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Abstract. Coexistence of two species of Plasmodium in a single host has disrupted the diagnosis and treatment of
malaria. This study was designed to evaluate the ability of rapid diagnostic test (RDT) kits for the diagnosis of mixed-
species malaria infections in southeastern Iran. A total of 100 malaria patients were included in the study out of
164 randomly suspected symptomatic malaria patients from May to November 2012. Nested polymerase chain reaction
(PCR) was also used to judge the ability of microscopy versus RDT kits for detecting mixed species. The sensitivity of light
microscopy for the detection of mixed-species malaria infections was 16.6% (95% confidence interval [CI] = 3–49.1).
Nested PCR revealed 12 patients with mixed-species infection. The CareStart Pv/Pf Combo kit detected 58% of the
mixed-species infections, which were determined by nested PCR (sensitivity = 58.3%; 95% CI = 28.5–83.5). For identi-
fying P. falciparum, P. vivax, and mixed-species infections, the concordance rates (kappa statistics) of microscopy and
CareStart Pv/Pf Combo kit with nested PCR were 0.76 and 0.79, respectively (P = 0.001). This study underlines the
effectiveness of RDT kits to improve the differentiation of mixed-species malaria infections in endemic areas where the
prevalence of chloroquine resistance is high.

INTRODUCTION

Malaria remains an important parasitic disease in the world
and is endemic in 104 countries, with approximately 219 mil-
lion cases in 2010.1 Globally, Plasmodium falciparum is the
type most responsible for malaria-related mortality, whereas
P. vivax is the most common cause of benign malaria in Asia
and Central and South America.2 Coexistence of two species
of the Plasmodium genus in a single host (mixed-species infec-
tion) has disrupted the diagnosis and treatment of malaria.
Furthermore, a delay or failure in detecting P. falciparum leads
to infection aggravation and rise of the mortality rate, particu-
larly in low or nonimmune people.3 For more precise epidemi-
ological decisions, an accurate identification of mixed-species
infections is necessary.
The most common method used for the identification of the

species of Plasmodium agent of malaria infection is micro-
scopic observation of thick and thin Giemsa-stained blood
slides. The thick blood smear technique is 10–30 times more
sensitive than the thin-smear technique, with a detection
threshold of approximately 5–15 parasites/mL.4–6 Although
this method is simple and inexpensive, its sensitivity decreases
in low parasitemia and mixed-species infections. Further-
more, it is not applicable in border areas and places without
adequate facilities.7 Meanwhile, the detection threshold is
highly dependent on the microscopist’s experience.8

In recent years, several molecular techniques have been
used to detect malaria parasites, with polymerase chain reac-
tion (PCR) being the most common method using ribosomal
DNA (18s-rRNA).3 Several studies in various parts of the
world have revealed the high prevalence of mixed-species
infections using PCR.9,10 Even in very low parasitemia, P. vivax
and P. falciparum have been detected using this method.11

The main advantage of molecular methods is their ability for

the detection of trace cases of malaria that are not scrutable
by other methods, particularly microscopy.12–14 However, it
requires some equipment, such as a thermal cycler, gel electro-
phoresis apparatus, and trained personnel.
Rapid diagnostic tests (RDT) have also become practical as

the most convenient method. Various malaria RDT kits are
now commercially available to detect antigens derived from
malaria parasites. In these tests, the nitrocellulose strips con-
taining monoclonal antibody (IgM) are used to detect parasite
antigens in blood, including dedicated P. falciparum antigens
horseradish peroxidase-2 (HRP-2) and lactate dehydrogenase
(LDH). Also, three-band RDT are designed to diagnose other
agents of malaria and mixed-species infections using aldolase
or specific lactate dehydrogenase (pLDH). This technique is
precisely equivalent to the cost of one individual test in Iran,
is feasible in poor technical conditions by nonspecialized per-
sonnel and saves time for rendering the results to the medical
staff. There is no information about the evaluation of RDT
kits in malaria-endemic areas of Iran. Approximately 16% of
the Iranian population is at the risk of malaria.15 Located in
the eastern Mediterranean region, Iran is generally defined as
a low transmission area. Sistan and Baluchestan province is
located in southeastern Iran, close to the Pakistan and
Afghanistan borders. The highest prevalence of malaria infec-
tions has been reported in this province during the past
decade.16 Both autochthonous and imported malaria have
been reported in this area. The National Malaria Control
Program reported that more than 90% of malaria cases are
caused by P. vivax and the rest are caused by P. falciparum.
At present, P. falciparum is resistant to chloroquine and is
treated with artemisinin-based combination therapy. Chloro-
quine and primaquine drugs are administered for the treat-
ment of P. vivaxmalaria in the country. Therapeutic decisions
on P. falciparum and P. vivax species are different regarding
their duration and type of applied drugs; therefore, misdiag-
nosis of mixed species of malaria infection may also lead
to severe malaria because of failure in the treatment of
P. falciparum malaria with chloroquine.
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The accurate detection of mixed-species infections of
malaria by more sensitive and specific methods is very critical
for successful control programs in Iran because of 1) existence
of both P. vivax and P. falciparum species in endemic areas
of Iran, 2) entering of immigrants with malaria from
Afghanistan and Pakistan (countries with high prevalence of
malaria), and 3) insecticide resistance17 and the presence of
drug-resistant strains in the region.
Previous studies have shown a significant difference between

