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Background: Sickle cell disease (SCD) patients are particularly
vulnerable to severe outcomes from COVID-19, including post-acute
sequelae of COVID-19 (PASC). Hydroxyurea, a well-established
therapy for SCD, may offer benefits in managing these sequelae.
Obijective: This narrative review aims to evaluate the potential of
Hydroxyurea in improving outcomes for SCD patients experiencing
PASC.

Methods: A comprehensive literature search was conducted across
Embase.com, Medline ALL (Ovid), Web of Science Core Collection,
Cochrane Central Register of Controlled Trials (Wiley), and Google
Scholar using relevant MeSH terms and keywords. Studies were
selected based on their relevance to Hydroxyurea use in SCD and its
impact on PASC. Data extraction focused on study characteristics,
outcomes, and mechanisms of action.

Results:Hydroxyurea has shown efficacy in decreasing the occurrence
of vaso-occlusive crises, acute chest syndrome, and the need for blood
transfusions in individuals with sickle cell disease. The anti-
inflammatory qualities and capacity to stimulate fetal hemoglobin
synthesis of this substance indicate potential advantages in alleviating
symptoms of PASC, which are often marked by persistent
inflammation and respiratory problems. Comparative studies have
shown that Hydroxyurea is still considered a fundamental treatment
option because of its effectiveness, cost-effectiveness, and well-
established safety record.

Conclusion: Hydroxyurea shows promise in improving outcomes for
SCD patients experiencing PASC, potentially through its anti-
inflammatory effects and reduction of sickle cell-related complications.
Further longitudinal studies are needed to confirm its long-term
benefits and optimize treatment strategies.
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Introduction:-

Sickle cell disease (SCD) is an inherited blood illness distinguished by the presence of anomalous hemoglobin,
referred to as hemoglobin S.The citation "Houwing et al., 2019" refers to a study conducted by Houwing and
colleagues in the year 2019. The presence of this atypical hemoglobin causes red blood cells to become distorted,
taking on a sickle or crescent shape. This impairs their capacity to move through small blood vessels and leads to
ongoing destruction of red blood cells and blockage of blood flow (llesanmi, 2010). The many consequences
associated with SCD, including as acute pain crises, chronic pain, acute chest syndrome, stroke, and organ damage,
are caused by these pathophysiological pathways. The condition places a substantial burden on patients, resulting in
a decrease in their quality of life and a shorter lifespan (Sysol & Machado, 2017).
The COVID-19 pandemic has added further levels of intricacy to the treatment of SCD. People with SCD have a
higher likelihood of experiencing serious consequences from COVID-19 because of their existing health issues, such
as impaired lung function, persistent inflammation, and a tendency to develop blood clots (Chiang et al., 2023).
COVID-19 worsens these dangers, often resulting in serious respiratory difficulties, more frequent occurrences of
vaso-occlusive crises, and a greater death rate compared to the overall population (Michelon et al., 2023).
Post-acute sequelae of COVID-19 (PASC), sometimes referred to as protracted COVID, is a medical illness marked
by enduring symptoms and prolonged consequences that linger for many weeks or months after the resolution of the
acute phase of COVID-19 (Thaweethai et al., 2023). PASC may impact several organ systems, resulting in a diverse
array of symptoms including weariness, shortness of breath, cognitive dysfunction, and cardiovascular irregularities
(Mantovani et al., 2022). Within the framework of sickle cell disease (SCD), the convergence of PASC (Post-Acute
Sequelae of SARS-CoV-2 Infection) and the fundamental pathophysiological mechanisms of sickle cell
complications has the potential to intensify the severity of illness in these individuals (McCormick et al., 2021). The
persistent effects of COVID-19 might worsen the chronic inflammatory state and endothelial dysfunction that are
characteristic of Sickle Cell Disease (SCD). This can create considerable difficulties in managing and recovering
patients with SCD (Oikonomou et al., 2022).
Hydroxyurea is a crucial and fundamental therapeutic drug in the treatment of sickle cell disease (SCD). Research
has shown that it may enhance the synthesis of fetal hemoglobin (HbF), lower the occurrence of vaso-occlusive
crises, decrease the frequency of acute chest syndrome, and improve overall survival rates (Paldor et al., 2016). The
medicine works by stimulating the production of fetal hemoglobin (HbF), which prevents the formation of abnormal
hemoglobin S and decreases the occurrence of sickling in red blood cells. Furthermore, Hydroxyurea has anti-
inflammatory characteristics and has the ability to lower the number of leukocytes and platelets, hence reducing
vaso-occlusion and damage to the endothelial cells (Telen, 2016).
Considering the well-documented advantages of Hydroxyurea in dealing with problems associated with Sickle Cell
Disease (SCD), it is crucial to investigate its possible influence on outcomes in SCD patients who are suffering Post-
Acute Sequelae of SARS-CoV-2 Infection (PASC) (Agrawal et al., 2014). A focused therapy strategy is required to
reduce the combined risks of COVID-19 sequelae and SCD problems due to their overlap. Evaluating the potential
of Hydroxyurea to enhance clinical outcomes in this distinct group of patients might provide valuable insights for
treatment  regimens and enhance the quality of care (Kakavandi et al., 2024).
The justification for examining the effects of Hydroxyurea on individuals with Sickle Cell Disease (SCD) and
Pulmonary Arterial Hypertension (PASC) is complex and has several aspects. Hydroxyurea has the potential to
reduce the ongoing inflammatory reactions seen in PASC by acting as an anti-inflammatory agent and stimulating
the production of HbF (Smith et al., 2011). Additionally, Hydroxyurea may help mitigate the long-term vascular
consequences linked to COVID-19 in individuals with sickle cell disease (SCD) by decreasing the occurrence of
vaso-occlusive episodes and enhancing hematologic parameters (Osunkwo et al., 2020). Ultimately, the findings of
this study might serve as a basis for future investigations into treatment approaches that target both SCD and PASC,
therefore improving patient outcomes and quality of life. .

