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Background: The emerging coronavirus disease 2019 (COVID-19) has become a serious public health concern with a high number of fatalities. It is unclear whether corticosteroids could be a candidate for an early intervention strategy for patients with COVID-19.

Methods: In this retrospective cohort study, we analyzed data from 28 corticosteroid-treated patients with non-severe but advanced COVID-19, in which short-course and low-dose corticosteroids were administered because of unremitting or worsening clinical conditions during hospitalization. To compare the effect of corticosteroids on viral clearance, 44 corticosteroid-untreated patients were included as controls.

Results: At the time of admission, corticosteroid-treated patients (n = 28) had a more advanced baseline illness compared with corticosteroid-untreated patients (n = 44), as reflected by poorer blood laboratory parameters (lymphocytes, C-reactive protein, and lactate dehydrogenase) and more extensive chest computed tomography (CT) abnormalities. Corticosteroids were given because of radiological evidence of pneumonia progression (26/28) and/or unremitting fever (22/28) after admission. The median time from illness onset to corticosteroid treatment was 9 days (IQR, 7–10). The median duration and accumulated dose of corticosteroid treatment were 4.5 days [interquartile range (IQR), 3–5] and 140 mg of methylprednisolone (IQR, 120–200). Intravenous immunoglobulin (20 g per day for 3–5 days) was co-administered with corticosteroids. With the corticosteroid treatment, all patients achieved an abatement of fever within 1 day, and 78.6% (22/28) of the patients achieved radiological remission when evaluated about 3 days later. Only one (3.6%) patient progressed to severe COVID-19, and all patients recovered and were discharged without any sequela. The median time from illness onset to viral clearance was similar, as compared with 44 corticosteroid-untreated patients with relatively milder disease [18 (IQR 14.3–23.5) days vs. 17 (IQR, 12–20) days, p = 0.252]. When adjusted for age, sex, underlying comorbidities, baseline blood laboratory parameters, viral load, and chest radiological findings, the causal hazard ratio of corticosteroid treatment for the viral clearance was 0.79 (95%CI, 0.48–1.30, p = 0.34).

Conclusion: Short-course and low-dose applications of corticosteroids, when co-administered with intravenous immunoglobulin, in non-severe COVID-19 patients during the stage of clinical deterioration may possibly prevent disease progression, while having a negligible impact on the viral clearance.
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INTRODUCTION

In December 2019, a pneumonia related to coronavirus disease 2019 (COVID-19) was discovered in Wuhan, China (1). The causative pathogen of this novel disease was severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (2, 3). It is recognized that patients with coronavirus disease 2019 may have variable degrees of disease severity, ranging from asymptomatic infection to life-threatening respiratory failure (4–6). Because of its high capability of human-to-human transmission, it spread rapidly in China. At present, COVID-19 has become a major public health issue of global concern. As of June 9, 2020, there were more than 7 million confirmed cases of COVID-19, leading to over 0.4 million deaths (7). Most of the investigated antivirals, such as lopinavir/ritonavir, arbidol, chloroquine, and hydroxychloroquine, have failed to significantly improve the prognosis of COVID-19 (8–10). Preliminary reports from a randomly controlled trial showed that remdesivir could shorten the median recovery time of COVID-19 from 15 to 11 days; however, the mortality of COVID-19 by the second week was still high (7.1% in patients treated with remdesivir) (11). Moreover, for patients with severe COVID-19, a study showed that remdesivir was not associated with a better clinical outcome (12). There was no difference in clinical improvement between a 5-day course and a 10-day course of remdesivir therapy in severe COVID-19 (13). Taken together, current evidence suggests that antiviral therapy does not substantially decrease the case fatality rate of COVID-19.

Besides antiviral therapy, anti-inflammatory therapy for COVID-19 is also attracting considerable research interest. Members of a WHO panel on clinical management for COVID-19 and the Chinese Thoracic Society have conflicting opinions regarding the use of corticosteroids in COVID-19 (14, 15). While the former discourages the use of corticosteroids in COVID-19, the latter advises that corticosteroids should be administered in critically ill patients (14, 15). At the beginning of the COVID-19 outbreak in China, there was very limited knowledge of the optimal treatment for COVID-19. One of the reasons for favoring corticosteroid treatment in COVID-19 is that the use of corticosteroids in critically ill SARS patients was associated with lowered mortality and shorter hospital stays (16). Of note, when lung damage has already occurred, the case fatality rate of COVID-19 is unacceptably high, even though use of corticosteroids is not uncommon in this population (5, 6). An alternative strategy is application of corticosteroids in COVID-19 patients with clinical deterioration but before they develop severe illness. If corticosteroids could alleviate the clinical progression at this stage, then the therapy may possibly decrease the cases of severe illness and therefore lower the case fatality rate of COVID-19.

