on how diagnosis was
made or confirmed (e.g., via laboratory testing)
was not available in the database. Individuals
were then matched to up to 10 controls iden-
tified using the NHIS-NSC by age, sex, and
geographic region at the index date (Fig. 1).

The index date for pertussis cases was defined
as the date of first pertussis diagnosis (assessed
up to the 10th diagnosis position) during the
study period. For the matched controls, index
date was assigned as the date of a medical visit
for any diagnosis that corresponded to the
index date of a pertussis case. Due to the limited
available data period of NHIS-NSC, pertussis
cases diagnosed in 2016-2018 were matched to
2015 NHIS-NSC controls for whom the month
and day of the index date was identical to the
matched case.

In order to only include cases with a
12-month period preceding index date, pertus-
sis cases diagnosed in 2008 were excluded.
Individuals with a history of pertussis within
12 months preceding the pertussis diagnosis
were also excluded to only include newly diag-
nosed cases. Finally, to ensure all controls
selected for matching did not have pertussis
during the study period, all individuals with
ICD-10 “A” code were excluded.

Risk Factors and Associated Conditions
Assessed

In the 12months prior to the index date
(baseline period), the presence of conditions
previously reported to be related to pertussis
were assessed. The conditions assessed were
selected a priori via a literature review during
the development of the protocol. Firstly,
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Index date
(date of pertussis diagnosis)

Demographic and clinical characteristics
(12-month baseline period)

/\

Case
(selected from HIRA)

N
Ve
Pertussis-like clinical conditions?
(0-30 days)

Index date
(date of diagnosis of matched control)

Demographic and clinical characteristics
(12-month baseline period)

/\

Control
(selected from NHIS-NSC)

Fig. 1 Study design overview. *Includes acute bronchitis,
allergic rhinitis, pneumonia, and URTI. HIRA Health
Insurance Review and Assessment service, NHIS-NSC

chronic respiratory conditions such as asthma
and chronic obstructive pulmonary disease
(COPD) were included based on the proposal by
Buck et al. 2017 that these may affect risk of
pertussis, which is an infection of the respira-
tory tract [9]. Other medical conditions such as
diabetes, hypertension, cardiovascular disease,
cerebrovascular disease, hyperlipidemia, and
gastroesophageal reflux disease (GERD) were
also included as they were among the most
common conditions which presented 6 months
prior to pertussis diagnosis according to
McGuiness et al. 2013 [15]. Neurological disor-
ders, autoimmune disease (e.g., hemolytic
anaemia, Crohn’s disease, psoriasis, systemic
lupus erythematous, and axial spondylarthritis),
and renal disease were included as among the
most frequent underlying medical conditions
among hospitalized pertussis
patients > 65 years [12]. Finally, several condi-
tions included in computing the Charlson
Comorbidity Index score among older adults
with pertussis (cancer, liver disease, and

N
Y
Pertussis-like clinical conditions?
(0-30 days)

National Health Insurance Service-National Sample
Cohort, URTT upper respiratory tract infection

depression) were also assessed in the 12 months
prior to the index date.

In the 30 days prior to the index date, con-
ditions which are pertussis-like or have a clini-
cally meaningful proximal relationship to
pertussis were assessed, and were defined as a
prescription for cough suppressants or antibi-
otics accompanied by a diagnosis of acute
bronchitis, allergic rhinitis, pneumonia, or
upper respiratory tract infection (URTI).

For a full list of the ICD-10 and Anatomical
Therapeutic Chemical (ATC) codes used to
identify these conditions and associated medi-
cations, see Supplementary Table 1.

Statistical Analysis

Baseline characteristics between the cases and
controls were compared using the t test for
continuous variables and the chi-square test or
Fisher’s exact test (expected frequency < 35) for
binary variables. To identify potential condi-
tions associated with pertussis diagnosis, a
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conditional multivariate logistic regression
model was used to estimate odds ratios (ORs)
with 95% confidence intervals (Cls), adjusted
(aORs) for each of the characteristics, including
comorbidities and co-medications assessed
within 12 months prior to index date and per-
tussis-like clinical conditions assessed within
30 days of index date. Furthermore, to account
for effect modification by age, subgroup analy-
ses were conducted for adults aged 50-64
and > 65 years.

