Clinical characteristics of adenovirus associated lower
respiratory tract infection in children
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Background: Acute lower respiratory tract infection
(ALRI) due to adenovirus infection is a low frequency
event but often causes severe outcome. This study was
undertaken to uncover the clinical and epidemiological
features of adenovirus infection in children.

Methods: Hospitalized children with ALRI were
analyzed through continuous monitoring from 2006 to
2012. Nasopharyngeal aspirates were examined by direct
immunofluorescence to detect respiratory agents including
respiratory syncytial virus, adenovirus, influenza virus types
A/B, parainfluenza virus types 1/2/3. Chlamydia pneumonia,
Mpycoplasma pneumonia and Chlamydia trachomatis were
determined by real-time PCR. A retrospective analysis was
made of 479 patients with positive infection of adenovirus.

Results: The positive detection rate of adenovirus
was 0.63% in patients with ALRI. The incidence rate
of adenovirus-associated acute lower respiratory tract
infection peaked at the second six months of life. The
morbidity was much higher in winter, spring and summer
than in autumn. Patients with pneumonia accounted for
73.90% of the patients. More than one-third of the patients
developed severe pneumonia, whereas no death was found.
Features of severe adenovirus-associated lower respiratory
tract infection included persistent high fever with serious
infective symptoms, and hepatic dysfunction was one of the
most common complications. Mixed infection of atypical
pathogens was common (18.58%) in this study.

Conclusions: Adenovirus is a critical pathogen
that can cause severe respiratory infections even in
immunocompetent children. Coinfection of adenovirus with
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atypical pathogens is common. Antibiotic treatment with
azithromycin or erythromycin is necessary in patients with
mixed infection of atypical pathogens.
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Introduction

nfection with adenovirus occurs worldwide and
Ihas been associated with 3%-5% of cases of acute

lower respiratory tract infection (ALRI) in infants
and children."”! Although the positive detection rate of
adenovirus in patients with respiratory infection is low,
its fatal infections in immunocompromized patients arise
considerable attention of pediatricians."*”’ Currently, there
are no drugs or vaccines available for the treatment of
adenovirus infection. The condition of mixed infection of
atypical pathogens in patients with adenovirus infection
remains less understood, not to mention whether severe
form of respiratory illness in adenovirus infected patients is
related to this co-infection state. Here we investigated the
clinical features of adenovirus associated ALRI as well as
the co-infection state of adenovirus with mycoplasma and
chlamydia in hospitalized children, which may provide us
a basis for early clinical diagnosis or forecasting the severe
condition of adenovirus infection.

Methods

Patients

The study was performed from July 2006 to June 2012
at the Children's Hospital, Zhejiang University School
of Medicine. Children hospitalized for ALRI were
enrolled in this study. Recognition of pediatric ALRI
was based on the diagnosis of bronchitis, bronchiolitis
and pneumonia.

Clinical manifestations of ALRI
ALRI was defined as respiratory symptoms lasting
less than 3 weeks. Patients with chronic lung or heart
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diseases, and primary or secondary immunodeficiency
were excluded. Physicians categorized the patients into
groups of lower and upper respiratory tract infections
according to the clinical manifestations described in the
Nelson Textbook of Pediatrics.” Chart review collected
by physicians was classified in two clinical ALRI
episodes: non-severe ALRI and severe ALRI. The
severity of ALRI was defined according to the World
Health Organization criteria (Table).””! Children who
met >1 major or >2 minor criteria were considered as
having severe pneumonia.

Specimens

Nasopharyngeal samples were collected on admission
by inserting a nasogastric tube into the nasopharynx
and aspirating with a vacuum constriction device. The
aspirates were then made into slides, each of which
should have at least 20 exfoliative cells. The aspirates
were placed in a universal transport medium and stored
at 4°C until being sent to the central laboratory of the
hospital for analysis.

