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Abstract
Sickle cell disease (SCD) is a genetic disorder that predisposes affected individuals 
to a range of complications, including an increased susceptibility to viral infec-
tions. These infections present significant clinical challenges due to the underlying 
immunocompromised state in SCD patients. This review examines the interaction 
between viral infections and SCD, highlighting the vulnerabilities and the impact 
of these infections on morbidity and mortality in this population. Advances in 
antiviral therapies have significantly improved outcomes, yet managing viral 
infections in SCD patients requires special consideration due to drug-to-drug 
interactions, altered pharmacokinetics, and the potential exacerbation of SCD-
related complications. Additionally, vaccination strategies against viral infections 
and the emerging role of prophylactic antiviral treatments are discussed as critical 
components of infection prevention. By focusing on both established and novel 
antiviral treatments, this article aims to provide a comprehensive overview of the 
challenges and opportunities in managing viral infections in patients with SCD.
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Core Tip: Sickle cell disease patients are highly susceptible to viral infections due to 
their immune compromised state. This review highlights the complications associated 
with viral infections, its treatment plans, and the role of vaccinations in improving 
results in these patients. Future research is essential to optimize antiviral approaches in 
this vulnerable population.
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INTRODUCTION
Sickle cell disease (SCD) is a hemoglobinopathy characterized by a single nucleotide substitution in the 6th position of the 
gene encoding beta globin leads to change in amino acid glutamine for valine, resulting in the formation of hemoglobin 
(Hb) S instead of Adult Hb. The inheritance of one sickle gene of βs globin results in carriers or trait (heterozygous) and 
inheritance of two abnormal βs globin results in diseased state (homozygous)[1,2]. Under stress conditions or hypoxia, 
HbS forms polymer inside red blood cell (RBC) and makes it rigid and sickled shape. These deformed cells have difficulty 
in passing through small blood vessels, leading to obstructions that restrict flow of blood and decrease oxygen delivery to 
tissues[3]. As a result, SCD is linked with different complications which affect nearly each organ system of the body[4,5]. 
It was first noted by Herrick[6] in 1910 in a West Indian student of dentistry Noel WC. Pauling et al[7] were the pioneers 
to label it as a molecular disease in 1949 and also showed that an altered electrophoretic mobility was present in sickle 
Hb.

SCD is marked by chronic anemia, painful vaso-occlusive crisis (VOC), and increased susceptibility to infections due to 
immune dysfunction and may lead to multi-organ failure[8,9]. Among these, viral infections stand out due to their 
capacity to exacerbate the underlying pathophysiology of SCD and trigger severe, life-threatening complications. Persons 
with SCD are immunocompromised, primarily due to functional asplenia due to repeated infarctions, leading to 
increased vulnerability to encapsulated organisms and viral pathogens[10]. Viral infections contribute significant 
mortality and morbidity status in SCD, especially in middle to low-income countries because of high exposure to 
pathogens as well as co-morbidities like low vaccination status, malnutrition and reduced access to healthcare. In SCD 
patients, respiratory viruses such as respiratory syncytial virus (RSV), influenza viruses, rhinovirus, human metapneu-
movirus, and parainfluenza viruses can cause serious complications such as bacterial superinfection, splenic sequest-
ration, VOC, and acute chest syndrome (ACS). Other viruses cause major morbidity in SCD patients globally like 
Parvovirus B19 (PB 19), hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Barr virus, dengue, and human 
immunodeficiency virus (HIV)[11-13]. Frequent blood transfusions also expose SCD patients to blood borne viruses such 
as HBV, HCV, HIV and transfusion transmitted viruses. Although modern screening techniques have significantly 
reduced the incidence of hepatitis transmission, it remains an important consideration in managing older SCD patients
[14]. Over time, the approach to SCD and its related complication associated with viral infections has progressed consid-
erably (Figure 1). Thus, a multifaceted approach that includes regular monitoring, vaccination, and prompt treatment of 
viral infections is crucial in managing the complex interplay between SCD and viral pathogens[15,16]. This review aims 
to elucidate the specific impacts of viral infections on SCD patients, examining how these infections can exacerbate the 
underlying disease and discussing the complexities involved in managing such conditions.

METHODOLOGY
Epidemiology of the viral infections
Sickle cell gene is present all over the world specially among people originated and or migrated from areas of Asia and 
Africa that are malaria endemic. Globally, around 8 million patients have SCD with greater than half a million born with 
SCD in 2021 (three quarters being in sub-Saharan African countries)[8,17]. This was rise in the birth of offsprings with 
SCD by 13.7% and there was an increase in people with SCD by 41.4% (5.46 million in year 2000 to 7.74 million in 2021)
[18]. Between six months and three years, around 75% babies born with SCD take birth in Africa. The mortality rate in 
Africa is stated to exceed 50 percent[19,20]. As per the estimation of United Nations, 12-15 million SCD patients live in 
only African continent out of total 25 million SCD patients of the world[21]. In the United States, the estimation states that 
100000 people are with SCD and one in 2500 births are suffer from SCD. However, only 10% out of total SCD patients of 
world live in high income countries [8,20,22]. Birth prevalence of SCD from 2010 to 2020 was maximum in sub-Saharan 
African countries (500-2000/100000 births), South America and Caribbean Islands (20-1000/100000); and SCD birth 
prevalence was ≤ 500/100000 births in United States and European countries[23]. India contributes 14.5% of the world's 
newborns with SCD, with approximately 42000 cases annually, making it second only to sub-Saharan Africa and under-
five years mortality rates for SCD can reach up to 90%[24,25].

