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Objectives: To identify the differences of clinical characteristics and outcomes of severe pneumonia in children under 5 years old with and without adenovirus infection.

Methods: A retrospective cohort study was conducted in three pediatric hospitals in Guangzhou, China. In total, 1,595 children under the age of 5 with WHO-defined severe pneumonia had adenovirus testing performed between January 1, 2009 and December 31, 2019. Demographics, complications, the first routine laboratory findings, therapeutic records, and clinical outcome were collected from electronic medical records. We compared characteristics of children with and without adenovirus infection.

Results: Adenovirus was detected in 75 (4.7%) out of 1,595 children with severe pneumonia. Cases with adenovirus infection were more likely to be boys (74.7 vs. 63.0%), older than 1 year old (78.7 vs. 25.1%), but less likely to have mixed virus infections (25.3 vs. 92.9%) and combined with cardiovascular disease (12.0 vs. 39.7%), and had more abnormal laboratory results than cases without adenovirus infection. Antiviral therapy (4.9%) was rarely used in children with severe pneumonia, but antibiotic therapy (65.3%) was commonly used, especially in cases with adenovirus infection (91.9%). Children infected with adenovirus (9.3 vs. 2.5%) were also hospitalized longer and had a higher mortality within 30 days of hospitalization.

Conclusions: Children with severe pneumonia under 5 years old with adenovirus infection had more abnormal laboratory findings and more severe clinical outcomes than cases without adenovirus infection. More attention should be focused on the harm caused by adenovirus infection.
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INTRODUCTION

Pneumonia is a leading cause of hospitalization and death among children under 5 years old worldwide, accounting for 15% of all childhood deaths (1). Adenovirus is commonly detected in pediatric severe pneumonia cases, and severe pneumonia can cause chronic complications. Adenoviruses have a worldwide distribution, and should not be ignored as they can cause severe and fatal pneumonia (2). In 2014, the USA reported an increasing number of adenovirus detections from hospitalized patients with severe respiratory infections (3). Studies have identified adenoviruses as the main pathogens associated with severe childhood pneumonia (4–6). And severe pneumonia with adenovirus infection is getting more and more attention around the world (7, 8).

Many previous studies focus on the serotypes of adenovirus and their clinical manifestations because some serotypes are associated with specific clinical manifestations (3, 9–11). However, due to the high cost and lagging test results, clinicians can only detect the type of pathogen by PCR, and it is not possible for them to further detect the serotypes of particular pathogens, except for researchers (12). Adenovirus, as one of the most common viruses isolated from young children with febrile respiratory illness, has no identifiable clinical manifestations, which also leads to challenges for clinicians. In addition, data regarding epidemiology, clinical features, laboratory findings, and outcomes of severe pneumonia among adenovirus infections remain limited.

In this retrospective cohort study, we compared the differences of clinical characteristics and outcomes of severe pneumonia in children under 5 years old with and without adenovirus infection to confirm whether the prognosis of severe pneumonia with adenovirus infection was worse.



MATERIALS AND METHODS

A retrospective cohort study was undertaken by using 10 years of electronic health records data from between January 1, 2009 and December 31, 2019 from three pediatric hospitals in Guangzhou, Guangdong Province, China. All pediatric patients were included depending on if they met the inclusion criteria as follows: <5 years old; clinical symptoms suggestive of pneumonia, acquired outside of the hospital or <48 h after hospital admission; met severe pneumonia criteria defined by WHO, with at least one of the following danger signs: persistent vomiting, convulsions, lethargy, no oral intake, stridor, or severe malnutrition; took the test for adenovirus infection in the early stage of admission; and were discharged from hospital or died at hospital. And the exclusion criteria were as follows: cases with substantial missing data; and cases without the result of an adenovirus test. The diagnosis of pneumonia in children is based on a physician's diagnosis of bronchitis, bronchiolitis, pneumonia, or any combination of the three, based on X-ray results (13). A total of 1,595 severe pneumonia patients with adenovirus viral detection were included in this analysis.

