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Background: Adenovirus pneumonia progresses rapidly, with a high rate of progression to severe pneumonia, but the early clinical 
manifestations lack specificity and are not easy to be recognized.
Methods: Reviewing the relevant literatures, we studied and summarized the early recognition, clinical features and treatment outlook 
of severe adenovirus pneumonia Case Presentation: An 11-year-old child with community-acquired pneumonia, with influenza 
A antigen positive by colloidal gold, which further developed into acute respiratory distress syndrome after hospitalization. Three 
days later, adenovirus was detected positively by PCR of throat swab and diagnosed as severe adenovirus pneumonia. After aggressive 
treatment, her condition improved and was discharged from the hospital.
Conclusion: Clinically, adenovirus combined with influenza virus infection is uncommon, and adenovirus infection is even rarer in 
adolescent children.
Keywords: adenovirus, influenza virus, severe pneumonia, respiratory failure

Introduction
Globally, acute respiratory diseases are associated with high morbidity and mortality, with viral respiratory infections 
accounting for approximately 80% of the cases, primarily, including influenza and respiratory syncytial viruses, 
coronaviruses, adenoviruses, and rhinoviruses.1 Adenovirus pneumonia accounts for approximately 3.5–11% of commu
nity-acquired pneumonia (CAP) in children.2 The highest incidence of adenovirus infection is between 6 months and 2 
years of age, with >80% of adenovirus pneumonia cases occurring in children <4 years of age.3,4 Adenoviruses are 
highly contagious in closed or crowded environments and universally found in a susceptible population.5

The most common sites of human adenovirus (HAdV) infection include the respiratory tract, cornea, intestinal tract, and 
urinary tract.6 Most adenoviral respiratory infections are mild to moderate and self-limiting; however, they can also be life- 
threatening or cause severe sequelae.7 Adenoviruses can directly infect lung tissue, cause cell lysis and necrosis, and activate 
the body’s immune system, leading to a severe inflammatory response.2,8 If the infection progresses to multiple organ 
dysfunction syndrome, the fatality rate can increase to more than 50%.9 It has been found that adenovirus infection causes 
a stronger immune-inflammatory response than other pathogens, with a high proportion of children having shortness of breath 
and respiratory distress, faster disease progression, and a tendency to develop mixed infections with other pathogens during 
the course of the disease.10,11 Therefore, it is crucial to investigate the role of early recognition and the clinical features of 
severe adenovirus pneumonia (SAP). Early recognition helps clinicians to detect severe cases and avoid treatment delays.

Case Report
The patient was an 11-year-old girl with no known medical history and was admitted to the hospital with a history of 
fever and cough for 2 days. The rapid test for influenza antigen (colloidal gold method) conducted at the outpatient clinic 
visit during the initial stages of the disease was positive for influenza A virus. After two days of oral treatment with 
oseltamivir, the patient continued to have a recurrent high fever and worsening cough, with the chest computed 
tomography (CT) showing inflammation in both lungs (Figure 1A–C). After 2 hours of hospital admission, the patient 
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presented with progressive dyspnea, paroxysmal chest pain, and a rapid increase in wet rales on auscultation of both 
lungs. Oxygen saturation (SpO2) decreased to 85%; C-reactive protein (CRP) increased from 7.3 mg/L to a maximum of 
220.5 mg/L (normal range: 0–6 mg/L); D-dimer (D-D), 4.67 mg/L (normal range: 0–0.5 mg/L); activated partial 
thromboplastin time (APTT), 45.2 s (normal range: 23–31.3 s); procalcitonin (PCT) 15.63 ng/mL (normal range: 0– 
0.5 ng/mL); lactate dehydrogenase (LDH) 399 U/L (normal range: 120–250 U/L); and pulmonary exacerbations were 
observed on imaging (Figure 2); and negative nucleic acid tests for the following respiratory pathogens: respiratory 
syncytial virus (RSV), adenovirus, Mycoplasma pneumoniae, influenza A virus, influenza B virus, and rhinovirus. Early 

Figure 1 (A–C) Chest CT on the first day of admission: multiple flaky, cloudy lungs with increased density and blurred edges.

