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Purpose: To assess clinical and haematological outcomes of Hydroxyurea accessed via various access means and uncover the barriers
to its utilization in children with Sickle cell anaemia (SCA), North-western Tanzania.

Patients and Methods: A retrospective study was conducted between October 2020 and April 2021 at Bugando Medical Centre
(BMC) through review of medical files to compare the clinical and haematological outcomes among children with SCA at baseline and
followed up retrospectively for at least one year of hydroxyurea utilization, accessed via cash, insurance and projects. Subsequently,
a cross-sectional survey was conducted among parents and caregivers to ascertain the barriers to access of hydroxyurea via the various
means. The p-values <0.05 were considered statistically significant.

Results: We identified 87 children with SCA who were on hydroxyurea for at least one year. The median age at baseline (before
hydroxyurea) was 99 [78-151] months, and 52/87 (59.8%) were male. Compared to baseline, there was a significant reduction in
proportion of patients reporting vaso-occlusive crisis, admissions and blood transfusions, a significant increase in Haemoglobin and
mean corpuscular volume, conversely a significant reduction in absolute neutrophil and reticulocytes to both insurance and project
participants. There was no significant change in most of these parameters among patients who accessed hydroxyurea via cash. Further,
a total of 24/87 (27.6%) participants reported different barriers to access of hydroxyurea, where 10/24 (41.7%) reported hydroxyurea to
be very expensive, 10/24 (41.7%) reported insurance challenges, and 4/21 (16.6%) reported unavailability of the drug.
Conclusion: The paediatric patients utilizing hydroxyurea accessed via insurance and projects, but not cash, experienced significant
improvement in the clinical and haematological outcomes. Several barriers for access to hydroxyurea were observed which appeared to
impact these outcomes. These findings call for concerted efforts to improve the sustainable access to hydroxyurea among all patients with SCA.
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Introduction

Sickle cell anaemia (SCA) is the most common genetic disorder of the red blood cells (RBCs) characterized by a single
base mutation on the 6th codon of the B globin gene, resulting in substitution of amino acid valine for glutamic acid.’
This change causes the RBCs to change to a sickle shape under hypoxic conditions due to polymerization of the
haemoglobin molecules,'> which is the cause for the multitude of complications in SCA such as cerebro-vascular
accidents, vaso-occlusive crisis (VOC), acute chest syndrome, spleen sequestration and end organ damage.’
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Worldwide, Tanzania ranks fourth among countries with the highest annual births of individuals with SCA.* The high
disease burden is mostly seen in regions along the Lake Victoria zone of the country.*® Subsequently, an overwhelming
number of patients with a myriad of SCA-related complications attend at the Bugando Medical Centre (BMC), the zonal
tertiary referral hospital.’”

Hydroxyurea is the first disease modifying agent to be approved for use in SCA.® It does so by inducing foetal haemoglobin
(HbF) production, decreasing intracellular sickle haemoglobin (HbS) polymerization within RBCs, decreasing RBCs adhe-
sion to endothelium,” and increasing release of the potent vasodilator nitric oxide.” The use of hydroxyurea has been shown to
reduce the frequency of pain crisis, acute chest syndrome and blood transfusions in patients with SCA.” The overall safety and
benefits of hydroxyurea have been demonstrated in diverse SCA populations, including children with SCA in sub-Saharan
Africa (SSA).'®'2 These benefits however depend of sustained exposure to the medication.'* The use of hydroxyurea in SCA
is recommended from as early as 9 months of age and should generally be continued throughout life.'*

While the use of hydroxyurea is common in the developed countries, most patients with SCA in SSA are not able to
access the medication. In this setting, several challenges have been reported spanning from the introduction of
hydroxyurea to utilisation by the patients. These challenges include bottlenecks in registration of hydroxyurea as
a drug for patients with SCA, shortage of healthcare workers, high costs of the medication and misconceptions regarding
use of hydroxyurea for SCA among patients, caregivers and prescribers.">™'7 In order to improve the utilisation of
hydroxyurea among patients with SCA in SSA, it is imperative to ensure that the drug is available and affordable to all in
need and that healthcare workers caring for patients with SCA have proper training on prescription of hydroxyurea.'*>'°

