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Summary

Patients with sickle cell disease (SCD) are considered to be immunocompromised, yet data on 

the antibody response to SARS-CoV-2 vaccination in SCD is limited. We investigated anti-SARS-

CoV-2 IgG titers and overall neutralizing activity in 201 adults with SCD and demographically 

matched non-SCD controls. Unexpectedly, patients with SCD generate a more robust and durable 

COVID-19 vaccine IgG response compared to matched controls, though the neutralizing activity 

remained similar across both cohorts. These findings suggest that patients with SCD achieve a 

similar antibody response following COVID-19 vaccination compared to the general population, 

with implications for optimal vaccination strategies for patients with SCD.
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Introduction

Adults with sickle cell disease (SCD) are considered to be immunocompromised due to 

functional asplenia with impaired humoral immunity as evidenced by reduced IgM memory 

B cells, IgM secretion, and increased susceptibility to microbial sepsis (1,2). Given these 

data, several reports have suggested that patients with SCD are at increased risk of severe 

COVID-19 infection and may warrant the distinct vaccination schedules recommended 

for immunocompromised patients (3). However, efficacy and safety data for COVID-19 

vaccination in SCD is limited (4–6). Furthermore, studies have failed to detect different 

outcomes for COVID-19 infection in patients with SCD when controlled for co-morbidities 

and end-organ damage (7), suggesting that the overall response to COVID-19 vaccination 

may not significantly differ from the general population. Indeed, some have suggested 

similar COVID-19 IgG and neutralizing antibody responses after vaccination in patients 

with SCD but these studies are limited by small sample size, short follow up period, and lack 

of matched controls (8–10). Consequently, the extent to which the immunocompromised 

state in SCD affects antibody responses after COVID-19 vaccination remains incompletely 

defined. To address this, we compared the antibody response to COVID-19 vaccination in 

201 adults with SCD to demographically matched controls.

Patients and Methods

Residual clinical serum samples were collected from patients in the Grady Health System 

(Atlanta, GA, USA) between March and September 2022. Demographic data (age, sex, race 

and ethnicity) was obtained from electronic health record. Race and ethnicity categories 

were as follows: American Indian and Alaskan Native, Asian, Black or African American, 

Hispanic, Multiracial, Other, Patient Refused, Unknown, White or Caucasian. Chart review 

was performed to obtain vaccination data (number of doses, vaccination type and date). For 

patients with SCD, the sickle genotype, presence of RBC alloantibodies, history of RBC 

transfusions, hydroxyurea use, and surgical splenectomy status were also recorded. RBC 

transfusion was categorized as “minimal” for patients never or rarely transfused, “chronic” 

for patients on chronic transfusion programs (current or past), or “episodic” for all others. 

RBC alloantibodies were enumerated from the patient record; autoantibodies were excluded. 

COVID-19 vaccinated patients with SCD and non-SCD control patients were matched 

algorithmically in priority order of age, race and ethnicity, and sex. Asian and White or 

Caucasian patients were excluded from matched controls due to their absence in the SCD 

cohort. Serum aliquots were stored at −80°C prior to analysis.

Anti-SARS-CoV-2 receptor-binding domain (RBD)- and nucleocapsid (NC)-specific IgG 

titer was determined by enzyme-linked immunosorbent assay (ELISA) as previously 

described (11). The Pfizer-BioNTech, Moderna, and Janssen (Johnson & Johnson) vaccines 

contain nucleic acid sequence encoding for the SARS-CoV-2 spike protein, but not the 
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NC. Therefore, the presence of NC-specific IgG was used as marker of SARS-CoV-2 

infection. Surrogate neutralization activity was measured by high-throughput blockade of 

hACE-2 binding (BoAb) as previously described (12), except with two-point dilution at 

1:50 and 1:200 to improve throughput (Supplementary Data). Recombinant viral proteins 

were derived from wildtype Wuhan-Hu-1 (GenBank: MN908947.3). Statistical analysis was 

performed using GraphPad Prism software 9.5.0. Statistical difference was assessed by chi-

square test, Mann-Whitney test, ANCOVA or Kruskal-Wallis test followed by Dunn’s test as 

applicable. Correction for multiple comparisons was done by Benjamini-Krieger-Yekutieli 

two-stage step-up method with 5% false discovery rate.

