
INTRODUCTION

Malaria, a parasitic disease caused by the protozoans
belonging to family Plasmodiidae and genus Plasmodium,
is a major global health problem. Since 2005, the number
of malaria infections has decreased following new initia-
tives in malaria control, increased urbanization, and over-
all economic development; however, the data on malaria
are still alarming1. Malaria globally affects about 198
million people annually and accounts for nearly 5,84,000
deaths1. Laboratory diagnosis is important to the preven-
tion, control and adequate treatment of malaria. Malaria
diagnosis can not rely solely on the clinical manifesta-
tions of the disease because the signs and symptoms imi-
tate other infections2. Microscopic examination of Gi-
emsa-stained blood smears remains the gold standard for
malaria diagnosis; however rapid diagnostic tests (RDTs)
have also been successfully implemented3-4. Accurate
diagnosis can not be achieved by microscopy or RDTs
alone at present, as they both have certain drawbacks.
Microscopy, for instance requires a skilled technician to
read the slides and show poor sensitivity in detection of
low-level parasitaemia with a detection limit of approxi-
mately 50 parasites/μl4-5. RDTs, however, are user-
friendly can sometimes be inaccurate at diagnosis, are

relatively expensive and fail to detect low-density infec-
tions4. They are not much useful in monitoring the re-
sponse to antimalarial drugs due to their inability to quan-
tify the degree of parasitaemia6-7. Molecular methods
introduced for malaria diagnosis can overcome these re-
straints, with their ability to detect submicroscopic and
mixed infections3, 8. Compared with microscopy and
RDTs, molecular tests are much more sensitive at detect-
ing malaria parasites with detection limits as low as 5
parasites/μl3, 9. With this level of sensitivity, molecular
methods are capable of malaria detection in asymptom-
atic carriers and are useful in the context of malaria eradi-
cation programmes8. The most routinely used molecular
method for detecting malaria parasites is polymerase chain
reaction (PCR) assay, whose potency lies in accurate iden-
tification at the species and subspecies level, and detec-
tion of low level parasitaemia and mixed infections8, 10.
PCR assay has captured special attention in malaria diag-
nosis as it is highly sensitive and specific4.

Isolation of high-quality genomic DNA is an impor-
tant step in determining the suitability of a particular
molecular method in malaria research11. Choice of a mo-
lecular method for malaria diagnosis depends to a large
extent on the purity, stability and integrity of the genomic
DNA used for analysis. High purity DNA is ideal as con-
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taminated DNA often fails to give accurate, consistent
and reproducible results. Over the years, numerous ap-
proaches have been developed to isolate Plasmodium
DNA from an array of sources (Fig. 1). Selection of an
isolation method decides the quality of DNA and the sen-
sitivity of downstream applications12. Contemplating that
DNA isolation is the first crucial step necessary for mo-
lecular studies on malaria, this review ponders the meth-
ods available for genomic DNA isolation from Plasmo-
dium, and attempts to compare them and evaluate their
appropriateness for use in different applications. Addi-
tionally, some of the advantages and disadvantages of
these methods are discussed focusing on their sensitivity,
cost-effectiveness and labor intensiveness.

 Ideally blood samples stored on filter papers is con-
sidered the most preferred source for Plasmodium DNA.
This device facilitates easy sample collection, long-term
storage at room temperature, easy transportation; while
the DNA captured remains protected from degradation13.
Detection sensitivity achieved with blood spot filter pa-
pers varies with the method of DNA extraction em-
ployed13. The use of commercially available blood filter
paper collection cards like the FTA card is required for
regulatory clinical trials on antimalarial drug efficacy
against malaria parasites14. Improved malaria surveillance
and effective implementation of malaria eradication pro-
grams requires exploration of alternative sources of para-
site DNA; such as frozen blood clots, smears and RDTs.

Frozen blood clots are not the preferred source for isolat-
ing DNA because of their troublesome handling proce-
dures and insignificant yield12. There are plentiful reports
on isolation of Plasmodium genomic DNA from stained
blood smears11, 15-19. DNA isolation from smears is ad-
vantageous in resource-limited setups with a scarcity of
facilities for blood collection and storage17. The old smears
are a valuable source of historical material, proving use-
ful for investigating the spread of drug resistance among
malaria parasites17 and facilitating the study of genetic
variations acquired by parasite populations over time15.
The use of RDTs as a source of Plasmodium DNA was
first specified by Veron and Carme20, thereafter many
protocols were introduced.

