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Accepted 12 Nov 2019 Background: Among the human parasitic diseases, malaria is the main
cause of morbidity and mortality. To prevent the high mortality and track-
ing malaria elimination efforts, a prompt and sensitive diagnosis is essen-
tial. This study aimed to compare High-Resolution Melting (HRM) and

Keywords: I This | Resolu .
Malatia; microscopic methods to diagnose Plasmodium falciparnm and P. vivax.
Diagnosis; Methods: Eighty-one blood samples were collected from patients with
Microscopy; clinical symptoms who were suspect to malaria in Chabahar district,
Plasmodinm southeastern Iran and also, from those who were referred to Malaria Na-
tional Laboratory in the Tehran University of Medical Sciences, Tehran,
Iran. Microscopic examination and HRM method were used to the diag-
nosis of Plasmodinm parasites simultaneously.
*Correspondence Email: Results: Microscopic results revealed 45 positive cases (12 P. falciparum
a-motevalli@tums.ac.ir and 33 P. vivax) out of 81 collected samples while according to HRM anal-

nateghpourm@sina.tums.ac.ir ysis results 11 and 33 samples were identified as P. fakiparum and P. vivax,
respectively. HRM analysis also revealed 1 mixed infection of P. faliparum
and P. malariae.
Conclusion: HRM analysis provides a promising mean for simultaneous
detection and discrimination of the Plasmodium spp. especially in mixed
infection cases.
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Introduction

mong the human parasitic diseases,
malaria is the main cause of morbidity
and mortality, with an estimated 219
million occurred cases and 435,000
mortalities around the world, in 2017 (1). Ma-
laria infection, particularly in malignant forms,
is one of the life-threatening diseases among
the parasitic infections which can be transmit-
ted mainly by mosquitoes belonging to the
genus Anopheles in the most tropical and sub-
tropical areas around the world (2,
3). Plasmodinm falciparum, P. vivax, P. malariae, P.
ovale and P. knowlesi are the main malaria spe-
cies that infect humans of which, the first two,
are endemic in southeastern Iran (4).

There are nonspecific symptoms in malaria
patients such as chill, fever, sweating, anemia,
splenomegaly, and some others that are similar
to many infectious diseases. In order to pre-
vent the mortality in children, especially those
infected with P. falciparum, as well as for track-
ing malaria elimination efforts and invest-
ments, a prompt and sensitive diagnosis is es-
sential (1, 2). The gold standard diagnostic
method of malaria in humans is traditionally
based on the microscopic detection of Plasno-
dium parasites in blood smears. This method is
the most commonly used due to its low cost
and simplicity. Besides the useful advantages
for = malaria  microscopy  there  are
some disadvantages such as requirement of
skilled personnel, long processing times and
low sensitivity in terms of low parasitemia in-
fections (between 10-30 parasites/uL) and this
is while molecular techniques offer detection
of parasites at lower concentration of 5 para-
sites/puL and mixed malatia infections, as well
as identification of the Plasmodium spp. (3).
However, simultaneous application of both
microscopic and molecular methods are rec-
ommended for the more accurate diagnosing
process (1, 5).

Among the molecular techniques, High-
Resolution Melting (HRM) analysis is an au-
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tomated and analytical method which moni-
tors the fluorescence emitted during the reac-
tion as an indicator of amplicon production at
each PCR cycle (in real time), as opposed to
the endpoint detection. Also, due to being a
closed tube method, it does not bear any con-
tamination (6, 7). The HRM analysis proce-
dure involves amplification of the region of
interest in the presence of a specialized dsD-
NA binding dye and gradually denaturation of
amplicons by increasing the temperature in
small increments in order to produce a charac-
teristic melting profile that is called melting
analysis (2).

In malaria malignant forms, misdiagnosis
may lead to death in the patients (1). There-
fore, new and more accurate diagnosis meth-
ods would continuously be developed. The
present study was conducted to compare
HRM analysis with the microscopic method in
detection and identification of P. faliparum
and P. vivax that are predominant in malaria
endemic areas of Iran.

Materials and Methods

Blood sample collection

The blood samples were collected from 81
patients with clinical symptoms who were
suspected to malaria in Chabahar district,
southeastern Iran neighboring Pakistan and
also from those who were referred to Malaria
National Laboratory in the School of Public
Health, Tehran University of Medical Sciences
Tehran, Iran from 2014 to 2016 (Fig.1).

Previous to sampling a written consent was
obtained from each of the participants accord-
ing to the Research Ethical Protocol of Teh-
ran University of Medical Sciences.

