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Background: Malaria is the most common tropical infection in the UK. Current guidelines suggest that testing on 
3 consecutive days is required following an initial negative result. This study aimed to see whether newer diag- 
nostics (loop-mediated amplification assay [LAMP]) had sufficient sensitivity to support a change in diagnostic 
practice. 

Methods: Blood samples from 11 participants who had undergone controlled human malaria infection (CHMI) 
with Plasmodium falciparum malaria were assessed from day 6 (C + 6) for malaria positivity using the Carestart 
Malaria rapid diagnostic test (RDT) and from C + 4 using the Alethia Malaria LAMP assay. Quantitative polymerase 
chain reaction had been performed twice daily during CHMI follow-up. A retrospective analysis of samples sub- 
mitted to the Sheffield Teaching Hospitals for malaria testing over a 5-y period was conducted, evaluating the 
combination of the Carestart RDT alongside blood film analysis, as per UK guidelines. 

Results: In CHMI samples, LAMP was positive for all parasitaemias > 1000 parasites/ml, whereas RDTs were less 
reliable (59% positive for parasitaemias > 1000 parasites/ml). The combination of RDT and blood films for clinical 
samples diagnosed most infections, but only a minority of negative samples had subsequent tests. 

Conclusions: LAMP has higher sensitivity than current UK recommended methods, with a potential to review the 
requirement for additional days of testing in the majority of patients. 

Keywords: diagnostics, LAMP, malaria, RDT 

Introduction 

Malaria is the most common imported tropical infection in Euro- 
pean travellers with short-term exposure, with 1719 imported 
infections recorded in the UK in 2019 (data since skewed by the 
coronavirus disease 2019 [COVID-19] pandemic and changes in 
travel). The majority of infections were caused by Plasmodium fal- 
ciparum and occurred in travellers who had visited friends and 
relatives in sub-Saharan Africa (SSA).1 P. falciparum accounts for 
> 99% of infections in SSA, where 95% of all malaria infections 
occur.2 The World Health Organization (WHO) recommends that 
all suspected malaria cases be confirmed by microscopy or with 

a rapid diagnostic test (RDT) before treatment.3 RDTs are now the 
most commonly used method for diagnosis globally.4 

Guidelines for the diagnosis of malaria in the UK suggest that 
microscopy should be undertaken on high-quality thick and thin 
blood films in all cases of suspected malaria. These should be 
examined by two trained observers, with a minimum of 200 oil 
immersion fields examined in the thick film. Where a blood film 

is negative, but there is a strong clinical suspicion of malaria, 
repeat blood films should be examined 12–24 h after the first 
and again after a further 24 h.5 The accuracy of microscopy 
depends on operator experience, with detection thresholds of 
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4–100 parasites/µl (4000–100 000 parasites/ml) reported.6 RDTs 
are an alternative method for malaria diagnosis increasingly used 
worldwide. These tests detect target antigen, which may be pan- 
Plasmodium species, such as Plasmodium lactate dehydroge- 
nase (pLDH) and aldolase, or species specific, such as histidine- 
rich protein II (HRP2) for P. falciparum . Large numbers of these 
tests have been brought to market, with variable performance 
quality. In 2006 the WHO, in collaboration with the Founda- 
tion for Innovative New Diagnostics (FIND), developed a program 

for evaluating the performance of commercially available RDTs 
to inform those procuring tests for national malaria programs. 
This assessed performance at two fixed parasite densities of 
200 parasites/µl (200 000 parasites/ml) and 2000 parasites/µl (2 
million parasites/ml) using geographically diverse, cryopreserved 
P. falciparum and Plasmodium vivax clinical samples with con- 
sistently comparable concentration ranges of HRP2, pLDH and 
aldolase determined by quantitative enzyme-linked immunosor- 
bent assay.7 This program provides recommended procurement 
criteria for countries looking to source RDTs for malaria diagnos- 
tics, with a recommendation that tests are able to detect ≥75% 

at 200 parasites/ μl for P. falciparum (and P. vivax , where applica- 
ble). 
RDTs are only recommended as a method for confirming the 

