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1.89 0.064 1.201 3.5% 1.89 0.074 1.400 4.6% 1.80 0.071 1.284 6.7% 

3.01 0.149 4.485 1.5% 3.03 0.136 4.128 1.5% 2.90 0.136 3.931 3.6% 

4.52 0.170 7.680 1.0% 4.43 0.172 7.596 1.2% 4.13 0.165 6.826 2.4% 

4.95 0.199 9.850 0.9% 4.95 0.199 9.846 0.4% 4.48 0.198 8.870 0.9% 

4.21 0.537 22.586 1.1% 4.17 0.531 22.140 0.6% 3.67 0.516 18.963 0.7% 

4.60 0.552 25.409 0.7% 4.60 0.549 25.271 0.9% 4.24 0.545 23.093 1.3% 

4.89 0.983 48.089 0.8% 4.93 0.970 47.783 0.8% 4.52 0.962 43.531 1.1% 

3.77 1.535 57.820 0.8% 3.77 1.540 58.055 0.4% 3.51 1.509 53.008 0.6% 

4.57 1.287 58.790 1.2% 4.54 1.275 57.910 2.4% 4.23 1.243 52.618 0.6% 

2.00 26.892 538.620 0.8% 2.02 26.420 533.392 0.5% 1.98 27.151 537.028 0.4% 

 
Average CV = 1.2% 

Range (0.8% - 3.5%) 

Average CV = 1.3% 
Range (0.5% - 4.6%) 

Average CV = 1.8% 
Range (0.4% - 6.7%) 

 

* Additional file 2: Table S1 and Table S2 - available electronically and online: 
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APPENDIX 1: APPROVED STUDY PROTOCOL 

 
1. Background literature analysis 

Malaria continues to be one of the most important parasitic diseases internationally, with 

approximately 3.2 billion people in 97 countries at risk of infection (Hemingway et al., 2016). 

Worldwide in 2015, there were approximately 200 million cases of malaria with a total mortality 

of approximately 400 000 (WHO, 2016). Notably, 90% of all deaths due to the disease occurs in 

central and southern Africa and mainly affects young children and pregnant women (Cholewiński 

et al., 2015). 

To effectively combat the global burden of malaria, early and accurate diagnosis of the disease is 

important so that specific treatment can be initiated thereby preventing complications and 

reducing mortality. Unfortunately, clinical diagnosis is not accurate enough even with a travel 

history as the presenting clinical signs and symptoms of malaria are often non-specific and can 

mimic other tropical infections (Chotivanich et al., 2007). According to the World Health 

Organisation (WHO), malaria diagnosis based solely on clinical features has a very low specificity 

and often leads to overtreatment and irrational use of antimalarial drugs (WHO, 2015a). 

Current recommendations by the WHO for malaria diagnosis are a parasitological test for 

confirmation of disease to avoid presumptive therapy and minimise exposure to anti-malarial 

drugs thereby minimising the development of drug resistance. The two methods routinely used 

for parasitological confirmation are microscopy and immunochromatographic rapid diagnostic 

tests (RDTs) (WHO, 2015a). 

For more than a century microscopy has been the preferred diagnostic test for malaria (Murphy 

et al., 2013). Thorough review of a well prepared and well stained peripheral blood smear by a 

well-trained morphologist remains the gold standard for malaria parasite detection (WHO, 2000). 

Not only does it represent a highly sensitive and specific method for diagnosis, but it also allows 

quantitation of malaria parasitaemia as well as species classification and stage differentiation 

(Abba et al., 2014; WHO, 2015a). However, it requires ongoing training and supervision to ensure 

competence of skilled laboratory staff in malaria diagnosis (WHO, 2015a). In addition, the 

outcome of assessment depends on many variables including well prepared peripheral smears, 

working microscopes and good morphological technique. Further challenges include that it is 

labour-intensive and time-consuming (WHO, 2000). 
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Aside from microscopy, the other recommended parasitological test which has gained much 

interest in the last decade is the RDT. Like the home-pregnancy test and urine dipstick, this 

technology employs the use of monoclonal antibodies on a test strip directed against parasite-

specific antigens in infected blood (Murphy et al., 2013; Odaga et al., 2014). These commercially 