DNA isolation methods
A genomic DNA isolation procedure from eukary-

otic cells generally includes three important steps: degra-
dation of cell membranes, partitioning of the DNA from
all other cell components (proteins, metabolic substances
and cell wall debris) and protection of DNA integrity
during the isolation process (Fig. 2). Molecular diagno-
sis of malaria via blood sample analysis broadly entails
blood sample collection, genomic DNA isolation and
downstream analysis. Hemoglobin in red blood cells in-
terferes with the PCR amplification process; therefore,
DNA should be extracted from blood samples before fur-
ther analysis4, 21. Based on whether the sample is avail-

Fig. 1: Sources for isolation of Plasmodium DNA, their pros and cons, and methods commonly used for extraction from respective source.
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able as whole blood, filter paper spots, RDT samples or
blood smear slides there are numerous methods for Plas-
modium DNA isolation.

Chemical and matrix based methods: One of the few
methods initially described for Plasmodium DNA isola-
tion is based on rapid boiling methodology22. It is a simple
and rapid method requiring a small blood volume and a
short processing time of about 50 min. This method in-
cludes washing with sodium phosphate solution, which
removes hemoglobin, an inhibitor of Taq polymerase in
PCRs. This method has a detection limit of ~200 para-
sites/μl, is inexpensive, provides an overall sensitivity of
about 62% and offers increased sensitivity to the detec-
tion of multiple infections22-24. Deterioration in the DNA
quality after long-term storage is a critical issue associ-
ated with this method23.

Another conventional manual method of genomic
DNA isolation from Plasmodium is the Chelex-100 pro-
tocol25. This method is based on the ability of Chelex
resin to bind all cellular components except DNA, thereby
allowing the DNA to be extracted from the remaining
solution. This method has a sensitivity of about 30 para-
sites/μl (and 2 parasites/μl when applied to DNA isola-
tion from RDTs), is relatively inexpensive and suitable
for detection of low-density parasitaemia26-27. This
method is moderately labor-intensive and the isolated
DNA purity is lower as compared to commercially avail-
able kits28. Additionally, the DNA is highly susceptible
to multiple cycles of freezing and thawing after storage29.
The Chelex based technique has been successfully em-
ployed for DNA isolation from blood spots and for para-
site DNA isolation from Anopheles spp mosquito speci-
mens30. Parasite DNA isolation from mosquito specimens

is important for surveillance of drug-resistant Plasmo-
dium sp. alleles in mosquitoes for malaria control
programmes31.

Cox-Singh et al32 suggested the use of InstaGene
matrix for malaria parasite DNA extraction and reported
it to be more efficient than Chelex at removing PCR in-
hibitors, but Strøm et al33 established that both matrices
had similar effects. Comparatively, the InstaGene matrix
has the advantage of using template volumes of up to 20
μl, whereas with Chelex method, volumes above 10 μl
inhibit PCR amplification32. In terms of their labour-in-
tensiveness, Chelex-100 method involves only one heat-
ing step, whereas with InstaGene matrix two heating steps
are required33. Another chemical method for isolation of
Plasmodium DNA in routine use involves the use of haz-
ardous organic solvents, phenol and chloroform31. De-
spite being labour-intensive, phenol-chloroform extrac-
tion method is cost-effective as no expensive chemicals
or instruments are required and has also been applied for
DNA isolation from RDTs. In fact this method gave best
extraction yields among the methods compared by Veron
and Carme20. In guanidine isothiocyanate (GTC) phenol
chloroform method of Plasmodium DNA isolation, the
blood samples are initially prepared using GTC followed
by subsequent phenol-chloroform extraction. This is a
lengthy and time-consuming method, with a high risk of
contamination from the large number of pipetting and tube
changing steps24. The boil and spin method is used for
extracting Plasmodium DNA from whole blood
samples34. A Tris-EDTA (TE) based method and metha-
nol-based method can be used for isolating Plasmodium
DNA from blood spots13. TE-based method yields sensi-
tivity in the range of 93–100% as per Bereczky et al13 ,
but performance was poor when assessed by Miguel et
al30 and Strøm et al33. Methanol-based approach performs
almost similar to TE-based method30.

