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A B S T R A C T

Background: Patients with sickle cell disease were presumed to be at high risk for severe

COVID-19 outcomes due to their compromised immunity and chronic comorbidities. This

study aimed to evaluate vaccination patterns, healthcare utilization, and clinical outcomes

in a cohort of sickle cell disease patients during the COVID-19 pandemic in Rio de Janeiro.

Methods: A total of 289 over 18-year-old patients from the Epidemiology and Donor Evalua-

tion Study (REDS-III) Brazil sickle cell disease cohort were followed between January 2021

and August 2023. Sociodemographic data, emergency department visits, hospitalizations,

mortality rates, and COVID-19 vaccination status were collected. SARS-CoV-2 infection was

confirmed by reverse transcription polymerase chain reaction testing for symptomatic or

hospitalized patients.

Results: Of the participants, 89.2% completed the primary vaccination schedule, 62.2%

received the first booster, 30% the second booster, and 4.1% completed all five doses. Emer-

gency visits increased slightly during the pandemic but were primarily due to vaso-occlu-

sive crises. Of the 119 patients tested for SARS-CoV-2, six were positive, presenting mild

symptoms with no COVID-19-related deaths. Vaccination rates in the cohort were similar

to those in the general population, with Oxford/AstraZeneca and Pfizer being the most

used vaccines.

Discussion: The findings suggest that COVID-19 infection was not a significant trigger for

vaso-occlusive crises or severe disease outcomes. High vaccination adherence likely played

a key role in preventing severe COVID-19, alongside other factors such as social isolation

and herd immunity. However, the overlap between symptoms of vaso-occlusive crises and

COVID-19 may have caused diagnostic challenges. Importantly, the low morbidity and

mortality observed emphasize the protective effect of vaccines, despite the presence of

thromboplastic activity and pro-inflammatory states inherent to sickle cell disease.

Addressing vaccine hesitancy remains crucial, particularly as booster doses show declining

adherence.
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Conclusion: COVID-19 had a limited clinical impact on this cohort, with no significant role in

triggering vaso-occlusive crises or severe outcomes. High vaccination rates and potential

environmental or biological factors may have contributed to this protective effect.

� 2025 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published by

Elsevier España, S.L.U. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 COVID-19 emerged in China at the end of 2019, and due to the

3 high transmissibility of the SARS-CoV-2 virus through respi-

4 ratory droplets, it was responsible for nearly 800 million cases

5 worldwide by February 2024.1 In Brazil, there were approxi-

6 mately 38.5 million cases with over 709,000 deaths in the

7 same period.2 Initially, the only strategy for governments to

8 mitigate transmission was social isolation, however by the

9 end of the first pandemic year, the first vaccines were made

10 available by the pharmaceutical industry, significantly reduc-

11 ing morbidity and mortality. Vaccination began in January

12 2021, with the first doses of COVID-19-Coronavac-Sinovac/

13 Butantan (Coronavac) being administered, prioritizing the

14 most vulnerable groups, such as the elderly and those with

15 chronic diseases, including sickle cell disease (SCD). This

16 hereditary hemoglobinopathy, characterized by multiple

17 comorbidities, posed a high presumed risk of complications if

18 patients contracted SARS-CoV-2. The polymerization of red

19 blood cells containing hemoglobin (Hb) S leads to the main

20 pathophysiological mechanisms of the disease, namely vaso-

21 occlusion and hemolysis. These events cause vascular and

22 endothelial dysfunction through inflammatory and pro-

23 thrombotic mechanisms resulting in acute events and

24 chronic organ damage.3 Pain crises due to vaso-occlusion are

25 the hallmark of SCD with the main pathophysiological mech-

26 anisms being: 1) polymerization of deoxyhemoglobin S, 2)

27 Sickling of red blood cells, 3) microvascular occlusion by

28 sickled cells, 4) tissue ischemia, 5) tissue damage due to hyp-

29 oxia and 6) stimulation of peripheral nerve endings that lead

30 to pain perception.4

31 The lungs are frequently affected, with acute chest syn-

32 drome (ACS) being a severe complication and the leading

33 cause of death. Patients have compromised immunity due

34 to hyposplenism, making them susceptible to infectious

35 diseases, sepsis, chronic kidney disease, and pulmonary

36 hypertension, justifying their inclusion in the priority

37 group.4

38 COVID-19 primarily affects the respiratory systemwith the

39 release of inflammatory cytokines, presenting symptoms

40 ranging from mild to severe, potentially leading to circulatory

41 and thromboembolic complications, and death from pulmo-

42 nary involvement and multiple organ failure. By January

43 2021, Brazil began offering vaccines, and by 2023, monovalent

44 vaccines such as Coronavac, COVID-19-RNAm Pfizer-Comir-

45 naty (Pfizer), Covishield-Oxford/Fiocruz (AstraZeneca), Jans-

46 sen (Janssen), and the COVID-19-RNAm Pfizer (Comirnaty)

