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Ongoing outbreak of human adenovirus-associat-
ed acute respiratory illness in the Republic of Korea
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Background/Aims: Human adenovirus type 55 (HAdV-55), an emerging epidemic
strain, has caused several large outbreaks in the Korean military since 2014, and
HAdV-associated acute respiratory illness (HAdV-ARI) has been continuously re-
ported thereafter.

Methods: To evaluate the epidemiologic characteristics of HAdV-ARI in the Ko-
rean military, we analyzed respiratory virus polymerase chain reaction (RV-PCR)
results, pneumonia surveillance results, and severe HAdV cases from all 14 Ko-
rean military hospitals from January 2013 to May 2018 and compared these data
with nationwide RV surveillance data for the civilian population.

Results: A total of 14,630 RV-PCRs was performed at military hospitals. HAdV
(45.4%) was the most frequently detected RV, followed by human rhinovirus (12.3%)
and influenza virus (6.3%). The percentage of the military positive for HAdV was
significantly greater than the percentage of civilians positive for HAdV through-
out the study period, with a large outbreak occurring during the winter to spring
of 2014 to 2015. The outbreak continued until the end of the study, and non-sea-
sonal detections increased over time. The reported number of pneumonia pa-
tients also increased during the outbreak. Case fatality rate was o0.075% overall
but 15.6% in patients with respiratory failure. The proportion of severe patients
did not change significantly during the study period.

Conclusions: A large HAdV outbreak is currently ongoing in the Korean mili-
tary, with a trend away from seasonality, and HAdV-s5 is likely the predominant
strain. Persistent efforts to control the outbreak, HAdV type-specific surveillance,
and vaccine development are required.
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INTRODUCTION

Acute respiratory illness (ARI) associated with hu-
man adenovirus (HAdV) usually occurs in infants and
children [1], with severe cases reported sporadically in
adults [2]. Outbreaks of HAdV-associated ARI (HAdV-
ARI) in adults have been reported in communal living
populations, including school, hospital, and military
populations [3-8]. HAdV-55, a novel recombinant strain
of HAdV-11 and HAdV-14 that causes ARI in adults [9],
emerged as an epidemic strain in Asian and European
countries from 2004 [6,8,10-18]. In the Republic of Ko-
rea, fatal cases of HAdV-55 pneumonia among military
personnel have been reported since 2012 [19], and a large
military outbreak associated with HAdV-55 was observed
in the winter of 2014 [20]. Although several outbreak
studies at different sites have been conducted [21-24],
epidemiologic evaluation of the entire military popula-
tion has yet to be conducted. To assess the current status
of the HAdV outbreak, we designed an epidemiologic
study for all 14 military hospitals in the Republic of Ko-
rea and compared these data to nationwide surveillance
data for the Korean civilian population.

METHODS

Study design and data collection

For nationwide epidemiologic investigation, we re-
viewed respiratory virus polymerase chain reaction
(RV-PCR) results of all 14 military hospitals (Hospitals
A to N) affiliated with the Korean Armed Forces Medical
Command (AFMC) during the period of January 2013 to
May 2018. The 14 military hospitals with a total of 4,710
beds located throughout the nation cover patients from
neighboring troops, while Hospital J acts as a referral
center for the military hospitals. Geographic regions
and number of beds in each hospital are presented in
Supplementary Table 1. RV-PCR was introduced to mil-
itary hospitals in 2011 [25] and became available at all 14
hospitals in 2013. RV-PCR was selectively performed ini-
tially [25], but since the 2014 to 2015 outbreak of HAdV-
55 has been strongly recommended as a routine test for
all ARI patients with persisting fever or pneumonia [20].
Oral vaccine for HAdV-4 and -7 was not supplied to mil-
itary personnel during the study period. Collected data
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Table 1. RV detection in 14 military hospitals in comparison with nationwide surveillance data for civilian hospitals
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Values denotes viruses that were more prevalent in military hospitals.
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included the date and hospital of collection, affiliation
of the patient, and RV-PCR results. We could not review
electronic medical records (EMRs) of the entire patient
population due to the large size of the target popula-
tion; therefore, information about specimen type (throat
swab or sputum) and type of illness (upper or lower re-
spiratory tract infection) was not collected.

