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Original Research Article
Detection and species identification of malaria

parasites by nested-PCR: comparison with light
microscopy and with SD BIOLINE Malaria Ag

test in Luanda, Angola.

ABSTRACT

Background: Malaria is the infectious disease causing the highest morbidity and mortality in
Angola. Existing tools for the diagnosis of malaria include microscopy, rapid diagnosis tests
(RDTs) and molecular tools. Nested-PCR is commonly used as a reference technique in the
diagnosis of malaria due to its high sensitivity and specificity. The present study aims to
evaluate the accuracy of light microscopy and SD BIOLINE Malaria Ag in the detection of
Plasmodium spp. infection, using the nested-PCR as a reference method, and to determine the
Plasmodium species in the study populations (Luanda, Angola) using molecular tool.
Methods: Blood samples were obtained from patients with clinical suspicion of malaria. A total
of 225 subjects were studied. Malaria was diagnosed by light microscopy, SD BIOLINE Malaria
Ag and nested-PCR, used as a reference method, with P. falciparum, P. vivax, P. malariae, P.
ovale and P. knowlesi being detected when possible. The sensitivity, specificity, positive, and
negative predictive values (PPV and NPV) of microscopy and SD BIOLINE Malaria Ag were
compared using the McNemar’s test and the weighted generalized score Chi-squared test for

paired data.
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Results: SD BIOLINE Malaria Ag were significantly more sensitive than microcopy (87.65 %
versus 71.60 %), showed a substantially correlated (k = 0.64) with the reference method.
Nested-PCR detected 36.0 % (81/225) cases, 80 cases (98.8 %) infected with P. falciparum and
1 case as P. malariae (1.2 %), with no mixed infections.

Conclusion: The findings of this study support the need of used the RDT in the diagnosis of
Plasmodium. PCR could appear to be a useful method for detecting Plasmodium parasites
during active malaria surveillance in Angola. This study contributes to the less literature

regarding malaria species in Angola.

Keywords: nested-PCR, RDT, Microscopy, Malaria, Plasmodium

1. INTRODUCTION

Malaria is an ancient protozoan parasitic disease that is a major health problem in tropical and subtropical
countries throughout the world [1]. Largely based on PCR results, the number of species of human malaria
parasites detected has increased from four to six within only 10 years [2]. The known causative agents of
human malaria include Plasmodium falciparum, Plasmodium vivax, Plasmodium malariae, Plasmodium
ovale, and the recently included Plasmodium knowlesi, which is still recognized as a zoonotic species.
Molecular methods also highlighted both the existence of two distinct non-recombining species of
Plasmodium ovale (classic type Plasmodium ovale curtisi and variant type Plasmodium ovale wallikeri)

[3.4].

In 2013, malaria produced 198 million cases (with an uncertainty range of 124 million to 283 million) and
caused an estimated of 584 000 deaths (with an uncertainty range of 367 000 to 755 000), mostly among
African children. In Angola, malaria is a major public health problem, with 3.7 million cases per year
reported by National Malaria Control Program, two-thirds of which occur in children under 5 years [5]
(WHO, 2@ According to Ministry of Health estimates P. falciparum accounts for 92% of infections,
followed by P. vivax in about 7% of cases and P. malariae (3%) [5,6]. Fancony et al. [6] reported the
existence of single and mixed infections with the two P. ovale species (P. ovale curtisi and P. ovale

wallikeri) in Angola patients. However in general the information regarding malaria species in Angola is
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limited [6], for that reason it is important to contribute to determine the species in different study population

and regions of Angola, including the detection of the five human species described.

Malaria misdiagnosis is an important cause of additional morbidity and mortality [7]. Appropriate diagnosis
is not only important for ensuring prudent use of anti-malarial medications, and facilitating correct
prognosis based on appropriate differential diagnosis [8], but also for tracking malaria elimination efforts [9-

11].

Existing tools for the diagnosis of malaria include light microscopy, rapid diagnostic tests (RDTs) and
nucleic acid detection test [12-13]. Microscopic detection of parasites on Giemsa-stained blood smears
has been the mainstay for malaria diagnosis in laboratories for more than a century. This method is
relatively simple and has a low used and training of the microscopist, with an average sensitivity of about
50-100 parasites per microliter, which make it an imperfect gold standard [14-15]. Consequently, the
quality of the results varies considerably from one lab to another, mainly due to the level of expertise of
microscopists, quality of reagent and equipment, procedures, workload capacity and inefficient quality

control procedures [7, 16].

RDTs are immunchromatographic tests designed to detect parasite products in human blood. These
methods are increasingly being used for malaria diagnosis because are rapid and easier to use especially
in resource limited settings and do not require trained personnel or special equipment [9]. However, their
use is limited due to lack of sensitivity for P. vivax, P. malariae and P. ovale [17].To improve the accuracy
of malaria diagnosis and avoid unnecessary treatment, the World Health Organization (WHO)

recommends parasitological confirmation of malaria whenever possible, by microscopy or by RDT [16,18].

