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Abstract

Light microscopy and rapid diagnostic tests are the two commonly used methods for malaria

diagnosis that rely on the direct use of unprocessed blood samples. However, both methods

do not have the level of sensitivity required for malaria diagnosis in cases of low density

parasitaemia. We report here the diagnostic performance of a whole blood-based reverse

transcription loop-mediated isothermal amplification method for Plasmodium falciparum

malaria diagnosis in apparently healthy blood donors and febrile neonates in Cameroon.

The presence of malaria parasites in whole blood samples was determined by light micros-

copy, antigen-based rapid diagnostic test (RDT), and by RT-LAMP using a “lyse and

amplify” experimental protocol. Of the 256 blood donors tested, 36 (14.1%) were positive for

malaria parasites by light microscopy, 38 (14.8%) were positive by RDT whereas 78

(30.5%) were positive by RT-LAMP. Only light microscopy and RT-LAMP detected infection

among the febrile neonates (279 neonates, median age: 2 days, range: 1–9 days), with posi-

tivity rates of 8.6% and 12.2%, respectively. The overall concordance between the three

methods were 75.9% for RT-LAMP and light microscopy, 75.1% for RT-LAMP and RDT,

and 83.9% for light microscopy and RDT. Blood parasite densities were significantly lower in

the neonates (mean: 97.6, range: 61–192 parasites/μL) compared to the blood donors

(mean: 447.8, range: 63–11 000 parasites/μL). Together, the study demonstrates the use-

fulness of whole blood RT-LAMP for use in rapid pre-screening of blood donors and sus-

pected neonates to avert severe consequences of P. falciparum infections.
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Introduction

Malaria is a vector borne disease caused by protozoan parasites of the genus Plasmodium. Vector

transmission of malaria parasites that occurs during the blood meal of an infected female anophe-

les mosquito is the most common mode of transmission [1, 2]. However, other modes of trans-

mission exist, including vertical transmission from infected mothers to their unborn babies

(congenital malaria) [3–6], and horizontal transmission from infected blood donors to their

recipients (transfusion-transmitted malaria) [7–9]. In fact, both congenital and transfusion-trans-

mitted malarias are common and represent significant public health problems, particularly in

areas with high stable transmission of Plasmodium falciparum [5, 7, 9, 10]. In either case, the

most effective preventive measure is the proactive testing and treatment of infected blood donors

and pregnant women, thereby preventing onward transmission of the parasite. Alternatively,

early diagnosis and prompt treatment of blood recipients or infected neonates is the most effec-

tive strategy for averting serious complication of the disease in such vulnerable groups. Diagnos-

ing malaria in asymptomatic blood donors or pregnant women, as well as early diagnosis in non-

immune babies and blood recipients is challenging due to the extremely low parasite densities

that characterize such patient groups [11–13]. In addition, it is pertinent to note that most cases

of neonate malaria are misdiagnosed initially because of limited awareness about congenital

malaria, lack of user-friendly and high sensitivity tests capable of detecting low level infections in

such patient groups, and the generally non-specific nature of early-stage malaria symptoms.

Traditionally, malaria diagnosis is established by the microscopic detection of parasites on

Giemsa-stained thick or thin blood smears, or using one of several antigen-based immuno-

chromatographic methods otherwise known as rapid diagnostic tests (RDTs) [14]. Although

considered the “gold standard” for malaria diagnosis in hyper-endemic countries, micros-

copy-based methods for malaria diagnosis are highly unreliable, particularly in patients with

low density parasitaemia (<50 parasites/ μl of blood) [15, 16]. Additionally, the method is

time-consuming and labor-intensive [16]. Similarly, immunochromatographic methods,

although user-friendly, are not sensitive enough for use in point-of-need diagnosis of low-den-

sity malaria parasitaemia (sensitivity limits > 100 parasites/μl of blood) [17].

The most reliable approach for diagnosing low-density parasitaemia is by use of molecular

methods such as PCR and loop-mediated isothermal nucleic acid amplification methods [14].