available tests are also able to detect different malaria species and can be employed if quality-

assured microscopy is not available (WHO, 2015a). Although they may serve as a great 

complement or alternative to microscopy, there are also some notable concerns regarding these 

tests. Firstly, they are not quantitative, thereby not allowing for prognostic significance of 

infection as well as monitoring of parasite clearance as a measure of treatment efficacy. In 

addition, they may not allow a health professional to distinguish a new infection from a recently 

treated one (WHO, 2015a). They are also relatively expensive, have a limited shelf life and are 

quite sensitive to high temperatures (Murphy et al., 2013; Abba et al., 2014). Lastly, they have 

been shown to generate false-positive results following cross-reactivity with antigens such as 

rheumatoid factor (Wongsrichanalai et al., 2007). 

As the field of medical diagnostics continues to evolve, there is also a constant search for alternate 

methods to detect and quantify malaria (Sunilkumar and Naik, 2016). To reduce analytical time 

and improve accuracy, automation of the process involving malaria diagnosis is highly desirable 

(Kudella et al., 2016). Automated analysers can offer fast, sensitive and cost-effective assessment 

of all suspected malaria cases (Singh et al., 2015). Some studies have highlighted specific patterns 

that were recognised during routine full blood count (FBC) analysis of malaria-infected blood 

samples by automated haematology analysers (Mendelow et al., 1999; Mohapatra et al., 2011; 

Khattak et al., 2011; Singh et al., 2015; Sunilkumar and Naik, 2016). As these analysers are based 

on the principle of flow cytometry, it has been noted that various abnormal scattergrams are 

generated in the presence of malaria infection as white blood cells scatter light differently after 

they have phagocytosed the parasite and contain the hemozoin pigment (Mohapatra et al., 2011). 

Although quite remarkable, these distinct scattergrams may only suggest the diagnosis and 

confirmation by microscopic assessment of a peripheral blood smear will always be required 

(Singh et al., 2015). 

Something that may prove more definitive for malaria detection with modern haematology 

analysers is their potential ability to detect the actual malaria parasite within a red blood cell and 

quantify percentage parasitaemia. If the analyser can then be optimised to provide a flag 

indicating the presence of malaria-infected red blood cells (MI-RBCs), it could be utilised as a 
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valuable diagnostic method and become part of a routine parameter in sample analysis (Singh et 

al., 2015). Sysmex Corporation (Japan) have designed an automated haematology analyser (XN-

30) which can detect MI-RBCs and report them as a percentage parasitaemia as well as an 

absolute number of MI-RBCs per microlitre of blood. The automated ability of this instrument to 

detect the actual malaria parasite and not any by-product (antigens or phagocytic cells which have 

ingested the parasite) could significantly improve malaria diagnostics and monitoring of response 

to therapy. 

 
2. Working hypothesis 

The detection and quantitation of malaria parasitaemia using flow cytometry methodology of an 

automated haematology analyser is superior to microscopy (current gold standard). 

 
3. Study objectives  

a) To evaluate the performance of malaria parasite detection and quantitation using the Sysmex 

XN-30 haematology analyser (hereafter referred to as the “XN-30”) compared to microscopic 

determination, RDT, and where necessary PCR. 

b) To assess carryover, repeatability and lower limit of detection. 

c) To determine the impact of sample age on positive malaria classification.  

d) To determine the possible factors that may interfere with detection of malaria parasites. 
 
 
4. Methods  

Inclusion criteria  

Peripheral blood samples submitted to the NHLS laboratories at CHBAH and CMJAH with suspicion 

of malaria infection will be analysed. However, only samples which have been processed within 

24 hours of collection from the patient will be included in the data analysis. An estimated total 

sample number of approximately 600 (minimum 200 malaria-positive samples) will be processed. 

 

Study design 

Objective a) To evaluate the performance of the XN-30 for malaria detection and quantitation: 

1) XN-30 automated sample analysis 

All samples will be measured on the analyser in 3 different standard / pre-selected modes: 

a) Whole blood (WB): Each sample will be analysed as is and the amount of blood aspirated by 

the analyser will be the same as for routine specimen analysis i.e. 60 μL. 
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b) Low malaria (LM): Each sample will be analysed as is, however, the amount of blood aspirated 

by the analyser and the time taken to analyse each sample will be more than that which is utilised 

for routine specimen analysis.  

c) Pre-dilute (PD): Each sample will be diluted in a 1:7 ratio using a standardised diluent (Cellpack 

DCL - a standard reagent used by the XN-30 for processing each sample).  