presence of P. falciparum on a blood film or where there is insuf- 
ficient experience for adequate microscopic assessment to be 
carried out as per current UK guidelines, particularly in an on- 
call situation when blood film diagnosis may be performed by 
relatively inexperienced observers or where malaria diagnoses 
are rare.5 The performance of laboratories in diagnosing malaria 
and quantifying parasitaemia in the UK is monitored through 
the National External Quality Assessment Scheme (NEQAS). This 
demonstrates the challenges facing malaria diagnosis, even in a 
resource-rich setting. Although malaria was correctly diagnosed 
by 97% of laboratories, the correct species was reported by 54% 

(for a blood film demonstrating Plasmodium ovale ) and 90% ( P. 
falciparum on thick film) of laboratories in 2016. In this survey, 
17% of laboratories reported a false positive result, diagnosing a 
parasitic infection on a negative blood film,8 although it is likely 
that this false positive rate will be higher for NEQAS samples 
than for clinical samples, as laboratories taking part in the NEQAS 
scheme include many that will see few cases of malaria and there 
is also an ‘expectation bias’, as a NEQAS sample will more often 
contain a pathogen rather than be a negative sample. It is clear 
that there remains room for improvement in malaria diagnostics 
and in ruling out malaria infection in particular. 
Nucleic acid amplification techniques, in particular loop- 

mediated isothermal amplification (LAMP), have been developed 
to try to improve sensitivity compared with traditional microscopy 
or RDTs. The Alethia Malaria (formerly Illumigene Malaria) LAMP 
assay from Meridian Bioscience (Cincinnati, OH, USA) is reported 
to have a limit of detection (LoD) of 2 parasites/µl (2000 par- 
asites/ml) for P. falciparum (3D7 clone) and 0.125 parasites/µl 
(125 parasites/ml) for P. vivax (India VII strain). The newer Alethia 
Malaria PLUS assay reports a LoD of 0.25 parasites/µl (250 par- 
asites/ml) and 0.063 parasites/µl (63 parasites/ml) for P. falci- 
parum and P. vivax , respectively. This is a marked improvement on 
the sensitivity of RDTs or traditional microscopy, with a high neg- 
ative predictive value, and therefore could be used as a more reli- 
able ‘rule-out’ test, meaning that repeated tests may be unnec- 

essary, as is currently advised following an initial negative RDT 
or thick blood film where there is a clinical suspicion of malaria 
infection. Unlike quantitative polymerase chain reaction (qPCR), 
LAMP assays only require a small bench-top machine, there is 
no extraction step and they require limited technical ability to 
conduct, meaning that adoption into a clinical laboratory work- 
flow should be straightforward. Due to the relatively high cost of 
LAMP (compared with blood film or RDT) and low rates of infec- 
tion, it is likely to be a more appropriate test in the setting of 
low-endemicity/non-endemic countries than in malaria-endemic 
areas.9 The potential for use of LAMP assays has been included in 
the recent update to the British Society for Haematology guide- 
lines for the laboratory diagnosis of malaria,5 but the guidance 
falls short of specifying where this test might be most useful 
and highlights its limitations in being unable to differentiate cur- 
rent or recent past infection with a positive result, as assays can 
remain positive for up to 4 weeks after successful malaria treat- 
ment because of residual parasite DNA. 
Controlled human malaria infection (CHMI) studies are a use- 

ful method for early efficacy assessment of novel malaria vac- 
cines and therapeutics. Infection can be delivered by the bites 
of infectious mosquitoes, injection of cryopreserved sporozoites 
or injection of parasitized red blood cells.10 Volunteers are moni- 
tored frequently (usually twice daily) and parasitaemias are typ- 
ically very low at the point of diagnosis. Thick film sensitivity 
for parasitaemia > 10 000 parasites/ml has been reported as 
81% (confidence interval [CI] 65–97) following sporozoite CHMI 
in healthy adult volunteers, but only 29% (CI 19–39) for par- 
asitaemias of 1000–10 000 parasites/ml.11 Most centres con- 
ducting CHMI studies use qPCR to measure parasitaemia, which 
has been demonstrated to be a more sensitive and consistent 
method for measuring parasite density.11 –13 Reference labora- 
tories use qPCR for diagnosis, particularly in low parasitaemia 
infections, mixed infection or where speciation is difficult by 
microscopy, but it is not used for routine clinical diagnosis. CHMI 
therefore provides an opportunity to assess these diagnostics 
with serial, undiluted clinical samples with very low parasitaemias 
compared with qPCR. 
In addition to the data provided through the CHMI study, the 

