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	 Background:	 The aim of this study was to characterize adenovirus-associated acute respiratory infection (ARI) and observe 
correlations between inflammatory markers and severity of human adenovirus type 7 (HAdV-7) infection, and 
to evaluate the potential of inflammatory markers to predict progression from upper-respiratory infection (URI) 
to adenovirus pneumonia (AdP).

	 Material/Methods:	 A total of 81 patients with adenovirus-associated ARI and confirmed HAdV-7 infection were enrolled. Cases 
were classified according to severity, as AdP and URI. Demographic and clinical data were collected retrospec-
tively. Clinical features and serum inflammatory markers were evaluated and compared according to the se-
verity of adenoviral infection.

	 Results:	 We observed high-grade fever and strong inflammatory response in patients with HAdV-7–associated ARI. 
Procalcitonin (PCT), interleukin 6 (IL-6), and C-reactive protein concentrations were higher in patients with AdP 
than in those with URI. The mean erythrocyte sedimentation rate (ESR) was significantly higher in patients 
with AdP (p=0.008). Reduced serum prealbumin levels were observed in patients with HAdV-7 infection. In the 
analysis of URI to AdP prediction ability, areas under the curve (AUCs) for all inflammatory markers were <0.9. 
We found that 35.9% of pneumonia had ³2 lobars of lung infiltrate and bilateral lung infiltrate, and 20% of pa-
tients with SP had pleural effusion and atelectasis.

	 Conclusions:	 IL-6 and ESR were associated with the severity of HAdV-7 respiratory infection. No inflammatory marker in our 
study predicted URI-to-AdP progression accurately. Lung infiltration and consolidation are common in HRCT in 
AdP. Multiple- or single-lobar/segment consolidation was most common in SP. SP progressed very quickly af-
ter onset.
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Background

Adenovirus is associated with a broad spectrum of clinical 
diseases in humans, including acute respiratory and gastro-
intestinal infections. More than 65 types of human adenovi-
rus (HAdV) have been characterized and classified into 7 spe-
cies (A–G) [1]. Among them, human adenovirus-B7 (HAdV-7) 
is a documented cause of severe infections such as pneumo-
nia [2–4]. HAdV-7 can cause severe respiratory symptoms and 
complicated pneumonia. It can easily turn into a severe or crit-
ical illness and can even cause serious consequences. Once 
adenovirus pneumonia is developing, especially when severe 
pneumonia develops rapidly, it can deteriorate in a short time, 
leading to acute respiratory distress syndrome. If it is not man-
aged properly, patients die quickly.

Adenovirus-associated acute respiratory infection (ARI) is char-
acterized by prolonged high-graded fever and strong inflamma-
tory response [5–7]. Inflammatory responses are mediated by 
numerous cytokines. Elevated levels of some cytokines, such 
as tumor necrosis factor alpha (TNF-a), have been reported 
to be associated with severe or fatal adenoviral infections [8]. 
Thus, there is a need for better understanding of the inflam-
matory cytokine levels in patients with HAdV-7-associated 
acute respiratory infection. However, such data are scarce. In 
addition, no previous publication has described inflammatory 
markers of ARI in adults. The objectives of the present study 
were two-fold. First, we aimed to characterize ARI with serum 
inflammatory marker concentrations in patients with HAdV-7 
infection. Second, we assessed the performance of inflamma-
tory markers in predicting the progression of upper-respirato-
ry infection (URI) to adenovirus pneumonia (AdP).

Material and Methods

Subjects

We conducted a retrospective cohort study using data collected 
from an HAdV-7 outbreak that occurred in a military training 
camp in China. ARI cases were detected between 20 January 
and 21 February 2015. Only laboratory-confirmed HAdV-7 in-
fection cases were recruited in this study. Polymerase chain 
reaction (PCR) was then performed with type-specific primers 
targeting the hexon coat protein. The PCR products were se-
quenced and the NCBI database was searched with the Basic 
Local Alignment Search Tool (BLAST) to identify adenovirus 
type. The primers used in this study were taken from the ex-
isting literature and have been described elsewhere [9,10].

