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Introduction 
Malaria is one of the extreme serious parasitic illnesses, particularly in tropical and 
subtropical areas. Malaria is a highly predominant disease in tropical and 
subtropical regions, affecting half of the world’s population in 108 countries (216 
million cases) with a death toll of more than  655,000 cases reported annually [1]. 
Four species of Plasmodium are the causative agents of human malaria; 
falciparum is responsible for most of the mortality, P. vivax
morbidity and P. malariae and P. ovale are less prevalent [2].
endemic to the southwestern part of the country, with the highest number of cases 
notified from Jazan and Asir regions. The highest percentage of cases reported 
among foreigners was in Jazan (25.32%) [3]. Simultaneously, there weren't any 
active cases of transmission of malaria parasite inside of the eastern region of Saudi 
Arabia [4]. In Saudi Arabia, P. falciparum and P. vivax are the commonest species [3] 
and malaria is considered one of the serious health problems.  Therefore, a 
differential diagnosis of P. falciparum and P. vivax is very necessary for malaria 
control in KSA. Thus rapid and accurate diagnosis of infection and initiation of proper 
treatment are essential to improve outcome [4, 5]. It is critical to differentiate 
Plasmodium spp., since they differ greatly with respect clinical manifestations 
resulting from their unique biological features [6]. Examination of Giemsa
thick and thin blood films by conventional light microscopy is still considered the gold 
standard method [7].  Microscopy is a low cost diagnostic method; it is rapid and 
permits quantification and species identification [8,9]. However,
examination needs good expertise, especially at low parasitemia l
is well documented that microscopy is less sensitive than molecular techniques, and
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Abstract- In Saudi Arabia, malaria is one of the major health concerns. 
a very significant factor for convenient treatment of malaria. In general, microscopy is the standard method for diagnosis of
(PCR) assays display many possible benefits over microscopy as species identification of malaria especially in an era with few skilled microscopists. Thi
compare microscopy and the multiplex PCR targeting the 18S rRNA gene for detection 
suspicious malaria cases were gathered. Specimens were examined for the presence of 
The performance of multiplex PCR, OptiMAL test and microscopy was compared. The results revealed that 31.4%, 36.3% and 34.3% were positive by Microsco
and Multiplex PCR respectively. Multiplex PCR assay discovered two cases of 
OptiMAL test as mixed infections. Compared with microscopy, the sensitivity, specificity and test accuracy of OptiMAL test fo
93.14%  and multiplex PCR assay was 100%, 97.3%  and 98.04% respectively. The sensitivity
75% respectively, while specificity of each method was 100%. Test accuracy of OptiMAL test and multiplex PCR as
showed that multiplex PCR is a sensitive, specific, and fast instrument so it can provide a beneficial differential diagnosti
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Malaria is one of the extreme serious parasitic illnesses, particularly in tropical and 
subtropical areas. Malaria is a highly predominant disease in tropical and 
subtropical regions, affecting half of the world’s population in 108 countries (216 
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 inaccuracy in species identification can happen with low parasitemia, mixed infection or 
modification by anti- malarial drug treatment [8, 10]. Immedia
falciparum and P. vivax is mandatory for proper therapy. An appearance of drug
resistant organisms to new therapy as artemisinin combination occur [11]. So, proper 
diagnosis is extremely important. Hypothetical therapy of malaria al
excessive use of antimalarial drugs.  Therefore, a reliable assay that is capable of 
distinguishing different malaria parasites and to diagnose mixed infections would assist 
in efficacious treatment of the illness. Number of polymerase chain re
assays has been advanced and estimated
superior sensitivity compared to the conventional methods for detection of malaria 
parasite e.g. microscopy, immunochemical methods and dip
Although those PCR-based techniques are usually better in sensitivity and specificity, 
they are time-consuming and need sophisticated methods such as nested PCR or 
hybridization. It is, therefore, important to develop a convenient method for the diagnosis 
of malaria.  
The present study aimed to evaluate multiplex PCR using primers targeting 18S rRNA 
genes for the differential diagnosis of P. falciparum
from Jazan area, Saudi Arabia compared to microscopy as a gold standard
 
Materials and Methods 
Type of study:  
The present study was conducted at the Parasitology laboratory, Jizan hospital, 
KSA while the molecular part of the study was performed at the Biotechnology 
Center, Faculty of Veterinary Medicine, Cairo University, Egy
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lex PCR, OptiMAL test and microscopy was compared. The results revealed that 31.4%, 36.3% and 34.3% were positive by Microsco
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inaccuracy in species identification can happen with low parasitemia, mixed infection or 
malarial drug treatment [8, 10]. Immediate identification of P. 