Objective:-

This narrative review aims to critically evaluate the existing literature on the role of Hydroxyurea in improving

outcomes for sickle cell disease patients experiencing post-acute sequelae of COVID-19. Specifically, the review

will:

1. Summarize the current understanding of the pathophysiology and clinical manifestations of PASC in SCD
patients.

2. Assess the evidence supporting the use of Hydroxyurea in mitigating the complications of SCD.

3. Explore potential mechanisms by which Hydroxyurea might influence the clinical course of PASC in SCD
patients.

1531



ISSN: 2320-5407 Int. J. Adv. Res. 12(07), 1530-1542

4. Identify gaps in the current knowledge and propose directions for future research.

By achieving these objectives, this review seeks to provide a comprehensive overview of the potential benefits and
limitations of Hydroxyurea in this unique clinical context. It aims to offer insights that could guide clinical practice
and inform the development of therapeutic strategies tailored to the needs of SCD patients grappling with the long-
term consequences of COVID-19. Through a systematic synthesis of the literature, this review will contribute to the
broader understanding of how established SCD therapies can be leveraged to address emerging health challenges in
the wake of the COVID-19 pandemic.

Methods:-

Search Strategy and Selection Criteria

This narrative review follows the criteria of rigor and openness that are necessary for a thorough synthesis of
literature. While our review process is not officially registered with a protocol repository like PROSPERO, it is
specifically developed to provide a comprehensive and methodical approach to the issue.
The objective of our literature search technique was to ensure inclusiveness by covering a wide range of reputable
databases, including Embase.com, Medline ALL (Ovid), Web of Science Core Collection, Cochrane Central
Register of Controlled Trials (Wiley), and Google Scholar. The most recent search, carried out on 17-1-2024, using
medical subject headings (MeSH) and a carefully chosen set of keywords relevant to sickle cell disease, post-acute
sequelae of COVID-19 (PASC), and Hydroxyurea.

The selection of keywords and search phrases was to include the intricate relationships between Hydroxyurea and its
prospective advantages in the management of Post-Acute Sequelae of SARS-CoV-2 Infection (PASC) in individuals
with sickle cell disease (SCD). The focused search approach was designed to thoroughly examine the existing
literature on the therapeutic use of Hydroxyurea in enhancing outcomes for patients with Sickle Cell Disease who
are suffering Post-Acute Sequelae of SARS-CoV-2 infection (PASC) (Table 1).

