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This is a retrospective cohort study of hospitalized adults with co-
ronavirus disease 2019 (COVID-19). Fifty-seven patients received
treatment alone, and 35 patients received treatment with adjunc-
tive prednisolone. A combination of corticosteroids and antivirals
was associated with lower risk of clinical progression and invasive
mechanical ventilation or death in early COVID-19 pneumonia.
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Coronavirus disease 2019 (COVID-19) ranges from asymp-
tomatic to severe pneumonia with respiratory failure [1-3].
Severe COVID-19 is typically marked by rapid clinical dete-
rioration with features of hyperinflammation [4, 5, 6]. Recent
studies on use of tocilizumab and dexamethasone have shown
promising results in reducing mortality in severe COVID-19
[7, 8]. However, treatment approach for early infection remains
unclear.

At our center, treatment of COVID-19 has included in-
terferon beta, lopinavir/ritonavir, and hydroxycholoroquine
(HCQ). Prednisolone and tocilizumab were added as adjunc-
tive therapy for COVID-19 in mid-April 2020 when there were
reports suggesting potential benefit with its use [9-12]. We aim
to evaluate the effect of antivirals with adjunctive corticoster-
oids in the management of COVID-19.
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METHODS

Study Design and Participants

This is a retrospective cohort study of hospitalized adults
(>18 years) with COVID-19, confirmed by polymerase chain
reaction on nasopharyngeal swab, who received treatment
from February 9, 2020 to May 31, 2020. Those who were on
supportive care only, on invasive mechanical ventilation (MV)
before treatment, or those admissions not related to respiratory
illness were excluded.

Patient Consent Statement
This study was approved by Domain Specific Review Board,
National Health Group, Singapore (2020/00850) with waiver of

consent.

Treatment
The decision to initiate treatment was at the discretion of the
treating physicians in consultation with an Infectious Diseases
physician. Treatment regimens included lopinavir/ritonavir
400/100 mg twice a day or HCQ 400 mg twice on day 1, fol-
lowed by 200 mg 3 times a day on days 2-5 and prednisolone.
The dose of prednisolone varied from 30 mg once a day to 40 mg
twice a day depending on severity of illness and the patient’s
body weight. Corticosteroids use of 3 days or more for any med-
ical indications was considered as adjunctive corticosteroids.
Patients were classified into 2 groups: Group A received treat-
ment without corticosteroids, and Group B received treatment
with adjunctive corticosteroids. Clinical conditions of patients
with COVID-19 at initiation of treatment were categorized
into 3 stages: Stage 1, COVID-19 without pneumonia; Stage
2, COVID-19-related pneumonia not requiring supplemental
oxygen; and Stage 3, COVID-19 related pneumonia requiring
supplemental oxygen. Chest radiograph was the primary mo-
dality used in the assessment of pneumonia in our cohort.

Outcomes

Primary outcome was a composite of clinical progression or
death. Clinical progression is defined as progression to re-
quiring supplemental oxygen in Stage 1 and 2 or progression to
invasive MV in any stage. Secondary outcome was a composite
of invasive MV or death. Subgroup analysis was performed in
those with pneumonia (Stage 2 and 3).

Statistical Analysis

Comparison of continuous and categorical data between
groups was done using Mann-Whitney U test and x* test or
Fisher’s exact test when appropriate. Changes in C-reactive
protein (CRP) and daily maximal body temperature were com-
pared between treatment groups.
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Data were preprocessed with entropy balancing to achieve
covariate balance between the 2 treatment groups and reduce
model dependence for estimation of treatment effects [13].
Weight derived from entropy reweighting scheme was used to
generate stabilized weight for subjects in the cohort. Balanced
covariate is defined by standardized mean difference of less
than 0.1 and variance ratio between 0.5 and 2.0. Procedure
of covariate balance was performed separately in subgroup
with pneumonia. Covariates used in reweighting were age,
gender, body mass index, comorbidity, clinical stage, antibi-
otic use, CRP, procalcitonin, lymphocyte count, neutrophils/
lymphocyte ratio, and creatinine (Supplementary Figure S1
and Supplementary Table S1). Multiple imputation was applied
for missing data of covariates, which were limited to CRP and
procalcitonin (1.1%).