Molecular detection methods of Plasmodium have an important role to play efforts to control, @nation
and eventually eradicate malaria [19]. There are two basic approaches for species detection, single PCR
and nested-PCR. In general nested-PCR is more sensitive than single PCR [19]. The nuclear small subunit
(SSU) rBRNA genes are targets extensively used for the molecular detection of human malaria parasites.
This gene is known to have highly conserved regions and their copy numbers range from 4 to 8. For these
characteristics is a suitable gene for phylogenetic studies and molecular detection of Plasmodium spp.

parasites [2]. Molecular detection methods for malaria parasites, detect low-level malaria parasitemias that
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are missed by microscopy and rapid diagnostic tests (RDTs) [20]. The PCR is highly sensitive and has
been widely used for diagnosis, confirmation of diagnosis, epidemiological studies, drug efficacy
assessment and to measure the accuracy of microscopy and RDTs [21-26]. The PCR has been used in

surveillance as a performance measurer of microscopy and RDTs [7,22,27,28].

The goals of this study were to determine the accuracy of light microscopy and the RDT SD BIOLINE
Malaria Ag in the detection of Plasmodium spp. Infe@in Luanda, using the nested-PCR as a reference

method, and to identify the Plasmodium species in the studied populations.

2. METHODOLOGY

2.1, Patients and study design

A total of 225 patients with clinically suspected malaria admitted in 10 health centers of Luanda
(Kassequel, Samba, Rangel, Sapu Il, Zango |, Boa Vista, Funda, Zango Il, Km 12 and Kilamba), Angola,
during December 2013 to March 2014 were included in the study. Finger-prick blood samples for light

microscopy and SD BIOLINE Malaria Ag were collected from each patient.

In addition, 3-5 drops of blood were spotted onto filter paper (Whatman® 3MM Chr). Each filter paper
sample was dried at room temperature and store in separate plastic packets to avoid cross contamination.
The whole blood sample and dried filter paper were collected simultaneously. The PCR was performed at
Molecular Biology Laboratory, Parasitology Department, Institute of Tropical Medicine "Pedro Kouri",

Havana, Cuba.

2.2. Microscopy

Thick and thin blood films were prepared. The slides were stained with 10% of Giemsa (Merck, Darmstadt,
Germany) for 15 min and screened under an oil immersion (Olympus microscope CX21, Tokyo, Japan) for
Plasmodium spp. parasites by four independent technicians. We considered positive whos@es resulted

positive for two or more technicians. The rest are nega@
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The four technicians’ for microscopy detection were well trained, weeks before by theoretical and practical
sections on: Malaria diagnosis, blood collection, thick and thin blood smear preparation, Giemsa staining

and slide reader [29].

2.3. Rapid diagnostic tests (RDTs)

SD BIOLINE Malaria Ag test kit (05FK40, Standard Diagnostic, Korea) is a three-band lateral-flow
immunochromatographic antigen detection test in a cassette format. Testing was carried out according to
the manufacturer’s instructions. Finger-prick blood was used for the rapid assay. The kit is a one step,
rapid, qualitative and differential test for the detection of Plasmodium lactate deshydrogenase (pLDH)
specific to P. falciparum and pan specific to other Plasmodium species (P. vivax, P. malariae or P. ovale).
A unique positive PfpLDH line represents a P. falciparum infection whereas a unique pan-pLDH line
indicates an infection with one or more of the non-falciparum species. The presence of both test lines
indicates either an infection with P. falciparum or a mixed infection with P. falciparum and one or more of
the non-falciparum species. In cases where the control line did not appear, the results were interpreted as

invalid and the test repeated with a new device.

2.4. DNA extraction

Parasites DNA was extracted from the blood spotted on Whatman® 3MM filter paper samples. A 3-mm?
square piece of blood-impregnated filter paper (~15 pl) was excised using a puncher and transferred into a
1.5 ml tube and stored at —20°C until use. DNA was extracted using a QlAamp DNA r@(it (Qiagen,
Germany), according to the manufacturer’s instructions, and then eluted into 100 pl of sterile double-

distilled water. DNA was stored at -20°C, and 2.0 pl aliquots were used for each PCR.

2.5. Nested-PCRs

For the detection and identification of Plasmodium species we performed and optimized the nested-PCR
method described as NP-2013 protocol, an update for the widely used NP-1993 to NP-2005 (SSU rRNA)

protocols for all human malaria parasites molecular detection [2]. For the Plasmodium genus detection a
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first PCR was done with primers specific (RPLUSnew ar@LUG) followed by a second reaction using the
primers rPLU3 and rPLU4. All genus specific nested PCR-positive results were analyzed to species level
using the second nested-PCR in 5 separate reactions as reported previously: rFAL1/rFAL2 (P. falciparum);

rVIV1/rVIV2  (P. vivax); rMAL1/rMAL2 (P. malariae); PkF1140/PkR1550 (P. knowlesi) and

rOVA1TWC/rOVA2WC (P. ovale) (Table 1), using the PCR amplification of the first reaction (RPLU5new

and RPLU6) as a DNA template.

