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Abstract

Background: Previous studies have demonstrated an association between adenovirus viremia and disease severity
in immunocompromised children. However, few studies have focused on this association in immunocompetent
children. This study explored the association between adenovirus viremia and adenovirus pneumonia severity in
immunocompetent children.

Methods: We performed a retrospective, observational study of immunocompetent children with adenovirus
pneumonia admitted to Shenzhen Children’s Hospital in Shenzhen, China. Pneumonia was classified as severe or
mild based on the Chinese guideline for the classification of pneumonia severity. Serum samples from all the
children included in the study were tested for adenovirus DNA with a quantitative polymerase chain reaction.
Clinical manifestations, laboratory examinations, and disease severity were compared between children with severe
and mild pneumonia.

Results: A total of 111 immunocompetent children with adenovirus pneumonia (60 severe, 51 mild) were included.
The median age was 40 months, and 64 patients were male. Five patients were admitted to the intensive care unit,
and two underwent endotracheal intubation. All patients were discharged after recovery or improvement.
Univariate analysis and binary logistic regression analysis showed that leukocytosis (OR=1.1; 95% Cl: 1.0 to 1.2; P=
0.033), co-infection with Mycoplasma pneumoniae (OR =5.0; 95% Cl: 2.1 to 12.3; P< 0.001), and high blood viral
load (OR=1.5; 95% Cl: 1.2 to 2.0; P=0.001) may be risk factors for severe adenovirus pneumonia.

Conclusions: Leukocytosis, co-infection with Mycoplasma pneumoniae, and high blood viral load may be risk factors
for severe adenovirus pneumonia in immunocompetent children. Blood viral load may predict pneumonia severity.
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Background

Early in 1998, a retrospective study of disseminated
adenovirus disease in immunocompromised and immuno-
competent children found that viremia and prolonged
viral shedding were more common in immunocomprom-
ised children, although the clinical features and outcomes
were similar [1]. Since 2001, quantitative polymerase chain

* Correspondence: szsetyydeng@sina.com
Department of Infectious Diseases, Shenzhen Children’s Hospital, Shenzhen,
China

K BMC

reaction (PCR) has been widely used to detect the adeno-
virus DNA in the blood of immunocompromised children
[2]. Previous studies have demonstrated an association be-
tween adenovirus viremia and the risk of both dissemi-
nated disease and mortality [3—5]. However, few studies
have explored the role of adenovirus viremia in immuno-
competent children.

In June 2019, a guideline for the diagnosis and treat-
ment of adenovirus pneumonia in children was pub-
lished in China in response to an outbreak of human
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adenovirus infections [6]. An increased number of im-
munocompetent children with severe adenovirus pneu-
monia were observed. Possible risk factors for severe
adenovirus pneumonia, including viremia, were pre-
sumed based on studies of immunocompromised chil-
dren with adenovirus infections but have not been
confirmed in immunocompetent children [3-5]. Little is
known about the role of adenovirus viremia in immuno-
competent children with adenovirus pneumonia.

In this study, we report the clinical characteristics of
adenovirus pneumonia in immunocompetent children
and explore the role of adenovirus viremia. We also
identify possible risk factors for severe adenovirus pneu-
monia in immunocompetent children.

Methods

Study design

This study was a retrospective, observational study con-
ducted in Shenzhen Children’s Hospital, a 1300-bed
tertiary care facility in Shenzhen, China. The study
population consisted of all consecutive patients with
acute respiratory symptoms hospitalized between May
2019 and August 2019. Children with an immunofluor-
escence assay or PCR test with respiratory tract speci-
mens that was positive for adenovirus and radiographic
findings of pneumonia were included. Children with any
of the following factors were excluded: classified in the
new-born age group; infection with HIV; leukaemia;
known or suspected active tuberculosis; use of immuno-
suppressive agents; immunodeficiency; chemotherapy;
and chronic conditions (malnutrition, congenital heart
disease; chronic lung disease).