is mandatory for proper therapy. An appearance of drug-
resistant organisms to new therapy as artemisinin combination occur [11]. So, proper 
diagnosis is extremely important. Hypothetical therapy of malaria also leads to 
excessive use of antimalarial drugs.  Therefore, a reliable assay that is capable of 
distinguishing different malaria parasites and to diagnose mixed infections would assist 
in efficacious treatment of the illness. Number of polymerase chain reaction (PCR) 
assays has been advanced and estimated [12,13]. These assays have shown a 
superior sensitivity compared to the conventional methods for detection of malaria 
parasite e.g. microscopy, immunochemical methods and dip-stick methods [13,14].  

based techniques are usually better in sensitivity and specificity, 
consuming and need sophisticated methods such as nested PCR or 

hybridization. It is, therefore, important to develop a convenient method for the diagnosis 

The present study aimed to evaluate multiplex PCR using primers targeting 18S rRNA 
P. falciparum and P. vivax isolates among patients 

from Jazan area, Saudi Arabia compared to microscopy as a gold standard. 

The present study was conducted at the Parasitology laboratory, Jizan hospital, 
KSA while the molecular part of the study was performed at the Biotechnology 
Center, Faculty of Veterinary Medicine, Cairo University, Egypt.  
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Study Subjects:  
The present study was performed from January 2014 to December 2014. A total of 
102 patients aged 4–60 years, comprising 28 females (27.4%) and 74 males 
(72.5%), were enrolled in the study. Forty-five patients (44.1%) were Saudis while the 
remaining (57{55.9%}) were non- Saudis. 
 
Microscopic examination: Before treatment, Blood samples were obtained from 
102 clinically suspected malaria patients attending Jazan General Hospital in Jazan 
area, Saudi Arabia. All patients complained of fever with unknown origin associated 
in some cases with shivering, rigors and body aches for one day to 2 weeks. Blood 
sample (3 ml) was collected from each patient and examined for malaria by 
preparation of thin and thick blood smears for microscopic observation; the remaining 
whole blood was frozen at -20°C until use for PCR assay. Parasitemia per micro liter 
of blood was measured as parasite count = white blood cell count parasites 
measured per 100 white blood cells)/100. The white blood cell count was 4,000. 
Samples of P. falciparum and P. vivax with high level of parasitemia were used as 
positive controls for both species for multiplex PCR. Negative control is a blank PCR 
mixture free of DNA. Thin and thick films were stained with 10% Giemsa and 
examined by two experienced microscopists examined the smears independently 
and were blinded to each other’s interpretation. 
 
Multiplex PCR:  
Extraction of DNA of parasite was done from 0.1 ml of whole blood samples 
treated with EDTA using a QIAamp DNA blood kit (Qiagen Company). The 
extracted DNA was eluted in 0.2 ml of TE (10 mM Tris–HCl, pH 7.4 and 1 mM 
EDTA, pH 8.0) buffer and stored at -700C until use. The 18S rRNA gene was used 
for a differential diagnosis between P. falciparum and P. vivax. PCR amplification 
produced DNA fragments of the sizes of 1451-bp and 833-bp for P. falciparum 
and P. vivax, respectively. A forward universal primer (UF) was used (a genus-
specific region), and reverse primers (VR for P. vivax and FR for P. falciparum) 
were used from a species specific region of P. vivax and P. falciparum. The 
primers of oligonucleotide have been developed before [15] and were as following: 
UF,5`-TCAGCTTTTGATGTTAGGGTATT-3`.VR, 5`-TAAACTCCGAAGAGAAAATTCT-
3`. FR, 5`-GCATCAAAGATACAAATATAAGC- 3`. PCR was performed in a total 
volume of 20 µl consisting of a mixture of 2 µl of extracted DNA solution, 0.5 pmol 
UF, 20 mM dNTP each, 0.25 pmol reverse primers each (VR and FR), 10 mM 
Tris–HCl (pH 8.0), 50 mM KCl, 1.0 mM MgCl2, and 0.25 units of Taq polymerase 
(Sigma Aldrich Chemie GMBH, Deutshland). The reaction involved 35 cycles of 45 
s of denaturation at 94 0C, 45 s of annealing at 57 0C, 45 s of extension at 72 0C 
and 5 min final extension at 72 0C. PCR product were analyzed on 1% agarose 
gel (Sigma Aldrich Chemie GMBH, Deutshland) and electrophoresed in 0.5 xT AE 
running buffer (0.5 mM EDTA, 20 mM Tris–acetate) containing 0.05% ethidium 
bromide for 30 min at 100 V in a Mupid-21 electrophoresis apparatus. 
 
