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Abstract

Background

Dexamethasone is a steroid used in the treatment of hospitalized patients with severe

COVID-19. However, the effect of dexamethasone in patients with SCD remains unclear

given that steroids may precipitate vaso-occlusive crisis (VOC) in patients with SCD.

Methods and findings

We performed a retrospective analysis of patients with SCD who were hospitalized at Johns

Hopkins Health System between June 1, 2020 and June 26, 2022. We reviewed individual

charts to assess severity of illness and eligibility for dexamethasone treatment. The expo-

sure of interest was treatment with dexamethasone. Outcomes of interest included incident

VTE, length of hospital stay, ICU admission, follow up-VOC and mortality. We identified 30

patients with SCD and COVID-19 who were eligible for dexamethasone treatment, 13 of

whom received dexamethasone. Dexamethasone was associated with an increased risk of

incident VTE (risk difference = 36%; 95% CI 8%, 66%) after adjustment for high-risk geno-

types, >3 hospitalizations, and receipt of anticoagulation. There was an increase in the risk

difference of ICU admission and an increased length of stay in crude and adjusted analyses

however these associations were not statistically significant.

Conclusions

We analyzed outcomes among patients with SCD who were hospitalized for COVID-19 and

eligible for dexamethasone. Our study suggests that in this population, treatment with dexa-

methasone increases the risk of incident VTE. There was a suggestion of an increased risk
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of ICU admission as well as increased length of hospitalization; larger studies are needed to

confirm these findings.

Introduction

Sickle cell disease (SCD) comprises a range of hemoglobinopathies related to a single gene

mutation of the hemoglobin molecule [1]. The genetic change alters the structure of the red

blood cell leading to reduced oxygen carrying capacity to tissues throughout the body [2].

Patients experience episodic pain related to impaired circulation as well as chronic ischemia

and hemolysis resulting in end organ damage, including heart failure, kidney disease, asplenia,

and avascular necrosis [2]. Treatment with hydroxyurea to increase fetal hemoglobin expres-

sion has long been a mainstay of therapy with new treatments including monoclonal antibody

treatment and gene therapy that have recently been approved [2–4].

Patients with SCD may have been especially vulnerable during the COVID-19 pandemic

[5]. Although patients with SCD appear to have had a higher risk of hospitalization due to

COVID-19, the risk of severe illness, mechanical ventilation or death among hospitalized per-

sons with SCD remains unclear with some evidence of increased risk among certain SCD

genotypes and subgroups [5–9]. The routine use of dexamethasone for COVID-19-related

hypoxia became standard of care after June 2020 [10]. Since that time, there has been growing

recognition that systemic corticosteroids may induce vaso-occlusive crisis in patients with

SCD [11, 12].

Due to this concern for steroid treatment causing vaso-occlusive crisis in patients with

SCD, there was increased scrutiny of patients with SCD who met criteria for dexamethasone

and use in this population varied during the pandemic. The purpose of this study was to evalu-

ate outcomes among patients with SCD hospitalized for SARS-CoV-2 who received

dexamethasone.

Methods

Study sample

Data for this retrospective cohort study were drawn from the Johns Hopkins CROWN

(JH-CROWN) registry [13], an electronic medical record (EMR) that included patients who

underwent SARS-CoV-2 testing within the JHHS between June 1, 2020 and June 26, 2022. The

research was reviewed by the Johns Hopkins Medicine Institutional Review Board

(IRB00328430) and granted a waiver of consent due to the observational nature of the study.

The query was conducted on August 23, 2022. Researchers had access to patient-level data to

validate patients identified by the query. The JHHS is a network of five hospitals and more

than 40 outpatient facilities located in Maryland, Washington, DC, and one pediatric hospital

in St. Petersburg, Florida which is not included in the CROWN registry.

Patients were identified using a SQL query for International Classification of Diseases, 10th

Revision, Clinical Modification (ICD-10-CM) diagnosis of sickle cell disease (“D57”) or any

instance of “sickle” in the diagnosis list within the JH-CROWN database. Additional eligibility

criteria included 1) age� 18 years; 2) hospitalized with SARS-CoV-2 in the JHHS between

June 1, 2020 and June 26, 2022, and 3) qualification for dexamethasone (oxygen

saturation� 94%). Patients who received dexamethasone after specified outcomes (admission

to the intensive care unit or VTE) were not included. June 1, 2020 was selected as this corre-

sponds to when the RECOVERY trial demonstrated the mortality benefit of dexamethasone
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among hospitalized patients with hypoxia due to SARS-CoV-2 infection [14]. Patients with

positive SARS-CoV-2 tests outside of JHHS who were subsequently transferred or otherwise

treated at JHHS were included if there was documentation of their diagnostic test and treat-

ment at an outside facility For patients with multiple admissions, only the initial admission

was included in the analysis.