Blood borne viral infections
In SCD, chronic anemia and infections lead to disabilities and death. In chronic anemia, blood transfusion becomes the 
major intervention in SCD patients and frequent transfusions expose these patients to blood borne pathogens and many 
of them are viruses such as PB 19, HBV, HCV, and HIV[26,27]. Table 1 depicts studies related to blood borne viruses[27-
32]. A study conducted in 2013, by Namasopo et al[28] on 244 SCD patients showed no history of blood transfusion, 1.1% 
was HCV positive and out of the patients with history of transfusion, 3.2% were HCV positive. A prospective study 
conducted by Diarra et al[29] in 2013 found that post blood transfusion seroconversion was noticed in one for HIV, one 
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Table 1 Studies reported blood borne viral infections in sickle cell disease patients

Ref. Type of study Participants Results

Namasopo et 
al[28], 2013

Cross-sectional study SCD patients aged from 
1 to 18 years

Out of 244 SCD patients, 85 patients had no history of transfusion; out of which 1 
(1.1%) was HCV positive and 84 (98.9%) were HCV negative 159 had history of 
transfusion out of which 5 (3.2%) were HCV positive. The patients who had undergone 
transfusion were likely to be HCV positive but the above difference was not statist-
ically significant

Diarra et al
[29], 2013

Prospective study 133 SCD patients At the time of enrolment, viral infection prevalence in patients was 1% for HIV, 3% for 
HBV and 1% for HCV. After blood transfusion seroconversion was noticed for one 
each for HIV, HBV and HCV. They recommended that improvisation should be made 
in blood transfusion safety norms in Mali for sickle cell anaemia patients

Alkindi et al
[30], 2019

Retrospective study 
(data from electronic 
patients’ records)

Total 1000 SCD patients 
with mean age 295 
years ± 10.4 years

Out of the 1000 SCD patients, 23 (2.3%) had positive serology for HBV surface antigen, 
of whom 16 (1.6%) were HBV DNA positive and no SCD patient had HIV positive

Odaibo et al
[27], 2021

Case-control study 
carried out at Ibadan, 
Nigeria

1017 cases of SCD and 
1017 controls

Prevalence rates of HIV was 0.6%, HBV was 6.1% and HCV was 1.6%. The highest 
prevalence was observed in the 20-29 age group for HCV, 30-39 age group for HBV 
infection and 40-49 age group for HIV infection

Shayo et al
[31], 2021

Cross-sectional 
multisite hospital-
based study

SCD patients ≥ 16 years Total 185 (56.9%) females and 140 males were tested. Out of the above participants, 6 
(1.8%) and 4 (1.2%) were having HIV and HBV infections respectively

Mawuli et al
[32], 2022

Cross-sectional 
hospital-based study

SCD patients ≤ 19 years 
to ≥ 50 years

Total 51 (36%) males and 90 (64%) females were tested. The 12 patients (9%) had 
prevalence of HCV antibodies among 141 SCD patients at Greater Accra Region of 
Ghana

HBV: Hepatitis B virus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; SCD: Sickle cell disease.

Figure 1 Historical management of sickle cell disease and viral infections. COVID-19: Coronavirus disease 2019; CRISPR-cas9: Clustered regularly 
interspaced short palindromic repeats; FDA: Food and Drug Administration; SCD: Sickle cell disease; VOC: Vaso-occlusive crisis.

for HBV and one for HCV while at the time of recruitment, viral infection prevalent in patients was 1% for HIV and HCV 
and 3% for HBV. A retrospective study in Oman from 2011 to 2017 showed 2.3% were positive for HBV surface antigen 
out of the 1000 patients records[30]. In 2021, Odaibo et al[27] conducted a case control study with 1017 cases and 1017 
controls, in which the overall prevalence of HIV was 0.6 %, HBV was 6.1% and HCV was 1.6%. Shayo et al[31] conducted 
a multisite cross-sectional study (from 2018 to 2019) in 185 females and 140 males, found 1.8% were infected with HIV, 
1.2% were infected with HBV and none were co-infected with HIV and HBV[31]. In 2022, Mawuli et al[32] did cross-
sectional study in Ghana, in which 51 males and 90 females (141 patients with SCD) were tested and 9% had HCV 
antibodies among 141 patients of SCD.

Respiratory viral infections
SCD was identified as one of the comorbid conditions among patients hospitalized during respiratory viral infections, as 
individuals with SCD are more susceptible to hypoxia and ACS[33]. The respiratory system is impacted by various RSV, 
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including influenza, rhinoviruses, human metapneumovirus, and parainfluenza, and severe acute respiratory syndrome 
coronavirus 2 leading to respiratory failure, which in turn causes ACS (Table 2)[34-43]. A study in London evaluated 2200 
children with SCD in 2009. This survey revealed that around 40 SCD children were diagnosed with influenza A (H1N1), 
with 50% of them required hospitalization and 25% developed ACS. Rate of hospitalization for these kids were notably 
larger as compared to common people 7%[34]. Another study suggested that individuals with hemoglobinopathies were 
approximately three times more likely to be hospitalized[44].

A study by Sadreameli et al[36] in SCD children < 18 years old found 64 children and 91 children infected with RSV 
and influenza respectively. They determined that RSV infection is frequently linked to ACS and is comparable in severity 
to influenza infection in children with SCD who have a fever. Another retrospective, case-control study by Rostad et al[37] 
in SCD children < 18 years old reveals the annual frequency of RSV infection in SCD children was 12.5 per 1000 person 
per year. The frequency of RSV infection was larger in SCD children < 5 years of age (34.3 cases per 1000 person per year) 
than that of SCD children > 5 years (3.8 cases per 1000 person per year). The yearly average hospitalization rate for RSV in 
SCD children under 5 years old was 20.7 per 1000 person per year, while for older children with SCD, it was 2.6 per 1000 
person per year[37].

