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ABSTRACT
Introduction  Negative public sentiment towards 
vaccination (PSV) poses significant challenges to the 
effectiveness of immunisation programmes, with 
dramatic effects on morbidity and mortality for vaccine-
preventable diseases. Yet, health research is often 
shaped by economic and geopolitical factors rather 
than countries’ epidemiological or healthcare needs. 
This study examines global patterns and drivers of 
PSV research on five vaccines—polio, measles, human 
papillomavirus, influenza and SARS-CoV-2—and 
evaluates the COVID-19 pandemic’s impact on research 
volume, focus and distribution.
Methods  We conducted a machine-learning-assisted 
literature search on PSV without geographical, 
language or time constraints. Using natural language 
processing, network and statistical analyses, we 
examined the global PSV research landscape and 
identified geographical, epidemiological and economic 
drivers.
Results  We analysed 13 287 articles and detected 
consistent literature growth from 1980 onwards, with 
vaccine-specific peaks following key licensing events. 
After 2020, publication volumes rose above projections 
for influenza (32%; 95% CI 20% to 46%) but declined 
for polio (−56%; 95% CI −68% to −26%) and measles 
(−17%; 95% CI −33% to 9%). Although PSV research 
had global coverage, its distribution was markedly 
imbalanced, largely shaped by country-specific 
economic factors. A few high-income countries (HICs) 
produced 72% of publications and the likelihood of a 
country being studied varied by income and vaccine. 
Foreign authorship also increased as the income of the 
studied country decreased (over 75% in low-income and 
middle-income countries vs below 50% in HIC).
Conclusions  PSV research reveals persistent inequities, 
with a misalignment between countries leading research 
and populations most in need of its outcomes. These 
inequities, further exacerbated by COVID-19 disruptions, 
reflect systematic imbalances in global health. Our 
findings underscore the need to decolonise research by 
fostering leadership, agenda-setting and accountability 
that centre on the necessities of affected communities. 
Achieving this will require funding and publication 
reforms that promote equitable collaborations and 
elevate local priorities alongside long-standing global 
health objectives.

INTRODUCTION
The primary goal of global health research 
is to promote health equity and strengthen 
healthcare systems by bridging global knowl-
edge with local interventions.1 However, 
global health initiatives are heavily influenced 
by economic factors.2 Researchers from low- 
and middle-income countries (LMICs) face 
limited access to global health research grants3 
and are under-represented in peer-reviewed 
publications.4 Furthermore, 90% of all health 
research funding targets health issues of 
industrialised countries,5 marginalising lower-
income regions, where health burdens are 
typically greater. This perpetuates inequities, 
with researchers from high-income countries 
(HICs) dominating research activities also in 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Public sentiment towards vaccination (PSV) signifi-
cantly influences vaccination campaign outcomes. 
While bibliometric studies have explored PSV re-
search patterns, economic and contextual drivers 
in this research field remain underexplored, and 
international collaboration dynamics lack in-depth 
analysis.

WHAT THIS STUDY ADDS
	⇒ This study identifies significant economic disparities 
shaping PSV research, with high-income countries 
dominating the field and directing studies towards 
low-income settings with limited local author repre-
sentation. It also highlights the COVID-19 pandem-
ic’s role in shifting the research focus from critical 
childhood vaccines to SARS-CoV-2, exacerbating 
these imbalances.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ By revealing inequities in PSV research, this work 
underscores the need for more equitable and inclu-
sive research initiatives, prioritising public health 
needs while addressing systemic disparities in glob-
al health research and policy.
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LMICs, resulting in inadequate research agendas that fail 
to meet local public health needs.2 Vaccine uptake and 
childhood immunisation patterns across the globe repre-
sent a significant example of this dynamic.

