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Abstract

Background: The diagnosis of malaria, using microscopy or rapid diagnostic tests (RDTs), requires the collection of
capillary blood. This procedure is relatively simple to perform but invasive and poses potential risks to patients and

health workers, arising from the manipulation of potentially infectious bodily fluids. Less or non-invasive diagnostic
tests, based on urine, saliva or requiring no sampling, have the potential to generate less discomfort for the patient
and to offer simpler and less risky testing procedures that could be safely performed by untrained staff or even self-
performed. To explore the potential acceptance and perceived value of such non-invasive tests, an online, interna-

tional survey was conducted to gather feedback from National Malaria Control Programme (NMCP) representatives.

Methods: An online survey comprising nineteen questions, available in English, French or Spanish, was emailed to
300 individuals who work with NMCPs in malaria-endemic countries. Answers were collected between November
and December 2017; responses were qualitatively analysed to identify key themes and trends and quantitatively ana-
lysed to determine average values stratified by region.

Results: Responses were received from 70 individuals, from 33 countries. Approximately half of the respondents
(52%) considered current blood-based tests for malaria to be minimally invasive and non-problematic in their setting.
For these participants, non-invasive tests would only be of interest if they brought additional performance improve-
ments, as compared with the performance of microscopy and RDTs. Most respondents were of the view that saliva-
based (80%) and urine-based (66 %) tests would be more readily acceptable among children than blood-based tests.
Potential use-case scenarios of interest for both saliva- and urine-based tests were ease-of-testing by community
health workers, additional surveillance, self-testing, and outbreak investigation. Many respondents (41 %) thought
that if saliva-based tests retailed at <$0.50 per unit they could largely replace conventional RDTs, whereas only 25 % of
respondents thought a similarly priced urine-based test would do so.

Conclusions: Although limited to NMCP stakeholders, this survey indicated that current tests for malaria, based on
capillary blood, are generally perceived to be minimally invasive and non-problematic. Non-invasive tests, especially
if saliva-based, would be welcome if they could match or out-perform the price and performance of current blood-
based tests.
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Background

Malaria is associated with non-specific symptoms;
therefore, suspected cases must be investigated using
a parasitological diagnostic test. Since 2010, the World
Health Organization (WHO) has recommended qual-
ity-assured light microscopy or rapid diagnostic tests
(RDTs) as acceptable means of carrying out this diag-
nosis [1]. Whereas light microscopy is technically com-
plex and requires a highly trained laboratory technician,
RDTs are affordable, easy-to-use, robust, and generally
provide acceptable performance for clinical case inves-
tigation. RDTs have, therefore, been widely adopted as
the primary diagnostic procedure for malaria, especially
in countries where P. falciparum malaria is endemic,
such as in sub-Saharan Africa (SSA), where an estimated
348 million RDT units were reported to have been sold
by manufacturers in 2019 [2]. From 2005 to 11 to 2015-
19, the proportion of febrile children aged under 5 seek-
ing care who received a diagnosis in SSA increased from
15.4 to 37.7%, essentially driven by this increase in RDT
usage [2].

Both light microscopy and RDTs require the collection
of a capillary blood sample, typically obtained from a fin-
ger or heel prick. This procedure is minimally invasive
but is, nevertheless, associated with transient pain at the
site of pricking. It is usually performed using a dispos-
able, single-use lancet to minimize risk. Yet, any manip-
ulation of blood samples carries an inherent infection
risk for both patients and healthcare workers. Capillary
sampling is often considered to be a simple procedure,
despite requiring no less than eleven distinct steps when
performed according to WHO guidelines on best prac-
tice in phlebotomy [3]. It is not clear if these recommen-
dations, including proper waste disposal, can always be
fully applied when testing for malaria, especially at the
most decentralized level of health systems, where RDTs
are most often performed and where medical infrastruc-
ture is typically lacking. The perceived low level of risk
associated with capillary sampling might itself represent
an additional risk factor, since RDT users or microsco-
pists might not necessarily recognize the need to follow
strict guidelines when performing this procedure. Given
that RDTs are essentially all blood-based and, therefore,
require invasive blood-drawing techniques, this may
also influence compliance among patients where there is
cultural reluctance involved in giving blood, if repeated
sampling becomes necessary or when asymptomatic
individuals are being tested [4, 5].

