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Abstract

Tanzania is one of the countries with a high burden of sickle cell disease (SCD). Haemolytic
anaemia is a clinical feature of SCD, and has been linked to major complications leading to
morbidity and mortality. Treatment with hydroxyurea (HU) has shown to induce foetal
haemoglobin (HbF) which in turn decreases haemolysis in patients. This study aimed to
investigate the effects of HU on haemolysis in SCD patients attending Muhimbili National
Hospital, Tanzania by comparing their haemolytic parameters before and after therapy. Patients
meeting the criteria were initiated on HU therapy for 3 months. Two haemolytic biomarkers:
unconjugated plasma bilirubin levels and absolute reticulocyte counts were measured from
patients’ blood samples at baseline and after 3 months of HU therapy and compared. Both absolute
reticulocyte counts and indirect plasma bilirubin levels significantly declined after HU therapy.
Median (IQR) plasma unconjugated bilirubin levels dropped significantly from 20.3 (12.7-34.4)
umol/L to 14.5 (9.6-24.1) umol/L (p < 0.001) and mean (SD) absolute reticulocyte counts dropped
significantly from 0.29 (0.1) x 10%L to 0.17 (0.1) x 10%L (p < 0.001) after therapy, thus, a decline
in both haemolytic biomarkers after treatment was observed. This study found a potential for use
of HU therapy in managing SCD patients in our settings evidenced by improvements in their
haemolytic parameters. Clinical trials with a lager sample size conducted for a longer time period
would be beneficial in guiding towards the inclusion of HU in treatment protocols for the
Tanzanian population.

Keywords: Sickle cell disease, hydroxyurea, haemolysis, foetal haemoglobin.

1165

:/ltjs.udsm.ac.tz/index.php/tjs www.ajol.info/index.php/tj


mailto:upendo.masamu@yahoo.com
mailto:jmgaya@blood.ac.tz
mailto:jndunguru@blood.ac.tz
mailto:ajonathan@blood.ac.tz
mailto:ikminja@blood.ac.tz
mailto:jmakani@blood.ac.tz
mailto:ebalandya@yahoo.com
mailto:prugajo@yahoo.com

Gangji et al. - Effects of Hydroxyurea Treatment on Haemolysis in Patients with Sickle Cell ...

List of Abbreviations: EDTA = Ethylenediamine tetraacetic acid, Hb = Haemoglobin, HbF =

Fetal haemoglobin, HbA

cell anaemia, and WBC = White blood celi(s).

Introduction

Sickle cell disease (SCD) and thalassemia
are the most common genetic disorders
worldwide with 270 million carriers and
300,000 to 500,000 annual births (Weatherall et
al. 2006). Up to 70% of global annual birth
prevalence of SCD occurs in sub-Saharan
Africa, where reports indicate that 50% to 80%
of affected children die annually (WHO March
of Dimes report 2006). Tanzania, is the 5%
country worldwide with the highest SCD birth
prevalence estimated at 11,000 births (Makani
et al. 2011, Piel et al. 2013). Without
intervention, it is estimated that up to 50% of
children with SCD die before the age of 5 years
(Weatherall et al. 2006).

SCD is a haemoglobinopathy that is largely
characterized by haemolysis. The clinical
manifestations of SCD result primarily from
haemolytic anaemia and the effects of repeated
intravascular sickling, causing vaso-occlusion
and ischaemic injury (Hankins et al. 2005).
Haemolytic parameters such as increased
reticulocytes, an indicator of marrow
compensatory response and unconjugated
hyperbilirubinemia from increased catabolism
(break down) of Hb guide in the diagnosis,
management and monitoring of haemolyis
(Barcellini and Fattizo 2015). Lower Hb levels
and higher intensity of steady-state haemolytic
anaemia consistently associate with
vasculopathic complications of disease, such as
stroke, leg ulcers, pulmonary hypertension,
priapism, and renal failure, implying that
certain phenotypes of SCD relate more to
haemolytic anaemia severity rather than sickle
vaso-occlusion. These phenotypes result from
erythrocyte  injury caused by  sickle
haemoglobin (HbS) and its deoxygenation-
induced polymerization. Erythrocyte injury
leads to extra- and intravascular haemolysis,
endothelial dysfunction and vasculopathy, and

