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Background:  Microscopy is the gold standard for malaria diagnosis but is dependent on trained personnel. Rapid diagnostic 
tests (RDTs) form the mainstay of diagnosis in endemic areas without access to high-quality microscopy. We aimed to evaluate 
whether RDT alone could rule out imported malaria in children presenting to UK emergency departments (EDs).

Methods:  UK-based, multi-center, retrospective, diagnostic accuracy study. Included: any child <16 years presenting to ED 
with history of fever and travel to a malaria-endemic country, between 01/01/2016 and 31/12/2017. Diagnosis: microscopy for ma-
larial parasites (clinical reference standard) and RDT (index test). UK Health Research Authority approval: 20/HRA/1341.

Results:  There were 47 cases of malaria out of 1,414 eligible cases (prevalence 3.3%) in a cohort of children whose median age 
was 4 years (IQR 2–9), of whom 43% were female. Cases of Plasmodium falciparum totaled 36 (77%, prevalence 2.5%). The sensitivity 
of RDT alone to detect malaria infection due to any Plasmodium species was 93.6% (95% CI 82.5–98.7%), specificity 99.4% (95% 
CI 98.9–99.7%), positive predictive value 84.6% (95% CI 71.9–93.1%) and negative predictive value 99.8% (95% CI 99.4–100.0%). 
Sensitivity of RDT to detect P. falciparum infection was 100% (90.3–100%), specificity 98.8% (98.1–99.3%), positive predictive value 
69.2% (54.9–81.2%, n = 46/52) and negative predictive value 100% (99.7–100%, n = 1,362/1,362).

Conclusions:  RDTs were 100% sensitive in detecting P. falciparum malaria. However, lower sensitivity for other malaria species 
and the rise of pfhrp2 and pfhrp3 (pfhrp2/3) gene deletions in the P. falciparum parasite mandate the continued use of microscopy 
for diagnosing malaria.
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INTRODUCTION

Malaria is endemic in 87 countries [1] and causes around 
400,000 deaths a year, two-thirds of which occur in children 
under 5 years of age [2, 3]. Malaria cases imported to non-
endemic areas globally are estimated at around 30,000 cases an-
nually [4]. Europe accounts for approximately 70% of the global 
burden of imported malaria [5]. People who travel to endemic 
countries to visit friends and relatives (VFR) are eight times 
more likely to be diagnosed with malaria than tourists [6]. UK 

monitoring estimates that around 10% of imported cases of ma-
laria are in children [7].

Plasmodium falciparum is by far the dominant species in 
sub-Saharan Africa, causing an estimated 99.7% of cases and 
deaths in 2021 [2] and accounts for approximately 75% of clin-
ical cases in the UK [7]. P. falciparum is the main cause of severe 
infection and death but other species can also result in signif-
icant morbidity and since signs and symptoms of malaria are 
non-specific, patients with fever must be screened emergently 
for the disease when returning from an endemic area [8]. 
Traditionally, clinical guidelines in well-resourced, non-
endemic countries advise the reference standard diagnostic test 
for malaria is serial thick and thin blood films. These detect and 
speciate malaria parasites, and up to three negative films are re-
quired to rule out malaria [7]. However, thick and thin films 
sent to a specialist laboratory take time, and, given the need for 
further visits for repeat testing, put added costs and pressure on 
busy frontline settings.

To improve diagnostic accuracy and speed, many centers 
now use rapid antigen detection tests (RDTs) (using lateral flow 
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chromatography on a test strip to bind malaria antigens—a com-
bined detection test uses the HRP2 antigen to detect P. falcip-
arum and pLDH to detect pan-malarial species, eg, Plasmodium 
vivax) alongside light microscopy [9, 10]. RDTs are now an 
important adjunct to malaria diagnosis in resource-limited 
settings, especially where there is no access to high-quality mi-
croscopy, as they are quick to process and do not require spe-
cialized personnel [11].

However, there are challenges with RDTs, which include: 
false-positives from histidine-rich protein-2 antigen (HRP2) 
remaining in the bloodstream after the infection is treated; 
RDT failure due to assay instability in storage; operator error 
through the subjectivity of interpretation; parasite densities 
below the limit of detection; qualitative rather than quantita-
tive results which do not allow the percentage parasitemia in 
P. falciparum infections to be calculated (an important marker 
for severe infection); inability to detect non-falciparum ma-
laria by HRP2-only tests [11]; apparent false-negatives caused 
by actual high-density infections in endemic regions (prozone 
effect); challenges with diagnosing malaria infections in preg-
nancy [12, 13]; and P. falciparum parasites containing pfhrp2 
and pfhrp3 (pfhrp2/3) gene deletions which also produce false-
negatives [14].

