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Background: Human adenovirus (HAdV) can cause severe community-acquired pneumonia, but there are
few studies on the associated cytokine patterns. The purpose of this study was to analyze the relationship
between inflammatory cytokine and severity of adenovirus pneumonia.

Methods: This was a prospective observational study. We evaluated pneumonia patients admitted to the
Armed Forces Capital Hospital in Korea. On admission, blood samples were acquired from patients who
showed signs of pneumonia. HAdV infection was diagnosed using Real-Q RV detection Kit, and types of
HAJV were confirmed by nucleotide blast analysis. We used enzyme-linked immunosorbent assays (ELISAs)
to quantify the serum levels of cytokines [interleukin (IL)-6, IL-8, tumor necrosis factor (TNF)-a, y-interferon
(IFN-y), and IL-10]. We evaluated clinical characteristics and cytokine patterns.

Results: Of 74 pneumonia patients, respiratory specimens from 43 tested positive for HAdV-55, and the
other 31 tested negatives. The length of hospital stay was significantly longer in the HAdV group. The
serum concentrations of IL-6, IL-8, IL-10, and IFN-y were all significantly higher in the HAdV group.
Of the 43 HAdV pneumonia patients, 6 evidenced PaO,/FiO, (PF) ratio <300, and 37 did not. Compared
to the non-hypoxemic group, the hypoxemic group showed significantly lower lymphocyte and monocyte
counts, and increased IL-6 and IFN-y concentrations. Logistic regression analysis showed that the IL-6, IL-
10, and IFN-y were significantly associated with hypoxemia in the HAdV group. The IL-6, and IFN-y levels
correlated significantly with the PF ratio.

Conclusions: We found that the levels IL-6, IL-10, and IFN-y were significantly associated with
hypoxemia in patients with HAdV-55 pneumonia.
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Introduction

Human adenoviruses (HAdV) are double-stranded, non-
enveloped DNA viruses that are significant pathogens
of the upper and lower respiratory tract (1). In non-
immunocompromised hosts, respiratory tract infections
caused by HAdV are usually accompanied by mild symptoms
that resolve spontaneously. In immunocompromised
patients such as organ transplant recipients, HAdV infection
can be fatal (2,3). However, several studies have reported
severe HAdV-related community-acquired outbreaks of
pheumonia among immunocompetent patients (4,5). Such
outbreaks have been reported in the military training camps
of many countries (6-9). Previous studies on adenoviral
pneumonia in Korean military personnel showed that the
majority of patients were infected with HAdV type 55 (8-10).
Of patients with pneumonia, a significant number exhibited
rapid progression to acute respiratory distress syndrome
(ARDS), and sometimes death (9,11,12).

"To reduce fatalities among mostly young recruits, clinical
characteristics and laboratory findings have been evaluated
to predict unfavorable outcomes. Yoon ez a/. showed that
initial monocytopenia was an independent predictor of
rapid respiratory failure (9). The authors further considered
that severe inflammation (including upregulated cytokine
production) may have contributed to aberrant chemotaxis
of monocytes and imbalanced production of inflammatory
cells (9). However, little is known about the roles played
by inflammatory cytokines in HAdV pneumonia. Wu
et al. showed that HAdV infection initially induced the
production of cytokines such as interleukin-6 (IL-6)
and IL-8, and concurrent neutrophil recruitment.
The initial inflammatory process was followed by the
upregulation of chemokines that induced the synthesis
of macrophage inflammatory proteins and y-interferon-
inducible protein-10, triggering monocyte infiltration (13).
Several studies have indicated that severe HAdV infection
was associated with marked imbalances in inflammatory
cells and the cytokines IL-1ra, IL-6, IL-8, tumor necrosis
factor-a (TNF-a) and y-interferon (IFN-y) (14-16). One
study evaluating HAdV-55 patients in Chinese military
camps found that IFN-y, IL-4, IL-10, and IFN-02 levels
were higher in pneumonia patients than those with upper
respiratory tract infections (17).