= Adult haemoglobin,
Hydroxyurea, LDH = Lactate dehydrogenase, MCV = Mean corpuscular volume, MUHAS
Muhimbili University of Health and Allied Sciences,

HbS = Sickle haemoglobin, HU

SCD = Sickle cell disease, SCA = Sickle

occlusion of small and large blood vessels,
producing tissue ischaemia/reperfusion injury
and inflammation (Hankins et al. 2005, Kato et
al. 2007, Kato and Gladwin 2009, Nouraie et
al. 2013, Kato et al. 2017).

Lower levels of foetal haemoglobin (HbF)
and higher white blood cell counts are
associated with an increased incidences of
SCD-related events, organ damage, and
mortality (Hankins et al. 2005). It is now
known that higher levels of HbF diminish
deoxygenated sickle globin polymerization in
vitro and clinically reduce the incidence of
disease morbidities (Green and Barral 2014).
The rationale for use of hydroxyurea (HU), one
of the few approved pharmacological therapies
for SCD is based on its ability to increase foetal
hemoglobin (HbF) synthesis and the inhibitory
effect of HbF on polymerization of HbS
(Charache 1997).

It is Dbelieved that HU influences
erythropoiesis and F-cell production, which in
turn determines HbF level and haemolysis and
holds expanding promise for improved clinical
outcomes, including decreased occurrences of
pain  episodes acute chest syndrome,
hospitalization  transfusion, and splenic
autoinfarction along with improved quality of
life. Prolonged use of HU sustains the clinical
effects of decreased anaemia, haemolysis, and
counts of white blood cells (WBCs) and
platelets, in addition to the increased red cell
mean corpuscular volume (MCV) (Green and
Barral 2014). A recent study conducted at
Muhimbili National Hospital (Osati et al. 2020)
showed that the proportion of HU use by
individuals with SCA at Muhimbili National
Hospital was 10 per 1000, and patients on HU
therapy (for at least 6 months) had increased
HbF levels and showed improved clinical
outcomes.
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Many other observational as well as clinical
studies and trials conducted on the
haematological effects of HU and its effect on
haemolysis (Rodgers et al. 1990, El-Hazmi et
al. 1992, Jayabose et al. 1996, Scott et al. 1996,
Borba et al. 2003, Zimmerman et al. 2004,
Hankins et al. 2005, Yahouédéhou et al. 2019)
have shown that HU decreases the rate and
level of haemolysis as evidenced by decreases
in bilirubin (serum/plasma), LDH, as well as
reticulocyte counts, together with increasing
the levels of HbF which prevents sickling and
in turn reduces the rates and intensity of
haemolysis as well as increasing Hb and MCV
levels and decreasing WBC counts.

Recently, Tanzania through Muhimbili
National Hospital, has initiated the use of HU
in SCD treatment. However, there is paucity of
data on evaluation of HU treatment from sub-
Saharan Africa (including Tanzania), despite
the fact that this is the region with a high
burden of the disease and the most severe
forms of SCD are prevalent. In addition, the
environmental and genetic factors which affect
SCD manifestations are expected to be
different in different populations. Genetic
variations in populations (sub-Saharan Africa
versus where most studies were conducted)
may translate to different clinical responses to
HU, therefore justifying the need to conduct
population specific studies. The recent
Tanzanian guidelines for clinical management
of SCD 2020 recommend use of HU in the
management of SCD, however, there are
difficulties with availability, accessibility and
affordability of the drug. Findings from this
study will not only provide data on the subject
in our settings, but also show the response to
HU among the Tanzanian population, and
could help encourage mainstream use of HU in
our settings by health care providers.
Therefore, this study aimed at investigating the
effects of HU therapy on haemolysis in
individuals with SCD in Tanzania.