Despite vaccines’ efficacy, global uptake remains subop-
timal in most countries, pockets of zero-dose individuals 
persist,6 and public sentiment towards vaccination (PSV) 
is imbued with widespread hesitancy.7 Over time, consid-
erable research efforts have been directed towards inves-
tigating the intricate mechanisms shaping PSV, resulting 
in a heterogeneous, multidisciplinary and fast-growing 
body of literature.8 Numerous reviews attempted to 
systematise and summarise the existing evidence on PSV.9 
However, due to the sheer amount and complexity of the 
published data, this task is proving increasingly difficult, 
especially without the aid of machine-assisted methods. 
Identifying the main drivers of PSV research might facil-
itate the definition of future research priorities and 
provide an evidence-based rationale to support a more 
appropriate allocation of resources.

To what extent PSV research is shaped by the interplay 
between economic factors, local disease endemicity and 
the effective need to study PSV locally is not fully under-
stood,8 10–12 especially in light of disruptive events, such as 
the COVID-19 pandemic. The exceptional circumstances 
in which the SARS-CoV-2 vaccine was licensed, together 
with the determining role it has played in curbing the 
pandemic, significantly intensified research efforts and 
public discussions on PSV.13 However, the pandemic 
also diverted a significant portion of global academic 
efforts and funding from other research to COVID-19-
related contributions, which benefitted from fast publi-
cation tracks and great academic attention, putting 
research on other diseases and vaccines at considerable 
disadvantage.14–16

In this work, we investigated the global patterns and 
drivers of scientific research on PSV, including studies on 
public attitudes, beliefs, emotions, trust, hesitancy and 
uptake. To enable a fine-grained yet broad perspective on 
the literature, we used machine-learning-assisted article 
selection to perform a large-scale literature search of peer-
reviewed publications. We screened for a selected set of 
vaccines, i.e. those against polio, measles, human papillo-
mavirus (HPV), influenza and SARS-CoV-2, chosen to be 
representative of different target populations, licensing 
and distribution histories, and viral pathogens with 
distinct transmission routes and epidemiology. Using a 
combination of natural language processing and large 
language model techniques, we enriched each record 
with standardised geographic metadata about authorship 
and place of study and linked each record with epide-
miological and economic country-specific metadata. We 
analysed publication trends for all vaccines, and by bench-
marking publication volumes before and after 2020, we 
quantified the extent to which the COVID-19 pandemic 
has altered pre-existing publication dynamics. Then, 
leveraging network and statistical tools, we modelled 
and analysed the geographical, epidemiological and 

economic factors driving scientific focus and academic 
contribution in the PSV research field. The integrated 
perspective introduced in this work charts the overall 
structure of PSV literature at large scale, allowing for 
direct comparisons across a set of vaccines with distinct 
characteristics and public attention patterns.

Our paper represents a significant contribution to 
the literature both in terms of methodology as well as 
implications for academic research and global health 
policy. By combining novel techniques with traditional 
statistical approaches, we offer a strong example of 
how diverse methods can be jointly applied to address 
complex research questions. By outlining the structural 
inequities that influence PSV research agendas, our find-
ings provide important insights to guide future research 
priorities, with the ultimate goal of a more equitable, 
balanced and resilient global health research agenda.

METHODS
Database construction
To retrieve scientific publications on PSV, we developed 
a comprehensive search string according to validated 
guidelines,17 incorporating keywords regarding public 
knowledge, attitudes, awareness, emotions and beliefs 
related to vaccination, vaccine hesitancy and refusal, trust 
and uptake (online supplemental file 1). To optimise 
the specificity of our search, we limited vaccine-related 
keywords to the article title, and other search terms to the 
title and abstract. We refined our search string through 
subsequent search cycles and qualitative screening of 
the first n=100 delivered papers, iteratively removing (1) 
keywords retrieving irrelevant literature, e.g. ‘vaccinia’, 
and (2) individual terms that were likely to occur together 
with a synonymous search term in true positive cases and 
retrieving irrelevant literature otherwise. The literature 
search was conducted in the MEDLINE and Web of 
Science Core Collection databases until December 2023, 
without geographical, language or other time constraints. 
We chose this database combination to cover a broad 
spectrum of scientific disciplines while obtaining the best 
possible balance between sensitivity and specificity.18 We 
removed duplicates using the article DOIs and titles and 
excluded papers not mentioning any of the vaccines of 
interest in their titles or abstracts.

