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Abstract 

Background:  Adenovirus pneumonia is prone to severe clinical and imaging manifestations in children. Broncho‑
scopic alveolar lavage (BAL) is an important adjunctive therapy for patients with severe imaging findings. The study 
aimed to evaluate the effect of the timing on the efficacy of bronchoalveolar lavage in children with adenovirus 
pneumonia.

Methods:  This study included 134 patients with adenovirus pneumonia treated with BAL at Guangzhou Women and 
Children’s Medical Center from January 2019 to January 2020.They were classified into the severe and mild groups. 
Based on the timing of BAL, each group was divided into the early BAL layer (received BAL within 1–9 days of the ill‑
ness course) and the late BAL layer (received BAL within 10–14 days of the illness course). The clinical data of patients 
with different BAL timings were analyzed in two groups.

Results:  Among the 134 patients, 70 were categorized into the mild group and 64 were categorized into the severe 
group. Of the 134 patients, 42 patients received BAL early (mild group: n = 21 and severe group: n = 21) and 92 
patients received BAL later (mild group: n = 49 and severe group: n = 43). In the mild group, the fever and hospital 
duration were shorter in patients who received BAL early than in those who received BAL later (p < 0.05). However, in 
the severe group, there were no statistically significant differences in the fever and hospital duration between patients 
who received BAL early and those who received BAL later. However, the need for mechanical ventilation and the 
incidence of BAL complications, such as new need for oxygen, were higher in patients who received BAL early than in 
those who received BAL later in the severe group (p < 0.05).

Conclusion:  For mild adenovirus pneumonia, early BAL may shorten the fever and hospital duration. However, early 
BAL in severe cases might not shorten the course of the disease or improve prognosis and may even increase the risks 
of mechanical ventilation and BAL complications.
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Background
Human adenovirus (HAdV) plays an important role 
in the development of respiratory infections in chil-
dren. HAdV infections are more common in young 
children, mostly occurring in the first 5  years of life, 
with a peak incidence during the first 2  years of life 
[1]. Approximately 4–10% pneumonia cases are caused 
by HAdV [2, 3]. HAdV infections are usually mild and 
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self-limiting in immunocompetent hosts, but some 
studies have shown that HAdV has the highest corre-
lation with severe pneumonia in children, accounting 
for 20–33.3% severe pneumonia cases [4–6]. HAdV 
infection is the leading cause of death in children with 
severe pneumonia, with a fatality rate of up to 12% and 
the risk of developing long-term respiratory complica-
tions, including post-infectious bronchiolitis (PIBO), 
bronchiectasis, and hyperlucent lung, of up to 30% [7, 
8].

HAdV can cause pneumonia and lead to high hospi-
talization rates in children. However, There is no specific 
antiviral treatment for adenoviral pneumonia. Further, 
intravenous immunoglobulin and systemic corticoster-
oids are effectively used in treating severe adenovirus 
pneumonia [5]. Regarding radiological manifestations, 
bilateral lung infiltrates or consolidation are frequently 
reported, and multiple lobar consolidation and pleu-
ral effusion are more common in severe cases than in 
mild cases [9]. Flexible fiberoptic bronchoscopy (FOB) 
with bronchoscopic alveolar lavage (BAL) has been 
widely used for the treatment of pneumonia with pul-
monary  consolidation or atelectasis because it effec-
tively removes inflammatory secretions from the airway, 
relieves the obstruction, and reduces the damage of 
inflammatory reactions [10]. However, there is no stand-
ardization in the timing of BAL in children with adenovi-
rus pneumonia.

In this study, we retrospectively analyzed 134 pediatric 
patients with adenovirus pneumonia who received FOB 
with BAL during the acute phase and evaluated the tim-
ing and safety of BAL.

Methods
Case definition and identification
This study enrolled 134 patients with adenovirus pneu-
monia who were admitted to Guangzhou Women and 
Children’s Medical Center between January 2019 and 
January 2020. The inclusion criteria were as follows:

1.	 Diagnosis of pneumonia according to the evidence-
based guidelines published by the World Health 
Organization (WHO) [11].

