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Objective: To analyze the clinical characteristics of adenovirus pneumonia (ADVP) in children and explore risk factors for severe ADVP.

Methods: Clinical data from 7,008 hospitalized children with community-acquired pneumonia and 211 with ADVP were retrospectively analyzed between July 2014 and June 2019. Eighty-six patients were diagnosed with severe pneumonia, and related risk factors were analyzed.

Results: ADVP accounts for 3.01% (211/7008) of CAP in hospitalized children. Among 211 patients, 167 (64.9%) children aged 1–5 years old, and the onset was in winter and spring for 126 (59.7%) children. All patients had cough, and 116 (92.8%) patients with mild cases and 82 (95.4%) patients with severe cases had varying degrees of fever. The duration of fever in the severe ADVP group and mild ADVP group was 7.3 and 5.4 days, respectively. The average hospital stays were 9.8 and 5.8 days, respectively. There was no significant difference in the levels of WBC and ESR between the two groups, but the levels of N%, CRP, PCT and LDH in children with severe ADVP were significantly higher than those in the mild ADVP group. The univariate analysis showed that there were significant differences between the severe ADVP group and the mild ADVP group in ≥7 days of fever and high IgE (P < 0.05). There was no significant difference in sex, age, onset season, mycoplasma infection, bacterial infection between the two groups (P > 0.05). The multivariate logistic analysis showed that ≥7 days of fever and high IgE were independent risk factors for severe ADVP (P < 0.05).

Conclusions: Children with severe ADVP have long fever duration, a strong inflammatory response and immune function disturbance. Fever duration (≥7 days) and high IgE were independent risk factors for severe ADVP.
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INTRODUCTION

Human adenovirus is well known pathogens that cause a variety of human illness, including upper respiratory tract illness, pneumonia, conjunctivitis, gastroenteritis and cystitis (1). Adenovirus (ADV), a nonenveloped double-stranded DNA virus, is known to have more than 90 genotypes, with seven subgroups (A to G) (2). Adenovirus pneumonia (ADVP) is a common respiratory infectious disease in children, accounting for 4–10% of pneumonia cases in children (3). One-third of adenoviral pneumonia develops into severe pneumonia (4). Severe ADVP is characterized by respiratory system involvement, multiple system complications, high mortality, chronic airway and lung diseases, and severe mental and economic burden to family and society. In the present article, we report the characteristics of ADVP and provide an analysis of the clinical features and risk factors associated with severe ADVP cases in children.



METHODS

We conducted a retrospective case-control study combined with a descriptive analysis of clinical data and outcome among children admitted to department of respiratory medicine of Shanghai Children's Hospital over the period from July 2014 and June 2019. Previously healthy 7,008 male and female children between 1 month and 14 years who had been hospitalized for community-acquired pneumonia (CAP) were included in the study. ADVP was defined as clinician-diagnosed pneumonia and positive adenovirus antigen or IgM antibodies. The exclusion criteria of the study were asthma, endotracheal foreign body, known or suspected active tuberculosis, lung mycosis, pulmonary parasitoses, immunodeficiency, receiving immunosuppressive agents. Patient characteristics, including demographics, clinical presentation, laboratory examination and outcomes were extracted from electronic medical records.

Community-acquired pneumonia was defined as fever and cough with chest radiographic findings of lobar/bronchopneumonia or focal infiltrates. Fever was defined as a body temperature of >37.5°C. The duration of fever before hospitalization was provided by the caregivers, whereas the duration of fever after hospitalization was collected from medical records. The diagnosis of severe pneumonia was any one of the following: sustained high fever (>39°C) for more than 5 days, accompanied by a frequent and severe irritating cough; Respiratory rate ≥70 breaths/min (infant), Respiratory rate ≥ 50 breaths/min (≥1 year old); Severe respiratory failure (PaO2/FiO2 < 250); Rapidly progressing lung shadow with multiple- or single-lobar/segment consolidation; Requirement for mechanical ventilation; Requiring intensive care. Admission to ICU was also based on clinical assessment by pediatric senior medical staff and was indicated if there was clinically significant respiratory distress, dehydration, hypotension and/or suspicion of encephalopathy.

