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ABSTRACT

ARTICLE INFO

With roughly 50 % of the global population at risk for infection, malaria is one of
the most serious public health problems in the world. This infection is caused by
single-celled protozoa of the genus Plasmodium. By the turn of the century, the
majority of antimalarial drugs were no longer effective against Plasmodium
falciparum. However, one year after World Health Organization’s final
endorsement for the global use of ACTs, an appearance of artemisinin-resistant
Plasmodium falciparum was seen in the border regions of Thailand and
Cambodia and has since spread to other areas on the globe in subsequent years.
The purpose of this work is to summarize the knowledge structure and trend of
malaria and artemisinin resistance from 2012 to 2022. The VOS viewer
application was used to bibliometrically analyze publications from 2012 to 2022.
A total of 169 papers that discussed the keywords were used. VOS viewer
application was used to produce maps based on the scientific data between the
top authors and top terms in clusters. The research trend of artemisinin
resistance and malaria was reported to be on the decline from 2019 to 2022. The
bibliographic analysis offered an intellectual framework for the study area by
identification of research groups and themes. The years with the most
publications were 2015-2017, with 23 articles published each year. The most
often used keywords in the research were artemisinin resistance (38
occurrences). The spread of artemisinin-resistant P. falciparum in significant
regions of Southeast Asia threatens to destabilize malaria control globally. One
of the most pressing global health concerns today is preventing artemisinin
resistance from spreading to Africa, where the consequences for childhood
mortality might be severe.
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INTRODUCTION

With about 50 % of the global population at risk of
malarial infection, it is considered one of front-line
global health challenge. Malaria is found in 91
nations, mostly in the world's tropical and subtropical

climates. However, with globalization, its incidence
has practically touched all countries and cases have
kept on increasing [1].
Organization (WHO) data, it was projected in 2021
that Malaria cases totaled 247 million worldwide,
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with 619,000 fatalities, approximately 80% of malaria
deaths in the region occurred in children under the
age of five [2]. Malaria claims the lives of about
400,000 people each year [3]. It is transmitted by
single-celled protozoan of the genus Plasmodium
which is spread when the female anopheles
mosquito engages in blood meal on human and
injects the sporozoites into the blood stream.

The main stay in malaria eradication or drastic
reduction in malaria prevalence involves a
combination of measure like: vaccination, vector
control, chemotherapy with antimalarial drugs, and
chemoprophylaxis [1,4]. By the turn of the 20th
century, Plasmodium falciparum had evolved
resistance to the majority of antimalarial drugs then
used in Southeast Asia, including chloroquine (CQ),
antifolates, and mefloquine (MQ) [5]. With the
introduction of artemisinin and its semi-synthetic
derivatives, there have been notable landmark
achievements in malaria treatment [6-10]. Also, few
studies had documented the possibility of treating
malaria with some herbal medicines [11-13].

One year after World Health Organization's final
endorsement for the global use of ACTs, an
appearance of artemisinin-resistant Plasmodium
falciparum was seen in the border regions of
Thailand and Cambodia in 2007-2008 [14]. Also,
Plasmodium falciparum strains to companion
medicines (such as piperaquine) began to emerge
and further lowered the efficacy of
dihydroartemisinin/piperaquine [15-17]. Just recently
in East Africa, artemisinin resistance was reported
[18].

The gold standard for detecting resistance in vivo
continues to be effectiveness studies, such as
therapeutic efficacy studies using ACT regimens or
specialized clinical studies using artesunate
monotherapy alone or after ACT [19].

The purpose of this work is to summarize and
investigate the knowledge structure of malaria and
artemisinin resistance, as well as to collect a vast
number of bibliometric data to demonstrate the
present condition of the knowledge network and
recent developments in malaria and artemisinin
resistance.

METHODOLOGY

Sources of Data

The bibliometric analysis included research journals
on malaria, antimalarial activity, and artemisinin
resistance published in English between 2012 and
2022 by typology, refereed by pairs, and indexed and
available on Google Scholar.
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Search Strategy

Specific search terms in English were combined with
the title, abstract, and keyword fields. Anti-malarial,
sensitivity, re-emergence, chemotherapy, and
malaria were stratified, as were the terms that are
frequently used to denote them. Articles that were
not published in English were cited (n=15), leaving a
total of 169 articles in the final analyses. The
research framework is shown in Figure 1

Studied Variables

In general, the databases took into account the
following variables: kind of scientific articles, co-
occurrence of key terms indexed in literature,
malaria, antimalarial activity, and artemisinin
resistance factors, and were then integrated into a
network analysis of research development.

