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Introduction: Limited information exists on any interactions between hydroxyurea 
(HU) and antimalarials in sickle cell disease (SCD). We evaluated changes in clinical 
and laboratory parameters among children with SCD on HU therapy treated with 
artemether-lumefantrine (AL) for acute uncomplicated malaria (UM).

Methods: A prospective, non-randomized, pilot study of 127 children with SCD 
(23, UM; 104, steady state) were recruited from three hospitals in Accra. UM 
participants were treated with standard doses of AL and followed up, on days 1, 
2, 3, 7, 14, and 28. Venous blood was collected at baseline and follow-up days 
in participants with UM for determination of malaria parasitaemia, full blood 
count, reticulocytes, and clinical chemistry. Further, Plasmodium falciparum 
identification of rapid diagnostic test (RDT) positive samples was done using 
nested polymerase chain reaction (PCR).

Results: Among SCD participants with UM, admission temperature, neutrophils, 
alanine-aminotransferase, gamma-glutamyl-transferase, and haemoglobin 
significantly differed between HU recipients (HU+) and steady state, while 
white blood cell, neutrophils, reticulocytes, bilirubin, urea, and temperature 
differed significantly between non-HU recipients (no-HU), and steady state. 
Mean parasitaemia (HU+, 2930.3 vs. no-HU, 1,060, p =  0.74) and adverse events 
(HU+, 13.9% vs. no-HU, 14.3%), were comparable (p =  0.94). Day 28 reticulocyte 
count was higher in the HU+ (0.24) (0.17 to 0.37) vs. no-HU, [0.15 (0.09 to 0.27), 
p  =  0.022]. Significant differences in lymphocyte [HU+ 2.74 95% CI (−5.38 to 
58.57) vs. no-HU −0.34 (−3.19 to 4.44), p =  0.024]; bilirubin [HU+, −4.44 (−16.36 
to 20.74) vs. no-HU −18.37 (−108.79 to −7.16)]; and alanine aminotransferase, 
[HU+, −4.00 (−48.55 to 6.00) vs. no-HU, 7.00 (−22.00 to 22.00)] were observed 
during follow up.
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Conclusion: Parasite clearance and adverse event occurrence were comparable 
between SCD children treated with AL irrespective of HU status. However, distinct 
patterns of changes in laboratory indices suggest the need for larger, more 
focused studies.
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Introduction

The highest burden of sickle cell disease (SCD) is in sub-Saharan 
Africa where over 300,000 children are born each year with SCD, and 
related childhood mortality rates remain high (1, 2). Malaria and SCD 
have a similar geographic distribution across endemic regions in 
sub-Saharan Africa and Asia, where malaria is often a major cause of 
infection-related hospitalization in SCD (3–5). In people with SCD, 
malaria can worsen baseline anaemia, trigger acute complications of 
SCD, and increase the likelihood of gram-negative bacteraemia—all 
of which potentially increase morbidity and risk of death (6, 7).

Hydroxyurea (HU) was the first drug approved as a disease 
modifying agent in sickle cell anaemia and is recommended for use, 
irrespective of phenotypic severity. HU has multiple benefits in SCD 
including increases in absolute haemoglobin (Hb), mean corpuscular 
volume (MCV) and foetal haemoglobin (HbF) levels, reductions in 
white blood cell (WBC), neutrophil, platelet, and reticulocyte counts, 
and increased nitric oxide availability. At the cellular level, these effects 
inhibit sickle polymerization, reduce inflammation, and improve 
blood rheology (8, 9).

There was earlier conflicting evidence about the benefits or safety 
of HU on the predisposition to and clinical course of malaria; however, 
the REACH trial showed a lower incidence of malaria in children on 
HU at maximum tolerated dose (10). HU-associated reductions in the 
absolute neutrophil count (ANC) below 3.0 × 109/L significantly 
decreased malaria incidence within the study population. The 
NOHARM study also demonstrated that HU was safe in very young 
children (ages 1.00–3.99 years), with no difference in malaria 
incidence or severity between children on HU or placebo. NOHARM 
study participants received malaria chemoprophylaxis, and there were 
12 episodes of clinical malaria over a 1 year follow-up period (11).

Our group has previously shown high (>95%) days 28 and 42 cure 
rates in SCD patients with acute malaria, using recommended 
antimalarials such as artemisinin-based combination therapies (ACT). 
These studies were conducted prior to the introduction of HU as a 
disease modifying agent in Ghana, where 1 in 50 newborns is affected 
with SCD (12, 13). It is unknown which changes occur in 
haematological or biochemical parameters of children on HU therapy 
who are concomitantly treated with ACT. There are no published 
reports on the interplay, if any, between HU and ACT during the acute 
phase of malaria, when significant changes in blood cell parameters 
may occur, or any influence of HU on parasite clearance from 
peripheral blood. One of HU’s therapeutic effects in SCD is through 
transient reduction of intracellular HbS concentration within 
erythrocyte precursors in favour of HbF, while haemoglobinopathies 
have been demonstrated to influence the activity of artemisinin based 
antimalarials by altering their accumulation and binding to target 

molecules within parasitized erythrocytes (14). Additionally, while 
artemisinin derivatives are well tolerated and typically do not have 
major haematological side effects, there are reports of delayed 
haemolytic anaemia and dose-dependent decreases in neutrophil 
counts (15, 16). These effects could potentially exacerbate HU and 
malaria-associated alterations in blood cell parameters. Furthermore, 
a retrospective study from Portugal in returned adult travellers with 
non-severe falciparum malaria, found that there were statistically 
significant elevations in liver enzymes, specifically alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST), in 
those who were treated with a standard 3 days course of artemether-
lumefantrine (AL) compared to a historical cohort of patients treated 
with a quinine-doxycycline regimen. These liver enzyme elevations 
were clinically asymptomatic, did not require treatment interruption 
and resolved without any specific interventions (17). HU has been 
implicated in both worsening of hepatic dysfunction in patients with 
SCD and improvements in sickle cell hepatopathy (18, 19).

Studies that evaluate changes in clinical and laboratory parameters 
in SCD patients on HU during acute malaria would provide 
information to help guide optimal malaria treatment policy, especially 
since HU use in Africa has become more widespread and is considered 
standard of care in SCD. Therefore, our main study objectives were to: 
(i) evaluate differences, if any, in selected haematological and clinical 
chemistry parameters between children with SCD on HU therapy 
treated with artemether-lumefantrine (AL) for uncomplicated 
malaria, compared to those not on HU therapy, (ii) determine parasite 
clearance and treatment efficacy and (iii) frequency of occurrence of 
adverse events (AEs) in both groups during a 28 days follow up period.

Materials and methods

Study design and sites

This was a prospective, non-randomized, pilot study conducted at 
three sites—Department of Child Health, Korle Bu Teaching Hospital, 
Greater Accra Regional Hospital, and Princess Marie Louise Children’s 
Hospital, all in Accra, Ghana. Study recruitment was from June 2021 
to August 2022. All three institutions are state-funded public health 
facilities with specialist paediatricians and paediatric sickle cell clinics. 
Folate supplementation is given routinely to all children with SCD at 
the study sites. For patients on HU, Hb F levels are not routinely 
checked due to the prohibitive cost of testing. Malaria 
chemoprophylaxis is not used, although families are routinely 
counselled on other preventive methods like insecticide-treated bed 
nets. National guidelines for uncomplicated malaria recommend 
treatment with ACT if there is either a positive malaria rapid 
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diagnostic test (RDT) or blood film (microscopy) showing 
malaria parasites.

