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Abstract
The management of sickle cell disease (SCD) and its complications in the COVID-19 era is very challenging. The recurrent sickling
process in SCD causes tissue hypoxemia and micro-infarcts, resulting in end organ damage. Since the outbreak of SARS-CoV-2
pandemic, little data has been published about SCD concerning clinical presentation with COVID-19 and management. Hydro-
xyurea has been the cornerstone of management in children and adults with SCD, with evidence of its effect on controlling end
organ damage. There are several anti-sickling drugs that have been approved recently that might have an additive value toward the
management of SCD and its complications. The role of simple and exchange transfusions is well established and should always be
considered in the management of various complications. The value of convalescent plasma has been demonstrated in small case
series, but large randomized controlled studies are still awaited. Immunomodulatory agents may play a role in reducing the
damaging effects of cytokines storm that contributes to the morbidity and mortality in advanced cases. Prophylactic antic-
oagulation should be considered in every management protocol because SCD and COVID-19 are thrombogenic conditions.
Management proposals of different presentations of patients with SCD and COVID-19 are outlined.
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Introduction

The outbreak of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) infection has swept the globe and has become

a major public health crisis.1 It causes coronavirus disease 2019

(COVID-19), which is a severe respiratory illness that puts

patients with chronic medical illnesses at risk of increased

morbidity and mortality.2 Patients with chronic hereditary and

acquired hematological diseases represent a special group

of patients, many of whom have sustained end organ damage

and / or immunocompromised state due to their underlying

disease or treatment.3 If infected, they will be at risk of

severe respiratory complications including COVID-19 related

pneumonia, acute respiratory distress syndrome (ARDS), and

secondary bacterial infections.2,4

Sickle cell disease (SCD) is the most common hereditary

hematological disorder that affects millions of people world-

wide, with the highest prevalence in sub-Saharan Africa, Med-

iterranean basin, Middle East, and India.5 The current

experience with optimal management of SCD patients present-

ing with COVID-19 is still evolving given the scarcity of the

published data. Our past experience with H1N1 outbreak

showed high incidence of respiratory complications including

acute chest syndrome (ACS).6-8 It has also been demonstrated

that children with SCD have a substantially higher rate of

influenza-related hospitalizations in comparison to other chil-

dren, with the rate of hospital admissions of children with SCD

approximately double that of children with cystic fibrosis.9

Thus, it is likely that such complications would be occurring

at an increasing rate in patients with SCD presenting with

COVID-19.
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End Organ Damage and Immune Dysfunction
in SCD

SCD causes several well-known complications that can vary in

intensity depending on the inherited genetic phenotypes and

coexistence of other hemoglobinopathies.10 These complica-

tions include: vasoocclusive crisis (VOC), chronic hemolytic

anemia, osteopenia, ACS, pulmonary hypertension, asplenia,

severe infections, stroke, kidney failure, priapism, and neurolo-

gical alterations.11 The hallmark of SCD is hemoglobin S poly-

merization upon deoxygenation, which causes red cells to adapt

a sickle shape. This process results in impaired rheology of the

blood and aggregation of sickled erythrocytes with neutrophils,

platelets, and endothelial cells, thus promoting blood stasis. The

result is vasoocclusion, tissue ischemia, and reperfusion injury.

Hemolysis-mediated endothelial dysfunction through the release

of free hemoglobin, which depletes endothelial nitric oxide

(NO), results in more vasoconstriction and ischemia as well as

the release of free radicles. This will result in sterile inflamma-

tion, which promotes adhesiveness of neutrophils, platelets, and

endothelial cells, causing more vasoocclusion.12,13

The spleen, which is a lymphoid tissue with an important

role in innate and adaptive immunity, is one of the first organs

to be affected in SCD. There is evidence of hyposplenism

present before 12 months of age in the majority of children.14

Repeated splenic vasoocclusion leads to the formation of

granuloma-like nodules, called “Gamna-Gandy bodies”

(GGBs), resulting from periarteriolar hemorrhage followed

by fibrosis and deposition of iron pigments, leading to progres-

sive atrophy of the organ (auto-splenectomy), which is gener-

ally complete by 5 years in most children.15 Hyposplenism

predisposes SCD patients to infection with encapsulated bac-

terial organisms like Streptococcus pneumoniae and Hemophi-

lus influenzae type b. This happens because of impaired

opsonization and antibody production, especially IgM, which

is produced by B-lymphocytes in the marginal zone.16 In addi-

tion, the function of macrophages in the red pulp and marginal

zone of the spleen will be affected. These macrophages play an

important role by removing damaged, aged, and opsonized

cells and bacteria from the blood. Further, these macrophages

function with the dendritic cells as antigen presenting cells to

T-lymphocytes in the white pulp.13,17

COVID-19 in SCD: Clinical Experience

The clinical experience in patients with SCD presenting with

COVID-19 is inadequate at this time due to paucity of data.

International registries have been initiated (International

COVID-19 SCD registry and ASH Registry), in which health

care providers managing SCD patients with COVID-19 are

encouraged to report their cases.18 However, there are a few

small case series and case reports in the literature that can give

us an insight into the clinical presentation and outcome in

these patients.