The use of alternative, non-invasive sample types that
could avoid pricking discomfort, minimize infectious
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risks and simplify waste disposal might, therefore, be of
interest for diagnosing clinical cases of malaria. Avoid-
ing invasive sample collection might also facilitate
interventions based on the active screening of asymp-
tomatic individuals who, by definition, feel healthy and
might be less inclined to provide a blood sample requir-
ing pricking.

Additionally, it is increasingly recognized that uni-
versal access to anti-malarial interventions is necessary.
Therefore, a non-invasive diagnostic test for malaria
might also represent a way to further increase the pro-
portion of febrile individual seeking care in both pub-
lic and private health sectors benefiting from a malaria
diagnosis, as such a test would be easier to administer
and could overcome any cultural or comfort sensitivi-
ties related to pricking and blood collection.

Non-invasive tests for malaria can involve the detec-
tion of plasmodial parasite antigens or DNA in samples
other than blood, such as saliva, urine or buccal mucosa
[6]. There are also diagnostic tests that do not require
sample collection, for example those that use skin
volatiles as predictors of infection status or the use of
harmless laser pulses to the skin to generate then detect
vapour nano-bubbles in malaria parasites (nano-bubble
transdermal detection) [7, 8]. Many of these tests are
still in the exploratory stages of development; how-
ever, the development of saliva- and urine-based tests is
well advanced, with pilot studies and clinical trials for
urine-based RDTs having been conducted in Nigeria
and India, among other countries and with R&D pro-
grammes focusing on saliva markers for the detection
of malaria [9-11]. Although urine- and saliva-based
tests may be promising complements to blood-based
tests, their acceptance and desirability may largely
depend on how they are technically and culturally per-
ceived. This, together with the performance and cost
of a test, will have a direct impact on the usefulness of
such non-invasive tests. Consideration of beneficiar-
ies and users at different levels, such as the individuals
being tested, the health care providers performing the
tests, NMCPs and donors, will be necessary because of
the varied stakeholders involved in effective diagnostic
coverage.

The aim of this study was to identify and outline
the acceptability and perceived value of non-invasive
RDTs for malaria, with a particular focus on urine- and
saliva-based tests, since these are at the most advanced
stage of development. This work sought to establish the
level of acceptance of saliva- and urine-based tests and
to identify the preferred product characteristics and
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use-case scenarios for these tests in low- and middle-
income countries (LMICs) through a large-scale survey
targeting NMCP collaborators.

Methods

Data collection

An online survey form was created using Google Forms;
this was administered in English (Additional file 1), with
translations in French (Additional file 2) and Spanish
(Additional file 3) also made available, as appropriate,
to individuals working in local institutions in malaria-
endemic countries. The contact details of these indi-
viduals were obtained from a database maintained by
the Foundation for Innovative New Diagnostics (FIND).
The survey was conducted from mid-November to early
December 2017 and comprised nineteen questions,
including questions relating to major goals and barriers
in terms of diagnostics, use-case scenarios for non-inva-
sive tests, the need for and potential impact of non-inva-
sive tests, the acceptability of non-invasive samples, and
preferred product characteristics (such as costs and sam-

ple types).

Analysis

The data obtained were translated into uniform English
language. Basic, country level epidemiological data from
the 2017 World Malaria Report and the Malaria Atlas
Project (MAP) were incorporated [12]. Open-ended
questions were qualitatively reviewed to identify key
themes. The data were aggregated into tables and rel-
evant charts were generated using Microsoft Excel (Ver-
sion 2013). Endemic countries were classified as “control
countries” and “elimination countries” according to the
UCSF Global Health Group’s Malaria Elimination Initia-
tive classification.
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Results

Demographics of the survey

The questionnaire was pre-tested with ten participants,
selected at random from the pre-established contact list.
However, no further adjustments were identified dur-
ing this pre-test; therefore, these participants’ responses
were included in the final analysis and the unchanged
questionnaire was deployed. A total of 300 question-
naires were sent out, of which 73 (24.3 %) were completed
and returned. Of the returned questionnaires, three were
excluded from the analysis because the respondents did
not work on a full-time basis in malaria-endemic coun-
tries. The survey respondents were based in 33 (36.3 %)
of the 91 WHO-recognized malaria-endemic countries
around the world (Fig. 1). Responses from two countries
in Europe where malaria was recently eliminated (Arme-
nia and Georgia) were also included.

