
Journal of Microbiology, Immunology and Infection 55 (2022) 812e819
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e- jmii .com
Original Article
Epidemiological changes in cytomegalovirus
end-organ diseases in a developed country:
A nationwide, general-population-based
study

Seul Gi Yoo a, Kyung Do Han b, Kyoung Hwa Lee a, Joohee Lim c,
Yeonju La a, Da Eun Kwon a, Sang Hoon Han a,*
a Divison of Infectious Disease, Department of Internal Medicine, Yonsei University College of
Medicine, Seoul, Republic of Korea
b Department of Biostatistics, College of Medicine, The Catholic University of Korea, Seoul, Republic of
Korea
c Department of Pediatrics, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul,
Republic of Korea
Received 28 March 2021; received in revised form 29 June 2021; accepted 5 August 2021
Available online 26 August 2021
KEYWORDS
Cytomegalovirus;
End-organ disease;
Incidence;
Mortality
* Corresponding author. Department
Republic of Korea. Fax: þ82 2 3463-3

E-mail addresses: shhan74@yuhs.a

https://doi.org/10.1016/j.jmii.2021.0
1684-1182/Copyright ª 2021, Taiwan S
BY-NC-ND license (http://creativecom

Downloaded for Ano
December 08, 2022. For 
Abstract Background: Cytomegalovirus (CMV) can cause tissue-invasive diseases in various
organs after primary infection or through reactivation of latent-to-lytic switch over a lifetime.
The number of individuals who are at risk of CMV diseases, such as elderly or immunocompro-
mised patients, is constantly increasing; however, recent epidemiological changes associated
with CMV disease have not been fully evaluated.
Methods: We used claims data of about 50 million individuals between 2010 and 2015 from the
Korean Health Insurance Review and Assessment Service nationwide database. The code for
CMV end-organ diseases in the ‘Relieved Co-payment Policy’ program matches the ICD-10 code
of B25, except for congenital CMV infection and mononucleosis. A 628 cases of CMV and 3140
controls (without CMV disease), matched for age and sex, were selected from this dataset in
order to evaluate the effect of adult CMV diseases on all-cause death.
Results: The overall unadjusted incidence rate (IR) of CMV end-organ diseases was 0.52/
100,000 individuals. The standardized IR, adjusted for age and sex, have continuously
increased from 0.32/100,000 in 2010 to 0.75/100,000 in 2015. The overall unadjusted IR in
adult population was highest in 70e79 years for six years (0.96/100,000). In the model adjusted
for age, sex, immunocompromised status including solid-organ or hematopoietic stem cell
transplant recipients, hematologic malignancies, and human immunodeficiency virus diseases,
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the hazard ratio of case group was 5.2 (95% confidence interval, 3.6e7.4) for all-cause mortal-
ity.
Conclusion: Nationwide data indicates that CMV end-organ disease has steadily increased in
the past six years and is associated with higher mortality.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Cytomegalovirus (CMV) is acquired without symptoms at an
early age in most healthy individuals and is maintained as a
latent infection with continuous latency-associated pro-
teins synthesis and intermittent viral replication
throughout an individual’s lifespan via various mechanisms
including immune evasion and suppression of genes
encoding immediate early protein.1e4 This phenomenon
can cause a wide range of CMV indirect effects, including
chronic inflammation as well as chronic vascular diseases or
immunosenescence or immune exhaustion, even in immu-
nocompetent populations.5e8 The lytic reactivation of CMV
can result in life-threatening tissue-invasive end-organ
diseases affecting several organs including the lungs,
retina, and gastrointestinal tract, particularly in severely
immunocompromised patients, including those who have
undergone solid organ transplantation (SOT) and hemato-
poietic stem cell transplantation (HSCT), or those with
acquired immunodeficiency syndrome.9