Table 1. PCR primers and conditions

Species/ Primer PCR primers(5'-3°) Size Reagent Amplification Refer
genus name (bp) Concentrations® conditions ence
Genus— rPLU1 TCAAAGATTAAGC ~1,670 Primer: 0.25uM Initial denaturation, [30]
nested 1 CATGCAAGTGA MgClo: 2mM 95°C for 5 min; 25
rPLU5S CCTGTTGTTGCCT cycles of 94°C for 1
TAAACTTC min, 58°C for 1
min, and 72°C for 2
min; final
extension, 72°C for
5 min
Genus— rPLU3 TTTTTATAAGGATA 240 Primer: 0.25uM Initial denaturation, [30]
nested 2 ACTACGGAAAAGC MgClo: 2mM 95°C for 5 min; 30
rPLU4 TACCCGTCATAGC cycles of 94°C for 1
CATGTTAGGCCAA min, 64 °C for 1
TACC min, and 72°C for 2
min; final
extension, 72°C for
5 min
P. rFAL1 TTAAACTGGTTTG 206 Primer: 0.25uM Initial denaturation, [30]
falciparum GGAAAACCAAATA MgCls: 2mM 95°C for 5 min; 30
TATT cycles of 94°C for 1
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rFAL2

ACACAATGAACTC
AATCATGACTACC

CGTC

P.

malariae

rMAL1

rMAL2

ATAACATAGTTGT
ACGTTAAGAATAA
CCGC
AAAATTCCCATGC
ATAAAAAATTATAC

AAA

145 Primer: 0.25uM

MgCl,: 2mM

P. vivax

rvivi1

rviva

CGCTTCTAGCTT
AATCCACATAAC
TGATAC
ACTTCCAAGCCG
AAGCAAAGAAAG

TCCTTA

121 Primer: 0.25uM

MgCl,: 2mM

P. ovale

spp.

rOVA1WC

rOVA2WC

TGTAGTATTCAA
ACGCAGT
TATGTACTTGTTAA

GCCTTT

659— Primer: 0.25uM

662 MgCl,: 2mM

min, 58°C for 1
min, and 72°C for 2
min; final
extension, 72°C for

5 min

[30]

[30]

[31]

P.

knowlesi

PkF1140

PkR1550

GATTCATCTATT

AAAAATTTGCTTC

TCTTTTCTCTCCG

GA GATTAGAACTC

410 Primer: 1 uM

MgClo: 2mM

Initial denaturation,
95°C for 5 min; 35
cycles of 94°C for 1
min, 50°C for 1
min, and 72°C for 1
min; final
extension, 72°C for

5 min

[32]

129

130 @Primer concentrations are listed per primer; the total MgCl. concentration in the reaction mix is given (1.5 mM of

131 which is included with the PCR buffer, as explained in Material and Methods).

132
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All PCR was performed in 25 pul total volume, each containing 1X Q solution and 1X CoralLoad PCR buffer
including 1.5 mM MgCl,, 125 uM of each deoxynucleoside triphosphate and 0.5 U HotStar Tag Plus DNA
Polymerase (Qiagen, Hilden, Germany). The additionally added MgCl, and primers varied as detailed in
Table 1. The first PCR round used 5 pl of extracted DNA from the blood spotted on filter paper samples.
The second PCR reactions used 2 pl of the PCR product obtained for the first PCR. The amplification

conditions for all PCRs are shown in Table 1.

Thermal cycling was performed in a MyCyclerTM (Bio-Rad, Foster City, CA, USA). Each amplification run
included two negative controls (ultrapure water and a negative control of DNA extraction) and one positive
control (DNA extracted from positive clinical samples of each Plasmodium spp). For nested-PCR
reactions, an additional negative control was added, consisting of 2 ul of the negative control reaction of

the first run of PCR.

To visualize the products of the nested-PCR, analysis on a 2% agarose gel in 0.5 X tris-borate-EDTA
buffer and stained with ethidium bromide (0.5 pg/ml) was used to verify the amplified product size and to
check for non-specific amplification. Electrophoresis visualization was carried out using a compact imaging
system U:Genius (Syngene, UK). PCRs were considered positive if an specific amplicon of the expected

size was observed (Table 1).

2.6. Statistical analysis

Predictive values and diagnostic sensitivity and specificity of microscopy and RDT, with nested-PCR as the
“reference method” were determined using 2 x 2 contingency tables. Exact 95 % confidence intervals were
calculated. All the results were calculated using the EPIDAT version 3.1 program (Direccion Xeral de
Saude Publica, Organizacién Panamericana de la Salud, Galicia, Spain). In order to assess whether the
various methods rendered significantly different results in terms of parasite detection sensitivity and
specificity and predictive values, P-values were calculated with the McNemar test (sensitivity and
specificity) [33] or the weighted generalized score Chi-squared test (PPV and NPV) for paired data [34].
Each 2 @2 comparison was analyzed with the online module of Graphpad
(http://graphpad.com/quickcalcs/McNemar1.cfm). Statistical significance was considered at the probability

level of P < 0.05. The kappa coefficient (Cohen's kappa coefficient as a measure of agreement for
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qualitative items) was determined to confirm the consistency of the results among the diagnostic tools. The
kappa values were used to categorize the strength of agreement between the microscopic examination
and RDT with the nested-PCR. Values were interpreted with the Landis and Koch classification [35]: poorly
correlated (<0), slightly correlated (0-0.20), fairly correlated (0.21-0.40), moderately correlated (0.41-0.60),

substantially correlated (0.61-0.80), and perfectly correlated (0.81-1.0).