Materials and Methods
Study design

This was a nested study in a larger
longitudinal study which followed up a single
cohort of patients with SCD above the age of 5
years prospectively for 3 months of HU
treatment. The study utilized collected blood
samples from patients to measure unconjugated
(indirect) plasma bilirubin  levels and
reticulocyte counts at baseline (before initiating
HU) and after 3 months of being on a daily
fixed dosage of HU. Following up patients for
a 3 month period was based on references to
studies conducted in a similar fashion (Rodgers
et. al 1990, El-Hazmi et al. 1992). Compliance
was monitored and encouraged using phone
calls and/or text messages every week. The
data were compared for a difference in the
level of haemolysis between the two time
points.

Study area

The study was conducted at Muhimbili
National Hospital, Dar es Salaam, Tanzania at
the haematology and paediatric clinics,
whereby patients with SCD, both self-referrals
as well as those referred from other health
centers/hospitals in Dar es Salaam attending
the clinic were recruited for the study from
January to March 2020 and then followed up
after three months of therapy from April to
June 2020.

Study population

This study included 50 patients with SCD of
the age > 5 years who were eligible for
receiving HU treatment. All participants
received the same dose of HU, 20 mg/kg body
weight rounded off to the nearest hundred.

Inclusion and exclusion criteria

Inclusion criteria

This study included SCD patients who
consented for the study with age > 5 years,
individuals with SCD who were on HU,
patients with recent transfusion had to have
HbA < 15% prior to enrollment, absolute
neutrophil count > 2 x 10%/L, platelets >100 x
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10%L, haemoglobin level > 5.0 g/dL, and
absolute reticulocytes count > 100 x 10%L
(unless the haemoglobin level was > 8 g/dL) at
baseline. For SCD patients below the age of 18,
informed consent was obtained from their
parents or guardians.

Exclusion criteria

This study excluded pregnant or lactating
women or patients planning to get pregnant
during the study period, patients unwilling to
use any form of contraception throughout the
period of HU administration (HU is known to
be carcinogenic, mutagenic, and teratogenic in
animals (Ballas et al. 2009), patients receiving
chronic transfusion therapy and patients
receiving a HU dose of > 20 mg/kg/day.

Sampling technique

Convenience sampling (availability sampling)
of patients was employed. Data was collected
from population members who were
conveniently available to participate in the
study. For this study, collected blood samples
of patients with SCD, who met the inclusion
criteria for HU treatment and were already part
of  the larger  study  (Ref. No.
DA.282/298/01.C/109) for which ethical
clearance had already been granted from
MUHAS, were assayed.

Sample size

A total of 50 patients out of the 100 that had
been enrolled in the larger study who had good
compliance to the HU regimen were included
in the study. Some plasma samples clotted in
the laboratory and could not be included into
the study, giving us a final sample size of 39
patients. The sample size was based mainly on
availability of the patients from the larger
study, thus limiting the generalizability and
conclusiveness of our study.

Data collection and laboratory investigations

The primary outcomes of this study were
the mean or median differences in
unconjugated (indirect) plasma bilirubin levels,
reticulocyte counts and the HbF levels between

the baseline and after 3-month treatment of
HU. Demographic data of the patients and
haemolytic laboratory parameters such as
bilirubin levels, reticulocyte counts and the
HbF levels at baseline and after 3 months of
HU therapy were obtained from data collected
as part of the larger study. Participants were
grouped as good and poor responders based on
their HbF rise post HU therapy. Good
responders being those whose HbF rose to
twice or more from their baseline values, while
poor responders were those whose HbF did not
rise or rose to less than twice their baseline
values. This cut-off point was decided just for
this study mainly to see if there were
differences in individual responses to HU by
HbF levels (since the dosage was the same for
all patients) and also to see if these differences
would affect the levels of haemolytic
parameters being measured.

