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Abstract

Background: Submicroscopic malaria (SMM) can be defined as low-density infections of Plasmodium that are
unlikely to be detected by conventional microscopy. Such submicroscopic infections only occasionally cause acute
disease, but they are capable of infecting mosquitoes and contributing to transmission. This entity is frequent in
endemic countries; however, little is known about imported SMM.
The goals of this study were two-fold: a) to know the frequency of imported SMM, and b) to describe
epidemiological, laboratorial and clinical features of imported SMM.

Methods: A retrospective study based on review of medical records was performed. The study population
consisted of patients older than 15 years attended at the Tropical Medicine Unit of Hospital Carlos III, between
January 1, 2002 and December 31, 2007. Routinely detection techniques for Plasmodium included Field staining and
microscopic examination through thick and thin blood smear. A semi-nested multiplex malaria PCR was used to
diagnose or to confirm cases with low parasitaemia.

Results: SMM was diagnosed in 104 cases, representing 35.5% of all malaria cases. Mean age (IC95%) was
40.38 years (37.41-43.34), and sex distribution was similar. Most cases were in immigrants, but some cases were
found in travellers. Equatorial Guinea was the main country where infection was acquired (81.7%). Symptoms were
present only in 28.8% of all SMM cases, mainly asthenia (73.3% of symptomatic patients), fever (60%) and
arthromialgias (53.3%). The associated laboratory abnormalities were anaemia (27.9%), leukopaenia (15.4%) and
thrombopaenia (15.4%). Co-morbidity was described in 75 cases (72.1%).

Conclusions: Results from this study suggest that imported SMM should be considered in some patients attended
at Tropical Medicine Units. Although it is usually asymptomatic, it may be responsible of fever, or laboratory
abnormalities in patients coming from endemic areas. The possibility of transmission in SMM has been previously
described in endemic zones, and presence of vector in Europe has also been reported. Implementation of
molecular tests in all asymptomatic individuals coming from endemic area is not economically feasible.
So re-emergence of malaria (Plasmodium vivax) in Europe may be speculated.
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Background
Malaria is usually diagnosed using microscopic methods
(thick or thin blood smears) or immunochromatography.
These procedures are routinely used in clinical practice,
but have limited sensitivity. Submicroscopic malaria
(SMM) is defined as low-density infections of Plasmodium
that are unlikely detected by conventional microscopy.
Several questions arise from this definition: Is SMM a

real entity or “only” a laboratory finding? Is SMM a rare
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condition or a frequently neglected problem? And fi-
nally, can SMM play a role in malaria transmission or is
it a problem only for individual patients? Since the de-
velopment of polymerase chain reaction (PCR) techni-
ques, attempts have been made to answer these questions.
SMM has been associated to anaemia and low weight at
birth in several studies with pregnant women [1-3], al-
though these results are still controversial [4,5]. Even
though SMM has been associated to cerebral malaria [6],
SMM is only occasionally associated with any clinical
manifestation.
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SMM is common in endemic countries and its preva-
lence is comprised between13% and 33% in some areas
[7-10]. The higher is the prevalence of macroscopic mal-
aria, the higher is the detected prevalence of SMM [11].
In addition, SMM can be transmitted by infectious mos-
quito bites, as it has been demonstrated in endemic
countries [12].
However, little is known about imported SMM, namely

its relevance in terms of frequency, clinical manifesta-
tions, or laboratory abnormalities. In countries free of
malaria like Spain or Greece, recent autochthonous cases
[13-15], suggest the possibility of a malaria re-emergence
from undetected imported cases.
This study has two objectives: a) assessing the fre-

quency of imported SMM, and b) describing the epi-
demiological, laboratory and clinical features of
imported SMM.

Methods
Study area and design
In Spain, malaria is a reportable disease. Last autoch-
thonous case was notified in 1961[16] and since then, all
reported cases are imported from endemic countries.
Hospital Carlos III is a referral unit for tropical diseases
at Madrid, Spain. Most patients come by themselves to
the emergency unit or are referred from primary care or
general hospitals in Madrid. A very small proportion
comes from other regions.
A retrospective study based on a review of medical

records was performed. The study included those pa-
tients older than 15 years and diagnosed with malaria in
Hospital Carlos III between January 1st, 2002 and De-
cember 31st, 2007. The study was approved by the cor-
responding Ethics Committee.
Exclusion criteria were: a) Unspecified diagnosis meth-

ods; b) Medical records with lack of data (>25% items):
epidemiological data (> 5 items), clinical data (> 5 items),
or analytical data (> 7 items).