Indeed, recent advances in PCR-based methods allow the detection of less than 1 parasite/μl of

blood [18, 19], making the method highly appropriate for use in cases of low level parasitae-

mia. However, PCR-based methods are expensive and laborious, requiring a purification step

to eliminate polymerase inhibitors that are commonly found in body fluids [13, 20, 21]. An

alternative but more recent molecular approach for malaria diagnosis is the loop-mediated iso-

thermal amplification (LAMP) that may be employed on purified DNA or RNA [22, 23], or

directly on whole blood samples [24]. At least two LAMP-based methods for malaria diagnosis

have been reported, with sensitivity limits in the range of (0.2–0.08) and turnaround times

similar to that of rapid diagnostic tests procedure [14, 24]. We aim in this study to compare

the diagnostic performances of a recently developed RT-LAMP method for malaria [24], with

routine microscopy and RDT in the detection of P. falciparum amongst asymptomatic blood

donors and febrile neonates in a hyper-endemic zone in Cameroon.

Methods

Study design and participants

A cross-sectional study was conducted at the Neonatology Unit of the Yaounde Central Hospi-

tal from June 2018 to November 2018 to assess the prevalence of congenital malaria in the city
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of Yaounde, and at the Blood Bank Unit of the Yaounde University Teaching Hospital from

July 2019 to September 2019 to determine the frequency of malaria parasite contamination of

transfusable blood products in the area. The inclusion criteria were febrile neonates of age <10

days reporting to nearby health facilities for medical consultation, and healthy looking adult

blood donors. Written informed consents were obtained from participants or their legal

representatives.

Ethical consideration

Ethical approval of the study was obtained from the Committee on Human Subjects Research

of the Catholic University of Central Africa in Yaounde, Cameroon (protocol number 2018/

0698/CEIRSH/ESS/MIM). Administrative approvals were obtained from heads of the partici-

pating health facilities.

Sample collection and laboratory analyses

A non-random sampling technique was used to select the study participants. Approximately

60 μl of leftover blood samples, collected by hospital staff for routine medical analysis or des-

tined for the blood bank during the study period, were obtained at each collection site. Thick

blood films (5 μl of whole blood) were prepared and stained using 10% Giemsa solution for 15

minutes. The films were analyzed by light microscopy (Leica DM750, Tokyo) using a 100X oil

immersion objective. Slides were considered negative if parasites were undetected after a

count of 1000 leucocytes. Parasitaemia was determined by assuming a leucocyte count of 8000

white blood cells/μl of blood. All slides were analyzed by at least by two microscopists. In case

of a discordant result, a third reading was done by an independent expert microscopist.

The Malaria Ag Pf/pan RDT kit was used for P. falciparum-specific antigen detection, fol-

lowing the manufacturer’s instructions (Standard Diagnostic Inc., South Korea). Infection

with P. falciparum was also detected by RT-LAMP using the whole blood protocol as previ-

ously described [24]. Briefly, blood samples were diluted (1:50) in a lysis buffer comprising 10

mM Tris-buffered saline, pH 7.4, 0.2% Triton X-100, and 0.1% bovine serum albumin and

kept standing at room temperature for 2 minutes. The lysate (2.5 uL) were immediately added

to a reaction mix comprising 2 μl of pre-mixed primers, 15 μL of reconstituted enzyme

(ISO-DR001, OptiGene, UK) and 5.5 μl of DEPC-treated water. The RT-LAMP reaction was

then realized at 68˚C for 45 minutes using a Genie II real-time amplifier. An RT-LAMP inacti-

vation/annealing step of 98–70˚C with ramp at 0.1˚C per minute was included, and the derived

melting curves used to verify the reaction specificity. Samples were considered positive if

resulting in an amplification peak with a characteristic annealing temperature of ~86.5˚C.