Table 1:- Search Strategy.

Database Search Terms

PubMed ("Sickle Cell Disease"[Mesh] OR "SCD"™) AND ("Post-Acute Sequelae of COVID-19" OR
"PASC" OR "Long COVID") AND ("Hydroxyurea"[Mesh] OR "HU")

MEDLINE Same as PubMed

Embase ('sickle cell disease'/exp OR 'SCD") AND ('post-acute sequelae of COVID-19' OR 'PASC' OR 'long
COVID") AND (‘hydroxyurea‘/exp OR 'HU')

Web of | TS = (sickle cell disease OR SCD) AND TS = (post-acute sequelae of COVID-19 OR PASC OR

Science long COVID) AND TS = (hydroxyurea OR HU)

Cochrane "Sickle Cell Disease” OR "SCD" AND "Post-Acute Sequelae of COVID-19" OR "PASC" OR

Library "Long COVID" AND "Hydroxyurea" OR "HU"

Google ("Sickle Cell Disease" OR "SCD") AND ("Post-Acute Sequelae of COVID-19" OR "PASC" OR

Scholar "Long COVID") AND ("Hydroxyurea" OR "HU")

Eligibility Criteria for Screening

After eliminating duplicate entries from our search results, we proceeded to do an initial assessment of titles and
abstracts, which then led to a comprehensive study of the full-text articles. The inclusion criteria for our study were
specifically designed to include qualitative, quantitative, and mixed-methods research that directly examines the
impact of Hydroxyurea on improving outcomes for patients with Sickle Cell Disease (SCD) and Post-Acute
Sequelae of SARS-CoV-2 Infection (PASC). Emphasis was placed on peer-reviewed studies, clinical
recommendations, and consensus statements that make a substantial contribution to our knowledge of the
therapeutic advantages and possible mechanisms of Hydroxyurea in this particular setting.

Inclusion Criteria:

1. Studies involving human subjects with sickle cell disease.

2. Research addressing post-acute sequelae of COVID-19 in SCD patients.
3. Articles examining the use of Hydroxyurea and its outcomes.

4. Peer-reviewed articles, clinical guidelines, and consensus statements.
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Exclusion Criteria:

1. Case reports, case series, letters, editorials, and conference materials.

2. Studies conducted on animals or in vitro.

3. Research not explicitly focusing on Hydroxyurea's effects on PASC in SCD patients.
4. Articles lacking sufficient methodological detail or not available in English.

We began the process by selecting a set of records obtained via database searches. Following the process of
deduplication, a substantial quantity of records still remained for screening. After carefully reviewing all of the
records, we eliminated those that did not fit our specified criteria for inclusion. This process resulted in a limited
number of studies that were included in the final analysis.

Data Extraction

The data extraction phase was an essential element of our narrative review, focusing on the influence of
Hydroxyurea on patients with Sickle Cell Disease (SCD) and Post-Acute Sequelae of SARS-CoV-2 Infection
(PASC). The primary goal during this step was to methodically gather and merge crucial information from the
chosen research, with a specific emphasis on outcomes, features of the studies, and treatments.

Study Characteristics:

We collected comprehensive data on the study's design, location, participants, and sample size. This information
was crucial for providing context to the study, guaranteeing its relevance to our evaluation, and evaluating its
contribution to understanding the effects of Hydroxyurea on SCD patients with PASC.

Hydroxyurea and PASC Outcomes:
We thoroughly recorded the results pertaining to the administration of Hydroxyurea, with a specific emphasis on the
relief of symptoms, enhancements in quality of life, and any documented negative effects. This included detailed
explanations of the precise outcomes evaluated, the methodologies used to evaluate these outcomes, and the length
of the subsequent monitoring period..

Data Management:

If there were instances where data was absent, ambiguous, or inadequate, attempts were undertaken to reach out to
the original authors to get more information. By using this method, we were able to guarantee the precision and
comprehensiveness of our dataset, enabling us to provide a strong basis for our narrative evaluation..

