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Introduction and literature review 

 

Malaria is the most widespread infectious illness in the tropics and subtropics (1). Currently 

P.vivax is endemic across Asia, the south pacific, North Africa , Middle East , South and central 

America(2), and has lately recurred in regions where it had formerly been eliminated, including 

North America and Europe (3). .presently, an estimated 2.9 billion people live at risk of P.vivax 

infection (4). Research in malaria has been principally focused on P.falciparum, the most lethal 

form of malaria. However, P.vivax can also cause severe sickness with serious complications and 

expenses, particularly in children, in whom it has a major impact on growth (5– 7). 

Presently accessible diagnostic techniques for malaria include the identification of malaria 

parasites or parasite proteins in blood by microscopy and rapid diagnostic tests (RDT) and 

parasite DNA by polymerase chain reaction (PCR). Microscopic examination of Giemsa-stained 

thick blood film is the diagnostic gold standard, but even qualified microscopists habitually 

detect only 50–100 parasites or more/microlitre of peripheral blood (8, 9), therefore missing 

infected individuals with very low parasitaemia (10,11). People existing in low malaria 

transmission areas harbor submicroscopic parasitaemia (12, 13) and represent reservoirs that 

protract transmission (14). Immunochromatographic tests detect malaria parasite-specific 

proteins, such as histidine-rich protein-2 (HRP-2) in plasma. RDTs are effortless to achieve and 

fitting for field settings. Although multi-survey analyses prove a strong association between 

prevalence of malaria by RDT and by microscopy (15), RDTs detect more infections than 

microscopic inspection (8, 10, and 16). Furthermore HRP-2-based RDTs may show false 

positive results for up to a month following parasite clearance (11, 16-18). Molecular methods 

are highly sensitive with PCR detecting as low as 1–5 parasites/ µl of blood (19-21, 1). although 

differences in their procedure s and performances, microscopy, RDT, and nested PCR (nPCR) 

for malaria diagnosis share a common problem, that is, the requisite of blood samples. Collection 

of blood is not risk-free. Pain is experienced and phobias associated with finger pricks and 

needles have been clinically explained (22-24). In addition, cultural and religious myths 

discourage some persons from providing blood samples. These aspects decrease contributor 

compliance in epidemiological surveys where frequent sampling is required. Besides, accidental 
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transmission of blood borne pathogens such as HIV and hepatitis viruses can occur during blood 

draws and finger-pricks. Less painful, more culturally sensitive, and safer tools for malaria 

diagnosis should support participation in mass screening programs and improve public 

health(25) and better technique for malaria diagnosis is required that incorporates the accuracy of 

PCR and the use of non-invasive clinical samples. 

Human being saliva is readily obtainable and is increasingly being recognized as an important 

diagnostic specimen. While more than 98% of human saliva is composed of water (26), the 

salivary fluid holds many constitutive and infiltrating electrolytes, proteins, and DNA that have 

been explored for diagnoses and screening of a broad range of illnesses(27-29). such as, 

molecular markers of malignancy, for example p53 mutations and carcinoembryonic antigen 

have been detected in saliva of patients with oral carcinomas (30) ,and saliva concentrations of 

some biomarkers of cardiovascular illness correlate with equivalent serum concentrations (31). 

In addition, saliva-based kits have been developed for the diagnosis of HIV (32) and human 

papilloma virus (33). Although some researchers have also detected malaria parasite DNA in 

urine samples, the sensitivity of saliva-based detection is significantly higher than urine-based 

detection of malaria parasite DNA (34-38). Therefore, saliva is a more promising non-blood 

substitute for malaria diagnosis than urine. 

Study done by Pattakorn Buppan et al showed that; microscopy results, nested PCR of saliva 

samples had a sensitivity of 84% for P. vivax detection. Both nested PCR result of saliva samples 

had a specificity of 100% for identification of P. vivax when compared with nested PCR results 

from blood. Although the positive rates of nested PCR of saliva samples for P. falciparum 

increased with parasite density, no tendency occurred in results from nested PCR of saliva 

samples for P. vivax (39). 
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Rationale 

 

Existing malaria diagnostic methods require blood collection that may be associated with pain 

and the risk of transmitting blood-borne pathogens, and often create poor compliance when 

repeated sampling is required. On the other hand, the collection of saliva and/or urine is 

minimally invasive; but those specimens have not been widely used for the diagnosis of malaria. 

So we want to alternate the conventional methods with modern and noninvasive techniques. 