potential utility in a clinical setting was investigated through ret- 
rospective analysis of blood film/RDT results over a 5-y period for 
samples submitted to the Sheffield Teaching Hospitals (STH) NHS 
Foundation Trust haematology laboratories prior to the COVID-19 
pandemic. This aimed to evaluate the efficacy of serial blood film 

testing (as recommended by national guidelines) in the context 
of adjunctive RDTs for malaria infection by any species. A study 
in Queensland, Australia demonstrated that 6.7% of cases were 
diagnosed on subsequent testing following an initial negative 
result when thick and thin blood films alone were used for diagno- 
sis. The majority of cases missed on the first blood film were non- 
falciparum or mixed infections (82%).14 A study in Melbourne, 
Australia found that combining blood film and the BinaxNOW 

RDT diagnosed malaria cases in 96.5% of cases in a study of 255 
cases tested with both blood films and RDT. Of those infections 
missed on the initial test, the majority were due to P. vivax (seven 
of nine cases) and all except one were diagnosed on the second 
set of tests.15 These previous studies suggest that although cur- 
rent widely used techniques are generally effective for excluding 
malaria infection, there is room for improvement and a more 
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Table 1 VAC063C study groups. 

VAC063C group Group size VAC063 VAC063C 

1 (tertiary) 6 Primary CHMI Secondary CHMI a Tertiary CHMI b 

2 (secondary) 2 N/A Primary CHMI Secondary CHMI b 

3 (primary) 3 N/A N/A Primary CHMI 

a Approximate 4-month interval between primary and secondary CHMI. 
b Approximate 8-month interval between preceding CHMI and VAC063C study. 

sensitive assay could save time for patients and clinical and 
laboratory staff if malaria could be reliably excluded on an initial 
test. The Alethia Malaria LAMP assay has been assessed in both 
endemic and non-endemic settings and has consistently demon- 
strated high sensitivity and specificity for malaria infection, with 
similar accuracy to real-time PCR but providing a faster result and 
with relatively little laboratory skill required.16 , 17 Our study aimed 
to demonstrate that at very low parasitaemias, well below the 
levels seen with symptomatic malaria, LAMP reliably detected 
P. falciparum infection and could therefore be considered as a 
‘rule-out’ test for patients with suspec ted infec tion, reducing the 
burden on clinical and laboratory services as well as patients. 

Methods 

Study design and approvals 

This was a diagnostic accuracy study of commercially available 
malaria diagnostics (LAMP and RDT) compared with the gold 
standard of qPCR in serial samples from individuals known to have 
P. falciparum infection. Use of CHMI samples enabled assessment 
of truly low parasitaemias without dilution of samples (as is done 
for RDT assessment in the FIND program). 
The VAC063C study (NCT03906474) was a clinical study to 

assess the safety of primary, secondary and tertiary blood-stage 
controlled human P. falciparum malaria infection in healthy UK 
adults and to characterize parasite growth dynamics.18 This was 
a follow-on study from the VAC063 open-label phase I/IIa clinical 
trial (NCT02927145) of the novel blood-stage P. falciparum can- 
didate vaccine RH5.1/AS01B , which was the first study to show 

a significant in vivo impact on the rate of parasite growth in 
malaria-naïve adults undergoing CHMI.19 

VAC063C received ethical approval from the UK NHS Research 
Ethics Service (Oxfordshire Research Ethics Committee A, Ref 
18/SC/0521). The trial was conducted according to the principles 
of the current revision of the Declaration of Helsinki 2008 and in 
full conformity with the International Council for Harmonisation 
Guideline for Good Clinical Practice. 