Thus far, limited data are available regarding the use of corticosteroid treatment in patients with non-severe COVID-19. In our clinical practice, short-course, and low-dose corticosteroids were administered to non-severe COVID-19 patients when there was unremitting or worsening clinical conditions. The present study retrospectively analyzed the patients' data to evaluate whether this strategy could possibly prevent disease progression and to explore the effect of the corticosteroids-based therapy on viral clearance.



MATERIALS AND METHODS


Study Design and Population

A single-center, retrospective study was conducted at the Second Hospital of Nanjing, China. In Nanjing, the Second Hospital of Nanjing was the only designated hospital for managing patients with COVID-19. The expert panel on the management of COVID-19, in the second hospital of Nanjing, did not dissuade the use of corticosteroids providing that the treatment was closely monitored. The indication for corticosteroid treatment in the second hospital of Nanjing included severe COVID pneumonia and non-severe COVID pneumonia with evidence of disease progression. The principle of this therapy is short-course (within 1 week) and low-dose (methylprednisolone, 40 mg per day intravenously) application of corticosteroids. Intravenous immunoglobulin (20 g per day for 3–5 days) was co-administered with corticosteroids. The decision on initiation of corticosteroid treatment and duration of this medicine was made by the treating physicians. The expert panel would dynamically monitor the effects of corticosteroid treatment and had the authority to withdraw corticosteroid treatment if there was any clue that disadvantages of the treatment were outweighing the advantages.

We searched the COVID-19 database of the second hospital of Nanjing and included all the symptomatic cases fulfilling the following criteria: (1) admitted from Jan 20, 2020 to Feb 16, 2020; (2) at least 18 years of age; (3) received corticosteroid treatment because of clinical progression of COVID-19; and (4) with non-severe COVID-19 pneumonia both at the time of admission and at the time of starting corticosteroid treatment. With this strategy, 28 corticosteroid-treated patients with non-severe COVID-19 were identified (referred to as corticosteroid group). For the purpose of comparing the effect of corticosteroids on viral clearance, all 44 corticosteroid-untreated symptomatic patients, with non-severe COVID-19 pneumonia, who were at least 19 years old, and admitted during the same period were included in this study (referred to as non- corticosteroid group). None of the patients tested positive for human immunodeficiency viruses (HIV) antibody.

The diagnosis of COVID-19 was based on positive nucleic acid tests for SARS-COV-2 from a throat swab sample. The medical records, including demographic data, medical history, underlying comorbidities, symptoms, signs, laboratory parameters, radiological findings, treatments, and outcomes, were collected from the electronic health record system, and were retrospectively analyzed. This study was approved by the ethics committee of the second hospital of Nanjing (reference number: 2020-LS-ky003). Written informed consent was obtained from patients in this study.



Laboratory Nucleic Acid Test

During inpatient days, SARS-COV-2 viral loads from throat swab specimens were evaluated every other day using quantitative reverse transcription polymerase chain reaction (qRT-PCR) kits (BGI Genomics, Beijing, China) following WHO guidelines, as previously described (4). Total nucleic acids were extracted from 200 μl virus preservation solution containing throat swabs through an automatic nucleic acid extraction system (BioPerfectus technologies company). Primers and probe sets were designed targeting open reading frame 1ab/N (forward primer 5′-AGAAGATTGGTTAGATGATGATAGT-3′; reverse primer 5′-TTCCATCTCTAATTGAGGTTGAACC-3′; and probe 5′-FAM-TCCTCACTGCCGTCTTGTTGACCA- BHQ1-3′. The human glyceraldehyde 3-phosphate dehydrogenase gene was used as an internal control (forward primer 5′-TCAAGAAGGTGGTGAAGCAGG-3′; reverse primer 5′-CAGCGTCAAAGGTGGAGGAGT- 3′; probe 5′-VIC-CCTCAAGGGCATCCTGGGCTACACT-BHQ1- 3′). The following program was run in the ABI7500 thermocycler: 50°C for 20 min; 95°C for 10 min; 40 cycles of 95°C for 15 s, 60°C for 30 s. The cycle threshold (Ct) value from the qRT-PCR reaction was used to relatively represent the viral load of SARS-COV-2.



Radiological Assessment of Pulmonary Lesions

Chest computed tomography (CT) scans were performed every 2–4 days until a demonstration of substantial improvement of the pulmonary lesions. A semi-quantitative method was used to relatively represent the severity of pulmonary lesions, as described previously (17). Based on the extent of lung involvement, each lung lobe was visually scored from 0 to 5. No involvement was assigned a score of 0 and lobe involvements of <5, 5–25, 26–49, 50–75, and >75% were given scores of 1, 2, 3, 4, and 5, respectively. The score of each chest CT was the sum of individual lobar score, and therefore could be ranged from 0 to 25. This semi-quantitative method, however, was insensitive to evaluate the dynamic changes of pulmonary lesions. Therefore, the dynamic changes of pulmonary lesions were also evaluated qualitatively, in which the changes of pulmonary lesions could be classified as resolution, stabilization, and progression. Two experienced doctors (Chuanjun Xu and Wenkui Sun) with more than 10 years of experience in thoracic radiology reviewed the CT images blindly and determined final scores by consensus.