Sensitivity Analyses

To consider the potential effect of different data
periods of HIRA (2009-2018; used for extraction
of the cases) and NHIS-NSC databases
(2009-2015; used for extraction of the controls),
the analysis was repeated after truncating the
study period from 2009-2018 to 2009-2015,
which were the available data periods for the
two databases (Supplementary Fig. 1).

As excluding the ICD-10 code “A” may have
led to certain individuals with conditions other
than pertussis being excluded, a sensitivity
analysis where these individuals were included
was also conducted.

Lastly, an additional sensitivity analysis
which used separate multivariate models for
comorbidities and co-medications assessed
within 12 months prior to index date and per-
tussis-like clinical conditions assessed within
30 days of index date was conducted.

RESULTS

Baseline Characteristics of Pertussis Cases
and Matched Controls

In 2009-2018, 1011 individuals diagnosed with
pertussis > 50 years in South Korea were iden-
tified using the HIRA database. The most com-
monly recorded ICD-10 code was “A37.9
whooping cough, unspecified” (54.9%) and
“A37.0 whooping cough due to Bordetella spe-
cies” (39.3%), followed by “A37.8 whooping
cough due to another Bordetella species” (3.7%)

and “A37.1 whooping cough due to Bordetella
parapertussis” (2.1%).

Of these cases, 1004 were matched with
9,710 controls based on age, sex, and geo-
graphic location. Among these individuals,
mean age (SD) was 64.5 (10.6) years, 61.4% were
women, and most resided in rural (<1 million
population) and urban (> 1 million population)
compared to metropolitan (capital city, Seoul)
areas (39.6% and 38.8% vs. 21.5%, respectively).
Among the 1004 pertussis cases, 692 (68.9%)
received macrolides on or within 30 days after
the pertussis diagnosis. The most frequently
prescribed macrolide was azithromycin (466
cases, 46.4%), followed by clarithromycin (193
cases, 19.2%) and erythromycin (33 cases,
3.3%). Table 1 shows the baseline characteristics
of the identified pertussis cases and matched
controls.

Prevalence of comorbidities in the year prior
to the index date was generally higher among
pertussis cases compared to controls, including
asthma (37.0% vs. 5.9%), cancer (9.7% vs.
3.1%), cardiovascular disease (38.0% vs. 13.2%),
cerebrovascular disease (12.1% vs. 5.1%), COPD
(10.6% vs. 1.3%), diabetes (29.5% vs. 13.0%),
GERD (54.0% vs. 14.1%), hyperlipidemia
(48.0% vs. 19.2%), hypertension (49.2% vs.
26.3%), autoimmune disease (49.3% vs. 17.5%),
liver disease (32.3% vs. 11.7%), and renal dis-
ease (9.6% vs. 3.1%). Furthermore, more indi-
viduals diagnosed with pertussis were diagnosed
with pertussis-like conditions assessed within
30 days prior to index date, compared with
controls.

Potential Risk Factors Associated
with Pertussis Diagnosis

Demographic and clinical characteristics asses-
sed 12 months and 30 days prior to the index
date that were associated with pertussis diag-
nosis are presented in Table 2.

Pre-existing respiratory conditions within
the 12 months prior to the index date, includ-
ing asthma and COPD, were associated with
increased odds of pertussis diagnosis [aORs
(95% CI), 2.08 (1.68-2.58) and 2.32 (1.59-3.39),
respectively). Pertussis-like clinical conditions
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Table 1 Baseline characteristics of matched case and pertussis cases and matched controls between 2009 and 2018

