
Introduction 

The leading causative agent of Legionnaires’ disease (LD) is Legionella pneumophilia serotype 
1, which accounts for 2% to 15% of cases of community-acquired pneumonia [1−4]. LD presents 
as an atypical type of pneumonia because the patient often has no fever and can have 
extrapulmonary clinical symptoms, such as headache or diarrhea [5−7]. 
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ABSTRACT

Objectives: The number of reported cases of Legionnaires’ disease (LD) in the Republic of Korea 
surged nationally in 2016; however, in 2022, this number was higher in Jeju Province than the 
previous national peak. A descriptive epidemiological study was conducted to analyze trends 
in the incidence of reported LD cases in Jeju Island from 2015 to 2022. 
Methods: The data for this study were obtained from case reports submitted to the Korea 
Disease Control and Prevention Agency through its Disease and Health Integrated Management 
System. The selection criteria were cases or suspected cases of LD reported among Jeju 
residents between 2015 and 2022. The 95% confidence interval of the crude incidence rate was 
calculated using the Poisson distribution. 
Results: Since 2020, the incidence rate of LD in Jeju has risen sharply, showing a statistically 
significant difference from the national incidence rate. A particular medical institution in Jeju 
reported a significant number of LD cases. Screening with the urine antigen test (UAT) also 
increased significantly. 
Conclusion: Our findings indicate that the rapid increase in cases of LD in Jeju Province since 
2020 was due to the characteristics of medical-care use among Jeju residents, which were 
focused on a specific medical institution. According to their clinical practice guidelines, this 
medical institution conducted UATs to screen patients suspected of pneumonia. 
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Although the incidence rate of LD varies widely among 
countries [8], it has increased significantly worldwide, 
including in the United States, Europe, and Asia, since 2000 
[9−11]. After LD was designated a reportable infectious 
disease in the Republic of Korea in 2000, the number of 
reported cases increased from 45 in 2015 to 128 in 2016 
[12]. The national reporting rates for the corresponding 
years were 0.09 and 0.25 per 100,000 people, respectively, 
representing a 2.7-fold increase over a 1-year period. The 
2022 reporting rate in Jeju Province was 6.05 per 100,000 
people, the highest rate among local governments and 7.5 
times higher than the national rate (0.81 per 100,000) (Figure 
1) [13]. 

While there was a sudden increase in reports of LD 
nationwide in 2016, an explanation was needed for the surge 
in reported LD cases in Jeju Province in 2022, as compared to 
the rest of the nation. Therefore, we conducted a descriptive 
epidemiological study on trends in the LD reporting rate in 
Jeju Province from 2015 to 2022. 

Materials and Methods 

The data for this study were sourced from legionellosis 
case reports submitted through the Disease and Health 
Integrated Management System (https://is.kdca.go.kr) of 
the Korea Disease Control and Prevention Agency (KDCA). 
For this epidemiological investigation, residents of Jeju 
Province were selected as study subjects among the cases 
classified as LD patients or suspected LD patients from 2015 

to 2022. 
For cases that met the selection criteria, sex, age, occurrence 

date, reporting institution, test method for LD diagnosis, and 
route of infection were extracted. Subjects were classified 
into 2 age groups ( < 65 years and ≥ 65 years) based on their 
age at the time of reporting. The date of LD occurrence was 
defined as the date of sample collection, and if the date of 
sample collection was not reported, it was based on the date 
of reporting at the medical institution. The infection route 
was divided into nosocomial and non-nosocomial infections 
based on descriptions in the case report. If the route of 
infection was unknown, patients in whom suspicious 
symptoms began at least 2 days after the hospitalization date 
were considered to have nosocomial infections. Infections 
acquired in the community or at home without a history of 
hospitalization were considered non-nosocomial. 

