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Abstract 

Background For the results of clinical trials to have external validity, the patients included in the study must be rep-
resentative of the population presenting in the general clinical settings. A scoping literature review was performed to 
evaluate how the eligibility criteria used in anti-malarial efficacy and safety trials translate into patient selection.

Methods A search of the WorldWide Antimalarial Resistance Network (WWARN) Clinical Trials Publication Library, 
MEDLINE, The Cochrane Library, and clinicaltrials.gov was conducted to identify trials investigating anti-malarial effi-
cacy and safety, published between 14th April 2001 and 31st December 2017. An updated search using the WWARN 
Clinical Trial Publication Library was undertaken to identify eligible publications from 1st January 2018 to 31st July 
2021. The review included studies in patients of any age with uncomplicated malaria and any pharmaceutical thera-
peutic intervention administered. The proportion of trials with malaria-positive patients excluded was calculated and 
linked to the reported reason for exclusion. A subgroup analysis on eligibility criteria and trial baseline demographics 
was conducted to assess whether criteria are complied with when recruiting patients.

Results Out of 847 studies, 176 (21%) trials were included in the final synthesis, screening a total of 157,516 malaria-
positive patients, of whom 56,293 (36%) were enrolled and treated. Across the 176 studies included, 84 different 
inclusion and exclusion criteria were identified. The reason for exclusion of patients who tested positive for malaria 
was reported in 144 (82%) studies. Three criteria account for about 70% of malaria-positive patients excluded: mixed-
species malaria infections or other specific Plasmodium species, parasite counts outside the set study ranges, and 
refusal of consent.

Conclusions Nearly two-thirds of the malaria-positive subjects who present to health facilities are systematically 
excluded from anti-malarial treatment trials. Reasons for exclusions are largely under-reported. Anti-malarial treatment 
in the general population is informed by studies on a narrow selection of patients who do not fully represent the 
totality of those seeking antimalarial treatment in routine practice. While entry criteria ensure consistency across trials, 
pragmatic trials are also necessary to supplement the information currently available and improve the external validity 
of the findings of malaria clinical trials.
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Background
Despite significant successes in malaria control, over 
200 million malaria cases still occur globally every year, 
requiring treatment [1]. Guidelines for the manage-
ment of clinical malaria are largely based on empirical 
evidence from clinical efficacy trials [2].

Standardizing trial methodologies is important for 
comparability across sites and over time [3], especially 
when monitoring efficacy for possible parasite resist-
ance, and facilitates aggregating and meta-analysing 
findings [3–5]. Eligibility criteria tend to be stricter 
during the clinical development of a new medicine 
(phase II-III clinical trials) but are expected to become 
more inclusive as knowledge of the treatment increases, 
in post-registration (phase IV) studies. However, if clin-
ical trials are systematically selective in their eligibility 
criteria, this may result in a proportional under-repre-
sentation of certain segments of the patient population 
seen in clinical practice and limit the generalizability of 
the findings in the general population [5]. When deter-
mining the programmatic effectiveness of a treatment, 
trial methodology, notably eligibility criteria, should be 
adapted to reflect the full range of the malaria patients 
seen in clinical practice.

The World Health Organization (WHO) guidelines 
for the assessment of anti-malarial drug efficacy in fal-
ciparum malaria (see Box 1) are geared towards ensur-
ing that treatments are consistently tested to measure 
efficacy and monitor parasite resistance [6]. A different 
question is whether these trials also provide a compre-
hensive picture of the efficacy and safety of treatments 
across the range of malaria patients routinely seen in 
the clinics.

This scoping review was conducted to assess the 
representativeness of the study participants enrolled 
in malaria clinical trials vis-à-vis the general popula-
tion by identifying the reasons for excluding patients 
who had tested malaria-positive from the published 
literature and calculating the proportion of patients 
excluded.

Methods
The Preferred Reporting Items for Systematic reviews 
and Meta-Analyses extension (PRISMA) methodology 
was used [8].

