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Background and aims

The Omicron variant, one of the variants causing the coronavirus disease of 2019 (COVID-19), was first identified in November 2021 and became the predominant variant in 2022. Although causing less severe disease, this variant and its subvariants have been associated with increased transmissibility and limited protection despite vaccination and prior infection. Individuals with sickle cell disease (SCD) are particularly at greater risk of severe illness and death, and studies regarding the effectiveness of COVID-19 vaccination have been limited in this population. The study aims to determine the effectiveness of COVID-19 vaccination during this period among individuals with SCD and to examine various factors that can influence the likelihood of COVID-19 infection and severity among SCD individuals.





Methods

This is a retrospective analysis of adult patients (≥18 years) with SCD who had emergency and inpatient encounters between January 1 and December 31, 2022. Multivariable regression analysis was performed to determine the effectiveness of the COVID-19 vaccine among this population.





Results

The study found that COVID-19 vaccination lowered the infection risk among SCD individuals by over 70% if they have received at least one dose of the vaccine. The study also found that individuals with SCD and a history of acute chest syndrome were over 3 times more likely to have a COVID-19 infection diagnosis than those without a history of acute chest syndrome.





Conclusion

The study confirms the effectiveness of the COVID-19 vaccine among individuals with SCD during the Omicron period of the COVID-19 pandemic.
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1 Introduction

Sickle cell disease (SCD) afflicts approximately 100,000 individuals in the United States, with a prevalence of 1 in 365 among African Americans and 1 in 16,300 among Hispanic Americans. Its prevalence is even more pronounced in various global regions, including Africa, South and Central America, the Caribbean, Saudi Arabia, India, and select Mediterranean nations (1). Notably, individuals affected by sickle cell disease exhibit an elevated mortality rate in contrast to the general population, which was particularly emphasized during the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic (2, 3).

This is primarily related to the fact that individuals with SCD are considered to have a weakened immune system. Several factors contribute to a compromised immune system in SCD patients. One crucial factor is functional asplenia, which reduces the body’s ability to filter blood and increases the risk of infections from encapsulated organisms. Additionally, innate immunity through the complement system and adaptive immunity involving regulatory T-cell function and IgM-secreting memory B cells are impaired in SCD patients (4, 5). This impairment of cellular immunity encompasses a decrease in the percentage of CD4+ and CD8+ T cells circulating in the bloodstream, a decrease in the ratio of CD4+ helper T cells to CD8+ suppressor T cells, and the loss of memory B cells (6). These latter impairments in immunity are a major factor that impacts vaccines’ effectiveness and protective capacity to prevent infections in individuals with SCD. At the time of this paper’s writing, there is limited data on how well patients with SCD respond to SARS-CoV-2 vaccination. Recognizing these challenges is critical for developing tailored interventions to enhance vaccination strategies for this vulnerable population (4, 7).

The Omicron variant of SARS-CoV-2, also known as B.1.1.529, exhibited an unprecedented global spread, contributing to record-breaking surges in new infections (8, 9). According to the Centers for Disease Control and Prevention (CDC), it has emerged as the predominant variant since January 2022 (10). Although causing less severe disease, the Omicron variant and its subvariants have been associated with increased transmissibility and limited protection despite vaccination and prior infection (11). Its rapid surge to dominance can be attributed to critical mutations in the virus structure that significantly heightened its ability to spread, its virulence, and its capacity to evade the immune system, thereby impacting available treatment options (9, 11).

One remarkable characteristic of the Omicron variant is the substantial number of mutations found in its spike protein, which poses a substantial threat to the effectiveness of current COVID-19 vaccines and antibody therapies (12). Within the spike protein, there are a concerning number of mutations to the receptor binding proteins which is the primary target of neutralizing antibodies (8). Consequently, the Omicron variant has become notably resistant to neutralization not only by serum from individuals who have recovered from COVID-19 but also from those who have been vaccinated (8). These extensive mutations in the spike protein raise serious concerns about the potential compromise of current vaccines and therapeutic antibody treatments.

