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ABSTRACT

The study created electron transfer PCR, using self-quenching primers to
identify several species of Plasmodium. The potential use of polymerase chain
reaction (PCR) for the molecular identification of malaria parasites in Wasit,
Iraq. QIAGEN extracted DNA from desiccated blood spots. PCR analysis was
conducted twice on each of the 200 samples. Positive samples had a CT value
of 60 or below. Fifty samples were evaluated for accuracy using nested PCR.
A TagMan-based real-time PCR technique was used on these samples. PCR
successfully detected 20 positive samples from a total of 200. The samples
tested positive by both nested and TagMan methodologies. Neither PCR nor
TagMan successfully identified a positive sample in a selection of 50; however,
nested PCR did. In conclusion, Nested PCR has more sensitivity than PET-
PCR; nonetheless, it is not the optimal selection for high-throughput sample
screening. Nested PCR serves as an effective alternative test for the quick
screening of several samples in the laboratory due to its straightforward
implementation and cost-effectiveness.
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1. INTRODUCTION

To assess the effectiveness of intervention programs and
allocate resources appropriately, the incidence and distribution
of malaria infection within a nation may be used (Obaldia
et al, 2022). The frequency of the malaria parasite must be
assessed properly (Tao et al, 2022). Microscopy and several
fast diagnostic procedures are used in many epidemiological
surveillance studies to discover malaria parasites. In accordance
with a WHO advice to postpone therapy until a parasitological
diagnosis is obtained, there was a rise in the use of RDTs.
Rapid diagnostic tests (RDTs) are user-friendly, do not need
electricity or specialist expertise, and provide findings that
inform treatment choices (Martin-Ramirez et al, 2022). An
asymptomatic low-density parasitic infection cannot be
identified via microscopy (Gharban et al, 2022).

2. LITERATURE REVIEW

Asymptomatic malaria infections may serve as transmission
reservoirs in both low and high transmission environments,
resulting in new infection cases (Pal-Bhowmick et al., 2022).
Identifying both symptomatic and silent parasite infections
is essential for malaria eradication efforts (Moin-Vaziri ef al,
2022). Molecular methods, such as ‘PCR-based assays, have
superior sensitivity and specificity compared to microscopy
and RDTs, enabling the detection of parasitaemia at
concentrations as low as 2 parasites per liter (Pitri et al., 2022).
Microscopy and PCR provide lower prevalence estimates of
malaria parasites compared to epidemiological investigations
using molecular testing (Gharban & Ajaj, 2024). Molecular
assays in extensive epidemiological surveillance investigations
encounter many obstacles (Razooqi et al, 2022). Molecular
tests are straightforward to perform and very inexpensive. An
effective molecular test may effectively screen several samples
at a little cost. In contrast to conventional nested 185 rRNA
PCR tests, real-time PCR techniques are more advantageous
for extensive research initiatives (Gharban, 2023). The expenses
associated with various test types are decreasing due to the
reduction in reaction volumes and the development of more
economical primers and fluorophores. The multiplexed photo-
induced electron transfer PCR assay is a dependable and
economical diagnostic instrument (Gharban, 2022). The illness
is transmitted only in a specific region of the Caribbean called
Basra, which is jointly occupied by Iraq and the Dominican
Republic. In 2022, the Wasit area of Iraq transmitted 200 cases
of malaria to Basra (Cohee et al, 2022). Surveillance data for
Wasit, Iraq is insufficient. Malaria has been controlled in Wasit,
Iraq, and initiatives are underway to eliminate the illness in
Basra. Both PCR and microscopy have limits in identifying low
parasite numbers. To eradicate malaria, regular monitoring
must include more sensitive detection tests. A research used a
molecular technique to ascertain the frequency of Plasmodium
falciparum infection in Wasit, Iraq. In a season characterized
by elevated malaria transmission rates, our population-based
study in the Artibonite Valley used nested PCR to analyze 70
samples (Bhullar et al, 2022). The prevalence of malaria was
2.5 percentage points more when assessed by nested PCR
compared to microscopy (1.2%) (Kann et al, 2022). The PET-
PCR was used in a nationwide community survey to assess the

incidence of malaria in Wasit province, Iraq.

3. METHODOLOGY

3.1. Sample collections

The ethics committee at the University of Basra approved the
survey procedure for the collection of 200 blood samples. All
samples were obtained from the major hospitals in the Wasit
area of Iraq. The scientists lacked direct interaction with the
research participants and did not possess any personally
identifying information. Notwithstanding this, they managed to
provide technical counsel and engaged in the research anyway.