In a case report, 2 patients with SCD and positive RT-PCR for

SARS-CoV-2 presented with VOC. In addition, one of them had

pneumonia. They responded well to conventional supportive man-

agement without the need for exchange transfusion or mechanical

ventilation.19 Another case report from New York was of a patient

with Hb S/bo-thalassemia presenting with hip pain that later

evolved to hemolytic anemia, fever, and hypoxemia. After being

diagnosed with COVID-19 and ACS, he required exchange trans-

fusion, which resulted in improvement of his condition.20

A case series of 4 patients with SCD (2 with Hb SS, one with

Hb Sbþ, and one with Hb SC disease) and COVID-19 were

managed successfully with oxygen, intravenous fluids, analge-

sics and antibiotics. Only one patient developed ACS and was

successfully managed with exchange transfusion.21

A series of 10 patients from the UK with SCD and COVID-

19 was recently published. Six patients were RT-PCR positive

using nasopharyngeal swabs, and 4 patients tested negative but

they had clinical and radiological features of COVID-19. The

presenting symptoms were fever, cough, dyspnea, and hypoxia.

There was great variability between patients regarding differ-

ent hematological and biochemical parameters. None of the

patients developed coagulopathy or thrombocytopenia. Nine

patients made full recovery with supportive therapy that

included prophylactic dose of Low Molecular Weight Heparin

(LMWH) (enoxaparin 40 mg OD) that was later increased to

the therapeutic dose after emerging evidence of the thrombotic

nature of COVID-19. There was one fatality in a bedbound

patient with past history of stroke.22

There are 2 case reports showing successful treatment of

COVID-19 related pneumonia with tocilizumab, which is a

humanized monoclonal antibody against the interleukin-6

(IL-6) receptor. The first case report was describing an adult

male with past history of sickle cell nephropathy, tubular acido-

sis, retinopathy, cardiac disease and pulmonary embolism (on

rivaroxaban), presenting with VOC, that progressed to

COVID-19 induced pneumonia and ACS. The treatment with

tocilizumab was initiated with rapid improvement of his overall

condition and O2 saturation.23 The second report was in a 16

year old girl with severe form of SCD complicated with bilat-

eral ischemic retinopathy and recurrent VOC. Because of the

aggressive nature of her disease, she had been managed with

exchange transfusions until she became 11 years old and was

later switched to hydroxyurea. She presented with fever and

later developed severe chest pain and hypoxemia secondary to

ACS. Acute pulmonary embolism was suspected because of

elevated D_Dimer level and was confirmed radiologically. She

was treated with anticoagulation, in addition to exchange trans-

fusion and non-invasive ventilation. Tocilizumab was also

added because of the severity of her condition and elevated

IL-6 level. She made rapid recovery and was discharged from

the intensive care unit without the need of O2 therapy.24

Approved Pharmacological Drugs for SCD in
Current Clinical Practice

There is still no effective treatment for SCD that completely

reverses the sickling process and eventually prevents end organ

damage that starts from early childhood. Stem cell
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transplantation is the only available cure for SCD. However, a

limited number of patients benefit from this procedure.25 Gene

therapy is a new treatment modality that has come a long way

in the last decade with promising results in recent trials.26

Novel approaches to reduce SCD-related complications from

early childhood started in the 1980s with the introduction of

penicillin prophylaxis and using transcranial Doppler screening

for detection of cerebral vasculopathy and stroke prevention in

children.25

Since the late 1980s, hydroxyurea (HU) or hydroxycarba-

mide has emerged as an effective disease modifying agent for

SCD in children and adults.27 HU inhibits ribonucleotide

reductase enzyme, which converts ribonucleotide diphosphates

to deoxyribonucleotide triphosphates (dNTPs), leading to cell

arrest in the S phase of the cell cycle. The mechanism of action

of HU in SCD is discussed elsewhere.25,27,28 HU lowers the

rate of VOC events, the number of hospitalizations, and the

need for blood transfusions. It also prevents or slows down end

organ damage, which is reflected in improved survival of SCD

patients.29,30 During the H1N1 pandemic in 2009, HU was

proven to be effective against the incidence of ACS in chil-

dren.7,31 Compliance is the main obstacle toward obtaining the

desired effects with HU. Fear of side effects, especially infer-

tility and possible teratogenicity, compromises compliance.32

Crizanlizumab has been recently approved for treatment and

prevention of VOC in patients with SCD.33 It is a monoclonal

antibody that binds to P-selectin, thereby blocking its interac-

tion with P-selectin glycoprotein ligand-1. P-selectin, an adhe-

sion molecule expressed on activated vascular endothelial cells

and platelets, facilitates cell-to-cell and cell-to-endothelium

interactions that are involved in the pathogenesis of VOC in

SCD.33 The SUSTAIN trial, a multicenter randomized double

blind study, showed that crizanlizumab decreased the incidence

of VOC by 45% in patients with or without HU. Crizanlizumab

also prolonged the median time to the first and second VOC.

Adverse events were mild to moderate and no patients discon-

tinued the treatment.34 There are several ongoing clinical trials

that are trying to explore crizanlizumab’s safety and efficacy in

pediatric patients with SCD.33

Voxelotor belongs to a new class of medications that inhibit

HbS polymerization. It reversibly binds to hemoglobin,

increasing its affinity for oxygen, and consequently inhibits its

polymerization when subjected to hypoxic conditions.35 In

HOPE, a phase 3, double blind randomized controlled trial, 2

doses of voxelotor (1500 mg and 900 mg, administered orally

once daily) were compared with placebo in persons with SCD.