HAdV 55 pneumonia is frequently fatal; the condition
requires intensive evaluation. Cytokines released by
inflammatory cells play important early roles in the host
response to community-acquired pneumonia (18,19).
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TNF-a, IL-6, and IL-10 increase the susceptibility
to pneumonia caused by various pathogens (20-22). A
comparison of the clinical characteristics and cytokine
patterns between patients with adenoviral and non-
adenoviral pneumonia may be of clinical utility.
Furthermore, to understand why some cases of adenoviral
pneumonia progress to rapid respiratory failure,
comparisons between hypoxemic and non-hypoxemic
patients with adenoviral pneumonia are also required.
The cross-sectional study by Chen et 4/. did not show how
differences in immunological patterns correlated with the
severity of pneumonia, and the number of pneumonia
patients studied was relatively small (n=34) (17); a
prospective study on only pneumonia patients is essential.
Here, we evaluated the clinical characteristics and cytokine
patterns of pneumonia patients admitted to the military
hospital of the Korean Armed Forces, and further compared
hypoxemic and non-hypoxemic patients with adenoviral
pneumonia.

Methods
Study design

This was a prospective observational study. Consecutive
patients with pneumonia admitted to the Armed Forces
Capital Hospital (AFCH) between September 2017 and
August 2018 were enrolled. The inclusion criteria were:
(D) confirmed pneumonia and aged older than 18 years; (II)
provision of informed consent; and, (III) fever >37.6 °C at
initial presentation (23). The exclusion criteria were: (I)
significant possibility of pulmonary tuberculosis at initial
presentation; and (II) lung inflammation that was not
attributable to a bacterial or viral infection (such as acute
eosinophilic pneumonia). After pneumonia was confirmed
radiologically by both pulmonologists and radiologists,
blood and sputum samples were acquired with patient
consent. Blood samples were obtained on either day 1 or 2
of admission. Serum samples were stored at -70 °C before
subsequent analyses. Sputum samples were acquired at
admission and were analyzed for the pathogen causative
of pneumonia. Initial clinical symptoms including cough,
dyspnea, chest pain, and significant fever [body temperature
(BT) =38.3 °C] (8) were compared between those with
HAdV and non-HAdV pneumonia, and hypoxemic and
non-hypoxemic pneumonia. Hospital days, total days
of fever (BT >38.3 °C at least once during the day) (8),
total days of oxygen supply, oxygen saturation levels, and
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laboratory data were also compared.

Study population

All patients were military personnel on active duty in the
Korean army; most were conscripts aged 19-26 years; all
were diagnosed with pneumonia based on the presenting
symptoms and radiological findings. Our study center
(AFCH) is an 874-bed, tertiary military referral hospital; we
admit not only patients with mild-to-moderate pneumonia
but also those with severe pneumonia transferred from
other military hospitals in Korea.

Definition of pneumonia and categorization of adenoviral
pneumonia and non-adenoviral pneumonia

Patients with acute fever (>37.6 °C) (23), cough, sputum,
and lung parenchymal consolidations evident on chest
imaging were diagnosed with pneumonia; the chest X-ray
and computed tomographic (CT) findings were confirmed
by both pulmonologists and radiologists. All patients
underwent chest CT and chest X-ray. Of all patients,
those positive for HAdV on the initial sputum polymerase
chain reaction (PCR) test were diagnosed with adenoviral
pneumonia and all others with non-adenoviral pneumonia.

Indications for bospitalization and intensive care unit
(ICU) admission for pneumonia

To prevent an outbreak amongst the conscripts and
unscreened ARDS cases, our center (AFCH) have extended
indications for hospitalization and ICU admission for
pneumonia patients. Pneumonia patients with (I) high
fever (BT >38.3 °C) lasting more than 3 days, (II) fever
unresponsive to antipyretics lasting more than 3 days, or
(III) rapid aggravation of radiologic findings were to be
hospitalized. Pneumonia patients requiring high oxygen
supply or impending ARDS cases were admitted to ICU.
The ICU cases requiring prolonged mechanical ventilation
or extracorporeal membrane oxygenation were transferred
to other university hospitals with larger ICU facilities.