Strouse et al[38] in 2010 did retrospective cohort study in children and young adult SCD patients suffered from 
influenza B and H1N1 in with SCD. They found that patients with H1N1 were generally elder, more likely to have 
asthma, more prone to develop acute ACS, and experienced more severe pain. Additionally, these patients more 
frequently required intensive care, along with increased use of blood transfusions and antiviral medications[38]. Similar 
study conducted by George et al[39] in 2011 in 48 patients with SCD having H1N1 were assessed. Out of these, 23 patients 
(48%) required hospitalization, with 10 cases being attributed to ACS. Those patients having ACS and asthma in past was 
linked to an increased hospitalization rate and an increased risk of emerging new ACS episode[39]. Colombatti et al[40] 
also carried out a retrospective study in 322 SCD patients from pediatric units of 11 hospitals, and analyzed data of 17 
patients with H1N1 infection. Half of these patients experienced ACS and flu-like symptoms along with VOC. 
Additionally, 41% received a blood transfusion because of low Hb levels, whereas 29% experienced erythrocytapheresis
[40].

In SCD, reduced immunity can result from functional asplenia and impaired complement activation. As a result, SCD 
patients are at greater risk of experiencing severe complications from coronavirus disease 2019 (COVID-19) infection[45]. 
A national real-time survey on COVID-19 in patients with hemoglobinopathies revealed that 166 cases were related to 
SCD. Out of these SCD patients, 127 patients (77.1%) were hospitalized, with 15 patients (11.7%) requiring mechanical 
ventilation[42]. Total 142 patients who completed treatment were examined later and found that 131 patients (92.2%) 
were recovered, while 11 patients were 8.4% passed away. The death rate in their study was 10.4%[42]. Singh et al[43] did 
a retrospective cohort study for comparison between SCD and sickle cell trait (SCT) people with COVID-19, and those 
deprived of these conditions. The findings showed that SCD people with COVID-19 had a greater likelihood of getting 
pneumonia, pain and hospital admission as compared to SCT and normal people. There were no notable differences in 
COVID-19 outcomes between the SCT and control group. This indicates that individuals with SCT have a distinct risk 
profile compared to those with homozygous SCD when impacted by COVID-19[43]. In other study, Minniti et al[35] 
examined 66 SCD patients suffered from COVID-19, including 9 children. Their research was able to distinguish between 
the traits of hospitalized and non-hospitalized patients. They found no variation in genotype of SCD or age amongst 
those who required hospitalization[35]. Haghpanah et al[41] did metanalysis on 120 available literatures and they showed 
that frequency of COVID-19 in SCD patients was higher (17.22 per 100000 person/day) than normal people (2.89 per 
100000 person/day). The death rate for COVID-19 among SCD patients was determined to be 1.07 per 1000 person-days. 
In comparison, the death rate for COVID-19 in the normal people of the assessed countries were 1.03 per 1000 person-
days up to June 15, 2020. Suggested reasons contributing to the severity and mortality of the disease include rapidly 
advancing ACS, pulmonary hypertension, and functional asplenia, which heighten the risk of severe sepsis from bacterial 
superinfection[41].

Pathophysiological mechanisms
HbS and sickling: Sickling, the change from a biconcave disc to the sickle form was dependent on deoxygenation was 
showed in 1927 by Hahn[46]. HbS has a replacement of valine for glutamic acid at the 6th place of the beta globin chain
[47]. This creates a hydrophobic region on the exterior of the protein structure, which adheres to the hydrophobic area of 
the adjacent Hb molecule's beta chain[48]. This interaction causes the molecules to cluster together, leading to HbS 
polymerization into rigid tubes, ultimately resulting in the sickling of RBCs when deoxygenated. Basic pathophysiology 
of SCD is directly related to polymerization of HbS. Important determinants of disease severity may be alterations in the 
RBC membrane due to structural damage from HbS polymerization or oxidative damage as a result of unstable HbS[16,
49]. HbS has an increased tendency to auto-oxidize and form methemoglobin, generating superoxide and losing heme
[50]. Sickled cells generate twice the normal quantity of potent oxidants superoxide, oxygen radical and peroxide. Iron 
present in different forms like denatured Hb, free heme, and nonheme iron is found to be bound to various sites in the 
sickled RBC membrane, that serves as a catalyst which leads to formation of extremely reactive hydroxyl radicals and 
oxidative damage to red cell membrane[51-53]. In the area of red cell membrane damage, the exposed phosphatidylserine 
activates the coagulation system, leading to hypercoagulation. Membrane damage also leads to increased influx of Ca2+ 
into cell and activating the ‘Gardos’ channel leading to efflux of potassium and chlorine[54]. In order to compensate the 
loss of potassium and chlorine, water exists from the cell and the cell becomes more acidic (influx of H+Cl-). Acidosis 
activates the K+Cl- co-transporter, thereby leading to further efflux of potassium and chlorine, more dehydration and 
further intracellular acidosis[55]. Due to some intravascular hemolysis as a result of RBC’s membrane damage, free Hb 
tetramer binds to plasma nitric oxide (NO), leading to depletion of plasma NO levels and vasoconstriction, which along 
with increased RBC rigidity and increased adherence to sickled RBCs to vessel walls, leads to decreased blood flow, 
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Table 2 Data from articles reporting respiratory viral infections in sickle cell disease patients

Ref. Type of study Participants Results

Inusa et al
[34], 2010

Survey from April 
2009 and August 
2009

Among the 2200 children with 
SCD, 21 cases of H1N1 were 
identified

Half of the patients were admitted to the hospital, and a 25% of them 
developed ACS

Sadreameli et 
al[36], 2014 

Laboratory 
confirmed cases of 
RSV from 1993 to 
2011

Total 64 SCD children < 18 years 
with RSV and 91 with seasonal 
influenza

All SCD children with RSV infection and the majority of those having influenza 
(89%, P = 0.006) were hospitalized. Mechanical ventilation was necessary in 
some RSV cases, but not in any influenza cases. The sole reported death 
occurred in a 15-year-old patient who had an RSV infection

