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In developing countries, malaria is still one of the leading causes of morbidity and mortality.
Objectives: To evaluate the efficacy of intravenous artesunate alone versus intravenous
combination of artesunate and quinine. Methods: Thisrandomized control trial was conducted
inthe Pediatric Medicine Unit-2, Allama Igbal Teaching Hospital, Dera Ghazi Khan, Pakistan. The
inclusion criteriawere children of either gender, aged 2-14 yearsand admitted to the emergency
department with the diagnosis of severe malaria. Children were randomly allocated to two
treatment groups of equal size. The intravenous artesunate group received artesunate
administered intravenously for a maximum of 7 days. The intravenous combination of
artesunate and quinine group received artesunate intravenously combined with quinine di-
hydrochloride intravenously for a maximum of 7 days. they were employing the lottery method.
The outcome was measured as the number of hours elapsed for an individual to become fever-
free(temperature below 36.8°C). Results: Inatotal of 104 children with severe malaria. the mean
duration required to become fever-free was 28.3 + 5.4 hours in intravenous artesunate alone
versus 26.5+6.4 hoursinintravenous combination of artesunate and quinine groups(p=0.1242).
The most frequent treatment-related side effects were nausea, loss of appetite, hypoglycemia,
diarrhea, and rash, noted in 21(20.2%), 13 (12.5%), 11(10.6%), 5 (4.8%), and 2 (1.9%) patients,
respectively. Conclusions: It was concluded that intravenous artesunate and quinine together
did not provide any additional benefit or synergistic effect over intravenous artesunate alone in
treatingseveremalariainchildren.

INTRODUCTION

In developing countries, malaria is still one of the leading
causes of morbidity and mortality. According to the WHQO,
there were 247 million cases of malaria worldwide in 2021,
resulting in 619,000 deaths[1]. Although many zones of the
world have been declared malaria-free, countries like
Pakistan, India, SriLanka, Afghanistan, and many countries
in Africa are still struggling against the crippling disease
and continue to be endemic malaria[2]. All age groups are
indiscriminately affected, but children, like any other
disease, lie among the most vulnerable owing to their low
immunity, dependency on caretakers for preventive
measures, and repeated exposure. About three out of
every four malaria victims happen to be children[3]. In a
systematicreview by Khanetal., pooled malaria prevalence
in Pakistan was estimated to be 23.0%. Severe malaria can

be caused by any of the plasmodium species, but most
commonly by vivax and falciparum species, as these
species abundantly existinthe Indo-Pakregion[4]. Classic
clinical presentation, a high index of suspicion, and rapidly
available diagnostic techniques rarely impart a diagnostic
challenge in malaria but effective and time management
are the real areas of concern. Regarding management,
where supportive treatment plays a crucial role in
immediate resuscitation and resolution of vitals, specific
treatment remains the cornerstone for limiting morbidity
and mortality [5]. The treatment of severe malaria varies
according to age, immunity status, and local susceptibility
patterns. Currently, the WHO recommends artesunate as
the drug of choice for the treatment of severe malaria[6]. A
study done by Botta et al., from Italy, reported that the
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efficacy of IV Artesunate (IVA)alone or in combination with
IV quinine (IVQ) was 83.3% versus 47.0% (p=0.002)
respectively, favouring IV artesunate alone [7]. The
efficacy of this single drug as compared to the combined
drug regimen in severe malaria remains questionable.
Therefore, we intended to evaluate the efficacy of only IVA
versus IVA+IVQ in the treatment of severe malaria in
children. The findings of the study were thought to help
know whether the two drugs, when given together, have
considerable benefits over single-drug therapy when given
for the same. This is the first research comparing two
treatment regimens in severe malaria in Pakistan so the
findings of this study may bring very important insights
about the treatment and outcome-related aspects of
severemalariainchildren.

This study aims to evaluate the efficacy of IVA alone versus
IVA in combination with IVQ in the treatment of severe
malariain children.

