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L E T T E R  T O  T H E  E D I T O R

Anti- SARS- CoV- 19 antibodies in children and adults with sickle 
cell disease: A single- site analysis in New York City

Antibody response to severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2) infection and/or vaccination 
reduces infection risk.1 In the United States, people with 
sickle cell disease (SCD) have experienced considerable 
complications from SARS- CoV- 2 infection.2,3 Functional 
hyposplenia, asplenia, or splenectomy in SCD can increase 
pathogen susceptibility and reduce vaccine responsiveness.4 
We evaluated serum antibody levels for anti- nucleocapsid 
antibodies from past infection and anti- spike antibodies 
from vaccination and/or past infection in people with SCD. 
We hypothesized that, compared to non- SCD controls, peo-
ple with SCD would have reduced antibody levels following 
exposure to SARS- CoV- 2 vaccination and/or infection.5– 7

In this single- site cross- sectional study, a convenience 
sample of patients undergoing routine care in our SCD cen-
tre in New York City were enrolled if they had previously 
received SARS- CoV- 2 vaccination and/or probable or con-
firmed prior infection(s). Electronic health record review con-
firmed eligibility, prior surgical splenectomy, SCD therapies, 
SARS- CoV- 2 vaccination and infections and lack of immune 
suppressants or cancer diagnosis. Participants were queried 
for relevant extra- institutional events. Anonymized control 
samples were obtained from benign haematology clinics, 
with data limited to age, sex and lack of SCD. Study protocols 
were approved by our Institutional Review Board, including 
written consent by patients or their parent/guardian.

Anti- nucleocapsid antibody levels generated by SARS- 
CoV- 2 infection and anti- spike protein antibodies from in-
fection and/or vaccination were tested using serial dilutions 
of subjects' serum made with Diluent MultiAssay (Roche, 
Rotkreuz, Switzerland) and the Elecsys® Anti- SARS- CoV- 2 
and Anti- SARS- CoV- 2 spike tests run on a cobas® e602 im-
munoassay analyser (Roche).8 The lowest dilution, which 
provided a semi- quantitative measurement in the linear 
range of the assay between 0 and 250 arbitrary units (AU), 
was used to calculate antibody levels. Cutoff for positivity 
defined by the manufacturer is a level of 1.0 AU or above. 
Descriptive and statistical analyses were performed using 
Prism v9 (GraphPad, San Diego, CA, USA). Means of log- 
transformed antibody levels were compared using t- tests and 
Pearson correlations were performed. p- Values < 0.05 were 
considered significant.

Samples from 36 SCD participants (20 adults, 16 chil-
dren) and 22 non- SCD controls (20 adults, two children) 

were obtained from September to December, 2021 (Table 1). 
The sample collection period occurred during the dom-
inance of the Delta variant, prior to that of the Omicron 
variant in New York City and environs.9 No participants had 
been hospitalized or received recent immune suppression. 
Mean sample age of the SCD participants was 22 ± 10 years 
(range 2– 42 years), and 22 (61.1%) were female (Table  1). 
Mean age of the non- SCD controls was 43 ± 19 (Table 1); 20 
(90.9%) were female. Among SCD participants, 32 had HbSS 
or HbB0 thalassaemia, 13 (36.1%) had HbSC; 20 (55.6%) were 
taking hydroxyurea (hydroxycarbamide) and five (13.9%) 
were on chronic blood transfusion or apheresis therapy. Five 
(13.9%) had undergone a documented splenectomy. At sam-
ple collection, all but four SCD participants had received one 
or more documented SARS- CoV- 2 vaccine doses,10 and two 
had received a booster dose.

All SCD participants and 95% of controls had detectable 
anti- spike protein antibodies; 21 (58.3%) and 11 (50.0%) had 
anti- nucleocapsid antibodies, respectively. Six (16.7%) SCD 
participants were aware of or had a documented COVID- 19 
infection. Among vaccinated participants (n = 32), the most 
recent vaccination occurred 1– 269 days (mean 120.7 ± 9.4) 
prior to sampling. Of the two participants vaccinated only 
once, 6– 44 days had elapsed, and both had detectable anti- 
nucleocapsid antibodies, with anti- spike antibody levels 
>30 000 AU.