To calculate the annual crude incidence rate (CIR) of LD, we 
used the annual mid-year population based on the resident 

HIGHLIGHTSHIGHLIGHTS

The rapid increase in Legionnaires’ disease in Jeju Province 
since 2020 may be related to the patterns of medical use 
by Jeju residents, which focused on a specific medical 
institution. The clinical practice guidelines of that medical 
institution called for the active implementation of urine 
antigen tests to screen patients suspected of community-
acquired pneumonia.
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Figure 1. Nationwide crude incidence rates of reported legionellosis in the Republic of Korea in 2022. 
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registration used by the KDCA [13]. The 95% confidence 
interval (CI) of the CIR was calculated by applying the Poisson 
distribution. The 2-sample t-test, chi-square test, and Fisher 
exact test were performed to evaluate differences in the 
characteristics of related variables between the classified 
groups. STATA ver. 17.0 (Stata Corp.) was used for the analysis, 
and p-values < 0.05 indicated statistical significance. 

This study was approved for exemption by the institutional 
review board (IRB) of Jeju National University as a study 
utilizing secondary data (JJNU-IRB-2023-019). 

Results 

We analyzed 119 patients who met the selection criteria. The 
distribution of occurrences and the CIR by year is shown in 
Figure 2. Since 2020, the incidence rate of LD in Jeju Province 
has risen sharply, showing a statistically significant difference 
from the national incidence rate. In 2022, the LD incidence 
rate was the highest in Jeju Province and was 7.5-fold higher 
than the national incidence rate (6.05/0.81). Although there 
was no significant difference between the sexes in the 
distribution of incidence rates by year, the incidence rate in 
the older group ( ≥ 65 years) was significantly higher after 
2020 (Table 1). 

The epidemiological characteristics of reported cases before 
and after a sharp change in the incidence rate (before 2019 
and after 2020) were compared (Table 2). With the increased 

number of cases (from 21 to 98) the mean age at occurrence 
differed significantly (63.8 vs. 76.8 years) (p < 0.001 by two-
sample t-test). There was no significant difference between 
the sexes or routes of infection. One medical institution 
reported a significantly higher number of LD cases than other 
institutions (p < 0.05 by the chi-square test), and the urine 
antigen test (UAT) was used significantly more frequently as 
the test method at that institution (p < 0.05 by the Fisher exact 
test).  

Discussion 

In this study, we found that the patient age in cases of LD 
in Jeju Province increased from 2020 onwards, while the 
distribution of sex and route of infection did not change 
significantly. We also found that intensive case reporting 
arose from a specific medical institution where application 
of the UAT had also increased. 

If the occurrence of a particular disease increases in 
a community, possible changes in reporting guidelines, 
increases in disease awareness, and the introduction of 
a new test method should be considered before deciding 
whether the incidence of the disease per se has increased 
[10,14,15]. First, in our context, the possibility of an increase 
due to changes in reporting guidelines could be preferentially 
excluded, as the diagnostic criteria for reporting in the 
KDCA’s Legionella management guidelines for 2012, 2016, 
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Figure 2. Annual crude incidence rates (CIR) of legionellosis in Jeju Province and nationwide in the Republic of Korea. 
CI, confidence interval.
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Table 1. Annual crude incidence rate of legionellosis by sex and age groups in Jeju Province, Republic of Korea, from 
2015–2022

Year
Sex Age group (y)

Male Female < 65 ≥65

2015 0.32 (0.01–1.80) 0 0.19 (0.00–1.05) 0
2016 1.26 (0.34–3.22) 0 0.55 (0.11–1.61) 1.16 (0.03–6.36)
2017 0.61 (0.07–2.21) 0.62 (0.08–2.24) 0.18 (0.00–1.00) 3.33 (0.68–9.62)
2018 0.90 (0.19–2.63) 0.30 (0.01–1.69) 0 4.28 (1.15–10.82)
2019 1.78 (0.65–3.88) 0.60 (0.07–2.17) 0.88 (0.28–2.04) 3.09 (0.63–8.92)
2020 3.25 (1.62–5.82) 2.09 (0.84–4.31) 0.88 (0.29–2.05) 12.77 (6.70–21.53)
2021 7.97 (5.25–11.59) 3.56 (1.84–6.22) 0.89 (0.29–2.06) 31.72 (21.72–43.83)
2022 6.78 (4.30–10.17) 5.32 (3.16–8.41) 1.60 (0.73–3.03) 28.47 (19.33–39.90)

Data are presented as crude incidence rate (95% confidence interval).