Patients with HIV infection, neutropenia, or a diagnosis of pneu-
monia or other infectious disease in the last 30 days, and those 
receiving immunosuppressive chemotherapy, were excluded.

Disease diagnoses

According to guidelines for the diagnosis and treatment of 
adenovirus infection [11], cases were classified into 2 groups 
based on their chest radiographic results: AdP and URI. We 
further divided cases in the AdP group into common pneumo-
nia (CP) and severe pneumonia (SP) subgroups according to 
their clinical features and computed tomography (CT) findings.

Upper-respiratory infection (URI)

Diagnosis of HAdV-7 URI was accepted when conditions 1 and 
5, below, were observed, together with condition 2, 3, or 4: 
1.	�HAdV-7-specific nucleic acid of throat swab specimens us-

ing real-time quantitative PCR (RT-PCR) detection is positive;
2.	Acute onset of fever (temperature more than 37.5°C);
3.	�Cough and expectoration, sore throat, fatigue, nausea, loss 

of appetite;
4.	�Pharyngeal hyperemia, tonsil enlargement, surface visible 

patchy gray white secretion, bilateral cervical lymph nodes;
5. Chest X-ray or CT examination did not reveal lung lesions.

Common pneumonia (CP)

CP was diagnosed when conditions 1 and 4 were observed, 
together with condition 2 or 3 shown below: 
1.	�Positive RT-PCR detection of HAdV-7–specific nucleic acid in 

throat swab specimen;
2.	Continuous fever (>38.5°C);
3.	�Cough with an irritated pharynx, rapid breathing, and tight-

ness in the chest;
4.	Chest X-ray or CT examination revealed lung lesions.

Severe pneumonia (SP)

SP was diagnosed when the AdP diagnostic criteria were met, 
as well as any of the following conditions being met: 
1.	�Sustained high fever (>39°C) for more than 5 days, accom-

panied by a frequent and severe irritating cough;
2.	�Heart rate >100 beats/min and (or) respiratory rate >30 

breaths/min;
3.	�Rapidly progressing lung shadow with multiple- or single-

lobar/segment consolidation;
4.	�PaO2 <70 mmHg and (or) SpO2 <90% that does not improve 

with oxygen supplementation.

Data collection

Demographic and clinical data, including age, sex, clinical symp-
toms, body temperature and maximum temperature (Tmax), 
vital signs, and physical examination findings, were collected 
for all cases. Laboratory findings, including the results of rou-
tine blood tests (white blood cell, neutrophil, and lymphocyte 
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counts) and data on co-infection pathogens, were recorded. 
Throat swabs, sputum, and blood samples were collected at 
the clinic and submitted to the Clinical Microbiology Laboratory 
of the People’s Liberation Army General Hospital for detection 
of co-infection pathogens. Sputum cultures were considered 
valid only when microscopic analysis showed >25 neutrophils 
and <10 epithelial cells per field of view under low-power 
(100×) microscopy. Blood cultures were performed, and serum 
samples were analyzed to detect Mycoplasma pneumoniae, 
Chlamydia pneumoniae, and Legionella pneumophila antibody 
titers. Throat swabs and sputum specimens were subjected to 
RT-PCR for detection of viruses, including rhinovirus, influen-
za A and B viruses, and respiratory syncytial viruses A and B.

Data on ESR and serum concentrations of PCT, IL-6, CRP, and 
PA were also collected. The concentrations of these cytokines 
were detected within 2 days after the disease onset. Normal 
ranges were considered as follows: PCT, <0.5 ng/ml; IL-6, <7.0 
pg/ml; CRP, <8 mg/l; PA, 0.2–0.4 g/l; and ESR, <15 mm/h.

