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Aim: Malaria vaccine is one of the critical areas in tropical health research, considering the success recorded in other vaccine-
preventable diseases. This study is aimed at reviewing recent trends in global malaria vaccine research from 2005 to 2022.
Method: A validated search strategy was undertaken to identify scientific literature on the malaria vaccine in the Scopus database.
Bibliometric indicators identified include a pattern of publication growth and citations over the study period; top authors,
countries, funding organizations, and journals; keywords, including different malarial parasite species, and the overall research
themes.
Result: A total of 6457 documents were found from 2005 to 2022, published in 160 journals/sources in 189 countries/territories.
Malaria Journal published the highest number of research outputs (478, 7.4%) within the study period, and the highest number of
documents (468, 7.3%) were published in 2021. There were 214,323 total citations, with 33.2 average citations per document and
167 documents’ h-index. The United States, United Kingdom, and Australia combined produced more than 60% of the
publication output, with most collaboration with African countries such as Kenya. Plasmodium falciparum is the most
occurring parasite species keyword (754, 11.7%), with a growing interest in Plasmodium knowlesi (30, 0.5%). Merozoite surface
protein, characterization, trials, infant/children, traveler, and research/review were the six themes that emerged from the studies.
Conclusion: The last one and half decades have seen a significant increase in malaria vaccine research and citations, mainly
targeting vaccine development, safety, and efficacy in Africa. This necessitates more international efforts to improve the
vaccines’ effectiveness considering different Plasmodium species.
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1. Introduction

In recent years, the malaria vaccine has been one of the crit-
ical areas in public health research, considering the success
recorded in other vaccine-preventable diseases [1, 2]. Malaria
is a life-threatening disease caused by various Plasmodium
(P.) parasite species: P. falciparum, P. vivax, P. malariae, P.
ovale, or P. knowlesi. The two species, P. falciparum and P.
vivax, were reported to contribute to the higher burden of
malaria morbidities and mortalities [3]. The World Health
Organization (WHO) 2023 malaria key facts indicate an esti-
mated prevalence of 249 million malaria cases and 608,000
deaths in 85 endemic countries [3]. TheWHOAfrican region
carries a disproportionately high burden, accounting for 94%

of cases and 95% of deaths, with children under five the most
vulnerable group [3]. Control measures such as the use of
long-lasting insecticide-treated nets and artemisinin combi-
nation therapy have been promising in reducing the inci-
dence of malaria [4]; however, these methods were not
sustainable, particularly in malaria-endemic countries of
Africa, necessitating the need for long-lasting solutions such
as vaccines. Our recent review indicates the willingness of
African communities to accept the malaria vaccine, consider-
ing the efficacy and side effects [5].

Recent bibliometric research indicated an increasing
number of malaria research from the 1970s [6], correspond-
ing tomalaria vaccines’ historical development. Traditionally,
approaches to developing subunit vaccines target specific
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parasite antigens; however, the efficacy of these vaccines
decreases quickly over time [7]. As a result, scientists focus
on exploring noble strategies such as RNA-based vaccines,
viral-vectored vaccines as well as whole parasite vaccines
[8–10]. The RNA-based vaccine approach uses messenger
RNA (mRNA) to stimulate body cells to produce specific
malaria antigens [8]. mRNA malaria vaccines, including
those developed by the malaria vaccine initiative (MVI),
show promising results in preclinical and early clinical trials
[11]. Conversely, viral-vectored vaccines use modified
viruses that are genetically altered to induce malaria antigens
into the body [10]. The adenovirus and poxvirus vectors,
which stimulate cellular and antibody-mediated immune
responses, are commonly employed in this strategy [10].
On the other hand, the whole parasite vaccine takes the
approach of the natural infection mechanism in the body,
which induces stronger immunity [9]. It involves attenu-
ated/weakened malaria parasites to generate a more compre-
hensive immune response. Clinical trials of such vaccines,
like the PfSPZ (Plasmodium falciparum sporozoites), have
shown an initial positive outcome in providing significant
protection against malaria infection [12], although wide-
scale trials are still required.

