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Adenovirus (AdV) can cause severe pneumonia in non-immunocompromised host, but
limited data exist on the distinctive characteristics of AdV pneumonia in non-
immunocompromised patients. We evaluated distinctive clinico-laboratory and radiological
characteristics and outcomes of AdV pneumonia (n = 179), compared with non-AdV
pneumonia (n = 188) in Korean military personnel between 2012 and 2016. AdV
pneumonia patients had a higher rate of consolidation with ground-glass opacity (101/152)
in lobar distribution (89/152) on computed tomography (CT) (P < 0.001). Laboratory
findings showed a higher incidence of unusual blood profiles such as leukopenia (55/179,
P < 0.001) or thrombocytopenia (100/179, P < 0.001). The patients had more systemic
symptoms such as myalgia (82/179, P = 0.001) or diarrhea (23/179, P < 0.001), compared
with non-AdV pneumonia patients. Bacterial co-infection was identified in 28.5% of AdV
pneumonia. Most of the AdV isolates typed (69/72, 95.8%) were AdV-55. Patients with a
pneumonia severity index > class lll were more commonly observed in AdV pneumonia
patients compared with non-AdV pneumonia patients (11.2% vs. 2.1%, P < 0.001), and
time to clinical stabilization from admission was longer in the AdV pneumonia patients
compared with the non-AdV pneumonia patients (3.8 vs. 2.6 days, P < 0.001).
Mechanical ventilation (n = 6) was only required in AdV pneumonia patients, one of whom
died due to AdV-55. Our data showed that AdV pneumonia in non-immunocompromised
patients had distinct characteristics and most of the isolates typed in our study were AdV-
55. Itis suggested that AdV-55 is an important pathogen of pneumonia in Korean military
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personnel.
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INTRODUCTION

Adenoviruses (AdV) are non-enveloped, double-stranded DNA
viruses that can cause diseases of the respiratory tract, and gas-
trointestinal and ocular systems (1). It is well-known that AdV
respiratory tract infections are usually mild and self-limiting in
a non-immunocompromised host, in contrast with immuno-
compromised hosts, in whom AdV infection can be fatal (2-4).
Since the fatal case of AdV pneumonia in a healthy adult was
described in the 1960s (5), severe disease caused by AdV has
been reported among non-immunocompromised adults, es-
pecially in vulnerable populations, such as military recruits and
residents of health care facilities (6-9). Recent studies have also
described fatal cases of severe AdV pneumonia caused by par-
ticular serotypes, which provide insight into emerging, highly
virulent serotypes, even in non-immunocompromised patients
(10-14).

In the Armed Forces Capital Hospital, the largest military re-
ferral center in Korea, the number of community acquired pneu-
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monia (CAP) patients, admitted with varying severities of dis-
ease, has increased annually; among these cases, the AdV isola-
tion rates have been steadily increasing over recent years and
fatal cases have been reported since 2012 (15-17). Thus, physi-
cians have tried to identify the causative respiratory viral agents
at an early stage to produce favorable outcomes, with these ef-
forts, we have recently reported clinical data on the outcome of
administration of antiviral agents, and factors predictive of re-
spiratory failure in AdV pneumonia (16,17).

However, there is limited data on the distinctive characteris-
tics of AdV pneumonia in non-immunocompromised patients,
which could help a physician to determine a diagnostic or treat-
ment strategy during early presentation. Therefore, in the pres-
ent study, we evaluated the characteristics of AdV-associated
vs. non-AdV pneumonia cases among Korean military person-
nel between 2012 and 2016, and additionally described the char-
acteristics of the AdV pneumonia caused by the serotype of AdV-
55 which was most commonly isolated type.
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MATERIALS AND METHODS

Study subjects
We reviewed the medical records of 557 consecutive adult pa-
tients who were admitted with acute febrile respiratory illness,
between July 2012 and January 2016, to the Armed Forces Capi-
tal Hospital, Korea. All patients were serving in the military ser-
vice and were non-immunocompromised with negative human
immunodeficiency virus infection tests. Of these patients, those
with upper respiratory tract infection (URI) or bronchitis (n = 17),
and those who did not undergo a respiratory virus polymerase
chain reaction (PCR) test (n = 173), were excluded. Consequent-
ly, 367 patients with CAP were included in the analysis; of these,
179 with AdV pneumonia and 188 with non-AdV pneumonia
were identified and included in the analysis (Fig. 1).