The primary endpoint was a hemoglobin response of 1 g/dL

from baseline at week 24. Patients on 1500 mg had higher

hemoglobin response in comparison to the placebo group

(51% vs. 7%). In addition, patients in the voxelotor group had

lower indirect bilirubin and reticulocytes count, indicating less

hemolysis.36 Based on the HOPE trial results, voxelotor was

granted accelerated FDA approval for adults and pediatric

patients 12 years of age and older with SCD.

L-glutamine is an amino acid that plays an important role in

reducing the oxidative stress inside red cells. It is essential in

the synthesis of nicotinamide adenine dinucleotide (NADþ)

and its reduced form (NADH), which play a major role in

maintaining the redox balance in red cells. In sickle red cells,

the redox ratio ([NADH]:[NADþ NADH]) is lower than in

normal red cells, thus contributing to the pathophysiology of

SCD.37 L-glutamine (ENDARI) was approved to manage

SCD-related complications in patients 5 years of age and older.

The safety and efficacy of L-glutamine was documented in a

phase 3 multicenter, randomized placebo controlled study,

where the pharmaceutical-grade L-glutamine (0.3 g per kg of

body weight per dose) was administered twice daily by mouth,

as compared with placebo. Fewer pain crises occurred in the L-

glutamine group than in the placebo group (P ¼ 0.005), in

addition to fewer hospitalizations (P ¼ 0.005). Side effects

were constipation, nausea, headache, abdominal pain, cough,

pain in the extremities, back pain, and chest pain.38

Supportive Therapeutic Modalities in SCD

Simple red cell and exchange transfusion play an important

role in managing children and adults with SCD. Simple red

cell transfusion is often required in treating anemia that

accompanies acute hemolytic crises, splenic sequestration,

anemia associated with parvovirus B19 infection, periopera-

tive management, and anemia in pregnancy.10,11 Regular red

cell transfusion is also recommended for primary and sec-

ondary stroke prevention in children with SCD.39 The most

common transfusion-related complications are alloimmuni-

zation, infection, and iron overload. Red cell exchange

transfusion is indicated in ACS, acute stroke, major organ

failure, and priapism that doesn’t respond to conservative

measures.40

Venous thromboembolism (VTE) is a major risk in acutely

ill medical patients. In patients with SCD with an acute med-

ical illness, the risk of VTE is even higher. A study in the

United States reported the overall prevalence of pulmonary

embolism (PE) in patients with SCD to be 4 times higher in

comparison to those without SCD.41 In another study, using a

large cohort of SCD patients (n ¼ 6,237) in California, the

incidence of VTE by age 40 was 17.1% for SCD patients with

severe disease (hospitalized � 3 times a year), and 6.8% for

those with less severe disease.42 In COVID-19, the risk of

VTE is increased according to recent observational studies.

In a study from the Netherlands, 184 patients with COVID-19

pneumonia were evaluated for incidence of thrombotic epi-

sodes while being on VTE prophylaxis. The cumulative inci-

dence of thrombosis was 31%.43 Another observational study

from China found that 25% of 81 severely ill COVID-19

patients developed VTE.44 Autopsy series have confirmed the

presence of diffuse thrombi in small pulmonary arterioles in

patients who died of COVID-19.45,46 Given the fact that both

SCD and COVID-19 are thrombogenic conditions, prophylac-

tic anticoagulation is mandatory in SCD patients presenting

with COVID-19.
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Therapeutic Approach for COVID-19 in SCD

What will be presented in the following account concerning

treatment of COVID-19 in SCD patients is based on experience

of managing SCD-related complications, in addition to the

accumulated data on the best available COVID-19 manage-

ment protocols.18,47,48 Optimizing the treatment in stable, non-

infected SCD patients and compliance to the general preventive

measures is the cornerstone of care. Patients should be encour-

aged to adhere to their prescribed anti-sickle cell medications,

i.e. HU, L-glutamine, voxelotor, and crizanlizumab. An online

platform or telephone counseling with the treating physician

should be established for monitoring, education, and follow up.

Minor sickle cell painful crises should be managed at home

with simple analgesics and good hydration. Dietary supple-

ments with vitamins D and C, which were reported to be effec-

tive in reducing the severity of COVID-19 illness, can be

supplemented to SCD patients.49,50 Management of SCD

patients presenting with COVID-19 depends on the severity

of the illness and the presence of sickle cell acute complica-

tions. It should include standard care given to this category of

patients and the best available evidence toward the manage-

ment of COVID-19.

