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Abstract: This study determined the recent status and trend of Pneumocystis jirovecii pneumonia (PcP) in the non-human
immunodeficiency virus (HIV) (non-HIV-PcP) and HIV (HIV-PcP) infected populations using data from the Health Insurance
Review & Assessment Service (HIRA) and the Korea Disease Control and Prevention Agency (KDCA). SaTScan and Join-
point were used for statistical analyses. Non-HIV-PcP cases showed an upward trend during the study period from 2010
to 2021, with the largest number in 2021 (551 cases). The upward trend was similar until 2020 after adjusting for the pop-
ulation. Seoul had the highest number of cases (1,597) in the non-HIV-PcP group, which was the same after adjusting for
the population (162 cases/1,000,000). It was followed by Jeju-do (89 cases/1,000,000). The most likely cluster (MLC) for
the non-HIV-PCP group was Seoul (Relative Risk (RR)=4.59, Log Likelihood Ratio (LLR)=_825.531), followed by Jeju-do
(RR=1.59, LLR=5.431). An upward trend was observed among the non-HIV-PcP group in the Jeju-do/Jeollanam-do/Je-
ollabuk-do/Gyeongsangnam-do/Busan/Daejeon/Daegu/Ulsan joint cluster (29.02%, LLR=11.638, P<0.001) located in
the southern part of Korea. Both women and men in the non-HIV groups showed an overall upward trend of PcP during
the study period. Men in the 60-69 age group had the highest annual percentage change (APC 41.8) during 2014-2019.
In contrast, the HIV groups showed a falling trend of PcP recently. Men in the 60-69 age group had the most decrease
(APC -17.6) during 2018-2021. This study provides an analytic basis for health measures and a nationwide epidemiologi-

cal surveillance system for the management of PcP.
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INTRODUCTION

Preumocystis jirovecii (formerly P. carinii) pneumonia (PcP)
is an opportunistic respiratory infection in immunocompro-
mised hosts, particularly those infected with the human im-
munodeficiency virus (HIV) and showing low CD4 T cell
counts. Its incidence has decreased over the decades due to the
use of highly efficient antiretroviral therapy and PcP prophy-
laxis [1,2]. However, it shows an upward trend in the general
population with non-HIV immunocompromised status such
as malignancy, organ transplants, and long-term use of immu-
nosuppressants, and is a clinically significant disease [3]. The
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incidence of PcP in the general population is also increasing in
Korea [4]. Hematologic malignancy was the highest underly-
ing condition, and immunosuppressive therapies had highly
significant association with PcP occurrence, but there are limi-
tations to the study due to selection bias of hospital data.
There are few studies on regional variance and temporal trends
of PcP both in the general and HIV-infected populations for
the entire region of Korea.

It is important to understand the regional and temporal
trends of PcP incidence and prevalence to identify and provide
evidence of epidemiological features of Korean patients with
or without HIV infection, and to help customize medical
guidelines and treatment strategies for the patients. This study
determined the current disease status and most recent long-
term trend (2010-2021) of PcP in the non-HIV and HIV groups
to better understand its epidemiologic trends in Korea.
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MATERIALS AND METHODS

Ethics statement

This study was performed under the regulation of the IRB
Committee of The Catholic University of Korea (No. MIRB-
20201127-002). This research adhered to the tenets of the Dec-
laration of Helsinki.

Data source and definition

The nationwide PcP cases for 12 years (2010-2021) from 16
administrative districts in Korea were obtained from the
Health Insurance Review & Assessment Service (HIRA) of Ko-
rea (https://opendata.hira.orkr/home.do [cited 2022 July])
under the keyword “pneumocystis pneumonia”. The query re-
turned “HIV disease resulting in Pneumocystis jirovecii pneumo-
nia” (ICD-10 Version:2019, B206). Further query returned
“pneumonia in parasitic diseases” (B59) and “pneumonia in P
jirovecii” (B485). The B206 cases were assigned to the PcP in
HIV (HIV-PcP) group, and the B59 and B485 cases were as-
signed to the non-HIV PcP (non-HIV-PcP) group. The HIRA
collects and connects all relevant data including heath infor-
mation of all the patients across the country, and the accuracy
and reliability of its data have been systemically validated [5].

