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Conclusions

The freeze-dried and ready-to-use PCR assay 
here described is able to detect all the 
Malaria infections of a reference panel 
obtained from the IRCCS Policlinico San 
Matteo of Pavia, and to identify all the 
negative samples without cross-
contamination or false positive results.

The freeze-dried format allow  to increase the 
starting amount of extracted DNA up to 25 
µL, increasing the sensitivity of several times. 
It could improve the sensitivity of the system 
up to one only parasite/ml. 
The assay, as used in this study,  shows a 
sensitivity and a specificity of 100% for the 
Plasmodium identification. 

The room temperature storage of the system, 
up to one year, is a very important feature to 
consider when a Malaria screening has to be 
implemented in the endemic infection 
countries, that are typically developing 
countries in tropical and sub-tropical regions.
It can be considered an important tool for the 
diagnosis of subjects suspected to be 
infected, and for the prevention of population 
at risk.

Objectives
The aim of the present study is to introduce a 
new Multiplex PCR based assays for the 
Screening and Typing of Malaria infections.

The system must be able to detect the 
presence of one of the four malaria species 
affecting humans. It must be also able to 
discriminate between the four species with 
the same sensitivity and detect all the species 
infecting a sample even in presence of co-
infections.

The system contains an internal control to 
assess the functionality of the test, and to 
exclude PCR inhibition.

Introduction
Malaria is a disease which can be transmitted to 
people of all ages. It is caused by parasites of the 
Plasmodium species that are spread from person to 
person through the bites of infected mosquitoes. If 
not treated promptly with effective medicines, malaria 
can often be fatal. 
About 3.3 billion people - half of the world's 
population - are at risk of malaria. Every year, this 
leads to about 250 million malaria cases and nearly 
one million deaths. People living in the poorest 
countries are the most vulnerable. One in five (20%) 
of all childhood deaths in Africa are due to malaria. 
It is estimated that an African child has on average 
between 1.6 and 5.4 episodes of malaria fever each 
year. Every 30 seconds a child dies from malaria in 
Africa.
Early diagnosis and prompt treatment are two basic 
elements of malaria control. Early and effective 
treatment of malaria can shorten the duration of the 
infection and prevent further complications including 
the great majority of deaths. Access to disease 
management should be seen not only as a component 
of malaria control but a fundamental right of all 
populations at risk.
Pregnant women are at high risk not only of dying 
from the complications of severe malaria, but also 
spontaneous abortion, premature delivery or stillbirth. 
Malaria is also a cause of severe maternal anaemia 
and is responsible for about one third of preventable 
low birth weight babies. It contributes to the deaths 
of an estimated 10 000 pregnant women and up to 
200 000 infants each year in Africa alone.
Malaria causes an average loss of 1.3% of annual 
economic growth in countries with intense 
transmission. It traps families and communities in a 
downward spiral of poverty, disproportionately 
affecting marginalized and poor people who cannot 
afford treatment or who have limited access to health 
care. Malaria has lifelong effects through increased 
poverty and impaired learning. It cuts attendance at 
schools and workplaces. However, it is preventable 
and curable.
The gold standard for malaria diagnosis is the 
microscopic examination of a blood smear; however, 
this may lack sensitivity when patients have low level 
parasitaemias. In addition blood smear analysis can 
induce the operator to misdiagnosis of co-infection 
where one of the species, usually P. falciparum, is 
present as a large infection that can gloss over a 
second Plasmodium co-infection. Although microscopy 
is adequate for the purpose of most epidemiological 
surveys, the number of samples involved, as well as 
the desirability for high sensitivity of detection and 
accurate identification, have spurred researchers to 
seek alternative methods. 
The exploitation of molecular biology techniques has 
culminated in the use of the polymerase chain 
reaction (PCR), which represents potentially the most 
sensitive method for the specific detection of a 
particular DNA sequence in a given sample, since 
theoretically only one copy of the target sequence 
needs to be present in the sample for successful 
amplification. The limitation is up to now the request 
for skilled technicians and  the refrigerated storage 
needs for these systems.
The availability of a ready-to-use and room 
temperature storable test can found a very important 
positioning in these areas to solve the critical problem 
of refrigerated storage of kits. The introduction of 
STAT-NAT tests can open a new opportunity for 
malaria screening and typing in developing countries.