METHODS

This randomized controlled trial was conducted in the
indoor settings of the Pediatric Medicine Unit-2, Allama
Igbal Teaching Hospital, Dera Ghazi Khan, Pakistan, from
16" May 2024 to 25" June 2024. Approval from the
institute's ethical committee was obtained(Letter number:
PM.U-11/0011/58). Considering the efficacy of IVA at 83.3%
versus IVA plus IVQ at 47% in severe malaria[ 7], witha95%
confidence level and 97% power of the study, the sample
size was calculated to be 104 (52 in each group). A simple
random sampling technique was adopted. The inclusion
criteria were children of either gender, aged 2-14 years and
admitted to the emergency department with the diagnosis
of severe malaria as defined by the WHO[6]. The exclusion
criteria were patients with chronic kidney disease, chronic
liver disease, immunosuppressive disorders,
hematological disorders, malignancies, and congenital
heart disease (as per medical history). Before taking
informed and written consent from the parents or
caregivers, the study objective and safety aspects related
to this study were explained. This clinical trial
(NCT06472258) was registered. At the time of enrollment,
gender, age, residential address, and maternal educational
status were noted. Mothers who could read and write, and
went to any form of formal education were labelled as
literate, or illiterate otherwise. Laboratory evaluation of
the involvement of plasmodium species was performed
using an immune-chromatographic test (ICT) malarial
parasite antigen. Patients were randomly allocated to two
treatment groups employing the lottery method. The IVA
group (n=52) received IVA with a weight-appropriate
dosage at 0, 12, 24, and 48 hours and continued 12 hours for
a maximum duration of seven days, with each dose diluted
innormal saline and givenasaninfusion. The IVA+IVQ group
(n=52)received IVA with a weight-appropriate dose at 0, 12,
24, and 48 hours, combined with IVQ by weight, with a
loading dose of 20mg/kg in a 10% dextrose infusion,
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followed by a 10mg/kg infusion every 8 hours for 2 days and
every 12 hours onwards for a maximum of 7 days. All the
patients were provided symptomatic supportive therapy as
needed, along with the mentioned specific drugs. All the
patients were followed for the resolution of fever. The
primary outcome was measured as the number of hours
elapsed for an individual to become fever-free
(temperature below 36.8°C). During their stay, children
were monitored and their parents/caregivers inquired
about the common treatment-related side effects. All the
study datawererecorded onapre-designed proforma. The
data were analyzed through IBM SPSS Statistics, version
26.0. Qualitative data like gender, age groups, residence,
maternal education, plasmodium species, and treatment-
related side effects were represented as frequency and
percentages. Quantitative data like age and time to get
fever-free were described as mean and standard deviation
(SD). Comparison of categorical data in between study
groups was done employing the chi-square test.
Independent sample t-test was applied to compare
quantitative data between study groups. For all statistical
analyses, p<0.05wastakenassignificant.

RESULTS

In a total of 104 children with severe malaria, 58 (55.8%)
children were male. The mean age was 6.35 + 3.61 years,
ranging between 2-14 years. Plasmodium vivax was the
most common plasmodium species, noted in 65 (62.5%)
children. A comparison of characteristics of children is
shown between both study groups and no significant
differences was observed in terms of gender (p=0.6929),
age (p=0.2748), residence (p=0.4201), maternal education
(p=0.6759), and plasmodium species(p=0.5268).

Table 1: Comparison of Characteristics of Patients in Both Study
Groups(n=104)

Characteristics Groups p-value
IVA (n=52) IVA +IVQ(n=52)
Gender Male 28(53.8%) 30(57.7%) 0.5929
Female 24(46.2%) 22(42.3%) '
Age Groups 2-5 27(51.9%) 21(40.4%) 0.2748
(Years) 6-14 25(48.1%) |  31(59.6%) :
Vivax 32(61.5%) 33(63.5%)
Plgsprzgggm Fa.lciparum 14(26.9%) 10(19.2%) 0.5268
Vivaxand | g0 | 9(17.3%)
Falciparum

The outcome was measured in the number of hours
elapsed for an individual to become fever-free. The mean
durationrequired to become fever-free was 28.3+5.4 hours
versus 26.5+6.4 hours in IVA alone versus IVA plus IVQ
groups, respectively, and the difference was found to be
statisticallyinsignificant(p=0.1242)(Figure1).
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Figure1: Fever Subsiding Time in Both Study Groups