Study population and inclusion criteria

Inclusion criteria were, (i) history of fever within the previous 72 h 
or axillary temperature ≥37.5°C at the time of presentation to the 
health facility, (ii) positive malaria RDT, and (iii) decision by attending 
physician to treat as uncomplicated malaria with ACT. Children with 
signs and symptoms of severe malaria using WHO criteria (e.g., 
prostration, seizures, coma, or other neurologic abnormalities etc.) 
were excluded.

One hundred and twenty-seven children, ages one to 15 years, 
were prospectively recruited as follows: twenty-three (23) children 
with SCD and RDT-positive uncomplicated malaria who received AL 
(10 on HU and 13 not on HU) were enrolled and followed up. 
Additionally, 104 children with SCD in “steady state” reporting to the 
study sites for routine quarterly follow up clinic visits (58 on HU and 
46 not on HU) were enrolled as comparators for the SCD RDT-positive 
participants. Steady state SCD was defined as clinically asymptomatic 
with no pain, fever or other intercurrent illness in the 4 weeks prior to 
recruitment, no blood transfusions in the preceding 4 months (20), 
and a negative RDT test on day of enrolment.

Recruitment and baseline procedures (day 
0)

Baseline screening included clinical history, physical examination, 
malaria RDT (Biozek Medical, Netherlands), and completion of a 
structured case record form by study physicians. We collected 2 mL of 
venous blood into ethylenediaminetetraacetic acid (EDTA) and 
heparinized tubes for determination of malaria parasitaemia, full 
blood count, reticulocytes (RET) and clinical chemistry, in all 
participants with a positive RDT test result. RDT-positive individuals 
were treated with a 3 days course of AL per manufacturer’s weight-
based dosing guidelines. AL was supervised by caregivers of patients 
treated on outpatient department (OPD) basis. For those who were 
admitted, the nursing staff supervised their AL course.

Follow-up assessments

A complete physical examination, assessment for new or persistent 
symptoms, AEs, and malaria parasitaemia were done on follow up 
days 1, 2, 3, 7, 14, and 28. Full blood count, RET and clinical chemistry 
were repeated on days 3, 7, 14, and 28. Participants in steady state did 
not require follow up. AEs were assessed during follow up visits and 
those of grade two or higher [according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5] were documented for 
all participants.

Laboratory procedures

Thick and thin blood smears were prepared, stained with 
Giemsa, and parasite density was determined by counting the 

number of asexual stage parasites relative to 200 WBC, multiplied 
by the measured WBC count. Each slide was read independently 
by two certified microscopists and the average of two readings 
recorded. Full blood count with leucocyte differential, absolute 
neutrophil count (ANC) and RET were done using an automated 
haematology analyzer (Sysmex XN-350, Japan). Clinical 
chemistry (gamma-glutamyl-transferase, aspartate 
aminotransferase, alanine aminotransferase, total bilirubin, 
serum creatinine, urea, serum potassium, and serum sodium) 
was done with the HumaLyte Plus 5 and HumaStar 100 chemistry 
analyzer systems (Germany). Plasmodium falciparum 
identification of RDT positive samples was done by extracting 
genomic DNA from dried blood spots using a chelex extraction 
procedure and using nested polymerase chain reaction (PCR) 
approach to amplify the COX III gene, with primers specific for 
the parasite mitochondrial DNA.

Statistical analysis

Continuous data were analyzed as median and/or interquartile 
range (IQR) or as mean with standard deviation (SD), when normally 
distributed. Frequencies with percentages were used for categorical 
data. Overall group differences in the endpoints by patient sub-groups 
were evaluated using the Kruskal–Wallis test. The Wilcoxon rank-sum 
rank test was utilized for pair-wise group comparisons. Correlations 
were expressed as Spearman rank coefficients. p-values less than 0.05 
were considered statistically significant.

Ethics

Approval for the study was obtained from the KBTH Institutional 
Review Board (KBTH—IRB/00010/2020) and the Ghana Health 
Service Ethics Review Committee (GHS-ERC: 014/02/21). Informed 
consent was obtained from parents or guardians of all recruited 
participants, and assent obtained from children ≥age 10 years.

Results

The median (range) duration of HU treatment (for those on HU) 
was 28 (3–60) months and the median (range) HU dose was 25 
(18–35) mg/kg/day.

Comparison of RDT-positive SCD vs. steady 
state SCD (HU+ vs. no-HU)

Selected demographic parameters (age and sex) were comparable 
between those with acute malaria and those in steady state, whether 
they were on HU or otherwise. Among those on HU (HU+), 
participants with acute malaria had significantly higher admission 
temperature, lower Hb, higher ANC, ALT, and gamma-glutamyl-
transferase (GGT) than steady state participants. Among the no-HU 
group, participants with acute malaria had higher admission 
temperature, WBC, ANC, RET, total bilirubin (BIL) and urea than 
participants in steady state (Table 1).
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TABLE 1 Baseline (day 0) characteristics of SCD patients (RDT positive) and steady state SCD patients on HU and those not on HU.

Parameter SCD RDT 
positive on HU 
mean  ±  SD (n) 

median (range) 
OR n (%)

Steady state 
SCD on HU 

mean  ±  SD (n) 
median (range) 

OR n (%)

p-
value

SCD RDT 
positive not on 
HU mean  ±  SD 

(n) median 
(range) OR n 

(%)

Steady state 
SCD not on HU 
mean  ±  SD (n) 

median (range) 
OR n (%)

p-value Reference 
values

Age (years) 7.80 ± 4.02 (10) 7.57 ± 4.18 (58) 0.872 6.77 ± 3.65 (13) 9.06 ± 4.75 (47) 0.112 N/A

8.00 (2.00 to 14.00) 8.00 (1.00 to 15.00) 5.00 (1.00 to 13.00) 9.00 (0.00 to 20.00)

Sex 0.742 1.000 N/A

(Female) 5 (50.00%) 23 (39.00%) 6 (46.20%) 23 (50.00%)

(Male) 5 (50.00%) 36 (61.00%) 7 (53.80%) 23 (50.00%)

Weight (kg) 23.92 ± 9.87 (10) 26.08 ± 18.73 (57) 0.724 20.51 ± 7.03 (13) 29.65 ± 14.05 (44) 0.028 N/A

24.05 (8.20 to 37.00) 21.50 (8.20 to 143.00) 19.30 (8.00 to 32.00) 29.00 (7.40 to 64.00)

Temperature 

(°C)

38.28 ± 1.42 (10) 36.45 ± 0.43 (58) <0.001 37.80 ± 1.21 (13) 36.50 ± 0.50 (44) <0.001 36.5–37.5

38.35 (36.50 to 40.40) 36.50 (35.60 to 37.90) 37.90 (36.20 to 39.90) 36.50 (35.60 to 37.90)

Spleen size (cm) 1.20 ± 2.04 (10) 1.00 ± 2.76 (22) 0.839 3.50 ± 4.90 (12) 2.17 ± 2.86 (6) 0.550 N/A

0.00 (0.00 to 5.00) 0.00 (0.00 to 11.00) 0.75 (0.00 to 13.50) 1.00 (0.00 to 7.00)

Hemoglobin (g/

dL)

6.47 ± 1.27 (9) 8.29 ± 1.34 (52) <0.001 7.59 ± 2.62 (11) 8.79 ± 1.61 (43) 0.061 8.0–17.0

5.70 (5.40 to 8.50) 8.20 (5.40 to 11.10) 7.50 (3.80 to 11.50) 8.80 (4.50 to 11.80)