As COVID-19 vaccination rates rise and restrictions are eased, the impact on individuals with sickle cell disease (SCD), particularly during the Omicron period of the pandemic, remains an area that requires thorough investigation and study. The study aims to determine the effectiveness of COVID-19 vaccination during this period among individuals with SCD. Additionally, the study aims to examine various factors that can influence the likelihood of COVID-19 infection and severity among SCD individuals.




2 Methods

Adult individuals with SCD (age ≥ 18 years old) who had emergency and inpatient encounters at three large hospital centers in Michigan during the prevalence of the Omicron variant from January 1, 2022, to December 31, 2022 (10, 11) were included in the study. Patients were identified using the International Statistical Classification of Diseases and Related Health Problems, Tenth Version (ICD-10) codes. Patients with a conflicting diagnosis of Sickle cell trait upon chart review were excluded in the analysis. The study protocol was approved by the Institutional Review Board (IRB) of the Trinity Health System in Michigan (IRB 2023-010), which waived the requirement for informed consent given the retrospective nature of the study.

Electronic medical records (EMR) were retrospectively reviewed to gather patient data including demographics, details of COVID-19 infection, underlying comorbidities, and other clinical information, while the immunization registry in Michigan was used to obtain COVID-19 vaccination status. The categorization of COVID-19 vaccination status as fully, partially, or non-vaccinated was established based on the definitions provided by the Centers for Disease Control and Prevention (CDC) (13). The severity of the disease was determined by referring to the COVID-19 treatment guidelines outlined on the official website of the National Institutes of Health (14). Multivariable regression analysis was conducted to determine the clinical correlation between COVID-19 vaccination status and infection and to examine various factors influencing COVID-19 severity. Statistical analyses were performed using IBM SPSS version 28.0 statistical software, and a p-value of <0.05 was considered statistically significant.




3 Results

Among the 101 adult patients with SCD (age ≥ 18 years old) included in the study, 97% were Black, with a mean age of 40 ± 15 years. The majority had the hemoglobin SC (42.6%) or SS (27.7%) genotype. A total of 47.5% of the individuals with SCD were vaccinated by December 2022. Among these, 12.5% had received partial vaccination, 50% were fully vaccinated, and 37.5% had received a booster. The distribution of SCD genotypes did not significantly differ based on vaccination status (% vaccinated: Hb SC-51.4%, SS-31.4%, S beta-thalassemia-17.1%, p=0.18). Table 1 summarizes the baseline demographics of individuals with SCD included in the study.


Table 1 | Baseline characteristics of individuals with sickle cell disease (SCD) included in the study.



A total of 41.6% (n=42) of individuals with SCD were confirmed to have COVID-19 disease. The majority of cases were categorized as mild (20.8%, n=21), followed by severe (7.9%, n=8), asymptomatic (5.9%, n=6), moderate (5.9%, n=6) and critical 1% (n=1). No significant association was observed between the hemoglobin genotypes and COVID-19 infection (SC-54.5%, SS-36.4%, S beta-thalasemmia-9.1%, p=0.96). Notably, there was no reported mortality due to COVID-19 in our sample population. COVID-19 infection rates were notably higher in non-vaccinated individuals compared to vaccinated ones (55% vs. 27%, p=0.01, Table 2). Although the non-vaccinated group had a greater percentage of severe to critical illness, this difference was not statistically significant (15.1% vs. 2.1%, p=0.2, Table 2).


Table 2 | Difference in COVID-19 infection between vaccinated and nonvaccinated individuals with SCD.



The most common presenting symptoms at the time of diagnosis were myalgia (28.5%) and chest pain (19%), as shown in Table 3. Interestingly, individuals with a prior history of acute chest syndrome were over three times more likely to be diagnosed with COVID-19 infection than those without (OR=3.68, 95% CI=1.47-9.17). This was likely due to a significant overlap between the symptoms of acute chest syndrome and COVID-19 (15), warranting more prompt emergency visits from patients.


Table 3 | Chief complaints during COVID-19 diagnosis in adults with SCD.



