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During April 2011–March 2012, we retrospectively
reviewed medical records for South Korea soldiers to
assess the etiology and epidemiology of acute viral lower respiratory tract infections. Adenovirus was the most
commonly identified virus (63.2%) and the most common
cause of pneumonia (79.3%) and hospitalization (76.6%); 3
soldiers died of adenovirus-related illness.

R

espiratory infections are the most common cause for hospitalization of soldiers. In the US military, respiratory infections account for 25%–30% of all hospital admissions for
infectious diseases (1). Adenovirus is the most common cause
of acute respiratory infection in soldiers, particularly among
new recruits in basic training camps (2,3). A study among
US military showed that in the early phases of basic training, ≈10% of new recruits were infected with adenovirus, and
among recruits with pneumonia, 90% of the cases were caused
by adenovirus (4). In US military, adenovirus serotypes 4 and
7 have been historically the most common cause of febrile respiratory illness (5–8). Since 1971, the US military has orally
vaccinated new recruits with live adenovirus vaccine; this vaccination has become the primary preventive strategy against
respiratory diseases caused by adenovirus (9,10).
In spring 2006 in South Korea, a high adenovirus prevalence of 61% was found among military recruits with mild
respiratory disease (11). More recently in South Korea,
deaths caused by severe pneumonia were reported among
the military, and an outbreak of acute respiratory disease
caused by adenovirus occurred in an army training camp
(12,13). We hypothesized that, although there may be some
differences in etiologic agents by geographic location, the
major cause of acute respiratory disease in South Korean
military recruits is most likely adenovirus, as observed in
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the US military. To describe the viral etiology, clinical features, and epidemiologic characteristics of acute lower respiratory tract infections (LTRIs) among the South Korean
military, we retrospectively reviewed the medical records
of soldiers who were identified with an acute LTRI.
The Study
The study was conducted during April 2011–March
2012 at the Armed Forces Capital Hospital, a military referral hospital in Seongnam, South Korea. We retrospectively
reviewed all medical records with International Classification of Diseases, Tenth Revision, Clinical Modification
codes indicating acute LTRI (pneumonia, tracheobronchitis, or bronchiolitis); 622 patient records met the criteria
and were reviewed. General characteristics of the study
population and the military hospital, as well as the method
used for classifying clinical diagnoses of acute LTRI, are
available in the online Technical Appendix (wwwnc.cdc.
gov/EID/article/20/5/13-1692-Techapp1.pdf).
Nasopharyngeal swab specimens were collected from
207 (33.3%) of the 622 patients with an acute LTRI. Within
3 days, the specimens were tested (GClabs, Yongin-si, South
Korea) for 12 respiratory viruses by multiplex reverse transcription PCR; methods are described in the online Technical Appendix. Respiratory virus infections were confirmed
for 87 (42.0%) patients: adenovirus (55 [63.2%] patients),
influenza A virus (26 [29.9%] patients), influenza B virus
(4 [4.6%] patients), rhinovirus group A (3 [3.4%] patients),
and parainfluenza virus (2 [2.3%] patients). Co-infection
with adenovirus and rhinovirus group A was observed in 3
patients. For all confirmed cases of viral infection, we performed an epidemiologic analysis and analyzed the clinical
manifestations and prognosis for the hospitalized patients.
The clinical diagnoses for acute viral LTRI cases included 58 cases of pneumonia, 25 cases of tracheobronchitis,
and 4 cases of bronchiolitis. Pneumonia was most commonly
caused by adenovirus (46 [79.3%] cases) (Table 1). Tracheobronchitis was most commonly caused by influenza A virus
and adenovirus (14 [56.0%] and 9 [36.0%] cases, respectively). Two cases each of influenza A virus infection and
parainfluenza virus infection were noted among the 4 patients
with bronchiolitis. The monthly distribution of the identified
viruses is shown in the online Technical Appendix Figure.
Of the 87 patients with an LTRI, 64 were hospitalized.
Among these 64 patients, 49 (76.6%) had adenovirus infections, 13 (20.3%) had influenza A or B virus infections, and
2 had bronchiolitis caused by parainfluenza virus infection.
Table 2 shows the clinical features of the 62 patients hospitalized for adenovirus or influenza A or B virus infection,
among whom the mean age was 19.6 ± 1.1 years (adenovirus
patients) and 20.1 ± 2.0 years (influenza patients). Except for
a female patient infected with influenza A virus, all patients
1

These authors contributed equally to this article.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 5, May 2014

