
Introduction

Malaria has probably had a greater impact on
world history than any other infectious disease (1).

Presently it is a re-emerging disease which is pro-
pagating to areas where it had been eradicated many
years ago and is one of the most prevalent human in-
fections worldwide (2).

Malaria is caused by four protozoan parasites of
the genus Plasmodium (P. falciparum, P. vivax, P. ova-
le, and P. malariae) and is transmitted from one hu-
man to another by female Anopheles mosquitoes (3).
For the transmission of the infection it is indispensa-
ble that Anopheles mosquitoes survive and multiply
and that malaria parasites complete their growth cycle

in the mosquitoes. These premises can explain the
particular geographic distribution of endemic malaria
in tropical and subtropical areas (4-6).

Although malaria is usually associated with tra-
vels in countries where the infection is endemic it
should be specified that there are some other situa-
tions which can result in infection, such as blood tran-
sfusion, the use of hypodermic needles that are conta-
minated by prior use, and possible congenital infection
(1, 6).

Clinical symptoms of malaria include the classic
paroxysm which consists in fever and sweating (even if
many patients do not exhibit the typical fever pattern),
splenomegaly, anaemia, lethargy, anorexia, nausea, vo-
miting, diarrhoea and headache (1, 4, 6, 7).
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Presently malaria is the most common imported
infectious disease in Italy: it has been demonstrated
that in our country during 2000-2001, 29% of patients
affected by malaria were Italian while 61% were forei-
gners, confirming that immigration is one of the mo-
st important causes of imported malaria in our coun-
try (4). The predominant Plasmodium species diagno-
sed was P. falciparum (more than 80% of the total ca-
ses), followed by P. vivax (9%), P. ovale (8%), and P.
malariae (1.5%) (4). The majority of the infections
were acquired in Africa, Central and South America,
Asia, and Oceania (4). The higher number of impor-
ted infections observed is principally associated with
the increase in population movements for tourism,
migration, and trading to and from areas where mala-
ria is endemic.

Considering the fact that no antimalarial chemo-
prophylaxis is universally effective and that vaccine
development studies are still ongoing, the prevention
of the infection is very difficult, thus laboratory dia-
gnosis is critical in order to restore the patients to
health. In particular, a patient with a diagnosed infec-
tion by P. falciparum should be considered as a medi-
cal emergency since the disease can be rapidly fatal
and even if a low parasitemia is present on blood
smears the patient could be faced with a life-threate-
ning disease (1).

Microscopic examination of thin blood smears re-
mains the gold standard for the diagnosis of malaria,
but it presents limitations: it is time consuming and mi-
sdiagnosis is possible if the parasitemia is low or if the
microscopist lacks experience (8, 9). Recently, genus- or
species-specific molecular methods based on polymera-
se chain reaction have been developed and introduced
in routine diagnosis to confirm microscopic observa-
tion, and to detect the presence of mixed infections that
may be misdiagnosed by the microscopist (8, 9).

In a previous report from our laboratory publi-
shed in 2004, among 122 analysed blood samples, 43
P. falciparum, 11 P. vivax, 3 P. ovale, 2 P. malariae, 1
Plasmodium spp., and 1 P. vivax/P.falciparum were de-
tected at microscopic observation; with Nested-PCR
42 P. falciparum, 8 P. ovale, 8 P. vivax, and 2 P. malariae
were detected; with Real-time PCR 42 P. falciparum,
8 P. ovale, and 8 P. vivax were observed (8). Moreover,
2 mixed infections by P. falciparum and P. ovale (by

Real-time PCR), one by P. falciparum and P. ovale (by
Nested-PCR), and one by P. falciparum, P. ovale and P.
malariae (by Nested-PCR) were also found (8).

Our study aimed to describe the occurrence of
imported malaria in our area during the 2005-2006
period, comparing the data obtained with microscopic
observation and molecular methods (Nested-PCR
and Real-time PCR).