Multiplex real-time PCR

Multiplex PCR detecting human respiratory viruses was
performed using an AdvanSure™ RV real-time PCR Kit
(LG Life Sciences, Daejeon, Korea). The assay targets
12 types of pathogenic RNA viruses: rhinoviruses A/B/
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C, influenza viruses A/B, parainfluenza viruses 1/2/3,
coronaviruses 229E/NL63/0C43, respiratory syncytial
viruses (RSVs) A/B, and metapneumovirus; and two types of
DNA viruses: bocavirus and adenovirus (12). We also used
multiplex PCR to detect respiratory bacterial pathogens
(Chlamydophila pneumoniae, Mycoplasma pneumoniae, and
Legionella pneumophila); we used the Seeplex] PneumoBacter
ACE Detection assay (Seegene, Seoul, Korea).
Streptococcus pneumoniae and Haermophilus influenzae PCR
were not performed from respiratory specimens because we
could not differentiate true infection from colonization of

these pathogens (12).

Determination of HAAV types

For the diagnosis of HAdV infection, DNA were extracted
from sputum using NX-48 viral NA Kit (Genolution, Seoul,
Korea), and multiplex real-time PCR for 13 respiratory
viruses including HAdV was conducted using Real-Q RV
Detection Kit (Biosewoom, Seoul, Korea). Then, PCR
targeting the hexon gene was performed again with type-
specific primers. The primer’s product size was 544 bp. The
Forward sequence is 5'-CCC ATG GCN CAC ACC AC-
3", and the Reverse sequence is 5'-CTC ATG GGC TGG
AAG TT-3. The primer sequence position is Forward
1843-1859, and Reverse 2371-2387. The PCR products
were purified Wizard MagneSil Sequencing Reaction
Clean-Up System (Promega, Madison, WI, USA), and then
sequenced using the ABI 3730x] DNA Analyzer (Applied
Biosystems, Foster City, CA, USA). Types of HAdV were
confirmed by nucleotide blast analysis using the BLASTn
program (National Center for Biotechnology Information,
Bethesda, MD, USA).

Cytokine measurement

Quantification of five cytokines (IL-6, IL-8, TNF-a,
IFN-y and IL-10) in sera was performed with the ELISA
(Quantikine HS Human IL-6 Immunoassay, HS Human
TNF-0, Human CXCLS8/IL-8 Immunoassay, Quantikine
Human IFN-y and Human IL-10 Quant HS. ELISA
kit, R&D, USA). Assays were performed following the

manufacturer’s instructions.

Ethics statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was

7 Thorac Dis 2020;12(8):4044-4056 | http://dx.doi.org/10.21037/jtd-19-4067



Journal of Thoracic Disease, Vol 12, No 8 August 2020

4047

208 patients admitted during
the study period

Y

S

122 patients excluded

criteria

86 patients met the inclusion

| 12 patients were excluded due to

Y

poor quality of blood samples

the study

74 patients were evaluated in

v

v

31 patients with non-

43 patients with HAdV-55

adenoviral pneumonia

adenoviral pneumonia

Figure 1 Flow diagram for the patient selection process.

reviewed and approved by the institutional review board
of the Armed Forces Capital Hospital (AFMC IRB-2017-
03-02). All patients gave their written, informed consent to
participate in the study. All patients consented to blood and
sputum sampling.

Statistical analysis

All analyses were performed using Statistical Package
for Social Sciences software program version 20.0 (SPSS
Inc., Chicago, IL, USA). Distribution of continuous
variables was tested using the Shapiro-Wilk normality
test. Continuous parameters were compared using
the Mann-Whitney U test, and categorical variables
using the chi-squared test. The initial serum cytokine
concentrations were compared using the Mann-Whitney
U test. Possible associations between hypoxemia and
other parameters assessed by logistic regression analysis.
Continuous variables including BT, lymphocyte count,
monocyte count, and platelet count were converted to
categorical variables based on the previous publication (9).
While there were no established cutoffs for the cytokine
concentration levels, cytokines were entered in the logistic
regression as continuous variables, and odds ratio was
calculated for a one-unit increase (24,25). Factors that
were significant on univariate analysis were subjected to
multivariate analysis. Correlations between the variables
were analyzed with the Spearman correlation coefficient.
A P value <0.05 was considered to reflect statistical
significance.
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Results