To compare the epidemiology of the military with that
of the civilian population, we used data from a nation-
wide RV surveillance system administered by the Korea
Centers for Disease Control and Prevention (KCDC) that
is reported weekly on the KCDC website (http://www.
cdc.go.kr) [1]. RV surveillance findings for new recruits
were used for comparison. Since August 2015, the RV
status of military personnel at the time of enrollment
has been assessed by the Korea Army Training Center
for surveillance purposes. Symptomatic new recruits are
tested for RV-PCR within one week of entrance (before
initiation of major training programs).

To investigate severe HAdV-ARI cases and determine
the overall number of pneumonia patients, medical sur-
veillance data reported to the AFMC were used. Severe
HAdV-ARI cases were defined as those that required
cidofovir treatment, mechanical ventilation (MV) sup-
port, or extracorporeal membrane oxygenation (ECMO).
EMRs of these patients were reviewed retrospectively.
The number of pneumonia patients at all 14 military
hospitals is reported weekly to the AFMC according to
the International Classification of Disease and Related
Health Problems, 1oth revision (ICD-10, codes J12-]J18).
This study was approved by the Institutional Review
Board of the AFMC (AFMC-18-IRB-051) and informed
consent was waived by the board.

Laboratory tests

During the study period, PCR analyses for eight RVs
(HAQV, influenza virus [IFV], human parainfluenza virus
[HPIV], human respiratory syncytial virus [HRSV], hu-
man coronavirus [HCoV], human rhinovirus [HRV], hu-
man bocavirus [HBoV], and human metapneumovirus
[HMPV]) were performed at three clinical laboratories
depending on period and hospital (details are presented
in the Supplementary Material).

Review of HAdV molecular typing data
As RV-PCR tests do not include molecular typing
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of HAdV, we made an effort to collect all available
HAdV-typing data for the Korean military. To review
published data, we searched PubMed up to October
2018 using the following search protocol: (Adenovirus
OR Adenoviral OR HAdV) AND Korea), or (Adenovirus
or Adenoviral OR HAdV) AND 55). For ongoing studies
and unpublished data, we contacted all investigators
who obtained approval from the two existing Institu-
tional Review Boards of the AFMC and Armed Forces
Capital Hospital for HAdV-related studies. Information
collected about HAdV-typing is presented in the Dis-
cussion.

Statistical analysis

Positive percentages of each RV and epidemiologic
characteristics of HAdV and other RVs were compared
between military and civilian hospitals using chi-square
and Fisher’s exact tests. Student’s t test was used to
compare seasonal variations. To evaluate if there were
increasing or decreasing trends, a linear regression
model was used. All p values were two-tailed, and those
that were < 0.05 were considered statistically significant.
IBM SPSS Statistics version 20.0 for Windows (IBM Co.,
Armonk, NY, USA) was used for all statistical analyses.

RESULTS

Epidemiology of RV in the Korean military in com-
parison with the civilian population
A total of 14,630 RV-PCRs was performed during the
study period at the 14 military hospitals, and 9,344 (63.9%)
of the tests were positive. HAdV was the most frequently
detected respiratory virus (6,646/14,630, 45.4%), followed
by HRV (1,796/14,630, 123%), IFV (920/14,630, 6.3%),
HCoV (543/14,630, 3.7%), HMPV (387/14,630, 2.7%), HPIV
(286/14,630, 2.0%), HRSV (206/14,630, 1.4%), and HBoV
(28/14,630, 0.2%). In the same period, civilian hospitals
performed 65,780 RV-PCRs, 37,552 of which were posi-
tive (57.1%). HRV was the most commonly identified
respiratory virus (10,631/65,780, 16.2%), followed by IFV
(9,970/65,780, 15.2%), HAAV (4,149/65,780, 63%), HPIV
(3,920/65,780, 6.0%), HCoV (3,024/65,780, 4.6%), HRSV
(2,529/65,780, 3.8%), HMPV (2,168/65,780, 3.3%), and
HBoV (1,125/65,780, 1.7%).