Figure 2 X-ray on the second day of admission: large patches of increased density shadow on both lungs with blurred edges.
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on, she was provided with an oxygen mask and administered antibiotics, glucocorticoids, and gamma globulin. Three 
days later, the child’s condition improved, and a re-examination of the throat swab via PCR showed a positive result for 
Adenovirus. The administration of oxygen supply, antibiotics, and hormones was gradually reduced. After 5 days, the 
chest radiograph indicated obvious absorption of lung inflammation (Figure 3). The levels of CRP, PCT, APTT, and LDH 
significantly decreased. The wet rales in both lungs disappeared, and she was discharged.

Discussion
Adenoviruses are important pathogens that cause CAP in children. In the early stages of adenovirus pneumonia, the 
clinical manifestations lack specificity. However, SAP rapidly progresses and can lead to respiratory failure, toxic 
encephalopathy, hemophagocytic lymphohistiocytosis, postinfectious occlusive bronchiolitis, and even death.4,12,13 

Adenovirus pneumonia is much more severe (47.7%)13 than common pneumonia (1–2%),13 and the mortality rate of 
severe HAdV pneumonia can be >50%.13

Zheng et al14 concluded that newborns with maternal immunity can resist adenovirus infection. However, as the 
mothers’ immune defenses wane over time and newborns have an immature immune system, children around one year of 
age are susceptible to adenovirus infection. Wang et al15 found that levels of anti-HAdV neutralizing antibodies peaked 
in 6-month-old children following adenovirus infection, with a temporary trough occurring between 6 months and 3 years 
of age, followed by a gradual increase after 3 years of age. Zhang et al3 concluded that adenovirus-specific IgG 
antibodies are acquired via the placenta at birth in >90% of children, and 6 months later, they are detectable in only 
about 14% of children. Several studies have pointed out the differences in the incidence, clinical features, and prognosis 

Figure 3 X-ray on the eighth day of admission: the two pneumonia cases were significantly absorbed.
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of SAP in children of different ages. This case is of an 11-year-old adolescent girl who presented with adenovirus 
pneumonia, which is uncommon, and the progression to SAP is even rarer. Thus, the influencing factors responsible for 
SAP at this age are worth exploring.

While investigating the mechanisms underlying the cytokine storm of influenza viruses, Gu et al16 found that estrogen 
regulates the function of multiple immune cells, with low estrogen enhancing the proinflammatory cytokine response and 
affecting the severity of the disease. Li et al17 showed that estrogen suppresses activated inflammatory and immune 
response biomarker genes; hence, relatively low mortality is observed in young female patients with COVID-19. Studies 
by Jiu et al18 and Harding et al19 also supported the anti-inflammatory effect of estrogen. The child in this case was 
menstruating when she contracted adenovirus and had low estrogen levels. Therefore, we surmise that low levels of 
estrogen also affect the severity of adenovirus pneumonia.

It has been found that approximately 14–60% of children with SAP have severe respiratory sequelae, such as occlusive 
bronchiolitis obliterans and bronchiectasis.20 Thus, early identification of severely ill children and effective treatment is essential.

There have been many studies examining the early recognition of severe adenovirus infection. Tian et al21 confirmed 
that the levels of N%, CRP, PCT and LDH in children with severe ADVP were significantly higher than those in the mild 
group. Zhang et al22 found that leukocytosis, mycoplasma pneumoniae co-infection and high blood viral load may be risk 
factors for severe adenovirus pneumonia in children with normal immune function. Fan et al23 found that the levels of 
MONO%, LYMPH%, EO%, RBC, HGB, HCT, PLT and PCT decreased with the increase of disease severity. Xu et al24 

also indicated that PCT, LDH, AST, ferritin, D-dimer and other indexes were significantly increased in severe adenovirus 
infection. As shown in the figure above (Table 1 and Figure 4), our study found that as the disease worsened, indexes 

