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A B S T R A C T   

Patients with moderate to severe immunosuppression, a condition that is common in many he
matologic diseases because of the pathology itself or its treatment, are at high risk for COVID-19 
and its complications. While empirical data are sometimes conflicting, this heightened risk has 
been confirmed in multiple well-done studies for patients with hematologic malignancies, 
particularly those with B-cell lymphoid malignancies who received lymphocytotoxic therapies, 
those with a history of recent hematopoietic stem cell transplant and chimeric antigen receptor T- 
cell therapy, and, to a lesser degree, those with hemoglobinopathies. Patients with immuno
suppression need to have a lower threshold for avoiding indoor public spaces where they are 
unable to effectively keep a safe distance from others, and wear a high-quality well-fitting mask, 
especially when community levels are not low. They should receive an enhanced initial vaccine 
regimen and additional boosting. Therapeutic options are available and immunosuppressed pa
tients are prioritized per the NIH.   

1. Introduction 

Since the initial description of Coronavirus Disease 2019 (COVID-19) in late 2020 and the identification of its causative agent, the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), there has been a heightened concern about the vulnerability of pa
tients with certain comorbidities, including immunocompromising conditions. The Centers for Disease Control and Prevention (CDC) 
identified early on a list of conditions and comorbidities thought to confer a higher risk for severe COVID-19, initially extrapolating 
from data on other viral illnesses, and then incorporating empirical evidence as it became available. The CDC also maintained a list of 
moderately to severely immunocompromising conditions (without distinction for level of risk within this group) for whom vaccination 
should be prioritized and, later on, an enhanced vaccination regimen was recommended, based on extrapolation from other conditions, 
such as influenza, as well as available empirical data (Table 1) [1]. The National Institutes of Health (NIH) further carved out a list of 
conditions defining patients “least likely to amount and adequate response to COVID-19 vaccination or SARS-CoV-2 infection and who 
are at risk for severe outcomes”, including certain entities of interest to hematology specialists, and recommended to prioritize limited 
therapeutics to this group when necessary (Table 1) [2]. 

In this review, we summarize the current understanding on the effect of common benign and malignant blood disorders on COVID- 
19 incidence and outcomes, as well as vaccine response, then we briefly review currently available SARS-CoV-2 vaccines, their 
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indications and schedule with emphasis on the population of interest. Finally, we summarize the available therapeutic options for 
COVID-19 with emphasis on the population of interest as well. 

2. Overview of COVID-19 risk and vaccination benefits in common hematologic conditions 

2.1. Hematologic malignancies 

Patients with hematologic malignancies (HM) are a heterogenous group with a large variety of diseases and a broad spectrum of 
severity affecting the degree of immunosuppression and vulnerability to COVID-19; this is further compounded by the treatment 
received as well as age and comorbidities [3–6]. As a group, those patients are consistently shown to have a high risk of a severe and 
complicated COVID-19 course with high rates of hospitalization, respiratory failure, and death; the risk is particularly elevated in those 
with B-cell lymphoid malignancies who received lymphocytotoxic therapies. In addition, the humoral vaccine response in this high 
risk group is blunted and they are less likely to seroconvert after vaccination, although a relatively robust cellular immunity response 
to vaccine appears to be preserved; however, the data on cellular immunity is still too scarce to allow generalization [4–11]. A sys
tematic review that identified 57 studies reporting on 7393 patients reported heterogenous vaccine-induced seroconversion rates and 
cellular immunity in HM patients, but the response was in general lower than reported in healthy participants in the same studies, with 
the lowest immunity rates reported in CLL, and the highest in myeloproliferative disorders [6]. A meta-analysis of 64 studies (pub
lished through November 4, 2021) comprising 8546 adult patients with HM found a pooled anti-SARS-CoV-2 IgG antibody serores
ponse (SR) to SARS-CoV-2 vaccination of 59%, which varied according to malignancy (myeloid having better response than lymphoid 
malignancies) and treatment history; the response was better in those who received stem cell transplant (SCT) or have not been treated, 
and poorer in those receiving chimeric antigen receptor T-cell (CAR-T) therapy or recent anti-CD20 therapy. Importantly, pooled SR to 
a third vaccine dose in a small subgroup of patients who didn’t respond to the initial two doses was up to 55%, which supports a 
three-dose vaccine series [3]. Similarly, clinical data appear to confirm the vulnerability of patients with HM that persists despite 
vaccination. For example, a retrospective cohort study of electronic health records of more than 500,000 patients (including near 6000 
with HM) from 63 healthcare organizations in the USA through October 2021 who were “fully vaccinated” for COVID-19 (defined as 
having received two doses of an approved mRNA vaccine or 1 dose of an adenovirus-vectored vaccine) found a cumulative risk of 
breakthrough of 13.4% in patients with HM, versus 4.5% for those without HM [12]. Breakthroughs frequently required hospitali
zations (37.8% of cases) and resulted in a high fatality rate (5.7%). Of note, patients with HM who had breakthroughs were older and 
had more comorbidities than those without breakthroughs, in particular hypertension, diabetes mellitus type 2, and obesity [12]. 
Finally, the waning of immunity and the emergence of variants of concerns (VOC), some of which are associated with decreased 
neutralization effectiveness and unknown effect on cellular immune response, further supports the need for boosting and, possibly, 
modified formulation, especially in vulnerable groups, but further research is needed to evaluate the effectiveness of those strategies in 
protecting against infection, illness, and death [6]. 

Table 1 
High-risk conditions as classified by the CDC and NIH.High-risk.  