47 bivalent vaccine (Bivalent), introduced after the emergence of

48 the Omicron variant, were available. The primary vaccination

49 schedule consists of two doses, followed by a first booster, a

50second booster, and a third booster including the bivalent

51vaccine.5

52The objective of this study was to investigate the vaccina-

53tion pattern and its association with clinic outcomes and

54healthcare utilization of a cohort of SCD patients at the blood

55center of Rio de Janeiro in the pandemic period. Given that

56patients with SCD are at high risk for COVID-19 complica-

57tions, it was hypothesized that this population may have

58experienced worse clinical outcomes and increased utiliza-

59tion of healthcare services due to COVID-19 infection.

60Methods

61Study population and selection criteria

62All over 18-year-old patients, who were participating in the

63multicenter cohort study, Epidemiology and Donor Evaluation

64Study (REDS-III) Brazil Sickle Cell Disease, of the blood center

65of Rio de Janeiro were selected. REDS-III is a longitudinal

66cohort project involving six SCD treatment centers across Bra-

67zil in collaboration with researchers from the Blood Systems

68Research Institute in California (USA) since 2013.6 Out of the

69total patients of Hemorio, 721 were selected by REDS-III based

70using sample size calculations. Of these, 337 met the eligibil-

71ity criteria for this study. A consent form was signed by 289

72patients.

73Variables of interest

74Sociodemographic data, including SCD genotype, age, race

75and educational attainment, were collected from medical

76records as part of the REDS database. Additionally, informa-

77tion on numbers of emergency visits and hospitalizations

78was gathered for three time periods to compare the pre-pan-

79demic period (2018−2019) to the pandemic (2020−April 2022)

80and to the post-pandemic period, after the end of the interna-

81tional public health emergency (May 2022−2023). The reasons

82for emergency visits in the periods were described.

83Only patients presenting with respiratory symptoms and

84those hospitalized for any reason were tested for SARS-CoV-2

85using reverse transcription polymerase chain reaction

86(RT-PCR) as part of standard care.

87Mortality rates were calculated based on the number of

88deaths within the cohort during the study period, and deaths

89were analyzed in terms of their dates and causes.

90The COVID-19 vaccination status of participants was

91obtained from the National Immunization Program (NIP) web-

92site from January 2021 to August 2023. For this study, the vac-

93cines offered in sequence were categorized as the first dose,

94second dose, first booster, second booster, and bivalent.
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95 Participants who received all five doses available from NIP

96 were considered to have completed the vaccination schedule.

97 The sociodemographic profiles of the vaccinated and unvacci-

98 nated populations were assessed. A comparison of the vacci-

99 nation rate of the cohort participants with the population of

100 the municipality of Rio de Janeiro was made.

101 This study was approved by the Hemorio Ethics Commit-

102 tee under register number 6089,121 and conducted according

103 to the revised 2008 Helsinki Declaration.

104 Statistical analysis

105 Sociodemographic and clinical variables are described using

106 descriptive statistics, including means, standard deviations,

107 and absolute and relative frequencies.

108 For each of the two periods, the incidence rate of emer-

109 gency room visits was calculated as the number of visits per

110 person-months at risk. The incidence rates between periods

111 were compared using Poisson regression.7 In the Poisson

112 model, the dependent variable was the number of emergency

113 visits, and the independent variable was a binary variable

114 indicating whether the visit was during the pre-pandemic or

115 pandemic period. The incidence rate ratio and its 95% confi-

116 dence interval were estimated using the GLM package in R

117 4.3.1 8. A ratio greater than one with a confidence interval

118 that does not overlap with one would represent a significantly

119 greater risk of emergency visits during the pandemic,

120 whereas a confidence interval overlapping one would indicate

121 no significant association between the pandemic and emer-

122 gency visits.