Design and Methods

The assay is a set of two ready-to-use tests that 
includes all the required elements for the 
amplification of nucleic acid targets. Its intended 
use is for the Screening and Typing of malaria 
infections based on whole blood samples.

Whole blood have been extracted with a convenient 
protocol able to give a DNA of good quality. For 
this study we used a silica based system 
developed internally. The extraction protocol 
starts with a washing step to disrupt red blood 
cells and exclude the presence of haemoglobin. 
Then, a solution containing a chaotropic agent, 
and a suspension of silica for binding the DNA, is 
added to the washed sample. The suspension is 
left 3-5 minutes at room temperature. A further 
washing step with ethanol completes the 
procedure. The pellet is left to dry for five 
minutes at room temperature, and then dissolved 
in 100 - 200 µL of sterile water. The DNA is 
immediately used for the PCR protocol and then 
stored at -20°C.

The two ready-to-use tests includes all the required 
elements for the amplification of nucleic acid 
targets. In each of the two different assays, one 
for the malaria screening and the Plasmodium 
falciparum detection, and the second for the 
typing of the other three human affecting species 
(P. vivax, P. ovale, and P. malariae), an internal 
control was included. 

The five sets of primer designed in the 18S RNA 
region (one for the screening and four for each of 
the four species), were tested on reference 
strains obtained from IRCCS Policlinico San 
Matteo. They gave fragments of 169 bp (P. 
falciparum), 95 bp (P. ovale), 118 bp (P. vivax), 
and 106 bp (P. malariae). The last primer set for 
the screening is based on degenerated sequences 
and it’s able to detect all the four Plasmodium 
species. The amplified fragment depends on the 
species and varies between 220 and 240 bp. In 
each test tube an internal control was also 
included both for a control of the extraction 
system and a control of the efficiency of the 
amplification.

The primers for the internal control were designed 
in the Human Beta Globin gene, and gave an 
amplified fragment of 268 bp.

All the samples were previously diagnosed with the 
gold standard methods used in the two hospitals 
(microscopy of blood smear and immuno-
chromatographic assays), and PCR tested in 
blind. 

For this study 35 samples from patients with 
suspected malaria were considered. They were 
previously diagnosed  in the IRCCS Policlinico San 
Matteo of Pavia. 25 subjects were International 
Travellers (IT), and the remaining 10 were 
Immigrants (I). The microscopy identified 18 of them 
as positives: 11 were P. falciparum positives (5 IT, 6 
I), 3 were P. vivax (3 IT), 2 were P. ovale (1 IT, 1 I), 
and 2 were P. malariae (2 I).
The sample distribution is summarized in Table 1.

Table 1: Sample distribution

Table 2 summarizes the distribution of positive 
samples.

Table 2: Distribution of positive samples

The amplification was performed on an Applied 
Biosystems Verity thermal cycler.
The thermal profile is described in Table 3.

Table 3: PCR Protocol. The thermal profile and the timing of the 
amplification protocol are described

Fig. 4: STAT-NAT Malaria Typing
Lane 1: bench top PCR markers (Promega, Madison), Lanes 2-
13: unknown samples run with the STAT-NAT Malaria Typing

In one case the STAT-NAT Malaria Typing identified a 
sample as P. ovale instead of P. vivax of the 
microscopy. The retrospective analysis of the sample 
confirmed the PCR results.
In a second case we were able to follow the infection 
during the drug treatment of a patient. 
Whole blood samples at time zero, after 72 hours, 
after 10 and 20 days were collected from the patient. 
If the microscopy the diagnosis turned to negative 
after 72 hours, the PCR evidenced a positive till 20 
days.
Figure 5 shows the PCR amplification profile during 
the follow up of the patient treatment.