Record review

Medical records for patients meeting eligibility criteria were manually reviewed by study team

members (WG, ML) and data were abstracted using Research Electronic Data Capture (RED-

Cap, version 14.0.10, Vanderbilt University). Differences were resolved via discussion until

consensus was reached among reviewers. Age was defined as the age at the time of SARS-CoV-

2 diagnosis. Race and sex at birth were abstracted from the demographics recorded in the

EMR. Hemoglobin genotype was defined as Sickle-Sickle, Sickle C, Sickle beta plus Thalasse-

mia, and Sickle beta zero Thalassemia. Insurance status was defined as private insurance,

Medicare, Medicaid, uninsured or unknown.

Risk of severe illness due to COVID-19 was assessed using the Infectious Disease Society of

America (IDSA) list of comorbid conditions [15]. Medical conditions were manually

abstracted from chart review. Treatment for vaso-occlusive crisis at time of presentation was

defined as receipt of opiates at admission with no other cause of pain identified. Acute chest

syndrome at presentation was defined as presence of three factors: 1) fever greater than 100˚C,

2) new infiltrate on chest x-ray or computed tomography of chest, and 3) chest pain. COVID-

19 vaccination was considered completed if one-shot of Janssen COVID-19 vaccine or two-

shot series with bivalent mRNA dose (Moderna or Pfizer-BioNTech) completed at least two

weeks prior to admission. Maintenance therapy for sickle cell disease was recorded from clini-

cal visits prior to hospitalization with COVID-19. Treatment with outpatient COVID-19 ther-

apy was abstracted from the clinical notes. The World Health Organization (WHO) COVID-

19 severity score was used to assign severity of illness [16]. The WHO COVID-19 severity

score ranges from 0 (uninfected) to 10 (death). Details of inpatient treatment were abstracted

from the EMR. Eligibility for dexamethasone was one pulse oximetry reading of oxygen satu-

ration�94%.

Outcomes

The primary outcome of interest was admission to an ICU. Secondary outcomes were hospital

length of stay, incidence of venous thromboembolism, follow-up VOC occurring within 30

days of index admission, and in-hospital mortality. Treatment with dexamethasone was

defined as at receipt of at least one dose of dexamethasone while hospitalized, prior to VTE or

ICU admission. Patients who started dexamethasone prior to any of the clinical outcomes

were not included. Critical care was defined by documentation of treatment in an intensive

care unit. Venous thromboembolism was defined as any radiologically confirmed acute or

chronic venous thromboembolism. Follow-up VOC was defined as an emergency department

visit, hospital re-admission, or urgent visit to sickle cell infusion center for VOC within 30

days of index hospitalization for COVID-19.

Statistical analysis

We stratified the sample by treatment with dexamethasone and compared demographic fea-

tures including age, sex, race, ethnicity, insurance status, SCD specific comorbid conditions,

hemoglobin genotype, maintenance SCD therapy, Infectious Diseases Society of America

(IDSA) risk factors, and baseline treatment with anticoagulation.
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We described clinical features for patients who did versus did not receive dexamethasone,

including WHO severity score on admission, outside hospital transfer status, use of PCA for

pain control, outpatient COVID-19 treatments prior to admission, blood transfusions, red cell

exchange, highest level of respiratory support and treatment with remdesivir. We used Kruskal

Wallis tests for continuous variables and Pearson chi square and Fisher’s exact test as appropri-

ate for categorical variables to compare the distribution of demographic and clinical features

of patients by receipt of dexamethasone.

Variables reported in the literature that were strongly associated with the risk of individual

clinical outcomes such as VTE were controlled in the adjusted analysis [17].

To estimate adjusted risk difference for the association between dexamethasone and ICU

admission, length of hospitalization, readmission, and discharge as deceased we adjusted for

age, obesity and total number of IDSA risk factors. To estimate adjusted risk difference for the

association between dexamethasone and the outcomes of VTE during admission we adjusted

for specific VTE risk factors including treatment with AC at time of admission, >3 hospitaliza-

tions in preceding year, and high-risk hemoglobin genotype. Adjustment was accomplished by

standardization with inverse probability of treatment weights. When estimating the weights,

we used a continuity correction to account for the small sample size. We calculated 95% confi-

dence intervals based on the 2.5th and 97.5th percentiles from 400 estimates from non-

parametric bootstrap resamples of the data [18]. Data were analyzed using Stata (Stata Statisti-

cal Software: Release 18, StataCorp LLC, College Station, TX) and SAS (Statistical Analysis

Software Version 9.4, SAS Inc, Cary, NC).

Results

One hundred twenty-one patients with SCD and a positive SARS-CoV-2 test were identified

by the SQL query of the JH-CROWN registry and screened for inclusion. A total of 70 patients

with SCD were hospitalized for infection with SARS-CoV-2. Thirty patients were eligible for

dexamethasone due to a documented oxygen saturation�94% and were included in the analy-

sis (Fig 1). Thirteen patients received dexamethasone and 17 patients did not receive dexa-

methasone. The median age was 33.7 years old (SD = 11.5), the majority were female (20/30;

67%), black (30/30; 100%), and non-Hispanic or Latino (30/30; 100%). Younger patients were

more likely to be treated with dexamethasone than older patients; all other demographic fea-

tures were similar between the two groups (Table 1).

The median time from admission to dexamethasone initiation was 1 day (range: 0–2 days).