Collaboration between malaria-endemic countries and
international partners has been promising, with several vac-
cines being developed in Western countries and undergoing
clinical trials among the African population. This approach
has been, in particular, the case in the most researched
malaria vaccine, RTS, S, over three decades [13, 14], as well
as more recent and effective vaccines like the R21 [15]. A
new trend has shown that a combination of RTS, S (repeat
T-cell epitope surface antigen with additional surface antigen)
with chemoprophylaxis as opposed to the vaccine alone [16,
17], as well as R21 vaccine before seasonal malaria [18],
yields better results. This could be associated with the com-
plex life cycle of malarial parasites, requiring a multifaceted
approach.

Given the diverse research in this area, this review
sought to look into the recent trends in global malaria vac-
cine research through a bibliometric analysis. The study is
aimed at building on a previous bibliometric analysis of
global malaria vaccine research conducted in 2005, covering
research published from 1972 to 2004 [19]. The outcome of
this review will contribute to shaping policies, provide new
directions for research, and bring more awareness to malaria
vaccine research. As research progresses, international col-
laboration, suitable investment, and government and com-
munity efforts will be required to contain malaria in the
near future.

2. Methods

2.1. Research Design. This study adopted a bibliometric anal-
ysis of published research studies from 2005 to 2022. As an
emerging field in scientific research, bibliometric analysis
enables researchers to systematically explore, collect, and
analyze large volumes of scientific data to identify key land-
marks and emerging research trends in a specific field [20].
Oliveira et al., [21] added that bibliometric analysis offers

insight into the performance of authors, articles, journals,
institutions, and countries. This study adheres to key perfor-
mance indicators and science mapping outlined by Donthu
et al. [20], presenting a systematic bibliometric analysis
guideline.

2.2. Database. The Scopus database was adopted for this
study to identify the existing body of literature on malaria
vaccine research. Scopus has been used for bibliometric
analysis in various bibliometric studies, including general
vaccine hesitancy [22], COVID-19 vaccine research [23],
and climate change [24], due to its rich resource that makes
it a reliable source of bibliometric data. Additionally, the
Scopus database has been demonstrated to have a larger col-
lection of reliable scientific literature than other reputable
databases [25, 26].

2.3. Search Strategy and Screening. The search strategy for
this review was carefully developed through a trial of differ-
ent scenarios to address variations of the key terms
“malaria” and “vaccine” to avoid false positive and false neg-
ative outcomes. Following the trials, the following search
query was used in the Scopus advanced search interface:
(TITLE-ABS-KEY (malaria OR Plasmodium OR falciparum
OR “Plasmodium falciparum” OR “P. falciparum” OR “Plas-
modium malariae” OR “P. malariae” OR “Plasmodium
vivax” OR “P. vivax” OR “Plasmodium ovale” OR “P. ovale”
OR “Plasmodium knowlesi” OR “P. knowlesi”) AND TITLE-
ABS-KEY (vaccin∗ OR “autogenous vaccine” OR autovac-
cine)) AND PUBYEAR >2004 AND PUBYEAR <2023, of
which the first hit resulted in 10,931 documents.

A validation screening was undertaken to identify false
positive results by examining the first 100 documents in line
with previous bibliometric analysis [22]. This resulted in
identifying nine editorial reports with authors’ keywords
(i.e., research expertise/interest) containing the search terms
rather than keywords of the documents. The search was then
modified to title and abstract by excluding the keywords,
resulting in 7229 documents.

A further examination of the “document types” under
Scopus limiters was conducted to identify only scientific
research papers. This was done by limiting the search out-
come to the individual document type (article, review, note,
book chapter, short survey, conference paper, editorial, and
letter) at a time and then reviewing the title/abstract of the
first 10 documents for relevance. Through this examination,
only three document types were found to be scientific
research papers that met the aim of the study. The others
were commentaries/notes of another research and one
retracted paper. Therefore, the final search was narrowed
to the three document types: articles, reviews, and short sur-
veys. A further examination of the first 100 overall results
reveals no false positives, resulting in 6457 documents
included in the analysis.

2.4. Bibliometric Indicators and Analysis. Scopus features
“analyze result,” and Microsoft Excel and VOS viewer soft-
ware were used to examine the bibliometric indicators of
the search results. Percentages and frequencies were used
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to estimate each item and presented on tables, charts, and
maps as appropriate.

In Scopus, overall indicators were computed, including
h-index, documents by year of publication, source of data,
authors/authors’ affiliations, country/territory of research,
and source of funding. The data was exported as a CSV
(comma-separated values) file to Microsoft Excel, where
the yearly citation report and the journal rankings were
computed.

