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Abstract 

Background:  The value of malaria eradication, the permanent reduction to zero of the worldwide incidence of 
malaria infection caused by human malaria parasites, would be enormous. However, the expected value of an invest-
ment in an intended, but uncertain, outcome hinges on the probability of, and time until, its fulfilment. Though the 
long-term benefits of global malaria eradication promise to be large, the upfront costs and uncertainty regarding 
feasibility and timeframe make it difficult for policymakers and researchers to forecast the return on investment.

Methods:  A large online survey of 844 peer-reviewed malaria researchers of different scientific backgrounds admin-
istered in order to estimate the probability and time frame of eradication. Adjustments were made for potential selec-
tion bias, and thematic analysis of free text comments was carried out.

Results:  The average perceived likelihood of global eradication among malaria researchers approximates the num-
ber of years into the future: approximately 10% of researchers believe that eradication will occur in the next 10 years, 
30% believe it will occur in the next 30 years, and half believe eradication will require 50 years or more. Researchers 
who gave free form comments highlighted systemic challenges and the need for innovation as chief among obsta-
cles to achieving global malaria eradication.

Conclusions:  The findings highlight the difficulty and complexity of malaria eradication, and can be used in prospec-
tive cost–benefit analyses to inform stakeholders regarding the likely return on eradication-specific investments.
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Background
Malaria is a parasitic disease transmitted among humans 
by mosquitoes. Plasmodium falciparum accounts for 
many of the 200 million annual cases as well as most of 
the half million annual deaths worldwide [1, 2]. Malaria 
“elimination”, the “interruption of all local transmission of 
the infection in a country or region” [3] is actively being 
pursued by dozens of countries around the world, lead-
ing to a renewed push for “eradication” (“the permanent 

reduction to zero of the worldwide incidence of malaria 
infection caused by all species of human malaria para-
sites”) [4]. The rationale for pursuing eradication is 
straightforward: the annual burden of malaria is so high 
that eradication is simply “necessary” [5]. With this 
renewed push has come renewed debate on whether a 
time frame is a realistic or desirable component of eradi-
cation [4].

This is not the first time that malaria eradication has 
been in the international spotlight. The scientific and 
public health communities have had eradication on 
their policy agenda since the World Health Organization 
(WHO) established the Global Malaria Eradication Pro-
gramme in the 1950s [6]. In 1957, U.S. President Dwight 
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Eisenhower told Congress that malaria could be expected 
to be eradicated in five years. Despite an “extraordinary 
sense of international purpose”, the top-down and one-
size-fits-all campaign which followed did not achieve its 
goal [7]. Following the failure of the WHO’s first attempt, 
the focus shifted away from global eradication towards 
local control strategies, though the goal of global eradica-
tion was never formally abandoned. The change in strat-
egy from global eradication to local control had the effect 
of less interest and funding for aggressive anti-malarial 
interventions, leading to an increase in malaria’s burden. 
In recent years, much of the discourse regarding malaria 
has shifted back to global eradication [8], with funders, 
researchers, and public health practitioners rallying to 
the cause [3]. The Bill and Melinda Gates Foundation 
began actively promoting eradication beginning in 2007, 
and in recent years has described eradication as feasible 
“within a generation” [9]. The WHO also set ambitious 
goals, stating the objective of eliminating malaria in 35 
new endemic countries from 2015 through 2030, and 
reducing all deaths from malaria by 90% [10]. Progress 
towards elimination and eradication efforts slowed, how-
ever, towards the end of the decade. The WHO Strategic 
Advisory Group on Malaria Eradication acknowledged 
“stalling progress” and that meeting the 2015 targets 
was “unlikely” [11]. Meanwhile, the Lancet Commission 
argued that global eradication by 2050 was both a “neces-
sary” and “attainable goal” [5].

From both policy [12] and scientific [13] points of view, 
eradication has never before received so much attention. 
Prior to the Lancet Commission, most recent research on 
expert opinion regarding the feasibility of malaria erad-
ication focused on the how rather than the if and when 
[3]. International programmes, such as the WHO Global 
Malaria Programme (GMP), have acknowledged the 
need “to take an official position on how and under what 
timeline malaria eradication could be achieved” [14]. 
The Lancet Commission did just this, setting 2050 as the 
mark. However, the WHO Strategic Advisory Group on 
Malaria Eradication argued that “eradication by a specific 
date is not a promise we can make” [11]. In other words, 
there seems to be universal consensus among experts 
regarding the desirability of global eradication, but dis-
cord on the timeline and feasibility.

Clarity on timeline and likelihood of eradication could 
inform forecasting of disease transmission, and plays 
a crucial role in the economic analysis of the expected 
value of malaria eradication initiatives, ultimately 
informing health policy decisions. But achieving clarity is 
difficult, given the many complex and interacting varia-
bles, which affect malaria transmission, research funding, 
and technological development. The lack of a clear scien-
tific consensus regarding the timeline to and probability 

of eradication can be considered an important knowledge 
gap with real consequences: not knowing an “invest-
ment’s” maturity date or risk profile is a deterrent to 
any “investor” (public or private) in the public good of 
malaria eradication. In other words, funding for eradica-
tion-oriented interventions could potentially be greater if 
funders perceived less uncertainty. Similarly, policy-mak-
ers in resource-scarce contexts must weigh the hypothet-
ical benefits of a costly intervention against the risk of 
the intervention’s intended outcome not occurring; hav-
ing more clarity on eradication’s timeline and likelihood 
could inform these decision-making processes.