Reticulocyte counts at baseline and after 3
months of consistent and compliant use of HU
therapy were obtained from serial full blood
counts (on about 3 mls of whole blood
collected in EDTA vacutainer tubes according
to the manufacturer’s instructions) which were
performed using automated haematology
analyser (Sysmex XT 2000i Kobe, Japan) at
the Hematology Clinical and Research
Laboratory, MUHAS at every monthly visit on
these patients as part of the larger study. They
were performed on the same day of the sample
collection.

In addition, unconjugated (indirect) plasma
bilirubin levels were measured by COBAS
INTEGRA 400 Plus Chemistry Analyzer
(Roche Diagnostics, South Africa) using 200
pL of plasma obtained from whole blood
collected in EDTA vacutainer tubes according
to the manufacturer’s instructions. The plasma
samples for bilirubin assay had been stored at —
80 °C at the MUHAS Haematology Laboratory
for around 3 months before the assay. The
plasma samples (collected and stored for the
parent study were utilized for our study).
Plasma can be utilized to measure unbound
unconjugated bilirubin levels (Ahlfors 2000).
The plasma samples were assayed at the
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MUHAS-Harvard
Laboratory.

Clinical Research

Data processing and analysis

Data were analysed using SPSS version 20.
The group mean and standard deviation of
absolute reticulocyte counts (being
parametrically distributed), and group median
and interquartile range of unconjugated
(indirect) plasma bilirubin  (being non-
parametrically distributed) at baseline and after
3 months of HU therapy were determined.
Normality assumptions were tested using
Shapiro Wilk test. Both descriptive and
inferential statistics were used. Comparison of
group means/medians before and after therapy
(these were paired samples) was performed
using paired t-test for parametrically distributed
data (absolute reticulocyte counts and HbF
levels) and Wilcoxon signed-rank test (for
matched  pairs)  for  non-parametrically
distributed paired data (unconjugated plasma
bilirubin). Differences in levels of haemolyis
before and after therapy (these were
independent samples) were also compared
among good versus poor responders using
independent t-test for parametrically distributed
data (absolute reticulocyte counts and HbF
levels) and Wilcoxon rank-sum test for non-
parametrically distributed data (unconjugated
plasma bilirubin). Statistical significance was
determined at a p-value of < 0.05.

Ethical clearance and consideration

This was a nested study in a larger study with
ethical clearance granted from MUHAS with
Ref. No. DA.282/298/01.C/109. Ethical
clearance was obtained from the Senate of

Research and Publications Committee of the
Muhimbili University of Health and Allied
Sciences (MUHAS). Informed consent was
obtained from patients. For SCD patients
below the age of 18, informed consent was
obtained from their parents or guardians.
Confidentiality of the study participants was
ensured using codes instead of participant’s
names. Participants were given feedback on the
laboratory results as well as appropriate
medical counselling as needed. Refusing to
participate in this study did not affect the
services provided to the SCD patients attending
the clinics.

Results
Demographic  characteristics  of  the
population: Age, sex and response to HU
therapy

A total of 50 patients with SCD, who met
the inclusion criteria of the study were
recruited. Of these, 11 patients’ plasma
samples could not be analysed due to clotting
in the laboratory and these patients had to be
excluded from the study, giving us a sample
size of 39 patients (whose plasma samples were
analysed successfully).The age range in this
group was from seven years to sixty years of
age with the median (IQR) age being 22 (17-
26) years. Out of the 39 participants, 22
(56.4%) were females and 30 (77%) were
good responders to HU therapy.

Description of haemolytic markers

Table 1 shows the values of haemolytic
parameters at baseline and after 3 months of
HU treatment, comparing them for a significant
change post HU therapy.