875

DISPATCHES

Table 1. Causes of and diagnoses for acute lower respiratory tract infections in soldiers, South Korea, April 2011–March 2012
Clinical diagnosis, no. (%) patients
Virus identified✻
Pneumonia, n = 58
Tracheobronchitis, n = 25
Bronchiolitis, n = 4
Total, N = 87
Adenovirus†
46 (79.3)
9 (36.0)
0
55 (63.2)
Influenza A
10 (17.2)
14 (56.0)
2 (50.0)
26 (29.9)
Influenza B
2 (3.5)
2 (8.0)
0
4 (4.6)
Rhinovirus group A†
2 (3.5)
1 (4.0)
0
3 (3.4)
Parainfluenza
0
0
2 (50.0)
2 (2.3)

*A total of 207 nasopharyngeal swab specimens were collected from soldiers with acute lower respiratory infections. Within 3 days of collection, the
specimens were tested against 12 respiratory viruses at GClabs (Yongin-si, South Korea) by using Seeplex RV12 ACE Detection (Seegene, Seoul, South
Korea).
†Three patients were co-infected with rhinovirus group A infection and adenovirus.

were male. The proportion of new military recruits was significantly higher among patients with adenovirus infection
than among patients with influenza A or B virus infection
(p = 0.011). There was no difference in the clinical signs
and symptoms and radiographic findings of patients infected
with influenza virus and adenovirus (online Technical Appendix). Mechanical ventilation was required for 6 patients
in whom severe pneumonia developed; all 6 patients had adenovirus infection and 3 died (online Technical Appendix).
Conclusions
Among the viruses identified as causing acute LTRI in
South Korean soldiers, adenovirus was the most common,

causing 63.2% of the cases. In addition, adenovirus was
identified in 79.3% of pneumonia cases. These findings are
similar to those in studies among US military (1–4).
Adenovirus infection was more common among
new recruits in the South Korean military. However, the
infection was also confirmed in all 11 (64.7%) privates
among the 17 active duty soldiers at advanced training
sites (Table 2). In the South Korea military, adenovirus
might have spread to secondary training sites through recruit redeployment, similar to the experience in the US
military (14).
Cases of severe pneumonia requiring mechanical ventilation were not observed among patients with influenza