We collected demographics, complications, the first routine laboratory findings, therapeutic records, and clinical outcome from electronic medical records. Laboratory examinations included complete blood counts, viral testing, and biochemistry to monitor liver, myocardial, and renal functions. Clinical outcomes were 30-day mortality in hospital and hospital length of stay (LOS) in days. All children admitted to the hospital had their respiratory tract samples tested by an RT-PCR assay or rapid antigen test for common pneumonia pathogens like syncytial virus, adenovirus, influenza virus A and B, parainfluenza, bocavirus, people partial pulmonary virus, rhinovirus, and mycoplasma on the same day or the next day. Samples included sputum, throat swabs, or bronchoalveolar lavages (only 10 samples were collected from bronchoalveolar lavages), which were obtained during routine clinical practice. Blood for cultures was obtained from 739 patients with a temperature of ≥38.5°C within 48 h of admission.

Cases with adenovirus infection were considered if one of the following criteria was met: (1) detection of adenovirus in sputum, throat swabs, or bronchoalveolar lavages by RT-PCR; (2) positive antigen in the adenovirus antigen test. Other cases were considered as cases without adenovirus infection. Co-infection was defined as detection of more than one pathogen including viral, bacterial, or atypical pathogens.

This study was approved by the Ethics Committee of Guangzhou Women and Children's Medical Center, which confirmed the need for signed informed consent from the participants. The patients and their next of kin were informed of their inclusion into the database and could decline participation.


Statistical Analysis

All patients were divided into the following two groups: the severe pneumonia with adenovirus infection group and severe pneumonia without adenovirus infection group. We compared characteristics of children with and without adenovirus infection, including age, gender, presence and types of complication, hospitalization time, laboratory findings, treatments, and outcomes of severe pneumonia. Categorical variables were summarized by frequencies and percentages. Continuous variables were expressed as median [IQR] or means ± SD whichever was appropriate. We used the χ2 test or Wilcoxon rank-sum tests for bivariate comparisons. All tests were two-sided and p < 0.05 were considered statistically significant. Associations between ADV infection and main clinical outcome were assessed by Cox proportional hazards regression for time to death in hospital within 30 days. And statistical analyses were performed with the R software (Version 2.8.1).




RESULTS


Clinical Characteristics

Of the 1,595 severe pneumonia children enrolled in this study, 75 (4.7%) had an adenovirus infection. The fatality rate of cases with adenovirus infection (9.3%) was higher than cases without adenovirus infection (2.5%) (Table 1, Figure 1). More than two-thirds of the severe pneumonia pediatric cases were <1 year old, but most cases with adenovirus infection were older than 1 year old. Severe pneumonia children with adenovirus infection were more likely to be boys, older than 1 year old, and infected with a combination of other microorganisms, but less likely to have mixed virus infection and co-occurring cardiovascular disease than cases without adenovirus infection (Table 1).


Table 1. Characteristics of 1,595 children with severe pneumonia with and without ADV infection.
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FIGURE 1. The study flowchart. ADV, adenovirus.




Laboratory Tests

In general, cases with adenovirus infection had more abnormal laboratory results than cases without adenovirus infection. Blood routine testing and blood biochemistry showed that all children with severe pneumonia had a higher lymphocyte count and hemoglobin, and lower albumin, but these three items in cases with adenovirus infection were lower than in cases without adenovirus infection. Besides, cases with adenovirus infection had lower lymphocyte levels (5.49 ± 0.92) and higher neutrophil levels (3.75[2.22, 6.47]) than cases without adenovirus infection (lymphocytes, 7.51 ± 0.6; neutrophils 4.01[2.60, 6.56]) (Table 2). In the coagulation function test, all cases had longer APTT and higher D-dimer which indicated that cases with adenovirus infection had worse coagulation function than cases without adenovirus infection (Table 2). In other laboratory findings, children with severe pneumonia had higher LDH, while cases with adenovirus infection (746[464, 1,378] U/L) were higher than cases without adenovirus infection (326[278, 407] U/L). In addition, cases with adenovirus infection had abnormal glucose (6.25[5.2, 7.5] mmol/L) and CRP (13.45[3.9, 34.8] mg/L) levels (Table 2).