CDC’s moderate and severe immunocompromising conditions and treatment:  
● Active treatment for solid tumor and hematologic malignancies*  
● Receipt of solid-organ transplant and taking immunosuppressive therapy*  
● Receipt of chimeric antigen receptor (CAR)-T-cell therapy or hematopoietic cell transplant (HCT) (within 2 years of transplantation or taking 

immunosuppressive therapy)*  
● Moderate or severe primary immunodeficiency (e.g., DiGeorge syndrome, Wiskott-Aldrich syndrome)*  
● Advanced or untreated HIV infection (people with HIV and CD4 cell counts less than 200/mm3, history of an AIDS-defining illness without 

immune reconstitution, or clinical manifestations of symptomatic HIV)  
● Active treatment with high-dose corticosteroids (i.e., 20 or more mg of prednisone or equivalent per day when administered for 2 or more 

weeks), alkylating agents, antimetabolites, transplant-related immunosuppressive drugs, cancer chemotherapeutic agents classified as 
severely immunosuppressive, tumor necrosis factor (TNF) blockers, and other biologic agents that are immunosuppressive or 
immunomodulatory* 

National Institute of Health’s prioritization list for most at risk conditions for inadequate immune response:  
● Patients who are within 1 year of receiving B cell-depleting therapies (e.g., rituximab, ocrelizumab, ofatumumab, alemtuzumab)*  
● Patients receiving Bruton’s tyrosine kinase inhibitors*  
● Chimeric antigen receptor T cell recipients*  
● Post-hematopoietic cell transplant recipients who have chronic graft-versus-host disease or who are taking immunosuppressive medications 

for another indication*  
● Patients with hematologic malignancies who are on active therapy*  
● Lung transplant recipients  
● Patients who are within 1 year of receiving a solid organ transplant (other than lung transplant)  
● Solid organ transplant recipients who had recent treatment with T cell- or B cell-depleting agents for acute rejection  
● Patients with severe combined immunodeficiencies  
● Patients with advanced or untreated HIV 

*Conditions of special interest to Hematology specialists. 
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2.2. Stem cell transplants and CAR-T cell treatment 

Hematopoietic stem cell transplant (HSCT) patients are more prone to develop severe infections because of an impaired immune 
system. They are more susceptible to infections in the first few months after HSCT because of cytopenias and immunosuppressive 
medications including but not limited to tacrolimus, mycophenolate, and prednisone. Several studies early in the COVID epidemic 
showed increased morbidity and mortality in this group of patients. In a multicenter prospective survey involving 382 COVID-19 
patients who had undergone allogenic and autologous hematopoietic stem cell transplant, 83.5% developed lower respiratory tract 
disease and 22.5% required admission to intensive care unit. Overall survival from the diagnosis was 77.9% and 72.1% in allogenic and 
autologous recipients, respectively. Factors associated with increased mortality included older age, need for intensive care unit 
admission, and immunocompromised status. Underlying diagnosis, time from HSCT, and graft-versus-host disease did not significantly 
impact the overall survival [13]. 

Similarly, patients receiving chimeric antigen receptor T-cell therapy (CAR-T) are also at high risk for poor outcomes from COVID- 
19 infection due to an immunocompromised state. They may be initially pancytopenic from lymphodepleting chemotherapy, and often 
remain lymphopenic and hypogammaglobulinemic for months to years after treatment which can predispose to infections. In a 
multicenter survey on patients with COVID-19 after CAR-T cell therapy, mortality was 44.6% (25 of 56 patients). These patients 
presented with various symptoms including fever, fatigue, myalgia, cough, vomiting, and diarrhea. Older age, worse performance 
status, and not being in clinical remission at the time of COVID diagnosis were additional risk factors associated with a poor outcome 
[14]. 

2.3. Sickle cell disease 

Patients with Sickle Cell Disease (SCD) have been categorized as being at higher risk for COVID-19 severe illness and complications 
because of concerns about their compromised immune system related to functional hyposplenism, as well as their propensity to end 
organ damage, such as pulmonary and renal disease. In addition, SCD and COVID-19 are both considered to be thrombophilic con
ditions, with an increased risk of venous thromboembolism [15,16]. However, there is conflicting empirical evidence on whether 
patients with SCD experience more severe COVID-19 disease, and whether their mortality rate is greater than the general population. 
Some published case series and observational cohort studies reported a relatively mild and uncomplicated course [17–20] while others 
reported an increased risk of complications, hospitalization, and/or death [21–26]. A systematic review of case reports and obser
vational cohort studies of patients with SCD and COVID-19 described that adults typically had a mild to moderate course, with few 
respiratory symptoms, similar to patients without SCD; studies that described more severe disease in patients with SCD and COVID-19 
reported prolonged hospitalization with hypoxia, pneumonia, prolonged fever, multisystem inflammation, as well as complications 
typical in SCD, such as acute chest syndrome and severe pain crisis [26–29]. Patients with SCD had an increased risk of hospitalization 
(estimated at 2-to 7-fold in large cohort studies in the US and UK) and death (1.2-fold increase in mortality rate in aggregated data) 
[27]. However, the observed increased risk of death may have been related at least in part to the substantial comorbidity burden in 
patients with SCD (such as asthma, chronic obstructive pulmonary disease, hypertension, and chronic kidney disease), as the mortality 
risk was estimated to be no different than patients without SCD but with similar comorbidities and end organ damage [27]. Limited 
data from small studies suggest that hydroxyurea may have a protective effect, although others offer conflicting conclusions [23,27,28, 
30]. 

2.4. Thalassemia 

In patients with thalassemia, there is a concern for immunosuppression related to splenectomy, iron overload-related damage (to 
the heart and liver, among others), diabetes, and adrenal insufficiency with risk of decompensation. In addition, the thrombophilic risk 
of thalassemia compounds the risk of venous thromboembolism seen with COVID-19. Additional risks are associated with the use of 
chelation agents, such as renal toxicity and drug-induced agranulocytosis. However, there is conflicting evidence on whether thal
assemia confers a higher risk of severe illness and complications with COVID-19. Data from small case series suggest a high rate of 
complications and hospitalizations with COVID-19 in patients with major thalassemia and in heterozygous carriers [31–36]. A sys
tematic review series of COVID-19 and hemoglobinopathies that included articles published through October 2020 reported only 5 
studies that included 63 patients with thalassemia patients, all from low-middle-income-countries, of which there were 13 (20.6%) 
deaths; the mortality rate was higher among patients with thalassemia and cardiovascular comorbidities [37]. 

