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COVID-19 vaccination status and disease burden in patients with

sickle cell disease

Sickle cell disease (SCD) is caused by homozygous or
compound heterozygous inheritance of mutations in the
beta-globin chains."* Severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), causing coronavirus dis-
ease 2019 (COVID-19) may potentially lead to severe
complications in patients with SCD due to immunocom-
promise.>* The clinical course of COVID-19 infection in
SCD has been described in larger cohorts with COVID-19
severity varying widely among patients.>™® The purpose
of this study was to investigate COVID-19 vaccination’ !
patterns in SCD. We hypothesised that COVID-19 vac-
cination did not cause significant side-effects and was
effective in lowering COVID-19 infection in this patient
population.

Adults aged =18 years (N = 535) with a diagnosis of SCD
having encounters at the University of Illinois Hospital
and Health Sciences System (UIHealth), a 485-bed teach-
ing hospital serving patients with various ethnicities,
between 1 January and 31 December 2021 were included
in this retrospective study. Demographic information,
COVID-19 vaccination status, COVID-19 infection,
healthcare encounters and influenza vaccination his-
tory were collected by the primary and co-investigators.
The COVID-19 vaccination status for African-American
residents aged >18years in Chicago was collected from
the Chicago city official website (https://www.chica
go.gov/city/en/sites/covid19-vaccine/home/vaccination-
data-at-a-glance.html). The national Area Deprivation
Index (ADI) score was obtained from the Center of
Health Disparities Research (https://www.neighborho
odatlas.medicine.wisc.edu/mapping). The severity of
COVID-19 was defined according to: https://www.covid
19treatmentguidelines.nih.gov/overview/clinical-spect
rum/. Univariate analyses of patient characteristics were
conducted using the Kruskal-Wallis test for continuous
variables and the Chi-square test for categorical variables.
A p <£0.05 with the Bonferroni correction was considered
statistically significant. Stepwise logistic regression anal-
ysis was used to identify independent clinical correlates
of COVID-19 vaccination status and infection. Poisson
regression was used to model the infection rate by vaccine
status, focusing on events before the Omicron variant.

The median (interquartile range) age of this cohort was
34 (27-45) years, 38% were males and 66% had haemoglobin
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SS/SB’. By 31 December 2021, 52.3% of the patients had re-
ceived at least one dose of COVID-19 vaccine and 48.6%
completed the primary series of vaccination (defined as
two doses of the Pfizer/Moderna or one dose of the Janssen
vaccine) (Figure 1A). Both rates were significantly lower
than the vaccination rates among adult African-American
Chicago residents (52.3% vs. 64.7% and 48.6% vs. 59.1%, re-
spectively, p<0.001). In all, 81 (15.1%) of the patients with
SCD had received a booster dose. Both uni- and multi-
variable analyses showed that receiving at least one dose of
COVID-19 vaccine was associated with older age, being em-
ployed or a student, and receiving influenza immunisation
(Table 1; Table S1).

In the SCD cohort, 133 COVID-19 infections occurred
in 121 (22.6%) of the patients (Figure 1B), with 8% non-
symptomatic, 55% mild, 20% moderate, 10% severe and 7%
critical cases. Those with a COVID-19 infection had a sig-
nificantly higher number of acute care centre/emergency de-
partment/hospitalisation encounters in 2021, whereas other
factors including the haemoglobin genotype had no effect
(Table 2; Table S2). Completion of the primary series of vac-
cination was associated with a significantly lower infection
risk compared to unvaccinated patients (odds ratio 0.311,
95% confidence interval 0.127-0.766; p = 0.01). There was
no significant difference in COVID-19 infection severity
or incidence of side-effects in patients with versus without
COVID-19 vaccination.