Table. Criteria for severity of acute lower respiratory tract infection in
children

Criteria

Major criteria Invasive mechanical ventilation
Fluid refractory shock
Acute need for NIPPV
Hypoxemia

Minor criteria Respiratory rate higher than the World Health
Organization classification for age

Apnea

Increased work for breathing
(retractions, dyspnea, nasal flaring)

PaO2/FiO: ratio <250

Multilobar infiltrates

Altered mental status

Hypotension

Presence of effusion

Unexpected metabolic acidosis

NIPPV: noninvasive positive pressure ventilation; FiO,: function of

inspired oxygen; PaO,: arterial oxygen pressure.
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Fig. The constitution of different age in adenovirus positive lower
respiratory tract infection.

Detection of viral antigens and atypical pathogens
Adenovirus, influenza A, influenza B, parainfluenza-type
1, 2, 3 and respiratory syncytial virus were identified
qualitatively by the Chemicon immunofluorescence
assay (IFA, respiratory viruses panel and identification
kit). The slides were examined under magnification
of 200 times with a fluorescent microscopy. Positive
staining was represented by the presence of at least two
intact cells with a type of fluorescent for certain virus.
Atypical pathogens (Chlamydia pneumonia, Mycoplasma
pneumonia, Chlamydia trachomatis) in nasopharyngeal
aspirates and broncho-alveolar lavage fluid were detected
using real-time PCR following the manufacturer's
instructions (CP/MP/CT Fluorescent Polymerase Chain
Reaction Diagnostic Kit).

Bronchoscopy and broncho-alveolar lavage procedure
Fiberoptic bronchoscopy was considered in patients
with large patchy of pneumonia and persistent high
fever for >7 days. Flexible fiberoptic bronchoscopy was
performed in 55 patients who had severe symptoms
with suspected mucus obstruction of airways, persistent
atelectasis, and/or persistent infiltrates. Broncho-
alveolar lavage was performed either in an area most
prominently affected on the chest radiographs or
sputum obstruction in the airway. Boluses of 1 mL/kg
of sterile, nonbacterio-static saline at room temperature
were instilled through the instrumentation channel."
The broncho-alveolar lavage fluid was gently aspirated
immediately after each aliquot and collected in a sterile
container and immediately placed on 4°C.

Statistical analysis

All statistical analyses were performed using SPSS
software (version 16). Data were presented as the
percentage or mean+SD. The Poisson method was used
to compare between-group differences. A P value less
than 0.05 was considered statistically significant.

Results

Demographics

During the study period, we investigated 76 518
patients with ALRI, of which 479 were confirmed with
adenovirus infection (a positive isolation rate of 0.63%).
Of the 479 patients, 331 were boys and 148 girls (a
male-female ratio of 2.24:1). The age distribution of
adenovirus-ALRI is shown in the Fig. The hospitalized
children with adenovirus-ALRI ranged from one month
to 172 months, with a median age of 16 months. The
highest occurrence of adenovirus-ALRI was in the
first year of life and peaked at the second six months
(55.32%).
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Clinical features of adenovirus-ALRI

In all patients with adenovirus-ALRI, those with
pneumonia accounted for 73.90% and the rest had
tracheobronchitis or laryngotracheitis. Over 90%
of the patients had fever with irregular patterns (the
temperature curve was intermittent without certain
rule) and most of them had a high fever (>39°C)
persisting for about 8 days (8.67+4.31). A quarter of the
patients experienced wheezing. The complications of
adenovirus-ALRI included respiratory failure (36/479),
encephalopathy (36/479), cardiac failure (29/479),
myocardial damage (6/479), pneumothorax (2/479),
hemoptysis (1/479) and hematemesis (1/479). Serum
biochemical test revealed abnormal function of the liver
in 115 patients, in whom 45 had hepatosplenomegaly
shown by abdominal ultrasonography. The mean length
of hospital stay for patients with adenovirus-ALRI was
10.79+7.26 days. Sixty-two patients were transferred
to intensive care unit or critical ward, and 18 of them
needed mechanical ventilation, but no deaths occurred
in this study.