2.	 Evidence of HAdV infection based on HAdV posi-
tivity on multiplex polymerase chain reaction (PCR) 
performed using nasopharyngeal swab, sputum, and 
bronchial alveolar lavage fluid samples

3.	 Presence of indications for BAL (e.g., radiologically 
proven large pulmonary lesions, lung consolidation, 
and atelectasis)

The exclusion criteria were as follows:

1.	 Chronic conditions (e.g., congenital heart disease 
and chronic lung disease), malignancy, severe organ 
dysfunction, severe protein malnutrition, confirmed 
or suspected active tuberculosis, immunodeficiency, 
and use of immunosuppressive medications before 
admission

2.	 Intolerance to BAL
3.	 Disagreement by parents or guardians
4.	 Incomplete information

Grading of the severity of the pneumonia was per-
formed according to the guidelines of the American 
Thoracic Society for the management of community-
acquired pneumonia. The criteria for severe pneumonia 
were as follows which had ≥ 1 major or ≥ 2 minor criteria 
[12]:

1.	 Major criteria: invasive mechanical ventilation, fluid 
refractory shock, acute need for noninvasive posi-
tive pressure ventilation, and hypoxemia requiring 
fraction of inspired oxygen (FiO2) greater than the 
inspired concentration or flow feasible in the general 
care area.

2.	 Minor criteria: respiratory rate greater than that rec-
ommended by the WHO classification for the age; 
apnea; increased work of breathing (e.g., retractions, 
dyspnea, nasal flaring, and grunting); PaO2/FiO2 
ratio < 250; multilobar infiltrates; PEWS score > 6; 
altered mental status; hypotension; presence of effu-
sion; comorbid conditions; and unexplained meta-
bolic acidosis.

All patients were categorized into two groups based on 
the disease severity—mild group and severe group. Data 
on clinical information, laboratory results, radiological 
findings, and prognosis of all patients were collected.

Study design
This retrospective observational study was conducted 
in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines. The 
time, measured in days since the onset of fever (tempera-
ture, ≥ 37.5  °C) was the initial symptom of adenovirus 
pneumonia. Based on the onset of fever, patients were 
classified into the early BAL layer group (received BAL 
within 1–9  days of the illness course) and the late BAL 
layer group (received BAL within 10–14  days of the ill-
ness course).

The indicators used in evaluating the effect of differ-
ent timings of BAL were as follows: (1) major indicator: 
recovery from illness (e.g., hospital and fever duration); 
(2) minor indicators: the need for advanced  life support 
procedures (such as mechanical ventilation, continuous 
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blood purification [CBP] and extracorporeal membrane 
oxygenation [ECMO]), development of pulmonary 
sequelae (PIBO and bronchiectasis), and outcomes (mor-
tality). Further, we compared the incidence of adverse 
events, such as epistaxis, airway mucosa bleeding, laryn-
geal edema, adverse drug reactions, transient fever, new 
need for oxygen, stridor, pneumothorax, and intubation, 
between the two BAL layer groups [13].

BAL under flexible bronchoscopy
Bronchoscopy and BAL for treatment were performed 
immediately after admission if there were no contraindi-
cations. Patients were prepared for bronchoscopy using 
inhalant lidocaine to minimize cough reflex, intrave-
nous midazolam for moderate sedation, and atropine 
for reduction of airway secretions. BAL was performed 
in the most affected area, identified radiologically and/or 
endoscopically. The lavage includes introduction of 3–5 
aliquots of sterile saline solution warmed to 37  °C, fol-
lowed by immediate aspiration. The saline was recovered 
by aspiration into a suction trap under negative pressure 

of 6.65–13.3 kPa (50–100 mmHg). The recovery volume 
of the BAL fluid was > 40%, which is acceptable.

Statistical analysis
Statistical analyses were performed using GraphPad 
Prism 8.0 (GraphPad Software Inc., San Diego, CA, 
USA). Data on continuous variables were skewed, and 
medians with ranges were used to express the summa-
rized data. The nonparametric Mann–Whitney test was 
used for the two-group analysis of continuous variables. 
Categorical variables were assessed using Fisher’s exact 
test. Statistical significance was set at p < 0.05.