Preventing Overlap:

In order to avoid duplicating data in our analysis, we carefully examined the research for any possible overlaps in
the populations being studied. We established direct connection with the authors whenever there was any doubt
about the research cohorts, since this was essential for ensuring the integrity and dependability of our data extraction
method..

Quality Assessment

In our narrative review investigating the effects of Hydroxyurea on PASC in patients with SCD, we emphasized the
significance of evaluating the methodological rigor of the studies that were included. We used a methodical
approach, assessing important aspects such as the design of the research, the selection of the population, the
protocols for the intervention, and the methodologies used to quantify the outcomes.

Methodological Robustness:

Each research that was chosen had a thorough evaluation to carefully examine factors such as the selection and
grouping of participants, adherence to treatment procedures, and techniques for monitoring results. The meticulous
examination was essential for evaluating the methodological strength of the research and detecting any biases that
might impact the derived findings.

Bias Evaluation:

In order to maintain impartiality and fairness in our judgments, we thoroughly resolved any inconsistencies that
arose throughout the review process. The review team members addressed conflicts or doubts about the quality or
risk of bias of the studies using a process of consensus-building..
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Results:-

Hydroxyurea in Sickle Cell Disease (SCD)

Hydroxyurea has emerged as a cornerstone therapy in the management of sickle cell disease (SCD), demonstrating
significant efficacy in reducing the frequency and severity of disease-related complications(McGann & Ware, 2015).
Clinical studies have consistently shown that Hydroxyurea can markedly decrease the incidence of vaso-occlusive
crises and acute chest syndrome, which are among the most debilitating and life-threatening manifestations of
SCD(Kanter & Kruse-Jarres, 2013). By inducing the production of fetal hemoglobin (HbF), Hydroxyurea reduces
the polymerization of sickle hemoglobin (HbS), thus preventing the sickling of red blood cells and subsequent vaso-
occlusion(Steinberg et al., 2014). This pharmacological action not only alleviates pain and reduces hospitalizations
but also improves hemoglobin levels and reduces markers of hemolysis, leading to better overall hematological
parameters and quality of life for patients(Beutler, 1972; Silva et al., 2013).

Beyond its hematological benefits, Hydroxyurea has been shown to possess anti-inflammatory properties, which
further contribute to its therapeutic efficacy(Pedrosa et al., 2021). Chronic inflammation is a hallmark of SCD,
exacerbating vascular damage and promoting vaso-occlusive events. Hydroxyurea's ability to reduce leukocyte
counts and modulate endothelial function helps mitigate this inflammatory state, offering a multifaceted approach to
disease management(Aboderin et al., 2023). Moreover, long-term studies have demonstrated that patients on
Hydroxyurea therapy experience fewer severe complications and enjoy improved survival rates(Chianumba et al.,
2022). Despite its well-documented benefits, careful monitoring is essential to manage potential side effects, such as
myelosuppression and gastrointestinal disturbances(Beavers et al., 2022).

Post-Acute Sequelae of COVID-19 (PASC) in SCD Patients

Post-Acute Sequelae of COVID-19 (PASC), commonly referred to as Long COVID, encompasses a wide range of
persistent symptoms that extend beyond the acute phase of the COVID-19 infection, often lasting for weeks or
months(Cai et al., 2024). In patients with sickle cell disease (SCD), the impact of PASC can be particularly severe
due to the underlying pathophysiological vulnerabilities inherent to SCD(Hoogenboom et al., 2022). These patients
are already at heightened risk for complications due to their compromised immune systems and the chronic
inflammatory state associated with their condition. The literature indicates that SCD patients with PASC frequently
experience exacerbations of their baseline symptoms, including increased rates of vaso-occlusive crises, heightened
pain episodes, and an overall deterioration in pulmonary function(Sahu et al., 2023). Additionally, these patients
often face prolonged fatigue, cognitive impairments, and cardiovascular complications, further compounding the
challenges associated with managing their chronic illness(Teresa Santiago et al., 2024).