Perceptions on current issues related to malaria testing
When interrogated about what could “get in the way of
the [national malaria] program reaching its goals around
testing”, the top three potential concerns selected by
respondents from a list of suggestions were problems
with microscopy (including any type of problem, such
as training staff, quality, supply chain), RDT stock outs
and supply chain issues, as well as problems related to
RDT products (including inability to detect asympto-
matic infections, HRP2 deletions, speciation, persistence
of antigens) (Fig. 2). “Challenges related to blood-based
testing” was amongst the four potential concerns least
cited (selected by 10 out 70 respondents).

The need for and potential impact of non-invasive tests
The survey indicated that just over half of the respond-
ents (36/70, 51%) agreed that the current approach to
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Fig. 1 Distribution of surveyed countries and respondent countries as compared to malaria endemic countries according to WHO regions
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Problems with microscopy
RDT stockouts and supply chain issues
Problems related to RDT products

Coverage (insufficent points of service near patients)
Challenges funding testing services

Health worker case management challegnes

Challenges maintaining the quality of RDT testing
Problems related to reporting test results, surveillance data
Patients seek care from providers who do not test
Challenges related to blood based testing

Challenges funding ACD and surveillance

u Respondents from control countries
Respondents from elimination countries

Patient acceptance of testing
Asymptomatic individual acceptance of testing

10 20 30 40 50
Responses

Fig. 2 Perceived Programme challenges in achieving its goal related to testing. Respondents were asked to select up to three items from a list of

answers and were given the opportunity to select and define an unlisted answer (‘other”).“Problem with microscopy”includes any type of problem

such as training staff, quality, supply chain, etc.“Problems related to RDT products”includes ability to pick up asymptomatic infections, HRP2

deletions, speciation, persistence of antigens, etc. “Asymptomatic individual acceptance of testing”was not listed and defined by a respondent

o

0% 20% 40% 60% 80% 100%

Malaria testing is already minimally invasive, well-accepted, [...] - _

Non-invasive tests could significantly increase access to testing in
those populations that we struggle to reach

Non-invasive tests could significantly increase access to testing in our
country overall

Expanding the number of people who can conduct testing is important
to our program

Non-invasive tests could increase testing in the retail private sector

Self-testing (e.g. testing at home) would allow patients to seek care for
malaria earlier

There are no problems with the use of blood for malaria testing in our
country

u Strongly agree Agree mDisagree  ®Strongly disagree Not Applicable to our Country

"

Fig. 3 The need for and potential impact of non-invasive tests. Respondents were asked to indicate if the “strongly agree’, “agree’, "disagree’,
“strongly disagree” with seven different statements about the potential impact of non-invasive malaria tests. The complete first statement is “Malaria
testing is already minimally invasive, well-accepted, and common in our country, there is no need to change to non-invasive tests unless new tests
have other advantages (including significantly improved performance, turn-around time)”
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malaria testing is minimally invasive and that unless any
new tests have other advantages, there is no need for
change (Fig. 3). However, a majority (39/70, 56 %) disa-
greed that there were no problems at all with the use of
blood for malaria testing. With regards to the potential
public health benefits of non-invasive tests, the major-
ity of respondents agreed that non-invasive tests could
significantly facilitate malaria diagnosis in areas that are
difficult to reach (66/70, 94 %) and overall access to test-
ing in their country (61/70, 87 %). A majority of respond-
ents also believed that non-invasive tests could increase
testing in the retail private sector (56/70, 80 %) and allow
patients to seek care for malaria earlier, following poten-
tial self-testing (53/70, 76 %).

Acceptance of non-invasive samples and preferred product
characteristics

In predicting how readily acceptable saliva-based tests
would be, a vast majority of the respondents (56/70,
80 %) held the view that these tests would be most readily
accepted among children (Table 1). Similarly, for urine-
based tests, children were thought most likely to readily
accept the tests (46/70, 66%), although at a lower per-
centage than saliva-based tests. Despite 61 % of respond-
ents (43/70) stating that there were no major barriers
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in relation to cultural or religious beliefs or reasons of
tradition, when it came to taking blood samples, some
respondents commented on the importance of commu-
nication and the sensitivities of some communities to
new methods of sampling.