Comparisons between patients with adenoviral and non-
adenoviral pneumonia

During the study period, 208 patients with pneumonia were
admitted, and 86 met our inclusion criteria. Of these, 12
were excluded because their samples were of poor quality
(e.g., blood samples exhibited hemolysis). After radiological
confirmation of pneumonia, we finally evaluated 74
patients. The patient selection process was shown in
Figure 1. luble 1 lists their baseline clinical characteristics
and laboratory data. Of the 74 patients, 43 tested positive
for HAdV on initial virus PCR of their respiratory
specimens, and 31 patients tested negative. Table 2 shows
the results of respiratory virus PCR testing and the atypical
pathogens found in both groups. The adenovirus genotype
of 43 pneumonia patients was HAdV-55. In the non-
adenovirus group, there were 5 cases of rhinovirus, 1 case
of coronavirus 220E, 2 cases of RSV-B, 4 cases of influenza
A and 2 cases of influenza B. Furthermore, 3 patients were
positive for streptococcus pneumoniae antigen.

All patients were military personnel and male. The
median age of the adenoviral pneumonia group was 20 years,
which was younger than that of the non-adenoviral
pneumonia group (P=0.015). The hospital stay was
significantly longer for the adenoviral than the non-
adenoviral pneumonia group (P=0.012). While a total
of 9 (20.9%) patients were admitted to the ICU, none
received ICU care in the non-adenoviral pneumonia group
(P=0.007). The proportion of patients who complained of
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Table 1 Baseline clinical characteristics of patients

Clinical parameters Adenoviral pneumonia Non-adenoviral pneumonia P value
Number of patients 43 31
Median age (range) 20 [20-21] 21 [20-22] 0.015
Sex (male) 43 [100] 31[100] N/A
Hospital days 7.0 [6.0-10.0] 6.0 [6.0-7.0] 0.012
ICU care required 9(20.9) 0(0.0) 0.007
Presenting symptom
Cough 40 (93.0) 30 (96.8) 0.481
Dyspnea 13 (30.2) 5(16.1) 0.163
Chest pain 12 (27.9) 6(19.4) 0.398
Fever (=38.3 °C) 38 (88.4) 17 (54.8) 0.001
Sputum 35 (81.4) 24 (77.4) 0.639
Initial room air saturation (%) 98.0 [97.0-98.0] 98.0 [97.0-98.0] 0.690
Total fever days 3.0[2.0-4.0] 1.0 [0.0-2.0] <0.001
Total days requiring oxygen supply 3.0[0.5-5.0] 0.0 [0.0-3.5] 0.098
Initial laboratory findings
White blood cell count (/pL) 5,190 [3,770-6,890] 9,620 [5,710-13,690] <0.001
Neutrophil count (/pL) 3,412 [2,254-4,926] 7,162 [3,866-10,746] <0.001
Lymphocyte count (/L) 1,170 [809-1,389] 1,628 [922-2,108] 0.009
Monocyte count (/pL) 571 [291-799] 685 [462-1,016] 0.036
Hemoglobin (g/dL) 13.9[13.6-14.6] 14.3 [13.4-15.0] 0.292
Platelet count (10%/uL) 164k [131k-184K] 216k [185k-247K] <0.001
C-reactive protein (mg/dL) 8.5[4.3-10.5] 7.7 [2.9-14.8] 0.705
Biomarkers
IL-6 (pg/mL) 15.6 [9.4-16.8] 10.2 [2.6-15.9] 0.005
IL-8 (pg/mL) 24.3 [16.8-33.1] 16.0 [11.5-27.2] 0.024
TNF-a (pg/mL) 1.73 [1.47-1.99] 1.48 [1.16-1.88] 0.138
IFN-y (pg/mL) 21.8 [6.9-47.4] 0.1 [0.1-11.49] <0.001
IL-10 (pg/mL) 1.61 [0.44-4.83] 0.27 [0.01-1.29] 0.002
Initial chest radiograph finding 0.057
Unilateral pneumonia 36 (83.7) 20 (64.5)
Bilateral pneumonia 7 (16.3) 11 (85.5)
Effusion 8(18.6) 13.93) 0.051

dl, deciliter; g, gram; ICU, intensive care unit; IFN, interferon; IL, interleukin; k, thousand; PF, PaO,/FiO,; TNF, tumor necrosis factor.