The diagnosis of AdV pneumonia was considered confirmed
when the following findings were present: 1) acute lower respira-

Acute febrile respiratory illness
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Fig. 1. Patients included in the study analysis.
URI = upper respiratory tract infection, PCR = polymerase chain reaction, AdV = ad-
enovirus.
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tory symptoms; 2) definite infiltration on radiography or comput-
ed tomography (CT); and 3) evidence of AdV infection identified
by a respiratory virus PCR test from lower respiratory specimens
including sputum or bronchoalveolar lavage fluid. When speci-
mens sampled from the lower respiratory tract were considered
inadequate, specimens from the upper respiratory tract, including
nasopharyngeal or oropharyngeal swabs, were obtained (16,17).

The serotype of AdV-positive specimens was evaluated in some
patients. Before June 2014, serotype analysis was performed only
in severe cases based on the attending physician’s decision (16).
Between December 2014 and March 2015, because the number
of CAP patients had increased and more severe patients with
unusual blood profiles such as leukopenia or thrombocytope-
nia were referred to the Armed Forces Capital Hospital (Fig. 2),
serotype analysis was more frequently performed cooperated
by the Armed Forces Medical Command (17). During the same
period, serotype analysis was also performed in some outpati-
ents without pneumonia but who had severe symptoms based
on the attending physician’s decision. The present study includ-
ed previously published data on patients with AdV pneumonia
treated at the Armed Forces Capital Hospital (15-17).

Patient management and data collection

Patients who had persistent symptoms, or who deteriorated de-
spite appropriate empirical antibiotics for 2-3 days, and/or who
had unusual blood profiles including leukopenia or thrombo-
cytopenia, were suspected of having atypical causative agents
and underwent etiological investigations. Etiologies were eval-
uated in blood, sputum, bronchoalveolar lavage fluids, naso-
pharyngeal or oropharyngeal secretions, and urine using mi-
crobiological culture for bacteria; a multiplex real-time PCR test
for bacterial agents including Streptococcus pneumoniae, Hae-
mophilus influenzae, Mycoplasma pneumoniae, and Chlamyd-
ia pneumoniae; a multiplex real-time PCR test for respiratory
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Fig. 2. Time trend of patient number with leukopenia (A) and thrombocytopenia (B) among admitted patients with CAP (patient number per 3 months) (n = 540).

CAP = community acquired pneumonia.
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viruses; and a urinary antigen test for S. pneumoniae or Legio-
nella pneumophila. Antiviral therapy with cidofovir was applied
in some severe patients (3,16). The serotype of human-AdV-pos-
itive samples was investigated by sequencing the partial hexon
genomic region (16,17).

Statistical analysis

Data are shown as means + standard deviation (SD) for contin-
uous variables and as numbers and percentages for categorical
variables. Data were compared using a two-sample -test for
continuous variables, and by y* or Fisher’s exact test for categor-
ical variables. Statistical analyses were performed using PASW
software (ver. 18.0; SPSS Inc., Chicago, IL, USA) and a two-sided
Pvalue < 0.05 was considered to indicate statistical significance.

Ethics statement

The Institutional Review Board of the Armed Forces Medical
Command and Armed Forces Capital Hospital approved this
study and permitted the review and publication of patient re-
cords (AFMC-16-IRB-037). The requirement for informed con-
sent by individual patients was waived given the retrospective
nature of the study.