3. Issues in prevention, quarantine, and isolation 

3.1. Personal protective equipment 

People who are immunocompromised would benefit from a lower threshold for use of personal protective equipment (PPE). The 
CDC provides guidance based mainly on expert opinion on recommended layers of protection stratified according to the community 
levels in the county, a composite of three metrics: new COVID-19 admissions per 100,000 population, the percent of staffed inpatient 
beds occupied by COVID-19 patients, and total new COVID-19 cases per 100,000 population [38]. When levels are high, immuno
compromised patients should be counseled to avoid non-essential indoor activities in public, wear a well-fitting high-quality mask or 
respirator and practice physical distancing indoor in confined public spaces. Some patients and their providers may choose a lower 
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threshold to practice such a level of self-protection. In addition, individuals who are immunocompromised should have easy access to 
rapid testing for earlier diagnosis. 

3.2. Quarantine 

Individuals with high-risk exposure (for example, those who are exposed for a single 15-minute exposure to one infected individual 
or several briefer exposures to one or more infected individuals adding up to at least 15 minutes during a 24-h period without a high- 
quality mask) should monitor themselves for symptoms of COVID-19 for the duration of incubation, up to 14 days. The threshold for 
testing immunocompromised individuals following exposure is usually lower because of the increased likelihood of infection. In 
general, fully vaccinated people should get tested 5–7 days after exposure and wear a mask for 14 days when in public, but do not need 
to quarantine. However, unvaccinated individuals should, in addition, be tested immediately and need to quarantine after exposure for 
14 days or until a negative test obtained 5–7 days after the exposure. Immunocompromised persons remain at a relatively higher risk of 
developing infection after exposure despite vaccination, but data to make recommendation on post-exposure testing and isolation is 
currently lacking, and management should be individualized based on the individual’s risk factors and circumstances (ability to 
physically distance at work, possibility of exposing high-risk individuals …) [39]. 

3.3. Isolation 

For most people, the recommended duration of isolation ranges from 5 to 20 days as of symptoms start (or positive test, if 
asymptomatic), depending on the severity of symptoms; the patient needs to be afebrile for 24 hours (without antipyretic use) and with 
improving symptoms, with the recognition that some symptoms (such as loss of taste or smell) may last months after recovery and do 
not indicate infectivity. In immunocompromised patients, a minimum of 20 days with confirmation of a negative viral testing is 
recommended prior to discontinuing isolation because of the concern for a prolonged shedding of replication-competent virus. 
Importantly, there are concerns that persistent prolonged viral replication in immunocompromised patients might facilitate the 
emergence of multiple mutations and, potentially, of viral strains that would be tolerant to natural or vaccine-induced immunity 
[40–44]. 

4. Vaccines 

4.1. Available vaccines 

At the time of this writing, there are three vaccines approved or authorized in the United States for the prevention of COVID-19: 
BNT162b2 from Pfizer-BioNTech, mRNA-1273 from Moderna, and the Ad26.COV2.S product from Johnson and Johnson’s Janssen 
Pharmaceuticals (JNJ). Other vaccines are at different stages of testing or authorization in the US and internationally. All COVID-19 
vaccines available in the USA to date target the spike protein of the SARS-CoV-2 virus. The mRNA vaccines use engineered lipid 
nanoparticles to deliver genetic material encoding for the antigens to the immune system cells; the JNJ product uses a replication- 
incompetent adenovirus to deliver DNA material. The mRNA vaccines are by far the most utilized in the United States; in addition 
to its later authorization in the U.S. relative to the mRNA vaccines, the Ad26.COV2.S product suffered from setbacks related to 
perceived lower efficacy in the initial clinical trials, and the post-authorization identification of a rare but potentially serious adverse 

Table 2 
ACIP recommendations for COVID-19 primary series and booster vaccination by age group.   

Vaccine 
Dose Interval 

General population Immunocompromised 

BNT162b2 and mRNA-1273 (mRNA 
vaccines) 

Dose 
1 

Recommended for most. 

Dose 
2 

3 (BNT162b2) or 4 (mRNA-1273), up to 8 weeks after 
dose 1 

3 (BNT162b2) or 4 (mRNA-1273) weeks after 
dose 1 

Dose 
3 

5 months after dose 2 4 weeks after dose 2 

Dose 
4 

4 months after dose 2 if age >50 years 3 months after dose 3 

Dose 
5 

Not applicable 4 months after dose 4 

Ad26.COV2.S (JNJ) Dose 
1 

Limited indications (see text) 

Dose 
2 

8 weeks after dose 1 An mRNA vaccine must be used; 4 weeks after 
dose 1 

Dose 
3 

4 months after dose 2 if age >50 years; only use mRNA 
vaccines 

mRNA vaccine preferred; 8 weeks after dose 2. 

Dose 
4 

Not applicable An mRNA vaccine must be used; 4 months after 
dose 1  
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effect (vaccine-induced immune thrombotic thrombocytopenia or VITT), which led to a restriction of its authorization by the U.S. Food 
and Drug Administration (FDA) to individuals 18 years or older for whom other vaccines are not accessible or clinically appropriate or 
when the only alternative is not getting a vaccine [45]. 