Recently, active CMV production in critically ill non-
immunocompromised patients, especially those receiving
intensive care unit (ICU) care, has received increased
attention and a randomized control study was performed to
evaluate the efficiency of CMV prophylaxis for clinical
outcome in this population.10,11 Another critical issue of
CMV is intrauterine fetal or congenital CMV infection
through vertical transmission from the primary or non-
primary (reinfection and reactivation) CMV-infected
mother as it can result in irreversible sequelae including
neurological abnormalities such as microcephaly or hearing
loss and premature birth or intrauterine growth retarda-
tion.12 These detrimental effects of CMV infection or
reactivation have prompted the development of well-
tailored post-transplantation preventive strategies in SOT
and HSCT recipients as well as regular maternal screening
for CMV serologic status.13e15 Till date, a number of studies
on CMV vaccine development have been performed in
clinical settings, without any promising results.16

Unlike well-assessed epidemiologic features including
the transmission rate to the fetus in congenital CMV
infection, the global incidence trend for CMV end-organ
diseases in the general population encompassing severely
immunocompromised and immunocompetent individuals
has not been fully evaluated.12,17 Several studies analyzing
anti-CMV-immunoglobulin G tests have shown that CMV
seroprevalence rates varied from 20 to 100% according to
region, race, socioeconomic status, sex, and age.9,18 How-
ever, nearly all of these reports were published prior to
1990 and did not examine the incidence of CMV end-organ
tissue-invasive diseases.18 Knowledge of the large-scale
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epidemiology of CMV diseases rather than seropositivity in
the general population has clinical importance to identify
disease burden and the associated long-term inflammatory
diseases associated with CMV.7,8 In addition, the most
recent trends will provide significant clinical or public in-
formation because the public health service and sanitation
have improved while the number of patients at high risk for
CMV replication has increased continuously in recent de-
cades. In this context, we performed an epidemiological
analysis of CMV end-organ disease based on a nationwide
general-population large database in South Korea, a nation
in which CMV seropositivity rate is relatively high.19,20

Materials and methods

Data source and processing

The South Korean National Health Insurance Service (NHIS)
is operated by the government as a single insurer to ensure
universal public health care at the national level and
extended its coverage to the entire nation with mandatory
registration in 1989.21 All types of hospitals, clinics, phar-
macies, and community health centers electronically sub-
mit health insurance claims to the Korean Health Insurance
Review and Assessment Service (HIRA), which is a non-profit
organization that reviews incurred expense and determines
reimbursement for healthcare services.22e24 For claims
processing, the HIRA has systematically developed and
managed a comprehensive database of healthcare utiliza-
tion information such as inpatient and outpatient care,
medical/surgical procedures, pharmaceutical services
including prescriptions, and the demographic or socio-
economical characteristics of the beneficiaries.22e24 The
detailed process of the generation and structure of the
HIRA database was reviewed previously.22,24 The HIRA
claims database contains information from the entire
Korean population because the ratio of beneficiaries to the
total population in South Korea in the HIRA registry
consistently exceeds one.22 We used the HIRA claims
database from individuals of all ages to perform nationwide
general-population-based analyses. The study was
approved by the Institutional Review Board of Gangnam
Severance Hospital, Yonsei University College of Medicine
(IRB No. 3-2017-0341), and allowed by the National Health
Insurance Sharing Service.

Reliability and accuracy of subjects’ identification

The Korean NHIS implemented a policy to extend the health
insurance benefit coverage to lower the out-of-pocket
ollege of Medicine from ClinicalKey.com by Elsevier on 
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Figure 1. Flow chart of the selection of the case and control
groups.
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expenses of patients with rare intractable diseases (RID) in
2006. This ‘Relieved Co-payment Policy’ uses the specific
diagnostic codes for RID to register and manage the pro-
gram.21 To provide benefits and ensure the rigorous appli-
cation of ‘Relieved Co-payment Policy’, healthcare
providers are requested to submit the exact diagnosis with
specific codes based on the strict criteria distributed by the
NHIS to the HIRA.21,25 This procedure guarantees the reli-
ability and accuracy of the information about each RID in
the HIRA claims registry.21,25,26