Rostad et al
[37],2021

Retrospective, 
nested, case control 
study (2012 to 2019)

Total 160/2636 (6.1%) SCD 
patients < 18 years positive for 
RSV

The hospitalization rate due to RSV in children under five was 20.7 per 1000 
person-years. Children with RSV were significantly younger (3.8 years) than 
not having RSV (7.6 years) (P < 0.001). Among RSV infected children, 22 
children (13.8%) developed ACS, and nine (5.6%) required intensive care, with 
no significant difference compared to RSV negative children with SCD

Strouse et al
[38], 2010

Retrospective cohort Total 123 teenagers with SCD < 
22 years diagnosed with 
influenza B and H1N1

SCD patients having influenza were generally younger and had a lower 
likelihood of having asthma. In contrast, H1N1 patients more frequently 
experienced ACS, severe pain, and required intensive care. Treated with 
antiviral medications and transfusions (administered to 10% of H1N1 patients 
compared to 3% of those with influenza) (P = 0.045)

George et al
[39], 2011 

Retrospective chart 
review

Total 48 SCD children with 
H1N1

Most common diagnosed condition among SCD patients was ACS. There were 
no instances of mechanical ventilation or reported deaths. A prior occurrence of 
ACS was linked to a higher probability of hospital admission

Colombatti et 
al[40], 2011

Retrospective survey Total 17 SCD children < 17 
infected with H1N1

Total 8 patients (47%) experienced ACS; 8 patients (47%) had flu-like symptoms 
accompanied by vaso-occlusive crisis; and 1 patient (6%) had splenic sequest-
ration

Telfer et al
[42], 2020

Survey Total 166 SCD, 26 thalassemia, 
and 3 rare inherited anemia 
patients with confirmed COVID-
19

No patients needed mechanical ventilation. No report of death in this study

Singh et al
[43], 2021

Retrospective cohort Total 312 SCD and 312 SCT (trait) 
with COVID-19

SCD individuals had an increased risk of getting hospital admission compared 
to SCT. The fatality rate did not show a significant difference. No comparisons 
were made between adults and children

Minniti et al
[35], 2021

Cohort Total 66 SCD patients with 
COVID-19

Patients over 50 years old had elevated serum creatinine, lactate dehydro-
genase, and D-dimer are the risk factors for death, regardless of their genotype 
or gender. Of these patients, 75% needed hospitalization, and 10.6% passed 
away. No deaths occurred among children

Haghpanah et 
al[41], 2021

Systematic review 
and metanalysis

Total 48636 patients with 
hemoglobinopathies (b-thal and 
SCD)

In SCD patients, the rate of COVID-19 incidence is higher as compared to 
general population

ACS: Acute chest syndrome; COVID-19: Coronavirus disease 2019; H1N1: Influenza A; RSV: Respiratory syncytial virus; SCD: Sickle cell disease; SCT: 
Sickle cell trait.

hypoxia, vascular injury and localized damage to endothelial cells[56]. Endothelial damage further leads to expression of 
adherent proteins on its surface, thus increasing adherence of white and RBCs to the wall of the vessel. Endothelial injury 
with hypoxia leads to vascular injury and inflammation (acute and chronic), that ultimately leads to organ damage[8,57]. 
In each sjogren syndrome (SS) patient, there can be a unique environment like exposure to infections and unique genetic 
makeup like increase in fetal Hb, that can modify the severity and intensity of the disease making the clinical severity of 
SS disease extremely variable[12,16]. Complications associated with SCD arise from a mixture of hemolysis and vaso-
occlusion[58]. Recurring cycles of Hb polymerization and depolymerization leads to hemolysis, as sickled RBCs absorb 
and release oxygen in the bloodstream, resulting in their abnormality and reduced lifespan. Hemolysis can happen both 
in chronic conditions and during painful acute VOC, leading to the release of large quantities of free Hb into the 
bloodstream[59]. This free ferrous Hb is likely to significantly deplete NO, contributing to the aforementioned effects. 
Alongside hemolysis, periodic vascular occlusions cause tissue ischemia, which is a key factor in the disorder and 
ultimately leads to acute or chronic multi-organ dysfunction[1,2,56].

Mechanisms of viral infection-related exacerbation: Viral infections can significantly exacerbate the clinical manifest-
ations of SCD through several interconnected mechanisms. One of the primary ways this occurs is through the increase in 
hemolysis[60]. Sickle RBCs have an inherently shorter lifespan due to their abnormal shape and rigidity, which makes 
them more vulnerable to destruction by the reticuloendothelial system[47]. Viral infections, particularly those like PB 19, 
can exacerbate this process. PB 19 specifically targets erythroid progenitor cells in the bone marrow, which leads to the 
termination of erythropoiesis and triggering an aplastic crisis-a condition characterized by an impulsive drop in Hb levels 
and an acute exacerbation of anemia[61]. Viral protein named nonstructural protein 1 since is cytotoxic leads to apoptosis 
of cells having a lytic effect and arrests the cell cycle in G1/G2 and this prevents cell differentiation. This form of crisis is 
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particularly hazardous in SCD patients, whose baseline Hb levels are already reduced due to chronic hemolysis[61-63].
The endothelium in SCD patients is subjected to chronic stress due to the constant exposure to sickled RBCs and the 