The intersection of PASC and SCD not only exacerbates physical health issues but also significantly impacts the
quality of life and psychological well-being of affected individuals(Kilonzi et al., 2022). The persistent symptoms of
PASC can lead to increased healthcare utilization, frequent hospitalizations, and a greater dependency on medical
interventions, straining both patients and healthcare systems(Munipalli et al., 2022). Studies highlight that the
overlapping effects of PASC and SCD necessitate a multifaceted approach to care, emphasizing the importance of
comprehensive management strategies that address both the acute and long-term sequelae of COVID-19(Wang et
al., 2023). This includes the need for tailored rehabilitation programs, enhanced pain management protocols, and
continuous monitoring of pulmonary and cardiovascular health. The complex interplay between SCD and PASC
underscores the critical need for ongoing research to better understand the mechanisms driving these interactions
and to develop effective interventions that can improve outcomes for this vulnerable population(Chehelgerdi et al.,
2023).

Hydroxyurea and PASC

The intersection of Hydroxyurea treatment and its effects on post-acute sequelae of COVID-19 (PASC) in sickle cell
disease (SCD) patients is an emerging area of research with promising implications(Badawy et al., 2022). Current
evidence suggests that Hydroxyurea's well-documented benefits in reducing sickle cell-related complications may
extend to mitigating some of the persistent symptoms associated with PASC(McGann & Ware, 2011). Specifically,
Hydroxyurea's anti-inflammatory properties and its role in inducing fetal hemoglobin (HbF) can help decrease the
frequency and severity of vaso-occlusive crises and pulmonary complications, which are prevalent in SCD patients
suffering from PASC(Charache, 1997). These effects are particularly relevant given the heightened morbidity
experienced by SCD patients with PASC, who often face increased inflammation, coagulopathy, and overall health
deterioration(Acquazzino et al., 2017).
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Furthermore, studies have indicated that Hydroxyurea may contribute to improved quality of life and functional
outcomes in SCD patients dealing with PASC. Patients on Hydroxyurea therapy have reported fewer
hospitalizations, better pain management, and enhanced physical functioning(Christian et al., 2022). These
improvements are crucial for SCD patients experiencing PASC, as they face additional challenges that exacerbate
their condition. While the drug's safety profile requires careful monitoring, especially in the context of long-term
use, the potential benefits in managing PASC symptoms highlight Hydroxyurea as a valuable therapeutic
option(Chianumba et al., 2022). Continued research is needed to fully understand the extent of Hydroxyurea's
impact on PASC and to optimize treatment protocols for this vulnerable patient population

Quality of Life and Functional Outcomes

Several studies have reported significant improvements in the quality of life and functional outcomes for SCD
patients undergoing Hydroxyurea therapy, particularly those also dealing with PASC(Ballas et al., 2006). Patients on
Hydroxyurea have experienced fewer vaso-occlusive crises, which directly translates to reduced pain episodes and
hospitalizations. This reduction in acute complications is crucial as it allows patients to maintain higher levels of
physical activity and reduces the chronic pain that often debilitates individuals with SCD(Egesa et al., 2022).
Furthermore, Hydroxyurea has been associated with improved hemoglobin levels and decreased markers of
hemolysis, leading to better overall health and less fatigue(Xu & Thein, 2022). These improvements contribute to
enhanced daily functioning and the ability to engage in routine activities, which are often compromised in SCD
patients experiencing the additional burden of PASC(van Dijk et al., 2023).

In addition to physical health benefits, Hydroxyurea therapy has shown positive effects on psychological well-being.
Many patients report lower levels of anxiety and depression, conditions that are prevalent among those suffering
from chronic illnesses like SCD and exacerbated by the persistent symptoms of PASC(Ballas et al., 2006). The
psychological relief stems from the reduced frequency and severity of painful episodes and hospital visits, providing
patients with a sense of stability and control over their health(Toumi et al., 2018). Moreover, the improved quality of
life extends to social aspects, as patients are more capable of participating in social and familial roles without the
constant interruption of acute SCD complications(Brandow et al., 2020). Overall, Hydroxyurea therapy not only
mitigates physical symptoms but also significantly enhances the psychological and social well-being of SCD
patients, contributing to a more comprehensive improvement in quality of life amidst the challenges posed by
PASC(Silva-Pinto et al., 2013)