Also it is necessary to identify sub-microscopic in order to reduce transmission. However, some 

aspects of monitoring and evaluation, post-treatment follow-up and long-term epidemiological 

studies require frequent blood sampling. This has resulted in patient dissatisfaction, and children 

and pregnant women are sometimes, unlikely to participate in these invasive investigations. 

Ideally, sampling should be simple, non-invasive, reliable and painless. In recent years, malaria 

has been diagnosed by sampling of saliva and urine, and this may feasibly replace blood 

sampling. The aim of this research is to validate the use of human saliva and urine for nested 

PCR-based vivax malaria detection among selected group of Sudanese individuals. 
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Objectives 

 

General objectives 

To compare the diagnostic performance of saliva, urine and blood specimens for diagnosing 

Plasmodium vivax malaria with conventional method (microscopy). 

Specific objectives  

1. To compare between the sensitivity and specificity of nested PCR of saliva samples and 

microscopy for P.vivax. 

2. To compare between the sensitivity and specificity of nested PCR of urine and 

microscopy for P.vivax. 

3. To compare between the sensitivity and specificity of nested PCR of blood and 

microscopy for P.vivax. 
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Materials and method 

 

Study design: Prospective, comparative hospital based - study. 

Study period: study will be conducted from November 2018 to June 2020. 

Sample size: 100 of saliva, urine and blood specimens will be collected from each participant. 

Study population: 

Inclusion criteria: untreated vivax malaria patients positive by microscopy of any age group 

that will be seen at Basher teaching hospital, Soba University hospital and Ibrahim malik 

teaching hospital who will be willing to participate. 

Exclusion criteria: Individuals having previous anti-malarial treatment and those with bleeding 

gum. 

Ethical consideration 

Informed consent will be obtained from the participants. A good discussion will be conducted 

with them to explain the benefits of the research for the community and any possible out come 

from the research will be accounted for their benefits. 

Sample collection and storage 

We will collect 2 ml of blood (in a sterile tube containing EDTA), 2 ml of saliva and 5 ml of 

urine, both in 2 volumes of absolute ethanol. All samples will be stored at -20C until analysis. 

Malaria microscopy 

Both thin and thick blood smears will be prepared for each isolate and will be stained with 10% 

Giemsa solution. The thin blood film will be examined for at least 200 microscopic fields and the 

thick blood film for at least 200 leukocytes, using a 100× objective. Parasitaemia (parasites/µl of 



7 
 

blood) will be determined by counting the number of parasites against 200 white blood cells and 

multiplying a constant of 8000 white blood cells/µl of blood. Each slide will read by two 

experienced microscopists and their parasitaemia readings will averaged. Discrepancies greater 

than 10% between two readings will be resolved by the reading of a third technician. 

DNA extraction 

. DNA will be extracted from200 ml of whole blood using the QIAamp DNA Mini Kit 

(QIAGEN Ltd, Hilden, Germany) following manufacturer’s instructions. Ethanol in the saliva 

and urine samples was removed by centrifuging at 18500 g for 3 min, washing the sediment 

three times with sterile PBS and suspending in 200 ml PBS. DNA from saliva samples was 

extracted using the QIAamp DNA Mini Kit (QIAGEN Ltd) using the protocol of Verweij et al 

(40). While DNA from urine samples was extracted using the QIAamp viral RNA kit 

(QIAGENLtd) to provide a higher DNA yields (41). 

Nested PCR assay 

The mitochondrial cytochrome b gene of P.vivax will be targeted by primers in a nested PCR 

reaction, using conditions described by Putapurntip et al. (35) .Primers will be designed to 

amplify a 227 bp fragment in the first PCR reaction. This fragment was then diluted in sterile 

distilled water and used as a template in the second PCR reaction. Species-specific primers will 

be added in separate reaction tubes to amplify a181 bp P.vivax fragment in the second PCR 

reaction (35).The amplified products were visualised on 2% agarose gels stained with ethidium 

bromide. 

The genomic DNA was extracted from all of the blood samples using Agencourt Genfind v2 

DNA isolation kit (Beckman Coulter, Beverly, Massachusetts, USA) according to the 

manufacturers ’protocol. This DNA templates were used for the amplification with thermal 

cycler (Sensoquest, Go_ttingen, Germany) using a genus specific primer set as described by 

Perandin et al. (42). In order to assess P. vivax, a species-specific primer set was used (43) All of 

the PCR reaction mixtures (100 ml of total volume) consisted of 250 mM deoxynucleoside 

triphosphate (Fermantas RO191), 10 × PCR buffer (500 mM KCl, 100 mM Tris-HCl [pH 8.3], 

20 mM MgCl2), 2 U/ml Taq DNA polymerase (Fermantas SB38) and 5 pmol of each primer set. 