Kaplan-Meier curves and weighted Cox regression models
with adjustment for imbalanced covariates were used to estimate
effect of adjunctive corticosteroids on composite outcomes.
Two-sided P test of <.05 was considered statistically significant.
Analysis was performed using Stata version 15 (StataCorp,
College Station, TX) and R version 4.0.0 (Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

There were 1046 patients with COVID-19 admitted to our in-
stitution during the study period. Of these, 94 (9.0%) patients
were initiated on treatment. Two patients were excluded be-
cause treatment was initiated after invasive MV. In total, 57
patients received treatment without corticosteroids (Group A)
and 35 patients received adjunctive prednisolone to treatment
(Group B) (Supplementary Figure S2).

Median day of illness at treatment initiation was 4 days and
5 days in Group A and B, respectively. Duration of treatment
was 7 days (interquartile range [IQR], 5-7) in Group A and
5 days (IQR, 5-7) in Group B. Median prednisolone use was
5 days (IQR, 3-7).

There were 44 patients in the cohort who had pneumonia,
and 68.9% of them did not require supplemental oxygen at
treatment initiation. Between the 2 treatment groups, there were
higher proportions of patients in Group B who had pneumonia,

required supplemental oxygen, had antibiotics, and had a
higher CRP level at initiation of treatment (Supplementary
Table S2). Eight subjects received tocilizumab in our cohort. All
were given post-MV except 2 cases (1 in each treatment group).

After treatment initiation, body temperature of patients
trended down in similar fashion between 2 treatment groups.
C-reactive protein in Group B trended down; however, Group
A trended up at approximately 5-8 days after treatment initia-
tion before declining (Supplementary Figure S3).

Overall, 17 (18.5%) of 92 patients had clinical progression
including 13 (22.8%) patients in Group A versus 4 (11.4%) in
Group B (P =.172). Eleven patients required invasive MV: 7
(12.2%) patients in Group A and 4 (11.4%) patients in Group
B (Supplementary Table S3). One death occurred in Group
A after invasive MV, and none occurred in Group B. Analysis of
composite outcome was the same as clinical progression.

In the overall cohort, weighted Cox regression analysis
showed a statistically significant lower risk of clinical progres-
sion in Group B compared with Group A; however, there was
no statistically significant difference in risk of invasive MV or
death between the 2 groups (Table 1).

In the subgroup with pneumonia, unweighted Kaplan-
Meier estimates showed that 58.8% (95% confidence interval
[CI], 27.3-76.7) in Group A versus 11.1% (95% CI, 0.0-22.2)
in Group B had clinical progression (log rank P < .001); 41.2%
(95% CI, 12.4.-60.5) of patients in Group A required invasive
MYV versus 11.3% (95% CI, 0.0-22.5) of patients in Group B (log
rank P = .016) (Figure 1). In weighted Cox regression, patients
in Group B were less likely to have clinical progression (adjusted
hazard ratio [aHR], 0.15; 95% CI, 0.06-0.39; P < .001) and re-
quire invasive MV compared with Group A (aHR, 0.30; 95% CI,
0.10-0.87; P = .029).