Table 1. Comparisons of clinical characteristics between AdV and non-AdV pneumonia

RESULTS

Comparisons of clinical characteristics between AdV and
non-AdV pneumonia

We compared clinical characteristics between the AdV and non-
AdV pneumonia patients (Table 1). Most patients were previ-
ously healthy males with a mean age of 22 years, and a minority
of patients had underlying conditions such as asthma (n = 3),
bronchiectasis (n = 3), tuberculosis (n = 2), or congenital cystic
malformation (n = 1). All patients presented with clinical symp-
toms or signs, and AdV pneumonia patients had higher rates of
sore throat, myalgia, and diarrhea. Patients with AdV pneumo-
nia were more likely to have clinical instabilities, defined as fe-
ver (= 38.3°C), dyspnea (> modified Medical Research Council
[mMRC] II), tachypnea (> 30 breaths/min), tachycardia (> 100
beats/min), oxygen requirement, and inability to eat, compared
with patients with non-AdV pneumonia (18). Patients with pneu-
monia severity index > class Il were more commonly observed
in the AdV pneumonia. The time from symptom onset to hos-
pital admission tended to be longer in the AdV pneumonia pa-
tient group than in the non-AdV pneumonia patient group; how-
ever, there was no significant difference between the 2 groups.

Characteristics Total (n = 367) AdV (n =179) Non-AdV (n = 188) Pvalue
Age, yr 22.0 £ 31 21.0 £ 241 220+ 37 0.014
Sex (male) 367 (100.0) 179 (100.0) 188 (100.0) NA
BMI, kg/m? 234+ 38 23745 23.0x+ 27 0.056
Smoking < 0.001
Never smoker 301 (82.0) 143 (79.9) 158 (84.0)
Ex-smoker 49 (13.4) 20(11.2) 29 (15.5)
Current smoker 17 (4.6) 16 (8.9) 1(0.5)
Underlying condition 0.061
Asthma 3(0.8 1(0.6) 2(1.1)
Bronchiectasis 3(0.8 2(1.1) 1(0.5
Previous history of tuberculosis 2(0.5 2011 -
Congenital cystic malformation 1(0.3) - 1(0.5)
Grave's disease 1(0.3) 1(0.6) -
Irritable bowel syndrome 1(0.3) 1(0.6)
Presenting symptoms or signs
Cough 296 (80.7) 150 (83.3) 146 (77.7) 0.148
Sputum 214 (58.3) 111 (62.0) 103 (54.8) 0.170
Sore throat 99 (27.0) 69 (38.5) 30 (16.0) < 0.001
Myalgia 137 (37.3) 82 (45.8) 55 (29.3) 0.001
Diarrhea 24 (6.5) 23(12.9) 1(0.5) < 0.001
Initial clinical instability
Fever (> 38.3°C) 304 (82.8) 169 (94.4) 135 (71.8) < 0.001
Dyspnea (> mMRC scale Il) 91 (24.8) 65 (36.3) 26 (13.9) < 0.001
Tachypnea (> 30 breaths/min) 30(8.2) 27 (15.1) 3(1.6) < 0.001
Tachycardia (> 100 beats/min) 85 (23.2) 44 (24.6) 41 (21.9) 0.539
Need for oxygen application 150 (40.9) 95 (63.1) 55 (29.3) < 0.001
Need for vasopressor 16 (4.4) 14 (7.8) 2(1.1) 0.002
Inability to eat 53 (14.4) 40 (22.3) 13 (6.9) < 0.001
Initial SpO2 on room air, % 95.0 +£ 3.1 95.0 £ 3.3 96.0 £ 2.7 0.025
Pneumonia severity index (> class Ill) 24 (6.5) 20(11.2) 4(2.1) < 0.001
Time from symptom onset to admission, day 8.8 £ 3.7 91+ 37 8.4 £ 36 0.103

Data are shown as mean =+ standard deviation or number (%).

AdV = adenovirus, BMI = body mass index, mMRC = modified Medical Research Council, NA = not applicable, Sp0, = stands for peripheral capillary oxygen.
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Comparisons of laboratory findings between AdV and

non-AdV pneumonia

We compared the laboratory findings between the AdV and non-
AdV pneumonia patients (Table 2). The white blood cell (WBC)
count and platelet count in AdV pneumonia patients were low-

Table 2. Comparisons of laboratory findings between AdV and non-AdV pneumonia

er than those of non-AdV pneumonia patients, and leukopenia
and thrombocytopenia were more commonly observed in AdV
pneumonia patients (all P < 0.001). Pleural fluid analyses were
performed in eight AdV pneumonia patients and all had lym-
phocyte-dominant exudates and elevated adenosine deami-

