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Abstract 
Malaria parasites, Plasmodium falciparum (P.falciparum) infections are taking a great toll on the lives of people 
worldwide, especially in developing countries. Recently, haemozoin detection using optical techniques tends to 
provide comparable parasite densities (PDs) estimation. We conducted feasibility studies on P.falciparum 
infected blood (i-blood) and uninfected blood (u-blood) samples from volunteers employing laser-induced 
fluorescence technique for PDs estimation. Fluorescence results show high intensity in u-blood than i-blood. 
PeakFit analysis with Loess smoothing under Lorentzian curve shows that fluorescence peak of i-blood appears 
red-shifted with increasing PDs. The Lorentzian curves depict that fluorescence peak intensity ratio increases 
with increasing PDs in i-blood samples. This technique may be potentially applied in PDs estimation to improve 
malaria diagnosis. 
Keywords: autofluorescence, Plasmodium falciparum, parasite density, malaria diagnosis. 
1. Introduction 
Malaria diagnosis and treatment are of great interest due to the high death rate caused by malaria, especially in the 
developing countries (Sachs & Melaney, 2002; Hay et al., 2004; Amexo et al., 2004, WHO, 2013). The causative 
malaria parasites, P.falciparum digests haemoglobin (Hb) for nutrient in host blood stream (Moore et al., 2006). 
To improve the cure rates of P.falciparum infections, a diagnostic tool, which can detect the parasites at any stage, 
is greatly needed. A major decision factor in the P.falciparum diagnosis is evaluation of the degree of infections 
termed as parasite densities (PDs). The accepted technique commonly used for PDs estimation is manual 
assessment of the number of parasites from blood smears slides in relation to microscopic high power fields 
(Pammenter, 1988; WHO, 1988; Bloland & Ettling, 1999). P.falciparum infects red blood cells (RBCs) of any age 
and has the ability to develop high-grade PDs (Molla et al., 2001). Due to the rapid growth of this parasite, the PDs 
can double over a 2-day period without treatment (Rowe et al., 2002). In clinical settings, the stage of the PDs is 
essential as one of the criteria in establishing severity in P. falciparum infections and to study the effect of 
anti-malarial therapy (Dubey et al., 1999). The manual assessment technique is, however, prolonged, grueling and 
requires an expert microscopist (Payne, 1988; Coleman et al., 2002; Mitiku et al., 2003; Bates et al., 2004). 
Moreover, the accuracy of the final assessment ultimately depends on the expertise and experience of the 
microscopist (Pammenter, 1988; Sio et al., 2006; Opoku-Ansah et al., 2013), for which the agreement rates for 
assessing the same sample is remarkably low (Mitiku et al., 2003). 
Development of malaria antigen test, rapid diagnostic tests (RDTs), which has threshold for detecting parasites 
more than 100 parasites/µl, within 15 to 20 minutes, is the technique mostly used presently(Moody, 2002; 
Wongsrichanalai et al., 2007). These immunochromatographic tests are commercially available in kit with all the 
necessary reagents, they are user-friendly, easier to perform and the associated procedure does not require 
extensive training or equipment to perform or to interpret the results (Peyron et al., 1994; Singh et al., 1997). 
Unskilled clinicians can be trained in RDTs techniques within a day (Premji et al., 1994). However, RDTs has 
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accompanied challenges (WHO, 2000); they give contrasting information regarding its sensitivity and specificity 
(Guerin et al., 2002; Murray, 2008). The agreement rate between RDTs and microscopy is comparatively low 
(Forney et al., 2001; Fernando et al., 2004; Wilson et al., 2011).  
A number of optical techniques developed for assessing malaria parasites are based on haemozoin detection as a 
characteristic for P.falciparum infection and antimalarial activity. The haemozoin is formed from detoxified and 
crystallized haeme together with iron derived from partially metabolized Hb (Loyevsky et al., 2001). Several 
techniques such as wide-field confocal polarization microscopy (Campbell et al., 2007), laser desorption mass 
spectroscopy (Scholl et al., 2004), third harmonic generation imaging (Belisle et al., 2008), magneto-optical 
testing (Mens et al., 2010), photo migration in the field of tissue optics (Friebel et al., 2006), have been applied to 