Table 2. Demographic, clinical, and laboratory findings for soldiers hospitalized with acute lower respiratory infections, South Korea,
April 2011–March 2012
Soldiers hospitalized for infection with
Variable
Adenovirus, n = 49 (79.0%)
Influenza A or B virus, n = 13 (21.0%)
p value*
Demographic characteristics
Age, mean y ± SD
19.63 ± 1.16
20.15 ± 2.03
0.232
Male sex
49 (100.0)
12 (92.3)
0.210
Military rank, no. (%)
0.011
New recruit
32 (65.3)
3 (23.1)
Active-duty soldier
17 (34.7)†
10 (76.9)
Clinical characteristics, no. (%)
Fever >5 d
27 (55.1)
3 (23.1)
0.061
Cough
47 (95.9)
11 (84.6)
0.191
Rhinorrhea
29 (59.2)
7 (53.8)
0.729
Sputum
32 (65.3)
7 (53.8)
0.447
Sore throat
30 (61.2)
8 (61.5)
0.984
Dyspnea
9 (18.4)
2 (15.4)
1.000
Nausea/vomiting
8 (16.3)
3 (23.1)
0.685
Diarrhea
13 (26.5)
2 (15.4)
0.493
Chest pain
5 (10.2)
1 (7.7)
1.000
Laboratory findings ± SD
Leukocyte count (cell/μL)
6,529 ± 2,643
8,110 ± 2,331
0.054
Hemoglobin (g/dL)
14.0 ± 0.9
13.5 ± 1.1
0.384
Platelet count (103cell/μL)
156 ± 29
201 ± 26
<0.001
C-reactive protein(mg/dL)
12.0 ± 3.0
8.5 ± 2.3
<0.001
Radiograph findings, no. (%)
Consolidation
20 (40.8)
2 (15.4)
0.112
Peribronchial infiltration
26 (53.1)
8 (61.5)
0.585
Effusion
9 (18.4)
1 (7.7)
0.673
Normal
3 (6.1)
3 (23.1)
0.100
Length of hospital stay, mean d ± SD
17.1 ± 4.2
14.3 ± 4.1
0.036
Required mechanical ventilation, no. (%)
6 (12.2)
0
0.328
Died, no. (%)
3 (6.1)
0
1.000
*p<0.05 was considered significant. The statistical analyses used in this study are described in the online Technical Appendix
(wwwnc.cdc.gov/EID/article/20/5/13-1692-Techapp1.pdf).
†Among the 17 hospitalized active-duty soldiers with adenovirus infection, those ranked as privates were the most common (11/17 [64.7%]). All privates
who were found to have adenovirus infection had been relocated to advanced training sites after graduating from the 6-week basic military training
course, which suggests that adenovirus might have spread to secondary training sites through recruit redeployment.
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virus infection; however, 3 of the 6 patients with severe
adenovirus-associated pneumonia died. This finding indicates that adenovirus infection is a major cause of death
among soldiers with severe respiratory diseases. In 2009,
in response to the influenza A(H1N1)pdm09 pandemic,
multiplex reverse transcription PCR for respiratory viruses
became available in South Korea military hospitals. Before
2009, apart from research purposes, clinical testing for respiratory viruses was not routinely performed at military
hospitals. For this reason, South Korea military physicians
were unaware that adenovirus was a major cause of respiratory disease among soldiers. Because of the lack of an
effective treatment for adenovirus infection, vaccination
against adenovirus has been introduced for persons, such
as military recruits, at high risk for infection.
Our study has certain limitations. First, we were unable to confirm the serotype of adenovirus for positive
case-patients. Because military physicians were unaware
that adenovirus was a major cause of acute respiratory disease, additional serotyping was not performed at the time
of diagnosis. Second, the period of study was only 1 year.
The level of an epidemic varies at different times, thus requiring longer study periods to observe patterns. Third, we
retrospectively reviewed medical records of patients with
acute LTRI in a central referral military hospital; thus, the
study patients may not be entirely representative of South
Korea soldiers with acute LTRI. Last, there was a sampling
bias with regard to the molecular assay; the test may have
been performed only in cases of severe illness or when recommended by clinicians. Nevertheless, our results suggest
that among South Korea soldiers with acute LTRIs, those
with adenovirus rather than other respiratory infections had
more severe clinical outcomes.
Further studies are required to determine the serotype(s)
of adenovirus causing infection among the military, and
epidemiologic surveillance for adenovirus is needed. In addition, studies on the effectiveness of adenovirus vaccine
should be considered.
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(e.g., idiopathic acute eosinophilic pneumonia) origin that occur
frequently in military personnel in South Korea.
References
1.
2.

3.

4.

5.

6.
7.

8.

9.
10.

11.

12.

13.

This study was supported by a fund from the Armed Forces
Medical Command‚ South Korea.
Dr Heo is a military physician in the Division of Infectious
Diseases at the Armed Forces Capital Hospital. His current research interest is the epidemiology of vaccine-preventable and
vector-borne diseases in military personnel in South Korea.
Dr Lee is a civilian physician in the Division of Pulmonary
and Critical Care Medicine at the Armed Forces Capital Hospital. Her primary research interests are pulmonary diseases of
both infectious (pneumonia and tuberculosis) and noninfectious

14.