Publications were classified and analyzed
systematically based on the year of publication,
nation, journal, study area, authors, and

organizational affiliation.

Data Collection Process

The relational metric indication (keyword co-
occurrence) was evaluated and seen using VOS
viewer version 1.6.18, and all relevant records
retrieved between 2012 and 2022 were categorized
using the endnote bibliographic manager. Additional
filters were constructed and used to minimize non-
specific terms and other topics to refine and improve
the database's precision. The visualization of the
similarities (VOS) mapping approach was used to
determine similarity based on association strength,
and a higher number of publications in which two
items co-occur shows that the phrases are more
closely connected. Words featured in the title or
abstract of the articles mentioned here were defined
as co-words. Keywords were determined as words
that appeared more than 20 times in titles and
abstracts from different publications.

RESULTS AND DISCUSSION

Chloroquine, a previously highly successful and
cost-efficient antimalarial medication, has lost
general potency in the majority of malaria-endemic
countries around the world. Artemisinin-based drugs
have taken the place of chloroquine. Indiscriminate
use of antimalarial drugs has exposed the parasites
to the drugs continuously thereby contributing to the
emergence of malaria resistance. This indiscriminate
use is attributable to self-medication and failure to
carry out proper diagnosis of malaria parasite
infections before treatment.
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Up to 169 papers were retrieved from Google
Scholar using the phrases malaria, antimalarial
activity, and artemisinin resistance within the study
period (2012-2022). The vyears with the most
publications were 2015-2017, with 23 articles
published each year. It was also noted that the years
2015 to 2018 had the highest number of articles
(52.66% of all papers retrieved), which could imply
that the field of study is getting more consolidated.
The research trend of artemisinin resistance and

papers

Artemisinin resistance
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malaria together was reported to be on the decline
from 2019 with 11 articles, 2020 with 14 articles,
2021 with 7 publications, and 2022 with only one
article indexed in Google scholar at the time of
research (Figure 2). This might be due to a decline
on research relating to malaria resistance following
the emergence of the COVID-19 and
efforts/researches to its containment.
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Figure 1: Framework of the study
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Figure 3: Co-authorship analysis among authors with the publication of articles
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Figure 4: Term occurrence analysis among the various publication of articles

Trends in Research Collaborations

Finding the presence of research groups through co-
authorship analysis can help uncover patterns and
types of research collaborations in the examined
region. Co-authorship analysis revealed seven
clusters with a total of 45 items, as shown in Figure
3. Twenty-three (23) of the chosen authors (50%)
have only co-authored or published one article. This
displays the breadth of prominent research groups in
terms of author collaborations. As a result, the items
in the clusters were created by co-authors of the
same publications. The following clusters stood out
among the seven (7) clusters: in the deep blue
cluster, Amarantunga Chanaki was the most
prominent author in the group and had the most
impact on articles linked to the cluster; in the green
cluster, Aung Phyo and Ashley Elizabeth were the
most prominent authors; in the red cluster, Dondorp
Arjen was the most notable author in the group.
Apart from malarial research, these authors had
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featured in other kinds of researches [20, 21, 22, 23]
respectively.

Key Research Themes and Trends

Keyword co-occurrence analysis can discover
keywords that appear in the same reference,
allowing for the identification of commonly used
keywords. By finding the frequently used terms, the
principal study areas in the research field can be
examined. The most often used keywords in the
research were artemisinin  resistance (38
occurrences), malaria (20 occurrences), resistance
(20 occurrences), and Plasmodium falciparum (18
occurrences). Figure 4 shows the map of the term
co-occurrence among the publications.

Study Limitations

This study focused on literature published only in
English Language and for a limited time frame (2012-
2022). Additionally, the study utilized only one
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database, the Google Scholar. Other more robust
data bases like Scopus, Web of Science, EMBASE,
Gray literatures and PubMed et cetera were not
searched and so the study may have missed some
vital documents/publications.