Results

Serum samples from 201 vaccinated adults with SCD and 201 matched non-SCD controls 

were obtained over the six-month study period. Overall characteristics were similar between 

the two cohorts (Table 1), except for gender (56.2% females in SCD vs 68.2% females in 

control) and Hispanic ethnicity (2.0% in SCD vs 9.5% in control)). Nearly all participants 

received the Pfizer-BioNTech (78.6% in SCD vs 80.6% in control) or Moderna (19.4% 

in SCD vs 16.9% in control) vaccine and a similar percentage of each group received 

two (50.7% in SCD vs 52.7% in control) or three (34.8% in SCD vs 35.8% in control) 

vaccine doses. Time since last vaccine dose was increased in SCD relative to control, though 

statistically significant difference was observed only for those that received three vaccine 

doses (154 days in SCD vs 108 days in control, p = 0.0071).

To assess immune response to COVID-19 vaccination, the SARS-CoV-2 RBD-specific IgG 

titer was measured by ELISA (Fig 1A). SARS-CoV-2 RBD-specific IgG level was higher in 

SCD vs controls with median endpoint titer of 1:54572 in SCD vs 1:31131 in controls (p 

= 0.0137). Comparison of neutralization activity by BoAb assay showed similar proportion 

of subjects in the SCD and control groups with strong (79.6% vs 78.1%), average (8.5% vs 

8.0%), and weak (11.9% vs 13.9%) neutralizing activity, respectively (p = 0.7078) (Fig 1B). 

This suggests that both cohorts achieve equivalent levels of neutralizing antibody production 

even with higher IgG level in the SCD group. To examine for possible differences in 

exposure to natural infection, the SARS-CoV-2 NC-specific IgG level was measured by 

ELISA (Fig 1C). The two cohorts showed no statistical difference in SARS-CoV-2 NC-

specific IgG level with median NC-specific IgG endpoint titer of 835.5 in SCD vs 741.4 in 

controls (p = 0.8779) suggesting comparable rates of natural COVID-19 infection. Potential 

correlations between the NC-specific IgG level and the magnitude of RBD-specific IgG 

level was assessed by simple linear regression and compared between SCD and controls (Fig 

1D). The low r2 (0.1073 in SCD vs 0.1401 in controls) and nearly equivalent slope (0.3848 

in SCD vs 0.3895 in controls, p = 0.9641) suggest minor but comparable correlation of 

NC-specific IgG levels with RBD-specific IgG levels in both groups.

Subgroup analysis was performed to account for differences in demographic and 

vaccination-related variables (Table 1), and to identify potential associations for the 

increased anti-RBD IgG response in patients with SCD (Fig S1A–F). Overall trend 

consistently showed higher titer of RBD-specific IgG levels in SCD vs controls, 

with statistically significant difference (P ≤ 0.05) observed for the following subgroup 
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comparisons: female, Black or African American, 2 vaccine doses, and >365 days since 

last vaccine dose. However, correction for multiple comparisons did not yield any true 

“discovery” based on insufficiently small P values (Table S1). The SCD cohort was 

further characterized by variables expected to correlate with SCD disease severity (sickle 

genotype, RBC transfusion burden), potential immunomodulatory effects (hydroxyurea, 

splenectomy), and markers of alloimmune hyper-responsiveness (presence and number of 

RBC alloantibodies) (Table S2). Most were HbSS genotype (75.9%) or HbSC (17.2%) 

with nearly half with history of episodic RBC transfusions (48.8%), followed by minimal 

(35.5%) or chronic RBC transfusion (15.9%). Over half (53.7%) were currently prescribed 

hydroxyurea at a median dose of 1000 mg/day at time of initial vaccination, and a 

minority (11.8%) had a history of total surgical splenectomy. RBC alloantibody records 

were available for 146 of 201 patients with SCD in this study and 26% had history of at 

least one alloantibody. Subgroup analysis of RBD-specific IgG levels adjusted for select 

SCD-related characteristics as defined above was unable to detect any statistically significant 

differences (Fig S2A–E).