the rate of mixed-species infections reported by PCR and
microscopy18,19; however, because of inapplicability of PCR
technique, the microscopy method is still used in the field.
Therefore, this study was designed to evaluate the ability of
RDT kits for the diagnosis of mixed-species malaria infec-
tions in southeastern Iran. Nested PCR was also used to judge
the ability of microscopy versus three RDT kits for detecting
mixed-species malaria infections.

MATERIALS AND METHODS

Specimen collection. Malaria transmission in Iran occurs
mostly during May–June and October–November. Although
malaria cases have decreased in the country in recent years,
local malaria transmission continues due to specific reasons,
including less socioeconomic development and cross-border
population movements. Study sampling was performed
betweenMay–November 2012. A total of 100 malaria patients
were included out of 164 randomly suspected symptomatic
malaria patients using microscopy. Blood samples were
obtained from individuals who were clinically suspected for
malaria (having symptoms, such as chills, fever, and sweating)
and attended health-care centers in Pishin (5 km from
Pakistan borders) and Yahocalat in Sarbaz and Chabahar
districts in Sistan and Baluchestan province. Thick and thin
blood smears were stained with 3% Giemsa and examined
microscopically by two blinded independent examiners. At
least 200 thick and thin blood fields at 1,000 + magnification
were examined for Plasmodium detection and species differ-
entiation, respectively. Parasite density in thick blood films
was calculated as numbers of asexual parasites per 200 white
blood cells. Whole blood samples were kept in ethylenedi-
aminetetraacetic acid (EDTA)–coated tubes; one blood drop
was used for each RDT kit immediately after the microscopy
assay (maximum of 3 hours after sampling; in this time, the
sample was stored at 4°C) and the rest were frozen for later
PCR analysis.
In this study, three sets of kits were applied according to

the manufacturers’ instructions: 1) First ResponseÒ Malaria
Antigen pLDH/HRP2 Combo (Premier Medical Corporation,
Daman, India), 2) CareStart™ Malaria RAPYDTEST HRP2/
pLDH (Pf/PAN) Combo (Access: DiaSys, Wokingham,
Berkshire, England) (CareStart1), and 3) CareStart Pv/Pf
Combo (Access Bio Inc., Somerset, NJ). The diagnostic ability
of three RDT kits was evaluated; the results were compared
with the findings of microscopy and nested PCR. In general,
First Response and CareStart1 kits have one (HRP-2) or two
(HRP-2 and pLDH) bands for P. falciparum infection alone.
Usually there is one (pLDH) band for P. vivax infection alone
and two (HRP-2 and pLDH) bands for mixed-species infec-
tion. Because these RDT kits contained HRP-2 and pLDH
(pan) antigens, it is likely that these antigens were positive in
P. falciparum alone and mixed-species infections. Therefore,

it was a limitation of these RDT kits. In CareStart Pv/Pf
Combo kit, there is HRP-2 for the diagnosis of P. falciparum
and a pLDH-specific band for P. vivax; therefore, both bands
appear in mixed-species malaria infection.
Nested PCR.DNA was derived from 200 mL blood samples

using a QIAquick PCR purification kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instruction.
DNA template was eluted in 200 mL double-distilled water,
and approximately 100 ng DNA template was used in each
PCR assay. Nested PCR was performed using the Plasmo-