Participants 

Volunteers were healthy males and non-pregnant females ages 
18–50 y who were invited to participate in VAC063C having previ- 
ously undergone primary or secondary homologous CHMI in the 
VAC063 trial, but who had been malaria-naïve prior to enrolment 

in VAC063. In addition, healthy malaria-naïve males and non- 
pregnant females ages 18–50 y were invited to take part in a pri- 
mary CHMI in VAC063C. All volunteers gave written informed con- 
sent prior to participation. A total of 11 volunteers were recruited 
at the Centre for Clinical Vaccinology and Tropical Medicine, Uni- 
versity of Oxford, Oxford, UK. 

P. falciparum blood-stage CHMI 

Blood-stage P. falciparum infection was administered intra- 
venously with approximately 750 infected red blood cells.18 

The inoculum used for CHMI was originally produced at QIMR 
Berghofer Medical Research Institute in Brisbane, Australia in 
1994 and consists of aliquots of P. falciparum (clone 3D7)- 
infected erythrocytes taken from a single donor.20 –22 More than 
500 volunteers have been challenged with the inoculum since 
1997 (84 in Oxford to date) and the estimated number of infected 
erythrocytes has varied from 30 to 6000. CHMI of malaria-naïve 
adult individuals using this inoculum has always resulted in para- 
sitaemia as detected by qPCR and/or microscopy.20 , 21 The inocu- 
lum was thawed and prepared under strict aseptic conditions as 
previously described.23 

Participants were undergoing tertiary (n = 6), secondary (n = 2) 
or primary (n = 3) CHMI with a homologous inoculum (Table 1 ). 
The demographics of the VAC063C participants are shown in 
Table 2 . Participants were monitored twice daily for symp- 
toms, with blood taken to assess parasitaemia by qPCR at 
each visit and were treated with either artemether/lumefantrine 
(Riamet) (n = 9) or atovaquone/proguanil (Malarone) (n = 2) once 
they had parasitaemia of > 5000 parasites/ml if symptomatic or 
> 10 000 parasites/ml if asymptomatic. 

qPCR for P. falciparum 

qPCR was performed on whole blood samples collected in tubes 
containing ethylenediaminetetraacetic acid (EDTA) as previously 
described,24 with the following modifications. Blood was col- 
lected at baseline and at clinical protocol–defined time points 
following CHMI for qPCR in 2.0-ml tubes containing EDTA. DNA 
was extracted from 0.4-ml EDTA whole blood using a QIAsym- 
phony SP robot, utilizing the Qiagen DSP Blood Mini Kit and the 
pre-loaded Blood 400 v6 extraction protocol (Qiagen, Hilden, 
Germany), with a 100- μl elution in ATE buffer selected. A total 
of 5 μl of each extraction was used per assay well and was 
run in triplicate for qPCR (equivalent to 60 μl of blood directly 
assessed). Parasites per millilitre equivalent mean values were 

3

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/trs
tm

h
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/trs

tm
h
/tra

f0
5
0
/8

1
3
8
1
6
4
 b

y
 R

ic
h
a
rd

 S
im

p
s
o
n
 u

s
e
r o

n
 2

7
 M

a
y
 2

0
2
5



R. O. Payne et al.

Table 2 VAC063C demographic information for study participants. 

VAC063C 

Characteristics Primary CHMI Secondary CHMI Tertiary CHMI 

Participants, n 3 2 6 

Female, n (%) 2 (67) 2 (100) 2 (33) 

Age (years) Median 25 26 29 

Range 23–50 23–29 23–34 

Body mass index (kg/m2 ) Median 29.8 19.3 24.6 

Range 24.4–31.5 19.1–19.5 19.0–33.0 

Ethnicity, n (%) White British 2 (67) 2 (100) 4 (67) 

White other 0 (0) 0 (0) 1 (17) 

Asian 0 (0) 0 (0) 1 (17) 

Other 1 (33) 0 (0) 0 (0) 

Smoking, n (%) Unknown 1 (50) 1 (17) 

Alcohol excess, n (%) Unknown 0 (0) 0 (0) 

generated by a standard Taqman absolute quantitation, against 
a defined standard curve of diluted P. falciparum 3D7 DNA, 
qualified against DNA from counted parasites in whole blood, 
previously extrac ted by the same method. qPCR was conduc ted 
on an ABI StepOne Plus machine with v2.3 software, using 
default Universal qPCR and QC settings, apart from the use of 45 
cycles and 25- μl reaction volume. The lower limit of detection 
(LLOD) of the assay is 20 parasites/ml (0.02 parasites/µl) and the 
process used has since been formally validated as suitable for 
diagnostic purposes (NJE, personal communication). 