oxidative damage they cause. Viral infections exacerbate this endothelial dysfunction by increasing the formation of 
reactive oxygen species (ROS)[64]. This not only amplifies the inflammatory response but also promotes a pro-coagulant 
state, increasing the risk of thrombosis and further contributing to vaso-occlusion[50,65]. Moreover, the scavenging of NO 
by free Hb released during RBC hemolysis is exacerbated during viral infections, leading to reduced NO bioavailability
[66]. Since NO is a critical vasodilator and inhibitor of platelet accumulation, its reduced levels contribute to vasocon-
striction, enhanced platelet activation, and increased likelihood of vaso-occlusive events[14,67]. Viral infections can also 
act as a catalyst for VOC by inducing an inflammatory condition, characterized by increased concentrations of cytokines 
like interleukin (IL)-6, tumor necrosis factor-alpha (TNF-α), and IL-1β[68]. These cytokines increase the expression of 
adhesion molecules including vascular cell adhesion molecule-1 (VCAM-1) and E-selectin on the endothelial surface, 
which subsequently promotes the attachment of sickled RBCs to the endothelium, exacerbating microvascular occlusion 
and leading to painful crises (Figure 2)[69]. Another severe condition that can be triggered by viral infections is ACS. ACS 
is one of the main reason for morbidity and mortality in SCD patients and is characterized by the occurrence of new 
pulmonary infiltrates, hypoxia, and chest pain[70]. Viral respiratory infections, such as those caused by influenza or 
respiratory RSV, can precipitate ACS by inducing inflammation in the pulmonary vasculature. This inflammation 
promotes further sickling of RBCs in the pulmonary microvasculature, causing obstruction of pulmonary capillaries, 
impaired gas exchange, and the clinical manifestation of ACS[71].

Viral infections causes over activation of Gardos Channels which leads to cellular dehydration and give rise to 
hemolysis of sickled RBCs. Concentration of free Hb increases due to hemolysis which scavenges NO and generates ROS. 
ROS causes endothelial dysfunction through hypercoagulation which give rise to vaso-occlusion and ischemia 
reperfusion injury. On the other hand, viral infections activates leucocytes and increases cytokine productions which 
generates ROS. Hypercoagulative state occurs by ROS and over expression of cell adhesion molecules like intercellular 
adhesion molecule-1, VCAM-1 and E selectin causes endothelial dysfunction which give rise to vaso-occlusion and this 
impaired blood rheology again causes inflammation which disturbs endothelial functioning and cycle repeats.

Immune system alterations in SCD: The immune system in SCD patients is intensely altered, contributing to both 
increased susceptibility to infections and a dysregulated response to these infections[13]. One of the most significant 
immune system alterations in SCD is the development of functional asplenia. The spleen plays a crucial role in filtering 
blood, removing aged or damaged RBCs, and mounting an immune response against encapsulated bacteria and certain 
viruses[72]. However, in SCD, recurring splenic infarctions due to vaso-occlusion lead to fibrosis and functional asplenia. 
As a result, persons with SCD have a markedly higher risk of infections caused by encapsulated organisms, such as 
Streptococcus pneumoniae, as well as certain viral infections[69,73]. SCD is also marked by a condition of chronic inflam-
mation, which profoundly affects immune system function[16]. This chronic inflammatory state is driven by the 
continuous expression of pro-inflammatory cytokines from activated leukocytes and endothelial cells. Over time, this 
persistent inflammation can lead to immune exhaustion, a condition in which immune cells become dysfunctional and 
less effective at combating infections[12]. In SCD, chronic inflammation alters the balance of immune cell populations, 
leading to a skewing of the T-cell compartment. Specifically, there is a reduction in regulatory T cells, which are 
important for sustaining immune tolerance, and an increase in pro-inflammatory T-helper cells, particularly Th1 and 
Th17 cells. This imbalance predisposes SCD patients to exaggerated immune responses during viral infections, 
contributing to increased tissue damage and complications such as VOC and ACS[8,72].

Monocyte and macrophage function is also altered in SCD. These cells perform an important role in phagocytosing 
pathogens and presenting antigens to T cells, thereby initiating and regulating immune responses[2]. In SCD, monocytes 
and macrophages often exhibit an activated phenotype, characterized by the overproduction of inflammatory cytokines 
such as TNF-α and IL-6. However, despite this hyperactivation, their phagocytic function is impaired, leading to 
ineffective clearance of pathogens and a propensity for chronic infection and inflammation[74]. Viral infections can 
further exacerbate this dysfunction, amplifying the inflammatory response and contributing to the clinical complications 
observed in SCD[75]. Additionally, the complement system, a key component of the innate immune response, is often 
dysregulated in SCD[76]. Hemolysis, a constant feature of SCD, can lead to the activation of the complement cascade, 
resulting in increased production of complement components that promote inflammation and tissue injury[77]. During 
viral infections, this dysregulation is exacerbated, leading to excessive complement activation and further contributing to 
the inflammatory milieu in SCD patients. This hyperactivation of the complement system can worsen the clinical course 
of viral infections, leading to severe complications such as ACS and multi-organ failure[78,79].

Clinical implications and challenges
Diagnosis challenges: VOC triggered by viral infections and those due to other causes.

Viral infections can exacerbate the underlying pathophysiology of SCD, leading to increased sickling of RBCs, 
endothelial activation, and inflammatory responses, ultimately promoting vaso-occlusion[12]. All the respiratory viruses 
can lead to severe complications in individuals with SCD. These complications can include ACS, aplastic crisis, splenic 
sequestration, and painful VOC. Viral respiratory pathogens facilitate the onset of ACS by triggering inflammation in the 
lungs, damaging the microvasculature of lung, increasing sensitivity in the airways, and disrupting the balance between 
air ventilation and blood perfusion[36,38,80,81]. Viral infections also exacerbate RBC sickling and promote adhesion to 
the pulmonary endothelium, contributing to microvascular occlusion and ACS. Also, viral infection-induced fever and 
systemic inflammation increase metabolic demands and oxygen consumption, promoting RBC sickling and vaso-
occlusion[82]. PB 19 triggers temporary aplastic crises in the majority of SCD patients, affecting their ability to produce 
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Figure 2 Mechanisms of viral infection-related exacerbation in sickle cell disease. Hb: Hemoglobin; IL: Interleukin; NO: Nitric oxide; RBCs: Red blood 
cells; ROS: Reactive oxygen species; TNF-α: Tumor necrosis factor-alpha.