Statistical analysis

Study subjects and selected serum inflammatory marker con-
centrations were characterized by means ± standard devia-
tions for continuous variables, or medians and interquartile 
ranges when normal distribution could not be assumed. To 
test if selected serum inflammatory marker concentrations 
varied across different ARI diagnoses, univariate comparisons 
between groups were performed using the t test for normally 
distributed data and the nonparametric Mann-Whitney U test 
for non-normally distributed data. To assess if serum inflam-
matory marker concentrations were correlated with disease 
severity, Pearson correlation tests were performed to analyze 
correlations between serum inflammatory marker concentra-
tions and Tmax. Receiver operating characteristic (ROC) curve 
analysis was performed to evaluate the performance inflam-
matory markers to predict progression of URI to AdP. A statisti-
cally-derived value based on the Youden index that maximized 

the sum of sensitivity and specificity was set as the optimal 
cutoff values. All analyses were performed with SPSS software 
(version 19.0; SPSS Inc., Chicago, IL, USA). P values £0.05 were 
considered to be statistically significant.

Results

Clinical and laboratory characteristics of the study sample

The study sample comprised 81 HAdV-7–associated acute re-
spiratory infection cases with 39 subjects diagnosed with AdP 
and the other 42 with URI. Among the 39 subjects with AdP, 
29 patients were diagnosed with CP and 10 with SP. All pa-
tients were adult males with a median age of 18.96 (range, 
17–24) years. Mean ages of patients with URI and AdP were 
18.86±1.46 and 19.08±1.50 years, respectively (Table 1). All 
patients were previously healthy, except for 1 patient with URI 
who reported a history of albuminuria and hyperuricemia. No 
patient was immunocompromised.

High-grade fever (39.4±0.59°C) was observed in all patients, 
with 69.5% having temperatures exceeding 39.0°C. The highest 
temperature recorded was 41°C but temperatures did not dif-
fer significantly between groups. Most patients presented flu-
like symptoms such as cough (96.3%), expectoration (70.4%), 
and sore throat (79.0%). Physical examination most commonly 
revealed throat congestion (93.8%) and anti-aduncus (75.5%). 
Complications observed in patients with AdP were hypopro-
teinemia (17.9%), hyponatremia (15.4%), and respiratory fail-
ure and decreased heart rate (7.7%). Pleural effusion (5.1%) 
and hemorrhagic cystitis (5.1%) were also observed. No pa-
tient had a laboratory-confirmed bacterial infection. Complete 
blood counts showed increased band-form neutrophils in 26 
individuals, with no significant difference between groups.

Characteristic All cases (n=81) AdP (n=39) URI (n=42)

Age (years) 	 18.96±1.47 	 19.08±1.49 	 18.86±1.46

Fever 	 81/81	 (100) 	 39/39	 (100) 	 42/42	 (100)

Tmax (°C) 	 39.40±0.59 	 39.51±0.69 	 39.31±0.47

WBC, median (IQR) (109/l) 	 7.65	 (2.1–19.3) 	 7.73	 (2.8–19.3) 	 7.58	 (2.1–15.5)

N, median (IQR) (109/l) 	 5.47	 (0.65–15.22) 	 5.47	 (0.65–15.22) 	 5.47	 (0.65–13.84)

L, median (IQR) (109/l) 	 1.42	 (0.61–6.41) 	 1.52	 (0.75–6.41) 	 1.33	 (0.61–3.04)

Table 1. Clinical and laboratory characteristics of patients with adenovirus type 7 infection.

AdP – adenovirus pneumonia; URI – upper respiratory infection; Tmax – maximum body temperature; WBC – white blood cell; 
IQR – interquartile range; N – neutrophil; L – lymphocyte.
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The characteristics of chest radiography results in patients

All 81 patients were examined with high-resolution computed 
tomography (HRCT) scanning (Figures 1, 2, Table 2). The HRCT 
scans in all 42 URI patients were normal. In 35.9% (14/39) of 
pneumonia (including CP and SP) patients, we observed more 
than 2 lobars of lung infiltration and bilateral lung infiltration. 
Multiple- or single-lobar/segment consolidation was most com-
mon, followed by ground-glass opacities among pneumonia 
(including CP and SP) patients. Single-lobar patchy infiltration 

was observed in 58.6% (17/29) of the patients with CP. Pleural 
effusion and atelectasis were observed in 20% (2/10) of SP 
patients (Table 2).

