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ABSTRACT

Background & objectives: Microscopy is considered as the gold standard for malaria diagnosis, however sub-
microscopic infections can only be detected by Polymerase chain reaction, which demands high cost and elaborate
laboratory setup. The Micro-chip PCR based Truenat Malaria Pv-Pf and Pf assay is a portable solution for detection
of sub-microscopic/asymptomatic cases of malaria in the field, three lots of which were evaluated for P. falciparum
and P. vivax malaria.

Methods: Three lots of Truenat® Malaria Pv-Pf and Pf assay (kits) were assessed using blood samples of P. vivax and P.
falciparum as well as malaria negative blood samples. DNA was extracted from the blood samples using the Trueprep
Auto v2 Universal Cartridge based sample prep device and real time qPCR was performed using Truelab DUO micro
PCR Analyzer with three lots of Truenat® Malaria Pv-Pfand Pf Assays. Mean, Standard deviation and one-way analysis
of variance (ANOVA) was used to assess the significance of inter-lot variability in Cycle threshold values.

Results: The Truenat® Malaria Pv-Pf and Pf assays identified the malaria parasites with 100% accuracy. Based on
the test for variance (ANOVA) the inter-lot variability in cycle threshold values were not significant, indicating a
high degree of precision.

Interpretation & conclusion: Based on high accuracy and precision between different lots, the Truenat® Malaria
Pv-Pf and Pf assays were found to be suitable for the diagnosis of sub-microscopic infections in field conditions to

provide support in elimination of malaria.
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INTRODUCTION

The burden of malaria is gradually reducing in In-
dia with 3,38,494 cases and 77 deaths reported in 2019.
Owing to gradual reduction in cases in the last decade,
the National Vector Borne Disease Control Programme
(NVBDCP) has planned to eliminate malaria by 2030
Earlier studies by Alves et al. (2005)2, Dal-Bianco et al.
(2007)® and Baliraine et al. (2009)* have suggested the
phenomenon of asymptomatic and sub-microscopic ma-
laria in Brazil, Gabon and Kenya, respectively. It has been
evidentthatasymptomatic carriers actasasource of infec-
tion through mosquito vectors?. Asymptomatic cases may
or may not be sub-microscopic. It has been found that
sub-microscopic cases contribute for 20—50% of human
to mosquito transmission®. In India, asymptomatic ma-
laria has been reported from high as well as low endemic
malarious areas ranging from 8.4 % in Purulia (West Ben-
gal)®to 70-80 % in Chennai’ and up to the tune of 80%
in the North-eastern states®. The National Framework for
Malaria Elimination (NFME) 2016 underscored the im-
portance of detection of asymptomatic malaria cases for

elimination. To achieve the goal of malaria elimination,
strengthened surveillance and even detection of reser-
voirs of malaria infection would be crucial®.

Microscopy is considered as the standard method
used for surveillance by NVBDCP for diagnosis of malar-
ia, and Rapid Diagnostic Tests (RDTs) are used for on the
spot diagnosis where results of microscopy are not avail-
able within 24 hours. But sub-microscopic infections can
only be detected by Polymerase chain reaction (PCR)*
8 19which requires well equipped laboratory infrastruc-
ture. PCR is rarely used for malaria diagnosis due to its
high cost and need for elaborate laboratory setup, making
it unsuitable for surveillance and point-of-care applica-
tions. Recently Nairetal. (2016)" reported the differential
diagnosis of Plasmodium vivax and P. falciparum malaria
by a portable, real-time, Micro-chip based PCR device
which can be used in field conditions. This device named
as Truelab Uno®/DUO is capable of detecting <5 malaria
parasites (P. falciparum and P. vivax) per microlitre!.

In order to use the Truenat® in field conditions, Bigtec
Labs, Goa (India) has developed three lots of assay (kits)
for diagnosis of P. falciparum alone and in combination
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with P. vivax (combo). The present study was undertaken
to assess the consistency of results in three lots of Tru-
enat® Malaria Pv-Pfand Truenat® Malaria Pfassays using
the Truelab® DUO real-time Micro-chip PCR so that the
device maybe used in field conditions for detection of as-
ymptomatic/sub-microscopic cases of malariafor malaria
elimination.