For each of these modes, the instrument will provide an FBC, an estimate of the number of MI-

RBCs per microlitre and the percentage parasitaemia. The LM and PD modes will be performed to 

further assess the accuracy of the instrument in malaria parasite detection and quantitation.  

 
2) RDT 

The RDT result from the primary laboratory (ICT Malaria cassette test for qualitative detection of 

Plasmodium falciparum) will be recorded and all samples will be independently re-tested at the 

PMRU lab using a separate RDT (ICT Malaria dual test) and will be documented as positive or 

negative. 

 
3) Peripheral blood smear preparation 

Four thin peripheral blood smears will be made for each sample of which two will be stained using 

a conventional malaria stain (Rapidiff stain kit) and two will be kept unstained.  

 
4) Microscopic evaluation 

Independent microscopic smear review will be conducted by Dr. Evashin Pillay and Prof. Thérèsa 

Coetzer. This evaluation will be performed according to the current WHO guidelines (WHO, 

2015b). In this regard, the following applies: 

- For samples with a parasite count less than 0.1% (~ 5000 parasites/μL), 10 000 RBCs will be 
counted. 

- For samples with a parasite count greater than or equal to 0.1%, 5000 RBCs will be counted.  

- If no parasites are visualised after 10 000 RBCs have been counted, a sample will be deemed 
microscopy negative.  

- The Plasmodium species and presence of gametocytes will be documented.  

 
5) Qualitative PCR 

Qualitative PCR will be performed according to a standardised PMRU protocol (adapted from 

Hang et al., 1995) if there is a discrepancy between the result of the XN-30 and/or microscopy/ 

RDT as outlined in the table below. Briefly, whole blood will be lysed and DNA extracted with 

phenol/chloroform. A 206 bp rifin P. falciparum gene fragment will be amplified and the product 
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analysed by agarose gel electrophoresis. The PCR products will be visualised on a Syngene Geldoc 

system. The PCR result will be deemed to be correct. 

RDT Microscopy XN-30 PCR required  

POS POS NEG YES 

POS NEG NEG YES, only if it is a new patient and not one who has been 
successfully treated, but the antigen is still present 

NEG POS NEG YES 

NEG NEG POS YES 

POS NEG POS YES 

 

Objective b) To assess carryover, repeatability and limits of blank, detection and quantitation 

1) Carryover  

This will be assessed on the XN-30 in all modes (WB, LM and PD). High and low target value (HTV, 

LTV) samples will be selected according to the following: 

- HTV: MI-RBCs > 200 000/μL, equivalent to > 4% parasitaemia 

- LTV1: Malaria negative sample  

- LTV2: Cellpack DCL  
 
Procedure: 

 
The HTV sample will be measured three times consecutively followed by three consecutive 

measurements of the LTV1 sample. This sequence will be repeated three more times. The above 

process will then be performed using LTV2 instead of LTV1. 

 
2) Repeatability  

This will be assessed on the XN-30 in all modes (WB, LM and PD). Ten samples with at least one 

of the following percentage parasitaemia levels: high (5-10%), mid (~1%) and low (~0.1%), will be 

selected. 

Procedure: 

Each sample will be analysed ten times consecutively in all modes. In the event there isn’t a 

sufficient volume of residual blood for a particular specimen, then separate samples will be 

utilised provided they have similar percentage parasitaemia. 
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3) Limits of blank, detection and quantitation  

These will be assessed on the XN-30 in all modes (WB, LM and PD). 
 
Limit of Blank (LoB)  

Peripheral blood samples (n = 75) submitted in EDTA specimen tubes for routine FBC analysis 

without clinical suspicion of malaria will be utilised. These samples will be randomly selected from 

the routine haematology bench in the NHLS laboratory at CMJAH. In all cases, absence of malaria 

will be confirmed by RDT and peripheral smear review.  