MCV (fL) 87.51 ± 15.87 (9) 91.69 ± 9.51 (52) 0.280 80.06 ± 13.28 (10) 74.82 ± 9.50 (42) 0.154 86.0–110.0

95.10 (63.50 to 105.00) 93.20 (73.40 to 122.30) 79.05 (61.20 to 106.10) 73.15 (59.10 to 100.80)

WBC (109/L) 11.85 ± 4.61 (8) 9.00 ± 4.06 (52) 0.075 15.74 ± 6.22 (11) 10.59 ± 4.70 (43) 0.004 3.0–15.0

12.46 (6.46 to 18.88) 8.16 (3.47 to 24.76) 15.28 (8.25 to 29.45) 9.55 (4.06 to 26.14)

Neutrophil 

number

7.00 ± 4.48 (8) 3.59 ± 2.30 (52) 0.001 7.54 ± 4.69 (10) 4.49 ± 2.43 (43) 0.005 1.50–7.00

5.47 (2.81 to 15.83) 3.11 (0.36 to 14.91) 5.19 (3.51 to 18.05) 4.08 (1.81 to 14.11)

Lymphocyte 

number

4.82 ± 3.19 (9) 4.27 ± 1.93 (52) 0.482 6.63 ± 4.11 (9) 4.78 ± 2.42 (43) 0.073 1.00–3.70

4.21 (1.79 to 12.24) 4.12 (1.57 to 10.66) 5.89 (2.32 to 15.13) 4.40 (1.69 to 12.05)

Platelets (109/L) 241.22 ± 114.80 (9) 309.46 ± 154.66 (52) 0.212 235.18 ± 125.71 (11) 319.07 ± 144.99 (43) 0.085 50–400

243.00 (94.00 to 415.00) 324.00 (18.80 to 

678.00)

205.00 (96.00 to 489.00) 270.00 (42.00 to 

678.00)

Reticulocyte 

number

0.21 ± 0.06 (8) 0.21 ± 0.08 (52) 0.862 0.27 ± 0.22 (9) 0.18 ± 0.10 (43) 0.049 0.0000–0.9999

0.22 (0.09 to 0.29) 0.19 (0.08 to 0.41) 0.19 (0.12 to 0.82) 0.18 (0.02 to 0.44)

Total bilirubin 

(μmol/L)

34.42 ± 27.50 (8) 37.46 ± 19.79 (55) 0.701 62.87 ± 55.94 (10) 32.56 ± 15.19 (43) 0.003 1.71–20.52

24.09 (18.33 to 101.66) 30.76 (10.91 to 105.60) 34.22 (14.37 to 172.52) 28.74 (11.97 to 68.99)

AST (U/L) 63.12 ± 34.43 (8) 57.29 ± 33.63 (55) 0.649 50.30 ± 18.54 (10) 44.14 ± 19.46 (43) 0.368 0–31

65.00 (22.00 to 115.00) 53.00 (23.00 to 258.00) 48.00 (25.00 to 82.00) 38.00 (18.00 to 94.00)

ALT (U/L) 47.38 ± 26.37 (8) 27.35 ± 20.51 (55) 0.016 28.70 ± 11.26 (10) 25.28 ± 12.72 (43) 0.438 0–34

59.50 (11.00 to 85.00) 23.00 (12.00 to 157.00) 29.00 (9.00 to 45.00) 20.00 (9.00 to 59.00)

GGT (U/L) 52.25 ± 46.91 (8) 26.33 ± 16.90 (55) 0.003 66.90 ± 94.06 (10) 32.40 ± 33.32 (42) 0.056 9–39

32.00 (13.00 to 125.00) 23.00 (8.00 to 106.00) 24.50 (17.00 to 319.00) 25.00 (12.00 to 232.00)

Na (mmol/L) 142.28 ± 6.64 (8) 142.22 ± 8.24 (55) 0.987 141.12 ± 6.51 (10) 138.12 ± 8.10 (44) 0.280 135–145

142.70 (130.30 to 

153.70)

144.40 (126.00 to 

155.70)

142.30 (127.40 to 

151.60)

137.45 (115.00 to 

151.50)

K (mmol/L) 5.36 ± 2.78 (8) 6.83 ± 2.34 (55) 0.110 5.89 ± 1.68 (10) 5.61 ± 1.90 (44) 0.666 3.5–5.5

4.32 (3.08 to 11.41) 6.15 (3.49 to 15.14) 6.03 (4.01 to 8.96) 5.69 (0.13 to 12.47)

Urea (mmol/L) 2.95 ± 1.45 (8) 2.19 ± 0.97 (54) 0.057 4.60 ± 4.27 (10) 3.04 ± 1.40 (43) 0.048 1.7–8.3

2.55 (1.40 to 5.20) 1.85 (0.40 to 4.90) 2.90 (1.90 to 16.00) 2.70 (1.30 to 7.20)

Creatinine 

(μmol/L)

44.98 ± 11.07 (8) 48.21 ± 12.57 (53) 0.496 42.09 ± 19.03 (10) 48.16 ± 13.45 (43) 0.241 44.2–88.4

39.52 (33.90 to 63.47) 47.47 (6.33 to 75.06) 39.57 (6.12 to 64.71) 49.81 (17.41 to 92.57)

MCV, mean corpuscular volume; WBC, white blood cells; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl-transferase; Na, sodium; K, potassium; N/A, 
non-applicable.
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RDT-positive SCD HU+ versus RDT-positive 
SCD no-HU: baseline clinical signs

The HU+ participants (n = 10) were all HbSS genotype, while the 
no-HU participants comprised HbSS (n = 9) and HbSC (n = 4) 
genotypes. Cardiac murmurs and hepatomegaly were observed more 
frequently in the HU+ group on day 0, while jaundice and 
splenomegaly were more prevalent in the no-HU group 
(Supplementary Table S1). Aside from a (statistically non-significant) 
larger spleen size in the no-HU group, there were no other differences 
between the two groups on day 0.

RDT-positive SCD HU+ versus RDT-positive 
SCD no-HU: parasitaemia carriage and 
clearance

Overall, parasitaemia was detected by microscopy among 30.4% 
(7/23) of the RDT-positive SCD participants (4/10 HU+ and 3/13 
no-HU; p = 0.38), and by PCR among 60.9% (8/10 HU+ and 6/13 
no-HU) (Supplementary Table S2). Geometric mean Plasmodium 
falciparum parasite density was higher (though non-significantly), in 
the HU+ group (Table  2). None of the study participants had 
(microscopic) detectable parasitaemia by day 3, or on any of the 
subsequent follow up days, except one study participant: (14 years-old 
male, HbSS, who had a surgical splenectomy the previous year) who 
was seen with recurrent parasitaemia on day 14. There was no 
significant difference in parasite clearance between the HU+ and 
no-HU groups (Figure 1).

RDT-positive SCD HU+ versus RDT-positive 
SCD no-HU: trends in haematological 
parameters

Total WBC and ANC were lower in the HU+ group on days 0 and 
28 but the pattern was reversed between days 3 through to 14. Platelet 
counts, while comparable between the HU+ and no-HU groups on 
day 0, declined more sharply in the HU+ group by day 3, subsequently 
reversing its pattern with a peak on day 14 and comparatively higher 
levels by day 28. Hb concentration was initially comparatively lower 
in the HU+ group (day 0) but reverted to slightly higher levels by day 
28. The change in lymphocyte count (day 0 and day 7) between HU+ 
(mean change; 95% CI) [2.74 (−5.38 to 58.57)] and no-HU [−0.34 
(−3.19 to 4.44)] groups was significant (p = 0.024). Similarly, the 
change in RET count between HU+ [0.24 (0.17 to 0.37)] and no-HU 
[0.15 (0.09 to 0.27)] was significant on day 28 (p = 0.022). Graphical 
presentation of trends in haematological parameters from day 0 to day 
28 are shown (Figure 2).