Given the large number of retrieved articles, we 
employed supervised machine learning (ML) techniques 
to identify studies directly related to PSV. We began by 
manually annotating a sample of 1000 articles by title 
and abstract, following a predefined set of inclusion 
criteria. Articles were retained if they addressed at least 
one dimension of vaccine sentiment, such as studies on 
knowledge, attitudes and practices, or those that assessed 
determinants of vaccine acceptance, uptake or time-
liness. Eligible study types included both quantitative 
and qualitative primary research, secondary data anal-
yses, theoretical frameworks and mathematical models 
exploring vaccination determinants, as well as reviews and 
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editorials. After the first round of screening, performed 
by two independent reviewers, we obtained an inter-
rater agreement Cohen’s k=0.8, indicating substantial 
agreement. A third reviewer resolved the disagreements, 
resulting in 376 articles labelled as directly related to PSV 
and 624 as unrelated.

Next, using this annotated sample, we trained multiple 
ML classifiers, fine-tuning the pipelines’ hyperparame-
ters in a fivefold cross-validation setting to maximise clas-
sification performance. Model evaluation was conducted 
on a held-out test set (30% of the annotated data), 
achieving high performance across models, with all clas-
sifiers reaching an F1-score >0.86 and a Matthews correla-
tion coefficient (MCC) >0.780.19 The best-performing 
model—Random Forest Classifier with bag-of-words and 
tf-idf preprocessing—achieved an F1-score of 0.89, and 
MCC of 0.82 on the test set. This model was then applied 
to classify the full dataset. For each retained article, we 
identified the primary vaccine studied, defined as the 
most frequently mentioned vaccine in the title and/
or abstract, as well as the other mentioned vaccines. 
If multiple vaccines were referenced equally, the first 
vaccine appearing in the text was assigned as the primary 
one.

Data preprocessing and enrichment
Using OpenAI’s GPT (online supplemental file 1), 
we enriched our corpus by extracting from titles and 
abstracts of collected articles the authors’ countries, 
i.e. the countries of the authors’ institutions, and the 
studied countries, i.e. the countries of the analysis. Each 
country was then assigned a list of categorical attributes, 
including income level as of 2021,20 time-dependent 
vaccine-specific coverage21 22 and time-dependent disease 
incidence for each related disease.23 24 Country income 
was chosen as a proxy for a country’s research capacity 
since research institutions, such as universities and public 
health organisations, largely rely on national funding 
and infrastructure to conduct their projects. Disease inci-
dence dynamically captures the epidemiological pressure 
that a country is facing. Together with varying levels of 
vaccination coverage, these factors are likely to influ-
ence the scientific and public concern about a health 
threat, potentially fuelling or slowing down research. 
All attributes were categorised into four groups (L=low; 
LM=lower-middle; UM=upper-middle; H=high) based 
on the empirical quantiles (online supplemental file 
1). Polio incidence was classified as either ‘no cases’ or 
‘reported cases’. Due to incomplete data on disease inci-
dence and vaccination coverage for HPV and influenza, 
we limited the analysis including all attributes to measles 
and polio.

Time trend analysis
To characterise the publication trends over time, we 
modelled the volume of published papers for each 
vaccine from 2010 to 2019 fitting an exponential func-
tion. We conducted this analysis starting from 2010 to 

ensure inclusion of the period following the licensure 
of both the HPV and 2009 H1N1 pandemic influenza 
vaccines. The impact of the SARS-CoV-2 pandemic on 
PSV-related research was assessed by comparing the 
predicted publication volumes for 2020–2023, based on 
the fitted exponential models, with the actual volume 
produced after 2020, calculating the percentage differ-
ence (online supplemental file 1).

Geographical network construction
We developed a custom network analysis pipeline to map 
the geographic direction of global research on PSV. For 
each 5-year time interval, we created vaccine-specific 
networks where each node represents a country. Each 
directed weighted edge, a connection between coun-
tries i and j, was formed proportionally to the number 
of papers authored or coauthored by institutions from 
country i focusing on country j. Articles with multiple 
authors’ countries and/or studied countries contributed 
to multiple edges in the network. We further character-
ised each node i by counting the number of (1) Domestic 
studies, papers on country i authored by local researchers 
alone (the weighted self-loops of node i); (2) Inbound 
studies, papers on country i authored or coauthored by 
foreign institutions (the weighted in-degree minus the 
self-loops) and (3) Outbound studies, papers on any 
foreign country authored or coauthored by institutions 
from country i (the out-degree minus the self-loops).