The number of IDSA risk factors was similar between dexamethasone vs. non-dexamethasone

treated patients (2.4 vs. 2.2; p = 0.06). The most common genotype was Hemoglobin SS (69.2%

vs. 70.6%; p = 0.4) followed by Hemoglobin SC (15.4% vs. 17.6%; p = 0.4) among dexametha-

sone vs. non-dexamethasone treated patients. Allo-immunization was more common in

patients who did not receive dexamethasone (15.4% vs. 58.8%; p value 0.03), while history of

surgical splenectomy (30.8% vs. 0%; p value 0.03) and presence of an indwelling catheter

(46.2% vs. 0%; p value 0.003) were more common in dexamethasone treated group. Other

comorbidities related to SCD were similar across dexamethasone vs. non-dexamethasone

treated patients. There were no significant differences by maintenance outpatient SCD thera-

pies among the dexamethasone vs. non-dexamethasone treated patients: hydroxyurea (23.1%

vs. 35.3%; p = 0.69), simple transfusion (15.4% vs. 5.9%; p = 0.57); red cell exchange (23.1% vs.

5.9%; p = 0.29), voxelotor (0% vs. 11.8%; p value 0.49), crizanlizumab (7.7% vs. 5.9%; p = 1.00),

none (30.8% vs. 35.3%; p = 1.00). Additionally, use of anticoagulation prior to admission was

similar among dexamethasone vs. non-dexamethasone treated patients (38.5% vs. 29.4%;

p = 0.71).
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Fig 1. Cohort flowchart. Patients with sickle cell disease hospitalized with COVID-19 eligible for dexamethasone

treatment within Johns Hopkins Health System June 1, 2020—June 26, 2022.

https://doi.org/10.1371/journal.pone.0313289.g001

PLOS ONE Dexamethasone for COVID-19 and Sickle Cell Disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0313289 November 26, 2024 5 / 12

https://doi.org/10.1371/journal.pone.0313289.g001
https://doi.org/10.1371/journal.pone.0313289


Table 1. Demographics and clinical characteristics of patients with sickle cell disease hospitalized for severe COVID-19 with hypoxia.

Treated with dexamethasone

Yes No P value

N 13 (43.3%) 17 (56.7%)

Age (Mean) 28.6 39.9 0.002

Sex

Male 4 (30.8%) 6 (35.3%) 1.000

Female 9 (69.2%) 11 (64.7%)

Race

Black or African American 13 (100.0%) 17 (100.0%) -

Ethnicity

Not Hispanic or Latino 13 (100.0%) 17 (100.0%) -

Insurance status 0.035

Uninsured 0 (0.0%) 1 (5.9%)

Medicare 3 (23.1%) 9 (52.9%)

Medicaid 8 (61.5%) 2 (11.8%)

Private insurance 2 (15.4%) 5 (29.4%)

Comorbid conditions

Pulmonary HTN 0 (0.0%) 3 (17.6%) 0.238

Secondary hemochromatosis 6 (46.2%) 3 (17.6%) 0.123

Venous thromboembolism 6 (46.2%) 7 (41.2%) 1.000

Cerebrovascular accident 2 (15.4%) 1 (5.9%) 0.565

Acute chest syndrome 9 (69.2%) 12 (70.6%) 1.000

Avascular necrosis 2 (15.4%) 7 (41.2%) 0.229

Allo-immunization 2 (15.4%) 10 (58.8%) 0.026

Priapism 1 (7.7%) 1 (5.9%) 1.000

Outpatient anticoagulation

Yes 5 (38.5%) 5 (29.4%) 0.705

>3 hospitalizations/year

Yes 4 (30.8%) 2 (11.8%) 0.360

Indwelling catheter

Yes 6 (46.2%) 0 (0.0%) 0.003

Splenectomy

Yes 4 (30.8%) 0 (0.0%) 0.026

Hemoglobin genotype

SS 9 (69.2%) 12 (70.6%) 0.373

S-Beta-Thal0 0 (0.0%) 2 (11.8%)

S-Beta-Thal+ 2 (15.4%) 0 (0.0%)

Hemoglobin SC 2 (15.4%) 3 (17.6%)

Maintenance SCD therapy

Hydroxyurea 3 (23.1%) 6 (35.3%) 0.691

Simple transfusion 2 (15.4%) 1 (5.9%) 0.565

RCE 3 (23.1%) 1 (5.9%) 0.290

Crizanlizumab 1 (7.7%) 1 (5.9%) 1.000

Voxelotor 0 (0.0%) 2 (11.8%) 0.492

None 4 (30.8%) 6 (35.3%) 1.000

Unknown 1 (7.7%) 0 (0.0%) 0.433

Vaccination statusa

Unvaccinated 11 (84.6%) 11 (64.7%) 0.564

(Continued)
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Rate of vaccination were similar among dexamethasone vs. non-dexamethasone treated

patients. Only one patient had received outpatient therapy with a monoclonal antibody prior

to admission, and no patients received molnupiravir, remdesivir, or nirmatrelvir/ritonavir

prior to admission (Table 2).

