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Abstract
Objective: Main malaria diagnosis is based on microscopic examination combined with rapid diagnostic
tests. Both methods have low sensitivity and speci�city. Loop-mediated isothermal ampli�cation
techniques have shown a sensitivity similar to PCR but with lower times of performance.

This study aimed to assess a commercial LAMP for the diagnosis of malaria (Alethia® Malaria) against
the Nested-Multiplex-Malaria PCR, including the analytical sensitivity and the operational characteristics.

Results: One hundred �ve samples out of 114 rendered valid results, obtaining 85 positive samples and
18 negative samples with an agreement of 98% compared to the reference method with a sensitivity,
speci�city and kappa coe�cient of 98.84%, 94.74% and 0.94 respectively, with only two discrepant
samples. The turnaround time was estimated in 1 hour and 30 minutes, with a cost of 32.67€ per
determination. The results showed several advantages of the Alethia® Malaria, as it was easy to perform,
minimal training requirement and 40 minutes run. Moreover, it includes an internal control to avoid false
negatives. However, it also showed some limitations such as the need for a speci�c ampli�cation and
detection device, the detection of only Plasmodium spp. and a very high price.

Introduction
According to the last World Malaria Report, in 2020 an estimated 241 million cases of malaria occurred
worldwide [1]. On the way towards elimination, one of the major issues to be addressed is the
development of highly sensitive, reliable and easy-to-perform methods for the point-of-care diagnosis of
malaria [1, 2].

In non-endemic countries, the majority of cases are imported [3] and locally acquired infections are rare
events [4]. In Spain, malaria was declared o�cially eliminated in 1964 [5]. Since then, all reported cases
have been imported, except for a few cases of locally acquired malaria [6].

Main malaria diagnosis is based on microscopic examination of Giemsa-stained thick and thin blood
smears, often combined with rapid diagnostic tests (RDTs) [7]. Both methods have low sensitivity, unable
to detect cases with low parasitaemia and/or asymptomatic and low speci�city, not detecting the species
involved or requiring expert microscopists [2, 7].

Nucleic acid-based detection of malaria parasites (NAT) is now routine in reference laboratories of
several non-malaria endemic countries, mostly based on polymerase chain reaction (PCR) [7]. However,
novel techniques based on isothermal methods have been designed [8–10]. LAMP method ampli�es DNA
with high speci�city, e�ciency and rapidity under isothermal conditions [11]. The strength of this
technique relies on the possible application to low resource settings because it can be performed without
speci�c expensive devices, just with a simple heating block or water bath [12]. There are several LAMP
commercial kits developed to detect malaria parasites [10, 13, 14]. Alethia® Malaria LAMP assay
(Meridian Bioscience), previously called illumigene® Malaria, is a qualitative in vitro diagnostic LAMP
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test for detection of Plasmodium spp. that has been tested in endemic [13] and in non-endemic malaria
countries [2, 14–16]. However, most of the published studies include none or very few samples of P.
knowlesi parasites [16, 17].

This study aimed to assess the diagnostic performance of the Alethia® Malaria LAMP assay for the �ve
species of Plasmodium that infect humans commonly, including P. knowlesi, compared to the Nested-
Multiplex-Malaria PCR (NM-PCR). This evaluation includes the performance of the tests, the analytical
sensitivity and the operational characteristics.

Material And Methods

Clinical samples and study design
Samples used belonged to a project approved by the Medical and Health Research Ethics Committee
(CEIC) of the Hospital Universitario 12 de Octubre (No. CEtm: 18/021). Plasmodium knowlesi samples
were collected in Malaysia under a project approved by the Medical Research Sub-Committee of the
Malaysian Ministry of Health (NMRR-13-1064-18189). One hundred fourteen samples, 93 malaria positive
(65 P. falciparum, 6 P. vivax, 9 P. ovale, 4 P. malariae and 9 P. knowlesi) and 21 negative samples were
tested.

Alethia® Malaria LAMP assay
Alethia® Malaria LAMP kit includes the material to perform the DNA extraction and the LAMP reaction.
The assay was performed according to the manufacturer's instructions using the Illumipro-10™ (Meridian
Bioscience) for the ampli�cation and reading of the results, obtaining a positive, negative or invalid result
in 40 minutes. The LAMP reaction consists of two tubes with all the lyophilized components, one for the
ampli�cation of Plasmodium spp. and the second as internal reaction control.

Nested-Multiplex-Malaria PCR (NM-PCR)
DNA puri�cation from 200 µl of whole EDTA blood was performed using the QIAamp DNA mini blood kit
(QIAGEN®, Inc.) according to the manufacturer’s instructions.