Table 2. Laboratory findings of 1,595 children with severe pneumonia with and without ADV infection.
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Therapeutic and Clinical Outcomes

A total of 1586 severe pneumonia pediatric cases who described their treatment processes, and 9 cases who did not (0.56%) were randomly distributed in cases with and without adenovirus infection. Antiviral therapy (like ribavirin or oseltamivir) was rarely used in children with severe pneumonia, but antibiotic therapy (like azithromycin or cefoperazone sodium) was commonly used, especially cases with adenovirus infection (91.9%). Compared with cases without adenovirus infection, more cases with adenovirus infection were treated with corticosteroids and immunoglobulin, and oxygen therapy was used in 82.4% of cases with adenovirus infection but only 51.5% of cases without ADV infection. Besides, more cases with adenovirus infection were treated with invasive mechanical ventilation.

During hospitalization, 64.0% of cases with adenovirus infection suffered respiratory failure, which was higher in cases without adenovirus infection (24.7%). And cases with adenovirus infection also had a longer duration at hospital and a higher in-hospital 30-day mortality rate (9.3%) than cases without adenovirus infection (2.5%). A Cox model result showed that children with severe pneumonia with adenovirus infection had higher risk for in-hospital 30-day mortality (hazard ratio: 3.1; CI: 1.4–7.1) (Table 3, Figure 2).


Table 3. Therapeutic and clinical outcome of 1,586 children with severe pneumonia with and without ADV infection.
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FIGURE 2. Kaplan–Meier graphs of the probability of death for 30 days in hospital between the sever pneumonia children with and without ADV infection. The curves were compared using the log rank test.





DISCUSSION

Children with severe pneumonia with adenovirus infection had more abnormal laboratory findings and more severe clinical outcomes than cases without adenovirus infection, including suffering more respiratory failure, longer LOS, and higher mortality.

In our study, the median age of children with severe pneumonia was 10 months, and children were older than those without adenovirus infection. The study in Singapore showed most pediatric patients infected with adenovirus were below 2 years old, and another study showed that the median age of children with adenovirus pneumonia in Malaysia was 1.08 years, which was similar to ours (14, 15). It is supposed that newborns who have immunity from their mothers can fight off adenovirus infection, but as times goes on, the immune defense from mothers fades, and as their own immune systems are not yet fully mature, children around the age of one are vulnerable to adenovirus infection. It has been confirmed that adenovirus mainly infects immunocompromised people, so children aged around 1 year may be at higher risk of adenovirus infection. However, fatal cases have also been reported among newborns, therefore, more evidence is needed to support this hypothesis (16, 17).

A total of 25.3% of children with severe pneumonia with adenovirus infection were co-infected by other microorganisms, like RSV, influenza virus, or parainfluenza viruses. A study in Turkey also showed that 12.1% of children with respiratory infection were found to have at least two virus infections, and the most common viral agent was HRV followed by adenovirus (18). Only 2.1% of cases without adenovirus infection were found to have more than one virus. According to this finding, we supposed that children infected with adenovirus have a weaker immune system than children infected without adenovirus.

More children infected without adenovirus had cardiovascular disease (39.7%) compared with adenovirus-infected children (12.0%), while there was no statistical significance for other diseases. However, a Taiwanese study suggested that prematurity and congenital heart diseases do not show statistical significance for adenovirus pneumonia, but they are associated with disease severity (19). Underlying neurological disease and respiratory disease were more prevalent in severe adenovirus infection and pneumonia. Tsou showed that patients with underlying conditions, especially neurologic diseases, were more likely to suffer from adenovirus infections (20). One study about risk factors associated with mortality of children with pneumonia reported that malnutrition was the most common factor related with fatality (21). The study of Zampoli et al. in South Africa reported that 34.0% of children with adenovirus-associated pneumonia were malnourished (22). But in our study, children with adenovirus infection had a lower risk of being co-infected with other diseases than cases without adenovirus infection.