WHO severity score on admission was similar between dexamethasone vs. non-dexametha-

sone treated patients (5.3 vs. 4.8; p = 0.23). There were no differences in patients who were out-

side hospital transfers in terms of those who were treated with dexamethasone vs. non-

dexamethasone (15.4% vs. 0% p = 0.18). Treatment with simple transfusion among dexameth-

asone vs. non-dexamethasone treated patients (61.5% vs. 35.3%; p = 0.27) was similar. A higher

percentage of dexamethasone vs. non-dexamethasone treated patients received red cell

exchange (38.5% vs. 5.9%; p = 0.06) but the difference was not statistically significant. Remde-

sivir use was similar between dexamethasone vs. non-dexamethasone treated patients (92.3%

vs. 70.6%; p = 0.20).

There was higher incidence of VTE during admission among dexamethasone vs. non-dexa-

methasone treated patients (30.8% vs. 0%; p value = 0.03). Length of stay was longer in patients

who received dexamethasone but did not reach statistical significance (14.0 vs 5.5 days, p

value = 0.06). More patients who received dexamethasone vs. non-dexamethasone were admit-

ted to the ICU (30.8% vs. 5.9%; p value 0.14). There was a similar rate of VOC in patients who

received dexamethasone compared to those who did not (7.7% vs. 17.6%; p value 0.613). One

patient in each group died during their hospitalization (7.7% vs. 5.9%; p value = 1.000)

(Table 3).

The risk of admission to ICU was higher for patients treated with dexamethasone compared

to those who were not treated: risk difference = 25% (95% CI -3%, 47%). The risk difference

was 17% (95% CI -36%, 53%) after adjusting for age, obesity and total number of IDSA risk

factors. Risk of VTE was higher for patients treated with dexamethasone during admission:

crude risk difference = 31% (95% CI 7%, 53%) and risk difference = 36% (95% CI 8%, 66%)

after adjustment for high-risk sickle cell genotype, >3 hospitalizations per year and receipt of

anticoagulation. The risk of readmission to the hospital was lower for patients treated with

dexamethasone during admission: crude risk difference -10% (95% CI -33%, 13%) and risk dif-

ference = -5% (95% CI -59%, 39%) after adjusting for age, obesity and total number of IDSA

risk factors.

Table 1. (Continued)

Treated with dexamethasone

Yes No P value

Vaccinated 2 (15.4%) 4 (23.5%)

Vaccinated + booster 0 (0.0%) 2 (11.8%)

IDSA risk factorsb

1 2 (15.4%) 7 (41.2%) 0.066

2 8 (61.5%) 3 (17.6%)

3 1 (7.7%) 4 (23.5%)

4 1 (7.7%) 3 (17.6%)

5 0 (0.0%) 0 (0.0%)

6 0 (0.0%) 0 (0.0%)

7 1 (7.7%) 0 (0.0%)

a Vaccination series completed >2 weeks prior to admission
b Age �65 years, BMI >25 kg/m2 Pregnancy, chronic kidney disease, diabetes mellitus, immunosuprressing medication, cardiovascular disease or hypertension, chronic

lung disease, sickle cell disease, neurodevelopmental disorder, medical technological dependence

https://doi.org/10.1371/journal.pone.0313289.t001
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Table 2. Clinical care of patients with sickle cell disease hospitalized for severe COVID-19 with hypoxia.

Treated with dexamethasone

Yes No P value

N 13 (43.3%) 17 (56.7%)

WHO severity score on admission 5.3 4.8 0.233

Day of hospitalization received dexamethasone -

1 6 (46.2%) 0 (0.0%)

2 6 (46.2%) 0 (0.0%)

3 1 (7.7%) 0 (0.0%)

Outside hospital transfer

Yes 2 (15.4%) 0 (0.0%) 0.179

PCA for pain control

Yes 8 (61.5%) 11 (64.7%) 1.000

Outpatient COVID-19 treatments

Monoclonal antibodies 0 (0.0%) 1 (5.9%) 1.000

None 13 (100.0%) 16 (94.1%)

Received simple PRBC transfusion 8 (61.5%) 6 (35.3%) 0.269

Number of units

1 1 (12.5%) 1 (16.7%) 0.720

2 4 (50.0%) 5 (83.3%)

3 0 (0.0%) 0 (0.0%)

4 2 (25.0%) 0 (0.0%)

5 0 (0.0%) 0 (0.0%)

6 1 (12.5%) 0 (0.0%)

Red cell exchange 5 (38.5%) 1 (5.9%) 0.061

Any transfusion (red cell exchange or simple)

Yes 10 (76.9%) 7 (41.2%) 0.071

Treated with remdesivir

Yes 12 (92.3%) 12 (70.6%) 0.196

Highest level of respiratory support

None 0 (0.0%) 3 (17.6%) 0.036

Nasal canula 10 (76.9%) 14 (82.4%)

Mechanical ventilation 3 (23.1%) 0 (0.0%)

WHO: World Health Organization, PCA: patient-controlled analgesia, PRBC: packed red blood cells

https://doi.org/10.1371/journal.pone.0313289.t002

Table 3. Clinical outcomes for patients with sickle cell disease hospitalized with severe COVID-19.