Use-case scenarios for non-invasive tests by NMCPs
and local institutions in low- and middle-income countries
A potential attractiveness of new malaria tests not
requiring blood collection is the possibility to use them
for activities not readily compatible with the practicali-
ties of blood collection. When questioned about what
such activities could be, the top-five new activities or
initiatives that malaria control programmes would con-
sider performing if saliva-based tests were available were
the introduction or reinforcement of community health
workers (CHWSs) (51/65), outbreak investigation (43/65),
additional surveillance (42/65), border screening (40/65)
and traveller self-testing (30/65), in that order (Fig. 4).
The top-five new activities or initiatives if urine-based
tests were available were the introduction or reinforce-
ment of CHWs (34/45), additional surveillance (27/45),
traveller self-testing (26/45), reactive case detection
(24/45), and outbreak investigation (23/45).

Survey respondents’ opinions on the key product
characteristics that should be prioritized are shown in

Table 1 Predicted acceptance of urine and saliva-based tests by categories of users (n=70)

Group/category

Readily accept

Hesitant initially,
eventually accept

Unlikely to use/ Not applicable
prefer blood to our country

Predicted acceptance for saliva based tests

Children 80%
Adults 50%
Migrant/mobile populations 66 %
Indigenous people 51%
Remote/rural communities 59%
Populations being tested as part of a survey (mostly asymptomatic) 67 %
Professional health care workers (e.g. doctors, nurses) 57 %
Community health workers 63%
Retailers (drug stores, pharmacists) 49 9%
Predicted acceptance for urine-based tests

Children 66 %
Adults 49%
Pregnant women 65%
Migrant/mobile populations 51%
Indigenous people 40%
Remote/rural communities 50%
Populations being tested as part of a survey (mostly asymptomatic) 43 %
Professional health care workers (e.g. doctors, nurses) 43 %
Community health workers 50%
Retailers (drug stores, pharmacists) 30%

10 % 6 % 4%
39 % 9% 3%
23% 7% 4%
34 % 7% 7%
30 % 7 % 4%
23% 7% 3%
29 % 11 % 3%
30% 6 % 1%
21 % 10 % 20 %
26 % 4% 4%
36 % 13 % 3%
24 % 7% 4%
30 % 13 % 6 %
43 % 10 % 7%
37 % 10 % 3%
43 % 9% 6 %
40 % 14 % 3%
41 % 6 % 3%
26 % 19 % 24%
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Community Health Worker
Outbreaks

Additional surveys / surveillance
Border screening

Travelers self testing

RACD

Self-testing

Limited self testing

Retail private sector

Proactive screening

Other

reactive case detection

0% 20% 40% 60%

Fig. 4 Activities that National Malaria Control Programmes would consider starting if non-invasive malaria diagnostic tests were available. RACD is

m Saliva
Urine

80% 100%

Table 2 Key product characteri

stics to be prioritized

Product characteristic Priority Percentage*
Plasmodium spp. detection
Pan/P. falciparum 40.0 %
P. falciparum/P. vivax 46.0 %
Price per purpose <$0.50 > $0.50
Saliva-based Largely replace both conventional RDTs and microscopy 32.00 % 0.76 %
Largely replace conventional RDTs 41.00 % 1742 %
Urine-based Largely replace both conventional RDTs and microscopy 16.90 % 516 %
Largely replace conventional RDTs 2535% 15.02 %
Stability at 40°C
Absolutely essential 76.0 %
Probably not needed 1.0 %
Ability to detect sub—microscopic infections
Absolutely essential 74.0 %
Probably not needed 3.0%
Can be used by untrained lay people
Absolutely essential 74.0 %
Probably not needed 1.0 %
Shelf-life
24 month shelf-life Absolutely essential 66.0 %
Probably not needed 1.0 %
18 month shelf-life Absolutely essential 43.0%
Probably not needed 14.0 %
Time to results: faster than current RDTs
Absolutely essential 46.0 %
Probably not needed 9.0 %
Quantitative results
Absolutely essential 31.0%
Probably not needed 10.0%

Bold values “<0.50” and “>0.50" represent categories for which answers are given below (for instance 32% of respondant think that saliva based test will “largely
replace conventional RDTs and microscopy”

*Percentages do not add up to 100 because only the two most relevant options are presented here
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Table 2. The top preferences were for product stability
at 40°C, a product capable of detecting sub-microscopic
infections, and a product that is easy to use for untrained
lay people.