Pertussis” Control® Overall
(n = 1004) (n = 9710) (n = 10714)
n % n % n %
Age
Mean (SD) 642 104 65.0 10.6 645 10.6
50-54 214 213 2112 21.8 2326 21.7
55-59 195 19.4 1916 19.7 2111 19.7
60-64 149 14.8 1424 14.7 1573 14.7
65-69 137 13.7 1300 13.4 1437 13.4
70-74 106 10.6 996 10.3 1102 10.3
75 + 203 20.2 1962 20.2 2165 20.2
Sex
Female 614 612 5968 61.5 6582 614
Male 390 38.8 3742 38.5 4132 38.6
Region
Metropolitan 219 21.8 2088 21.5 2307 215
Urban area 386 385 3774 389 4160 388
Rural area 399 39.7 3848 39.6 4247 39.6
Comorbidities within 12 months prior to index date
Asthma 371 37.0 577 5.9 948 8.9
Cancer 97 9.7 297 3.1 394 37
Cardiovascular disease 381 38.0 1281 13.2 1662 15.5
Cerebrovascular disease 121 12.1 493 5.1 614 5.7
COPD 106 10.6 129 1.3 235 2.2
Diabetes 296 29.5 1260 13.0 1556 14.5
GERD 542 54.0 1365 14.1 1907 17.8
Hyperlipidemia 482 48.0 1867 19.2 2349 21.9
Hypertension 494 49.2 2557 263 3051 28.5
Autoimmune disease 495 49.3 1703 17.5 2198 20.5
Liver disease 324 323 1134 11.7 1458 13.6
Renal disease 96 9.6 300 3.1 396 37
Co-medications
Immunosuppressive drugs (excluding corticosteroids) 25 25 43 0.4 68 0.6
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Table 1 continued
Pertussis” Control® Overall
(n = 1004) (n = 9710) (n = 10714)
n % n % n %
Pertussis-like clinical conditions within 30 days prior to index date
Acute bronchitis 464 46.2 339 35 803 7.5
Allergic rhinitis 401 39.9 323 33 724 6.8
Pneumonia 169 16.8 27 0.3 196 1.8
URTI 438 43.6 468 4.8 906 85

Each pertussis case was matched up to 10 controls by age group, sex, and geographic region at index date
COPD chronic obstructive pulmonary disease, GERD gastroesophageal reflux disease, NHIS-NSC National Health
Insurance Service-National Sample Cohort, SD standard deviation, URTT upper respiratory tract infection

*Among 1011 cases, 7 cases were not matched with at least one control
*Due to limited available data period of NHIS-NSC, controls in 2015 were matched with the cases diagnosed between 2015

and 2018

within 30 days prior to the index date were also
associated with increased odds of pertussis
diagnosis, with the highest odds observed for
pneumonia [8.28 (5.10-13.44)], followed by
acute bronchitis [4.86 (3.84-6.14)], URTI [2.90

(2.30-3.67)], and allergic rhinitis [1.71
(1.32-2.21)].
Among the other comorbidities under

assessment 12 months prior to the index date,
patients with past medical history of GERD
[@QOR  2.67 (2.23-3.19)], cancer [1.68
(1.23-2.31)], cardiovascular disease [1.62
(1.31-2.00)], renal disease [1.56 (1.12-2.16)],
autoimmune disease [1.50 (1.25-1.79)], or
hyperlipidemia [1.43 (1.16-1.77)] were at
increased odds for pertussis diagnosis.

Subgroup Analyses

Among the 558 pertussis cases and 5,452 mat-
ched controls aged 50-64 years, pre-existing
respiratory conditions such as asthma and
COPD within 12 months prior to index date
and pertussis-like conditions within 30 days
prior to the index date were consistently asso-
ciated with increased odds of pertussis diagno-
sis. However, fewer comorbidities under
assessment 12 months prior to the index date
showed statistically significant increased odds

of pertussis diagnosis, including GERD [2.44
(1.94-3.07)], autoimmune disease [1.56
(1.24-1.95)], and hyperlipidemia  [1.39
(1.06-1.83); Supplementary Table 2].

Among the 446 pertussis cases and 4,258
controls aged > 65 years, results from the sub-
group analysis were largely consistent with the
combined group analysis findings. In addition,
use of immunosuppressive drugs within
12 months prior to index date was associated
with increased odds of pertussis diagnosis [3.82
(1.24-11.75); Supplementary Table 3].

Sensitivity Analysis

To validate the main findings, sensitivity anal-
ysis was carried out by only including the cases
diagnosed between 2009 and 2015 to match the
data period of NHIS-NSC in which the controls
were retrieved. Of the 1,004 pertussis cases
included in the main analysis, 558 cases were
subsequently excluded, resulting in 446 cases
and 4,451 matched controls between 2009 and
2015 (Supplementary Table 4). Similar to the
results of the main analysis, individuals with
pre-existing respiratory conditions within
12 months prior to the index date had increased
odds of pertussis diagnosis. However, the
majority of assessed comorbidities showed null
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Table 2 Multivariate logistic regression analysis of potential risk factors for pertussis between 2009 and 2018

Odds ratio (95% CI)

Crude Adjusted”
Respiratory conditions within 12 months prior to index date
Asthma 9.28 (7.96-10.82) 2.08 (1.68-2.58)
COPD 8.77 (6.72-11.44) 2.32 (1.59-3.39)