Adenovirus detection was done via (1) Adenovirus antigen testing: respiratory tract samples, including tracheal aspirates, bronchoalveolar lavage, induced sputum and nose swabs or nasopharyngeal aspirates, were collected and adenovirus antigen was detected by immunofluorescence test (D3 Ultra DFA Respiratory Virus Screening & ID Kit, Diagnostic Hybrids, Inc.). (2) Specific IgM antibody detection: Two ml of venous blood were taken, and serum specific IgM antibodies of common respiratory pathogens were detected by indirect immunofluorescence assay (Respiratory Tract Profile (IgM), EUROIMMUN Medical Diagnostics (China) Co., Ltd.). In addition, other microbiologic tests for bacteria, viruses and mycoplasma pneumoniae were requested when clinically indicated.

Statistical analysis was performed using the SPSS statistical software program, version 20 (IBM Corporation, Armonk, NY, USA). The measurement data are expressed as the mean ± standard deviation ([image: image] ± s). The count data were expressed as a percentage or rate. The chi-square test was used for categorical data, and the t-test and Mann–Whitney U test were used for continuous data. Binary logistic regression analysis was used to examine risk factors that were significant in the univariate analysis. P < 0.05 was considered statistically significant.



RESULTS


General Information

A total of 7,008 hospitalized children with CAP were investigated and 211 children with ADVP were included in the retrospective study according to the inclusion criteria. ADVP accounts for 3.01% (211/7,008) of CAP in hospitalized children. Among 211 children with ADVP, the ratio was of boys and girls 1.25:1(117:94). The age of onset was 3 months to 8 years. Thirty patients (14.2%) were under 1 year of age, 76 patients (36.0%) were 1–3 years old, 61 patients (26.2%) were 3–5 years old, and 44 patients (20.9%) were older than 5. The cases occurred throughout the year, including 57 cases (27.0%) in spring (March to May), 53 (25.1%) in summer (June to August), 33 (15.7%) in autumn (September to November), and 68 (32.2%) in winter (December to January). Winter and spring were the peak seasons (n = 125,59.2%). A total of 86 patients (37.7%) were diagnosed with severe pneumonia, and 125 (62.3%) were diagnosed with mild pneumonia. There was no significant difference in sex, age or onset season between the two groups.



Clinical Features

Varying degrees of fever were found for 116 (92.8%) patients with mild ADVP and 82 (95.4%) patients with severe ADVP. The duration of fever in the mild groups lasted <10 days for 95 patients (76.0%) and longer than 10 days for 21 patients (16.8%). The duration of fever in the severe groups lasted <10 days for 58 patients (67.4%) and longer than 10 days for 24 patients (27.9%). The average durations of fever for the severe ADVP group and mild ADVP group were 7.3 and 5.4 days, respectively. The average hospital stays were 9.8 and 5.8 days, respectively. The duration of fever and hospital stays of the mild ADVP group were less than those of the severe group.

All patients had cough, and 45 patients (21.3%) also had wheezing. Moreover, 56 patients (65.1%) had wet rales, and 21 patients with severe ADVP (24.4%) had a wheezing sound in their lungs. 75 patients (60.0%) had wet rales, and 24 patients with mild ADVP (19.2%) had a wheezing sound.



Laboratory Tests

There was no significant difference in the white blood cell count (WBC) and erythrocyte sedimentation rate (ESR) between the two groups, but the neutrophil (N%), C-reactive protein (CRP), procalcitonin (PCT) and lactate dehydrogenase (LDH) levels in children with severe ADVP were significantly higher than those in the mild ADVP group, as shown in Table 1.


Table 1. Comparison of inflammatory indicators between the mild ADVP group and the severe ADVP group.

[image: Table 1]



Radiographic Examination

Chest X-ray examination was performed in all 211 children, and patchy opacity (177 cases, 83.9%), patchy consolidation (118 cases, 55.9%) and pleural effusion (70 cases, 33.2%) were most common.

Chest CT examination was performed in 86 severe ADVP cases, and patchy opacity of bilateral lungs (80 cases, 93.0%), lung consolidation and/or atelectasis (67 cases, 77.9%) were most common. The range of pulmonary lesions involved one lobe in eight cases (9.3%), six lobes in two cases (7.0%), more than or equal to three lobes in 72 cases (83.7%).



