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Abstract

Hydroxyurea, a mainstay of sickle cell management in the developed world,
offers a range of potential benefits to children with sickle cell disease. There is strong
evidence that hydroxyurea induces production of fetal hemoglobin (HbF) in red blood
cells, which is generally associated with reduced morbidity and fewer incidents of
clinical events in sickle cell patients. Based onfindings from in vitro investigations, it has
also been suggested that hydroxyurea may confer some protection against malaria
parasitemia by inhibiting proliferation of the malaria -causing parasite - Plasmodium
falciparum

The purpose of this study was to examine the effects hydroxyurea use onP.
falciparuminfection, parasite density, HbF and morbidity among children with sickle ce |l
disease living in a malaria endemic setting. We analyzed baseline data of 95 children
(aged 1t 10 years) enrolled in the EPITOMISE clinical trial (Enhancing Preventive
Therapy of Malaria in children with Sickle cell anemia in East Africa) between January
2018 and September 2018.

Our analyses revealed no significant difference in the prevalence of P. falciparum
infection between hydroxyurea users and hydroxyurea non-users, prevalence ratio [95%
Confidence Interval] = 1.14[0.76, 1.71]. Among infected children, median (IQR) log
parasites densities were also similar between hydroxyurea users, -0.96 (-1.67, 0.4), and

hydroxyurea non -users, -0.12 (-1.32, 3.48, p-value = 0.146



We did observe substantial hematological benefits among hydroxyurea users
including , an approximate 1 unit increase in median hemoglobin concentration and a
2.7-fold increase in median percentageHbF. However, this observation did not translate

to any meaningful difference in the prevalence of morbidity events.

In agreement with the few studies on hydroxyurea use in malaria endemic
settings, these results suggest that there may be no added risk ofP. falcipaum infection
to sickle cell patients who routinely use hydroxyurea. Furthermore, our results reflect
that hydroxyurea use is associated with increased HbF and a better hematological
profile in this population. There is need for more research on hydroxyurea use in sub-
Saharan Africa to help resolve any existing concerns and conflicting data in the current

body of literature.
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1. Introduction

1.1 Sickle Cell Disease and Malaria

Sickle cell disease is a hereditaryblood disorder which distorts the ability of
hemoglobin to bind and transport oxygen to tissues and organs. It is marked by chronic
anemia, pain crises,jaundice, progressive organ damage, frequent episodes of acute
illness and an increased risk of serious bacterial infections among other complications.!
Individuals who inherit sickle cell disease often require lifelong interventions including
blood transfusions and prophylactic therapy to manage their symptoms and help
improve their quality of life.

A 2010 review on the global burden of sickle cell disease estimated that
approximately 275,000 children with sickle cell disease are born each year, with 85% @
these births occurring in sub-Saharan Africa.2 Of note, the true prevalence of sickle cell
disease in subSaharan Africa is likely to be much higher than reported in the available
literature and registries, due to the widespread absence of newborn screening across the
region. Moreover, the clinical course of sickle cell disease is often made worse in this
population due to the limited access to quality health care and the high risk of exposure
to infectious diseases which may potentially increase diseaseseverity.:2 Among the
latter, malaria is of great concern due to its tendency to augment hemolytic anemia and
precipitate episodes of pain crises in sickle cell patients#

Malaria is a mosquito-borne parasitic infection caused by five species of the
genus Plasmodiumthe most lethal and common being Plasmodium falciparupwhich is

prevalent across sub-Saharan Africa.s In 2017, the World Health Organization reported
1



219 million cases of malaria in 90 countries and an estimated 435,000 resulting deaths.
Most deaths occurred among children under the age of five living in sub -Saharan
Africa.

In sickle cell disease, an individual inherits two copies (one from each parent) of
the sickle cell hemoglobin allele (HbS) that is responsible for the defective
polymeri zation and atypical properties of sickle cell hemoglobin. 7 Persons who inherit
one sickle cell allele, along with one normal hemoglobin allele (HbA), acquire the sickle
cell trait (HbAS). Most people with sickle cell trait do not experience any symptoms
associated with sickle cell disease and typically live normal lives. & In addition, evidence
from multiple studies has shown that individuals with sickle cell trait enjoy a significant
degree of protection against malaria compared to individuals without the s ickle cell
trait. 4 ¢120wing to this evolutionary advantage, the HbS allele has been sustained over
several generations among populations living in malaria endemic settings such as
western Kenya. This has resulted in a disproportionately higher number of children in
sub-Saharan Africa being born to two parents with the allele and subsequently
inheriting sickle cell disease. Unfortunately, the protection against malaria conferred to
those with sickle cell trait is lacking among those with sickle cell disease (HbSS). The
latter group is the primary focus of this paper.

Individuals with sickle cell disease are more susceptible to complicated and life
threatening malaria requiring hospitalization than individuals without sickle cell
diseae( OwPUwb OUUT wOOUDOT wi OP1 YI UOwWUT EOwWOEOEUDPEZ U
morbidity and mortality is still poorly quantified. A number of studies have reported

2



finding either no significant difference 3 or a significantly lower risk 4 15 16of malaria
infection in children with sickle cell disease compared to children without sickle cell
disease. Nevetheless, it is still widely agreed among researchers and health care
providers alike that malaria infection is considerably more fatal in sickle cell disease* 13
4 which warrants the use of more cautious prevention measures in this vulnerable
populatio n. Many countries in sub-Saharan Africa have implemented guidelines for
lifelong malaria chemoprophylaxis 7 for people living with sickle cell disease. These
include Kenya!® and Uganda?®, as well as Nigeria® which has both the highest burden of
sickle cell disease! and one of the highest incidences of malarigf in the world. Despite
this, agreement on the appropriateness of malaria chemoprophylaxis for all sickle cell
patients is not unanimous. For instance, in Tanzania, there is no specific guideline and
the decision to prescribe preventive treatment is left to the discretion of the clinician.

In addition to chemoprophylaxis, other malaria prevention measures that are
available to sickle cell patients living in malaria endemic settings include sleeping under
insecticide-treated bed-nets and residual house spraying.

1.2 Hydroxyurea Therapy and Fetal Hemoglobin

In most developed countries, where malaria has been eradicated, the clinical
management of sickle cell disease mostly entails supportive care to prevent severe
anemia, pain crises and pulmonary complications of sickle cell disease. Past and present
strategies include: hydroxyurea therapy, micronutrient supplementation and blood

transfusions. More recent advances such as bone marrow transplants and gengherapy 2



do offer curative treatments for sickle cell disease, but these are extremely rare, even in
the developed world.

The expansion of sustainable and effective interventions for patients with sickle
cell disease is a major necessity irsub-Saharan Africa, where an estimated 5080% of
children with sickle cell disease die before they reach their fifth birthday .2325 However,
the majority of clinical trials and observational studies on the management of sickle cell
disease have been conduted in Europe and North America, leaving several unanswered
guestions about the potential benefit of these interventions to African populations .

Among the most notable sickle cell therapies ishydroxyurea, a p otent disease
modifying agent which has been ahallmark of sickle cell managementin the developed
world since 199823 This antineoplastic drug has multiple positive effects on the bone
marrow, vasculature and composition of blood. In sickle cell therapy, its primary
mechanism of action involves the induction of fetal hemoglobin (HbF) in red blood
cells22 2HbF plays a critical role in ameliorating the clinical and hematological features
of sickle cell disease ly replacing the defective HbS in red blood cells. Because of this,
sickle cell patients with high percentage HbF are able to transport oxygen with more
efficiency, and consequently suffer fewer incidences of blood transfusions,
hospitalizations, pain crises, acute chest syndrome and sicklerelated organ damage 2’