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2020;12(8):4044-4056 | http://dx.doi.org/10.21037/jtd-19-4067



Journal of Thoracic Disease, Vol 12, No 8 August 2020

Table 2 Virus PCR results from initial respiratory specimens of the patients

4049

Virus PCR Adenovirus (n=43) Non-adenovirus (n=31)
Adenovirus 43 0
HAdV-55 43 -
Rhinovirus 1 5
Coronavirus 229E 2 1
RSV-B 1 2
Influenza virus A 0 4
Influenza virus B 0 2
Metapneumovirus 0 1
Parainfluenza virus 1 0 1
None 0 17
Streptococcus pneumoniae antigen 0 3
Legionella pneumophila 0 0
Atypical bacterial pathogen

Mycoplasma pneumoniae 0 0

Chlamydophila pneumoniae 0 0

HAdV, human adenovirus virus; PCR, polymerase chain reaction; RSV, respiratory syncytial virus.

cough, dyspnea, chest pain, and sputum production did
not differ significantly between the two groups. However,
on admission, a significantly higher proportion of patients
showed significant fever in adenoviral pneumonia when
compared to the non-adenoviral pneumonia group
(P=0.001). Initial room air saturation showed no statistical
significance between the two groups. Total fever day during
admission was longer for the adenoviral pneumonia group
with statistical significance (P<0.001), while the total days
requiring oxygen supply showed no significant difference
between the two groups.

Initial laboratory findings were also compared between
the groups. Total white blood cells, absolute neutrophil,
lymphocyte, and monocyte count were significantly lower
for the adenoviral pneumonia group (P<0.001, P<0.001,
P=0.009, and P=0.036, respectively). Platelet count was
significantly lower for the adenoviral pneumonia group
(P<0.001). The cytokine levels measured from blood
samples at admission were compared. IL-6, IL-8, IL-10,
and IFN-y were all significantly higher for the adenoviral
pneumonia group (P=0.005, P=0.024, P=0.002 and
P<0.001, respectively). Radiologic findings from initial
chest CT did not show a significant difference between the
two groups.

© Journal of Thoracic Disease. All rights reserved.

Comparisons between the hypoxemic and non-bhypoxemic
groups

A total of 43 HAdV pneumonia patients were further
categorized according to the value of the PF ratio (7able 3).
Six patients showed a PF ratio of less than 300, while
37 patients showed otherwise. The hypoxemia group
were hospitalized longer than the non-hypoxemia group
(P<0.001). When the presenting symptoms were evaluated,
five of six patients from the hypoxemia group complaint
chest pain (83.3%), while only 18.9% of the non-hypoxemic
group had chest pain at presentation (P=0.001). Total fever
days were significantly longer for the hypoxemia group than
the non-hypoxemia group (5.0 vs. 2.0, P<0.001).

When the initial laboratory findings were compared,
the hypoxemia group showed significantly lower total
white blood cell, lymphocyte, and monocyte counts
(P=0.015, P=0.004 and P=0.015, respectively) when
compared to the non-hypoxemia group. Of the serum
cytokines evaluated, IL-6 and IFN-y were significantly
increased in the hypoxemia group (P<0.001 and P=0.035,
respectively).