MATERIAL & METHODS

Diagnostics using PCR

The Truenat® Malaria assay is a probe-based micro-
chip PCR malaria assay based on Tagman chemistry that
offers accurate, quick and easy point-of-care diagnosis of
malaria. There are two types of Truenat® Malaria assays:
one specific to P. falciparum (Truenat® Malaria PF assay)
and the other detects both P. vivax and P. falciparum (Tru-
enat® Malaria PV-PF assay).

Collection of samples

Fever surveys were conducted in Nuh district of
Haryana, India between November 2019 and May 2020.
Patients were first tested for malaria using RDT after
which smears were prepared from finger pricked blood.
For diagnosis using the Truenat®Malaria assay, 3—4 drops
(150-200 pl) of blood were collected by finger prick in
heparin coated vials from each malaria patient. Blood
samples with P. vivax as well as malaria negative sam-
ples were also collected in the same way from the field.
Blood samples of P. falciparum were available in-house
from known positive source and were used directly for
the study.

Processing of samples

DNA extraction from blood samples was performed
using the Trueprep® Auto v2 Universal Cartridge based
sample prep device. Blood samples were first transferred
into vials containing the lysis buffer and allowed to mix
for 5 min, following which they were transferred to the
Trueprep cartridge (beset with DNA extraction kit). This
was then inserted into the Trueprep AUTO v2 and DNA
extraction took about 20 minutes. After DNA was ex-
tracted from each blood sample, 6ul of the DNA sample
was added to the microtube containing the master mix
(provided in the Truenat® Malaria Assay) and allowed
to stand for 30 sec. The micro-chip, also provided in the
Truenat® Malaria Assay, was placed into the chip tray of
the Truelab® DUO micro-PCR Analyzer and the DNA/
master mix solution was transferred to the reaction well
of the micro-chip. The micro-chip contains information
regarding the test parameters as well as standard values

required for quantification. To initiate PCR, ‘Malaria Pf’
or ‘Malaria Pv-Pf” test profile was selected from the Ana-
lyzer screen (based on the type of assay used for the sam-
ple. The reaction takes approximately 50 min to complete,
and the amplification curve is displayed on the Analyzer
screen in real time.

For the validation of different lots of Truenat® Ma-
laria Pv-Pf Assay, 40 samples were tested (20 negative, 10
Pf positive and 10 Pv positive) using three lots (MLO007,
MLO008 and ML009). Similarly, for validation of different
lots of Truenat® Malaria Pf Assay, 30 samples were test-
ed (20 negative, 10 Pf positive) using three lots (PF010,
PFO11 and PF012). Conventional nested PCR was also
conducted on all the DNA samples thus obtained using
previously identified primers **in Biorad PCR machine.

Assessment of inter-lot variability

For this the Cycle threshold (Ct) value of each sample
for different lots was compared. The range, mean and stan-
dard deviation of Ct values of all samples of three lots was
evaluated for Truenat® Pv-Pf and Pf assays. For malaria
negative samples, the Ct value of the control available in
the Trueprep® AUTO Cartridge was compared. Ideally,
the Ct value of the control sample should lie in the range
of 25-35. The analysis of variance between three lots of
both the assays was done by test of ANOVA.

Ethical statement

Informed consent was taken from each participant
prior to administering the test, and all procedures fol-
lowed for sample collection were in accordance with the
ICMR’s ethical guidelines®.