To determine overall epidemiologic trends in RVs,

www.Kkjim.org 207
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the positive percentages of each RV in the military per tion in HAdV, HAdV detection in the military surged in

month and the number of cases detected were compared the winter and spring of the 2014 to 2015 period, with a
with those of civilian hospitals (Fig. 1). Among the eight more than four-fold increase compared to the nadir of
RVs, only HAdV exhibited a markedly higher positivity the summer to fall of 2015 (Supplementary Table 2). Peak
in the military than in civilian hospitals. In contrast to detection during this period was in March. The average
the civilian data that did not show any seasonal varia- HAdV-positive percentages were also significantly high-
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Figure 1. Epidemiologic trends of eight respiratory viruses in the Korean military in comparison with the civilian population.
Respiratory virus polymerase chain reaction results of 14 military hospitals from January 2013 to May 2018 are presented in
addition nationwide surveillance data from civilian hospitals. From the winter to spring seasons of 2014 to 2015, a large hu-
man adenovirus (HAdV) outbreak occurred in the military and persisted thereafter. Previous studies and unpublished data
suggest that this ongoing outbreak is associated with HAdV-s5. (A) HAdV, (B) influenza virus (IFV), (C) human parainfluenza
virus (HPIV), (D) human respiratory syncytial virus (HRSV), (E) human coronavirus (HCoV), (F) human rhinovirus (HRV), (G)
human bocavirus (HBoV), and (H) human metapneumovirus (HMPV).

208  www.kjim.org https://doi.org/10.3904/kjim.2019.092


www.kjim.org

Ko JH, et al. HAdV outbreak in the Korean military

800 80
= HAAV case, military
., 700 - === Pneumonia case, military 70
§ —=—HAdV (+) percentage, military
< 600 4 HAdV (+) percentage, civilian 0 =
% ——HAdV (+) percentage, new recruits at entranc A‘ §
2 500 % by 50 2
© =4
.S o
< 8
g 400 - 0 g
£ =
g 5
S o
S 300 30 @
S \ E
S =
200 - 20
100 - \ 10
r
0 - -0
1234567891011121 23 4567 89101112123 4567 89101112123 4567 89101112123 4567 8910111212345
2013 2014 2015 2016 2017 2018

Figure 2. Pneumonia surveillance and human adenovirus (HAdV) detections in new recruits at the time of entrance as well as
HAdV detections in military and civilian hospitals. Reported pneumonia cases increased over time with the ongoing HAdV
outbreak in the military, while HAdV detection proportions in new recruits at the time of entrance were consistently low.

er in the winter to spring period than the summer to fall
period (58.3% vs. 22.8%, p < 0.001). However, this season-
al variation gradually weakened with increasing HAdV
detection during the summer and fall seasons of 2016.
In the 2016 to 2017 period, the average HAdV positivity
value was not statistically different between the winter
to spring period and summer to fall period (61.3% vs.
54-4%, p = 0.295).

For statistical comparison of military and civilian
populations, we documented number of PCR-positive
RV cases from June of each year to May of the following
year to include HAdV outbreak season (Table 1 and Sup-
plementary Table 3). For the entire evaluation period,
positive percentage of HAdV was significantly higher
in military than civilian hospitals (all p < 0.05). Seasonal
variations were clearly observed in the other seven RVs
in civilian hospitals, as illustrated in the scale-adjusted
graph shown in Supplementary Fig. 1. A similar season-
ality was noticed in the military starting in 2014, with
increasing numbers of RV-PCR tests. Epidemiologic
patterns of each RV are described in the Supplementary
Material.

Evaluation of ongoing HAdV outbreak in the Korean
military

Data from pneumonia surveillance according to ICD-10
codes and HAdV detection in new recruits at the time

https://doi.org/10.3904/kjim.2019.092

of entrance are presented with HAAV detections in mil-
itary and civilian hospitals (Fig. 2). During the study pe-
riod, a total of 15,503 pneumonia patients was reported
to the AFMC. The number of pneumonia patients in-
creased markedly in the 2014 to 2015 period (2,922 pa-
tients compared to 673 patients in the previous period)
(Supplementary Table 4), with the same seasonal varia-
tion in HAdV. Although there was an outbreak of IFV
during the 2013 to 2014 period, the number of pneu-
monia patients did not increase accordingly. Overall,
number of new recruits positive for HAdV at the time of’
entrance (average 0f 1.8%) was less than the positive pro-
portions among civilians (average of 4.9%). HAdV detec-
tion in new recruits at entrance did not exhibit seasonal
variation.

Proportion of severe HAdV-ARIs and clinical courses
of five fatal cases

During the study period, 106 cases were treated with
cidofovir (1.6% of 6,646 HAdV cases), 32 cases progressed
to respiratory failure requiring MV support (0.5%), and
15 cases received ECMO support (0.2%) (Supplementary
Table 5). A total of five fatal cases was reported, with a case
fatality rate of 0.075% for overall HAdV-ARIs. The case
fatality rate was 15.6% among patients who progressed
to respiratory failure. The proportion of severe patient
s did not change significantly during the study period

www.kjim.org 209
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Figure 3. Numbers and proportions of severe human ade-
novirus acute respiratory illness (HAdV-ARI) cases in the
Korean military. Severe HAdV-ARI included those cases
treated with cidofovir, those that required mechanical
ventilation (MV) or extracorporeal membrane oxygenation
(ECMO) support, and those that died.