HbF differs from normal adult h emoglobin (HbA) in the ability of the former to
bind oxygen with a higher affinity. This physicochemical property is integral to enabling
the prenatal transfer of oxygen from mother to fetus during pregnancy, 2¢ and similarly,

it helps compensate for the low binding ability of HbS in individuals with sickle cell
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disease. At birth, HbF constitutes approximately 60-80% of total hemoglobin in the full -
term infant. For infants without sickle cell disease, this percentage decreases gradually;
being completely replaced by HbA over the first six months of life .2° In sickle cell
disease, HbF is gradually replaced by HbS and early symptoms of the blood disorder
typically begin to occur at around six months .30 However, some individuals with sickle
cell disease may also inherit other hemoglobin-related polymorphisms, distinct from the
HbS allele, which enable them to continue synthesizing low to moderate levels of HbF
well beyond infancy .3t 32These individuals tend to experience lower morbidity, a milder
or asymptomatic disease course, and longer lifespans than individuals who lack this
intrinsic ability .33
1.3 Hydroxyurea Use in Malaria-Endemic Settings

In contrast to the developed world, the use of hydroxyurea in sub -Saharan Africa
remains limited due to considerable challenges such as resource constraints, absencef
adequate safety and efficacy data for this population, as well as unanswered questions
about the potential interaction between hydroxyurea and malaria .343¢ One hypothesis
suggesting that hydroxyurea may play a key role in promoting the progression of
malaria notes that hydroxyurea increases the adherence of red blood cells to endothelial
tissues, which could potentially delay the elimination of infected red blood cells from
circulation .37 Although this claim raises a critical question regarding the ri sks associated
with hydroxyurea therapy in malaria endemic settings, it is founded primarily on in
vitro experiments performed on cultured cells and does not correlate with the larger

clinical evidence. Human studies over the past thirty years have demonstrated that the
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beneficial effects of hydroxyurea include a lower risk of vascular adhesio n?? and vaso-
occlusion.?” Equally important, a conflicting hypothesis posits that hydroxyurea may
confer protection against malaria through the induction of HbF, owing to the observed
suppression of P. falciparumproliferation in HbF -rich cells.383°

In a 2017 randomized placebcocontrolled trial of hydroxyurea in 207 Ugandan
children who were followed for 12 months, hydroxyurea use did not increase the
incidence or severity of malaria .3®* More recently, a three-year non-randomized clinical
trial carried out in Uganda, Kenya, Angola and Democratic Republic of Congo observed
that the benefits of hydroxyurea use in relation to malaria infection were signifi cant,
with a rate reduction of more than 50% between pre-treatment and post-treatment
periods.®While findings from both thesestudies seem to dispute the potential adverse
interaction between hydroxyurea and malaria, more evidence is needed to resolve the
conflicting arguments and existing doubts.

Additional studies would provide a large and more diverse evidence base to
reassure clinicians that there would be no unexpected adverse e/ents resulting from
hydroxyurea use, even among populations not represented in the most recent clinical
studies. There is alsoan important need to examine data on the effects of hydroxyurea
use in real-life settings, where sickle cell patients are subjected to less rigorous
monitoring than that received in a clinical trial .

1.4 Study Rationale and Objectives
To expand on the limited literature examining the association between

hydroxyurea use and malaria, we performed a cross-sectional study to explore the
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association betweenP. falciparuminfection and hydroxyurea use among children with
sickle cell disease in western Kenya. In addition, we examined the effect of hydroxyurea
use on parasite density, percentage HbF and sickle cell morbidity, with the overall aim
of increasing our understanding of the po tential benefits or risks of hydroxyurea
therapy to children with sickle cell disease living in malaria endemic settings.
1.4.1 Specific Aims
There were three specific aims for this study:
1. To compare prevalence of P. falciparuminfection among children with sickle cell
disease who do and do not routinely use hydroxyurea
0 Hypothesis: Children who routinely use hydroxyurea will have a lower
prevalence of P. falciparuminfection than those who do not use hydroxyurea
2. To correlate percentage HbF in red blood cells with P. falciparumdensity among
children with sickle cell disease who are infected with P. falciparumparasites
0 Hypothesis: Children with high levels of HbF will have a lower density of
malaria parasites than children wi th low levels of HbF
3. To compare seltreported hematologic morbidity among children with sickle cell
disease who do and do not routinely use hydroxyurea
0 Hypothesis: Children who routinely use hydroxyurea will have a lower
prevalence of blood transfusions, hospitalizations, pain crises, dactylitis,
splenomegaly and school absenteeism compared to those who do not use

hydroxyurea



2. Methods

2.1 Overview

This was a cross-sectional study nested within the EPITOMISE clinical trial t a
randomized, three-arm, open-label clinical trial of malaria chemoprevention in children
with sickle cell disease in Homa Bay, Kenya. Our study examined data captured from
baseline interviews, therefore constituting a cross-sectional survey. For each study
participant, we obtained a blood sample at enroliment, which we analyzed for presence
and quantity of P. falciparumparasites, as well as measurement of hematological
correlates. We comparedthe prevalence of P. falciparuminfection and distribution of log
parasite densities among 95 children with sickle cell disease who were reported to be
using or not using hydroxyurea. We also evaluated differences in hematological factors
and sickle cell morbidity between the two groups. Cross -sectional surveys, blood draws
and physical examinations were conducted by local study personnel.
2.2 Setting

Our study location, Homa Bay County, is a high malaria transmission area with a
small peri-urban center bordering the south shore of Lake Victoria. The total land area of
the predominantly rural county is approximately 1,173 square miles and it holds an
estimated population of 1,177,181 people°

According to the Malaria Atlas Project, the mean estimate of HbS allele
frequency in this region is approximately 0.15 and the P. falciparuminfection rate in

children aged 2 to 10 years is predicted to be greater than 40%4! Between 2012 and 2013,



a study by Onchiri et al.also estimated a 45.8% prevalence of laboratoy -confirmed
malaria parasites among 677 children aged 6 months to 15 years who sought care for
febrile illness at the government facility, Homa Bay County Hospital (HBCH). 42

In 2013, a sickle cell anemia clinic operated by Academic Model Providing
Accessto Health Care (AMPATH) HematoOncology and Moi Teaching and Referral
Hospital (MTRH) was established at HBCH. More than 1,400 children with sickle cell
disease receive regular treatment at this clinic; making it an ideal location to recruit
participants fo r research on sickle cell disease.

For the ongoing EPITOMISE clinical trial, majority of study participants have
been recruited from the sickle cell anemia clinic. All cross-sectional interviews, physical
examinations and collection of samples have been mnducted at the EPiTOMISE study
site which is also housed at HBCH.

2.3 Study Population

Our study population was comprised of 95 children enrolled in the EPiITOMISE
clinical trial in Homa Bay, Kenya between January 2018 and September 2018. All study
partici pants identified as members of the Luo ethnic group.

The following inclusion criteria were met by all study participants:
I Aged between 12 months to 10 years
i Confirmed HbSSstatus by hemoglobin electrophoresis
I Permanent residence in either Homa BayCounty or Rongo or Awendo sub -

counties of Migori County for the next two years



i Ability of participant to adhere to study medication regimen, and willingness of

parent or legal guardian of child to provide informed consent

Participants were excluded if they met any of the following exclusion criteria:
I Had known allergies or sensitivities to any of the study medications
I Had a chronic medical condition other than sickle cell disease such as HIV or
malignancy requiring regular treatment
I Were currently enrolled in another clinical trial
I Were living in the same household as a previously enrolled EPiITOMISE study
participant
I Had QTcF intervals > 450 msec on repeated ECG
2.4 Procedures
2.4.1 Ethical Considerations
The study protocol was written by the prima ry authors and covered under the
EPITOMISE clinical trial ( Pro00077428 which was approved by the Duke University
Institutional Review Board and Moi University Institutional Research and Ethics
Committee. All participants were screened for sickle cell dise ase prior to enroliment, and
a parent or legal guardian provided written informed consent for each child to enroll in
the EPITOMISE study. This consent extended to the use of the collected data for
secondary analyses related to relevant epidemiological and clinical research questions.
Consent forms were translated from English to Kiswahili and Dholuo. Before data

collection, each participant was assigned a unique ID to protect their identity.
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2.4.2 Data Collection

2.4.2.1 Cross-sectional Interviews

Trained study staff conducted structured interviews with a parent or legal
guardian for each participant. Questions were asked in the respondents preferred
language: English, Kiswahili or Dholuo. The information gathered was captured on
paper-based case reort forms (Appendix A) and uploaded to the REDCap database on
the same day. It included: socio-demographic data, comprehensive medical history data
and detailed information on the use of any prophylactic medications such as
hydroxyurea, proguanil or penic illin.