Literature search
Data for this review were identified through searches of 
MEDLINE, the WorldWide Antimalarial Research Net-
work (WWARN) Clinical Trials Publication Library [9], 
The Cochrane Library, clinicaltrials.gov, and manually 
examined bibliographic references from relevant arti-
cles using the search terms “malaria” AND “therapy” OR 
“treatment” OR “therapy” OR “therapeutics”. Literature 
search strategies were developed using the medical sub-
ject headings (MeSH) terms and text words related to 
uncomplicated malaria pharmaceutical therapy. Search 
terms and conditions are provided as supplementary 
information (see Additional file 3). The initial search was 
limited to trials published between 14th April 2001 and 
31st December 2017. The starting date was selected as it 
correlated with the publication of the first Consolidated 
Standards of Reporting Trials (CONSORT) statement 
[10]. Articles were limited to those published in English, 
Portuguese, Spanish, or French and reviewed for their 
adherence to the CONSORT statement and reporting of 
malaria clinical trial eligibility criteria.

An update search using the WWARN Clinical Trial 
Publication Library, a living systematic review of all 
malaria clinical efficacy trials [11], was conducted to 
identify eligible studies published from 1st January 2018 
to the latest update available, 31st July 2021.

Study selection
Studies identified from the search were screened for eli-
gibility using the following criteria. A study was included 
if it met all the criteria.

• a non-comparative or comparative design (rand-
omized controlled trial (RCT), cluster RCT, or con-
trolled (non-randomized) clinical trial);

Box 1 WHO eligibility criteria [3]

Age under 5 years (as they are the most vulnerable population, and the ones where immunity is least likely to play a role in parasite and fever clear-
ance) [7]; 

parasitologically-confirmed infection, parasite range of 1000–100,000 asexual parasites/µl for low to moderate transmission, and 2000 to 200,000 
asexual parasites/µl for areas of high transmission (depending on local transmission intensities); measured axillary temperature ≥ 37.5 °C or history 
of fever within the last 24 h; and the exclusion of patients with danger signs of severe malaria, severe malnutrition, pregnancy and lactation, and 
chronic severe illness
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• uncomplicated symptomatic malaria, caused by par-
asitologically-confirmed Plasmodium falciparum, 
Plasmodium vivax, Plasmodium malariae, Plasmo-
dium ovale, or Plasmodium knowlesi;

• a CONSORT flow diagram [12], or similar adap-
tation, available with the total number of patients 
screened, the total number of malaria-positive 
patients and the total number of malaria-positive 
patients excluded;

There were no restrictions on study settings or age of 
the patients enrolled. Studies were excluded if they met 
one of the following criteria: phase 1 (healthy volunteers), 
studies on severe malaria, cross-sectional studies, case-
series and case-reports, meta-analyses, observational 
studies, studies on prevention, prophylaxis, or animal 
studies.

Data extraction and management
Data extraction from the initial search was conducted 
by one researcher (MZ), using a detailed predefined 
variable dictionary and partially checked by two other 
researchers (CH, PLO). Extraction of data from eligible 
studies identified in the update search was completed by 
one researcher (LA) and validated by another researcher 
(VC) using the same predefined variable dictionary. To 
ensure consistency across the totality of extracted data, 
two researchers (LA, VC) reviewed and validated the 
information extracted from the initial search. Informa-
tion on study inclusion and exclusion criteria, number of 
patients excluded for each criterion were extracted from 
the text and the CONSORT flow diagram, and data on 
population demographics were extracted from tables and 
text. Information was recorded on a standardized RED-
Cap database [13, 14] and analysed with R studio and 
Excel. Source data used for the analysis, and the associ-
ated dictionary are available as Additional files 1 and 2.

Further information on the recording of the data items, 
baseline demographics, and the subsequent subgroup 
narrative analysis can be found in Additional files 2 and 7.