2.7. Ethical approval

Ethical approval for the study was obtained from de Angola Ministry of Health Ethics Committee. Writing
informed consent was obtained from all adults willing to participate in the study with a parents or guardian
respond giving consent from children. Blood samples were collected only after written consent was given.
Patients who tested positive by microscopy or RDTs were provided with antimalarial treatment by a nurse

or physician according to national guidelines [36].

3. RESULTS

A total of 225 patients with suspected malaria based on clinical presentation were enrolled and screened
for Plasmodium parasite in the course of the study. Among the study participants, 34.7 % (78/225) patients
were malaria positive by microscopy, all diagnosed as P. falciparum infection. No other Plasmodium
species, either in single or mixed infections, were detected by the microscopists. However, 44.4 %
(100/225) cases were positive by RDT, all with specific diagnosis of P. falciparum. Nested-PCR was used
as a reference method and 36.0 % (81/225) cases were positive to Plasmodium spp.: 80 cases (98.8 %)
infected with P. falciparum and 1 case with P. malariae (1.2 %). No mixed infections were detected (Table

2). Fig. 1 showed the PCRs results of 19 clinical samples.

Table 2. Results of Plasmodium spp. detection using light microscopy, RDT and nested-PCR in

patients from Luanda Health Centers.

Microscopy RDT Nested-PCR

Positive 78 (34.7 %) 100 (44.4 %) 81 (36.0 %)
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Fig. 1. Agarose gel electrophoresis (2 %) analysis of Plasmodium nested-PCRs from 19 clinical
samples of patients with clinical suspicion of Malaria attended in Luanda Health Centers.

MM: Molecular weight marker GeneRulerTM 100 bp DNA ladder (MBI Fermentas), with band sizes indicated on the
left in base pairs. Size indication of the PCR fragments are depicted on the left of the gels in base pairs. On top the
code of clinical samples. PC: positive control. NC': negative control. NC?: negative control of the first PCR runs
(rPLU1-rPLUS5). The results (positive or negative) of microscopy examination, RDT and nested-PCR (rPLU3-rPLU4)

including Plasmo@ specie detected (F: P. falciparum; M: P. malariae) are shown at bottom.

Microscopy showed a moderately measure of agreement (k = 0.58) with the reference method, nested-
PCR for Plasmodium detection. Microscopy correctly identified 58 out of 81 PCR-positive Plasmodium spp.
infections (71.60 % sensitivity; Clgs 61.2-82.0) and 124 out of 144 PCR-negative samples (86.1 %

specificity; Clgs 80.1-92.1), with PPV of 74.4 % and NPV of 84.4 %.
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SD BIOLINE Malaria Ag correctly identified 71 out of 81 PCR-positive Plasmodium spp. infections (87.65

% sensitivity; Clgs 79.9-95.4) and 115 out of 144 PCR-negative samples (79.9 % specificity; Clgs 72.9-

86.8), with PPV of 71.0 % and NPV of 92.0 % (Table 3). RDT showed a substantially correlated (k = 0.64)

with the reference method. In direct comparison to microscopy, the RDT had significantly higher sensitivity

and negative predictive value. However the specificity and positive predictive value had significant higher

for microscopy in comparison to RDT (Table 3).

Table 3. Sensitivity, specificity, predictive values of microscopy and RDT with nested-PCR as

reference method.

PCR PCR Sensitivity Specificity PPV (%) NPV (%)
Positive Negative (%) (Clgs) (%) (Clgs) (Clgs) (Clgs)
(n=81) (n=144)
Positive 58 20
74.4 84.4
(n=78) 71.60 86.1
Microscopy (64.0- (78.1-
Negative 23 124 (61.2-82.0)  (80.1-92.1)
84.7) 90.5)
(n=147)
Positive 71 29
SD 71.0 92.0
(n=100) 87.65 79.9
BIOLINE (61.6- (86.8-
_ Negative 10 115 (79.9-95.4) (72.9-86.8)
Malaria Ag 80.4) 97.2)
(125)
Pvalue 0.0009 0.0077 <0.0001 <0.0001

Thirteen (56.5 %) of the 23 false negative microscopy (which were negative by microscopy, but positive by

nested-PCR as a reference method) were positive by RDT. Ten (43.5 %) of the 23 false negative

microscopy samples which failed to RDT. Twenty (100%) of the false positive microscopy (which were

positive by microscopy, but negative by nested-PCR as a reference method) were positive by RDT.
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The false negative RDT (10 patients) (which were negative by RDT, but positive by nested-PCR) were
negative by microscopy. Twenty (69 %) of the 29 false positive RDT samples (which were positive by RDT
but negative by nested-PCR) were confirmed to be positive by microscopy. Nine (31 %) of the 29 false

positive RDT samples were negative by microscopy.

Among microscopy and RDT negative patients (125), 10 cases tested positive by nested-PCR, all infected
with P. falciparum, this represent 8 % of the infected subjects that were not detected by microscopy and

RDT.

4. DISCUSSION

Malaria is endemic throughout much of the Angolan territory, and is by far the highest cause of morbidity
and mortality particularly among children less than five years old and pregnant women. The true burden of

malaria in Luanda has been a matter of debate [37].