Material and methods

During 17 months (from January 2005 to May
2006) we analysed 170 blood samples belonging to
139 patients with the clinical suspicion of malaria. Ea-
ch sample was taken when the patient presented a
bout of fever, in order to be certain to find parasites in
the blood.

Each time we received a blood sample for the re-
search of plasmodia we contacted the clinician to
know some information about the patient (presence of
fever at the time of blood sampling, nationality, recent
travel through malaria endemic areas, eventual
prophylaxis, relevant specific clinical symptoms and
signs). Each sample, containing at least five millilitres
of blood drawn into sterile tubes with EDTA, was
used to prepare thin blood films for microscopic ob-
servation and to perform an immunochromatographic
rapid assay for the detection of specific Plasmodium
antigens (I.C.T. binax®). The blood smears were stai-
ned with orange acridine (10) and then with 1%
Giemsa stain in phosphate-buffered saline (pH 7.0)
(5) and examined under the microscope at 1,000 X
magnification for the research of plasmodia: thin
blood films were defined as negative if no parasites
were observed in 300 oil immersion fields. The para-
site concentration, when necessary, was calculated by
counting the number of parasitized red blood cells
seen in 10,000 erythrocytes and expressed as a percen-
tage, as described for areas of non endemicity (6). Ali-
quots of each blood sample were stored at 4° C or –20°
C and then used to perform PCR assays in order to
confirm the microscopic diagnosis. DNA from blood
samples was extracted using “High Pure PCR Tem-
plate Preparation Kit” (Roche), according to the ma-
nufacturer’s instructions (8, 9). To perform the Ne-
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sted-PCR, DNA templates were used for the amplifi-
cation in a DNA thermal cycler (Gene Amp 2400 PE)
using a genus-specific primer set for the first amplifi-
cation and four species-specific primer sets for the se-
cond amplification, as previously described (8, 10). For
the Real-time PCR primers and probes were designed
to specifically amplify the P. falciparum, P. vivax, and
P. ovale 18S rRNA gene, according to the previously
described method (8, 11).

Results

During 17 months we analysed 170 blood sam-
ples belonging to 139 patients (95 foreigners and 44
Italians) with the clinical suspect of malaria. Thirty-
six cases (25.89%) of malaria were diagnosed: 35 in fo-
reigners coming from Africa and one in an Italian who
lived in Chad. Patients were 13 females and 23 males,
3 children and 33 adults (Table 1).

Table 1. Data available for the patients analysed in this study

Patient code Age Sex Country of origin Travels abroad

1 25 Male Cameroon Cameroon
2 36 Male Ghana Ghana
3 45 Female Nigeria Nigeria
4 33 Female Nigeria Nigeria
5 37 Male Ghana Ghana
6 19 Male Burkina Faso Burkina Faso
7 27 Female Africa Not known
8 37 Male Nigeria Nigeria
9 2 Male Nigeria Nigeria
10 41 Female Nigeria Nigeria
11 41 Female Ivory Coast Ivory Coast
12 31 Male Ivory Coast Ivory Coast
13 32 Male Ivory Coast Ivory Coast
14 40 Female Benin Benin
15 12 Male Nigeria Nigeria
16 8 Male Ghana Ghana
17 33 Male Ghana Ghana
18 42 Male Ghana Ghana
19 39 Female Guinea Guinea
20 30 Male Senegal Senegal
21 20 Female Cameroon Cameroon
22 11 Male Nigeria Nigeria
23 18 Male Senegal Senegal
24 35 Male Nigeria Nigeria
25 34 Female Nigeria Nigeria
26 40 Male Ghana Ghana
27 40 Male Cameroon Cameroon+Kenya
28 40 Female Ivory Coast Ivory Coast
29 25 Male Eritrea Eritrea
30 18 Female Ivory Coast Ivory Coast
31 49 Male Italy Chad
32 31 Male Cameroon Cameroon
33 43 Female Ghana Ghana
34 46 Male Ghana Ghana
35 41 Female Ghana Ghana
36 41 Male Ghana Ghana
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Thirty-three patients were infected by P. falcipa-
rum, 1 by P. ovale, 1 by P. vivax and a mixed infection
by P. falciparum, P. ovale and P. malariae was also found
(Table 2).

