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Abstract
Background: Adenovirus pneumonia account for 5%–10% of respiratory tract infections in children.
However, it is rarely observed in immunocompetent patients. We sought to describe clinical and CT
characteristics of community-acquired Adenovirus pneumonia in immunocompetent adults.

Methods: 20 patients with clinically diagnosed adenovirus pneumonia from two hospitals were
retrospectively included from January 2018 to December 2019. Medical records and chest CT of all
patients were reviewed and summarized.

Results: A total of 20 patients who were consisted of 18 men and 2 women with a median age of 36
years-old (range, 18-48). The clinical �ndings of patients with adenovirus pneumonia is high fever
(>39oC) with the normal white blood cell (WBC) count and decreased Lymphocyte and elevated C-reactive
protein. 10 cases complicated with mycoplasma infection when admission. Staphylococcus epidermidis
was found in blood culture of 2 patients. CT �ndings included consolidation in all patients, ground glass
opacity (GGO) in 13 patients, and pleural effusion in 12 patients. 13 patients were mechanically
ventilated and 2 patients died during hospitalization.

Conclusions: The most frequent �nding of adenovirus pneumonia on CT was consolidation in the early
stage. In adult patients with high fever, normal WBC count and decreased Lymphocyte, consolidation
with/without GGO in the early stage may be a clue for suspecting adenovirus pneumonia.

Background
Adenovirus is a double-stranded DNA virus widely distributed in nature. It is mainly transmitted through
the respiratory tract, causing not only upper respiratory tract infections but also pneumonia [1].
Adenovirus pneumonia is more common in children under 5 year old and immunocompromised people [2,

3] and may progresses rapidly to severe pneumonia, acute respiratory distress syndrome, and even death.
Previous studies of adenovirus pneumonia in immunocompetent adults mostly focused on outbreaks
and epidemics of adenoviral pneumonia in military camps, schools, and medical institutions[4]. In recent
years, the incidence of immunocompetent adults has gradually increased and was reported to account
for 1-7% of adult respiratory infections [4]. However, most cases are reported sporadically while the clinical
and radiological reports of adult community-acquired adenovirus pneumonia was limited [5].The purpose
of the present study was to summary clinical and CT characteristics of community-acquired adenovirus
pneumonia in immunocompetent adults.

Methods
Study population

The study protocol was approved by the institutional ethical review board. Informed consent was waived
because this was a retrospective study. Patients with adenovirus pneumonia at China-Japan hospital and
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Beijing Chaoyang hospital from January 2018 to December 2019 were retrospectively included. All the
patients were diagnosed by a positive nucleic acid detection for adenovirus in bronchoalveolar lavage
�uid (BALF). Medical records of all patients were reviewed to obtain the clinical data of the patients,
including age, sex, symptoms, laboratory and etiological �ndings, clinical course, and survival outcome et
al. Patients who underwent in-patient CT were included. Patients who were younger than 18 years old
were excluded.

Chest CT and analysis

Thoracic CT were performed ( Canon CT Aquilion one and Simens, SOMATOM De�nition Dual Source CT,
Germany) in two imaging centers using parameters as follow: calibration, 0.5mm x 80mm, tube voltage,
120kVp; Automatic modulation tube current; 5.0 mm slice thickness with 5.0 mm gap and 1.0 mm slice
thickness with 1.0 mm gap (the latter was used for multiple planar reconstruction). Imaging characters
were evaluated by 2 experienced radiologists in consensus.

Statistical analysis

Statistical analysis was performed on SPSS (version 20.0, IBM Corp., Armonk, NY, USA).Continuous
variables were expressed as median with interquartile range (IQR) and compared by Mann-Whitney U test,
and categorical variables as number (proportion) and compared by chi-square test or Fisher’s exact test.
All of those were two-sided test, P<0.05 was considered statistically signi�cant difference.

Result
Clinical characteristics

A total of 20 patients who were consisted of 18 men and 2 women with a median age of 36(range, 18-48)
years were included. Clinical characteristics of these patients were summarized in Table 1. The
symptoms and signs on admission include fever (n=20, 39.2±0.80C), dry cough (n=6), diarrhea (n=6),
sore throat (n=4), dyspnea (n=6), pharyngeal congestion (n=6), moist/dry rales (n=13) and myalgia
(n=20). Moreover  No patient presented with tonsil enlargement, conjunctivitis or lymphadenopathy. 10
cases complicated with mycoplasma infection and Staphylococcus Epidermidis was found in blood
culture of 2 patients when admission. 14 patients took oral antibiotics before admission. An average
smoking time of 12 patients was 4±2 years . The median duration of symptom onset prior to the hospital
admission was 6 days (IQR, 3-8days). 13 patients required mechanical ventilation among whom 11
patients were mechanically ventilated as soon as they were admitted to the hospital and 2 patients were
mechanically ventilated within 2 days due to the rapid decrease in partial oxygen pressure after
admission. 7 patients had no mechanical ventilation during hospitalization. The median length of
hospital stay was 17 days IQR, 12-33 days while 2 patients respectively died in 7days and 11 days after
admission. Figure 1 demonstrated the season distribution of adenovirus pneumonia onset and the
months with the highest incidence were August, and then February.
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Laboratory �ndings