whole blood in the parasite detection. These techniques are not easily applicable in malaria endemic areas because 
they involve expensive equipment and well-equipped laboratories (Makler et al., 1998).  
In many decades, laser-induced fluorescence (LIF) diagnostic methods have been used to measure the 
fluorescence spectra of healthy and pathological tissue samples to find out structural difference between the tissue 
samples and reflect the structural characteristics of endogenous spectra about fluorophores inside the tissues 
(Karadaglic et al., 2009; De Goes Rocha et al., 2010; De Oliveira Silva et al., 2010; Kalnina et al., 2010; Al-Salhi 
et al., 2011; Masilamani et al., 2011). LIF, is therefore, an adequate analytical technique with advantages of high 
sensitivity, safety, non-invasiveness, low sample consumption, short testing time, and suitable for in situ testing. 
Therefore, it has become one of the most widely used spectroscopic methods for in vivo diagnosis in recent years. 
LIF on human blood have shown the regions where fluorescence occurs. A number of studies have been done on 
human blood samples using LIF (Gao et al., 2004; Peng & Liu, 2013). These studies have shown that fluorescence 
spectra of the whole human blood are within 500-900 nm and that the fluorescent peak apparently shifts with 
change in blood concentration. Masilamani et al., (2014) used fluorescence spectra of P.falciparum infected 
human blood plasma to diagnose malaria (Masilamani et al., 2014). In spite of this development, no work has been 
done to assess the whole human blood sample for the presence of P.falciparum infections and PDs using LIF. 
In this work, we present feasibility studies done on P.falciparum infected whole human blood samples from 
volunteers utilizing laser-induced fluorescence technique for PDs estimation.  
2. Experimental Procedure and Methods  
2.1 Sample Preparation 
Blood samples from 80 volunteers were collected in test tubes containing ethylenediamine tetra acetic acid 
(EDTA) as an anticoagulant. 5 ml of blood samples was collected from each of the volunteers after being tested 
positive for P.falciparum malaria parasites (infected). These samples were obtained before treatment. Following 
antimalarial treatment and being tested negative (uninfected), another 5 ml of blood sample, was collected from 
each of the volunteers. Thus, a total of 160 blood samples were collected from the 80 volunteers. The blood 
samples collection was handled by a phlebotomist. The infected blood samples were grouped by a pathologist 
into four categories (+, ++, +++, ++++) based on PDs, which indicates the level of infection. For each blood 
sample, 2 ml was used for fluorescence spectral determination. The volunteers were informed about the 
investigation, and proper consents were obtained. The blood samples and volunteers data collection procedures 
were approved by Ghana Health Service Ethical Review Committee (GHS-ERC-09/05/14). The ages of the 
volunteers range from 1-90 years with mean age of 16 years. 40 % of volunteers were males and 60 % of them 
females. 
2.2 Fluorescence Spectral Acquisitions 
The 2 ml each of infected (i-blood) and uninfected blood (u-blood) samples was put into a quartz cuvette and 
fluorescence spectra were recorded using a laser source with 30 mW power, and excitation wavelength of 405 
nm (O-Like). Figure 1 shows a schematic diagram of the set-up for fluorescence spectra recordings. The 
excitations from the blood samples were cut-off with the aid of a long-pass filter (Edmund Optics Inc.). The 
fluorescence scattered light was fiber-coupled via a 2.0 m SMA-905 optical fibre (Ocean Optics 
BIF600-UV-VIS) to a USB 4000 spectrometer (Ocean Optics-UV-VIS) connected to a Toshiba Laptop (3.0 GHz 
8.0 GB, AMD A10-4600M). For each i-blood and u- blood samples, a total of 1420 spectra were recorded for 
each sample at a room temperature of 23 ᵒC and the average of each set used for analysis. The power of the laser 
at illumination position was attenuated with a 1.0 neutral density (Thorlabs Inc., Absorptive filter) filter to avoid 
photo-bleaching. This was verified by repeating the experiment three times for each sample for an optimal 
duration of 120 seconds and observing no inter-replicate spectral differences. The fluorescence data was 
extracted with our own developed Matlab codes. 
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Figure 1. Experimental set-up for recording fluorescence spectra of blood samples from 405 nm excitation source 
 