RBCs by targeting erythroid progenitor cells[83]. This interruption in erythropoiesis causes profound anemia. 
Additionally, PB 19 has been linked to various complications in SCD such as ACS, spleen, and liver enlargement, bone 
marrow damage along with episodes of VOC[84]. Recent studies show COVID-19 infection can also trigger characteristic 
complications of SCD, like VOC and ACS[41].

Hypoxia or low oxygen levels in the blood can promote the sickling of RBCs and trigger vaso-occlusion. Conditions 
such as high altitude, polluted environment, or respiratory infections can exacerbate hypoxia and increases the 
occurrence of VOC in SCD patients. Cold exposure is also a common trigger for painful crises in people with SCD, partic-
ularly in regions with cold climates[9]. Exposure to cold temperatures can induce vasoconstriction and increase blood 
viscosity, promoting the adhesion of sickled RBCs to the endothelium and triggering VOC. Physical or emotional stress 
can also precipitate VOC in SCD patients[64,66,85]. Stress-induced activation of the sympathetic nervous system can 
promote vasoconstriction and increase blood viscosity, leading to the obstruction of blood flow by sickled RBCs[86].

Management complexities: Routine antiviral treatments play a crucial role in managing various viral infections in SCD 
patients. These patients are predominantly vulnerable to infections due to functional asplenia, impaired immune 
function, and alterations in the structure and function of their blood vessels[72]. Antiviral medications such as acyclovir, 
valacyclovir, and ganciclovir, are commonly used to prevent and treat viral infections such as herpes simplex virus, 
cytomegalovirus in SCD patients. These medications help to reduce the severity and duration of viral infections, thus 
preventing complications such as VOC and ACS which are major contributors to morbidity and mortality in people with 
SCD[87-89]. SCD patients with HIV are at increased risk of getting crises due to antiretroviral drugs therefore special 
attention should be given to SCD patients having HIV because antiretroviral drugs can initiate VOC due to changing of 
concentrations of various cytokines and cytokine receptors[90].

However, individuals with SCD often face immunocompromised states due to various factors including functional 
asplenia, decreased complement levels, and impaired splenic function. This immunocompromised state predisposes them 
to not only bacterial infections but also viral infections[11]. Moreover, the use of hydroxyurea, a commonly used medicine 
for the management of SCD, further complicates the immunocompromised state. Hydroxyurea works by increasing fetal 
Hb levels, lowering the frequency of VOC, and improving overall survival in SCD patients[91]. However, hydroxyurea 
therapy has been associated with myelosuppression, including leukopenia and thrombocytopenia, which can further 
compromise the immune system and increases the risk of getting infections, including viral infections. Therefore, careful 
monitoring and careful use of antiviral medications are essential in SCD patients receiving hydroxyurea therapy to 
balance the benefits of reducing VOC with risks of immunosuppression and infection[92,93].

In the context of SCD, it is essential to consider the potential interactions between routine antiviral treatments and 
other medications commonly used in the management of SCD. For instance, there is inadequate data on the potential 
interactions between antiviral medications and hydroxyurea in SCD patients. Some studies suggest that certain antiviral 
medications may interact with hydroxyurea and increase the risk of myelosuppression[94-96]. Therefore, close 
monitoring of hematologic parameters is recommended when these medications are co-administered. Additionally, 
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healthcare providers should consider the individual patient's clinical status, including their baseline hematologic 
parameters and risk factors for infection, when making decisions about antiviral therapy in SCD patients receiving 
hydroxyurea. Further research is required for better understanding of the interactions between antiviral medications and 
hydroxyurea in the context of SCD and to optimize therapeutic strategies for managing viral infections in this population.

THERAPEUTIC AND PREVENTIVE STRATEGIES
Vaccination protocols
Many research investigations have examined the effectiveness of vaccinations in people with recognizing their 
importance in this specific group of patients. A study by Bundy et al[97] stated that SCD children were getting hospital 
admission for influenza at a rate 56 times higher than those without SCD. Additionally, they are twice as likely to be 
hospitalized for influenza compared to children having cystic fibrosis[97]. Due to the significant risk of complications, the 
Centers for Disease Control and Prevention (CDC) has recommended annual influenza vaccinations for SCD patients 
since 1978. This recommendation is supported by various national guidelines and is recognized as a vital quality measure 
in sickle cell care[98,99].

Before penicillin prophylaxis became widespread, there were around 6 cases of pneumococcal disease per 100 patients 
in a year, peaking during initial three years of life[100,101]. The pneumococcal polysaccharide vaccine (PPSV) 
significantly decreases the chances of pneumococcal diseases in children who are getting daily penicillin prophylaxis. 
Though, it remains undefined whether prophylaxis would be continued into adulthood. Many pediatric hematologists 
suggest discontinuing penicillin prophylaxis at the age of 5[102,103]. The latest guidelines from the National Heart, Lung, 
and Blood Institute advise using oral penicillin at specific doses of 125 mg for children under three years, and 250 mg for 
those aged three years and above twice daily till the age of 5 in children with these guidelines also support stopping 
penicillin at age 5 if there is no past occurrence of pneumococcal diseases or surgical splenectomy, and if pneumococcal 
prophylaxis has been sufficient[104]. The introduction of the heptavalent pneumococcal conjugate vaccine (PCV)7 in the 
2000s resulted in a further 70% decline in invasive pneumococcal disease rates[105]. Recent research suggests that the 
PCV13 vaccine, announced in 2010, has continued to decrease the frequency of severe pneumococcal illness[106,107]. It is 
now standard practice to start daily prophylactic penicillin by 2 months old and complete both PCV13 and PCV23 
vaccine series by the age of 5 years before stopping penicillin. While some centers advise boosters of PCV in every five 
years, although it is not supported by evidence-based guidelines[108]. SCD patients 19 years old who have not yet been 
vaccinated with PCV13 or PPSV23 should get one shot of PCV13 initially, then a dose of PPSV23 at least eight weeks later. 
It is recommended to administer a second dose of PPSV23 5 years after the initial dose[105].