Procedure:  

Fifteen samples will be analysed once in all 3 modes according to the following:  

a) On the day that the sample was obtained and within 24 hours of collection from the patient, 

for a total of five days.  

b) The LoB will then be calculated using data obtained from the above measurements.  

c) Data generated with an “abnormal flag” will be excluded.  

 
Limit of Detection (LoD)  

Procedure:  

Four malaria-positive samples, as determined by the XN-30, RDT and microscopic examination 

will be utilised as follows:  

- The percentage MI-RBCs will be determined for each sample using the WB mode of the XN-30. 

Each sample will be typed for the ABO blood group using a standard kit and then diluted using 

ABO compatible malaria-negative blood (obtained from volunteers within the department and 

tested for blood grouping) to generate three standards with the following dilutions: WB: 30/μL; 

LM: 20/μL; PD: 40/μL. 

- The samples prepared above will be analysed ten times consecutively on the respective modes 

(WB, LM, PD) giving a total of 40 measurements per mode of analysis. 

- The LoD will then be calculated using data obtained from the above measurements. 

 

Limit of Quantitation (LoQ)  

Procedure:  

Three malaria-positive samples, as determined by the XN-30, RDT and microscopic examination 

will be utilised as follows: 
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a) The percentage MI-RBCs will be determined for each sample using the WB mode of the XN-30. 

Each sample will then be diluted using ABO compatible malaria-negative blood in order to 

generate the following dilutions: 10, 20, 30, 40, 60 and 100/μL. 

b) The samples prepared above will be analysed ten times consecutively on the respective modes 

(WB, LM, PD). 

c) The LoQ will then be determined using data obtained from the above measurements. 

 

Objective c) To determine the impact of sample age on positive malaria classification 

This will be assessed on the XN-30 in 2 modes (WB, LM). Ten malaria-positive samples will be 

collected and stored at 4°C and room temperature (18 - 25°C). These samples will be selected 

from routine specimens received for this study. Each mode of measurement will be assessed using 

five malaria-positive samples as follows: 

Procedure:  

a) A minimum volume of 3.5ml residual blood per sample will be required. Each sample will then 

be divided into 1.5ml and 2ml aliquots for the 4°C and room temperature storage stability studies 

respectively and as outlined in the table below. 

 Sample 1 (volume in ml) Sample 2 (volume in ml) 

Time (hours) Whole Blood Mode Low Malaria Mode 

 4°C 18 – 25 °C 4°C 18 – 25 °C 

2   0.268  0.268 

4   0.268  0.268 

8  0.268 0.268 0.268 0.268 

24  0.268 0.268 0.268 0.268 

48  0.268 0.268 0.268 0.268 

72  0.268 0.268 0.268 0.268 

Dead volume  0.300 0.300 0.300 0.300 

Total  1.372 1.908 1.372 1.908 

 ~1.5 ~2.0 ~1.5 ~2.0 

Total volume  ~3.5 ~3.5 

 
b) The aliquots stored at 4°C will be tested at 8h, 24h, 48h and 72h, whereas the aliquots stored 

at room temperature will be tested at 2h, 4h, 8h, 24h, 48h and 72h. In the event of delays because 

of specimen demand for further investigations as well as transport/logistic constraints, it may not 

be possible to obtain the 2h and 4h measurement time points. In this regard, the aim will be to 

process samples at least at the 8h time point. 

c) Each sample will be measured three times.  
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Objective d) To determine the possible factors that may interfere with malaria classification:  

Peripheral blood samples submitted in EDTA specimen tubes for routine FBC without clinical 

suspicion of malaria will be utilised. These samples will be randomly screened at the haematology 

bench in the NHLS laboratory at CMJAH. Residual blood of those which meet the following criteria 

shall be analysed in WB and LM modes:  

a) Isolated anemia with a haemoglobin level less than 8g/dL (n = 20).  

b) Isolated thrombocytopenia with a platelet count less than 100 x 109/L (n = 20).  

c) Raised reticulocyte counts greater than 100 000/μl (n = 20).  

d) Haemoglobinopathies including sickle cell disease and the thalassaemias (n = 20). 
 
 
5) Consent  

Patient consent is not required as this project will use residual blood samples. In addition, patient 

identification will not be included and results will not be utilised in clinical patient management. 