Each respondent was queried about the number of times a participant had
experienced a given morbidity event in the previous 12 months, and also asked to list all
of the medications used routinely by the study participant . Respondents were also aske
to provide information about the dose, dosing schedule and initiation date for each
therapy. The data we obtained from cross-sectional interviews were primarily self -

reported.

2.4.2.2 Physical Examination

Participants underwent comprehensive physical exams which included
measurement of spleen size using a handheld ultrasound device. During these
examinations, participants were also evaluated for potential symptoms of malaria. Any
participants suspected of having malaria received a rapid diagnostic test (RDT) and
subsequent treatment with artemether/lumefantrine if they tested positive for P.

falciparuminfection.

11



2.4.2.3 Collection and Handling of Blood Samples

During the screening visit, a blood sample (1mL) for each participant was
obtained by venipuncture and collected in a purple -topped vacutainer (EDTA) labelled
with the participants unique ID. Samples were stored under refrigeration for up to five
days before being transported in a cooler box to the AMPATH Oncology and
Hematology lab in Eldoret, Kenya, where complete blood count and hemoglobin
analysis and quantitation were performed.

For detection and quantification of P. falciparumparasites,we collected dried
blood spots (DBS) on chromatography filt er cards for each study participant, and
shipped the samples to Duke Clinical Research Institute (DCRI) for analysis by real-time
guantitative polymerase chain reaction (QPCR).

2.4.2.4 Hemoglobin Electrophoresis and Quantitation

To obtain a diagnosis for HbSS, prepared blood samples were run on
hemoglobin gels (Quickgel) and visually inspected against Helena hemo controls to
identify markers for abnormal hemoglobin bands. The relative percent of each
hemoglobin band was determined by scanning the dried gel s in the Quickscan using
acid blue filter. Detailed procedures for hemoglobin electrophoresis and HbF
guantitation used at the AMPATH HematoOncology laboratory are described in

Appendix B (SOP for Hemoglobin Electrophoresis Testing).
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2.4.2.5 Detection and Quantification of P. falciparum Parasites

DBS were punched into 96-well plates and extracted with Chelex -100. These
plates of genomic DNA were then tested for P. falciparumusing a duplex real-time PCR
assay targeting both P. falciparum pfr36& O E wi U @QuBubruag described below.

We prepared a 384well template -free reaction plate consisting of our probes and
Tagman Environmental Master Mix. We added 1 pL of each extracted genomic DNA
sample to a well containing master mix. Samples were added in duplicates, placed in
adjacent columns. A series of standards prepared from 3D7 culture of known parasite
densities were included in the experiment as positive controls. We also included a
negative control using the same nucleasefree water that was used to prepare the master
mix. Like our samples, all our controls were added in duplicates.

Following a 3-minute spin in a plate spinner, we ran our reaction plate on a
QuantStudio 6 real-time PCR system, selecting a standard curve as the type of
experiment. At the end of the experiment, we exported our results to an excel file which
we aggregated with the rest of our participant data for further analysis and
interpretation. A detailed procedure of our gDNA testing is described in Appendix C
(SOP for gDNA Testing for P. falciparun).

2.5 Measures
2.5.1 Socio-demographic Data

We gathered information related to age, sex, ethnicity, residence, school

enrollment status and whether participants had any living or deceased siblings with

sickle cell disease.
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2.5.2 Hydroxyurea and Concomitant Medications

The main exposure of interestwas hydroxyurea use. This was a dichotomous
variable definedas? 4 UP O1 QU w2 - O U w4 B®tdipants were categorized as
? 4 UD O1 ituheyt were reported to be taking hydroxyurea for any indication at the
time they were enrolled; they were otherwise EE U1 T OUDP &4 B@B U unatd &> w
hydroxyurea dose, administration schedule and duration of use was also obtained
during the interviews. Similarly, we collected detailed information on use of folate,
proguanil and penicillin.
2.5.3 Hematological Factors

Fetal hemoglobin, which we hypothesized to be a mediator of the association
between hydroxyurea use and P. falciparuminfection and parasite density, was a
continuous variable measured quantitatively by hemoglobin electrophoresis. It was
reported as a percentage of total hemoglobin. Other hematological correlates measured
were: total hemoglobin concentration in grams per deciliter (g/dL), mean corpuscular

volume in femtoliters (fl) and platelet, neutrophil and white blood cell counts (*10 °/L).

2.5.4 P. falciparum Infection and Parasite Density

The primary outcomes of interest were P. falciparuminfection and parasite
density, both of which were ascertained by gPCR analysis of dried blood spot samples.
P. falciparuminfection was defined as having any detectable parasites; while participants
were considered uninfected if they had no detectable parasites. Using a relative

guantitation method, we generated a standard curve from a series of P. falciparum3D7

14



reference samples to estimate parasite densityfrom cycle threshold (CT) values. Our

samples were tested in duplicates, and the average number of parasites/uL from each set

of duplicates was reported as the parasite density for that sample. For discordant

duplicates, where one result was positive for P. falciparumand the other was negative,

we recorded a positive result for P. falciparuminfection and reported the parasite density

from the single positive result as the overall parasite density of th at sample.

2.5.5 Sickle Cell Morbidity

Our secondary outcomes of interest included self-reported morbidity events

which were defined in case report forms (Appendix A) as follows:

A

Pain crisis - any severe and uncontrolled pain, without obvious cause, lasting for more
than two hours
Dactylitis - any pain ortenderness experienced in the hands or feet, with or without
inflammation
Unconfirmed malaria - receipt of antimalarial drugs for suspected malaria episodes that
were not confirmed by any objective diagnostic test
Hospitalization - hospitalization at HBCHbr other inpatient facility with any
admitting diagnosis
Blood transfusion - receipt of red blood cells from any caregiver for any indication
Absence from school - missingschool due to any illnesslated event over the past 30
days

Respondents were asked to report the number of times they had

experienced each event in the past 12 months &§bsence from school was reported
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for the past 30 days. Pain crisis, dactylitis, unconfirmed malaria and
hospitalization were described as ordinal variables; with three levels indicating
Ul T wi Ul gU1 OEa wlOi wl wl BHQIVWGwRE OBHW 2 16lod@buuwd OUT wUb
transfusions and absence from school weae captured as discrete measures; with
the actual number of blood transfusions and days of school missed reported.
An additional morbidity event, s pleen size, was measuredat enrollment
by ultrasound imaging and defined according to the published literature % as
follows :
A Normal - spleeriength within the 90th percentile of normal spleen lengths for healthy
children of that age
A Enlarged - spleen length > 90th percentile of normal spleen lengths for healthy children
of that age
A Autosplenectomy - no identifiable spleen on ultrasound
2.6 Statistical Analyses
All statistical analyses were performed using RStudio software version 3.5.1. All
statistical tests were two-sided and set at a significance level of 0.05Missing data were
handled separately for eachoutcome by dropping observations with missing values. The
number and percentage of participants excluded from each analysis have beenreported
under the results section. The full reproducible code and data setused in our study is

available on request.
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2.6.1 Categorical Variables

Categorical variables were described by frequencies, with the use of tables,Venn
diagrams and bar graphs to summarize our results. To evaluate the effects of HbF on
sickle cell morbidity, we created three HbF categories: low HbF (<10%), moderate HbF
(10-luNU A WE OE wi #MW). w' E %wma

For our estimation of prevalence of P. falciparuminfection among hydroxyurea
usersversus hydroxyurea non-users, we used theepi.2by2unction to compute crude
and adjusted prevalence ratios (PR) and confidence intervals [95% CI]. Theepi.2by2
approach and maximum likelihood to calculate point estimates, confidence intervals and
test for homogeneity.#

Using %D UT 1 Uz U,uwk @sB farandly$etdinthe prevalence of unconfirmed
malaria, hospitalizations, blood transfusions, pain crises and dactylitis over the past 12
months; absence fromschool in the past 30 days; and spleen size at enroliment among
hydroxyurea users versus hydroxyurea non -users.