Perceived attractiveness and potential of adoption

of non-invasive tests for malaria

Assuming they would perform equally well, respond-
ents were asked to indicate which of blood, saliva or
urine would be their first-choice sample type for a
malaria test. Saliva was mentioned by 79% of the
respondents, blood by 13%, and saliva by 8%. Irre-
spective of price considerations, 93% of respondents
(65/70) were of the opinion that a saliva-based test
would be implemented if available (“extremely likely”
and “very likely”) (Fig. 5). The perceived likelihood
of implementation for urine-based tests and for non-
invasive test using a reader was less positive, with only
64 and 59% of respondents seeing it as extremely or
very likely to happen. The main reasons cited for not
implementing urine-based test where the operational
difficulties in obtaining the sample (24 %, 6/25) and
satisfaction with current blood-based tests (24%,
6/25).

Price is a key determinant of the actual and per-
ceived value of health commodities. To assess the
willingness to pay for saliva and urine-based tests,
survey participants were asked to indicate how their
Programme might use this type of tests according dif-
ferent potential price categories (Fig. 6). Respondents
indicated a clear preference for more sensitive tests
based on saliva and associated with a price below 50
US cents per unit, with 98 % indicating that such a test
could at least partially replace tests used today. Results
showed a high price sensitivity, with close to 50% of
the respondents indicating that any test between 1.00
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and 1.50 US dollars per unit would have very limited
to no use, regardless of its sensitivity and sample type.

Discussion

The opinions of individuals working for local malaria
control institutions in LMICs, but not speaking in their
official, formal capacities, and gathered through an
online survey are reported here. The analysis of the sur-
vey data outlines the perception of non-invasive malaria
test utility and their anticipated added-value. In addi-
tion, information relating to the level of acceptance of
non-invasive sampling, preferred product characteristics,
and use-case scenarios in LMICs have been obtained.
The overall response rate to the survey was low, at 24.3 %.
Nonetheless, about one-third of the 91 WHO-recognized
malaria-endemic countries were represented, covering
all WHO regions and providing good baseline results for
developing further insights.

There was consensus among survey respondents that
non-invasive tests could increase people’s access to
malaria testing, thus providing a potential public health
benefit. Hard-to-reach groups, such as migrants, refugees
and remote communities are specific population groups
that respondents suggested could benefit from non-inva-
sive tests. Improved access to diagnostics has been asso-
ciated with reductions in private household costs such as
the consultation fees, drugs, transport and food during
each episode and the overall burden of malaria [2]. A fur-
ther direct benefit of improved diagnostics is a reduction
in unnecessary treatment. This may have advantages both
in impeding the proliferation of drug-resistant parasites
and in saving lives.

The type of sample preferred varied by region; while
the Americas, African and Mediterranean regions pre-
ferred saliva-based tests, respondents from Asia were
open to both urine- and saliva-based tests. This may be

0% 20%

Saliva-based test

Urine-based test

Non-invasive test using a reader

u Extremely likely

Very likely
Fig. 5 Likelihood of test implementation according to the required sample type

Likelihood of test implementation

40% 60% 80% 100%
uNot solikely ®Not at all likely
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Fig. 6 Perceived value proposition of conventional and “highly sensitive”tests based on saliva and urine

more attributable to individuals’ reservations about han-
dling a particular sample type, such as urine, rather than
any widely held cultural beliefs, as was explained by some
respondents. Thus, respondents emphasized the impor-
tance of sensitivity and effective communication if the
introduction of new sample types is to be successful.
With regards to use-case scenarios, CHWs, self-testing
among travellers, outbreak monitoring, and additional
surveillance were commonly identified potential advan-
tages for both urine- and saliva-based tests. Less inva-
sive diagnostic tests will require little to no technical

skill and could, therefore, be used by anyone as a home
test, during outbreaks, or by travellers. CHWs will also
require very little training, and malaria surveillance
would be improved. Such an increase in diagnostic test-
ing could dramatically improve malaria control, beyond
that observed in recent years. Recently, the expansion
and strengthening of malaria diagnostics has been dem-
onstrated to make a major contribution to the progress
made in malaria control [2].