Results
Patients’ baseline characteristics
A total of 134 patients (79 males and 55 females) were 
included in this study (Fig.  1), with a median age of 
36 months (range, 2–144 months). Of these patients, 70 
patients were diagnosed with mild adenovirus pneumo-
nia, and 64 patients were diagnosed with severe pneu-
monia. Compared to patients in the mild group, those in 

Fig. 1  Study flowchart
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the severe group were younger and had a longer duration 
of high fever. In addition, tachypnea, digestive symp-
toms, and changes in the level of consciousness were 
more frequent in the severe group than in the mild group 
(p < 0.05). The severe group had a higher probability of 
developing anemia and having high levels of lactate dehy-
drogenase (LDH) than the mild group (p < 0.05). Moreo-
ver, regarding radiological findings, patients in the mild 
group tend to have diffuse infiltrates or few areas of con-
solidation, while patients in the severe group tended to 
have multilobar consolidation and pleural effusion (Fig. 2 
and Table 1).

Clinical features in different layer according to the timing 
of BAL
Of the 70 patients in the mild group, 21 received BAL 
early and 49 patients received BAL later. Of the 64 
patients in the severe group, 21 patients received BAL 
early and 43 patients received BAL later. There was no 
significant difference between patients who received BAL 
early and those who received BAL later in the mild and 
severe groups in terms of demographic characteristics, 
respiratory manifestations (such as cough, moist crackles, 
and tachypnea), laboratory findings, and the proportion 
of severe manifestations on pulmonary imaging (such as 
consolidation and pleural effusion) (p > 0.05; Table 2).

Clinical responses to different timings of BAL in each group
The fever and hospital duration were shorter in patients 
who received BAL early than in those who received 
BAL later in the mild group (8 [5–11] days vs. 10 [5–18] 
days and 8 [6–12] days vs. 11 [6–19] days, respectively; 
p < 0.05 for both). However, there were no statistically 
significant differences in the fever and hospital dura-
tion between patients who received BAL early and 
those who received BAL later in the severe group (11 
[7–19] days vs. 11 [7–21] days and 12 [9–29] days vs. 
13 [8–34] days, respectively; p > 0.05 for both). Nota-
bly, patients who received BAL early required more 
mechanical  ventilation than those who received BAL 
later in the severe group (p < 0.05). However, there was 
no statistically significant difference in the need for 
other advanced life support procedures (such as contin-
uous blood purification and extracorporeal membrane 
oxygenation) between patients who received BAL early 
and those who received BAL later in the severe group 
(p > 0.05). In the severe group, 15 patients had left 
PIBO (Fig. 3), four patients had bronchiectasis, and two 
patients died. Furthermore, the incidence of pulmonary 
sequelae and mortality was not significantly different 
between patients who received BAL early and those 
who received BAL later in the severe group (p > 0.05; 
Table 3).

Fig. 2  Imaging features of patients with mild and severe adenovirus pneumonia. a High-resolution computed tomography (CT) of the chest on 
the day of admission revealing diffuse infiltration and few areas of consolidation in the right upper in a child with mild adenovirus pneumonia. b 
High-resolution CT of the chest on the day of admission revealing areas of airspace consolidation in the left lobes and lingual lobe in a child with 
severe adenovirus pneumonia
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Table 1  Characteristics of mild and severe adenovirus pneumonia patients on admission

WBC: White blood cells; HGB: Hemoglobin; HsCRP: High-sensitivity C-reactive protein; LDH: Lactate dehydrogenase

The bold means p < 0.05, which had statistical significance

Variable Total
(n = 134)

Mild group
(n = 70)

Severe group
(n = 64)

P value

Demographic

Age (months), median(range) 36 (2–144) 42 (2–132) 32 (3–144) 0.0022
Gender, male (%) 79 (58.96) 41 (58.57) 38 (59.38)  > 0.9999

Signs and symptoms

Fever, no. (%) 134 (100.00) 70 (100.00) 64 (100.00)  > 0.9999

Cough, no. (%) 124 (92.54) 64 (91.43) 60 (93.75) 0.7469

Moist crackles, no. (%) 96 (71.64) 52 (74.29) 44 (68.75) 0.5658

Tachypnea, no. (%) 45 (33.58) 0 (0.00) 45 (70.31)  < 0.0001
Digestive symptoms, No. (%) 21 (15.67) 4 (5.71) 17 (26.56) 0.0015
Change in consciousnessa, no. (%) 9 (6.72) 0 (0.00) 9 (14.06) 0.0009
Laboratory findings