Despite these issues, the widespread use of RDTs in endemic 
countries has prompted health services in non-endemic coun-
tries to question the need for serial films [5]. Evidence for the 
diagnostic accuracy of imported malaria in children is limited 
[15–17]. In this study, we used a large retrospective cohort to 
evaluate the diagnostic accuracy of RDT alone to rule out ma-
laria—in particular, P. falciparum malaria—in children pre-
senting to UK emergency departments (EDs), in a non-endemic 
setting. We also aimed to evaluate whether hemoglobin and/or 
platelet level played any additional role in screening for malaria.

METHODS

Travel Fever was a multi-center, retrospective diagnostic accu-
racy study carried out by the Paediatric Emergency Research 
in the UK and Ireland (PERUKI) network and sponsored by 
Birmingham Women’s and Children’s NHS Foundation Trust. 
Standards for the Reporting of Diagnostic Accuracy Studies 
were followed [18].

For a site to participate, their hematology laboratory should 
routinely perform both microscopy for malarial parasites (clin-
ical reference standard) and RDT (index test). Participants were 
any child or young person (CYP) <16 years who had presented 
to a participating ED with a history of fever and traveled to a ma-
larial area (as designated by the http://travelhealthpro.org.uk/ 
website) between 1st January 2016 and 31st December 2017 and 
who underwent malaria screening, regardless of disposition (ie, 
admitted or sent home from ED). Anonymized, retrospective 
data were collected on a standardized spreadsheet from patient 

notes and hospital laboratory result reporting systems, re-
cording: patient demographics; geographical area of travel: result 
of RDT; result of blood film; how many films in total performed 
for each patient; parasitemia for P. falciparum cases; the patient’s 
hemoglobin and platelet count; discharge diagnosis; whether 
they re-attended the same ED or died in the following 30 days.

Pseudo-anonymized data from which potential identifiers 
were removed by contributing sites were submitted by sites and 
collated by CB. Anonymized data were reviewed by CB and TF, 
with queries sent back to sites by CB for incomplete data. CYP 
with incomplete data, except for a history of fever (see below) 
were excluded.

For the index test, 14 sites used a combined detection test for 
both HRP2 antigen (to detect P. falciparum) and pLDH (plas-
modium lactate dehydrogenase, pan-malarial, eg, P. vivax) while 
one site used a pLDH test only—see Table 1. For the reference 
test, 13 sites used thick and thin blood films for the detection 
and speciation of malaria parasites (Giemsa and Field’s stain). 
One site used thin film only while another site used the quanti-
tative buffy coat method for detection with thin film for specia-
tion and parasite count for P. falciparum. Indeterminate results 
were sent to the Malaria Reference Laboratory, London, where, 
if required, samples underwent real-time PCR (screening) and 
nested PCR (gold standard) for malaria confirmation and spe-
cies determination.

Sample Size

We aimed to obtain data from a minimum of 1,200 patients, as-
suming a prevalence of malaria of 5% (based on a pilot study), 
and a sensitivity of the RDT of approximately 95%, (95% confi-
dence interval (CI) for the sensitivity of 86–98%, with a higher 
prevalence leading to increased precision).

Statistical Analysis

Patient demographics were summarized as percentages and 
as mean, range, and interquartile range (IQR), as appropriate. 

Table 1. Characteristics of Rapid Diagnostics Tests Used by Each Site 
(HRP2—histidine rich protein 2, P. falciparum antigen; pLDH—plasmodium 
lactate dehydrogenase, pan-malarial antigen)

Make of RDT
Number 
in Study

Antigen 
Targets Detection Bands

CareStart™Malaria 
HRP2/pLDH 
Combo Test, Ac-
cess Bio Inc

11 HRP2/
pLDH

3 lines: Control—negative; 
HRP2—P. falciparum; pLDH—P. 
vivax, malariae, ovale; all 3 lines 
positive—either P. falciparum in-
fection or mixed infection

BinaxNOW; Abbott 3 HRP2/
pLDH

3 lines: Control—negative; 
HRP2—P. falciparum; pLDH—P. 
vivax, malariae, ovale; all 3 lines 
positive—either P. falciparum in-
fection or mixed infection