Results
Search results, number of eligible articles
Of the 1493 articles screened by title and abstract (Fig. 1), 
646 were excluded. Of these excluded, 532 were pub-
lished prior to the CONSORT 2001 cut-off date (14th 
April 2001); 79 full texts were not accessible, 11 focused 
on severe malaria, 20 focused on prevention, and 4 
contained ineligible study designs. The remaining 847 
full-text articles were accessed and assessed for eligibil-
ity. Of these, 291 (34%) were excluded for not providing 
sufficient information on eligibility and exclusions (such 
as absence of the CONSORT Flow Diagram or similar 

adaptation in the manuscript), and/or not meeting other 
inclusion criteria. From the remaining 556 records, a fur-
ther 132 publications were excluded from the analysis as 
they did not provide the total number of subjects screened, 
and another 248 for not reporting the total number of 
malaria-positive screened as well as the total number of 
malaria-positive and excluded screened patients from 
the clinical trial. A total of 176 records were retained in 
the final synthesis (see Additional file 9), accounting for 
157,516 malaria-positive patients diagnosed of whom 
56,293 were enrolled and treated. These 176 papers 
represent 21% of the 847 identified on the treatment of 
uncomplicated malaria published after the CONSORT 
2001 statement. The species and geographical distribu-
tion of studies are summarized in Table 2.

Study eligibility criteria
Across the 176 eligible publications, 48 (27%) referenced 
either WHO guidelines [3, 15–17] for the assessment of 
anti-malarial drug efficacy in falciparum malaria (90%) or 
other protocols [18–20] for the definition of the eligibil-
ity criteria (see Box 1). The definitions of the study inclu-
sion and exclusion criteria extracted from each study are 
described in Additional file 2.

Eighty-four (84) eligibility criteria were identified, 17 
inclusions and 77 exclusions, with ten criteria reported 
in either inclusion or exclusion eligibility sections, 
five of which (parasitaemia, history of fever or cur-
rent fever, temperature, pregnancy, haemoglobin level) 
are described in Fig.  2 and the remaining in Additional 
file 4. Twenty eligibility criteria were commonly reported 
across 25% of the publications with a large proportion of 
the trials requiring consent (n = 174, 99%) of the patient 
or guardian to be enrolled in the trial. Two of the eligible 
trials did not explicitly report having requested consent 
to enrol patients in the study. As inclusion criteria, out of 
the 176 studies, 151 of the eligible studies (86%) required 
specific age ranges for inclusion, 121 (69%) had history of 
fever or current fever, or in 118 (67%) documentation of 
body temperature above a predefined cut-off. Ability to 
comply with the study follow-up, ability to consume oral 
medication and specific weight ranges, and proximity to 
the study centre, were reported in 61 (35%), 52 (30%), 
52 (30%), respectively. As exclusion criteria, 150 stud-
ies (85%) excluded patients with signs and symptoms of 
severe malaria (123, 82%), 15 (10%), 11 (7%) and 1 (0.7%) 
studies for P. falciparum, mixed, P. vivax and P. knowlesi 
trials, respectively. Patients with mixed infections or 
other specific Plasmodium species (143/176, 81%), recent 
use of an anti-malarial (113, 64%), allergy to medica-
tion (112, 64%) or pregnancy (78, 44%) were commonly 
excluded. Accepted parasitaemia ranges were reported 
as either inclusion in 137 (78%) studies or as exclusion 
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Fig. 1 PRISMA flow chart representing the number of items identified in the search and subsequently screened and assessed for eligibility. The 
search strategy and eligibility criteria are summarized in the Methods section and further details are given in the supplementary information
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Table 1 Number of articles reviewed by species and WHO region inclusion criteria

a When a trial is conducted in multiple sites from different WHO regions

The median number of studies per year was 8.5

Additional file 8 reports the number of studies published by year between January 2001 and July 2021

WHO Region

African South-East Asia Americas Western Pacific Eastern 
Mediterranean

Globala Total per 
species 
(%)

P. falciparum 98 31 3 1 0 1 134 (76)

P. vivax 7 9 2 0 3 2 23 (13)

P. knowlesi 0 1 0 0 0 0 1 (1)

Mixed species 5 11 0 1 0 1 18 (10)

Total regional 
distribution (%)

110 (62.5) 52 (30) 5 (3) 2 (1) 3 (2) 4 (2) 176

Fig. 2 Frequencies of inclusion and exclusion criteria reported in at least 25% of the 176 studies included in the final analysis. Criteria could be 
reported as inclusion (green) as well as exclusion (red), according to the publication. For example, accepted parasitaemia ranges could be reported 
either as range within which patients are eligible for inclusion or as cut-off values below or above which patients are excluded
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criteria (i.e. values outside which a patient is not eligible) 
in 9 (5%) studies (Fig. 2).