To register the CMV end-organ diseases as RID, the
physicians should report the V104 code with the specific
form, which is comprised of histopathologic findings as well
as the results of CMV polymerase chain reaction (PCR) and/
or pp65 antigen test and/or virus culture with appropriate
clinical symptoms and/or signs except asymptomatic CMV
DNAemia and/or pp65 antigenemia. The approved com-
mercial qualitative and/or quantitative real-time PCR tar-
geting CMV UL83 has been performed without national
change for availability or policy of CMV PCR test during
study period. The commercial PCR tests are fully available
to all hospitals. The highly stringent unique V104 code for
CMV tissue-invasive end-organ diseases in the ‘Relieved Co-
payment Policy’ program matches code B25 in the online
2016 International Statistical Classification of Diseases and
Related-Health Problems 10th Revision (ICD-10) from the
World Health Organization (WHO).27 The B25 code includes
all types of CMV end-organ diseases except for congenital
CMV infection (P35.1) and cytomegaloviral mononucleosis
(B27.1).27 We confirmed that there were no CMV end-organ
diseases cases the same patient had additional coding for
the respective event.
Table 1 Incidence rates of cytomegalovirus diseases between

2010 2011 2012

Total Total population 50,165,317 50,443,562 50,76
Cases 159 206 205
Unadjusted IRa 0.32 (0.27

e0.37)
0.41 (0.35
e0.46)

0.40
e0.4

Standardized
IRa,b

0.32 (0.27
e0.37)

0.41 (0.35
e0.47)

0.40
e0.4

Male Total population 25,150,418 25,282,308 25,43
Cases 81 113 109
Unadjusted IRa 0.32 (0.25

e0.39)
0.45 (0.36
e0.53)

0.43
e0.5

Standardized
IRa,b

0.33 (0.26
e0.40)

0.45 (0.37
e0.53)

0.42
e0.5

Female Total population 25,014,899 25,161,254 25,32
Cases 78 93 96
Unadjusted IRa 0.31 (0.24

e0.38)
0.37 (0.29
e0.44)

0.38
e0.4

Standardized
IRa,b

0.32 (0.25
e0.39)

0.37 (0.30
e0.45)

0.38
e0.4

a Per 100,000 individuals.
b Standardized rate adjusted for age and sex based on the results of

individuals.
Data are expressed as numbers or rates (95% CI). Abbreviation: IR, in
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Study design and information acquisition

This study included two datasets; (1) a nationwide cohort
study from HIRA claims data in accordance with the V104
code between 2010 and 2015 in the entire Korean popula-
tion to analyze the incidence rates (IRs) of CMV disease and
(2) a retrospective matched caseecontrol study extracted
from HIRA claims data to verify the effect of adult CMV
disease on all-cause death. To clarify the cause-and-effect
2010 and 2015.

Year

2013 2014 2015

1,374 51,011,717 51,279,732 51,571,506
259 359 398

(0.35
6)

0.51 (0.45
e0.57)

0.70 (0.63
e0.77)

0.77 (0.70
e0.85)

(0.35
6)

0.50 (0.44
e0.56)

0.68 (0.61
e0.76)

0.75 (0.68
e0.82)

4,189 25,538,756 25,665,697 25,812,116
146 191 228

(0.35
1)

0.57 (0.48
e0.66)

0.74 (0.64
e0.85)

0.88 (0.77
e1.00)

(0.34
0)

0.56 (0.47
e0.65)

0.73 (0.62
e0.83)

0.86 (0.74
e0.97)

7,185 25,472,961 25,614,035 25,759,390
113 168 170

(0.30
5)

0.44 (0.36
e0.53)

0.66 (0.56
e0.76)

0.66 (0.56
e0.76)

(0.30
5)

0.44 (0.36
e0.52)

0.64 (0.54
e0.74)

0.65 (0.55
e0.74)

the 2010 South Korea Population and Housing Census per 100,000

cidence rate.
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Figure 2. Incidence rates of cytomegalovirus disease ac-
cording to age groups between 2010 and 2015.
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relationships with CMV disease in the case group, we
applied conservative and strict selection criteria with a
sufficiently long wash-out period of 6 months. The control
group without CMV disease (n Z 3140) was selected by
Table 2 Incidence rates of cytomegalovirus disease according

Age
group
(years)

2010 2011

Total
Pop.