4.2. Vaccine schedule (Table 2) 

Both mRNA vaccines were initially authorized as a 2-dose regimen (separated by 3 weeks for BNT162b2, and 4 weeks for mRNA- 
1273), while the Ad26.COV2.S vaccine was authorized as a single injection. The ACIP then recommended an additional dose of the 
mRNA vaccine in adults who are immunocompromised (“in a manner similar to those who have undergone solid organ trans
plantation”) who initially received the 2-dose mRNA vaccine series, to be given 4 weeks after the second dose, then a booster dose 3 
months later, and a fourth dose 4 months afterwards (a total of 5 doses). For those who initially received the Ad26.COV2.S vaccine, the 
ACIP recommended a dose of mRNA vaccine 4 weeks later, then a dose of either mRNA vaccines (preferred) or Ad26.COV2.S vaccine 8 
weeks after, then a mRNA vaccine 4 months later (total of 4 doses). The current vaccine recommendations are dependent on age, 
comorbidities, and immune status, and are summarized in Table 2. Of note, CDC recommends not to delay vaccinations in patients who 
received monoclonal antibody therapy for COVID-19 infection. If a patient developed COVID-19 infection, CDC recommends post
poning the next dose of COVID vaccine until symptoms resolve and patients are out of quarantine (usually 20 days). 

Current guidelines recommend COVID-19 vaccine 3 months after HSCT. In addition, patients who had HSCT or CAR-T cell therapy 
and who have received one or more doses of COVID-19 vaccine prior to the treatment should be revaccinated (complete primary series 
and booster doses). However, the patient’s clinical team must make a decision regarding timing of vaccination based on immuno
suppressive therapy, presence of graft versus host disease (GVHD) and local prevalence of COVID-19. A vaccine series given before 
recovery of the immune system may not induce a protective immune response, while delaying vaccination might place the patient at 
risk of infection. The long-acting monoclonal antibodies combination tixagevimab-cilgavimab, discussed below, might be adminis
tered to decrease the interim risk of infection [46]. Although they can get infected with COVID-19 in the hospital, patients with recent 
HSCT and CAR-T cell therapy are more likely to acquire infection from exposure to caregivers, and it is recommended that all close 
contacts of HSCT and CAR-T therapy patients receive COVID-19 vaccination as per CDC schedule. 

4.3. Adverse effects and contraindications of interest 

During the clinical trials of the SARS-CoV-2 vaccines, very few adverse effects were detected. However, during the post-marketing 
surveillance period, there has been an intense focus on adverse reactions. Perhaps the most notable and consequential adverse reaction 
is VITT, a rare complication associated with certain adenovirus-vectored SARS-CoV-2 vaccines (addressed elsewhere in this collec
tion). In their systematic review and meta-analysis on COVID-19 vaccines in patients with HM, Piechotta et al. concluded that reported 
adverse events were largely consistent with the safety profile observed in the general population [6]. Adverse events of interest to the 
Hematology practitioners have been reported that we will briefly discuss here. 

4.3.1. Secondary immune thrombocytopenia purpura (ITP) 
Cases of ITP have been reported de novo after COVID-19 vaccination, and exacerbation of existing ITP has also described following 

mRNA and adenovirus-vectored vaccines. Because of the rarity of the event and non-confirmed causal association as of yet, ITP should 
not be attributed to COVID-19 vaccination without the appropriate work-up for other possible etiologies. Patients with known ITP are 
much more likely to benefit from vaccination than developing adverse events, and vaccination is recommended for this group; ITP 
exacerbation, if it occurs, is usually transient and responds well to standard ITP treatment [47,48]. In conclusion, patients with prior 
ITP exacerbation temporarily associated with COVID-19 vaccination do not have a contraindication to receive the vaccine again as 
indicated, but it would be prudent to monitor their platelet count following vaccine receipt. Currently, mRNA vaccines are preferred 
for most groups, and the JNJ COVID-19 vaccine’s prescribing information recommends discussion of potential risks with patients with 
known ITP. 

4.3.2. Autoimmune hemolytic anemia (AIHA) 
AIHA has rarely been reported with COVID-19, and even more rarely with SARS-CoV-2 vaccination. A causal link between SARS- 

CoV-2 vaccination and AIHA can’t be currently established due to paucity of data, and specific recommendations for vaccinations can’t 
be made, although patients are more likely to benefit from vaccination in view of the rarity of any reported AE associated with AIHA 
[49–51]. 

4.3.3. Hemophagocytic lymphohistiocytosis 
Case reports of hemophagocytic lymphohistiocytosis (HLH) temporally related to COVID-19 vaccination are rare, and a causal 

relationship is not confirmed [52–54]. A history of current or past HLH diagnosis does not preclude COVID-19 vaccination. 

4.3.4. Paroxysmal nocturnal hemoglobinuria 
Severe acute hemolysis induced by SARS-CoV-2 mRNA vaccines has been described in patients with paroxysmal nocturnal he

moglobinuria (PNH) [55]. This complication is also described in COVID-19, and vaccination of patients with PNH is not contra
indicated as the benefits of vaccinating patients with PNH likely outweigh the risks [56]. 
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5. Therapeutics 

The major therapeutic categories which have been used in patients with COVID-19 include antivirals, antibody-based therapy, and 
immunomodulators. Treatment in patients with hematologic disease, however, requires special consideration, given higher risk of 
progression to severe disease, impaired or dysregulated immunity, impaired response to vaccination, and concomitant medication use 
which may interfere with COVID-19 disease or therapeutics. Immunocompromised individuals are typically underrepresented in 
clinical trials for COVID-19 treatment, making the results difficult to apply to this population. Moreover, no large randomized 
controlled trials have specifically been designed to study treatment of persistent COVID-19. 

5.1. Convalescent plasma 

Convalescent plasma obtained from recovering individuals, providing a passive means of protection via pathogen neutralization, 
was a promising early treatment for COVID-19 and an attractive approach for immunocompromised individuals unable to mount an 
effective immune response to the virus. However, based on the results of numerous randomized controlled trials as well as the analysis 
of a large, single-arm registry study, evidence suggested no benefit of convalescent plasma for patients hospitalized with COVID-19 and 
low-quality evidence for a marginal benefit in ambulatory patients, offset by potential harms including allergic reactions, transfusion- 
associated circulatory overload, and transfusion-related lung injury [57]. However, there was a suggestion that there may be a greater 
impact in individuals with impaired immune response, particularly if administered early in the course and utilizing plasma with high 
levels of antibodies specific to the SARS-CoV-2 S protein receptor-binding domain (RBD) [58]. Based on these findings, the FDA 
updated its EUA to restrict convalescent plasma treatment to high-titer plasma early in the disease course for hospitalized patients at 
high risk of progression or with impaired humoral immunity [59]. 