Parasitaemia
All 176 studies specified the diagnostic method to con-
firm malaria; microscopy alone was the most common 
(104, 59% of studies); combinations of microscopy and 
Polymerase Chain Reaction (PCR) or Rapid Diagnostic 
Test (RDT) were used in 37 (21%) and 29 (16%) stud-
ies, respectively. A combination of microscopy, PCR 
and RDT were reported in 4 (2%) studies. RDT or PCR 
alone was reported in 1 study each (0.6%).

Parasitaemia inclusion ranges were described in 
110/134 (82%), 15/23 (65%), 1/1 (100%) of the pure P. 
falciparum, P. vivax and P. knowlesi studies, respectively. 
Of the 110 P. falciparum studies, 50 (45%) had an upper 
limit of 200,000 asexual parasites/µl, and 22 (20%) had 
a range of 2000–200,000. Of the 15 P. vivax studies, 14 
(93%) required having  ≥ 250 asexual parasites/µl while 
10/14 (71%) of mixed-infection studies included different 
parasitaemia ranges for the different Plasmodium spe-
cies. Less frequently used criteria involve the presence 
of gametocytes (8/176 studies, 5.0%), and second malaria 
episode or symptomatic malaria (1/176, 0.6%).

Demographics
(i) One hundred thirty-three (76%) of the eligible stud-
ies were conducted in children ≥ 6 months old and above 
and/or adults; (ii) 17/% (30/176) enrolled only children 
between 0 and 5  years old; (iii) 21/176 (12%) enrolled 
only 6–59  month-old; (iv) 63/176 (36%) enrolled sub-
jects ≥ 6 months with no upper age limit. A broad range 
of other ages was used with various frequencies in the 
reminding studies (Additional file 9).

Forty-nine (28%) trials included participants who 
weighed more than 5  kg, 46 of which with no upper 
weight limit. Two (1%) studies restricted the inclusion 
only to male participants.

Fever
Documentation of body temperature above a predefined 
cut-off temperature, typically 37.5 °C or 38 °C (Additional 
file 10), was reported in 113/176 (64%) of studies; 97/176 
(55%) required both history of fever or current fever tem-
perature above a predefined cut-off; 23/176 required his-
tory of fever or current fever alone.

Pregnancy
Twelve (7%) studies included pregnant women with a 
minimum gestational age of 12  weeks. None included 
women in the first trimester of pregnancy. Other rea-
sons for exclusion associated with pregnancy were: lac-
tation (48/176,) multiple pregnancies (4/176), women of 

reproductive age (3/176), previous history of complicated 
pregnancy (2/176) or abortion (2/176), planning preg-
nancy (1/176), missed menstrual cycle (1/176) or cur-
rently menstruating (1/176).