Malaria, submicroscopic malaria (SMM), and other
definitions
A patient was diagnosed with malaria when Plasmodium
spp. infection could be detected by conventional micros-
copy and/or using PCR, regardless of the presence of
symptoms. A patient was defined as suffering from
SMM if he/she produced a positive PCR test even if the
examination of thick and thin blood smears by light mi-
croscopy was negative. Cases detected by conventional
microscopy were considered as microscopic malaria.
WHO criteria were followed to identify the severe mal-
aria cases [17].
Cases of malaria were allocated into four groups fol-

lowing the classification criteria published by our study
group [18,19]: natives, native-travellers, residents, and
travellers. Natives are persons born and living in zones
endemic for malaria, that come to a non-endemic zone.
Native-travellers are born in endemic zones for malaria,
live in non endemic zones (for more than 2 years) and
have travelled to endemic zones (country of birth or an-
other). Residents in an endemic zone are people born in
non-endemic zones, which have been living in zones en-
demic for malaria for at least two years. These three
groups are considered as semi-immunes. Travellers are
defined as people born and living in non-endemic zones
that have travelled to zones endemic for malaria (no
longer than two years). This last group is considered as
non-immune. This classification is more accurate for the
purposes of our study than the classical sorting into
natives, immigrants, expatriates, and visiting friends and
relatives.
Data collection and laboratory examination
Every patient underwent a complete clinical history and
an exhaustive physical examination. They were routinely
screened for human immunodeficiency virus (HIV),
hepatitis (A, B, C), syphilis, intestinal helminthiasis, or
protozoan infestation. The screening for filarariasis
(symptomatic or symptom-free) was performed for na-
tives, native-travellers, or residents in endemic zones
having travelled to zones endemic for filariae.
For every patient coming from zones endemic for mal-

aria, routine detection techniques for Plasmodium in-
cluded Field’s staining and microscopic examination
through thick and thin blood smears. For all patients we
always collected one blood sample, independently of the
presence of fever. If the sample was negative, a second
blood sample was collected only in febrile patients. A
semi-nested multiplex malaria PCR [20] served to diag-
nose or to confirm cases with low parasitaemia. DNA
was extracted following the Chelex method with minor
modifications. Detection and identification of malarial
species were simultaneously performed with a sequence
of two SnM-PCRs. The first reaction was expected to
yield two products: a band of 231 base pairs (bp) from
UNR-HUF produced by the amplification of the small
subunit of the human ribosomal gene (positive control),
whereas the second reaction yielded a band of 783 to
821 bp from UNR-PLF that should detect the presence
of any malaria species of Plasmodium spp. In this sec-
ond reaction, infections with different human Plasmo-
dium species yielded products of different sizes. A band
of 269 bp indicates an infection by Plasmodium malar-
iae; a band of 395 bp evidences a P. falciparum infec-
tion; a band of 436 bp suggests a Plasmodium ovale
infection; and a band of 499 bp indicates a Plasmodium
vivax infection. The mixed infections would show the
corresponding bands.



Table 1 Data collected

Data collected

Demographic
data

Age; sex; place of birth; place of residence; last endemic
zone visited; dates of travel (relevant for native-traveler
and traveler); date of arrival to non endemic zone for
malaria (native and native-traveler); date of arrival to
endemic zone for malaria (resident in endemic zone);
intake of antimalarial chemoprophylaxis (yes/no and
drug); adherence to antimalarial chemoprophylaxis
(correct vs incorrect).

Clinical data Presence of symptoms (yes/no); date of onset of
symptoms; liver enlargement, spleen enlargement,
asthenia, headache, ocular pain, arthromyalgias,
vomiting, diarrhea, rash, cough, abdominal
pain, jaundice, fever, seizures, hemorrhage, shock.

Laboratory
data

Hemoglobin (g/dl); white blood cells (cell/mm3);
lymphocytes (cell/mm3) ; monocytes (cell/mm3);
platelets (cell/mm3); glycaemia (mg/dl); urea (mg/dl);
creatinine (mg/dl); lactic deshydrogenase
enzyme –LDH- (UI/ml); alanin aminotransferase
enzyme -ALT- (UI/ml); total
cholesterol (mg/dl).