DISCUSSION

Our cohort of patients either received antiviral alone (mostly
HCQ) or in combination with prednisolone during the early
phase of illness. Early use of prednisolone in our patients with
COVID-19 pneumonia had a significant lower risk of clinical
progression, invasive MV, or death compared with antiviral
alone, despite that 68.9% of patients in this group were not

Table 1. Unadjusted and Adjusted Relative Hazards of Adjunctive Corticosteroids on Clinical Progression and Invasive Mechanical Ventilation®

Outcome N Unadjusted Analysis HR (95% ClI) PValue Adjusted Analysis HR (95% Cl) PValue
Clinical Progression
Overall 92 0.46 (0.15-1.40) 169 0.08 (0.01-0.99) .049
Pneumonia 44 0.13 (0.04-0.48) .002 0.15 (0.06-0.39) <.001
Invasive Mechanical Ventilation
Overall 92 0.88 (0.26-3.02) .844 0.22 (0.02-2.54) 22
Pneumonia 44 0.22 (0.06-0.85) .028 0.30 (0.10-0.87) .029

Abbreviations: Cl, confidence interval; HR, hazard ratio; N, number.

“Covariates in adjusted analysis were age, gender, body mass index, comorbidity, clinical stage, antibiotic use, C-reactive protein, procalcitonin, lymphocyte count, neutrophils-lymphocyte
ratio and creatinine. Clinical progression, progression to requiring supplemental oxygen in Stage 1 and 2, or progression to invasive mechanical ventilation in any stage.
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on supplemental oxygen at treatment initiation. The duration
of prednisolone use in our cohort was short, with a median
of 5 days. The dose of prednisolone varied between 0.5 and
1.0 mg/kg per day.

Emerging data have shown benefits of anti-inflammatory
agents in the management of severe COVID-19 pneumonia
[7, 8, 14-16]. The RECOVERY trial involving the use of dex-
amethasone in hospitalized patients with COVID-19 showed a
20% to 40% reduction in mortality in those with pneumonia
requiring oxygen and invasive MV. However, there was a trend
towards increased mortality when corticosteroids were used
in patients not receiving respiratory support at randomization
[8]. This appears to correspond to use of corticosteroids in early
pneumonia. Earlier observations of corticosteroids use in se-
vere acute respiratory syndrome (SARS) and Middle East res-
piratory syndrome (MERS-coronavirus [CoV]) infections may

explain the undesired consequences of corticosteroids in early
phase of COVID-19 pneumonia at which virus replication is
active [17].

Hydroxycholoroquine has been shown to effectively inhibit
SARS-CoV-2 infection in vitro [18]. However, its clinical effi-
cacy has largely been reported as ineffective. The RECOVERY
trial reported an increased risk of invasive MV or death with
use of HCQ compared with supportive care [19]. We found
that the group received antivirals without corticosteroids in our
cohort had a more protracted course with a higher inflamma-
tory response. Their CRP trended to higher levels at days 5-8
posttreatment despite a similar fever response in both groups.
Perhaps this is a paradoxical inflammatory reaction due to
treatment.

The use of prednisolone during early pneumonia in our study
had a significantly better outcome, which may be due to the
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concurrent administration of antiviral agents such as HCQ or
lopinavir/ritonavir. The prominent protective effect of adjunc-
tive prednisolone observed in our cohort with early pneumonia
and the varying effect of dexamethasone on different days of
illness of COVID-19 in the RECOVERY trial call for different
treatment strategies at different clinical stages of COVID-19.
Our results support the hypothesis that control of both viral
replication and inflammatory response is important in treat-
ment of early COVID-19 pneumonia [5].

Our study has several limitations. Nonrandomized treatment
selection and small sample size could have biased estimates
and limit our subgroup analysis. The estimates in weighted re-
gression are dependent on balancing of covariates and model
specification. Risk of secondary infection and other adverse
outcomes associated with corticosteroids were not evaluated.
Finally, younger population in our cohort and single-center de-
sign may limit generalizability of these results.

CONCLUSIONS

In summary, our study shows that a combination of antivirals and
corticosteroids was associated with lower risk of clinical progres-
sion, especially in those with pneumonia. Further prospective
studies should be considered to evaluate the clinical efficacy of
combination treatment in early COVID-19 pneumonia.
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online. Consisting of data provided by the authors to benefit the reader,
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