Statistical analysis on research drivers
We employed a regression framework to investigate the 
drivers of global PSV research. First, to investigate the 
probability of a country being studied, we fitted logistic 
regression models using a binary dependent variable 
indicating whether a country had been the object of at 
least one research paper on a given vaccine (1 if studied, 
0 if not) (online supplemental file 1). Second, for coun-
tries that were studied, we analysed which country-level 
factors influenced the proportion of papers authored 
or coauthored by foreign institutions (inbound/(in-
bound+domestic)). We achieved that through a Beta 
regression model, suitable for modelling proportions 
(online supplemental file 1). Independent variables 
in both models included (1) time interval, classified as 
prepandemic (2010–2014; 2015–2019) and postpan-
demic (2020–2023) periods, (2) country income level, 
(3) country time-varying vaccination coverage level and 
(4) country time-varying disease incidence level. All 
models except the ones for polio (for which not enough 
data was available) included an interaction term between 
income and time to test whether the probability of being 
studied or the proportion of foreign authorship varied 
over time across income groups (online supplemental 
file 1).
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RESULTS
The unfolding of PSV research over time
Our query across two databases yielded 154 552 articles 
from 1902 to 2023 (online supplemental figure S1). We 
removed duplicates (43%) and screened for references 
to any of the five selected vaccines, retaining 17 587 arti-
cles. Of these, 97.5% were written in English, 2.2% in 
other European languages and 0.2% in non-European 
ones. We then used ML-assisted techniques to exclude 
non-relevant papers (24% of articles on the selected 
vaccines). We retained a total of 13 287 articles (18% of 
the initial yield) for analysis (online supplemental figure 
S1). Of these, 44% focused on SARS-CoV-2 as the primary 
vaccine (n=5818), 25% on influenza (n=3328), 23% on 
HPV (n=3078), 7% on measles (n=883) and 1% on polio 
(n=180).

The volume of PSV literature did not rise signifi-
cantly until the late 1980s (figure  1). We observed 
exponential growth across all vaccines until 2020, with 
vaccine-specific surges corresponding to the licensing 
of the HPV and SARS-CoV-2 vaccines, and a volume 
spike in influenza-related publications following the 
development of the novel influenza vaccine against the 
2009/H1N1 pandemic strain. Using the fitted expo-
nential models (online supplemental figure S2), we 
predicted the volume of publications post-SARS-CoV-2 
and compared them against the measured volumes, 
finding a higher-than-expected increase in the volume of 
influenza-related research (perc. diff.=32%; 95% CI 20% 
to 46%). In contrast, the volume of PSV research on the 
two routine childhood vaccinations, polio and measles, 
fell below expectation after the pandemic, with decreases 
of perc. diff.=−56% (95% CI −68% to −26%) and perc. 
diff.=−17% (95% CI −33% to 9%), respectively.

Notably, an increasing proportion of papers mentioned 
more than one vaccine in the text (7.3% before 2020 
and 12.9% after 2020). In particular (figure 2), vaccines 
sharing similar target populations, such as polio and 
measles, or those protecting against pathogens with 
similar characteristics, such as influenza and SARS-CoV-2, 
two respiratory viruses with pandemic potential, were 
more frequently studied together. Additionally, several 
studies on all primary vaccines began co-mentioning 
SARS-CoV-2 during the pandemic. This applied even 
to vaccines with relatively different characteristics, such 
as polio, measles or HPV, suggesting a potential impact 
of the SARS-CoV-2 pandemic on PSV research. Despite 
historical trends, the share of articles studying influenza 
alone also declined after the pandemic, with a large 
proportion (19.7%) of recent influenza-related articles 
also referencing the new coronavirus.