5.2. Monoclonal antibodies 

A similar approach which has shown greater effectiveness in the ambulatory setting is treatment with monoclonal antibodies 
(mAbs). Neutralizing mAbs function by binding to the RBD, preventing viral S protein binding with the host angiotensin-converting 
enzyme 2 receptor. Two products previously having FDA EUA approval consisted of combinations of two mAbs with distinct target 
epitopes, bamlanivimab-etesevimab and casirivimab-imdevimab. However, with the emergence of new variants of concern, it has been 
difficult to maintain an effective mAb treatment option. Currently, the FDA has an active EUA for only one mAb agent, bebtelovimab, 
which retains activity against the omicron variant [60]. Several case studies, case series, and one multicenter study involving 88 
patients have suggested benefit of mAb treatment of COVID-19 in patients with hematologic disease, based on successful clearance 
after prolonged viral shedding or improved outcomes relative to patients provided with alternative treatment [61]. These represent 
encouraging findings, though limited conclusions can be drawn in absence of a control group. 

A unique application of a long-acting mAbs has been pre-exposure prophylaxis with tixagevimab-cilgavimab in individuals ex
pected to have a poor response to immunization against COVID-19 [62]. This agent has been shown to have a half-life of approximately 
90 days, with detectable serum levels for at least 9 months [63]. Tixagevimab-cilgavimab was shown to decrease the incidence of 
symptomatic COVID-19 infection for a six-month period following infusion, though there was no effect on mortality [64]. Of note, this 
treatment was found to retain activity against the omicron variant, though its effect was attenuated [65]. There has been a slight 
increase in congestive heart failure risk in patients receiving Tixagevimab-cilgavimab when compared to the placebo group but this did 
not reach statistical significance. This should be taken into consideration specifically when giving Tixagevimab-cilgavimab to patients 
who are at high risk for congestive heart failure. Monoclonal antibody prophylaxis with Tixagevimab-cilgavimab is an effective way to 
decrease COVID-19 infection in the first 3 months post-transplant when these patients are not eligible to receive a COVID-19 vaccine. 
Tixagevimab-cilgavimab provides protection for up to 6 months but COVID-19 vaccines should still be considered between 3 and 6 
months depending on the patient’s immunosuppressive therapy, GVHD and local COVID-19 prevalence. 

5.3. Direct antiviral agents 

5.3.1. Remdesivir 
Remdesivir was the earliest direct-acting antiviral treatment option for COVID-19 and is still a mainstay of therapy for hospitalized 

patients [66]. As a nucleoside analog, the mechanism of action against SARS-CoV-2 is to serve as a substrate for RNA-dependent RNA 
polymerase, which leads to its incorporation into the growing RNA chain and subsequent chain termination. The standard course for 
remdesivir is five days of treatment, with more prolonged treatment only shown to have benefits in patients requiring mechanical 
ventilation [67]. Additionally, remdesivir may be administered for a three-day course in ambulatory patients at high risk for severe 
disease. 

5.3.2. Oral antiviral agents 
The first two oral antiviral agents, ritonavir-boosted nirmatrelvir and molnupiravir, emerged in late December 2021 for treatment 

of patients at high risk for severe disease in ambulatory settings [68,69]. Nirmatrelvir-ritonavir has proceeded to become the first-line 
treatment option for ambulatory patients, based on its potency, retained activity against omicron, and ease of administration, giving it 
at least one benefit against all other currently available outpatient treatment options. However, this treatment has many potential 
drug-drug interactions due to the potent cytochrome P4503A4 (CYP3A4) activity of ritonavir, limiting its use in patients requiring 
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transplant-related immunosuppressive treatment, such as calcineurin inhibitors and mammalian target of rapamycin inhibitors [70]. 
Lange et al. recommend holding tacrolimus during the 5-day treatment course, then reinitiating tacrolimus based on post-treatment 
levels. For cyclosporine, they recommend reducing the total daily dose by 80% for the duration of COVID-19 treatment and similarly 
reassessing levels following completion of the course. NIH guidelines similarly call for close monitoring of calcineurin inhibitors, and 
they caution that alternative therapy should be sought if close monitoring is not feasible [71]. The University Health Network/
Kingston Health Sciences Centre has developed a comprehensive guide to the management of nirmatrelvir-ritonavir drug-drug in
teractions in oncology, and the University of Liverpool has a drug interaction checker for all COVID-19 treatment options [72,73]. 
Nirmatrelvir-ritonavir is also not recommended in patients with severe renal impairment. Recently, reports have emerged of a 
rebound of COVID-19 symptoms and viral replication after completion of the 5-day nirmatrelvir-ritonavir treatment course [74]. No 
specific populations have been identified to be at higher risk for relapse, and at this time, no data are available to suggest that a longer 
or repeated treatment course would provide greater benefit. 

5.4. Immunomodulators 

The final major category of COVID-19 treatment currently in use is immunomodulatory agents. Currently recommended agents 
include glucocorticoids, interleukin-6 (IL-6) receptor antagonists, and Janus kinase (JAK) inhibitors. 