As of writing this report, there is no effective antiviral ther-

apy against SARS-CoV-2 and related COVID-19. However,

clinical trials are still underway, testing several antiviral drugs

with known activity against other viruses. One of those drugs is

remdesivir, which was shown to be superior to placebo in short-

ening the time to recovery in adults hospitalized with mild to

moderate COVID-19 related chest infection, but not in patients

requiring high flow oxygen or mechanical ventiltion.51

Lopinavir-ritonavir combination was also tested in severe

COVID-19 patients with no observed benefit in comparison

to standard care.52 Hydroxychloroquine and chloroquine were

showing promising results in earlier case reports and short case

series and have been prescribed to COVID-19 patients with or

without azithromycin as part of treatment protocols. However,

a recent observational study involving a large cohort of patients

with COVID-19 who had been treated with hydroxychloro-

quine revealed no additional advantages on disease progres-

sion, mainly the need for intubation and death.53 Adding

azithromycin did not improve the outcome.53 Ivermectin is

FDA-approved for parasitic infections and has been shown to

be an effective inhibitor of SARS-CoV-2 in vitro. Clinical trials

that assess the therapeutic effect of ivermectin in COVID-19

are underway and results are still pending.54

Convalescent plasma has been proposed as a possible ther-

apeutic option in COVID-19 based on previous experiences

with Ebola virus, SARS-Cov-1 and Middle East Respiratory

Syndrome (MERS). In a recent study of 5,000 hospitalized

patients with severe life-threatening COVID-19, the overall

frequency of adverse events within 4 hours following the trans-

fusion of COVID-19 convalescent plasma was less than 1%,

confirming its safety.55 Duan et al. published results of 10

patients with severe COVID-19 who received 200 ml of con-

valescent plasma with neutralizing antibody titer of 1:640.

Viremia resolved in all 10 patients with recovery of laboratory

parameters and improvements of O2 saturation within 3 days.56

In another study from New York where 45 patients were iden-

tified as eligible for convalescent plasma transfusion (39

patients were included) and compared with 156 control cases,

convalescent plasma recipients were more likely than control

patients to remain stable or have improvements in their supple-

mental oxygen requirements by post-transfusion day 14. They

also showed improved survival, especially for non-intubated

patients.57

In COVID-19, cytokines storm is associated with the

severity of the disease and affects morbidity and mortality.58

Elevated levels of the inflammatory cytokine IL-6 in the

blood have been reported to predict the outcome in patients

with COVID-19.59 Tocilizumab, a monoclonal antibody that

blocks IL-6 receptor, has been used in critically ill COVID-19

patients with confirmed elevated level of IL-6. In a retrospec-

tive study from China, 21 severely ill patients with COVID-19

were treated with tocilizumab and standard care. Tocilizumab

led to a reduction in fever and rapid improvements of lung

lesions, with recovery and discharge of most patients in 2

weeks.60 Two SCD patients with COVID-19 were treated

successfully with tocilizumab and were discussed earlier in

this article.23,24 Sarilumab, a human IgG1 monoclonal anti-

body that binds to both soluble and membrane-bound IL-6Rs,

and siltuximab, an anti-IL-6 chimeric monoclonal antibody,

are currently being tested in COVID-19 patients.61 Interferon

beta-1b has been utilized in the past as a therapeutic option in

SARS-CoV-1 and MERS because of its antiviral activity.

Recently, it was found to improve symptoms and shorten the

duration of viral shedding and hospital stay in patients with

mild to moderate COVID-19 when combined with lopinavir

and ritonavir.62 Corticosteroids are among the most com-

monly used drugs because of their immunomodulatory effects

in severe infection. In one study, the use of corticosteroids in

patients with mild COVID-19 did not influence viral clear-

ance time, length of hospital stay, or duration of symptoms.63

In another study, which included 201 patients with COVID-

19, treatment with methylprednisolone decreased the risk of

death among patients with ARDS.64 More recently, dexa-

methasone has been shown to reduce death in hospitalized

patients with severe respiratory complications of COVID-

19. This finding was one arm from the RECOVERY trial that

included 2,104 patients randomized to dexamethasone 6 mg

daily for 10 days against 4,321 patients randomized to stan-

dard care alone. Dexamethasone reduced deaths by one-third

in ventilated patients and by one-fifth in other patients receiv-

ing oxygen. The benefit was not seen among patients who

were not requiring respiratory support.65

Unfractionated heparin (UFH) or LMWH binds with high

affinity to coronavirus, which might impact its functions.66

Additionally, the high binding affinity of heparin to viruses

including COVID-19 viruses might be potentially therapeutic

for treating COVID-19 viruses. Because UFH has high plasma

protein binding, which causes the UHF to be trapped and

become unviable for a desired antithrombotic effect, LMWH
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or preferably sulfated non-anticoagulant LMWH (S-NACH),

which has low plasma protein binding and antithrombotic

activities without bleeding side effects, should be considered.67

Coagulopathy and thrombosis documented in coronavirus

infection have been shown to be associated with high

mortality with high D-dimers being a particularly important

marker for the coagulopathy.68,69 Additionally, heparin,

LMWH and other glycosaminoglycans demonstrated poly-

pharmacological effects in the inhibition of complement acti-

vation and inflammation, which are key drivers in COVID-19

complications.67-70

Prophylaxis against VTE is of paramount importance in

this setting. Using full anticoagulation has been shown to be

effective in treating patients with VOC. Qari et al rando-

mized 253 patient with VOC to receive either tinzaparin at

therapeutic dose (175 IU/kg) or placebo. The tinzaparin

group did better in terms of reduction in number of days

with the severest pain score, overall duration of painful

crisis, and duration of hospitalization.71

The following are possible presentations of COVID-19 in

SCD with suggested management plans:

a. Asymptomatic SCD patient with positive SARS-CoV-2

RT-PCR:

– Admit to hospital for observation or stay at home with

close monitoring by telecommunication

– Optimize current sickle cell therapy (e.g. Hydro-

xyurea) and reiterate the importance of adherence

to treatment and other supportive therapies

– Consumption of adequate amounts of fluids

– Monitor vital signs and symptoms daily. Check the

blood parameters initially for RBC hemolysis indica-

tors (rise in reticulocytes count, LDH and indirect

bilirubin from baseline) and order blood coagulation

tests (PT, APTT, Fibrinogen and D-Dimer)

– Advise prophylactic LMWH (e.g. enoxaparin 40 mg

OD) in the event of hospital admission or prolonged

immobilization at home

b. Symptomatic SCD patient with mild to moderately severe

COVID-19 and O2 saturation > 94% (or PaO2/FIO2 > 300

mm Hg) in room air or with mask / nasal cannula and low

flow oxygen:

– Start hydration with I.V. fluid in addition to analgesics

when needed. Optimize Hydroxyurea dosage. Add

empiric prophylactic wide spectrum antibiotic

– Simple RBC transfusion if Hb < 10 g/dL

– Add remdesivir to the management

– Add Intravenous Dexamethasone (6 mg daily for 10

days)

– Consider convalescent plasma infusion if no signs

of improvement or requiring more oxygen to sus-

tain O2 saturation > 94% despite the previous

measures

– Start LMWH high prophylactic dose (e.g. enoxaparin

60 mg OD or 40 mg BID) if not contraindicated

c. Severe COVID-19 in SCD with O2 saturation < 94% (or

PaO2/FIO2 < 300 mm Hg) on high flow oxygen mask or

BiPAP but not requiring mechanical ventilation:

– I.V. fluids, broad spectrum antibiotics, and optimize

Hydroxyurea dosage

– Start remdesivir and add Intravenous Dexamethasone

(6 mg daily for 10 days)

– Consider convalescent plasma if no improvement.

– Use therapeutic LMWH (e.g. enoxaparin 1 mg/kg

BID) if not contraindicated

– Assess the need for IL-6 receptor blockers by measur-

ing IL-6 level and assessment of the lung fields for

signs of ARDS or disease progression

d. Severe COVID-19 in SCD requiring mechanical

ventilation or extracorporeal membrane oxygenation

(ECMO):

– Apply all therapeutic measures described in the pre-

vious step. i.e. I.V. fluids, broad spectrum antibiotics,

optimize Hydroxyurea dosage, remdesivir, Intrave-

nous Dexamethasone and consider using convales-

cent plasma when appropriate

– Use immunomodulatory agent, e.g. IL-6 receptor

blocker

– Consider adding a second anti-sickling drug if SCD-

related complication is present

– Use therapeutic LMWH if not contraindicated

– Consider exchange RBC transfusion in case of wor-

sening hemolytic markers or progressive lung

infiltration

e. VOC and/or acute hemolytic crisis in association with

COVID-19:

– Apply all appropriate measures in the previous steps

i.e O2 therapy, adequate hydration with I.V. fluids

and broad spectrum antibiotics, optimize Hydro-

xyurea dosage, remdesivir, Intravenous Dexametha-

sone and consider using convalescent plasma when

appropriate

– Start analgesia as per local protocol with close moni-

toring of O2 when using narcotics

– Add an additional anti-sickling drug (e.g. crizanlizu-

mab) to the current management

– Use therapeutic LMWH if not contraindicated

– Give simple RBC transfusion to maintain Hb >

10 g/dL. Consider exchange RBC transfusion with

the aim to reduce HbS to 30% or less in case of no

response to above measures

f. ACS with COVID-19:

– Apply all appropriate measures in the previous steps

i. e. O2 therapy, adequate hydration with I.V. fluids

and broad spectrum antibiotics, optimize Hydro-

xyurea dosage, remdesivir, Intravenous Dexametha-

sone and consider using convalescent plasma when

appropriate

– Add an additional anti-sickling drug (e.g.crizanlizu-

mab) to the current management

– Use therapeutic LMWH if not contraindicated

Alsayegh and Mousa 5



– Use immunomodulatory agent, e.g. IL-6 receptor

blocker

– Exchange RBC transfusion with the aim to reduce HbS

to 30% or less

g. Splenic sequestration crisis in association with COVID-19:

– Apply all supportive measures and therapies in the

previous steps including I.V. fluids, broad spectrum

antibiotics, optimize Hydroxyurea dosage, remdesi-

vir, Intravenous Dexamethasone and consider using

convalescent plasma when appropriate

– Simple or exchange RBC transfusions when indicated

– Add an additional anti-sickling drug (e.g. crizanlizu-

mab) to the current management

– Use therapeutic LMWH if not contraindicated

– Consider splenectomy in selected cases and when the

clinical condition allows to do surgery

Conclusion

COVID-19 has recently emerged as a challenging health

hazard to patients suffering from chronic disorders including

those affected with SCD. The experience of managing SCD

patients with COVID-19 is still in its infancy but plans for

international registries have been put in action to assess the

clinical course and outcomes in this patient population. The

new therapeutic agents for SCD that have been recently

approved should be used alongside the classical treatment to

improve the outcome. In addition, available therapies with

potential antiviral activity must be considered as part of the

management. This is the first comprehensive review on man-

aging SCD with COVID-19 that would be of benefit to busy

health care providers until evidence-based management recom-

mendations become available.