Cases Unadjusted
IRa

Total
Pop.

Cases Unadjusted
IRa

0e9 4,924,127 33 0.67 (0.44
e0.90)

4,755,614 29 0.61 (0.39
e0.83)

10e19 6,814,533 7 0.10 (0.03
e0.18)

6,811,530 18 0.26 (0.14
e0.39)

20e29 7,176,284 6 0.08 (0.02
e0.15)

6,989,849 13 0.19 (0.08
e0.29)

30e39 8,497,742 17 0.20 (0.10
e0.30)

8,423,176 23 0.27 (0.16
e0.38)

40e49 8,785,772 21 0.24 (0.14
e0.34)

8,773,798 29 0.33 (0.21
e0.45)

50e59 6,547,095 29 0.44 (0.28
e0.60)

6,995,445 40 0.57 (0.39
e0.75)

60e69 4,059,789 23 0.57 (0.34
e0.80)

4,153,412 30 0.72 (0.46
e0.98)

70e79 2,481,017 18 0.73 (0.39
e1.06)

2,599,811 17 0.65 (0.34
e0.96)

�80 878,958 5 0.57 (0.07
e1.07)

940,927 7 0.74 (0.19
e1.30)

Age group
(years)

2014

Total Pop. Cases Unadjusted IRa Total P

0e9 4,630,322 81 1.75 (1.37e2.13) 4,605,0
10e19 6,219,961 11 0.18 (0.07e0.28) 5,980,1
20e29 6,753,600 13 0.19 (0.09e0.30) 6,821,7
30e39 8,118,984 33 0.41 (0.27e0.55) 7,945,7
40e49 8,903,636 44 0.49 (0.35e0.64) 8,934,2
50e59 7,994,509 73 0.91 (0.70e1.12) 8,209,8
60e69 4,448,266 57 1.28 (0.95e1.61) 4,691,3
70e79 3,051,814 38 1.25 (0.85e1.64) 3,124,5
�80 1,158,640 9 0.78 (0.27e1.28) 1,258,9

a Per 100,000 individuals. Data were expressed as number or rate (
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matching for age and sex with the case group (n Z 628) in a
5:1 ratio. Fig. 1 shows the detailed process for the selection
of the case and control groups. To evaluate the recurrence
rate of CMV disease in the total population, we utilized the
re-implementation status of anti-CMV therapy with ganci-
clovir and/or valganciclovir. Recurrence was defined as a
case of repeated anti-CMV therapy between one month and
one year after the first CMV disease event.28 The annual
household income was categorized as either lowest quintile
or the remaining quintiles.29,30 We clearly confined the
immunocompromised status to SOT (Z94.0, Z94.1, Z94.2,
Z94.3 and Z94.4)/HSCT (Z94.81 and Z94.84) recipients,
hematologic malignancies (C81eC96), and Human immu-
nodeficiency virus (HIV) disease (B20eB24) to stringently
find those conditions by ICD-10 code.27
Statistical analyses

Data were expressed as numbers (percent) or
means � standard deviation (SD) or as rates (95% confi-
dence interval [CI]). The IRs per 100,000 individuals were
expressed as unadjusted or standardized rates adjusted for
age groups between 2010 and 2015 in all population.

2012 2013

Total
Pop.

Cases Unadjusted
IRa

Total
Pop.