Pazzaglia G, Pasternack M. Recent trends of pneumonia morbidity
in US Naval personnel. Mil Med. 1983;148:647–51.
Gray GC, Goswami PR, Malasig MD, Hawksworth AW,
Trump DH, Ryan MA, et al. Adult adenovirus infections: loss of
orphaned vaccines precipitates military respiratory disease
epidemics. Clin Infect
Dis. 2000;31:663–70. http://dx.doi.
org/10.1086/313999.
Russell KL, Hawksworth AW, Ryan MA, Strickler J, Irvine M,
Hansen CJ, et al. Vaccine-preventable adenoviral respiratory illness
in US military recruits, 1999–2004. Vaccine. 2006;24:2835–42.
http://dx.doi.org/10.1016/j.vaccine. 2005.12.062.
Gray GC, Callahan JD, Hawksworth AW, Fisher CA, Gaydos JC.
Respiratory diseases among US military personnel: countering
emerging threats. Emerg Infect Dis. 1999;5:379–85. http://dx.doi.
org/10.3201/eid0503.990308.
Erdman DD, Xu W, Gerber SI, Gray GC, Schnurr D, Kajon AE,
et al. Molecular epidemiology of adenovirus type 7 in the United
States, 1966–2000. Emerg Infect Dis. 2002;8:269–77. http://dx.doi.
org/10.3201/eid0803.010190.
Hilleman MR. Epidemiology of adenovirus respiratory infections
in military recruit populations.Ann N Y Acad Sci. 1957;67:262–72.
http://dx.doi.org/10.1111/j.1749-6632.1957.tb46049.x.
Barraza EM, Ludwig SL, Gaydos JC, Brundage JF. Reemergence
of adenovirus type 4 acute respiratory disease in military trainees:
report of an outbreak during a lapse in vaccination. J Infect Dis.
1999;179:1531–3. http://dx.doi.org/10.1086/314772.
Blasiole DA, Metzgar D, Daum LT, Ryan MA, Wu J, Wills C,
et al. Molecular analysis of adenovirus isolates from vaccinated
and unvaccinated young adults. J ClinMicrobiol.2004;42:1686–93.
http://dx.doi.org/10.1128/JCM.42.4.1686-1693.2004.
Gaydos CA, Gaydos JC. Adenovirus vaccines in the US military.
Mil Med. 1995;160:300–4.
Hoke CH Jr, Hawksworth A, Snyder CE Jr. Initial assessment of
impact of adenovirus type 4 and type 7 vaccine on febrile respiratory
illness and virus transmission in military basic trainees, March 2012.
MSMR. 2012;19:2–4.
Jeon K, Kang CI, Yoon CH, Lee DJ, Kim CH, Chung YS, et al. High
isolation rate of adenovirus serotype 7 from South Korean military
recruits with mild acute respiratory disease. Eur J ClinMicrobiol
Infect Dis. 2007;26:481–3. http://dx.doi.org/10.1007/s10096-0070312-6.
Heo JY, Kim HK, Cha YJ, Lee JE, Shim YS, Choe KW. A clinical
features of severe adenovirus pneumonia among members of
the Korea military: a case series [in Korean]. Infection and
Chemotherapy. 2012;44:372–6.
Hwang SM, Park DE, Yang YI, Park SJ, Lee HK, Kim MJ,
et al. Outbreak of febrile respiratory illness caused by adenovirus
at a South Korean military training facility: clinical and radiological characteristics of adenovirus pneumonia. Jpn J Infect Dis.
2013;66:359–65.
Trei JS, Johns NM, Garner JL, Noel LB, Ortman BV, Ensz KL,
et al.Spread of adenovirus to geographically dispersed military
installations, May–October 2007. Emerg Infect Dis. 2010;16:769–
75. http://dx.doi.org/10.3201/eid1605.091633.

Address for correspondence: Kang-Won Choe, Department of Internal
Medicine, The Armed Forces Capital Hospital, 2 Gil 66 Ho Yuldong,
Bundanggu, Seongnam, Kyeonggido 463-040, South Korea; email:
cheokw@snu.ac.kr

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 20, No. 5, May 2014

877

Article DOI: http://dx.doi.org/10.3201/eid2005.131692

Acute Lower Respiratory Tract Infections in
Soldiers, South Korea, April 2011–March
2012
Technical Appendix
Methods
The General Characteristics of the Study Population and the Korean Military Healthcare System

The study population was limited to military recruits and active duty military soldiers,
excluding military retirees and supportive personnel. In the Republic of Korea, military service is
mandatory for all males aged 18 years and above. Commonly, people join the military around the
age of 20 years. They are enlisted for 21 months, including 6 weeks of basic training camp,
followed by 3 months of private, 7 months of private first class, 7 months of corporal, and 4
months of lance corporal service. New recruits, i.e., military trainees who undergo basic military
training throughout South Korea, are considered to be military personnel for first 6 weeks after
they began serving in the military. They are then promoted to private and are relocated for
specialty training to advanced training sites for 4 weeks to 2 months before base assignment.
The Korean military healthcare system comprises infirmaries in army divisions and
regiments (primary health center); military hospitals in 13 regions across the country (secondary
medical facilities); and a single central referral hospital (tertiary medical facility)—The Armed
Forces Capital Hospital, a regional central referral hospital.
Classification of Clinical Diagnoses

The clinical diagnoses of acute lower respiratory tract infection (LRTI) were classified
according to the description of Denny et al. (1). Pneumonia was diagnosed if the patients had
rales on physical auscultation or evidence of pulmonary consolidation on radiographs.
Tracheobronchitis was diagnosed if patients had cough and rhonchi. Bronchiolitis was diagnosed
in patients who had expiratory wheezing with or without tachypnea.
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Respiratory Virus Multiplex Reverse Transcription-Polymerase Chain Reaction