Clearview Malaria 
pLDH, Orgenics

1 pLDH 2 lines: Control—negative; 
pLDH—P. falciparum, vivax, 
malariae, ovale
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Sensitivity, specificity, likelihood ratios, positive predictive 
value, and negative predictive value were estimated firstly for all 
participants. The primary analysis assessed the diagnostic ac-
curacy of the RDT with any species of malaria as the target for 
detection, and a secondary analysis assessed the accuracy to de-
tect P. falciparum alone. For individuals incorrectly classified by 
RDT (false-positive and false-negative results), we checked the 
discharge diagnosis with sites to establish whether there was an 
indication that these were truly malaria cases or not, or reasons 
why they may have been misclassified by the RDT. Multiple lo-
gistic regression was used to determine the additional predic-
tive accuracy of hemoglobin and platelet levels as predictors of 
malaria infection, adjusting for the RDT result. All estimates are 
presented with 95% CIs. Statistical analysis used R version 3·6·1 
including the epiR and personograph packages [19].

Ethics

The study gained Health Research Authority (HRA) approval 
on 1st June 2020 (reference: 20/HRA/1341). The study was also 
discussed at a Public Patient Involvement meeting (National 
Institute for Health and Care Research Community Healthcare 
MIC, Oxford, 13/03/2019). The study ensured full data protec-
tion safeguards.

Role of the Funding Source

The study funders had no role in the study design, data collec-
tion, data interpretation, or writing of the report.

RESULTS

A total of 16 PERUKI sites in England, Scotland, and Wales 
submitted anonymized data but one site was excluded as RDTs 
were not routinely used alongside films and so did not meet the 
study’s inclusion criteria. Out of the total 1,486 cases across the 
15 remaining sites, 14 were excluded as patients had not had 
both RDT and film performed; data from a further 58 individ-
uals were excluded from analysis as they were above the upper 
age range for inclusion. The use of both film and RDT was 99% 
across the included sites.

The total number of eligible cases was 1,414, with 615 (43%) 
females, and a median age of 4 years (IQR 2–9 years). A his-
tory or presence of fever was recorded in 84% of cases, with 
5.8% having no fever, and the remaining 10% unknown (see 
Appendix 1 and Discussion section below).

There were two deaths in the cohort, neither of which was 
attributable to malaria. Of the children discharged, 85 (6%) 
re-presented with febrile illness within 30 days. Of the six 
children who re-presented with a diagnosis of malaria, all were 
diagnosed correctly with the first RDT. Four children were ei-
ther not tested or did not wait to be seen at the first presentation 
while the remaining two children were diagnosed with malaria 
at the first presentation. The reason for the return of the latter 
two children was unclear from our data.

The prevalence of malaria according to the reference test 
(microscopy) was 3.3% (47/1,414). The sensitivity of RDT alone 
to detect malaria infection compared to microscopy was 93.6% 
(95% CI 82.5–98.7%), specificity 99.4% (95% CI 98.9–99.7%), 
positive predictive value 84.6% (95% CI 71.9–93.1%) and nega-
tive predictive value 99.8% (95% CI 99.4–100.0%) (see Figure 1 
for a graphical representation of the results).

Of the three false-negative results, one had Plasmodium 
malariae (identified on the first film examined), one had 
Plasmodium ovale (identified on the second film examined), 
and one had a mixed P. vivax and P. ovale infection (identified 
on the first film examined) (Table 2). Therefore, none of the 
three cases had P. falciparum on the basis of the film result.

Of the eight false-positive cases (Table 2), four resulted in 
an eventual discharge diagnosis of malaria, of which four were 
noted as having been treated or diagnosed prior to presenta-
tion (HRP2 antigen can remain in the bloodstream for several 
weeks after successful treatment). One indicated detection of 
Plasmodium species antigen on PCR but no parasites on a ma-
laria parasite screen. The remaining three cases were diagnosed 
as viral infections.

Of the 47 malaria cases, all except one were identified with 
a combination of RDT and first film (one case of P. ovale from 
West Africa was identified only with the second film and speci-
ated using PCR).