Classification of pneumonia severity

The classification of pneumonia severity was based on
the criteria in the community-acquired pneumonia
guideline in China [7]. Based on the clinical symptoms
and chest imaging findings, patients were divided into a
severe pneumonia group and a mild pneumonia group.
Severe cases were identified on the basis of the presence
of at least one of the following signs: disturbance of
consciousness, significant tachypnea (respiratory rate >
70 breaths per minute in infants and >50 breaths per
minute in older children), cyanosis, dyspnoea, oxygen
saturation < 92%, extrapulmonary complications, dehy-
dration, refusal to eat, and severe chest imaging findings
(pneumothorax, pleural effusion, pulmonary atelectasis,
or multilobe infiltrates).

Data collection and management

The clinical variables were measured every day during
hospitalization. Blood draws were performed during
hospitalization as needed to guide management deci-
sions. Demographic information (age and sex), signs and
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symptoms (temperature, blood pressure, pulse and re-
spiratory rate, cough, tachypnea, cyanosis, etc.), labora-
tory results (haematology, organ function, pathogen
tests, etc.), chest imaging results including chest x-ray
and computed tomography (CT), bronchoscopy results,
treatments (oxygen supplementation, endotracheal in-
tubation, antimicrobial agent administration, etc.) and
outcome (survival, death, recovery or discharge against
medical advice) were recorded. Mycoplasma pneumoniae
(MP) co-infection was defined as a PCR test of an oro-
pharyngeal swab sample or bronchoalveolar lavage fluid
(BALF) that was positive for MP DNA during
hospitalization. Viral co-infection was defined as an anti-
gen or PCR test of a nasopharyngeal swab sample or
BALF that was positive for other viruses during
hospitalization. Bacterial co-infection was defined as
positive culture of a single type of bacteria in blood or
respiratory tract specimens (sputum, endotracheal aspir-
ate, or BALF) during hospitalization. Fungal co-infection
was defined as a positive test for fungi (antigen, anti-
body, or culture) in blood or respiratory tract specimens
with symptoms and chest imaging findings suggestive of
fungal infection.

Sample management and adenovirus detection

All samples were transported to the laboratory within 4
h. Respiratory tract samples were tested for adenovirus
with the D3° UltraTM DFA Respiratory Virus Screening
and ID Kit (Diagnostic Hybrids, Inc, USA) or the
Adenovirus DNA Detection Kit (Shenzhen Puruikang
Biotech Co., Ltd). Serum samples were stored at — 80 °C
until the adenovirus PCR analysis. Quantification of the
adenovirus load in the serum samples was performed
with a commercial fluorescence quantitative PCR kit
(Daan Gene, Cat. Guangzhou, China) following the
protocol provided by the manufacturer. The limit of
detection (LOD) was 500 copies/mL.

Statistical analysis

We performed a univariate correlation analysis of demo-
graphic and laboratory variables to determine the statis-
tical significance of the pairwise associations between
the severe and mild pneumonia groups. The Mann-
Whitney test and chi-square test were used for quantita-
tive and qualitative variables, respectively. We further
performed binary logistic regression analysis to identify
independent demographic and laboratory risk factors for
severe pneumonia.

The loglO-transformed concentration of the serum
viral load was used as the independent variable in the
analysis. Serum viral loads below the LOD were assigned
a viral load value of 1 copy/mL (0 logl0 copies/mL).
Continuous variables are summarized as the means
(standard deviation, SD) when they were normally
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distributed and as the medians (interquartile range, IQR)
if they had a skewed distribution. Sex, age, highest white
blood cell (WBC) count during hospitalization, MP
co-infection, influenza virus co-infection, and highest
serum viral load during the disease course were used
as independent variables. Data analysis was performed
with SPSS 26.0 software. All P-values were two-tailed,
and P< 0.05 was considered to indicate statistical
significance.