dium 18 subunit ribosomal ribonucleic (Ssr RNA) genes to
detect the mixed-strain infections and to identify the malaria
parasites in the samples with low parasite (< 10 parasites/mL).
Primers and detailed nested PCR amplifying methods have
been described previously in a study.20 For the sake of cer-
tainty, both positive and negative controls were used for nested
PCR. The amplified products were run in 2% agarose gel elec-
trophoresis and stained by DNA Safe stain for visual detection
of bands using ultraviolet transillumination. Findings of
microscopy and three RDT kits were verified by our refer-
ence diagnostic technique, PCR.
Statistical analysis. Sensitivity was determined as the pro-

portion of positive test findings identified among patients
containing mixed-malaria infection detected by nested PCR.
A 95% confidence interval (CI) was calculated for each pro-
portion. McNemar test was applied to compare paired pro-
portions. t test was used to compare the parasitemia in the
correct versus incorrect mixed-species infection using micros-
copy and CareStart Pv/Pf Combo kit. P values < 0.05 were
considered statistically significant. The concordance test kappa
was used to compare each individual technique with nested
PCR as the reference test.
Ethical considerations. Informed, written consent was

obtained from each patient. This study was approved by the
Research Ethical Review Committee of Zanjan University
of Medical Sciences, Zanjan, Iran.

RESULTS

Patients’ ages ranged from 4 to 58 years, with an average of
31 years. Of the patients, 85% were males. Parasitemia
ranged from 120 to 96,000 parasites/mL blood, with a mean of
9,500 parasites/mL. The burden of parasitemia in 10 patients
was below 1,000 parasites/mL. The findings of nested PCR,
microscopy, CareStart1, First Response, and Pv/Pf Combo kits
are presented in Table 1. Twelve patients indicated mixed-
species infections in nested PCR assays (Table 2). The sensi-
tivity of light microscopy for the detection of mixed-species
malaria infections was 16.6% (95% CI = 3–49.1). There was a
significant difference between the sensitivity of microscopy
and nested PCR in identifying mixed-species malaria infections
(P = 0.0009). Specifically, the CareStart Pv/Pf Combo kit could
detect 58% of mixed-species infections that were determined
by nested PCR (sensitivity = 58.3%; 95% CI = 28.5–83.5).
For identifying P. falciparum, P. vivax, and mixed-species

infections, concordance rates (kappa statistics) of microscopy
and Pv/Pf Combo kit with nested PCR (reference test) were
0.76 and 0.79, respectively (P = 0.001). The diagnosis of
P. vivax malaria was confirmed in 61/69, 63/69, and 64/69
patients in CareStart1, First Response, and CareStart Pv/Pf
Combo kits, respectively. The diagnosis of P. falciparum
malaria was confirmed in 18/19 patients in CareStart1 kit,
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but all of the P. falciparum infection were detected by First
Response and CareStart Pv/Pf Combo kits. Two diagnosed
mixed-species infections by microscopy were identified by PCR
and the three kits. In comparison with microscopy, CareStart
Pv/Pf Combo kit diagnosed more samples with mixed-species
infection (P = 0.03). The CareStart and First Response kits also
could rectify diagnosis of four of P. falciparum in mixed-species
malaria infections that were missed by microscopy.
In all patients infected by P. vivax, there was no HRP-2

band in RDT kits, whereas the pLDH band was observed in
these patients, except false-negative cases.

DISCUSSION

In an area where P. falciparum and P. vivax malaria infec-
tions are both present, the diagnosis of mixed-species malaria
infections by microscopy is associated with limited sensitivity
and difficulty in correct identification of both species. PCR
with high sensitivity can detect mixed-species malaria infection
but requires advanced instruments and is not field applicable.
Accordingly, because of the limitations of using microscopy
and PCR in this study, detection of mixed-species malaria
infections was investigated using three low-cost RDT kits.
Because of the higher sensitivity of CareStart Pv/Pf Combo
kit in our study, more cases of mixed-species infections were
diagnosed in comparison with microscopy (P = 0.03). These
results about the sensitivity of CareStart kit and light micros-

copy in identifying mixed-species malaria infections are con-
sistent with findings of a study conducted in Ethiopia.7 In this
study, CareStart Pv/Pf Combo kit demonstrated better agree-
ments with nested PCR than microscopy in detecting mixed-
species infections. The sensitivity of microscopy was low in
comparison with PCR for identifying mixed-species malaria
infections; this finding is similar to two previous studies con-
ducted in Iran.18,19 It seems in mixed-species infections, one
species often dominates the other numerically.21 Therefore,
identifying the two species in such infections could be compli-
cated by conventional light microscopy because of notable
decreases in the number of parasites of one species.
Corresponding to the parasitemia rate in mixed-species

malaria infections, two mixed-species infections detected by
microscopy were above 2,000 parasites/mL, and microscopy
and the three RDT kits missed the mixed infections more
frequently at lower parasitemia; thus, the sensitivity of RDT
kits decreased with declining parasitemia (P = 0.03). Other
studies have reported false-negative cases in the evaluation of
RDT kits.22,23 Houzé (2013) also reported the low sensitivity
of RDT tests in the diagnosis of Plasmodium species at very
low parasitemia; the majority of tests have high detection rate
at densities more than 2,000 parasites/mL.24