Concomitant illness
Patients with unspecified concomitant illness, severe 
malnutrition, or chronic underlying diseases were 
excluded in 71 (40%), 70 (40%), and 55 (31%) publica-
tions, respectively. 50/176 of the trials that excluded 
subjects with severe malnutrition were located in the 
WHO African region, and 14 (20%) were in the WHO 
South-East Asia Region, while 6 were located in the 
America, Eastern Mediterranean, or globally. 14/50 stud-
ies included the definition used for severe malnutrition: 
6/14 defined a patient as severely malnourished when 
the weight for height falls below three standard devia-
tions from the median of the WHO reference values, 
6/14 as weight for height less than 70% of the median of 
WHO reference values, 1/14 reported both definitions, 
1/14 defined patient malnourished when the weight for 
age < 60% and bilateral oedema was present. Thirty-four 
(49%) studies excluding severe malnutrition were in chil-
dren < 15  years, 7/70 studies reported included patients 
aged above 15 years old, 24/70 did not include an upper 
age limit for enrolment, 5/70 did not define age limits for 
study inclusion. Other concomitant reasons for exclusion 
were: febrile illness other than malaria (55, 31%), heart 
impairment (30, 17%), current medication likely to inter-
fere with therapy (21, 12%), history of convulsions (20, 
11%), HIV infection (16, 9%), ECG abnormalities (9, 5%), 
previous history of splenectomy (9, 5%), recent blood 
transfusion (5, 3%), hepatitis (4, 2%), and sickle cell dis-
ease (4, 2%). One study specifically included patients who 
were only HIV positive. Further details on concomitant 
criteria are reported in Additional file 4.

Clinical reasons
Patients experiencing severe vomiting or diarrhoea (39, 
22%), impaired consciousness (12, 7%), and inability to 
stand up or eat (9, 5%) were excluded in 39/176, 12/176 
and 9/176 trials, respectively. Seven out of 176 studies 
mentioned G6PD minimum level as criteria for inclu-
sion, three of which were on P. falciparum and four on 
P. vivax. Three (2%) studies excluded patients with G6PD 
minimum level, one (0.6%) on P. falciparum and two (1%) 
on P. vivax. Other unspecified clinical reasons, respira-
tory distress, and haemoglobinuria were also reported in 
5/176, 2/176, and 1/176 trial(s), respectively.

Laboratory values and cut‑off levels—Haematology
Minimum cut-off levels were reported for haemoglobin, 
packed cell volume (PCV), or haematocrit in 65 (37%), 
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five (3%), and five (3%) of the studies, respectively. The 
haemoglobin cut-off level was used as a criterion for 
51/134 (38%) of P. falciparum, and 7/23 (30%) P. vivax 
trials. The cut-off levels were: for haemoglobin < 5  g/dL 
in 23/55 (42%) trials, < 6  g/dL in 3/55 (6%), < 7  g/dL in 
15/55 (27%), < 8 g/dL in 12/55 (22%) studies and < 10 g/dL 
and < 11  g/dL in one publication (2%) each. Ten studies 
did not report a cut-off for exclusion. For PCV < 20% in 
4 studies, and < 25% in one study; for haematocrit < 25% 
in four and < 18% in one trial. Low platelets patients were 
excluded in one (0.6%) study, no cut-off for exclusion was 
defined in the publication.

Laboratory values and cut‑off levels—Biochemistry
Thirty-six (20%) trials excluded subjects with hepatic 
impairment: 29 for P. falciparum, five for P. vivax, one 
for mixed infection, and one for P. knowlesi. 3/36 pub-
lications included a definition for hepatic impairment: 
either as alanine aminotransferase (ALT) concentration 
2.5-fold above the upper limit of normal (1/3 studies) 
or more than twice the upper limit of normal (2/3). 
Thirty-six (20%) trials excluded subjects with renal 
impairment: 31 on P. falciparum, three on P. vivax, 
one on mixed infection, and one on P. knowlesi. Only 
one study defined renal impairment as creatinine level 
above 1.5 times the upper limit of normal. Abnormal 
creatine phosphokinase, glucose level and electrolyte 
imbalance were exclusion criteria in one (0.6%) study 
per criteria.

Operational reasons
Eleven percent (19/176) of the trials excluded patients 
participating in another research study. 14 (8%) stud-
ies excluded patients for operational reasons without 
reporting a more specific motive. Patients that were 
lost during the screening process, who had recently 
travelled beyond their hometown, or withdrawn were 
excluded in four (2%), one (0.6%), and one (0.6%) of the 
trials, respectively. Problems with mosquito husbandry 
(one, 0.6%) were also reported as exclusion criteria.

Other criteria
Non-descriptive criteria like ‘not specified’ were 
reported as the criteria in patients in 42 (24%) studies.