Along the shores of Lake Victoria, hydroxyurea is obtained either through self-purchase out-of-pocket, health insurance
services, different donations by private/non-governmental organizations or through research projects. This applies to most
other parts of the country as well since there is currently no universal health insurance policy. All these means of access pose
different challenges with regard to eligibility and therefore number of patients that can be accommodated, age at initiation
of access to hydroxyurea, and continuity of access to the drug. Since the goal is to ensure as many patients as possible are
initiated on hydroxyurea early on and continue to take the medication for life with minimal interruptions, it is imperative to
evaluate the clinical effects and challenges associated with the use of hydroxyurea accessed via the different means.

The present study therefore evaluated the clinical and haematological outcomes and barriers for access to hydro-
xyurea via cash, insurance and projects among paediatric SCA patients attended at the BMC in Mwanza, Tanzania.
Insights from this study will inform policy on the best way or combination of ways towards achieving universal and
optimal access to hydroxyurea among patients with SCA as the standard of care in Tanzania and other countries in the
developing world.

Materials and Methods

Study Area

This study was conducted at the department of paediatrics and child health of the BMC in Tanzania. BMC is a 900-bed
consultant and teaching hospital located along the shores of Lake Victoria in Mwanza region, and serves as the tertiary
referral hospital for the Lake Victoria and Western zones of the United Republic of Tanzania. It has a catchment area of
eight regions including Mwanza, Geita, Kigoma, Kagera, Mara, Shinyanga, Simiyu and Tabora, serving an estimated
population of 16 million people. The department of peadiatrics and child health has a capacity of 128 beds. The
department is subdivided into inpatient and outpatient sections. From January 2020 to June 2020, a total of 300 children
were admitted with SCA-related complications. Paediatric SCA clinic at BMC serves 80 patients per week aged 6
months to 12 years. Majority of children with SCA seen at the clinic are diagnosed with sickling test or sickle SCAN
point-of-care test (Biomedomics Inc., USA) and confirmed by haemoglobin electrophoresis (HbE), Isoelectric focusing
(IEF) or high performance liquid chromatography (HPLC). Routine care for patients with SCA include folic acid and Pen
V (available to all patients) and also hydroxyurea if available through projects or if the parents can afford to subscribe to
health insurance or purchase the drug out-of-pocket. During the study period, approximately 80% of all patients with
SCA seen at BMC were children, and only about 26% of them were on hydroxyurea.
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Study Design

The study was conducted between October 2020 and April 2021. The first part of the study involved retrospective evaluation
of the medical files of paediatric patients with SCA who attended at the hospital between June 2019 and October 2020 to
ascertain who were on hydroxyurea, duration on the drug, and outcomes/parameters extracted from the patients’ medical files
prior initiation of hydroxyurea. After written informed consent was obtained from the parents or guardians, and assent from
children where appropriate, patients who were on hydroxyurea for a least one year were enrolled into a cross-sectional survey
to ascertain the clinical outcomes after hydroxyurea initiation, means of access (16 patients-cash, 43 patients-insurance or 28
patients- projects) and barriers to access of hydroxyurea. Demographic and clinical information as well as information on
hydroxyurea access was collected using a standardized questionnaire. A venous blood sample was then collected for
assessment of the complete blood count (CBC), reticulocyte count and HbF at the time of enrolment.

Ethical Issues

Ethical clearance for the research proposal was sought from the joint Bugando Medical Centre and Catholic University of
Health and Allied Sciences (BMC/CUHAS) ethics and review committee with a certificate number CREC/437/2020.
Furthermore, written informed consent was obtained from the parents of children with SCA who participated in the study
after they clearly understood the objectives of the study which was presented using the information sheet and consent form.
Assent was sought for children above the age of 10 years. The informed consent forms were then stored safely together with
the data collection forms in a safe location. All activities performed in this study comply with the Declaration of Helsinki.