The general objective of eradication serves to inspire, 
rally funder support, motivate researchers, and focus the 
efforts of public health practitioners. To the extent that 
malaria eradication (by definition) has never occurred, 
the parameters needed for an ex post cost–benefit analy-
sis are unknown. Nonetheless, prospectively estimating 
eradication’s return on investment is crucial to decid-
ing when and how to pursue the goal, especially in light 
of the high direct and opportunity costs of eradication-
specific interventions. One approach to economic evalu-
ation is the use of infectious disease transmission models. 
These have been applied to diseases which are closer to 
eradication than malaria, since the uncertainty around 
model input parameters is less, requiring fewer cascad-
ing assumptions in order to present possible compara-
tive scenarios. For example, Kastner et  al. were able to 
describe 4 relatively realistic pathways to lympathic filari-
asis eradication, as well as the pre-requisite role and mag-
nitude of certain interventions [15]. A similar modelling 
framework was then used to estimate the cost of eradi-
cation [16]. A recent modelling analysis on onchocercia-
sis eradication, based on a disease transmission model, 
showed that the costs of elimination (relative to staying in 
“control mode”) in Africa would be far lower even in the 
short term, thanks to the improvements it would lead to 
in both treatment times and prevented surveillance costs. 
Given the relative proximity of eradication, and the nar-
row geographic scope, the authors were also able to esti-
mate the timeline to eradication [17].

This level of detail and specificity in the economic 
evaluation landscape of malaria eradication, unfortu-
nately, is not possible, given its high prevalence and 
epidemiological complexity. In fact, there are no trans-
mission models estimating the likelihood and time 
frame of eradication, or its derivative cost–benefit 
ratio. Globally, where transmission modelling has been 
used for the purposes of forecasting the future epide-
miology of malaria, the methods have generally been 
aimed at optimizing elimination methods, determin-
ing whether a strategy is scalable [18], guiding funding 
and drug development [19, 20], or comparing a range 
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of hypothetical morbidity scenarios [21], rather than 
assessing the likelihood of or time until the occurrence 
of eradication.

To the extent that estimating eradication’s likelihood 
and timeframe is essential to forecasting the cost–
benefit ratio of eradication interventions, alternative 
methods are needed to forecast such parameters. Just 
as the stock market aggregates perceptions to provide 
an assessment of something as complex as a com-
pany’s value, aggregating perceptions may be a useful 
tool for tackling the complexity of malaria eradication. 
Many studies have shown value in expert elicitation as 
a means to reduce uncertainty and inform decision-
making [22], and various techniques—such as the well-
known Delphi Technique—exist to generate consensus 
from multiple points of view [23]. As Francis Galton 
demonstrated in his famous study in which he showed 
that the crowds’ aggregated estimates of cow’s weight 
formed a quasi-normal distribution centred around 
the true weight [24, 25], averaging the perceptions of 
many can be more accurate than taking the opinion of 
any single expert, since the biases of diverse viewpoints 
can be complementary and symbiotic. Measuring con-
sensus and discord among disease-specific researchers 
from a variety of disciplines can serve as a barometer of 
(informed) opinion, both guiding resources and identi-
fying areas of concern [26].

The optimal assignment of resources for malaria 
eradication campaigns hinges on the expected value 
of those campaigns, the latter being a direct function 
of the discounting applied to future benefits and the 
probability of “success” (i.e., eradication). Holding con-
stant factors such as the cost of eradication and the 
benefits of achieving it, the return on investment of 
malaria eradication initiatives is a function of eradi-
cation’s timeframe (assuming a > 0 discount rate) and 
probability (assuming a < 100% likelihood of success). 
Given this, estimating these parameters is crucial to 
evaluating if and when attempts at eradication should 
be undertaken.

The aggregation of malaria researchers’ perceptions 
regarding the time frame and likelihood of eradication 
can be understood to form a probability distribution, 
which can be used to estimate the expected value of 
eradication-specific investments. The objective of this 
study is to gauge (expert) opinion about, estimate the 
likelihood of, and quantify the potential time frame to 
malaria eradication through a systematic online sur-
vey of malaria research professionals from a wide array 
of academic disciplines. Doing somay guide the opti-
mal distribution of health resources by informing esti-
mations of the expected value of malaria eradication 
efforts.

Methods
The study population included all first authors (with 
available email addresses) returned in a PubMed search 
for the term “malaria” from January 1, 2010 through 
December 20, 2016. PubMed was used because it was the 
most comprehensive publication database for malaria-
related research, and also exposed enough metadata 
about articles and authors so as to allow for relevant anal-
ysis. Personalized emails addressing the author by name 
and mentioning the relevant paper were sent to each of 
the 7680 authors during the period from December 20, 
2016 through January 2, 2017. Researchers were invited 
to participate by clicking a link to the survey form. The 
survey was simple, consisting of only name, email, and 
four content-related fields along with a “general com-
ments” section.