The Plasmodium positive values determined by microscopy, RDTs and nested-PCR in this study varied
between 34.7 - 44.4 % according to the selected diagnostic in patients (children’s and adults). According to
nested-PCR the positive was 36.0 %. Higher prevalence was obtained in asymptomatic children’s under
five year (45 %) in a different province of Angola [27]. However, lower prevalence were described also in
this country by Mendes et al. [38] (28.9 %) and Fancony et al. [6,28] (15.9 %) when studied asymptomatic

children older than two month and a group of children’s up to 15 years and adult mothers, respectively.

It has long been established that a proportion of individuals with malaria have low-density infections that
are unlikely to be detected by conventional microscopy. In our study, 23 cases were negative by
microscopy but infection was detected by nested-PCR. Microscopy is reported to detect about 75 % of
malaria infection in high transmission areas, whereas in low transmission areas this method has been

reported to miss up to 88 % of infections [39].

The use of nested-PCR as a reference method was done when it was noted that it presented the highest
sensitivity in comparison to microscopy and RDTs [21-26]. Considering the principle of this molecular

assay, in which small fragments of Plasmodium DNA can be detected, the results were not surprising [40].
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In the present study, the sensitivity of microscopy for the diagnosis of P. falciparum was considerably
higher (71.60 %) in comparison to other studies developed in Angola by Fortes et al. [27] and Fangony et
al. [28]; whose studied 1012 asymptomatic children’s and 3307 people, respectively. The sensitivity of the
microscopy taking into account the nested-PCR as a gold standard was 59 % and 60 %, in these studies
respectively. Moura et al. [7] reported 66.7 % of the total sensitivity of microscopy using the real-time
quantitative polymerase chain reaction (QPCR) as a gold standard, in one study developed in different
hospital laboratories for three provinces of Angola (Luanda, Benguela and Bengo). In spite of the inherent
limitations of malaria microscopy, the quality of microscopic diagnosis largely depends on the quality of
training. On the one hand, adequate training can increase the yield of accurate malaria diagnosis. This
result was possible for the adequate intervention developed prior to this study in order to increase the
knowledge and expertise in the microscopy of Plasmodium species [29]. Moura et al. [7] assess the impact
of the training course of the knowledge of technician; quality of blood smears preparation and accuracy of
microscopy malaria diagnosis using qPCR as reference method in Angola. However, no significant
increase of sensitivity or specificity after the training course was registered, but in some laboratories the
sensitivity and specificity increase after course. For example, the microscopy sensitivity in Luanda
laboratory was 75 % after course (72.9 % before course), this result showed same sensitivity that in our
study. The high sensitivity is particular important because of the risk of untreated cases of malaria, and a
potential lethal disease [7]. The better microscopic diagnosis helps to reduce illness, potential death,
mistreatment and persistently high disease burden while at the same time saving vital resources for

malaria control [41].

The high specificity of microscopy is important for reducing the waste of limited resources, the increase of
costs for drugs, unnecessary exposure of patients to the adverse effect of anti-malarial medication, for
avoid drug resistance and also for prompting clinicians to look for other causes of illness [7,42]. The
specificity of microscopy in our study was 86.1 %. Moura et al. [7] showed 83.8 % of total microscopy
specificity using gPCR as a gold standard, however higher specificity 91.1 % and 98.8 % were reported in
Luanda and Benguela laboratories, respectively. Fancony et al. [28] reported 92.5 % of specificity using

PCR as a gold standard. However, lower values (73 %) were showed by Fortes et al. [27].

One case was identified by RDT as non P. falciparum and by nested-PCR as P. malariae, but none by

microscopy. Parasite density of non-falciparum Plasmodi@nfection is usually low and therefore easily
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missed by microscopy. Fancony et al. [6] also could not identify malaria parasite other than P. falciparum

by microscopy.

The non-concordant microscopy positive/nested-PCR negative (20) cases can also be attributed to blood fi
Im preparation generates artifacts commonly mistaken for malaria parasites even after the training course,
including bacteria, fungi, stain precipitation, and dirt and cell debris or normal blood components such as
platelets also confound diagnosis [43]. However, it is possible also that the degradation of parasite DNA or
low parasitemia combined with degradation of parasite DNA were responsible for negative nested-PCR

result [44].

RDT were significantly more sensitive than microcopy. Although SD BIOLINE Malaria Ag test is a sensitive
and relatively specific assay; it is not applicable for differentiation between malaria species. The accuracy
(sensitivity and specificity) of RDT is mostly dependent on the parasite species, transmission intensity,
parasite density, amount of circulating antigens, local polymorphisms of target antigen and persistence of

antigens after treatment [45-46].

According to nested-PCR as a reference method 29 patients were false positive by RDT. RDT are known
to produce false-positive results by cross-reactivity with the heterophile antibodies [47] and because of
residual antigen, which can persist for weeks after treatment [48]. The pLDH enzyme - expressed by viable
parasites - declines rapidly after therapy but is also expressed by gametocytes [45]. The false negative
RDT (10 patients) were due to low parasitaemia as in majority of cases or by interpreting the RDT before

the test line has fully developed [49].