Results

Between May 1, 2019, and August 31, 2019, 111 im-
munocompetent children with adenovirus pneumonia
(60 severe, 51 mild) were admitted to the hospital, and
all were included (Table 1). The median age was 40
months (IQR 22-64), and 64 patients were male. Bron-
choscopy was performed in 47 severe cases and 7 mild
cases, where plastic bronchitis was found in 12 severe
cases. Five patients were admitted to the intensive care
unit (ICU), and two of them underwent endotracheal in-
tubation. None of the patients received anti-adenovirus
treatment. All patients were discharged after recovery or
improvement.

Tests for 7 respiratory viruses (influenza A, influenza
B, respiratory syncytial virus, adenovirus, and parainflu-
enza 1, parainfluenza 2, and parainfluenza 3 viruses), a
test for MP, and bacterial cultures were performed in all
the patients. Fungal tests were performed in 2 patients
whose chest CT findings suggested fungal infections.
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One patient had a positive BALF culture for Aspergillus,
and the other patient had a positive antibody test for
Aspergillus. Evidence of a viral, bacterial, or fungal co-
infection was found in 73 patients (Table 1). None of the
patients had positive blood cultures for bacteria or fungi.

In mild cases, the blood viral load ranged from 0 to
4.54 logl0 copies/mL (IQR 0-0). In severe cases, the
blood viral load ranged from 0 to 6.78 loglO copies/mL
(IQR 0-4.255). The highest blood adenovirus load was
observed in a 2-year-old boy with severe pneumonia,
plastic bronchitis, pneumothorax, and fungal co-
infection. He underwent endotracheal intubation. PCR
assays to determine the presence of adenovirus in the
blood were performed on the 26th, 29th, and 39th days
after disease onset (18th, 21st, and 31st days of
hospitalization). The blood viral loads were 6.78 logl0
copies/mL, 6.38 logl0 copies/mL, and negative, respect-
ively. The reduction in viral load paralleled his clinical
recovery, which was also observed in the other 6 patients
whose blood viral loads were continuously monitored
(Fig. 1). Among the 12 patients with plastic bronchitis,
eight developed viremia. Among the five patients admit-
ted to the ICU, three developed viremia. The two pa-
tients who underwent endotracheal intubation had the
highest and 3rd highest blood viral loads, that is, 6.78
logl0 copies/mL and 6.09 logl0 copies/mL, of all the
blood viral load results in this study.

We identified demographic and laboratory test vari-
ables that were significantly associated with severe

Table 1 Characteristics of Immunocompetent Children with Adenovirus Pneumonia According to Disease Severity

Characteristics Severe Group Mild Group P Value
(n=60) (n=51)
Demographics
Male, n (%) 32 (53%) 32 (63%) 0317
Age, months (IQR) 35 (21-50) 48 (24-72) 0.052
Clinical features, n (%)
Bronchoscopy 47 (78%) 7 (14%) -
Plastic bronchitis 12 (20%) 0 -
ICU admission 5 (8%) 0 -
Laboratory tests
WBC count, 10%/L (IQR) 12.86 (8.10-16.77) 10 .30 (7.10-14.14) 0.034
CRP, mg/L (IQR) 33.64 (12.23-68.98) 26.20 (11.70-43.70) 0.091
Co-infection, n (%) 48 (80%) 25 (49%) 0.001
Fungal co-infection, n 2 0
Bacterial co-infection, n (%) 4 (7%) 4 (8%) 1.000
RSV co-infection, n (%) 4 (7%) 2 (4%) 0.829
Influenza virus co-infection, n (%) 12 (20%) 7 (14%) 0382
MP co-infection, n (%) 42 (70%) 18 (35%) < 0.001
Viremia, n (%) 30 (50%) 12 (24%) 0.004
Blood viral load, log10 copies/mL (IQR) 1.385 (0-4.255) 0 (0-0) 0.001
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adenovirus pneumonia. The chi-square test and Mann-
Whitney test showed there were significant differences
in the WBC count (12.86 x 10°/L vs 10.30 x 10°/L; P =
0.034), co-infection (80% vs 49%; P = 0.001), co-infection
with MP (70% vs 35%; P< 0.001), the presence of
viremia (50% vs 24%; P = 0.004), and the blood viral load
(1.385 logl0 copies/mL vs 0 logl0 copies/mL; P =0.001)
in severe and mild cases.