Out of 47 malaria cases, 36 (77%) were P. falciparum, seven 
(15%) P. vivax, two (4.3%) P. malariae, one P. ovale, and one 
mixed infection (P. vivax and P. ovale). There were no cases of 
Plasmodium knowlesi. Prevalence of P. falciparum was 2.5% 
(95% CI 1.8–3.5%). The sensitivity of RDT alone to detect P. fal-
ciparum infection was 100% (90.3–100%, n = 36/36), specificity 
98.8% (98.1–99.3%, n = 1,362/1,378), positive predictive value 
69.2% (54.9–81.2%, n = 46/52) and negative predictive value 
100% (99.7–100%, n = 1,362/1,362). Of the 36 P. falciparum 
cases, 34 (94.4%) were from sub-Saharan Africa. In those with 
a parasitemia level reported, 11 (30.5%) cases had high parasit-
emia levels (≥2%—ie, severe or complicated malaria), with 24 
(67%) found to have parasitemia levels <2%.

Lower levels of hemoglobin were associated with a positive 
film diagnosis of malaria, but this effect diminished after adjust-
ment for RDT diagnosis. Lower platelet counts were strongly 
associated with a positive film diagnosis for malaria. The effect 
of low platelet counts, as defined by the presence or absence of 
thrombocytopenia (< 150 × 109/L), remained after adjustment 
for RDT diagnosis (p = 0.01, see Figure 2). The original positive 
predictive value of 84.6% (based on a positive RDT result alone) 
increased to 100% (n = 25/25, 95% CI 83.4–100%) among par-
ticipants who had both a positive RDT result and thrombocy-
topenia, and dropped to 70.8% (n = 17/24, 95% CI 48.8–86.6%) 
among participants who had a positive RDT result without 
thrombocytopenia, based on participants with available platelet 
count data.
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DISCUSSION

Standard malaria RDTs were 100% sensitive in detecting P. 
falciparum malaria in CYP with fever and travel to an area 
endemic for malaria, with 98.8% specificity and a negative 
predictive value of 100% (99.7–100%). Sensitivity was lower 
(93.6%) and specificity higher (99.4%) for all malaria species 
combined (the WHO recommends a sensitivity threshold of 
95% for malaria-endemic settings). These results should be 
treated with caution as there were three false negatives out of 

11 non-falciparum malaria infections—previous studies have 
shown lower diagnostic accuracy for non-falciparum species 
[20]. Thrombocytopenia (< 150 × 109/L) increased the RDT’s 
positive predictive value from 84.6% alone—malaria prevalence 
was low in this cohort—to 100%.

At the prevalence of malaria observed in this study, we might 
expect the RDT to return a false-negative result once per 470 
individuals tested.

Comparison with Other Literature

Previous malaria diagnostic accuracy studies in non-endemic 
countries have either enrolled only adult patients, or combined 
adult/child populations with the number of children not spe-
cified. A meta-analysis of 21 studies containing 5,747 mostly 
adult patients concluded that RDTs, while a useful adjunct, 
should not replace microscopy [21].

A more recent prospective study in eight French hospitals in 
mostly adult patients showed RDTs detecting the HRP2 antigen 

31/1000 True Positive 2/1000 False Negative 6/1000 False Positive 961/1000 True Negative

Figure 1. Personogram showing approximate expected numbers of rapid antigen detection test results in a hypothetical sample of 1,000 children. Of the 
children tested, we would expect 33 to have malaria but 2 of the RDT results would be false-negatives.

Table 2. Comparison of RDT and Film for Malaria Diagnosis

Film

Positive Negative Total

  Rapid antigen detection test Positive 44 8 52

Negative 3 1,359 1,362

Total 47 1,367 1,414
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had high sensitivity (96%) and specificity (97%) but as RDTs 
with a pan-malarial antigen had a low negative predictive value 
(52–64%) for other Plasmodium species, the authors concluded 
that “all negative results must be confirmed by the reference di-
agnostic method when clinical, biological, or other factors are 
highly suggestive of malaria” [20]. Our study’s use of combina-
tion RDTs had a higher negative predictive value of 99.8% (95% 
CI 99.4–100.0%) for all Plasmodium species.

A prospective study of 852 returning travelers in the USA 
evaluated RDTs against microscopy and found combination 
RDTs had an overall sensitivity of 97% for malaria and 100% for 
P. falciparum, outperforming microscopy. It was unclear how 
many children were enrolled and the authors did not advocate 
RDT use alone for preliminary diagnosis [22].

Confirming previous studies, thrombocytopenia was 
strongly associated with malaria infection. While early diag-
nosis of thrombocytopenia—usually available ahead of malaria 
diagnosis by microscopy—is an important marker for possible 
malaria infection, other imported infections such as dengue 
and leptospirosis can also show a drop in platelet counts [23] 
and a full blood count is not routinely point-of-care in UK EDs.