Outcomes and Study Definitions

The primary outcome was progression to severe illness. Secondary outcomes were viral clearance and length of hospital stay. The case definition of severe COVID-19 pneumonia followed the Chinese interim guidance of novel coronavirus pneumonia (version 7.0). Severe cases should meet one of the follow criteria: (1) respiratory rate of 30 per min or more, (2) oxygen saturation of 93% or less while patients were breathing ambient air;, or (3) ratio of the partial pressure of arterial oxygen (Pao2) to the fraction of inspired oxygen (Fio2) ≤300 mg Hg. Also, the above-mentioned criteria should not be explained by cardiac insufficiency. Viral clearance was defined as when two-consecutive throat-swab samples obtained at least 24 h apart tested negative for SARS-CoV-2 RNA.



Statistical Analysis

Continuous variables were expressed as the median and interquartile ranges (IQR). Categorical variables were summarized as the counts and percentages in each category. Comparison between groups was done using the Mann–Whitney U-test or Wilcoxon signed-rank test for continuous variables, and Chi-Square test or McNemar test for categorical variables, as appropriate. The time to viral clearance was portrayed by Kaplan–Meier plot. The above-mentioned statistical analysis was done by SPSS version 22.0 (IBM). Considering the potential selection bias in our observational data, we applied the marginal structural models and performed inverse probability weights to adjust the bias and identify the causal effect of corticosteroids usage on viral clearance. We applied R package “ipw” to accomplish inverse probability weights (18). Statistical analysis was carried out using software package R (version 3.6.3). The variables included to calculate weights contained age, sex, underlying comorbidities, and baseline characteristics including blood laboratory parameters, SARS-COV-2 viral load from throat swab sample, and pulmonary radiological findings. A P < 0.05 is considered statistically significant.




RESULTS


Characteristics of the Patients

The median time from illness onset to admission was 5 days (IQR, 2–7), with no significant difference between corticosteroid group and non-corticosteroid group. At the time of admission, patients in the corticosteroid group were older, and had a higher percentage of patients with fever or shortness of breath, lower lymphocyte count or percentage, higher lactate dehydrogenase (LDH) level, and wider range of pulmonary involvement, compared with those in the non-corticosteroid group (p < 0.05, Table 1). The serum C-reactive protein (CRP) level was also higher in the corticosteroid group, although it did not reach statistical significance (p = 0.051). There were no obvious changes of liver and renal functions, or in the coagulation profile (Table 1). None of the patients had elevated cardiac troponin I level. The baseline viral load was comparable between the corticosteroid group and non-corticosteroid group (Table 1).


Table 1. Baseline demographics, clinical, laboratory, and radiological characteristics of 72 patients with COVID-19.
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Treatment

All the patients received aerosol interferon-alpha during their stay in hospital. Oral antiviral drugs, such as arbidol and HIV protease inhibitors (lopinavir/ritonavir or darunavir/cobicistat), were administered to the majority of the patients (Table 2). Use of antibiotics was seen in 39.3% (11/28) and 9.1% (4/44) of the patients in the corticosteroid group and non-corticosteroid group, respectively (p = 0.002). However, none of the 15 antibiotic-treated patients had a confirmed bacterial infection.


Table 2. Treatments and outcomes for 72 patients with COVID-19.
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Of the 28 patients in the corticosteroid group, 26 had follow-up chest CT results before the corticosteroid treatment, all of which demonstrated pneumonia progression and 76.9% of which had fever (peak body temperature ranged from 37.5 to 39.0°C). The median CT score increased from 5.5 (IQR, 3.3–8.0) to 8.0 (IQR, 5.3–11) (p < 0.001, Table 3). Two patients did not have follow-up chest CT scans before corticosteroid administration to evaluate whether there was radiological progression of pneumonia. Corticosteroids were given to these two patients due to unremitting fever after admission. There was a significant increase of CRP at the time of corticosteroid administration as compared with baseline (p = 0.007, Table 3).


Table 3. Changes of laboratory and radiological characteristics in 28 corticosteroid-treated patients.
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The median time from illness onset to corticosteroid treatment was 9 days (IQR, 7–10). At the time of starting corticosteroid treatment, the median respiratory rate was 20 breaths per min (IQR, 20–21). The median duration and accumulated dose of corticosteroid treatment were 4.5 days (IQR, 3–5) and 140 mg of methylprednisolone (IQR, 120–200). The maximum duration and accumulated dose of corticosteroid treatment were 10 days and 400 mg of methylprednisolone.