A larger proportion of patients showed bilateral
pneumonic infiltration from the radiologic findings in the
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Table 3 Comparison of clinical characteristics and inflammatory cytokines between hypoxemia non- hypoxemia group in 43 type-55 adenovirus
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pneumonia
Clinical parameters PF ratio <300 PF ratio >300 P value
Number of patients 6 37
Median age, range 20.0 [20.0-22.0] 20.0 [19.0-21.0] 0.482
Sex (male) 6 [100] 37 [100] -
Hospital days 12.5[10.0-14.8] 7.0 [6.0-9.0] <0.001
Presenting symptom
Cough 6 (100.0) 34 (91.9) 0.470
Dyspnea 3(50.0) 10 (27.0) 0.256
Chest pain 5(83.3) 7(18.9) 0.001
Fever (=38.3 °C) 6 (100.0) 32 (86.5) 0.338
Sputum 5(83.3) 30 (81.1) 0.895
Initial room air saturation (%), mean 96.0 [90.0-98.0] 98 [97.0-98.0] 0.162
Total fever days 5.0 [4.5-6.5] 2.0 [2.0-3.0] <0.001
Initial laboratory findings
White blood cell count (/L) 3,980 [2,585-6,195] 5,440 [3,840-7,040] 0.015
Neutrophil count (/L) 3,144 [1,934-4,737] 3,342 [2,312-5,131] 0.694
Lymphocyte count (/pL) 664 [494-870] 1270 [906-1430] 0.004
Monocyte count (/pL) 264 [100-442] 539 [338-868] 0.015
Hemoglobin (g/dL) 14.0 [13.6-14.3] 13.9[13.6-14.7] 0.932
Platelet count (10%/uL) 125,330+63,503 164,970+48,294 0.218
C-reactive protein (mg/dL) 10.0 [7.2-10.5] 8.5 [3.5-10.5] 0.206
Serum cytokine concentration
IL-6 (pg/mL) 17.3[16.7-18.0] 13.7 [8.4-16.5] <0.001
IL-8 (pg/mL) 28.1 [20.0-58.6] 23.8 [16.7-32.0] 0.420
TNF-o (pg/mL) 1.87 [1.61-2.54] 1.71 [1.47-1.98] 0.293
IFN- vy (pg/mL) 103.1 [30.8-157.2] 19.9 [6.0-41.6] 0.035
IL-10 (pg/mL) 7.33 [1.53-13.05] 1.13 [0.37-3.87] 0.070
Initial chest radiograph finding 0.016
Unilateral pneumonia 3 (50.0) 33 (89.2)
Bilateral pneumonia 3 (50.0) 4(10.8)
Effusion 4 (66.7) 4(10.8) 0.001

dl, deciliter; g, gram; IFN, interferon; IL, interleukin; PF, PaO,/FiO,. TNF, tumor necrosis factor.

hypoxemia group (50% wvs. 10.8%, P=0.016). Furthermore,

66.7% of the hypoxemia group showed pleural effusions,

while only 10.8% showed effusions in the non-hypoxemia

group (P=0.001).

© Journal of Thoracic Disease. All rights reserved.
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pneumonia

In 43 patients with HAdV pneumonia, baseline parameters
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Table 4 Association with hypoxemia (PF ratio <300) in 43 patients with HAdV-55 pneumonia

Multivariate (Model 3)

Multivariate (Model 2)

Multivariate (Model 1)

Univariate

Characteristics

95% ClI P

OR

95% ClI P

OR

95% Cl P

OR

P

95% ClI

OR

0.650

0.247-9.383

1.524

BT at admission

(=38.3/<38.3 °C)

0.978-1.091 0.246

1.033

IL-8*

1299 1.018-1.656 0.035

0.012

1.062-1.637

1.319

IL-10*

1.110-298.46 0.042

17.953

0.026

1.369-132.876

13.489

IL-6*

1.014 1.001-1.027 0.038

1.000-1.026 0.046

1.013

IFN-7*

13.66 0.975-191.5 0.052

0.444-128.52 0.123

0.806-98.89 0.074 7.557

8.926

0.042

1.093-99.293

10.417

Lymphocytopenia

(<1,000/=1,000 pL)

0.055

0.954-80.259

8.750

Monocytopenia
(<150/=150 pL)

© Journal of Thoracic Disease. All rights reserved.