3.2. Microscopical detection of Plasmodium falciparum

An analysis of a blood smear from the patient revealed
the presence of the parasite Plasmodium falciparum. The
examination of the drop under a microscope facilitated this
determination. Prior to inspection, the material is stained with
Giemsa dye to facilitate the identification of parasites during the
evaluation process. This enhances the visibility of the parasites.

3.3. Processes of specimen

From January to March 2022, Population Services International,
the university in Basra, and the Public Health Laboratory
collaborated to collect malaria samples from southern Iraq.
This project was executed in conjunction with others.
Population Services International performed research in these
diverse geographic regions. To achieve the objectives of this
inquiry, a design using a cross-sectional, two-stage, and cluster
methodology was used. For the census, enumeration regions
were selected from each department at Basra University
based on a probability proportionate to the individual sizes
of the departments. In each studied region, every home
was enumerated, a sampling interval was determined, and
representatives from each household were randomly selected
by systematic sampling to gather information. Furthermore,
questionnaires were administered to the head of the family,
and microscopy tests for malaria were conducted on all present
household members that day, totaling 200 individuals. The
findings of those tests will not be addressed in this paper for
an unspecified reason. The acquisition of dried blood spots on
Whatman filter sheets was essential for conducting PCR-based
experiments. Upon drying, each blood spot was placed in an
individual bag with desiccants and kept at ambient temperature
until required.

3.4. DNA extracting steps

To conduct a molecular diagnostic, the dried blood spots
were brought to the laboratory of Basra University College of
Medicine. The samples were gathered, and shortly thereafter,
a comprehensive database of all received dried blood spots
was assembled. Prior to DNA extraction, each dried blood
spot underwent meticulous scrutiny to identify any signs of
potential contamination and to verify the sufficiency of the
blood volume in the sample. From the two hundred separate
samples of desiccated blood that were collected. The remaining
two hundred samples were processed using the DNA extraction
kit as per the manufacturer’s instructions, resulting in a
successful DNA extraction. In summary, three punches, each
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four millimeters in diameter, were removed from the dried
blood spots and then inserted into a tube containing two
milliliters of liquid for further processing. Subsequent to the
aliquoting procedure, the DNA was preserved at -80 degrees
Celsius until needed for application. The elution technique was
conducted in a buffer volume of 200 microliters.

3.5. Photo-induced electron transfer PCR

The multiplex PETPCR test was used to conduct the screening
process on all samples, as previously outlined. This facilitated
more precise outcomes. This was executed in accordance
with the established parameters. The amplification of the
Plasmodium genus, namely P. falciparum (Table 1), was
conducted in a reaction volume of 25 microliters, including 3X
TagMan Environmental buffer 3.0, 130 nM of both forward and
reverse primers, and 8 nM of the HEX-labelled primer for P.
falciparum. The reaction was conducted at a temperature of
95 degrees Celsius. The reaction temperature was maintained

Table 1. Primer set of the Plasmodium spp.

at 95 degrees Celsius over the whole operation. The reaction
temperature was consistently maintained at 95 degrees Celsius
throughout the operation. The specific primer was used at a
concentration of 8 nM for the duration of the procedure. Each
PCR reaction used the following cycling parameters: an initial
hotstart at 95 degrees Celsius for ten minutes, followed by 45
cycles of denaturation at 96 degrees Celsius for twelve seconds
and annealing at 65 degrees Celsius for forty-five seconds
each cycle. The initial temperature of the hotstart cycle was 96
degrees Celsius. Two distinct sets of PET-PCR reactions were
conducted concurrently for each sample. The initial supply
of material for each reaction consisted of three liters of DNA
template. This functioned as the first catalyst for the reaction.
Upon concluding the annealing phase, the cycle threshold
(CT) values were recorded, and subsequently, the appropriate
fluorescence channel was designated for each fluorescently
labeled primer.

