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AbstrAct
Malaria is a significant public health problem in many parts of the world. Accurate diagnosis and control currently relies 
on the invasive detection of parasitemias in the blood samples. This technique is invasive, increases risk of blood-borne 
disease transmission, and is uncomfortable for the patient. This research summarizes the diagnostic techniques that have 
been used to detect malaria in blood samples and their limitations. It is important to understand that noninvasive testing 
of malaria can provide adequate check and control high malaria rate by promoting early detection and treatment from 
mild to moderate to serve cases and noninvasive detection will never be achieved without good calibration approach. At 
this point, we are far away from reaching the aim of noninvasive detection of malaria through blood in the body, with 
many technical problems yet to be resolved. This research provides information that may be useful for future development 
of highly efficient non-invasive malaria detection methods.
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IntroductIon

Malaria is preventable and treatable yet the disease 
continues to claim nearly half a million lives a year because 
of inadequate clinically available tools to test for malaria 
at one convince. According to the latest data from WHO, 
there were an estimated 216 million cases of malaria 
worldwide in 2016, marking a return to 2012 levels [1]. Non 
invasive testing of malaria can provide adequate check and 
control high malaria rate by promoting early detection and 
treatment from mild to moderate to serve cases. Encouraging 
investments in the development and deployment of a new 
generation of malaria tools is key to achieving the 2030 
global malaria targets. Urgent action is required to get the 
global fight against malaria back on track[16]. On World 
Malaria Day 2018, WHO is calling for expanded coverage 
of proven tools that we know to work – tools that have 
already dramatically lowered the global burden of malaria, 
investments in the research and development of new tools 
to accelerate the pace of progress, to reduce the serve effect 
of malaria like deaths. The African Region continues to bear 
90% of malaria cases and 91% of malaria deaths worldwide 
[12] Consequently, new techniques have been employed to 
develop a noninvasive device for blood testing of malaria, 
and the effort to give a better life to patients by developing 

their comfort for easy testing of malaria through with non 
invasive technology, with little fears of medical problem and 
dying related to this disease. For these reasons, at present the 
noninvasive technology is the most needed and demanding 
research topic in biomedical science engineering and its 
related areas [13, 14, and 15]

VArIous dIAgnostIc technIques for 
IdentIfIcAtIon of MAlArIA
Recent developments in diagnostic techniques for detection 
of malaria, give the following list of diagnostic techniques to 
detect the malaria. 

Manual Diagnosis 

Manual diagnosis

This remains the most merit way to diagnose malaria. 
However, the technique is requiring considerable time 
consuming and need skilled expertise. The two long 
establishment techniques for manual diagnosis which are 
clinical diagnosis and microscopic diagnosis

Clinical diagnosis

This is the least expensive and widely used method. It is based 
on physical findings at examination derived from patient’s 
signs and symptoms. There are certain clinical algorithms 
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to be followed for diagnosis but the method requires only a 
minimally trained examiner[17]. However the method shows 
very low specificity and can lead to over diagnosis due to the 
non-specific nature of signs and symptoms. Even though the 
clinical diagnosis often shows around 100% success rate, the 
overlapping of malaria symptoms with other tropical diseases 
impair the diagnostic specificity and hence the accuracy can 
be reduced. Therefore it is always advisable to combine this 
method of diagnosis with some kind of laboratory diagnostic 
measurements [14]

Microscopy

This is standard for visualization of parasitemiamiamias in 
blood smears with an analytical sensitivity under normal 
circumstances approximately tenfold inferior than that 
of molecular testing [5]. Microscope has been popularly 
used as a diagnostic tool in peripheral health centres for 
several reasons, including availability [6]. However, the 
quality of such diagnosis depends on the availability and 
skills of trained microscopists, which might not always be 
available in the poorer areas, where malaria is endemic. 
Microscopic examination of malaria is conducted on stained 
blood films using Giemsa, Wrights or Field stains, out of 
which microscopic detection and identification of the 
parasitemia on Giemsa stained thick or thin blood films is 
considered to be the gold standard for laboratory diagnosis 
[8]. Microscopic malaria diagnosis is by far considered to be 
the most effective diagnostic method, but it is highly time-
consuming, labor intensive and requires special training. The 
effectiveness can be affected by poor skills maintenance, slide 
preparation, quality of the laboratory facilities are required 
for the effective condition of the microscope. Furthermore, 
the accuracy of the system solely depends on the expertise of 
the microscopist [9, 24 and 27].

Molecular Diagnosis 

Molecular diagnosis is performed through the use of 
Polymerase Chain Reaction (PCR) which is a confirmatory 
test for malaria. The method is used to identify the presence 
of parasitemias and for species recognition by extracting 
the genomic DNA of Plasmodium Spp and amplify them. 
The procedure undertakes two-step nested PCR by first 
amplifying the DNA with genus specific primers followed 
by species specific primers for species identification [18, 
25,27 and 28]. Molecular diagnosis is more sensitive than 
microscopic examination for low level and mixed infections. 
Although, the procedure is expensive, including access to 
reagents and cost of labor and hence the implementation 
is difficult in laboratories located in areas where there is 
lacking sufficient money to live at a standard considered 
comfortable and where malaria is endemic [10, 29, 30, 32]

Rapid Diagnostic Tests 

Rapid diagnostic tests (RDT) are immunochromatographic 
(separation of antigens or antibodies) methods based on 

detection of malarial antigens, where particular antibodies 
are used to confirm the present of antigens in peripheral 
blood. Both asexual and sexual form of plasmodium Spp 
produces parasitemia lactase dehydrogenase (pLDH) antigen 
which is identified during the tests. The procedure is useful 
for discriminating P.falciparum from other species but cannot 
recognize others specifically [19, 33,34 and 35]. These tests 
are mainly used for research studies and even though they 
produce results faster than microscopic examination, the 
recognition rate is impaired for low level infection and hence 
is not very reliable. Several factors including manufacturing 
process and laboratory and other environmental conditions 
may affect the performance of the tests. It is usually suggested 
in situations such as outbreaks or occupational exposure 
where microscopic examinational capabilities exceed [22].