2.6.2 Continuous and Discrete Variables

For our continuous and discrete data: age, hematological values, parasite density,
blood transfusions and absence fromschool, we computed the median (IQR) values and
performed Kruskal Wallis tests to compare the distribution among hydroxyurea users
versus hydroxyurea non -users. Due to the heavily skewed distribution of parasite
density, we performed a log10 transformation of parasites/uL and used values for log

(parasite density) in our graphical and statistical analyses.
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2.6.3 Correlation Analysis

Ordering parasite density as low P. falciparum[log (parasite density) < 0] and
high P. falciparumZ O O1 wpx E U E U B Wd pertoimédthRdorélafian &analysjs to
measure the association betweenparasite density level and HbF level. We computed
2 x 1 E U OE OqdéncirEl&ian statistics using the spearman.tedunction built under

to calculate the exact null distribution. 45
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3. Results

3.1 Missing Data

Our study population consisted of 95 participants . Overall, our data was
relatively complete with only a few missing observations . There were 5 participants
(5.3%) with missing complete blood count results due to hemolysis of their blood
samples; 2 participants (2.1%) had missing values for P. falciparuminfection and parasite
density becausetheir DBS samples were not included in the inventory shipped to DCRI
for analysis; 27 participants (28.4%)had missing spleen size data, the majority (n=20) of
whom were recruit ed before the ultrasound device was installed at the study site.

3.2 Demographic and Social Characteristics

The overall median (IQR) age of study participants was 5.2 (3.0- 7.7) years. Our
sample consisted of 60.0%boys (n=57).Regarding management of sickle cell disease,
87 4% of our sample reported seeking regular care at either a government hospital (n=79)
or private health facility (n=4). Nearly all (n=93) study participants reported having
access to an insecticidetreated bed net.

At the time of our surveys, 70.5% of the dhildren (n=67) were currently enrolled
in school. Among those 53.76 (n=36) were reported to have missed at least one day of
school due to iliness in the past 30 days. Family history revealed that 18.9% of our
sample (n=18) had at least one full sibling living with sickle cell disease, while another
9.5% (n=9) reported having at least one full sibling with sickle cell disease that was

deceased.
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3.3 Hydroxyurea and Concomitant Medications

The prevalence of hydroxyurea use in our sample population was 60.0% (n=57),
and majority of users (n=47) reported taking at least 1500mg of hydroxyurea per week.
There was no association between gender and hydroxyurea use, however, hydroxyurea
users were generally older, with a median (IQR) age = 62 (4.6- 8.4) years compaed to
hydroxyurea non-users with a median (IQR) age = 32 (2.3t 6.3) years, p-value < 0.001

Only three other medications were reported to be routinely used for sickle cell
management in our study population: folate, proguanil and penicillin. The prevalen ce of
use for folate was 96.8% (n=92), for proguanil 93.7% (n=89) and for penicillin 75.8%

(n=72). Figure 1 is an illustration of medication use in our study population.

Figure 1: A Venn diagram of Medications Used by Study Participants
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3.4 Hematological Factors

The overall median (IQR) percentage HbF in our sample population was 6.0(0.0,
17.8. The difference in percentage HbF among hydroxyurea users, 11.4 (0.0, 19.2),
versus hydroxyurea non -users, 4.3 (0.0, 13.6)as not statistically significant (p-
value=0.072. However, based on the firmly established evidence linking elevated HbF
to reduced sickle cell morbidity 27, we believe that the 2.7fold increase observed among
hydroxyurea users in our study population is clinically relevant.

Hemoglobin concentration and MCV values were significantly more favorable
among hydroxyurea users compared to hydroxyurea non -users. We also observed
significantly lower neutrophil and WBC counts among hydroxyurea users, which may
be indicative of mild bone marrow suppression , a known side effect of hydroxyurea. 2627

Results from our analyses of hematological correlates are summarized in Table 1 and

Figures 2- 7.
Table 1: Median (IQR) V alues of Hematological Correlates
All participants Using HU Not Using HU  p-value 2
Fetal Hemoglobin (%) 6.0(0.0,17.8  114(0.0,19.3  4.3(0.0,13.9 0.072
Hb concentration (g/dL) 76(7.0,8.9 8.0(6.6,8.5 7.206.6,7.7 0.007
MCV (fl) 90.6 (83.6, 100.5 954 (89.2, 102.2 856(79.0,89.5 <0.001
Platelet count (*10/L) 429 (298,553  394(306,513  466(300,572  0.24
WBC count (*10¢/L) 15.1(12.1,20.) 13.2(11.9,17.) 18.6(13.1,23.3 0.006
Neutrophil count (*10 9L)  4.9(3.5, 6.9 42(3.3,5.9 5.6(4.2,7.3 0.037

aKruskal -Wallis Test
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Figure 2 shows the distribution of hematological correlates in the study population, stratified by hydroxyurea use. The line
cutting through each group indicates the group median. The plots displayed are for: Fig. 2A. Fetal Hemoglobin, Fig. 2B.

Hemoglobin Concentration, Fig. 2C. Mean Corpuscular Volume, Fig. 2D. Platelet Count, Fig. 2E. Meutrophil Count and Fig. 2F.
White Blood Cell Count.

Figure 2: Scatter Plots of Hematological Correlates



3.5 P. falciparum Infection and Parasite Density

The overall prevalence of P. falciparuminfection within our sample population
was 52.7% (4993). The prevalence ofP. falciparuminfection among hydroxyurea users
(55.4%, 31/56) and hydroxyurea non -users (48.6%, 18/37) was similar (Prevalence Ratio
[PR] = 1.4, 95% Confidence Interval [CI] 0.76, 1.2) (Figure 3A).

Among the infected children, the overall median (IQR) log (parasite density) was
-0.79(-1.53, 0.54). Thee was no significant difference in median (IQR) log (parasite
density) among hydroxyurea users, -0.96 (-1.67, 0.41), and hydroxyurea non -users, -0.12
(-1.32, 3.48, p-value = 0.146(Figure 3B-3C).

3.6 Association between Fetal Hemoglobin and Parasite Density

Initially, we constructed a plot of log (parasite density) against fetal hemoglobin
to determine if there was a discernable relationship. There wasno apparent trend
between the two variables (Figure 4A). Categorizing HbF as low (< 10%), moderate (10-
fuN U A wE O E20%)bwe lexargided the distribution of log (parasite density) across the
three strata. We observed similar median (IQR) values, p-value =0.415(Figure 4B).

Ordering parasite density as low P. falciparum[log (parasite density) < 0] and
high P. falciparumZ O O1 wpx E U E Ud) Wé perfoimédUEbulRaxA ukaU O EoédlerU wU E O O
correlation test of parasite density level versus HbF level. There was no significant

correlation (2 x 1 EUOE Oz UWwEOUUI tokE40on%) dalieGD.308.DEDI OU wpU
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Figure 44 shows a scatter plot of log (parasite density) versus percentage fetal hemoglobin.
Figure 4B shows box plots of log (parasite density) stratified by low HbF [<10%), moderate HbF (10-15%) and high HbF [>=20%]).