Authors’ Note

The authors contributed equally to the concepts, rationales, and

literature-supported evidence in the management of sickle cell patients

with COVID-19.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Shaker A. Mousa https://orcid.org/0000-0002-9294-015X

References

1. Heymann DL, Shindo N.COVID-19: what is next for public

health? Lancet. 2020;395(10224):542-545.

2. Onder G, Rezza G, Brusaferro S. Case-fatality rate and charac-

teristics of patients dying in relation to COVID-19 in Italy. JAMA.

2020.

3. Malpica L, van Duin D, Moll S. Preventing infectious complica-

tions when treating non-malignant immune-mediated hematolo-

gic disorders. Am J Hematol. 2019;94(12):1396-1412.

4. Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in cri-

tically ill patients in the Seattle region—case series. N Engl J

Med. 2020;382(21):2012-2022.

5. Piel FB, Patil AP, Howes RE, et al. Global distribution of the

sickle cell gene and geographical confirmation of the malaria

hypothesis. Nat Commun. 2010;1(1):104.

6. van Tuijn CF, Nur E, van Beers EJ, Zaaijer HL, Biemond BJ.

Acute chest syndrome in sickle cell disease due to the new influ-

enza a (H1N1) virus infection. Am J Hematol. 2010;85(4):

303-304.

7. George A, Benton J, Pratt J, et al. The impact of the 2009 H1N1

influenza pandemic on pediatric patients with sickle cell disease.

Pediatr Blood Cancer. 2011;57(4):648-653.

8. Inusa B, Zuckerman M, Gadong N, et al. Pandemic influenza a

(H1N1) virus infections in children with sickle cell disease.

Blood. 2010;115(11):2329-2330.

9. Bundy DG, Strouse JJ, Casella JF, Miller MR. Burden of

influenza-related hospitalizations among children with sickle cell

disease. Pediatrics. 2010;125(2):234-243.

10. Piel FB, Steinberg MH, Rees DC. Sickle cell disease. N Engl J

Med. 2017;376(16):1561-1573.

11. Ware RE, de Montalembert M, Tshilolo L, Abboud MR. Sickle

cell disease. Lancet. 2017;390(10091):311-323.

12. Sundd P, Gladwin MT, Novelli EM. Pathophysiology of sickle

cell disease. Annu Rev Pathol. 2019;14(1):263-292.

13. de Azevedo JTC, Malmegrim KCR. Immune mechanisms

involved in sickle cell disease pathogenesis: current knowledge

and perspectives. Immunol Lett. 2020;224:1-11.

14. Brousse V, Buffet P, Rees D.The spleen and sickle cell disease:

the sick(led) spleen. Br J Haematol. 2014;166(2):165-176.

15. Piccin A, Rizkalla H, Smith O, et al. Composition and signifi-

cance of splenic gamna-gandy bodies in sickle cell anemia. Hum

Pathol. 2012;43(7):1028-1036.

16. Wong W-Y, Overturf GD, Powars DR. Infection caused by strep-

tococcus pneumoniae in children with sickle cell disease: epide-

miology, immunologic mechanisms, prophylaxis, and

vaccination. Clin Infect Dis. 1992;14(5):1124-1136.

17. Lewis SM, Williams A, Eisenbarth SC. Structure and function of

the immune system in the spleen. Sci Immunol. 2019;4(33):

eaau6085.

18. American Society of Hematology. COVID-19 and sickle cell dis-

ease: frequently asked questions. Published 2020. Accessed June

22, 2020. https://www.hematology.org/covid-19/covid-19-and-

sickle-cell-disease

19. Nur E, Gaartman AE, van Tuijn CFJ, Tang MW, Biemond BJ.

Vaso-occlusive crisis and acute chest syndrome in sickle cell

disease due to 2019 novel coronavirus disease (COVID-19). Am

J Hematol. 2020;95(6):725-726.

20. Beerkens F, John M, Puliafito B, Corbett V, Edwards C, Tremblay

D. COVID-19 pneumonia as a cause of acute chest syndrome in

an adult sickle cell patient. Am J Hematol. 2020;95(7):

E154-E156.

6 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0002-9294-015X
https://orcid.org/0000-0002-9294-015X
https://orcid.org/0000-0002-9294-015X
https://www.hematology.org/covid-19/covid-19-and-sickle-cell-disease
https://www.hematology.org/covid-19/covid-19-and-sickle-cell-disease


21. Hussain FA, Njoku FU, Saraf SL, Molokie RE, Gordeuk VR, Han

J. COVID-19 infection in patients with sickle cell disease. Br J

Haematol. 2020;189(5):851-852.