Table 1 Changes in Laboratory Indicators

Date 
Item

Day 1 Day 2 Day 3 Day 5 Day 9 The Reference Range Interval (Unit)

WBC 4.8 5.7 7.5 10.1 10.7 4.6—11.9 (10^9/L)

N% 70.4 78.8 86.4 78.1 52.9 32—71(%)

L% 15 14.3 9.3 13.7 39 22—57(%)

MONO% 14.4 6.9 4.3 8.2 7.3 2—11(%)

EO% 0.1 0 0 0 0.8 0.04—0.74(%)

RBC 4.43 4.19 4.09 4.52 4.16 4.3—5.7 (10^12/L)

HGB 131 125 124 136 124 121—158(g/L)

HCT 39.5 37.4 36.3 40.4 37.4 37—47(%)

PLT 136 139 155 198 455 177—446 (10^9/L)

CRP 81.9 220.5 111.3 30.9 5.9 0—6(mg/L)

LDH 284 399 – 391 291 120—250(U/L)

PCT 15.63 – – – 0.08 0—0.5(ng/mL)

D-D 3.52 4.69 – 1.77 1.01 0—0.5(mg/L)

APTT 45.2 44.1 – 32.3 25.5 23—31.3(s)

ALT 28 30 – 24 20 14—44(U/L)

FIB 3.44 4.37 – 3.49 2.38 2—4(g/L)

Note: Date means the length of admission. 
Abbreviations: WBC, White blood cell count; N%, Neutrophil ratio; L%, Lymphocyte ratio; MONO%, Monocyte ratio; EO%, Eosinophil ratio; RBC, 
Erythrocyte count; HGB, Hemoglobin; HCT, Hematocrit; PLT, Platelet count; CRP, C-reactive protein; LDH, Lactate dehydrogenase; PCT, Procalcitonin; D-D, 
D-dimer; APTT, Activated partial thromboplastin time; AST, Aspartate aminotransferase; FIB, Fibrinogen.
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such as N%, CRP, PCT, LDH, APTT and D-D increased, while indexes such as HCT, RBC, EO%, MONO% and L% 
decreased, which was similar to the results of existing studies.

During the initial assessment of adenovirus, it is difficult to distinguish whether there is a bacterial infection because 
adenovirus infection can cause a strong inflammatory response, resulting in a significant increase in WBC and CRP.10,25 

More than 90% of previously reported cases have been treated with antibiotics, which have no therapeutic effect on 
adenoviruses.26 Thus, accurate and rapid diagnosis is critical to reduce antibiotic prescription and consumption and also 
antibiotic resistance. Compared with traditional antigen detection and virus culture methods, polymerase chain reaction 
(PCR) possesses a higher detection capability of respiratory viruses,27 and it can be widely used in clinical practice. 
However, antigen detection has the advantages of rapid achievement of results, low cost, and low maintenance, and it 
continues to be widely used in outpatient and emergency departments.

In this case, the rapid antigen test was positive for the influenza virus using the colloidal gold method but negative 
with PCR. The possible reasons are as follows: (1) False positive antigen test results due to cross-reaction of similar 
proteins between influenza virus and adenovirus; (2) Occurrence of RNA degradation during specimen preservation or 
processing, resulting in false negative nucleic acid tests; (3) False positive results due to nonstandardization of the 
antigen detection reagent itself or the sampling operation or the naked eye observation reaction line is fuzzy; or (4) 
Effective oral oseltamivir treatment leading to a significant decrease in viral load. Moreover, some studies found that 
positive rapid influenza diagnostic test was proportional to viral load in nasopharyngeal samples.28 When a sample for 

Figure 4 Trends of laboratory indicators over time. 
Note: Between the two dotted lines means the reference range interval.
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PCR was collected from our patient for the first time, the lower respiratory tract infection was severe, and thus, low viral 
load in the oropharynx could result in false negative nucleic acid detection.

