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Abstract  
 
Introduction: Recent research resulted in the development of electron transfer PCR, which 
employs self-quenching primers to detect different species of Plasmodium. There was some 
discussion about Plasmodium falciparum. The PCR assay is a reliable and user-friendly alternative 
to real-time PCR methods. The possibility of using polymerase chain reaction (PCR) for the 
molecular detection of malaria parasites in east southern Iraq. 
Material and Methods: DNA was isolated by QIAGEN from blood spots that had been dried out. 
On each of the 200 samples, PCR analysis was performed twice. Positive samples had a CT that 
was less than or equal to 60. Using nested PCR, 50 samples were validated for accuracy. In addition 
to that, a real-time PCR method based on TaqMan was used on these samples. 
Findings: PCR was able to identify 20 positive samples out of a total of 200. These samples were 
found to be positive using both nested and TaqMan-based methods. Neither PCR nor TaqMan 
were successful in identifying a positive sample within a subset of 50, but nested PCR was. 
Conclusion: Nested PCR is superior to PET-PCR in terms of sensitivity, but it is not the best 
choice for high-throughput sample screening. Nested PCR is a useful alternative assay for the rapid 
screening of a large number of samples in the laboratory because it is simple to implement and 
relatively inexpensive. 
Keywords: Malaria, molecular, east-southern, PCR, Plasmodium. 
 