Isotachophoresis (ITP)-based methodology:
Isotachophoresis has been used for DNA extraction from
malaria parasite-infected RBCs in a reasonable time of
approximately 30 min21. Briefly, the infected RBCs are
lysed to release parasite nucleic acids by heating at high
temperature (95°C) after addition of proteinase K. The
resultant lysate, along with TE buffer, is loaded onto the
capillary, and an electric field is applied to focus the DNA
at the interface between the leading and trailing electro-
lytes according to its electrophoretic mobility (the flow
direction is from the leading to the trailing electrolyte).
Other contaminants like proteins and PCR inhibitors re-
main unfocused in the trailing electrolyte well. The fo-
cused DNA eventually moves to the leading electrolyte
well, from where it can be extracted for further use after

Fig. 2: Basic steps in DNA isolation protocols.
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monitoring by epifluorescence microscopy. As malaria
parasites are harder to lyse than host cells, a higher lysis
temperature and increased extraction time via pressure-
driven counter flow are required for isolating Plasmo-
dium DNA. The study by Marshall et al21 clearly shows
the applicability of ITP as a microfluidic malarial para-
site DNA preparation method. This method with the de-
tection limit of 500 parasites/μl could possibly be incor-
porated into malaria diagnostic systems in clinical settings.

Irradiation based methodology: Aside from the vari-
ous mechanical and chemical methods available, there
are few simpler methods suggested for malarial parasite
DNA isolation like the microwave irradiation method.
This method has consistently produced reliable results
for DNA extraction from whole blood samples in less
than 3 min and is reported to be easy to perform, fast and
cost-effective4. With this method, 10 μl of blood is col-
lected in a 0.5 ml tube and irradiated at 800 W for 2 min
or until condensed droplets are visible on the inner walls
of the tube. The clear watery solution on the walls can be
used directly for downstream purposes or 30 μl of phos-
phate-buffered saline (PBS) can be added to the sample
for long-term storage. Smaller tubes with a capacity less
than 0.5 ml cannot be used as they can break when irradi-
ated or may get destroyed via air expansion.

Isolation using commercial kits: Among the many
available kits for DNA isolation from blood samples, here
we have compared those cited in literature specifically
for Plasmodium. The most widely used is the QIAamp
Blood Extraction kit for DNA isolation from whole blood
samples35. The DNeasy Blood and Tissue Kit (Qiagen) is
another commercially available kit36. It is a multipurpose
kit used for DNA extraction from tissue samples, nucle-
ated and non-nucleated blood, and from cultured cells.
DNA extraction from blood spots can be accomplished
by using the commercially available QIAamp DNA mini
kit33, 37. The PURE (Procedure for Ultra Rapid Extrac-
tion) DNA extraction kit is used for Plasmodium DNA
isolation with subsequent detection using LAMP34. An-
other commercially available kit is the Gentra Puregene
Blood Kit38. The DNA obtained using this kit is very pure
with an average A260/A280 ratio of 1.8. A modified proto-
col based on this kit has been employed for clot disper-
sion by Lundblom et al12 . DNA extracted using Promega
Wizard Genomic DNA Purification Kit was used as the
gold standard by Miguel et al30, for comparative study of
different isolation protocols for Plasmodium.

Isolation from blood clots, smears and RDTs: Many
mechanical and chemical techniques are suggested for
clot dispersion; however obstacles exist in obtaining a
good quality and quantity of DNA using these proces-

ses12, 39-41. With malaria parasites in particular, optimal
clot disruption is essential for obtaining parasite DNA
with high PCR sensitivity12. Simple high-speed shaking
that result in clot dispersion has produced good results12.
This method is based on linear top-to-bottom shaking of
tubes at 3450 oscillations/min in a cell disruptor after
addition of RBC lysis buffer to the clot. After clot disper-
sion, DNA extraction can be performed using standard
protocols, the most common being the use of commer-
cially available kits12.

Generally, DNA isolation from slides involves scrap-
ing the smear surface after adding a suitable buffer to it,
followed by DNA extraction using any standard Plasmo-
dium DNA isolation method. Chelex-based approach is
proved not to be sensitive enough for parasite detection
using real time PCR in DNA isolated from smears19. The
approach described by Kimura et al15 is capable of suc-
cessfully isolating DNA from smears with sample
parasitaemias above 0.03%. Edoh et al17 suggested a
simple washing and boiling method for DNA prepara-
tion from stained blood smears, which gave reliable re-
sults for high parasitaemia samples but not for those with
low-level parasitaemias.

Apart from the phenol-chloroform method and com-
mercially available kits already described, Cnops et al42

suggested an adapted simple elution method and Morris
et al27 suggested a modified version for ‘isolation of DNA
from fresh or frozen whole blood’ for DNA isolation from
RDTs.

DISCUSSION

The perfect DNA isolation method should be sensi-
tive, reproducible, quick, trouble-free to use and should
minimize the use of specialized instrument or biochemi-
cal knowledge. It should shun probable cross contamina-
tion of samples and also cause least risk to user. Any pro-
tocol, whether it entails a chemical method or a physical
approach proves itself worthy only when it yields uncon-
taminated DNA of sufficient yield for downstream mo-
lecular study, preferably in a short time. Cost-effective-
ness is a critical factor if the isolation is to be performed
in an under developed or developing country. Reviewing
the available literature for malaria parasite DNA extrac-
tion, we found that researchers on the whole use standard
protocols27, 30 and incorporate alterations wherever nec-
essary according to their own requirements31, 33.