Cases Unadjusted
IRa

4,677,614 27 0.58 (0.36
e0.79)

4,671,563 39 0.83 (0.57
e1.10)

6,667,836 9 0.13 (0.05
e0.22)

6,435,911 15 0.23 (0.12
e0.35)

6,869,401 11 0.16 (0.07
e0.25)

6,779,226 20 0.30 (0.17
e0.42)

8,331,091 23 0.28 (0.16
e0.39)

8,246,955 20 0.24 (0.14
e0.35)

8,806,783 38 0.43 (0.29
e0.57)

8,805,022 36 0.41 (0.28
e0.54)

7,471,688 44 0.59 (0.41
e0.76)

7,746,646 48 0.62 (0.44
e0.79)

4,183,478 27 0.65 (0.40
e0.89)

4,299,039 42 0.98 (0.68
e1.27)

2,751,906 19 0.69 (0.38
e1.00)

2,949,845 28 0.95 (0.60
e1.30)

1,001,577 7 0.70 (0.18
e1.22)

107,7510 11 1.02 (0.42
e1.62)

2015 Overall unadjusted IRa

between 2010 and 2015op. Cases Unadjusted IRa

20 75 1.63 (1.26e2.00) 1.00
48 15 0.25 (0.12e0.38) 0.19
67 25 0.37 (0.22e0.51) 0.21
36 38 0.48 (0.33e0.63) 0.31
00 57 0.64 (0.47e0.80) 0.42
51 72 0.88 (0.67e1.08) 0.68
32 61 1.30 (0.97e1.63) 0.93
24 42 1.34 (0.94e1.75) 0.96
28 13 1.03 (0.47e1.59) 0.82

95% CI). Aberration. IR, incidence rate; Pop., population.
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age and sex based on the results of the 2010 South Korea
Population and Housing Census.31 The IRs were analyzed by
age groups, sex, and year. The age groups were categorized
as ten-year intervals ranging from the 0’s to the 80’s. The
80’s group comprised individuals �80 years of age. The
differences between the matched case and control groups
were analyzed by Mantel-Haenszel Chi-square test and
paired t-tests. We performed Cox proportional hazard
regression analysis adjusted for age, sex, and immuno-
compromised status to obtain the hazard ratio (HR) of adult
CMV end-organ disease for all-cause death. Statistical an-
alyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC) and GraphPad Prism V6 (GraphPad Software, La
Jolla, CA). Two-tailed P < 0.05 were considered statistically
significant.
Results

Incidence and recurrence rates of CMV disease in
six years

The overall unadjusted IR of CMV end-organ diseases was
0.52/100,000 individuals. Male population had the higher
Table 3 Comparisons of clinical characteristics between
adult individuals with CMV disease (case group) and without
CMV disease (control group).

Characteristics Case group
(n Z 628)

Control
group
(n Z 3140)

P-
value

Sex, male 357 (56.9) 1785 (56.9) 1a

Age, years 49.4 � 14.7 49.4 � 14.7 1b

Age group 1a

20e39 years 166 (26.4) 830 (26.4)
40e64 years 373 (59.4) 1865 (59.4)
�65 years 89 (14.2) 445 (14.2)
Lower quintile of yearly

income
177 (28.2) 712 (22.7) .003a

Immunocompromised
status

366 (58.3) 28 (0.9) <.001a

Solid organ transplant
recipients

92 (14.6) 10 (0.3) <.001a

Kidney 71 (11.3) 9 (0.3) <.001a

Liver 15 (2.4) 1 (0.0) <.001a

Heart and/or lung 6 (1.0) 0 (0.0) <.001a

Hematopoietic stem cell
transplant

recipients

148 (23.6) 7 (0.2) <.001a

Hematologic malignancies 107 (17.0) 11 (0.4) <.001a

HIV disease 19 (3.0) 0 (0.0) <.001a

All-cause death 59 (9.4) 63 (2.0) <.001a

Time interval between
matching and all-cause
death (years)

3.1 � 1.6 3.3 � 1.5 .005b

a Mantel-Haenszel Chi-square test.
b Paired t-test.