NM-PCR was performed using gel form tubes (BioMalar Kit, Biotools) according to the manufacturer and
original authors’ recommendations [18, 19]. The method involves two multiplex PCR ampli�cations that
target the small subunit rDNA gene of Plasmodium. The �rst reaction ampli�es Plasmodium spp. and an
internal ampli�cation control and the second reaction enables the identi�cation of the infecting species
by the corresponding size of the ampli�ed fragments in the agarose gel electrophoresis [19].

The parameters used for the ampli�cation were an initial denaturation at 94ºC for 7 min, followed by 40
cycles at 94ºC for 20 seconds, 58ºC for 20 seconds, and 72ºC for 30 seconds. The last cycle was
followed by an extension time at 72ºC for 10 minutes. Conditions for the second PCR reaction were an
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initial denaturation at 94ºC for 5 minutes, followed by 35 cycles at 94ºC for 15 seconds, 53ºC for 15
seconds, and 72ºC for 20 seconds, �nishing with an extension phase at 72ºC for 10 minutes.

Limit of detection of Alethia® Malaria assay (LoD)
LoD was determined, by duplicate, using a ten-fold serially diluted P. falciparum positive blood sample
belonging to a patient with a parasitaemia of 7,500 parasites/µl determined by microscopy. LoD was
considered as the lowest parasite concentration in which both duplicates were positive.

Operational characteristics
Estimated costs for the Alethia® Malaria assay and the NM-PCR method were referred to as the cost for
reagents for one determination without including costs associated with labor or derived from duplicates
or controls. Turnaround time was estimated as the time required from the initial moment the sample
begins to be processed until obtaining the results, while hands-on work time was the time required for the
staff to perform the assay.

Statistics
Sensitivity (S), speci�city (E), positive (PPV) and negative predictive value (NPV) and Kappa coe�cient
(k) were analyzed with 95% con�dence intervals using EPI Dat (3.1) software package [20].

Results
One hundred �ve samples out of 114 rendered valid results while nine samples gave invalid results, when
Alethia® Malaria assay was used, obtaining 85 positive samples and 18 negative samples with an
agreement of 98% compared to the reference method (Table 1). Only two samples (1.9%) provided
discrepant results, a P. malariae-infected sample characterized by the NM-PCR, which was negative by the
LAMP method, and a negative sample which rendered a positive result by the LAMP (Table 1).

 
Table 1

Comparison of the Alethia® Malaria kit and NM-PCR results.
Alethia®
Malaria

NM-PCR

P.
falciparum

P.
ovale

P.
vivax

P.
malariae

P.
knowlesi

Negative Total

Positive 59 9 6 2 9 1 86

Negative 0 0 0 1 0 18 19

Invalide 6 0 0 1 0 2 9

Total 65 9 6 4 9 21 114

The values of sensitivity and speci�city were 98.8% and 94.7% respectively and the Kappa coe�cient
was 0.94 (Table 2).
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Table 2

Sensitivity, speci�city, predictive values and kappa
coe�cient of Alethia® Malaria assay compared to NM-

PCR.

  Value (%) 95% CI

Sensitivity 98.84 95.99–100

Speci�city 94.74 82.06–100

Positive predictive value 98.84 95.99–100

Negative predictive value 94.74 82.06–100

Kappa coe�cient 0.94 0.85-1

CI: con�dence interval

The limit of detection of the Alethia® Malaria assay was 0.075 parasites/µl. 

The turnaround time for the Alethia® Malaria assay was estimated in 1 hour 30 minutes (30 minutes for
DNA puri�cation, 10 minutes for tubes preparation, 40 minutes for ampli�cation and 10 minutes for
results reading), while for NM-PCR, it was estimated in 6 hours 15 minutes (1 hour for the management of
the samples and DNA puri�cation, 15 minutes for the �rst PCR setup, with the tubes ready to use, 2 hours
to run the �rst PCR, 15 minutes for the second PCR setup, 2 hours to run the second PCR, 30 minutes for
the automated electrophoresis, and 15 minutes for the analysis of results). 

The cost for the commercial assay was calculated as 32.67€, higher than for the "in-house" assay of 5€,
although in other countries or institutions, the costs of kits may be lower (Table 3).