5.4.1. Corticosteroids 
Dexamethasone is thought to have benefit based on its anti-inflammatory activity in the setting of dysregulated systemic 

inflammation, and, in hospitalized patients requiring oxygen it has been shown to be associated with lower mortality and higher 
likelihood of hospital discharge at 28 days [75]. Few studies have measured the impact of dexamethasone treatment specifically on 
patients with hematologic disease. One single-center study noted that of approximately 800 patients with cancer and COVID-19, those 
with hematologic malignancy were more likely to receive corticosteroids and had a higher likelihood of mortality; however, selection 
bias likely was a factor as patients who were suspected to be at higher risk for decompensation may have been more likely to receive 
steroids [76]. Dexamethasone is a weak CYP3A4 inducer, thus, similar drug-drug interactions as nirmatrelvir-ritonavir should be 
considered though are not likely to be as limiting. When used as part of an induction regimen or anti-rejection agent for transplant, 
there are no specific guidelines or recommendations to modify this therapy in COVID-19, other than to ensure that at least the 
equivalent of 6 mg daily is given [77]. 

5.4.2. JAK inhibitors 
Baricitinib and tofacitinib are JAK inhibitors which appear to possess a bifold role of both anti-inflammatory activity through 

mediation of cytokine signaling and antiviral activity through inhibition of receptor-mediated viral endocytosis. Benefits in clinical 
trials have included reduced mortality at 60 days, higher likelihood of clinical recovery, and lower likelihood of requiring mechanical 
ventilation [78,79]. Guidelines currently recommend baricitinib in combination with remdesivir as adjunctive therapy to dexa
methasone in patients with rapidly increasing oxygen needs. On May 10, 2022, the FDA authorized baricitinib as a standalone 
treatment option for COVID-19, marking it as the second COVID-19 drug and first immunomodulatory agent with full FDA approval 
[80]. In COVID-19 clinical trials, thrombosis has been observed in similar distributions in treatment and placebo groups, in addition to 
lymphopenia, opportunistic infection, and major cardiac events [78,79]. While baricitinib has not been well studied in individuals 
with hematologic disease, the greatest safety concerns are likely related to theoretical risk of opportunistic infection and thrombosis in 
conditions associated with high baseline risk of thrombosis. 

5.4.3. IL-6 receptor antagonists 
Tocilizumab and sarilumab are IL-6 receptor antagonists and, similar to glucocorticoids and JAK inhibitors, are thought to 

attenuate an inappropriately robust immune response to the SARS-CoV-2 virus which may partially be mediated by the release of IL-6 
and other cytokines. Tocilizumab is recommended in combination with dexamethasone for patients with COVID-19 requiring invasive 
mechanical ventilation or extracorporeal membrane oxygenation. It also may be considered in patients with rapidly increasing oxygen 
needs, though these patients would also be candidates for baricitinib. Trials have shown mixed results but have indicated a reduced 
likelihood of clinical deterioration; mortality benefits have been demonstrated less consistently and in more heterogeneous pop
ulations [81,82]. Moreover, patients with significant immunosuppression were not well represented in these trials. Due to the potential 
risk of adverse events including thrombocytopenia, anemia, opportunistic infection, and gastric perforation, this drug should be used 
cautiously in patients with hematologic disease. 

5.5. Prioritization of therapeutic agents 

Throughout the pandemic, there have been periods of supply constraint related to limitations in production, logistical issues with 
dissemination, and high demand resulting from COVID-19 surges. In order to ensure that available therapies are distributed to pop
ulations who would derive the greatest benefit, a means of prioritization must be established by individual centers. In these cases, it is 
imperative to consider the potential for intensified existing inequities in healthcare and determining how best these can be mitigated. 
Stratifying by diagnosis may inadvertently reverse efforts to provide fair access to treatment. The NIH has provided a management 
strategy which takes into consideration an individual’s underlying risk of progression to severe COVID-19 disease based on age, 
immune status, vaccination status, and underlying medical conditions (Table 3) [83]. 
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6. Practice points 

- Patients living with blood disorders are frequently at high risk for infections because of immunosuppression related to their pa
thology or its treatment, such as steroids, chemotherapy, and myeloablative therapies.  

- Multiple layers of protection are applied to minimize the risk, starting with avoidance of high-risk settings (poorly ventilated indoor 
public spaces) and using high-quality well-fitted face masks.  

- SARS-CoV-2 vaccines, even though relatively less effective in the immunocompromised host, are a pillar of prevention of serious 
outcomes, and an enhanced regimen with additional boosting is recommended in this group.  

- Passive immunization with Tixagevimab-cilgavimab is available and indicated in immunocompromised patients unable to mount a 
protective response.  

- Multiple therapeutic agents are available and need to be prioritized to this high-risk group when the demand and supply are 
mismatched; resources to inform the prioritization are available from the CDC and the NIH.  

- These therapies include monoclonal antibodies matched to the predominant circulating SARS-CoV-2 variant, direct intravenous 
(remdesivir) or oral antivirals (ritonavir-boosted nirmatrelvir and molnupiravir) and immunomodulators (corticosteroids, bar
icitinib, tocilizumab, and others). 

7. Research agenda  

- Objective evidence on the risk and severity of COVID-19 in specific hematologic disorders  
- Elucidation of mechanisms underlying the vulnerability to SARS-CoV-2 in specific hematologic disorders  
- Effectiveness of different SARS-CoV-2 vaccines 2 in specific hematologic disorders  
- Optimal vaccination regimen in immunosuppressed patients and in specific hematologic disorders 
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[26] Boğa C, Asma S, Leblebisatan G, Şen N, Tombak A, Demiroğlu YZ, et al. Comparison of the clinical course of COVID-19 infection in sickle cell disease patients 
with healthcare professionals [Internet] Ann Hematol 2021 Sep 1. https://doi.org/10.1007/s00277-021-04549-1 [cited 2022 May 24];100(9):2195–202. 
Available from:. 

[27] 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. 

[28] Minniti CP, Zaidi AU, Nouraie M, Manwani D, Crouch GD, Crouch AS, et al. Clinical predictors of poor outcomes in patients with sickle cell disease and COVID- 
19 infection. Blood Adv 2021 Jan 12;5(1):207–15. 

[29] Alhumaid S, Al Mutair A, Al Alawi Z, Al Salman K, Al Dossary N, Omar A, et al. Clinical features and prognostic factors of intensive and non-intensive 1014 
COVID-19 patients: an experience cohort from Alahsa, Saudi Arabia. Eur J Med Res 2021 May 24;26(1):47. 