We performed a binary logistic regression analysis of
the following predictors: WBC count, co-infection with
MP, and blood viral load (Table 2). In the binary logistic
regression analysis, leukocytosis (OR =1.1; 95% CI: 1.0
to 1.2; P=0.033), co-infection with MP (OR =5.0; 95%
CL: 2.1 to 12.3; P< 0.001), and a high blood viral load
(OR=1.5; 95% CI: 1.2 to 2.0; P=0.001) were identified
as risk factors for severe adenovirus pneumonia.

As co-infection was common among patients in the
study and it could affect the predictive value of viremia
for disease severity, we also compared the demographics
and laboratory test results among the 38 patients with-
out co-infections using Fisher’s exact test and the Mann-
Whitney test (Table 3). In the mild pneumonia group,
the blood viral load ranged from 0 to 4.54 logl0 copies/
mL (IQR 0-2.638). In the severe pneumonia group, the
blood viral load ranged from 0 to 6.13 loglO copies/mL
(IQR 0-4.043). The blood viral load was significantly
higher in the severe group.

Discussion

From May to August 2019, an outbreak of adenovirus
infection occurred in China. Our attention was caught
by a common and severe complication of adenovirus in-
fection, namely, adenovirus pneumonia. Because the se-
verity of adenovirus pneumonia in children varies, we
explored tools that could be used to predict the severity
of this disease and guide management decisions. A pre-
vious study of immunocompetent children showed that
adenovirus load in respiratory tract secretions was a pre-
dictor of the severity of adenovirus pneumonia [8].
Other previous studies in immunocompromised children
have demonstrated an association between adenovirus
viremia and disease severity [3-5]. It was not clear
whether the adenovirus load in the blood could predict
adenovirus pneumonia severity in immunocompetent
children.

In a study involving 4319 children with respiratory
tract infections and 361 controls, 16.4% of the 61 avail-
able plasma samples were positive for adenovirus DNA,
and they were all from children with infections [9].
There was no comparison made between severe cases
and mild cases. In our study, 38% of the patients devel-
oped viremia. The blood viral load in severe cases was
also significantly higher than that in mild cases, suggest-
ing a positive correlation between the serum viral load
and disease severity. Binary logistic regression analysis

Table 2 Risk Factors for Severe Adenovirus Pneumonia in Immunocompetent Children

Severe Group Mild Group P Value 0Odds Ratio (95% ClI)
(n=60) (n=51)

WBC count, 10%/L (IQR) 12.86 (8.10-16.77) 1030 (7.10-14.14) 0.033 1.1 (1.0-1.2)

MP co-infection, n (%) 42 (70%) 18 (35%) < 0.001 50 (21-123)

Blood viral load, log10 copies/mL (IQR) 1.385 (0-4.255) 0 (0-0) 0.001 1.5 (1.2-2.0)
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Table 3 Characteristics of Immunocompetent Children with Pneumonia Caused by single Adenovirus Infection
Characteristics Severe Group Mild Group P Value
(n=12) (n=26)
Demographics
Male, n (%) 9 (75%) 15 (58%) 0472
Age (months), IQR 23 (15-42) 41 (22-65) 0.113
Laboratory tests
WBC count (10%/L), IQR 12.51 (6.07-18.10) 10 40 (6.75-14.51) 0.683
CRP (mg/L), IOR 25.75 (16.50-51.33) 2745 (19.95-48.33) 0.962
Viremia, n (%) 8 (67%) 11 (42%) 0.295
Blood viral load (log10 copies/mL), IQR 3,675 (0-4.043) 0 (0-2.638) 0.022

confirmed the predictive value of the serum viral load
for adenovirus pneumonia severity.