Most respondents considered blood-based tests for
malaria to be minimally invasive, which may reflect
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perceptions around finger-pricking for blood-based test-
ing more broadly. For example, in a survey of pregnant
women in Ghana, participants expressed more posi-
tive feelings towards intermittent screening for malaria,
which involved finger-pricking for blood testing, com-
pared with their feelings towards intermittent preventive
treatment for malaria, despite the latter not requiring
blood testing [13]. In a survey of potential lay users of
HIV self-test kits in South Africa, respondents reported
the kits as being easy to use, regardless of whether
administered via oral swabs or finger pricks, although
some respondents noted that they experienced pain and
others reported difficulty in using the lancets supplied
[14].

One of the key product characteristics identified by
respondents included product stability at 40°C; this
is consistent with the occurrence of malaria in tropi-
cal areas with high temperatures and with the typical
temperature stability offered by current blood-based
RDTs. Many survey respondents also stated a prefer-
ence for urine- or saliva-based malaria RDTs that could
detect sub-microscopic infections and could be used by
untrained lay people. The limit of detection of currently
available blood-based malaria RDTs and microscopy is
100-200 parasites/puL [15, 16]. Sub-microscopic infec-
tions are usually only detectable using molecular tech-
niques, such as PCR, which is expensive and requires
skilled experts and a well-equipped laboratory [16], or
simplified nucleic acid amplification-based techniques,
such as loop-mediated isothermal amplification (LAMP),
which allows high-throughput DNA amplification with
minimal laboratory infrastructure [17]. Additionally, a
malaria RDT, with a reported 10-fold increased analyti-
cal sensitivity, has been made available recently with the
objective to facilitate the detection of low-density asymp-
tomatic malaria infections [15]. This improved RDT has
been shown to have generally better clinical sensitivity
than conventional RDTs, although the degree of improve-
ment varies across settings [15, 18, 19]. Despite these
improvements in the detection of low levels of parasites,
they remain blood-based, invasive tests. Thus, a non-
invasive RDT that possessed these product characteris-
tics would be a major improvement on existing malaria
diagnostics.

HRP2 and pLDH can be found saliva and urine at levels
compatible with detection by current lateral flow assays,
yet repurposing blood-based RDT detecting HRP2 and
pLDH for use with urine or saliva has shown varying lev-
els of performance, but generally below those achieved
when using the corresponding test with the intended
blood sample [20-23]. As highlighted by a recent review
of the literature, the deployment of currently available
point-of-care test using non-invasive samples is currently
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not feasible due to limited performance as compared to
blood samples [24]. On the other hand, the performance
of a HRP2-based test developed specifically to be used
with urine samples has been reported to be comparable
with that of blood-based RDTs, suggesting that achieving
the desired performance characteristics highlighted in
this report is, on a technical level, feasible [25]. Prospects
for future highly sensitive saliva-based test also exist
based on new promising biomarkers in development [11].

Study limitations

This study has provided novel baseline insights into
the perceived acceptance and potential impact of non-
invasive diagnostics in LMICs, but shows a number of
limitation. First, only about a quarter of the individuals
invited to participate responded to the survey. The pool
of respondents might, therefore, be biased for individu-
als with a strong opinion about non-invasive tests and
might not be fully representative of the general percep-
tion on this type of tests. Also, even though the survey
is representative on a country level, there exists regional
over-representation in the Americas and under-represen-
tation in Asia. Most questions were closed-ended or semi
closed-ended, providing a list of predefined answers to
select from which can potentially influence the respond-
ents. This survey was also limited to individuals working
in local institutions in malaria-endemic countries and did
not include the actual end-users of malaria tests, such as
laboratory technician and community health works as
well as patients undergoing malaria testing, who might
have significantly different opinions on this topic.