Serum inflammatory markers

Serum cytokine concentrations are presented in Table 2. Most 
PCT concentrations were within the normal range and did not 
significantly differ among the 3 groups. Elevated IL-6 concen-
trations were observed in all 3 subgroups, with the SP group 

Figure 1. �HRCT in a 22-year-old patient with SP, showing fuzzy boundaries in bilateral lung scatter with flakey/patchy infiltration. Lung 
lesions progressed very quickly. The double-lung patchy shadow progressed into consolidation within 4 days.
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Figure 2. �Multiple- or single-segment consolidation was observed in HRCT and it was followed by ground-glass opacities. Ground-
glass-like changes, bronchial signs, and interstitial and nodular changes are visible. Pleural effusion and atelectasis also can 
be observed.

Characteristics
All pneumonia cases 

(n=39)
SP

(n=10)
CP

(n=29)

No. of lobar involved ³2 	 14	 (35.9) 	 6	 (60.0) 	 8	 (27.6)

Bilateral infiltrate 	 14	 (35.9) 	 6	 (60.0) 	 8	 (27.6)

Pleural effusion 	 2	 (5.1) 	 2	 (20.0) 	 0	 (0.0)

Atelectasis 	 2	 (5.1) 	 2	 (20.0) 	 0	 (0.0)

Consolidation

Mutiple lobar or segment 	 14	 (35.9) 	 6	 (60.0) 	 8	 (27.6)

Single lobar or segment 	 26	 (66.7) 	 4	 (60.0) 	 22	 (75.9)

Consolidation and muti-focal patchy/ground glass opacities 	 39	 (100.0) 	 10	 (100.0) 	 29	 (100.0)

Patchy infiltration (single lobar) 	 21	 (53.8) 	 4	 (40.0) 	 17	 (58.6)

Diffuse ground-glass opacities 	 2	 (5.1) 	 1	 (10.0) 	 1	 (3.4)

Table 2. The characteristics of chest radiography who developed to adenovirus pneumonia.

AdSP – severe pneumonia; AdP – pneumonia. Categorical variables are expressed as no. of patients with the presence of the 
characteristics.
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reporting significantly higher levels than in the other 2 groups 
(p<0.05). There was no significant difference between the CP 
and URI groups in IL-6 concentration. The mean ESR of patients 
with URI was within the normal range, but that of patients with 
AdP was higher than normal (p=0.008). Mean ESR was high-
er in patients with SP than in those with CP (34.20±28.70 vs. 
17.74±13.17 mm/h; Table 3). Higher than normal serum CRP 
concentrations were found in all patients with HAdV-7 respi-
ratory tract infection, but no significant differences among 
groups were observed. PA concentrations were lower in the 
URI and AdP groups. Among patients with normal CRP levels, 
the mean PA concentration was 0.19±0.07 g/l, while among 
patients with elevated CRP levels, the mean PA concentration 
was lower (0.16±0.04 g/l; p>0.05). Reduced PA level was nega-
tively correlated with increased CRP level in patients with AdP 
(r=–0.536, p=0.003). The most common co-infection pathogens 
were Mycoplasma and Chlamydia (14.81%). Epstein-Barr virus 
(4.94%) and influenza B (2.47%) were also identified concomi-
tantly with HAdV-7 infection. Among cytokines, serum PCT con-
centrations were higher in patients with than in those without 
co-infection, but no significant difference for any inflammato-
ry marker was found among groups (Table 4).

Correlations between serum inflammatory marker 
concentrations and Tmax

Tmax was positively correlated with serum PCT concentration 
(r=0.558, p=0.001) and negatively with PA concentration (r=–
0.306, p=0.005;). No significant correlation was observed with 
IL-6, CRP, or ESR concentration.