In order to evaluate the specificity of the test we also 
used positive samples for other parasitic infection. No 
false positives were observed in all the checked 
samples (data not shown).
The specificity of the test was equal to 100%. The 
sensitivity of the test based on the gold standard was 
equal to 94%, but comes to 100% after the 
retrospective diagnosis. The ready-to-use format 
avoids problems related to cross-contamination due 
to multi-step preparation of common PCR master 
mixes. 

MALARIA INFECTION DIAGNOSIS: COMPARISON BETWEEN 
TRADITIONAL METHODS AND A NEW FREEZE-DRIED 
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Results
The panel of samples considered in the present study 

includes strong positives as well as weak positives 
and negatives.

All the samples were tested in repetitive runs for the 
intra-assay and inter-assay evaluation.

Qualitative results obtained using the STAT-NAT 
Malaria Screening and the STAT-NAT Malaria 
Typing tests were compared with the expected 
results of the panel.

The results showed a perfect agreement in all of the 
samples of the panel.

Even in presence of very low levels of parasitic 
infection (5 parasites/ml in some samples) the 
developed test was able to detect the presence of 
Plasmodia in the sample. 

Figure 3 shows the electrophoretic profile of a PCR 
run obtained with the STAT-NAT Malaria Screeing.

Figure 4 shows the electrophoretic profile of a PCR run 
obtained with the STAT-NAT Malaria Typing.

All the bands corresponding to the internal control 
(Beta Globin) are clearly amplified.

Fig. 3: STAT-NAT Malaria Screening
Lane 1: bench top PCR markers (Promega, Madison), Lanes 2-14: 

unknown samples run with the STAT-NAT Malaria Screening

Abstract

Background. Malaria is the most diffused parasitic disease that affects humans. A rapid and accurate diagnosis is a prerequisite for effective treatment. To solve the temperature storage requests of common molecular tests and 
PCR reagents, a freeze-dried self-containing test for the screening and the typing of malaria was considered.  
Methods. The performances of the STAT-NAT Malaria Screening and Typing for Malaria infections in Immigrants (I) and International Travellers (IT) suspected to be infected were compared to the internationally accepted gold 
standard (microscopy).
Results. In this study 35 patients with suspected malaria were diagnosed in the San Matteo Hospital in Pavia: 25 subjects were IT, and the remaining 10 were I. The microscopy identified 18 of them as positives: 11 were P. 
falciparum positives (5 IT, 6 I), 3 were P. vivax (3 IT), 2 were P. ovale (1I, 1 IT), and 2 were P.malariae (2 I). No co-infections were diagnosed. The STAT-NAT Malaria screening confirmed all the 18 positives, as well as the 17 
negatives (100% sensitivity). In one case the STAT-NAT identified a P. ovale instead of a previously diagnosed P. vivax . The epidemiological analysis (the subject came from Cameroun, were P. vivax is not present), and a new 
microscopic diagnosis, confirmed the infection as caused by P. ovale type (100% specificity).
Conclusions. We conclude that the association of the freeze-dried STAT-NAT tests could be determinant for the correct detection and typing of malaria, mainly where the temperature controlled storage could be problematic.
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Fig. 2: STAT-NAT 
Malaria Typing

Lane1: bench top PCR 
markers (Promega, 
Madison), 2-3 and 7: 
negative DNA, 4: P. 
malariae positive 5: P. 
vivax positive, 6: P. 
ovale positive. The 
upper band corresponds
to the internal control

Fig. 1: STAT-NAT 
Malaria Screening

Lane1: bench top PCR 
markers (Promega, 
Madison), 2-3 P. 
falciparum positives, 4: 
P. malariae positive 5: 
P. vivax positive, 6-7: 
P. ovale positives. The 
upper band 
corresponds to the 
internal control
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Fig. 5: Patient
follow up

Lane1: bench top PCR 
markers (Promega, 
Madison), Lane 2: 
time zero, Lane 3: 
after 72 hours, Lane 
4: after 10 days, Lane 
5: after 20 days
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