Both anti- spike and anti- nucleocapsid antibody levels 
were indistinguishable between participants and controls 
(Figure 1A,B). Among SCD participants, antibody levels did 
not differ by age (Figure 1C,D). Anti- spike antibody levels 
significantly increased by exposure number (i.e., vaccination 
and/or infection, R2 = 0.34, p < 0.001), but anti- nucleocapsid 
antibody levels did not (Figure 1E,F). Increased time from 
most recent vaccination correlated with decreased anti- spike 
antibody levels (R2 = 0.17, p = 0.02; Figure 1G). Finally, neither 
anti- spike nor anti- nucleocapsid antibody levels differed by 
splenectomy, hydroxyurea therapy, or chronic red blood cell 
transfusion/exchange transfusion therapy (Figure 1H,I,J).

Our observations suggest that splenic function may not 
be required for generating sufficient anti- SARS- CoV- 2 an-
tibodies upon infection and/or mRNA- based vaccination. 
Specifically: (1) no differences by SCD status were found for 
anti- spike or anti- nucleocapsid levels; (2) antibody levels did 
not vary by age, hydroxyurea use, blood- transfusion therapy 
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or splenectomy; (3) half of the SCD participants and controls 
had antibody evidence of past infection(s), suggesting high 
prevalence of SARS- CoV- 2 exposure; and (4) anti- spike anti-
body levels among SCD participants increased with number 
of known exposures (infection and/or vaccination).11 Our 
data suggest that anti- spike antibody levels waned over time 
after vaccination. However, the study design precluded as-
sessment of whether the rate of antibody decrease was simi-
lar to those reported for people without SCD.12 Nonetheless, 
our results were consistent with those of recent small studies 
examining antibody levels in SCD populations.5– 7

Anti- spike antibody responses to SARS- COV- 2 MRNA 
vaccination are variably reduced or absent in other types of 
immune dysregulation (e.g., from post- transplant immuno-
suppression or primary antibody deficiencies).1,5,8 Whether 
antibody levels correlate with outcomes of SARS- COV- 2 
infection in people with SCD is not yet clear, as published 
reports to date have examined pre- vaccination outcomes.13 
Nonetheless, among this modest sample of mostly vacci-
nated participants with SCD, none were hospitalized for 
pandemic- associated complications in the 22- month period 
from the initial pandemic wave in New York City in March 
2020 through December 2021.

Study limitations include the modest sample size, po-
tential sample bias and incomplete information about the 
timing of infections. Most participants were vaccinated. 
Comparable data for controls were not available. Among 
participants with SCD, attenuated or absent splenic func-
tion was presumed and probably heterogeneous. All vacci-
nated SCD participants had received mRNA- based vaccines, 
precluding comparisons to other vaccine types. Antibodies 
were assayed prior to widespread dominance of the Omicron 
variant. Neutralization titres were not tested, although an-
tibody levels measured by commercial assays like the one 
used correlate reasonably well with neutralization titres.14,15 
Additional critical anti- viral immune functions were not 
assessed.

In conclusion, despite presumed SCD- associated im-
paired or absent splenic function, antibody responses to 
SARS- CoV- 2 mRNA- based vaccine and/or infections were 
comparable to those from non- SCD controls. Prevalence 
of prior infection (anti- nucleocapsid antibodies) in 58% 
of our cases tested, universal positivity for anti- spike an-
tibodies and lack of pandemic- associated hospitalizations 
among the 36 participants with SCD may predict protec-
tion against severe SARS- CoV- 2 infection in New York 
City. As individuals living with SCD are expected to have 
poor spleen function, it is reassuring to see that they were 
still able to mount an adequate antibody response. Our 
findings strongly suggest that people with SCD should 
be encouraged to receive all recommended SARS- CoV- 2 
vaccinations, as they appear likely to develop exposure- 
dependent antibody- mediated protection comparable to 
people without SCD.