The COVID-19 vaccination completion rate in SCD was
lower than the general African-American population. Older
age, being employed or a student, and previous influenza im-
munization history were significant predictors of COVID-19
vaccination completion. COVID-19 vaccination decreased
the infection risk by 70% and did not cause significant side-
effects. The relatively young age of our cohort (34 years) and
low employment/student status (32.3%) may contribute to
the lower vaccination rates, as both were important predic-
tors for receiving COVID-19 vaccination in our cohort. The
association of older age with higher vaccination rate in SCD
is consistent with the trend in the general population. The
association with employment/student status may reflect the
mandatory vaccination requirement at school and work set-
tings. The significant correlation between COVID-19 and
influenza vaccination suggests that immunisation hesitancy
is not specific to the newly developed COVID-19 vaccine.
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FIGURE 1 (A) Coronavirus disease 2019
(COVID-19) vaccination rates in patients
with sickle cell disease (SCD). (B) Incidence of
COVID-19 Infection in patients with SCD.
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TABLE 1 Independent clinical correlates of receiving coronavirus
disease 2019 (COVID-19) vaccines

Oddsratio  95% CI P
Age (10years) 1.533 1.253-1.876 <0.001
Employment/student 3.574 2.077-6.149 <0.001
Received flu 7.334 4.437-12.122 <0.001
vaccination in either
2020 or 2021
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Note: A stepwise ordinal logistic regression analysis was performed of categories of
receiving COVID-19 vaccine or not. The covariates originally placed into the analysis
were age, gender, national Area Deprivation Index score, distance to the closet
pharmacy, being employed or a student, and receiving flu vaccination. Age, being
employed or a student, and receiving flu vaccination remained in the regression model
after covariates with p >0.20 were eliminated from the model in a stepwise manner.
N=535.

Abbreviation: CI, confidence interval.

Many reasons, including socioeconomic and medical fac-
tors, may contribute to the observed vaccination hesitancy,
which needs to be addressed to improve the vaccination rate
in this patient population.
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The COVID-19 vaccines appear to not cause signif-
icant side-effects in this patient population, and com-
pletion of the primary series of COVID-19 vaccinations
decreased the infection risk by 70% before the Omicron
surge. No significant difference was observed in the se-
verity of the COVID-19 infection after vaccination. The
Omicron variant surge by the end of December 2021 ac-
counted for a large portion of the infection cases in our
cohort. The Omicron variant tends to cause less serious
complications'? and this may mask the potential benefits
of COVID-19 vaccination on infection severity. There was
no COVID-19-related deaths in our cohort, but SCD was
associated with increased mortality even after vaccination
in another cohort."

Study limitations include that the majority of vacci-
nated patients in this cohort had <Ilyear of follow-up
after vaccination and an even shorter time frame after
receiving the booster, which makes interpretation of the
COVID-19 vaccination efficacy difficult. Selection bias
is also a possibility, as only patients with SCD with en-
counters at UIHealth in 2021 were included in the study.
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TABLE 2 Clinical correlates of contracting coronavirus disease 2019
(COVID-19)
Odds ratio 95% CI p
Total number of 1.042 1.025-1.059 <0.001
admission/ER/ACC
visits in 2021
Received COVID-19 0.502 0.240-1.050 0.067

vaccine booster

Note: A stepwise ordinal logistic regression analysis was performed of categories

of contracting the COVID-19 infection or not. The patients who contracted
COVID-19 infection were compared to those who did not. The covariates originally
placed into the analysis were age, gender, national Area Deprivation Index score,
received COVID-19 booster, and number of ACC/ED/hospitalisation. Total number
of ACC/ED/hospitalisation and receiving COVID-19 vaccine booster remained in
the regression model after covariates with p >0.20 were eliminated from the model
in a stepwise manner. N = 535.

Abbreviations: ACC, acute care centre; CI, confidence interval; ED, emergency
department.

Additionally, when assessing healthcare encounters
as a risk factor for infection, the information is not re-
stricted to the time before contracting COVID-19, and
it is unclear how COVID-19 infection impacts acute care
use after infection. Lastly, lack of community level fac-
tors in this study is also a limitation to understand the
risk of contracting COVID-19. In conclusion, we found
that COVID-19 vaccination appeared to be safe in pa-
tients with SCD and to decrease the infection risk by
70%. Older age, being employed or a student, and previ-
ous immunisation acceptance are strong predictors for
receiving COVID-19 vaccination despite a relatively low
acceptance rate, which emphasises the importance of de-
veloping strategies to address immunisation hesitance in
this vulnerable population. This study contributes to the
scarce existing literature'* on COVID-19 vaccination in
SCD.
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SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.
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