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Adenovirus Between the winter of 2018 and the end of 2019, there has been an epidemic of adenovirus
pneumonia; infection in southern China, including Zhejiang Province. The number of children suffering from
coinfection; adenovirus pneumonia (AP) has significantly increased. AP can be accompanied by Mycoplasma
children; pneumoniae in children. This study aimed to investigate the association of M. pneumoniae and
Mycoplasma identify the risk factors for coinfection on hospitalized patients with AP. The patients were
pneumoniae classified into two groups by etiologic analysis (single AP and AP with M. pneumoniae coin-

fection groups). The clinical manifestations, clinical medication, and laboratory and imaging
findings of the two groups were compared and analyzed. The coinfection group (n = 125) had a
significantly longer duration of fever than the single AP group (n = 171; P = 0.03). Shortness of
breath (P = 0.023) and pulmonary imaging findings, such as pulmonary consolidation, atelec-
tasis, pleural effusion, and multilobe lesions (P < 0.05), were more common in the coinfection
group. The patients with coinfection had more severe symptoms, significantly longer hospi-
talization time and an increased proportion of using glucocorticoids and/or immunoglobulin
needing oxygen inhalation (P < 0.05). The incidence of AP with M. pneumoniae coinfection
is high. The prolonged fever duration and pulmonary imaging findings could be used as pre-
diction factors to predict M. pneumoniae coinfection in children with AP. Patients with AP
coinfected with MP may easily develop severe illness. Hence, a reasonable change in the treat-
ment is necessary.
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Background

Despite advances in prevention and management, pneu-
monia remains the leading cause of death in children out-
side the neonatal period." Community-acquired pneumonia
(CAP) imposes a substantial burden on health services
and is a primary cause of hospital referral and admission.
According to 2010 statistics, approximately 265,000 deaths
occurred because of CAP in hospitals, among which 99%
occurred in developing countries.? Therefore, it is pivotal
to understand the clinic features caused by the possible
pathogens of CAP. Currently, respiratory viruses are consid-
ered the most frequent etiologic agents.?

Adenovirus pneumonia (AP) is an important pathogen
of CAP in children, accounting for 4 ~ 10% of CAP in hos-
pitalized children.* In severe cases, the manifestations of
persistent high fever, severe cough, and progressive exac-
erbation of lung lesions may occur. Furthermore, chronic
airway diseases such as bronchiolitis obliterans may be
caused and persist. In recent years, the focus on the influ-
ence of adenovirus in respiratory tract infections in China
has increased.>

Although Mycoplasma pneumoniae often causes sub-
clinical respiratory infections, it can only be recognized
for extra-pulmonary complications.® M. pneumoniae is an
important pathogen that causes CAP, accounting for 20-40%
of CAP in children.® Children sometimes get coinfected
with both adenovirus and M. pneumoniae.? In our study, we
mainly analyzed the clinical feature of AP, investigated the
related effects of M. pneumoniae coinfection on hospital-
ized patients with AP, and also identified the risk factors of
those patients.

Materials and Methods
Subjects

The study was performed from 1 January to 31 December
2019 at Hangzhou Children’s Hospital, a tertiary care hos-
pital in Zhejiang. A total of 171 cases of single AP and 125
of coinfection with M. pneumoniae were enrolled during
the year. Patients were enrolled for the study if they had
symptoms like fever, cough, and wheezing; the presence of
rales in lungs on physical examination; and confirmation of
inflammation in the lungs by imaging.” Then, the AP and M.
pneumoniae were detected by a commercial polymerase
chain reaction (PCR) assay.

Inclusion criteria

(i) age between 29 days and 18 years old, (ii) diagnosis of
AP according to the guidelines for the diagnosis and treat-
ment of AP in children (2019 version) in China,’ (iii) positive
detection of adenovirus antigen in nasopharyngeal secre-
tion or sputum, and (iv) positive detection of M. pneumo-
niae immunoglobulin (Ig)M or M. pneumoniae nucleic acids
in the nasopharyngeal aspirates or sputum.