3. Results and Analysis 
The mean fluorescence spectra for i-blood and u-blood samples were determined via our developed Matlab code 
(R2010a Matlab 7.10.0, Mathworks Inc.) the normalized spectra are shown in Figure 2. The mean fluorescence 
spectrum of u-blood samples is higher in intensity and broader in width than the i-blood samples. Within the 
i-blood samples, as the PDs increases the fluorescence spectrum decreases in intensity and in width. Each 
spectrum peaks around 612±1 nm and shows a pronounced shoulder around 685±2 nm. This reduction in 
fluorescence intensities in i-blood samples may be attributed to the presence of haemozoin in the blood, acting as a 
fluorescence quencher. It may, also, be attributed to the reduction in the Hb concentration, as a result of the 
presence of the parasites feeding on the Hb in the blood. 
 

 
Figure 2. Normalized fluorescence spectra of uninfected blood (a), and Plasmodium falciparum infected blood 

with parasite densities: (b) (+), (c) (++), (d) (+++) and (e) (++++) at 405λ = nm excitation 
 
These observations may be attributed to variations in the energy distribution between fluorophores resulting to 
fluorescence quenching in i-blood samples. Increasing concentrations of the haemozoin or a reduction in Hb 
concentration with increasing PDs may have accounted for the decreasing intensities of the i-blood spectra. The 
hemozoin formation is preceded by formation of metalloprotein hemoglobin, which binds to an erythrocytic cell 
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membrane to form hemichrome. The hemichrome has a unique spectral signature which is different from 
haemoglobin (Peng et al., 2013; Masilamani et al., 2014).  
In order to bring out the latent shoulder peaks within the fluorescence spectra, PeakFit software (4.11 version, 
Jandel Scientific, Germany) was used to analyze the fluorescence spectra from the blood samples. The PeakFit 
software, applied somewhere (Anderson et al., 2004), combines Loess smoothing function, 
Marquardt-Levenberg and Lorentzian spectral functions for analyzing the fluorescence spectra. It determines the 
accurate total minimum value of the sum of the squared deviations. The value of the relationship coefficient and 
the pattern of residue determine the quality of the fit. The Lorentzian spectral function aided with the choosing of 
a reasonable corresponding fit of the spectral. This enabled the determination of a high-quality t-test, standard 
errors for peak amplitude, peak centre and Full Width at Half Maximum (FWHM) for further analysis. 
The characteristics of the Lorentzian bands obtained from the curve fit analysis of the fluorescence spectra for 
u-blood and i-blood samples with different PDs are shown in Figures 3 and 4 respectively. In the figures the 
ordinate scales are different across the sets. This was done as a visual aid to make the underlying peaks more 
conspicuous. The decision for the Lorentzian band was based on precise fit of the measured spectra with 
high-quality values. The figures show broader spectra bands for u-blood samples (Figure 3) as compared to 
i-blood samples (Figure 4). This can be attributed to the interaction between neighbouring molecules and the 
large number of vibration levels in u-blood samples with endogenous fluorophores in i-blood samples 
undergoing transformation. 
 

 
Figure 3. Fluorescence intensity distribution of uninfected blood sample fitted with Lorentzian function 

 
Three constituent bands, A1, A2 and A3 were extracted for u-blood and i-blood samples. The A2 band, reported 
elsewhere (Opoku-Ansah et al., 2014), originated from the fluorescence spectra of Hb whilst A3 band originated 
from the fluorophores of the collapsed feeble bonds (Gao et al., 2004). The reduction in the relative fluorescence 
intensities of the A2 bands as the PDs increases may be attributed to the reduction in the concentration of Hb 
(Moore et al., 2006). Increase in PDs decreases the relative fluorescence intensities of the A3 bands. These 
observations may be attributed to self-absorption phenomenon and structural rigidity of the fluorophores. The 
P.falciparum parasite growing in the i-blood secretes enzymes to digest the proteins in the RBCs. The RBCs 
membrane becomes enlarged and inelastic. The deformability therefore reduces in the RBCs of i-blood. The higher 
the PDs in i-blood, the weaker the absorbed energy and the fluorescence peaks are shifted to longer wavelength 
(Boulnois, 1986). 
For meaningful results in most LIF applications, the fluorescence intensities ought to be compared due to the 
relative nature of the spectra. In that vein, fluorescence peak intensity ratio (PIR) was derived from the 
fluorescence spectral bands A2 and A3 using the relation in Equation (1): 