Visualization of the most frequent items was limited to
the Top 10 in line with a prior study [22], including
authors, countries, funding organizations, and journals.
The Top 10 authors’ statistics were computed by calculating
the number of times an author’s name appeared in the liter-
ature, irrespective of the author’s position. Similarly, the
Top 10 countries were computed based on the country of
affiliation of each author, regardless of the author’s position
in the article.

The VOSviewer used data to establish a network of
key indicators, including coauthorship between countries,
authors and index keywords co-occurrence, and research
topic themes. The keywords analysis identified occurrences
of different malarial parasite species through the VOSviewer.
To ensure better visibility in the VOSviewer, the network was
narrowed to a minimum of five occurrences (recommended
threshold) for each indicator. Furthermore, the number of
clusters of items and the total number of links were reported
alongside the results of the VOSviewer output.

3. Results

3.1. Pattern of Publication Output and Citation Reports. A
total of 6457 relevant documents were identified, including
122 (1.9%) short surveys, 1296 (20.1%) review papers, and
5039 (78.0%) primary research articles. The majority of the
articles (95.7%) were in English, while the others were in
French (1.3%), German (1.0%), Chinese (0.8%), and other
languages (1.2%).

Table 1 details the breakdown of the 6457 documents by
year and their citation count. The peak in number of papers
published (7.3%) was in 2021, followed by 2022, each with
over 400 documents. Conversely, the highest citation count
per document was published in 2010 compared to the lowest
in 2022, out of the 214,323 total citations. The overall aver-
age citation per document was 33.2, ranging from 4.2 to
58.6. The h-index of the 6457 article was 176; the top cited
article throughout the study period was an experimental
study published in “Nature” in 2006, which received 2255
citations [27]. Within the last decade, the top cited article
was a clinical trial on RTS, S vaccine published by “The Lan-
cet” in 2015, with 915 total citations [28].

3.2. Overview of Top 10 Authors, Countries, Funding
Organizations, and Journals. The Top 10 authors have a total
of 1090 (17.0%) documents, of which Hill, A.V.S. from the
Jenner Institute, United Kingdom, had the highest publica-
tion output (Figure 1(a)). The United States produced more
than 1/3 of all the publications’ output, and with the follow-
ing 2 countries (the United Kingdom and Australia), 68.0%

of the research outputs (Figure 1(b)). Of the Top 10 coun-
tries, two were from Asia (China and India) and one from
Africa (Kenya), while the remaining were in Europe, Amer-
ica and Australia. Similarly, the US National Institute of
Allergy and Infectious Diseases funded the highest number
of research output (18%). In comparison, the European
Union Seventh Framework Programme funded the least
number of documents (2.3%) among the Top 10 funding
organizations (Figure 1(c)).

A total of 160 journals/sources published the 6457 docu-
ments identified, out of which the Top 10 had a total publi-
cation output of 2153 (33.3%). Malaria Journal, an open-
access journal from Springer Nature, had the highest total
output, 478 (7.4%). However, PLOS One journal had the
highest number of documents from 2011 to 2015 compared
to the other journals. Figure 2(a) shows the distribution of
the documents by year across the Top 10 journals. The jour-
nals have different CiteScore (number of citations to docu-
ments) across the years, with the data available from 2011
to 2022 (Figure 2(b)). Most journals maintained a similar
CiteScore, except Scientific Reports and Frontiers in Immu-
nology (open access), which changed significantly from 0.2
and 0.5 in 2011 to 7.5 and 9.4, respectively, in 2022. Like
the CiteScore, the Scientific Journal Ranking (SJR) of the
Top 10 journals varies (Figure 2(c)). Between 2005 and
2012, the Journal of Immunology had the highest SJR, while
the Journal of Infectious Disease scored the highest (2.386)
in 2022. PLOS One had one of the most considerable varia-
tions, with an initial SJR score of 0 in 2006 and a peak of 2.7
in 2010, which reduced to 0.885 in 2022.

Table 1: Malaria vaccine research yearly publication and citation
report.