Outcomes

All the patients in the corticosteroid group and non-corticosteroid group recovered and were discharged from the hospital without apparent sequela. One (3.6%) patient in the corticosteroid group progressed to severe COVID-19 at the time of corticosteroid discontinuation (Table 2, Supplemental Figure 1). The time from illness onset to viral clearance in the corticosteroid group did not differ significantly from that in the non-corticosteroid group [18 (IQR 14.3–23.5) days vs. 17 (IQR,12–20) days, p = 0.252] (Table 2, Figure 1). After adjusting for age of more than 60 years, sex, any underlying disease, and baseline parameters (LDH of more than 245 IU/L, lymphocytes of <0.8 × 109 cells/L, CRP of more than 10 mg/L, viral load [Ct value] and number of lung lobe involvement), the causal hazard ratio of corticosteroids for viral clearance was 0.79 (95%CI, 0.48–1.30, p = 0.34). Of note, patients in the corticosteroid group had a significantly longer length of hospital stay as compared with those in the non-corticosteroid group [25 days (IQR,16.3–30) vs. 14.5 days [10–26], respectively; p = 0.016, Table 2].


[image: Figure 1]
FIGURE 1. Time to viral clearance in patients with COVID-19.


At the time of starting corticosteroid treatment, 78.6% (22/28) of the patients had fever. The median axillary temperature was 38.2°C (IQR, 37.9–38.7). With corticosteroid treatment, all patients achieved an abatement of fever within 1 day. However, four patients had transient fever (<24 h) after corticosteroid discontinuation. When the severity of pneumonia was evaluated qualitatively, chest CT performed 2–4 days after starting corticosteroid treatment showed resolution of pneumonia in 78.6% (22/28) and progression of pneumonia in 22.4% (6/28) of the patients. For the six patients with continuing progression of pneumonia after 2–4 days of corticosteroid treatment, follow-up chest CT obtained about 3 days later showed resolution of pneumonia in five patients and stabilization of pneumonia in one patient. When the severity of pneumonia was evaluated with the semi-quantitative method, the median CT score decreased from 8 (IQR, 5.3–11) before/at the time of corticosteroid therapy to 6 (IQR, 5.0–8.7) about 1 week after imitation of corticosteroid treatment (p = 0.001). Also, CRP level decreased from 15.5 (IQR, 9.6–51.3) to 4.6 (IQR, 1.7–10.4) (analyzed on 24 paired results, p = 0.007). Finally, the fasting blood glucose level did not significantly change [before corticosteroid treatment, 5.1(IQR, 4.3–5.9); 1 week after starting corticosteroid treatment, 4.42 (IQR, 4.2–6.7); p = 0.845].




DISCUSSION

The pathogenesis of COVID-19 is still not well-understood. One of the unresolved issues is which factor, of “direct injury by virus” and “immune damage triggered by virus,” contributes more to the lung destruction. Accumulating evidence suggests that the severity of COVID-19 correlates with a hyper-inflammatory status resembling a cytokine storm (19–21). Autopsy findings in a patient with severe COVID-19 revealed interstitial mononuclear inflammatory infiltrates in both lungs. Although there was profound lymphocytopenia in peripheral blood, the CD4 and CD8 T lymphocytes were hyperactivated (22). Based on those findings, immunomodulatory drugs, including corticosteroids, were advocated for in severe COVID-19 by some experts (23, 24). Nevertheless, when severe illness has already occurred, the management of COVID-19 could be more difficult, requiring more extensive medical interventions. At this stage of severe illness, patients may be more vulnerable to corticosteroid-related side effects. If aberrant immune responses lead to worsening of COVID-19, it is reasonable to use corticosteroids during clinical deterioration, preferably before the stage of severe illness.

In our study, 28 patients with non-severe COVID-19 were given short-course and low-dose corticosteroids because of continuing clinical progression or unresolved illness during hospitalization (Table 3). The responses to corticosteroids were favorable, with rapid abatement of fever within 1 day. Only one (3.6%) corticosteroid-treated patient progressed to severe illness (specifically, after corticosteroid discontinuation), although we also found substantial improvement of pulmonary lesions during corticosteroid treatment in this patient (Supplemental Figure 1). None of the 28 corticosteroid-treated patients required high-flow nasal cannula oxygen therapy or mechanical ventilation. All patients recovered and were discharged from the hospital. The findings suggested short-course and low-dose application of corticosteroids may alleviate the clinical progression of COVID-19. When this strategy is applied to the non-severe cases during the stage of clinical deterioration, the proportion of patients progressing to severe illness may be decreased. Of note, the time of initiating corticosteroid treatment was 9 days (IQR, 7–10) from illness onset. Closely monitoring the patients should be done around this time point, as there may be rapid acceleration of COVID-19.