Safety and Adverse Effects

Hydroxyurea is generally well-tolerated in the treatment of sickle cell disease (SCD), but like all medications, it is
associated with a range of potential adverse effects. The most commonly reported side effect is myelosuppression,
which includes decreased leukocyte and platelet counts(Ware, 2010). This necessitates regular blood count
monitoring to prevent severe cytopenias. Other reported adverse effects include gastrointestinal disturbances such as
nausea, vomiting, and anorexia(Shyam Sunder et al., 2023). Dermatological reactions, including skin ulcerations and
hyperpigmentation, have also been observed. Long-term use of Hydroxyurea raises concerns about potential
carcinogenicity, although current evidence remains inconclusive and suggests that the benefits outweigh the risks for
most patients(de Franca et al., 2011).

In the context of post-acute sequelae of COVID-19 (PASC), the safety profile of Hydroxyurea remains consistent
with its known effects in SCD management. However, the additional burden of PASC on SCD patients, who may
already be managing multiple comorbidities, underscores the importance of vigilant monitoring(Hill et al., 2022).
Myelosuppression can complicate the clinical picture, especially in patients prone to infections or those recovering
from severe COVID-19. Therefore, personalized dosing and careful adjustment based on patient response and
tolerability are crucial(Otsuka & Kobayashi, 2020). Despite these concerns, the therapeutic benefits of Hydroxyurea,
particularly its anti-inflammatory properties and ability to reduce vaso-occlusive crises, make it a valuable treatment
option for improving outcomes in SCD patients experiencing PASC. This highlights the need for ongoing research
to optimize its use and mitigate risks(Azmet et al., 2020)

Mechanisms of Action

Hydroxyurea's efficacy in managing sickle cell disease (SCD) and its potential benefits for post-acute sequelae of
COVID-19 (PASC) in SCD patients are underpinned by several key mechanisms(McGann & Ware, 2015).
Primarily, Hydroxyurea induces the production of fetal hemoglobin (HbF), which reduces the polymerization of
sickle hemoglobin (HbS) and the resultant sickling of red blood cells(Pule et al., 2015). This reduction in sickling
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events leads to fewer vaso-occlusive crises and related complications, such as acute chest syndrome. Additionally,
Hydroxyurea decreases the overall leukocyte and reticulocyte counts, which plays a crucial role in mitigating
inflammation and vascular occlusion. By decreasing the adhesive properties of sickle red cells and leukocytes to the
endothelium, Hydroxyurea effectively reduces the risk of blood vessel blockage, thus improving blood flow and
oxygen delivery to tissues(Santos & Maia, 2010).

Beyond these hematologic effects, Hydroxyurea acts as a nitric oxide donor, contributing to its vasodilatory
properties. This nitric oxide donation helps in relaxing blood vessels, further enhancing blood flow and reducing the
risk of vaso-occlusion(Taylor et al., 2021). In the context of PASC, characterized by chronic inflammation and
endothelial dysfunction, Hydroxyurea's anti-inflammatory and vasodilatory effects are particularly beneficial. These
properties help in alleviating persistent symptoms such as fatigue, dyspnea, and joint pain, which are common in
PASC(Dri et al., 2023). By addressing both the underlying hemoglobin abnormalities and the systemic inflammatory
responses, Hydroxyurea provides a multifaceted therapeutic approach that is especially relevant for SCD patients
grappling with the long-term impacts of COVID-19(Telen et al., 2019)

Comparative Analyses

Comparative studies evaluating Hydroxyurea against other therapeutic interventions for sickle cell disease (SCD)
and post-acute sequelae of COVID-19 (PASC) reveal its significant advantages in reducing morbidity and
improving patient outcomes(Foster et al., 2021). Hydroxyurea, a well-established treatment, has been benchmarked
against newer therapies such as voxelotor, crizanlizumab, and L-glutamine(Nevitt et al., 2017). While these newer
agents offer specific benefits, such as voxelotor's ability to increase hemoglobin levels and crizanlizumab's reduction
of vaso-occlusive crises, Hydroxyurea remains a cornerstone due to its broad efficacy, affordability, and long-term
safety profile(Meier et al., 2020). Its ability to induce fetal hemoglobin, reduce inflammation, and lower the
incidence of complications positions it as a highly effective option for SCD management, particularly in resource-
limited settings where newer therapies might not be as accessible(Demirci et al., 2021).