(Fig. 3). Clinical courses of the five fatal HAdV infections
are presented in Table 2. All patients were males in their
early 20s with a low military rank. There was a median of
6 days from symptom onset to respiratory failure. Cido-
fovir was administered in three patients within 2 days
after progression to respiratory failure. ECMO was ap-
plied in three patients. Patients D and E received ECMO
support on the same day of respiratory failure, implying
a rapidly progressive disease. Median survival was 18
days and ranged from 12 to 66 days. Causal relationships
of HAdV-ARI and death are presented in the footnote
of Table 2.

DISCUSSION

The first epidemiologic study of RVs in the Korean mil-
itary in 2006 reported a predominance of HAdV-7 [26],
which was associated with a large HAAV outbreak in Ko-
rean children in 1996 and subsequent small outbreaks
[27]. Although detection of HAdV-7 was as high as 61.0%,
severe HAdV-ARI cases were not reported [26,28]. From
January 2011 to March 2013, six cases of severe adeno-
viral pneumonia were identified with 50% mortality,
while such severe adenoviral pneumonia was not re-
ported previously in the Korean military [25,28]. An epi-

210 www.kjim.org

Table 2. Clinical courses of the five fatal cases of HAdV-ARI in the military

Cause of death

Days of
survival

Improvement of
initial ARDS

ECMO, interval

Cidofovir,
interval

MYV, interval

Rank

Age, yr

Sex

Patient

Yes, unknown No 33 Multi-organ failure

Unknown

Yes, 5 dpoi

Private

Male 21

Patient A*
Patient B

Brain stem infarction

18
12
16
66

No

No
Unknown

Yes, 10 dpoi

Yes, 9 dpoi
Yes, 6 dpoi
Yes, 6 dpoi

Corporal

20

Male
Male
Male

Male
HAdV, human adenovirus; ARI, acute respiratory illness; MV, mechanical ventilation; ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory dis-

tress syndrome; dpoi, days post onset of illness.

ARDS
Ventricular fibrillation

No

Unknown

Staff sergeant

23
22

Patient C*

Yes, 6 dpoi Yes

Yes, 6 dpoi

Staff sergeant Yes, 8 dpoi
Yes, 6 dpoi

Patient D
Patient E

Multi-organ failure

Yes

Yes, 6 dpoi

Private

20

*Medical records of these patients were incomplete after referral to civilian hospitals. Although Patient A died due to multi-organ failure (MOF), the causal relation-
ship with HAdV infection was not clear. Patient B died from brain death after brain stem infarction. Patient C died due to ARDS, most likely attributable to HAdV.

Although Patients D and E exhibited initial improvement from ARDS, they died from ventricular fibrillation and MOF related to other complications, respectively.

The Korean Journal of Internal Medicine Vol. 36, No.

1, January 2021

https://doi.org/10.3904/kjim.2019.092


www.kjim.org

Ko JH, et al. HAdV outbreak in the Korean military

demiologic study based on HAdV molecular typing was
conducted from January 2013 to April 2014, and HAdV-
55 (42.0%) was the most frequently identified strain, fol-
lowed by HAdV-4 (13.0%), HAdV-5 (1.4%), and HAdV-6
(1.4%) [23]. Severe HAdV-ARIs requiring MV support
were exclusively due to HAdV-55 in that period [19,23].
From the winter to spring seasons of 2014 to 2015, a large
HAdV outbreak occurred in the military and persisted
into the next season [20]. Molecular typing of HAAV
was performed for 74 samples collected in 2016; all were
identified as HAdV-55 [20]. In other unpublished data
from ongoing studies in the military, HAdV-55 was
strongly predominant during the 2016 to 2017 and 2017
to 2018 periods. According to a surveillance study eval-
uating 1,079 ARI cases in four military training centers
from the 37th week of 2016 to the 36th week of 2018, 509
of 518 HAdV-ARISs (98.3%) were caused by HAdV-55, and
HAdV-2 was detected in nine cases (1.8%, data acquired
by personal communication with J.Y.H.). In a cytokine
study of 23 HAdV pneumonia patients admitted to Hos-
pital J from September 2017 to June 2018, 100% of cases
were due to HAdV-55 (data acquired by personal com-
munication with J.U.L.). The predominance of HAdV-
55 was also observed in a serologic study evaluating 52
HAdV-ARIs from April 2018 to June 2018; 100% of cases
were HAdV-55 positive (data acquired by personal com-
munication with S.H.K.). Although molecular typing
of HAdV was not performed in the present study, the
abovementioned findings suggest the following plausi-
ble scenario: after introduction of HAdV-s5 to the Kore-
an military in 2006, it became predominant in the early
2010s and is currently causing the largest ongoing out-
break that started in winter 2014.