The population data of the 16 administrative districts from
2010 to 2021 were obtained from the Korean Statistical Infor-
mation Service (https://kosis.kr/index/index.do [cited 2022
May]). The geographical locations of the cases were set to the
latitude and longitude of administrative center as the search
point since the case data were made up according to adminis-
trative district unit. Average population of the districts were
calculated for the full period to evaluate overall disease status.
Non-HIV-PcP case numbers were adjusted for the district’s
population (cases/1,000,000) in the corresponding year to en-
able comparison between the different districts (Table 1).
Non-HIV-PcP case numbers were also adjusted for age and sex
(cases/1,000,000) in the corresponding year (Table 2).

Although the HIRA data is nationwide, it is based on claims
by healthcare services, therefore it might not be suitable for
evaluating the disease status in chronic diseases as multiple re-
imbursements can be claimed. HIV itself has mainly become a
controllable chronic disease, therefore, a new database for an
HIV population was required for evaluating the PcP in HIV
cases. Annual HIV infectious status for 2010 to 2021 were ex-
tracted from the “Annual Report on the Notified HIV/AIDS in
Korea”, which was obtained from the Infectious Disease Portal

of the Korea Disease Control and Prevention Agency (KDCA:
https://www.kdca.go.kr/npt/biz/npp/portal/nppPblctDta-
Main.do [cited 2022 July]). HIV-PcP case numbers were ad-
justed for the HIV population (cases/1,000) in the correspond-
ing year to enable comparison between the different age and
sex groups (Table 3).

Spatiotemporal analyses of clusters and trend

SaTScan (v10.0) [6] was used to identify clusters and evalu-
ate their significance through simulation. This was only possi-
ble for the non-HIV group, as the HIV annual report had no
data on location. The discrete Poisson model was used since
the case data was associated with the background population
at risk. Spatial scan statistic is known to work the best for de-
tecting spatial clusters and can be effective for a small number
of case studies, such as rare outbreaks and help to find appro-
priate setting for cluster size [7-9)].

SaTScan creates a circular window on the map and scans the
study area by varying the window size to detect clusters with
highest likelihood ratio. The window size determines a per-
centage of the population at risk within its boundaries [10].
Various studies have been performed to address this issue, and
SaTScan has been progressively updated to address these re-
sults and implemented them on the new versions [11,12]. In
this study, a window size of 50% was used to enable detection
of the significant clusters.

General trend of the disease according to administrative dis-
tricts was determined through spatial variation in temporal
trend analysis, by scanning for clusters with either increasing
or decreasing rates. The Monte Carlo simulations with an in-
ference of 9,999 was used to evaluate the statistical significance
of the clusters [13]. A significance level of a<0.05 was used as
a standard. QGIS software (v3.16) was used to visualize cluster
patterns on a map. The clusters and trends are shown in order
of log likelihood ratio (LLR).

Trend analysis

PcP trend for both non-HIV and HIV groups, according to
sex and age, was determined using Joinpoint Regression Pro-
gram from the National Cancer Institute website (v4.9.1.0)
(https://surveillance.cancer.gov/joinpoint/) [14,15]. The pres-
ent study used crude rates, computed by the Joinpoint software,
which is expressed as the number of cases for a given popula-
tion at risk. A maximum number of 2 joinpoint was used,
making it possible to see whether the incidence is better ex-
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Table 1. Total number of PcP cases in non-HIV group for 2010-2021 according to districts
o Average Non-HIV-PcP cases

Districts® f

population 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total
SE 9,957,275 33 41 69 71 65 103 145 168 184 211 235 272 1,597
BU 3,482,081 4 5 2 6 3 3 13 1 8 37 33 27 152
IN 2,900,520 6 6 4 2 3 1 3 1 14 16 13 18 87
DG 2,472,552 1 5 2 1 6 4 10 © 21 27 20 24 126
GW 1,462,398 2 2 4 2 3 6 3 8 16 5 9 5 65
DJ 1,502,065 0 2 0 1 5 1 4 7 4 12 12 15 63
UL 1,150,344 0 0 3 0 0 2 5 4 11 2 8 10 45
GY 12,652,697 5 17 27 31 20 27 53 36 55 72 91 126 560
GA 1,642,329 1 4 1 2 2 3 4 0 6 12 12 12 59
CB 1,683,105 1 1 0 0 0 0 3 1 5 3 6 1 21
CN 2,091,409 0 0 3 3 3 4 4 3 5 9 4 3 41
JB 1,849,723 3 3 1 4 1 2 2 2 3 9 15 10 57
JIN 1,891,733 1 0 0 0 0 3 0 0 0 2 1 3 10
GB 2,682,611 1 0 1 0 0 1 0 1 @ 1 1 1 12
GN 3,342,717 2 2 2 3 3 4 5 9 6 19 13 15 83
JE 628,744 0 1 1 0 1 3 2 7 7 13 15 9 59
Total 60 89 120 126 115 167 256 263 362 450 488 551 3,037