Immunosuppression therapy for COVID-19 always raised concerns about the impairment of viral clearance (14, 15, 25). In patients with severe acute respiratory syndrome and Middle East respiratory syndrome, corticosteroid treatment was associated with slower viral elimination (26, 27). In our study, the duration of viral clearance in the corticosteroid group did not differ significantly from that in the non-corticosteroid group (Table 2). After adjusting for confounding factors, the causal hazard ratio of corticosteroids on viral clearance was 0.79 (95%CI, 0.48–1.30, p = 0.34). Nevertheless, it is still less understood to what extent the time to viral clearance influences the survivor. In a group of asymptomatic infections, the patients had mild lung damage or even had normal chest CT despite the fact that many of them could not clear the virus quickly (4). Asymptomatic infections may be an example of viral adaptation to host immune responses.

In our study, corticosteroid-treated patients had more advanced COVID-19 compared with corticosteroid-untreated patients, as reflected by poorer blood laboratory parameters (lymphocytes, CRP, and LDH) and more extensive chest CT involvement (Table 1). This may partially explain why corticosteroid-treated patients had longer hospital stays. Four of the 28 corticosteroid-treated patients had transient fever (<24 h) after corticosteroids were discontinued. It was unclear whether it was related to a secondary infection or a residual abnormal immune reaction to the virus. Finally, we did not observe a significant impact of short-course and low-dose application of corticosteroids on the fasting blood sugar level.

This study was limited by a relatively small sample size that may not have the statistical power to adjust the confounding prognostic factors contributing to viral clearance. Despite the method we used to do causal inference, our analysis was based on observational data, and there would still be some biases that cannot be adjusted for. Additionally, due to the retrospective design and lack of comparable controls with similar disease severity, it was difficult to draw firm conclusions regarding the ability of corticosteroid treatment to prevent COVID-19 from progressing to severe illness. A larger scale cohort study or random controlled trial could help to further assess the role of corticosteroids on the prognosis of COVID-19. Finally, as intravenous immunoglobulin was co-administered with corticosteroids in our study, it was suggested that the intervention should be recognized as a combination of corticosteroids and intravenous immunoglobulin.

In conclusion, short-course and low-dose administration of corticosteroids (combined with intravenous immunoglobulin) in non-severe COVID-19 during the stage of clinical deterioration may possibly prevent disease progression and reduce the risk of the disease developing into severe illness. This strategy may not significantly impact the viral clearance. The findings in our study would encourage the carrying out of larger cohort studies or randomly controlled trials to further evaluate the role of corticosteroid treatment on COVID-19.



DATA AVAILABILITY STATEMENT

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the ethics committee of the second hospital of Nanjing (reference number: 2020-LS-ky003). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

ZH, CCheng, YC, HW, CH, YZ, XZ, and YY were the members of the expert panel for the management of COVID-19 in the second hospital of Nanjing. They designed the study and actively monitored the patients. ZH, XZ, and YY analyzed the data. ZH, YL, CX, and WS wrote the manuscript. CX and WS evaluated the radiological features. WC performed the nucleic acid test. CChen and DJ collected and analyzed the data. ZP and XC performed the statistical analysis. All authors contributed to the article and approved the submitted version.



FUNDING

This study was funded in part by the national natural science foundation of China (NSFC 81770009), project of Jiangsu province medical youth talent (QNRC2016059), and the Nanjing medical science and technique development foundation (ZKX17040 and YKK18153). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2020.00355/full#supplementary-material



ABBREVIATIONS

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; HIV, human immunodeficiency viruses; qRT-PCR, quantitative reverse transcription polymerase chain reaction; CT, computed tomography; Pao2, partial pressure of arterial oxygen; Fio2, fraction of inspired oxygen; IQR, interquartile ranges; LDH, lactate dehydrogenase; CRP, serum C-reactive protein.



REFERENCES

 1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020). doi: 10.1016/S0140-6736(20)30183-5

 2. Gorbalenya AE, Baker SC, Baric RS, De Groot RJ, Drosten C, Gulyaeva AA, et al. The species severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol. (2020) 5:536–44. doi: 10.1038/s41564-020-0695-z

 3. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients with pneumonia in China, 2019. N Engl J Med. (2020) 382:727–33. doi: 10.1056/NEJMoa2001017

 4. Hu Z, Song C, Xu C, Jin G, Chen Y, Xu X, et al. Clinical characteristics of 24 asymptomatic infections with COVID-19 screened among close contacts in Nanjing, China. Sci China Life Sci. (2020) 63:706–11. doi: 10.1007/s11427-020-1661-4

 5. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med. (2020) 8:475–81. doi: 10.1016/S2213-2600(20)30079-5 

 6. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet. (2020) 395:1054–62. doi: 10.1016/S0140-6736(20)30566-3

 7. WHO Coronavirus disease 2019 (COVID-19). Situation Report-141. (2020). Available online at: https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200609-covid-19-sitrep-141.pdf?sfvrsn=72fa1b16_2 (accessed Jun 9, 2020).