Pertussis-like clinical conditions within 30 days prior to index date

Acute bronchitis 23.75 (20.14-28.00)
Allergic rhinitis 19.33 (16.34-22.86)
Pneumonia 72.58 (48.06-109.63)
URTI 15.28 (13.08-17.85)
Other medical conditions within 12 months prior to index date
Cancer 3.39 (2.67-4.31)
Cardiovascular disecase 4.02 (3.50-4.63)
Cerebrovascular disease 256 (2.08-3.16)
Diabetes 2.80 (2.42-3.25)
GERD 7.17 (626-8.22)
Hyperlipidemia 3.88 (3.34-4.43)
Hypertension 2.71 (2.38-3.10)
Autoimmune disease 4.57 (4.00-5.23)
Liver disease 3.60 (3.11-4.17)
Renal disease 3.32 (2.61-4.22)

Co-medications within 12 months prior to index date

5.74 (3.49-9.44)

Immunosuppressive drugs (excluding corticosteroids)

4.86 (3.84-6.14)
1.71 (1.32-2.21)
8.28 (5.10-13.44)
2.90 (2.30-3.67)

1.68 (1.23-2.31)
1.62 (1.31-2.00)
1.12 (0.84-1.48)
0.92 (0.74-1.15)
2.67 (2.23-3.19)
1.43 (1.16-1.77)
0.96 (0.79-1.19)
1.50 (1.25-1.79)
1.07 (0.87-1.32)
1.56 (1.12-2.16)

1.89 (0.95-3.76)

1004 pertussis cases and 9710 matched controls were included in this analysis

CI confidence interval, COPD chronic obstructive pulmonary disease, GERD gastroesophageal reflux disease, URTT upper

respiratory tract infection
Significant values (p < 0.05) are shown in bold

*The multivariate model adjusted for each of the characteristics, including comorbidities, co-medications assessed within

12 months prior to index date and pertussis-like clinical conditions assessed within 30 days of index date

association, except for cardiovascular disease
and GERD (Table 3). This trend was also seen in
the subgroup analyses, in which past medical
histories of COPD, asthma, and GERD, and
cardiovascular disease were consistently associ-
ated with an increased risk of pertussis diagnosis
(Supplementary Tables 5 and 6).

Findings from the sensitivity analysis where
individuals with the ICD-10 “A” code were not
excluded from control group selection (cases:
n = 1,005; controls: n =9,718) were also in line
with those of the main analysis. The presence of
asthma, COPD, and other comorbidities
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Table 3 Multivariate logistic regression analysis of potential risk factors for pertussis after matching data period between

HIRA data and NHIS-NSC (2009-2015; sensitivity analysis)

Odds ratio (95% CI)

Crude

Adjusted”

Respiratory conditions within 12 months prior to index date
Asthma
COPD
Pertussis-like clinical conditions within 30 days prior to index date
Acute bronchitis
Allergic rhinitis
Pneumonia
URTI
Other medical conditions within 12 months prior to index date
Cancer
Cardiovascular disease
Cerebrovascular disease
Diabetes
GERD
Hyperlipidemia
Hypertension
Autoimmune disease
Liver disease
Renal disease
Co-medications within 12 months prior to index date

Immunosuppressive drugs (excluding corticosteroids)

2.56 (2.03-3.24)
2.59 (1.68-4.00)

8.60 (6.91-10.71)
497 (3.93-6.30)
14.38 (8.64-23.92)

5.97 (4.83-7.37)

1.10 (0.73-1.65
1.19 (0.96-1.49
0.83
0.82 (0.64-1.04

0.58-1.20

1.10 (0.90-1.34
0.89
1.30
1.21

0.73-1.08
1.07-1.59
0.97-1.51

(
(
(
(
2,04 (1.67-2.49
(
(
(
(
0.93 (0.61-1.43

)
)
)
)
)
)
)
)
)
)

1,52 (0.59-3.91)

1.43 (1.09-1.89)
2.19 (1.33-3.60)

4.77 (3.61-6.29)
0.95 (0.69-1.31)
4.65 (2.60-8.34)
2.73 (2.09-3.58)
1.05 (0.66-1.64)
1.31 (1.01-1.71)
0.85 (0.57-1.28)
0.67 (0.50-0.90)
1.68 (1.35-2.11)
1.04 (0.80-1.34)
0.84 (0.66-1.06)
0.93 (0.74-1.17)
1.09 (0.83-1.43)
0.93 (0.57-1.52)