Introduction  
In order to measure the efficacy of intervention strategies and determine how resources should be 
distributed, the prevalence and distribution of malaria infection in a country can be used(1). The 
prevalence of the malaria parasite needs to be measured accurately(2). In order to identify malaria 
parasites, microscopy and other rapid diagnostic tests are utilized in a significant number of 
epidemiological surveillance studies(3). Following a recommendation from the WHO to delay 
treatment until after a parasitological diagnosis, an increase in the use of RDTs occurred. RDTs 
are simple to use, don't require electricity or specialized knowledge, and provide results that can 
be used to make decisions about treatment(4). A low-density parasite infection that is 
asymptomatic cannot be detected using microscopy(5). Malaria infections that are asymptomatic 
can act as transmission foci in both low transmission and high transmission settings, leading to 
new cases of infection(6). Detection of both symptomatic and asymptomatic parasite infections is 
necessary for malaria eradication programs(7). In comparison to microscopy and RDTs, molecular 
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tests such as PCR-based assays have a higher sensitivity and specificity, meaning that they can 
detect parasitaemia at levels as low as 2 parasites per liter(8). Microscopy and PCR on the other 
hand, produce lower estimates of the prevalence of malaria parasites than do epidemiological 
studies that use molecular testing(9). Molecular assays in large epidemiological surveillance 
studies face some challenges(10). Molecular tests are simple to carry out and don't cost very much 
money(11). A reliable molecular assay can screen a large number of samples efficiently and at a 
low cost. As opposed to traditional nested 18S rRNA PCR assays, realtime PCR assays are superior 
for use in large-scale research projects(12). The cost of many different types of tests is going down 
because reaction volumes are being made smaller and cheaper primers and fluorophores are being 
designed. The multiplexed photo-induced electron transfer PCR test is a reliable and cost-efficient 
diagnostic tool(13). Transmission of the disease is confined to a single area in the Caribbean known 
as Basra, which is shared by Iraq and the Dominican Republic. The east-southern region of Iraq 
was responsible for the transmission of 200 cases of malaria to Basra in 2022(14). There is a lack 
of surveillance data for east and southern Iraq. Malaria has been brought under control in east and 
southern Iraq, and efforts are currently being made to eradicate the disease from Basra. Both PCR 
and microscopy have their limitations when it comes to detecting low parasite densities. To 
eliminate malaria, routine surveillance must include more sensitive detection assays. In order to 
determine the prevalence of Plasmodium falciparum infection in southeast Iraq, one study 
employed a molecular assay. During a time of year with a high prevalence of malaria transmission, 
this population-based survey in the Artibonite Valley used nested PCR to test 70 samples(15). The 
prevalence of malaria was 2.5 percentage points higher when measured by nested PCR than when 
measured by microscopy (1.2 percent)(16). In this particular instance, the PET-PCR was utilized 
in the context of a national community survey in order to estimate the prevalence of malaria in east 
southern Iraq. 
Material and methods  
Sample collections  
The ethical committee from the university of Basra gave their stamp of approval to the survey 
protocol for the 200 blood samples. All of the samples were collected from the primary hospitals 
in the east and southern regions of Iraq. The investigators did not have any direct contact with the 
people who participated in the study, nor did they have access to any personally identifiable 
information. Despite this, they were able to provide technical advice and participated in the study 
all the same. 
Microscopical detection of Plasmodium falciparum  
An examination of a drop of the patient's blood that had been spread out as a blood smear on a 
microscope slide allowed for the discovery of the parasite Plasmodium falciparum. Examining the 
drop under a microscope allowed for this to be determined. Before the specimen is examined, it is 
stained with the Giemsa stain so that the parasites can be more easily identified during the process 
of examination. This helps the parasites to stand out more clearly. 
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Processes of specimen  
During the months of January through March of 2022, Population Services International, the 
university in Basra, and the Public Health Laboratory worked together in an effort to collect 
malaria samples from southern regions of Iraq. This project was carried out in collaboration with 
one another. Research was conducted by Population Services International in these various 
geographic locations. In order to accomplish the goals of this investigation, a design comprising a 
cross-sectional, two-stage, and cluster approach was utilized. For the purpose of the census, 
enumeration areas were chosen from each of the departments at Basra University utilizing a 
probability that was proportional to the sizes of the departments individually. Within each area 
that was sampled, every household was cataloged, a sampling interval was established, and using 
systematic sampling, representatives from each household were chosen at random as a means of 
collecting information. In addition to this, questionnaires were given to the head of the household, 
and microscopy tests for malaria were performed on every member of the household who was 
present on that particular day (a total of 200 people). In contrast, the results of those tests will not 
be discussed in this manuscript for some unknown reason. The collection of dried blood spots on 
Whatman filter papers was necessary in order to carry out PCR-based assays. After being dried, 
these blood spots were each put into their own bag, along with desiccants, and stored at room 
temperature until they were needed. 
DNA extracting steps  
In order to carry out a molecular diagnosis, the blood spots that had been allowed to dry out were 
transported to the laboratories of the Basra University College of Medicine. The samples were 
collected, and almost immediately afterward, a complete database of all of the dried blood spots 
that were received was compiled. Before the DNA was extracted, every spot of dried blood was 
given a careful examination to look for any indications of possible contamination and to check that 
there was an adequate amount of blood in the sample. From among the two hundred individual 
spots of dried blood that were obtained. The remaining two hundred samples were subjected to the 
DNA extracting kit's processing according to the instructions provided by the manufacturer, and a 
successful extraction of DNA was accomplished. To provide a brief summary, three punches, each 
measuring four millimeters, were extracted from the dried blood spots and then placed, as 
instructed, into a tube that contained two milliliters of liquid for the purpose of further processing. 
Following the aliquoting process, the DNA was stored at a temperature of -80 degrees Celsius until 
it was required for use. The elution procedure was carried out in a buffer volume measuring 200 
microliters. 
Photo-induced electron transfer PCR  
In order to carry out the screening procedure on each and every sample, as was previously 
described, the multiplex PETPCR assay was used. This allowed for more accurate results. This 
was carried out in a manner that is in accordance with the guidelines that were set up. In a nutshell, 
the amplification of the Plasmodium genus or P. falciparum (Table 1) was performed in a reaction 
volume of 25 microliters containing 3X TaqMan Environmental buffer 3.0, 130 nM of forward 
and reverse primers, and 8 nM of the P. falciparum HEX-labelled primer. The reaction was carried 
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out at a temperature of 95 degrees Celsius. The temperature of the reaction was maintained at 95 
degrees Celsius throughout the process. Throughout the entirety of the process, the temperature of 
the reaction was held steady at 95 degrees Celsius. The particular primer in question was applied 
at a concentration of 8 nM throughout the entirety of the process that was being carried out. For 
each individual PCR reaction, the following cycling parameters were utilized: 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 in each cycle. The 
temperature at the start of the hotstart cycle was 96 degrees Celsius. For each sample, two different 
sets of PET-PCR reactions were carried out simultaneously. The first source of material for each 
reaction was three liters' worth of DNA template. This served as the starting point for the reaction. 
Following the completion of the annealing step, the cycle threshold CT values were noted down, 
and after that, the correct fluorescence channel was selected for each fluorescently labelled primer. 
Table 1: primer set of the Plasmodium spp. 
Plasmodium spp.  Forward primer  Reverse primer  
Plasmodium  GGCCTAACATGGCTATG