0.489

0.325-10.485

1.846

Thrombocytopenia

(<150,000/>150,000/pL)

*, indicate risk associated with 1 pg/mL increase. BT, body temperature; Cl, confidence interval; HAdV, human adenovirus; IFN, interferon; IL, interleukin; OR, odds ratio; PF,

Pa0,/FiO,,
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were evaluated in terms of possible significant associations
with hypoxemia (PF <300). The BT at admission, initial
lymphocyte, monocyte, and platelet counts which were
converted to categorical variables, and initial concentrations
of IL-8, IL-10, IL-6, and IFN-y as continuous variables
were entered into univariate analysis (9,24,25). The
concentrations of IL-10, IL-6, and IFN-y were significant
from univariate analysis, as well as the initial lymphocyte
count. In multivariate analysis, the lymphocyte count and
one of the three cytokines significant in the univariate
analysis was entered into different multivariate models
(Tuble 4). In the model including IL-10, IL-10 showed
a significant association with hypoxemia (P=0.035, OR
=1.299; 95% CI: 1.018-1.656). IFN-y showed a significant
association with hypoxemia (P=0.038, OR =1.014; 95% CI:
1.001-1.027), when IFN-y was included in analysis. In the
model including IL-6, it showed a significant association
with hypoxemia (P=0.042, OR =17.953; 95% CI: 1.110-
298.46).

Correlation between clinical parameters and laboratory
findings of HAAV pneumonia patients

Correlations between initial laboratory values and outcome
parameters were evaluated. Absolute monocyte count
showed significant ascending linear correlation with PF
ratio (r=0.460, P=0.002) (Figure 24), however, absolute
lymphocyte count did not show a significant correlation
(r=0.294, P=0.056). Also, absolute lymphocyte count
showed a correlation with the total fever days (r=-0.371,
P=0.017) (Figure 2B).

Correlation of serum cytokine levels with laboratory
findings and clinical parameters in HAdV pneumonia

Serum cytokine levels were evaluated for their correlations
with the PF ratio. IL-8, IL-10, and TNF-a did not show a
significant correlation. IL-6 showed a significant correlation
with PF ratio (r=-0.457, P=0.002) (Figure 3A4). IFN-y also
showed a significant correlation with PF ratio (r=-0.302,
P=0.049) (Figure 3B). As for total fever days, IL-6, IL-8, IL-
10, and IFN-y showed significant correlations. However, no
significant correlation with TNF-o was observed.
Correlation analysis was also performed for association
between cytokine levels and other initial laboratory values.
IL-6, IL-10 and IFN-y showed significant correlations with
monocyte count (r=-0.321, P=0.036, r=-0.331, P=0.030
and r=-0.374, P=0.013, respectively) (Figure 4A4,B,C,
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respectively). Regarding lymphocyte count, no cytokine
showed a significant correlation.

Discussion

The present study compared clinical characteristics and
laboratory results of HAdV pneumonia group to non-
HAdV pneumonia group, and further evaluated the roles
of inflammatory cytokines in HAdV-55 patients. We found
that higher serum IL-6, IL-10, and IFN-y were associated
with acute hypoxemia in HAdV-55 pneumonia.

Compared to non-adenoviral pneumonia, our results
showed that patients with HAdV-55 pneumonia had a
prolonged hospital stay and fever, while showing more

© Journal of Thoracic Disease. All rights reserved.

frequent abnormal laboratory findings. In the previous
studies on HAdV pneumonia among Korean military
personnel, respiratory failure occurred in a considerable
number of patients (26,27). In the present study, the
adenoviral group also showed increased concentrations
of IL-6, IL-8, IL-10, and IFN-y, suggesting more active
cytokine-mediated inflammations than in non-adenoviral
pneumonia. Wu et /. showed that the levels of IL-6 and
IL-8 increased markedly after adenovirus-7 infection (13),
and this may also be true of HAdV-55 infection.