Data are expressed as numbers (percent) or means � SD.
Abbreviation: HIV, human immunodeficiency virus.
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overall unadjusted IR compared to that in female (0.57 vs.
0.47/100,000). The total number of individuals with CMV
disease increased 2.5-fold from 2010 to 2015. The annual
standardized IRs in the total population increased every
year from 2010 (0.32/100,000) to 2015 (0.75/100,000) as
well as in both men (from 0.33 to 0.86) and women (from
0.32 to 0.65). The increase range of standardized IR over six
years was larger in men (0.53/100,000) than that in women
(0.33/100,000). The IR in men was higher than that in
women every year for six years (Table 1). The medical aid
beneficiaries from the Korean NHIS had higher standardized
IR (3.9 [2.3e5.4]/100,000) in 2015 compared to those in all
individuals with any other income status. The total recur-
rence rate over six years was 17.5%, with the highest rate of
23.4% in 2015. According to each ICD-10 code, the majority
cases (1379 of 1586, 86.9%) had B25.8 (other cytomegalo-
viral disease) or B25.9 (cytomegaloviral disease, unspeci-
fied) (Supplementary Table 1).

Change in CMV disease according to age groups

According to age group, the overall unadjusted IR of CMV
end-organ diseases was highest in those �9 years of age and
lowest in those 10-19-years of age (1.00 and 0.19/100,000
individuals, respectively). Among adult population aged
�20 years, the 60e69 and 70-79-year age groups had the
high IRs with a pattern of steady increase over six years
(0.93 and 0.96 overall unadjusted IR, respectively) (Table 2
and Fig. 2). The IR according to age group showed the
similar patterns regardless of sex (Supplementary Tables 2
and 3).

Effect of adult CMV disease on all-cause death

The mean age and male percentage were 49 years and 57%
in the case and control group. Patients with CMV disease
had significantly higher all-cause mortality compared to
that in the control group (9.4% vs. 2.0%, P < .001). The
Figure 3. KaplaneMeier curve of the difference in mortality
rates between individuals with and without cytomegalovirus
diseases.
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Table 4 Cox proportional hazard regression model to examine the effect of adult CMV disease on all-cause death.

Subgroups CMV end-
organ
disease

Total
individuals

All-cause
deaths

Follow-up
duration
(years)

Mortality rate per
1000
PY

Hazard ratio
(95% CI)

P-value for
Interaction

Total No 3140 63 10,330 6.10 1 (Ref)
Yes 628 59 1948 30.29 5.18 (3.63

e7.40)a

Sex 0.016
Male No 1785 47 5873 8.00 1 (Ref)

Yes 357 33 1130 29.22 3.67 (2.34
e5.71)

Female No 1355 16 4457 3.59 1 (Ref)
Yes 271 26 819 31.76 9.98 (5.39

e19.05)
Age (years) 0.463
20-39 No 830 0 2870 0.00 1 (Ref)

Yes 166 8 560 14.29 e

40-64 No 1865 26 6147 4.23 1 (Ref)
Yes 373 30 1171 25.63 6.06 (3.59

e10.32)
� 65 No 445 37 1314 28.16 1 (Ref)

Yes 89 21 218 96.55 3.36 (1.93
e5.70)

Immunocompromised

statusb
No 28 1 97 10.30 1 (Ref)
Yes 366 121 1126 107.46 11.03 (6.87

e21.94)
a Age-, sex-, immunocompromised status-adjusted model.
b Include solid-organ or hematopoietic stem cell transplant recipients, hematologic malignancies, and HIV disease.

Abbreviations: CI, confidence interval; PY, person-years; Ref, reference.
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frequency of patients with immunocompromised status in
the case group was the significantly higher than that in the
control group (58.3% vs. 0.9%, P < .001) (Table 3). The Cox
proportional hazard regression model adjusted for age, sex,
and immunocompromised status revealed that patients
with CMV end-organ disease had an approximately five-fold
increased HR for all-cause death (HR [95% CI]; 5.18
[3.63e7.40]). Women with CMV diseases had a 2.7-fold
higher HR compared to that in men with CMV diseases
(9.98 [5.39e19.05] in women and 3.67 [2.34e5.71] in men,
PZ .016). The age distribution did not result in a significant
change in HR (P Z .463) (Table 4). The KaplaneMeier curve
for all subjects in this caseecontrol study also showed a
significantly higher probability of all-cause death in adult
patients with CMV disease (P < .001) (Fig. 3).
Discussion