Figure 4: Plots of log (parasite density) versus Fetal Hemoglobin



3.7 Sickle Cell Morbidity

We examined the prevalence and frequency ofseveral morbidity indicators in
our study population . Overall, the most prevalent sickle cell-related events experienced
over the past 12 monthswere: unconfirmed malaria (77.9%, 74/95hand pain crises
(83.2%, 79/95)Among the 67 children who were currently enrolled in school, there was
a relatively high prevalence of school absenteeismdue to iliness over the past 30 days
(53.7%, 36/67)We observed no significant difference in morbidity events among
hydroxyurea users versus hydroxyurea non -users (Table 2). Prevalence of morbidity

across levels of HbF was also similar (Table3).
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Table 2: Prevalence and Frequency of Morbidity Events by Hydroxyurea Use

Using HU
(n=57)

Hospitalizations in the past 12 months - n (%)

None 30 (52.6%)
142 22 (38.6%)
3 or more 5 (8.8%)

Not Using HU

(n=38)

19 (50.0%)
17 (44.7%)
2 (5.3%)

Episodes of unconfirmed malaria in the past 12 months - n (%)

None 14 (24.6%)
1+ 2 28 (49.1%)
3 or more 15 (26.3%)

Episodes of pain crisis in the past 12 months- n (%)

None 11 (19.3%)
1¢2 35 (61.4%)
3 or more 11 (19.3%)

Episodes of dactylitis in the past 12 months - n (%)

None 28 (49.1%)
1+ 2 18 (31.6%)
3 or more 11 (19.3%)

7 (18.4%)
19 (50.0%)
12 (31.6%)

5 (13.1%)
21 (55.3%)
12 (31.6%)

12 (31.6%)
13 (34.2%)

13 (34.2%)

Received any blood transfusions in the past 12 months- n (%)

12 (21.1%)

6 (15.8%)

Missed any days of school due to iliness in the past 30 days- n/Ns* (%)

22/48 (45.8%)

Number of blood transfusions received in the past 12 months - median (IQR)

1 (14 1)

14/19 (73.7%)

1 (14 2)

p-value

0.72%

0.89%

0.397

0.16%

0.60C

0.057

0.192

Number of absences from school due toillness in the past 30 days- median (IQR)

524 7)

5 (34 6)

0.947

aKruskal -Wallis Test, %D UT 1 Uz U wlsEne humBet offpadicipants enrolled in school
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Table 3: Prevalence of Morbidity Events by HbF Level

Overall Low HbF Moderate HbF High HbF p-value b
(n=95) (n=53) (n=28) (n=14)

Hospitalizations in the past 12 months - n (%)

46 (48.4 %) 27 (50.9%) 13 (46.4%) 6 (42.9%) 0.809
Episodes of unconfirmed malaria in the past 12 months - n (%)

74 (77.9%) 42 (79.2%) 21 (75.0%) 11(78.6%) 0.940
Episodes of pain crisis in the past 12 months- n (%)

79 (83.2%) 44 (83.0%) 26 (92.9%) 9 (64.3%) 0.075
Episodes of dactylitis in the past 12 months - n (%)

55(57.9%) 31(58.2%0) 18 (64.3%) 6 (42.9%) 0.387
Received any blood transfusions in the past 12 months- n (%)

18 (18.9%) 10 (18.9%) 5 (17.%%) 3(21.4%) 0.962
Missed any days of school due to iliness in the past 30 days- n/Ns* (%)

36/67(53.7%) 22/37(59.3%) 1321 (61.9%) 1/9 (11.1%) 0.025

bosD UT 1 Uz U wdlfstte dumBer &f participants enrolled in school
3.8 Spleen Size

At enrollment, we obtained spleen length measurements by ultrasound imaging
for a subset of our study population . The demographic characteristics of participants
included in our spleen analyses (n=68) versus participants excluded due to missing
spleen data (n=27) were similar: mean age (5.3 vs 5.4 yearspalue = 0.880); proportion
of boys (353% vs. 51.8%, pvalue=0.167).The overall prevalence of splenomegaly (11.8%

8/68) and autosplenectomy (16.2%11/68 in our study population was low. We observed

no significant difference sin the prevalence of either event among hydroxyurea users
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versus hydroxyurea non-users (Table 4). Spleen measurements were also similar across

levels of HbF (Table 5).

Table 4: Spleen Size at Enrollment by Hydroxyurea Use

All participants Using HU Not Using HU p-value b
(n=68) (n=39) (n=29)
Normal 49 (72.0%) 26 (66.7%) 23 (79.3%)
Splenomegaly 8 (11.8%) 4 (10.2%) 4 (13.8%) 0.220
Autosplenectomy 11 (16.2%) 9 (23.1%) 2 (6.9%)

bo%DUT 1 Uz UwSREEOwW31 UU

Table 5: Spleen Size at Enrollment by HbF Level

Low HbF Moderate HbF High HbF p-value ®
(n=38) (n=20) (n=10)
Normal 28 (73.6%) 14 (70.0%) 7 (70.0%)
Sallemaiently 5 (13.2%) 2 (10.0%) 1 (10.0%) 0.943
5 (13.2%) 4 (20.0%) 2 (20.0%)

Autosplenectomy
bo%DUT 1 Uz UwWSREEOwW31 UU
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4. Discussion

The main objective of this study was to examine the effect of hydroxyurea use on
the prevalence of P. falciparuminfection and parasite burden among children with sickle
cell disease living in a malaria endemic setting. We found that hydroxyurea use was not
associated with the prevalence of P. falciparuminfection, nor, among infected children,
with the density of parasites. Three other studies on hydroxyurea use in sub-Saharan
Africa have observed either no significant harm 34 35or a significant benefit 3%to using
hydroxyurea in relation to its effects on malaria incidence.34 3% 36Qur results lend further
credence to thecurrent body of literature regarding the potential interaction between
hydroxyurea use and malaria.

In relation to the broader benefits of hydroxyurea on sickle cell morbidity
evidence from clinical trials conducted by the REACH 35and NOHARM 3¢ studies has
suggested that hydroxyurea use in sub-Saharan Africa is safe, effective and feasible.In
this study , we examined the effects of hydroxyurea use on a rural population outside of
the confines of a clinical trial, and therefore, we offer some insight on potential outcomes
in a real-life setting.

The hematological benefits we observed among hydroxyurea users in our study
popu lation are congruent with the findings from recentclinical trials . Most notably, the
hemoglobin concentration was 0.8 g/dL higher among self-reported hydroxyurea users
(p-value =0.00%. This is comparable to the mean 1.3 g/dL difference(p-value <0.001)
between the treatment group and placebo arm of the NOHARM randomized clinical

trial ; as well as the 10[95% CI, 0.8t 1.0] g/dL increase from baseline after 1 year of
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treatment reported by the nonrandomized REACH trial . While our own study failed to
detect astatistically significant difference in percentage HbF between hydroxyurea users
and hydroxyurea non -users(p-value =0.072) the firmly -established evidence” on the
clinical benefits associated with an elevated HbF leads us to suggestthat a 2.7-fold
difference between our study groups is clinically releva nt and noteworthy .

Consistent with the known side effects of hydroxyurea therapy, we did observe a
marginally lower neutrophil count among hydroxyurea users compared to hydroxyurea
non-users (4.2 *10/L vs 5.6 *10/L, p-value =0.03%. Although t his may be indicative of
mild bone marrow suppression , there was no evidence of severe neutropenia,and
neutrophil counts in both groups were within the acceptablerange for patients with
sickle cell disease* 47 Based on neutrophil count, our findings support the recent claims
that hydroxyurea use may besafe and well-tolerated in sub-Saharan populations.3s 36

Concerning the expected improvement in clinical course of sickle cell disease
among hydro xyurea users versus hydroxyurea non-users, our analyses showed no
significant difference in the prevalence or frequency of any of the sevenmorbidity
indicators that we examined. This may be partly attributed to limitations in our study
design, which are discussed lateron in this chapter.

The primary goal of hydroxyurea therapy in sickle cell managementis to induce
production of HbF. While studies have demonstrated that sickle cell patients with high
percentage HbF generally experience lower morbidity , 27.3+-36. 48gur findings did not
reflect any meaningful differences in sickle cell-related events across groups with low

HbF, moderate HbF and high HbF. It is worth noting however, that despite the high
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prevalence of hydroxyurea use (60.0%)in our study population, only 14.7% (n=14) of our
sample had HbF values at or above the suggested protective threshold of 20933 This
discrepancy may be ascribed to a variety of factors including : ineffective dosing, poor
compliance and short duration of th erapy. Studies have shown that the HbF response to
hydroxyurea therapy is dose -dependent, and that patients achieve the maximum
benefits from hydroxyurea therapy when their treatment is escalated to the maximum
tolerated dose (MTD). 48 49However, dose escalation requires close therapeutic
monitoring, routine lab tests and coordinated efforts between patients and care
providers to minimize the risk of toxicity. This capacity is lacking in low resource
settings like our study location, makin g it difficult for prescribers to attempt to achieve
MTD in their patients.