Characteristics Total (n = 367) AdV (n=179) Non-AdV (n = 188) Pvalue
Inflammatory markers
WBC count, /uL 7,255.0 £ 4,343.2 5,936.0 £ 4,321.6 8,510.0 £ 3,986.6 < 0.001
Neutrophil, % 71.8 £11.8 69.9 £ 11.7 73.8 £ 11.7 0.002
Lymphocyte, % 187 £ 94 21.0£9.9 16.2 + 8.3 < 0.001
Neutrophil-lymphocyte count ratio 56 +£49 47 £ 41 6.5+ 56 0.001
Leukocytosis 64 (17.4) 17 (9.5) 47 (25.0) < 0.001
Leukopenia ( < 4,000/pL) 62 (16.9) 55(30.7) 7(3.7) < 0.001
Platelet count ( x 10%/ul) 180.0 + 66.5 150.0 £+ 55.6 209.0 + 63.2 < 0.001
Thrombocytopenia ( < 150,000/uL) 126 (34.3) 100 (55.9) 26 (13.8) < 0.001
C-reactive protein, mg/dL 92+57 89152 9.6 + 6.1 0.264
Pleural fluid analysis 9 8 1
Lymphocyte dominant exudate 8/9 8/8 01
WBC count, /pL 2,032.0 £ 2,030.6 1,943.0 £ 2,151.7 2,750 (NA)
Neutrophil, % 74 £10.8 46 £72 41.0 (NA)
Lymphocyte, % 35.0 £ 125 343 £13.2 30.0 (NA)
Adenosine deaminase ( > 40 IU/L) 9/9 8/8 11
Positive respiratory virus PCR test 202/367 1791179 23/188 < 0.001
Viral agents 0.001
Adv 166 166 -
Rhinovirus 15 15
Influenza A virus 5 5
Metapneumovirus 2 2
Enterovirus 1 - 1
AdV + rhinovirus 10 10
AdV + parainfluenza virus 2 2
AdV + enterovirus 1 1
Serotype of AdV NA
AdV-55 NA 69/72 NA
Adv-4 NA 3/72 NA
Positive specimen for AdV PCR NA
Sputum 121/263 121123 0/140
Nasopharyngeal or oropharyngeal swab 86/146 86/89 0/57
Positive microbiological test 105/313 47/165 58/148 0.001
Bacterial agents < 0.001
S. pneumoniae ill5 8 7
H. influenzae 16 11 5
M. pneumoniae 23 9 18
C. pneumoniae 1 1
P aeruginosa 1 1
K. pneumoniae 2 - 2
S. pneumoniae+ H. influenzae 26 21 5
S. pneumoniae+ M. pneumoniae 11 - 11
H. influenzae+ M. pneumoniae 3 1 2
S. pneumoniae+ H. influenzae+ M. pneumoniae 7 1 6
Positive specimen for microbiological test NA
Sputum + urinary antigen test 98/284 44/151 54/133
Blood, serology test 17127 6/71 11/56
Blood, bacteremia 1/252 0/145 1107

Data are shown as mean =+ standard deviation or number (%). Neutrophil (%) and lymphocyte (%) data were missing in 35 cases (29 in non-AdV and 6 in AdV). C-reactive pro-
tein (mg/dL) data was missing in 36 cases. Positive specimen for microbiological test; sputum for PCR test and gram stain/culture, urinary antigen test for S. pneumoniae or L.
pneumophila, and serology tests for M. pneumoniae or C. pneumoniae.

AdV = adenovirus, WBC = white blood cell, PCR = polymerase chain reaction, NA = not applicable, S. pneumoniae = Streptococcus pneumoniae, H. influenzae = Haemophilus
influenzae, M. pneumoniae = Mycoplasma pneumoniae, C. pneumoniae = Chlamydia pneumoniae, P. aeruginosa = Pseudomonas aeruginosa, K. pneumoniae = Klebsiella pneu-
moniae, L. pneumophila = Legionella pneumaphila.
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nase levels (> 40 IU/L), and there was no evidence of mycobac-
terial infection in all pleural fluid analysis.