Methods

Nasopharyngeal aspirates or sputum were collected at admis-
sion and detected for four pathogens: adenovirus (ADV);
influenza A and Flu B; respiratory syncytial virus (RSV),
using the diagnostic kit for virus antigen (Hangzhou Genesis
Biodetection and Biocontrol Co., Ltd, China) by Colloidal gold
methods. Then, the samples were assayed for M. pneumo-
niae DNA copy number using the M. pneumoniae fluores-
cent PCR diagnostic kit (Zhongshan University DaAn Gene
Company, China). All the assays were performed according
to the manufacturer’s instructions. M. pneumoniae IgM was
tested from the blood collected from patients simultane-
ously. To detect M. pneumoniae antibodies, a commercially
available M. pneumoniae IgM enzyme-linked immune sor-
bent assay (ELISA) was performed (EUROIMMUN Medizinische
Labordiagnostika AG, Germany). In addition, bacterial cul-
ture was also performed. The medical records of each
patient, including demographic data, clinical features, lab-
oratory tests (including biochemical examination etc.), and
radiological results, were obtained. The study was approved
by the Institutional Review Board of Hangzhou Children’s
Hospital (File No: 2019-14), and written informed consent
was obtained from the parents of each patient. The clinical
manifestations, laboratory and imaging findings, and clinical
medication of the two groups were compared and analyzed.

Statistical analysis

The measurement data with a normal distribution was
expressed as meanztstandard deviation (x+SD), and a
t-test was used to compare the difference between groups.
Mann-Whitney U test was used for intergroup compari-
sons. Counting data are expressed as the number (%), and
comparisons were made using the Chi-square test. P val-
ues were corrected for multiple comparisons using the
Bonferroni procedure. P<0.05 was considered statistically
significant. Analyses were performed using SPSS v26.0
(SPSS, Chicago, IL).

Results
Clinical characteristics of patients

In total, 65,659 ADV antigens were performed during the
year, with 5161 (7.9%) ADV positive cases and 308 cases
(6.0% 308/5161) of AP diagnosed. Among 308 cases, 137
cases were coinfected with other pathogens, includ-
ing M. pneumoniae (125 cases), influenza virus (5 cases),
Streptococcus pneumoniae (1 case), and Haemophilus
influenzae (2 cases). The overall coinfection rate was
44.48%. M. pneumoniae (40.58%) accounted for the most
prevalent organism in coinfection cases. Two or more
pathogens were detected in three patients, namely, M.
pneumoniae +influenza virus (3 cases) and M. pneumo-
niae +H. influenzae (1 case). Among the 308 patients, a
total of 171 patients were diagnosed with single AP and
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were enrolled in our study, with an average age of 3.28 +
1.90years. Among these, 116 patients were male. In con-
trast, 125 patients were diagnosed with a coinfection of
AP and M. pneumoniae, with an average age of 4.36 +2.39
years and 73 males. The age of the coinfection group was
higher than that of the single AP group (P = 0.004), but no
significant gender difference between the two groups was
observed (P = 0.095). The incidence rates in the AP and
coinfection groups were the highest in spring and summer,
respectively, and there was a significant difference in the
seasonal incidence rate (P = 0.001). The general character-
istics of all patients are shown in Table 1.

Clinical presentation

The average fever duration was 6.22 + 2.17 days, 7.10 £ 2.98
days in the AP and coinfection groups, respectively, indi-
cating a significantly longer period of fever (P=0.03).
Twelve cases of shortness of breath were reported in the
single AP group and 19 in the coinfection group, indicating
that shortness of breath was more common in the coinfec-
tion group (P=0.023) vs. the single AP group. As shown in
Table 2, no significant differences in pulmonary signs, such
as lung rales and wheezes, were observed between the
two groups (P > 0.05).

Laboratory and pulmonary imaging examination

Table 3 shows that no significant differences in the blood
tests, including leukocyte counts, C-reactive protein (CRP),

Table 1 General characteristics of the patients.
Coinfection
AP group group
(n=171) (n = 125) x>  Pvalue
Sex
Male 116 73 2.786 0.095
Female 55 52
Age* (years)
<3 82 45
3-5 58 36 11.306 0.004
>5 31 44
Season#
Spring 66 36
(March-May)
Summer 56 59
(June-August)
Autumn 11 18 17.383 0.001
(September-
November)
Winter 38 12
(December-
February)

*Statistical difference in population distribution between the
>5 y ears group and the other two groups.

#Statistical difference in population distribution between sum-
mer and winter and autumn and winter, respectively.

Table 2 Symptoms and signs.

AP group  Coinfection
(n=171) group (n =125) y2(t) P value
Duration of 6.22+2.17 710+298 -2.955 0.03
fever (days)
Shortness of 12 19 5.157 0.023
breath
Moist rales 130 92 0.226 0.634
Wheezing 23 18 0.183 0.669

procalcitonin (PCT), lactate dehydrogenase (LDH), hemo-
globin (Hb), albumin, alanine aminotransferase (ALT), and
creatine kinase-MB (CK-MB) were observed between the
two groups (P > 0.05). But pulmonary imaging findings,
such as pulmonary consolidation, atelectasis, pleural effu-
sion, and multilobe lesions, were more common in the
coinfection group (P < 0.05) vs. the single AP group.