Children with severe pneumonia with adenovirus infection had more abnormal laboratory results than cases without adenovirus infection. Higher levels of LDH indicated more severe injury and reflected the possibility of hepatitis (23). Severe pneumonia cases had a high serum level of LDH, which was consisted with the Erez study, while the LDH level of cases with adenovirus infection was twice as high as cases without adenovirus infection. Lai et al. had similar results in both the serum and pleural fluid levels in severe adenovirus respiratory infection (24, 25). Wu et al. suggested that a high serum level of LDH and a low lymphocyte count could be used as predictors for the severity of adenovirus respiratory infection in children (26). On the contrary, both severe pneumonia cases with and without adenovirus infection in our results showed a high lymphocyte count, but only cases with adenovirus infection had a low percentage of lymphocytes. It means that lymphocytes might not be an appropriate predictor for severity of adenovirus infection in children.

In addition, children with severe pneumonia had a low level of albumin and a long coagulation time. Especially, children with pneumonia with ADV infection had a lower level of albumin (33.386 ± 0.38 g/L) and worse coagulation function (APTT, 43.631 ± 5.89). The adenovirus might attack the hematopoietic system or immune system which influences the level of albumin and coagulation function. The study of Miao et al. showed that children with severe adenovirus pneumonia with low serum albumin may have poor prognosis (27). Cases with adenovirus infection had higher levels of CRP, which was consistent with Chen's study, revealing that elevated CRP levels were common in adenovirus infection, even without superimposed bacterial infection (28). Specially, cases with adenovirus infection showed a high level of serum glucose. We supposed that the adenovirus might damage children's Langerhans β cells, but more evidence is needed to support this hypothesis.

Only a few children with severe pneumonia received antiviral therapy, but the majority of them received the antibiotic therapy, especially the cases with adenovirus infection. The benefits of treatment with antiviral therapy for severe adenovirus pneumonia are still not confirmed (29). Due to the limitation of test methods, detecting all concomitant bacterial infections is difficult (14), and only the impact of bacterial co-infection on disease severity and mortality has been reported in patients with viral infection (30, 31). So, most clinicians use antibiotic drugs based on clinical experience. In some randomized controlled trials and observational studies, rapid recognition of viruses was not associated with reducing antibiotic use (32, 33). Additionally, we found more cases with adenovirus infection were treated by corticosteroids like adrenaline as the first aid medicine, oxygen therapy, and invasive mechanical ventilation, which revealed that children with adenovirus infection might have more serious disease. It is worth noting that a randomized clinical trial found that among patients with severe pneumonia the acute use of corticosteroids could reduce treatment failure compared with placebo. Therefore, they suggested the use of corticosteroids as adjunctive treatment for patients with severe pneumonia (34).

A total of 64.0% of children with severe pneumonia with adenovirus infection suffered respiratory failure on admission, which was more than double the figure of cases without adenovirus infection. They also had a longer duration in hospital. In our result, the 30-day mortality in hospital among cases with adenovirus infection was 9.3%, consistent with Wu's study, higher than 2.5% of cases without adenovirus infection (28). But it is lower than another study in 415 hospitalized children under 6 years of age with ALRI caused by adenovirus in Argentina from 1988 to 2005 who had a 15% mortality (9). The high risk in mortality with adenovirus infection suggested that adenovirus surveillance programs should be in place to monitor peaks in infection rates (8).

Like most retrospective epidemiological studies, data were often incomplete and analyses may be biased. We were unable to detect a common virus to compare adenovirus infection with another viral infection. Therefore, the findings in our study should be interpreted with caution.