Baseline laboratory �ndings of patients on admission were demonstrated in the table 2. The median total
WBC counts, median platelet count, cholinesterase were in normal levels , the median Lymphocyte
percentage and PO2 decreased while the median neutrophil percentage, C reaction protein, procalcitonin
(PCT), LDH and CK levels elevated.

Table 3 showed there was no statistically signi�cant difference in the neutrophil percentage and PO2

between patients with and without mycoplasma infection. Moreover, no signi�cant difference was
observed in PO2 between patients with and without mechanical ventilation. However, patients with
mechanical ventilation had a higher neutrophil percentage than patients without mechanical ventilation
(p=0.001)

CT �ndings of Adenovirus Pneumonia

Initial CT �ndings of adenovirus pneumonia were indicated in table4 and 5. The predominant CT �ndings
were consolidation (100%) and Ground-glass opacity (GGO) (65%), which was unilateral or bilateral
peribronchovascular and central distribution. Segmental consolidation of patients (70%) diffusely
distributed in the bilateral lung lobes, while in the remaining patients, lobular consolidation was
predominantly localized in the unilateral upper or lower lung lobe since lower lobes were more commonly
involved in patients with mechanical ventilation. No pure GGO were found all patients, in contrast, GGO
combined with consolidation which was mostly unilateral or bilateral, was a single lobe distribution or
random distribution was prone to be observed in patients with mechanical ventilation. Nodules/masses
were seen in merely 2 patients with mechanical ventilation, and bronchiectasis was found in only 1
patient. No signi�cant interstitial abnormality (interlobular septal thickening or Honeycombing sign or
crazy-paving sign) was found. Unilateral Pleural effusion was only found in two-thirds patients with
mechanical ventilation. In addition, pericardial effusion was presented in 4 patients with mechanical
ventilation.

CT �ndings between patients with mycoplasma infection and those without mycoplasma infection were
similar (Fig.2).Focal consolidation with GGO were the main �ndings in the patients without mechanical
ventilation. In contrast, for the patients requiring mechanical ventilation, predominant bilateral or
unilateral lobular consolidation with GGO were indicated in 8 patients’ initial CT scans (Fig.3). Five
patients showed focal consolidation in initial CT scans, then the temporal CT showed rapid progression
including, more extensive unilateral or bilateral consolidation with adjacent GGO, and unilateral or
bilateral pleural effusion(Fig.4).

Discussion
Human adenoviruses (HAdVs) are non-enveloped, double-stranded DNA viruses and common pathogens
in children and cause a variety of diseases. Community-acquired adenoviral pneumonia is prone to occur
in immunocompromised hosts and, the condition may also be a complication in immunocompetent
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patients [6]. There were no immunocompromised cases in the current study, the most common symptoms
and signs were fever, myalgia and dry cough, which was consistent with previous reports [4, 7]. Most
patients had the high fever. The patients also indicated some other symptoms as other studies reported
[8], including dyspnea, diarrhea, pharyngeal congestion and sore throat. Tristan et al revealed that
signi�cant co-morbidity was uncommon among adenovirus pneumonia patients [8]. There were 10
patients in the present study showed combined mycoplasma infection which was similar with a previous
study as it reported that co-infection of mycoplasma pneumonia was common in patients with
adenovirus pneumonia[9]. Bacterial co-infections were identi�ed in 28.5% (47/165) of adenovirus
pneumonia patients [1], in contrast, it was found in 10% cases in current study. However, there is no
accurate association between co-infection and the adenovirus respiratory infections. Previous studies of
pediatric patients showed that a peak positive rate of adenovirus infections occurred during March-April
or spring [10, 11]. Yao et al[12] reported Human adenovirus among hospitalized children was detected in
every month throughout the study period from April 2017 to March 2018, peaking in August 2017. In
current study, summer and winter were peak season of immunocompetent adult adenovirus pneumonia,
which was partially similar with another study that reported seasonal peak for adenovirus infections in
winter and spring in immunocompetent patients [13].