Adjusted non-HIV-PcP cases®

SE 3 4 7 7 6 10 15 17 19 22 24 28 162
BU 1 1 1 2 1 1 4 3 2 11 10 8 45
IN 2 2 1 1 1 0 1 0 5 5 4 6 28
DG 0 2 1 0 2 2 4 2 9 11 8 10 51
GW 1 1 3 1 2 4 2 5 11 3 6 3 42
DJ 0 1 0 1 3 1 3 5 3 8 8 10 43
uL 0 0 3 0 0 2 4 3 10 2 7 9 40
GY 0 1 2 3 2 2 4 3 4 8 7 9 42
GA 1 3 1 1 1 2 3 0 4 8 8 8 40
CB 1 1 0 0 0 0 2 1 3 2 4 1 15
CN 0 0 1 1 1 2 2 1 2 4 2 1 17
JB 2 2 1 2 1 1 1 1 3 5 8 6 33
JIN 1 0 0 0 0 2 0 0 0 1 1 2 7
GB 0 0 0 0 0 0 0 0 2 0 0 0 2
GN 1 1 1 1 1 1 1 3 2 6 4 4 26
JE 0 2 2 0 2 o) 3 11 10 19 22 13 89
Total 13 21 24 20 23 35 49 55 89 112 123 118 682

?District codes: SE, Seoul; BU, Busan; IN, Incheon; DG, Daegu; GW, Gwangju; DJ, Dagjeon; UL, Ulsan; GY, Gyeonggi-do; GA, Gangwon-do; CB,
Chungcheongbuk-do; CN, Chungcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; GB, Gyeongsangbuk-do; GN, Gyeongsangnam-do; JE, Jeju-

do.
°Adjusted by population of corresponding district (cases/1,000,000).

plained by a single trend or by the existence of multiple trend
segments during the study period. Briefly, joinpoint regression
identifies the best-fitting breakpoints (years), in which there
was a significant change in the incidence rate (crude rates) [16].
The results were summarized as annual percentage changes
(APC) with the best model fit for each trend segment. Statisti-
cal significance was calculated with an inference of 9,999 and
expressed as P-value. A significance level of a<0.05 was used as
a standard. The results were also output in graphs by the soft-

ware. The final selected model from statistically significant age
groups according to sex was output into a single graph to view
multiple models simultaneously. These graphs were then recre-
ated for enhanced legibility using the output data.

RESULTS

General characteristics
The non-HIV-PcP cases showed an upward trend during the
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Table 2. Total number of PcP cases in non-HIV group for 2010-2021 according to sex and age