RDT-positive SCD HU+ versus RDT-positive 
SCD no-HU: trends in clinical chemistry 
parameters

Day 0 (pre-treatment) higher ALT and AST levels in the HU+ 
group declined sharply, attaining a nadir on day 3. Comparatively, 
lower day 0 GGT and urea levels in the HU+ group trended upwards 

between days 3 and 14, reverting to comparable levels as the no-HU 
group, by day 28. Between days 0 and 3, mean (95% CI) changes in 
BIL [HU+ −4.44 (−16.36 to 20.74)]; no-HU [−18.37 (−108.79 to 
−7.16)]; and ALT HU+ [−4.00 (−48.55 to 6.00)], no-HU [7.00 
(−22.00 to 22.00)], were significant (p = 0.018 for both parameters). 
ALT changes during subsequent follow up days: days 0 and 7 
(p = 0.010) and days 0 and 14 (p = 0.023), were also significant. The 
patterns of changes in other clinical chemistry parameters from day 0 
to day 28 are shown (Figure 3).

RDT-positive SCD HU+ versus RDT-positive 
SCD no-HU: adverse event occurrence on 
day 28

Using the CTCAE criteria, a cumulative total of 13.9% (11/79) 
adverse events occurred in the HU+ group, compared with 14.3% 
(10/70) in the no-HU group, by day 28 (p = 0.94). Elevated bilirubin 
(n = 5; grade one = 1; grade two = 4  in either group) was the most 
common adverse event (Supplementary Table S3).

Discussion

Malaria and SCD both remain diseases of public health 
significance. Deployment of HU as disease modifying therapy for SCD 
in malaria endemic countries has the potential to improve SCD care; 
however, concomitant antimalarial drug administration within the 
context of HU therapy may require further safety data and or 
assurance as well as demonstration of efficacy. This study provides 
preliminary data on systematic changes in haematological and clinical 
chemistry parameters and preliminary efficacy data among SCD 
patients with uncomplicated malaria on HU therapy treated with 
AL. The study also provides data on the dynamics of these changes, 
from acute malaria illness through recovery, between antimalarial 
treated HU+ and no-HU recipients. Additionally, the baseline data of 
the malaria treated SCD HU+ and no-HU participants have been 
compared with the corresponding steady state SCD HU+ or no-HU 
group. The findings thus provide data on malaria- or SCD-distinctive 
changes during the acute and immediate post-recovery periods.

Our results showed lower Hb levels in participants with acute 
malaria compared to those in steady state, although this was only 
significant in the HU+ group. While RET was similar in those on HU 
(RDT-positive vs. steady state), it was significantly higher in the 
RDT-positive no-HU group compared to steady state no-HU. SCD 
causes alterations in blood cell indices characterized by a reduction in 
Hb and increase in RET, while malaria also causes accelerated 
breakdown of both parasitized and uninfected red cells, potentially 
worsening the effect on Hb and RET (21, 22). Although HU is known 
to cause reticulocytopenia, the expected increase in RET in the 
context of acute malaria haemolysis was not initially seen in the 
RDT-positive HU+ group, despite having significantly lower Hb than 
those in steady state. Over the follow up period, the RET was similar 
in both RDT-positive HU+ and no-HU groups until day 28, when the 
HU+ group had significantly higher RET in keeping with greater bone 
marrow stimulation in this sub-group as their Hb levels were also 
higher by day 28 (23). Further evaluation with a larger group of 
participants is needed to verify these findings.
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TABLE 2 Baseline (day 0) characteristics of RDT positive SCD patients (HU+ versus no-HU).

Parameter SCD RDT positive on 
HU mean  ±  SD (n) 

median (range) OR n 
(%)

SCD RDT positive not 
on HU mean  ±  SD (n) 
median (range) OR n 

(%)

p-value Reference values

Age (years) 7.80 ± 4.02 (10) 6.77 ± 3.65 (13) 0.528 N/A

8.00 (2.00 to 14.00) 5.00 (1.00 to 13.00)

Sex 1.000 N/A

(Female) 5 (50.00%) 6 (46.20%)

(Male) 5 (50.00%) 7 (53.80%)

Weight (kg) 23.92 ± 9.87 (10) 20.51 ± 7.03 (13) 0.343 N/A

24.05 (8.20 to 37.00) 19.30 (8.00 to 32.00)

Temperature (°C) 38.28 ± 1.42 (10) 37.80 ± 1.21 (13) 0.392 36.5–37.5

38.35 (36.50 to 40.40) 37.90 (36.20 to 39.90)

Geometric mean (95% CI) 

parasite density (/μL)

2930.3 (1325.9–6476.2) 1,060 (7.53–149, 432.5) 0.74 N/A

Spleen size (cm) 1.20 ± 2.04 (10) 3.50 ± 4.90 (12) 0.182 N/A

0.00 (0.00 to 5.00) 0.75 (0.00 to 13.50)

Hemoglobin (g/dL) 6.47 ± 1.27 (9) 7.59 ± 2.62 (11) 0.256 8.0–17.0

5.70 (5.40 to 8.50) 7.50 (3.80 to 11.50)

MCV (fL) 87.51 ± 15.87 (9) 80.06 ± 13.28 (10) 0.281 86.0–110.0

95.10 (63.50 to 105.00) 79.05 (61.20 to 106.10)

WBC (109/L) 11.85 ± 4.61 (8) 15.74 ± 6.22 (11) 0.154 3.0–15.0

12.46 (6.46 to 18.88) 15.28 (8.25 to 29.45)

Neutrophil number 7.00 ± 4.48 (8) 7.54 ± 4.69 (10) 0.809 1.50–7.00

5.47 (2.81 to 15.83) 5.19 (3.51 to 18.05)

Lymphocyte number 4.82 ± 3.19 (9) 6.63 ± 4.11 (9) 0.311 1.00–3.70

4.21 (1.79 to 12.24) 5.89 (2.32 to 15.13)

Platelets (109/L) 241.22 ± 114.80 (9) 235.18 ± 125.71 (11) 0.913 50–400

243.00 (94.00 to 415.00) 205.00 (96.00 to 489.00)

Reticulocyte number 0.21 ± 0.06 (8) 0.27 ± 0.22 (9) 0.471 0.0000–0.9999

0.22 (0.09 to 0.29) 0.19 (0.12 to 0.82)

Total bilirubin (μmol/L) 34.42 ± 27.50 (8) 62.87 ± 55.94 (10) 0.208 1.71–20.52

24.09 (18.33 to 101.66) 34.22 (14.37 to 172.52)

AST (U/L) 63.12 ± 34.43 (8) 50.30 ± 18.54 (10) 0.326 0–31

65.00 (22.00 to 115.00) 48.00 (25.00 to 82.00)

ALT (U/L) 47.38 ± 26.37 (8) 28.70 ± 11.26 (10) 0.059 0–34

59.50 (11.00 to 85.00) 29.00 (9.00 to 45.00)

GGT (U/L) 52.25 ± 46.91 (8) 66.90 ± 94.06 (10) 0.694 9–39

32.00 (13.00 to 125.00) 24.50 (17.00 to 319.00)

Na (mmol/L) 142.28 ± 6.64 (8) 141.12 ± 6.51 (10) 0.716 135–145

142.70 (130.30 to 153.70) 142.30 (127.40 to 151.60)