Data analysis

Data were entered into Microsoft Office Excel and analyzed using Graphpad and an online sta-

tistical tool (https://www.medcalc.org/calc/diagnostic_test.php) for descriptive statistics that

comprised test positivity rates, accuracy, relative sensitivities and specificities. Differences

between diagnostic test methods were determined using the McNemar’s test for paired data,

considering P values less than 0.05 as statistically significant.

Results

Proportions of P. falciparum infections by diagnostic method

A total of 279 neonates (median age: 2 days, range: 1–9 days, males: 54.5%) reporting with a

fever for consultation in various health facilities in Yaounde, and a total of 256 volunteer blood

PLOS ONE Diagnostic performance of a rapid whole blood-based RT-LAMP method for malaria diagnosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0246205 January 28, 2021 3 / 7

https://www.medcalc.org/calc/diagnostic_test.php
https://doi.org/10.1371/journal.pone.0246205


donors (median age; 25 years, range; 19–45 years, males: 73.3%) were screened for P. falcipa-
rum infection by light microscopy, RDT and whole blood-based RT-LAMP. Of the 279 neo-

nates tested, 24 (8.6%) were positive by light microscopy, 34 (12.2%) were positive by

RT-LAMP and none (0%) were positive by RDT. Similarly, 14.1% of the 256 blood donors

were positive for P. falciparum infection by light microscopy, 30.5% were positive by

RT-LAMP and 14.8% by RDT. The mean parasite densities in the light microscopy positive

samples were 97.6 (range: 61–192) parasites/μl of blood in neonates and 447.8 (range: 63–11

000) parasites/μl in blood donors. Overall, the malaria positivity rates in the two study groups

combined were 11.2% for light microscopy, 21.1% for RT-LAMP and 7.1% for RDT. Addition-

ally, the proportion of submicroscopic infections detected by RT-LAMP or RDT, were 17.0%

and 6.0%, respectively, indicating a better performance of RT-LAMP as a screening test for P.

falciparum infections in such population groups.

Concordance and diagnostic differences between light microscopy,

RT-LAMP and RDT

Of the 535 neonates and blood donors tested by all three methods, 406 produced similar results

(22 positives and 384 negatives) between light microscopy and RT-LAMP, resulting in a calcu-

lated concordance of 75.9% between the two methods. The concordance between light micros-

copy and RDT was 83.9%, whereas the concordance between RDT and RT-LAMP was 75.1%.

Of the discordant pairs (Table 1), 70.5% (91/129) were positive by RT-LAMP but negative by

light microscopy (P<0.0001), 78.2% (104/133) were positive by RT-LAMP but negative by

RDT (P<0.0001), and 62.8% were positive by light microscopy but negative by RDT

(P = 0.02). Together, these findings show an overall good agreement between the various

methods, and a better performance of RT-LAMP over light microscopy and RDT in terms of

test positivity rates.

Relative accuracy, sensitivity and specificity of whole blood RT-LAMP

method

As shown in Table 2, the accuracy with which RT-LAMP detected malaria parasite infection

was 75.89% (95%CI; 72.03% - 79.45%) when compared to light microscopy, and 75.14% (95%

CI: 71.25% - 78.75%) when compared to RDT. The sensitivity of RT-LAMP determined

amongst the light microscopy positive samples was 36.7% (95%CI: 24.59% - 50.10%), and

23.7% (95%CI: 11.44% - 40.24%) when determined based on RDT positives. Similarly, the

specificity of RT-LAMP as determined amongst the light microscopy negative samples was

80.8% (95%CI: 77.01% - 84.29%), and 79.1% (95%CI: 75.23% - 82.57%) when determined

amongst the RDT negative samples. Taken together, the data show high accuracy of RT-LAMP

when compared to either light microscopy or RDT, reflecting a high overall probability of cor-

rectly classifying P. falciparum infected neonates and blood donors using the whole blood

RT-LAMP method.

Table 1. Proportion of discordant pairs between test methods.