Content-related survey fields consisted of:

1.	 Area of expertise.
2.	 Perceived probability (%) of malaria eradication in 10, 

20, 30, 40, and 50 years.
3.	 Free choice perceived number of years until malaria 

eradication.

The survey was intentionally as short as possible, so as 
to appeal to time-pressed participants. However, supple-
mentary data on researchers is useful for the assessment 
of selection bias and determinants of perception, we 
estimated participant gender, total number of citations, 
and total number of peer-reviewed articles published. In 
order to estimate whether a user was male or female, data 
were used from the North Atlantic Population Project, 
and U.S. government [27]. Total citations and total pub-
lications were binned into three categories: 0–5 (junior-
level researchers, PhD students); 6–99 (most professional 
academics); and > 99 (the most prolific researchers). The 
searching and retrieval of information pertaining to arti-
cles and citations from the PubMed database was carried 
out using tools from the RISmed package [28]. Citations 
and publications outside of the PubMed database were 
not captured. Information retrieved about authors was 
used to de-bias parameters in an ordinary least squares 
regression, analysing the association between number of 
publications and perceived years to eradication.

Survey results were first analysed descriptively. Follow-
ing Galton’s example [25], point estimates for event prob-
abilities were estimated as the average of all responses, 
and the totality of the responses to each numeric ques-
tion were used to estimate uncertainty around those like-
lihoods and time frames.

Quantitative analysis was carried out in R language (R 
Core Team, 2015). Qualitative analysis of free text com-
ments was carried out using thematic analysis, with 
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inductive open coding carried out iteratively [29]. In the 
final, open-ended question, participants were invited 
to provide “any general comments on the timeline 
and likelihood of global eradication”. Thematic analy-
sis [30] was employed to code responses following the 
6-phase approach laid out by Braun and Clarke [31]. The 
approach underwent several iterations in which codes 
were modified, discarded and created. One coder carried 
out all thematic coding and classification; quality control 
was assured through multiple, iterative reviews with the 
authorship team. Using the RQDA software to assist in 
data management and theme coding [32], four subject 
themes were identified. Comments were additionally 
coded as either descriptive (comments pertaining to the 
“problem” of malaria eradication) or prescriptive (per-
taining to potential “solutions” for eradicating malaria). 
Finally, free-text comments were scored for overall senti-
ment polarity [33].

Results
Participant characteristics
A total of 884 researchers participated in the survey from 
the 7918 invitations sent (participation rate of 11.2%). 
Areas of expertise were non-exclusive and self-described, 
with participants having the option to choose from up 
to 3 of 10 checkboxes, or to write in one or more “other” 
areas of expertise. 604 (68.3%) participants declared at 
least one area of expertise.

Participants had a total of 219 unique (self-described) 
areas of expertise. The five most popular were Epidemi-
ology (357), Information Technology (344), Parasitology 
(319), Biology (277), Clinical medicine (207) (see Table 1).

Respondents were qualitatively different from non-
respondents. Importantly, the average number of total 
author-specific citations was 40.9 among respondents, 
but 92.9 among non-respondents. When examining the 
number of average citations per article, the difference 
between respondents remained: 4.8 among respondents, 
and 9.0 among non-respondents, highlighting the greater 
impact of non-respondents relative to respondents. 
Males responded at a greater rate (12.2) than females 
(9.1).

Perceptions of likelihood of eradication
Most participants saw eradication as extremely unlikely 
in the next 10–30  years, but increasingly likely thereaf-
ter. Figure 1 shows the distribution of year-specific likeli-
hood perceptions (panels A–E), as well as an illustration 
of how both likelihood and uncertainty grow over time 
(panel F). At the 40-year mark, the distribution of per-
ceived likelihood of eradication appears “normal”, and by 
50 years it is slightly shifted to the right (i.e., consensus is 
towards eradication more probable than not).

In regards to responses to perceived years until eradi-
cation, 59 (0.7%) were either blank or unintelligible, 
whereas 825 participants provided an estimated num-
ber of years. Three quarters of the respondents, 616 
(74.7%) estimated that it would be 50 or more years 
until eradication. Differences were not significant 
between different areas of expertise (Table 2).

In order to de-bias sample selection, a simple bino-
mial logistic regression model was estimated on the 
likelihood of response as a function of gender and 
(binned) number of citations. Having estimated the 
odds of survey participation, the inverse of the selec-
tion model’s predictions were employed as weights in 
a simple linear model to adjust estimates. A separate 

Table 1  Sample size and  average perceived years 
until eradication by area of expertise

Values of more than 50 years or “never” were coded as 50 for the purpose of 
estimating averages

Area of expertise Average years Number 
of participants

GIS 50 5

Infectious disease 50 7

Malaria 50 8

Medical entomology 49.09 12

Political science 48.75 14

Vector control 48.75 9

Drug discovery 48 5

Microbiology 48 5

Pharmacology 47.78 9

Anthropology 47 20

Economics 46.84 34

Public health 45.96 29

Entomology 45.84 58

IT 45.79 344

Parasitology 45.74 319

Biology 45.70 277

Virology 45.65 23

Clinical medicine 45.56 208

Epidemiology 45.31 357

Immunology 44.3 104

Bioinformatics 44 5

Statistics 43.73 86

Ecology 42.57 8

History 42.5 6

Pharmacy 42 5

Vector biology 41.6 5

Geography 40 5

Chemistry 37.46 27

Biochemistry 37 5

Medicinal chemistry 34.57 7
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weighted model estimated the likelihood of eradi-
cation at 10, 20, 30, 40, and 50  years. Figure  2 shows 
both the aggregated perceived likelihood of eradication 
over time before and after adjusting for sample selec-
tion based on binned number of publications and gen-
der. Adjusted and unadjusted estimates coincide in the 
long-term, but diverge sharply in the near-term; adjust-
ment suggests that had the pool of respondents been 
more representative, the average perceived likelihood 
of near-term eradication would have been much lower. 