K (mmol/L) 5.36 ± 2.78 (8) 5.89 ± 1.68 (10) 0.620 3.5–5.5

4.32 (3.08 to 11.41) 6.03 (4.01 to 8.96)

Urea (mmol/L) 2.95 ± 1.45 (8) 4.60 ± 4.27 (10) 0.314 1.7–8.3

2.55 (1.40 to 5.20) 2.90 (1.90 to 16.00)

Creatinine (μmol/L) 44.98 ± 11.07 (8) 42.09 ± 19.03 (10) 0.708 44.2–88.4

39.52 (33.90 to 63.47) 39.57 (6.12 to 64.71)

MCV, mean corpuscular volume; WBC, white blood cells; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl-transferase; Na, sodium; K, potassium; N/A, 
non-applicable.
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WBC, ANC, and platelets are elevated in SCD steady state, due to 
underlying chronic inflammation and increased expression of 
endothelial adhesion molecules. The myelosuppressive effect of HU 
usually counteracts these changes (8, 24). We  however found 
significantly higher ANC levels in those with acute malaria vs. steady 
state, irrespective of HU status. In the REACH study, HU-induced 
myelosuppression with ANC <3.0, was protective against malaria 
through incompletely defined mechanisms that may include decreased 
inflammation (10). In the current study, WBC was also increased in 
both HU+ and no-HU malaria groups compared to those in steady 
state, although this was not statistically significant for the HU+ group. 
Surprisingly, platelet counts were comparable across all groups at 
baseline. In malaria pathogenesis, platelets play both beneficial and 
deleterious roles, with malaria being a known cause of 
thrombocytopenia. Thrombocytopenia is also a marker of disease 
severity in P. falciparum and P. vivax infections (25, 26). It is not clear 
why our acute malaria cohorts did not show this expected platelet 
drop, but the lack of differences compared to those in steady state 
could be because they had uncomplicated infection. Interestingly, 
comparing only the HU+ malaria and no-HU malaria groups, 
we found marked differences between groups in the platelet counts 
over the 28 days follow up period, although the patterns of change 
were similar, with both groups showing relatively lower platelet counts 
on day 3, a peak on day 14 and values close to baseline on day 28.

Although the HU+ malaria group had a higher mean parasite 
density than the no-HU malaria group, this was not statistically 
significant. SCD does not share the protective effect of HbS against 
severe P. falciparum malaria seen in sickle cell trait, yet parasite burden 
is usually lower, and SCD individuals develop clinical malaria at lower 

parasitaemia than non-SCD. HbS-containing red cells may present a 
hostile environment for malaria parasite development as infected 
sickled red cells are preferentially removed from circulation by splenic 
macrophages. HU reduces HbS concentration and increases HbF 
levels in red cells, and improvements in deformability and cellular 
hydration, leading to red cells less prone to premature haemolysis. 
Increased HbF may also be associated with restriction of parasite 
growth in vitro (27), and HU may act synergistically with antimalarials 
to prevent parasite growth (28). In vitro studies show that 
ribonucleotide reductase inhibitors interfere with malaria parasite 
development at the schizont stage through inhibition of DNA 
synthesis, while HU may increase expression of endothelial 
intracellular adhesion molecule 1, facilitating parasite adhesion to the 
endothelium (29).

The finding of higher mean parasitaemia at enrolment in the HU+ 
malaria group could have caused a significant drop in haemoglobin at 
the start of infection and may account for the (unexpectedly) similar 
haemoglobin levels at malaria diagnosis in the HU+ and no-HU 
groups. It may also explain the higher prevalence of anaemia-
associated clinical signs at presentation in the HU+ group. The 
increased Hb by days 7 and 28, in both groups, are in keeping with 
complete recovery from the acute malaria infection.

There were comparable ANC between the HU+ and no-HU 
malaria groups at baseline and significantly higher ANC in the HU+ 
group on days 3 and 14 but a reverse trend by day 28. However, the 
days 3 through 14 ANC among the HU+ group was skewed by the 
single post-splenectomy participant who had persistent parasitaemia 
through day 14. Neutrophils play a crucial role in the body’s defense 
against pathogens and are implicated in the phagocytosis of malaria 

FIGURE 1

Geometric mean (±SEM) parasite density of SCD (HU versus no HU) patients from day 0 to day 28.
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parasite-infested RBC and free merozoites. Neutrophils also produce 
reactive oxygen species that inhibit parasite growth (30). While these 
changes may be  incorrectly interpreted as evidence of underlying 
bacterial infection, the degree of neutrophilia is linked to an increased 
likelihood of developing severe malaria due to the formation of 
neutrophil extracellular traps and transient immunosuppression (30), 
and both leukocytosis and neutrophilia represent adverse prognostic 
factors for severe SCD-related complications such as stroke. The 
finding of persistent parasitaemia-associated neutrophilia signals and 

confirms the adverse effects of malaria among SCD patients and the 
need for prompt malaria treatment in this patient population.

Lymphocyte counts on days 3 and 28 were comparable between 
the HU+ and no-HU groups. However, the corresponding counts 
were markedly different between days 7 and 14. While the implication 
of these dynamics are unknown, T cell lymphocytes play a role in 
priming phagocytic cells to capture or kill malaria parasites as well as 
helping B lymphocytes produce functional anti-parasitic antibodies 
(31). Lymphocytes are also important in SCD pathophysiology as 

FIGURE 2

Haematological characteristics of SCD patients (HU versus no HU) who were RDT positive and received AL from day 0 to day 28.
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FIGURE 3

Clinical chemistry characteristics of SCD patients (HU versus no HU) who were RDT positive and received AL from day 0 to day 28.
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invariant natural killer T cells have been implicated as a critical 
immune profile that potentiates SCD and may act as a possible 
therapeutic target. The implication of the comparatively higher 
lymphocyte counts in the HU+ group in the immediate post-
treatment phase are unclear, even as HU is known to have 
antiproliferative effects on T lymphocytes in vitro (32) and specifically 
targets quiescent lymphocytes in vivo (33).

Despite lack of any significant differences in biochemical 
parameters on Day 0 between both malaria groups, the temporal 
patterns showed marked variations in AST and ALT between days 0 
and 28. The nadir of ALT and AST occurred in the HU+ group on day 
3, with no change in BIL on day 3—a finding that was not seen in the 
no-HU group. The latter group had an increase in the AST and ALT 
values on day 3, consistent with previous reports of self-limiting, 
disease and/or drug-related liver injury (17, 34). Although HU can 
cause acute elevations in liver enzymes, it is well tolerated in children 
with SCD with no short- or long-term hepatotoxicity. In a single 
treatment centre in the United Kingdom, significant reductions in the 
ALT and AST were seen in children with sickle cell anaemia who had 
good adherence to HU, signifying a beneficial effect on 
hepatocytes (35).

Being the most prescribed ACT in sub-Saharan Africa (36), 
several systematic studies have shown an overall high (>95%) AL 
treatment success in sub-Saharan Africa (37, 38), with comparatively 
high efficacy rates reported among SCD patients (12, 39). However, 
a lower AL therapeutic efficacy has been reported among young 
underweight children from Africa (40), while AL treatment has also 
been associated with a higher treatment failure risk, or reduced 
lumefantrine absorption in underweight children (41, 42). Among 
the general population of children in Burkina Faso and Uganda, 
there have also been recent concerns of AL treatment failure (43, 44). 
Furthermore, AL treatment has been associated with delayed 
parasite clearance among SCD patients and SCD-associated 
pathophysiological changes such as impairment of hepatorenal 
function, albuminuria (45), malnutrition (46), or alterations in 
blood cell indices, may act in concert, with implications for overall 
treatment outcome in SCD patients. In this study, however, absent 
parasitaemia in all study participants by day 3 demonstrates rapid 
parasite clearance and supports the continued high AL efficacy in 
our study population. The recurrence of parasitaemia in a 
splenectomized patient, is consistent with evidence of prolonged 
parasite clearance in individuals with impaired splenic function and 
with the findings from a recent report from Sudan, of parasite 
recrudescence after antimalarial treatment in a splenectomized SCD 
patient on HU (47).