Reported reasons for exclusions of malaria-positive 
subjects
The 176 studies, which collectively screened 553,300 
suspected malaria cases, identified as malaria-positive 
157,516 (28%), of whom 56,293 (36%) were enrolled 
into the trial and treated, while 101,223 (64%) were 
excluded.

The reason for excluding those who tested positive for 
malaria was reported for 72,226/101,223 (71%). Three 
criteria account for 69.5% of exclusions: mixed-species 
malaria infections or other specific Plasmodium species 
(35.5%); parasite counts outside the set study ranges 
(20.5%); and refusal of consent (13.5%) (Table  3). The 
remaining studies did not specify reasons for exclusion, 
corresponding to 28,921 (29%) unaccounted exclusions.

Comparison of the baseline characteristics and planned 
eligibility criteria
Baseline demographics of the 176 studies were 
extracted from the study baseline demographics table, 
or the text when available. When presented in the 
paper, the baseline demographics were then compared 
with the study eligibility criteria range (Table 4).

Age
Of the 151 studies reporting age as an inclusion criterion, 
60 (40%) reported both the eligible age and the actual 
baseline age range. Of those studies that reported both 
eligible and baseline age, 26 (43%) reported only a mini-
mum age limit for inclusion in the study (no upper limit). 
One of those 60 studies enrolled one or more patient(s) 
aged below the defined cut-off. Four of the 60 studies 
included participants aged above the pre-defined ranges.

Table 2 Top 10 causes of exclusion malaria-positive patients. 
Other reasons and corresponding number of excluded patients 
are reported in Additional file 5

a Such patients have been explicitly excluded from the studies of interest 
without being specifically reported the reason for exclusion
b “Operational reasons” is a generic terminology reported in several papers

Reasons for exclusion No. of subjects 
excluded- reasons 
described

% exclude—
reasons 
described

Presence of mixed infec-
tions or specific plasmodium 
species

25,661 35.51%

Parasitaemia 14,780 20.45%

Refusal of consent 9790 13.55%

Not  Specifieda 5952 8.23%

Agreement to follow-up 2941 4.07%

Operational  reasonsb 2664 3.69%

Age 1319 1.83%

History of fever or current 
fever

1230 1.70%

Recent anti-malarial drug use 
and anti-malarial vaccine

1103 1.53%

Proximity to accommodation 1096 1.52%
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Parasitaemia
For this analysis, we separated the parasite counts by 
species as P. falciparum and P. vivax. Forty-five percent 
of studies (61/136) that reported parasitaemia inclusion 
ranges also reported actual baseline ranges: 52 (85%) of 
these were for P. falciparum (and mixed species includ-
ing P. falciparum), 10 were for P. vivax and one for P. 
knowlesi. Of the 52 P. falciparum studies, 18 did not have 
an upper limit for inclusion. Of the 34 studies with an eli-
gible parasite count range, 14 (41%) had a baseline para-
sitaemia range that fell outside the study eligible range, 
with eight of them enrolling patients with counts exceed-
ing the maximum value allowed for inclusion in the 
study. Seven of the P. vivax studies which reported base-
line parasitaemia ranges did not report an upper limit 
for study parasite count inclusion criteria. One of the P. 
vivax studies had a baseline parasitaemia range that fell 
outside the study inclusion criteria ranges.

Haemoglobin level
The range of haemoglobin cut-off minimum level for 
exclusion reported in the studies was from  ≤ 11  g/dL 
to < 5 g/dL. In 10/176 (5%) of studies both a haemoglobin 
minimum cut-off level for exclusion and baseline haemo-
globin range were reported, of which eight studies were 
for P. falciparum and two were on P. vivax. Four of those 
10 studies enrolled one or more patient(s) with a haemo-
globin level below the defined cut-off.

Other baseline characteristics collected are reported in 
Table 4.