  2 3

3

I IPIR
I
β−=    (1) 



www.ccsenet.org/apr Applied Physics Research Vol. 8, No. 2; 2016 

47 

where β is a constant, 2I and 3I are the peak intensities of 2A and 3A . The peak fit analysis of the fluorescence 
spectra from the blood samples had accompanied uncertainties. Using these uncertainties, error margins for the 
PIR was calculated for the blood samples. Table 1 shows the variations in peak wavelengths of u-blood and i-blood 
samples for the different PDs under the Lorentzian curves and the PIR values. The PIR values for i-blood ranges 
from 0.4 to 1.2, which is above that of u-blood. The mean PIR for u-blood samples was calculated to be less than 
0.3. 
 

 
Figure 4. Fluorescence intensity distribution of P.falciparum infected blood sample with parasite densities: (a) (+), 

(b) (++), (c) (+++) and (d) (++++) fitted with Lorentzian function 
 
Table 1. Peak wavelengths of uninfected blood and P.falciparum infected blood samples with different parasite 
densities under the Lorentzian curve  

Blood samples  Peak wavelength (nm) Peak intensity ratio  
(PIR) A1 A2 A3 

u-blood 557.51±0.04 610.80±0.03 683.52±0.05 0.23±0.07 
i-blood 
(PDs) 

+ 
++ 

+++ 
++++ 

557.59±0.15 
557.59±0.09 
557.93±0.07 
557.94±0.04 

611.65±0.05 
612.05±0.08 
613.14±0.05 
613.22±0.10 

683.52±0.04 
684.17±0.09 
684.17±0.18 
687.09±0.17 

0.43±0.04 
0.56±0.05 
0.78±0.08 
1.21±0.13 

 
Energy transfer between endogenous fluorophores in i-blood with different PDs triggered the blood absorption by 
ground state molecules, resulting in fluorescence quenching in i-blood. When blood sample with different PDs was 
excited by the same light source, peak wavelength fluorescence spectra are red-shifted with the increment of PDs 
in i-blood. This red-shifted phenomenon with the increase of PDs in i-blood could be due to the environmental 
changes of the fluorophores as a result of haemozoins in i-blood.  
Figure 5 depicts the graphical variations in PIR values (Table 1) for i-blood with different PDs. It can be observed 
from Figure 5 that PIR increases with increasing PDs. These observations suggest that within the range of 
fluorescence spectra of Hb, fluorescence peak intensity for the Lorentzian curve under A2 increases whilst 
fluorescence peak intensity for Lorentzian curve under A3 decreases. This suggests that Hb degradation in i-blood 
results in high PIR for the spectra region representing A2 than in A3. 
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Figure 5. Variations in peak intensity ratio of P. falciparum infected blood samples with different parasite densities 
 
5. Conclusions 
In this work, we have shown that it is feasible to use laser-induced fluorescence (LIF) technique for P. falciparum 
parasites density (PDs) estimation. Employing LIF technique, u-blood shows high fluorescence intensity than 
i-blood. Fluorescence peak intensity of i-blood exhibits red-shifted phenomenon with increasing PDs. This 
research has shown that any PIR values greater than 0.3 has P.falciparum parasite. And, the PIR values of the 
various sample PDs has been found to range from 0.4 to 1.2. This spectroscopic technique may be potentially 
applied in PDs estimation for improved malaria diagnosis. 
Acknowledgements 
We wish to express our profound gratitude to International Programme for Physical Sciences (IPPS), International 
Sciences Programme (ISP), Uppsala University, Sweden for funding. We wish to express our appreciation to the 
Office of External Activities and Associate scheme of Abdus Salam ICTP, Trieste, Italy for funding and stay at 
ICTP. Immense thanks to Aboma Merdasa of Department of Chemical Physics, Lund University, Sweden for 
assistance. We also thank members of African Spectral Imaging Network (AFSIN). Finally, to all members of 
Laser and Fibre Optics (LAFOC) Research Group for their motivation and contributions. 
References  
Al-Salhi, M., Masilamani, V., Vijmasi, T., Al-Nachawati, H., & Vijaya Raghavan, A. P. (2011). Lung cancer 

detection by native fluorescence spectra of body fluids-a preliminary study. J. Fluoresc., 21(2), 637-645. 
http://dx.doi.org/ 10.1007/s10895-010-0751-9 