Conclusion

Children with SCD treated with AL for acute uncomplicated 
malaria had rapid parasite clearance and high day 28 cure rates 
irrespective of whether they were on prior HU therapy. However, 
distinct pattern of changes in haematological and blood chemistry 
parameters between HU+ and no-HU groups in this pilot study, 
including rapid decline in ALT and AST among the HU+, in contrast 
with elevated ALT and BIL levels in the no-HU group during the acute 
illness phase, suggest that further focused studies are needed to 
evaluate the significance of these observations in the specific context 

of long term safety of HU during acute malaria and its treatment. 
Furthermore, our finding of recurrent parasitaemia in a single 
splenectomized patient, highlights the need for studies to refine the 
role of the spleen in SCD patients with acute malaria and to advocate 
for antimalarial preventive interventions for high-risk SCD patients 
in endemic areas.

Limitations

Although the 28 days follow up schedule was consistent with 
WHO recommendations for antimalarial efficacy studies, a longer 
follow up would be a more optimal design in terms of determining the 
natural history and dynamics of changes in haematological or clinical 
chemistry parameters and long term safety implications. A 
heterogeneous SCD population with different phenotypes would be a 
more robust approach to unravelling the clinical and para-clinical 
effects of HU in this population.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional 
Review Board, Korle Bu Teaching Hospital; and the Ghana Health 
Service Ethics Review Committee. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation in this study was provided 
by the participants’ legal guardians/next of kin.

Author contributions

CS: Conceptualization, Data curation, Investigation, Methodology, 
Supervision, Validation, Writing – original draft, Writing – review & 
editing. SKA: Conceptualization, Data curation, Investigation, 
Methodology, Supervision, Validation, Writing – original draft, 
Writing – review & editing. AA: Data curation, Investigation, 
Methodology, Supervision, Validation, Writing – original draft, 
Writing – review & editing. MN: Conceptualization, Investigation, 
Methodology, Supervision, Validation, Writing – review & editing. 
YB: Conceptualization, Investigation, Methodology, Supervision, 
Validation, Writing – review & editing. NS: Conceptualization, 
Investigation, Methodology, Supervision, Validation, Writing – review 
& editing. SYA: Investigation, Methodology, Supervision, Validation, 
Writing – review & editing. AS: Data curation, Formal analysis, 
Investigation, Methodology, Validation, Writing – review & editing. 
LH: Conceptualization, Funding acquisition, Methodology, Project 
administration, Resources, Supervision, Validation, Writing – review 
& editing. MO: Conceptualization, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Supervision, 
Validation, Writing – review & editing. GA: Conceptualization, Data 
curation, Formal analysis, Funding acquisition, Investigation, 

https://doi.org/10.3389/fmed.2023.1291330
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Segbefia et al. 10.3389/fmed.2023.1291330

Frontiers in Medicine 11 frontiersin.org

Methodology, Project administration, Resources, Supervision, 
Validation, Visualization, Writing – original draft, Writing – review & 
editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. Funding for the 
study was provided by DANIDA/DFC through the Building Stronger 
Universities phase 3 project. The sponsors had no role in the study 
design, collection, analysis, or interpretation of the data; in the writing 
of the report and in the decision to submit the article for publication.

Acknowledgments

The authors acknowledged to Samuel Bainson, Diana Dwuma-
Badu, Nii Nertey Tetteh, Carl Anas Nelson, Wonder Agudey Doku-
Agama, Caleb Buenortey, Kofi Okyere Keelson, Sally Sencherey, John 
Tetteh, and Priscilla Kyei Baffour.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2023.1291330/
full#supplementary-material

References
 1. Grosse SD, Odame I, Atrash HK, Amendah DD, Piel FB, Williams TN. Sickle cell 

disease in Africa: a neglected cause of early childhood mortality. Am J Prev Med. (2011) 
41:S398–405. doi: 10.1016/j.amepre.2011.09.013

 2. Piel FB, Hay SI, Gupta S, Weatherall DJ, Williams TN. Global burden of sickle cell 
anaemia in children under five, 2010–2050: modelling based on demographics, excess 
mortality, and interventions. PLoS Med. (2013) 10:e1001484. doi: 10.1371/journal.
pmed.1001484

 3. Aneni EC, Hamer DH, Gill CJ. Systematic review of current and emerging strategies 
for reducing morbidity from malaria in sickle cell disease. Trop Med Int Health. (2013) 
18:313–27. doi: 10.1111/tmi.12056

 4. Mkombachepa M, Khamis B, Rwegasira G, Urio F, Makani J, Luzzatto L. High 
incidence of malaria in patients with sickle cell disease. Am J Hematol. (2022) 97:E380–1. 
doi: 10.1002/ajh.26676

 5. Ibidapo MO, Akinyanju OO. Acute sickle cell syndromes in Nigerian adults. Clin 
Lab Haematol. (2000) 22:151–5. doi: 10.1046/j.1365-2257.2000.00292.x

 6. Luzzatto L. Sickle cell anaemia and malaria. Mediterr J Hematol Infect Dis. (2012) 
4:e2012065. doi: 10.4084/MJHID.2012.065

 7. Eleonore NLE, Cumber SN, Charlotte EE, Lucas EE, Edgar MML, Nkfusai CN, et al. 
Malaria in patients with sickle cell anaemia: burden, risk factors and outcome at the 
Laquintinie hospital, Cameroon. BMC Infect Dis. (2020) 20:40. doi: 10.1186/
s12879-019-4757-x

 8. McGann PT, Ware RE. Hydroxyurea therapy for sickle cell anemia. Expert Opin 
Drug Saf. (2015) 14:1749–58. doi: 10.1517/14740338.2015.1088827

 9. Agrawal RK, Patel RK, Shah V, Nainiwal L, Trivedi B. Hydroxyurea in sickle cell 
disease: drug review. Indian J Hematol Blood Transfus. (2014) 30:91–6. doi: 10.1007/
s12288-013-0261-4

 10. Olupot-Olupot P, Tomlinson G, Williams TN, Tshilolo L, Santos B, Smart LR, et al. 
Hydroxyurea treatment is associated with lower malaria incidence in children with 
sickle cell anemia in sub-Saharan Africa. Blood. (2023) 141:1402–10. doi: 10.1182/
blood.2022017051

 11. Opoka RO, Ndugwa CM, Latham TS, Lane A, Hume HA, Kasirye P, et al. Novel 
use of hydroxyurea in an African region with malaria (NOHARM): a trial for children 
with sickle cell anemia. Blood. (2017) 130:2585–93. doi: 10.1182/blood-2017-06-788935

 12. Adjei GO, Goka BQ, Enweronu-Laryea CC, Rodrigues OP, Renner L, Sulley AM, 
et al. A randomized trial of artesunate-amodiaquine versus artemether-lumefantrine in 
Ghanaian paediatric sickle cell and non-sickle cell disease patients with acute 
uncomplicated malaria. Malar J. (2014) 13:369. doi: 10.1186/1475-2875-13-369