OptiMAL test:  
The OptiMAL assay was performed according to manufacturer's instructions 
(DiaMed AG, Switzerland). In brief, 1 drop of whole blood was blended with 2 
drops of lysis buffer A. Lysis buffer A damage red blood cells and discharges the 
plasmodium lactate dehydrogenase (pLDH). The samples were permitted to 
migrate to the highest point of the pLDH strip. The strip was set after 8 min in 
washing buffer B, which cleaned the hemoglobin from the strip. Interpretation of 
the assay results was performed promptly.  Interpretation of the test results was as 
following: A monospecific antibody, which reacts only with P. falciparum, is found 
in reaction zone in the bottom of strip. When one control band and two test bands 
appeared at strip, the test was considered to be positive for P. falciparum. A 

second, pan-specific antibody, which identifies the pLDH of P. vivax, is just found 
above the level of this zone. When one control band and one test band appeared 
at middle of strip, the test was considered positive for P. vivax. 
 A third, a pan-specific monoclonal antibody is found at the highest point of the 
test strip and is used as a control for the test. When only one control band 
appeared at the top of the test strip without test band, the test was considered to 
be negative.  
 
Statistical analysis: 
Statistical analysis was performed with the SPSS version 16.  

Specificity =
%100

 FPTN

TN

,   

Sensitivity =
%100

 FNTP

TP

, 

 Negative predictive value =
%100

 FNTN

TN

,  

Positive predictive value =
%100

 FPTP

TP

,  

Test efficiency= 
%1001 







 

total

FNFP

where TP = true positive, TN =true negative, FN = 
false-negative and FP =false positive results. Result of mixed infection with P. 
falciparium and P. vivax not included in Statistical analysis.  
     
Ethical considerations: 
All patients included in the study were informed by the aim of the study and consent 
was obtained from them. Proper treatment was prescribed for positive cases by the 
physician on duty 
 
Results: 
Microscopy:  
Microscopy diagnosed 32/102 (31.4%) of the patients as malaria positive cases and 
70/102 (68.6%) of the patients as negative. Out of the 32 infected cases, 28 (87.5%) 
were P. falciparum, 4 (12.5%) were P. vivax and there was no mixed infection (P. 
falciparum + P. vivax) [Table-2]. 
 
 Multiplex PCR: 
Multiplex PCR diagnosed 35/102 (34.3%) of the patients as malaria positive cases 
and 67/102 (65.7%) of the patients as negative. Out of the 35 infected cases, 30 
(85.7%) were P. falciparum, 3 (8.6%) were P. vivax and two cases were mixed 
infection (P. falciparum + P. vivax) [Table-2]. Multiplex PCR and microscopy showed 
concordant results in 32 positive blood samples. Multiplex PCR detected 3 additional 
positive samples which were negative by microscopy.  
 
OptiMAL test: 
OptiMAL test diagnosed 37/102 (36.3%) of the patients as malaria positive cases 
and 65/102 (63.7%) of the patients as negative. Imported cases were 18/37  patients 
(48.6%). Out of the 37 infected cases, 35(94.6%) were P. falciparum, 2 (5.4%) were 
P. vivax. there was no mixed infection (P. falciparum + P. vivax) [Table-2]. 
 

Table-1 Sex and Nationality of the patients 
Jazan Sex Nationality Total No.        

(%) Male 
No.( %) 

Female 
No.  (%) 

Saudi 
No.  (%) 

Non Saudi 
No. (%) 

Positive 
malaria cases 

28(75.7) 9 (24.3) 19 (51.4) 18 (48.6) 37/102 
(36.3) 

 

 

Table-2 Results of microscopy, OptiMAL test and a multiplex PCR in detection of P. falciparum and P. vivax. 
Species Microscopy Optimal  test Multiplex PCR 

  P.f P.v Mixa Total P.f P.v Mixa Total 

P.f 28 35 0 0 35 30 0 0 30 

P.v 4 0 2 0 2 0 3 0 3 

Mixa 0 0 0 0 0 0 0 2 2 

Total 32 35 2 0 37 30 3 2 35 

                                                                         Mixa: mixed infection with P. falciparium and P. vivax 
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Table-3 Diagnostic performance of OptiMAL test and multiplex PCR for detection of P. falciparum in relation to microscopy. 
Method* Sensitivity 

(%) 
Specificity 

(%) 
Positive predictive value (%) Negative predictive value (%) Overall Accuracy (%) 