 8. Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A trial of lopinavir-ritonavir in adults hospitalized with severe Covid-19. N Engl J Med. (2020) 382:1787–99. doi: 10.1056/NEJMoa2001282

 9. Li Y, Xie Z, Lin W, Cai W, Wen C, Guan Y, et al. Efficacy and safety of lopinavir/ritonavir or arbidol in adult patients with mild/moderate COVID-19: an exploratory randomized controlled trial. Med. (2020). doi: 10.1016/j.medj.2020.04.001. [Epub ahead of print].

 10. Mehra MR, Desai SS, Ruschitzka F, Patel AN. Hydroxychloroquine or chloroquine with or without a macrolide for treatment of COVID-19: a multinational registry analysis. Lancet. (2020) S0140-6736(20)31180-6. doi: 10.1016/S0140-6736(20)31180-6

 11. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al. Remdesivir for the treatment of Covid-19 — preliminary report. N Engl J Med. (2020). doi: 10.1056/NEJMoa2007764. [Epub ahead of print].

 12. Wang Y, Zhang D, Du G, Du R, Zhao J, Jin Y, et al. Remdesivir in adults with severe COVID-19: a randomised, double-blind, placebo-controlled, multicentre trial. Lancet. (2020) 395:1569–78. doi: 10.1016/S0140-6736(20)31022-9

 13. Goldman JD, Lye DCB, Hui DS, Marks KM, Bruno R, Montejano R, et al. Remdesivir for 5 or 10 days in patients with severe Covid-19. N Engl J Med. (2020). doi: 10.1056/NEJMoa2015301. [Epub ahead of print].

 14. Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticosteroid treatment for 2019-nCoV lung injury. Lancet. (2020) 395:473–5. doi: 10.1016/S0140-6736(20)30317-2

 15. Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of corticosteroids for 2019-nCoV pneumonia. Lancet. (2020) 395:683–4. doi: 10.1016/S0140-6736(20)30361-5

 16. Chen RC, Tang XP, Tan SY, Liang BL, Wan ZY, Fang JQ, et al. Treatment of severe acute respiratory syndrome with glucosteroids: the Guangzhou experience. Chest. (2006) 129:1441–52. doi: 10.1378/chest.129.6.1441

 17. Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al. Time course of lung changes on chest CT during recovery from 2019 novel coronavirus (COVID-19) pneumonia. Radiology. (2020) 295:715–21. doi: 10.1148/radiol.2020200370

 18. Van Der Wal WM, Geskus RB. ipw: an R Package for inverse probability Weighting. J Statist Software. (2011) 43:1–23. doi: 10.18637/jss.v043.i13

 19. Conti P, Ronconi G, Caraffa A, Gallenga CE, Ross R, Frydas I, et al. Induction of pro-inflammatory cytokines (IL-1 and IL-6) and lung inflammation by Coronavirus-19 (COVI-19 or SARS-CoV-2): anti-inflammatory strategies. J Biol Regul Homeost Agents. (2020) 34:1. doi: 10.23812/CONTI-E

 20. Coperchini F, Chiovato L, Croce L, Magri F, Rotondi M. The cytokine storm in COVID-19: an overview of the involvement of the chemokine/chemokine-receptor system. Cytokine Growth Factor Rev. (2020) 53:25–32. doi: 10.1016/j.cytogfr.2020.05.003

 21. Xiong Y, Liu Y, Cao L, Wang D, Guo M, Jiang A, et al. Transcriptomic characteristics of bronchoalveolar lavage fluid and peripheral blood mononuclear cells in COVID-19 patients. Emerg Microbes Infect. (2020) 9:761–70. doi: 10.1080/22221751.2020.1747363

 22. Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med. (2020) 8:420–2. doi: 10.1016/S2213-2600(20)30076-X

 23. Mehta P, Mcauley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19: consider cytokine storm syndromes and immunosuppression. Lancet. (2020) 395:1033–4. doi: 10.1016/S0140-6736(20)30628-0

 24. Zhang W, Zhao Y, Zhang F, Wang Q, Li T, Liu Z, et al. The use of anti-inflammatory drugs in the treatment of people with severe coronavirus disease 2019 (COVID-19): the Perspectives of clinical immunologists from China. Clin Immunol. (2020) 214:108393. doi: 10.1016/j.clim.2020.108393