CONCLUSION

Children with severe pneumonia with adenovirus infection had more abnormal laboratory findings and more severe clinical outcomes than cases without adenovirus infection. More attention needs to be focused on the harm caused by adenovirus infection.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Guangzhou Women and Children's Medical Center. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)' legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual contribution to the work, and approved it for publication.



FUNDING

This work was supported from the National Natural Science Foundation of China (Grant no. 81401755).



ACKNOWLEDGMENTS

We thank the patients who agreed to participate in this study. We thank the clinical teams who cared for the patients.



REFERENCES

 1. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and national causes of child mortality in 2000-13, with projections to inform post-2015 priorities: an updated systematic analysis. Lancet. (2015) 385:430–40. doi: 10.1016/S0140-6736(14)61698-6

 2. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumonia. Lancet. (2011) 377:1264–75. doi: 10.1016/S0140-6736(10)61459-6

 3. Scott MK, Chommanard C, Lu X, Appelgate D, Grenz L, Schneider E, et al. Human Adenovirus Associated with Severe Respiratory Infection, Oregon, USA, 2013-2014. Emerg Infect Dis. (2016) 22:1044–51. doi: 10.3201/eid2206.151898

 4. Do CDM, Raboni SM, Flizikowski FB, Chong DC, Persicote AP, Nogueira MB, et al. Immunohistochemical assessment of respiratory viruses in necropsy samples from lethal non-pandemic seasonal respiratory infections. J Clin Pathol. (2010) 63:930–4. doi: 10.1136/jcp.2010.077867

 5. Ou ZY, Zeng QY, Wang FH, Xia HM, Lu JP, Xia JQ, et al. Retrospective study of adenovirus in autopsied pulmonary tissue of pediatric fatal pneumonia in South China. BMC Infect Dis. (2008) 8:122. doi: 10.1186/1471-2334-8-122

 6. Jonnalagadda S, Rodriguez O, Estrella B, Sabin LL, Sempertegui F, Hamer DH. Etiology of severe pneumonia in Ecuadorian children. PLoS ONE. (2017) 12:e171687. doi: 10.1371/journal.pone.0171687

 7. Alharbi S, Van Caeseele P, Consunji-Araneta R, Zoubeidi T, Fanella S, Souid AK, et al. Epidemiology of severe pediatric adenovirus lower respiratory tract infections in Manitoba, Canada, 1991-2005. Bmc Infect Dis. (2012) 12:55. doi: 10.1186/1471-2334-12-55

 8. Murtagh P, Giubergia V, Viale D, Bauer G, Pena HG. Lower respiratory infections by adenovirus in children. Clinical features and risk factors for bronchiolitis obliterans and mortality. Pediatr Pulmonol. (2009) 44:450–6. doi: 10.1002/ppul.20984

 9. Chehadeh W, Al-Adwani A, John SE, Al-Dhufairi S, Al-Dousari H, Alkhaledi M, et al. Adenovirus types associated with severe respiratory diseases: A retrospective 4-year study in Kuwait. J Med Virol. (2018) 90:1033–9. doi: 10.1002/jmv.25059

 10. Binder AM, Biggs HM, Haynes AK, Chommanard C, Lu X, Erdman DD, et al. Human adenovirus surveillance - United States, 2003-2016. MMWR Morb Mortal Wkly Rep. (2017) 66:1039–42. doi: 10.15585/mmwr.mm6639a2

 11. Fu Y, Tang Z, Ye Z, Mo S, Tian X, Ni K, et al. Human adenovirus type 7 infection causes a more severe disease than type 3. BMC Infect Dis. (2019) 19:36. doi: 10.1186/s12879-018-3651-2

 12. Lu X, Trujillo-Lopez E, Lott L, Erdman DD. Quantitative real-time PCR assay panel for detection and type-specific identification of epidemic respiratory human adenoviruses. J Clin Microbiol. (2013) 51:1089–93. doi: 10.1128/JCM.03297-12

 13. Zhou F, Wang Y, Liu Y, Liu X, Gu L, Zhang X, et al. Disease severity and clinical outcomes of community-acquired pneumonia caused by non-influenza respiratory viruses in adults: a multicentre prospective registry study from the CAP-China Network. Eur Respir J. (2019) 54. doi: 10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A4212

 14. Rajkumar V, Chiang CS, Low JM, Cui L, Lin RT, Tee NW, et al. Risk Factors for Severe Adenovirus Infection in Children during an Outbreak in Singapore. Ann Acad Med Singapore. (2015) 44:50–9.