One study challenging the literature on MTD reported no significant difference
in response to hydroxyurea among 161 Omani children receiving low dose therapy (10t
15.9 mg/kg/day) and high dose therapy (164 26 mg/kg/day).>° The severity of disease and
clinical history of patients across the two groups was comparable at baseline. While this
finding does not discount the documented efficacy achieved at higher doses, it suggests
that there is still significant potential for clinical improvement even in the absence of
MTD. In agreement with this assertion, the majority of hydroxyurea users ( 82.5% 47/57)
in our study population were using low doses of hydroxyurea (1500 - 2500 mg per
week), but were able to attain significantly more favorable hematological values

compared to hydroxyurea non-users.
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Another key consideration concerning hydroxyurea therapy in sub-Saharan
Africa is sustainability. Percentage HbF among compliant hydroxyurea users has been
observed to increase significantly for each year of use® Approximately 75.0% of our
study participants reported being on hydroxyurea therapy for less than a year at the
time they were interviewed. It is therefore possible that even at an optima | dose, a
longer duration may be required to realize a sufficient increase in HbF and a positive
change in clinical events. It is therefore important that any national policies directing the
roll out of hydroxyurea therapy, must commit fully to facilitatin g the long-term
provision of this intervention to sickle cell patients, so as not to interrupt any gains that
recipients might attain.

There were several limitations to our study including: the large amount of self -
reported data and low ability to ascertain medical history and medication compliance;
temporal ambiguity regard ing the initiation of hydroxyurea therapy and the occurrence
of clinical events; potential confounding by indication/ severity given that hydroxyurea
is typically prescribed to sickle cell patients who are at high risk of morbidity and would
therefore be more prone to the clinical events we examined than participants who were
not prescribed hydroxyurea.

Finally, our study population consisted of participants from a clinical trial whose
characteristics may differ significantly from children with sickle cell anemia in the

general population. This limi ts the generalizability of our findings.
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5. Conclusion

While bone marrow transplants and gene therapy offer definitive cures for sickle
cell disease, these interventions are not free of risk andrequire huge resources and
sophisticated careto implement successfully. Management of clinical manifestations
through hydroxyurea therapy is the best and most feasible intervention currently
available for children in developing countries. Hydroxyurea use is simple, cheap, cost -
effective and more sustainable compared to frequent blood transfusions. The emerging
body of evidence suggests that it might also be equally as safe and effective in reducing
pain crises, acute chest syndrome, hospitalizationsand bacterial infections in sub-
Saharan populations, as documented among populations in Europe and North America
where most sickle cell studies over the past 30 years have been conducted.

While additional research may help elucidate the association between
hydroxyurea and malaria, recent findings, including this one, su ggest that hydroxyurea
presents no added risk for P. falciparumparasitemia, malaria incidence or disease
severity in individuals with sickle cell disease. Moreover, there is compelling evidence
that hydroxyurea therapy can significantly improve the quality of life for children with
sickle cell disease living in sub-Saharan Africa and help curb the high under five
mortality rate in this population.

Future studies should focus on obtaining additional safety and efficacy data from
diverse populations ; guantifying the mediating effects of HbF to establish a more precise
threshold; and evaluating the feasibility of adopting , sustaining and maximizing the

benefits of long-term hydroxyurea therapy with in national control programs.
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Appendix A

CASE REPORT FORM

Record the date of consent

I S S

DD MM YYYY

Was consent obtained to collect blood in a PAXgene tube for future research?

In order to be eligible to participle in this study, an individual must meet all of the following

Inclusion criteria:

o

Is the patient's age greater than 12 months and less than 10 years at Yes O No
enrollment?
Is the patient currently attending or willing to attend the study sickle cell anemia |Q o]

Yes No
clinic at HBCH?
Is the patient's residence in either Homa Bay County or the Rongo or Awendo  |Q o

Yes No
sub-counties of Migori County?
Does the patient NOT have immediate, apparent, or reported plans to relocate (O Y Q

es No

residence away from Homa Bay County or the Rongo or Awendo sub-counties

of Migori County in the next two years?
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Is the patient able to take oral medication and willing to adhere to the

Yes No
medication regimen, or is the caregiver willing to give the medication regimen
as prescribed?
Is the patient's parent or legally authorized representative (LAR) able and

Yes No
willing to give informed consent?
Has the patient's hemoglobin genotype been confirmed as HbSS by

Yes No

electrophoresis?

Comments on inclusion criteria
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In order to be eligible to participle in this study, an individual must not meet any of the

following Exclusion criteria:

Is the patient taking routine antimalarial prophylaxis for an indication other than Yes 9 No
sickle cell anemia?
Does the patient have a known allergy or sensitivity to sulfadoxine, o

Yes No
pyrimethamine, amodiaquine, proguanil, dihydroartemisinin, piperaquine,
artemether, lumefantrine, pencillin, or derivatives of these compounds?
Does the patient have a known chronic medical condition other than sickle cell o

Yes No
anemia requiring frequent medical attention (examples: malignancy, HIV)?
Is the patient currently participating in another clinical research study, or has o]

Yes No
he/she participated in one in the past 30 days?
Does the patient live in the same household as a previously-enrolled study Q

Yes No
participant?
Does the patient chronically use any medications known to prolong the QT 9 Q

es No

interval in children (see Appendix J of the protocol for a list of the medications;

also see below)?

Any azole antifungals (including Fluconazole, Itraconazole, Ketoconazole,

Posaconazole, Voriconazole)
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Any Fluoroquinolone antibiotics (including Ciprofloxacin, Gatifloxacin,

Levofloxacin, Moxifloxacin, Ofloxacin, Sparfloxacin)

Antiretrovirals (Lopinavir, Saquinavir, Efavirenz)

Other antibiotics (Azithromycin, Clarithromycin, Roxithromycin, Telithromycin,

Metronidazole, Telavancin, Pentamidine, Foscarnet)

Psychotropics (Fluoxetine, Citalopram, Escitalopram, Haloperidol, Risperidone
any Tricyclic antidepressants (including Amitriptyline, Nortriptylene, Imipramine,
Doxepin))

Pulmonary (Albuterol, Levalbuterol, Formoterol, Salmeterol, Terbutaline)

Has the patient received a blood transfusion in the past 120 days?

Does the patient have a Fridericia's corrected QT interval (QTcF) interval >450

msec?

Comments on exclusion criteria
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(@) @)
Child Gender Male Female
Child Date of Birth - o

DD MM YYYY
County/Subcounty of residence Q

Homa Bay County - any subcounty

Migori County - Awendo subcounty

Migori County - Rongo subcounty

Location

Sub Location

Village
o o
Self-identified tribe/ethnic group Luo Kisii
Q
Luhya Other
Specify Other
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Is the child currently being treated for any of these

conditions?

HIV (Please note that this chronic

health condition is an exclusion criteria)

Tuberculosis (Please note that this

chronic health condition is an exclusion

criteria)

Malnutrition

Diabetes

Any other infections

Any other medical problem

None of the above

Spesifv-otherinfest

Specify other medical problems

Is the child allergic to any medication(s)?

Yes No

Medication allergies

How many medications is the child allergic to? (enter 1-5)

Medication #1: What is the name of the medication?
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Medication #1: What is the reaction to this medication? Q Q
Rash Anaphylaxis

©)
Nausea/Vomiting Other

Medication #1: Specify Other

Medication #2: What is the name of the medication?

Medication #2: What is the reaction to this medication? Q O
Rash Anaphylaxis

Q
Nausea/Vomiting Other

Medication #2: Specify Other

Medication #3: What is the name of the medication?

Medication #3: What is the reaction to this medication? o) Q
Rash Anaphylaxis

O
Nausea/Vomiting ~ Other

Medication #3: Specify Other

Medication #4: What is the name of the medication?

Medication #4: What is the reaction to this medication? | O Q
Rash Anaphylaxis

41



@] 0
Nausea/Vomiting ~ Other

Medication #4: Specify Other

Medication #5: What is the name of the medication?

Medication #5: What is the reaction to this medication?

o

o
Rash Anaphylaxis

o
Nausea/Vomiting Other

Medication #5: Specify Other

Current medications

Does the child take any of the following regular or daily medications?