In total, 13 of the 179 (7.3%) AdV pneumonia patients had
co-infections with respiratory viruses other than AdV, such as
rhinovirus (n = 10), parainfluenza virus (n = 2), and enterovirus
(n = 1). Most of the isolates typed (69/72, 95.8%) were AdV-55.
More than two-thirds (121/179, 67.6%) of AdV pneumonia pa-
tients had positive AdV PCR sputum specimens. Bacterial agents
were more commonly identified (58/148, 39.2%) in the non-AdV
pneumonia patients (P = 0.001), of whom one had pneumoco-
ccal bacteremia. Interestingly, in the AdV pneumonia patients,
co-infection with bacterial agents, such as S. pneumoniae fol-
lowed by H. influenzae and M. pneumoniae, was not uncom-
mon (47/165, 28.5%).

During the study period, PCR tests of nasopharyngeal or oro-
pharyngeal secretions for respiratory viruses were performed
in some outpatients without evidence of pneumonia on chest
radiography, but who had severe upper respiratory symptoms;
49 patients were confirmed to have AdV infection. A serotype
analysis was also performed and AdV-55 (n = 46, 94.0%) was the
most commonly identified serotype, followed by AdV-6 (n =1,
2%), AdV-5 (n = 1,2%), and AdV-1 (n = 1, 2%).

Comparisons of initial chest CT findings between AdV and
non-AdV pneumonia

Of the study patients, initial chest CT images were available in
292 patients (Table 3). Notably, approximately 60% of AdV pneu-

Table 3. Comparisons of initial chest CT findings between AdV and non-AdV pneumonia

monia patients had consolidation with ground-glass opacity pat-
terns in lobar distribution (Fig. 3), which represented a higher
frequency compared with that in the non-AdV pneumonia pa-
tients (both, P < 0.001). The mainly involved lobe in the 2 groups
tended to differ; however, lower lobe involvement (left, right,
and both lower lobe) was commonly observed in both AdV and
non-AdV pneumonia patients.

Comparisons of treatment outcomes between AdV and
non-AdV pneumonia

Of the 367 study patients, 324 who had detailed medical records
during hospitalization were included in the final outcome anal-
ysis (Table 4). All 324 patients received empirical antibiotics: a
3rd-generation cephalosporin plus an azalide was the most com-
mon treatment (n = 133, 41.1%), followed by respiratory quino-
lone (n = 75, 23.2%). Cidofovir was administered in 34 AdV pneu-
monia patients and adjuvant intravenous immunoglobulin (IVIG)
was also administered in 14 AdV pneumonia patients. Mechani-
cal ventilation (n = 6) and extracorporeal membrane oxygen-
ation (ECMO) support (n = 1) were needed only in AdV pneu-
monia patients.

Respiratory failure, defined as partial pressure of arterial oxy-
gen/fraction of inspired oxygen (FiO.) ratio < 300 with or with-
out tachypnea, occurred more commonly in AdV pneumonia
patients than in non-AdV pneumonia patients (P = 0.001). Of
the 37 AdV pneumonia patients who had respiratory failure, 23
had initial respiratory failure at the time of admission and 14

Characteristics Total (n = 292) AdV (n = 152) Non-AdV (n = 140) Pvalue
Dominant pattern < 0.001
Consolidation + ground glass opacity 144 (49.3) 101 (66.5) 43 (30.7)
Consolidation 131 (44.9) 42 (27.6) 89 (63.6)
Ground-glass opacity 5(1.7) 4(2.6) 1(0.7)
Nodular lesions 12 (4.1) 5(3.3) 7 (5.0)
Distribution < 0.001
Lobar 141 (48.2) 89 (58.5) 52 (37.1)
Peribronchovascular 53 (18.2) 19 (12.5) 34 (24.3)
Focal 50 (17.1) 24 (15.8) 26 (18.6)
Patchy 26 (8.9) 3(2.0) 23 (16.4)
Multifocal 18 (6.2) 14(9.2) 42.9)
Diffuse 4(1.4) 3(2.0) 1(0.7).
Mainly involved lobe 0.005
Left lower lobe 102 (35.0) 63 (41.3) 39 (28.0)
Right lower lobe 63 (21.7) 27 (17.8) 36 (25.7)
Both lower lobe 18 (6.2) 10 (6.6) 8(5.7)
Left upper lobe 34 (11.6) 18 (11.8) 16 (11.4)
Right upper lobe 29 (9.9 19 (12.5) 10 (7.1)
Both upper lobe 1(0.3 1(0.7) -
Right middle lobe 20 (6.8) 3(2.0) 17 (12.1)
Right middle and lower lobe 10 (3.4) 3(2.0) 7 (5.0)
Left upper and lower lobe 8 (2.7) 3(2.0) 5(3.6)
Whole lobes 7(2.4) 5(3.3) 2(1.4)
Bilateral 104 (35.6) 54 (35.5) 50 (35.7) 0.999
Pleural effusion 87 (29.8) 49 (32.2) 38(27.1) 0.371