The benefits of chemical and matrix based methods
lie in the fact that these do not require specialized instru-
ments and are cost-effective as compared to the commer-
cial kit based methods. Only drawback associated with
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for Plasmodium DNA isolation is presented in Table 2,
with emphasis on their DNA yield, limit of detection, cost-
effectiveness and time requisite. These methods however,
provide sensitivity towards detection of malaria parasite,
but are expensive and sometimes very labour-intensive.
Despite of their high cost, commercial kits are the most
commonly used means for isolating Plasmodium DNA
because of their less failure rates and sample loss.

Among the different methods studied for clot disper-
sion, high-speed shaking resulted in a better degree of
clot dispersion, higher DNA yields and a better level of
PCR detection for parasite DNA12. The method is
straightforward, rapid, requires little manual handling and
minimizes DNA loss as beads are used for tissue homog-
enization12. The mechanical noise accompanying the use
of this method is a major drawback, a factor which re-
quires careful consideration concerning the operating
space12.

For isolating Plasmodium DNA from blood smears,
use of a Qiagen DNA extraction kit gave better results
than the Chelex and boiling methods19. Specifically, for
thin smears, affinity purification using DNA preparation
kits upheld other methods17. Thick blood films (TBFs)
with higher numbers of parasites gave improved results
over thin smears with lower parasitaemia16. As compared
to DNA isolated from whole blood (sensitivity and speci-
ficity of 96 and 76%, respectively), DNA extracted from
smears provides a reduced sensitivity value of 78% and
specificity of 86%11.

The most appropriate method for extracting DNA
from RDTs has not been clearly defined, as different
evaluation studies have reported various methods to be
the most appropriate20, 27, 42-43. Long-term or short-term
RDT storage at ambient conditions has no effect on the
yield of DNA extracted from the devise20, 42. The quality
of DNA isolated is not predicated by the RDT brand, but
the RDT design does affect the DNA extraction effi-
ciency27, 42. In addition to comparisons of the different
RDT brands, the RDT compartment best suitable for DNA
isolation has been optimized27, 42-43. A combination of
the proximal part of the nitrocellulose strip and the con-
jugate pad gives better results than using each RDT frag-
ment separately42. Morris et al27 showed the quality of
DNA obtained from RDTs and filter paper samples to be
the same.

Broad-scale collection of smears and used RDTs may
facilitate enhanced malaria case detection and drug resis-
tance surveillance27. Overall, the quality of DNA obtained
from smears and RDTs is similar, as confirmed by sensi-
tive detection techniques like real-time PCR on DNA iso-
lated from both sources19, 42. Nonetheless, with these

Fig. 3: Assessment of DNA extraction methods for Plasmodium:
Graph depicting the sensitivity of detection, cost-effectiveness
and time required for each method on a relative scale.
Approximate costs are calculated from the purchase price of
reagents and information specified in published data. These
figures do not include equipment cost, reaction failure rates
and loss of samples. Detection sensitivity is estimated based
on relative analysis of published data and the values obtained
are extrapolated on a scale of 0–100.

these methods is the lack of high sensitivity (Fig. 3). A
sensitivity and specificity value of ≥ 95% is considered
acceptable for laboratory diagnosis30. Amid the methods
discussed here, a good level of sensitivity is observed for
InstaGene matrix and microwave irradiation based meth-
ods with a detection limit of 0.6 and 5 parasites/μl, re-
spectively. Another noteworthy factor while selecting an
appropriate isolation method is time requirement. For
rapid diagnosis of malaria, least time should be required
from sample collection to molecular analysis. Therefore,
the DNA isolation method needs to be as quick as pos-
sible. Irradiation-based approach demands minimum time
amongst all the methods considered here. The use of
isotachophoresis for whole blood samples was found to
be applicable in DNA isolation method with a possibility
of being used as malaria diagnosis tool in clinical set-
tings21. Further, research needs to be done for separating
human DNA present as a contaminant while performing
isolation using this method. A well-aimed strategy would
be to remove the leucocytes before loading sample onto
the capillary. Table 1 highlights the advantages, disad-
vantages and parasite detection limits of different DNA
isolation methods for Plasmodium.

A summary of the commercial kits commonly used
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sources, the necessity of collecting blood samples sepa-
rately for DNA isolation is bypassed. In contrast to RDTs,
with blood smears there are contamination risks associ-
ated with staining, microscopic examination and storage44.

