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Abstract

Rapid Diagnosis Test (RDT), and Nested PCR.

positive malaria cases.

requires the use of molecular methods.

Background: Detection and monitoring of asymptomatic malaria cases, especially among immigrants, are the main parts of the
successful malaria elimination program. To achieve this aim, a sensitive detection method is required.
Objectives: This study aimed to investigate immigrant asymptomatic malaria cases in Bandar Abbas district using microscopic,

Methods: In this cross-sectional study, 330 blood samples of immigrants living in Bandar Abbas were collected and their status in
terms of Plasmodium infection was assessed using microscopic, RDT and Nested-PCR techniques.

Results: Five positive cases were found when molecular analysis was applied. However, microscopy and RDT methods showed no

Conclusions: The results of this study are indicative of a big challenge to the malaria elimination program posed by presence of
asymptomatic cases who migrated from malaria endemic areas. In addition, accurate diagnosis of asymptomatic malaria cases

Keywords: Asymptomatic Malaria, Immigrants, Plasmodium, Malaria Elimination

1. Background

Malaria is one of the most common blood infectious
and tropical diseases worldwide that is considered by WHO
programs. It is caused by protozoan parasite of the Plas-
modium sp., which is transmitted by female anopheles
mosquito bite. Human malaria is caused by five species of
Plasmodium: P.vivax is a dominant species in the world and
Iran, P.falciparum is related to the highest mortality, P. ovale
and P. malariae generally cause a mild form of the disease,
P. knowlesi are zoonotic malaria and rarely cause disease in
humans (1). Despite the decline in malaria cases in recent
years, the disease remains a major health problem in the
tropical and subtropical regions of the world (2, 3).

The WHO has reported that in 2017, about 219 million
malaria cases were recorded worldwide of which 435,000
have died. According to this report, malaria transmis-
sion is ongoing in 87 countries (4). Malaria is considered
the most important parasitic disease in Iran and the ma-

jor health problem in the southern and southeastern re-
gions of this country. Following the successful program
of the malaria control and a significant reduction in the
incidence of malaria transmission, the first phase of the
malaria elimination program supported by the WHO was
started in 2010 (1). In 2019, the positive cases of malaria
in Bandar Abbas county have been reported to be 8, all of
which were P. vivax imported from other countries (Vice
Chancellor for Health, Bandar Abbas University of Medical
Sciences, unpublished data).

The malaria elimination program is ongoing in the
province of Hormozgan. The proper weather conditions
and abundance of anopheles mosquitoes make it poten-
tial for the vector to transmit malaria throughout all sea-
sons. Anopheles stephensi is the most important carrier in
this area (5). The main goal of the malaria elimination pro-
gram is to stop the local transmission, but there are chal-
lengesin this program, so in the presence of parasiticreser-
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voirs and abundant carriers, local transmission of malaria
is possible. On the other hand due to the presence of
immigrants from malaria endemic countries, which may
play a main role as the asymptomatic parasitic reservoir
of malaria in the transmission cycle, the need exists for
monitoring and effective tools for identifying and detect-
ing asymptomatic malaria cases in foreign nationals. Al-
though a large number of studies have been conducted in
Iran to diagnose asymptomatic malaria cases using molec-
ular methods in indigenous people from malaria endemic
areas (6-12), few studies have been conducted on immi-
grants. In two studies on immigrants by Nateghpour et al.
in Sistan and Baluchestan and Amirshekari etal. in Kerman
province, some positive asymptomatic cases were identi-
fied among immigrants from Afghan and Pakistani nation-
alities (13, 14).

There are a number of published studies in other coun-
tries investigating immigrants as asymptomatic malaria
cases. In these studies, researchers attempted to evaluate
the role of immigrants in malaria transmission in Russia,
Bulgaria, United States and Canada (15-18). The key aim
of this research was to monitor and detect immigrant’s
asymptomatic malaria cases in Bandar Abbas. Given that
the routine diagnostic techniques (microscopy and Rapid
Diagnosis Test (RDT)) don’t have enough sensitivity to de-
tect asymptomatic malaria cases, a robust and sensitive
molecular method was applied in this study. Certainly, the
outcomes of current research contribute to the success-
fulimplementation of the malaria elimination program in
Hormozgan province and Iran.

2. Objectives

This study was aimed to investigate immigrant asymp-
tomatic malaria cases in Bandar Abbas district using mi-
croscopic, rapid diagnosis test (RDT), and Nested PCR.

3. Methods

3.1. Study Area

This study was performed to identify asymptomatic
malaria cases among immigrants in Bandar Abbas with
emphasis on using a high sensitive molecular method.
Bandar Abbas as an important area for malaria transmis-
sion was selected to investigate the presence of asymp-
tomatic malaria cases among refugees. This area was se-
lected in accordance with the National Malaria Elimina-
tion Program and in coordination with the Center for
Malaria Prevention and Control related to the Ministry of
Health. Bandar Abbas, the capital of Hormozgan province,
is a port located on the southern coast of Iran with hot

desert climate and temperature ranged 5 - 49°C and aver-
age relative humidity of 65%. Bandar Abbas is situated on
flat ground with an average altitude of 9 meters (30 ft)
above the sea level (Figure 1).