 

6) Data handling and record keeping  

For each sample, the data collected will include the following:  

- Patient age, gender and HIV status (if known).  

- Date and time of sample collection.  

- Date and time of sample analysis.  

- The FBC, corresponding scattergrams / graphs, the number of MI-RBCs per microlitre and 

percentage parasitaemia as measured by the XN-30.  

- The RDT result obtained at the primary laboratory as well as at PMRU.  

- Microscopic malaria parasite counts, malaria species and presence of gametocytes.  

- The PCR results.  

All data generated will be stored in a standardised Microsoft Excel spreadsheet. 

 
7) Data analysis  

All results obtained from the XN-30 will be compared to the results of the corresponding RDTs, 

microscopic assessments and PCR. Correlations, sensitivity, specificity, negative predictive values 

and positive predictive values will be calculated according to different commercial programs such 

as Medicalc. 
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8) Quality control  

In order to ensure adequate functionality of the XN-30, standardised quality control material 

provided by Sysmex will be utilised, and quality assurance assessments will be performed on a 

daily basis according to the appropriate user manual and training. Only after the instrument has 

passed the above assessments shall the samples in question be processed for analysis. 

Maintenance of the instrument as well as replacement of reagents will be performed as required 

when flagged by the analyser, and will be in accordance with the appropriate personnel training. 

Reagents which have passed the expiry date shall be returned to Sysmex and will not be utilised 

for the purposes of this study. In the event of a non-correctable technical or software error, 

sample analysis will be temporarily halted and engineers shall be contacted for assistance. Once 

corrected, the study will resume. 

 
9) Funding  

Sysmex will carry the costs of personnel training, the analysers, reagents, special kits, laboratory 

consumables and equipment maintenance. 

 
10) Ethics  

The Human Research Ethics Committee of WITS has granted approval for the study under the 

numbers M140995 and M160549. Additional ethics approval under these numbers has been 

requested for the purposes of a Master of Medicine (M. Med) degree and is currently pending. 

  
11) Study period 

Laboratory orientation and training took place in December 2016. Sample collection of residual 

blood began in January 2017 and will continue until the end of June 2017. An estimated total of 

6 months will be required to collect and process an estimated total sample number of 

approximately 600 (minimum 200 malaria-positive samples). The data will be analysed between 

July and October 2017. The research report and manuscript(s) for publication will be written and 

finalised by March 2018. 

 

 

 

 

 

 



Page 28 
 

References 

 
Abba, K., Kirkham, A. J., Olliaro, P. L., Deeks, J. J., Donegan, S., Garner, P. and Y. Takwoingi (2014). 

“Rapid diagnostic tests for diagnosing uncomplicated nonfalciparum or Plasmodium vivax malaria 

in endemic countries.” The Cochrane Library 12: 1-195. 

 
Cholewiński, M., Derda, M. and E. Hadaś (2015). “Parasitic diseases in humans transmitted by 

vectors.” Annals of Parasitology 61(3): 137–157.  

 
Chotivanich, K., Silamut, K. and N. P. J. Day (2007). “Laboratory diagnosis of malaria infection – A 

short review of methods.” New Zealand Journal of Medical Laboratory Science 61 (1): 4-7.  

 
Hang, V. T., Be, T. V., Tran, P. N., Thanh, L. T., Hien, L. V., O’brine, E., Morris, G. E. (1995). Screening 

donor blood for malaria by polymerase chain reaction. Transactions of the Royal Society of 

Tropical Medicine and Hygiene 89: 44-47.  

 
Hemingway, J., Shretta, R., Wells, T. M. C., Bell, D., Djimdé, A. A., Achee, N. and G. Qi (2016). “Tools 

and Strategies for Malaria Control and Elimination: What Do We Need to Achieve a Grand 

Convergence in Malaria?” PLoS Biology 14 (3): 1-14.  

 
Khattak, A. Z., Khattak, M. F., Dawood, M. M. and S. N. Pervez (2011). “Diagnostic value of 

automated haematology analyzer in the diagnosis of malaria.” Pakistan Journal of Pathology 22 

(1): 12-16.  