Year Documents Percentage (%)
Citation
count

Average citation
per document

2022 441 6.8 1868 4.2

2021 468 7.3 4512 9.6

2020 397 6.2 6539 16.5

2019 373 5.8 6475 17.4

2018 370 5.7 8638 23.3

2017 399 6.2 11611 29.1

2016 387 6.0 14469 37.4

2015 380 5.9 12158 32.0

2014 352 5.5 12002 34.1

2013 369 5.7 13819 37.4

2012 345 5.3 13314 38.6

2011 365 5.7 14241 39.0

2010 385 6.0 17119 44.5

2009 300 4.7 15947 53.2

2008 299 4.6 17804 59.5

2007 326 5.1 15321 47.0

2006 252 3.9 13906 55.2

2005 249 3.9 14580 58.6

Total 6,457 100 214323 33.2
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3.3. Coauthorship Between Countries. A total of 189 coun-
tries/territories authored the published documents; 91 have
at least five papers (VOSviewer recommended threshold
for visualization) coauthored with another country. The
coauthorship links between the countries are shown in
Figure 3. It can be seen from the figure that the United
States and the United Kingdom dominate the majority of
the authorship; however, the links indicating coauthorships

were primarily with African countries such as Kenya, Tan-
zania, and Mozambique. Countries in other regions with a
sizeable coauthorship network include India and Papua
New Guinea.

3.4. Co-Occurrence of Keywords (Index and Author’s
Keywords). A total of 26,114 keywords (author and index)
across the documents, with 4838 keywords occurring at least
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Figure 1: Malaria vaccine research Top 10 authors, countries, and funding organizations from 2005 to 2022.
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Figure 2: Malaria vaccine research Top 10 journals, CiteScore, and Scientific Journal Rankings from 2005 to 2022.
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five times (threshold), were used for this analysis. The total
co-occurrence between the different keywords is displayed
in Figure 4. Two of the most occurring keywords, “human”
and “animals,” signify the major domains of the vaccine
research, largely co-occurring with the subjects “child” and
“mouse.” Other important links include vaccination, genetics,
immunogenicity, and drug efficacy. Similar patterns appeared
when narrowed to the author’s (Figure S1) and index
(Figure S2) keywords, but in addition, associated infectious
diseases, such as COVID-19, tuberculosis, hepatitis, dengue,
typhoid, cholera, and rabies, were identified.

A further examination of the authors’ keywords (Figure
S1) was conducted to identify the occurrence of different
malaria species among the 6457 documents that specify the
species; these include 754 P. falciparum, 336 P. vivax, 71 P.
berghei, 40 P. yoelii, 30 P. knowlesi, 16 P. chabaudi, 6 P. cyno-
molgi, and 5 P. ovale appeared, respectively. Accordingly, the
most occurring species, P. falciparum, is connected in 3 clus-
ters, with malaria, var2csa protein, and pfs25 protein, while
the least, P. ovale was connected to 1 cluster, atovaquone.

3.5. Research Themes Through a Network of theMost Occurring
Terms in Documents’ Title/Abstract. A total of 13889 specific
terms exist in the documents’ title/abstract, out of which
367 terms occurred at least five times (threshold). Six clusters
representing six research themes were identified (Figure 5).
Density visualization of these research themes was presented
(Figure S3).

Of the six research themes (Figure 5), Theme 1 (yellow-
green cluster) and Theme 2 (Kelly-green cluster) represent
malaria vaccine design/development. Theme 1 mainly focuses
onmerozoite surface protein (MSP-1, the most abundant pro-
tein on the surface of the erythrocyte-invading Plasmodium

merozoite), in close association with terms such as genetic
diversity and apical membrane protein. Theme 2 focuses
on the characterization, identification, and expression
aspects of the vaccine’s design. Theme 3 (purple cluster) tar-
geted vaccine safety and efficacy through trials and the trial
phases. RTS and PfSPz were two malaria vaccines associated
with Theme 3. Theme 4 (blue cluster) primarily focuses on
women, infants, and children in African countries such as
Kenya, Ghana, and Burkina Faso. Theme 5 (blue-green clus-
ter) concentrates mainly on travelers’ prevention, including
their knowledge, attitude, and practice. Theme 6 (red cluster)
focuses on research and reviews on the disease in Africa.