Our study did not record the clinical severity of infections 
and no child from our cohort died from malaria. Death from 

imported malaria in children is rare but severe illness less so 
[24]. One 20-year observational study of mortality from im-
ported P. falciparum malaria in the UK found no deaths in the 
under 5 s and one death among 5–18 year-olds [17, 25, 26]. A 
retrospective study of imported P. falciparum malaria in France 
(1996–2005) recorded 851 cases of severe malaria out of a total 
of 4,150 cases (20.5%), with one death [26].

While standard RDT appeared to perform well in detecting 
P. falciparum in children in our study, pfhrp2 and pfhrp3 
(pfhrp2/3) gene deletions in the P. falciparum parasite, which 
lead to false-negatives in HRP2-based RDTs, place a question 
mark over the long-term reliability of HRP2-based RDTs. First 
found in the Amazon basin, these deletions are now found in 
sub-Saharan Africa, are predicted to increase, and are not uni-
formly distributed across the globe [27, 28]. While some brands 
of RDTs using pan-LDH antigens can still correctly diagnose 
falciparum malaria, the authors of one study concluded that 
new targets for P. falciparum detection need to be identified ur-
gently, given the reliance on HRP2-based tests in areas endemic 
for malaria [29].

The use of loop-mediated isothermal amplification of DNA 
(LAMP), a simple and relatively inexpensive technology, has 
been explored to aid malaria screening. One French study of 
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Figure 2. Distribution of hemoglobin and platelet count by film malaria diagnosis.
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319 suspected cases showed LAMP had 100% sensitivity (95.5–
100%) and 93.64% specificity (89.55–96.48%) compared to 
PCR, with four false-positives [30]. LAMP is now used in that 
setting to confirm a negative RDT, with microscopy reserved for 
either positive RDT or LAMP tests only [31].

Strengths

This study is the first to date to report the diagnostic accuracy 
of malaria RDTs alone to rule out imported malaria infection 
specifically in children. The multi-center, pragmatic design in 
a setting with a high number of imported cases supports the 
applicability of its findings in European, non-endemic settings 
with relatively large numbers of imported malaria.

LIMITATIONS

Retrospective study designs have an inherent bias—diagnostic 
algorithms, data collection, data entry, and quality were not 
planned ahead of time [32] and data collected was based on re-
ferral for a test rather than clinical symptoms at the presenta-
tion—but the design ensured we were able to capture enough 
cases to adequately power the study [24].

The standard practice still advocates that up to three films are 
required to rule out malaria but our study found that 46 out of 47 
confirmed cases were diagnosed with a combination of first film 
and RDT (one case was diagnosed on the second film). The lack 
of three films for all cases (only 15% of our patients had three 
films performed, with several of these to monitor treatment) 
could have missed an infection that was presented elsewhere. 
The use in one center of the quantitative buffy coat for malaria, 
and in another, use of thin film only (without a thick film), might 
also have affected the results. Our study shows that ED clinicians, 
for reasons that are not clear, rarely follow traditional guidance 
on three films, as reflected in our results. Our study, like Stauffer 
et al’s US-based, real-world diagnostic accuracy study evaluating 
malaria RDTs [22], was based on current UK practice.

The use of anonymized data and limited resources meant fol-
low-up of cases was limited to children re-presenting to the same 
ED, with the potential to overestimate RDT performance. We 
found no cases of imported P. knowlesi, endemic in Borneo and 
Malaysia, which can be difficult to diagnose [33]. In this retro-
spective study, 5.8% were recorded as having no fever, with the 
remaining 10% unknown and while we decided to include these 
cases in the analysis—we believe that a child with no fever at pres-
entation could have been recorded erroneously as having no fever, 
for example, two cases of malaria in our cohort were recorded as 
“fever—unknown”—this could have affected the results.

Implications for Clinical Practice and Future Research

Simple, accurate, inexpensive diagnostic tests such as RDTs 
would be a boon for busy EDs as they are quick and easy 
to perform and are relatively non-invasive. A recent study 

in the Democratic Republic of Congo—considered an area 
where pfhrp2 and pfhrp3 (pfhrp2/3) gene deletions are 
likely to increase [28]—found single deletions in pfhrp2 
in 3/1109 (0.27%) of samples, the authors concluding that 
HRP2-based RDTs could still be used appropriately in the 
area studied [34]. However, current RDT’s lower sensitivity 
for other malaria species and the potential for a rise in 
pfhrp2 and pfhrp3 (pfhrp2/3) gene deletions in the P. fal-
ciparum parasite means that UK EDs must still send blood 
samples for microscopy.