Chest radiograph

Chest X-ray or computed tomography scan was taken
on admission for each child. Repeated radiographs
were done within 5 days when the disease was
progressed. Increased shadowing occurs either in a
widespread pattern or in an anatomical pattern with
patchy infiltrates. Integration lesions or pneumonic
consolidation was common. Some patients (95/475)
developed large patchy of pneumonia which often
occurred in the superior lobe of the right lung or in
the inferior lobe of the left lung. Multiple segmental
pneumonia (52/479) and pleural effusion (13/479) were
not rare in adenovirus-ALRI patients.

Bronchoscopy and broncho-alveolar lavage
Fifty-five of all 95 patients who had large patchy of
pneumonia with a persisted high fever for >7 days
were examined by bronchoscopy and broncho-alveolar
lavage. Bronchial inflammatory change or sputum
obstruction was observed under a bronchoscope.
Patients who underwent broncho-alveolar lavage
showed improved respiratory symptoms including
fever, cough, tachypnea and rales during pulmonary
auscultation.

Coinfection of adenovirus with atypical pathogens

The rate of adenovirus mixed infection with atypical
pathogens was 18.58% (89/479) in nasopharyngeal
aspirates of the patients. Most of the patients were
co-infected with Mycoplasma pneumonia (79/89,
88.76%), and five patients were positive for Chlamydia
pneumonia and Chlamydia trachomatis (5/89, 5.62%).

Mycoplasma pneumonia was positive in broncho-
alveolar lavage fluid of 6 of 55 patients, but no patients
were positive for Chlamydia pneumonia or Chlamydia
trachomatis pathogen.

Discussion

The detection rate of adenovirus in ALRI patients
(0.63%) was much lower in this study than in the other
reports. In some tropical countries such as Cambodia,
adenovirus was detected in 3% of ALRI in children of
less than five years old.”” In Oman, the detection rate of
adenovirus was about 7.7% in hospitalized infants and
young children with acute respiratory infection."” The
lower detection rate in our study was partly due to the
testing method as the immunofluorescence method we
used was more specific but less sensitive than PCR. On
the other hand, the patients enrolled in this study had a
broader age spectrum (from one month to 172 months)
than other studies, which may reduce the positive rate
relatively.

Previous studies''"* have indicated the importance
of adenovirus as a potential pathogen in severely
immunocompromized children. In this study, over
one-third of these adenovirus-infected patients with
normal immune function developed severe diseases.
The clinical manifestations varied. In addition to the
manifestations of primary infected lesion, serious
infective symptoms, including persistent high-fever,
mental fatigue, headache and drowsiness, were most
prominent. Another feature of adenovirus-ALRI was its
chest radiograph performance, showing consolidation
or integration lesions in the right upper or left lower
lobe. Although unspecific, those comprehensive chest
X-ray performances were indicative of aggressive
clinical course of adenovirus diseases.

In our study, we found that hepatic dysfunction,
followed by myocardial damage and central nervous
system impairment, was the most common short-term
complication of adenovirus-ALRI. In one of the related
studies, researchers found that necrotizing bronchitis and
bronchiolitis with diffuse alveolar damage were the most
important findings in patients who died of adenovirus
infection.""¥ Bronchiectasis may occur in over a quarter
of children with adenovirus pneumonia.""” Chronic
adenovirus infection was speculated to play an etiological
role in the development of bronchopulmonary dysplasia
and asthma."” Because of the limitations of research
conditions, we did not conduct the forward evaluation of
adenovirus-ALRI.

Respiratory pathogen co-infection is common in
ALRI patients."”"™ Tt is speculated that an additional
respiratory pathogen infection can increase clinical
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manifestations leading to hospitalization of a patient
with Mycoplasma pneumonia and is linked to higher
emergence of complications.""”! In our study, the
incidence of adenovirus co-infected with atypical
pathogens was not rare, and Mycoplasma pneumonia
infection appeared in the first. Mycoplasma pneumonia
is supposed to be able to act as a cofactor in severe
respiratory disease by facilitating alterations in local
respiratory immunity or in structure and function
of epithelial cells.”” In our study, there were no
distinguishing features between adenovirus infected
and co-infected patients. Since this speculation was
dependent on a limited number of co-infected cases,
larger and prospective studies are needed.
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