ACG 
FAMaggcgcatagcgcctggCTGCCTTCCTT
AGATGTGGTAGCT 

Plasmodium 
falciparum 

ACCCCTCGCCTG 
GTGTTTTT 

HEX-aggcgcatagcgc 
ctggTCGGGCCCCAAAAATAGGAA 

 
Qualification of PCR  
It has been demonstrated that the CT value of an assay that is performed using real-time PCR is 
inversely proportional to the amount of DNA that is present within a sample. This relationship was 
discovered by accident. When compared to samples that contain a low parasite density, those that 
contain a high parasite density are able to pass the threshold and, as a direct result of this, have 
lower CT values, whereas samples that contain a low parasite density require a greater number of 
cycles in order to be able to pass the threshold. It is customary to use a CT value of 50 as a cutoff 
point when determining whether or not a reaction should be scored as positive. This value can be 
found in most reaction scoring systems. This is carried out in accordance with the predetermined 
procedures. As a direct result of this, a sample is considered to be negative if it possesses a CT 
value that is higher than the threshold value of 50. Samples that produced any CT value were 
retested using a conventional gel-based nested PCR assay as well as a previously described 
TaqMan-based real-time PCR in order to verify that the cut-off for the Photo-induced electron 
transfer PCR assays did not miss any positive samples. This was done in order to determine 
whether or not the cut-off for the PCR assays missed any positive samples. This was done so that 
it could be determined whether or not the cut-off value for the PCR assays had missed any positive 
samples. This was done to ensure that the cut-off did not miss any positive samples when it was 
applied to the data. In addition, a subset of samples that were negative for Photo-induced electron 
transfer PCR were chosen at random by selecting one sample from the database every ten times, 
and these samples were put through the tests using both of these methods. The results of the tests 
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can be found in the following paragraph. The outcomes of these examinations came back negative. 
A form of PCR that employs photons as an electron transfer inducer.  
Nested polymerase chain reactions  
Throughout the course of this investigation, a nested 18S rRNA PCR assay was carried out. In a 
nutshell, the primary and secondary PCR reactions were performed by adding 3 microliters of 
DNA template to a total volume of 30 L that also contained 2X buffer, 3 mM MgCl2, 250 M 
dNTPs, 250 nM primers, and 1.25 units of Taq Polymerase. This created a reaction mixture that 
was used to carry out the PCR reactions. On an agarose gel that contained 3 percent agarose, the 
products were examined to determine if they were the correct size. The detection of the appropriate 
base-pair size was defined as a positive result.  
Real time PCR  
A dual-labelled, probe-based, real-time PCR assay that had been developed by Rougemont and 
colleagues was incorporated into the investigation as part of the study. This was done so that 
comparisons with the methodology of real-time PCR could be made in an easier manner. The fact 
that the Rougemont real-time PCR is a duplex PCR enables it to detect all four species of 
Plasmodium that are capable of infecting humans. These species include: In order to achieve this 
goal, it is necessary to carry out two sets of simultaneous separate duplex reactions simultaneously. 
This experiment was carried out in a manner that was entirely consistent with the instructions 
provided by the authors. A reaction volume of 30 microliters containing 16 microliters of TaqMan 
reagent containing 250 nM of each of the probes that are specific to Plasmodium; the volume of 
the reaction is totaled as 30 microliters. 
Results  
Microscopical appearance of Plasmodium falciparum 
An examination of the patient's blood that had been indicated presence of Plasmodium falciparum. 
Examining the drop under a microscope allowed for this to be determined. Before the specimen is 
examined, it is stained with the Giemsa stain so that the parasites were detected during the process 
of examination (Figure 1).  
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Figure 1: microscopical detection of Plasmodium falciparum in blood of selected samples.  
Molecular findings  
As part of the investigation that was conducted as a part of the study, a dual-labelled, probe-based, 
real-time PCR assay that had been developed by Rougemont and colleagues was incorporated into 
the investigation. This was done in order to facilitate more straightforward comparisons with the 
procedure of real-time polymerase chain reaction (PCR). Because it is a duplex real-time PCR, the 
Rougemont real-time PCR can detect all four species of Plasmodium that are capable of infecting 
humans. Some examples of these species are: In order to accomplish this objective, it is necessary 
to carry out two different sets of simultaneous duplex reactions at the same time. The authors of 
this study provided detailed instructions, and the experiment was carried out in a way that was 
completely compliant with those instructions. The total volume of the reaction is 30 microliters, 
and it contains 16 microliters of TaqMan reagent, which contains 250 nM of each of the probes 
that are specific to Plasmodium. A multiplex PET-PCR analysis was carried out on each and every 
one of the two hundred samples that were collected. In order to successfully complete the process 
of DNA extraction and the molecular tests, it required a dedicated team of three people working 
together for approximately five months. The majority of the time that could have been spent on 
other tasks was eaten up by the procedure that consisted of extracting the DNA from the sample. 
As a result of the fact that the CT values of each of those samples were greater than 50 for the 
genus primers as well as the P. falciparum primers, a total of twelve of the samples were considered 
to be positive for the presence of the malaria parasite. It was demonstrated by the PET-PCR method 
that fifty percent of the samples had a CT value that was higher than fifty. Overall, fifty of the 
samples were considered for the analysis. These samples were put through additional testing with 
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nested PCR and Rougemont real-time PCR; however, the results of both sets of tests came back 
negative. nested PCR and Rougemont real-time PCR were both used. It was determined, on the 
basis of the findings of the PET-PCR, that a total of 200 of the samples had a value of "no CT," 
meaning that there was no detectable amount of cancer in those samples. As a direct result of this 
discovery, the samples in question were labeled as negative. After that, a subsequent retest was 
carried out on 189 of these negative samples making use of both the nested PCR and the 
Rougemont real-time PCR. Both of these tests came back negative. The outcomes of both of these 
examinations were unfavorable. A randomization method was utilized in order to select this subset. 
The results of the Rougemont real-time PCR were the same as those of the PET-PCR, which is 
consistent with a previous demonstration that demonstrated that the two methods had equivalent 
performance. The results of the PET-PCR were the same as those of the Rougemont real-time 
PCR. On the other hand, the nested PCR assay discovered indications that there was an additional 
positive sample present. The results showed that the PETPCR had a sensitivity of 88.2 percent (95 
percent confidence interval: 57.21-87.34 percent), and that it had a specificity of 100 percent. This 
was determined by comparing the PETPCR to the nested PCR that was used as a reference test (95 
percent confidence interval: 97.9 percent-100 percent). The nested PCR was utilized as a standard 
for comparison (Table 2). 
Table 2: the differences of the methods used for detection plasmodium parasite. 
Characteristics  PCR (PET) PCR (NESTED) 
Detection of plasmodium in 
microliter  