Plasmodium spp. Forward primer

Reverse primer

Plasmodium GGCCTAACATGGCTATG FAMaggcgcatagcgectggCTGCCTTCCTT
ACG AGATGTGGTAGCT

Plasmodium falciparum ACCCCTCGCCTG HEX-aggcgcatagege
GTGTTTTT ctggTCGGGCCCCAAAAATAGGAA

3.6. Qualification of PCR

The CT value of a real-time PCR experiment is inversely
proportional to the quantity of DNA contained in a sample.
This link was serendipitously uncovered. In comparison to
samples with low parasite density, those with high parasite
density surpass the threshold and consequently exhibit lower
CT values, while samples with low parasite density necessitate
a greater number of cycles to exceed the threshold. A CT value
of 50 is typically used as a threshold for assessing whether a
response qualifies as positive. This value is included in the
majority of response score systems. This is executed in line
with the established protocols. A sample is deemed negative if
its CT value exceeds the threshold of 50. Samples yielding any
CT value were re-evaluated using a traditional gel-based nested
PCR assay and a previously established TagMan-based real-
time PCR to ensure that the threshold for the Photo-induced
electron transfer PCR tests did not overlook any positive
samples. This was conducted to ascertain if the cut-off for the
PCR tests overlooked any positive samples. This was conducted
to ascertain if the cut-off value for the PCR tests had overlooked
any positive samples. This was executed to guarantee that the
cut-off did not overlook any positive samples when applied to
the data. A group of samples that tested negative for Photo-
induced electron transfer PCR was randomly selected by
choosing one sample from the database every 10 instances, and
these samples underwent testing using both techniques. The
test results are shown in the following paragraph. The results
of these tests were negative. A variant of PCR that utilizes
photons to trigger electron transfer.

3.7. Nested polymerase chain reactions

A nested 18S rRNA PCR experiment was conducted throughout
this work. The main and secondary PCR reactions were
conducted by incorporating 3 microliters of DNA template into
a total volume of 30 microliters, which included 2X buffer, 3
mM MgCl2, 250 pM dNTPs, 250 nM primers, and 1.25 units
of Taq Polymerase. This produced a reaction mixture used for
conducting the PCR procedures. The results were analyzed
on a 3 percent agarose gel to ascertain their right size. The
identification of the correct base-pair size was classified as a
good outcome.

3.8. Real time PCR

A dual-labeled, probe-based, real-time PCR test developed by
Rougemont and colleagues was included into the inquiry as part
of the study. This was executed to facilitate comparisons using
the methods of real-time PCR. The Rougemont real-time PCR,
being a duplex PCR, can identify all four species of Plasmodium
that infect people. The species included are: To accomplish this
objective, it is essential to conduct two sets of synchronous,
distinct duplex reactions concurrently’. The experiment was
conducted in complete accordance with the authors’ directions.
A reaction volume of 30 microliters comprises 16 microliters
of TagMan reagent, which contains 250 nM of each probe
specific to Plasmodium, resulting in a total reaction volume of
30 microliters.

4. RESULTS AND DISCUSSION
4.1. Microscopy
An analysis of the patient’s blood confirmed the presence of
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Plasmodium falciparum. The examination of the drop under a
microscope facilitated this determination. Prior to inspection,

the material is stained with Giemsa dye to facilitate the
detection of parasites during the analysis (Figure 1).

Figure 1. Microscopical detection of Plasmodium falciparum in blood of selected samples.

4.2. Molecular findings

In the course of the research, a dual-labelled, probe-based,
real-time PCR test developed by Rougemont and colleagues
was included into the inquiry. This was executed to enable
more direct comparisons with the real-time ‘polymerase
chain reaction (PCR) method. The Rougemont real-time PCR,
being a duplex real-time PCR, can identify all four species of
Plasmodium that may infect people. Examples of these species
include: To achieve this purpose, it is essential to conduct two
distinct sets of simultaneous duplex responses concurrently.
The study’s authors furnished comprehensive instructions, and
the experiment was conducted in full accordance with their
directives. The reaction volume is 30 microliters, including 16
microliters of TagMan reagent, which includes 250 nM of each
probe specific to Plasmodium. A multiplex PET-PCR analysis
was conducted on all two hundred obtained samples. The
effective completion of DNA extraction and molecular assays
required a committed team of three individuals collaborating
for roughly five months. The bulk of the time that might
have been allocated to other duties was used by the method
of extracting DNA from the sample. Due to the CT values of
each sample over 50 for both the genus primers and the P.
falciparum primers, twelve samples were deemed positive
for the malaria parasite. The PET-PCR technique indicated
that fifty percent of the samples had a CT value over fifty. A
total of fifty samples were selected for analysis. The samples
underwent further testing using nested PCR and Rougemont
real-time PCR; nevertheless, the results of both tests were
negative. Both nested PCR and Rougemont real-time PCR were
used. The PET-PCR data indicated that 200 samples exhibited a
“no CT” value, indicating the absence of detectable malignancy
in those samples. Consequently, the samples in issue were
classified as negative. A further retest was conducted on 189 of
these negative samples with both nested PCR and Rougemont