OptiMAL test 100 90.5 80 100 93.14 
Multiplex PCR 100 97.3 93 100 98.04 

                                *mixed infection not included 
 

Table-4 Diagnostic performance of OptiMAL test and multiplex PCR for detection of P. vivax in relation to microscopy. 
Method* Sensitivity 

(%) 
Specificity 

(%) 
Positive predictive value (%) Negative predictive value 

(%) 
Overall Accuracy (%) 

OptiMAL test 50 100 100 98 98 
Multiplex PCR 75 100 100 98.99 99 

                               *mixed infection not included  
 

Discussion: 
Malaria is one of the major health concerns in Saudi Arabia. As a noteworthy 
wellbeing issue in the developing nations, malaria demonstrated to have a 
negative effect on the financial advancement. Different PCR assays have been 
used and assessed as an alternative procedure for diagnosis of malaria brought 
by different Plasmodium species [12,16]. Nested PCR tests diagnose 
asymptomatic malaria with minimum value of parasitemia [17]. On the other hand, 
nested PCR is moderately drawn-out and sophisticated [18]. The PCR-based 
microtiter plate hybridization (MPH) test was also introduced as presented as an 
alternative technique for diagnosis of malaria [19, 20]. The sensitivity of the test 
decreases at low parasitemia levels and the performance of this test required 
sophisticated processes. Recently, a multiplex PCR assay was utilized for 
identification different species of several parasites [21]. The point of preference of 
multiplex PCR in contrast with nested PCR is the amplification of DNA in a solitary 
tube (P. falciparum and P. vivax), in this manner avoiding contamination and 
reagents utilization is achieved [22]. 
The present study showed that 31.4%, 36.3% and 34.3% were malaria positive by 
Microscopy, optimal test and Multiplex PCR respectively.  The species 
identification of positive cases was done by multiplex PCR and demonstrated that 
the more noteworthy number of malaria cases were P. falciparum (85.7%) while 3 
(8.6%) were P. vivax and two cases (5.7%) were mixed infection (P. falciparum + 
P. vivax) which concurs with several researches [13, 23, 24]. Among them, 48.6% 
of total cases have been detected among foreigners. Many researches showed 
that many malaria endemic areas record mixed infections of these species. Also, 
the prevalence of mixed infections differs according the geographic area [25, 26]. 
Imported malaria is every now and again reported in KSA; most cases are P. 
falciparum infections. So, identification of P. falciprum and P. vivax is very vital for 
control of malaria in KSA [27]. Malaria cases among new comers, from either 
endemic regions or foreigners, were detected to be 97.45% of total cases. The 
highest percentage of cases among foreigners registered by Saudi Arabia Ministry 
of Health among foreigners was in the eastern region (25.91%) and Jazan 
(25.32%) [3].     
In addition, the present study revealed that multiplex PCR test had the capacity to 
identify mixed infections that were not diagnosed by microscopy. This could be 
because of one species prevalence over another or that premature stage of 
Plasmodium species only present in blood of patient at the time of diagnosis by 
microscopy [28,29]. The multiplex PCR's sensitivity had the capacity to distinguish 
mixed infection while the microscopy test neglected to identify it. Hence, no doubt 
the multiplex PCR is a superior technique to distinguish mixed infections 
of Plasmodium species. The multipex PCR is the fundamental method that permits 
synchronous distinguishing proof and differentiation of human Plasmodium 
species. The reliability of the test was also being seen in other study as mixed 
infections were successful identified and further affirmed by sequencing data. The 
significant finding was that the real-time PCR did not appear to be as specific as 
the multipex PCR particularly in the diagnosis of mixed infections. A multiplex PCR 
is a simple and time-saving method [20]. 
Compared with microscopy, the sensitivity, specificity and test accuracy of 
multiplex PCR assay for detection of P. falciparum was 100%, 97.3% and 98.04% 
respectively. The sensitivity, specificity of multiplex PCR assay for detection of P. 
vivax was 75%, 100%. Test accuracy of multiplex PCR assay was 99%. This was 
similar to a study done by Khoa et al. (2003) [15] who proved the same results for 