The most frequent treatment-related side effects were
nausea21(20.2%), loss of appetite 13(12.5%), hypoglycemia
11(10.6%), diarrhea 5(4.8%), and rash 2 (1.9%). Nausea was
significantly associated with IVA alone group (p<0.01).
Hypoglycemia was reported in 10.6%, and all these
belonged to the combination group (p=0.01). Diarrhea was
significantly associated with the combination group as all
4.8% who had diarrhea belonged to the combination group
(p=0.0219). Frequency and comparison of treatment-
related side effects in both study groups are shown. All 104
patients, whether receiving a single or combined drug
regime, were successfully treated and discharged (Table

2).
Table 2: Frequency and Comparison of Treatment-Related Side
EffectsinBoth Study Groups

Side effects IVA IVA +IVQ p-value

Nausea (n=21) 19(36.5%) 2(3.8%) 2(3.8%)
Loss of Appetite (n=21) 7(13.5%) 6(11.5%) 0.7668
Hypoglycemia (n=11) - 11(21.2%) <0.01
Diarrhea(n=5) - 5(9.6%) 0.0219
Rash (n=2) 2(3.8%) - <0.01

DISCUSSION

Malaria remains one of the leading causes of illness and
death in Pakistan, while intense transmission occurs
mainly in districts located in regions bordering Iran and
Afghanistan, as well as the coastal belt in Sindh and
Baluchistan provinces [8]. In the current study, 85.6% of
children with severe malaria had involvement of either
plasmodium vivax or falciparum and these findings are
consistent with the recent trends as plasmodium vivax or
falciparum are considered to be the most common-
causing species of malariain thisregion[9]. The ideal drug
for the treatment of severe malaria remains a topic of
interest, especially in endemic countries like Pakistan,
where the susceptibility patterns continue to vary rapidly
owing to emerging resistance due to multiple factors.
Severe malaria in the pediatric age group remains one of
the most commonly dealt with emergencies. Currently,
WHO recommends intravenous artesunate for the
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treatment of severe malaria followed by artemether and
quinine, respectively [10, 11]. However, the synergistic
effect of giving combination drugs together in severe
malariais often questioned[12]. The present study fulfilled
the desired purpose by answering the question. The
outcome was measured in the number of hours elapsed for
an individual to become fever-free. The mean duration
required to become fever-free was 28.3 + 5.4 hours versus
26.5+6.4 hoursintheintravenousartesunate group versus
intravenous artesunate plus intravenous quinine group,
respectively, and the difference was found to be
statistically insignificant (p=0.1242). A similar study was
conducted by Newton et al., comparing parenteral
artesunate alone with combined intravenous artesunate
andintravenous quinine inthe treatment of severe malaria.
However, the study only enrolled the disease caused by
plasmodium falciparum, while our study included both
falciparum and vivax species leading to the disease.
Nevertheless, the results of both studies supported each
other and proved that there was no additional benefit to
combining the two drugs and no synergistic effect was
noted[13]. The combination of intravenous artesunate and
intravenous quinine has been administered to severe
malaria patients along the Thai-Myanmar border, where P.
falciparum showed widespread resistance to artemisinin
derivatives [14]. The authors suggested that adding
intravenous quinine empirically to intravenous artesunate
could be a precautionary measure in these cases. The
WHQO's latest malaria guidelines of July 2021 recommend
the combined use of parenteral artesunate and quinine in
full doses for treating severe malaria in regions with
established artemisinin resistance [15]. Although
combination therapy with intravenous artesunate plus
intravenous quinine could be a last-resort option for
patients from areas at risk of artemisinin resistance,
further data on the combined use of these drugs would be
valuable [16, 17]. In the present study, hypoglycemia was a
dominant treatment-related side effect among children
treated with intravenous artesunate plus intravenous
quinine. Contemporary literature has highlighted a
relatively higher incidence of hypoglycemia among cases
treated with intravenous quinine when compared to those
administered intravenous artesunate so caution is advised
for reqular monitoring among this set of children [18-20].
The current study had some limitations. Due to a lack of
appropriate microscopy facilities, species confirmation
was possible only through ICT malarial parasite antigen.
Treatment-related side effects reported in this study were
subjective complaints other than hypoglycemia which was
confirmedthroughblood glucose level monitoring.
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CONCLUSIONS

It was concluded that intravenous artesunate and quinine
together did not provide any additional benefit or
synergistic effect overintravenous artesunate alone in the
treatment of severe malaria in children. Being rapid in
action and safe and cost-effective, intravenous artesunate
alone outweighs the benefit of giving an intravenous
combination of artesunate and quinine di-hydrochloride.