The clinical features and laboratory findings showed
contrasting differences even among the HAdV pneumonia
group, after they were grouped according to the presence
of hypoxemia. The hypoxemic HAdV pneumonia patients

7 Thorac Dis 2020;12(8):4044-4056 | http://dx.doi.org/10.21037/jtd-19-4067



Journal of Thoracic Disease, Vol 12, No 8 August 2020

A 20000 | 1—-0.321, P=0.036
o
1500.0
o
E o
=3 o
[e]
(5]
£ 1000.0 1 o @ .
Q o
Q o
C (] o
<] C %
= o O
i o°
500.0 . ) % s
00o
° ® o ° 9%
00
0 0
.00 5.00 10.00 15.00 20.00
IL-6
C 20000/ 1=-0.374, P=0.013
o
1500.0 -
— o
5 o
[e]
(8]
[}
£ 1000.0
o
[
c
[s}
=
500.0 1 ©
0

.00  50.00 100.00 150.00 200.00 250.00 300.00
IFN gamma

4053
B 20000 1=-0.331, P=0.030
g
1500.0
o
E o
=] o
o
o
£ 1000.0
[$]
o
c
(<}
2
500.0
0

.00 2.00 4.00 6.00 8.0 10.00 12.00 14.00
IL-10

Figure 4 Correlation between serum cytokine levels and other initial laboratory values. (A) IL-6, (B) IL-10, and (C) IFN-y showed
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were hospitalized longer and had more prolonged fever than
the less severe group. Our results showed also showed that
monocyte count was significantly lower in the hypoxemic
group, and this was consistent with the previous study in
which monocytopenia was an independent predictor for
respiratory failure (9).

In the 43 HAdV-55 group, IL-6, IL-8, and IFN-y
showed significant associations with hypoxemia. Moreover,
IL-6 and IFN-y showed significant descending linear
correlations with the PF ratio, while IL-8 showed
a significant correlation with total fever days. In a
previous study, IL-6 was shown to play a significant role
in susceptibility to pneumonia (21). Furthermore, an
elevated IL-6 was reported to have associations with severe
pneumonia and ARDS (16,28). In the case of IL-10, a study
on elderly patients with community-acquired pneumonia
demonstrated that high IL-10 levels were shown to predict
30-day mortality (29), and IL-10 levels were also related to

© Journal of Thoracic Disease. All rights reserved.

CURB-65 scores in pneumonia (30).

IFN-y was another cytokine that showed association with
hypoxemia in our study. IFN- y plays an important role in
inflammation and immune reaction in infection (31), and
is produced by the immune cells, including natural killer
cells, T lymphocytes, and macrophages (32,33). In the study
comparing viral and pneumococcal pneumonia, IFN-y
was significantly elevated in viral community-acquired
pneumonia (24). Increased level of IFN-y was predictive of
more frequent extrapulmonary complications in the study of
pediatric mycoplasma pneumonia (34). We assume that the
upregulation of cytokine productions would result in more
active inflammations in lung parenchyme and eventually,
hypoxemia.

Monocyte and lymphocyte counts were significantly
decreased in the hypoxemic group when compared to the
non-hypoxemic group. In the previous study on HAdV

pneumonia, monocytopenia was an independent predictor
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for respiratory failure (9). Our correlation analysis
showed that IL-6, IL-10, and IFN-y showed significant
correlations with monocyte level, suggesting the possibility
of inflammatory cytokines’ contribution to an imbalance of
inflammatory cells. The study on HAdV infection by Chen
et al., showed that lymphocyte and monocyte counts, and
inflammatory cytokines concentrations showed significant
differences between a pneumonia group and a relatively
milder upper respiratory infection group (17), suggesting
possible interrelations between immune cells, inflammatory
cytokines and disease severity. The exact mechanism
underlying the interrelationship between immune cells and
cytokines in HAdV infection is not exactly known and needs
further studies.

Our study had several limitations. First, it used a single-
center prospective design and included a relatively small
number of patients. The study patients were consecutively
enrolled, but we believe that the analyses performed using
this group should be reconfirmed in future studies including
a larger population of adenoviral pneumonia. Second, we
evaluated only male military personnel; our findings may
not be generalizable to other populations. However, HAdV
pneumonia is prevalent in military training camps

Conclusions

We found that the levels IL-6, IL-10, and IFN-y were
significantly associated with hypoxemia in patients with
HAdV-55 pneumonia. A future study involving serial
measurements of inflammatory cytokine levels is required
to understand an association between acute inflammation
and the prognosis of adenoviral pneumonia.
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