Non-HIV-PcP cases

Age group
2010 2011 2012 20183 2014 2015 2016 2017 2018 2019 2020 2021 Average

Female 0-9 2 2 0 1 1 2 5 4 1 0 2 2 1.8
10-19 2 0 1 1 4 2 2 2 1 0 0 2 1.4

20-29 1 1 3 4 0 3 2 3 2 1 3 3 2.2

30-39 1 4 5 3 4 5 6 2 8 8 3 3 4.3

40-49 3 4 5 2 7 7 21 13 15 22 22 14 1.3

50-59 3 6 4 9 7 ih 18 22 27 27 37 34 171

60-69 1 9 8 13 11 11 24 35 35 44 4 61 24.4

70-79 2 6 12 7 7 10 18 26 31 44 39 52 21.2

>80 0 1 1 2 2 3 7 5 13 16 17 32 8.3

Male 0-9 0 1 1 2 3 5 4 3 5 2 0 8 2.4
10-19 2 4 8 2 2 1 2 2 2 2 3 8 2.3

20-29 3 4 4 2 8 3 5] 9 16 7 ) 2 5.4

30-39 8 4 14 13 11 14 19 15 12 14 17 17 13.2

40-49 9 16 17 16 15 18 18 20 22 35 24 19 191

50-59 8 9 18 16 13 26 29 29 28 51 45 39 25.9

60-69 9 10 11 14 10 18 28 39 58 90 106 97 40.8

70-79 5 8 12 18 11 20 40 28 52 71 92 114 39.3

>80 1 0 2 3 3 8 10 9 22 20 34 56 14.0

Adjusted non-HIV-PcP cases®

Female 0-9 0.9 0.9 0.0 0.4 0.4 0.9 2.3 1.9 0.5 0.0 1.0 1.1 0.9
10-19 0.6 0.0 0.3 0.3 14 0.7 0.8 0.8 0.4 0.0 0.0 0.9 0.5

20-29 0.3 0.3 0.9 1.3 0.0 0.9 0.6 0.9 0.6 0.3 0.9 0.9 0.7

30-39 0.2 1.0 1.2 0.8 1.0 1.3 1.6 0.6 2.3 2.3 0.9 0.9 1.2

40-49 0.7 0.9 1.2 0.5 1.6 1.6 4.8 3.0 3.6 5.3 5.4 3.5 2.7

50-59 0.9 1.6 1.0 2.3 1.7 2.7 4.3 5.2 6.3 6.3 8.6 8.0 41

60-69 0.5 4.1 3.6 5.6 4.5 4.2 8.7 121 11.5 13.6 11.9 16.7 8.1

70-79 1.3 3.7 7.0 3.9 3.9 5.5 9.8 18.7 15.9 221 19.2 25.6 11.0

>80 0.0 0.4 0.4 0.8 1.3 2.1 1.7 1.3 2.3 0.9 0.0 1.6 1.1

Male 0-9 0.0 0.4 0.4 0.8 1.3 2.1 1.7 1.3 2.3 0.9 0.0 1.6 1.1
10-19 0.6 1.1 0.9 0.6 0.6 0.3 0.7 0.7 0.8 0.8 1.2 1.2 0.8

20-29 0.8 1.1 1.2 0.6 14 0.9 14 2.5 4.5 2.0 14 0.6 1.5

30-39 1.9 0.9 34 &2 2.8 3.6 4.9 4.0 3.2 3.9 4.8 4.9 3.4

40-49 2.0 815 3.8 &5 83 4.0 4.0 4.5 5.1 8.2 5.7 4.6 4.4

50-59 2.3 2.4 4.6 4.0 3. 6.2 6.8 6.8 6.5 1.7 10.3 8.9 6.1

60-69 4.5 5.0 6.3 6.5 4.4 7.3 10.7 141 20.0 29.2 321 27.6 13.9

70-79 4.7 7.0 9.6 13.9 8.2 14.6 28.4 18.9 33.6 44.2 5513 67.7 25.5

>80 815 0.0 6.1 8.5 7.7 18.4 21.0 17.3 38.8 32.1 50.7 78.4 235

2Adjusted by corresponding population of age/sex group (cases/1,000,000).

study period of 2010 to 2021, with the largest number of cases
in 2021 (551 cases). Adjusted PcP infection rate followed a
similar trend, increasing through 2020 and then decreasing to
some extents thereafter. Seoul had the highest number of cases
(1,597) of PcP, followed by Gyeonggi-do (560). The highest
number of adjusted cases was also observed in Seoul after ad-
justing for the population (162 cases/1,000,000) (Table 1). In-
terestingly, Jeju-do had the second highest number of adjusted
cases after adjusting for the population (89 cases/1,000,000).