Discussion

Despite their immunocompromised state, patients with SCD generate a more robust (Fig 

1A) IgG response to COVID-19 vaccines compared to the general population, with 

similar prevalence of strong neutralizing antibodies (Fig 1B) even after examining natural 

COVID-19 infection (Fig 1C–D). Based on correlation between RBD IgG level and BoAb 

neutralization activity (12), patients with SCD may also generate a more robust neutralizing 

antibody response than control. The overall trend of higher IgG level in SCD compared 

to controls held across demographic and COVID-19 vaccine-related characteristics (Fig 

S1A–F), which suggests that the difference in COVID-19 vaccine IgG response may reflect 

SCD-related characteristics not present in the controls. Given that time since last vaccine 

dose was greater in SCD vs controls (Table 1), the IgG levels in SCD should have been 

lower than controls based on expected COVID-19 vaccine antibody response kinetics (13). 

While longitudinal samples were not available for confirmation, this suggests comparable, if 

not more durable IgG response in SCD compared to the general population.

Concurrent with the immune suppression from splenic hypofunction/asplenia, individuals 

with SCD are in a pro-inflammatory state at baseline, likely due to chronic hemolysis, TLR4 

signaling through free heme and complement activation, all of which can alter innate and 

adaptive immunity (2,14,15). Future studies to examine cytokine production, complement 

activation and other changes in baseline immune activity at the time of vaccination may 

shed light on the possibility that the pro-inflammatory background offsets the immune 

suppression from splenic hypofunction/asplenia resulting in enhanced magnitude and 

kinetics of the IgG response in SCD (1,2). Additional interactions between mRNA vaccine, 

SARS-CoV-2 virus and SCD pathophysiology may also play a role and deserves more 

mechanistic investigation.

Limitations to this study include cross-sectional design and restriction of the analysis to 

humoral IgG and neutralization assessment to the original wildtype Wuhan-Hu-1 strain. 

The strength of this study is in the large sample size, adequate follow up period, and 
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direct comparison with demographically matched controls (8–10). Overall, our findings 

suggest that the same COVID-19 vaccination regimen as the general population will confer 

a similar antibody response in patients with SCD. Combining high-throughput sero-survey 

of residual clinical samples with electronic health record data extraction may be a useful 

approach to evaluate humoral responses after vaccination in patients with SCD or other 

patient populations with similar potentially immunocompromised disease states.
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Figure 1. 
Comparison of COVID-19 vaccine immune response in SCD (red) and matched non-SCD 

controls (blue). (A) SARS-CoV-2 RBD-specific IgG endpoint titer. Lines indicate median. 

(B) Prevalence of neutralizing activity, by strength. (C) SARS-CoV-2 NC-specific IgG 

endpoint titer. Lines indicate median. (D) Simple linear regression of NC- and RBD-specific 

IgG endpoint titer after log2 transformation with best-fit lines for SCD (solid) and controls 

(dashed). Statistical difference measured by Mann-Whitney test, chi-square goodness-of-fit 

test or ANCOVA test as applicable. * = P ≤ 0.05, ns = P > 0.05. IC50, 50% inhibitory 

concentration; NC, nucleocapsid; RBD, receptor binding domain; SCD, sickle cell disease.
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Table 1.

Descriptive Statistics of Study Cohort Characteristics

SCD
(n = 201)

Control
(n = 201) P value

Age, years 0.2590a

Median (SD) 34 (14) 35 (14)

Minimum-Maximum 18–80 18–81

Sex 0.0179b

Female 56.2% (n = 113) 68.2% (n = 137)

Male 43.8% (n = 88) 31.8% (n = 64)

Race and Ethnicity 0.0012b

Black or African American 95.0% (n = 191) 87.1% (n = 175)

Hispanic 2.0% (n = 4) 9.5% (n = 19)

Non-Black or African American, Non-Hispanic 3.0% (n = 6) 3.5% (n = 7)

COVID vaccine type 0.5963b

Pfizer-BioNTech 78.6% (n = 158) 80.6% (n = 162)

Moderna 19.4% (n = 39) 16.9% (n = 34)

Janssen (Johnson & Johnson) 2.0% (n = 4) 2.5% (n = 5)

Number of vaccine dose Time since last dose, mean days (SD) 0.6210b

1 dose
11.9% (n = 24) 9.5% (n = 19)

254 days (96) 225 days (135) 0.9373a

2 dose
50.7% (n = 102) 52.7% (n = 106)

293 days (121) 267 days (120) 0.3793a

3 dose
34.8% (n = 70) 35.8% (n = 72)

154 days (81) 108 days (103) 0.0071a

4 dose
2.5% (n = 5) 2.0% (n = 4)

17 days (86) 64 days (49) 0.9762a

a
Mann-Whitney test

b
Chi-square test
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