Predicting performance of inflammatory markers

The ROC curve for assessing the predicting performance of 
using inflammatory markers to predict progression from URI 
to ADP is illustrated in Figure 3. The best performance was 

Group PCT (ng/ml) IL-6 (pg/ml) CRP (mg/l) ESR (mm/h) PA (g/l)

AdP (n=39) 0.33±0.78 40.91±28.51 45.53±31.10 22.19±19.65 0.16±0.05

CP (n=29) 0.17±0.14 36.15±23.30 45.85±33.20 17.74±13.17 0.17±0.04

SP (n=10) 0.78±1.50 54.69±38.22&,# 44.50±24.75 34.20±28.70 0.12±0.04

URI (n=42) 0.13±0.11 30.78±20.14 48.74±36.50 12.79±7.75* 0.18±0.03

ALL (n=81) 0.23±0.56 35.72±24.95 47.21±33.87 17.43±15.50 0.17±0.04

Table 3. Serum inflammatory marker concentrations.

* p<0.01, AdP vs. URI; & p<0.01, SP vs. URI; # p<0.05, SP vs. CP. PCT – procalcitonin; IL-6 – interleukin 6; CRP – C-reactive protein; 
ESR – erythrocyte sedimentation rate; PA – prealbumin; AdP – adenovirus pneumonia; CP – common pneumonia; SP – severe 
pneumonia; URI – upper respiratory infection.

Marker
Without co-infection 

(n=63)
With co-infection 

(n=18)

PCT (ng/ml) 	 0.17±0.16 	 0.44±1.14

IL-6 (pg/ml) 	 37.05±24.40 	 31.13±26.97

ESR (mm/h) 	 18.41±16.45 	 14.06±11.44

CRP (mg/l) 	 48.98±33.33 	 47.85±34.78

PA (g/l) 	 0.17±0.04 	 0.17±0.04

Table 4. �Serum inflammatory marker concentrations in pa-
tients with and without co-infection.

PCT – procalcitonin; IL-6 – interleukin 6; ESR – erythrocyte 
sedimentation rate; CRP – C-reactive protein; PA – prealbumin. 1.00.80.60.4
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Figure 3. �Receiver operating characteristic (ROC) curves 
showing the diagnostic performance of inflammatory 
markers and the erythrocyte sedimentation rate 
(ESR) in distinguishing upper-respiratory infection 
from adenovirus pneumonia. PCT – procalcitonin; 
IL-6 – interleukin 6; CRP – C-reactive protein; PA 
– prealbumin.
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seen in PCT, which had an area under the curve (AUC) of 0.656 
[95% confidence interval (CI), 0.531–0.782]. The optimal cutoff 
point for defining the progression was 0.35 with a sensitivi-
ty of 81.1% and specificity of 51.4%. IL-6 concentration had a 
similar predicting performance, with an AUC of 0.640 (95% CI, 
0.513–0.767). The optimal cut off point was 32.23, with 78.4% 
for sensitivity and 45.9% for specificity. Regarding ESR, the AUC 
was 0.638 (95% CI, 0.509–0.767). The optimal cutoff value for 
was 16.5 mm/h, with a sensitivity of 45.9% and a specificity 
of 83.8%. The AUCs for CRP concentration and PA concentra-
tion were close to 0.5, indicating no difference in their distri-
bution between URI and AdP groups.

Discussion

Strong inflammatory responses were observed in patients with 
HAdV-7-associated acute respiratory infection in this study. 
Unlike other viral diseases, adenovirus infection typically re-
sults in elevated ESR and CRP levels [8]. In our study, mean ESR 
was not elevated in patients with URI. Tae et al. [12] found that 
ESR was normal in all of their patients with H1N1 influenza vi-
rus infection during the 2009 pandemic. Jung-Woo et al. [13] 
found that ESR tended to increase with age in children and 
adults affected by the pandemic. In the present study, the ESR 
was significantly elevated in patients with AdP and was high-
er in patients with SP than in those with CP. ESR may thus be 
associated with the severity of ARI. However, it was not cor-
related with Tmax.

The mean IL-6 level was higher than normal, and this con-
centration tended to be higher in patients with AdP than in 
those with URI. The IL-6 concentration was significantly elevat-
ed in patients with SP compared with those with CP and URI. 
Elevated IL-6 concentrations have been associated with severe 
or fatal adenoviral infections [7]. Mistchenko et al. [14] report-
ed that serum values of IL-6, IL-8, and TNF-a were elevated in 
patients with adenoviral respiratory infection, and that these 
values were associated with severity of the illness. These find-
ings suggest that IL-6 plays an important role in the patho-
genesis of adenoviral respiratory infection in the acute phase.