T A B L E  1  Demographic, clinical and SARS- CoV- 2 characteristics of 
our sample of participants with sickle cell disease and non- sickle controls. 
No SCD patients had been hospitalized for SARS- CoV- 2 infection

SCD 
participants 
(n = 36) N (%)

Non- SCD 
controls (n = 22) 
N (%)

Mean age ± SD (years) 22 ± 10 43 ± 19

Adult (SCD n = 20) 29 ± 6

Paediatric (SCD, n = 16) 13 ± 5

Age range 2– 42 16- 92

Sex (female) 22 (61.1) 20 (90.9)

Race/ethnicity (self- identified) Unknown

Black 31 (86.1)

Latino/Hispanic 13 (36.1)

Sickle genotype Not applicable

HbSS 31 (86)

HbB0 thalassemia 1 (3)

HbSC 4 (14)

SCD modifying therapy (current 
use)

Not applicable

Hydroxyurea 20 (55.6)

Chronic transfusion 5 (13.9)

Surgical splenectomy 5a (13.9) 0

Immune suppression 0 0

COVID- 19 vaccination (doses) Unknown

0 4 (11.1)

1 2 (5.6)

2 28 (77.80)

3 2 (5.6)

Days from most recent vaccination 
(days), if vaccinated (n = 32)

Mean ± SD 120.7 ± 79.4

Range 1– 269

History of COVID- 19 infection Unknown

PCR positive 5 (13.9)

Suspected 6 (16.7)a

SARS- CoV- 2 antibody level (AU):b

Anti- nucleocapsid antibody

Median 4.72 1.40

Range 2.01– 96.46 1.84– 183.9

n ≥ 1.0 21 (58) 11 (50)

Anti- spike antibody

Median 5640 3152

Range 37.4– 441 600 86.64– 84 480

n > 1.0 36 (100) 19 (95)

Abbreviations: AU, antibody units; SCD, sickle cell disease.
aPrior splenectomy or suspected SARS- CoV- 2 infection could not be confirmed for 
three adult SCD participants.
bPer the assay manufacturer, AU ≥ 1.0 are positive.
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F I G U R E  1  Antibody levels were only affected by number of exposures to SARS- CoV- 2 antigens and time from last vaccination. Anti- spike and 
anti- nucleocapsid antibody levels were quantified in 36 patients with sickle cell disease (SCD) and 22 control patients without SCD seen in the same 
haematology adult and paediatric clinics. (A) Log anti- spike and (B) log anti- nucleocapsid levels comparing subjects with SCD and control. Cutoff for 
test positivity is indicated by dotted line. (C) Log anti- spike and (D) log anti- nucleocapsid levels by age. One child under the age of 5 years was removed 
from the analysis shown in panel C, because of ineligibility for vaccination. (E) Log anti- spike and (F) log anti- nucleocapsid levels plotted against number 
of exposures, which was defined as the sum of number of COVID- 19 illnesses and vaccine doses. (G) Log anti- spike levels plotted against time since 
last vaccination in days. Pearson correlation and p- values as indicated. Log anti- spike and nucleocapsid antibody levels for patients with SCD with and 
without history of (H) splenectomy, (I) hydroxyurea use, and (J) chronic red blood cell (RBC) transfusion treatment.

SCD

Con
tro

l
-2

0

2

4

6

An
ti-

Sp
ik

e 
(lo

g 1
0A

U
)

ns

100% 95% positive

0 10 20 30 40 50
0

2

4

6

Age (years)

An
ti-

Sp
ik

e 
(lo

g 1
0A

U
)

R2 = 0.03
p=NS

0 1 2 3 4
0

2

4

6

Exposures (#)

An
ti-

Sp
ik

e 
(lo

g 1
0A

U
)

R2 = 0.34
p<0.001

SCD

Con
tro

l
-2

-1

0

1

2

3

An
ti-

N
uc

le
oc

ap
si

d 
(lo

g 1
0A

U
) ns

58% 50% positive

10 20 30 40 50

-2

-1

0

1

2

3

Age (years)

An
ti-

N
uc

le
oc

ap
si

d 
(lo

g 1
0A

U
)

R2 = 0.01
p=NS

1 2 3 4

-2

-1

0

1

2

3

Exposures (#)

An
ti-

N
uc

le
oc

ap
si

d 
(lo

g 1
0A

U
)