3.2. Study Population and Inclusion Criteria

In this cross-sectional study a total of 330 cases (18.3%
female and 81.7% male) who were registered in refugee
camps, enrolled in the study (Table 1). The inclusion cri-
teria were as follows: healthy cases aged 4 - 65 years, no
treatment with anti-malaria drug, not be pregnant or body
temperature above 37.5°C. The demographic information
(name, age, sex, occupation, history of migration and his-
tory of malaria disease) of participants were recorded in
a special form. Subjects were then evaluated for the pres-
ence or absence of clinical symptoms (specific or non-
specific). Afterwards, 2 mL of blood was taken from in-
cluded participant and placed in sterile tubes containing
50 1L of 50 mM EDTA.

Table 1. Descriptive Statistics of Asymptomatic Cases of Malaria Among Immigrants
According to Gender and Age

Study Subjects Subject (%)
Age group (year)
<15 30(9.1)
15-30 204 (61.8)
30-45 59 (17.8)
> 45 37(11.3)
Gender
Male 269 (81.5)
Female 61(18.5)
Total 330 (100)

3.3. Diagnostic Tests

3.3.1. Microscopic Examination

Microscopic diagnosis of malaria was conducted ac-
cording to the method developed by WHO (19). Con-
ventional microscopic examination is the gold standard
method for detection of malaria parasites in suspected
samples. Firstly, blood samples were taken from each par-
ticipant. Secondly, some drops of blood were spread on
the slide to form thin and thick smears and then smears
were air-dried and fixed by methanol. Finally, fixed sam-
ples were stained with Giemsa stain and examined by oil
immersion microscope lens in magnitude of 1000x. Be-
cause of low parasitemia in asymptomatic patients, all
films were checked for 200 microscopic fields in about 40
min.
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Figure 1. Iran map indicating the study area; Hormozgan province, Bandar Abbas district (https://www.google.com/search?q= Bandar Abbas district&rlz)

3.3.2. Rapid Diagnostic Tests

All specimens were examined by RDTs kit along with
microscopy test. The Combo test kit (Premier Medical Cor-
poration Ltd., Mumbai, India) was used for this aim. This
kit is based on antigen detection with three bands on it:
one for control and others for parasite detection. To per-
form RDTs tests, five micro-liters (or one drop of sample)
of the finger-pricked collected blood was dropped into the
well of RDTs kit and the sample was run by buffers. Appear-
ance of two or three marked lines after 20 min including
control and parasite bands, indicates positive results. All
the steps provided in the manufacturer’s instructions were
followed to do RDT test (20).

3.3.3. Nested PCR

Genomic DNA was isolated from whole blood using
Yekta Tajhiz genomic DNA purification kit (Yekta Tajhiz,
Iran). In the molecular method, the identification of Plas-
modium species was performed by amplification of 18sr-
RNA using Nested-PCRas described in previous studies (21).
We utilized three kinds of primers to establish our diag-
nosis. The first one that amplified a 1200bp product (first
PCR),was applied for detection of Plasmodium sp. The other
primers amplified 120bp and 205bp products (second PCR)
that were applied to diagnose P. vivax and P. falciparum, re-
spectively. All PCR reactions were done in a total volume
of 25 pL. In brief, PCR mixture contained 100 ng of puri-
fied template DNA, 250 nM of each forward and reverse
primers, 0.1 mM of each deoxynucleotide triphosphate, 1 x
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PCR buffer (50 mM KCl and 10 mM tris-HCl), 2.0 mM MgCl,,
and 1.25 U Taq polymerase (Yekta Tajhiz Company, Iran).

Then, the mixture was placed in a thermocycler ap-
paratus. PCR was performed according to predetermined
program. The product of the first PCR was used as a DNA
template for the second PCR. This template was mixed with
reaction components and specific primers of Falciparum
and Vivax and PCR was run according to the protocol in-
troduced by Snounou et al. (21). The amplified products of
the second PCR were separated on 2% agarose gel and vi-
sualized by Gel Red stain under UV illumination (Figure 2).
Positive and negative controls were used in each series of
PCR assay experiments. The positive control was the DNA
extracted from the blood of malaria patients, which was
confirmed microscopically. Negative controls were DNA
extracted from the blood of healthy individuals who had
no history of malaria infection and no immigration to en-
demic areas of malaria.

4. Results

The results of demographic characteristics of subjects
participating in this study are shown in Table 1. Of the total
330 studied cases, 81.5% were male and 18.5% were female.
The age range of subjects was 4 to 65 years and their mean
age was 23.6 years.