In our study, HAdV-7 infection resulted in marked elevation 
of CRP concentrations. This finding is consistent with previ-
ous reports [15–17]. Kawaski et al. [18] found a strong posi-
tive correlation between CRP and IL-6 levels in patients with 
adenovirus infection, but we did not observe this correlation 
in our study. Inflammatory events leading to increased CRP 
concentration in adenoviral infections are incompletely under-
stood. An obvious explanation would be bacterial co-infection. 
Korppi et al. [19] found evidence for bacterial co-infection in 9 
of 20 children with adenovirus infection, but it was not asso-
ciated with an elevated CRP level. Ruuskanen et al. [20] found 

that adenovirus infection was complicated less frequently by 
bacterial otitis media than by respiratory syncytial virus and 
influenza. We observed no bacterial co-infection in the pres-
ent study, whereas 18 patients were co-infected with other 
pathogens (Mycoplasma or Chlamydia, as well as Epstein-Barr 
B virus and influenza B). No significant difference in inflam-
matory markers was found between patients with and with-
out co-infection. Our data refute the hypothesis that bacterial 
co-infection is responsible for elevated CRP levels in patients 
with adenovirus infection.

PA is a well-known negative acute-phase protein that is down-
regulated during inflammation [21]. Reduced serum PA levels 
were observed in both groups in our study, and PA concentra-
tion was correlated negatively with Tmax. Serum PA insufficien-
cy is widely thought to be related to a greater recurrence risk 
after inflammatory processes [22]. Some authors have recom-
mended the monitoring of PA and CRP levels to determine the 
severity of the inflammatory response [23]. PA level is negatively 
correlated with the CRP level. Hrnciarikova et al. [24] also dem-
onstrated subnormal initial mean PA values and a highly signif-
icant negative correlation between reduced PA and increased 
CRP levels in hospitalized geriatric patients. In our study we also 
found this negative correlation in patients with AdP. In the in-
flammatory context of HAdV-7, PA may act as a negative protein.

The main chest radiography features of adenovirus pneumo-
nia are multiple- or single-lobar/segment consolidation. The 
solid form can be nodular and patchy, with high density and 
clear boundary. Wen et al. [25] reported the chest radiography 
characteristics of HAdV-7 pneumonia are ground-glass opac-
ities or segmental opacities. Some patients may have pleu-
ral thickening and pleurisy. In the present study, 75.9% of pa-
tients had single lung involvement. Tubo et al. [26] reported 
that the characteristic of chest radiography in the early stage 
of adenovirus type 55 infection was unilateral (72.73%), con-
sistent with our findings, in which 60% of patients with SP 
had more than 2 lobars infiltration or bilateral lung infiltra-
tion. Chuang [27] also found multiple lobar involvement in pa-
tients with SP and adenovirus, some of which were fused into 
lobar consolidations. SP can progress very quickly after onset. 
Adenovirus infection can occur along the airway, and when 
the lesion involves the bronchioles, it develops rapidly. SP is 
often associated with bronchiolitis obliterans, bronchiectasis, 
and pulmonary fibrosis. Some SP appears with severe pleural 
effusion, mostly unilateral, and 2 cases in our study were ob-
served pleural effusion.

Conclusions

Our study findings confirm that HAdV-7 infection is associ-
ated with changes in inflammatory markers. Specifically, we 
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found that IL-6 concentration and ESR are associated with se-
verity of HAdV-7 respiratory infection. This infection can also 
result in marked elevation of CRP concentrations. PA may act 
as a negative modulator protein in the inflammatory context 
of HAdV-7. Future studies will need to address the role of in-
flammatory markers in the pathogenesis of adenovirus infec-
tion to provide a basis for treatment and prevention. Lung 

infiltration and consolidation are common in HRCT. Multiple-
or single-lobar/segment consolidation is most common in SP. 
SP progresses very quickly after onset.
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