For patients who were diagnosed with acute LRTI, nasopharyngeal swab specimens were
collected within 24 hours of the hospital visit by using a flocked swab. The collected specimen
was stored at 4°C in viral transport media until testing. Specimens were tested in GClabs (a
professional laboratory diagnostic company) within 3 days. Total viral nucleic acid was extracted
from the specimen using the Chemagic Viral DNA//RNA Extraction Kit (Chemagen Inc.,
Baesweiler, Germany). cDNA was synthesized using the CapFishing Full-length cDNA Premix
Kit (Seegene Inc., Seoul, Korea). Reverse transcription-polymerase chain reaction (RT-PCR)
was performed on the synthesized cDNA of influenza viruses A and B, respiratory syncytial
viruses A and B, adenovirus, parainfluenza virus types 1 to 3, rhinovirus group A, human
coronavirus 229E/NL63, human coronavirus OC 43, and human metapneumovirus by using the
Seeplex RV12 ACE Detection kit (Seegene Inc., Seoul, Korea).Respiratory virus multiplex RTPCR was carried out according to manufacturer’s instructions (2,3). Amplified PCR products
were subjected to electrophoresis in 2% agarose gel with ethidium bromide. A positive
confirmation was recorded when the band size matched the marker band size of the control.
Statistical Methods

All statistical analyses were performed using the SPSS statistical package (version 18.0;
SPSS Inc., Chicago, IL, USA). We used Pearson’s chi-square test or Fisher exact test to compare
categorical variables, and Student t-test to compare continuous variables.
Results
Characteristics of the Study Patients

A retrospective review of the medical records of 622 study patients showed that the
clinical diagnoses were pneumonia in 135 patients (21.7%), tracheobronchitis in 475 patients
(76.4%), and bronchiolitis in 12 patients (1.9%). Clinicians ordered respiratory virus multiplex
RT-PCR when the cause of acute LRTI was suspected to be a respiratory virus. Respiratory virus
multiplex RT-PCR tests were conducted on 87 patients (42.0%) with pneumonia, 113 patients
(54.6%) with tracheobronchitis, and 7 patients (3.4%) with bronchiolitis. The military ranks of
patients who had been tested by respiratory virus multiplex RT-PCR were as follows: 79 recruits,
54 privates, 25 private first class, 26 corporals, 15 lance corporals, and 8 officers.
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Relationship between Military Rank and Clinical Features in Hospitalized Acute LRTI Patients

Private soldier was the most common military rank (11 cases, 22.4%) among the
hospitalized active duty soldiers with adenovirus infection, after excluding new recruits (32
cases, 65.3%). All private soldiers who were found to have adenovirus infection were relocated
at advanced training sites after graduating from the 6-week basic military training course.
However, the military ranks of hospitalized patients with influenza A and B virus infection were
as follows: 3 cases (23.1%) of new recruits, 2 cases (15.4%) of private class, and 8 cases (61.5%)
of other active duty soldiers.
Clinical Manifestations in Hospitalized Acute LRTI Patients

There was no difference in the clinical symptoms of patients infected with the 2 viruses.
Both influenza virus and adenovirus infections were accompanied by upper respiratory
symptoms such as rhinorrhea and sore throat in more than half of the patients, and one-fourth of
the patients experienced gastrointestinal symptoms such as diarrhea. Regarding laboratory
findings, adenovirus-infected patients had lower platelet counts and higher C-reactive protein
levels than those infected with the influenza virus. However, there was no difference in the
leukocyte counts. With regard to radiographic findings, peribronchial infiltration was the most
common abnormal finding in both adenovirus-and influenza-infected patients (53.1% and 61.5%,
respectively). Adenovirus-infected patients showed a higher rate of consolidation (40.8%) and
pleural effusion (18.4%) than did influenza virus–infected patients, but the difference was not
significant.
Prognosis and Cause of Death

The duration of hospital stay was longer for adenovirus-infected patients (mean hospital
days, 17.1±.4.2) than for those infected with the influenza virus (mean hospital days, 14.3 ± 4.1)
(p = 0.036).
There was 1 case of severe pneumonia due to adenovirus infection complicated by
myocarditis, and 2 cases of complications from acute respiratory distress syndrome.
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Technical Appendix Figure. Monthly distributions of the identified respiratory viruses and incidence of
positive findings among the total specimens in Korean soldiers with acute lower respiratory tract
infections. Adenovirus infection was noted throughout the year, but the prevalence was higher between
December and May. PIV, parainfluenza virus; RV, rhinovirus group A; IFB, influenza B virus; IFA,
influenza A virus; ADV, adenovirus.
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