Table 1: Haemolytic parameters before and after HU therapy (N = 39)

Parameter Before HU  After HU therapy  p value
therapy
Median (IQR)

Plasma unconjugated bilirubin (umol/L)  20.3 (12.7-34.4) 14.5(9.6-24.1) <0.001*
Mean (SD)

Absolute reticulocyte count (x 10%/L) 0.29 (0.1) 0.17(0.1) <0.001**

Foetal haemoglobin (%) 4.9 (2.6) 13.2 (6.3) <0.001**

* Wilcoxon signed-rank test; **Paired t-test.
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Effect of HU treatment on haemolytic
parameters

We observed a significant decline in both
haemolytic parameters: absolute reticulocyte
counts as well as plasma unconjugated
bilirubin levels after 3 months of HU treatment.
Average HbF levels rose significantly to about

two and a half times the baseline values post
HU therapy.

Response to HU therapy

Table 2 shows the average decline in
haemolysis after HU therapy among good
versus poor responders and compares them for
significant differences.

Table 2: Differences in haemolytic parameters before and after HU therapy among good versus

poor responders (n = 39)

Average differences in haemolytic parameters after Good Poor p

HU therapy (Before HU — After HU therapy) Responders  Responders value
Plasma unconjugated bilirubin (umol/L) 5(2.2-10.3) 2.9(1.4-10.8) 0.9*
[Median (IQR)]

Absolute reticulocyte count (x 10%/L) 0.14 (0.07) 0.06 (0.09) 0.03**

[Mean (SD)]

*Wilcoxon rank-sum test **Independent t-test.

Good versus poor responders to HU therapy
There was a significantly greater decline in
mean absolute reticulocyte counts post HU
therapy (p = 0.03) among the good responders
as compared to the group that had poor
responses to the HU treatment.

Discussion

The findings of this study showed that
patients with SCD on HU treatment showed a
significant decline in both  haemolytic
parameters (plasma unconjugated bilirubin as
well as absolute reticulocyte counts). Most
participants (77%) were good responders to the
HU treatment. Haemolysis is a key
phenomenon in SCD, and hence, it is important
to monitor haemolysis related parameters
following SCD interventions such as HU.
Choice of the selected parameters was led by
(i) the proven biological relationship between
these parameters and haemolysis, (ii) available
samples, and (iii) easy and accessible
laboratory assays with a short turn around time.

Absolute reticulocyte counts

A decline in the mean (SD) absolute
reticulocyte count was observed from 0.29
(0.1) x 10%/L at baseline to 0.17 (0.1) x 10%/L
after 3 months of HU treatment. HU induces

formation of HbF which decreases sickling of
HbS, which in turn leads to a decline in
premature haemolysis of red blood cells found
in the SCD patients. This decreases the need
for increased bone marrow erythropoiesis as a
compensatory mechanism during haemolysis,
thus the decline in absolute reticulocyte counts.
Our findings are in line with the findings of
other studies which have shown that HU
lowers the reticulocyte counts in patients with
SCD. A trial carried out in Saudi Arabia (El-
Hazmi et al. 1992) on 21 adult patients with
severe forms of SCD, treated for a similar time
period (3 months) with HU therapy showed a
decline in the reticulocyte counts from 13.7%
before therapy to 4.09% after HU therapy (p =
0.0001). Other similar studies carried out for
longer durations in the USA (Jayabose et al.
1996, Zimmerman et al. 2004, Hankins et al.
2005) and Portugal (Yahouédéhou et al. 2019)
also showed a significant decline in
reticulocyte counts after HU therapy. In a case-
control study conducted in Brazil (Borba et al.
2003) where treatment periods varied between
7 and 72 months with an average of 26.4
months, the control group had an absolute
reticulocyte count of 174.5 x 10%L, while the
group that was on HU therapy had an absolute
reticulocyte count of 74.9 x 10°%/L (p = 0.0015),
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showing that the SCD patients treated with HU
had significant decreases in haemolysis.
Measuring of the other reticulocyte indices
such as immature reticulocyte fraction (IRF)
which is a good indicator of bone marrow
erythropoiesis in response to hemolysis and is
markedly increased in SCD (Bagdasaryan et al.
2007), and could prove beneficial in
highlighting the importance of the HU on
haemolysis and should be considered in future
studies of the like.