Authors Contribution

Conceptualization: AA
Methodology: AA, IJ, KK, SI, SA
Formalanalysis: AA, IJ, KK, SI, SA
Writingreview and editing: AA, IJ, KK

Allauthorshavereadandagreedtothe published version of
the manuscript

Conflicts of Interest
Allthe authors declare noconflictof interest.
Source of Funding

The author received no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

[11 Roussel C, Ndour PA, Kendjo E, Larréché S, Taieb A,
Henry B et al. Intravenous Artesunate for the
Treatment of Severe Imported Malaria:
Implementation, Efficacy, and Safety In 1391 Patients.
Clinical Infectious Diseases.2021Nov; 73(10): 1795-80
4.doi:10.1093/cid/ciab133.

[2] Eder M, Farne H, Cargill T, Abbara A, Davidson RN.
Intravenous Artesunate Versus Intravenous Quinine
in the Treatment of Severe Falciparum Malaria: A
Retrospective Evaluation from A UK Centre.
Pathogens and Global Health.2012Jul;1086(3):181-7.
doi:10.1179/2047773212Y.0000000032.

[3] GarzaR,HusonMA, GarciaA, Gonzalez B, MusinguziK,
Nagaragere A et al. Malaria- Why Do Most Children Get
Sick? Human Health. 2024 Feb; 12: 1305938. doi:
10.3389/frym.2024.1305938.

[4] Khan MI, Qureshi H, Bae SJ, Khattak AA, Anwar MS,
Ahmad S et al. Malaria Prevalence in Pakistan: A
Systematic Review and Meta-Analysis (2006-2021).
Heliyon. 2023 Apr; 9(4): €15373. doi: 10.1016/j.heliyon.
2023.e15373.

[6] Akafity G, Kumi N, Ashong J. Diagnosis and
Management of Malaria in the Intensive Care Unit.
Journal of Intensive Medicine. 2024 Jan; 4(01): 3-15.
doi:10.1016/j.jointm.2023.09.002.

[6] Byakika-Kibwika P, Achan J, Lamorde M, Karera-
Gonahasa C, Kiragga AN, Mayanja-Kizza H et al.
Intravenous Artesunate Plus Artemisinin-based
Combination Therapy (ACT) or Intravenous Quinine

[15]

DOI: https://doi.org/10.54393/pjhs.v5i11.1919

Plus ACT for Treatment of Severe Malaria in Ugandan
children. BioMed Central Infectious Diseases.2017
Dec;17:1-9.doi: 10.1186/s12879-017-2924-5.

Botta A, Comelli A, Vellere |, ChechiF, BianchilL, Giulia
G et al. Artesunate Monotherapy Versus Artesunate
Plus Quinine Combination Therapy for Treatment of
Imported Severe Malaria: A Tropnet Retrospective
Cohort Study. Infection.2022 Aug; 50(4): 949-58. doi:
10.1007/s15010-022-01771-5.

Karim AM, Yasir M, Ali T, Malik SK, Ullah I, QureshiNA et
al. Prevalence of Clinical Malaria and Household
Characteristics of Patients in Tribal Districts of
Pakistan. Plos Neglected Tropical Diseases.2021
May; 15(5): €0009371. doi: 10.1371/journal.pntd.00093
71.

Zaman N, Haq FU, Khan Z, Uallah W, Ualiyeva D,
Waheed Y et al. Incidence of Malarial Infection and
Response to Antimalarial Drugs at Districts Lower Dir
and Swat of Khyber Pakhtunkhwa, Pakistan.
DialoguesinHealth.2022 Dec; 1: 100035. doi: 10.1016
/j.dialog.2022.100035.

Esu EB, Effa EE, Opie ON, Meremikwu MM.
Artemether for Severe Malaria. Cochrane Database
of Systematic Reviews. 2019 Jun;(8). doi: 10.1002/14
651858.CD010678.pub3.