The misdiagnosis of two mixed-species infections that were
detected by microscopy was not observed using CareStart Pv/
Pf Combo kit. This is consistent with a study conducted in
Pakistan in which all mixed-species infections in microscopy
were also detected by rapid antigen testing.25 However,
CareStart1 and First Response kits could not clearly differenti-
ate mixed-species malaria infection from single P. falciparum
infection because they had pan LDH. Because most malaria
infections in Iran are caused by P. vivax and it is possible
coinfection with P. falciparum is missed by microscopy, appli-
cation of these kinds of kits could rectify the diagnosis of
P. falciparum species. In this study, among nine cases of
P. falciparum infections missed by microscopy because of a
mixed infection with P. vivax species, the diagnosis was recti-
fied by both kits in four cases (44%).
According to our findings, the PCR method is useful to

distinguish mixed-species infections, but it needs some facilities

Table 1

The results of malaria species detection in patients with clinical malaria according to three methods in southeastern Iran

Nested PCR

Plasmodium falciparum P. vivax Mixed Pf/Pv Total

N = 19 N = 69 N = 12 N = 100

Microscopy P. falciparum 19 0 1 20
P. vivax 0 69 9 78
Mixed Pf/Pv 0 0 2 2
Negative 0 0 0 0

First ResponseÒ Malaria Combo HRP-2 alone 12 − − 12
Pan-pLDH alone − 63 2 65
Both antigens 7 1 6 14
Negative − 5 4 9

CareStart™ Malaria Combo HRP-2 alone 12 − 3 15
Pan-pLDH alone − 61 2 63
Both antigens 6 − 6 12
Negative 1 8 1 10

CareStart™ Pv/Pf Combo HRP-2 alone 19 − 2 21
pLDH alone − 64 2 66
Both antigens − − 7 7
Negative − 5 1 6

HRP = horseradish peroxidase; LDH = lactate dehydrogenase; PCR = polymerase chain reaction; Pf/Pv = P. falciparum/P. vivax.

Table 2

Comparison of microscopy and three RDT kits for detection of 12 PCR
detectable mixed-species malaria infections in southeastern Iran

Methods
Mixed Pv/
Pf infection

Plasmodium
falciparum P. vivax Negative Total

Microscopy 2 1 9 0 12
First ResponseÒ

Malaria Combo
6 0 2 4 12

CareStart™ Malaria
Combo

6 3 2 1 12

CareStart™ Pv/Pf Combo 7 2 2 1 12

PCR = polymerase chain reaction; Pf/Pv = P. falciparum/P. vivax; RDT = rapid diagnos-
tic test.
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and trained personnel. The microscopic approach has low
sensitivity for the detection of mixed-species infections,
requires skillful personnel and additional time for detecting
parasites and may not always be available in rural and border-
line areas26,27; therefore, the use of RDT kits as quick tech-
niques in such places is essential, especially for the detection
of mixed-species infections. Despite the superiority of diag-
nostic kits for the detection of mixed-species infections, they
were incapable of diagnosing all P. vivax and P. falciparum
malaria infections. Therefore, it is recommended to use the
microscopic method as soon as possible after the kit is used to
overcome the false-negative percentages. It is also concluded
that mixed-species malaria infection is almost common in the
region where both species coexist and their detection is only
based on traditional microscopy; this may underestimate their
importance. The Pv/Pf Combo kit used in this study could
improve the mixed-species malaria diagnosis by microscopy
in the endemic area where resistance to chloroquine is
increasing. Nevertheless, CareStart1 and First Response kits
are usually not applied for identifying mixed-species malaria
infection, but they could rectify the diagnosis of P. falciparum
in mixed-species malaria infection that were missed by Giemsa-
stained microscopy in southeast Iran. Therefore, using RDT
kits can facilitate a better diagnosis of mixed-species infec-
tions and correct treatment of malaria patients, especially in
regions without enough diagnostic facilities.
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