In addition to epidemicity in the adult population,
rapidly progressive and potentially fatal acute respi-
ratory distress syndrome is a key concern of HAdV-55
infection [13]. Many studies have reported severe cases
[6,8,14,15,29,30], and large outbreak studies have report-
ed case fatality rates of approximately 0.4% [8,20]. In the
present analysis of 6,646 HAdV-ARI cases, the overall
case fatality rate was 0.075%, less than 0.1%. This can ex-
plain why previous outbreaks in China involving fewer
than 1,000 patients did not report mortality [14], while
sporadic reports of fatality due to HAdV-55 have per-
sisted [13]. Reports of several severe or fatal cases may
imply a large outbreak of HAdV-55 in the background
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community [13]. Although the fatality rate is not as high
as for emerging respiratory viruses such as Middle East
respiratory syndrome coronavirus (MERS-CoV) [31-33], it
is important for public health officials to recognize that
a pathogen responsible for the common cold may cause
severe and potentially fatal infections.

Of note, case fatality of HAdV patients with respira-
tory failure was as high as 15.6%. For fatal cases, the me-
dian time of MV and ECMO support was 6 days from
symptom onset, suggesting a rapidly progressive dis-
ease. The times to MV and ECMO support were mark-
edly shorter than those documented for MERS patients
(12 and 16 days, respectively) [31]. Although cidofovir was
administered in three patients, it was administered after
progression to respiratory failure. While early adminis-
tration of cidofovir has been reported to be associated
with favorable outcomes, the chance for early adminis-
tration is slim in rapidly progressive cases [2,19,34]. Be-
cause there are few efficacy-proven treatment modali-
ties for HAAV-ARI, control of outbreaks is emphasized
to reduce the overall burden of the disease. To control
HAJV outbreaks, AFMC has implemented several mea-
sures, including emphasis of hand hygiene, use of per-
sonal masks, cohort-isolation of trainees with ARI, and
early referral of febrile patients to hospitals. Because
HAdV outbreaks are more prominent among trainees
and low-rank soldiers recently discharged from training
centers [20,21,34], such measures have been emphasized
in training centers for new recruits [24]. Although an
oral vaccine for HAdV-4 and -7 successfully controlled
HAdV-ARI outbreaks in the United States military [35],
it has not been adopted in the Korean military because
HAdV-ARI is known to exhibit type-specific immuni-
ty, and HAdV-55 shares immunogenicity with HAdV-14
[9,36,37] Several multi-valent HAdV vaccines targeting
HAdV-s55 are currently under development, but clinical
application of these vaccines will take time [36,38]. More
resources should be focused on vaccine development,
and HAdV molecular typing must be implemented in
surveillance systems for proper selection of HAAV vac-
cines in the future.

The present epidemiologic study had several limita-
tions. First, we mainly used reported data of RV-PCR
tests without molecular typing. However, the present
ongoing HAdV outbreaks are likely primarily due to
HAdV-55, considering the previously reported studies,
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seasonal outbreak patterns, and data from ongoing un-
published studies. Second, because we could not review
EMRs of all HAAV cases, clinical presentation of HAdV-
55 infections was based on previous studies [20,22].
Third, as only patients visiting hospitals were evaluat-
ed, the proportion of RVs is likely biased. Nevertheless,
this bias would have been similar in surveillance studies
of civilian hospitals and would not critically affect epi-
demiologic comparisons between military and civilian
hospitals.

In conclusion, a large HAdV outbreak that started in
2014 is currently ongoing in the Korean military, and
HAdV-55 is likely the predominant strain. Efforts to
control this outbreak should be strengthened, and im-
plementation of HAdV molecular typing for surveil-
lance and vaccine development is required.