Geographical patterns in global health research
We mapped the geographical distribution of global PSV 
research from 2010 onwards (figure  3). To reconstruct 
the direction of research, we evaluated country-specific 
proportions of publications authored by local institutions 
alone (domestic), authored by or with institutions from 
a foreign country (inbound) or focused exclusively on 
foreign countries (outbound).

Overall, published PSV literature covered most coun-
tries worldwide, with HIC in North America and Europe 
authoring the majority of studies (72.2%). However, 
notable differences emerged in the spatial distribution 
of published articles across the examined vaccines. PSV 
research on the polio vaccine was more geographically 
clustered compared with other vaccines, with hotspots 
of research in sub-Saharan Africa, the Middle East and 

Figure 1  Annual number of published scientific articles on public sentiment towards five selected vaccines (reported in 
different colours) from 1980 onwards. Dashed lines indicate the total number of articles mentioning each vaccine in their 
title and/or abstract. Solid lines indicate the total number of articles focusing on a specific vaccine as the primary vaccine. 
Vertical lines mark vaccine licensing dates. The licensing date for influenza corresponds to the vaccine against the 2009/H1N1 
pandemic strain, while the licensing of the 1945 inactivated seasonal influenza vaccine is omitted. Polio (1955) and measles 
(1963) vaccine licensing dates also precede the emergence of PSV research. For visualisation purposes, the number of papers 
published on SARS-CoV-2 is evaluated and reported quarterly. HPV, human papillomavirus.
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South Asia. Conversely, research efforts on the influenza 
vaccine were relatively frequent in Europe and North 
America but scarce on the African continent, with respec-
tively >70%, >40% and <30% of countries involved, i.e. 
authoring or being studied in at least one paper ((online 
supplemental figure S3), top row).

We also observed income-related global imbalances in 
terms of research direction (online supplemental figure 
S3, bottom row). Despite the high number of studies 
on polio and measles vaccines authored by institutions 
in North America, Europe and Australia, the direction 
of these studies was predominantly outbound for HIC 
(median proportion outbound studies, high-income; 
polio: 82%; measles: 61%), and mostly inbound for low-
income countries (median proportion inbound studies, 
low-income: polio: 100%; measles: 78%). In the same time 
frame, little domestic and even less outbound research 
emerged from low-income and lower-middle-income 
countries. Similar but reversed income-dependent trends 
were observed in the distribution of PSV research on the 
HPV and influenza vaccines, although in HIC the shares 
of domestic, inbound and outbound research efforts were 
more equally distributed for these two vaccines (median 
proportion domestic, inbound, outbound studies, 
high-income; influenza: 24%, 37%, 26%; HPV: 33%, 
32%, 33%). Lastly, we measured comparable shares of 
outbound research on SARS-CoV-2 across income levels 
(median proportion outbound studies SARS-CoV-2: low-
income: 21%; low-middle-income: 31%; upper-middle-
income: 33%; high-income: 40%), with the amount of 
inbound research decreasing with increasing country 
income, mirroring patterns observed for other vaccines.

Drivers of global research flow
Through vaccine-specific logistic regression models, 
we assessed the potential factors influencing the prob-
ability of countries being the focus of PSV research. 
The reconstructed marginal probabilities are shown in 
figure 4 and online supplemental figure 4, upper panels. 

Coefficients are reported in online supplemental tables 
S2 and S3. We found that a significantly lower propor-
tion of countries has been studied in polio research 
compared with all the other vaccines. For all vaccines, 
the probability of being studied was significantly asso-
ciated with the country’s income level, although this 
dependence followed opposite directions for different 
vaccines. In the reference period (2010–2014), lower-
income countries had a significantly higher probability 
of being the object of polio or measles PSV research 
compared with HIC. The disparity was greatest for 
the measles vaccine in the reference period, with HIC 
having 98% lower odds of being studied compared 
with the low-income group (H vs L: OR=0.02; 95% 
CI 0.00 to 0.11) (online supplemental table S2). This 
income disparity remained constant over time for polio 
and appeared to level up for measles, with increased 
interest in higher-income settings but a decrease in 
lower-income ones. In contrast, HIC had a significantly 
higher probability of serving as study locations for the 
HPV and influenza vaccines, perpetuating existing 
income disparities without significant time-and-income 
variation. Additionally, the probability of being studied 
for the influenza vaccine appeared to be significantly 
higher in the years following the COVID-19 pandemic 
(2020–23 vs 2010–14: OR=7.57; 95% CI 1.16 to 149.71) 
(online supplemental table S3).