Table 2. A comparison of epidemiological characteristics in reported cases of legionellosis between 2015–2019 and 
2020–2022 in Jeju Province, Republic of Korea

Characteristic Total (n = 119) 2015–2019 (n = 21) 2020–2022 (n = 98) p

Age (y) 74.53± 14.84 63.81± 16.12 76.83± 13.57 < 0.001***
Sex 0.225
 Male 77 (64.7) 16 (76.2) 61 (62.2)
 Female 42 (35.3) 5 (23.8) 37 (37.8)
Hospital < 0.05*
 A 102 (85.7) 14 (66.7) 88 (89.8)
 B 3 (2.5) 2 (9.5) 1 (1.0)
 C 10 (8.4) 3 (14.3) 7 (7.1)
 D 2 (1.7) 1 (4.8) 1 (1.0)
 Other 2 (1.7) 1 (4.8) 1 (1.0)
Diagnosis < 0.05*
 UAT 91 (76.5) 12 (57.1) 79 (80.6)
 UAT+culture 3 (2.5) 0 (0) 3 (3.1)
 UAT+PCR 10 (8.4) 3 (14.3) 7 (7.1)
 PCR 15 (12.6) 6 (28.6) 9 (9.2)
Route 0.817
 Nosocomial 19 (16.0) 3 (14.3) 16 (16.3)
 Non-nosocomial 100 (84.0) 18 (85.7) 82 (83.7)

Data are presented as mean± standard deviation or n (%).
UAT, urine antigen test; PCR, polymerase chain reaction.
*p < 0.05, ***p < 0.001.

2018, 2019, and 2020 had not changed [12]. Second, in terms 
of increased awareness of LD, it is plausible that both the 
public and healthcare professionals had gained interest 
in pneumonia due to the sudden outbreak of coronavirus 
disease 2019 in 2020 [16]. However, since this change in 
interest was a nationwide phenomenon, it is not likely to 
explain the increased reporting of LD from Jeju Province 
as compared to the rest of the country. Last, the hypothesis 
that the increase in reported LD patients was due to the 
introduction of a new testing method is likely to be valid 
according to the simultaneous variability hypothesis-setting 
method [14], since the number of reports based on positive 
UAT results changed markedly around 2020. 

Since the development of a method for detecting urinary 
L. pneumophilia antigen in late 1990 [17], the UAT has 
become a major diagnostic method for LD worldwide [18] 
due to its easy handling and rapid diagnosis [19]. Amid 
these changes, the incidence rate of LD in the United States 
surged by 192% and 286% in 2009 and 2014, respectively, 
relative to the incidence rate in 2000 [15,20]. In Europe, 
the incidence rate was 2.6 times higher in 2015 than in 
2000 [21,22]. In addition, the incidence rate in Hong Kong 
was 5.7 times higher in 2015 than in 2005. As discussed 
above, the predominant interpretation of these findings 
is that the rapid increase in the incidence rate of LD since 
2000 reflects the introduction of the UAT [15,23−25]. This 
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interpretation is notably supported by the fact that 97% of 
all cases in the United States were diagnosed by means of 
the UAT, while there was no change in the distribution of 
infection routes [15]. Therefore, it can be interpreted that the 
rapid increase in the reporting rate of nationwide LD since 
2015 was also an effect of the introduction of the UAT. In our 
study, as seen in the United States [15], 87.4% of all cases 
were diagnosed via the UAT (104/119), while the distribution 
of infection routes in Jeju Province did not change (Table 2). 
Thus, the impact of the UAT introduction can explain the 
37.8-fold (6.05/0.16) increase in the incidence rate from 2015 
to 2022 in Jeju Province (Figure 2). 

It has also been argued that the number of LD patients 
increased rapidly after the introduction of the UAT, which 
led to diagnoses of more LD cases that had been missed 
previously [18]. In other words, due to the microbiological 
characteristics of LD pathogens, the incidence rate of LD 
before introducing the UAT method was underestimated 
[11,15,20]. LD is an atypical type of pneumonia, which often is 
not associated with fever and shows extrapulmonary clinical 
symptoms, such as headache or diarrhea, making it difficult 
to diagnose [6,7]. However, due to the high sensitivity of the 
UAT used in screening, the period from symptom onset to 
diagnosis was shortened by 5 days [26], and the mortality rate 
also decreased rapidly [24]. 