R2 = 0.01
p=NS

- + - +
-2

0

2

4

6

An
tib

od
y 

le
ve

l (
lo

g 1
0A

U
)

Splenectomy

ns ns

Spike NucleocapsidAnti-

- + - +
-2

0

2

4

6

An
tib

od
y 

le
ve

l (
lo

g 1
0A

U
)

Hydroxyurea

ns ns

Spike NucleocapsidAnti-

- + - +
-2

0

2

4

6

An
tib

od
y 

le
ve

l (
lo

g 1
0A

U
)

RBC transfusion

ns ns

Spike NucleocapsidAnti-

(B)(A)

(D)(C)

(F)(E)

(J)(I)(H)

0 100 200 300
0

2

4

6

Time since last vaccination (days)

An
ti-

Sp
ik

e 
(lo

g 1
0A

U
)

R2 = 0.17
p=0.02

(G)



4 |   LETTER TO THE EDITOR 

AU T HOR C ON T R I BU T ION S
All authors made meaningful contributions to the research 
reported here. Nancy S. Green, Layla Van Doren and Eldad 
A. Hod designed the research study; Nancy S. Green, Layla 
Van Doren, Maureen Licursi, Daniel D. Billings, Luke A. 
Sandoval and Yona M.Z. Feit played key roles in partici-
pant recruitment, enrollment and data collection; Nancy 
S. Green, Layla Van Doren and Eldad A. Hod analysed the 
data; Nancy S. Green, Layla Van Doren and Eldad A. Hod 
wrote the paper.

AC K NOW L E D G E M E N T S
We acknowledge the study efforts of Estelle Autissier, NP 
and the study participants. This work was supported by in-
stitutional resources.

K E Y WOR D S
antibodies, coronavirus 2019 (COVID- 19), severe acute 
respiratory syndrome coronavirus 2 (SARS- CoV- 2), sickle 
cell disease, splenic function

C ON F L IC T OF I N T E R E S T
The authors declare no conflict of interest.

Nancy S. Green1,2

Layla Van Doren2

Maureen Licursi1

Daniel D. Billings2

Luke A. Sandoval3

Yona M. Z. Feit3

Eldad A. Hod3

1Department of Pediatrics, Division of Hematology, 
Oncology and Stem Cell Transplantation, Columbia 

University Irving Medical Center –  New York 
Presbyterian Hospital, New York, New York, USA

2Department of Medicine, Division of Hematology and 
Oncology, Columbia University Irving Medical Center 

–  New York Presbyterian Hospital, New York, New 
York, USA

3Department of Pathology and Cell Biology, Columbia 
University Irving Medical Center –  New York 

Presbyterian Hospital, New York, New York, USA

Correspondence
Nancy Green, Columbia University Medical Center, 

650 West 168 St., Box 168, New York, NY 10032, USA.
Email: nsg11@cumnc.columbia.edu

ORC I D
Nancy S. Green   https://orcid.org/0000-0002-9877-1561 

R E F E R E N C E S
 1. Galmiche S, Luong Nguyen LB, Tartour E, de Lamballerie X, Wittkop 

L, Loubet P, et al. Immunological and clinical efficacy of COVID- 19 
vaccines in immunocompromised populations: a systematic review. 
Clin Microbiol Infect. 2021;28:163– 77.

 2. Singh A, Brandow AM, Panepinto JA. COVID- 19 in individuals with 
sickle cell disease/trait compared with other black individuals. Blood 
Adv. 2021;5(7):1915– 21.

 3. Panepinto JA, Brandow A, Mucalo L, Yusuf F, Singh A, Taylor B, et al. 
Coronavirus disease among persons with sickle cell disease, United 
States, march 20- may 21, 2020. Emerg Infect Dis. 2020;26(10):2473– 6.

 4. Nagant C, Barbezange C, Dedeken L, Besse- Hammer T, Thomas I, 
Mahadeb B, et al. Alteration of humoral, cellular and cytokine im-
mune response to inactivated influenza vaccine in patients with sickle 
cell disease. PLoS One. 2019;14(10):e0223991.

 5. Haggenburg S, Lissenberg- Witte BI, van Binnendijk RS, den Hartog 
G, Bhoekhan MS, Haverkate NJE, et al. Quantitative analysis of 
mRNA- 1273 COVID- 19 vaccination response in immunocompro-
mised adult hematology patients. Blood Adv. 2022;6(5):1537– 46.