real-time PCR. Both testing yielded negative results. The results
of both exams were adverse. A randomized technique was used
to choose this subgroup. The outcomes of the Rougemont real-
time PCR were identical to those of the PET-PCR, corroborating
prior evidence that indicated the two technologies exhibit equal
performance. The outcomes of the PET-PCR were identical
to those of the Rougemont real-time PCR. The nested PCR
experiment revealed evidence of an additional positive sample.
The findings indicated that the PETPCR exhibited a sensitivity
of 88.2 percent (95 percent confidence interval: 57.21-87.34
percent) and a specificity of 100 percent. This was established
by comparing the PETPCR to the nested PCR used as a reference
test (95 percent confidence interval: 97.9 percent-100 percent).
The nested PCR served as a benchmark for comparison (Table
2).

Table 2. The differences of the methods used for the detection
plasmodium parasite.

Characteristics PCR (PET) PCR (NESTED)
Detectionofplasmodium 2-3 1

in microliter

Quality of test High low

Specificity High Low

4.3. Discussion

One positive sample had a value of 20, whilst the other twenty
positive samples displayed CT values ranging from 40 to 44.
Upon conducting testing on the samples using ‘Rougemont real-
time PCR and nested PCR, each of the fifty samples exhibited an
identical match. The analysis of the 20 samples yielded positive
findings for P. falciparum, with no additional malaria parasites
detected (Nema et al., 2022). A mean CT value of fifty percent
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was seen in the 10 positive samples, indicating a parasitaemia
of two to three parasites per milliliter (parasites/microliters)
(Ramirez et al, 2022). This indicates a scarcity of parasites in
this region of the planet. Utilizing the PET-PCR technique,
the researchers concluded a point prevalence of malaria of 0.4
percent. The eradication of malaria in Haiti is a feasible prospect
due to the disease’s low incidence in the region. Iraq is among
20 nations now in the control phase of malaria eradication,
with initiatives underway to eradicate the disease entirely. In
March 2014, a WHO Evidence Review Group recommended the
use of molecular testing in areas with low malaria transmission
rates (Belachew et al, 2022). Numerous proposals have been
proposed about the use of molecular testing in transmission
contexts. Recommendations include the necessity for standard
operating procedures that explicitly delineate sample collection
methods, the stipulation to employ a minimum of 5 microliters
of blood for molecular assay amplification, and the mandate
to implement standard operating procedures that clearly
articulate sample preparation. The WHO’s Evidence Review
Group recommended establishing a detection threshold of 2
parasites per liter for molecular testing to indicate “substantial
improvement” compared to PCR and microscopy (Aryal et al,
2022). This was conducted to illustrate that molecular testing
possess more accuracy. PET-PCR identifies 2-3 parasites per
microliter. Research reveals that two liters of whole blood is
comparable to three liters of template DNA (Weinreich et al.,
2022). The World Health Organization (WHO) suggests using
5 liters of whole blood in experiments to enhance the PET-
sensitivity of PCRs to a threshold of 2 parasites per microliter.
Real-time PCR techniques, including PET-PCR, provide a
viable alternative to traditional molecular testing methods for
screening large sample volumes, such as those used in national
surveillance studies or mass screening and treatment initiatives
(Mohammed Alwan et al, 2022; Ahmed & Jalil, 2022; Alwan
et al, 2021; Alwan et al, 2022). In which programs should
the molecular test be employed? Throughout this analysis,
nested PCR was used to discover an additional sample with a
parasite density below the PET limitations (Shankar & Kumar,
2022). Nested PCR assays exhibit more sensitivity than other
real-time PCR assays due to their need for two rounds of
PCR amplification and a manual post-PCR gel electrophoresis
step; nonetheless, they are not suitable for high-throughput
screening. The system’s lack of enclosure renders the outcomes
of nested PCR testing vulnerable to contamination. Should
eradication operations identify very low numbers of parasites
(Osagiede et al., 2022). This relies on the resources accessible
to the program, and the WHO’s guidelines will aid programs
in choosing suitable molecular testing for low transmission
environments. This is contingent upon the resources accessible
to the program (Zhao et al., 2022).

5. CONCLUSION

This study shown that the PET-PCR test may serve as an effective
technique for high-throughput screening of malaria parasites
in a region in Wasit province with a low malaria transmission
rate. This discovery was facilitated by the performed study. The
public health laboratory in Basra has undergone training in this
approach for use in next malaria surveys.
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