For both measles and polio, local disease incidence 
affected the probability of countries to be studied (online 
supplemental figure S4, table S2). Countries where clin-
ical polio cases were reported had 2.7 times higher odds of 
being studied compared with countries where the disease 
was eliminated (reported cases vs no cases: OR=2.67; 
95% CI 0.95 to 7.37). Analogously, the probability of 
being studied was significantly higher among countries 
experiencing comparatively high measles incidence (H 
vs L: OR=10.11; 95% CI 4.45 to 24.76). Conversely, we 
did not detect a consistent effect of national vaccination 

Figure 2  Co-occurrence of primary vaccines and mentioned vaccines from 2010 onwards. For each 5-year interval, the 
colour-coded heatmap shows the percentage of articles focusing on a primary vaccine (y-axis) and mentioning another 
vaccine (x-axis). Percentages on the diagonal represent the proportion of papers that focus exclusively on a primary vaccine. 
Articles mentioning more than one additional vaccine are included more than once in the matrices. The total number of articles 
focusing on each primary vaccine for a given period is reported under the y-axis labels. HPV, human papillomavirus.
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coverage on the probability of being studied for either 
vaccine.

Determinants of foreign authorship
For countries that have been the object of PSV research, 
we modelled the proportion of articles (co)authored by 
foreign countries using Beta regression models. The fitted 
values are shown in figure  4 and online supplemental 
figure S4, bottom panels. The coefficients are reported in 
online supplemental tables S2 and S3. Across all vaccines, 
during the reference period (2010–2014), the proportion 
of papers involving foreign research efforts increased as 
the income level of the studied country decreased. This 
income-related disparity appeared to diminish over time 
for the measles, HPV and influenza vaccines. Conversely, 
we observed no significant time-dependent change for 
polio research.

For both polio and measles, countries reporting clin-
ical disease cases had a smaller proportion of articles (co)
authored by foreign researchers. We found no consistent 
effect of national vaccination coverage on the proportion 
of foreign authorship.

DISCUSSION
This work examines the drivers of global health research 
using innovative methodologies, offering novel insights 
and analyses that, to our knowledge, are unexplored in 
the existing literature. We integrated an extensive liter-
ature search, ML-assisted article screening and data 
enrichment, network analysis and statistical methods to 
develop a novel database of research papers on PSV, which 
offers a valuable resource for addressing broad global 
health research questions. Going beyond traditional 

Figure 3  Geographical distribution of author countries and studied countries by vaccine from 2010 onwards. (a-e) chart 
different vaccines —Polio, Measles, HPV, Influenza, SARS-CoV-2— respectively, with (f–j) focussing on European countries. Pie 
slices represent country-specific shares of domestic, inbound or outbound studies. Domestic: studies on country i authored 
by local researchers alone. Inbound: studies on country i authored or coauthored by foreign institutions. Outbound: studies 
on any foreign country authored or coauthored by institutions from country i. The size of each pie chart is proportional to the 
total number of studies involving a country. Background colour corresponds to countries’ income levels. H, high income; L, low 
income; LM, lower-middle income; UM, upper-middle income; HPV, human papillomavirus.
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bibliometric methods8 10–12 and merging information on 
country-specific epidemiological and economic factors as 
well as direction of research, we investigated patterns and 
drivers shaping the global research efforts on PSV.

Our findings portrayed PSV research as a rather recent 
research field, partially shaped by vaccine-specific epide-
miological conditions and unforeseen global health 
challenges, such as pandemic threats, but strongly influ-
enced by country-specific economic determinants that 
steer academic focus and the opportunity for scientific 
collaborations.