Laboratory Methods

Two millilitres (mls) of peripheral venous blood were collected in ethylene-diamine-tetra-acetic acid (EDTA) tubes from
all children on hydroxyurea for at least one year at the time of enrolment into the cross-sectional survey. A complete
blood count with reticulocyte count was performed using the Cell-Dyn 3700 Haematology Analyzer (Abbott Diagnostics,
Lake Bluff, IL, USA). The identification of HbA, HbS, HbF and other haemoglobin variants was done using HbE (Biotec
Fisher Filipo) or IEF (GE Healthcare Bio Sciences AB, Bjorktan 30,751 84 Uppsala Sweden). The identification and
quantification of HbA, HbS, HbF and other variants was done using high-performance liquid chromatography (HPLC)
using the Variant I Haemoglobin Testing System (Bio-Rad, Laboratories, Inc., Hercules, CA, USA). Patients with HbS
and no detectable HbA were considered to have SCA. Patients with HbS and low levels of detectable HbA on HPLC or
light HbA band on HbE/IEF were considered to have sickle beta plus thalassemia (HbSp+ thal) and were excluded from
the study. All tests were performed under the experimental conditions specified by the manufacturers.

Data Analysis

Data was entered into Microsoft excel database and analyzed by using STATA version 16 (Stata Corp, College Station,
Texas, USA). Descriptive statistics were summarized in frequencies and proportions (percent) (for categorical variables),
means with standard deviations or medians and interquartile ranges (for continuous variables, depending on distribution),
and were presented in tables and figures. The prevalence of clinical outcomes (VOC, admissions, blood transfusion) were
compared before and after hydroxyurea initiation using two-sample test of proportions. Haematological outcomes (Hb,
MCYV and ANC) before and after hydroxyurea initiation were compared using Wilcoxon matched-pairs signed-ranks test
for continuous variables. P-values of <0.05 were considered statistically significant.

Results

Enrolment

From October 2020 to April 2021, a total of 132 children with SCA were screened for eligibility. Of these, 87 children
were on hydroxyurea for more than one year. Past medical history and medical files were reviewed. The median age of
patients prior to hydroxyurea initiation was 99 [78—151] months and the median duration on hydroxyurea was 22.6
[16.6-37.2] months at study enrolment. From the 87 participants, 16/87 (18.4%) were accessing hydroxyurea through
cash, 43/87 (49.4%) through health insurance coverage, and 28/87 (32.2%) through projects (Figure 1).
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132 Children with SCA
on Hydroxyurea when
screened

44 — On hydroxyurea < 1 year
1 - Declined participation

87 Children with SCA on
Hydroxyurea = 1 year

! |}
Duration before hydroxyurea Duration on hydroxyurea
Median 99 [78 — 151] Median 22.6 [16.6 —37.2]
16 Participants 43 Participants 28 Participants
accessing Hydroxyurea accessing Hydroxyurea accessing Hydroxyurea
through Cash through Insurances through Projects

Figure | Enrolment flowchart of sickle cell anaemia participant on Hydroxyurea from October 2020 to April 2021.

Baseline History and Clinical Characteristics of 87 Children with SCA on
Hydroxyurea for at Least One Year

The median age at enrolment in the cross-sectional survey for the 87 children with SCA patients prior to hydroxyurea
initiation was 99 [78—151] months and the median duration on hydroxyurea was 22.6 [16.6-37.2] months at study
enrolment, 52/87 (59.8%) were male. Majority of the children were from Mwanza region 66/87 (75.6%). Almost all
children reported different complications encountered before initiation on hydroxyurea. Majority of participants had
reported to have had malaria 76/87 (87.4%) and 55/87 (63.2%) had acute severe pulmonary event (acute chest syndrome
or pneumonia). Stroke was reported by 22/87 (25.3%) participants (Table 1).

Table | Baseline Characteristics of Sickle Cell Anaemia (SCA) Participants

Variable n (Median/%)

A: Personal characteristics

Age in months (median) 99 [78-151]

Sex Female 35 (40.2)

School grade Secondary 12 (13.8)
Primary 55 (63.2)

Not studying currently | 20 (23.0)

Tribe Sukuma 21 (24.1)
Kurya 18 (20.7)
Others 48 (55.2)
Region Mwanza 66 (75.8)
Mara 10 (11.5)
Other 12 (12.7)
(Continued)
40 https: Journal of Blood Medicine 2023:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Ambrose et al

Table | (Continued).