Rodriguez-Morales AJ, Bolivar-Mejia A, Alarcon-
Olave C, Calvo-Betancourt LS. Plasmodium Vivax
Malaria in Latin America. Neglected Tropical
Diseases-Latin Americaand the Caribbean. 2015: 89-
111. doi: 10.1007/978-3-7091-1422-3_5.

Douglas NM, Anstey NM, Angus BJ, Nosten F, Price
RN. Artemisinin Combination Therapy for Vivax
Malaria. The Lancet Infectious Diseases. 2010 Jun;
10(8): 405-16. doi: 10.1016/S1473-3099(10)70079-7.
Newton PN, Chierakul W, Ruangveerayuth R, Silamut
K, Teerapong P, Krudsood S et al. A Comparison of
Artesunate Alone with Combined Artesunate and
Quinine in the Parenteral Treatment of Acute
Falciparum Malaria. Transactions of the Royal
Society of Tropical Medicine and Hygiene. 2001 Sep;
95(5): 519-23. doi: 10.1016/S0035-9203(01)90025-2.
Phyo AP, Win KK, Thu AM, Swe LL, Htike H, Beau C et
al. Poor Response to Artesunate Treatment in Two
Patients with Severe Malaria on the Thai-Myanmar
Border. Malariadournal. 2018 Dec; 17: 1-5. doi: 10.1186/
s12936-018-2182-z.

Li 0 and Weina P. Artesunate: The Best Drug in the
Treatment of Severe and Complicated Malaria.
Pharmaceuticals. 2010 Jul; 3(7): 2322-32.doi: 10.339
0/ph3072322.

Uwimana A, Legrand E, Stokes BH, Ndikumana JL,
Warsame M, Umulisa N et al. Emergence and Clonal
Expansion of in Vitro Artemisinin-Resistant
Plasmodium Falciparum Kelch13 R56TH Mutant
Parasites in Rwanda. Nature Medicine.2020 Oct;

PJHS VOL. 5 Issue. 11 Nov 2024 Copyright ® 2024. PUHS, Published by Crosslinks International Publishers
BY This work is licensed under a Creative Commons Attribution 4.0 International License. 60




Akbar A et al.,

[17]

(18]

(18]

[20]

PJHS VOL. 5 Issue. 11 Nov 2024

Efficacy of Artesunate and Quinine Di-Hydrochloride for the Treatment of Malaria

26(10): 1602-8. doi: 10.1038/s41591-020-1005-2.
Balikagala B,Fukuda N,lkeda M, Katuro OT, Tachibana
SI, Yamauchi M et al. Evidence of Artemisinin-
Resistant Malaria in Africa. New England Journal of
Medicine.2021Sep; 385(13): 1163-71. doi: 10.1056/NEJ
M0a2101746.

Venturini E, Zammarchi L, Bianchi L, Montagnani C,
Tersigni C, Bortone B et al. Efficacy and Safety of
Intravenous Artesunate in Children with Severe
Imported Malaria. The Pediatric Infectious Disease
Journal. 2020 Aug; 39(8): €220. doi: 10.1097/INF.000
0000000002694.

Saito M, Mansoor R, Kennon K, Anvikar AR, Ashley EA,
Chandramohan D et al. Pregnancy Outcomesand Risk
of Placental Malaria After Artemisinin-Based and
Quinine-Based Treatment for Uncomplicated
Falciparum Malaria In Pregnancy: A Worldwide
Antimalarial Resistance Network Systematic Review
and Individual Patient Data Meta-Analysis.BioMed
CentralMedicine. 2020 Dec; 18:1-7. doi: 10.1186/s1291
6-020-01592-z.

Rezaie P,Bitarafan V, Rose BD, Lange K,
MohammadpourZ, Rehfeld JF et al. Effects of Quinine
on the Glycaemic Response to, and Gastric Emptying
of, A Mixed-Nutrient Drink in Females and Males.
Nutrients.2023 Aug; 15(16): 3584. doi: 10.3390/nu1516
3584.

Copyright ® 2024. PJHS, Published by Crosslinks International Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v5i11.1919

61