22. McCloskey KA, Meenan J, Hall R, Tsitsikas DA. COVID-19

infection and sickle cell disease: a UK centre experience. Br J

Haematol. 2020;190(2):e57-e58. doi:10.1111/bjh.16779

23. De Luna G, Habibi A, Deux JF, et al. Rapid and severe covid-19

pneumonia with severe acute chest syndrome in a sickle cell

patient successfully treated with tocilizumab. Am J Hematol.

2020;95(7):876-878. doi:10.1002/ajh.25833

24. Odievre MH, de Marcellus C, Ducou Le Pointe H, et al. Dramatic

improvement after tocilizumab of severe COVID-19 in a child

with sickle cell disease and acute chest syndrome. Am J Hematol.

2020;95(8):E192-E194. doi:10.1002/ajh.25855

25. Gardner RV.Sickle cell disease: advances in treatment. Ochsner

J. 2018;18(4):377-389.

26. Orkin SH, Bauer DE. Emerging genetic therapy for sickle cell

disease. Annu Rev Med. 2019;70:257-271.

27. Friedrich MJ. Hydroxyurea safe and effective for sickle cell ane-

mia. JAMA. 2019;321(7):637.

28. Barbu EA, Dominical VM, Mendelsohn L, Thein SL. Neutrophils

remain detrimentally active in hydroxyurea-treated patients with

sickle cell disease. PLoS One. 2019;14(12):e0226583.

29. Voskaridou E, Christoulas D, Bilalis A, et al. The effect of pro-

longed administration of hydroxyurea on morbidity and mortality

in adult patients with sickle cell syndromes: results of a 17-year,

single-center trial (LaSHS). Blood. 2010;115(12):2354-2363.

30. Power-Hays A, Ware RE. Effective use of hydroxyurea for sickle

cell anemia in low-resource countries. Curr Opin Hematol. 2020;

27(3):172-180.

31. Strouse JJ, Reller ME, Bundy DG, et al. Severe pandemic H1N1

and seasonal influenza in children and young adults with sickle

cell disease. Blood. 2010;116(18):3431-3434.

32. Brandow AM, Panepinto JA. Hydroxyurea use in sickle cell dis-

ease: the battle with low prescription rates, poor patient compli-

ance and fears of toxicities. Expert Rev Hematol. 2010;3(3):

255-260.

33. Han J, Saraf SL, Gordeuk VR. Systematic review of crizanlizu-

mab: a new parenteral option to reduce vaso-occlusive pain crises

in patients with sickle cell disease. Pharmacotherapy. 2020;40(6):

535-543.

34. Ataga KI, Kutlar A, Kanter J, et al. Crizanlizumab for the pre-

vention of pain crises in sickle cell disease. N Engl J Med. 2017;

376(5):429-439.

35. Metcalf B, Chuang C, Dufu K, et al. Discovery of GBT440, an

orally bioavailable r-state stabilizer of sickle cell hemoglobin.

ACS Med Chem Lett. 2017;8(3):321-326.

36. Vichinsky E, Hoppe CC, Ataga KI, et al. A phase 3 randomized

trial of voxelotor in sickle cell disease. N Engl J Med. 2019;

381(6):509-519.

37. Sadaf A, Quinn CT. L-glutamine for sickle cell disease: knight or

pawn? Exp Biol Med (Maywood). 2020;245(2):146-154.

38. Niihara Y, Miller ST, Kanter J, et al. A phase 3 trial of l-glutamine

in sickle cell disease. N Engl J Med. 2018;379(3):226-235.

39. DeBaun MR, Jordan LC, King AA, et al. American Society of

Hematology 2020 guidelines for sickle cell disease: prevention,

diagnosis, and treatment of cerebrovascular disease in children

and adults. Blood Adv. 2020;4(8):1554-1588.

40. Howard J.Sickle cell disease: when and how to transfuse. Hema-

tology. 2016;2016(1):625-631.

41. Stein PD, Beemath A, Meyers FA, Skaf E, Olson RE. Deep

venous thrombosis and pulmonary embolism in hospitalized

patients with sickle cell disease. Am J Med. 2006;119(10):

e897-811.

42. Brunson A, Lei A, Rosenberg AS, White RH, Keegan T, Wun T.

Increased incidence of VTE in sickle cell disease patients: risk

factors, recurrence and impact on mortality. Br J Haematol. 2017;

178(2):319-326.

43. Klok FA, Kruip M, van der Meer NJM, et al. Incidence of throm-

botic complications in critically ill ICU patients with COVID-19.

Thromb Res. 2020;191:145-147.

44. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous

thromboembolism in patients with severe novel coronavirus

pneumonia. J Thromb Haemost. 2020;18(6):1421-1424.

45. Dolhnikoff M, Duarte-Neto AN, de Almeida Monteiro RA, et al.

Pathological evidence of pulmonary thrombotic phenomena in

severe COVID-19. J Thromb Haemost. 2020;18(6):1517-1519.

46. Fox SE, Akmatbekov A, Harbert JL, Li G, Brown JQ, Vander

Heide RS. Pulmonary and cardiac pathology in covid-19: the first

autopsy series from New Orleans. medRxiv. 2020:2020.2004.

2006.20050575.

47. National Health Services. Coronavirus guidance for clinicians and

NHS managers. Published 2020. Accessed June 22, 2020. https://

www.england.nhs.uk/coronavirus/

48. Center for Disease Control and Prevention. Interim clinical gui-

dance for management of patients with confirmed coronavirus

disease (COVID-19). Published 2020. Accessed June 22, 2020.