Medication

The patients with a coinfection of AP and M. pneumo-
niae had more severe symptoms than the single AP group,
leading to a significantly longer hospitalization time and
an increase in the proportion of patients using glucocor-
ticoids and/or gamma globulin needing oxygen inhala-
tion (P < 0.05). Al children in the two groups recovered
and were discharged without mechanical ventilation
treatment(Table 4).

Discussion

From the winter of 2018 to the end of 2019, an epidemic
of ADV infection occurred in southern China, including
Zhejiang Province. The number of children suffering from
CAP caused by ADV had increased significantly, which
attracted the attention of the public and pediatricians.
ADV is a double-stranded DNA virus without a lipid enve-
lope that is widely distributed in nature. It is mainly trans-
mitted by air droplets and is an important pathogen that
causes CAP in children. Severe or refractory ADV infection
cases can cause a series of multiple organ injuries or even
death.??

M. pneumoniae because of its small cell size and vol-
ume (1-2 um long and 0.1-0.2 um wide) cannot individu-
ally be detected by light microscopy.”? M. pneumoniae was
the most common atypical pathogen identified in CAP."
Pneumonia caused by ADV is often accompanied by coin-
fection of M. pneumoniae."

It is unknown whether adenovirus infection is related
to the host’s age and immune function, or whether coin-
fection complicates the clinical manifestations of AP.

AP is common in children aged between 6 months and
5 years, especially those under 2 years old, with higher
occurrence in male patients than in females.” In the
present study, the age of patients in the single AP group
vs. M. pneumoniae coinfection group was significantly
younger, and likely because young children generally lack
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Table 3 Laboratory detection and imaging features.?

AP group (n = 171) Coinfection group (n = 125) x(t or Z) P value
WBC 10.69 + 4.89 9.93 +4.76 1.337 0.182
CRP > 10 mg/L 114 75 1.39 0.238
PCT >0.25 ng/L 103 67 1.477 0.224
LDH 354.75 £ 151.71 370.93 £ 147.15 0.916 0.36
AnemiaP® 4 3 0.001 0.873
Hypoalbuminemia 3 7 3.272 0.07
Myocardial damage (CK-MB > 50U/L) 5 6 0.71 0.399
Liver function damage (ALT > 50U/L) 5 5 0.256 0.613
Lung Consolidation 17 35 16.262 <0.001
Hydrothorax 3 8 4.356 0.037
Multilobar lung inflammation 12 27 13.423 <0.001

aNormal range: WBC, 4-12*10"9/L; CRP, 0-10 mg/L; PCT, <0.25-25 ng/L; LDH, 0-250 mmol/L; Albumin, 35-55 g/L; Hypoalbuminemia:
Albumin, <30 g/L; CK-MB, 0-25U/L; Myocardial damage: CK-MB > 50 U/L; ALT 0-50 U/L; Liver function damage: ALT > 50 U/L.
bCriteria for anemia in neonate: Hb < 145 g/L, 1-4 months; Hb <90 g/L, 4-6 months; Hb < 100 g/L, 6months-6 years; Hb < 110 g/L, 6-14

years; Hb < 120 g/L.

WBC, white blood cells; CRP, C-reactive protein; PCT, procalcitonin; LDH, lactate dehydrogenase; Hb, hemoglobin; ALT, alanine ami-

notransferase; CK-MB, creatine kinase-MB

Table 4 Medication.

AP group (n = 171)  Coinfection group (n = 125) x2 P value
Fever longer than 7 days 46 50 5.655 0.017
Application of glucocorticoids and (or) immunoglobulin 27 48 19.515  <0.001
Oxygen inhalation 8 15 5.402 0.02
Mechanical ventilation 0 0
Severe illness 12 17 6.043 0.014