A pre-designed checklist including demo-
graphic factors also was filled out from all of
the enrolled patients. An amount of 2 mL
blood was obtained via venipuncture into
EDTA treated tube from each of the enrolled
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404


http://ijpa.tums.ac.ir/

Iran J Parasitol: Vol. 15, No. 3, Jul-Sep 2020, pp.403-410

patients. Prior to any more process, two
Giemsa stained thick and thin smears were
prepared for microscopic examination and the

rest of the blood samples were frozen at -
20 °Cuntil relevant test processes.
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Fig. 1: Chabahar district and Malaria National Laboratory in Tehran, Iran

Microscopic examination

Microscopic examination was performed
based on WHO guideline (8). Briefly, thin
and thick blood smears were stained with 5%
(vol/vol) Giemsa stain in distilled water
(pH~7.2) and examined under the light mi-
croscope for the presence of malaria parasites
using 1000X magnification with immersion oil.
Detecting either P. vivax or P. falciparum in
each blood film was called as positive and
those were defined as negative if no parasite
was observed in 300 microscopic fields. Also,
detecting two species of the parasite in one
blood film was considered as a mixed infec-
tion.

DNA Extraction

Total DNA was extracted from 200 pL of
the blood sample using MACHEREY-
NAGEL (MN) DNA isolation kit (Germany),
following the manufacturer’s instructions.

DNA amplification and HRM analysis

405

The 18S SSU rRNA gene was amplified us-
ing specific primers (forward primer-5'
GRAACTSSSAACGGCTCATT-3' and re-
verse primer-5'-
ACTCGATTGATACACACTA-3") (2). The
conventional PCR was carried out according
to Chua et al. protocol (2). Briefly; 25 pL final
reaction volume was prepared to contain 10
ul Master Mix 2X (Ampliqon, Denmark), 9
uL distilled water, 1 uL. of each primer, and 4
L of template DNA. PCR was performed
using the following cycling protocol: an initial
denaturation step at 95 °C for 10 min, fol-
lowed by 35 cycles at 95 °C for 30 s, 59 °C
for 30 s, 72 °C for 30 s, and a final extension

step at 72 °C for 5 min. Also, a negative con-
trol was applied (distilled water) in each run.
For HRM analysis the kit contained the
novel double-stranded DNA-binding fluores-
cent dye, EvaGreen, and an optimized HRM
PCR master mix buffer, consisting of HOT
FIREPol DNA Polymerase, ultrapure dN'TPs,
MgCl, and EvaGreen dye (Solis Biodyne, Es-
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tonia) was used. HRM temperature was raised
from 65 °C to 85 °C. During this process, the
amplicons obtained from the previous PCR
were denatured prior to the development of
melting curves in the inflexion point where
changes in fluorescence with respect to
changes in temperature (Df/Dt) were record-
ed with a ramp of 0.3 °C/sec (9) and Fluores-
cence dye signaling was measured after each
cycle. Standard positive controls were used for
P. falciparum and P. vivax available in the De-
partment of Medical Parasitology and Mycol-
ogy, School of Public Health, Tehran Univer-
sity of Medical Sciences.

Real-time PCR was carried out in a Mini
Opticon real-time PCR detection system (Ap-
plied Biosystems Step One Plus Inc., CA,
USA). The real-time amplification result and
Tw analysis were obtained using the Step One

Plus™ software version 2.3 (Life technologies).

Tw analysis was repeated three times in each
run to confirm the repeatability of the T, as-
say by estimating the T, variation within a
PCR amplification (intra-assay), and between
PCR amplifications (inter-assay). The coeffi-
cient of variation (CV) was calculated by di-
viding the standard deviation (SD) by the
arithmetic mean of the measured values of T,

(CV= 8D [Le, 2012 #11]/mean value).

P. vivax (amoeboid form)

|

Also, to check the uniformity of temperature
in the cycler block, a number of samples were
re-amplified at different positions of the cycler
block during the same amplification cycle. The
intra-assay CVs represent the mean CVs of
the results obtained from the replications of
Plasmodinm spp.

Results

Microscopic and HRM examinations

Among 81 samples which were examined
for diagnosing malaria parasites with the
standard microscopic method 45 cases includ-
ing 12 P. faleiparum and 33 P. vivax were diag-
nosed as positive cases and the rest remained
as negative samples (Fig. 2). According to
HRM analysis results, 11 and 33 samples were
identified as P. falciparum and P. vivax, respec-
tively. The melting curves of P. faleiparum and
P. wivax that were identified by sequencing
process are shown in Fig. 3. Also, HRM analy-
sis results revealed 1 mixed infection of P. fa/-
ciparum and P. malariae (a patient with a history
of traveling to Tanzania) which was proved in
the detailed re-examination of the sample mi-
croscopically (Fig. 4 and 5). Assessment of
intra- and inter-assay variability showed low
and acceptable CVs. (Table 1).