Risk Factors for Severe ADVP


The Univariate Analysis

There were significant differences between the severe ADVP group and the mild ADVP group in ≥7 days of fever and high IgE (P < 0.05). There was no significant difference in sex, age, onset season, mycoplasma infection, bacterial infection, between the two groups (P > 0.05), as shown in Table 2.


Table 2. Univariate analysis between the mild ADVP group and the severe ADVP group.
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Multivariate Logistic Analysis

Binary logistic regression analysis was used to examine risk factors that were significant in the univariate analysis. The independent variables were assigned values: ≥7 days of fever: No = 0, Yes = 1; high IgE: No = 0, Yes = 1. Whether severe ADVP occurred or not was taken as the response variable. The results showed that ≥7 days of fever and high IgE were independent risk factors for severe ADVP (P < 0.05), as shown in Table 3.


Table 3. Multivariate logistic analysis of severe ADVP.
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DISCUSSION

ADV is one of the severe types of community-acquired pneumonia in children. ADVP accounts for 3.01% of CAP in hospitalized children in our study. The early clinical manifestations of ADVP lack specificity, and most of them begin with fever and cough. It is difficult to distinguish from other respiratory tract infectious diseases, and relevant pathogenic detection methods are needed. A total of 92.8% of mild and 95.4% of severe cases of ADVP were associated with varying degrees of fever. Patients with severe cases had a longer duration of fever. The disease progresses rapidly in a short period of time. Symptoms and signs of the respiratory system, including cough, wheezing, and rales, appeared obviously. Early etiological detection is the main method for the diagnosis of ADVP.

ADVP is more likely to occur in children aged 6 months to 5 years. As infants and young children grow, the number of maternal antibodies gradually decreases in the body, but their respiratory and immune systems are still not fully developed. Moreover, low local mucosal immunity contributes to a high incidence of adenoviral pneumonia in this age group (5). In this study, 79.1% of the children were under 5 years of age, which was consistent with domestic and foreign reports (6, 7). However, there was no significant difference in age between the two groups. Moreover, the two groups showed no significant difference in the onset season of ADVP, which was relatively high in winter and spring. Duan et al. (8) investigated the prevalence of ADV infection in children with community-acquired pneumonia (CAP) in 12 hospitals in nine provinces (municipalities directly under the central government) in China, and the incidence of ADV infection peaked in children aged l~3 years in Northern China, while there was no significant difference in the positive detection rate among age groups in Southern China. The season with the highest ADV detection rate in northern China was winter, and in southern China, it was spring and summer, suggesting that the onset ages and peak seasons may vary from region to region.

The levels of N%, CRP, PCT and LDH in children with severe ADVP were significantly higher than those in the mild ADVP group. The relationship between N%, CRP, PCT and the severity of ADVP has been confirmed by many studies (9–12). LDH is found in all animal tissues, and the highest activity is found in the liver, followed by the heart, skeletal muscle, kidney, lung and tumor. When the lung tissue is obviously damaged, the serum LDH level could be increased. In many diseases, it is a reliable indicator of severity and prognosis. Wen et al. (13) showed that serum LDH was higher in children with respiratory infection than in the healthy control group and was also higher in the pneumonia group than in the upper respiratory infection group. This study suggested that LDH elevation may be useful for the early identification of severe ADVP. In addition, Patel et al. (14) observed that adenovirus causes a greater increase in TNF-α than other viruses. Sun et al. (15) found a significant increase in IL-6 levels in children with severe adenovirus infection, which was positively correlated with the severity of infection. Zheng et al. (16) found that the higher the level of IL-8 in children with ADVP, the worse the prognosis was. Therefore, there is a strong inflammatory process in severe ADVP.

Mixed mycoplasma infection in patients with ADVP was more common than mixed bacterial infection. But there was no significant difference in mycoplasma infection and bacterial infection between the two groups. The results indicated that for children with ADVP in this area, the occurrence of severe pneumonia is related to their physical fitness and immune function. Considering that children with poor physical fitness and low immune function are more likely to have mixed infection, the mixed infection was balanced in the two groups.