Treated with dexamethasone Treated with dexamethasone Treated with dexamethasone

Yes No P value

N 13 (43.3%) 17 (56.7%)

Mean length of hospitalization (days) 14.0 5.5 0.063

VTE during admission 4 (30.8%) 0 (0.0%) 0.026

ICU admission 4 (30.8%) 1 (5.9%) 0.138

VOC within 30 days of admission1 1 (7.7%) 3 (17.6%) 0.613

Discharged as deceased 1 (7.7%) 1 (5.9%) 1.000

ICU = intensive care unit, VTE = venous thromboembolism, VOC = vaso-occlusive crisis
1 Emergency department visit, hospital re-admission, urgent visit to sickle cell infusion center for VOC within 30 days of index hospitalization

https://doi.org/10.1371/journal.pone.0313289.t003

PLOS ONE Dexamethasone for COVID-19 and Sickle Cell Disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0313289 November 26, 2024 8 / 12

https://doi.org/10.1371/journal.pone.0313289.t002
https://doi.org/10.1371/journal.pone.0313289.t003
https://doi.org/10.1371/journal.pone.0313289


For the model evaluating risk of VTE with dexamethasone, inclusion of indwelling catheter

or splenectomy caused the model to fail to converge; these variables were excluded from the

multivariable analysis. The risk of death was similar for patients treated with dexamethasone

versus not: crude risk difference = 2% (95% CI -17%, 19%) and adjusted risk difference = 12%

(95% CI -10%, 41%), adjusted for age, obesity and total number of IDSA risk factors (Table 4).

Discussion

This study has several important findings. First, dexamethasone treatment was associated with

subsequent VTE in patients with SCD and hypoxia due to SARS-CoV-2. Second, our findings

suggest a trend toward increased risk of admission to the ICU and length of stay amongst the

patients who received steroids. Lastly, there was no significant association of dexamethasone

treatment and mortality.

Our findings are consistent with moderate harm of dexamethasone for patients with SCD

and hypoxia due to SARS-CoV-2. Due to the observational nature of the study, there may be

uncontrolled confounding by indication. While allo-immunization, indwelling catheter and

splenectomy were more common in the dexamethasone-treatment group and may contribute

to the higher rates of VTE; the dexamethasone-treatment group were younger (28.6 vs. 39.9

years old) and had a higher overall treatment with simple transfusion (61.5% vs. 35.3%) as well

as red cell exchange (38.5% and 5.9%); all of which would tend to skew the results towards

improved outcomes in this group. Overall, the absence of a clear benefit and suggestion of

harm of dexamethasone for patients with SCD indicate further investigation is needed.

These findings should be considered within the limited body of literature examining dexa-

methasone use for COVID-19 and sickle cell disease. One of the largest cohort studies of 609

hospitalized patients with SCD treated for COVID-19 reported that 24% received dexametha-

sone but associations between treatment and subsequent clinical outcome was not assessed

[19]. In a small case series of 31 pediatric patients with SCD, the authors reported that three

children treated with dexamethasone did not develop severe illness [20].

This study found an increased risk of VTE in patients with SCD who were eligible for dexa-

methasone and received corticosteroids. This should be interpreted with caution as we were

unable to include indwelling catheter or splenectomy as covariates in the risk difference which

may account for the increased risk of VTE seen in the dexamethasone-treated population.

Additionally, there were higher rates of transfusion in the dexamethasone-treated cohort; the

group was also younger and had more severe illness at admission. Thus, while we have

Table 4. Adjusted and unadjusted risk difference for clinical outcomes and difference in length of stay among patients with sickle cell disease hospitalized with

severe COVID-19.

Treated with dexamethasone

Yes No Difference, crude Difference, adjusteda

ICU admissionb 31% (7%, 51%) 6% (0%, 19%) 25% (-3%, 47%) 17% (-36%, 53%)

Length of hospitalizationb 14.0 (6.0, 21.3) 5.5 (3.7, 8.5) 8.5 (-0.7, 16.7) 4.4 (-3.1, 13.6)

VTE during admissionc 31% (8%, 54%) 0% (0%, 2%) 31% (7%, 53%) 36% (8%, 66%)

Readmissionb 8% (0, 25%) 18% (1%, 35%) -10% (-33%, 13%) -5% (-59%, 39%)

Discharged as deceasedb 8% (0, 21%) 6% (0%, 19%) 2% (-17%, 19%) 12% (-10%, 41%)

a Adjustment was carried out with standardization; 95% confidence intervals are the 2.5th and 97.5th percentiles from 400 estimates from non-parametric bootstrap

resamples of the data with a continuity correction applied to account for small cell counts.
b Adjusted for age, obesity, and total number of IDSA risk factors
c Adjusted for high-risk genotypes, >3 hospitalizations, and receipt of anticoagulation

https://doi.org/10.1371/journal.pone.0313289.t004
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attempted to isolate the effect of dexamethasone there is likely significant persistent residual

confounding. Nonetheless, the finding of increased risk of VTE is particularly notable given

relatively low rates of VTE have been reported for patients with SCD hospitalized with

COVID-19 [21–23]. These findings suggest there may be a relationship between the action of

steroids in patients with SCD that predisposes patients to VTE; however this should be studied

in larger cohorts.