P, falciparum (macrogametocyte)

Fig. 2: P. vivax (A) and P. faliparum (B) species identified in microscopic examination
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Fig. 3: HRM based on (EvaGreen) Aligned Melt curves analyses and identified Plasmodium spp. using 185 SSU
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Fig. 4: The melting curve of the sample with the mixed infection which shows two significant peaks related to
P. falciparnm and P. malariae species

Table 1: Mean Th, SD, and CV calculated based on intra- and inter-assay of 18S SSU rRNA gene sequence of

Plasmodium spp.
Gene Mean T, (°C) SD Intra-assay Inter-assay
188 SSU rRNA CV (%) CV (%)
P. falciparum 77.7010.2 0.12 0.10 0.12
P. vivax 79.7710.2 0.14 0.13 0.14

Tm: Melting temperature
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P. malariae (schizont)

P, falciparum (ring form)

Fig. 5: The mixed infection with P. faliparum and P. malariae

Discussion

In the present study, we have successfully
utilized a real-time PCR assay coupled with
HRM analysis on the 18S SSU rRNA gene for
rapid, sensitive and reliable detection of Plas-
modium spp. in comparison with the micro-
scopic method as the gold standard. The aver-
age of T., variation obtained by melting curve
analysis was about 2°C, which reflect the fact
that HRM has sufficient ability and reliability
to discriminating P. falciparum and P. vivax.

Since the importance of malaria elimination
in Iran (10), more comprehensive studies on
the diagnosis of this disease and the identifica-
tion of Plasmodium species are necessary to
achieve this goal. It is known that the majority
of epidemiological studies of Plasmodium infec-
tions are based on conventional microscopy as
the diagnostic gold standard method. Alt-
hough this method is technically simple and
not costly, it is hampered by the fact that the
technique is time-consuming and requires an
experienced technician and also, low sensitivi-
ty in low parasitemia situations (11).

Molecular methods as sensitive tools are
useful to identify malaria infections, particular-
ly in low parasitemia and mixed-infection cas-
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es (12). HRM analysis is a completely closed
tube assay that does not employ additional
post-PCR steps; thus, the risk of contamina-
tion is low. In recent years, several molecular
techniques, based on PCR have been devel-
oped for the specific identification and charac-
terization of Plasmodium infection (13-16). Alt-
hough these techniques are sensitive and spe-
cific for the identification of Plasmodium spe-
cies, they are laborious and time-consuming,
especially the post-PCR processing steps. In
addition, there is also a higher risk of contam-
ination, they are more expensive (e.g., DNA
sequencing) and the techniques only provide
qualitative information.

There are some studies used HRM for vari-
ous purposes. It has been applied in the study
of parasitic protozoa such as rapid detection
of SNPs associated with antimalarial drug re-
sistance in P. falciparnm genes (17). In a study
(18), this technique was applied to differenti-
ate among the Naegleria species. Also, HRM
has been applied for the differentiating I essh-
mania spp. in both human and animal samples
(19). In addition, HRM has been used in para-
sitic helminth studies such as rapid differentia-
tion between Fasciola hepatica and F. gigantica
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and also, Echinococcus granulosus and E. canaden-
sis (20, 21).

The results of this study revealed both HRM
analysis on the 185 SSU rRNA gene and mi-
croscopic method based on thick and thin
blood smears are consistent in terms of Plas-
modium spp. detection, however malaria pa-
tients may harbor multiple species of Plasnodi-
um which in such situations, molecular meth-
ods, due to their greater sensitivity are far bet-
ter than the microscopic method. In this study,
an HRM curve with two peaks which repre-
sents a mixed infection was obtained in rela-
tion to one of the samples. One of the peaks
complies with P. faleiparum positive control
and the other one was not matched with the
positive controls of P. faliparum and P. vivax
available in our laboratory. Hence, a detailed
microscopic re-examination beyond the WHO
standards was done which only two schizonts
of P. malariae were seen in addition to P. falc-
parum forms in the blood smear.

Based on our results and also, Chua et al.
study (2), HRM assay is an appropriate tool
for the detection of mixed malaria infections.
Nevertheless, some studies have reported a
number of mixed malaria infections in hu-
mans via the utilization of conventional meth-
ods (14, 15, 22). For instance, 28.4% of the
participant were harboring a mixed infection
of P. vivax and P. falciparum by nested-PCR
(23). It seems that HRM analysis, given its
mentioned advantages over other methods, is
a powerful alternative to these conventional
molecular methods.

The current investigation met some limitations,
including small sample size and lack of positive
control for P. malariae in our laboratory.

Conclusion

HRM analysis provides a promising molecu-
lar tool for simultaneous detection and dis-
crimination of the Plasmodinm spp. especially in
mixed infection cases. It seems that, regarding
the advantages over other methods, HRM can
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apply as a molecular epidemiology tool for
rapid screening of large numbers of samples.
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