Fig. 1  Perceptions of likelihood of eradication

Table 2  Response rate by participant characteristics

Variable Characteristic Responded Invited Response 
rate (%)

Sex Female 209 2287 9.1

Male 358 2939 12.2

Unknown 317 2692 11.8

Citations 0–5 621 3299 18.8

6–99 179 3270 5.5

 > 99 84 1349 6.2

Fig. 2  Aggregated perceived likelihood of eradication over time, adjusted for sample selection and unadjusted
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Roughly, the adjusted perceived likelihood of eradica-
tion tracks the number of years into the future.

Perceptions of eradication’s challenges and complexity
Of the 884 who responded to the survey, 540 (61.1%) 
provided a comment. Relative to non-commenters, com-
menters were more optimistic on average, but also more 
polarized in opinion. The three subject themes identified 
through the procedure of iterative, open coding were:

1.	 Solutions: Comments pertaining to the innovations 
required to achieve eradication, priorities, and the 
desirability of certain approaches.

2.	 Systemic challenges: comments pertaining to politi-
cal, social, environmental or logistical issues related 
to eradication.

3.	 Complexity: comments which focus on the multi-
dimensional components of eradication.

Comments were also classified as descriptive or pre-
scriptive. A majority (59.3%) were descriptive. Descrip-
tive commenters were more pessimistic (in regards to 
perceived years until eradication) than prescriptive com-
menters, though this difference did not reach the level of 
statistical significance (p = 0.21, Pearson’s Chi-square). 
Descriptive comments also received sentiment polarity 
scores which were more negative than prescriptive com-
ments, although again this difference did not reach the 
level of statistical significance (p = 0.18).

In regards to solutions, comments largely pertained to 
the necessity of further technological advances and inno-
vations. One clinical epidemiologist wrote that “currently 
available technology can’t achieve [eradication], even if 
delivered optimally”; a parasitologist argued that eradi-
cation could not be achieved without a “game-changing 
innovation”, whereas multiple others referred to the need 
for “transformative” technologies:

We can’t achieve eradication with our current tools. 
We’d need new medicines, a better vaccine, and 
maybe other vector control tools.

Many noted the need to “overcome the challenge of 
drug resistance”. More than 10% of commenters noted the 
need for an effective vaccine. Genetic engineering was 
mentioned by several commenters as a promising means 
to achieve eradication quickly. Most comments coded as 
“solutions” were prescriptive in nature, often suggesting 
the nature of the needed innovation, with a heavy slant 
towards pharmaceutical options and vaccination.

Systemic challenges to malaria eradication were noted 
by the majority of commenters. Comments in this cate-
gory can be divided into four sub-themes: (i) lack of coor-
dination, (ii) lack of good surveillance and health services 

delivery, (iii) lack of political will and (iv) poverty. In 
direct contrast to the previous comments, many echoed 
the comments of an epidemiologist who stated that “we 
already have the tools to achieve eradication” and that 
the only piece lacking was “robust health systems”. Many 
commenters noted problems of coordination, as illus-
trated in the below quote from a biologist.

It will be very difficult to eradicate malaria… not 
because we don’t have the technologies, which we 
already have… the problem is politics. Malaria 
doesn’t stop in (sic) borders of a country and it would 
take a joint effort of a lot of political leaders to get 
programs in place to fight malaria. Unfortunately I 
don’t see this happening anytime soon.

Others echoed the sentiment, with many comments 
focusing on the need for strong surveillance and treat-
ment delivery systems. Many commenters focused on 
other reasons for stagnating progress; for example, a pub-
lic health specialist pointed out the importance of “weak 
or failing health systems…due to political unwillingness 
or conflict”. Many noted that malaria is a “disease of pov-
erty”, with “social injustice” as the root cause. Some made 
the sequential argument that “eradication of poverty” 
must precede disease eradication. Along the same lines, 
one epidemiologist wrote:

Eradication requires a full systems-wide approach, 
not a disease-specific approach. The eradication of 
smallpox was a triumph of management, not medi-
cine or technology.

Another epidemiologist noted that the survey “left off 
the list the most important factor—economic develop-
ment”. Many echoed the sentiment, stating that without 
economic development, eradication will be impossible, 
and that poverty is the “cause” of malaria. Comments 
coded as “systemic” tended to be descriptive and more 
pessimistic than others.