 25. Ritchie AI, Singanayagam A. Immunosuppression for hyperinflammation in COVID-19: a double-edged sword? Lancet. (2020) 395:1111. doi: 10.1016/S0140-6736(20)30691-7

 26. Lee N, Allen Chan KC, Hui DS, Ng EK, Wu A, Chiu RW, et al. Effects of early corticosteroid treatment on plasma SARS-associated Coronavirus RNA concentrations in adult patients. J Clin Virol. (2004) 31:304–9. doi: 10.1016/j.jcv.2004.07.006

 27. Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi GA, Hussein MA, et al. Corticosteroid therapy for critically Ill patients with middle east respiratory syndrome. Am J Respir Crit Care Med. (2018) 197:757–67. doi: 10.1164/rccm.201706-1172OC

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.

Copyright © 2020 Hu, Lv, Xu, Sun, Chen, Peng, Chen, Cui, Jiao, Cheng, Chi, Wei, Hu, Zeng, Zhang and Yi. 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/fpubh-08-00355-t002.jpg
Total Corticosteroids Corticosteroids p-value

(=72 treated untreated (n
(n=28) =44)

Treatments

Aerosol 72 (100%) 28 (100%) 44 (100%)

interferon-alpha

Arbidol 37(514%  15(53.6%) 22(500% 0768

Lopinavir/ritonavir 66 (91.7%) 27 (96.4%) 30(886%) 0466

or

darunavir/cobicistat

Intravenous 40 (55.5%) 28 (100%) 12 (27.3%) <0.001

immunoglobulin

Antibiotics. 15(208%)  11(39.3%) 4(9.1%) 0002

High-flow nasal 0(0%) 0(0%) 0(0%)

cannula oxygen

therapy

Mechanical 0(0%) 0(0%) 0(0%)

ventilation

Outcomes

Progressed to 1(1.4%) 1(3.6%) 0(%) 0389

severe ilness

Time from ilness 175 18(14.3-235) 17 (12-20) 0252

onset to viral (12.3-21)

clearance, days

Hospital stay, 200 25(163-80.0)  145(10-26) 0016

days (12.0-27.8)

>21 days 32(444%)  19(67.9%) 13(205%) 0001

Data were expressed as median (IQR) or n (%). Comparison between groups was done
using Mann-Whitney U test, Chi-Square test, or Fisher's exact test, as appropriate.





OPS/images/fpubh-08-00355-t003.jpg
Patients with  Atthe time of Atthetime p-value
paired data, admission of initiation
No. of
corticosteroids

Blood laboratory fingdings

White blood cell 27 4.06 414 0.286
count, x10° /L (3.57-5.19) (3.43-5.04)

<4 27 13/27 (48.1%) 18727 1.000

(48.1%)

Lymphocyte 27 101 097 0523
count, x109 /L (0.74-1.43) (0.64-1.28)

<08 27 10(37.0%)  11(40.7%)  1.000
Lactate 26 226 (189-291) 233 0.134
dehydrogenase, (223-337)
UL

>245 26 10(38.4%)  10(384%  1.000
Grreactive 2 107 188 0.007
protein, mg/I (4.4-36.6) ©.7-61.7)

>10 26 12 (46.1%) 19(73.1) 0063
Microbiological data
Viral load (Ct 28 30 (25.3-33.8) 315 0.082
value)* (28.0-35.0)
Virus clearance 28 0(0%) 2(71%) 0500
Radiological features
Bilateral 26 19(731%)  25(962%)  0.031
pulmonary
infitration
Multiple lobes 2 20(769%)  26(1000%) 0013
involvement
Alllobes 2 12(462%)  13(500%)  1.000
involvement
CT score 2 55(33-80 80(63-11) <0001

Date were expressed as median (IQR) or n (3%). Comparison between groups was done
using Wilcoxon signed-rank test or McNemar test, as appropriate.

4 the cycle threshold (ct) value from quantitative reverse transcription polymerase chain
reaction was used to relatively represent the viral load of SARS-COV-2.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical Use of Short-Course and Low-Dose Corticosteroids in Patients With Non-severe COVID-19 During Pneumonia Progression



		Introduction



		Materials and Methods



		Study Design and Population



		Laboratory Nucleic Acid Test



		Radiological Assessment of Pulmonary Lesions



		Outcomes and Study Definitions



		Statistical Analysis







		Results



		Characteristics of the Patients



		Treatment



		Outcomes







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Clinical Use of Short-Course and
Low-Dose Corticosteroids in
Patients With Non-severe
COVID-19 During Pneumonia
Progression