Amexo, M., Tolhurst, R., Barnish, G., & Bates, I. (2004). Malaria misdiagnosis: effects on the poor and 
vulnerable. Lancet, 364, 1896-1898. http://dx.doi.org/10.1016/S0140-6736(04)17446-1 

Anderson, B., Buah-Bassuah, P. K., & Tetteh, J. P. (2004). Using violet laser-induced chlorophyll fluorescence 
emission spectra for crop yield assessment of cowpea (Vigna unguiculata (L) Walp) varieties. Meas. Sci. 
Technol., 15, 255-1265. http://doi.org/10.1088/0957-0233/15/7/005 

Bates, I., Bekoe, V., & Asamoa-Adu, A. (2004). Improving the accuracy of malaria-related laboratory tests in 
Ghana. Malar. J., 3(38), 1-6. http://dx.doi.org/10.1186/1475-2875-3-38 

Belisle, J. M., Costantino, S., Leimanis, L. S, Bellemare, M. J., Bohle, S. D., Geroges, E., & Wiseman, P. W. 
(2008). Sensitive detection of malaria infection by third harmonic generation imaging. Biophys. J., 94(4), 
26-28. http://dx.doi.org/ 10.1529/biophysj.107.125443 

Bloland, P. B., & Ettling, M. (1999). Making malaria treatment policy in the face of drug resistance. Ann. Trop. 
Med. Parasitol., 93(1), 5-23. http://dx.doi.org/10.1080/00034989958753 

Boulnois, J. C. (1986). Photophysical processes in recent medical laser developments: a review. Lasers Med. Sci., 
1, 7-66. http://dx.doi.org/ 10.1007/BF02030737 



www.ccsenet.org/apr Applied Physics Research Vol. 8, No. 2; 2016 

49 

Campbell, M. C., Cookson, C. J., Bueno, J. M., Seaman, A., & Kisilak, M. L. (2007). Confocal polarimetry 
measurements of tissue infected with malaria. Proceedings of the Frontiers in Optics, Laser Science 
XXIII/Organic Materials and Devices for Displays and Energy Conversion. OSA Technical Digest, FThK1. 
http://dx.doi.org/ 10.1364/FIO.2007.FThK1 

Coleman, R. E., Maneechai, N., Rachaphaew, N., Kumpitak, C., Miller, R. S., Soyseng, V., Thimasaran, K., & 
Sattabongkot, J. (2002). Comparison of field and expert laboratory microscopy for active surveillance for 
asymptomatic Plasmodium falciparum and Plasmodium vivax in Western Thailand. Am. J. Trop. Med. Hyg., 
67, 141-144. Retrieved from: http://www.ajtmh.org/content/67/2/141.full.pdf 

De Goes Rocha, F. G., Barbosa, Chaves K. C., Gomes, C. Z., Campanharo, C. B., Courro,l L. C., Schor, N., & Bellini, 
M. H. (2010). Erythrocyte Protoporphyrin Fluorescence as a Biomarker for Monitoring Antiangiogenic Cancer 
Therapy. J. fluoresc., 20(6), 1225-1231. http://dx.doi.org/10.1007/s10895-010-0672-7 

De Oliveira Silva, F. R., Bellini, M. H., Tristao, V. R., Schor, N., Vieira, N. D. Jr. & Courrol, L. C. (2010). Intrinsic 
fluorescence of protoporphyrin IX from blood samples can yield information on the growth of prostate 
tumours. J. fluoresce., 20(6), 1159-1165. http://dx.doi.org/ 10.1007/s10895-010-0662-9 