RESULTS

All the samples were correctly diagnosed using the
Truenat® Malaria Assay. There was 100% agreement be-
tween the results of parasite detection using conventional
nested PCR and Truenat® Malaria Pv-Pf (Table 1) and
Pf Assays (Table 2). For the Truenat® Malaria Pv-Pf As-
say, average standard deviation in Ct values between the
three lots was 0.5 for P. vivax and P. falciparum positive
samples, while it was 0.65 for the control in the negative
samples (Table 3). Similarly, for the Truenat® Malaria Pf
Assay, average standard deviation in Ct values between
the three lots was 0.51 for P. falciparum positive samples
and 0.91 for the control in negative samples (Table 3). The
one-way analysis of variance (ANOVA) between three
lots of both Truenat® Malaria Pv-Pfand Truenat® Malaria
Pf assays was found insignificant (Table 4). Please see
limitations section for more details.
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Table 1: Results for diagnosis of P. falciparum and P. vivax using Rapid Diagnostic kits,
Nested PCR and three lots of TrueNat® Pv/Pf Malaria Assay
Sample RDT Nested TrueNat® Lot 1 P/ul TrueNat® Lot 2 P/ul TrueNat® Lot 3 P/ul
D PCR
IN2F1-A1  Pf+ Pf+ Pft (Ct=19.4) 5.2x 108 Pf+ (Ct=19.1) 8.6x10°  Pft+ (Ct=18.73) 1.1x107
IN2F1-A2  Pf+ Pf+ Pf+ (Ct=19.2) 5.9x 108 Pf+ (Ct=19.25) 7.7x 108 Pf+ (Ct=19.38) 7.3 x 108
IN2F1-B Pf+  Pf+ Pf+ (Ct=23.1) 44x10° Pf+ (Ct=21.19) 2.0x10°  Pf+(Ct=22.27) 1.0 x 108
IN2F2 Pf+  Pf+ Pf+ (Ct=19.14) 6.2x 10° Pf+ (Ct=18.5) 1.3x 10"  Pf+(Ct=18.75) 1.1x 107
IN2F6 Pf+  Pf+ Pf+ (Ct=19.67) 43x10° Pf+ (Ct=19.8) 53x10°  Pf+ (Ct=19.7) 5.9x 108
IN3F1 Pf+  Pf+ Pf+ (Ct=21.3) 1.5x 10° Pf+ (Ct=20.06) 44x10°  Pf+(Ct=19.75) 5.7x 108
IN3F2 Pf+  Pft Pft (Ct=21.11) 1.7x 108 Pf+ (Ct=21.82) 1.3x 105  Pf+(Ct=20.29) 3.9x 108
IN3F4 Pf+  Pf+ Pf+ (Ct=20.33) 2.8x10° Pf+ (Ct=20) 46x10°  Pf+(Ct=19.18) 8.4x 10°
IN3F6 Pf+  Pft Pf+ (Ct=20.8) 3.3x 108 Pf+ (Ct=19.71) 5.6x10°  Pf+ (Ct=23) 6.3x 10°
IN4F2 Pf+  Pf+ Pf+ (Ct=18.2) 5.7x 108 Pf+ (Ct=19.19) 8.1x10°  Pft+ (Ct=18.67) 1.2x 107