Nested-PCR allows for the detection of low density infections and even more importantly of mixed
infections, which are routinely missed in microscopy [50] and makes nested-PCR an ideal confirmatory test
for malaria diagnosis [41]. In the present study, the molecular assays revealed 23 additional single
infections (22 P. falciparum and one P. malariae) missed by microscopy, probably due to the very low
presence of Plasmodium spp. [30,51-52]. Among them 10 (8 %) samples were also considered negative.
These results like many others already described in the literature demonstrate the considerably high

potential of molecular methods for detecting low parasite densities and subclinical infections, negative for
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microscopy and/or RDT [26,30,41,51-52], emphasizes once again the usefulness of molecular methods in

the diagnosis of malaria as compared to the traditional microscopic or RDT.

The literature regarding malaria species other than P. falciparum in Angola is limited [6]. The dominant
specie in this study was P. falciparum (98.8%). This result is in concordance with the Plasmodium species
reported in that concluded P. falciparum is a responsible for more than 90% of all infections [53]. P.
malaria was less prevalent (1.2 %) same to previously reported in Angola [6,27,38]. No Plasmodium mixed
infections were reported in our study. However, in Angola were reported the mixed infection by different

authors [6,27,38].

5. CONCLUSION

In this study we demonstrated that RDT were significantly more sensitive than microcopy. However the
sensitivity of microscopy was higher in comparison with other studied reported in Angola may be for the
microscopist training course developed before the study. Our results confirmed the considerable sensitivity
of nested-PCR for detection of cases that remain undiagnosed by microscopy and RDT. This study
contributes to the less literature regarding malaria species in Angola. Only single infections were detected,
the P. falciparum infection was reported in the majority of positive cases, the other specie less detected

was P. malariae.

CONSENT

All authors declare that written informed consent was obtained from the patients.

ETHICAL APPROVAL
All authors hereby declare that all experiments have been examined and approved by the appropriate
ethics committee and have therefore been performed in accordance with the ethical standards laid down in
the 1964 declaration of Helsinki.
REFERENCES
1. Ghayour Najafabadi Z, Oormazdi H, Akhlaghi L, Meamar AR, Nateghpour M, Farivar L, et al.
Detection of Plasmodium vivax and Plasmodium falciparum DNA in human saliva and urine:

loop-mediated isothermal amplification for malaria diagnosis. Acta Trop. 2014;136:44-49.



UNDER PEER REVI EW

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

2. Fuehrer HP, Noedl H. Recent Advances in Detection of Plasmodium ovale: Implications of
Separation into the Two Species Plasmodium ovale wallikeri and Plasmodium ovale curtisi. J
Clin Microbiol. 2014; 52:387-391.

3. Singh B, Kim Sung L, Matusop A, Radhakrishnan A, Shamsul SS, Cox-Singh J, et al. A large
focus of naturally acquired Plasmodium knowlesi infections in human beings. Lancet 2004;
363:1017-1024.

4. Sutherland CJ, Tanomsing N, Nolder D, Oguike M, Jennison C, Pukrittayakamee S, et al.
Two nonrecombining sympatric forms of the human malaria parasite Plasmodium ovale occur
globally. J Infect Dis. 2010; 201:1544—-1550.

5. WHO. 2014. World malaria report. World Health Organization, Geneva, Switzerland.

6. Fancony C, Gamboa D, Sebastido Y, Hallett R, Sutherland C, Sousa-Figueiredo JC, et al.
Various pfcrt and pfmdr1 genotypes of Plasmodium falciparum cocirculate with P. malariae,
P. ovale spp., and P. vivax in northern Angola. Antimicrob Agents Chemother. 2012,
56:5271-5277.

7. Moura S, Fancony C, Mirante C, Neves M, Bernardino L, Fortes F, et al. Impact of a training
course on the quality of malaria diagnosis by microscopy in Angola. Malar J. 2014;13:437.

8. Icke G, Davis R, McConnell W. Teaching health workers malaria diagnosis. PLoS Med.
2005;2:e11.

9. McMorrow ML, Aidoo M, Kachur SP. Malaria rapid diagnostic tests in elimination settings--
can they find the last parasite? Clin Microbiol Infect. 2011;17:1624-31.

10. Bisoffi Z, Gobbi F, Buonfrate D, Van den Ende J. Diagnosis of Malaria Infection with or
without Disease. Mediterr J Hematol Infect Dis. 2012;4:2012036.

11. Kipanga PN, Omondi D, Mireji PO, Sawa P, Masiga DK, Villinger J. High-resolution melting
analysis reveals low Plasmodium parasitaemia infections among microscopically negative
febrile patients in western Kenya. Malar J. 2014;13:429.

12. Bronzan RN, McMorrow ML, Kachur SP. Diagnosis of malaria: challenges for clinicians in
endemic and non-endemic regions. Mol Diagn Ther. 2008;12:299-306.

13. Chiodini PL. Malaria diagnostics: now and the future. Parasitology 2014; 141: 1873-1879.



UNDER PEER REVI EW

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

14. Wongsrichanalai C, Barcus MJ, Muth S, Sutamihardja A, Wernsdorfer WH. A review of
malaria diagnostic tools: microscopy and rapid diagnostic test (RDT). Am J Trop Med Hyg.
2007; 77:119-127.