The thermal cycling began with denaturation at 95℃for 5 min, followed by 25 cycles of 94℃ 
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for 30 sec, 58℃ for 2 min, and 72℃ for 2 min, with final incubation at 72℃for 5 min. Five-ml 

aliquots of the product were used for the second amplification cycle (nested 2) using the same 

PCR conditions and thermal cycle except the use of 30 cycles instead of 25. PCR products were 

analyzed on agarose gels of 2.5% by electrophoresis at 100 V in 1 ×Tris-Boric-EDTA buffer 

(0.04 M Tris-boric and 1 mM EDTA pH 8.0) and then visualized by UV light after being stained 

with ethidium bromide. 

Statistical analysis 

The results will be analyzed using SPSS, version 16.0 for Windows (SPSS Inc, Chicago, IL, 

USA, 1989-2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

 

 

 

 

Work plan  

 

 10-

11/2018 

12/2018-

5/2019 

6-

10/2019 

11-

12/2019 

1-

3/2020 

4-

6/2020 

   

Proposal 

development 

and submission 

 

 

        

Collection of 

saliva , urine 

and blood 

specimens 

         

Laboratory 

analysis  

         

Data analysis 

and report 

writing  

         

Write up thesis           

Write up papers           

          

          

          

          

 

 

 

 

 

 

 



10 
 

References 

 

1. Tangpukdee N., Duangdee C., Wilairatana P., and Krudsood S., “Malaria Diagnosis: A Brief 

Review,” Korean J. Parasitol., vol. 47, no. 2, p. 93-102, 2009. doi: 10.3347/kjp.2009.47.2.93 

PMID: 19488414. 

2. Hay S. I., Guerra C. A., Tatem A. J., Noor A. M., and Snow R. W., “Europe PMC Funders 

Group The global distribution and population at risk of malaria: past, present, and future,” 

vol. 4, no. 6, pp. 327– 336, 2011. doi: 10.1016/S1473-3099(04)01043-6 PMID: 15172341. 

3. Martens P. and Hall L., “Malaria on the move: human population movement and malaria 

transmission. Malaria on the move: human population movement and malaria transmission.,” 

Emerg. Infect. Dis., vol. 103, no. April, pp. 1–7, 2000. 

4. Guerra C. A., Howes R. E., Patil A. P., Gething P. W., van Boeckel T. P., Temperley W. H., 

Kabaria C. W., Tatem A. J., Manh B. H., Elyazar I. R. F., Baird J. K., Snow R. W., and Hay 

S. I., “The international limits and population at risk of Plasmodium vivax transmission in 

2009,” PLoS Negl. Trop. Dis., vol. 4, no. 8, 2010. 

5. Rice B. L., Acosta M. M., Pacheco M. A., and a Escalante A., “Merozoite surface protein-3 

alpha as a genetic marker for epidemiologic studies in Plasmodium vivax: a cautionary 

note.,” Malar. J., vol. 12, p. 288, Jan. 2013. doi: 10.1186/1475-2875-12-288 PMID: 

23964962. 

6. Ketema T. and Bacha K., “Plasmodium vivax associated severe malaria complications 

among children in some malaria endemic areas of Ethiopia.,” BMC Public Health, vol. 13, 

no. 1, p. 637, Jan. 2013. doi: 10.1186/1471-2458-13-637 PMID: 23834734. 

7. Lee G., Yori P., Olortegui M. P., Pan W., Caulfield L., Gilman R. H., Sanders J. W., Delgado 

H. S., and Kosek M., “Comparative effects of vivax malaria, fever and diarrhoea on child 

growth,” Int. J. Epidemiol., vol. 41, no. 2, pp. 531–539, 2012. doi: 10.1093/ije/dyr190 PMID: 

22258823. 

8. Wongsrichanalai C, Barcus MJ, Muth S, Sutamihardja A, Wernsdorfer WH. A review of 

malaria diagnostic tools: microscopy and rapid diagnostic test (RDT). Am J Trop Med Hyg. 

2007;77:119–27. 