1.55 (0.55-4.33)

446 pertussis cases and 4,451 matched controls were included in this analysis

Significant values (p < 0.05) are shown in bold

CI confidence interval, COPD chronic obstructive pulmonary disease, GERD gastroesophageal reflux disease, HIRA Health
Insurance Review and Assessment service, NHIS-NSC National Health Insurance Service-National Sample Cohort, URTT
upper respiratory tract infection

*The multivariate model adjusted for each of the characteristics, including comorbidities, co-medications assessed within

12 months prior to index date and pertussis-like clinical conditions assessed within 30 days of index date

consistently increased the odds of pertussis
diagnosis.

When separate multivariate models were
used for comorbidities assessed within
12 months prior to index date and pertussis-like
conditions assessed within 30 days prior to

index date, factors significantly associated with
a pertussis diagnosis were largely consistent
with the main results. However, the magnitude
of association differed for some variables after
using two separate models. For instance, aORs
(95% CI) of pertussis diagnosis for asthma more

I\ Adis



556

Infect Dis Ther (2023) 12:545-561

than doubled from 2.08 (1.68-2.58) to 4.59
(3.86-5.45; Supplementary Table 7).

DISCUSSION

In view of the relatively limited data on the
characteristics of adults with pertussis in South
Korea, a matched case—control study design was
utilized to identify risk factors associated with
pertussis diagnosis among individu-
als > 50 years. After matching based on age, sex,
and geographic region, substantial differences
in the clinical characteristics between cases and
controls were identified, with pertussis cases
generally demonstrating a higher prevalence of
comorbidities.

Pre-existing respiratory diseases within
12 months prior to index date, such as asthma
and COPD, were associated with a roughly two-
fold risk of pertussis diagnosis. As pertussis is an
infection of the respiratory tract, patients with
these underlying respiratory conditions may be
at increased risk for pertussis.

Several studies have examined the relation-
ship between asthma and pertussis. A study
during a pertussis outbreak in Canada docu-
mented that adolescent pertussis cases had rel-
atively higher asthma prevalence of 24%,
compared with 12% in the general population
[7]. A population-based cohort study in Aus-
tralia also showed pre-existing asthma as a sig-
nificant predictor of pertussis [16].

Conversely, the association between COPD
and pertussis has been explored less. A study in
Switzerland confirmed pertussis as an underly-
ing cause of acute exacerbation in 19% of COPD
patients but remained inconclusive on whether
COPD independently increases the risk of per-
tussis [8]. However, this preliminary finding was
later confirmed by a retrospective cohort study
in the US, where the relative risks of pertussis
was increased among individuals with COPD
compared with those without [9].

Asthma and COPD have not only been
linked to risk of pertussis but also to the severity
of pertussis disease. For example, among ado-
lescent and adult patients with pertussis-related
hospitalization in the US, 29.3% and 15.7%,
respectively, were found to have a history of

asthma or COPD, much higher than the back-
ground prevalence of 10% and 8% for asthma
among US adults and adolescents, respectively,
and 6.4% for COPD among US adults (no data
reported for adolescents) [10]. Moreover,
patients with both asthma and COPD have been
linked to increased healthcare resource utiliza-
tion among pertussis patients [9]. Therefore, the
findings of the current study confirm those of
previous studies that asthma is a significant risk
factor for pertussis and contribute to the real-
world data on the increased risk of pertussis
among those with pre-existing COPD.

Acute respiratory events within 30 days prior
to index date, such as pneumonia, acute bron-
chitis, and URTI were also associated with
increased odds of pertussis diagnosis. In fact,
almost half of study participants presented with
at least one pertussis-related diagnosis in the
6 months preceding pertussis diagnosis. Similar
findings to these have been previously reported,
with a recent cohort study on pertussis patients
aged > S0 years in the US reporting over half
(57%) of the patients presented with at least one
pertussis-like diagnosis such as acute bronchitis
[15].