15. Iglesias N, Subirats M, Trevisi P, Ramirez-Olivencia G, Castan P, Puente S, et al.
Performance of a new gelled nested PCR test for the diagnosis of imported malaria:
comparison with microscopy, rapid diagnostic test, and real-time PCR. Parasitol Res.
2014;113:2587-2591.

16. WHO. Malaria Microscopy Quality Assurance Manual: Version 1. Geneva: World Health
Organization; 2009. @

17. de Monbrison F, Angei C, Staal A, Kaiser K, Picot S. Simultaneous identification of the four
human Plasmodium species and quantification of Plasmodium DNA load in human blood by
real-time polymerase chain reaction. Trans R Soc Trop Med Hyg 2003; 97:387-390.

18. Kosack CS, Naing WT, Piriou E, Shanks L. Routine parallel diagnosis of malaria using
microscopy and the malaria rapid diagnostic test SD 05FK60: the experience of Médecins
Sans Frontieres in Myanmar. Malar J. 2013;12:167.

19.Proux S, Suwanarusk R, Barends M, Zwang J, Price RN, Leimanis M, et al. Considerations
on the use of nucleic acid-based amplification for malaria parasite detection. Malar J. 2011;
10:323.

20.Taylor BJ, Howell A, Martin KA, Manage DP, Gordy W, Campbell SD, et al. A lab-on-chip for
malaria diagnosis and surveillance. Malar J. 2014;13:179.

21.Biswas S, Tomar D, Rao DN. Investigation of the kinetics of histidine-rich protein 2 and of the
antibody responses to this antigen, in a group of malaria patients from India. Ann Trop Med
Parasitol. 2005;99:553-562.

22.Coleman RE, Sattabongkot J, Promstaporm S, Maneechai N, Tippayachai B, Kengluecha A,
et al. Comparison of PCR and microscopy for the detection of asymptomatic malaria in a

Plasmodium falciparum/vivax endemic area in Thailand. Malar J. 2006, 5:1 @


GISELE
Nota
Check the correct position for year, because reference 5 it appears: WHO. 2014..... and here the year is at the end...

GISELE
Realce

GISELE
Realce

GISELE
Nota
;


UNDER PEER REVI EW

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

23.Boonma P, Christensen PR, Suwanarusk R, Price RN, Russell B, Lek-Uthai U. Comparison
of three molecular methods for the detection and speciation of Plasmodium vivax and
Plasmodium falciparum. Malar J. 2007, 6:124.

24.Gatti S, Gramegna M, Bisoffi Z, Raglio A, Gulletta M, Klersy C, et al. A comparison of three
diagnostic techniques for malaria: a rapid diagnostic test (NOW Malaria), PCR and
microscopy. Ann Trop Med Parasitol. 2007, 101:195-204.

25.Singh N, Shukla MM, Shukla MK, Mehra RK, Sharma S, Bharti PK, et al. Field and
laboratory comparative evaluation of rapid malaria diagnostic tests versus traditional and
molecular techniques in India. Malar J. 2010; 9:191.

26.Golassa L, Enweji N, Erko B, Aseffa A. Detection of a substantial number of sub-microscopic
Plasmodium falciparum infections by polymerase chain reaction: a potential threat to malaria
control and diagnosis in Ethiopia. Malar J. 2013, 12:352

27.Fortes F, Dimbu R, Figueiredo P, Neto Z, Ferreira C, Saraiva N, et al. Estudo comparative
entre microscopia éptica e PCR para identificacdo de Plasmodium spp. Em criangcas em
Angola. Rev Ciéncia e Tecnologia. 2011;2:17-27.

28.Fangony C, Sebastido YV, Pires JE, Gamboa D, Nery SV. Performance of microscopy and
RDTs in the context of a malaria prevalence survey in Angola: a comparison using PCR as
the gold standard. Malar J. 2013;12:284.

29.Pembele GN, da Silva F, Ferreira C, Dimbu PR, Fortes F, Rojas L. Evaluacién de la calidad
del diagnéstico de la malaria por microscopia 6ptica en laboratorios provinciales de la
Republica de Angola. Rev Cub Med Trop. 2014; 66: 191-201.

30.Snounou G, Singh B. Nested PCR analysis of Plasmodium parasites. Methods Mol Med.
2002; 72:189-203.

31. Fuehrer HP, Stadler MT, Buczolich K, Bloeschl I, Noedl. Two techniques to simultaneously
identify Plasmodium ovale curtisi and P. ovale wallikeri using the small subunit rRNA gene. J

Clin Microbiol. 2012, 50:4100—4102.


GISELE
Realce
Title requires revision.

GISELE
Realce

GISELE
Realce

GISELE
Realce


UNDER PEER REVI EW

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

32.Imwong M, Tanomsing N, Pukrittayakamee S, Day NP, White NJ, Snounou G. Spurious
amplification of a Plasmodium vivax small subunit RNA gene by use of primers currently
used to detect P. knowlesi. J Clin Microbiol. 2009; 47:4173-4175.

33.McNemar Q. Note on the sampling error of the difference between correlated proportions or
percentages. Psychometrika. 1947;12:153-157.