Complexity was a relatively rare category (< 20% of all 
comments), those whose comments were coded as the 
“complexity” category were more pessimistic than aver-
age in regards to the timeline and likelihood of eradi-
cation. Many commenters highlighted the inherent 
challenges in the epidemiology of malaria, such as the 
changing dynamics of malaria transmission, the resil-
ience of the parasite and vector, climate change, and the 
inability to aim interventions accurately with an “ever-
moving target”. The potential for adaptation was high-
lighted in reference both to the mosquito as well as the 
parasite itself. Several participants pointed out that the 
vast animal reservoirs for Plasmodium knowlesi made it 
"impossible to eradicate". Many comments addressed the 
fact that the conversation on eradication is largely taking 
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place within the public health community, whereas the 
causes of malaria endemicity are largely orthogonal to 
public health interventions. Several commenters pointed 
out the multitude of prerequisite conditions for eradica-
tion to even be considered feasible; for example, an econ-
omist and statistician noted:

To my mind, this question is highly dependent on 
background context, e.g. global political and eco-
nomic dynamics, as well as international conflict. 
Complete global eradication is an extremely singu-
lar goal that requires a vast array of necessary con-
ditions - if any of these fail, eradication will not be 
achieved.

Many commenters thought that the terms “eradication” 
and “malaria” were so complex and nebulous that public 
health practitioners should avoid them all together, so 
as to not repeat the mistakes of the WHO GMP in the 
1950s. For example, some implied that there were—at 
least operationally—multiple "malarias", and talking 
about “malaria” as one disease misses the mark, since 
the different species of parasite and contexts in which 
they live make elimination in each area very distinct 
from other areas. One clinician wrote that eradication is 
a “postwar” idea that developed from the “abandonment 
of a broad sociopolitical understanding of the causes of 
disease, and the emphasis on technological solutions.” 
Many stated that global malaria eradication was simply 
not possible, and two argued that it may not be desirable 
or ethical. One epidemiologist stated that the concept 
was “absurd” and that “I’m not even sure why people talk 
about it”. A clinician questioned the utility of discussing 
“eradication” as a concept:

Eradication is a different objective than elimination. 
Elimination means that the disease is not endemic 
but could reappear even in a country like Norway 
if infrastructure breaks down. Elimination may be 
possible in poor endemic countries, following socio-
economic development. Eradication means that the 
parasite disappears from the planet, which is not 
realistic…

Comments questioning the utility of eradication as a 
concept or goal tended to be skeptical of its feasibility. 
Largely, they were prescriptive, advocating for a re-fram-
ing of the conversation so that the focus was not on an 
“arbitrary” goal like eradication, but rather on scaling up 
control and making region-specific progress.

Discussion
This study has elicited researchers’ view, through an 
online survey, on likelihood and approximate time 
to malaria eradication. Roughly three-quarters of 

respondents believe that malaria will not be eradicated 
in the next half century. When adjusted for selection 
bias, the perceived likelihood of eradication in 50  years 
remains similarly low, but estimates for shorter-term 
eradication are even lower.

Eradication of a disease is a “high stakes game”, exposed 
to multiple competing—and at times contradictory—
incentives from multiple stakeholders [34]. Understand-
ing these incentives, and the factors which can alter 
them, is vital to anticipate how eradication can succeed, 
and the specific aspects where failure may be more likely. 
In fact, disease eradication is a typical example of public 
good, where free-riding can determine failure. Coopera-
tion, collaboration, generation of incentives or poten-
tially even impositions could represent solutions to the 
free-riding problem. Either in the absence or with not 
so stringent budget constraints limiting the investment, 
a high and certain return on investment could, by itself, 
constitute a key disincentive to free ride. However, the 
return on investment of eradication-specific interven-
tions is affected by the fact that most researchers agree 
that eradication will take a long time to achieve. This, in 
turn, reduces the expected value of future benefits, dis-
incentivizing eradication-specific investment. Given 
this, it is important to quantify the positive externalities 
of “failed” eradication, as well as the potential backfire 
effects. That is, the reduction in burden of disease can 
still make interventions worthwhile, but an abandon-
ment of efforts if ambitious goals are not met may lead to 
resurgence in malaria as was the case in the 1970s follow-
ing the GMEP’s failure at eradication. This study did not 
endeavour to make this quantification.

However, areas of high malaria endemicity are often 
also those with high competing health costs. When 
estimating the return on investment of malaria elimina-
tion initiatives, not only must one take into account the 
potential benefits (even in the case of failure), but also the 
opportunity costs (even in the case of success). After all, 
eradication and elimination are not binary success/failure 
propositions—an initiative should be judged both on its 
epidemiological circumstances [35] as well as the coun-
terfactual improvements in health which could have been 
achieved via other paths. Even if one considers malaria 
eradication to be as utopic as "world peace", it might still 
have utility (in terms of generating political momentum 
and mobilizing resources), as well as risks.

Limitations
This paper has several limitations. Conceptually, aca-
demic researchers are specialists—their narrow, field-
specific view of eradication’s feasibility is of arguable 
reliability, given that they may be unfamiliar with the 
operational, cultural and “real-world” challenges of 
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malaria eradication. Though crowds have been found to 
be more “wise” than individuals in many cases, the appli-
cation of an approach similar to the “wisdom of crowds” 
is not suitable to all classes of problems [36]. Crowds can 
be susceptible to social biases [37] (although this survey’s 
anonymity largely protects against this issue), and other 
biases may come in to play, especially given that our 
study was of a crowd of “specialists” (from only one pub-
lication database), rather than the population as a whole.