 15. Li L, Woo YY, de Bruyne JA, Nathan AM, Kee SY, Chan YF, et al. Epidemiology, clinical presentation and respiratory sequelae of adenovirus pneumonia in children in Kuala Lumpur, Malaysia. PLoS ONE. (2018) 13:e205795. doi: 10.1371/journal.pone.0209720

 16. Kelley CJ. A fatal case of neonatal adenovirus infection. Neonatal Netw. (2010) 29:297–305. doi: 10.1891/0730-0832.29.5.297

 17. Elnifro EM, Cooper RJ, Dady I, Hany S, Mughal ZM, Klapper PE. Three nonfatal cases of neonatal adenovirus infection. J Clin Microbiol. (2005) 43:5814–5. doi: 10.1128/JCM.43.11.5814-5815.2005

 18. Ziyade N, Elgormus N, Kara E, Karayel F. [Investigation of viral respiratory tract infection agents by multiplex PCR method in autopsy cases: A five-year study]. Mikrobiyol Bul. (2019) 53:179–91. doi: 10.5578/mb.67960

 19. Cheng JL, Peng CC, Chiu NC, Weng LC, Chiu YY, Chang L, et al. Risk factor analysis and molecular epidemiology of respiratory adenovirus infections among children in northern Taiwan, 2009-2013. J Microbiol Immunol Infect. (2017) 50:418–26. doi: 10.1016/j.jmii.2015.08.006

 20. Tsou TP, Tan BF, Chang HY, Chen WC, Huang YP, Lai CY, et al. Community outbreak of adenovirus, Taiwan, 2011. Emerg Infect Dis. (2012) 18:1825–32. doi: 10.3201/eid1811.120629

 21. Dembele B, Kamigaki T, Dapat C, Tamaki R, Saito M, Saito M, et al. Aetiology and risks factors associated with the fatal outcomes of childhood pneumonia among hospitalised children in the Philippines from 2008 to 2016: a case series study. BMJ Open. (2019) 9:e26895. doi: 10.1136/bmjopen-2018-026895

 22. Zampoli M, Mukuddem-Sablay Z. Adenovirus-associated pneumonia in South African children: Presentation, clinical course and outcome. S Afr Med J. (2017) 107:123–6. doi: 10.7196/SAMJ.2017.v107i2.11451

 23. Lynch JR, Kajon AE. Adenovirus: Epidemiology, Global Spread of Novel Serotypes, and Advances in Treatment and Prevention. Semin Respir Crit Care Med. (2016) 37:586–602. doi: 10.1055/s-0036-1584923

 24. Erez A, Shental O, Tchebiner JZ, Laufer-Perl M, Wasserman A, Sella T, et al. Diagnostic and prognostic value of very high serum lactate dehydrogenase in admitted medical patients. ISR Med Assoc J. (2014) 16:439–43.