The mean number of days between the latest dose of COVID-19 vaccination and COVID-19 infection was 297.9 ± 160.5 days. The study revealed that receiving at least one dose of COVID-19 vaccination reduced the risk of infection among individuals with SCD by more than 70% (OR=0.27, 95% CI=0.10-0.77, Table 4). Notably, there was a significant difference in preventing COVID-19 infection among the various vaccination subgroups of partial, full, and booster (33% vs. 25% vs. 28%, respectively, p=0.045). However, due to a limited number of individuals with COVID-19 infection who were vaccinated, it was not possible to determine whether complete or booster vaccinations are more effective. Additionally, the results of the multivariable logistic regression analysis indicated that factors such as obesity, pre-existing cardiac history, pulmonary history, renal disease, stroke, or transient ischemic attack, were not significantly associated with COVID-19 severity in this sample population (p>0.05, Table 4).


Table 4 | Multivariable analysis of factors affecting COVID-19 infection.






4 Discussion

The current study contributes valuable real-world data to the limited body of existing literature concerning the efficacy of COVID-19 vaccination and the outcomes of COVID-19 infection in individuals with sickle cell disease, particularly during the period when the Omicron variant was predominant.

Previous studies have reported a lower effectiveness of the COVID-19 vaccine against the Omicron variant compared to other variants (11, 16). However, our study has demonstrated vaccine effectiveness among individuals with sickle cell disease despite the relatively lower vaccination rate in our cohort which was 47.5% compared to the general population’s rate of 70% as of December 2022 (17). This observation parallels the findings observed by Han et al. in 2021, when the Delta variant was predominant (11). Their retrospective study found that at least one dose of the COVID-19 vaccine was associated with a 70% reduction in the risk of infection, but no significant difference in the prevention of severe COVID-19 infection was observed (18), consistent with the results of our study. In our study, the mean interval of days from the latest dose of COVID-19 vaccination and COVID-19 infection was 297.9 ± 160.5 days. This is in contrast to studies in the general population that have shown the vaccine offers immediate protection and remains effective for at least 112 days after the primary vaccine series or at least 84 days after a booster dose (11). According to a recent study conducted by the American Society of Hematology Research Collaborative, the COVID-19 vaccines were found to be as effective in people with sickle cell disease (SCD) as they are in the general population. The study indicates that the immune response generated in people with SCD persisted for at least six months after vaccination (19). Another study by Nakahara et al. also found that patients with SCD produced a strong IgG antibody response to the COVID-19 vaccine, which had comparable neutralizing activity to non-SCD matched controls (7). However, it is important to note that neither study specifically focused on patients during the prevalence of the Omicron variant. Our study focused on the effectiveness of the COVID-19 vaccine during the predominance of the Omicron variant. The results are reassuring and similar to those of previous studies conducted under different circumstances. The analysis shows that participants in our study demonstrated a robust immune response to the vaccine, indicating the resilience of the immune response in the context of the Omicron variant. These findings offer encouraging insights into the efficacy of the vaccine among individuals with sickle cell disease.

In this cohort, the majority of SCD individuals experienced mild disease, with only 8.9% experiencing severe-critical illness, this is consistent with a comprehensive literature review of 71 studies performed by Hoogenboom et al. which found that a majority of SCD individuals had mild-moderate COVID-19 disease course (20). However, in the same study, SCD patients had 2 to 7 fold increased risk of hospitalization and 1.2 fold increased risk of COVID-19 related death compared to adults without SCD (20). It should be noted, however, that these studies were done before the Omicron period, when Delta was the most prevalent variant. One recent prospective study in France showed less severe COVID-19 disease observed among SCD individuals during Omicron period regardless of their protection status against COVID-19 disease (21). One proposed mechanism given by Hui et al. in an ex vivo study showed that Omicron has lower replication competence in human lungs, thus, causing less severe disease (22). However, Omicron variant has been shown to have increased transmissibility than other variants as it replicates faster in the bronchi compared to other variants (22).