Dubey, M. L., Weingken, C., Ganguly, N. K., & Mahajan, R. C. (1999). Comparative evaluation of methods of 
malaria parasite density determination in blood samples from patients and experimental animals. Indian J. 
Med. Res., 109, 20-27. http://dx.doi.org/10.1111/j.1365-3148.2005.00583.x 

Fernando, S. D., Karunaweera, N. D., & Fernando, W. P. (2004). Evaluation of a rapid whole blood 
immunochromatographic assay for the diagnosis of Plasmodium falciparum and Plasmodium vivax malaria. 
Ceylon Med. J., 49, 7- 11. http://dx.doi.org/10.4038/cmj.v49i1.3276 

Forney, J. R., Magill, A. J., Wongsrichanalai, C., Sirichaisinthop, J., Bautista, C. T., Heppner, D. G., … Gasser, Jr 
R.A. (2001). Malaria rapid diagnostic devices: performance characteristics of the ParaSight F device 
determined in a multisite field study. J. Clin. Microb., 39, 2884-2890. http://dx.doi.org/10.1128/JCM.39.8. 
2884-2890.2001 

Friebel, M., Roggan, A., Muller, G., & Meinke, M. (2006). Determination of optical properties of human blood in 
the spectral range 250 to 1100 nm using Monte Carlo simulations with hematrocrit-dependent effective 
scattering phase functions. J. Biomed. Opt., 11(3), 34021-34031. http://dx.doi.org/ 10.1117/1.2203659 

Gao, S., Lan, X., Liu, Y., Shen, Z., Lu, J., & Ni, X. (2004). Characteristics of blood fluorescence spectra using low- 
level, 457.9 nm excitation from Ar+ laser. Chin. Opt. Lett., 2(3), 160-161. Retrieved from: 
http://www.col.org.cn/abstract.aspx?id=COL02030160 

Guerin, P. J., Olliaro, P., Nosten F., Druilhe, P., Laxminarayan, R., Binka, F., Kilama, W.L. & Ford, N., White N. 
J. (2002). Malaria: current status of control, diagnosis, treatment and a proposed agenda for research and 
development. Lancet Infect. Dis., 2(9), 564-573. http://dx.doi.org/10.1016/S1473-3099(02)00372-9 

Hay, S. I., Guerra, C. A., Tatem, A., Noor, A. M., & Snow, R. W. (2004). The global distribution and population 
at risk of malaria: past, present and future. Lancet Infect. Dis., 4, 327-336. 
http://dx.doi.org/10.1016/S1473-3099(04)01043-6 

Kalnina, I., Kurjane, N., Kirilova, E., Klimkane, L., Kirilov, G., & Zvagule, T. (2010). Correlation of altered blood 
albumin characteristics and lymphocyte populations to tumor stage in gastrointestinal cancer patients. Cancer 
biomarkers, 7(2), 91-99. http://dx.doi.org/ 10.3233/CBM-2010-0151 

Karadaglic, D., Wood, A. D., McRobbie, M., Stojanovic, R., & Herrington, C. S. (2009). Fluorescence 
spectroscopy of an in vitro model of human cervical neoplasia identifies graded spectral shape changes with 
neoplastic phenotype and a differential effect of acetic acid. Int. J. Cancer Epidemiol., Det. Prev., 33(6), 
463-468. http://dx.doi.org/ 10.1016/j.canep.2009.10.010 

Loyevsky, M., LaVaute, T., Allerson, C.R., Stearman, R., Kassim, O. O., Cooperman, S., Gordeuk, V. R., & 
Rouault, T.A. (2001). An IRP-like protein from Plasmodium falciparum binds to a mammalian 
iron-responsive element. BLOOD, 98(8), 2555-2562. http://dx.doi.org/ 10.1182/blood.V98.8.2555 

Makler, M. T., Palmer, C. J., & Ager, A. L. (1998). A review of practical techniques for the diagnosis of malaria. 
Ann. of Trop. Med., & Parasitol., 92(4), 419-433. Retrieved from http://www.researchgate.net 