Conclusions

Current blood-based tests appear largely adequate to
survey respondents. Non-invasive urine- or saliva-based
tests may be acceptable to end-users in low- and middle-
income countries but would need to at least match, or
ideally outperform, current blood-based test to become
a preferred solution over existing tests. Highlighted
important characteristics for such tests include the abil-
ity to detect sub-microscopic infections, to be used by
untrained lay people, stability at temperatures up to
40°C, as well as low cost. Current efforts with blood-
based malaria rapid diagnostic tests are aimed at over-
coming specific limitations such as pfhrp2 deletion or
the relatively limited sensitivity of RDT for Plasmodium
vivax. However, non-invasive tests that are saliva-based
should also be considered, if the full potential offered by
diagnostics is to be reached in the context of controlling
malaria.



Owusu et al. Malar J (2021) 20:379

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512936-021-03911-y.

Additional file 1. Structured questionnaire in English.
Additional file 2. Structured questionnaire in French.

Additional file 3. Structured questionnaire in Spanish.

Acknowledgements

All survey respondents are kindly acknowledged for the time they have
dedicated to completing the questionnaire. The authors are thankful to Adam
Bodley for support in manuscript writing.

Authors’ contributions

AC and JD designed the study and developed the survey questionnaires. JD,
AC and EDAO conducted the data analysis. EDAO and XD drafted the manu-
script. All authors read and approved the final manuscript.

Funding
This work was supported by the Bill and Melinda Gates Foundation
(OPP1172683).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

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

Author details

FIND, Geneva, Switzerland. Department of Medical Laboratory Sciences,
School of Biomedical and Allied Health Sciences, College of Health Sciences,
University of Ghana, Accra, Ghana.

Received: 18 March 2021 Accepted: 9 September 2021
Published online: 24 September 2021

References

1. WHO. Guidelines for the treatment of malaria. 3rd ed. Geneva: World
Health Organization; 2015.

2. WHO. World malaria report 2020: 20 years of global progress and chal-
lenges. Geneva: World Health Organization; 2020.

3. WHO. Guidelines on drawing blood: best practices in phlebotomy.
Geneva: World Health Organization; 2010.

4. Hede MS, Fjelstrup S, Lotsch F, Zoleko RM, Klicpera A, Groger M, et al.
Detection of the malaria causing Plasmodium parasite in saliva from
infected patients using topoisomerase | activity as a biomarker. Sci Rep.
2018;8:4122.

5. Krampa F, Aniweh 'Y, Awandare G, Kanyong P. Recent progress in the
development of diagnostic tests for malaria. Diagnostics. 2017;7:54.

6. Pradhan N, Hazra RK. Can a non-invasive urine-based test become the
next-generation diagnostic tool for malaria? Infez Med. 2018;26:199-203.

7. de Moraes CM, Wanjiku C, Stanczyk NM, Pulido H, Sims JW, Betz HS, et al.
Volatile biomarkers of symptomatic and asymptomatic malaria infection
in humans. Proc Natl Acad Sci USA. 2018;115:5780-5.

8. Lukianova-Hleb EY, Campbell KM, Constantinou PE, Braam J, Olson JS,
Ware RE, et al. Hemozoin-generated vapor nanobubbles for transdermal

Page 10 of 10

reagent- and needle-free detection of malaria. Proc Natl Acad Sci USA.
2014;111:900-5.

9. Oyibo WA, Nnenna E, Ntadom G, Oladosu OO, Rainwater-Loveth K,
O'Meara W, et al. Multicenter pivotal clinical trial of urine malaria test
for rapid diagnosis of Plasmodium falciparum malaria. J Clin Microbiol.
2016;55:253-63.

10. Samal AG, Behera PK, Mohanty AK, Satpathi S, Kumar A, Panda RR, et al.
The sensitivity and specificity of a urine based Rapid Diagnostic Test for
the diagnosis of Plasmodium falciparum in a malaria endemic area in
Odisha, India. Pathog Glob Health. 2017;111:383-7.

11. Ghit Fund. Commercial development of a saliva-based malaria
asymptomatic and asexual rapid test (SMAART-1) [Internet]. https://doi.
org/https://www.ghitfund.org/investment/portfoliodetail/detail/144.
Accessed 15 Feb 2021.

12. World Health Organization. World Malaria Report 2017. Geneva: World
Health Organization; 2017.

13. Pell C, Straus L, Andrew EVW, Menaca A, Pool R. Social and cultural factors
affecting uptake of interventions for malaria in pregnancy in Africa: a
systematic review of the qualitative research. PLoS One. 2011;6:€22452.