In the non-HIV-PcP age groups, the 60-69 and 70-79 age
groups in women showed the highest average cases of PcP
(24.4 and 21.2/year, respectively). Similarly, 60-69 and 70-79
age groups in men showed the highest average cases (40.8 and
39.3/year, respectively). After adjusting for the population
(cases/1,000,000), women and men in the 70-79 age group
had the highest adjusted cases (11.0 and 25.5/year, respective-
ly). Men tended to have a higher crude rate of PcP, but it con-
tinued to increase with some fluctuation in both men and
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Table 3. Total number of PcP cases in HIV group for 2010-2021 according to sex and age
HIV-PcP cases
Age group
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021  Average

Female 0-9 0 0 0 0 0 0 0 0 0 0 0 0 0.0
10-19 0 0 0 0 0 0 0 1 0 0 0 0 0.1
20-29 1 1 2 2 2 2 3 2 1 0 0 0 1.3
30-39 3 1 4 3 2 0 1 1 3 1 2 2 1.9
40-49 1 2 2 4 2 3 3 2 3 1 2 3 2.3
50-59 5 7 5 5 2 4 5 4 4 3 4 2 4.2
60-69 2 1 1 6 6 3 4 4 7 6 6 7 4.4
>70 0 0 0 0 0 0 1 0 0 0 0 0 0.1
Male 0-9 0 0 0 0 0 0 0 0 0 0 0 0 0.0
10-19 0 1 1 0 0 0 0 0 0 0 0 1 0.3
20-29 14 18 22 20 26 16 19 18 19 19 14 14 18.3
30-39 54 45 50 72 77 78 75 78 82 74 66 59 67.5
40-49 &5 59 58 81 87 93 88 92 87 86 80 77 78.6
50-59 26 37 36 35 34 43 59 66 72 69 74 70 51.4
60-69 11 12 15 18 19 23 27 25 28 27 26 21 21.0
>70 0 0 2 1 3 4 5 4 5 7 7 6 3.7

Adjusted HIV-PcP cases®
Female 0-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10-19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11141 0.0 0.0 0.0 0.0 9.3
20-29 6.7 6.4 35.7 33.3 33.9 39.2 58.8 40.8 21.7 0.0 0.0 0.0 231
30-39 18.2 5.6 28.6 20.7 13.6 0.0 5.8 5.8 18.0 6.3 13.5 14.0 12.5
40-49 8.6 16.1 14.0 24.8 11.6 171 15.8 10.6 15.0 4.6 9.1 13.5 13.4
50-59 43.5 51.5 31.1 28.6 10.8 21.6 25.6 18.5 19.0 14.8 19.0 9.2 24.4
60-69 39.2 17.2 1.2 57.7 52.6 23.4 27.8 26.1 40.9 30.5 27.5 30.8 321
>70 0.0 0.0 0.0 0.0 0.0 0.0 16.4 0.0 0.0 0.0 0.0 0.0 1.4
Male 0-9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10-19 0.0 5.1 20.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 40.0 O1S)
20-29 9.0 10.2 21.5 16.7 18.2 9.8 10.3 9.1 9.2 9.0 6.7 71 11.4
30-39 24.5 18.8 26.8 36.5 37.3 36.7 32.7 31.7 30.4 24.8 20.3 16.3 28.1
40-49 32.5 31.0 271 34.6 33.9 337 30.6 30.6 28.2 271 24.6 23.7 29.8
50-59 28.0 35.2 26.5 22.4 19.0 21.4 24.5 27.2 28.1 25.0 25.5 22.8 25.5
60-69 29.3 28.0 27.5 29.2 26.8 27.5 28.1 22.4 22.9 20.1 17.5 12.7 24.3
>70 0.0 0.0 10.9 4.5 11.2 13.2 14.3 9.6 11.2 13.7 12.2 9.5 9.2

2Adjusted by corresponding HIV cases of age/sex group (cases/1,000).

women (Table 2).

In the HIV-PcP age groups, the 60-69 and 50-59 age groups
in women showed the highest average cases of PcP (4.4 and
4.2[year, respectively). In contrast, the 40-49 and 30-39 age
groups in men showed the highest average cases of PcP (78.6
and 67.5/year, respectively). After adjusting for the correspond-
ing HIV case numbers (cases/1,000), women in the 60-69 and
men in the 40-49 age groups had the highest average adjusted
cases of PcP (32.1 and 29.8, respectively). Men also tended to
have a higher crude rate of PcP in the HIV-PcP group, but it
peaked around 2017-2018, and continued to decrease steadily
in both men and women (Table 3).