Earlier diagnosis could be made in the majority of cases if 
RDTs were used in ED rather than being sent on to the hospital 
lab as they are currently in the UK [35]. The additional finding 
of low platelets sent on an accompanying full blood count could 
help alert clinicians to possible malaria infection or another 
tropical differential diagnosis (eg, Dengue) before the result of 
microscopy is known.

A prospective study in countries non-endemic for malaria but 
with high numbers of imported malaria cases would be ideal to 
test RDT and platelet count alone against standard microscopy 
alongside LAMP technology and the new generation RDTs in 
children while at the same time ensuring the performance of diag-
nostics is maintained in busy ED settings with multiple operators.

CONCLUSION

Standard RDTs were 100% sensitive in detecting P. falciparum 
malaria in children with fever and travel to an area endemic 
for malaria, with false-positives in half of the cases due to prior 
treatment of infection, but sensitivity was lower (93.6%) for all 
malaria species, with a high number of false negatives for non-
falciparum species. A prospective study should be carried out to 
confirm external validity and evaluate the use of new malaria 
diagnostics for use in acute pediatric services in non-endemic 
settings to aid earlier diagnosis in children and ensure the per-
formance of diagnostics is maintained in busy ED settings with 
multiple operators.

Acknowledgments
This multi-center study could not have been completed without the gen-

erous support of the following children’s emergency departments and the 
Paediatric Emergency Research UK and Ireland (PERUKI) research net-
work: Sheffield Children’s Hospital—Glenda Amenos Barraza, Shammi 
Ramlakhan, Fiona Shackley, Mark Simmerson, Emma Wynne; John 
Radcliffe Hospital, Oxford—Emma Tough, Sally Beer, Charlotte Brown, 
Jiske Steensma; Bristol Royal Hospital for Children—Sarah Blakey; Royal 
Hospital for Children, Glasgow—Eleanor Shone, Steve Foster; Watford 
General Hospital—Michelle Jacobs, Mohamed Rineesh; Royal Berkshire 
Hospital, Reading—Katie Palmer, Manish Thakker; University Hospital 
of Wales Hospital, Cardiff—Jeff Morgan, Jennifer Muller; Chelsea and 
Westminster Hospital, London—Sophie McEvoy; Royal Hospital for 
Children and Young People, Edinburgh—Jen Browning; Addenbrookes 
Hospital, Cambridge—Kashif Malik, Jude Okoye; Royal Free Hospital, 
London—Shye-Wei Wong, Cynthia Diaba, Sudeepta Hemraj; North 
Middlesex Hospital, London—Poonam Patel, George Lawson, Katie 
Knight, Deborah McCartney; Northwick Park Hospital, London—Paul 

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/12/5/290/7127493 by guest on 19 June 2023



296 • JPIDS 2023:12 (May) • Bird et al

Tanto, Lauren Fraser, Sarah Al-Rawi, Kazim Ghafoor, Behrouz Nezafat, 
Ana Silva Ferreira; Children’s Health Ireland at Crumlin, Dublin—Michael 
Barrett, Nilaksa Sivanenthiran; St George’s Hospital, London—Heather 
Jarman; Whittington Hospital, London—Erum Jamall; and Birmingham 
Children’s Hospital—Karen Davies, Desha Wasala, Sarah Hadfield, Stuart 
Hartshorn.

Financial support. This work was supported by the National Institute 
for Health and Care Research (NIHR) Community Healthcare MedTech 
and In Vitro Diagnostics Co-operative at Oxford Health NHS Foundation 
Trust (grant number MIC-2016-018). TF receives funding from the NIHR 
Applied Research Collaboration Oxford and Thames Valley at Oxford 
Health NHS Foundation Trust.

Potential conflicts of interest. Christopher Bird—no conflict; Gail N 
Hayward—no conflict; Philip J Turner—no conflict; Vanessa Merrick—
no conflict; Mark D Lyttle—no conflict; Niall Mullen—no conflict; and 
Thomas R Fanshawe—no conflict.