14. Knight L, Makusha T, Lim J, Peck R, Taegtmeyer M, van Rooyen H."| think it
is right”: a qualitative exploration of the acceptability and desired future
use of oral swab and finger-prick HIV self-tests by lay users in KwaZulu-
Natal, South Africa. BMC Res Notes. 2017;10:486.

15. Das S, Peck RB, Barney R, Jang IK, Kahn M, Zhu M, et al. Performance of
an ultra sensitive Plasmodium falciparum HRP2-based rapid diagnostic
test with recombinant HRP2, culture parasites, and archived whole blood
samples. Malar J. 2018;17:118.

16. Okell LC, Ghani AC, Lyons E, Drakeley CJ. Submicroscopic infection in
Plasmodium falciparum-endemic populations: a systematic review and
meta-analysis. J Infect Dis. 2009,200:1509-17.

17. Perera RS, Ding XC, Tully F, Oliver J, Bright N, Bell D, et al. Development
and clinical performance of high throughput loop-mediated isothermal
amplification for detection of malaria. PLoS ONE. 2017;12:e0171126.

18. Landier J, Haohankhunnatham W, Das S, Konghahong K, Christensen P,
Raksuansak J, et al. Operational performance of a Plasmodium falciparum
ultrasensitive rapid diagnostic test for detection of asymptomatic infec-
tions in eastern Myanmar. J Clin Microbiol. 2018;56:e00565-18.

19. Vasquez AM, Medina AC, Tobdn-Castano A, Posada M, Vélez GJ, Campillo
A, et al. Performance of a highly sensitive rapid diagnostic test (HS-RDT)
for detecting malaria in peripheral and placental blood samples from
pregnant women in Colombia. PLoS ONE. 2018;13:€0201769.

20. Aninagyei E, Abraham J, Atiiga P, Antwi SD, Bamfo S, Acheampong DO.
Evaluating the potential of using urine and saliva specimens for malaria
diagnosis in suspected patients in Ghana. Malar J. 2020;19:349.

21. Fung AO, Damoiseaux R, Grundeen S, Panes JL, Horton DH, Judy JW,
et al. Quantitative detection of Pf HRP2 in saliva of malaria patients in the
Philippines. Malar J. 2012;11:175.

22. Samal AG, Behera PK, Mohanty AK, Satpathi S, Kumar A, Panda RR, et al.
The sensitivity and specificity of a urine based Rapid Diagnostic Test for
the diagnosis of Plasmodium falciparum in a malaria endemic area in
Odisha, India. Pathog Glob Health. 2017;111:383-7.

23. Gbotosho GO, Happi CT, Folarin O, Keyamo O, Sowunmi A, Oduola AMJ.
Rapid detection of lactate dehydrogenase and genotyping of Plasmo-
dium falciparum in saliva of children with acute uncomplicated malaria.
Am J Trop Med Hyg. 2010;83:496-501.

24. Danwang C, Noubiap JJ, Souopgui J, Gaudart J, Yombi JC, Robert A. Accu-
racy of malaria diagnostic tests performed on non-invasively collected
samples: a systematic review and meta-analysis. BMJ Global Health.
2021;6:005634.

25. Qyibo WA, Ezeigwe N, Ntadom G, Oladosu OO, Rainwater-Loveth K,
O'Meara W, et al. Multicenter pivotal clinical trial of urine malaria test
for rapid diagnosis of Plasmodium falciparum malaria. J Clin Microbiol.
2017;55:253-63.

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


https://doi.org/10.1186/s12936-021-03911-y
https://doi.org/10.1186/s12936-021-03911-y
https://www.ghitfund.org/investment/portfoliodetail/detail/144
https://www.ghitfund.org/investment/portfoliodetail/detail/144

	Acceptance and perceived value of non-invasive malaria diagnostic tests in malaria-endemic countries
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data collection
	Analysis

	Results
	Demographics of the survey
	Perceptions on current issues related to malaria testing
	The need for and potential impact of non-invasive tests
	Acceptance of non-invasive samples and preferred product characteristics
	Use-case scenarios for non-invasive tests by NMCPs and local institutions in low- and middle-income countries
	Perceived attractiveness and potential of adoption of non-invasive tests for malaria

	Discussion
	Study limitations
	Conclusions
	Acknowledgements
	References