Plasma unconjugated bilirubin

A similar trend with the plasma
unconjugated bilirubin levels was observed in
this study. The median (IQR) plasma
unconjugated bilirubin levels dropped from
20.3 (12.7-34.4) pmol/L at baseline to 14.5
(9.6-24.1) pmol/L post HU therapy. HbF
production (due to HU) decreases sickling of
HbS, which in turn leads to a decline in
premature haemolysis of red blood cells found
in SCD patients. Decreased break down of
erythrocytes leads to a fall in production of
unconjugated bilirubin, the end product of
haemoglobin catabolism in the liver. These
findings were similar to the findings of other
studies done to investigate the effects of HU in
SCD patients that also showed a decline in
bilirubin levels. A study conducted done for a
similar time period (3 months) in the USA
(Rodgers et. al 1990) on 10 SCD patients
showed a statistically significant (p < 0.03)
drop in serum indirect bilirubin levels, from a
mean of 35.6 umol/L before therapy to 18.8
pumol/L after the HU therapy. A similar trial
also carried out for 3 months in Saudi Arabia
(El-Hazmi et al. 1992) involving 21 adult
patients with SCD showed a decline in total
bilirubin levels (from a mean of 81.86 umol/L
to 37.10 umol/L (p = 0.0011)) after the HU
therapy. Other studies carried out in the USA
(Jayabose et al. 1996, Scott et al. 1996,
Zimmerman et al. 2004) for longer time
periods that measured total bilirubin levels
(rather than indirect bilirubin) also showed
significant declines after the HU therapy, thus
the decline in the rates of haemolysis.

Good versus poor responders to HU therapy

It was observed that the average difference
in absolute reticulocyte counts before and after
HU therapy was greater among the good
responders (0.14 (0.07) x 10%L) as compared
to poor responders (0.06 (0.09) x 10%L) among
poor responders (p = 0.03), implying that the
better the response to HU (as evidenced by a
greater rise in HbF levels), the greater the
improvement in haemolytic parameters, and the
greater the decline in haemolysis. Greater
increases in HbF could imply decreases in
sickling of HbS to a greater extent leading to a
greater decline in compensatory reticulocyte
production, explaining the better outcomes
among the good responders.

Limitations

The time period for which the study
participants were followed (3 months) was a
shorter one due to a limited time allocated to
complete the study as this was a dissertation
study. Although there are few studies of similar
kind that have been conducted for 3 months,
most of such studies are usually carried out for
a much longer time, following up participants
to study the effects of HU therapy in depth and
detail. The small sample size of this study was
based on convenient sampling (availability of
SCD patients from the larger study for the
allocated time), thus we would like to caution
the generalizability of the study. Also, from the
recruited patients (50), some of the samples
that clotted in the laboratory (11) could not be
utilized for analysis, decreasing the sample size
further to 39. Confounding factors that could
raise/decrease levels of plasma unconjugated
bilirubin and absolute reticulocyte counts were
not assessed.

Conclusions and Recommendations

In patients with SCD, HU therapy lowers
indirect Dbilirubin levels as well as the
reticulocyte counts, therefore lowering the rate
of haemolysis, indicating the effectiveness of
HU therapy for SCD. It was observed that even
in a short period of time, there was a decrease
in the rate of haemolysis, which is one of the
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major clinical manifestations as well as cause
of hospitalization among SCD patients. In the
light of these findings, use of HU in our
settings for the treatment of SCD could prove
potentially useful in treating SCD patients
especially those with recurring haemolytic
crises or haemolytic anaemias. This could also
be extended into using HU in the steady-state
in individuals with SCD to control haemolysis
and prevent such crises. Further studies with a
longer follow up period and a larger sample
size are recommended to determine the effects
of HU on haemolysis, leading to a potential for
its mainstream use in the treatment of SCD in
our settings. HU therapy in the steady-state
could prevent life threatening complications
like haemolytic crises.