Masilamani, V., Devanesan, S, Ravikumar, M., Perinbam, K., AlSalhi, M. S, Prasad, S., Palled, S., B. Ganesh, K. 
M., & Alsaeed, A. H. (2014). Fluorescence spectral diagnosis of malaria-a preliminary study. Diag. Pathol., 
19(182), 1-7. http://dx.doi.org/10.1186/s13000-014-0182-z 



www.ccsenet.org/apr Applied Physics Research Vol. 8, No. 2; 2016 

50 

Masilamani, V., Trinka, V., Al Salhi, M., Elangovan, M., Raghavan, V., Al Diab, A. R., & Al-Nachawati, H. 
(2011). A new lung cancer biomarker-a preliminary report. Photomed. Laser Surg., 29(3), 161-170. 
http://dx.doi.org/ 10.1089/pho.2009.2615 

Mens, P.F., Matelon, R. J., Nour, B.Y.M., Newman, D. M., & Schallig, H. D. F. H. (2010). Laboratory evaluation 
on the sensitivity and specificity of a novel and rapid detection method for malaria diagnosis based on 
magneto-optical technology (MOT). Malar. J., 9, 207. http://dx.doi.org/10.1186/1475-2875-9-207 

Mitiku, K., Mengistu, G., & Gelaw, B. (2003). The reliability of blood film examination for malaria at the 
peripheral health unit. Ethiop. J. Health Dev., 17(3), 197-204. http://dx.doi.org/10.1016/j.jbi.2008.11.005  

Molla, S., de La Rubia, J., Arriaga, F., Fernandez, M. J., Caprio, N., & Marty, M. L. (2001). Role of exchange 
transfusion in patients with severe P. falciparum malaria: report of six cases. Haematologica, 86, 208-209. 

Moody, A. (2002). Rapid diagmostic test for Malaria parasites. Clin. Microbial. Rev., 15(1), 66-78. 
http://dx.doi.org/10.1128/CMR.15.1.66-78.2002 

Moore, R. L., Fujioka, H., Williams, P. S., Chalmers, J. J., Grimberg, B., Zimmerman, P. A., & Zborowski, M. (2006). 
Hemoglobin degredation in malaria-infected erythrocytes determined from live cell magnetophoresis. FASEB J., 
20(6), 747-749. Retrieved from http://www.fasebj.org/content/early/2006/04/01/fj.05-5122fje.full.pdf 

Murray, C. K. (2008). Update on rapid diagnostic testing for malaria. Clin. Microb. Rev., 21(1), 97-110. 
http://dx.doi.org/ 10.1128/CMR.00035-07 

Nash, G. B., O’Brien, E., Gordon-Smith, E. C., & Dormandy, J. A. (1989). Abnormalities in the Mechanical 
Properties of Red Blood Cells Caused by Plasmodium Falciparum. Blood, 74(2), 855-861. Retrieved from 
http://www.bloodjournal.org/content/bloodjournal/74/2/855.full.pdf 

O’Meara, W. P., McKenzie, F. E., Magill, A. J., Forney, J. R., Permpanich, B., Lucas, C., Gasser, R. A., & 
Wongsrichanalai, C. (2005). Sources of variability in determining malaria parasite density by microscopy. 
American Journal of Tropical Medicine and Hygiene, 73, 593-598. http://dx.doi.org/10.1186/1475-2875 
-5-118 

Opoku-Ansah, J., Anderson, B., Eghan, M. J., Boampong, J. N., Osei-Wusu Adueming, P., Amuah, C. L. Y., & 
Akyea, A. (2013). Automated Protocol for Counting Malaria Parasites (P. falciparum) from Digital 
Microscopic Image Based on L*a*b* Colour Model and K-Means Clustering. Inter. J. Computer Sci. & Sec., 
7(4), 149-158. Retrieved from http://www.cscjournals.org/csc/manuscript/journals/IJCSS/volume7/Issue4/ 
IJCSS-887.pdf 

Opoku-Ansah, J., Eghan, M. J., Anderson, B., & Boampong, J. N. (2014). Wavelength Markers for Malaria 
(Plasmodium Falciparum) Infected and Uninfected Red Blood Cells for Ring and Trophozoite Stages. Appl. 
Phy. Res., 6(2), 47-55. http://dx.doi.org/10.5539/apr.v6n2p47 