Though sample size was large, response rates were low, 
calling for the need to address potential selection bias. 
In the case of gender, even though males responded at 
a significantly greater rate than females (p < 0.001, Pear-
son’s Chi-squared), selection bias was not of concern 
since there were not significant differences by gender in 
regards to pessimism/optimism (ie, time frame or likeli-
hood of eradication). In the case of researcher impact 
(as measured by the total number of citations), selec-
tion bias plays an important role: being highly-cited was 
associated both with eradication “pessimism” as well 
as likelihood of non-response. In other words, the pool 
of respondents was less highly-cited than the pool of 
invitees, and among respondents, those who were highly-
cited tended to be more pessimistic. Though results were 
de-biased, selection bias on other (unobserved) variables 
may still exist.

Three additional potential biases are worth mention-
ing specifically. (1) “Conjunction fallacy” suggests that 
the general goal of eradication may seem less likely than 
the aggregation of the goals of country-specific elimina-
tion. (2) A (reverse) variant of the “hot hand fallacy”, in 
which researchers may mistakenly base their assessment 
of current chances of eradication on previous failures. 
(3) Parkinson’s law of triviality suggests that researchers 
may disproportionately see the challenges of their own 
research (e.g. anti-malarial drug resistance) as larger or 
more relevant to the global eradication campaign than 
they really are.

As with the survey of experts of Keenan et al., regard-
ing the feasibility of eradication of neglected tropi-
cal diseases, this study detected relatively high levels of 
eradication skepticism and did not delve into whether 
researchers had clinical or operational experience, nor 
did it assess opinions of program workers, nor did it 
explore complexities pertaining to different types of or 
forms of existence of malaria. Though this study’s sam-
ple size was over twice Keenan’s, this was largely due to 
having contacted more authors, as response rate was only 
one fourth as large [26].

This study included the first authors of indexed jour-
nals. Though certainly a group with important knowl-
edge related to malaria, this misses malaria control 
programme employees, health agency workers, and other 

stakeholders. Their experiences and viewpoints may be 
different from those of academics, and arguably more 
relevant. The de-biasing method accounts for different 
response rates of “senior” vs. “junior” researchers, but 
does not take into account the fact that first authors are 
generally more junior than senior authors (i.e., the pool 
from which samples came may have been biased itself ). 
To the extent that the results suggest that those with less 
experience (as represented through publications) tended 
to be more “optimistic” regarding eradication, it is rea-
sonable to assume that the restriction of first authors 
may have led to an overly optimistic sample, making the 
results of the survey even more striking. Given these 
issues, the extent to which the respondents are represent-
ative of malaria experts cannot be known with certainty.

There are other important limitations which may also 
affect this study’s generalizability. The restriction of the 
source of data to only the PubMed platform meant not 
detecting researchers who publish in journals indexed 
elsewhere. Data was collected in late 2016 and early 2017, 
and the extent to which the opinions of participants have 
changed is unknown. Though the qualitative coding of 
free-text comments was reviewed by all authors, only one 
individual carried out the coding. This, along with the 
low response rate among invited participants, suggests 
that this study may have been subject to both selection 
and analysis bias; results should be understood within 
this context.

Conclusion
The findings of this survey show researchers expressing 
hesitance about the likelihood of eradication and sug-
gesting a long-time frame until it is achieved. The causes 
for skepticism are diverse, but common themes were the 
need for innovation, systemic challenges, and the com-
plexity of the disease and its transmission.

The implication of these results are twofold: (1) that 
those working or investing in eradication-specific cam-
paigns, as well as those modeling these campaigns’ 
hypothetical cost–benefit, should factor in researchers’ 
perceived long time frame when calculating those cam-
paigns’ expected value; (2) that champions of near-term 
eradication may need to make a more compelling case to 
malaria researchers of eradication’s feasibility, in order to 
better focus and inspire the latter.

The “true” feasibility and timeframe of eradication 
is unknown, as only time will tell whether the collec-
tive “wisdom” of researchers was worth adhering to or 
not. The actual cost–benefit of eradication interven-
tions is not only a function of eradication’s success, but 
also of a number of other factors which are only know-
able retrospectively. This study’s primary contribution 
is the provision of a snapshot of perceptions of malaria 
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researchers, whose opinions may be of value not only 
to other researchers, but also to the malaria and public 
health communities at large.

Abbreviations
GMEP: Global Malaria Eradication Programme; GMP: Global Malaria Pro-
gramme; WHO: World Health Organization.

Acknowledgements
Matiana González provided valuable input and review, which was fundamen-
tal to making this paper timely and relevant. The authors are deeply grateful 
for her thoughtful, critical, and extremely helpful reviews.

Authors’ contributions
JB conceptualized the study, coded the qualitative comments, carried out 
qualitative and quantitative analyses, and wrote the manuscript. MP contrib-
uted significantly to methods and quantitative analysis, and reviewed and 
edited the manuscript. JB contributed significantly to the qualitative methods 
and analysis, reviewed and edited the manuscript. QB contributed significantly 
to situating the manuscript in the appropriate research context, reviewed and 
edited, and contributed significantly to the literature and introduction. All 
authors read and approved the final manuscript.