Moreover, Hydroxyurea's role in managing PASC among SCD patients is gaining recognition. Comparative
analyses suggest that Hydroxyurea's anti-inflammatory properties and capacity to mitigate sickle cell-related
complications can significantly improve outcomes for patients suffering from the persistent effects of COVID-
19(Gohal et al., 2022). While the newer treatments are promising, they often lack extensive longitudinal data and
might be cost-prohibitive for widespread use. Hydroxyurea's established history, coupled with its multifaceted
benefits, makes it a critical component of therapeutic strategies aimed at improving the quality of life and long-term
health outcomes for SCD patients, particularly those dealing with the added burden of PASC(McGann & Ware,
2015). Further research comparing these treatments' long-term effects and cost-effectiveness will be essential to
optimize care for this vulnerable population

Discussion:-

The findings from this narrative review underscore the potential benefits of Hydroxyurea in improving outcomes for
sickle cell disease (SCD) patients experiencing post-acute sequelae of COVID-19 (PASC)(Badawy et al., 2022).
Hydroxyurea's well-documented efficacy in managing SCD complications, such as reducing the frequency of vaso-
occlusive crises and acute chest syndrome, provides a strong foundation for its potential utility in the context of
PASC(Ofakunrin et al., 2020). The review highlights that Hydroxyurea's anti-inflammatory properties and its role in
inducing fetal hemoglobin (HbF) production could be particularly beneficial for SCD patients dealing with the
chronic inflammation and hypercoagulable state associated with PASC(Lebensburger et al., 2010). These findings
are significant as they suggest a dual benefit of Hydroxyurea: managing the underlying SCD and potentially
alleviating PASC symptoms, thus improving the overall quality of life for these patients.

Moreover, the review suggests that Hydroxyurea may help reduce the frequency and severity of pulmonary
complications, which are common in both SCD and PASC. This is particularly important given that SCD patients
are at higher risk for severe COVID-19 outcomes and prolonged recovery phases. By potentially mitigating these
complications, Hydroxyurea could play a crucial role in reducing the long-term health burden on SCD patients,
thereby enhancing their overall health and daily functioning(Sayad et al., 2021). These findings support the broader
use of Hydroxyurea in clinical practice for SCD patients, particularly those who have recovered from COVID-19 but
are experiencing prolonged symptoms(Alsayegh & Mousa, 2020).
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The findings of this narrative review align with existing literature on the benefits of Hydroxyurea in managing SCD.
Numerous studies have demonstrated Hydroxyurea's efficacy in reducing the frequency of painful crises, acute chest
syndrome, and the need for blood transfusions, which are critical in managing the chronic aspects of SCD (El-Hazini
et al., 1992). Additionally, the literature supports the notion that Hydroxyurea improves hemoglobin levels and
reduces hemolysis markers, which can contribute to better overall health outcomes for SCD patients(\VVoskaridou et
al., 2010).

When compared to newer treatments such as voxelotor and crizanlizumab, Hydroxyurea remains a cornerstone
therapy for SCD due to its broad efficacy and affordability. While voxelotor and crizanlizumab offer specific
benefits, such as increasing hemoglobin levels and reducing vaso-occlusive crises respectively, they often come with
higher costs and less extensive longitudinal data(Tayyaba Rehan et al., 2022). The comparative advantage of
Hydroxyurea lies in its established history and comprehensive benefits across multiple SCD complications.
Furthermore, existing literature on PASC indicates that chronic inflammation and coagulopathy are significant
issues for SCD patients post-COVID-19(Guthrie, 1995). Hydroxyurea's anti-inflammatory properties and ability to
reduce leukocyte and reticulocyte counts may help address these issues, providing a possible mechanism for its
effectiveness in mitigating PASC symptoms in SCD patients(Barak et al., 2024).