In addition, the occurrence of adenovirus along with Mycoplasma pneumoniae is common,29 and blood examination 
revealed that the child, in this case, was positive for Mycoplasma IgM and negative for Mycoplasma nucleic acids, 
confirming the observation of Huang Hao et al30 that false positive for Mycoplasma IgM antibody may occur in 
adenovirus infection. Compared with pneumonia caused by M. pneumoniae, children with adenovirus pneumonia have 
a longer duration of fever, a wider range of lung lesions, a higher proportion of bilateral pneumonia and severe 
pneumonia, and a higher incidence of hypoxemia.8

Imaging can also help in early identification of adenovirus pneumonia. Adenoviruses can cause focal or lobar 
degeneration, with the primary imaging features similar to those typical of bacterial pneumonia, thereby misleading 
the diagnosis.31 In this case, CT showed multiple clusters of lesions in both lungs during the initial stages of the disease, 
with high density, blurred edges, and centripetal distribution. This observation was similar to the chest imaging features 
of patients with severe adenovirus infection proposed by Uljing et al32 segmental and lobular parenchymal infiltration, 
edge of consolidation is fuzzy, reinforcement is uniform, and most of them have centripetal distribution.

Currently, there are no specific antiviral drugs approved for the treatment of adenoviral infections. Although cidofovir 
administration has been successful for the treatment of severe adenovirus infections in several cases,6,33–35 its exact 
efficacy and safety have not been verified, and thus, it is not currently widely used for the treatment of HAdV.34 The main 
treatment strategies for SAP in children are supportive therapy, immunomodulatory therapy, and respiratory support 
therapy, including oxygen inhalation, mechanical ventilation, and extracorporeal membrane oxygenation. The timing of 
transbronchoscopic alveolar lavage in children with SAP remains controversial.36 Glucocorticoids possess strong anti- 
inflammatory and immunosuppressive effects to reduce lung inflammation in severe pneumonia and prevent respiratory 
failure.36,37 As the main immune protein of the human body, gamma globulin can inhibit the formation of antigen and 
antigen complexes, improving the immunity of the body. It can also block Fc receptors on cells, inhibit the production 
and release of cytokines, and neutralize inflammatory factors, toxins, and related antigens.38 For children with SAP, early 
administration of gamma globulin can reduce the use of mechanical ventilation, shorten the duration of fever, reduce the 
incidence of bronchiectasis, and significantly reduce mortality.39

Our study has some limitations. The type of adenovirus is associated with disease severity; however, adenovirus 
typing was not tested in this retrospective study. This study did not detect the levels of IgE, ferritin, IL-4, adenovirus 
antibody in blood, and viral load. During follow-up, the patient’s cough disappeared, but chest CT was not reviewed as 
recommended. Lung recovery is unknown and long-term prognosis cannot be assessed.

Conclusions
For children with pneumonia where the pathogen involved is unclear and a persistent fever is observed accompanied by 
wheezing, shortness of breath, poor spirit, ineffective antibiotic treatment, and significantly elevated levels of PCT, LDH, 
D-D, and other indicators, we need to be alert of the possibility of SAP. Although the virus nucleic acid test is the gold 
standard, in the case of a negative test result, it is still necessary to combine the corresponding clinical manifestations 
with the laboratory findings and imaging characteristics to provide effective treatment as early as possible. Samples can 
be collected repeatedly and from multiple sites for nucleic acid testing. Rapid identification of the virus would limit the 
unnecessary consumption of antibiotics. As the immune mechanism of adenovirus infection is complex and no specific 
drugs are currently available, future studies should focus on the development of new anti-adenovirus drugs through 
breakthroughs in the role of cytokines and hormones.

Ethics Approval
Ethical approval for the study was granted and the case details were approved to publish the case details by ShaoXing 
KeQiao Women And Children’s Hospital.
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