BP2 Pv+ Pv+ Pv+ (Ct=21.67) 1.5x 108 Pv+ (Ct=21.33) 1.6x 105  Pv+(Ct=21.43) 1.3x 108
BBP4 ND  Pvt Pv+ (Ct=30) 43x10° Pv+ (Ct=31.67) 1.1x10°  Pv+(Ct=31.75) 1.0x 10°
BBP11 Pv+ Pv+ Pv+ (Ct=18.6) 1.3x 107 Pv+ (Ct=18.2) 1.5x 10"  Pv+ (Ct=18.2) 1.3x 107
DN2 ND  Pv+ Pv+ (Ct=21.8) 1.4 x 108 Pv+ (Ct=21.4) 1.5x 105  Pv+ (Ct=23.05) 43x10°
N1 ND  Pvt Pv+ (Ct =22.67) 7.3 x 108 Pv+ (Ct=22.6) 6.5x10°  Pv+ (Ct=23) 45x10°
SP10 Pv+ Pv+ Pv+ (Ct=29.5) 6.2x 10° Pv+ (Ct=31) 1.7x 10> Pv+ (Ct=29.4) 5.2x 10°
SP27 Pv+ Pv+ Pv+ (Ct=24) 29x10° Pv+ (Ct=25.2) 1.0x 10°  Pv+ (Ct=25.17) 9.9x10*
SP29 Pv+ Pv+ Pv+ (Ct=30.5) 3.1x 10 Pv+ (Ct=29.43) 52x10°  Pv+(Ct=29.17) 6.1x 10°
SP56 Pv+ Pv+ Pv+ (Ct=29) 8.8x 10° Pv+ (Ct=29.4) 53x 10  Pv+(Ct=30) 3.4x10°
DH37 Pv+ Pv+ Pv+ (Ct=32.33) 9.4x 102 Pv+ (Ct=30.5) 25x 102 Pv+ (Ct=32) 8.6 x 10?
DN3 ND ND ND (Ctrl=29.5) - ND (Ctrl=29) - ND (Ctrl=30) -
DN4 ND ND ND (Ctrl=29.29) - ND (Ctrl=32) - ND (Ctrl=30.5) -
DN5S ND ND ND (Ctrl=30.29) - ND (Ctrl=29.8) - ND (Ctrl=32.71) -
DN6 ND ND ND (Ctrl=32.23) - ND (Ctrl=30.6) - ND (Ctrl=34) -
DN7 ND ND ND (Ctrl=29.33) - ND (Ctrl=28.83) - ND (Ctrl=28.17) -
DN8 ND ND ND (Ctrl=31.4) - ND (Ctrl=29.4) - ND (Ctrl=31.43) -
DNI11 ND ND ND (Ctrl=30.43) - ND (Ctrl=29.57) - ND (Ctrl=32) -
DNI12 ND ND ND (Ctrl=30.33) - ND (Ctrl=30.4) - ND (Ctrl=29.67) -
DNI13 ND ND ND (Ctrl=29.6) - ND (Ctrl=31) - ND (Ctrl=31.29) -
DN14 ND ND ND (Ctrl=30) - ND (Ctrl=32.33) - ND (Ctrl=31.43) -
DNI15 ND ND ND (Ctrl=30.13) - ND (Ctrl=30.25) - ND (Ctrl=30.17) -
DNI18 ND ND ND (Ctrl=29.75) - ND (Ctrl=30.14) - ND (Ctrl=29.17) -
DN19 ND ND ND (Ctrl=29) - ND (Ctrl=28.57) - ND (Ctrl=28.13) -
BBP1 ND ND ND (Ctrl=32) - ND (Ctrl=30.8) - ND (Ctrl=30.13) -
BBP5 ND ND ND (Ctrl=27.29) - ND (Ctrl=27.33) - ND (Ctrl=27.33) -
BBP6 ND ND ND (Ctrl=26.6) - ND (Ctrl=30.11) - ND (Ctrl=30.6) -
BBPS ND ND ND (Ctrl=30.8) - ND (Ctrl=30.17) - ND (Ctrl=30.29) -
BBP9 ND ND ND (Ctrl=29.8) - ND (Ctrl=29.6) - ND (Ctrl=30) -
STPI ND ND ND (Ctrl=32.5) - ND (Ctrl=32.2) - ND (Ctrl=33.29) -
STP4 ND ND ND (Ctrl=30.25) - ND (Ctrl=30) - ND (Ctrl=30.2) -