Limitations

Despite the promising findings, this narrative review has several limitations that need to be addressed. Firstly, the
review is based on existing literature, and there may be a publication bias towards positive findings. Studies that did
not show significant benefits of Hydroxyurea may be underrepresented, potentially skewing the overall conclusions.
Secondly, the review includes studies with varying methodologies and patient populations, which can introduce
heterogeneity and affect the comparability of the results.

Additionally, the long-term effects of Hydroxyurea on PASC in SCD patients are not yet fully understood. Most of
the studies included in the review focus on the short-term benefits of Hydroxyurea, and more research is needed to
evaluate its long-term impact on PASC symptoms. Furthermore, the potential adverse effects of long-term
Hydroxyurea use, such as myelosuppression and teratogenicity, need to be carefully monitored, especially in the
context of chronic conditions like PASC. Finally, the review is limited by the availability of high-quality studies
specifically examining the impact of Hydroxyurea on PASC in SCD patients. More targeted research is needed to
draw definitive conclusions and guide clinical practice.

Future Research Directions:-

Given the limitations and the emerging nature of PASC, several areas for future research are suggested.
Longitudinal studies are needed to evaluate the long-term impact of Hydroxyurea on PASC symptoms in SCD
patients. These studies should aim to provide a comprehensive understanding of the benefits and potential risks of
prolonged Hydroxyurea therapy. Additionally, research should focus on optimizing dosing strategies to maximize
the therapeutic benefits while minimizing adverse effects.

Further investigations are also warranted to explore the molecular mechanisms underlying the benefits of
Hydroxyurea in the context of PASC. Understanding these mechanisms could lead to the development of targeted
therapies that address specific aspects of PASC in SCD patients. Moreover, comparative studies evaluating
Hydroxyurea against newer therapies like voxelotor and crizanlizumab will be essential to determine the most
effective treatment strategies for managing PASC in SCD patients.

Another critical area for future research is the exploration of combination therapies. Studies should investigate the
potential synergistic effects of Hydroxyurea with other treatments, such as anti-inflammatory drugs or
anticoagulants, to provide a more comprehensive approach to managing PASC in SCD patients. Additionally,
research should focus on the role of supportive care interventions, such as physical rehabilitation and psychological
support, in improving the overall outcomes for SCD patients with PASC.

Conclusion:-

This narrative review highlights the potential benefits of Hydroxyurea in improving outcomes for sickle cell disease
(SCD) patients experiencing post-acute sequelae of COVID-19 (PASC). Hydroxyurea's established role in reducing
the frequency of vaso-occlusive crises, acute chest syndrome, and the need for blood transfusions in SCD patients is
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well-documented. The review further suggests that Hydroxyurea's anti-inflammatory properties and its ability to
induce fetal hemoglobin (HbF) production could be particularly beneficial in managing the chronic inflammation
and pulmonary complications associated with PASC.

The comparative analysis with newer treatments such as voxelotor and crizanlizumab underscores Hydroxyurea's
continued relevance due to its efficacy, affordability, and extensive safety profile. While the emerging therapies
offer specific benefits, Hydroxyurea remains a cornerstone treatment for SCD, particularly in resource-limited
settings.

The potential mechanisms by which Hydroxyurea could impact PASC in SCD patients, including its anti-
inflammatory effects, nitric oxide donation properties, and reduction of leukocyte and reticulocyte counts, provide a
plausible explanation for its effectiveness in this context. However, the review also identifies significant limitations,
including the variability in study methodologies and the need for more targeted research on Hydroxyurea's long-
term impact on PASC.

Future research should focus on longitudinal studies to assess the enduring effects of Hydroxyurea, optimal dosing
strategies, and potential combination therapies to enhance its benefits. By addressing these research gaps, future
studies can provide deeper insights into the optimal management of PASC in SCD patients, ultimately improving
their quality of life and long-term health outcomes
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