Consistent with previous studies, the baseline laboratory �ndings including a normal total white cell
count, decreased lymphocyte and increased C reaction protein [9, 14] which suggest virus infection.
Meanwhile, the elevated procalcitonin and neutrophil percentage may relate with coexisting mycoplasma
or staphylococcus epidermidis. Furthermore, we also found that there were elevated LDH and CK levels in
patients with adenovirus pneumonia which was similar to a study on an adenovirus-associated outbreak
in a Military Training Facility [4]. Another important �nding, patients with mechanical ventilation had a
higher neutrophil percentage than patients without mechanical ventilation, suggesting patients suffering
from co-infection may require more respiratory support. 

In the current 20-patient series, the most frequent �nding on CT is consolidation in all cases, whereas
most observed was focal or lobar consolidation with lobular or peribronchovascular distribution. Patchy
pure GGO were not common, but consolidation with surrounding GGO is the other common CT �nding. In
immunocompetent military trainees [1, 15] , consolidation was more commonly found than GGO in
adenovirus pneumonia patients and the study of community-acquired adenovirus pneumonia revealed
that consolidation, GGOs and pleural effusions were the most common �ndings in severe cases [16] [17]. A
research of Adenovirus pneumonia of 5 immunocompromised patients showed the extensive ground-
glass opacities with or without consolidation were the main �ndings on HRCT[18]. In contrast,
hyperin�ation and lobar atelectasis were reported commonly in infants and children [19].  These suggests
that consolidation with /without GGO in the early stage may be a key clue to suspecting adenovirus
pneumonia for immunocompetent patients, although it resembles bacterial pneumonia. A case report and
review of the literature reported bilateral interstitial in�ltrates were the most common CXR in adenovirus
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pneumonia of immunocompetent adults [8]. However, diffuse interstitial abnormalities were not found in
the present study, which probably because it was masked by consolidation that appeared early [20].

Gu et al [21]suggested that adenovirus pneumonia of patients with acute respiratory distress syndrome
(ARDS) usually present rapid development of bilateral, mutilobar consolidation and patchy GGO which
was more severe than patients without ARDS. In the current study, focal or subsegmental consolidation
was more frequent in patients without mechanical ventilation, while patients with mechanical ventilation
commonly indicated initial predominant lung consolidation or progress rapidly from initial focal
consolidation to lobar consolidation, suggesting that patients required mechanical ventilation may be
more prone to indicate intra-pulmonary abnormalities in CT scans. Consistent with previous studies [13, 21]

, 60% of this group of cases demonstrated pleural effusion and 20% of patients indicated pericardial
effusion, which may be related to more serious abnormalities.

That all Adenovirus pneumonia were con�rmed with a positive �nding of Adenovirus in bronchoalveolar
lavage �uid is the strength of our research, however, our study has several limitations. The number of
cases is small, which may partly be explained by the low incidence of adenovirus pneumonia in
immunocompetent adults, however, we could miss more cases who didn’t have bronchoalveolar lavage or
mild cases.  Because it is retrospective study, the scanning intervals of CT for patients were different
leading to the dynamic changes on CT was unclear and adenovirus typing were not available leading to
the relation of the clinical and CT �ndings with adenovirus typing remains unknown.

Conclusion
In conclusion, adenovirus pneumonia in immunocompetent patients manifested usually as signi�cant
consolidation with or without ground-glass opacities on CT. These �ndings are not speci�c for adenovirus
pneumonia, but in adult patients with high fever, normal WBC count and decreased lymphocyte,
consolidation with/without GGO on CT in the early stage may be a clue for suspecting adenovirus
pneumonia.

Abbreviations
CT: Computed tomography

WBC: White blood cell

GGO: Ground glass opacity

BALF: Bronchoalveolar lavage �uid

IQR: Interquartile range

PCT: Procalcitonin



Page 7/14

LDH: Lactate dehydrogenase

CK: Creatine kinase

ARDS: Respiratory distress syndrome
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Table 1. Clinical characteristics of patients with Adenovirus Pneumonia
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Patient Characteristics            Cases
Age, median (range), year 36 (18-48)

Sex , M/F 18/2
Fever(>37.5oC) 20(100%)

High Fever(>39OC) 11(55%)
Dry cough 16(80%)

Myalgia 20(100%)
Pharyngeal congestion 6(30%)

Dyspnea 6(30%)
Diarrhea 6(30%)

Sore throat 4(20%)
Dry rales 12(60%)

Moist 1(5%)
Combined mycoplasma infection 10(50%)

Hypertension 2(10%)

Gallstone 1(5%)

Kidney stone 1(5%)

Gout 1(5%)

Smoking 12 (60%)

Oral antibiotic history before admission 14 (70%)

Outcome( Improve/Death) 18/2

 

Table 2. Initial laboratory �ndings for patients Adenovirus Pneumonia on admission