Thirty-five samples were positive by microscopy:
33 P. falciparum (91.66%), 1 P. ovale (2.77%) and 1 P. vi-
vax (2.77%). Only one blood smear resulted negative at
microscopic observation (Table 2). In the 33 smears that
were positive for P. falciparum, parasitemia was included
between 0.001% and 2.13%; in the cases of infections by

P. ovale and P. vivax the parasitemia was 0.07% and
0.1%, respectively. The major parasitemia (2.13%) ob-
served was counted in the blood smears belonging to
the only Italian patient infected by P. falciparum.

The results of immunochromatographic assay
agreed with all the results of microscopy, except in the
case of the infection by P. ovale, which resulted nega-
tive (Table 2).

The results obtained by Nested-PCR agreed with
microscopic observation in 20 cases, while they were

Table 2. Plasmodia identified in blood samples of patients with imported malaria in Parma

Patient code Plasmodia identified
Microscopy Nested-PCR Real-time PCR ICT

1 P. falciparum P. falciparum Not performed P. falciparum
2 P. falciparum P. falciparum Not performed P. falciparum
3 P. falciparum Negative P. falciparum P. falciparum
4 P. falciparum Not performed P. falciparum P. falciparum
5 P. falciparum Negative P. falciparum P. falciparum
6 P. falciparum P. falciparum+ P. falciparum P. falciparum

P. ovale+
P. malariae

7 P. falciparum Negative P. falciparum P. falciparum
8 Negative P. falciparum Not performed Negative
9 P. falciparum Negative P. falciparum P. falciparum
10 P. falciparum Negative P. falciparum P. falciparum
11 P. falciparum Negative P. falciparum P. falciparum
12 P. falciparum Negative P. falciparum P. falciparum
13 P. falciparum Negative P. falciparum P. falciparum
14 P. falciparum P. falciparum Not performed P. falciparum
15 P. falciparum Negative P. falciparum P. falciparum
16 P. falciparum Negative P. falciparum P. falciparum
17 P. falciparum P. falciparum Not performed P. falciparum
18 P. falciparum P. falciparum Not performed P. falciparum
19 P. falciparum P. falciparum Not performed P. falciparum
20 P. falciparum P. falciparum Not performed P. falciparum
21 P. ovale P. ovale Not performed Negative
22 P. falciparum P. falciparum Not performed P. falciparum
23 P. falciparum Negative P. falciparum P. falciparum
24 P. falciparum Negative P. falciparum P. falciparum
25 P. falciparum P. falciparum Not performed P. falciparum
26 P. falciparum P. falciparum Not performed P. falciparum
27 P. falciparum P. falciparum Not performed P. falciparum
28 P. falciparum Not performed P. falciparum P. falciparum
29 P. vivax Positive Not performed P. vivax
30 P. falciparum P. falciparum Not performed P. falciparum
31 P. falciparum P. falciparum Not performed P. falciparum
32 P. falciparum P. falciparum Not performed P. falciparum
33 P. falciparum P. falciparum Not performed P. falciparum
34 P. falciparum P. falciparum Not performed P. falciparum
35 P. falciparum P. falciparum Not performed P. falciparum
36 P. falciparum P. falciparum Not performed P. falciparum

05-peruzzi  17-12-2007  16:47  Pagina 173



174 S. Peruzzi, C. Gorrini, G. Piccolo, A. Calderaro, G. Dettori, C. Chezzi

discordant in 14 cases and the Nested-PCR assay was
not performed in 2 cases (Table 2).