Variable n (Median/%)
Malaria history Yes 76 (87.4)
Dactylitis Yes 60 (69.0)
Splenic sequestration Yes 43 (49.4)
Acute Chest Syndrome Yes 55 (63.2)
Vaso Occlusive Crisis Yes 86 (98.9)
Sepsis Yes 78 (89.6)
Stroke Yes 22 (25.3)
Hospitalization <5 29 (23.3)
6-10 10 (11.5)
>10 43 (494)
Lifetime Blood Transfusion <5 45 (51.7)
6-10 12 (13.8)
>10 20 (22.9)
How Hydroxyurea is obtained Cash 16 (18.4)
Insurance 43 (49.4)
Ongoing Projects 28 (32.2)
Pallor Present 44 (50.6)
Icterus Present 38 (43.7)
Nails Abnormal 4 (4.6)
Spleen Palpated 11 (12.6)
Splenectomy 3 (3.5)
B: Family characteristics
Primary caregiver Father and mother 72 (82.8)
Single parent 10 (11.4)
Other 5(58)
Occupation of the primary caregiver | Employed 40 (46.0)
Never employed 47 (54.0)
Siblings living with SCA One 50 (57.5)
Two 30 (34.5)
Three 7 (8.0)
Siblings who have died of SCA One 10 (86.2)
Two 2 (23)
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Clinical and Haematological Outcomes of Hydroxyurea Usage by Means of Access
With regard to hydroxyurea access means (insurance, cash or projects), the median duration on hydroxyurea was 26.7
[18.9-38.7] months, 22.9 [16.5-42.2] months and 19.7 [14.6-25.4] months for insurance coverage, cash and projects,
respectively.

Following hydroxyurea utilization, there was improvement of children’s clinical outcomes with significant reduction in the
proportions of patients reporting vaso occlusive crisis, P=<0.0001 in insurance group, hospital admissions (P = 0.002, <0.0001
and 0.01, in cash, insurance and Project) and blood transfusions (P =0.002, <0.0001 and <0.0001, in cash, insurance and Project)
(Figure 2 and Table 2). Furthermore, the use of hydroxyurea was associated with significant improvement of haemoglobin (Hb)
and mean corpuscular volume (MCV), as well as reduction of absolute neutrophil count (ANC) and reticulocytes among patients
in the insurance and projects groups. The median Hb and MCV increased by 1.1g/dl and 7.3 um®, respectively, among patients in
the insurance group, and by 1.2g/dl and 7.4 um®, respectively, among patients in the projects group, which was statistically
significant (Table 2). Conversely, the mean ANC and percentage reticulocytes decreased by 0.8 x 10%/L and 5.7%, respectively,
among patients in the insurance group, and by 1.1 x 10%/L and 6.3%, respectively, among patients in the projects group (Table 2).
The changes in these parameters however did not reach statistical significance for patients who accessed hydroxyurea through
cash (Table 2). The trends in Hb, MCV, ANC and reticulocytes by means of hydroxyurea access are depicted in Figure 3.

Barriers to Hydroxyurea Access

Participants faced different barriers in accessing Hydroxyurea. These barriers were exclusively reported by patients in the
cash group (14% of patients) and insurance group (10% of patients; Figure 4). The reported barriers included drug
unavailability in pharmacies, long distance to travel to get hydroxyurea due to unavailability in districts hospitals and
also high cost of hydroxyurea that made it hard for patients in the cash group to adhere to everyday dose. For patients in
the insurance group, inadequate coverage of hydroxyurea in the insurance plans and unavailability of hydroxyurea in
some hospitals were the main challenges reported (Figure 4).
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Figure 2 Reported clinical presentations at baseline and one year of Hydroxyurea.
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Table 2 Haematological Outcomes of 87 Children with Sickle Cell Anaemia on Hydroxyurea