Literature has reported that the imaging manifestations of adenovirus pneumonia in children are mainly multiple segmental consolidation, atelectasis and patchy opacity in both lungs (17). More than three lobes of pulmonary lesions are involved in 72 cases (83.7%) of severe ADVP. The main clinical features of cluster consolidation are centripetal distribution and high density. Some clinical studies have shown that the main reason for this clinical feature is related to the basic pathology of ADVP. When a patient is infected with ADV, the ADV will spread to the lung parenchyma along the airway and through the bronchus. When the degree of the lesion involves the bronchioles, it can affect the alveoli of the patient and further develop into lung consolidation.

Both of the univariate and multivariate logistic analysis suggested that there was significant difference in ≥7 days of fever and high IgE between the two groups. Different studies show different risk factors for severe ADVP. It may be related to the different people, regions, environment, climate, and contents of comparisons. Jin et al. (18) found that age from 6 months to 2 years, nutritional anemia and immunodeficiency were independent risk factors for severe ADVP. Huang et al. (19) found that congenital airway dysplasia, history of previous surgery, and hemoglobin <90 g/L in children with ADVP had a greater association with severe disease. Xie et al. (20) showed that HADV load, age, and fever duration were risk factors for ADVP severity. Cheng et al. (21) demonstrated that patients who present with underlying neurologic diseases, chronic lung diseases, and malnutrition have higher incidences of ADVP and that ADV-7 infection more frequently develops into severe pneumonia. Overall, children with young age, long fever duration, underlying diseases and complications are more likely to develop severe ADVP.

At this point, the mechanism of severe adenovirus infection is unknown, although it is believed to be related to ADV itself and the ADV-induced inflammatory response and immune dysfunction. In this study, the IgE levels of ADVP were different in the mild and severe ADVP groups, and the severity of pneumonia was positively correlated with the IgE levels of ADVP. Abnormally high IgE levels are thought to be a marker of immune disorders (22, 23). At present, there are few studies on the correlation between ADV infection and IgE levels. Adenovirus, Mycoplasma pneumoniae, influenza virus and other infections could increase serum total IgE levels in children with respiratory tract infection (24). IL-4 promotes the production of IgG and IgE by B cells, so an abnormally high level of IL-4 may increase the IgE level in children with adenovirus infection (25), which may lead to inflammatory changes in the respiratory system. Yang et al. (26) showed that IgE and dsDNA-IgE in BALF may contribute to lung injury caused by HADVs, especially in severe cases and elevated dsDNA-IgE may serve as an indicator of severity in children with HADVs pneumonia. Ye et al. (27) demonstrated that the P1 protein of Mycoplasma pneumoniae can induce the production of P1-specific IgE. Zhang et al. (28) found that the severity of respiratory syncytial virus (RSV) bronchitis in children was positively correlated with serum IgE level. The complexity of immunopathology and individual differences mean that ADV infection in children present a variety of disease processes, and immune dysfunction is an important pathogenesis that affects prognosis. We should pay more attention to the disease condition of ADVP patients with high IgE and select glucocorticoid or gamma globulin for immunoregulatory intervention therapy while controlling infection.

Our study also had limitations. First, the type of adenovirus is related to the severity of the disease and it was not detected in this retrospective study. Early identification is helpful for clinicians to identify severe cases and avoid delayed treatment. Second, this study discussed the correlation with IgE in acute infections and imply IgE was elevated in ADV infection. The results needed to be validated in more clinical cases and animal experiments. Besides, IL-4 may increase the IgE level. Data on IL-4 in patients were lacking in this study. Therefore, in the subsequent study, we could collect more data and analyze the relationship between the IgE level and IL-4, and it is best to study the mechanism involved on molecular biology level.



CONCLUSIONS

Severe ADVP has a strong inflammatory reaction process, and immune dysfunction. Fever duration (≥7 days) and high IgE are risk factors for severe ADVP. The detection of serum total IgE in children with ADVP not only provides a basis for the diagnosis and treatment of secondary allergic disease in children but also helps to judge the severity of the disease in order to provide early immune intervention and reduce inflammatory reactions. More attention should thus be paid to such cases.
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