Declaration of interest
The authors declare that they have no
competing interests.

Acknowledgements

Sincere thanks to Ms Heavenlight for her
invaluable contributions to this project. The
parent project team members: Ms Josephine,
Dr. Osati and Dr. Kindole are acknowledged.
We also thank all the participants without
whom the study would not be possible. We
sincerely thank The Sickle Pan African
Research Consortium (SPARCO) that funded
this project and made it possible, as well as the
American Society of Haematology that funded
the larger study.

Funding

This project was very kindly sponsored by the
Sickle Pan African Research Consortium
(SPARCO). The research reported in this
publication was supported by the National
Heart, Lung and Blood Institute of the National
Institutes of Health under Award Number U24
HL135881 and U01 HL156853. The content is
solely the responsibility of the authors and does
not necessarily represent the official views of
the National Institutes of Health.

References
Ahlfors CE 2000 Measurement of plasma
unbound unconjugated  bilirubin.  Anal.

Biochem. 279(2): 130-135.

Barcellini W and Fattizzo B 2015 Clinical
applications of hemolytic markers in the
differential diagnosis and management of
hemolytic anemia. Dis. Markers 2015:
635670: 1-7.

Bagdasaryan R, Glasser L, Quillen K, Chaves F,
Xu D 2007 Effect of hydroxyurea on
immature reticulocyte fraction in sickle cell
anemia. Lab Hematol. 13(3): 93-97.

Ballas SK, McCarthy WF, Guo N, DeCastro L,
Bellevue R, Barton BA, Waclawiw MA and
Investigators of the Multicenter Study of
Hydroxyurea in Sickle Cell Anemia 2009
Exposure to hydroxyurea and pregnancy
outcomes in patients with sickle cell anemia. J
Natl. Med. Assoc.101(10): 1046-1051.

Borba R, Lima CSP and Grotto HZW 2003
Reticulocyte parameters and hemoglobin F
production in sickle cell disease patients
undergoing hydroxyurea therapy. J. Clin. Lab.
Anal. 17(2): 66-72.

Charache S 1997 Mechanism of action of
hydroxyurea in the management of sickle cell
anemia in adults. Semin. Hematol. 34(33): 15-
21.

El-Hazmi MAF, Warsy A, Al-Momen A and
Harakati M 1992 Hydroxyurea for the
treatment of sickle cell disease. Acta
Haematol. 88: 170-174.

Green NS and Barral S 2014 Emerging science of
hydroxyurea therapy for pediatric sickle cell
disease. Pediatr. Res. 75(1-2): 196-204.

Hankins JS, Ware RE, Rogers ZR, Wynn LW,
Lane PA, Scott JP and Wang WC 2005 Long-
term hydroxyurea therapy for infants with
sickle cell anemia: the HUSOFT extension
study. Blood. 106(7): 2269-2275.

Jayabose S, Tugal O, Sandoval C, Patel P, Puder
D, Lin T and Visintainer P 1996 Clinical and
hematologic effects of hydroxyurea in
children with sickle cell anemia. J. Pediatr.
129(4): 559-565.

Kato GJ, Gladwin MT and Steinberg MH 2007
Deconstructing sickle cell disease : reappraisal
of the role of hemolysis in the development of
clinical subphenotypes. Blood Rev. 21(1): 37-
47.

1172



Tanz. J. Sci. Vol. 47(3) 2021

Kato GJ and Gladwin MT 2009 Mechanisms and
clinical complications of hemolysis in sickle
cell disease and thalassemia. In: Steinberg M
(2™ Ed) Disorders of Hemoglobin: Genetics,
Pathophysiology, and Clinical Management
(pp. 201-224), Cambridge University Press,
Cambridge.