Pure spatial analysis for clusters and spatial variation in
temporal trends by districts

When regional cluster analysis was performed for the non-
HIV-PcP group, the most likely cluster (MLC) for PcP was Seoul
with a relative risk (RR) and log likelihood ratio (LLR) of 4.59
and 825.231, respectively. The Jeju-do cluster also had a high
RR (1.59) and LLR (5.431) of non-HIV-PcP (Fig. 1; Table 4).

Spatiotemporal trends analysis showed an upward trend
among the non-HIV-PcP group in the Jeju-do/Jeollanam-do/Je-
ollabuk-do/Gyeongsangnam-do/Busan/Daejeon/Daegu/Ulsan
joint cluster (29.02%, LLR=11.638, P<0.001) that is mostly lo-
cated in the southern part of Korea (Fig. 2; Table 5). Gangwon-
do also showed an upward trend, but was not significant.
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Trends of PcP in age groups according to sex in both
non-HIV and HIV groups

Change in crude rate of PcP in non-HIV and HIV groups ac-
cording to sex and age are shown in Fig. 3. In the non-HIV-PcP

Fig. 1. Regional clusters detected for non-HIV-PcP cases. Light
to dark gradient represents increasing order of log likelihood ratio.
Area codes represent administrative districts of the Korean gov-
ernment. SE, Seoul; BU, Busan; IN, Incheon; DG, Daegu; GW,
Gwangju; DJ, Daejeon; UL, Ulsan; GY, Gyeonggi-do; GA, Gang-
won-do; CB, Chungcheongbuk-do; CN, Chungcheongnam-do;
JB, Jeollabuk-do; JN, Jeollanam-do; GB, Gyeongsangbuk-do;
GN, Gyeongsangnam-do; JE, Jeju-do.

Table 4. Regional clusters detected for PcP in the non-HIV group
from 2010 to 2021

District ~ Cases Expected Relative risk Log I:ggg?ood P-value
Seoul 1,597 591 4.59 825.231 <0.001
Jeju-do 59 37 1.59 5.431 0.02

?Clusters are shown in decreasing order of log likelihood ratio.

group, women in the 40 and over age groups showed signifi-
cant upward trends of PcP throughout the study period. In
contrast, men showed different trends according to age. The
30-59, 70 years and over age groups in men showed significant
upward trends during the entire study period (trend 1). The
20-29 age group showed an upward trend, but was not signifi-
cant during 2010-2015 (trend 1) and 2015-2018 (trend 2), but
fell afterwards (trend 3) with an annual percentage change
(APC) of -46.8 (P=0.045). The 60-69 age group showed sig-
nificant upward trend only during 2014-2019 (trend 2, APC
41.8, P<0.001) (Fig. 3; Table 6).

Falling trends of PcP were observed mainly in the relatively

Fig. 2. Spatiotemporal trend analysis of non-HIV-PcP cases for
2012-2020. Blue districts represent a joint cluster with an increas-
ing trend of PcP. Area codes represent administrative districts of
the Korean government. SE, Seoul; BU, Busan; IN, Incheon; DG,
Daegu; GW, Gwangju; DJ, Daejeon; UL, Ulsan; GY, Gyeonggi-
do; GA, Gangwon-do; CB, Chungcheongbuk-do; CN, Chun-
gcheongnam-do; JB, Jeollabuk-do; JN, Jeollanam-do; GB,
Gyeongsangbuk-do; GN, Gyeongsangnam-do; JE, Jeju-do.

Table 5. Spatiotemporal Trends analysis of PcP in non-HIV group according to administrative districts (2010-2021)

Trend inside Trend outside Relative Log likelihood

Districts Cases Expected cluster® cluster® risk ratio® P-value
Jeju-do, Jeollanam-do, Jeollabuk-do, Gyeongsangnam-do, 595 968 29.02 19.65 0.52 11.638 <0.001
Busan,Daejeon, Daegu, Ulsan

Gangwon-do 59 25.46 21.33 0.64 0.283 1.00°

Trend inside/outside cluster denotes % increase over the period of 2010-2021.