KEY MESSAGE

1. Alarge human adenovirus (HAdV) outbreak
occurred in the Korean military in the win-
ter of 2014 and continued until the end of the
study (May 2018).

2. HAdV-55 was likely the predominant strain.

3. Case fatality rate of HAdV-associated acute re-
spiratory illness was 0.075% overall but 15.6%
in patients with respiratory failure.
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SUPPLEMENTARY MATERIAL

Laboratory tests

During the study period, polymerase chain reaction
(PCR) analyses of eight respiratory viruses (RVs) were
performed at three clinical laboratories depending on
period and hospital. Specimens collected from Hospi-
tals A-I, K, and L-N for the entire study period, Hospital
J from January 2013 to April 2014, and Hospital L from
January 2013 to April 2016 were tested at Green Cross
Co. (Yongin, Korea). Nucleic acid extraction was per-
formed using NucliSENS easyMAG (bioMerieux, Mar-
cy I'Etoile, France), and multiplex PCR was performed
using Seeplex RV12 (Seegene, Seoul, Korea) as described
previously [21,25]. Hospital J performed RV-PCR at the
in-hospital clinical laboratory in May 2014. Nucleic acid
extraction was performed using the MagNA Pure LC Nu-
cleic Acid isolation kit I (Roche Diagnostics, Mannheim,
Germany), and multiplex PCR was performed using the
Real-Q RV Detection kit (BioSewoom, Seoul, Korea) [19].
Hospital L performed RV-PCR at the in-hospital labora-
tory from May 2016, using the TANBead Viral Auto Plate
system (Taiwan Advanced Nanotech Inc., Taoyuan City,
Taiwan) for nucleic acid extraction and the AdvanSure
RV real-time PCR Kit (LG Life Sciences, Seoul, Korea)
for multiplex PCR, as described previously [22].

www.kjim.org

The Korean Journal of Internal Medicine Vol. 36, No. 1, January 2021

Epidemiologic patterns of the seven RVs other than
human adenovirus

Influenza virus (IFV) in the military exhibited almost
the same seasonal variation as in civilians from 2013,
even though the overall detection proportion was sig-
nificantly lower. However, in the 2013 to 2014 period,
the peak detection proportion of IFV in the military
(61.6%) was similar to that of civilians (68.3%), implying
an IFV outbreak in the military. Human parainfluenza
virus (HPIV) was detected in the military beginning in
the spring and ending in the summer, earlier than for
civilians. The overall detection proportion of HPIV in
the military was lower than for civilians (p < 0.001 from
the 2013 to 2014 period). HRSV in the military began to
increase in the winter, later than for civilians, and ended
in the spring. Seasonal variation (late fall to spring) and
detection of human coronavirus in the military were
very similar to those observed for civilians starting in
2015. Human rhinovirus (HRV) in the military exhibited
similar seasonality to civilians (spring to early winter),
but detection proportions increased steadily from the
2013 to 2014 period (from 2.5% to 17.4%, p = 0.001 by lin-
ear regression). Detection proportion of HRV during the
nadir of the winter season in the military also increased.
Although human bocavirus (HBoV) cases were observed
during the spring to summer in civilians, few cases of
HBoV were detected in the military. Human metapneu-
movirus exhibited similar seasonality in the military as
in civilians, increasing from late winter to spring.
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Supplementary Table 1. Geographic location and size of the 14 included military hospitals

Hospital Geographic region No. of beds
A Goyang City, Gyeonggi Province 250
B Yangju City, Gyeonggi Province 500
C Pocheon City, Gyeonggi Province 250
D Chuncheon City, Gangwon Province 230
E Hongcheon City, Gangwon Province 230
F Guri City, Gyeonggi Province 500
G Gangneung City, Gangwon Province 180
H Seoul Metropolitan City 30
I Wonju City, Gangwon Province 20
J Seongnam City, Gyeonggi Province 660
K Gyeongsan City, North Gyeongsang Province 500
L Daejeon Metropolitan City 600
M Busan Metropolitan City 260
N Hampyeong County, South Jeolla Province 500
Total All 14 military hospitals affiliated to AFMC 4,710