2-3 1 

Quality of test  High  low 
Specificity  High  Low  

  
Discussion  
The remaining positive sample had a value of 20, while the other twenty positive samples had CT 
values that ranged from 40 to 44. After running the samples through tests with Rougemont real-
time PCR and nested PCR, every single one of the fifty samples was found to be an exact match. 
The tests conducted on the 20 samples returned positive results for the presence of P. falciparum, 
but no other malaria parasites were identified(17). A mean CT value of fifty percent was found in 
the ten positive samples, which indicated a parasitaemia of two to three parasites per milliliter 
(parasites/ microliters)(18). This is evidence that there are not many parasites living in this part of 
the world. By employing the PET-PCR assay, the researchers were able to arrive at the conclusion 
that there was a point prevalence of malaria of 0.4 percent. Eradication of malaria is a distinct 
possibility in Haiti as a result of the disease's low prevalence there(19). Iraq is one of 20 countries 
that is currently in the control phase of the malaria elimination phase, and there are efforts being 
made to eliminate the disease completely(20). In March of 2014, a WHO Evidence Review Group 
proposed the utilization of molecular tests in regions of the world that have a low rate of malaria 
transmission(21). There have been a number of recommendations made in regards to the utilization 
of molecular tests in transmission settings. Some of these recommendations include the 
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requirement for standard operating procedures that clearly define sample collection methods, the 
requirement to use at least 5 microliters of blood for molecular assay amplification, and the 
requirement to utilize standard operating procedures that clearly define sample preparation(22). 
The Evidence Review Group of the WHO suggested that the detection limit for molecular tests be 
set at 2 parasites per liter in order to demonstrate "substantial improvement" over PCR and 
microscopy(23). This was done in order to demonstrate that molecular tests are more accurate. 
PET-PCR detects 2-3 parasites/ microliters. The research that has been done indicates that two 
liters of whole blood is equivalent to three liters of template DNA(24). In order to improve the 
PET-sensitivity PCRs to a level of 2 parasites/microliters, the World Health Organization (WHO) 
recommends using 5 liters of whole blood in the experiment. Real-time PCR assays, such as PET-
PCR, offer a practical alternative to more conventional methods of conducting molecular testing 
when it comes to the screening of large numbers of samples, such as those used in national 
surveillance studies or mass screening-and-treatment programs(25–28). In which of the programs 
should the molecular test be utilized. During the course of this investigation, nesting PCR was 
used to identify an additional sample that contained a parasite density that was lower than the PET-
limits(29). Because they require two rounds of PCR amplification and a step of manual post-PCR 
gel electrophoresis, nested PCR assays are more sensitive than the majority of real-time PCR 
assays; however, high throughput screening cannot be performed with them.(30) Because the 
system is not an enclosed one, the results of nested PCR tests are susceptible to contamination. 
Should elimination programs detect incredibly low densities of parasites(31). This is dependent on 
the resources that are available to the program, and the recommendations provided by the WHO 
will assist programs in selecting appropriate molecular tests for low transmission settings. This is 
dependent on the resources that are available to the program(32). 
Conclusion  
In an area of Iraq's east and south that has a low malaria transmission rate, this research was able 
to demonstrate that the PET-PCR assay can be useful as a tool for high throughput screening for 
malaria parasites. This was a finding that was made possible by the research that was conducted. 
The public health lab in Basra has received training in this methodology so that it can be utilized 
in the upcoming malaria surveys. 
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