 13. Ohene-Frempong K, Oduro J, Tetteh H, Nkrumah F. Screening newborns for 
sickle cell disease in Ghana: table  1. Pediatrics. (2008) 121:S120–1. doi: 10.1542/
peds.2007-2022UUU

 14. Charoenteeraboon J, Kamchonwongpaisan S, Wilairat P, Vattanaviboon P, 
Yuthavong Y. Inactivation of artemisinin by thalassemic erythrocytes. Biochem 
Pharmacol. (2000) 59:1337–44. doi: 10.1016/S0006-2952(00)00271-9

 15. Jauréguiberry S, Ndour PA, Roussel C, Ader F, Safeukui I, Nguyen M, et al. 
Postartesunate delayed hemolysis is a predictable event related to the lifesaving effect of 
artemisinins. Blood. (2014) 124:167–75. doi: 10.1182/blood-2014-02-555953

 16. Bethell D, Se Y, Lon C, Socheat D, Saunders D, Teja-Isavadharm P, et al. Dose-
dependent risk of neutropenia after 7-day courses of artesunate monotherapy in 
Cambodian patients with acute plasmodium falciparum malaria. Clin Infect Dis. (2010) 
51:e105–14. doi: 10.1086/657402

 17. Silva-Pinto A, Ruas R, Almeida F, Duro R, Silva A, Abreu C, et al. Artemether-
lumefantrine and liver enzyme abnormalities in non-severe plasmodium falciparum 
malaria in returned travellers: a retrospective comparative study with quinine-
doxycycline in a Portuguese centre. Malar J. (2017) 16:43. doi: 10.1186/
s12936-017-1698-y

 18. Rastogi M, Jagdish RK, Vij V, Bansal N. Herbal immune booster-induced liver 
injury in the COVID-19 pandemic. J Clin Exp Hepatol. (2022) 12:258–9. doi: 10.1016/j.
jceh.2021.07.015

 19. Safhi MA, Baghdadi RM, Al-Marzouki AF, Al-Sayes F. Response to hydroxyurea 
in a patient with sickle cell hepatopathy: a case report. Cureus. (2021) 13:e20649. doi: 
10.7759/cureus.20649

 20. Ballas SK. More definitions in sickle cell disease: steady state v base line data. Am 
J Hematol. (2012) 87:338. doi: 10.1002/ajh.22259

 21. Kosiyo P, Otieno W, Gitaka J, Munde EO, Ouma C. Association between 
haematological parameters and sickle cell genotypes in children with plasmodium 
falciparum malaria resident in Kisumu County in Western Kenya. BMC Infect Dis. 
(2020) 20:887. doi: 10.1186/s12879-020-05625-z

 22. Kyeremeh R, Antwi-Baffour S, Annani-Akollor M, Adjei JK, Addai-Mensah O, 
Frempong M. Comediation of erythrocyte haemolysis by erythrocyte-derived 
microparticles and complement during malaria infection. Adv Hematol. (2020) 
2020:1–5. doi: 10.1155/2020/1640480

 23. Bagdasaryan R, Glasser L, Quillen K, Chaves F, Xu D. Effect of hydroxyurea on 
immature reticulocyte fraction in sickle cell anemia. Lab Hematol. (2007) 13:93–7. doi: 
10.1532/LH96.07008

 24. Ware RE. How I use hydroxyurea to treat young patients with sickle cell anemia. 
Blood. (2010) 115:5300–11. doi: 10.1182/blood-2009-04-146852

 25. O’Sullivan JM, O’Donnell JS. Platelets in malaria pathogenesis. Blood. (2018) 
132:1222–4. doi: 10.1182/blood-2018-08-865618

 26. Lampah DA, Yeo TW, Malloy M, Kenangalem E, Douglas NM, Ronaldo D, et al. 
Severe malarial thrombocytopenia: a risk factor for mortality in Papua, Indonesia. J 
Infect Dis. (2015) 211:623–34. doi: 10.1093/infdis/jiu487

 27. Billig EMW, McQueen PG, McKenzie FE. Foetal haemoglobin and the dynamics 
of paediatric malaria. Malar J. (2012) 11:396. doi: 10.1186/1475-2875-11-396

 28. Safeukui I, Ware RE, Mohandas N, Haldar K. Simultaneous adjunctive treatment 
of malaria and its co-evolved genetic disorder sickle cell anaemia. Microbiology. (2022) 
Available at: http://biorxiv.org/lookup/doi/10.1101/2022.09.01.506230

https://doi.org/10.3389/fmed.2023.1291330
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1291330/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1291330/full#supplementary-material
https://doi.org/10.1016/j.amepre.2011.09.013
https://doi.org/10.1371/journal.pmed.1001484
https://doi.org/10.1371/journal.pmed.1001484
https://doi.org/10.1111/tmi.12056
https://doi.org/10.1002/ajh.26676
https://doi.org/10.1046/j.1365-2257.2000.00292.x
https://doi.org/10.4084/MJHID.2012.065
https://doi.org/10.1186/s12879-019-4757-x
https://doi.org/10.1186/s12879-019-4757-x
https://doi.org/10.1517/14740338.2015.1088827
https://doi.org/10.1007/s12288-013-0261-4
https://doi.org/10.1007/s12288-013-0261-4
https://doi.org/10.1182/blood.2022017051
https://doi.org/10.1182/blood.2022017051
https://doi.org/10.1182/blood-2017-06-788935
https://doi.org/10.1186/1475-2875-13-369
https://doi.org/10.1542/peds.2007-2022UUU
https://doi.org/10.1542/peds.2007-2022UUU
https://doi.org/10.1016/S0006-2952(00)00271-9
https://doi.org/10.1182/blood-2014-02-555953
https://doi.org/10.1086/657402
https://doi.org/10.1186/s12936-017-1698-y
https://doi.org/10.1186/s12936-017-1698-y
https://doi.org/10.1016/j.jceh.2021.07.015
https://doi.org/10.1016/j.jceh.2021.07.015
https://doi.org/10.7759/cureus.20649
https://doi.org/10.1002/ajh.22259
https://doi.org/10.1186/s12879-020-05625-z
https://doi.org/10.1155/2020/1640480
https://doi.org/10.1532/LH96.07008
https://doi.org/10.1182/blood-2009-04-146852
https://doi.org/10.1182/blood-2018-08-865618
https://doi.org/10.1093/infdis/jiu487
https://doi.org/10.1186/1475-2875-11-396
http://biorxiv.org/lookup/doi/10.1101/2022.09.01.506230


Segbefia et al. 10.3389/fmed.2023.1291330

Frontiers in Medicine 12 frontiersin.org

 29. Pino P, Taoufiq Z, Brun M, Tefit M, Franetich JF, Ciceron L, et al. Effects of 
hydroxyurea on malaria, parasite growth and adhesion in experimental models. Parasite 
Immunol. (2006) 28:675–80. doi: 10.1111/j.1365-3024.2006.00907.x

 30. Babatunde KA, OF A. Neutrophils in malaria: a double-edged sword role. Front 
Immunol. (2022) 13:922377. doi: 10.3389/fimmu.2022.922377

 31. Kumar R, Loughland JR, Ng SS, Boyle MJ, Engwerda CR. The regulation of CD4+ 
T cells during malaria. Immunol Rev. (2020) 293:70–87. doi: 10.1111/imr.12804

 32. Benito JM, López M, Lozano S, Ballesteros C, González-Lahoz J, Soriano V. 
Hydroxyurea exerts an anti-proliferative effect on T cells but has no direct impact on cellular 
activation. Clin Exp Immunol. (2007) 149:171–7. doi: 10.1111/j.1365-2249.2007.03412.x