The results of this nationwide cohort study including the
entire general population indicated that CMV tissue-
invasive end-organ diseases have consistently increased in
the last six years. This trend was not affected by age group
or sex, and the IRs were lowest among those 10e29 years of
age and highest among 70e79 years of age in adult popu-
lation. The consistently homogeneous change in the IRs
after adjusting for age and sex offer confidence in the
findings of this large cohort-based study using RID code. Our
data processing was able to cover CMV end-organ diseases
817
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to the exclusion of asymptomatic CMV DNAemia, CMV syn-
drome, and congenital CMV infection. Two papers using ICD
codes from the Taiwan NHIS database among people living
with HIV and liver transplant recipients reported cases of
CMV end-organ diseases.32,33 However, despite some
nationwide reports on congenital CMV infection,34,35 there
has been no report on the general-population-based inci-
dence of CMV tissue-invasive diseases.

Our data revealed that the incidence of CMV diseases
were highest in the youngest population, which may
indicate a high incidence of primary infection. Further
analysis of this age subgroup confirmed that rate of CMV
diseases at a much younger age had the higher with in-
verse proportion relationship between age and the rate of
CMV diseases. The diagnosis of CMV disease in individuals
less than 10 years of age would be performed using CMV-
specific DNA amplification tests of blood or urine or other
samples in patients with infection symptoms and signs as
well as histopathologic findings in immunocompromised
patients.9,12 Further study of early postnatal primary CMV
disease is warranted.

The severely immunocompromised conditions including
transplant recipients, hematologic malignancies, and ac-
quired immunodeficiency syndrome (AIDS) are main risk
factors associated with CMV end-organ diseases develop-
ment. In addition, those critically-ill underlying diseases
are major attributing causes for mortality in patients with
CMV disease.36,37 This study showed that CMV end-organ
disease had relation to all-cause mortality, as revealed in
ollege of Medicine from ClinicalKey.com by Elsevier on 
ermission. Copyright ©2022. Elsevier Inc. All rights reserved.
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the Cox proportional hazard regression model adjusted by
immunocompromised status. The HR of mortality was
higher in women than in men irrespective of the lower
incidence.

This cohort could not explain the main reason for the
increment or major risk population of CMV disease. Further
analysis did not identify an epidemiologic association be-
tween the increase in CMV disease and HIV infection.
Despite the increasing proportion of the advanced age
population �60 years in the aging Korean society,31 the
standardized rate adjusted for age and sex revealed the
increasing incidence of CMV end-organ disease. The wide
range of immunosuppressive conditions besides transplant
recipients and hematologic malignancies, particularly
critically-ill patients in ICU care and a recent surge in
various new targeted and biological drugs for solid cancers
and rheumatic diseases could be attributed the expansion
of CMV tissue-invasive diseases.38,39 The further study is
warrant to evaluate whether the groups receiving the
specific biologics have the higher risk of CMV diseases. In
spite of the Cox proportional hazard analysis, the various
comorbidities or disease severity or other opportunistic
infections besides age, sex, severe immunocompromised
status as well as our study design could not affirm that CMV
end-organ disease may be independent risk factor of higher
mortality.

Another limitation was that this study was based on
diagnostic codes; we did not obtain detailed clinical infor-
mation on the CMV illnesses such as affected organs and
treatment outcomes. In addition, the IR might have been
underestimated due to missing RID code data. However, the
rigid operating system and direct reduction of medical ex-
penses with the large scale could sufficiently reduce the
likelihood of the underestimation. The increasing attention
of CMV diseases may also be attributed to the change of IR.
Despite these limitations, this first nationwide, population-
based report may have a clinical significance by describing
the recent epidemiologic characteristics of CMV disease by
age group and sex with adjustment for co-variables on a
large scale.

Conclusion

This study revealed the consistent increase in IRs of CMV
disease in all age groups and both sexes and that CMV dis-
ease is associated with all-cause death. Our result supports
that the clinical and public significance of tight application
for preventive strategies about CMV end-organ diseases in
individuals with risks for CMV replication in the country with
a high CMV-seropositivity rate.
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