multiplex PCR. This is also in accordance with a study done by Veron et al. (2009) 
[31] who found that other type of PCR as nested PCR and duplex real-time 
PCR tests displayed 100% sensitivity and specificity. In the present study, a 
comparative study of the microscopic and PCR test demonstrated that the results 
acquired by a PCR were better than those got by microscopy, in that all 
microscopy-positive specimens were observed to be positive by a PCR. While, 
three samples negative by microscopy were positive by PCR. This is similar to 
results of study done by Kritsiriwuthinan and Ngrenngarmlert (2011) [32] who 
proved that semi-nested multiplex PCR was more sensitive in malaria detection 
than microscopy. In present study, one sample was diagnosed as P. vivax by 
microscopy but negative by multiplex PCR. This may result from failure to amplify 
a PCR product due to poor quality of DNA or presence of mutations in the parasite 
genome [33] and \or inappropriate DNA isolation due to presence of inhibitors in 
the sample [34]. Microscopy is insufficiently sensitive to be utilized alone to screen 
malaria, especially in low level of parasitaemia. Microscopy could not identify 
malaria parasites when the density is 20–50 parasites/μl [35]. In spite of the fact 
that, microscopic examination of blood film is still gold standard, several 
drawbacks, for instance, requiring expert parasitologist, technical equipment 
maintenance, error in microscopist preparing and lacking quality control are 
connected with this technique [36]. Albeit master microscopy could hypothetically 
distinguish 10 p/μL parasitemia, normal microscopy has turned out to be not able 
in identifying lower than 100 p/μL parasitemia [37].  In summary, the multiplex 
PCR for the differential diagnosis between P. vivax and P. falciparum infections is 
highly beneficial where malaria has newly reemerged and fully-trained 
microscopists are restricted in number. Moreover, the PCR diagnostic test can 
easily be utilized for mass screening and field studies through automation and a 
PCR machine framework outfitted with a compact power supply. 
Compared with microscopy, the sensitivity, specificity and test accuracy of 
OptiMAL test for detection of P. falciparum was 100%, 90.5% and 93.14%. The 
sensitivity, specificity and of OptiMAL test for detection of P. vivax was 50%, 
100%. While, Test accuracy of OptiMAL test was 98%. Different studies 
throughout the world notified sensitivities of OptiMAL assay from as low as 25% to 
as high as 100% [38, 39, 40]. Albeit, high temperature (up to 60ºC) and dampness 
(up to 70%) were found not to influence results of test [41], false negatives were 
additionally observed even up to parasite densities of 2500 parasites/µL [40, 42]. 
The effectiveness of OptiMAL assay was extraordinarily affected by the level of 
parasitemia in patient's blood. The sensitivity of the OptiMAL assay was 96% at 
parasitemias of >500/μl; on the other hand, the sensitivity declined to 44 at 
parasitemias of <500/μl in a study done by Iqbal et al., [30]. This can conceivably 
be hazardous, as to miss the detection of malaria parasite in a patient having 
febrile illness may imply that complications develop because suitable treatment 
was not given to patients on time. The assessment of a negative result in this 
circumstance will be clearly impacted by the clinical manifestation [43]. In this 
study OptiMAL assay was positive in 2 samples which were negative by multiplex 
PCR. However, false-positive responses may happen in people who have high RF 
levels as notified before [44]. In present study, the OptiMAL assay was more 
sensitive in diagnosis of malaria patients with P. falciparum than P. vivax. This is 
in agreement with previous report [45]. On the other hand, a few reports had 
showed that The OptiMAL assay was more sensitive in diagnosis malaria 
infections with P. vivax than P. falciparum [46, 47]. OptiMAL assay has additionally 
been utilized in parasite diagnosis by non-invasive technique like saliva, but with 
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lower sensitivities.  However, its sensitivity shows that it ought to not yet be viewed 
as first-line diagnostic test [43]. Delays in correct diagnosis or misdiagnosis that 
can prompt inappropriate treatment have been implicated in deaths among 
malaria patients in developed countries [48]. So, it is vital that a fast, sensitive and 
reliable technique should be accessible to laboratories for the diagnosis of 
malaria. This would obviate over diagnosis and over-treatment. Furthermore, it 
inhibits the increase of drug resistant strains of malaria parasite. 
In the conclusion, in spite of the fact that microscopy is considered the backbone 
for routine diagnosis of malaria in Saudi Arabia, rapid diagnostic tests are 
important in crisis. However, according to the data from present study, OptiMAL 
test could not be dependably utilized to diagnose the mixed infections and it would 
be prescribed to utilize parasite particular antibodies to the specific antigens, 
instead of the pan-specific antibodies. This presses the requirement for new 
molecular method, which when utilized alongside microscopy, resulting in 
detection limits up to 1 parasite/µL. In spite the fact that the utilization of PCR at 
the field level is doubtful, using Whatman cards and collected blood spots in the 
field for removal to a lab and subsequent analysis make it easy. The ability to 
diagnose mixed infections also makes PCR a very efficient screening device for 
epidemiological studies. 
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