However, these initial diagnoses may have
been made while waiting for laboratory confir-
mation of etiology or may simply represent
misdiagnoses. The latter is plausible, given that
adult patients with pertussis usually present in
an atypical manner [17]. Therefore, the trends
in pertussis-like conditions shown in this study
require careful interpretation, as they may be
subject to bias from reverse causation. In par-
ticular, pneumonia is a known complication of
pertussis, and has been previously shown to
occur in around 5-9% of pertussis cases in
adults > 30 years, increasing with age [7]. Simi-
larly, pertussis may be initially misdiagnosed as
asthma or remain undetected during acute
exacerbations of COPD [8, 18, 19].

Among the clinical characteristics assessed
12 months prior to the index date, diagnosis of
GERD was also associated with pertussis diag-
nosis across all analyses. GERD is a common
disorder with an estimated prevalence of 7.3%
in 2008 in South Korea [20]. The association of
GERD with pulmonary diseases has been estab-
lished previously [21], and a retrospective
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cohort study in Taiwan showed that the risk of
pneumonia was significantly higher in GERD
patients [22]. However, to the best of our
knowledge, there has not been a consensus as to
whether individuals with GERD have an
increased risk for pertussis diagnosis. Data
analysis of community-acquired pneumonia
cases in New Zealand showed B. pertussis was
identified along with other respiratory patho-
gens such as Streptococcus pneumoniae, Hae-
mophilus influenzae, respiratory syncytial virus,
and influenza A virus [23]. Therefore, GERD as a
risk factor for pertussis diagnosis may be in part
attributable to GERD patients being susceptible
to respiratory complications, and therefore
being more likely to have B. pertussis detected.
GERD in adults is also a common cause of
chronic cough [24], and so it is possible that
GERD diagnosis is evoked first, with a pertussis
diagnosis established later.

Similar results were seen across the subgroup
analysis that accounted for effect modification
by age and the sensitivity analysis which
accounted for the potential effect of different
database periods. Notably, mean age was lower
for the sensitivity analysis, which used an ear-
lier data period (2009-2015). This may reflect
reports by the Korea Disease Control Prevention
Agency (KDCA) which show an increasing pro-
portion of pertussis cases in older individuals
[adults > 50 years accounting for 3.7% ('27) of
pertussis cases in 2010 and 38.2% (47/123) of
cases in 2020] [25].

Interestingly, decreased odds of pertussis
diagnosis were seen for individuals with pre-
existing diabetes across the sensitivity analysis.
While the reason for this trend is unclear, it
could be attributed to the current adult immu-
nization schedule recommended by the Korean
Society of Infectious Diseases and endorsed by
the Korean Diabetes Association, which recom-
mends the tetanus, reduced diphtheria, acellu-
lar pertussis (TdaP)/tetanus and diphtheria
toxoid (Td), pneumococcal, and annual influ-
enza vaccines for patients with diabetes [26].
Assuming adequate vaccination rate in this
population, these patients may benefit from
TdaP vaccination in preventing pertussis.

Limitations

This study represents the first of its kind to
investigate the risk factors of pertussis among
adults in South Korea. A robust methodology
was used as well as a comprehensive dataset,
courtesy of the HIRA database which is inter-
nationally recognized and representative of the
entire South Korean population. However,
when interpreting the study findings, limita-
tions pertaining to the use of administrative
claims data should be considered.

As medical claims data of HIRA were col-
lected mainly for reimbursement purposes and
not for research, there are inbuilt limitations
such as incomplete, inaccurate, or missing data.
Specifically, as this study relied on the diag-
nostic codes from the procured data to measure
the exposure, outcome, and covariates, poten-
tial miscoding or misdiagnosis may conse-
quently lead to  underestimation or
overestimation of the true occurrence of vari-
ables assessed. However, case definitions vali-
dated in past studies and subsequently reviewed
by clinical experts were used for asthma and
COPD, thereby minimizing overestimation of
true rates of these conditions.

It should additionally be noted that only
diagnosed pertussis cases were included in this
analysis. While pertussis is a communicable
disease that requires mandatory reporting to the
KDCA, it is likely that pertussis is underdiag-
nosed in the adult South Korean population, as
indicated by the rates of seroprevalence, which
are far higher than expected given reported
cases [27]. Therefore, it is likely that a number of
pertussis cases which were not diagnosed were
not included in this analysis.