ND = Not Detected
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Table 2: Results for diagnosis of P. falciparum using Rapid Diagnostic kits, Nested PCR and three lots of TrueNat® Pf Malaria Assay

Sample RDT  Nested TrueNat® Lot 1 P/ul TrueNat® Lot 2 P/ul TrueNat® Lot 3 P/ul
1D PCR
IN2F1-A1  Pf+ Pf+ Pf+ (Ct=17.17) 3.1x 107 Pf+ (Ct=18.38) 1.6 x 107 Pf+ (Ct=18.1) 1.2 x 107
IN2F1-A2  Pf+ Pf+ Pf+ (Ct=16.67) 43x 107 Pf+ (Ct=17.29) 33x 107 Pf+ (Ct=17.82) 1.4 x 107
IN2F1-B Pf+ Pf+ Pf+ (Ct=20) 4.7x 108 Pf+ (Ct=20.2) 4.6x 10° Pf+ (Ct=19.83) 2.8x 107
IN2F2 Pf+ Pf+ Pf+ (Ct=17.15) 3.1x 107 Pf+ (Ct=18.29) 2.5x10° Pf+ (Ct=17.29) 2.0x 107
IN2F6 Pf+ Pf+ Pf+ (Ct=18.5) 1.3 x 107 Pf+ (Ct=18) 2.0x 107 Pf+ (Ct=18.87) 7.4 x 107
IN3F1 Pf+ Pf+ Pf+ (Ct=18.57) 1.2 x 107 Pf+ (Ct=17.4) 3.1x 107 Pf+ (Ct=19.23) 5.7 x 107
IN3F2 Pf+ Pf+ Pf+ (Ct=20.38) 3.6x 10° Pf+ (Ct=10.9) 1.7 x 107 Pf+ (Ct=20) 3.4x10°
IN3F4 Pf+ Pf+ Pf+ (Ct=18.14) 1.6 x 107 Pf+ (Ct=18.29) 1.6 x 107 Pf+ (Ct=19.1) 6.2 x 10°
IN3F6 Pf+ Pf+ Pf+ (Ct=17.4) 2.6x 107 Pf+ (Ct=18.2) 1.8 x 107 Pf+ (Ct=18.71) 8.0x 10°
IN4F2 Pf+ Pf+ Pf+ (Ct=18.75) 1.1x 107 Pf+ (Ct=16.25) 6.7 x 107 Pf+ (Ct=17) 2.5x 107
DN3 ND ND ND (Ctrl=30.25) - ND (Ctrl=30.8) - ND (Ctrl=28.6) -
DN4 ND ND ND (Ctrl=29.8) - ND (Ctrl=30.33) - ND (Ctrl=31) -
DNS5 ND ND ND (Ctrl=29.43) - ND (Ctrl=30.4) - ND (Ctrl=28.75) -
DN6 ND ND ND (Ctrl=29.2) - ND (Ctrl=31) - ND (Ctrl=29.14) -
DN7 ND ND ND (Ctrl=28.33) - ND (Ctrl=27.75) - ND (Ctrl=27.75) -
DNS ND ND ND (Ctrl=30.6) - ND (Ctrl=30) - ND (Ctrl=29.4) -
DNI11 ND ND ND (Ctrl=29.29) - ND (Ctrl=29) - ND (Ctrl=29.43) -
DNI12 ND ND ND (Ctrl=28.2) - ND (Ctrl=30.6) - ND (Ctrl=29) -
DNI13 ND ND ND (Ctrl=32.5) - ND (Ctrl=28.8) - ND (Ctrl=30.4) -
DN14 ND ND ND (Ctrl=30) - ND (Ctrl=31.33) - ND (Ctrl=29.75) -
DNI15 ND ND ND (Ctrl=30.14) - ND (Ctrl=29.17) - ND (Ctrl=29.5) -
DNI8 ND ND ND (Ctrl=34.67) - ND (Ctrl=29.5) - ND (Ctrl=29) -
DNI19 ND ND ND (Ctrl=34) - ND (Ctrl=29.33) - ND (Ctrl=29.8) -
BBPI ND ND ND (Ctrl=30.17) - ND (Ctrl=28.6) - ND (Ctrl=32.2) -
BBPS ND ND ND (Ctrl=27) - ND (Ctrl=29.2) - ND (Ctrl=26.75) -
BBP6 ND ND ND (Ctrl=29.33) - ND (Ctrl=26.43) - ND (Ctrl=30.17) -
BBPS ND ND ND (Ctrl=30.25) - ND (Ctrl=30.75) - ND (Ctrl=31.8) -
BBP9 ND ND ND (Ctrl=28.17) - ND (Ctrl=29.8) - ND (Ctrl=29) -
STP1 ND ND ND (Ctrl=29) - ND (Ctrl=29.5) - ND (Ctrl=29.67) -
STP4 ND ND ND (Ctrl=29) - ND (Ctrl=29) - ND (Ctrl=29.5) -
ND = Not Detected
Table 3: Validation data
Truenat® Malaria Pv-Pf Assay
Lot 1 Lot 2 Lot 3

Pf Positive Samples (N = 10)

Range (Ct) 18.20-23.10 18.50 —21.82 18.67 —23.00

Mean (Ct) 20.23 19.86 19.97

Standard Deviation (Ct) 0.50
Pv Positive Samples (N = 10)