Examination of malaria parasites using microscopic
and RDT methods showed no positive cases among partici-
pants. It should be noted that microscopic tests were done
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Figure 2. The gel electrophoresis results of Nested-PCR assay; ladder (lanes1and 18),
positive control of P. falciparum (lane 2), positive control of P. vivax (lane 4), positive
P.vivax (lanes 10 and 13), positive P. falciparum (lane 15) and negative controls (lanes
9and16)

by double blind microscopy experts. Examination of sam-
ples using molecular method showed five positive cases
(Table 2). Four of five positive cases were found to be P. vi-
vax and one of them was shown to be P. falciparum (Table
3).

Table 2. Descriptive Statistics of Asymptomatic Cases of Malaria Among Immigrants
According to Examination Test

Method Subject (%)
Microscopic
Positive 0(0)
Negative 330(100)
RDT
Positive 0(0)
Negative 330(100)
Molecular
Positive 5(15)
Negative 325(98.5)
Total 330(100)

5. Discussion

To the best of our knowledge, this study as a part of
a large-scale research on malaria elimination program in
Iran, for the first time monitors asymptomatic malaria
cases in immigrants in the Hormozgan province as the
malaria endemic area. In order to implement the elimi-
nation program successfully, detection and monitoring of
asymptomatic cases, especially in migrants from countries

Table 3. Descriptive Statistics of Asymptomatic Cases of Malaria Among Immigrants
According to Parasite

Species Subject (%)
Plasmodium vivax
Positive 4(1.22)
Negative 326(98.78)
P. falciparum
Positive 1(0.31)
Negative 329(99.69)
Total 330(100)

with a high incidence of malaria, is crucial necessity. To
achieve the reliable results, in addition to the microscopic
and RDT detection methods, a more robust and sensitive
diagnostic technique, including tools to enable detection
of parasite carriers (low parasitism, asymptomatic infec-
tions) are required. Therefore, in this study, in addition to
the microscopy and serology, the molecular method was
applied.

Although all sample detections were negative by mi-
croscopicand RDT method, molecular technique indicated
positive cases among Afghan immigrants in Iran. Our re-
sults are in agreement with previous studies conducted in
Iran. In a study by Nateghpour et al. on Afghan refugees in
Sistan and Baluchestan province, the rate of asymptomatic
malaria cases was reported to be 1.6% (13). It is necessary to
note that in our study, the positive cases were detected us-
ing the molecular method, while in the study by Nategh-
pour et al. the positive cases were resulted from micro-
scopic method. Amirshekari et al. investigated asymp-
tomatic malaria cases using molecular technique among
Pakistani and Afghan refugees in Kerman province. They
reported positive cases among refugees from the both na-
tionalities.

The results of the present study are in agreement with
those conducted in US and Russia. Rodrigues et al. ex-
amined the role of African and East Asian migrants in the
transmission of malaria to the United States. They reported
the contribution of these immigrants to the transmission
of malaria to the United States (17). Also, in another study
byBaranovaetal. in Russia, therole of immigrants to trans-
mit malaria to inhabitants was confirmed (15). It should be
noted that the same method as the current study was em-
ployed in these studies. In a study conducted by Rainova et
al. in Bulgaria, the role of immigrants in malaria transmis-
sion after receiving a malaria elimination certificate from
the WHO was examined. They showed thatimmigrants can
still be the reservoir of malaria even after receiving a certifi-
cate (16). Therefore, obtaining a certificate cannot guaran-
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tee that malaria elimination is fully completed and moni-
toring programs of migrants must be continued.

In another study by Mohon et al. in Canada, they ex-
amined the diagnosis of malaria among immigrants us-
ing different diagnostic methods similar to those applied
in the current study. Similar to the present study, posi-
tive cases of malaria have also been reported among immi-
grants in this study (18). The main advantage of this study
lies in this fact that the sensitivity of the diagnosis is in-
creased using a sensitive molecular method along with mi-
croscopic and RDT methods. This study is facing this lim-
itation that it was not possible to follow the cases due to
them changing their residence. The migration from neigh-
boring malarious endemic countries to Iran and the relo-
cation of these individuals has posed a major challenge to
the malaria elimination program in Hormozgan province.
Therefore, to achieve the goals of the malaria elimination
program, more precise diagnostic technique and effective
malaria surveillance actions are needed to recognize im-
migrant asymptomatic cases.

5.1. Conclusions

The results of this study are indicative of a big chal-
lenge to the Malaria Elimination Program posed by pres-
ence of asymptomatic cases migrated from malaria en-
demic countries in Hormozgan. In addition, this study
showed thatitisimportant to use sensitive molecular tech-
niques along with microscopic and RDT methods to detect
low parasitemia and asymptomatic cases. Further studies
are suggested to be conducted in malaria high-risk areas of
the Hormozgan province to monitor and evaluate asymp-
tomatic malaria cases, especially those from other coun-
tries, in accordance with malaria elimination program.
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