We observed a non-significant association of mortality with treatment with dexametha-

sone. The lack of statistical significance is likely related to the low event rate overall: only two

patients among the 30 who were eligible for dexamethasone died during hospitalization. These

findings are in keeping with a growing recognition of the risk of steroids in this population. A

nationwide cohort study conducted in France recently reported increased risk of hospitaliza-

tion for vaso-occlusive crisis associated with steroid exposure [11]. The present study is the

first to specifically examine patients with SCD who were eligible for dexamethasone and asso-

ciated clinical outcomes due to COVID-19. There is not yet a consensus regarding the role of

dexamethasone in COVID-19 among patients with SCD–while providers at Johns Hopkins

Hospital did not routinely administer steroids, this is not reflected in guidance from the Amer-

ican Society of Hematology [24]. Larger observational studies are needed to address this ques-

tion fully and to further assess causality.

This study has strengths, including the use of WHO severity score, SCD comorbid condi-

tions, hemoglobin type, IDSA risk factors for severe COVID-19, pre-hospital, and hospital

treatments for COVID-19, SCD therapy prior to admission, outside hospital transfer status in

addition to other variables to assess comparability. However, this study also has limitations.

First, the small sample size did not allow for extensive adjustment of potential confounders.

There was also a higher percentage of patients who were transferred from outside hospitals

who received dexamethasone and also a higher percentage of patients who underwent red cell

exchange who were treated with dexamethasone. These differences may confound associations

between dexamethasone and the outcomes of interest. Additionally, this study reported out-

comes from an academic medical center in the United States with an inpatient treatment ser-

vice for sickle cell patients; these results may not generalize to other clinical systems and

countries.

Results from this study must be interpreted with caution. Larger studies would strengthen

the research on risk of dexamethasone in this population. Additionally, these findings were

among a primarily unvaccinated cohort of patients and the effects of dexamethasone in

patients with prior history of covid infection or vaccination may be different and merit explo-

ration. As COVID-19 continues to infect patients with SCD, clinicians should be mindful of

the risks associated with treatment; other researchers should investigate this association with

larger studies to explore this effect. This is an important area for future research given the vul-

nerability of patients with SCD and the ongoing threat of SARS-CoV-2 infection.

Author Contributions

Conceptualization: William M. Garneau, Matthew J. Lankiewicz, Ashley P. Lauriello, Kelly A.

Gebo, Sophie M. Lanzkron.

Data curation: William M. Garneau, Matthew J. Lankiewicz, Kelly A. Gebo, Sophie M.

Lanzkron.

Formal analysis: William M. Garneau, Catherine R. Lesko, Kelly A. Gebo, Sophie M.

Lanzkron.

Funding acquisition: William M. Garneau.

PLOS ONE Dexamethasone for COVID-19 and Sickle Cell Disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0313289 November 26, 2024 10 / 12

https://doi.org/10.1371/journal.pone.0313289


Investigation: William M. Garneau, Matthew J. Lankiewicz, Catherine R. Lesko, Ashley P.

Lauriello, Kelly A. Gebo, Sophie M. Lanzkron.

Methodology: William M. Garneau, Matthew J. Lankiewicz, Catherine R. Lesko, Kelly A.

Gebo, Sophie M. Lanzkron.

Project administration: William M. Garneau, Sophie M. Lanzkron.

Resources: William M. Garneau, Kelly A. Gebo.

Software: William M. Garneau, Catherine R. Lesko.

Supervision: William M. Garneau, Kelly A. Gebo, Sophie M. Lanzkron.

Validation: William M. Garneau, Matthew J. Lankiewicz, Catherine R. Lesko, Kelly A. Gebo.

Visualization: William M. Garneau.

Writing – original draft: William M. Garneau, Matthew J. Lankiewicz, Kelly A. Gebo, Sophie

M. Lanzkron.

Writing – review & editing: William M. Garneau, Matthew J. Lankiewicz, Catherine R. Lesko,

Ashley P. Lauriello, Kelly A. Gebo, Sophie M. Lanzkron.

References
1. Christian J, Lanzkron S, Naik RP. COVID-19 outcomes in sickle cell disease and sickle cell trait. Best

Pract Res Clin Haematol. 2022 Sep; 35(3):101382. https://doi.org/10.1016/j.beha.2022.101382 PMID:

36494153

2. Piel FB, Steinberg MH, Rees DC. Sickle Cell Disease. Longo DL, editor. N Engl J Med. 2017 Apr 20;

376(16):1561–73.