Data are shown as number (%).
AdV = adenovirus, CT = computed tomography.
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Fig. 3. Chest CT findings in 2 AdV pneumonia patients. Chest CT shows prominent consolidation in the right lower lobe with an air bronchogram and bilateral patchy ground
glass opacities (A and B).
CT = computed tomography, AdV = adenovirus.

progressed to respiratory failure during hospitalization. Time to
overall clinical stabilization from admission was significantly
longer in the AdV pneumonia patients than in the non-AdV pneu-
monia patients (mean 3.8 vs. 2.6 days, P < 0.001).

Characteristics and outcomes of 69 patients with AdV-55
pneumonia

Because there are only limited data on the characteristics of AdV
pneumonia caused by serotype AdV-55 and there has been con-
cern about the highly virulent serotypes (13), we described the
characteristics and outcomes of the 69 patients with AdV-55
pneumonia (Table 5), given that most of the isolates typed in
our study were AdV-55. Of the 69 patients with AdV-55 pneu-
monia, 42 (60.9%) required oxygen, 8 (11.6%) needed a vaso-
pressor, and 13 (18.8%) had pneumonia severity index > class

292  http://jkms.org

II1. Also, leukopenia (n = 24, 34.8%) and thrombocytopenia
(n =39, 56.5%) were commonly observed. Five (7.2%) patients
had co-infections with other respiratory viruses such as rhino-
virus or enterovirus, and bacterial agents were identified in 30.4%
of patients. Most patients (40/63, 63.5%) had consolidation with
ground-glass opacity patterns on chest CT. More than a third of
patients (n = 24, 34.8%) had respiratory failure, and one patient
with AdV-55 pneumonia died of respiratory failure and massive
hemorrhagic infarction.

DISCUSSION
One of the most noticeable findings in our study was that AdV

pneumonia in previously healthy young adults had distinctive
clinico-laboratory and radiological findings compared with non-

https://doi.org/10.3346/jkms.2017.32.2.287
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Table 4. Comparisons of treatment outcomes between AdV and non-AdV pneumonia

Characteristics Total (n = 324) AdV (n = 166) Non-AdV (n = 158) Pvalue
Treatment regimens
Initial empirical antibiotics < 0.001
Amoxicillin and clavulanate 5(1.5) 4(2.4) 1(0.6)
3rd-cephalosporin + azalide 133 (41.1) 47 (28.4) 86 (54.5)
3rd-cephalosporin + respiratory quinolone 1(0.3) - 1(0.6)
Respiratory quinolone 75 (23.2) 45 (27.1) 30 (19.0)
Piperacillin/tazobactam 22 (6.8) 16 (9.6) 6 (3.8)
Piperacillin/tazobactam + azalide 3(0.9) - 3(1.9)
Piperacillin/tazobactam + respiratory quinolone 82 (25.3) 52 (31.3) 30 (19.0)
Carbapenem 3(0.9) 2(1.2) 1(0.6)
Antiviral agents (cidofovir, 5 mg/kg/week) 34 (20.5) - NA
No. of cidofovir administration
1 29/34
2 5/34 -

Adjuvant IVIG 16 (4 9) 14 (8.4) 2(1.3 0.002
High flow nasal cannula 13 (4.0 8 (4.8) (3 0.575
Mechanical ventilation 6(1.9) 6 (3.6) - 0.030
ECMO 1(0.3) 1(0.6) - 0.999
Respiratory failure during hospitalization 0 (15.4) 37 (22.3) 138.2) 0.001

Initial respiratory failure 34 (10.5) 23(13.9 11 (7.0)

Progressed to respiratory failure 16 (4.9) 14 (8.4) 2(1.3)

Time to overall clinical stabilization from admission, day 33 ae 2.6 3.8+28 26 +19 < 0.001
Death 1(0.3) 1(0.6) 0.999

Data are shown as mean £ standard deviation or number (%).