References
 1. Ashley EA, Pyae Phyo A, Woodrow CJ. Malaria. Lancet 2018; 391:1608–21.
 2. WHO. World Malaria Report. Geneva: World Health Organization; 2022.
 3. Keating C. The history of the RTS,S/AS01 malaria vaccine trial. Lancet 2020; 

395:1336–7.
 4. Angelo KM, Libman M, Caumes E, et al. Malaria after international travel: a 

GeoSentinel analysis, 2003–2016. Malar J 2017; 16:293.
 5. Mischlinger J, Rönnberg C, Álvarez-Martínez MJ, et al. Imported malaria in 

countries where malaria is not endemic: a comparison of semi-immune and 
nonimmune travelers. Clin Microbiol Rev 2020; 33:e00104–e00119

 6. Tatem AJ, Jia P, Ordanovich D, et al. The geography of imported malaria to non-
endemic countries: a meta-analysis of nationally reported statistics. Lancet Infect 
Dis 2017; 17:98–107.

 7. Lalloo DG, Shingadia D, Bell DJ, et al. UK malaria treatment guidelines 2016. J 
Infect 2016; 72:635–49.

 8. Crawley J, Chu C, Mtove G, Nosten F. Malaria in children. Lancet 2010; 
375:1468–81.

 9. Chilton D, Malik ANJ, Armstrong M, et al. Use of rapid diagnostic tests for diag-
nosis of malaria in the UK. J Clin Pathol 2006; 59:862–6.

 10. Amir A, Cheong FW, de Silva JR, Lau YL. Diagnostic tools in childhood malaria. 
Parasit Vectors 2018; 11:1-2.

 11. Watson OJ, Sumner KM, Janko M, et al. False-negative malaria rapid diagnostic 
test results and their impact on community-based malaria surveys in sub-Saharan 
Africa. BMJ Glob Health 2019; 4:e001582.

 12. Luchavez J, Baker J, Alcantara S, et al. Laboratory demonstration of a prozone-like 
effect in HRP2-detecting malaria rapid diagnostic tests: implications for clinical 
management. Malar J 2011; 10:286.

 13. Briand V, Cottrell G, Tuike Ndam N, et al. Prevalence and clinical impact of ma-
laria infections detected with a highly sensitive HRP2 rapid diagnostic test in 
Beninese pregnant women. Malar J 2020; 19:188.

 14. Pasquier G, Azoury V, Sasso M, et al. Rapid diagnostic tests failing to detect in-
fections by Plasmodium falciparum encoding pfhrp2 and pfhrp3 genes in a non-
endemic setting. Malar J 2020; 19:1-9.

 15. Wilson IE, Shingadia D, Yeung S, et al. Are three malaria tests necessary in 
children returning from the tropics with fever? Arch Dis Child 2018; 103:109–12.

 16. Reynard C, Geary K, Chiodini P, et al. A diagnostic evaluation of single screen 
testing for malaria in the returning traveler: a large retrospective cohort study. 
Acad Emerg Med 2021; 28:776–80.

 17. Public Health England. Malaria Imported into the United Kingdom: 2019; 2021.
 18. Cohen JF, Korevaar DA, Altman DG, et al. STARD 2015 guidelines for reporting 

diagnostic accuracy studies: explanation and elaboration. BMJ Open 2016; 
6:e012799e012799.

 19. R Foundation for Statistical Computing. R: A language and environment for sta-
tistical computing. Published online 2020.

 20. Houzé S, Boutron I, Marmorat A, et al. Performance of rapid Ddiagnostic tests for 
imported malaria in clinical practice: results of a national multicenter study. PLoS 
One 2013; 8:e75486.

 21. Marx A, Pewsner D, Egger M, et al. Meta-analysis: accuracy of rapid tests for ma-
laria in travelers returning from endemic areas. Ann Intern Med 2005; 142:836–46.

 22. Stauffer WM, Cartwright CP, Olson DA, et al. Diagnostic performance of rapid 
diagnostic tests versus blood smears for malaria in US clinical practice. Clin Infect 
Dis 2009; 49:908–13.

 23. Rubio E, Alejo-Cancho I, Aylagas C, et al. Diagnostic value of platelet and leu-
kocyte counts in the differential diagnosis of fever in the returning traveler. Am J 
Trop Med Hyg 2019; 100:470–5.

 24. Ladhani S, Garbash M, Whitty CJM, et al. Prospective, national clinical and epi-
demiologic study on imported childhood malaria in the United Kingdom and the 
Republic of Ireland. Pediatr Infect Dis J 2010; 29:434–8.