When a case of malaria lacks of >25% information, it is excluded.
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Patients with confirmed malaria (microscopic or sub-
microscopic) were treated according to the WHO
guidelines at the time of the diagnosis. For each case,
demographic, clinical, and laboratory data were docu-
mented (see Table 1). Anaemia was defined as hemoglobin
Table 2 Characteristics of cases of malaria (total and by grou

Characteristics of cases of malaria (total and by group)

Total

n=293;
(100%)

Age. Mean (SD) 39.66 (14

Males n (%) 155 (52.9

Median time (days) to diagnosis (range) 11 (0-154

Antimalarial chemoprophylaxis n (%) 36 (12.3)

Symptomatic n (%) 198 (67.6

Abnormal laboratorial tests Anaemia 96 (32.8)

Leukocytopenia 50 (17.1)

Thrombocytopenia 126 (43)

Renal failure 31 (10.6)

Jaundice 9 (3.1)

Comorbidity n (%) 177 (60.4

SMM n (%) 104 (35.5

Plasmodium species P. falciparum 255 (87)

P. vivax 13 (4.4)

P. ovale 13 (4.4)

P. malariae 6 (2)

Mixed infections 6 (2)

Median of parasitation index -in microscopic malaria- (range) 0.1 (0.1-5

Abbreviations (in alphabetical order). n.a Not applicable. SD (standard deviation). SM
levels < 13 g/dl (12 g/dl in females); leukocytopenia as
total count of white blood cells < 4000 /mm3; thrombo-
cytopenia as total platelets < 150000/mm3; hypoglycemia
as glycaemia < 80 mg/dl; and renal failure as creatinine
serum levels > 1.2 mg/dl.

Statistical analysis
Data were analysed using SPSS package for Windows
17.0 (SPSS, Chicago, IL). For univariate analysis of cat-
egorical variables, Pearson’s Chi-square test was used
(Fisher test when needed). For continuous data, t-Student
test was chosen to compare means between groups, ex-
cept when the variances of the samples were not homo-
geneous. In this case (absence of homoscedasticity), the
non-parametric Mann–Whitney test was used. A p-value
p < 0.05 was considered significant.

Results
General features
293 cases of malaria were included in the study. 189
cases (65%) were classified as microscopic malaria and
104 cases (35%) as SMM. Table 2 shows the main fea-
tures of all cases of malaria by groups. Equatorial Guinea
was the main country where infection was acquired
(67.91%). Symptomatic cases accounted for 67.57% of the
total. Most of the related symptoms were fever (178
p)

Traveler Native Native-traveler Resident in
endemic zone

n=67;
(22.86%)

n=138;
(47.09%)

n=14;
(4.77%)

n=74;
(25.26%)

.40) 37.55 (10.45) 41.38 (16.52) 35.39 (9.72) 55.29 (16.68)

) 42 (62.7) 66 (47.8) 36 (48.6) 11 (78.6)

4) 8 (0-730) 15 (0-1544) 12 (0-317) 8.5 (0-37)

21 (31.3) n.a 15 (20.3) n.a

) 62 (92.5) 56 (40.6) 11 (78.6) 69 (93.2)

11 (16.4) 53 (38.4) 28 (37.8) 4 (28.6)

12 (17.9) 21 (15.2) 12 (18.9) 3 (21.4)

32 (47.8) 35 (25.4) 50 (67.6) 9 (64.3)

12 (17.9) 11 (8) 7 (9.5) 1 (7.1)

4 (6) 3 (2.2) 2 (2.7) 0 (0)

%) 23 (34.3) 109 (79) 36 (48.6) 9 (64.3)

) 13 (19.4) 83 (60.1) 6 (8.1) 2 (14.3)

52 (77.6) 123 (89.1) 70 (94.6) 10 (71.4)

7 (10.4) 3 (2.2) 1 (1.4) 2 (14.3)

4 (6) 7 (5.1) 1 (1.4) 1 (7.1)

3 (4.5) 2 (1.4) 0(0) 1 (7.1)

1 (1.5) 3 (2.2) 2 (2.8) 0 (0)

0) 0.1 (0.1-50) 0.1 (0.1-15) 0.6 (0.1-30) 0.1 (0.1-2.7)

M Submicroscopic malaria.
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cases) and asthenia (175 cases). Associated co-morbidity
(mainly other infections) was found in 177 cases (60.41%).