[30] Morrone KA, Strumph K, Liszewski MC, Jackson J, Rinke ML, Silver EJ, et al. Acute chest syndrome in the setting of SARS-COV-2 infections—a case series at an 
urban medical center in the Bronx [Internet] Pediatr Blood Cancer 2020 [cited 2022 May 20];67(11):e28579. Available from: https://onlinelibrary.wiley.com/ 
doi/abs/10.1002/pbc.28579. 

[31] Jean-Mignard E, De Luna G, Pascal L, Agouti I, Thuret I. SARS-CoV-2 infection in patients with β-thalassemia: the French experience. Transfus Clin Biol J Soc 
Francaise Transfus Sang 2022 Feb;29(1):70–4. 

[32] Sotiriou S, Samara AA, Vamvakopoulou D, Vamvakopoulos KO, Sidiropoulos A, Vamvakopoulos N, et al. Susceptibility of β-thalassemia heterozygotes to 
COVID-19. J Clin Med 2021 Aug 18;10(16):3645. 

[33] Sotiriou S, Samara AA, Lachanas KE, Vamvakopoulou D, Vamvakopoulos KO, Vamvakopoulos N, et al. Vulnerability of β-thalassemia heterozygotes to COVID- 
19: results from a cohort study. J Personalized Med 2022 Feb 25;12(3):352. 

[34] Zafari M, Rad MTS, Mohseni F, Nikbakht N. β-Thalassemia major and coronavirus-19, mortality and morbidity: a systematic review study. Hemoglobin 2021 
Jan;45(1):1–4. 

[35] De Sanctis V, Canatan D, Corrons JLV, Karimi M, Daar S, Kattamis C, et al. A comprehensive update of ICET-A Network on COVID-19 in thalassemias: what we 
know and where we stand. Acta Bio-Medica Atenei Parm. 2020 Sep 7;91(3):e2020026. 

[36] Karimi M, Haghpanah S, Azarkeivan A, Zahedi Z, Zarei T, Akhavan Tavakoli M, et al. Prevalence and mortality in β-thalassaemias due to outbreak of novel 
coronavirus disease (COVID-19): the nationwide Iranian experience. Br J Haematol 2020 Aug;190(3):e137–40. 

[37] Lee JX, Chieng WK, Lau SCD, Tan CE. COVID-19 and hemoglobinopathies: a systematic review of clinical presentations, investigations, and outcomes. Front 
Med 2021;8:757510. 

[38] CDC. Community levels [Internet] Centers for Disease Control and Prevention 2022 [cited 2022 Jun 22]. Available from: https://www.cdc.gov/coronavirus/ 
2019-ncov/science/community-levels.html. 

[39] CDC. Testing for SARS-CoV-2 in non-healthcare workplaces [Internet] Centers for Disease Control and Prevention 2021 [cited 2022 Jun 28]. Available from: 
https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/testing-non-healthcare-workplaces.html. 

[40] Van Egeren D, Novokhodko A, Stoddard M, Tran U, Zetter B, Rogers MS, et al. Controlling long-term SARS-CoV-2 infections can slow viral evolution and reduce 
the risk of treatment failure [Internet] Sci Rep 2021 Nov 19 [cited 2022 Jun 27];11(1):22630. Available from: https://www.nature.com/articles/s41598-021- 
02148-8. 

E.A. Saade et al.                                                                                                                                                                                                       

https://linkinghub.elsevier.com/retrieve/pii/S0923753421008747
https://linkinghub.elsevier.com/retrieve/pii/S0923753421008747
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref6
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref6
https://doi.org/10.1111/tid.13850
https://doi.org/10.1111/tid.13850
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref8
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref8
https://linkinghub.elsevier.com/retrieve/pii/S0923753421048808
https://onlinelibrary.wiley.com/doi/10.1111/tid.13835
https://linkinghub.elsevier.com/retrieve/pii/S1535610821003305
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref12
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref12
https://www.nature.com/articles/s41375-021-01302-5
https://www.nature.com/articles/s41375-021-01302-5
https://www.nature.com/articles/s41375-021-01466-0
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref15
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref16
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref16
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref17
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref17
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref18
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref18
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref19
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref20
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref20
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref21
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref21
https://www.bmj.com/content/374/bmj.n2244
https://www.bmj.com/content/374/bmj.n2244
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref23
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref23
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref24
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref24
https://haematologica.org/article/view/haematol.2020.259440
https://haematologica.org/article/view/haematol.2020.259440
https://doi.org/10.1007/s00277-021-04549-1
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref27
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref27
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref28
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref28
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref29
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref29
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.28579
https://onlinelibrary.wiley.com/doi/abs/10.1002/pbc.28579
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref31
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref31
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref32
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref32
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref33
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref33
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref34
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref34
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref35
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref35
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref36
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref36
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref37
http://refhub.elsevier.com/S1521-6926(22)00030-5/sref37
https://www.cdc.gov/coronavirus/2019-ncov/science/community-levels.html
https://www.cdc.gov/coronavirus/2019-ncov/science/community-levels.html
https://www.cdc.gov/coronavirus/2019-ncov/community/organizations/testing-non-healthcare-workplaces.html
https://www.nature.com/articles/s41598-021-02148-8
https://www.nature.com/articles/s41598-021-02148-8


Best Practice & Research Clinical Haematology xxx (xxxx) xxx

10

[41] Weigang S, Fuchs J, Zimmer G, Schnepf D, Kern L, Beer J, et al. Within-host evolution of SARS-CoV-2 in an immunosuppressed COVID-19 patient as a source of 
immune escape variants. Nat Commun 2021 Nov 4;12(1):6405. 