One study suggests that SCD patients might experience a slightly lower response to the hepatitis B vaccine, with a 
seroconversion rate of 89% compared to 97% in the normal people. This situation showed potential for improvement 
through an additional booster dose, indicating the potential benefits of assessing hepatitis B surface antibody levels after 
vaccination to determine effectiveness. Nonetheless, it remains an effective strategy for preventing infection, as 89% of 
patients attained immunity[109]. The vaccination plan endorsed by both the Sickle Cell Society and cited by National 
Institute for Health and Clinical Excellence suggests receiving all standard childhood vaccinations alongside additional 
ones. This includes yearly influenza shots, pneumococcal vaccines every five years, and a single dose each of 
haemophilus influenza type B and HBV vaccines, as outlined in Figure 3. These immunizations are straightforward 
measures that can decrease infection rates, thereby reducing the likelihood of severe complications like ACS[110,111]. 
Studies indicate that patients with SCD who get COVID-19 are prone to encountering severe symptoms, needing hospital 
care, and facing a greater risk of mortality compared to the general population[112-114]. The COVID-19 vaccines from 
different companies have been rigorously tested and shown to be both safe and effective in preventing severe illness, 
hospitalizations, and fatalities related to COVID-19 in the broader population. Consequently, CDC have selected SCD 
patients as a priority group for COVID-19 vaccination[115,116]. However, a recent study on COVID-19 vaccinations on 
SCD patients by Aldali et al[117] revealed that alanine aminotransferase, aspartate aminotransferase, and C-reactive 
protein levels were significantly increased after taking COVID-19 vaccines, however, they did not show any mechanism 
behind it. Another study also reported that three individuals with SCD encountered VOC within six days after receiving 
the COVID-19 vaccine[118]. This discovery raises concerns regarding the safety of COVID-19 vaccines for these people.

Antiviral treatments
SCD patients are susceptible to a range of viral infections due to their compromised immune function and increased risk 
of complications such as VOC and ACS. Respiratory viral infections are most common in these patients and can impact 
both the upper and lower respiratory systems. Various syncytial viruses, including influenza, rhinoviruses, human 
metapneumo, and para-influenza, impact the respiratory system, which can trigger ACS or even lead to respiratory 
failure. These infections can lead to significant morbidity and mortality if not properly managed[13,87]. Studies 
recommend the use of ribavirin (RBV) and oseltamivir on SCD patients with a suspicion of ACS with respiratory viral 
infections although their effectiveness in this population is not well-established[81,119]. PB 19 can cause severe anemia, 
aplastic crisis, and ACS in SCD patients. Treatment options for PB 19 include supportive care with blood transfusions 
and, in some cases, intravenous immunoglobulin therapy[84]. Around 10% to 20% of SCD patients experience ongoing 
HCV infection because of persistent sickling of RBCs and frequent blood transfusions to manage SCD, patients with HCV 
are also prone to significant iron overload and hemosiderosis, increasing the risk of liver-related health issues and 
potential mortality[120]. However, previous treatment for HCV in people with SCD has been greatly restricted due to 
concerns about RBV causing hemolytic anemia and interferon leading to flu-like symptoms, depression, and cytopenias
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Figure 3 Treatments and prophylaxis for viral infections in sickle cell disease. COVID-19: Coronavirus disease 2019; IG: Immunoglobulin; SARS-CoV 
2: Severe acute respiratory syndrome-coronavirus 2.

[121-124]. Recent study by Moon et al[125] demonstrated the safety and effectiveness of a 12-week fixed-dose combination 
of ledipasvir and sofosbuvir in patients with SCD infected with HCV. Also, they concluded that treating HCV infection in 
these patients, especially those with hepatic iron overload, should prioritize interferon-free regimens and RBV-free 
regimens[125]. However, there are some case reports which show HCV infection in individuals with SCD was effectively 
treated. In one of these case reports, patients were pretreated with hydroxyurea to prevent hemolysis, followed by 
standard interferon and RBV therapy[126,127]. There is a strong likelihood of comorbid conditions in the same 
population, even though SCD appears to lower the risk of contracting HIV. Antiretroviral drugs like zidovudine, 
lamivudine and didanosine were used for SCD patients with HIV but with special attention (Figure 3)[90,128].

While antiviral medications can be effective in treating viral infections in SCD patients, they also carry potential risks 
and limitations of some treatment regimens as stated above. One significant risk is the development of drug resistance, 
particularly in immunocompromised people such as those with SCD. Prolonged or inappropriate use of antiviral 
medications can lead to the emergence of resistant viral strains, making subsequent treatment challenging. Also, there is 
an increase in hepatic inflammation due to increased hepatic iron deposition in patients with chronic hepatitis C, and it 
has been associated with resistance to interferon/RBV treatment[129]. Therefore, consideration of liver iron concentration 
before initiation of antiviral therapies in SCD patients and its depletion by chelation is essential. Additionally, antiviral 
medications may have adverse effects such as nephrotoxicity, hepatotoxicity, and bone marrow suppression, which can 
be particularly concerning in SCD patients who already have underlying organ damage and hematologic abnormalities
[90,96,122,124]. Therefore, careful monitoring of patients receiving antiviral therapy is essential to detect and manage any 
adverse effects on time.