Analysis by groups
Table 3 shows the epidemiological features of micro-
scopic malaria and SMM. Mean age and sex distribution
were similar. Semi-immune group (natives, residents in
endemic zones and native-travellers) was more frequent
in SMM than in microscopic malaria (p < 0.001). Anti-
malarial chemoprophylaxis had been taken in 15.9% of
the microscopic malaria cases (30 out of 189), whereas
only in 5.8% of the SMM cases (6 out of 104) (p = 0.012).
These data may be surprising, but further analysis

revealed that only 10% of the patients suffering from
microscopic malaria achieved good adherence to
chemoprophylaxis (3 cases out of 30), compared to the
66.7% of patients affected by SMM (4 cases out of 6)
(p = 0.008). Other parasitic infections were more fre-
quent in the SMM group, but no differences where
found concerning infections by HIV, hepatitis B virus
(HBV) or hepatitis C virus (HCV). Malaria was caused
Table 3 Epidemiological features of imported microscopic ma

Epidemiological features by group

Microscopic m

Age. Mean (SD) 39 (13.9)

Male sex. N (%) 104 (55%)

Group. N (%)

Traveller (not immune) 54 (28.6%)

Semiimmune 135 (71.4%)

Native 55 (29.1%)

Resident in endemic zone 12 (6.3%)

Native-traveller 68 (36%)

Prophylaxis. N (%) 30 (15.9%)

Drug

Atovaquone-proguanil 3 (1.6%)

Doxycycline 3 (1.6%)

Mefloquine 15 (7.9%)

Others 9(4.8%)

Comorbidity. N (%) 102 (54%)

Parasitological infection 25 (24.5%)

Filariae 11 (10.8%)

Intestinal helmints 11 (10.8%)

Others 16 (15.2%)

HIV 16 (15.8%)

HBV 15 (7.9%)

HCV 14 (7.4%)

Number of different countries of acquisition 31 (Equatorial
Nigeria 5.3% (1
Mali 3.2% (6))*

SD: Standard deviation. * Countries representing <2.5% are omitted.
by P. falciparum infection in 171 cases of microscopic mal-
aria (90.5%), and in 90 cases of SMM (86.5%) (p=0.301;
Chi-square test). Infection was caused by other Plasmo-
dium species, such as P. ovale (8 microscopic malaria cases;
5 SMM cases), P. vivax (8 microscopic malaria cases;
5 SMM cases), and P. malariae (2 microscopic malaria
cases; 4 SMM cases).
We found some relevant differences in clinical charac-

teristics between microscopic malaria and SMM groups
(Table 4). Most microscopic malaria cases were symp-
tomatic, while only one out of three cases reported clinical
signs in the SMM group. Fever, asthenia and headache
were more common in patients with microscopic malaria
than in the SMM group. Although tropical splenomegaly
was rarely found, it was more frequently noticed in the
SMM group (13.3%) than in the MM group (1.8%) (p <
0.011). No severe malaria was found in the SMM group.
Table 5 shows the analytical values of some blood

tests. Comparison of laboratory abnormalities can be
seen in Figure 1. More cases of thrombocytopenia (p <
0.001) and renal failure (p = 0.047) were detected in the
laria and SMM

alaria Submicroscopic malaria p value

40 (15.2) 0.527

51 (49%) 0.326

13 (12.5%) < 0.001

91 (87.5%)

83 (79.8%)

2 (1.9%)

6 (5.8%)

6 (5.8%) 0.012

4 (3.8%)

0

0

2 (2%)

75 (72.1%) 0.002

55 (73.3%) < 0.001

36 (48%) < 0.001

26 (34.7%) < 0.001

30 (40%) < 0.001

11 (14.7%) 0.831

7 (6.7%) 0.708

9 (8.6%) 0.294

Guinea 69.3% (114);
0); Cameroon 3.7% (7);

15 (Equatorial Guinea 81.7% (85);
Cameroon 2.9% (3))*

n.a.