Information was also unavailable on the
diagnostic methods of pertussis cases in this
database, and thus an ICD-10 code-based case
definition was used. In South Korea, pertussis is
mandated to be reported by healthcare provi-
ders upon diagnosis, and cases are typically
confirmed either via laboratory testing [most
commonly using polymerase chain reaction or
clinical presentation (cough lasting more than a
week and at least one of the following condi-
tions: paroxysmal cough, inspiratory whoop,
post-tussive vomiting]. Data from a 2012 ad hoc
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active sentinel surveillance in South Korea
showed that only 13% of the pertussis cases
reported in the active sentinel surveillance
centers were laboratory confirmed [28]. There-
fore, we assumed that the majority of pertussis
cases identified in this study were clinically
diagnosed.

Similarly, the bacterial etiology of pertussis
cases could not be confirmed as this informa-
tion was not available in the database. From the
ICD-10 codes used, we estimated that < 6% of
whooping cough cases were due to a pathogen
other than B. pertussis. However, these cases
would likely have little impact on results given
the similar clinical presentations of these dif-
ferent strains, with B. parapertussis likely to be
lower in severity than B. pertussis. Recent studies
have also suggested that the pertussis vaccine
may induce cross-immunity against B. paraper-
tussis, further suggesting phenotypic similarities
between the two pathogens [29].

Clinical presentation of pertussis may have
also coincided with that of other comorbidities
in the 12 months prior to index date, such as
asthma, leading to an incorrect diagnosis.
However, to avoid this, strict case definitions
were used. For example, diagnosis of asthma
was defined by one inpatient or at least two
outpatient diagnoses, as well as a prescription
record for at least one asthma medication.
Moreover, the other conditions assessed in the
12 months prior to the index date were mostly
chronic medical conditions that are somewhat
less symptomatic compared to the abrupt and
acute symptoms related to pertussis.

In addition, there may have been potential
selection bias which is inherent in case-control
studies. As comorbidities (including asthma,
COPD, cardiovascular disease, hyperlipidemia,
and autoimmune disease) may increase health-
care-seeking activities and the opportunity for
diagnosis, this may have resulted in an
increased effect size in pertussis cases compared
with controls. Patients with chronic respiratory
illness who present with an exacerbation of
symptoms may also be more likely to undergo
diagnostic work-up compared to those without.
To mitigate the effect of selection bias, ORs were
adjusted for each of the comorbidities and co-
medications. However, a confounding factor

not matched for or included in the database
could have influenced results.

Lastly, the use of ICD-10 codes masks the
presence of communicable infectious diseases,
and thus excludes individuals with “A” codes
(e.g., pertussis [A37] or who are at potentially
higher risk for infectious disease (e.g., have
immunocompromising conditions or other
comorbidities). As a result, the control group
may have been healthier than cases in the
matched case-control analysis. However, this
study performed additional sensitivity analysis
that included controls with ICD-10 “A” codes,
in which findings were generally consistent
with the main analysis. Similarly, in a multi-
variate analysis of the chronic conditions and
recent conditions, the risk factors for pertussis
diagnosis were largely consistent with the main
results.

CONCLUSIONS

In this population-based matched case-control
analysis of individuals > SO0 years in South
Korea, several chronic medical conditions were
found to increase the odds for pertussis diag-
nosis, including chronic respiratory conditions
such as asthma and COPD, as well as acute
respiratory and pertussis-like symptoms. While
these conditions represent potential risk factors
for pertussis diagnosis, they also represent
potential misdiagnoses. Therefore, increased
awareness of pertussis among adults in South
Korea is important to support efficient patient
management and pertussis prevention.

Current strategies to prevent pertussis
include TdaP vaccination. The 2022 report for
the Global Initiative for Chronic Obstructive
Lung Disease strategy for prevention, diagnosis,
and management of COPD, refer to the US
Advisory Committee on Immunization Prac-
tices for TdaP vaccination [30]. These state that
persons > 19 years who have never received
TdaP should receive a dose of this vaccine, with
a booster dose every 10years [31]. These
guidelines are similar to the current adult
immunization schedule recommended by the
Korean Society of Infectious Diseases [26]. The
US CDC also strongly recommends the Tdap
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vaccine, among others, for patients with lung
diseases including asthma [32].

Overall, the present study’s findings com-
plement and expand upon previous studies on
the adult pertussis population in South Korea,
generating real-world data to describe underly-
ing clinical characteristics of those at increased
risk for pertussis, and helping to inform the
clinical community and public health stake-
holders for the creation of more effective per-
tussis  prevention  strategies, including
vaccination for at-risk populations.
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