 33. Sanne I, Smego RA, Mendelow BV. Systematic review of combination antiretroviral 
therapy with didanosine plus hydroxyurea: a partial solution to Africa’s HIV/AIDS 
problem? Int J Infect Dis. (2001) 5:43–8. doi: 10.1016/S1201-9712(01)90048-7

 34. Woodford J, Shanks GD, Griffin P, Chalon S, McCarthy JS. The dynamics of liver 
function test abnormalities after malaria infection: a retrospective observational study. 
Am J Trop Med Hyg. (2018) 98:1113–9. doi: 10.4269/ajtmh.17-0754

 35. Phillips K, Healy L, Smith L, Keenan R. Hydroxyurea therapy in UK children with 
sickle cell anaemia: a single-centre experience. Pediatr Blood Cancer. (2018) 65:e26833. 
doi: 10.1002/pbc.26833

 36. Ndeffo Mbah ML, Parikh S, Galvani AP. Comparing the impact of artemisinin-
based combination therapies on malaria transmission in sub-Saharan Africa. Am J Trop 
Med Hyg. (2015) 92:555–60. doi: 10.4269/ajtmh.14-0490

 37. Marwa K, Kapesa A, Baraka V, Konje E, Kidenya B, Mukonzo J, et al. Therapeutic 
efficacy of artemether-lumefantrine, artesunate-amodiaquine and dihydroartemisinin-
piperaquine in the treatment of uncomplicated plasmodium falciparum malaria in sub-
Saharan Africa: a systematic review and meta-analysis. PLoS One. (2022) 17:e0264339. 
doi: 10.1371/journal.pone.0264339

 38. Derbie A, Mekonnen D, Adugna M, Yeshitela B, Woldeamanuel Y, Abebe T. 
Therapeutic efficacy of artemether-lumefantrine (Coartem®) for the treatment of 
uncomplicated falciparum malaria in Africa: a systematic review. J Parasitol Res. (2020) 
2020:1–14. doi: 10.1155/2020/7371681

 39. Gbessi EA, Toure OA, Gnondjui A, Koui TS, Coulibaly B, Ako BA, et al. 
Artemisinin derivative-containing therapies and abnormal hemoglobin: do 

we  need to adapt the treatment? Parasite. (2021) 28:67. doi: 10.1051/
parasite/2021063

 40. Worldwide Antimalarial Resistance Network (WWARN) AL Dose Impact Study 
Group. The effect of dose on the antimalarial efficacy of artemether-lumefantrine: a 
systematic review and pooled analysis of individual patient data. Lancet Infect Dis. 
(2015) 15:692–702. doi: 10.1016/S1473-3099(15)70024-1

 41. Chotsiri P, Denoeud-Ndam L, Baudin E, Guindo O, Diawara H, Attaher O, et al. 
Severe acute malnutrition results in lower lumefantrine exposure in children treated 
with artemether-lumefantrine for uncomplicated malaria. Clin Pharmacol Ther. (2019) 
106:1299–309. doi: 10.1002/cpt.1531

 42. Worldwide Antimalarial Resistance Network (WWARN) Lumefantrine PK/PD 
Study Group. Artemether-lumefantrine treatment of uncomplicated plasmodium 
falciparum malaria: a systematic review and meta-analysis of day 7 lumefantrine 
concentrations and therapeutic response using individual patient data. BMC Med. 
(2015) 13:227. doi: 10.1186/s12916-015-0456-7

 43. Gansané A, Moriarty LF, Ménard D, Yerbanga I, Ouedraogo E, Sondo P, et al. 
Anti-malarial efficacy and resistance monitoring of artemether-lumefantrine and 
dihydroartemisinin-piperaquine shows inadequate efficacy in children in Burkina Faso, 
2017–2018. Malar J. (2021) 20:48. doi: 10.1186/s12936-021-03585-6

 44. Ebong C, Sserwanga A, Namuganga JF, Kapisi J, Mpimbaza A, Gonahasa S, et al. 
Efficacy and safety of artemether-lumefantrine and dihydroartemisinin-piperaquine for 
the treatment of uncomplicated plasmodium falciparum malaria and prevalence of 
molecular markers associated with artemisinin and partner drug resistance in Uganda. 
Malar J. (2021) 20:484. doi: 10.1186/s12936-021-04021-5

 45. Audard V, Bartolucci P, Stehlé T. Sickle cell disease and albuminuria: recent 
advances in our understanding of sickle cell nephropathy. Clin Kidney J. (2017) 
10:475–8. doi: 10.1093/ckj/sfx027

 46. Cox SE, Makani J, Fulford AJ, Komba AN, Soka D, Williams TN, et al. Nutritional 
status, hospitalization and mortality among patients with sickle cell anemia in Tanzania. 
Haematologica. (2011) 96:948–53. doi: 10.3324/haematol.2010.028167

 47. Chiopris G, Maccario S, Eisa Artaiga TH, Ibrahim Mohamed A, Valenti M, 
Esposito S. Suspected severe malaria in a Sudanese patient affected by sickle cell disease 
who was treated with hydroxyurea. Pathogens. (2021) 10:985. doi: 10.3390/
pathogens10080985

https://doi.org/10.3389/fmed.2023.1291330
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1111/j.1365-3024.2006.00907.x
https://doi.org/10.3389/fimmu.2022.922377
https://doi.org/10.1111/imr.12804
https://doi.org/10.1111/j.1365-2249.2007.03412.x
https://doi.org/10.1016/S1201-9712(01)90048-7
https://doi.org/10.4269/ajtmh.17-0754
https://doi.org/10.1002/pbc.26833
https://doi.org/10.4269/ajtmh.14-0490
https://doi.org/10.1371/journal.pone.0264339
https://doi.org/10.1155/2020/7371681
https://doi.org/10.1051/parasite/2021063
https://doi.org/10.1051/parasite/2021063
https://doi.org/10.1016/S1473-3099(15)70024-1
https://doi.org/10.1002/cpt.1531
https://doi.org/10.1186/s12916-015-0456-7
https://doi.org/10.1186/s12936-021-03585-6
https://doi.org/10.1186/s12936-021-04021-5
https://doi.org/10.1093/ckj/sfx027
https://doi.org/10.3324/haematol.2010.028167
https://doi.org/10.3390/pathogens10080985
https://doi.org/10.3390/pathogens10080985

	Clinical and laboratory characteristics of children with sickle cell disease on hydroxyurea treated with artemether-lumefantrine for acute uncomplicated malaria
	Introduction
	Materials and methods
	Study design and sites
	Study population and inclusion criteria
	Recruitment and baseline procedures (day 0)
	Follow-up assessments
	Laboratory procedures
	Statistical analysis
	Ethics

	Results
	Comparison of RDT-positive SCD vs. steady state SCD (HU+ vs. no-HU)
	RDT-positive SCD HU+ versus RDT-positive SCD no-HU: baseline clinical signs
	RDT-positive SCD HU+ versus RDT-positive SCD no-HU: parasitaemia carriage and clearance
	RDT-positive SCD HU+ versus RDT-positive SCD no-HU: trends in haematological parameters
	RDT-positive SCD HU+ versus RDT-positive SCD no-HU: trends in clinical chemistry parameters
	RDT-positive SCD HU+ versus RDT-positive SCD no-HU: adverse event occurrence on day 28

	Discussion
	Conclusion
	Limitations

	Data availability statement
	Ethics statement
	Author contributions

	References