WBC(× 109/L) (5–12), median (range) 7.1 (1.3–25.1) 7.1 (2.9–18.3) 7.2 (1.3–25.1) 0.9248

HGB (g/L) (105–145), median(range) 113 (56–145) 115.5 (64–136) 105.5 (56–145) 0.0008
HsCRP (mg/L) (< 5), median (range) 21.46 (0.3–250.3) 19.61 (0.5–182.9) 25.09 (0.3–250.3) 0.8568

LDH (U/L) (159–322), median (range) 470 (186–3440) 404 (186–980) 552 (217–3440)  < 0.0001
Pulmonary imaging manifestations

Consolidation, no. (%) 84(62.69) 31 (44.29) 53(82.81) 0.0004
Pleural effusion, no. (%) 32 (23.88) 6 (8.57) 26 (40.63)  < 0.0001
Pneumothorax, no. (%) 1 (0.75) 0 (0.00) 1 (1.56) 0.4776

Table 2  Clinical characteristics of children with mild and severe adenovirus pneumonia according to the timing of BAL on admission

WBC: White blood cells; HGB: Hemoglobin; HsCRP: High-sensitivity C-reactive protein; LDH: Lactate dehydrogenase

Variable Mild group
(n = 70)

Severe group
(n = 64)

Early BAL (n = 21) Late BAL (n = 49) P value Early BAL (n = 21) Late BAL (n = 43) P value

Demographic

Age (months), median (range) 44(4–96) 40(2–132) 0.6470 31(4–96) 32(3–144) 0.6601

Gender, male (%) 12(57.14) 29(59.18)  > 0.9999 13(61.90) 25(58.14)  > 0.9999

Signs and symptoms

Fever, no. (%) 21(100.00) 49(100.00)  > 0.9999 21(100.00) 43(100.00)  > 0.9999

Cough, no. (%) 19(90.48) 45(91.84)  > 0.9999 20(95.24) 40(93.02)  > 0.9999

Moist crackles, no. (%) 15(71.43) 37(75.51) 0.7696 15(71.43) 29(67.44)  > 0.9999

Tachypnea, no. (%) 0(0.00) 0(0.00)  > 0.9999 15(71.43) 30(69.77)  > 0.9999

Laboratory findings

WBC(× 109/L) (5–12), median (range) 7.1(3.6–17.1) 7.0(2.9–18.3) 0.5078 7.1(1.5–25.1) 7.3(1.3–21.6) 0.4624

HGB (g/L) (105–145), median (range) 112(99–130) 117(64–136) 0.6103 105(66–145) 106(56–132) 0.3684

HsCRP (mg/L) (< 5), median(range) 18.6(0.5–167.5) 20.4(0.92–182.9) 0.6228 25.09 (2.52–235.4) 27.6(0.3–250.3) 0.0921

LDH(U/L) (159–322), median (range) 362(258–866) 425(186–980) 0.3874 570(266–2422) 674 (217–3440) 0.4033

Pulmonary imaging manifestations

Consolidation, no. (%) 8(38.10) 23(46.94) 0.6026 16(76.19) 37(86.05) 0.3595

Pleural effusion, no. (%) 1(4.76) 5(10.20) 0.6607 7(33.33) 19(44.19) 0.4329

Pneumothorax, no. (%) 0 (0.00) 0 (0.00)  > 0.9999 0 (0.00) 1(2.33)  > 0.9999
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Security and adverse events
The incidence of common BAL complications  (during 
and after the procedure) was not significantly different 
between patients who received BAL early and those who 
received BAL later in the mild group (p > 0.05). Some 
BAL complications, such as increased need for oxygen 
and intubation, were more common in patients who 
received BAL early than in those who received BAL later 
in the severe group (p < 0.05; Table 4).