Discussion
This is the first review to address the question of the rep-
resentativeness of the patients enrolled in malaria treat-
ment trials with respect to the spectrum of patients seen 
in clinical practice. This effort identified 176 studies con-
ducted over the last two decades, screening over 150,000 
patients from which both the eligibility criteria adopted 
and how these translated into patient selection could be 
extracted. About two-thirds of the malaria-positive sub-
jects screened for enrolment are systematically excluded 
from anti-malarial treatment trials, and the reason for 
almost one-third of them was not reported.

This analysis points also to an even larger body of infor-
mation which is currently not available, largely because 
basic reporting rules are not adhered to, leading to a sub-
stantial erosion of the mass of information potentially 
available. These 176 studies represent about one-fifth of 
the articles on the treatment of uncomplicated malaria 
which could have contributed to this analysis; however, it 
is unclear whether the desired information in the remain-
ing approximately four-fifths of studies was not collected, 
not recorded, or simply not reported by the authors. 
Although this analysis was restricted to studies published 
after the CONSORT 2001 [12] statement, only just over 
half of the malaria clinical trials conducted between 2001 
and 2021 (556/847) present the CONSORT flow diagram 
or an adaptation thereof, or produce similar information.

The study population from these trials consists of para-
sitological and non-parasitological confirmed uncom-
plicated malaria, either symptomatic or asymptomatic, 

Table 3 Comparison of the actual baseline characteristics with the criteria for eligibility

a The percentages represent the proportion of the studies reporting criteria ranges/cut-off and baseline characteristics over the number of studies reporting the 
criteria
b The percentages represent the proportion of the studies enrolling at least a patient outside the accepted inclusion range/cut-off definition over the studies 
reporting criteria ranges/cut-off and baseline characteristics

Criteria No. of studies Reporting 
the criteria ranges/cut-off

No. of studies reporting criteria ranges/
cut-off and baseline characteristics (%)a

No. of studies reporting participant(s) 
outside the accepted inclusion ranges/
cut-off (%)b

Age 151 60 (40) 5 (8)

Parasitaemia 136 61 (45) 21 (34)

Haemoglobin level 55 10 (18) 4 (40)

Temperature 118 29 (25) 23 (80)

Weight 52 16 (31) 0 (0)

Haematocrit 4 0 (0) –

Packed Cell Volume 5 1 (20) 1 (20)

Hepatic impairment (ALT) 3 0 (0) –

Renal impairment (Creatinine) 1 0 (0) –
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across Plasmodium species of either mono- or mixed-
infection. Severe malaria patients are generally excluded, 
either explicitly or by excluding parasite count levels 
defining more complicated malaria cases. This is also due 
to the eligibility criteria defined in the review which did 
not include studies investigating severe malaria patients. 
Studies also covered a broad age range, with more than 
one-fifth of the enrolled subjects being under five years 
of age.

The WHO guidelines [3], which aim to standardize the 
assessment of treatment efficacy primarily to monitor 
resistance in the most reproducible and consistent man-
ner possible, require stringent eligibility criteria when 
measuring an outcome of interest, especially drug effi-
cacy in terms of parasite and fever clearance in subjects 
with no or little immunity to help clear the parasites [21]. 
The current analysis identified 84 main criteria (17 inclu-
sions, 75 exclusions, 8 reported in both sections) from 
the 176 studies assessed which generally complied with 
the guidelines, though to various degrees.

In the studies reporting the number of subjects 
excluded due to a specific reason, three criteria account 
for about 70% of exclusion of malaria-positive patients 
in studies, although some patients could have been 
excluded for not meeting more than one criterion. One 
set of reasons (more than half of exclusions) relates to 
parasitological diagnosis requiring microscopy—mixed 
or other infections and parasitaemia outside the estab-
lished range.

As currently designed, anti-malarial efficacy trials do 
not provide information on how patients with higher 
parasitaemia and no obvious sign of severe malaria would 
respond to oral treatment, as well as participants with 
other concomitant diseases or other clinical reasons. 
Conversely, trials seem to cover adequately subjects with 
all degrees of anaemia except severe anaemia defined 
as haemoglobin < 5  g/dl. More detailed information on 

patients with high parasitaemia and/or severely anaemic 
would be desirable.