®Clusters are shown in decreasing order of log likelihood ratio.
°Real value: 0.9995.
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Fig. 3. Trend analysis for PcP in non-HIV and HIV groups according to age and sex. (A) Non-HIV female 40 and over age groups show
significant increase of PcP. (B) Non-HIV male 20-29 age group shows significant decrease during the third trend (2018-2021). The re-
maining age groups show significant increase of PcP during the study period. (C) HIV female 20-29 age group shows significant in-
crease of PcP during the first trend (2010-2016). The 50-59 age group shows significant decrease of PcP. (D) HIV male 30-39 age group
shows significant increase of PcP until peaking in 2015, and then decreases significantly. Age groups 20-29, 40-49 and 60-69 show
significant decrease of PcP in the second trend (2012-2021, 2015-2021, and 2018-2021, respectively). Only age groups with significant
trends are shown. Crude rates are calculated by mid-year in the Joinpoint software. Joinpoint graphs have been recreated for enhanced
legibility using the output data. Dashed lines represent trends that are not significant.

younger age groups living with HIV (HIV-PcP). This was in
contrast to the non-HIV-PcP group, which showed overall up-
ward trends of PcP in all age groups. The 20-29 age group in
women showed significant upward trend of PcP until 2016,
and then fell continuously to 2021, but it was not significant.
On the other hand, the 50-59 age group in women showed
significant decrease of PcP during the entire study period. Men
in the HIV-PcP group showed varying trends for most age
groups. The 20-29 age group showed a falling trend from 2012
to 2021 (trend 2, APC -11.6, P<0.01). The 30-39 age group

showed a sharp increasing rate until 2015 (trend 1, APC 13.2,
P=0.02), but fell afterwards significantly (trend 2, APC -12.6,
P<0.01). The 40-49 age group showed a falling trend from
2015 to 2021 (trend 2, APC -5.7, P<0.01), while the 60-69 age
group showed a more prominent fall during 2018-2021 (trend
2, APC-17.6, P<0.01) (Fig. 3; Table 6).

DISCUSSION

The purpose of the present study was to evaluate the latest
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PcP status, and whether there have been changes in temporal
trends from 2010 to 2021 in Korea. Although there have been
previous studies on the prevalence and incidence of PcP in Ko-
rea, this study is significant in that it provides statistically more
recent data from the entire Korean population [17,18]. We
separately assessed PcP cases in the non-HIV and the HIV
groups, since PcP occurs more frequently in the immunocom-
promised individuals [3].

In the non-HIV group, Seoul, the capital city of Korea where
almost a quarter of the Korean population live, had the high-
est number of PcP cases. Furthermore, Seoul was the major
cluster for PcP during the study period. Medical resources are
densely concentrated in Seoul facilitating the development of
diagnostic and treatment measures for individuals with rare,
or incurable disease such as solid organ or hematopoietic cell
transplantation [19]. Advanced health care facilities and pro-
viders in the major city may have contributed to the increasing
PcP diagnostic rate in the non-HIV group.

Prieumocystis is air-borne and transmitted from human to
human [20,21]. It can colonize in the immunocompetent
people, roam from individual to individual, and then may de-
velop PcP when the host become immunocompromised, or if
it encounters an immunocompromised human host [22].
Thus, an immunocompetent human host could serve as a res-
ervoir of Preumocystis, and its transmission is augmented when
individuals are close enough to each other [23]. These trans-
mission characteristics of Pneumocystis may explain the high
number of cases of PcP in densely populated districts such as
Seoul and Gyeonggi-do.

Gyeonggi-do, which is the second largest district of Korea,
showed the second highest number of PcP cases, but we found
that in the non-HIV-PcP group, Jeju-do has the second highest
PcP rate after adjusting for the population; it was also the sec-
ond largest cluster. PcP incidence tends to be relatively high in
non-HIV immunocompromised patients who are using ad-
vanced medical resources in large cities. Environmental factors
such as temperature, humidity, and the scale of green space
may provide evidence supporting the association with an in-
creased incidence of non-HIV-PcP. Jeju-do is an island at the
southern part of Korea characterized by warm weather and
high humidity. These factors may play a role in becoming the
second likely cluster for PcP. Studies have shown that PcP cases
are mainly found during outdoor activities such as hiking,
camping, and gardening in affluent greenery where Preumocys-
tis has a high potential to spread airborne exposure to a hu-
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man [24]. Peak incidence of PcP were correlated with climatic
factors such as warm temperature and high humidity contrib-
uting to the high burden of Pneumocystis in air [25,26].