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-gui

dance-management-patients.html

49. Daneshkhah A, Agrawal V, Eshein A, Subramanian H, Roy HK,

Backman V. The possible role of vitamin D in suppressing cyto-

kine storm and associated mortality in COVID-19 patients. medR-

xiv. 2020:2020.2004.2008.20058578.

50. Cheng RZ. Can early and high intravenous dose of vitamin C

prevent and treat coronavirus disease 2019 (COVID-19)? Med

Drug Discov. 2020;5:100028.

51. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the

treatment of covid-19—preliminary report. N Engl J Med. 2020.

doi:10.1056/NEJMoa2007764

52. Cao B, Wang Y, Wen D, et al. A trial of lopinavir–ritonavir in

adults hospitalized with severe covid-19. N Engl J Med. 2020;

382(19):1787-1799.

53. Geleris J, Sun Y, Platt J, et al. Observational study of hydroxy-

chloroquine in hospitalized patients with covid-19. N Engl J Med.

2020. doi:10.1056/NEJMoa2012410

54. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-

approved drug ivermectin inhibits the replication of SARS-CoV-2

in vitro. Antiviral Res. 2020;178:104787.

55. Joyner M, Wright RS, Fairweather D, et al. Early safety indicators

of COVID-19 convalescent plasma in 5,000 patients. medRxiv.

2020:2020.2005.2012.20099879.

Alsayegh and Mousa 7

https://www.england.nhs.uk/coronavirus/
https://www.england.nhs.uk/coronavirus/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-guidance-management-patients.html


56. Duan K, Liu B, Li C, et al. Effectiveness of convalescent plasma

therapy in severe COVID-19 patients. Proc Natl Acad Sci U S A.

2020;117(17):9490-9496.

57. Liu STH, Lin HM, Baine I, et al. Convalescent plasma treatment

of severe COVID-19: a matched control study. medRxiv. 2020:

2020.2005.2020.20102236.

58. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,

Manson JJ. COVID-19: consider cytokine storm syndromes and

immunosuppression. Lancet. 2020;395(10229):1033-1034.

59. Ruan Q, Yang K, Wang W, Jiang L, Song J.Clinical predictors of

mortality due to COVID-19 based on an analysis of data of 150

patients from Wuhan, China. Intensive Care Med. 2020;46(5):

846-848.

60. Xu X, Han M, Li T, Sun W, Wang D, Fu B. Effective treatment of

severe COVID-19 patients with tocilizumab. Proceedings of the

National Academy of Sciences. 2020;117(20):10970-10975.

61. Galluccio F, Ergonenc T, Garcia Martos A, et al. Treatment algo-

rithm for COVID-19: a multidisciplinary point of view. Clin

Rheumatol. 2020;39(7):2077-2084.

62. Hung IF, Lung KC, Tso EY, et al. Triple combination of

interferon beta-1b, lopinavir-ritonavir, and ribavirin in the

treatment of patients admitted to hospital with COVID-19:

an open-label, randomised, phase 2 trial. Lancet. 2020;

395(10238):1695-1704.

63. Zha L, Li S, Pan L, Tefsen B, Li Y, French N. Impact of corti-

costeroid treatment in patients with coronavirus disease 2019.

Med J Aust. 2020.

64. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute

respiratory distress syndrome and death in patients with

coronavirus disease 2019 pneumonia in Wuhan, China. JAMA

Intern Med. 2020;180(7):1-11.

65. RECOVERY Collaborative Group; Horby P, Lim WS, Emberson

JR, et al. Dexamethasone in hospitalized patients with Covid-

19—preliminary report [published online July 17, 2020]. N Engl.

J Med. 2020. doi: 10.1056/NEJMoa2021436.

66. Belen-Apak FB, Sarialioglu F.The old but new: can unfractioned

heparin and low molecular weight heparins inhibit proteolytic

activation and cellular internalization of SARS-CoV2 by inhibi-

tion of host cell proteases? Med Hypotheses. 2020;142:109743.

67. Godugu K, Mousa S, Darwish NHE, Mousa SA. Effect of sulfated

non-anticoagulant low molecular weight heparin in cancer and

non-cancer associated thrombosis. Blood. 2019;134 (supple-

ment_1):3670.

68. Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou

GS, Syrigos K.Thromboembolic risk and anticoagulant therapy in

COVID-19 patients: emerging evidence and call for action. Br J

Haematol. 2020;189(5):846-847.

69. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant

treatment is associated with decreased mortality in severe coro-

navirus disease 2019 patients with coagulopathy. J Thromb Hae-

most. 2020;18(5):1094-1099.

70. Lindahl U, Li JP. Heparin—an old drug with multiple potential

targets in covid-19 therapy. J Thromb Haemost. 2020. Epub May

20, 2020.

71. Qari MH, Aljaouni SK, Alardawi MS, et al. Reduction of painful

vaso-occlusive crisis of sickle cell anaemia by tinzaparin in a

double-blind randomized trial. Thromb Haemost. 2007;98(8):

392-396.

8 Clinical and Applied Thrombosis/Hemostasis



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