Some inconsistencies also emerged between the study 
criteria ranges or cut-off levels for eligibility and the 
related baseline characteristics of the recruited patients. 
Among the criteria analysed, temperature, parasitaemia 
and age ranges are poorly reported across the studies, 
although this inconsistency could be due to the timing at 
which the value is measured, with a variation in the value 
according to whether the measurement occurred at the 
screening or the baseline.

Limitations
The criteria were extracted and grouped according to 
how they were reported in the publications. As also dem-
onstrated by the poor definition of some criteria (e.g., 
hepatic and renal impairment) or the difference in defi-
nitions detected (e.g., severe malnutrition), there is no 
standardized definition for each criteria reported, which 
will likely make the profile of the study populations het-
erogenous. The search strategy of this review did not 
include the grey literature and 12% of the peer-reviewed 
articles were excluded as they could not be accessed. 
Nonetheless, the sizable number of studies identified and 
number of participants give confidence in the evidence of 
knowledge gaps on the generalizability of malaria clinical 
trials. It is possible that some studies were missed, also 
considering that the update search was performed using 
only the WWARN Publication library [11], as the itera-
tive approach used might have created some discrepancy 
in the search methods used. While it was not possible 
to report separately on phase II, III or IV studies as this 
information was not provided systematically, it is rea-
sonable to assume that they were mostly “phase IV-type” 
studies as they tested therapies in routine use; phase II 
or III aimed at supporting drug registrations were clearly 
identified and limited in numbers.

Box 2 Research in context and added value of the study

Evidence before this study: This is the first review to address the question of the representativeness of the patients enrolled in malaria treatment 
trials with respect to the population of patients seen in clinical practice, covering the last two decades. No relevant previous study conducted on this 
subject could be identified after searching MEDLINE and the Cochrane Library

Added-value of this study: The findings of this study provide evidence of knowledge gaps on the generalizability of current malaria clinical efficacy 
trials to the general population. The study identifies and quantifies systematic exclusions based on parasite counts (especially high parasitaemia) and 
parasite species (in particular mixed infections); these patients will be treated in practice but are under-researched in clinical trials. There was also 
significant under-reporting of the reason for exclusions of malaria-positive patients in trials

Implications of all the available evidence: These results point to three main needs: conducting pragmatic (effectiveness) trials to capture the full 
range of cases treated in real-life; filling the knowledge gap on the treatment of mixed infections; and providing accurate reporting of exclusions. 
The CONSORT statement offers a valuable framework for improving the transparency of clinical trials, including adequate reporting of the eligibility 
criteria and of patient attrition. Papers should report details on the reasons for excluding subjects against pre-established eligibility criteria, for which 
trial screening logs could be an important source of information. Recording and sharing this information would allow better profiling of the patients 
seen in routine practice and a better understanding of the representativeness of the body of evidence from clinical trials
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Accurate reporting is essential. The CONSORT [10] 
statement offers a useful framework for improving the 
transparency of clinical trials, including adequate report-
ing of the eligibility criteria and patient attrition. Papers 
should report details on the reasons for excluding sub-
jects against the pre-established eligibility criteria; trial 
screening logs could be an important source of informa-
tion. Recording and sharing this information would allow 
a better profiling of the patients seen in routine practice 
and a better understanding of the representativeness of 
the body of evidence from clinical trials. A number of 
tools have been made available to the research commu-
nity and should be further disseminated to improve the 
quality of anti-malarial efficacy trials and their reporting 
[22, 23].

Conclusion
Research findings are summarized in Box 5. The stud-
ies identified generally adhere to the WHO standards, 
which are important for assessing drug efficacy in a 
consistent way [3]. At the same time, pragmatic (effec-
tiveness) trials are clearly lacking, and these too are 
important, as they would provide critical, generalizable 
information on patient groups who are systematically 
excluded from efficacy trials but are routinely seen and 
treated. The purpose of such evaluation is different, and 
the selection criteria established for monitoring resist-
ance applied may limit the external validity of results 
for the general population and the conditions in which 
treatments are delivered in practice.
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