Automated Diagnosis Using Digital Slide Analysis 

This diagnosis technique is the latest addition to the several 
detection techniques for malaria. The method works on the 
principle of digitizing the whole microscopic examination 
process with little of human interference. This emulates 
all the methods and techniques of manual microscopy and 
incorporating it into a machine-vision platform. The diagnostic 
system consists of hardware and software components [36]. 
The hardware requires imaging equipments such as a slide 
scanner, digital microscope that has provisions for auto-
focusing, automated or semi-automated field selection, slide 
movements and processing devices such as a computer, 
mobile phone or tablet. The software requires robust image 
processing algorithms for pre-processing and final diagnosis 
of the infection. Apart from the initial set-up cost, the 
automated system needs only basic training and possesses 
consistent timing with accuracy reaching up to that of manual 
diagnosis [38]. These algorithms need to achieve diagnostic 
accuracy approaching that of an experienced pathologist 
yet be incorporated into a platform used by technicians 
with only basic training. In addition, the time taken should 
not be longer than that taken using manual methods. The 
methods can be used to for quantitative analysis, research, 
peripheral blood screening, post treatment diagnosis as well 
as an alternative or secondary option for manual microscopy 
[21].

drAwbAcK of ApplIcAtIon of InVAsIVe 
technique and non-invasive as possible 
solutIon
The diagnostic technique technologies and limitations for 
invasive detection of malaria are discussed. These barriers 
include: pain associated with finger pricking, fear of 
contracting blood-borne diseases, proper disposal of used 
needles, physical damage and environmental, susceptibility 
with RDT test strips need for supervision with RDTs to 
ensure correct interpretation of results and adherence 
to hygiene practices and high cost. Unfortunately none of 
these technologies have produced a commercially available 
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clinically reliable device without involving the introduction 
of instruments or other objects into the body to extract 
blood for the test (invasive detection of malaria). Non- 
invasive approaches to test malaria through blood will help 
to overcome these problems. Accurate, effective, cheap and 
non invasive diagnosis is the first step to further pursue 
efforts to eliminate and reduce the global burden of malaria 
by 90% in 2030[23, 28 and 29]. The benefits of non invasive 
detection of Malaria are: no need to draw blood from patients 
(safety), less expensive, quick and reliable diagnosis, can be 
performed in absence of medical professionals, and ability to 
be shared among affected populations. 

Good Calibrations approaches and its stability for various 
conditions is an important factor to accomplish clinical 
desired aim of a successful noninvasive detection of 
plasmodium spp causing malaria. 

The fault-finding parameters are stated below:

To measure and record good quality of output signals i) 
with low interference (Signal to noise ratios)

Vigorous calibration procedures for the experimental ii) 
technique

Filtering to prevent unwanted components or features iii) 
from signal bearing the parasitemias

Ability to produce repeatable and consistent output iv) 
results

prIncIple of MeAsureMent 
The Lambert-Beer law explains for the intensity change on 
the light path by a specific wave number of the wavelength. 
Where the absorption is represented as A and the wave 
number is given as (v), The expression is represented as 
follows;

A (v) = -log I (v) / Io (v)   (1)

Where (I0) represents the intensity of incident light of the 
medium, (I) denotes the intensity of the light after it has 
passed through the sample at specific wave number (v) [7].

proposed Methodology
Figure 1.From the sketch of a proposed noninvasive testing 
of malaria in the blood device. The light source unit (Multi-
Modal Light emitting diodes) provides light in the Infra 
red, visible light and near UV region. It is being focused on 
the arm. The output transmitted bio-signal is received by 
the Multi-Modal Photodetectors (sensors). Amplification 
is incorporated to magnify the feeble bio-signal. Filtering 
is introduced to prevent unwanted signals or features 
from the feeble bio-signal. Alpha Numeric keypad uses 
to send message to the signal processing unit .The Signal 
Processing Unit helps in quantifying the plasmodium spp 
related information and after suitable signal processing and 
conditioning the desired plasmodium parasitemia displayed 
on the Liquid Crystal Display.

Amplification

Figure1: Block diagram of the proposed non-invasive device for testing of malaria

Signal Processing unit (Spectral analysis)
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conclusIon
Expensive and painful ways associated with invasive 
technique of diagnosis malaria demand urgent development 
of new devices that could challenge and have better 
improvement in term of less-expensive, effective and 
painless method of detection of malaria from patients’ blood. 
Designing and development of noninvasive Malaria detection 
technology will yield a novel edge for continuous prevention 
of malaria in order to detect accurate plasmodium spp status 
in patients, promoting and increasing patient compliance, 
securing blood testing for malaria, and reduces work load 
over hospital workers, with easy test control regimen. It 
can provide adequate check and control high malaria rate 
by promoting early detection and treatment from mild to 
moderate to serve cases

recoMMendAtIon
The authors would like to recommend the light source unit to 
provide light in the Infra red, visible light and near UV, multi-
modal Photodetectors (or suitable sensors) should be used 
and incorporation of suitable filtration and amplification 
circuits in design and development of non-invasive method 
of malaria detection system, in order to achieve clinical 
output result.
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