 25. Lai CY, Lee CJ, Lu CY, Lee PI, Shao PL, Wu ET, et al. Adenovirus serotype 3 and 7 infection with acute respiratory failure in children in Taiwan, 2010-2011. PLoS ONE. (2013) 8:e53614. doi: 10.1371/journal.pone.0053614

 26. Wu PQ, Zeng SQ, Yin GQ, Huang JJ, Xie ZW, Lu G, et al. Clinical manifestations and risk factors of adenovirus respiratory infection in hospitalized children in Guangzhou, China during the 2011-2014 period. Medicine (Baltimore). (2020) 99:e18584. doi: 10.1097/MD.0000000000018584

 27. Huang M, Luo R, Fu Z. [Risk factors for poor prognosis in children with severe adenovirus pneumonia]. Zhongguo Dang Dai Er Ke Za Zhi. (2017) 19:159–62. doi: 10.7499/j.issn.1008-8830.2017.02.006

 28. Chen HL, Chiou SS, Hsiao HP, Ke GM, Lin YC, Lin KH, et al. Respiratory adenoviral infections in children: a study of hospitalized cases in southern Taiwan in 2001–2002. J Trop Pediatr. (2004) 50:279–84. doi: 10.1093/tropej/50.5.279

 29. Kim SJ, Kim K, Park SB, Hong DJ, Jhun BW. Outcomes of early administration of cidofovir in non-immunocompromised patients with severe adenovirus pneumonia. PLoS ONE. (2015) 10:e122642. doi: 10.1371/journal.pone.0122642

 30. Voiriot G, Visseaux B, Cohen J, Nguyen LB, Neuville M, Morbieu C, et al. Viral-bacterial coinfection affects the presentation and alters the prognosis of severe community-acquired pneumonia. Crit Care. (2016) 20:375. doi: 10.1186/s13054-016-1517-9

 31. Joseph C, Togawa Y, Shindo N. Bacterial and viral infections associated with influenza. Influenza Other Respir Viruses. (2013) 7:105–13. doi: 10.1111/irv.12089

 32. Semret M, Schiller I, Jardin BA, Frenette C, Loo VG, Papenburg J, et al. Multiplex Respiratory Virus Testing for Antimicrobial Stewardship: A Prospective Assessment of Antimicrobial Use and Clinical Outcomes Among Hospitalized Adults. J Infect Dis. (2017) 216:936–44. doi: 10.1093/infdis/jix288

 33. Brendish NJ, Malachira AK, Armstrong L, Houghton R, Aitken S, Nyimbili E, et al. Routine molecular point-of-care testing for respiratory viruses in adults presenting to hospital with acute respiratory illness (ResPOC): a pragmatic, open-label, randomised controlled trial. Lancet Respir Med. (2017) 5:401–11. doi: 10.1016/S2213-2600(17)30120-0

 34. Torres A, Sibila O, Ferrer M, Polverino E, Menendez R, Mensa J, et al. Effect of corticosteroids on treatment failure among hospitalized patients with severe community-acquired pneumonia and high inflammatory response: a randomized clinical trial. JAMA. (2015) 313:677–86. doi: 10.1001/jama.2015.88

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Zheng, Liao, Liang, Li, Li and Liang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-09-599500-t003.jpg
Characteristics

Therapeutic features
Antiviral therapy

Antibiotic therapy

Use of corticosteroid

Use of adrenaline

Use of other corticosteroid

Use of immunoglobuiin

Oxygen therapy

Invasive mechanical ventilation
Clinical outcome

Respiratory failure

Duration at hospital (day), median [QR]
In-hospital 30-day mortality

ALL,n =1,586

78(4.9)
1036 (65.9)
672 (42.4)
643 (405)
279(17.6)
319 (20.1)
840 (53.0)
406 (25.5)

424 (26.6)
11(8,16)
4528

With ADV infection, n = 74

6(8.1)
68(91.9)
66(89.2)
66(89.2)
36(48.6)
47 (63.5)
61(82.4)
44 (59.5)

48 (64.0)
17 (10, 24)
7(93)

Without ADV infection, n = 1,512

72 (4.8)
968 (64.0)
606 (40.1)
577 (38.2)
243 (16.1)
272 (18.0)
779 (61.5)
361 (23.9)

376 (24.7)
108, 15)
38 (25)

0.17
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

Data in the table are median (IQR), mean (SD), n (%), or n/N (%), where N is the total number of patients with relevant data. P values are derived from x* test or Fisher's exact test.

RR, relative risk; NA, not available; NE, not estimable.