Pammenter, M. D. (1988). Techniques for the diagnosis of malaria. S. Afr. Med. J., 74(2), 55-57. 
http://dx.doi.org/10.1007/s11517-006-0044-2 

Payne, D. (1988). Use and limitations of light microscopy for diagnosing malaria at the primary health care level. 
Bull. World Health Organ. 66(5), 621-626. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC2491188/pdf/bullwho00070-0086.pdf 

Peng, C., & Liu J. (2013). Studies on Red-Shift Rules in Fluorescence Spectra of Human Blood Induced by LED. 
Appl. Phy. Res., 5(1), 1-6. http://dx.doi.org/10.5539/apr.v5n1p1 

Peyron, F. G., Martet, J. P. (1994). Vigler A. Dipstick antigen-capture assay for malaria detection. Lancet, i, 
1502-1503. http://dx.doi.org/10.1016/S0140-6736(94)92612-3 

Premji, Z., Minjas, J. N., & Schiff, C. J. (1994). Laboratory diagnosis of malaria by village health workers using 
the rapid ParaSight® F test. Trans. R. Soc. Trop. Med. Hyg., 88(4), 418. http://dx.doi.org/10.1016/0035 
-9203(94)90409-X 

Rowe, J. A., Obiero, J., Marsh, K., & Raza, A. (2002). Short report: positive correlation between rosetting and 
parasitemia in Plasmodium falciparum clinical isolates. Am. J. Trop. Med. Hyg., 66, 458- 460. Retrieved from 
http://www.ajtmh.org/content/66/5/458.full.pdf 

Sachs, J., & Melaney, P. (2002). The economic and social burden of malaria. Malar. J., 415, 680-685. 
http://dx.doi.org/10.1038/415680a 



www.ccsenet.org/apr Applied Physics Research Vol. 8, No. 2; 2016 

51 

Scholl, P. F., Kongkasuriyachai, D., Demirev, P. A., Feldman, A. B., Lin, J. S., Sullivan, D. J. Jr., Kumar, N. 
(2004). Rapid detection of malaria infection in vivo by laser desorption mass spectrometry. Am. J. Trop. Med. 
Hyg., 71(5), 546-551. Retrieved from: http://www.ajtmh.org/content/71/5/546.full.pdf 

Singh, N., Valencha, M., & Sharma, V. P. (1997). Malaria diagnosis by field workers using a 
immunochromatographic test, Trans. R. Soc. Trop. Med. Hyg., 91, 396-397. http://dx.doi.org/10.1186/1471 
-2334-1-10  

Warhurst, D. C., & Williams, J. E. (1996). Laboratory diagnosis of malaria. Journal of clinical pathology, 49, 
533-538. http://dx.doi.org/10.1136/jcp.49.7.533 

Wilson, B. K., Behrend, M. R., Horning, M. P., & Hegg, M. C. (2011). Detection of malarial byproduct hemozoin 
utilizing its unique scattering properties. Opt. Exp., 19(13), 12190-12196. http://dx.doi.org/10.1364/ 
OE.19.012190 

Wongsrichanalai, C., Barcus, M. J., Muth, S., Sutamihardja, A., & Wernsdorfer, W. H. (2007). A review of 
malaria diagnostic tools: microscopy and rapid diagnostic test (RDT). Am. J. Trop. Med. Hyg., 77(6 Suppl.), 
119-127. Retrieved from: http://www.ajtmh.org/content/77/6_Suppl/119.full.pdf 

World Health Organization. (1988). Malaria diagnosis: memorandum from a WHO meeting. Bull World Health 
Organ., 66, 575-594. Retrieved from http://www.ncbi.nlm.nih.gov/pmc/ articles/PMC2491192/pdf 

World Health Organization. (2000). Malaria Diagnosis New Perspectives. Report of a Joint WHO/USAID 
Informal Consultation, October 25-27, Geneva. Retrieved from http://www.who.int/tdr/publications/ 
documents/malaria-diagnosis.pdf 

World Health Organization. (2013). World Malaria Report. Geneva, Switzerland. Retrieved from 
www.who.int/iris/bitstream/10665/97008/1/9789241564694_eng.pdf 

 
Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 