4. Discussion

This study provides an overview of research output on the
malaria vaccine through the bibliometric analysis of studies
published from 2005 to 2022. The key findings of this anal-
ysis were discussed in comparison to a previous bibliometric
analysis covering research from 1974 to 2004 [19]. Overall,
6457 documents were found in the current review, which
was published in 160 journals in 189 countries/territories.
This is in comparison to 2007 publications in 352 journals
from 59 countries from 1974 to 2004 [19]. This demon-
strates a notable expansion in the geographical diversity of
malaria vaccine research over the past 1.5 decades.

Before 2012, the most cited research was on an experi-
ment to produce an antimalarial precursor (artemisinic acid)
to overcome multidrug resistance of Plasmodium species
[27] while vaccines were still awaiting rigorous clinical trials.
However, within the last decade (2012–2022), the most cited
research was a clinical trial exploring the safety and efficacy
of RTS, S malaria vaccine [28]. Both the current bibliometric

Figure 3: Malaria vaccine research coauthorship between countries (91 countries/territories, 9 clusters, and 1555 links from VOSviewer).
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Figure 4: Malaria vaccine research co-occurrence of keywords (Top 1000 keywords, 5 clusters, and 29,1420 links from VOSviewer).

Figure 5: Malaria vaccine research themes through the document’s title/abstract (367 terms, 6 clusters, and 2644 links from VOSviewer).
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analysis and the prior analysis show a steady increase in
malaria vaccine publication output over the years, corre-
sponding with the continued global efforts to produce effec-
tive malaria vaccines. However, there were not enough new
directions for future research observed.

The period prior to 2005 to 2022 has seen a significant
transition in malaria vaccine research from early experimen-
tal studies to more effective vaccine candidates. This can be
seen in the success recorded on pre-erythrocytic vaccines
targeting sporozoites, such as the RTS, S/AS01, the first
malaria vaccine recommended by the WHO for use in sub-
Saharan Africa (SSA) [29]. Accordingly, the analysis of key-
words in this review indicates a high occurrence of RTS, S
vaccine research, signifying the over three decades of RTS,
S vaccine research and its associated challenges [30].
Recently, another vaccine, R21, was introduced with a prom-
ising result [15], leading to the approval of the vaccine by the
WHO in October 2023 [31], indicating the continued prog-
ress recorded in malaria vaccine development. Over the
periods of this study (2005–2022), the trends in malaria vac-
cine research cover broad areas of vaccine design, mainly
focusing on the Plasmodium essential proteins (e.g., merozo-
ite surface protein and apical membrane protein) and their
characterization, vaccine targets (e.g., safety and efficacy),
key population focus (e.g., infants and children), key coun-
tries in African (e.g., Kenya and Ghana), and contemporary
issues like prevention of travelers. This indicates that malaria
vaccine research from 2005 to 2022 has concentrated on
development and testing and efforts to minimize interna-
tional transmission from endemic to nonendemic countries.
However, further research is needed to enhance vaccine effi-
cacy, as the current vaccines have limited effectiveness.

Another trend identified in the current review is the link
between malaria and other potential infectious disease vac-
cines such as typhoid, cholera, and rabies. This connection
may be due to the similar signs and symptoms of these dis-
eases with malaria. Additionally, all the diseases constitute a
high burden of mortalities and morbidities, particularly in
resource-poor settings in Africa and Asia [32, 33]. For
instance, in 2021 alone, an estimated 108,859 cases of chol-
era and 3711 deaths (case fatality ratio of 3.4%) were
reported in West Africa [33], necessitating the need for
vaccines.

A further investigation into the keywords identified in
this review indicates the different malaria parasites in rela-
tion to the vaccine research. P. falciparum has been consid-
ered the most prevalent parasite associated with malaria
disease, accounting for 79.4 of malaria cases and 87.6% of
mortalities in SSA [34]. The trend in P. falciparum is corrob-
orated in the findings of this review, of which a vast majority
of research output was attributed to falciparum and its
essential proteins, var2csa protein and pfs25 protein. These
proteins are crucial targets in developing malaria vaccines,
representing the sexual stage surface antigen of P. falciparum
[35, 36]. Another important species is the P. vivax, according
to the findings of this review. While P. falciparum was asso-
ciated with higher mortalities, P. vivax was demonstrated to
be the most widespread species, presenting more severe and
fatal illness [37]. Other malarial parasites, such as P. knowe-

lies, were recently identified, particularly in South-East Asia,
and could be associated with their unusual morphology
coupled with the rare occurrence of cases [38].