Funding
Joe Brew is funded by the Erasmus Mundus Joint Doctorate Programme of 
the European Union, Grant Agreement 2016-1346. No specific funding was 
requested from any institution for the conduct of this study.

Availability of data and materials
The datasets analysed during the current study are available from the cor-
responding author upon reasonable request.

Ethics approval and consent to participate
This study was deemed IRB exempt since it did not involve any interven-
tion on any human subjects, consisted only of researchers taking an online, 
voluntary survey. In the invitation to complete the survey, participants were 
provided with an info sheet: https​://docs.googl​e.com/docum​ent/d/1zr7h​
W5Gys​4qHlM​BMT9A​cfLCP​AqqdI​bzu-JjjMU​XfEUQ​/pub.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Barcelona Institute for Global Health, Hospital Clinic, c/Rosselló, 132, 5è 
2a, 08036 Barcelona, Spain. 2 Vrije Universiteit Amsterdam, De Boelelaan 
1105, 1081 HV Amsterdam, Netherlands. 3 University of Amsterdam, REC E, 
Roetersstraat 11, Amsterdam, Netherlands. 4 Centro de Investigação em Saúde 
de Manhiça (CISM), Maputo, Mozambique. 5 Institució Catalana de Recerca i 
Estudis Avançats, Pg. Lluís Companys 23, 08010 Barcelona, Spain. 6 Pediatric 
Infectious Diseases Unit, Pediatrics Department, Hospital Sant Joan de Déu 
(University of Barcelona), Barcelona, Spain. 7 Consorcio de Investigación Bio-
médica en Red de Epidemiología y Salud Pública, Madrid, Spain. 

Received: 27 April 2020   Accepted: 1 October 2020

References
	1.	 Ashley EA, Phyo AP, Woodrow CJ. Malaria. Lancet. 2018;391:1608–21.
	2.	 WHO. World malaria report 2018. Geneva: World Health Organization; 

2019.
	3.	 Tanner M, Greenwood B, Whitty CJM, Ansah EK, Price RN, Dondorp AM, 

et al. Malaria eradication and elimination: views on how to translate a 
vision into reality. BMC Med. 2015;13:167.

	4.	 Malaria. https​://www.who.int/news-room/fact-sheet​s/detai​l/malar​ia. 
Accessed 18 Aug 2020.

	5.	 Feachem RGA, Chen I, Akbari O, Bertozzi-Villa A, Bhatt S, Binka F, et al. 
Malaria eradication within a generation: ambitious, achievable, and 
necessary. Lancet. 2019;394:1056–112.

	6.	 Nájera JA, González-Silva M, Alonso PL. Some lessons for the future from 
the Global Malaria Eradication Programme (1955–1969). PLoS Med. 
2011;8:e1000412.

	7.	 Brown A. Personal experiences in the malaria eradication campaign 
1955–1962. J R Soc Med. 2002;95:154–6.

	8.	 Roberts L, Enserink M. Did they really say … eradication? Science. 
2007;318:1544–5.

	9.	 Gates B. We can eradicate malaria—within a generation. https​://www.
gates​notes​.com/Healt​h/Eradi​catin​g-Malar​ia-in-a-Gener​ation​. Accessed 
18 Aug 2020.

	10.	 WHO. Global Technical Strategy for Malaria 2016–2030. Geneva: World 
Health Organization; 2015.

	11.	 WHO. Malaria eradication: benefits, future scenarios and feasibility: 
executive summary of the report of the WHO strategic advisory group 
on malaria eradication. Geneva: World Health Organization; 2019. https​://
www.who.int/publi​catio​ns-detai​l/strat​egic-advis​ory-group​-malar​ia-eradi​
catio​n-execu​tive-summa​ry

	12.	 Yamey G. Roll Back Malaria: a failing global health campaign. BMJ. 
2004;328:1086–7.

	13.	 Alonso PL, Brown G, Arevalo-Herrera M, Binka F, Chitnis C, Collins F, 
et al. A research agenda to underpin malaria eradication. PLoS Med. 
2011;8:e1000406.

	14.	 WHO Malaria Policy Advisory Committee, Secretariat. Malaria Policy 
Advisory Committee to the WHO: conclusions and recommendations of 
seventh biannual meeting (March 2015). Malar J. 2015;14:295.

	15.	 Kastner RJ, Stone CM, Steinmann P, Tanner M, Tediosi F. What is needed to 
eradicate lymphatic filariasis? A model-based assessment on the impact 
of scaling up mass drug administration programs. PLoS Negl Trop Dis. 
2015;9:e0004147.

	16.	 Kastner RJ, Sicuri E, Stone CM, Matwale G, Onapa A, Tediosi F. How much 
will it cost to eradicate lymphatic filariasis? An analysis of the financial 
and economic costs of intensified efforts against lymphatic filariasis. PLoS 
Negl Trop Dis. 2017;11:e0005934.

	17.	 Kim YE, Stolk WA, Tanner M, Tediosi F. Modelling the health and economic 
impacts of the elimination of river blindness (onchocerciasis) in Africa. 
BMJ Glob Health. 2017;2:e000158.