OPS/images/fpubh-08-00355-g001.gif
g

|
?
§

Corticosteroid untreated;
Corticosteroia treated






OPS/images/fpubh-08-00355-t001.jpg
Total Corticosteroids Corticosteroids p-value

(=72 treated untreated
(n=28) (n=44)
Demographics and clinical characteristics
Age, years 46(33-57)  53(43-63) 38(31-53) 0004
>60 16 (22.2%) 10 (35.7%) 6 (13.6%) 0.028
Sex 0.084
Female 32(44.4%)  16(57.1%) 16 (36.4%)
Male 40(556%)  12(429%)  28(63.6%)
Currently smoking 6(8.3%) 2(7.1%) 4(9.1%) 1.000
Comorbidity 15(20.8%) 7 (25.0%) 8(182%)  0.487
Hypertension 10 (13.9%) 4 (14.3%) 6(13.6%) 1.000
Diabstes 4(5.6%) 1(3.6%) 3(68%) 0953
Other 5(6.9%) 4(14.3%) 123% 0139
Respiratory rate 1(1.4%) 1(3.6%) 0(0%) 0.389
>24 breaths per
min
Fever (tlemperature  51(70.8%)  24(85.7%) 27 (614%) 0027
>87.3°0)
Cough 57(792%)  24(857%  33(750%) 0275
Shortness of breath 19 (26.4%) 13 (46.4%) 6 (13.6%) 0.002
Time from iliness 5@-7) 502070) 85(0-70) 0459
onset to admission,
days
Blood laboratory findings
White blood cell 431 4.02 433 0.831
count, x10° /L (3.45-4.79)  (3.47-5.08) (3.45-4.79)
<4 32(44.4%)  14(50.0%) 18(409%)  0.449
Lymphocyte count, 1.18 1.00 1.36 0.008
x10° L (094-154)  (0.74-141)  (1.07-1.65)
<08 13(18.1%)  10(35.7%) 3(68% 0002
Hemoglobin, g/L 136 129 (122-137) 142 (180-154)  0.001
(127-150)
<120 9 (12.5%) 5(17.9%) 4(9.1%) 0.465
Platelet count, 172 167 (146-215) 184 (144-219) 0575
x10° per L (146-218)
<100 4(5.6%) 3(10.7%) 123% 0319
Albumin, g/lL 443(42. 438 445 0.154
0-47.6) (@41.9-456)  (42.1-486)
<35 2(2.8%) 2(7.1%) 0(0%) 0.148
Alanine 218 213 220 0.885
aminotransferase,  (14.6-33.2)  (13.4-31.0) (15.6-35.0)
V[
>40 12(167%)  5(17.9%) 7(159%)  1.000
eGFR 115.8 1136 118.4(105.9- 0.225
(103.0-127.3)  (101.0-123.2) 128.1)
<90 4(5.6%) 2(7.1%) 2(4.5%) 1.000
Lactate 203 226 (194-303) 182 0.004
dehydrogenase, (156-250) (150.0-213)
L
>245 19 (26.4%) 11 (39.3%) 8(18.2%) 0.048
Creatine kinase, 57 (41-103)  68(40-130)  566(41-82)  0.196
UL
>140 10(13.9%) 6(21.4%) 4(9.1%) 0.260
Cardiac troponin |, 005 0.05 0.05(0.01-0.1) 0,954
ng/mL (0.13-009)  (0.02-0.09)
Prothrombin time, s 12.1 12.3 120 0509
(11.8-12.9)  (11.8-13.0) (11.6-12.7)
>14 9(12.5%) 4(14.3%) 5(11.4%  1.000

Crreactive protein, 80 (2.7-21.3) 10.7 (4.3-33.1)  56(1.5-17) 0051
mg/

>10 29(403%) 15 (53.6%) 14(318%) 0067
D-dimer, pg/L. 023 0.19 025 0.861
0.16-034)  (0.18-034)  (0.15-037)
>055 467 (60%)  1/25(40%)  B/42(7.0%) 1000
Procalcitonin, 002 0.02 0.02 0.729
ng/mL 0.01-004)  (0.01-004)  (0.01-0.06)
>0 10(139%)  3(10.7%) 7(159% 0786
Microbiological data
Viralload (Ct value)® 30 30(25.3-338) 80(253-84) 0746
(25.3-34.0)
Radiological features
Bilateral pulmonary  48(66.7%) 21 (75%) 27(614% 0281
infiltration
Multiple lobes 52(722%)  22(786%)  80(682%) 0387
involvenent
Alllobes 19(26.4%) 13 (46.4%) 6(136%)  0.002
involvement
CT score 4268  55(8380 350258 0023

Date were expressed as median (IQR), n (%), n/N(%). Comparison between groups was
done using Mann-Whitney U-test, Chi-Square test, or Fisher's exact test, as appropriate.
the cycle threshold (ct) value from quantitative reverse transcription polymerase chain
reaction was used to relatively represent the viral load of SARS-COV-2.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