RDT and LAMP assays 

Based on previous data and qPCR results, blood samples were 
assessed from day 6 post-CHMI (C + 6) for malaria positivity using 
the Carestart Malaria (Pan) RDT and from C + 4 using the Illumi- 
gene Malaria LAMP assay (now the Alethia Malaria assay). Results 
from a previous study indicated that RDTs were consistently neg- 
ative prior to C + 8 (unpublished data), so day C + 6 was chosen as 
the date to commence RDT testing to ensure all positive results 
were captured while minimizing resource waste. The assessment 
of the LAMP assay was conducted following the end of the CHMI 
follow-up period, once all samples were available, as a sepa- 
rate project using surplus frozen EDTA whole blood. The assay 
has been validated on frozen samples, so use of frozen rather 
than fresh samples was not expected to influence the results.25 , 26 

Given the higher sensitivity of LAMP, and based on qPCR data from 

previous CHMIs, an earlier time point of C + 4 was chosen as the 
first time point to commence LAMP assays. Time points prior to 
C + 4 were not considered necessary given that parasitaemias in 
this very reproducible model are not detectable above the qPCR 
LLOD until after C + 4.19 , 23 

RDTs were carried out using whole blood in real time during 
the VAC063C CHMI trial according to the manufacturer’s instruc- 
tions daily from C + 6. The results of the RDTs were not made avail- 

able to the clinical team and were not used for diagnosis. The 
Alethia LAMP assays were carried out as per the manufacturer’s 
instructions26 after completion of CHMI participant follow-up on 
50-µl thawed stored blood samples from samples collected daily 
(morning visits) from each participant from C + 4 until the day of 
diagnosis (range C + 8–C + 16). Diagnosis occurred when the pro- 
tocol defined thresholds of parasitaemia of > 5000 parasites/ml 
if symptomatic or > 10 000 parasites/ml if asymptomatic were 
reached. Samples from the day prior to CHMI (C −1) were also 
processed as negative controls for all participants (all confirmed 
negative for P. falciparum by qPCR), in addition to the external 
controls provided with the LAMP kit. 

Retrospective analysis of clinical malaria testing in 
Sheffield 

A service evaluation of samples submitted to the STH NHS Foun- 
dation Trust haematology laboratories over a 5-y period (2013–
2018) was carried out using pseudo-anonymized data extracted 
from the Apex laboratory results system. The STH haematol- 
ogy laboratories provide diagnostic services to primary and sec- 
ondary care within Sheffield, as well as to district general hos- 
pitals within the region. Standard testing algorithms for malaria 
testing include use of the CareStart Malaria immunochromato- 
graphic RDT as well as preparation of thick and thin Giemsa- 
stained blood films. Following a positive malaria test (either RDT 
or blood film), samples are sent to the malaria reference labora- 
tory for confirmation, where identification by blood film (and PCR, 
where necessary) is carried out. Tests conducted within a 96-h 
period on the same patient were considered serial tests relat- 
ing to the same clinical episode. Samples sent post-treatment 
only were excluded from analysis, as RDTs can remain positive 
for many days despite adequate treatment. As this was a service 
evaluation, ethical approval was not required, but the results were 
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Figure 1 Parasites/ml with corresponding LAMP result in serial samples from malaria-infected individuals. Dotted line shows qPCR limit of quantification 
(20 parasites/ml). 

reported and presented to the Trust Clinical Effectiveness Unit as 
well as local departments. 