Laboratory finding Median (IQR) Reference range

Total WBC count(×109 cells/L)  6.47 2.65-11.03 3.5-9.5

Neutrophil percentage (%)  79.9(56.7-95.3) 40-75

Lymphocyte percentage (%) 17.0(14.0-22.0) 20-50

Platelet count(×109 cells/L)  144 (76-233) 125-350

C reaction protein mg/L 54.04(7.36-157.7 0-10

PCT (ng/L (n =13) 3.52 (0.27-27.63) 0-0.5

LDH U/L (n =17) 387(135-2843) 100-250

CK U/L (n =17) 313 (34-4627) 26-200

Cholinesterase U/L (n =5) 4347 (347-6778) 5400-13200

PO2  mmHg 75.3 (37.5-104) 95-100
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IQR, interquartile range; WBC, white blood cell; PCT, procalcitonin; LDH, lactate dehydrogenase; CK,
creatine kinase.

Table 3. Comparison of laboratory �ndings of patients with adenovirus pneumonia

Variables Neutrophil percentage, % P PO2  mmHg P
75 40-75 95 95-100

Mycoplasma  infection(+) 5 5 0.350 9 1 1.000
Mycoplasma infection(-) 8 2   8 2  

Mechanical ventilation(+) 12 1 0.001* 13 0 0.350
Mechanical  ventilation(-) 1 6   6 1  

P values were calculated using the chi-square test, p 0.05,the difference was statistically signi�cant.

* The difference was statistically signi�cant.

Table 4.  CT �ndings of patients with Adenovirus Pneumonia on admission

CT findings case

Consolidation 20(100 %)

Ground-glass opacity 13(65 %)

Nodules/Masses 2 (10 %)

Bronchiectasis 1(5 %)

Hyperinflation 0

Tree-in-Bud 0

Crazy Paving sign 0

Septal thickening 0

Honeycombing sign 0

Halo sign 0

Anti-halo sign 0

Cavity 0

lobar atelectasis 0

Pleural effusion 12(60 %)

Pericardial effusion 4(20 %)

Pneumothorax 0

Mediastinal emphysema 0

Lymph node enlargement 0
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Table 5. Parenchymal abnormalities in adenovirus pneumonia patients

CT findings Total(n=20) Group1(n=13) Group2(n=7)

Parenchymal opacities      
Consolidation 20(100%) 13(100%) 7(100%)
GGO 13(65%) 10(77%) 3(43%)
Consolidation with GGO 13(65%) 10(77%) 3(43%)
Nodular opacities 2(10%) 2(15%) 0

Laterality      
Bilateral 14(70%) 8(62%) 6(86%)
Unilateral 6(30%) 5(38%) 1(14%)

Zone      
Middle  1(5%) 1(8%) 0
All 5(25%) 4(31%) 1(14%)
Upper  4(20%) 1(8%) 3(43%)
Lower 10(50%) 7(54%) 3(43%)

Distribution      
Central  20(100%) 13(100%) 7(100%)
Peripheral 0 0 0
Peribronchovascular  20(100%) 13(100%) 7(100%)

Extent      
Focal 10(50%) 4(31%) 6(86%)
Multifocal 10(50%) 9(69%) 1(14%)

Plueral effusion 12(60%) 11(85%) 1(14%)
Bilateral 4(20%) 3(23%) 1(14%)
Unilateral 8(40%) 8(62%) 0

Pericardial effusion 4(20%) 4(100%) 0

Abbrevations: CT computed tomography; GGO, ground-glass opacity. Group1, patients with
mechanical ventilation; Group2, patients without mechanical ventilation.

Figures
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Figure 1

Onset time of the 20 patients with adenovirus pneumonia.

Figure 2

(A) A 48-year-old man with adenovirus pneumonia without mycoplasma infection, multifocal bilateral
consolidation (arrows) was found in the picture; (B) A 46-year-old man with adenovirus pneumonia
combined with mycoplasma infection, focal consolidation (arrow) with surrounding GGO (circle) was
shown in the left lower lobe.
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Figure 3

CT scans of the 2 cases with adenovirus pneumonia but without mycoplasma infection, and mechanical
ventilation was performed in the patients. (A) Initial CT scan of a 39-year-old man showed predominant
consolidation(arrows) with adjacent GGO(circle) in the bilateral lung lobes; (B) Initial CT scans of an 18-
year-old man indicated multifocal consolidation in the bilateral lung lobes (arrows).

Figure 4

CT scans of a 41-year-old man with adenovirus pneumonia combined with mycoplasma infection, and
mechanical ventilation was performed in the patient. (A) Initial CT scan showed focal consolidation
(arrows) with adjacent GGO (circles) in the left lower lobe; (B) Rapid progression of consolidation in both
lung zones (arrows) with surrounding GGO (circles) after 5 days; (C) Left pleural effusion was also
observed.