	18.	 Slater HC, Ross A, Ouédraogo AL, White LJ, Nguon C, Walker PGT, 
et al. Assessing the impact of next-generation rapid diagnostic tests 
on Plasmodium falciparum malaria elimination strategies. Nature. 
2015;528:S94–101.

	19.	 Slater HC, Okell LC, Ghani AC. Mathematical modelling to guide drug 
development for malaria elimination. Trends Parasitol. 2017;33:175–84.

	20.	 Patouillard E, Griffin J, Bhatt S, Ghani A, Cibulskis R. Global investment 
targets for malaria control and elimination between 2016 and 2030. BMJ 
Glob Health. 2017;2:e000176.

	21.	 Winskill P, Walker PG, Griffin JT, Ghani AC. Modelling the cost-effective-
ness of introducing the RTS,S malaria vaccine relative to scaling up 
other malaria interventions in sub-Saharan Africa. BMJ Glob Health. 
2017;2:e000090.

	22.	 Morgan MG. Use (and abuse) of expert elicitation in support of decision 
making for public policy. Proc Natl Acad Sci USA. 2014;111:7176–84.

	23.	 Li S. A Web-enabled hybrid approach to strategic marketing plan-
ning: group Delphi a web-based expert system. Expert Syst Appl. 
2005;29:393–400.

	24.	 Wallis KF. Revisiting Francis Galton’s forecasting competition. Stat Sci. 
2014;29:420–4.

	25.	 Galton F. Vox Populi. Nature. 1907;75:450–1.
	26.	 Keenan JD, Hotez PJ, Amza A, Stoller NE, Gaynor BD, Porco TC, et al. Elimi-

nation and eradication of neglected tropical diseases with mass drug 
administrations: a survey of experts. PLoS Negl Trop Dis. 2013;7:e2562.

	27.	 Mullen L. Predicting gender using historical data. 2020. https​://cran.r-
proje​ct.org/web/packa​ges/gende​r/vigne​ttes/predi​cting​-gende​r.html. 
Accessed 18 Aug 2020.

	28.	 RISMed. Available from: https​://cran.r-proje​ct.org/web/packa​ges/RISme​
d/RISme​d.pdf. Accessed 18 Aug 2020.

https://docs.google.com/document/d/1zr7hW5Gys4qHlMBMT9AcfLCPAqqdIbzu-JjjMUXfEUQ/pub
https://docs.google.com/document/d/1zr7hW5Gys4qHlMBMT9AcfLCPAqqdIbzu-JjjMUXfEUQ/pub
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.gatesnotes.com/Health/Eradicating-Malaria-in-a-Generation
https://www.gatesnotes.com/Health/Eradicating-Malaria-in-a-Generation
https://www.who.int/publications-detail/strategic-advisory-group-malaria-eradication-executive-summary
https://www.who.int/publications-detail/strategic-advisory-group-malaria-eradication-executive-summary
https://www.who.int/publications-detail/strategic-advisory-group-malaria-eradication-executive-summary
https://cran.r-project.org/web/packages/gender/vignettes/predicting-gender.html
https://cran.r-project.org/web/packages/gender/vignettes/predicting-gender.html
https://cran.r-project.org/web/packages/RISmed/RISmed.pdf
https://cran.r-project.org/web/packages/RISmed/RISmed.pdf


Page 10 of 10Brew et al. Malar J          (2020) 19:359 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	29.	 Markey K, Tilki M, Taylor G. Reflecting on the challenges of choosing and 
using a grounded theory approach. Nurse Res. 2014;22:16–22.

	30.	 Vaismoradi M, Jones J, Turunen H, Snelgrove S. Theme development in 
qualitative content analysis and thematic analysis. J Nursing Edu  Pract. 
2016;. https​://doi.org/10.5430/jnep.v6n5p​100.

	31.	 Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 
2006. https​://doi.org/10.1191/14780​88706​qp063​oa.

	32.	 wincent. Welcome to RQDA Project. https​://rqda.r-forge​.r-proje​ct.org/. 
Accessed 18 Aug 2020.

	33.	 trinker. trinker/sentimentr. https​://githu​b.com/trink​er/senti​mentr​. 
Accessed 18 Aug 2020.

	34.	 Barrett S. Introduction: the incentives to supply global public goods. Why 
Cooperate? Oxford Scholarship Online. 2007:1–21.

	35.	 Churcher TS, Cohen JM, Novotny J, Ntshalintshali N, Kunene S, 
Cauchemez S. Public health. Measuring the path toward malaria elimina-
tion. Science. 2014;344:1230–2.

	36.	 Mannes AE, Soll JB, Larrick RP. The wisdom of select crowds. J Pers Soc 
Psychol. 2014;107:276–99.

	37.	 Lorenz J, Rauhut H, Schweitzer F, Helbing D. How social influence 
can undermine the wisdom of crowd effect. Proc Natl Acad Sci USA. 
2011;108:9020–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.5430/jnep.v6n5p100
https://doi.org/10.1191/1478088706qp063oa
https://rqda.r-forge.r-project.org/
https://github.com/trinker/sentimentr

	Researchers’ perceptions of malaria eradication: findings from a mixed-methods analysis of a large online survey
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Participant characteristics
	Perceptions of likelihood of eradication
	Perceptions of eradication’s challenges and complexity

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References