Folate

Yes No
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Folate dose in mg
. O
Folate frequency Daily Monthly
o
Weekly Other
Specify if Other
Proguanil o (@]
Yes No
Proguanil dose in mg
. o
Proguanil frequency Daily Monthly
o o
Weekly Other
Specify if Other
Hydroxyurea e} (@]
Yes No
Hydroxyurea dose in mg
. o
Hydroxyurea frequency Daily Monthly
O] O]
Weekly Other

Specify if Other
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Penicillin o 0]
Yes No

Penicillin dose in mg

. O]
Penicillin frequency Daily Monthly
0] o
Weekly Other
Specify if Other
Does the child take any other regular or daily medications? Q Q
Yes No
How many other daily medications does the child take?
(enter 1-5)
Medication #1: What is the name of the medication?
Medication #1: What is the dose?
Medication #1: Unit? o] o
mg Other
Specify Other
. O]
Medication #1: How often does the child take this Daily Monthly
medication?
O] o
Weekly Other
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Medication #1: Specify frequency taken if Other

Medication #1: What is the indication for this medication?

Medication #2: What is the name of the medication?

Medication #2: What is the dose?

Medication #2: Unit? Q 0]
mg Other
Specify Other
: Q
Medication #2: How often does the child take this Daily Monthly
medication?
Q o
Weekly Other

Medication #2: Specify frequency taken if Other

Medication #2: What is the indication for this medication?

Medication #3: What is the name of the medication?

Medication #3: What is the dose?

Medication #3: Unit? 0] 0]
mg Other
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Specify Other
Q ) Q
Medication #3: How often does the child take this Daily Monthly
medication?
Q
Weekly Other
Medication #3: Specify frequency taken if Other
Medication #3: What is the indication for this medication?
Medication #4: What is the name of the medication?
Medication #4: What is the dose?
Medication #4: Unit? Q Q
mg Other
Specify Other
. Q
Medication #4: How often is this medication taken? Daily Monthly
@]
Weekly Other

Medication #4: Specify frequency taken if Other

Medication #4: What is the indication for this medication?

Medication #5: What is the name of the medication?
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Medication #5: What is the dose?

Medication #5: Unit? Q 0]
mg Other
Specify Other
o o
Medication #5: How often does the child take this Daily Monthly
medication?
Q
Weekly Other

Medication #5: Specify frequency taken if Other

Medication #5: What is the indication for this medication?

Prior vaccinations

@] O
Has the child received the 23 valent pneumococcal vaccine? Yes Not Applicable
Please ask if possible to see the immunization card to O No
confirm
Specify date of the 23 valent pneumococcal vaccine Full date known
Partial date known

If full date known:
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Specify date of the 23 valent pneumococcal vaccine

If partial date known:

Enter Partial date: MONTH Select UNK if month is

unknown

Enter Partial date: DAY Select UNK if day is unknown

Enter Partial date: YEAR Select UNK if year is unknown

Has the child received the quadravalent meningococcal
vaccine?

Please ask if possible to see the immunization card to

confirm

Q ,
Yes Not Applicable

Specify date of the quadrivalent meningococcal vaccine

Q
Full date known

Partial date known

If full date known:

Enter full date

S S/

DD MM YYYY

If partial date known:

48



Enter Partial date: DAY Select UNK if day is unknown

Enter Partial date: MONTH Select UNK if month is

unknown

Enter Partial date: YEAR Select UNK if year is unknown

Prior surgeries

Has the child ever had surgery? Q 0]
Yes No

How many surgeries has the child had? (Enter 1-3)

Surgery 1: What type of surgery?

Surgery 2: What type of surgery?

Surgery 3: What type of surgery?

Recent medical history

In the past 12 months, has the child been hospitalized for o o
Yes No

any reason?

Q .
How many times has the child been hospitalized in the past Once 6to 10 times

12 months?
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Twice More than 10
times
3 to 5 times
In the past 12 months, has the child been treated for Q
Yes No
malaria?
How many times has the child been treated for malaria in the Once 6 to 10 times
past 12 months?
Twice More than 10
times
3 to 5 times
In the past 12 months, has the child experienced pain crises, o}
Yes No
defined as pain lasting 2 hours or more that did not have an
obvious cause?
How many times has the child experienced a pain crisis in Once 6 to 10 times
the past 12 months? Pain crisis is defined as pain lasting 2
hours or more that did not have an obvious cause Twice More than 10
times
3 to 5 times
How many times have pain crises required medical None 3 to5 times
evaluation of any sort?
Once 6 to 10 times
Twice More than 10
times
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How many times have pain crises required medical None 3 to5 times
treatment of any sort?
Once 6 to 10 times
Twice More than 10
times
How many times have the pain crises required None 3 to5 times
hospitalization?
Once 6 to 10 times
Twice More than 10
times
In the past 12 months, has the child experienced dactylitis, 0]
Yes No
defined as pain or tenderness of the hands or feet without
obvious cause?
How many times has the child experienced dactylitis, defined Once 6 to 10 times
as pain or tenderness of the hands or feet without obvious
cause? Twice More than 10
times
3 to 5 times
In the past 12 months, has the child received any blood Q
Yes No
transfusions?
Once 6 to 10 times

How many times has the child received blood transfusions?
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) o
Twice More than 10

times
3 to 5 times
Does the child have access to an insecticide-treated bed net | QO 0]
Yes No
to sleep under?
In the past week, how many nights did the child sleep under
the bed net? Enter a number 0-7. Enter 9999 if unknown
In the past 6 months, has the child's house been treated with | QO 0]
Yes No
residual spraying?
If yes, what was the house treated with? Q
Pyrethroid
Organo Phosphate
Unknown/Don’t know
o
Does the child regularly receive medical care for sickle cell Yes O No
anemia?
Where does the child receive care? Government Hospital
Government Health
Center/Dispensary

Q
Private Health Facility
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O
Other

Specify Other

How often does the child receive medical care for sickle cell
anemia?

Once a month Twice a year

Q
Once every 3 Only when

months needed

o
Once a year Other

Specify if Other

53



Baseline data should be collected from person consenting on behalf of the child, namely a parent or

guardian. Confirm that the person responding is the primary guardian/caregiver for the child

What is the relationship of the primary person accompanying Q Mother o Aunty
the child?
O Q
Father Grandparent
o
Sibling © Other
o
Uncle
Specify if Other
o
Does the child live with this person? Yes O No
a
If no, who does the child stay with? Mother
d Aunty
Check all that apply Q
Father
Grandparent
i
Sibling
Other
a
Uncle
Specify if Other
o
Does this person work outside the home? Yes O No
0 0
If yes, what do they do? Employed Farmer
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Q Q
Self employed ~ Other

Casual

Specify if Other

In the past thirty days, how many days has this person missed

work because of the child's medical problems?

What is the highest level of education attained by this person?

No education

Primary

Some Secondary (not completed)

Secondary completed

Tertiary

How many people live in the household other than the child?

Include the respondent, Max 40

How many full siblings does the child have (living or deceased)?
Full sibling is defined as a child with the same mother and same

father

Max=40, Enter 0 if none
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How many full siblings have or had sickle cell anemia?

Living or deceased, Max 40

Have any of the full siblings died? Yes O No
How many of the full siblings have died?
How many of the deceased full siblings had sickle cell
anemia?
Does the child attend school? Yes O No
If so, what class is the child in? Nursery -
Class 4
@ Class 1
o
Class 5
O
Class 2
0]
Class 6
Class 3

In the past thirty days, how many days of school has the child

missed?