123 Results

124 Of the 289 participants, 116 (40%) were male, and 173 (60%)

125 were female, with a mean age of 34.3§ 13.2 years (range: 18

126 −72 years). About one-half (n = 147; 51%) were identified as

127 mixed race, 114 (39%) as Black, 25 (9%) as White, and three

128(1%) as Asian. Regarding genotype, 227 (78.5%) were Hb SS, 42

129(14.5%) Hb SC, 12 (4.1%) Hb SB0, seven (2.4%) Hb SB+, and one

130Hb SD. Educational attainment varied with 87 (30.1%) individ-

131uals having basic education, 50 (17.3%) with completed basic

132education, 103 (35.6%) with secondary education, 19 (6.6%)

133had completed technical courses, 27 (9.3%) had higher educa-

134tion, one participant with a master’s degree, and two were

135illiterate.

136Most participants (89.2%) completed the primary

137COVID-19 vaccination schedule with two doses. Of these,

13862.2% received the first booster dose (third dose), while

13930% completed up to the second booster dose (fourth

140dose). Only 4.1% received all five recommended doses

141according to the Brazilian vaccination schedule, and 11.7%

142of participants received the bivalent vaccine between the

143fourth and fifth doses. Five males and four females with

144varied educational backgrounds did not get vaccinated.

145The distribution of vaccine doses by sex, education level,

146and age group is shown in Table 1. There was no signifi-

147cant association between education level, age group, and

148sex regarding vaccination, except for the second booster

149dose, where more women were vaccinated. The most used

150vaccine from the first to the fourth dose was the Oxford/

151AstraZeneca, followed by Coronavac. The distribution of

152vaccine types by dose is shown in Figure 1.

153In the pre-pandemic period, 77 patients made a total of

1541020 emergency room visits. During the pandemic, 88

155patients made 1416 visits, while in the post-pandemic period,

15692 patients accounted for 1286 visits (Table 2). Most individu-

157als seen in the pre-pandemic and pandemic periods were the

158same, with SCD-related pain crises and the need for blood

159transfusions being the leading reasons for emergency depart-

160ment visits.

161Before the pandemic, the incidence rate of emergency vis-

162its was 0.23 visits per person-month at risk. During the pan-

163demic, the rate was 0.31 visits/person-month. The incidence

164rate ratio of the Poissonmodel was 0.99 (95% confidence inter-

165val: 0.93−1.07, p-value = 0.92).

Table 1 – Distribution of vaccine doses by sex, educational attainment, and age group.

Variable 1st Dose
n (%)

2nd Dose
n (%)

1st Booster
n (%)

2nd Booster
n (%)

Bivalent
n (%)

None
n (%)

All
n (%)

Sex

Male 111 (39.6) 99 (35.3) 67 (23.9) 29 (10.4) 5 (1.8) 5 (2.9) 5 (4.3)

Female 168 (60.0) 161 (57.5) 115 (41.1) 58 (20.7) 7 (2.5) 4 (3.4) 7 (4.0)

Education

Illiterate 2 (100) 2 (100) 1 (50) − − − −

Primary school 83 (95.4) 76 (87.3) 53 (60.9) 26 (29.9) 3 (3.4) 5 (5.7) 3 (3.4)

Secondary school 48 (97.9) 42 (85.7) 29 (59.1) 9 (18.3) 3 (6.1) 1 (2.0) 2 (4.0)

High school 101 (98.0) 98 (95.1) 68 (66.0) 39 (37.8) 3 (2.9) 2 (1.9) 5 (4.8)

Adult education 1 (100) 1 (100) 1 (100) − − − −

Technical school 17 (89.4) 13 (68.4) 10 (52.6) 2 (10.5) − 1 (5.2) −

Higher education 26 (96.2) 26 (96.2) 17 (62.9) 8 (29.6) 3 (11.1) − 2 (7.4)

Postgraduation 1 (100) 1 (100) 1 (100) 1 (100) − − −

Age group

18−29 133 (98.5) 122 (90.4) 74 (54.8) 25 (18.5) 5 (3.7) 1 (0.7) 5 (3.7)

30−39 62 (95.4) 58 (89.2) 45 (69.2) 26 (40.0) 3 (4.6) 3 (4.6) 3 (4.6)

40−49 39 (90.6) 36 (83.7) 26 (60.5) 12 (27.9) 1 (2.3) 4 (9.3) 1 (2.3)

50−59 26 (92.8) 27 (96.4) 20 (71.4) 12 (42.8) 1 (3.6) 1 (3.6) 1 (3.6)

60+ 18 (100) 17 (94.4) 17 (94.4) 12 (66.7) 2 (11.1) − 2 (11.1)
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166 During the study, 119 patients underwent RT-PCR testing

167 for SARS-CoV-2. Of these, 52 were unvaccinated and 67 were

168 vaccinated. Among the unvaccinated, four tested positive.