Table 4 Clinical features of imported microscopic malaria and SMM

Clinical features by group

Microscopic malaria Submicroscopic malaria p value

Time to diagnosis (days) 11 (0-730) 12 (0-1544) 0.276 (M)

Symptomatic 168 (88.9%) 30 (28.8%) < 0.001

Liver enlargement 17 (9%) 11 (10.6%) 0.0659

Spleen enlargement 29 (15.3%) 14 (13.5%) 0.663

Asthenia 153 (91.1%) 22 (73.3%) 0.011 (F)

Headache 119 (70.8%) 12 (40%) 0.001

Ocular pain 39 (23.2%) 3 (10%) 0.103

Arthromyalgia 116 (69%) 16 (53.3%) 0.093

Vomiting 36 (21.4%) 2 (6.7%) 0.059

Diarrhoea 37 (22%) 2 (6.7%) 0.051

Rash 1 (0.6%) 1 (3.3%) 0.281 (F)

Cough 4 (2.4%) 2 (6.7%) 0.226 (F)

Abdominal pain 5 (3%) 2 (6.7%) 0.287

Fever 160 (95.2%) 18 (60%) < 0.001 (F)

Tropical splenomegaly 3 (1.8%) 4 (13.3%) 0.011 (F)

Severe malaria 13 (6.9%) 0 (0%) 0.005 (F)

Abbreviations (in alphabetical order). F: Test de Fisher. M: Test de Mann–Whitney.
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patients suffering from microscopic malaria than in
SMM patients. Anaemia, leukocytopaenia, and jaundice
cases were similar in both groups.

Symptoms, laboratory abnormalities and co-morbidity
Table 6 shows symptoms and laboratory abnormalities
to ascertain whether they are related to malaria or to
other co-morbidities.

SMM in travellers
A total of 13 SMM cases were described in travellers
(non immune). A total of 4 patients were symptom-free
and did not show laboratory abnormalities. A good
Table 5 Analytical values of imported microscopic malaria an

Laboratorial features by groups

Microscopic malaria Mean (SD

Haemoglobin (g/dl). 13.1 (1.94)

White blood cell (cell/mm3). 5,625 (2,008)

Lymphocytes (cell/mm3) 1,391 (740)

Monocytes (cell/mm3) 460 (271)

Platelets (cell/mm3) 142,045 (84,860)

Glycaemia (mg/dl) 105 (35)

Urea (mg/dl) 30 (15)

Creatinine (mg/dl) 0.97 (0.38)

LDH (UI/ml) 482 (236)

ALT (UI/ml) 59 (143)

Cholesterol (mg/dl) 132 (39)

Abbreviations (in alphabetical order). ALT: alanine aminotransferase enzyme. LDH: la
adherence to anti-malarial chemoprophylaxis was de-
scribed in only one of these SMM cases. In the remaining
nine symptomatic SMM patients, one suffered from an-
aemia and one from thrombocytopaenia. For those nine
patients, good adherence to anti-malarial chemoprophy-
laxis was achieved in three cases. When good adherence
was achieved the reported symptoms were asthenia (3
cases), arthromyalgia (3), fever (2), headache (1), and
cough (1). The symptoms reported when no adherence
to anti-malarial chemoprophylaxis was achieved were as-
thenia (5 cases), fever (4), headache (3), arthromyalgia
(3), rash (1), ocular pain (1), diarrhoea (1) and liver en-
largement (1).
d SMM

) Submicroscopic malariaMean (SD) p value

13.2 (2.04) 0.85

6,091 (2,218) 0.06

2,176 (824) < 0.001

416 (197) 0.131

216,752 (76,139) < 0.001

100 (22) 0.222

31 (13) 0.497

0.94 (0.34) 0.539

419 (189) 0.024

43 (136) 0.392

164 (44) < 0.001

ctic dehydrogenase enzyme. SD: Standard deviation.



Figure 1 Comparison of laboratory abnormalities. MM: Microscopic malaria. SMM: Submicroscopic malaria.
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Discussion
This study aimed to describe the frequency of imported
SMM and its epidemiological, clinical, and laboratory
features. Most of the cases of imported malaria reported
in Europe are of microscopic malaria and a few reported
cases are of SMM. Two main important reasons explain
this fact: a) Malaria is suspected when symptoms are
Table 6 Laboratory abnormalities in SMM and comorbidity

Abnormalities (n) Co-morbidity Co

Anaemia (29) 24 (82.8%) In
ch

Leukocytopaenia (16) 10 (62.5%) Tu
M

Thrombocytopaenia (16) 15 (93.8%) HI

Renal failure (6) 6 (100%) No

Jaundice (3) 3 (100%) HB
Sc

Liver enlargement (11) 9 (81.8%) HC
dr

Spleen enlargement (14) 14 (100%) HC
Sc
No

Asthenia (22) 12 (54.5%) 12

Headache (12) 6 (50%) In
Sa

Ocular pain (3) 2 (66.7%) In

Arthromyalgia (16) 8 (50%) Ac
pn
in

Vomiting (2) 0 (0%)