Non-HIV-PcP showed an increasing tendency in districts
mainly located in the southern part of Korea, which is consis-
tent with studies showing that PcP is mainly diagnosed more
in regions with a warm weather [25,26]. Other than the cli-
matic and regional factors associated with the southern dis-
tricts of Korea, lack of awareness for PcP prophylaxis in non-
HIV immunocompromised patients seems to contribute to an
increase in the overall incidence and prevalence in the non-
HIV-PcP group [27]. The guideline for prophylaxis against PcP
in the HIV infected population is rather clear, which is based
on the CD4 count, but the range for prophylaxis against PcP is
broad and varied in non-HIV immunocompromised individu-
als, such as rheumatic diseases, inflammatory bowel diseases,
malignancies, and solid organ transplant recipients [28-30].
The increase in organ transplantation appears to increase in
the PcP incidence of non-HIV individuals. The number of
transplantations of various human organs and tissues has
been growing for several decades with the advances of medical
resources such as transplant techniques and immunosuppres-
sants |31]. Although Seoul has the highest number of trans-
plantations, these advances appear to be nationwide including
the southern districts of Korea.

PcP cases increased in the older age groups in both men
and women among the non-HIV-PcP group during the study
period, suggesting these age groups are at a high risk for PcP
due to immunosenescence, which is described by a progressive
deterioration of the immune system related to aging [32]. The
reduced ability of the immune system in this population
might provoke further diseases that aggravate the immuno-
compromised conditions, leading to higher mortality [32-34].
In addition to the issue of declined immune function in the
elderly, whether chemoprophylaxis for PcP was performed on
the immunocompromised individuals or not, appears to re-
flect the opposite temporal trends observed between the non-
HIV-PcP and HIV-PcP groups [35-37]. Recent studies have
shown that PcP incidence is globally decreasing due to the ear-
ly use of effective antiviral agents to treat HIV, followed by
careful monitoring and management for their health status in-
cluding PcP prophylaxis [38,39]. Thus, the incidence of PcP is
rising and the elderly are at high risk, so extending the range of
prophylaxis against PcP should be required to lower the mor-
tality due to PcP in the non-HIV group.
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Although a downward trend was observed in the HIV-PCP
group, men tended to have a higher incidence than women.
This tendency might be due to the HIV infection status itself,
and not to the sexual predilection of Preumocystis. It is similar
to the studies that have shown specific genotypes of Preumo-
cystis have strong correlation with the underlying diseases or
conditions of the human host that caused the immunocom-
promised status [40]. Additionally, various genotypes of Pneu-
mocystis based on the status of HIV infection itself and/or the
underlying health conditions, including any combined com-
plications, in people living with HIV have been reported, sup-
porting genetic epidemics of Pneumocystis [41-43]. Although
the genetic epidemics of Preumocystis may not be representa-
tive of a link with PcP incidence, it may be helpful in predict-
ing PcP occurrence in Korea.

We excluded the regional cluster and trend analysis for the
HIV-PcP group in this study. The HIRA resource, which we an-
alyzed, is a data claimed by clinics or hospitals that may be in
regions different from that of the individual’s actual address,
so there is a limit to reflecting the regionality, especially for
people who live with HIV. They may not visit a local health-
care provider where they live, expecting treatment to be re-
fused due to self-imposed discrimination stemming from so-
cial stigma, which may lead to behaviors such as remaining
anonymous, using false identification, leaving home, and
moving to other regions for treatment [44,45].

HIV infection in Korea has been declining since first report-
ed back in 1985, and PcP has been studied as one of its oppor-
tunistic infections in the past [46-48]. However, it has been
vigorously studied in non-HIV immunocompromised patients
such as those with rheumatic diseases, auto-immune diseases,
and transplantation recipients [49-52]. Our study revealed the
status and trend of PcP in Korea. i) The PcP of the non-HIV
population depends on regional environmental and climatic
conditions as observed in Jeju-do and the southern parts of
Korea, ii) the high risk of elderly, and iii) reinforcing studies
based on data from tertiary-care hospitals showing similar
trends in PcP over a decade in both the non-HIV and the HIV
groups [17]. This study provides an analytic basis for health
measures and a nationwide epidemiological surveillance sys-
tem for the prevention of PcP.
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