Parameter Baseline (Before After Hydroxyurea Initiation (at | P-value
Hydroxyurea) Enrolment)
Clinical outcomes
Vaso occlusive crisis (%)
- Cash 16 (100.0%) 0 (0.0%) -
- Insurance 43 (100.0%) 1 (2.3%) < 0.0001
- Projects 28 (100.0%) 0 (0.0%) -
Admissions (%)
- Cash 16 (100.0%) 1 (6.3%) 0.001
- Insurance 42 (95.3%) | (4.6%) <0.0001
- Projects 28 (100.0%) 2 (4.6%) 0.001
Blood transfusion (%)
- Cash 15 (93.7%) 4 (26.7%) 0.002
- Insurance 42 (81.4%) 8 (18.6%) <0.0001
- Projects 27 (96.4%) I (3.6%) 0.001
Haematological outcomes
Haemoglobin g/dl (median [IQR])
- Cash 7.7 [6.7-8.2] 7.8 [7.5—8.1] 0.4076
- Insurance 7.1 [5.9-8.6] 8.2 [7.4—8.9] 0.0021
- Projects 7.0 [6.2— 8.4] 82 [7.1—9.3] 0.0081
MCV um?(median [IQR])
- Cash 79.8 [75.0-88.9] 87.7 [81.3-93.3] 0.1086
- Insurance 80.2 [74.3-84.6] 87.5 [82.7-94.9] 0.0005
- Projects 79.2 [75.9-89.2] 86.6 [80.1-94.9] 0.0162
ANC 10°/L (mean+/-SD)
- Cash 5.0 [3.8-84] 48 [2.6-11.1] 0.2771
- Insurance 5.3 [3.2-8.6] 4.5 [2.9-5.9] 0.0340
- Projects 5.2 [3.5-7.2] 4.1 [2.5-6.1] 0.0071
Reticulocytes % (mean+/-SD)
- Cash 19.8[15.9—28.8] 9.1[6.9—13.7] 0.0732
- Insurance 18.0[14.1—20.7] 12.3[8.0—16.3] <0.0001
- Projects 18.0[16.1—29.5] 11.7[8.2—16.3] 0.0001

Note: The bolded P values shows the clinical and haematological outcomes that improved after one year use of hydroxyurea.
Abbreviations: Hb, Haemoglobin; MCV, Mean Corpuscular Volume; ANC, Absolute Neutrophil count.
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Baseline 9mo pre 6mo pre 3mopre Enrolment Baseline 9mopre 6mopre 3mopre Enrolment
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A e CASH e INSURANCE PROJECT B e CASH e INSURANCE s PROJECT
109/ ANC % RETICULOCYTES
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6.00
5.50 10.00
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3.50 . Baseline 9mopre 6mopre 3mopre Enrolment
Baseline 9mo pre 6mo pre 3mopre Enrolment enrolment enrolment enrolment
C enrolment enrolment enrolment D
s CASH s INSURANCE e PROJECT e CASH e INSURANCE s PROJECT

Figure 3 Showing the trend of haematological parameters ((A) Haemoglobin, (B) MCV, (C) ANC and (D) reticulocytes) to participants at baseline (before Hydroxyurea) to
the time of Enrolment.

Discussion

Understanding the barriers for access to hydroxyurea once initiated is critical in ensuring sustainability of its clinical
benefits. Here, we show that patients who accessed hydroxyurea via cash experienced the most challenges in getting the
drug and subsequently the least haematological benefits from the drug. To the best of our knowledge, our study is one of
the first to investigate the clinical and haematological benefits of hydroxyurea across various access means (cash,
insurance, projects), and contributes to emerging literature on this subject. The major strength of our study is the use
of two-way review (pre-hydroxyurea and post-hydroxyurea) following more than six months of use of hydroxyurea to
determine its clinical and haematologic benefits in our participants.