AdV = adenovirus, CT = computed tomography, ECMO = extracorporeal membrane oxygenation, IVIG =

AdV pneumonia patients. In our study conducted in Korean
military personnel, AdV pneumonia patients were more likely
to have consolidation with ground-glass opacity in lobar distri-
bution, not uncommonly accompanied by cytopenic blood pro-
files including leukopenia or thrombocytopenia, and systemic
symptoms including myalgia or diarrhea. Studies on the clini-
cal features of AdV pneumonia in non-immunocompromised
patients that support our data have consistently been reported
(7,12,19,20). For example, in a study that reported 6 cases of se-
vere AdV pneumonia that occurred in a psychiatric care facility,
most patients (5/6, 83.3%) had dense lower lobe consolidation
on chest radiographs and all patients had a transient fall in WBC
and platelet counts in the course of the disease (7). In another
study, which compared the characteristics between AdV-55 and
other AdV serotypes among 48 AdV pneumonia patients, approx-
imately half of them had consolidation on chest radiographs
and only 12.5% had elevated WBC counts (12). In an additional
study, which evaluated 115 CT findings of 93 viral and 23 bacte-
rial pneumonia cases, AdV tended to have characteristic imag-
ing results, most of which (7/10, 70%) showed multifocal con-
solidation or ground-glass opacity (21). However, there is still a
lack of data on the detailed clinico-radiological features of AdV
pneumonia, especially in non-immunocompromised patients;
thus in this context, our data may have clinical significance be-
cause it provides suggestive findings of AdV pneumonia, which
could help physicians to determine further diagnostic or treat-
ment strategies at the time of presentation of pneumonia.
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intravenous immunoglobulin, NA = not applicable.

In recent years, concerns regarding the highly virulent sero-
type have increased and studies have reported fatal cases caused
by specific AdV serotypes such as AdV-3, -7, -11, -14, and -55
(10,11,13,14,16,17,19), especially in relatively vulnerable popu-
lations such as military personnel. Among Korean military per-
sonnel, 6 patients with severe AdV pneumonia caused by AdV-
55 were first identified between 2012 and 2014 (16); other se-
vere pneumonia cases associated with AdV-55 have been iden-
tified. Interestingly, during the same period, 5 fatal cases of AdV
pneumonia caused by AdV-55—with 80% mortality rate—were
reported in China (13), which also highlights the emerging high-
ly virulent AdV pathogens. An outbreak of AdV respiratory in-
fection including severe pneumonia was also reported in Chi-
nese military trainees and efforts have been made to identify
the immunological profiles of patients with AdV-55 pneumonia
(9), which may partly help to identify those more vulnerable to
developing severe disease and to develop a treatment strategy.
In our study, because approximately one third of the 69 patients
with pneumonia caused by AdV-55 had respiratory failure (one
of whom died), one might consider AdV-55 as a virulent patho-
gen. However, given that we could not compare AdV-55 with
other AdV serotypes and most of the isolates typed in outpati-
ents without pneumonia during the study period were also AdV-
55, our data imply that AdV-55 is not always associated with se-
vere respiratory disease, although it can cause fatal pneumonia,
even in non-immunocompromised patients. Regarding these
points, no accurate data exist and further well-designed studies
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Table 5. Characteristics and outcomes of 69 patients with AdV-55 pneumonia