Discussion
HAdV plays an important role in the development of 
respiratory infections in children, accounting for 2–5% 
of all respiratory illnesses and 4%–10% of pneumonia 
cases [14, 15]. Although most cases are mild and indis-
tinguishable from other viral causes, pneumonia caused 
by HAdV can be severe or even fatal, and it is associated 

with the highest risk of long-term respiratory seque-
lae among viral causes of pneumonia [16]. Currently, no 
specific therapy has demonstrated efficacy in the treat-
ment of adenovirus pneumonia [17]. FOB with BAL has 
now become an important diagnostic and therapeutic 
procedure for respiratory diseases, including adenovirus 
pneumonia [18]. There is paucity of data on BAL for the 
treatment of adenovirus pneumonia in children. In this 
retrospective study of 134 subjects treated with BAL for 
adenovirus pneumonia at our hospital, we preliminarily 
assessed the potential efficacy and safety of BAL in pedi-
atric patients with HAdV pneumonia.

The clinical manifestations of adenovirus pneumonia 
in children are nonspecific [2]. In our cases, children 
with severe adenovirus pneumonia showed serious clini-
cal symptoms, longer fever and hospital duration. Ane-
mia and high levels of lactate dehydrogenase were the 

Fig. 3  High-resolution computed tomography scan of the chest during follow-up showing bilateral mosaic ground-glass patterns with air trapping 
in a 22-month-old child with severe adenovirus pneumonia

Table 3  Clinical responses of children with mild and severe adenovirus pneumonia according to the timing of BAL in the study

CBP: continuous blood purification; ECMO: extracorporeal membrane oxygenation; PIBO: post-infectious bronchiolitis

The bold means p < 0.05, which had statistical significance

Variable Mild group (n = 70) Severe group (n = 64)

Early BAL
(n = 21)

Late BAL
(n = 49)

P value Early BAL
(n = 21)

Late BAL
(n = 43)

P value

Major indicators

Fever duration (days), median (range) 8(5–11) 10(5–18) 0.0287 11(7–19) 11(7–21) 0.2670

Length of stay (days), median (range 8(6–12) 11(6–19) 0.0006 12(9–29) 13(8–34) 0.2893

Minor indicators

Advanced life support

Mechanical ventilation, No. (%) 0(0.00) 0(0.00)  > 0.9999 5(23.81) 2(4.65) 0.0335
CBP, No. (%) 0(0.00) 0(0.00)  > 0.9999 0(0.00) 1(2.33)  > 0.9999

ECMO, no .(%) 0(0.00) 0(0.00)  > 0.9999 1(4.76) 2(4.65)  > 0.9999

Pulmonary sequelaes

PIBO, No. (%) 0(0.00) 1(2.04)  > 0.9999 5(23.81) 10(23.26)  > 0.9999

Bronchiectasis, no. (%) 0(0.00) 0(0.00)  > 0.9999 1(4.76) 3(6.98)  > 0.9999

Outcomes

Mortality, no. (%) 0(0.00) 0(0.00)  > 0.9999 1(4.76) 1(2.33)  > 0.9999
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frequently observed laboratory findings in patients with 
severe disease. The imaging findings in the severe cases 
were lung consolidation, emphysema, and pleural effu-
sion. In particular, five patients were found to have plastic 
bronchitis through FOB. Therefore, FOB with BAL is an 
important, indispensable tool in assessing the structure 
and function of the lower airways and in relieving pul-
monary obstructive and infiltrative lesions in pediatric 
patients with adenovirus pneumonia. However, there has 
been no research on the curative effect and the timing of 
BAL in children with adenovirus pneumonia.

We compared the different effects of BAL on the recov-
ery of children with mild HAdV pneumonia (mild group) 
between the two layer groups (patients who received 
BAL within 9  days of the illness course and those who 
received BAL after 9  days  of the illness course). The 
duration of fever and hospital duration was significantly 
shorter in patients who received BAL early than in those 
who received BAL later in the mild group (p > 0.05). All 
patients recovered without advanced  life  support, and 
only one patient developed pulmonary sequelae (PIBO). 
The incidence of operative complications of BAL was 
not significantly different between patients who received 
BAL early and those who received BAL later in the mild 
group (p > 0.05). Thus, BAL at an early stage (within 
10  days of fever onset) is  conducive  for shortening the 
duration of fever and reducing the length of hospital stay 
without increasing operational risk.