169 They were hospitalized for vaso-occlusive crises (VOCr) but

170 only one had respiratory symptoms and anosmia. They were

171 discharged in three to five days. Among the vaccinated, two

172 tested positive. They were also admitted due to VOCr and dis-

173 charged after pain control.

174 There were two deaths during the pandemic, configuring a

175 mortality rate of 0.7%: a 34-year-old man died due to liver fail-

176 ure on October 10, 2022. He tested positive for SARS-CoV-2 by

177 RT-PCR before being vaccinated on April 20, 2021 and received

178 two doses of the Coronavac vaccine on August 16 and Sep-

179 tember 23, 2021. The second was a 19-year-old woman who

180 died due to ACS and septic shock on October 8, 2022. When

181 she was admitted, she exhibited fatigue, fever, headache, and

182 chest pain. No Testing for COVID-19 was done at this time.

183 She hadmild COVID-19 with a positive RT-PCR test 18 months

184 before and received two doses of the Oxford/AstraZeneca vac-

185 cine on June 28 and October 4, 2021, one year before her

186 death.

187The SCD cohort had similar vaccination rates to the gen-

188eral population of Rio de Janeiro as seen in Figure 2, except for

189the fourth (p-value <0.01) and fifth (p-value <0.01) doses,

190which were lower. Up to the primary vaccination scheme of

191two doses, the vaccination pattern was the same for all age

192groups. From the first booster onwards, there was a reduction

193in the vaccination rate in the SCD population. The second

194booster was not considered due to insufficient time for evalu-

195ation.

196Discussion

197Despite the high reliance of SCD patients on emergency

198healthcare, particularly for VOCr, the number of emergency

199visits did not increase significantly during the COVID-19 pan-

200demic. This may be attributed to robust antibody responses

201post-vaccination, as observed in previous studies.9 SCD is

202associated with increased thromboplastic activity, character-

203ized by heightened platelet activation, elevated markers of

204thrombin generation, and increased tissue factor expression,

205along with reduced levels of natural anticoagulants, even in

206the basal state and in the absence of acute events such as

207VOCr. However, it remains unclear whether this thrombo-

208plastic activity contributes to the pathophysiology of VOCr or,

209as is more widely accepted, merely reflects an acute-phase

210response to these events.10,11 Notably, SARS-CoV-2 infection

211has been identified as a potent inducer of thrombosis, raising

212additional concerns in this already vulnerable population.11

Figure 1 –Number of participants per vaccine type and dose.

Table 2 – Emergency room visits.

Period Number of patients Number of visits

Pre-pandemic 77 1020

Pandemic 88 1416

Post-pandemic 92 1286
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213 Despite these concerns, this study did not identify an increase

214 in VOCr following COVID-19 vaccination, alleviating fears that

215 vaccines might trigger vaso-occlusive events.9 The possibility

216 of VOCr triggered by mild or asymptomatic SARS-CoV-2 infec-

217 tion in patients with SCD cannot be entirely ruled out. This is

218 a limitation of the current study, as most patients who pre-

219 sented to the emergency department with pain were not

220 tested for COVID-19. One hundred and nineteen patients

221 underwent PT-PCR testing for SARS-CoV-2 due to emergency

222 admissions, as cohort wards were separated for patients with

223 positive tests at that time. Only six tested positive (5%). All

224 presented with VOCr but only one had respiratory symptoms

225 related to COVID-19. These data are quite similar to those

226 published by Konte et al., who performed RT-PCR tests for

227 SARS-CoV-2 on 104 admissions for VOCr of 62 patients with

228 SCD. Only five tested positive (4.8%), and only one had associ-

229 ated respiratory symptoms.12 Thus, as discussed above, it is

230 not possible to state whether the VOCr were triggered by

231 COVID-19 or not. However, the low incidence of positive tests

232 suggests that COVID-19 could have been at most an asymp-

233 tomatic co-incidental infection.