CONCLUSION

The spread of artemisinin-resistant P. falciparum in
significant regions of Southeast Asia threatens to
destabilize malaria control globally. One of the most
pressing global health concerns today is preventing
artemisinin resistance from spreading to Africa,
where the consequences for childhood mortality
might be severe.

The recent discovery of artemisinin resistance in
Africa reinforces the necessity for continuous
research into alternatives to artemisinin drugs in the
treatment of malaria. More research is required with
innovative therapies to contain the increasing
pressure of artemisinin resistance.

Funding
Nil.

Declaration of Competing Interest

The authors declare that they have no known
competing  financial interests or  personal
relationships that could have appeared to influence
the work reported in this paper.

REFERENCES

1. Pinheiro L, Feitosa LM, Silveira FF,
Boechat N. Current antimalarial therapies
and advances in the development of semi-
synthetic artemisinin derivatives. Anais da
Academia Brasileira de Ciéncias, 90, 2018:
1251-1271.

2. World Health Organization. World Malaria
Report. World Health Organization.2022.

3. World Health Organization. Compendium
of WHO malaria guidance: prevention,
diagnosis, treatment, surveillance and
elimination (No. WHO/CDS/GMP/2019.03).
World Health Organization.2019.

4. Rappuoli R, Aderem A. A 2020 vision for
vaccines against HIV, tuberculosis and
malaria. Nature, 473(7348), 2011 463-469.

5. White NJ, Pukrittayakamee S, Phyo AP,
Rueangweerayut R, Nosten F, Jittamala P,
Leong FJ. Spiroindolone KAE609 for
falciparum and vivax malaria. New England
Journal of Medicine, 371(5), 2014: 403-
410.

15

10.

1.

12.

13.

14,

Afr J Pharm Res Dev, 15(2), 2023, 9-16

Wang M, Wang H, Wang J, Liu H, Lu R,
Duan T, Ma J. A novel model for malaria

prediction based on ensemble
algorithms. PloS One, 14(12), 2019:
€0226910.

Arsenault PR, Wobbe KK, Weathers PJ.
Recent advances in artemisinin production
through heterologous expression. Current
Medicinal Chemistry, 15(27), 2008: 2886-
2896.

Ezejiegu CK, Oli AN, Ezomike CN, Uba CC,
Ogwaluonye ~ UC,  Esimone  CO.
Artemether-Lumefantrine Combination for
Non-Comorbid Falciparum Malaria: A
Clinico-Parasitological ~ Efficacy  Study.
Tropical Journal of Natural Product
Research, 6(10), 2022: 1715-1718.

Witmer K, Dahalan FA, Metcalf T, Talman
AM, Howick VM, Lawniczak MK. Using
scRNA-seq to identify transcriptional
variation in the malaria parasite ookinete
stage. Frontiers in Cellular and Infection
Microbiology, 11, 2021: 604129.

Tilley L, Straimer J, Gnadig NF, Ralph, SA,
Fidock DA. Artemisinin action and
resistance in Plasmodium
falciparum. Trends in Parasitology, 32(9),
2016: 682-696.

Ihekwereme CP, Okoye FK, Agu SC, Oli
AN. Traditional Consumption of the Fruit
Pulp  of  Chrysophyllum  albidum
(Sapotaceae) in Pregnancy may be Serving
as an Intermittent Preventive Therapy
against Malaria Infection. Ancient Science
of Life, 36(4), 2017:191-195. doi:
10.4103/asl.ASL_208_16. PMID:
29269970; PMCID: PMC5726185.
Osonwa UK, Mbonu OD, Eluu SC, Oli AN.
Antiplasmodial and Biochemical Effects of
Combination of Ethanolic Leave-extracts of
Azadirachta  indica and  Ocimum
gratissimum on Plasmodium berghei-
infected Mice. African  Journal of
Pharmaceutical Sciences and Pharmacy,
5(1), 2017: 15-29.

Nigussie G, Wale M. Medicinal plants used
in traditional treatment of malaria in
Ethiopia: a review of ethnomedicine, anti-
malarial and toxicity studies. Malaria
Journal  21(1), 2022: 262. doi:
10.1186/512936-022-04264-w. PMID:
36088324; PMCID: PMC9463824.