Range (Ct) 18.60 —32.33 18.20 - 31.67 18.20 — 32.00

Mean (Ct) 26.01 26.07 26.32

Standard Deviation (Ct) 0.51

*Negative Samples (N = 20)
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Range (Ct) 26.60 —32.50 27.33-32.33 27.33 -34.00
Mean (Ct) 30.03 30.11 30.53
Standard Deviation (Ct) 0.65
Truenat® Malaria Pf Assay
Lot 1 Lot2 Lot3

Pf Positive Samples (N = 10)

Range(Ct) 16.67 —20.38 16.25-20.90 17.00 —20.00
Mean (Ct) 18.27 18.32 18.60
Standard Deviation (Ct) 0.51

*Negative Samples (N = 20)

Range (Ct) 27.00 — 34.67 26.43-31.33 26.75-32.20
Mean (Ct) 29.97 29.56 29.53
Standard Deviation (Ct) 0.91

*Negative samples do not show any Ct value. However, the given Ct values are of positive control in the Trueprep cartridge.

Table 4: One-way analysis of variance (ANOVA)

Sample

Significance ( p value)

Truenat® Malaria Pv-Pf Assay

Pf positive samples

Pv positive samples

Negative samples (comparison of Ct values of positive control)
Truenat® Malaria Pf Assay

Pf positive samples

Negative samples (comparison of Ct of positive control)

0.821
0.989
0.514

0.236
0.581

The tests of variance between three lots show that
there isno significant difference in the Ct values of malaria
positive samples and positive control in negative samples
as the p-value is much greater than 0.05. Further, the vari-
ance in the Ct values for Pf positive samples was least (p
=0.821) for Truenat® Malaria Pv-Pfassay as compared to
the Truenat® Pf Assay (p = 0.236).

DISCUSSION

The results of the validation provide evidence that
all the three lots of Truenat® Malaria assays developed
by Bigtec Labscan diagnose P. falciparum and P. vivax
infections with high accuracy and precision. They also
indicate that differential diagnosis of Pv-Pfmalaria is pos-
sible and is comparable with WHO approved nested PCR
technique. The sensitivity and specificity of all the lots
was found to be 100% and the inter-lot variation between
three lots was insignificant. The requirement of 150 pl
blood can be met by 2—3 drops of finger prick blood in field
conditions. Truelab DUO machine which was provided
by Molbio diagnostics, Goa can screen two samples in one
hour while the machines with four trays can process four

samples inan hour and thus 32 samples ina day which can
be increased as per demand. At present there is no policy
for detection of asymptomatic cases or sub-microscopic
cases of malaria in India by NVBDCP. This suggests that
inability to capture sub-patent cases of malaria in routine
surveillance that currently rely on microscopy and/or
RDT. Keeping in view that asymptomatic cases are infec-
tious to mosquito vectors?and sub-microscopic malaria
cases contribute 20—-50% of human to mosquito transmis-
sion®, the national programme may consider use of this
molecular technology for detection of sub-microscopic
malaria cases for achieving the goal of elimination. World
Health Organization (WHO) (2015) in its strategy for
malaria elimination has emphasized the need of research
for “assessment of highly sensitive sub-microscopic di-
agnostic assays for detecting both P. falciparum and P.
vivax parasitaemia”. In view of the results obtained in the
present study, the Truenat® assay seems a promising tool
for field-based PCR for diagnosis for malaria cases. The
advantage of Truenat® assays over conventional PCR is
in detection of <5 parasites/ul (Nair et al 2016), i.e. sub-
microscopic infections which serve as parasite reservoir,
are often missed by conventional techniques. As India tar-
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gets malaria elimination by 2030, the need of surveillance
for low density parasite infections will become even more
desirable to achieve the goal.

LIMITATIONS

Alimitation of the study is that it did not compare the
limits of detection of malaria parasite between the Tru-
enatresults and conventional PCR. The goal of the present
study was only to compare and contrast the variations in
diagnostic results of different lots of Pfand Pv-Pf Truenat
kits. Furthermore, the ability of the Truenat kits to accu-
rately detect parasites in mixed Pv-Pf infections was not
assessed.
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