Results 

LAMP and RDT assays on serial CHMI samples 

Daily samples were tested for the 11 participants until the prede- 
fined qPCR thresholds for treatment were reached. LAMP assay 
positivity in relation to parasitaemia by qPCR is shown in Fig- 
ure 1 . The LAMP assay was reliably positive at a parasitaemia 
of 1000 parasites/ml (i.e. 1 parasite/µl) in this population, with 
positive results as early as C + 5 (100% positive for parasitaemias 
> 1000 parasites/ml; 22/22 samples). Below this parasitaemia 
there were some false negative results documented (88.2% pos- 
itive for parasitaemia in the 100–1000 parasites/ml range; 15/17 
samples). The sensitivity of the test at > 1000 parasites/ml (i.e. 
lower than the published LoD) was therefore 100%, with a nega- 
tive predictive value of 100%. The LAMP assay was positive prior 
to the diagnosis time point for all participants. All samples tested 
prior to CHMI were negative by LAMP assay and qPCR. Specificity 
of the LAMP assay was 100% in our study. 

There were no positive RDT results before C + 9, despite para- 
sitaemias of up to 7567 parasites/ml by qPCR on C + 8. The RDT 
was also negative at D10 for one of the participants diagnosed at 
that point, with a parasitaemia by qPCR of 47 131 parasites/ml. 
Interpretation was difficult in some cases, with only a faint line 
detectable to indicate a positive result (Figure 2 ). RDTs were pos- 
itive at the diagnosis time point (i.e. when the diagnosis thresh- 
old was reached) in 9 of 11 participants (median 15 518 para- 
sites/ml [range 4141–61 760]). The sensitivity of the RDT assay 
at > 1000 parasites/ml (i.e. > 1 parasite/µl) was 45% (specificity 
100%). 

RDT and blood film results from clinical samples 

A total of 1429 patient episodes were included in the final anal- 
ysis, from which there were 101 initial positive tests. Of these, 99 
were confirmed malaria infections (two patients had false posi- 
tive RDT tests). Of the 1328 episodes that were initially negative, 
599 patients (45.1%) had only a single malaria test, 243 (18.3%) 
had two tests and 486 (36.6%) hade a total of three or more 
serial tests. Of these samples, only one patient had a true pos- 
itive test following an initial negative test. As these were pseudo- 
anonymized data, we were unable to determine if the reason for 
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Figure 2 Example of RDT results. Samples from C + 9. All samples were positive by qPCR and LAMP at this time point (median 6394 parasites/ml [range 
82–33 190]; n = 10, as 1 participant had reached diagnosis criteria on C + 8. 

not repeating the test was due to an alternative diagnosis being 
made, low clinical suspicion for malaria or whether these were 
missed tests. The majority of cases were due to P. falciparum 

(76.5%), following travel to SSA, consistent with national data. 
The sensitivity of the combination of blood film and Carestart RDT 
in this study was 95.88% (95% CI 91.92 to 99.83). 
A separate local validation analysis of the Alethia LAMP assay 

compared with RDT by the haematology laboratory as part of 
the required assessment for consideration of implementing the 
technology within the clinical service demonstrated a sensitiv- 
ity of 100% (95% CI 90.26 to 100) for the Alethia LAMP assay 
compared with 94.44% (95% CI 81.34 to 99.32) for the Carestart 
RDT, consistent with our service evaluation data. This evaluation 
was carried out on a total of 47 samples including NEQAS sam- 
ples (n = 3) and patient samples (n = 44, from 38 patients; serial 
samples were included for 3 patients with malaria). There were 
11 negative samples (1 NEQAS, 10 patient samples). Blood sam- 
ples were collected in EDTA tubes and tests were performed on 
fresh samples or following storage at −20°C (as per the assay val- 
idation). Cleared parasitaemias with known recent infection were 
considered ‘positive’, as both RDT and LAMP assays are known to 
remain positive for up to several weeks post-treatment (personal 
communication; unpublished data). 