specific antibodies against ADV and M. pneumoniae com-
monly infected older children." Male patients were higher
than females in both groups, but no significant differences
in gender distribution were observed between the two
groups. The distribution of ADV infection is global. The sea-
son is a critical factor affecting ADV infection. The seasonal
distribution of ADV infection varies in different regions and
climates."” Our research shows that ADV infection occurs in
all seasons throughout the year, with the lowest infection
rate in autumn and the highest rates in spring and sum-
mer, consistent with previous literature.'®’* However, there
was still a difference between the two groups. The inci-
dence rates was the highest in spring and summer in the
single AP and coinfection groups, respectively, consistent
with the epidemic of M. pneumoniae worldwide.® It was
suggested to pay more attention on ADV and M. pneumo-
niae infection in the highest incidence season. Fever is a
manifestation of the body’s resistance to inflammation,
often used to judge the progress or disease outcomes.
Compared with the single AP group, although both groups
of children had fever, those who were coinfected with MP
had a longer fever duration. Thus, coinfection may pro-
long the time of pathogen clearance and aggravate the
host immune response, showing more internal and exog-
enous pyrogen. Our study found that the proportion of
shortness of breath in the coinfection group, which led to
higher oxygen inhalation therapy, was significantly higher
than the single AP group, similar to the results of previous

research.” Community-acquired respiratory distress syn-
drome toxin produced by M. pneumoniae can cause cellu-
lar inflammation, airway dysfunction, and varying degrees
of decline in lung function.” ADV infection may cause the
following manifestations: moist rales or wheezing heard
during physical examination, the white blood cells (WBC)
can be normal, elevated, or decreased; the CRP and PCT
can be increased or normal; the liver and kidney function
are abnormal; and imaging examination can show large
high-density shadow and pleural effusion changes. The
present study showed that both the groups had similar
pulmonary signs and laboratory test results, such as WBC,
CRP, LDH, ALB, and CK-MB. Therefore, it is difficult to dis-
tinguish whether patients with AP are coinfected with M.
pneumoniae based on pulmonary signs and routine blood
tests. But the coinfection group was more likely to cause
lung consolidation, atelectasis, pleural effusion changes,
and multiple lung lobe lesions, which suggested that this
infection could further aggravate the pulmonary inflamma-
tory exudation in children with AP to some extent through
direct injury or indirect immune reaction.

At present, cidofovir has been used to treat severe
ADV infections, but the data are limited, and their effi-
cacy is unconfirmed.® Therefore, supporting symptom-
atic treatment is the primary therapy for patients with
AP. Intravenous immunoglobulin can inhibit the produc-
tion of cytokines, neutralize inflammatory factors, anti-
gens, and toxins, and participate in the regulation of the
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immune response. Glucocorticoids can inhibit an excessive
immune-inflammatory response. The previous study by Lim
et al.’ confirmed that the use of glucocorticoids or immu-
noglobulins in the treatment of AP has a certain effect,
which can reduce complications and improve prognosis.
Azithromycin is currently the preferred treatment choice
for M. pneumoniae infection in children. Globulin or cor-
ticosteroids may also be needed for severe or refractory
infections.??? In our study, children in the AP group were
chosen to be treated with atomization, sputum aspiration,
hormone and /or immunoglobulins, oxygen inhalation, etc.,
and children in the coinfection group were treated with azi-
thromycin acupuncture based on supportive symptomatic
treatment. All patients were cured and discharged with no
mechanical ventilation. Our results showed that the use of
immunoglobulin and/or glucocorticoids in the coinfection
group was more common than the single AP group. ADV has
strong virulence that can cause high mortality and is the
pivotal pathogen leading to severe pneumonia in children.
Studies have found that the incidence of dyspnea in AP is
as high as 40.7%, even requiring Extracorporeal Membrane
Oxygenation (ECMO) treatment.'®'” Our data indicated an
increased occurrence of severe symptoms in the coin-
fection group than the single AP group. Hospitalization
in the coinfection group was also prolonged accordingly,
suggesting that mixed M. pneumoniae infection might be
one of the risk factors for the severity of AP, similar to
the results of previous studies.”® No death cases or cases
using mechanical ventilation after active and appropriate
treatment in either group, suggesting that the prognosis of
most children with AP, whether mixed with M. pneumoniae
infection or not, is good.

Nevertheless, this study has several limitations. First,
this is a single-center study conducted for one year only.
Second, the distribution of pathogens was greatly influ-
enced by the region and climate. Third, the sample size
was relatively small. Lastly, it is a retrospective study and
lacks a rigorous design.

As mentioned above, AP coinfection with M. pneu-
moniae may lead to prolonged fever duration because of
aggravation of the systemic inflammatory response, and
M. pneumoniae infection may play a pivotal role in worsen-
ing AP disease in children. The key to improving the prog-
nosis is the identification of a potential M. pneumoniae
coinfection and fruitful antibiotic treatment usage against
it when detected.
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