[42] Truong TT, Ryutov A, Pandey U, Yee R, Goldberg L, Bhojwani D, et al. Increased viral variants in children and young adults with impaired humoral immunity 
and persistent SARS-CoV-2 infection: a consecutive case series. EBioMedicine 2021 May;67:103355. 

[43] Leung WF, Chorlton S, Tyson J, Al-Rawahi GN, Jassem AN, Prystajecky N, et al. COVID-19 in an immunocompromised host: persistent shedding of viable SARS- 
CoV-2 and emergence of multiple mutations: a case report. Int J Infect Dis IJID Off Publ Int Soc Infect Dis 2022 Jan;114:178–82. 

[44] The CITIID-NIHR BioResource COVID-19 Collaboration, The COVID-19 Genomics UK (COG-UK) Consortium, Kemp SA, Collier DA, Datir RP, Ferreira IATM, 
et al. SARS-CoV-2 evolution during treatment of chronic infection [Internet] Nature 2021 Apr 8 [cited 2022 Jun 27];592(7853):277–82. Available from: http:// 
www.nature.com/articles/s41586-021-03291-y. 

[45] Commissioner O of the Janssen COVID-19 Vaccine. FDA [Internet], [cited 2022 Jun 14]; Available from: https://www.fda.gov/emergency-preparedness-and- 
response/coronavirus-disease-2019-covid-19/janssen-covid-19-vaccine; 2022 May 16. 

[46] Ljungman P. Infectious complications and vaccines. Hematology [Internet], [cited 2022 Jul 26];2021(1):587–91. Available from: https://doi.org/10.1182/ 
hematology.2021000294; 2021 Dec 10. 

[47] Visser C, Swinkels M, van Werkhoven ED, Croles FN, Noordzij-Nooteboom HS, Eefting M, et al. COVID-19 vaccination in patients with immune 
thrombocytopenia [Internet] Blood Adv 2022 Mar 11 [cited 2022 Jun 13];6(6):1637–44. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC8709724/. 

[48] Herblum J, Frishman W. Cardiovascular and hematologic complications of COVID-19 Vaccines. Cardiol Rev [Internet]. [cited 2022 Jun 13];10.1097/ 
CRD.0000000000000457. Available from: https://journals.lww.com/cardiologyinreview/Abstract/9900/Cardiovascular_and_Hematologic_Complications_of. 
12.aspx. 

[49] Jacobs JW, Booth GS. COVID-19 and immune-mediated RBC destruction. Am J Clin Pathol 2022 Jun 7;157(6):844–51. 
[50] Gadi SRV, Brunker PAR, Al-Samkari H, Sykes DB, Saff RR, Lo J, et al. Severe autoimmune hemolytic anemia following receipt of SARS-CoV-2 mRNA vaccine. 

Transfusion (Paris) 2021 Nov;61(11):3267–71. 
[51] Mesina FZ. Severe relapsed autoimmune hemolytic anemia after booster with mRNA-1273 COVID-19 vaccine. Hematol Transfus Cell Ther. 2022 May 30. 

https://doi.org/10.1016/j.htct.2022.05.001. Epub ahead of print. PMID: 35662882; PMCID: PMC9149200. 
[52] Wu V, Lopez CA, Hines AM, Barrientos JC. Haemophagocytic lymphohistiocytosis following COVID-19 mRNA vaccination. BMJ Case Rep 2022 Mar 16;15(3): 

e247022. 
[53] Tang LV, Hu Y. Hemophagocytic lymphohistiocytosis after COVID-19 vaccination. J Hematol OncolJ Hematol Oncol 2021 Jun 4;14(1):87. 
[54] Sassi M, Khefacha L, Merzigui R, Rakez R, Boukhriss S, Laatiri MA. Haemophagocytosis and atypical vacuolated lymphocytes in bone marrow and blood films 

after SARS-CoV-2 vaccination. Br J Haematol 2021 Dec;195(5):649. 
[55] Kamura Y, Sakamoto T, Yokoyama Y, Nishikii H, Sakata-Yanagimoto M, Chiba S, et al. Hemolysis induced by SARS-CoV-2 mRNA vaccination in patients with 

paroxysmal nocturnal hemoglobinuria. Int J Hematol 2022 Jun 6;116(1):55–9. 
[56] Jarrah K, Al Mahmasani L, Atoui A, Bou-Fakhredin R, Taher AT. Manifestation of paroxysmal nocturnal hemoglobinuria after COVID-19 mRNA vaccination. 

Blood Cells Mol Dis 2022 Mar;93:102641. 
[57] Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone MG, Vázquez C, et al. A randomized trial of convalescent plasma in covid-19 severe pneumonia 

[Internet] N Engl J Med 2021 Feb 18 [cited 2022 Jun 4];384(7):619–29. Available from: http://www.nejm.org/doi/10.1056/NEJMoa2031304. 
[58] Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et al. Effect of convalescent plasma therapy on time to clinical improvement in patients with severe and life- 

threatening COVID-19 [Internet] JAMA 2020 Aug 4 [cited 2022 Jun 4];324(5):1–11. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC7270883/. 

[59] [cited 2022 Jun 4]; Available from: Commissioner O of the FDA In Brief. FDA updates emergency use authorization for COVID-19 convalescent plasma to reflect 
new data. FDA [Internet], https://www.fda.gov/news-events/fda-brief/fda-brief-fda-updates-emergency-use-authorization-covid-19-convalescent-plasma- 
reflect-new-data; 2021 Feb 5. 

[60] Commissioner O of the. Coronavirus (COVID-19) Update [Internet]. FDA. FDA FDA Authorizes New Monoclonal Antibody for Treatment of COVID-19 that 
Retains Activity Against Omicron Variant 2022 [cited 2022 Jun 4]. Available from: https://www.fda.gov/news-events/press-announcements/coronavirus- 
covid-19-update-fda-authorizes-new-monoclonal-antibody-treatment-covid-19-retains. 
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