Clinical Outcome of Hydroxyurea Usage

Our study reported significant improvement of clinical outcomes in paediatric patients with SCA on hydroxyurea,
including reduction of admissions and reduction on vaso-occlusive events, which is similar to what has been reported
in other studies.””'* Importantly, these benefits have also been observed among children with SCA in sub-Saharan Africa.
The REACH trial in sub-Saharan Africa showed clearly that the use of hydroxyurea in children had significantly reduced
SCA-associated complications, blood transfusion needs and hospital admissions.'' Similarly, the NORHAM study in
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Figure 4 Barriers to Hydroxyurea access to 87 sickle cell anaemia participants on Hydroxyurea from October 2020 to April 2021.

Uganda showed decrement of vaso-occlusive crisis in children with SCA.'? Given the mounting evidence of the clinical
benefits of hydroxyurea in sub-Saharan Africa, it is high time to invest in scaling up its availability in the region with the
aim to reach most if not all patients with SCA. Such roll-out will have the added advantage of facilitating cohort studies
to investigate the long-term effects of hydroxyurea use in the sub-Saharan Africa settings.

Haematological Outcome of Hydroxyurea Usage by Means of Access

Dramatic improvement of laboratory values was observed in this study with increment of haemoglobin and MCV, as well
as decrement of ANC and reticulocytes. Similar improvements in laboratory parameters have also been reported among
children with SCA in Africa,'® including recently by the REACH study.!' Nahavandi et al and Cokic et al showed that
the beneficial effects of hydroxyurea in patient with SCA were mediated via induction of NO, cGMP, and HbF.'**
Besides the increase in Hb and HbF, the changes in haematological parameters induced by hydroxyurea have various
additional benefits to the patients. The reduction in reticulocyte count is thought to improve overall erythrocytes
deformability and hence significantly reduce blood viscosity.?' Further, the reduction in chronic inflammation medicated
by hydroxyurea also presents a major therapeutic benefit.**

Between the three groups, we observed that those who used cash to access hydroxyurea did not experience significant
changes in all the haematological parameters studied. The same group also reported inconsistent use of the drug due to
financial constraints. The sub-optimal dosing of hydroxyurea that ensued likely explains the lack of haematological
benefits in this group and brings to attention issues related to long-term sustainability of access to hydroxyurea,
especially among the majority of patients with SCD who live in resource limited settings in sub-Saharan Africa.

Barriers to Hydroxyurea Access
Our study pointed some barriers of hydroxyurea access and the most commonly pointed out were high drug cost,
insurance challenges and unavailability in most parts in the Lake Zone regions of the country where SCA is mostly
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prevalent. We found that majority of the participants had to travel long distances to obtain hydroxyurea at a high cost.
These challenges have also been reported by other groups.>* 2

In order to reduce the cost of hydroxyurea and thus increase its affordability and accessibility to patients with SCA,
local production in countries that are heavily burdened with SCA may be the solution. In Africa, Nigeria has succeeded
in this by having a pharmaceutical company that is producing hydroxyurea locally which has significantly reduced its
costs to patients.”®*’ In Tanzania, a proof-of-concept project at the Muhimbili University of Health and Allied Sciences
(MUHAS) showed that local compounding of hydroxyurea was feasible and would reduce the cost of the drug

significantly.?® Such initiatives should receive full support from the industry for scale up.

Limitation

As our study was conducted during the peak of COVID-19 outbreak, we were only able to recruit a relatively small
number of patients that limited our ability to examine some important factors with high resolution, particularly the
barriers to hydroxyurea access across the various access means.

Conclusion

Hydroxyurea significantly increased the haemoglobin and MCV, and reduced ANC and reticulocytes in paediatric
patients with SCA in Tanzania. These benefits were observed in SCA patients accessing hydroxyurea via insurance
and projects, but not cash. Further, patients accessing hydroxyurea via cash reported the most challenges in accessing the
drug, likely contributing to inconsistent dosing and impaired haematological benefits. While these findings support the
roll-out of hydroxyurea to increased number of patients with SCA in sub-Saharan Africa, they also highlight the need to
ensure its long-term affordability among patients. Future longitudinal studies should investigate the clinical and
haematological outcomes as well as barriers to access of hydroxyurea across the various access means among large
sample sizes of patients in North-western and Eastern parts of the country where the magnitude of SCA is highest.
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