In another study of 196 immunocompetent children with
adenovirus respiratory tract infections, adenovirus was de-
tected in the blood in 33% of the patients, and there was no
difference in ICU admission between the groups with and
without viremia [10]. In our study, five patients were admit-
ted to the ICU, and three of them developed viremia. The
two patients who underwent endotracheal intubation had
the highest and 3rd highest blood viral loads. Although our
findings with regard to ICU admission were not compar-
able with those in the previous study due to the small sam-
ple size, they suggested an association between blood viral
load and disease severity in patients in the ICU.

In a case series of adenovirus viremia in previously
healthy children, a high level of viremia was detected in an
adenovirus culture-positive 6-month-old girl with pneu-
monia, conjunctivitis and hepatitis. The subsequent reduc-
tion in viral load paralleled her clinical recovery [11].
Another study of 15 immunocompetent adults with
adenovirus pneumonia also showed that the clinical mani-
festations recovered gradually as the viral load in the
blood samples decreased [12]. In our study, seven patients
recovered as their blood viral loads decreased, which was
consistent with the finding in the previous study.

Our study also identified other possible risk factors for
severe adenovirus pneumonia. Previous studies of adeno-
virus pneumonia suggested that male sex, young age,
leukocytosis, and elevated C-reactive protein (CRP) levels
were associated with severe pneumonia [13-15]. In our
study, male patients were more common in mild cases,
which was different from the finding in the previous study.
Additionally, although severe cases in our study tended to
be younger and have higher CRP levels, there were no sig-
nificant differences in univariate analyses. Only leukocytosis
was significantly associated with severe adenovirus pneu-
monia, which was consistent with previous studies.

Co-infection with MP has been proposed as a factor in-
volved in the development of severe respiratory infections
since 1995 [16]. A recent case-control study in China

confirmed that children with MP and adenovirus co-
infection had relatively more severe cases than children
with MP infections alone [17]. In our study, MP co-
infection was common. Logistic regression analysis sug-
gested that it was significantly related to severe adenovirus
pneumonia, which was consistent with previous studies.

Co-infection with other pathogens may worsen adeno-
virus pneumonia and make it difficult to evaluate the pre-
dictive value of adenovirus viremia with regard to disease
severity. Therefore, we performed a comparison among
the 38 patients with pneumonia caused by adenovirus
alone. Although the WBC count and number of patients
with viremia were not significantly higher in the severe
pneumonia group, possibly due to the relatively small
sample size, the blood viral load was still significantly
higher. This confirmed the predictive value of the blood
viral load for the severity of adenovirus pneumonia.

This study has limitations due to its retrospective nature
and small sample size. First, a qualitative PCR assay was
used to detect adenovirus in respiratory tract specimens
during the outbreak. The respiratory tract samples were
not saved, making the viral load unclear. Therefore,
adenovirus viral loads between respiratory tract samples
and blood samples could not be compared. Second, typing
of the adenovirus in the blood was not performed due to
the insufficiency of the remaining blood samples. Third,
an MP PCR assay targeting DNA was used to detect MP,
which made it difficult to differentiate patients with active
infections from carriers. Detection of MP RNA or paired
sera antibody tests would have provided further evidence
of active MP infections. Fourth, the sample size of patients
without co-infections was small. The statistical analysis
would be more accurate if the sample size was larger.

Conclusions

Leukocytosis, co-infection with Mycoplasma pneumo-
niae, and a high blood viral load may be risk factors for
severe adenovirus pneumonia in immunocompetent
children. The blood viral load may predict pneumonia
severity.
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