If the UAT enabled the diagnosis of patients who would 
otherwise have been missed, it could explain why the 
reporting rate of Jeju Province was the highest among local 
governments in the Republic of Korea, for the following 3 
reasons: 

First, a main finding of this study is that 88 of 98 LD 
cases reported in Jeju Province after 2020 were from a 
specific medical institution. In other words, that medical 
institution diagnosed and treated 90% of LD cases among 
Jeju residents. 

Second, in accordance with the Treatment Guidelines for 
Pneumonia in the Republic of Korea [27], the abovementioned 
medical institution had been performing the UAT for early 
diagnosis and initial antibiotic selection for all patients 
with suspected community-acquired pneumonia who 
required hospitalization. By actively performing UATs, with 
a sensitivity of 80% and specificity of 95% or higher [17], 
the diagnosis rate of LD, an atypical type of pneumonia, 
increased. This also supported a main finding of the present 
study—namely, that the age of confirmed LD patients had 
significantly increased since 2020. The reason for this finding 
is that individuals ≥ 65 years of age have more underlying 
diseases than those < 65 years and have a relatively low 
clinical suspicion of pneumonia and a positive rate of general 
blood tests [28]. 

Third, on October 7, 2019, the abovementioned hospital 
switched the UAT method from immunochromatographic 
assay-based UAT (ICT-UAT) to fluorescence immunoassay-
based UAT (FIA-UAT). Since the examiner directly reads the 
results with the ICT-UAT method, subjective reading errors 
can result in false negatives. In contrast, in the FIA-UAT 
method, a scanner reads the results automatically [29] and 
can more sensitively diagnose faint bands that are difficult 
to distinguish with the eyes [19,30]. Hence, the fact that the 
hospital used the more sensitive FIA-UAT, which reduced 
false negative errors from the beginning of October 2019, 
supports the rapid increase in the number of LD cases since 
2020. 

There were some limitations in this study. First, 10 cases 
that were finally classified as “non-LD” cases after further 
epidemiological investigation were excluded. Thus, the 
possibility of late exclusions should be considered among 
the subjects selected as LD cases. However, since the subject 
selection process took place in March 2023, the possibility 
of further exclusions of non-LD cases in the final selection 
is likely to be extremely low. Second, to obtain the incidence 
rate of LD in Jeju Province, participants were limited to 
patients with addresses in Jeju Province, in accordance with 
the reporting guidelines of the KDCA, which manages cases 
according to their address [12]. However, one LD-diagnosed 
case was included while residing in another region, although 
their address was in Jeju Province. Since such cases can occur 
in all local governments nationwide, it was not intentionally 
excluded from statistical comparison. Third, among the 
119 selected subjects, the route of infection was unknown 
in 26 cases (21.8%). Therefore, we first defined nosocomial 
infections based on the epidemiological investigation and 
treated all others as non-nosocomial infections. Since it 
was difficult to distinguish between community-acquired 
and domestically-acquired infections in patients with an 
unknown route of infection, as pointed out in the guidelines 
of the KDCA [12], the 2 routes were grouped together and 
classified as non-nosocomial infections. In addition, since 
all selected cases were sporadic occurrences, 1 travel-related 
infection case was also classified as a non-nosocomial 
infection. 

In conclusion, the rapid increase in the number of LD cases 
reported in Jeju Province was probably due to the pattern of 
medical-care use among Jeju residents, which was focused 
on a particular medical institution. Concurrent and active 
implementation of the UAT by that medical institution 
to screen patients suspected of community-acquired 
pneumonia in accordance with their treatment guidelines 
reduced false negatives. Thus, rather than inferring that the 
LD incidence rate after 2020 actually increased as compared 
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to rates before 2019, it is more likely that some cases were 
not reported before 2019 due to missed diagnoses. Patients 
with actual LD were actively diagnosed after 2020 due to 
the introduction of the FIA-UAT. To confirm this hypothesis, 
epidemiological studies comparing and analyzing UAT use 
and pneumonia-related patterns in medical centers of other 
local governments will be required in the future. Moreover, 
as the proportion of LD in community-acquired pneumonia 
is expected to be higher than previously thought, more active 
infection control for LD should be implemented. 
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