11 
 

9. Joanny F, Löhr SJ, Engleitner T, Lell B, Mordmüller B. Limit of blank and limit of detection 

of Plasmodium falciparum thick blood smear microscopy in a routine setting in Central 

Africa. Malar J. 2014;13:234. 

10. Nankabirwa JI, Yeka A, Arinaitwe E, Kigozi R, Drakeley C, Kamya MR, et al. Estimating 

malaria parasite prevalence from community surveys in Uganda: a comparison of 

microscopy, rapid diagnostic tests and polymerase chain reaction. Malar J. 2015;14:528. 

11. Wu L, van den Hoogen LL, Slater H, Walker PGT, Ghani AC, Drakeley CJ, et al. 

Comparison of diagnostics for the detection of asymptomatic Plasmodium falciparum 

infections to inform control and elimination strategies. Nature. 2015;528:S86–93. 

12. Okell LC, Ghani AC, Lyons E, Drakeley CJ. Submicroscopic infection in Plasmodium 

falciparum-endemic populations: a systematic review and meta-analysis. J Infect Dis. 

2009;200:1509–17. 

13. Lin JT, Saunders DL, Meshnick SR. The role of submicroscopic parasitemia in malaria 

transmission: what is the evidence? Trends Parasitol. 2014;30:183–90. 

14. Karl S, Gurarie D, Zimmerman PA, King CH, St. Pierre TG, Davis TME. A submicroscopic 

gametocyte reservoir can sustain malaria transmission. PLoS ONE. 2011;6:e20805. 

15. Mappin B, Dalrymple U, Cameron E, Bhatt S, Weiss DJ, Gething PW. Standardizing 

Plasmodium falciparum infection prevalence measured via microscopy versus rapid 

diagnostic test. Malar J. 2015;14:460. 

16. Bell DR, Wilson DW, Martin LB. False-positive results of a Plasmodium falciparum 

histidine-rich protein 2-detecting malaria rapid diagnostic test due to high sensitivity in a 

community with fluctuating low parasite density. Am J Trop Med Hyg. 2005;73:199–203. 

17. Mouatcho JC, Dean Goldring JP. Malaria rapid diagnostic tests: challenges and prospects. J 

Med Microbiol. 2013;62:1491–505. 

18. Iqbal J, Siddique A, Jameel M, Hira PR. Persistent histidine-rich protein 2, parasite lactate 

dehydrogenase, and panmalarial antigen reactivity after clearance of Plasmodium falciparum 

monoinfection. J Clin Microbiol. 2004; 42:4237–41. 

19. Golassa L, Enweji N, Erko B, Aseffa A, Swedberg G. Detection of a substantial number of 

sub-microscopic Plasmodium falciparum infections by polymerase chain reaction: a potential 

threat to malaria control and diagnosis in Ethiopia. Malar J. 2013;12:352. 



12 
 

20. Satoguina J, Walther B, Drakeley C, Nwakanma D, Oriero EC, Correa S, et al. Comparison 

of surveillance methods applied to a situation of low malaria prevalence at rural sites in the 

Gambia and Guinea Bissau. Malar J. 2009;8:274. 

21. Morassin B, Fabre R, Berry A, Magnaval JF. One year’s experience with the polymerase 

chain reaction as a routine method for the diagnosis of imported malaria. Am J Trop Med 

Hyg. 2002;66:503–8. 

22. Hamilton JG. Needle phobia: a neglected diagnosis. J Fam Pract. 1995;41:169–75. 

23. Wright S, Yelland M, Heathcote K, Ng S-K, Wright G. Fear of needles–nature and 

prevalence in general practice. Aust Fam Physician. 2009;38:172–6. 

24. Bienvenu OJ, Eaton WW. The epidemiology of blood-injection-injury phobia. Psychol Med. 

1998;28:1129–36. 

25. Sin M. L. Y., Mach K. E., Wong P. K., and Liao J. C., “Advances and challenges in 

biosensor-based diagnosis of infectious diseases.,” Expert Rev. Mol. Diagn., vol. 14, no. 2, 

pp. 225–44, Mar. 2014. doi: 10.1586/14737159.2014.888313 PMID: 24524681. 

26. Humphrey SP, Williamson RT. A review of saliva: normal composition, flow, and function. J 

Prosthet Dent. 2001;85:162–9. 

27. Pink R, Simek J, Vondrakova J, Faber E, Michl P, Pazdera J, et al. Saliva as a diagnostic 

medium. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. J Cont Educ Topics 

Issues. 2009; 153:103–10. 