By modelling the volumes of historical research data, 
we revealed that overall PSV publications have grown 
exponentially until 2020. Despite the eradication of polio 
and measles being within reach,25 the research output on 
these vaccines remained relatively modest throughout 
the study period. Moreover, notwithstanding the rise 
in public vaccine hesitancy in recent years,26 27 it did 
not intensify as much as expected after the COVID-19 
pandemic, proving vulnerable to sudden disruptions. 
In contrast, we observed higher-than-expected post-
pandemic publication volumes regarding the influenza 
vaccine, likely due to its analogies with the SARS-CoV-2 
vaccine. These findings align with abundant evidence 
on the negative impact of the SARS-CoV-2 pandemic on 
routine childhood vaccinations, both in terms of vaccine 
uptake28 29 and public trust30, and may be attributed to the 
temporary redirection of academic interest and research 
funding towards COVID-19-related research. The influ-
ence of SARS-CoV-2 on PSV research was further high-
lighted by a post-pandemic increase in articles on other 
primary vaccines mentioning the SARS-CoV-2 vaccine. 

This pattern, especially striking for vaccines that share 
few or no similarities with the SARS-CoV-2 vaccine, likely 
reflects a momentary shift of the global health research 
agenda due to the very peculiar and worrisome situa-
tion of the pandemic threat. However, it also suggests 
that PSV research is highly sensitive to time-dependent 
and context-dependent funding and publication oppor-
tunities, which in turn influence researchers’ actions.16 
This result underscores the importance of maintaining 
sustained academic attention on long-standing research 
objectives, such as vaccine-preventable diseases elimina-
tion and eradication efforts.

Our statistical analyses of geographical, economic and 
epidemiological factors consistently showed that country 
income levels critically shape the landscape of PSV 
research, inducing an economically driven imbalance 
in both the global distribution and direction of research 
efforts.

In agreement with previous literature,8 10–12 we found 
that HIC produced the majority of global PSV research, 
typically redirecting their research on polio and measles 
towards LMIC and, on the other hand, attracting research 
efforts on HPV and influenza vaccines.

Our regression analysis also suggested a gradual shift 
in academic attention from LMIC to HIC, particularly for 
measles, but also for HPV and influenza. We showed that 
such a trend may be partially explained by changes in 
the epidemiology of the related diseases, although other 
factors likely played a significant role as well. These may 
include a country’s historical experience with the disease, 
the presence of local outbreaks, local vaccination recom-
mendations and policies, political context, an unequal 

Figure 4  (Top row) Estimated probabilities, with 95% CIs, of being the subject of PSV research on a given vaccine across 
time points and income groups. (Bottom row) Estimated proportion, with 95% CIs, of PSV research articles on a given vaccine 
involving foreign researchers (inbound/(inbound+domestic)), by income level of studied countries. H, high income; L, low 
income; LM, lower-middle income; HPV, human papillomavirus; PSV, public sentiment towards vaccination; UM, upper-middle 
income.
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distribution of research funding, global publication bias 
and countries’ involvement in international public health 
endeavours, such as disease elimination initiatives. These 
results also suggest that the gap left by shifting attention 
to HIC is not currently filled with domestic research in 
LMIC.

Income-dependent disparities were also evident 
through the disproportionate amount of foreign author-
ship in studies concerning LMIC, especially in PSV 
research on polio and measles. This suggests a structural 
involvement of external researchers in LMIC, even in 
cases concerning very local health challenges. Except 
for polio research, where the historical imbalances 
persist, foreign research contributions became more 
evenly distributed across income groups for all vaccines, 
indicating an encouraging increase in academic cross-
income-group collaborations. Combining this result with 
an overall increased attention to higher-income coun-
tries, however, our analyses also suggest that the levelling 
of foreign efforts might be driven by increased collabora-
tions among HIC, likely at the expense of lower-income 
ones, where such research is often most needed.

Overall, our regression analyses provided strong 
evidence that a country’s lower income significantly 
limits its capacity to perform domestic research, even in 
areas with high disease incidence, resulting in an inequi-
table and likely inefficient reliance on external research 
activities to address critical local health challenges.