The study found that the most common presenting symptom among patients were myalgia (28.5%), chest pain (19%), cough (16.7%) and fever (16.7%). This is in comparison with a recent study in France, which was also conducted during the Omicron period, where cough, fever and asthenia were the three most common complaints (21). Interestingly, we found that individuals with SCD and a history of acute chest syndrome were over three times more likely to receive a COVID-19 infection diagnosis than those without such history. This is consistent with other studies that reported a higher prevalence of recent vaso-occlusive crises among SCD patients with COVID-19 infection (2, 23, 24). One possible explanation for this is that COVID-19 is postulated to trigger vaso-occlusive crises and acute chest syndrome. Alternatively, both conditions may present with a significant overlap in symptoms warranting more prompt emergency visits from patients (2, 3, 13).

The impact of COVID-19 infection on individuals with SCD varies based on the hemoglobin genotype, potentially resulting in more severe outcomes for those with the SC genotype compared to the SS/S beta thalassemia genotype (25). A subgroup analysis was conducted in our study to assess the influence of hemoglobin genotypes on COVID-19 infection, but no significant association was identified. The prevalence of COVID-19 vaccination was similar across different hemoglobin genotypes. However, evaluating the difference in effectiveness of the COVID-19 vaccine across hemoglobin genotypes was not possible due to limited sample size when stratified by vaccination status. There is currently a paucity of literature addressing the variation in the effectiveness of COVID-19 vaccines based on SCD genotype, and this can serve as a direction for future studies.

The analysis had certain limitations. Firstly, the retrospective design of the study restricted the scope of our findings. Furthermore, our data only encompassed emergency and inpatient encounters that occurred from January 1 to December 31, 2022, for individuals with sickle cell disease (SCD). This may have excluded asymptomatic or undiagnosed cases of COVID-19 among SCD individuals who did not require emergency or inpatient care. While Omicron is the predominant variant during the study period (10, 11), confirmation of the Omicron variant was unavailable and reliance was placed on the period of predominance as determined from surveillance data. In addition, due to limited sample size when divided by vaccination status, subgroup analysis to determine the influence of hemoglobin genotypes on the effectiveness of COVID-19 vaccine was not feasible. Lastly, our study predominantly focused on less severe cases of COVID-19 among SCD individuals, making it imperative for future research to explore the factors contributing to more severe COVID-19 cases and unfavorable outcomes within this specific population.




5 Conclusion

Receiving at least one dose of the COVID-19 vaccine offers protection among individuals with SCD, even with the emergence of Omicron and its subvariants during the COVID-19 pandemic. Additionally, it is crucial that individuals with SCD remain vigilant and seek medical care if they experience chest pain, as this could be the only symptom of COVID-19 among this population.
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Chief complaints No. of patients (N=42)

Myalgia/Joint pains 12 (28.5%)
Chest pain 8 (19%)
Fever 7 (16.7%)
Cough 7 (16.7%)
Shortness of breath 4(9.5%)
Fatigue 2 (4.8%)
Congestion 1 (2.4%)
Dizziness 1(2.4%)
Confusion 1 (2.4%)
Irregular heart beats 1 (2.4%)
None 2 (4.8%)
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Variable No. of patients (N=101)

Age (mean + 40 + 15 years
standard deviation)
Gender
Male 41 (40.6%)
Female 60 (59.4%)
Race
Black 98 (97%)
Caucasian 1 (1.0%)
Unknown 2 (2.0%)

Hemoglobin genotypes of SCD patients:

Hb SC 43 (42.6%)
Hb SS 28 (27.7%)
Hb S beta-thalassemia 8 (7.9%)

Unknown 22 (21.8%)

Presence of underlying comorbidities:

Obesity 24 (23.8%)
Cardiac disease history 34 (33.7%)
Pulmonary disease history 44 (43.6%)
Renal disease history 10 (9.9%)

History of Stroke or transient ischemic 18 (17.8%)

attack (TTA)

Vaccination status

Vaccinated 48 (47.5%)
a. Partial 6 (12.5%)

b. Full 24 (50.0%)
c. Booster 18 (37.5%)

Nonvaccinated 53 (52.5%)