OPS/images/fped-09-599500-t001.jpg
Characteristics Total, n = 1,595 With ADV infection, n = 75 Without ADV infection, n = 1,520 P

Gender, n (%) 0.041
Male 1,014 (63.6) 56(74.7) 958 (63.0)

Female 581 (36.4) 19 (25.3) 562 (37.0)

Age at diagnosis (month), median IQR] 101,9) 10(5, 16) 11,9 <0.001
Age Category, n (%) <0.001
<1 year 1154 (72.4) 16(21.3) 1138 (74.9)

1-4 years 441 (27.6) 59 (787) 382 (25.1)

Corinfection 467 (29.9) 19 (25.3) 448 (29.5) <0.001
No pathogen infection 1,072 (67.2) - 1072 (70.5)

Viral infection <0.001
Single infection 88(16.8) 56 (74.7) 32(7.1)

Mixed infection 435 (83.2) 19 (25.3) 416 (92.9)

Comorbidties

Cardiovascular disease 612(38.4) 9(12.0) 603 (39.7) <0.001
Gastrointestinal disease 268(16.8) 12(16.0) 256 (16.8) 0.85
Hepatic and bile disease 127 (8.0) 6(8.0) 121(8.0) 0.99
Renal damage 3220 1(1.9) 31(2.0) 0.67
Cerebral damage 271(17.0) 9(12.0) 262 (17.2) 023
Immunodeficiency 107 0(0.0 11(0.7) 0.46
Malnutrition 100 (6.3) 46.3) 96 (6.3) 073
G6PD deficiency 52(3.3) 2@27) 50(3.3) 077

Blood disease 58(3.6) 56.7) 53(3.5) 015
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Blood routine

Leucocyte count, x 109/L 50-120 852+556 11.95£7.82 <0001
Lymphocyte count, x109/L 1.55-4.80 549921 7.45+ 10.64 1 0026
Neutrophil count, x109/L 2072 375 [222,6.47) 401260, 6.56] <0001
Lymphocytes, % 40-60 32(28,46) | 46 (32, 56 <0001
Neutrophils, % 31-40 60[44,71) 1 40[29,55) <0.001
Platelets, % 0.1-05 027 (0.18,0.42) 0.40 [0.31,0.49) <0001
Hemoglobin, g/L 135-195 32814 3231 1 335,26 +15.02 1 <0.001
Blood biochemistry

Alburnin, g/L 40-55 33334638 | 37264434 <0.001
Coagulation function

APTT, s 11-15 4363+ 15891 4354 £7.311 <0.001
PTs 11-15 13.68 +2.46 13.97 £2.68 058
D-dimer, mg/L <05 2.64[1.38, 4.65] 1 1.07 [0.54,2.07) 1 <0.001
Other Laboratory findings

ALT, UL 7-40 220(15.032.5) 200(13.0,30.3] <0.001
AST, UL 5-60 550 (15.0,32.5] 350 (280, 49.0) <0001
Total bilrubin, pwmol/L 2-17 38(2259) 24.85[7.40,72.0) 1 >0.99
LDH, UL 169-322 746 [464,1378] t 326 [278, 407] t <0.001
BUN, mmolL 2471 391 +421 3.00% 2,69 00017
Ser, pmol/L 18-97 228389 25.4 4 80.37 0.70
CK, UL 45-390 114 [74, 226) 113[76, 195) <0.001
Glucose, mmolL 4159 625(5.2,7.5)1 55(4.8,6.5) <0.001
CRP. mg/L <82 13.45(39,348) 1 2.4(0.6,106] <0.001

Data in the table are median (IQR), mean & SD. P values are derived from X test.

1+ the mean of the results was over the reference of normal value.

1: the mean of the results was under the reference of normal value.

APTT, activated partial thromboplastin time; P, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Scr, serum creatinine;
CK, creatine kinase; LDH, lactate dehydrogenase; CRP, C-reactive protein.
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