 
Kudella, P. W., Moll, K., Wahlgren, M., Wixforth, A. C. Westerhausen (2016). “ARAM: an 

automated image analysis software to determine rosetting parameters and parasitaemia in 

Plasmodium samples.” Malar Journal 15 (223): 1-11.  

 
Mendelow, B. V., Lyons, L. C., Nhlangothi, L. P., Tana, M., Munster, M., Wypkema, E., Liebowitz, 

L., Marshall, L., Scott, S. and T. L. Coetzer (1999). “Automated malaria detection by depolarization 

of laser light.” British Journal of Haematology 104: 499–503.  

 
Mohapatra, S., Samantaray, J., C., Arulselvi, S., Panda, J., Munot, K. and R. Saxena (2011). 

“Automated detection of malaria with haematology analyser XE-2100.” Indian Journal of Medical 

Sciences 65 (1): 26-31.  



Page 29 
 

Murphy, S. C., Shott, J. P., Parikh, S., Etter, P., Prescott, W. R., V. A. Stewart (2013). “Malaria 

Diagnostics in Clinical Trials.” The American Journal of Tropical Medicine and Hygiene 89 (5): 824–

839. 

 
Odaga, J., Sinclair, D., Lokong, J. A., Donegan, S., Hopkins, H. and P. Garner. (2014). “Rapid 

diagnostic tests versus clinical diagnosis for managing people with fever in malaria endemic 

settings.” The Cochrane Library 4: 2-49. 

 
Singh, A., Narang, V., Sood, N., Garg, B., Kumar, V., and K. Gupta (2015). “Malaria Diagnosis Using 

Automated Analysers: A Boon for Hematopathologists in Endemic Areas.” Journal of Clinical and 

Diagnostic Research 9 (10): 5-8. 

 
Sunilkumar, K. B. and P. Naik (2016). “Usefulness of automated hematology analyzer Sysmex XN 

1000 in detection of Malaria.” Indian Journal of Pathology and Oncology 3 (4): 658-661. 

 
Wongsrichanalai, C., Barcus, M. J., Muth, S., Sutamihardja, A. and W. H. Wernsdorfer (2007). “A 

Review of Malaria Diagnostic Tools: Microscopy and Rapid Diagnostic Test (RDT).” The American 

Journal of Tropical Medicine and Hygiene 77 (6): 119–127.  

 

 
Online Resources  

World Health Organisation, Guidelines for the treatment of Malaria, 3rd Edition (2015a). Available 

online: www.who.int 

 
World Health Organisation, Methods Manual: Microscopy for the detection, identification and 

quantification of malaria parasites on stained thick and thin blood films in research settings 

(2015b). Available online: www.who.int  

 
World Health Organisation, New Perspectives: Malaria Diagnosis (2000). Available online: 

www.who.int 

 
World Health Organisation, World Malaria Report 2016 (2016). Available online: www.who.int 

 

 

 

 

http://www.who.int/
http://www.who.int/
http://www.who.int/
http://www.who.int/
http://www.who.int/
http://www.who.int/
http://www.who.int/
http://www.who.int/


Page 30 
 

APPENDIX 2: ETHICS CLEARANCE CERTIFICATE 

 

 

 

 

 



Page 31 
 

APPENDIX 3: PLAGIARISM REPORT 

 

 
- full report available electronically and online: 
https://www.turnitin.com/newreport_classic.asp?lang=en_us&oid=1124831050&ft=1&bypass_cv=1  

 

DECLARATION REGARDING HIGH SIMILARITY INDEX 

 

This research report, submitted as a publication accepted in a peer-reviewed scientific journal, 

was processed via the Turnitin anti-plagiarism detection software and returned a similarity index 

of 97%. Majority of the similarity sources were tracked to the online version of the publication, 

thereby explaining the high similarity index. 