28. Malamud D. Saliva as a diagnostic fluid. Dent Clin North Am. 2011;55:159–78 

29. Pfaffe T, Cooper-White J, Beyerlein P, Kostner K, Punyadeera C. Diagnostic potential of 

saliva: current state and future applications. Clin Chem. 2011;57:675–87. 

30. Markopoulos AK, Michailidou EZ, Tzimagiorgis G. Salivary markers for oral cancer 

detection. Open Dent J. 2010;4:172–8. 

31. Foley JD, Sneed JD, Steinhubl SR, Kolasa J, Ebersole JL, Lin Y, et al. Oral fluids that detect 

cardiovascular disease biomarkers. Oral Surg Oral Med Oral Pathol Oral Radiol. 

2012;114:207–14. 

32. Zachary D, Mwenge L, Muyoyeta M, Shanaube K, Schaap A, Bond V, et al. Field 

comparison of OraQuick ADVANCE rapid HIV-1/2 antibody test and two blood-based rapid 

HIV antibody tests in Zambia. BMC Infect Dis. 2012;12:183. 



13 
 

33. Saheb Jamee M, Boorghani M, Ghaffari S-R, AtarbashiMoghadam F, Keyhani A. Human 

papillomavirus in saliva of patients with oral squamous cell carcinoma. Med Oral Patol Oral 

Cir Bucal. 2009;14:e525–8. 

34. Buppan P, Putaporntip C, Pattanawong U, Seethamchai S, Jongwutiwes S. Comparative 

detection of Plasmodium vivax and Plasmodium falciparum DNA in saliva and urine samples 

from symptomatic malaria patients in a low endemic area. Malar J. 2010;9:72. 

35. Putaporntip C, Buppan P, Jongwutiwes S. Improved performance with saliva and urine as 

alternative DNA sources for malaria diagnosis by mitochondrial DNA-based PCR assays. 

Clin Microbiol Infect. 2011;17:1484–91. 

36. Ghayour Najafabadi Z, Oormazdi H, Akhlaghi L, Meamar AR, Nateghpour M, Farivar L, et 

al. Detection of Plasmodium vivax and Plasmodium falciparum DNA in human saliva and 

urine: loop-mediated isothermal amplification for malaria diagnosis. Acta Trop. 

2014;136:44–9. 

37. Mharakurwa S, Simoloka C, Thuma PE, Shiff CJ, Sullivan DJ. PCR detection of 

Plasmodium falciparum in human urine and saliva samples. Malar J. 2006;5:103. 

38. Nwakanma DC, Gomez-Escobar N, Walther M, Crozier S, Dubovsky F, Malkin E, et al. 

Quantitative detection of Plasmodium falciparum DNA in saliva, blood, and urine. J Infect 

Dis. 2009;199:1567–74. 

39. Pattakorn Buppan, Chaturong Putaporntip1, Urassaya Pattanawong1, Sunee Seethamchai2, 

Somchai Jongwutiwes: Comparative detection of Plasmodium vivax and Plasmodium 

falciparum DNA in saliva and urine samples from symptomatic malaria patients in a low 

endemic area. Malaria Journal 2010, 9:72. 

40. Verweij JJ, Pit DS, van Lieshout L et al. Determining the prevalence of Oesophagostomum 

bifurcum and Necator americanus infections using specific PCR amplification of DNA from 

faecal samples. Trop Med Int Health 2001; 6:726–31. 

41. Bista BR, Ishwad C, Wadowsky RM et al. Development of a loop-mediated isothermal 

amplification assay for rapid detection of BK virus. J Clin Microbiol 2007; 45:1581–7. 

42. Putaporntip C, Hongsrimuang T, Seethamchai S, Kobasa T, Limkittikul K, Cui L, 

Jongwutiwes S: Differential prevalence of Plasmodium infections and cryptic Plasmodium 

knowlesi malaria in humans in Thailand. J Infect Dis 2009, 199:1143-1150. 



14 
 

43. Perandin F, Manca N, Calderaro A, Piccolo G, Galati L, Ricci L, Medici MC, Arcangeletti 

MC, Snounou G, Dettori G, Chezzi C. Development of a real-time PCR assay for detection 

of Plasmodium falciparum, Plasmodium vivax, and Plasmodium ovale for routine clinical 

diagnosis. J Clin Microbiol 2004; 42: 1214-1219. 

 

 