Despite malaria being most prevalent in Africa, Kenya
was the only African country among the Top 10 countries
with the highest publication outputs and coauthorships
with Western countries. In its 2021 report, the WHO Afri-
can Region indicates a disproportionately high share of the
global malaria burden in Africa, accounting for more than
three-quarters of the malaria burden [3]. Similarly, chil-
dren under the age of 5 accounted for about 80% of all
malaria deaths in Africa, particularly in the SSA region
[3]. The Top 3 countries (United States, United Kingdom,
and Australia), accounting for about three-quarters of the
publication outputs, conducted most of the studies in col-
laboration with African countries. Like the previous biblio-
metric analysis [19], the research output from the Top 3
countries (United States, United Kingdom, and Australia)
contributed more than half of the current research, indicat-
ing the continued effort by research centers in these coun-
tries since 1974. This corresponds to the number of
malaria research publications, of which the United States
and the United Kingdom dominated over half of the out-
put from 1970 to 2022 [6]. Nevertheless, the need for
malaria research centers in Africa remains pertinent to
promoting malaria vaccine research and successfully eradi-
cating malaria globally.

Findings further indicate that neither SJR (weighted cita-
tion per output) nor the citescore (general citation per out-
put) of the journals/sources of documents determined the
number of publications. However, an open-access publica-
tion corresponded to the number of published documents,
of which all the Top 10 journals except one published fully
open access or a hybrid option (both open-access and tradi-
tional subscription options). Also, 8 of the 10 most cited
papers in this study were published open access. While
higher citations are popular as a motivation for publication
in open-access journals [39], most of the malaria vaccine
research received funding from central government and
nongovernmental organizations such as the Bill and Melinda
Gates Foundation; hence, it may have influenced the open-
access publications. Additionally, the timely publication of
open-access journals [40] may have influenced the publica-
tion of the malaria research as open access.

This bibliometric studycovers amultidisciplinary approach,
representing various research fields, including immunology,
public health, epidemiology, and biochemistry. For instance,
research on vaccine safety and efficacy primarily falls under
clinical immunology and public health, as demonstrated in
the RTS, S Clinical Trials Partnership study [41]. Exploring
Plasmodium proteins such as merozoite surface protein and
apical membrane antigen is rooted in biochemistry and
molecular biology as reported in Sanders et al.’s study [42].
Epidemiological studies focusing on malaria’s geographical
spread and control measures highlight the importance of
public health and preventive medicine. Furthermore, the
coexistence of malaria with other infectious diseases like
typhoid fever showcases the relevance of this research in
global health and tropical medicine, as reported in the Sur
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et al. study [43]. This interdisciplinary representation under-
scores the complexity of malaria vaccine research and the
necessity of collaborative efforts across various scientific
domains to tackle this global health challenge.

Despite the strength of this review in presenting an over-
view of recent malaria vaccine research and building on a
previous malaria vaccine bibliometric analysis [19], caution
should be taken in interpreting the findings due to its limita-
tions. First, like many other bibliometric analyses [22, 24],
this study was based on a single database (Scopus); hence,
research documents not indexed in Scopus could be missing.
Second, the citation reports were also restricted to the Sco-
pus database, which could be underestimated since citations
by articles not indexed in Scopus were not counted. Third,
the large number of documents identified and screened indi-
cates the possibilities of both false positives and true nega-
tives since the screening was primarily done using the
Scopus interface futures. However, the validation process
conducted was instrumental in significantly minimizing
these errors.

5. Conclusion

This study shows a relative increase in malaria vaccine
research and citations from 2005 to 2022. Key research
themes within the study period include the development of
vaccines targeting different aspects of Plasmodium species,
focusing on efficacy/safety trials among children in African
countries, and preventive measures for international trav-
elers. Most of the research outputs were conducted by
researchers in the United States, the United Kingdom, and
Australia, with most of the research output in open-access
journals. While P. falciparum and P. vivax remain the most
researched malaria species, emerging research outputs were
found in P. knowlesi. Further research in this area should
focus on developing malaria vaccines for different malaria
species and be aimed at improving the effectiveness of vac-
cines and the successful enrolment of vaccines in malaria-
endemic countries.
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