 25. Checkley AM, Smith A, Smith V, et al. Risk factors for mortality from imported 
falciparum malaria in the United Kingdom over 20 years: an observational study. 
BMJ 2012; 344:e2116–e2116.

 26. Mornand P, Verret C, Minodier P, et al. Severe imported malaria in children 
in France. A national retrospective study from 1996 to 2005. PLoS One 2017; 
12:e0180758.

 27. Poti KE, Sullivan DJ, Dondorp AM, Woodrow CJ. HRP2: transforming malaria 
diagnosis, but with caveats. Trends Parasitol 2020 Feb; 36:112–26.

 28. Watson OJ, Slater HC, Verity R, et al. Modelling the drivers of the spread of 
Plasmodium falciparum hrp2 gene deletions in sub-Saharan Africa. Elife 2017 
Aug 24; 6:e25008.

 29. Gatton ML, Chaudhry A, Glenn J, et al. Impact of Plasmodium falciparum gene 
deletions on malaria rapid diagnostic test performance. Malar J 2020; 19:392.

 30. Ponce C, Kaczorowski F, Perpoint T, et al. Diagnostic accuracy of loop-mediated 
isothermal amplification (LAMP) for screening patients with imported malaria in 
a non-endemic setting. Parasit 2017; 24:53.

 31. Charpentier E, Benichou E, Pagès A, et al. Performance evaluation of different 
strategies based on microscopy techniques, rapid diagnostic test and molecular 
loop-mediated isothermal amplification assay for the diagnosis of imported ma-
laria. Clin Microbiol Infect 2020; 26:115–21.

 32. Rutjes AWS, Reitsma JB, di Nisio M, et al. Evidence of bias and variation in diag-
nostic accuracy studies. CMAJ 2006; 174:469–76.

 33. Yerlikaya S, Campillo A, Gonzalez IJ. A systematic review: performance of rapid di-
agnostic tests for the detection of Plasmodium knowlesi, Plasmodium malariae, and 
Plasmodium ovale monoinfections in human blood. J Infect Dis 2018; 218:265–76.

 34. McCaffery JN, Nace D, Herman C, et al. Plasmodium falciparum pfhrp2 and 
pfhrp3 gene deletions among patients in the DRC enrolled from 2017 to 2018. Sci 
Rep 2021; 11:22979.

 35. Enane LA, Sullivan KV, Spyridakis E, Feemster KA. Clinical impact of malaria 
rapid diagnostic testing at a US children’s hospital. J Ped Infect Dis Soc 2020; 
9:298–304.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/12/5/290/7127493 by guest on 19 June 2023



RDT Alone to Rule Out Imported Malaria in Children • JPIDS 2023:12 (May) • 297

APPENDIX 1.

Baseline characteristics for Travel Fever study. Data are shown as n (%) or median [range; interquartile range].

Positive for malaria (n = 47) Negative for malaria (n = 1,367) Total (n = 1,414)

Male sex 25 (53%) 774 (57%) 799 (57%)

Age 9 [0–15; 6–12] 4 [0–15; 2–9] 4 [0–15; 2–9]

Fever

  Yes 45 (96%) 1,140 (88%) 1,185 (84%)

  No - 82 (6.0%) 82 (5.8%)

  Unrecorded 2 (4.3%) 145 (11%) 147 (10%)

Parasite count (%) 0.5 [0.01–10.4; 0.3–4.1] - 0.5 [0.01–10.4; 0.3–2.4]

Number of films

  1 13 (28%) 1,041 (76%) 1,054 (75%)

  2 6 (13%) 145 (11%) 151 (11%)

  3+ 28 (60%) 181 (13%) 209 (15%)

Hemoglobin at presentation (g/L) 109 [60–136; 98–123] 120 [36–202; 112–129] 120 [36–202; 112–129]

Platelet count at presentation (109/L) 134 [14–486; 56–177] 295 [4–1,580; 234–364] 291 [4–1,580; 228–361]

Died

  Yes - 2 (0.1%) 2 (0.1%)

  No 44 (94%) 1312 (96%) 1356 (96%)

  Unrecorded 3 (6.4%) 53 (3.9%) 56 (4.0%)

Re-presented with febrile illness within 30 days

  Yes 6 (13%) 79 (5.8%) 85 (6.0%)

  No 38 (81%) 1209 (88%) 1247 (88%)

  Unrecorded 3 (6.4%) 79 (5.8%) 82 (5.8%)

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/12/5/290/7127493 by guest on 19 June 2023