234 The Brazilian National Immunization Program is a global

235 reference, providing extensive free immunobiologicals to the

236 population. SCD patients were included in the National Oper-

237 ational Plan for COVID-19 vaccination due to their compro-

238 mised immunity resulting from functional hyposplenism and

239 systemic vasculopathy.5

240 Vaccination adherence of individuals with SCD was com-

241 parable to the general population in Rio de Janeiro for the pri-

242 mary two-dose schedule. However, lower rates were observed

243 for the fourth and fifth doses, likely due to the study period

244 ending shortly after the rollout of bivalent vaccine in February

245 2023.13 The most frequently used vaccine in the present

246 cohort was the Oxford/AstraZeneca for the first two doses,

247 followed by the Pfizer vaccine starting from the third dose.

248 These were also the most used vaccines in Brazil in 2021.14

249A study on vaccination intention assessment indicated

250that people with SCD, similar to other groups with chronic

251diseases, were less willing to get vaccinated, despite being

252vulnerable.15,16 In contrast to studies on vaccine hesitancy,

253this study identified high adherence to the primary vaccina-

254tion schedule, with a slight reduction for the first booster

255dose among younger individuals. Encouragement by health-

256care professionals for individuals to get vaccinated, the wide-

257spread availability of vaccines to priority groups, and the fear

258of contracting and dying from COVID-19 were likely more

259influential than concerns over potential vaccine side effects.

260The absence of vaccination in nine individuals who did not

261receive any vaccine dose might be explained by a combina-

262tion of factors: fear of side effects, concerns over triggering

263VOCr and thrombosis, and, most notably, a disbelief in vac-

264cines. These factors have been highlighted in other studies,

265such as one conducted in a treatment center in Saudi Arabia

266with 147 SCD patients, which showed that only 35% had been

267vaccinated, revealing high vaccine hesitancy. The main rea-

268son given by the lack of vaccination was the fear of develop-

269ing brain clots and other side effects.17,18 Despite not being

270vaccinated, only one patient who tested positive by RT-PCR

271exhibited mild symptoms of COVID-19 in September 2022,

272without requiring hospitalization. The other patients, despite

273frequently using the healthcare system, either did not con-

274tract the disease or it went unnoticed, due to the presence of

275non-specific symptoms, since some clinical manifestations of

276COVID-19 are also commonly seen in SCD.4 Social isolation

277and herd immunity could explain the lack of illness or severe

278COVID-19 in this group.

279COVID-19 vaccines have been shown to be safe and do not

280cause significant or more severe adverse effects in people

281with SCD, as evidenced by Han et al. Their work also observed

282that the patients who completed the primary vaccination reg-

283imen had a 70% reduction in the risk of SARS-CoV-2 infection

284before the emergence of the Omicron variant.19 In this study,

Figure 2 –Comparison of vaccination by age group between the sickle cell disease (SCD) cohort and the population of the city of

Rio de Janeiro (Pop).
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285 89% patients were fully vaccinated and one died of ACS that

286 could not be dissociated from SARS-CoV-2 infection. No asso-

287 ciation was found between vaccination and sex, education,

288 and age, possibly due to the sample size. Also, the adverse

289 effects of the vaccines in this population were not evaluated.

290 Nonetheless the adverse effects of COVID-19 vaccines are

291 mostly mild, such as local pain, fever, fatigue, headache, mus-

292 cle pain, chills, and diarrhea.20 These symptoms are also com-

293 monly seen in SCD and often lead patients to seek emergency

294 care.