AFMC, Armed Forces Medical Command.
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Supplementary Table 2. Comparison of positive percentage of human adenovirus in the periods from winter to spring and

from summer to fall
— Winter to spring Summer to fall pvalue ' Peak/Nadir ratio
Average Peak Average Nadir (average comparison)
20142015 58.3+12.93 75.0 22.8 +£8.48 15.3 <0.001 4.90
2015—2016 40.5 + 6.04 477 25.2 +5.53 17.1 0.001 2.79
2016-2017 613 +13.06 73.8 54.4 % 7.77 41.5 0.295 1.78

Values are presented as mean + standard deviation.
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Supplementary Table 3. p values for comparison of RV detection proportions between military and civilian hospitals

p values for comparisons of military and civilian hospitals

RVs January 2013— June 2013— June 2014- June 2015- June 2016— June 2017-
May 2013 May 2014 May 2015 May 2016 May 2017 May 2018
HAdV <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IFV <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
HPIV 0.444 < 0.001 < 0.001 < 0.001 < 0.001 <0.001
HRSV 0.045 0.093 < 0.001 0.017 < 0.001 < 0.001
HCoV 0.005 0.017 <0.001 0.819 <o0.001 0.968
HRV 0.340 < 0.001 <0.001 <0.001 <0.001 0.040
HBoV 0.771 <0.001 <0.001 <0.001 <0.001 <0.001
HMPV 0.406 0.083 < 0.001 0.206 <0.001 <0.001
Positive, total 0.350 0.038 < 0.001 0.392 <0.001 <o0.001

RV, respiratory virus; HAdV, human adenovirus; IFV, influenza virus; HPIV, human parainfluenza virus; HRSV, human respi-
ratory syncytial virus; HCoV, human coronavirus; HRV, human rhinovirus; HBoV, human bocavirus; HMPV, human metap-
neumovirus.
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Supplementary Table 4. Pneumonia surveillance results for 14 military hospitals and RV surveillance results for new recruits

at the time of entrance

January 2013—  June 2013—  June 2014— June 2015— June 2016— June 2017—

Variable May 2013 May 2014 May 2015 May 2016 May 2017 May 2018
Pneumonia patients 360 673 2,022 3,474 4,887 3,187
HAAJV detection in new recruits NA NA NA 55 42 8

at entrance

RV-PCR tests in new recruits at NA NA NA 2,973 2,015 992
entrance

HAGJV positive percentage among NA NA NA 1.9% 2.1% 0.8%

new recruits at entrance

The number of patients with pneumonia from the 14 military hospitals was reported to the Korean Armed Forces Medical
Command according to the International Classification of Disease and Related Health Problems, 1oth revision, codes J12-]18.
RV surveillance in new recruits was performed by the Korea Army Training Center from August 2015, for symptomatic new
recruits within 1 week of entrance (before initiation of major training programs).
RV, respiratory virus; HAdV, human adenovirus; PCR, polymerase chain reaction.
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Variable January 2013— June 2013— June 2014— June 2015— June 2016— June 2017— Total
May 2013 May 2014  May2o015;  May2016  May2o17;  May 2018

HAAdV detection 43 109 1,286 1,037 2,480 1,691 6,646

Cidofovir treatment o 5 29 19 28 25 106
Cidofovir treatment, % 0.0 4.6 23 1.8 1.1 1.5 1.6

RF requiring MV o 2 8 5 9 8 32
RF, % 0.0 1.8 0.6 05 0.4 05 0.5

ECMO support o o 4 o 4 7 15
ECMO support, % 0.0 0.0 03 0.0 0.2 0.4 0.2

Death o o 2 o 2 1 5
Fatality rate, % 0.000 0.000 0.156 0.000 0.081 0.059  0.075
Fatality rate in patients 0.0 0.0 25.0 0.0 22.2 12.5 15.6

with RF, %

HAAV, human adenovirus; ARI, acute respiratory illness; RF, respiratory failure; MV, mechanical ventilation; ECMO, extra-

corporeal membrane oxygenation.
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Supplementary Figure 1. Epidemiologic trends of eight respiratory viruses (RVs) in the Korean military in comparison with
the civilian population, with the scale adjusted for each RV. RV-polymerase chain reaction results for 14 military hospitals
from January 2013 to May 2018 are presented with nationwide surveillance data from civilian hospitals. (A) Human adenovirus
(HAdV), (B) influenza virus (IFV), (C) human parainfluenza virus (HPIV), (D) human respiratory syncytial virus (HRSV), (E)
human coronavirus (HCoV), (F) human rhinovirus (HRV), (G) human bocavirus (HBoV), and (H) human metapneumovirus
(HMPV).
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