Noedl H, Se Y, Schaecher K, Smith BL,
Socheat D, Fukuda MM. Evidence of
artemisinin-resistant malaria in western



15.

16.

17.

18.

19.

20.

J. O. Olaligho et al.

Cambodia. New England Journal of
Medicine, 359(24), 2008: 2619-2620.
Imwong M, Hien TT, Thuy-Nhien NT,
Dondorp AM, White NJ. Spread of a single
multidrug resistant malaria parasite lineage
(PfPailin) to Vietnam. The Lancet Infectious
Diseases, 17(10), 2017: 1022-1023.
Amaratunga C, Lim P, Suon S, Sreng S,
Mao S, Sopha C, Fairhurst RM.
Dihydroartemisinin—piperaquine resistance
in  Plasmodium falciparum malaria in
Cambodia: a multisite prospective cohort
study. The Lancet Infectious
Diseases, 16(3), 2016: 357-365.

Hamilton WL, Amato R, van der Pluijm RW,
Jacob CG, Quang HH, Thuy-Nhien NT,
Miotto O. Evolution and expansion of
multidrug-resistant malaria in southeast
Asia: a genomic epidemiology study. The
Lancet Infectious Diseases, 19(9), 2019:
943-951.

Uwimana A, Legrand E, Stokes BH,
Ndikumana JLM, Warsame M, Umulisa N,
Menard D. Emergence and clonal
expansion of in vitro artemisinin-resistant
Plasmodium falciparum kelch13 R561H
mutant parasites in Rwanda. Nature
Medicine, 26(10), 2020: 1602-1608.
Woodrow CJ, White NJ. The clinical impact
of artemisinin resistance in Southeast Asia
and the potential for future spread. FEMS
Microbiology Reviews, 41(1),2017: 34-48.
Amaratunga CA, O'Sullivan TL. In the path
of disasters: psychosocial issues for
preparedness, response, and recovery.
Prehospital and Disaster Medicine, 21(3),

2006: 149-53; discussion 154-5. doi:
10.1017/s1049023x00003605. PMID:
16892879.

16

21.

22.

23.

Afr J Pharm Res Dev, 15(2), 2023, 9-16

Swe MMM, Win MM, Cohen J, Phyo AP, Lin
HN, Soe K, Amorncha P, Wah TT, Win
KKN, Ling C, Parker DM, Dance DAB,
Ashley EA, Smithuis F. Geographical
distribution of Burkholderia pseudomallei in
soil in Myanmar. PLoS Neglected Tropical
Diseases 15(5), 2021:¢0009372. doi:
10.1371/journal.pntd.0009372. PMID:
34029325; PMCID: PMC8143414.

Contrepois K, Wu S, Moneghetti KJ,
Hornburg D, Ahadi S, Tsai MS, Metwally
AA, Wei E, Lee-McMullen B, Quijada JV,
Chen S, Christle JW, Ellenberger M, Balliu
B, Taylor S, Durrant MG, Knowles DA,
Choudhry H, Ashland M, Bahmani A,
Enslen B, Amsallem M, Kobayashi Y, Avina
M, Perelman D, Schissler-Fiorenza Rose
SM, Zhou W, Ashley EA, Montgomery SB,
Chaib H, Haddad F, Snyder MP. Molecular
Choreography of Acute Exercise. Cell,
181(5), 2020:1112-1130.e16. doi:
10.1016/j.cell.2020.04.043. PMID:
32470399; PMCID: PMC7299174.

ISARIC Clinical Characterization Group;
Garcia-Gallo E, Merson L, Kennon K, Kelly
S, Citarella BW, Fryer DV, Shrapnel S, Lee
J, Duque S, Fuentes YV, Balan V, Smith S,
Wei J, Gongalves BP, Russell CD, Sigfrid
L, Dagens A, Olliaro PL, Baruch J,
Kartsonaki C, Dunning J, Rojek A, Rashan
A, Beane A, Murthy S, Reyes LF. ISARIC-
COVID-19 dataset: A  Prospective,
Standardized, Global Dataset of Patients
Hospitalized with COVID-19. Scientific
Data, 9(1), 2022: 454,  doi
10.1038/s41597-022-01534-9. PMID:
35908040; PMCID: PMC9339000.