 6. Varelas C, Gavriilaki E, Sakellari I, Klonizakis P, Koravou EE, 
Christodoulou I, et al. Immune response of adult sickle cell disease 
patients after COVID- 19 vaccination: the experience of a Greek cen-
ter. J Clin Med. 2022;11(4). https://doi.org/10.3390/jcm11 040937

 7. Radhwi OO, Jan H, Waheeb A, Alamri SS, Alahwal HM, Denetiu 
I, et al. Immunogenicity of the BNT162b2 COVID- 19 mRNA and 
ChAdOx1 nCoV- 19 vaccines in patients with hemoglobinopathies. 
Vaccines (Basel). 2022;10(2):151. https://doi.org/10.3390/vacci nes10 
020151

 8. Burack D, Pereira MR, Tsapepas DS, Harren P, Farr MA, Arcasoy S, 
et al. Prevalence and predictors of SARS- CoV- 2 antibodies among 
solid organ transplant recipients with confirmed infection. Am J 
Transplant. 2021;21(6):2254– 61.

 9. Lambrou AS, Shirk P, Steele MK, Paul P, Paden CR, Cadwell B, et al. 
Genomic surveillance for SARS- CoV- 2 variants: predominance of 
the Delta (B.1.617.2) and omicron (B.1.1.529) variants -  United 
States, June 2021- January 2022. MMWR Morb Mortal Wkly Rep. 
2022;71(6):206– 11.

 10. Prevention CfDCa. People with Certain Medical Conditions. www.
cdc.gov/coron aviru s/2019- ncov/need- extra - preca ution s/peopl e- 
with- medic al- condi tions.html#immun ocomp romise. Published 
2022. Accessed February 15, 2022.

 11. Pulvirenti F, Fernandez Salinas A, Milito C, Terreri S, Piano Mortari 
E, Quintarelli C, et al. B cell response induced by SARS- CoV- 2 infec-
tion is boosted by the BNT162b2 vaccine in primary antibody defi-
ciencies. Cells. 2021;10(11). https://doi.org/10.3390/cells 10112915

 12. Israel A, Shenhar Y, Green I, Merzon E, Golan- Cohen A, Schäffer AA, 
et al. Large- scale study of antibody titer decay following BNT162b2 
mRNA vaccine or SARS- CoV- 2 infection. Vaccines (Basel). 2021;10(1). 
https://doi.org/10.3390/vacci nes10 010064

 13. Clift AK, Saatci D, Coupland CAC, Dambha- Miller H, Hippisley- 
Cox J, International Investigator Group for Ethnicity and COVID- 19. 
Sickle cell disorders and severe COVID- 19 outcomes: a cohort study. 
Ann Intern Med. 2021;174(10):1483– 7.

 14. Lamikanra A, Nguyen D, Simmonds P, Williams S, Bentley EM, 
Rowe C, et al. Comparability of six different immunoassays mea-
suring SARS- CoV- 2 antibodies with neutralizing antibody levels 
in convalescent plasma: from utility to prediction. Transfusion. 
2021;61(10):2837– 43.

 15. Tang MS, Case JB, Franks CE, Chen RE, Anderson NW, Henderson 
JP, et al. Association between SARS- CoV- 2 neutralizing antibodies 
and commercial serological assays. Clin Chem. 2020;66(12):1538– 47.

mailto:
https://orcid.org/0000-0002-9877-1561
mailto:nsg11@cumnc.columbia.edu
https://orcid.org/0000-0002-9877-1561
https://orcid.org/0000-0002-9877-1561
https://doi.org/10.3390/jcm11040937
https://doi.org/10.3390/vaccines10020151
https://doi.org/10.3390/vaccines10020151
http://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html#immunocompromise
http://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html#immunocompromise
http://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html#immunocompromise
https://doi.org/10.3390/cells10112915
https://doi.org/10.3390/vaccines10010064

	Anti-SARS-CoV-19 antibodies in children and adults with sickle cell disease: A single-site analysis in New York City
	REFERENCES