In contrast, there was no significant difference in the 
duration of fever and hospital stay between patients 
who received BAL early and those who received BAL 
later in the severe group (p > 0.05). Furthermore, the 
need for advanced  life  support procedures (continu-
ous blood purification and extracorporeal membrane 
oxygenation), the incidence of pulmonary sequelae, 

and mortality were not significantly different between 
patients who received BAL early and those who 
received BAL later in the severe group (p > 0.05). How-
ever, the need for mechanical ventilation was greater 
(p < 0.05) and some operative complications of BAL, 
such as increased oxygen need and intubation, were 
more common in patients who received BAL early than 
in those who received BAL later in the severe group 
(p < 0.05). There were two cases of pneumothorax 
among patients who received BAL early in the severe 
group. Therefore, early administration of BAL would 
not shorten the course of the disease or improve the 
prognosis and may increase the chance of mechanical 
ventilation and the occurrence of operational complica-
tions in severe cases. HAdV causing severe pneumonia 
can induce a more robust inflammatory cytokine storm 
that is quickly released at an early stage, and excessive 
inflammatory response can give rise to necrotizing 
bronchitis and diffuse alveolar damage in the bronchi-
oles [19, 20]. Therefore, even if early BAL is performed, 
it is ineffective in improving the prognosis. Many chil-
dren with severe adenovirus pneumonia experience 
rapid breathing and even hypoxia in the acute stage due 
to extensive lung damage. FOB with BAL itself might 
cause airway blockage airway trauma and tracheal 
spasm, resulting in operational risks such as hypoxemia 
or required mechanical ventilation [21]. Additionally, 
patients in the severe group were younger than those 
in the mild group. These factors result in poor tolerance 
to BAL and increases the risks of complications.

This study has few limitations. First, it was a ret-
rospective study. Second, this study included a small 
number of subjects. Therefore, a larger prospective 
study is needed to confirm the role of BAL in adeno-
virus pneumonia. However, this study is the first to 
explore the clinical effect and safety of BAL in pediatric 

Table 4  Common complications of bronchoscopic alveolar lavage

The bold means p < 0.05, which had statistical significance

Complications Mild group
(n = 70)

Severe group
(n = 64)

Early BAL
(n = 21)

Late BAL
(n = 49)

P value Early BAL
(n = 21)

Late BAL
(n = 43)

P value

Epistaxis, no (%) 2(9.52) 3(6.12) 0.6324 2(9.52) 3(6.98)  > 0.9999

Airway mucosa bleeding, no. (%) 1(4.76) 2(4.08)  > 0.9999 1(4.76) 3(6.98)  > 0.9999

Laryngeal edema, No. (%) 0(0.00) 1(2.04)  > 0.9999 1(4.76) 2(4.65)  > 0.9999

Adverse drug reactions, no. %) 0(0.00) 0(0.00)  > 0.9999 0(0.00) 0(0.00)  > 0.9999

Transient fever, no. (%) 2(9.52) 2(4.08) 0.5780 2(9.52) 3(6.98)  > 0.9999

New need for oxygen, no. (%) 0(0.00) 1(2.04)  > 0.9999 7(33.33) 4(9.30) 0.0308
Stridor, no. (%) 0(0.00) 1(2.04)  > 0.9999 1(4.76) 2(4.65)  > 0.9999

Pneumothorax, no. (%) 0(0.00) 0(0.00)  > 0.9999 2(9.52) 0(0.00) 0.1042

Intubation, no. (%) 0(0.00) 0(0.00)  > 0.9999 5(23.81) 2(4.65) 0.0335
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patients with adenovirus pneumonia to provide the ref-
erential data for clinical treatment.

Conclusions
In conclusion, FOB with BAL is an important treatment 
for adenovirus pneumonia. Early application of BAL may 
provide greater benefits in mild adenovirus pneumonia. 
On the other hand, early BAL for severe cases may not 
shorten the disease course but increase the risk of com-
plications, especially mechanical ventilation. Further 
large prospective studies are required.
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