Role of hydroxyurea
Hydroxyurea effectively manages the complications associated with SCD, decreasing the occurrence of VOC, hospital 
stays, and the need for blood transfusions[93]. It inhibits cell division by inhibiting ribonucleotide reductase, which 
prevents the formation of deoxyribonucleotides, the essential components of DNA. Hydroxyurea primarily targets 
rapidly dividing cells. Its mechanism of action is believed to involve boosting the synthesis of fetal HbF, particularly by 
increasing gamma-globin production[130]. Hydroxyurea treatment is widely accepted and greatly beneficial for patients 
with SCD. It reduces the occurrence and intensity of painful episodes, lowers white blood cell (WBC) and platelet counts, 
as well as levels of total and direct bilirubin and lactate dehydrogenase in the blood. Simultaneously, it can lead to weight 
gain, increased hematocrit levels, and mean corpuscular volume, potentially resulting in prolonged survival for these 
individuals, with no significant difference observed compared to their levels before treatment[91,130,131].

In viral hepatitis, the continuous damage caused by sickled cells on the capillary endothelium might be exacerbated by 
the immune system of patients, particularly through the actions of WBCs and platelets (PLTs)[120]. Therefore, controlling 
the excessive proliferation of WBCs and PLTs may potentially reduce endothelial damage-induced tissue ischemia and 
infarctions throughout the body[28,32]. It has also been observed that lower neutrophil counts are linked with fewer crisis 
episodes, and in the event of tissue infarction, lower neutrophil counts might mitigate the severity of pain and extent of 
tissue injury. Conversely, the levels of final fetal HbF in patients using hydroxyurea did not show significant differences 
compared to their levels before treatment[132,133]. A recent study presents experimental findings demonstrating that 
hydroxyurea inhibits PB 19V replication in two key cellular model systems, UT7/EpoS1, and Extra-pair copulations. 
Hydroxyurea showed effectiveness against B 19V without causing any harmful effects at concentrations similar to those 
found in the plasma of SCD patients receiving hydroxyurea therapy. These results are significant for considering 
hydroxyurea as a treatment option for diseases caused by B 19V[134].
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LIMITATION
Many studies on use of antiviral drugs in SCD are limited by small sample sizes, reducing the statistical power of their 
findings and making it challenging to generalize results across broader populations. Additionally, the geographic distri-
bution of these studies often limits their applicability, as most research has been conducted in high-resource settings, with 
limited data from low and middle-income countries where SCD prevalence and viral infection risks are highest. 
Recognizing these limitations encourages future research to adopt larger, more geographically diverse study designs, 
ideally encompassing multiple regions with high SCD prevalence, to ensure findings that are relevant and widely 
applicable.

FUTURE DIRECTION
SCD is marked by diverse clinical manifestations, influenced by genetic variations and immune dysfunctions that affect 
how each patient responds to infections. Identifying biomarkers that could predict higher risks of severe viral complic-
ations in SCD patients would allow for a more personalized approach to therapy. For instance, certain genetic 
polymorphisms, immune system markers, or levels of specific cytokines may correlate with increased susceptibility or 
severity of viral infections in SCD. These findings could enable clinicians to categorize SCD patients into risk groups and 
apply targeted, prophylactic antiviral therapies only to those who are most vulnerable, thus avoiding unnecessary 
treatment and reducing healthcare costs. In light of recent advancements in understanding SCD and its susceptibility to 
viral infections, future research should prioritize clinical trials to assess antiviral prophylactic strategies specifically 
designed for SCD populations, particularly in regions with high infectious disease burdens. These studies are crucial, 
given the elevated risk of infection-related morbidity and mortality in SCD patients. Such trials could provide essential 
data on the effectiveness, safety, and dosage optimization of antiviral drugs to prevent viral infections in these patients, 
thus directly impacting clinical practices. In addition to examining the effectiveness of current antiviral prophylaxes, 
exploring novel antiviral agents that work synergistically with hydroxyurea is a promising approach. Hydroxyurea has 
demonstrated benefits in reducing pain episodes and transfusion needs in SCD patients, yet its immunosuppressive 
effects can heighten susceptibility to viral infections. Novel antiviral agents designed to function alongside hydroxyurea, 
potentially enhancing its therapeutic benefits without amplifying side effects, represent a strategic approach that could 
transform SCD patient care. Many regions with high SCD prevalence face considerable healthcare limitations, and viral 
infections remain a major source of complications due to restricted access to prophylactic and therapeutic interventions. 
Future studies should explore how socio-economic barriers, such as lack of healthcare infrastructure, financial constraints, 
and limited availability of antiviral drugs, affect SCD outcomes and develop strategies to bridge these gaps.

CONCLUSION
The comprehensive exploration of how SCD impairs immune function, particularly in relation to viral pathogens, lays the 
foundation for understanding why antiviral prophylaxis could be pivotal. For instance, immune system dysfunctions 
such as impaired antibody response, complement deficiencies, and compromised phagocytic function in SCD patients 
increase their vulnerability to severe viral outcomes. The integration of antiviral therapies in SCD management 
introduces a promising avenue that could transform current treatment protocols. While SCD treatments traditionally 
focus on managing vaso-occlusive episodes, hemolysis, and other complications, the susceptibility of SCD patients to 
severe viral infections has underscored an urgent need for targeted antiviral interventions. SCD patients’ immunode-
ficient status, exacerbated by both genetic and disease-related factors, predisposes them to a higher risk of viral infections, 
which can amplify disease severity, leading to increased hospitalizations, morbidity, and mortality. Consequently, 
addressing viral infections in SCD goes beyond standard SCD care and necessitates a novel, proactive approach in 
antiviral prophylaxis and therapy. This review fills crucial knowledge gaps by synthesizing data on the pathophy-
siological interplay between viral infections and SCD, and further, it emphasizes how antiviral drugs and prophylactic 
strategies specifically challenge the existing treatment paradigm, focusing on infection prevention and mitigation rather 
than solely managing acute complications.
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