Kato GJ, Steinberg MH and Gladwin MT 2017
Intravascular hemolysis and the
pathophysiology of sickle cell disease. J. Clin.
Investig. 127(3): 750-760.

Makani J, Cox SE, Soka D, Komba AN, Oruo J,
Mwamtemi H, Magesa P, Rwezaula S, Meda
E, Mgaya J, Lowe b, Muturi D, Roberts DJ,
Williams TN, Pallangyo K, Kitundu J, Fegan
G, Kirkham FJ, Marsh K and Newton CR
2011 Mortality in sickle cell anemia in Africa:
a prospective cohort study in Tanzania. PL0S
One. 6(2): €14699.

Nouraie M, Lee JS, Zhang Y, Kanias T, Zhao X,
Xiong Z, Oriss TB, Zeng Q, Kato GJ, Gibbs
SR, Hildesheim ME, Sachdev V, Barst RJ,
Machado RF, Hassell KL, Little JA,
Schraufnagel DE, Krishnamurti L, Novelli E,
Girgis RE, Morris CR, Rosenzweig EB,
Badesch DB, Lanzkron S, Castro OL,
Goldsmith JC, Gordeuk VR and Gladwin MT
2013 The relationship between the severity of
hemolysis, clinical manifestations and risk of
death in 415 patients with sickle cell anemia
in the US and Europe. Haematologica 98(3):
464-472.

Osati E, Kija E, Urio F, Lyimo M, Nkya S,
Mmbando B, Sangeda R, Mariki H, Msaki E,
Mgaya J, Soka D, Tluway F, Rwezaura S,
Kindole C, Makongoro M, Makubi A and
Makani J 2020 Clinical epidemiology of
individuals with sickle cell anemia using
hydroxyurea at Muhimbili National Hospital,
Dar es Salaam, Tanzania. Tanzania Med. J.
31(1): 106-1109.

Piel FB, Patil AP, Howes RE, Nyangiri OA,
Gething PW, Dewi M, Temperley WH,

Williams TN, Weatherall DJ and Hay SI 2013
Global epidemiology of sickle haemoglobin in
neonates: a contemporary geostatistical
model-based map and population estimates.
Lancet. 381(9861): 142-151.

Rodgers GP, Dover GJ, Noguchi CT, Schechter
AN and Nienhuis AW 1990 Hematologic
responses of patients with sickle cell disease
to treatment with hydroxyurea. N Eng. J. Med.
322(15): 1037-1045.

Scott JP, Hillery CA, Brown ER, Misiewicz V,
Labotka RJ 1996 Hydroxyurea therapy in
children severely affected with sickle cell
disease. J. Pediatr. 128(6): 820-828.

Weatherall D, Akinyanju O, Fucharoen S,
Olivieri N and Musgrove P 2006 Inherited
disorders of hemoglobin. In: Jamison DT (2"
Ed) Disease Control Priorities in Developing
Countries (pp. 95-112), The International
Bank for Reconstruction and Development/
The World Bank Washington (DC) , and
Oxford University Press, New York.

WHO, March of Dimes 2006 Management of
birth defects and haemoglobin disorders.
Report of a joint WHO-March of Dimes
meeting. Geneva, Switzerland.

Yahouédéhou SCMA, da Guarda CC, Figueiredo
CVB, Santiago RP, Carvalho SP, Fiuza LM,
Ndidi US, Oliveira RM, Carvalho MOS,
Nascimento VML, Rocha LC, Lyra IM,
Adorno EV and Goncalves MS 2019
Hydroxyurea alters hematological,
biochemical and inflammatory biomarkers in
Brazilian children with SCA: investigating
associations with BS haplotype and a-
thalassemia. PLoS One 14(7): e0218040.

Zimmerman SA, Schultz WH, Davis JS, Pickens
C V, Mortier NA, Howard TA and Ware RE
2004  Sustained long-term  hematologic
efficacy of hydroxyurea at maximum tolerated
dose in children with sickle cell disease.
Blood 103(6): 2039-2045.

1173