Among several approaches for malaria detection,
molecular amplification methods such as PCR provide
unlimited sensitivity and quantitative data reflecting the

level of infection. These methods however require care-
ful sample preparation to remove amplification inhibi-
tors and to render the purified DNA suitable for thermal
cycling conditions. Advances are progressively made to-
wards development of more convenient to use and unique
lab-on-chip instruments named Micro Total Analysis
Systems. These allow complete analysis starting from

Table 1. DNA extraction techniques for Plasmodium, their advantages, disadvantages, parasite detection limits and mean
multiplicity of infection (LAMP: Loop mediated isothermal amplification)

Extraction method Advantages Disadvantages Parasite detection/μl of blood Mean
(detection technique) multiplicity

of infection

Rapid boiling method • Inexpensive • Contamination risk
• Nominal blood volume • Long-term storage affects 200 (Nested PCR) 2.17±0.57

required DNA quality

Chelex-100 method • Low cost • Template volumes > 10 μl 6 (Nested PCR) 2±0.29
• Not labour-intensive inhibit amplification 0.16 (Mitochondrial PCR)
• Highly sensitive and specific

InstaGene matrix • Highly efficient at removing • Relatively expensive 0.6 (Nested PCR)
PCR inhibitors from blood • Labour-intensive 0.16 (Mitochondrial PCR) NA

Phenol-chloroform • Reasonably priced • Time-consuming NA NA

GTC-phenol-chloroform • Cost-effective • Time-consuming NA 1.75±0.53
• Prone to contamination

Boil and spin method • Rapid • Low detection specificity ≥ 1 (LAMP)45 NA
• Economical
• Requires only boiling

and centrifugation

TE-based method • Rapid • Less sensitive 200 (Mt PCR) 2±0.26
• Simple
• Inexpensive
• Low risk of cross-contamination

Methanol-based method • Low-priced • Less sensitive NA 1.4±0.27

Isotachophoresis • Suitable for automated • Epifluorescence 500 (Quantitative PCR) NA
Plasmodium DNA isolation microscopy required

for monitoring

Microwave irradiation • Easy to do • Contamination risk 5 (LAMP)45 NA
• Rapid if tubes explode
• Cost-efficient • Difficult to retrieve condensed
• Suited to field settings droplets from tube walls

Table 2. Comparison of the commercial kits used widely for Plasmodium DNA isolation (LAMP: Loop mediated isothermal amplification)
(Costs per sample are calculated from the purchase price of kits and information specified in the published data. These figures do not take

into consideration factors like equipment cost, reaction failure rates, necessary repeat reactions and loss of samples)

Commercial kit Approximate time Cost per DNA yield Parasite detection/μl blood
required (min) sample (US$) (μg/100 μl) (detection technique)

Qiagen QIAmp Blood Extraction Kit 30 3.47 6 Mean multiplicity of infection: 1.58±0.52
Qiagen DNeasy Blood & Tissue Kit 35 3.08 5 NA
Qiagen QIAamp DNA Mini Kit 30 4.59 6 2 (Mitochondrial PCR), 1 (LAMP)
Eiken PURE DNA Extraction Kit 20 NA NA ≥ 1 (LAMP)45

Qiagen Gentra Puregene DNA Isolation Kit 40 8.21 3.5 NA
Promega Wizard Genomic DNA Purification Kit 60 1.82 5 NA
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sample collection to its preparation followed by molecu-
lar detection, and demonstrate the possibility of being
integrated into automated instruments46.

CONCLUSION

This review underlines the most widely used chemi-
cal and kit based methods of Plasmodium genomic DNA
extraction focusing on their sensitivity and highlights their
perspective with respect to the source of blood used. It
also summarizes and compares the studies for Plasmo-
dium nucleic acid extraction methods published to date.
Up until now there is no solidarity on a gold standard
method for Plasmodium DNA extraction, and they all fluc-
tuate in many different features. Studies judging the DNA
extraction techniques and bringing to light their potency
and limitations are inadequate, and to our knowledge till
date there is no publication that appraises all approaches
in terms of all promising attributes. Hence, it is tricky to
opt for the best method available. Presently, no all-pur-
pose kit is available that is cost-effective, avoids the use
of hazardous reagents, requires little time, and most im-
portantly, could be used on a wide range of blood sources
like RDTs cassettes, RDTs strips and glass slides. Based
on our review there is much need of a user friendly and
broad-spectrum extraction technique. As only small blood
volumes are usually available, the method should be sen-
sitive, quick, reliable, reproducible, and easy to perform.
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