Moreover the results by microscopy were confir-
med by Real-time PCR in 15 cases while in 21 cases
this molecular assay was not performed.

In the case of the mixed infection by P. falcipa-
rum, P. ovale, and P. malariae microscopy revealed only
the presence of P. falciparum, the Nested-PCR detec-
ted the DNA of P. falciparum, P. ovale, and P. malariae,
while the Real-time PCR detected only the DNA of
P. falciparum (Table 2).

Conclusions

During 17 months ( January 2005-May 2006)
among 139 patients (95 foreigners and 44 Italians) we
diagnosed 36 cases of imported malaria (35 in forei-
gners and 1 in an Italian male).

Thirty-four foreign patients came from African
countries (10 from Ghana, 9 from Nigeria, 5 from the
Ivory Coast, 4 from Cameroon, 2 from Senegal, 1
from Burkina Faso, 1 from Benin, 1 from Guinea, 1
from Eritrea) while for one patient the nationality was
unknown, even if he originated from Africa. For all of
these patients the clinical suspect for malaria was for-
mulated on the basis of symptoms that are indicative
of the infection, such as fever with associated heada-
che, abdominal pain, and diarrhoea (8).

The only Italian patient lived in Chad and was
admitted to the hospital some days after his return to
Italy. At the time of blood sampling he presented fe-
ver (41°C).

Among all the patients we found some with very
interesting clinical findings. In particular, an 18 years
old pregnant woman (22 weeks) who came from the
Ivory Coast but had lived for 2 years in Italy. She suf-
fered from severe anaemia (haemoglobin 6,8 g/dl and
red blood cells 3420000/mm3), never had fever, and
was in an apparently good healthy state. Although she
was not able to communicate in Italian, she referred to
have suffered from malaria some years before when
she lived in her country. The blood sample was positi-
ve for P. falciparum and parasitemia was <0.001%. The
therapy promptly restored the patient to health. In
malaria endemic areas pregnant women are more su-

sceptible to the infection than the general population
and it can cause serious pregnancy complications with
high maternal and foetal mortality, as reported in the
literature (7, 12, 13), thus a prompt diagnosis is abso-
lutely mandatory.

Even though microscopy remains the most im-
portant diagnostic method, we observed that in some
cases molecular assays are indispensable to perform a
correct diagnosis, in particular to detect mixed infec-
tions. In the only case in which we detected a mixed
infection, microscopic observation allowed to detect
only trophozoites of P. falciparum (<0.001%) while
Nested-PCR detected DNA specific for P. falciparum,
P. ovale, and P. malariae.

We found only one infection by P. ovale and one
by P. vivax. The first case was a 20 years old female,
coming from Cameroons and speaking only French,
who presented fever and sweating from few days: at
the microscopic observation P. ovale trophozoites (pa-
rasitemia 0.07%) were detected and the diagnosis was
confirmed by Nested-PCR. The other case was a ma-
le coming from Eritrea, who had arrived for the first
time in Italy 3 months before the admission to the
hospital for the suspect of meningitis with fever
(38°C), headache, and vomit. Microscopic examina-
tion revealed the presence of P. vivax schizontes (pa-
rasitemia 0.1%), successively confirmed by molecular
methods.

Malaria has always had an important impact on
human life and even if it is not endemic in our coun-
try  since 1970 (4), it is one of the most important im-
ported diseases in Italy. The data obtained in our la-
boratory demonstrated that the most relevant factor
that incides on the prevalence of this infection is im-
migration from or travel to areas where malaria is en-
demic.

According to our previously published reports the
prevalence of imported malaria in our area strongly
underlines that P. falciparum infections remain the
most prevalent (91.66%), P. vivax, P. ovale and mixed
infections represent the 2.77% respectively.

This study also confirmed that molecular
methods (such as PCR) are not only an aid in perfor-
ming an accurate diagnosis of malaria but also that
they are powerful tools in obtaining knowledge on the
epidemiology of imported malaria in our area.
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