3. Food and Drug Administration. FDA Approves First Gene Therapies to Treat Patients with Sickle Cell

Disease [Internet]. 2023 [cited 2024 Apr 10]. Available from: https://www.fda.gov/news-events/press-

announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease

4. Food and Drug Administration. FDA approves first targeted therapy to treat patients with painful compli-

cation of sickle cell disease [Internet]. 2019 [cited 2024 Apr 10]. Available from: https://www.fda.gov/

news-events/press-announcements/fda-approves-first-targeted-therapy-treat-patients-painful-

complication-sickle-cell-disease

5. Hoogenboom WS, Alamuri TT, McMahon DM, Balanchivadze N, Dabak V, Mitchell WB, et al. Clinical

outcomes of COVID-19 in patients with sickle cell disease and sickle cell trait: A critical appraisal of the

literature. Blood Rev. 2022 May; 53:100911. https://doi.org/10.1016/j.blre.2021.100911 PMID:

34838342

6. Clift AK, Saatci D, Coupland CAC, Dambha-Miller H, Hippisley-Cox J. Sickle Cell Disorders and Severe

COVID-19 Outcomes: A Cohort Study. Ann Intern Med. 2021 Oct; 174(10):1483–7. https://doi.org/10.

7326/M21-1375 PMID: 34338553

7. Arlet J, Lionnet F, Khimoud D, Joseph L, De Montalembert M, Morisset S, et al. Risk factors for severe

COVID -19 in hospitalized sickle cell disease patients: A study of 319 patients in France. Am J Hematol

[Internet]. 2022 Mar [cited 2024 Apr 7];97(3). Available from: https://onlinelibrary.wiley.com/doi/10.

1002/ajh.26432 PMID: 34882837

8. Mucalo L, Brandow AM, Dasgupta M, Mason SF, Simpson PM, Singh A, et al. Comorbidities are risk

factors for hospitalization and serious COVID-19 illness in children and adults with sickle cell disease.

Blood Adv. 2021 Jul 13; 5(13):2717–24. https://doi.org/10.1182/bloodadvances.2021004288 PMID:

34196678

9. Hoogenboom WS, Fleysher R, Soby S, Mirhaji P, Mitchell WB, Morrone KA, et al. Individuals with sickle

cell disease and sickle cell trait demonstrate no increase in mortality or critical illness from COVID-19—

a fifteen hospital observational study in the Bronx, New York. Haematologica. 2021 Aug 5; 106

(11):3014–6. https://doi.org/10.3324/haematol.2021.279222 PMID: 34348452

10. The RECOVERY Collaborative Group. Dexamethasone in Hospitalized Patients with Covid-19. N Engl

J Med. 2021 Feb 25; 384(8):693–704. https://doi.org/10.1056/NEJMoa2021436 PMID: 32678530

PLOS ONE Dexamethasone for COVID-19 and Sickle Cell Disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0313289 November 26, 2024 11 / 12

https://doi.org/10.1016/j.beha.2022.101382
http://www.ncbi.nlm.nih.gov/pubmed/36494153
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-targeted-therapy-treat-patients-painful-complication-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-targeted-therapy-treat-patients-painful-complication-sickle-cell-disease
https://www.fda.gov/news-events/press-announcements/fda-approves-first-targeted-therapy-treat-patients-painful-complication-sickle-cell-disease
https://doi.org/10.1016/j.blre.2021.100911
http://www.ncbi.nlm.nih.gov/pubmed/34838342
https://doi.org/10.7326/M21-1375
https://doi.org/10.7326/M21-1375
http://www.ncbi.nlm.nih.gov/pubmed/34338553
https://onlinelibrary.wiley.com/doi/10.1002/ajh.26432
https://onlinelibrary.wiley.com/doi/10.1002/ajh.26432
http://www.ncbi.nlm.nih.gov/pubmed/34882837
https://doi.org/10.1182/bloodadvances.2021004288
http://www.ncbi.nlm.nih.gov/pubmed/34196678
https://doi.org/10.3324/haematol.2021.279222
http://www.ncbi.nlm.nih.gov/pubmed/34348452
https://doi.org/10.1056/NEJMoa2021436
http://www.ncbi.nlm.nih.gov/pubmed/32678530
https://doi.org/10.1371/journal.pone.0313289


11. Walter O, Cougoul P, Maquet J, Bartolucci P, Lapeyre-Mestre M, Lafaurie M, et al. Risk of vaso-occlu-

sive episode after exposure to corticosteroids in patients with sickle cell disease. Blood. 2022 Jun 30;

139(26):3771–7. https://doi.org/10.1182/blood.2021014473 PMID: 35471555

12. Cohen RT, Klings ES. Systemic Steroids and the Risk of Vasoocclusive Events in Patients with Sickle

Cell Disease. Ann Am Thorac Soc. 2023 Jan; 20(1):18–20.

13. Johns Hopkins Institute for Clinical and Translational Research. COVID-19 PRECISION MEDICINE

ANALYTICS PLATFORM REGISTRY (JH-CROWN) [Internet]. [cited 2024 Feb 25]. Available from:

https://ictr.johnshopkins.edu/covid-research-center/registry-dashboard/jh-crown/

14. The RECOVERY Collaborative Group. Low-cost dexamethasone reduces death by up to one third in

hospitalised patients with severe respiratory complications of COVID-19 [Internet]. 2020 [cited 2024 Apr

7]. Available from: https://www.recoverytrial.net/news/low-cost-dexamethasone-reduces-death-by-up-

to-one-third-in-hospitalised-patients-with-severe-respiratory-complications-of-covid-19