 
Table 3

Time and costs estimated for Alethia® Malaria and NM-PCR assays.
Technique Turnaround time Hands-on work Costs per determination

Alethia® Malaria assay 1 hour 30 minutes 50 minutes 32.67€

NM-PCR 6 hours 15 minutes 2 hours 5.00€

Discussion
There is a growing request for faster and more sensitive diagnostic methods for malaria. Conventional
methods, such as microscopy and RDTs, lack sensitivity, while PCR-based methods, although very
sensitive [7], require highly trained personnel and expensive equipment. In contrast, LAMP-based methods
have proven to have a similar or higher sensitivity than PCR methods but with the need for less training
and resources [16, 21]. Alethia® Malaria kit is a qualitative commercial assay able to detect Plasmodium
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spp. based on LAMP technology [22, 23]. Furthermore, the kit includes the components to isolate DNA
from whole blood by centrifuge-free methods [13]. In our study, the comparison between LAMP and NM-
PCR assays, with just two discrepant samples (1.9%), showed a very good correlation corroborated with
the high values of sensitivity, speci�city and predictive values, as well as the kappa value (Table 2).
Regarding the two discrepant results, it is very di�cult to assess the accuracy of the LAMP method
because any meaningful evaluation must be involved in comparison with other methods of diagnosis, in
this occasion the NM-PCR, which might themselves be wrong. The false-positive result could be due to
DNA contamination during sample processing [24, 25] or even to be a true-positive [10]. In each extraction
set, a free-DNA sample was included and it did not produce ampli�cation by the LAMP method, so
possibly the second option was more feasible. The false-negative result in the sample infected with P.
malariae may be due to a low parasitaemia of the original sample or that the LAMP assay exhibits
de�ciencies for the detection of this species. In this study, only four P. malariae-infected samples were
analyzed, of which only two (50%) were correctly characterized, meanwhile another was being considered
negative and the last gave an invalid result. Expanding the number of samples infected with P. malariae
would be necessary to �nd the correct answer.

Similar good results in speci�city and sensitivity have been shown in more studies in non-endemic
countries [2, 14, 15, 17]. In a study performed in France [2], they obtained 100% of sensitivity and 98.13%
speci�city using real-time PCR as the reference method. Studies performed in North America obtained
excellent sensitivity compared to microscopy [14] and PCR [16]. Moreover, the Alethia® Malaria kit has
also been evaluated in Senegal obtaining high sensitivity (97.2%) and a good speci�city [13]. However,
neither of these studies tested any P. knowlesi specimens. In our study, the nine P. knowlesi-infected
samples were detected, without any invalid or false-negative results, con�rming the ability of the Alethia®
Malaria LAMP to detect the main �ve Plasmodium human species.

Nine samples out of 114 provided invalid results. Several authors have described a similar situation
where it was not possible to obtain a valid result with this LAMP assay [2, 16]. According to the
manufacturer’s instructions, some possible reasons for the invalid results may be inhibitory specimens,
improper sample preparation, reagent failure, instrument failure, dirty device or improperly seated. In our
study, samples with an invalid result were obtained at the beginning of the study but not at the end,
suggesting that the technologist’s level of training played a factor in the results probably due to improper
mixing of the blood samples and buffers.

The Alethia® Malaria kit showed a very good LoD value for P. falciparum, 0.075 parasites/µl, similar to
reported for several malaria Nested PCRs [18, 26]. Other reports obtained different LoD depending,
possibly, on the origin of the samples used; 2 parasites/µl [12] and 0.5 parasites/µl [15] with conditions
similar to ours, or 0.1 parasites/µl using serial dilutions of P. falciparum cultures [2].

Several malaria LAMP assays have been described previously [8–11], most of them “homemade” assays
with reproducibility problems and with di�cult-to-pass quality assessment controls. Conversely,
commercial LAMP kits for malaria detection present the reagents in lyophilized form to enhance stability
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under ambient conditions, facilitating the use and decreasing the need for high training. Furthermore, the
Alethia® Malaria kit incorporates the components to purify DNA from whole blood and an internal
reaction control to discriminate false negatives from inhibition reactions. Unfortunately, contrary to the
best feature of LAMP technology, the reaction must be run on a speci�c device. Despite this, given our
results, with excellent sensitivity and speci�city and with a reduced time of diagnosis, Alethia® Malaria
assay could be used as a good screening diagnosis method for malaria, as other authors have pointed
out previously [12, 16, 17].

Conclusions
In this study, we demonstrated the utility of the Alethia® Malaria. Our evaluation showed several
advantages, as it was easy to perform, minimal training was needed, DNA puri�cation was simple, fast
and included in the kit, and the ampli�cation run was completed in 40 minutes. Moreover, it includes an
internal control to avoid false negatives. However, it also showed some limitations such as the need for a
special ampli�cation and detection device, the detection of only Plasmodium spp. with no information
about species or the level of parasitaemia and the higher price compared to non-commercial assays.

Limitations
Our study presented some limitations, as the retrospective analysis of the samples and the low number of
samples evaluated, especially for non-falciparum species. In addition, mixed infections were not included
in the assessment and we did not undertake a reproducibility analysis.

List Of Abbreviations
EDTA: ethylenediaminetetraacetic acid; LAMP: Loop-mediated isothermal ampli�cation; LoD: Limit of
Detection; PCR: Polymerase Chain Reaction; NM-PCR: Nested-Multiplex-Malaria PCR; RDT: rapid
diagnostic test.
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