Negative LM RT-LAMP RDT

Positive

LM - 38 (29.5%) 54 (62.8%)

RT-LAMP 91 (70.5%) - 104 (78.2%)

RDT 32 (37.2%) 29 (21.8%) -

https://doi.org/10.1371/journal.pone.0246205.t001
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Discussion

Accurate and early diagnosis of malaria followed by prompt treatment is the only way to avert

serious complications of congenitally transmitted malaria in neonates and transfusion-trans-

mitted malaria. This study was conducted to compare the performance of a recently developed

RT-LAMP method with light microscopy and RDT for use in the diagnosis of both congenital

and transfusion-transmitted malaria in resource-limited environments.

Interestingly, the whole blood RT-LAMP out-performed both light microscopy and RDT

in terms of infection detection rates in both study populations. The proportion of diagnosed

malaria cases by RT-LAMP was about twice the proportion of cases by either light microscopy

or RDT among the blood donors, and 1.4 times greater than malaria cases by light microscopy

in the febrile neonates. This increased proportion of RT-LAMP positives may be attributed to

the extremely low detection limit (0.08 parasites/μl whole blood) of the new method [24], and

the fact that most of the identified cases (neonates and blood donors) presented with extremely

low parasite densities. RDT, with a P. falciparum detection limit over 100 parasites/μl was neg-

ative in all neonate samples tested. The prevalence of malaria in the neonate group (8.6% by

light microscopy and 12.2% by RT-LAMP) are similar to recent reports in the South West

Region of Cameroon where 14.4% prevalence of congenital malaria by microscopy has been

reported [3], and significantly low when compared to earlier reports in Calabar, Nigeria where

the prevalence of congenital malaria among neonates with suspected sepsis was 35% [25]. The

observed decrease in congenital malaria prevalence in our study population can be attributed

to widespread implementation of intermittent malaria preventive measures in the country that

include obligatory sulfadoxine-pyrimethamine administration and bed net use among preg-

nant women as from their first trimester. The obtained prevalence of malaria among the blood

donors is similar to recent observations by Okalla et al. [10] using light microscopy wherein a

prevalence of 14.1% was reported among blood donors in the littoral region of Cameroon.

Despite the high positivity rate of whole blood RT-LAMP when compared to light micros-

copy and RDT, concordance between the different tests were high (>75%), indicating that all

three methods may be used interchangeable in the study population. However, RT-LAMP pro-

duced the highest proportion of test positives when comparing the discordant pairs, suggesting

that the method is suitable as a screening test for P. falciparum infection in both study popula-

tions. RT-LAMP was highly accurate (>75% accuracy) in identifying light microscopy and

RDT confirmed malaria cases. However, despite the high specificity (~80%) when compared

to light microscopy or RDT, the sensitivity performances of whole blood RT-LAMP were low

(36.7% relative to light microscopy and 23.7% relative to RDT). These observations contrast

previous findings by Kemleu et al. [24], wherein a sensitivity of 90% was reported when deter-

mined among RT-PCR positives. This discrepancy may be due to reduced reliability of both

light microscopy and RDT in patients with low density parasitaemia and in recently treated

participants.

In conclusion, this study demonstrates the usefulness of whole blood malaria RT-LAMP for

use in malaria diagnosis among blood donors and in suspected neonates. Additionally, the

study confirms the occurrence of congenital malaria as well as the high prevalence of P.

Table 2. Accuracy, sensitivity and specificity of whole blood RT-LAMP.

Comparator method RT-LAMP

Accuracy [95%CI] Relative sensitivity [95%CI] Relative specificity [95%CI]

Light microscopy 75.89% [72.03% - 79.45%] 36.7% [24.59% - 50.10%] 80.8% [77.01% - 84.29%]

RDT 75.14% [71.25% - 78.75%] 23.7% [11.44% - 40.24%] 79.1% [75.23% - 82.57%]

https://doi.org/10.1371/journal.pone.0246205.t002
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falciparum infections in blood samples destined for transfusion in the city of Yaounde, Camer-

oon, thereby requiring policy changes in order to avert serious complications of both congeni-

tal and transfusion-transmitted malaria in the country.
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