15. Infectious Diseases Society of America. COVID-19 OUTPATIENT TREATMENT GUIDELINES ROAD-

MAP [Internet]. 2023 [cited 2024 Feb 25]. Available from: https://www.idsociety.org/globalassets/covid-

19-real-time-learning-network/outpatientroadmap-v10.pdf

16. Marshall JC, Murthy S, Diaz J, Adhikari NK, Angus DC, Arabi YM, et al. A minimal common outcome

measure set for COVID-19 clinical research. Lancet Infect Dis. 2020 Aug; 20(8):e192–7. https://doi.org/

10.1016/S1473-3099(20)30483-7 PMID: 32539990

17. Hernán MA, Hernández-Dı́az S, Werler MM, Mitchell AA. Causal knowledge as a prerequisite for con-

founding evaluation: an application to birth defects epidemiology. Am J Epidemiol. 2002 Jan 15; 155

(2):176–84. https://doi.org/10.1093/aje/155.2.176 PMID: 11790682

18. Efron B, Tibshirani R. An Introduction to the Bootstrap. Boca Raton, Florida, USA: Chapman & Hall;

1993. (Monographs on Statistics and Applied Probability).

19. Guarino SH, Caplan R, Gbadebo B, Jurkovitz C. COVID-19 in Adults with Sickle Cell Disease. Blood.

2023 Nov 28; 142(Supplement 1):2373–2373.

20. Calderwood S, Sabir A, Rao L, Baker B, Balasa V, Sathi BK. SARS-CoV-2 Infection Presenting as

Acute Chest Syndrome in a Child With Hemoglobin SD-Los Angeles Disease: A Case Report and

Review of Literature. J Pediatr Hematol Oncol. 2023 Mar; 45(2):82–7. https://doi.org/10.1097/MPH.

0000000000002546 PMID: 36162052

21. Martin OY, Darbari DS, Margulies S, Nickel RS, Leonard A, Speller-Brown B, et al. Clinical outcomes of

children and adolescents with sickle cell disease and COVID-19 infection: A year in review at a metro-

politan tertiary pediatric hospital. Front Med. 2023 Feb 17; 10:987194.

22. Alkindi S, Elsadek RA, Al-Madhani A, Al-Musalhi M, AlKindi SY, Al-Khadouri G, et al. Impact of COVID-

19 on vasooclusive crisis in patients with sickle cell anaemia. Int J Infect Dis IJID Off Publ Int Soc Infect

Dis. 2021 May; 106:128–33. https://doi.org/10.1016/j.ijid.2021.03.044 PMID: 33741487

23. Balanchivadze N, Kudirka AA, Askar S, Almadhoun K, Kuriakose P, Fadel R, et al. Impact of COVID-19

Infection on 24 Patients with Sickle Cell Disease. One Center Urban Experience, Detroit, MI, USA.

Hemoglobin. 2020 Jul 3; 44(4):284–9. https://doi.org/10.1080/03630269.2020.1797775 PMID:

32722950

24. American Society of Hematology. COVID-19 Resources. [cited 2024 Apr 7]. COVID-19 and Sickle Cell

Disease: Frequently Asked Questions. Available from: https://www.hematology.org/covid-19/covid-19-

and-sickle-cell-disease

PLOS ONE Dexamethasone for COVID-19 and Sickle Cell Disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0313289 November 26, 2024 12 / 12

https://doi.org/10.1182/blood.2021014473
http://www.ncbi.nlm.nih.gov/pubmed/35471555
https://ictr.johnshopkins.edu/covid-research-center/registry-dashboard/jh-crown/
https://www.recoverytrial.net/news/low-cost-dexamethasone-reduces-death-by-up-to-one-third-in-hospitalised-patients-with-severe-respiratory-complications-of-covid-19
https://www.recoverytrial.net/news/low-cost-dexamethasone-reduces-death-by-up-to-one-third-in-hospitalised-patients-with-severe-respiratory-complications-of-covid-19
https://www.idsociety.org/globalassets/covid-19-real-time-learning-network/outpatientroadmap-v10.pdf
https://www.idsociety.org/globalassets/covid-19-real-time-learning-network/outpatientroadmap-v10.pdf
https://doi.org/10.1016/S1473-3099%2820%2930483-7
https://doi.org/10.1016/S1473-3099%2820%2930483-7
http://www.ncbi.nlm.nih.gov/pubmed/32539990
https://doi.org/10.1093/aje/155.2.176
http://www.ncbi.nlm.nih.gov/pubmed/11790682
https://doi.org/10.1097/MPH.0000000000002546
https://doi.org/10.1097/MPH.0000000000002546
http://www.ncbi.nlm.nih.gov/pubmed/36162052
https://doi.org/10.1016/j.ijid.2021.03.044
http://www.ncbi.nlm.nih.gov/pubmed/33741487
https://doi.org/10.1080/03630269.2020.1797775
http://www.ncbi.nlm.nih.gov/pubmed/32722950
https://www.hematology.org/covid-19/covid-19-and-sickle-cell-disease
https://www.hematology.org/covid-19/covid-19-and-sickle-cell-disease
https://doi.org/10.1371/journal.pone.0313289