How many of these days did the child miss because of medical

problems?
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Chief Complaint Q 0]
Feeling well Having
symptoms
Q :
General Fever Weight loss
Check all that apply Q
Pain Night sweats
Q. .
Fatigue No complaints
a
Jaundice
Pain Score
Enter 0-10 0=No Pain, 10=Worst pain ever experienced:
Comment if unable to assess
Pain Comment
HEENT: Hearing Vision
Check all that apply difficulties difficulties
Swallowing No complaints
difficulties
Hearing difficulties duration o) Days O Months
Weeks

57



Swallowing difficulties duration Days O  Months
Weeks
Vision difficulties duration Days O Months
Weeks
HEENT Comments
Cardiopulmonary: Cough Chest pain
Check all that apply
SOB No complaints
Q
Cough duration Days Months
Weeks
Cough specifics o)
Blood Purulent
White None
0]
SOB duration Days Months
Weeks
SOB specifics At rest O  None

On exertion
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o
Chest pain duration Days Months
Weeks
Chest pain specifics o o)
Sub sternal Posterior
) @)
Right None
Left

Cardiopulmonary comments

. a
Gastrointestinal: Dysphagia Diarrhea
Check all that apply
Jaundice Melena
Q _
Lack of Bleeding per
appetite rectum
a
Abdominal No complaints
pain
Constipation
Dysphagia duration Days Months
Weeks
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Q Q
Jaundice duration Days Months
o
Weeks
@) Q
Lack of appetite duration Days Months
o
Weeks
Q
Abdominal pain duration Days Months
O]
Weeks
a a
Abdominal pain location RUQ LLQ
Check all that apply Q Q
LUQ Epigastric
a a )
RLQ Suprapubic
o
Constipation duration Days Months
Q
Weeks
Diarrhea duration Q Days O Months
o
Weeks
Q
Melena duration Days Months
Q
Weeks
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Bleeding per rectum duration Days Months
Weeks
Gastrointestinal comments
a ,
Genitourinary: Dysuria Decreased
Check all that apply a urine volume
Priapism
No complaints
Increased
urine volume
Q
Dysuria duration Days Months
Q
Weeks
O
Priapism duration Days Months
O
Weeks
O o
Increased urine volume duration Days Months
Q
Weeks
Q
Decreased urine volume duration Days Months
Q
Weeks

Genitourinary comments
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Musculoskeletal:

Lower

Joint pain

Check all that apply extremity edema
No complaints
Leg ulcer
Lower extremity edema duration Days Months
O]
Weeks
o
Leg ulcer duration Days Months
Q
Weeks
Q
Musculoskeletal joint pain duration Days Months
Q
Weeks
a
Musculoskeletal joint pain location Neck Back
Check all that apply Q
RUE Chest
a
LUE Buttocks
a
LLE RLE

Musculoskeletal Comments
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) Q
Central Nervous System: Paresthesia Headache
Check all that apply Q Q
Focal Confusion
weakness Q .
No complaints
Seizures
Q Q
Paresthesia duration Days Months
Q
Weeks
Q Q
Focal weakness duration Days Months
Q
Weeks
(@) o
Seizures duration Days Months
@)
Weeks
@) Q
Headache duration Days Months
Q
Weeks
Q Q
Confusion duration Days Months
Q
Weeks
Central Nervous System Comments
O
Masses or skin lesions: Yes O No
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Q
Masses or skin lesion duration Days Months

Weeks

Masses or skin lesion comments

64



History of fever >=37.5C or subjective fever in the last (O Q
Yes No

24 hours?

Current temperature Celsius

If febrile or subjective fever in last 24 hours, perform Rapid Diagnostic Test for malaria

Laboratory testing
O o
Was the child tested for malaria using an RDT at this Yes No
visit?
Record lot # / identifier of RDT
RDT control line O o
Present Absent
RDT P-falciparum line 0] O]
Present Absent
pLDH line 0} o
Present Absent
Other o] 0}
Yes No
Finger prick blood blotted onto paper as dried blood
spot?
ECG testing
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Please note that the first 20 children allocated to the monthly DP regimen who live in Homa Bay
town will require ECG's at each regular follow-up visit 4-6 hours following the 3rd monthly dose,

at each visit (including final visit).

Is the child a participant in the ECG substudy? o o
Yes No
Post-Treatment ECG
Did the child return for a post-treatment ECG? (O o
Yes No
Date of the post-treatment ECG AN

Are you the parent or legal guardian of the o o

Yes No
child?
What day was the child given the lastdoseof |/ /_

the medication?

DD MM YYYY

How many hours ago was the child given the QO o
<4 >6

last dose of the medication?

4-6

QTCcF interval in msec
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If QTcF interval >450 msec, repeat the ECG.

Has the ECG been repeated? O Q
Yes No

What is the repeated QTcF interval in msec?

If QTcF interval > 450 msec in the repeat test,

please complete the AE/SAE form

Vital signs

Weight kg

Height/Length cm

Mid Upper Arm Circumference (only for children under

60 months of age) cm

General Appearance: 0] o
No apparent Not assessed

distress

Abnormal

Comment if Abnormal

Respiratory Rate bpm
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Pulse Rate bpm

Oxygen Saturation %

Q °
HEENT: Scleral icterus No abnormalities
- O
Conjunctival pallor Not assessed

Q i
Other finding

Specify if other finding

@) @)
HEART: Systolic murmur No abnormalities "
Diastolic murmur Not assessed

O
Other finding

Specify if other finding

TUNGS: 0]
Abnormal breath Clear to
sounds auscultation®
Q Q
Other finding Not assessed

Specify if other finding
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O
Other finding

ABDOMEN:

Tenderness to

palpation

Mass

Hepatomegaly

Splenomegaly

No abnormalities

Not assessed

Specify if other finding

EXTREMITIES:

Joint tenderness to
palpation

Joint swelling v

Decreased shoulder

Lower extremity

edema

O]
Other finding

No abnormalities

ROM
Not assessed
Decreased hip
ROM”
Specify if other finding
GAIT: o e}
Normal Not assessed

Abnormal




Was a venous blood sample drawn at today's visit? Q Q
Yes No
(conditional to enrollment and visits 3, 6, 9, 12)
Was a PAXGene blood sample drawn at today's visit? 0] o)
Yes No
(conditional to enrollment visit only)
Was a dried blood spot card prepared at today's visit, with Q o]
Yes No
either fingerprick or venous blood? (all scheduled and acute
care visits)
Results from MTRH lab
Date lab tests were performed /__/
DD MM YYYY
Was the AMPATH lab able to provide test results? o 0]
Yes No
O o
What was the reason no lab results were available? Not enough Not specified
sample 0 .
Other (e.g., vial
Sample dropped)
hemolyzed

Please Specify
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CBC

White Blood Cell count (*109/L)

normal range 4 - 10

Neutrophil count (*1079/L)

normal range 2 - 7

Hemoglobin concentration (g/dl)

normal range 11.5 - 16.5

Platelet count (*1079/L)

normal range 150 - 400

Mean corpuscular volume (MCV) (fl)

normal range 77 - 93

Chemistries

Creatinine (mg/dL)

normal range 0 - 0.7

ALT/SGPT (units/L)

normal range < 30
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Hb Electrophoresis

HbF % (conditional to visits 6 and 12 only)

Number between 0-100%

HbS % (conditional to visits 6 and 12 only)

Number between 0-100%

Lab Adverse Events

Did the child have any adverse events related to lab results? [ Yes Not Assessed

If yes, fill in the Serious Adverse Event form(CRF) Q No
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Adherence
o O]
Proguanil arm only: In the past two weeks, how many days of 01 09
malaria prevention medication did the child miss?
Q 02 Q10
Q03 Q11
Q 04 012
O] O]
05 13
Q 06 O 14
O]
Q o7 Not
0 08 Applicable
SP-AQ or DP arms only: For the last dose of malaria prevention Zero O 03
medication, how many days of medication did the child miss?
o
O 01 Not
0 02 Applicable
Are there difficulties getting the child to take the medication? Q o)
Yes No

Please specify difficulties
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How many times did you forget to give the child these malaria Never Often
medications when you were busy?
Rarely Unknown
Sometimes
Medication adverse event
Based on the interval history and clinical evaluation, has a o] o
Yes No

Serious Adverse Event occurred? (If yes fill out Serious Adverse

Event form)

As a reminder, the following types of events qualify as serious:
Death, Life Threatening, Inpatient hospitalization, Persistent or

significant incapacity, and an important medical event

Study medication dosage

Proguanil arm only: Choose the weight in kilograms used to
calculate today's Proguanil dosage

< =13 (1/4 tablet daily)

14-21 (1/2 tablet daily)

22-29 (3/4 tablet daily)

SP-AQ arm only: Choose the age in years used to calculate
today's SP-AQ dosage

<5 (1 tablet SP once, 1 tablet AQ for
3 days)

>=5 (1 1/2 tablet SP once, 1 1/2

tablet AQ for 3 days)

74



75


















































































