We acknowledge some limitations. First, our literature 
search strategy primarily employed English-language 
keywords and a substantial portion of non-English scien-
tific literature may not be indexed in the two databases 
used. As a result, we may have missed relevant studies 
published in other languages lacking an English abstract. 
Because English-language publications are not fully 
representative of the global scientific landscape, this 
may have introduced a language bias into our litera-
ture corpus. However, the vast majority of global scien-
tific output is currently published in English.31 Hence, 
any language bias is likely to be limited in scope and not 
expected to substantially affect the main patterns identi-
fied in the analysis.

Second, although our ML-assisted article selection 
achieved strong performance metrics, some misclassi-
fication may have occurred, potentially leading to the 
inclusion of a few irrelevant articles or the exclusion of 
some pertinent ones. Yet, given the scale of the dataset 
and the inherent subjectivity in relevance judgements, 
even a fully manual screening process would likely have 
introduced comparable inconsistencies. Importantly, the 
volume and the consistency of the retained articles still 
provide a reliable basis for mapping broader scientific 
trends.

Lastly, the inclusion of additional contextual factors 
that may shape global attention on PSV research could 
offer deeper explanatory power. However, in order to 
ensure complete, consistent and reliable cross-country 
comparison on a global scale, we chose to leverage only 

indicators provided by internationally recognised organ-
isations. Collating national datasets may have introduced 
uncertainty and unknown sources of potential bias, ulti-
mately compromising the robustness and comparability 
of our analysis.

CONCLUSIONS
The persistent misalignment between countries with the 
financial capacity to conduct PSV research and those 
most in need of its outcomes highlights entrenched 
inequities within this field. These disparities are not 
unique to PSV research but are rather symptomatic of 
broader structural imbalances that pervade global health 
research. Research priorities—particularly in HIC—are 
often shaped by internal agendas and funding opportu-
nities rather than global need. This hampers the poten-
tial impact of research efforts in achieving broader health 
outcomes, such as increased vaccine uptake in under-
served settings.32

Our findings suggest that such imbalances are likely to 
be exacerbated during periods of global disruptions, as 
demonstrated by the COVID-19 pandemic, with poten-
tially detrimental consequences for both ongoing public 
health interventions and future research directions. By 
providing a clear view of the main drivers of PSV research 
and revealing the risks of shifting academic focus, this 
study highlights the need to decolonise PSV research 
and, broadly, global health research. Addressing histor-
ical imbalances requires promoting equitable, inclusive 
research partnerships, and redistributing leadership, 
ownership and priority-setting power across the global 
research community. Key principles for establishing equi-
table research dynamics include sustainability, policy-
oriented objectives, transparency, equitable data access 
and meaningful community engagement.33–37 Existing 
ethical guidance can help researchers design projects in 
alignment with these values,38 and funding mechanisms 
should embed strong incentives to promote such prac-
tices.39 Future funding allocation criteria should prior-
itise research with the highest potential health impact 
for vulnerable populations—such as improving vaccine 
coverage among underimmunised children—over purely 
academic or innovation-driven considerations.40 Grants 
must be accessible to institutions in LMIC directly, 
fostering application diversity and enhancing local 
research capacity.3 41 Achieving key global health targets, 
such as the eradication of polio and measles, requires 
sustainable investments guided by clear long-term strat-
egies and implemented within well-defined timeframes, 
particularly in low-resource settings.42 Currently, decision-
making power remains highly concentrated in a small 
group of actors, mostly from HIC, yet continued support 
may be subject to political or economic fluctuations. This 
can lead to funding disruptions with potentially serious 
implications for the populations affected. A sustainable 
transition towards increased domestic investment in 
health research is therefore critical and must include 
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robust exit strategies, early planning, stakeholder engage-
ment and dedicated pre-transition resources.3 43 44 Scien-
tific journals are also playing a crucial role in reshaping 
inequitable research practices by establishing systems to 
identify and discourage submissions that violate equity 
principles related to content and authorship.45 46 Our 
work highlights the need for a systemic change across 
funding structures, authorship norms and publication 
practices in order to redress long-standing inequities in 
global health research and to ensure that research efforts 
ultimately benefit the most affected.47
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