 

Evashin Pillay       Thérèsa L. Coetzer1 

Date: 04 May 2019       Date: 04 May 2019      

        

https://www.turnitin.com/newreport_classic.asp?lang=en_us&oid=1124831050&ft=1&bypass_cv=1
https://www.turnitin.com/newreport_classic.asp?lang=en_us&oid=1124831050&ft=1&bypass_cv=1


32 
 

APPENDIX 4: ASH POSTER 

 



33 
 

APPENDIX 5: PUBLISHED ABSTRACT 

 

 
Available online: http://www.bloodjournal.org/content/130/Suppl_1/2097  

 

Malaria remains a global health threat with 91 countries still endemic for the disease. Despite a 

recent substantial decline in morbidity and mortality, the magnitude of disease burden is still 

enormous as indicated by the World Health Organisation (WHO) report of an estimated 212 

million new cases and approximately 429 000 deaths in 2015. Sub-Saharan Africa bears the brunt 

of the disease with 92% of all deaths. Plasmodium falciparum is the most lethal of the 5 parasite 

species that infect humans, and causes 99% of all deaths. In patients infected with P. falciparum, 

parasitemia can dramatically escalate every 48 hours or less and can be rapidly fatal if left 

untreated. Accurate, timely diagnosis is thus a critical first step in the management of malaria and 

the WHO recommends that all suspected cases must have diagnostic confirmation either by 

microscopy or rapid diagnostic testing (RDT), prior to initiation of artemisinin combination 

therapy. Microscopic assessment of peripheral blood is the current gold standard but is subjective 

and requires a high level of skill, whereas RDTs indirectly detect parasite antigen and can 

potentially give false positive/negative results. Other methods include PCR and the detection of 

monocytes with ingested hemozoin, which is a surrogate marker for malaria parasites.  

 

This study describes novel technology in the form of an automated Sysmex XN-30 analyzer, which 

utilizes a blue laser and flow cytometry to detect and count malaria-infected red blood cells. To 

evaluate the performance of the XN-30, 189 residual EDTA blood samples from suspected malaria 

http://www.bloodjournal.org/content/130/Suppl_1/2097
http://www.bloodjournal.org/content/130/Suppl_1/2097
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cases referred for routine diagnosis by microscopy and RDT, were analyzed within 24 hours of 

collection. A total of 127 P. falciparum positive samples and 62 negative samples were processed 

over a 6-month period. Discrepancies between the analyzer and microscopy/RDT were resolved 

by PCR using dried blood spots prepared at the time of sample reception. The analyzer showed 

excellent specificity (98.5%) and sensitivity (98.4%). Measurements were reproducible with a 

precision of 1.24% and showed no carryover between samples. The percentage parasitemia that 

was accurately detected ranged from 0.003 to 27%. Positive samples were stored at room 

temperature and 4°C up to 7 days and daily measurements indicated that the parasite count was 

stable. To exclude interference by non-malaria factors, separate malaria negative samples (20 per 

index) with low hemoglobin, high reticulocyte count, thrombocytopenia and hemoglobinopathies 

(thalassemia, sickle cell anemia) were analyzed, but these had no effect on the malaria gates. 

Other Plasmodium species were also detected, including P. vivax, P. ovale and P. malariae. 

 

The direct detection and quantitation of Plasmodium parasites with the XN-30 holds great 

promise and has many advantages over microscopy/RDT/PCR. It is automated, easy to use and 

provides rapid, robust and objective diagnosis of malaria, which will ensure prompt treatment 

and thus undoubtedly improve the quality of healthcare and alleviate the disease burden in 

endemic countries. Since the XN-30 provides a CBC with each analysis, it may also serve as a 

valuable diagnostic aid in detecting unsuspected cases with fever of unknown origin. This scenario 

is becoming more common as international travel to endemic countries increases and tourists 

often present with symptoms when returning to their home country, where clinicians may not 

have a high index of suspicion for malaria, but would request a CBC as part of a diagnostic workup. 

The decline in parasitemia can be monitored by the XN-30 and if the clinical response to therapy 

is delayed, this may serve as an early warning sign of drug resistance. This will yield valuable data 

on the spread of artemisinin resistance, which is alarmingly prevalent in the Greater Mekong 

subregion. The analyzer can differentiate gametocytes making it useful for detection of 

asymptomatic carriers who can be treated to prevent the transmission of parasites to the 

mosquito vector and thus protect communities. This is a vital step in disrupting the lifecycle of 

the parasite and is in line with global initiatives to eliminate malaria. It can also process finger 

prick samples making it suitable for infants and population studies, as well as monitoring efficacy 

of vaccines or new drugs in clinical trials. The XN-30 is currently for research use only but further 

development and clinical studies are in progress.
 

 