Characteristics No. (%) of patients
Presenting symptoms or signs
Cough 62 (89.9)
Sputum 36 (52.2)
Sore throat 30 (43.5)
Myalgia 30 (43.5)
Diarrhea 10 (14.5)
Initial clinical instability
Fever (> 38.3°C) 67 (97.1)
Dyspnea (> mMRC scale Il) 33 (47.8)
Tachypnea (> 30 breaths/min) 17 (24.6)
Tachycardia (> 100 beats/min) 17 (24.6)
Need for oxygen application 42 (60.9)
Need for vasopressor 8(11.6)
Inability to eat 23(33.3)
Initial Sp0O2 on room air, % 950+ 2.9
Initial Pa02/Fi0- ratio 298.3 £ 82.1
Pneumonia severity index (> class Ill) 13(18.8)
Inflammatory markers
Leukopenia (< 4,000/pL) 24 (34.8)
Thrombocytopenia (< 150,000/uL) 39 (56.5)
Other viral agents 5(7.2)
AdV + rhinovirus 4(5.8)
AdV +enterovirus 1(1.4)
Positive microbiological test 21(30.4)
S. pneumoniae 4 (5.8)
H. influenzae 4(5.8)
M. pneumoniae 1(1.4)
S. pneumoniae+ H. influenzae 11 (15.9)
S. pneumoniae+ H. influenzae+ M. pneumoniae 1(1.4)

Chest CT findings (n = 63)

Consolidation + ground-glass opacity pattern 40/63 (63.5)
Lobar distribution 39/63 (61.9)
Bilateral 29/63 (46.0)
Pleural effusion 26/63 (41.3)
High flow nasal cannula 229
Mechanical ventilation 6(8.7)
ECMO 1(1.4)
Respiratory failure during hospitalization 24 (34.8)
Initial respiratory failure 16 (23.2)
Progressed to respiratory failure 8(11.6)
Time to overall clinical stabilization from admission, day 43+ 37
Death 1(1.4)

Data are shown as mean + standard deviation or number (%). Initial PaO2/FiO, ratios
were missing in 42 cases.

AdV = adenovirus, CT = computed tomography, S. pneumoniae = Streptococcus pneu-
moniae, H. influenzae = Haemophilus influenzae, M. pneumoniae = Mycoplasma pneu-
moniae, ECMO = extracorporeal membrane oxygenation, mMRC = modified Medical
Research Council, Sp02 = stands for peripheral capillary oxygen, Pa0. = partial pres-
sure of arterial oxygen, FiO2 = fraction of inspired oxygen.

of the serotype and host vulnerabilities are required.

In our study, bacterial co-infections in AdV pneumonia pa-
tients were identified in 28.5% (47/165) of patients, and S. pneu-
moniae, H. influenzae, and M. pneumoniae were commonly
identified. It is generally known that bacterial co-infection is as-
sociated with up to 40% of viral respiratory infections, and is an
important contributor to morbidity in pneumonia (22-24). Re-
garding bacterial co-infections associated with AdV infection,
one recent study has described elevated serum procalcitonin
levels (> 0.5 ng/mL), suggesting the possibility of bacterial co-

294  http://jkms.org

infection in 4 of 12 AdV pneumonia patients (12). However, there
are no accurate data on the incidence, clinical implications, or
pathogenesis of bacterial co-infections associated with AdV re-
spiratory infections. In this context, our data may provide sig-
nificant information on the incidence and bacterial types, but
further studies are needed.

Our study had several limitations. First, because our study
was conducted at a military hospital, our cohort was not repre-
sentative of the general population in terms of age, gender, or
underlying condition. Thus, our data cannot be applied to mild
or severely immunocompromised patients. Second, not all of
the isolated AdV samples underwent serologic analysis; thus,
inflammatory responses to different AdV serotypes should be
evaluated. Third, because of the retrospective design, the possi-
ble effects of unidentified bacterial or viral co-infections on the
clinical characteristics of pneumonia cannot be excluded. Last-
ly, there is a possibility that some AdV pneumonia patients might
not have been included in our characteristics analysis because
not all CAP patients underwent PCR tests for respiratory viruses
and a relatively large numbers of CAP patients (n = 173, Fig. 1)
was excluded from the analysis.

In conclusion, our data showed that AdV pneumonia in non-
immunocompromised patients had distinct characteristics and
most of the isolates typed in our study were AdV-55, which sug-
gested that AdV-55 is an important pathogen for pneumonia.
However, further surveillance is needed because limited data
exist.
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