Discussion 

To our knowledge, this is the first time the Alethia Malaria assay 
has been assessed using serial samples from infected individu- 
als at very low parasitaemias. Our data show that in this set- 
ting the assay is 100% sensitive for P. falciparum parasitaemias 
> 1000 parasites/ml—well below the published detection limit 
of 2000 parasites/ml (2 parasites/µl). LAMP performed better 
than the Carestart Malaria (Pan) RDT and is more sensitive than 
the published sensitivity for thick blood film malaria diagnosis, 
although it remains less sensitive than qPCR. The Carestart RDT 
had a sensitivity of 45% in samples with > 1000 parasites/ml, 
but we note that the WHO assessment parasitaemia for RDTs 
is 200 parasites/µl (i.e. 200 000/ml), which was higher than the 
parasitaemias reached in the CHMI follow-up. This RDT has been 
shown elsewhere to have an LLOD of 49 000 parasites/ml in dilu- 

tions of cultured P. falciparum parasites.27 Similar to an RDT, LAMP 
does not require a high skill level to operate, unlike blood film 

microscopy, and provides a result in < 1 h. In the CHMI setting, 
the LAMP assay was positive in all participants prior to the onset 
of symptoms, unlike the RDT. 
There are limitations for diagnosis by LAMP, in that the Alethia 

Malaria assay does not provide a value for parasitaemia, cannot 
differentiate Plasmodium infections and is a more expensive test 
than microscopy or an RDT. A positive test requires a blood film for 
speciation and parasitaemia calculation, and tests may remain 
positive for up to 4 weeks following infection due to circulating 
residual parasite DNA.5 However, given its high sensitivity, it is 
more reliable for ruling out malaria infection, e.g. in a returning 
traveller, meaning that the repeat blood films after 24 and 48 h 
that are currently recommended are no longer needed, leading 
to reduced overall costs in the majority of cases. Interestingly, 
the combination of blood film and RDT as used in the STH labo- 
ratory was also very sensitive (with similar sensitivity to the data 
reported by Pasricha et al.15 ) and the addition of serial days test- 
ing was rarely required to make a diagnosis. In this setting, LAMP 
was also reported to have higher sensitivity (100%) and specificity 
(100%) by the laboratory team. 
Limitations to this study were that for the CHMI LAMP anal- 

ysis only a single strain of P. falciparum was assessed in a 
small number of healthy volunteers, limiting the generalizabil- 
ity of our findings. However, a prospective study of samples con- 
ducted at the London School of Hygiene and Tropical Medicine 
from returning travellers with signs and symptoms of malaria, 
which also included retrospective positive malaria samples, found 
100% sensitivity of the same LAMP assay after discrepant reso- 
lution, with cases of all species of malaria causing human dis- 
ease included.28 From these data, the group recommended that 
a novel algorithm could be introduced that would remove the 
requirement for additional visits if the first malaria test (by LAMP) 
was negative. A positive result would lead to an initial provi- 
sional report being published and followed up with a subsequent 
microscopy result (or PCR if microscopy negative) to provide a 
final report with speciation ±parasitaemia. This process was esti- 
mated to save US$13 per malaria test in a non-endemic setting 
with low levels of malaria, such as the UK, compared with current 
laboratory practices. 
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Conclusions 

In non-endemic settings, malaria is a relatively rare diagnosis, 
although the most common imported tropical infection in the UK. 
Our data demonstrate that the current guidelines for repeat test- 
ing are not always followed, but additionally, for the most com- 
mon and most severe malaria ( P. falciparum ), parasitaemia can 
be detected by LAMP prior to the onset of symptoms. This pro- 
vides reassurance that in a symptomatic individual with a nega- 
tive test it is extremely unlikely that symptoms are due to malaria 
and an alternative diagnosis should be sought. Data from others 
also demonstrate diagnosis of all malaria species in symptomatic 
returning travellers. This suggests that adoption of the LAMP 
assay by clinical laboratories as a ‘rule-out’ single test would be 
a safe and effective measure, saving time for clinicians, labora- 
tory staff and patients in not having to do repeat testing on sub- 
sequent days for a negative result (i.e. in the majority of cases). 
However, without this option being provided in national guidance, 
laboratories may be more reluctant to change practice. 
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