34.Kosinski AS. A weighted generalized score statistic for comparison of predictive values of
diagnostic tests. Stat Med. 2013, 32:964-977.

35.Landis JR, Koch GG. The measurement of observer agreement for categorical data.
Biometrics. 1977;33:159-174.

36. Ministério de Saude Republica de Angola. Manual de Manejo da Casos da Malaria.
Programa Nacional de Controlo da Maléaria. 2009.

37.Valente B, Campos PA, do Rosario VE, Varandas L, Silveira H. Prevalence and risk factors
of Plasmodium falciparum infections in pregnant women of Luanda, Angola. Trop Med Int
Health. 2011; 16:1206-1214.

38.Mendes C, Dias F, Figueiredo J, Mora VG, Cano J, de Sousa B, et al. Duffy negative antigen
is no longer a barrier to Plasmodium vivax--molecular evidences from the African West Coast
(Angola and Equatorial Guinea). PLoS Negl Trop Dis. 2011;5:e1192.

39.0kell LC, Ghani AC, Lyons E, Drakeley CJ. Submicroscopic infection in Plasmodium
falciparum-endemic populations: a systematic review and meta-analysis. J Infect Dis. 2009,
200:1509-1517.

40.Andrade BB, Reis-Filho A, Barros AM, Souza-Neto SM, Nogueira LL, Fukutani KF, et al.
Towards a precise test for malaria diagnosis in the Brazilian Amazon: comparison among
field microscopy, a rapid diagnostic test, nested PCR, and a computational expert system
based on artificial neural networks. Malar J. 2010; 9:117.

41.Alemu A, Fuehrer HP, Getnet G, Kassu A, Getie S, Noedl H. Comparison of Giemsa
microscopy with nested PCR for the diagnosis of malaria in North Gondar, north-west

Ethiopia. Malar J. 2014; 13:174.


GISELE
Realce
The same comment as in WHO reference. check where the correct place for referencing the year.

GISELE
Realce


UNDER PEER REVI EW

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

42. Kiggundu M, Nsobya SL, Kamya MR, Filler S, Nasr S, Dorsey G, et al. Evaluation of a
comprehensive refresher training program in malaria microscopy covering four districts of
Uganda. Am J Trop Med Hyg. 2011,84:820-824.

43.Wongsrichanalai C, Barcus MJ, Muth S, Sutamihardja A, Wernsdorfer WH. A review of
malaria diagnostic tools: microscopy and rapid diagnostic test (RDT). Am J Trop Med Hyg.
2007; 77:119-127.

44 Bharti AR, Patra KP, Chuquiyauri R, Kosek M, Gilman RH, Llanos-Cuentas A, et al.
Polymerase chain reaction detection of Plasmodium vivax and Plasmodium falciparum DNA
from stored serum samples: implications for retrospective diagnosis of malaria. Am J Trop
Med Hyg. 2007; 77: 444-446.

45.Murray CK, Gasser RA Jr, Magill AJ, Miller RS. Update on rapid diagnostic testing for
malaria. Clin Microbiol Rev. 2008; 21:97-110.

46. Ishengoma DS, Francis F, Mmbando BP, Lusingu JP, Magistrado P, Alifrangis M, et al.
Accuracy of malaria rapid diagnostic tests in community studies and their impact on
treatment of malaria in an area with declining malaria burden in north-eastern Tanzania.
Malar J. 2011; 10:176.

47.Moody AH, Chiodini PL. Non-microscopic method for malaria diagnosis using OptiMAL IT, a
second-generation dipstick for malaria pLDH antigen detection. Br J Biomed Sci. 2002;
59:228-231.

48.Mixson-Hayden T, Lucchi NW, Udhayakumar V. Evaluation of three PCR-based diagnostic
assays for detecting mixed Plasmodium infection. BMC Res Notes. 2010;3:88.

49. Heutmekers M, Gillet P, Cnops L, Bottieau E, Van Esbroeck M, Maltha J, Jacobs J.
Evaluation of the malaria rapid diagnostic test SDFK90: detection of both PfHRP2 and Pf-
pLDH. Malar J. 2012;11:359.

50.Singh B, Bobogare A, Cox-Singh J, Snounou G, Abdullah MS, Rahman HA. A genus- and
species-specific nested polymerase chain reaction malaria detection assay for epidemiologic

studies. J Trop Med Hyg. 1999, 60:687—692.


GISELE
Realce


UNDER PEER REVI EW

478

479

480

481

482

483

484

485

51.Calderaro A, Gorrini C, Peruzzi S, Piccolo G, Dettori G, Chezzi C. An 8-year survey on the
occurrence of imported malaria in a nonendemic area by microscopy and molecular assays.
Diagn Microbiol Infect Dis. 2008; 61:434-439.

52.Calderaro A, Piccolo G, Gorrini C, Montecchini S, Rossi S, Medici MC, et al. 2012. A new
real-time PCR for the detection of Plasmodium ovale wallikeri. PLoS One 7:€48033.

53. President’s Malaria Initiative (2009) FY09 Angola Malaria Operational Plan. Available at:
http://www.fightingmalaria.gov/countries/mops/angola_mop-fy09.pdf (accessed 9 January

2014).


GISELE
Realce
Year location is different from the other references.