295 Varelas et al.21 studied the immune response after vacci-

296 nation against Sars-Cov-2 in a group of SCD patients regard-

297 ing the production of neutralizing antibodies (nAbs) and the

298 increase in C5b-9 levels: nAbs >50% are highly protective. The

299 study showed a satisfactory immune response, especially

300 after the second dose, with 50% of the patients studied

301 achieving nAb levels ≥50% and a significant increase in C5b-9

302 above baseline levels. As in the present sample, 89% com-

303 pleted the primary vaccination schedule: this may have been

304 the reason for the low morbidity from COVID-19 and the low

305 mortality rate of 0.7% (not related to COVID-19) in this group,

306 when compared to the general population in Rio de Janeiro

307 during the years 2020 (12.6%), 2021 (14.3%), 2022 (11.8%), and

308 2023 (11.2%).22

309 Both patients who died had received two doses of the

310 COVID-19 vaccine approximately one year before their

311 deaths. They presented with severe SCD complications,

312 including liver failure and ACS with septic shock. While

313 SARS-CoV-2 infection cannot be entirely ruled out − particu-

314 larly given the limitations of RT-PCR testing − neither patient

315 had been vaccinated against the Omicron variant. This under-

316 scores the potential role of waning immunity and the impor-

317 tance of timely booster doses, especially for vulnerable

318 populations, such as individuals with SCD. Guo et al.24 stud-

319 ied a cohort of patients who had recovered from COVID-19 to

320 investigate the durability and cross-reactivity of immunologi-

321 cal memory acquired from natural infection against SARS-

322 CoV-2. They found that neutralizing antibodies continually

323 declined but SARS-CoV-2-specific memory B-cell and T-cell

324 responses were maintained for at least two years and the

325 recall immune responses could limit viral replication and

326 reduce disease severity after re-infection. Furthermore,

327 humoral immunity was boosted against the prototype and

328 Omicron sublineages in individuals who were infected by the

329 prototype and who subsequently received the inactivated

330 vaccine.23,24 This was the case for the two patients who died:

331 after having had COVID-19 they died about a year after being

332 vaccinated.

333 It is true that the Omicron variant and its sublineages

334 have posed an additional challenge due to their high poten-

335 tial for transmission/infection, immune evasion, and loss of

336 vaccine efficacy as suggested in a propensity-matched

337 analysis in morbidity and mortality of hospital-onset SARS-

338 CoV-2 infections due to Omicron versus previous var-

339 iants.25 A systematic review on the efficacy of a second

340 booster dose as a strategy to mitigate the effects of Omi-

341 cron variants concluded that bivalent vaccines confer

342 greater protection by restoring lost humoral immunity and

343 also by stimulating cellular immunity.26 The study suggests

344 that the forth dose, or second booster, should be

345recommended for more vulnerable groups such as the

346elderly and immunocompromised individuals. COVID-19

347vaccines have been included in the vaccination schedule of

348the Brazilian Ministry of Health, targeting children and pri-

349ority groups, due to the risk of disease resurgence and the

350emergence of new variants.27 As this study was concluded

351in August 2023 and the bivalent vaccine was only made

352available in February of the same year, there was insuffi-

353cient time to assess whether the patients adhered to biva-

354lent vaccine. Nevertheless, an important indicator of the

355vaccine effectivity in the study population was the absence

356of symptomatic COVID-19 cases in the emergency depart-

357ment after the emergence of the Omicron variant.

358Despite providing valuable insights into the impact of

359COVID-19 and vaccination on patients with SCD, this study

360has imitations. COVID-19 was not systematically investigated

361in all patients as testing was primarily performed in those

362presenting with respiratory symptoms or requiring hospitali-

363zation. This may have led to an underestimation of asymp-

364tomatic or mild SARS-CoV-2 infections and their potential

365role as a trigger for VOCr. The lack of a systematic evaluation

366of adverse vaccine effects limits conclusions about vaccine

367safety in this cohort. Additionally, the small number of

368COVID-19-positive cases and the absence of severe outcomes

369or deaths directly attributable to COVID-19 make it challeng-

370ing to establish definitive associations. Future studies with

371systematic SARS-CoV-2 testing, larger sample sizes, and pro-

372spective monitoring of clinical outcomes and immune

373responses are warranted to confirm these findings and fur-

374ther explore the relationship between COVID-19, vaccination

375and VOCr.

376Conclusion

377Contrary to initial expectations, the impact of the COVID-19

378pandemic on patients with SCD was less severe than antici-

379pated. Emergency department visits during the pandemic

380occurred primarily due to pain crises and SARS-CoV-2

381infection did not appear to be a significant trigger for VOCr,

382severe COVID-19 outcomes, or deaths in this population.

383Instead, the virus may have acted as an incidental and

384often asymptomatic co-infection. High adherence to

385COVID-19 vaccination, comparable to that observed in the

386general population, likely played a key protective role.

387Interestingly, even unvaccinated individuals were not

388severely affected, raising questions about whether social

389isolation, herd immunity, or unidentified biological factors

390contributed to this. Further studies are needed to explore

391these possibilities. With COVID-19 vaccines now included

392in Brazil’s 2024 vaccination schedule, it is crucial to address

393vaccine hesitancy among SCD patients and promote con-

394tinued vaccination adherence as COVID-19 remains a vac-

395cine-preventable disease.
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438 aplicaç~ao da vacina bivalente contra a COVID-19 em grupos
439 priorit�arios https://prefeitura.rio/saude/comeca-no-rio-a-apli-
440 cacao-da-vacina-bivalente-contra-a-COVID-19-em-grupos-
441 prioritarios: PMRJ; 2023 [cited 2023 2023/02/27].
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