Diarrhoea (2) 1 (50%) M

Rash (1) 0 (0%)

Cough (2) 1 (50%) No

Abdominal pain (2) 1 (50%) No

Fever (18) 11 (61.1%) In
present and b) Diagnosis is usually made by microscopic
examination but PCR is not routinely used. Examination
for SMM has been progressively implemented in the
daily care schemes of our hospital, based on several
studies showing the high prevalence of SMM in some
countries [7,9-11] or on the frequency of symptom-free
cases [21,22]. This study could not estimate the
mments

testinal parasites (6 cases), tuberculosis (1), thalassaemia-beta (1),
ronic kidney disease (1)

berculosis (1 case), HIV infection (2), HBV infection (1),
ansonella perstans (6), and Salmonella and Schistosoma infection (1)

V infection (2 cases), Salmonella (1)

t demonstrated kidney disease.

V infection (1 case), tuberculosis (1), Salmonella and
histosoma infection (1)

V infection (2 cases), HIV infection (3), tuberculosis (1), alcohol-intake (1),
epanocytic anaemia (1), Salmonella and Schistosoma infection (1)

V infection (2 cases), alcohol-intake (1), tuberculosis (1), Salmonella and
histosoma infection (1), drepanocytic anaemia (1), Mansonella perstans (5).
t associated (3)

different infectious diseases

testinal parasites (3 cases) acute B hepatitis (1), tuberculosis (1),
lmonella and Schistosoma infection (1)

testinal parasites (2 cases)

ute B hepatitis (1 case), tuberculosis (1), rickettsia infection (1),
eumonia not filiated (1), HCV infection (1), Mansonella perstans (2),
testinal parasites (1)

ansonella perstans

t associated

t associated

fectious diseases (10), not associated (1)



Ramírez-Olivencia et al. Malaria Journal 2012, 11:324 Page 7 of 8
http://www.malariajournal.com/content/11/1/324
prevalence of SMM in the population cared for, because
PCR techniques were not systematically performed for
all patients (this is not a prospective study). However,
the authors believe that SMM is a frequent disease
accounting for up to the third of all cases of imported
malaria.
Although SMM is a clinical entity usually symptom-

free, it can be associated to asthenia, fever or musculo-
skeletal pain. In addition, anaemia, leukocytopaenia or
thrombocytopaenia were reported in more than 10% of
the cases. Symptoms and laboratory abnormalities may
be linked to other diseases when co-morbidity is present,
but sometimes SMM is the only cause. SMM should be
envisaged when conventional techniques for malaria de-
tection gave negative results but some clinical or analyt-
ical abnormalities remain unexplained in patients
coming from zones endemic for malaria.
Negative microscopic tests can produce a positive PCR

test in these cases: a) False positive of the PCR tech-
nique, or b) Low-density parasitaemias. In low-density
parasitaemia, five possibilities have to be considered: 1)
Infection in semi-immune people; 2) Anti-malarial treat-
ment; 3) Anti-malarial chemoprophylaxis; 4) First stages
of infection; or 5) False negative microscopic method
(microscopists with a limited experience in identifying
malaria, a real possibility in areas with no transmission).
False positive (or PCR contamination) is a common

problem, with rates reported by laboratories between
0.7% and 10% [11,23]. Infection of semi-immune persons
is common in endemic countries, as previously men-
tioned, and has also been described in immigrants
[18,24]. Another explanation can be the development of
resistance to anti-malarial treatment, as a result of an in-
correct management of the treatment or caused by low
levels of medication, as well as the “controlled infection¨
in people taking anti-malarial chemoprophylaxis. The
early stages of malaria infection can be identified as
SMM (even in non-immune people), and may evolve to
a “microscopic” infection if no treatment is given.
Data from the WHO Regional Office for Europe have

shown that the number of imported malaria cases have
not changed significantly in the last ten years (except in
France) [25]. Autochthonous malaria cases have been
reported in Azerbaijan, France, Georgia, Greece, Italy,
Russian Federation, Spain and Ukraine in the same
period of time [13,15,25,26]. The possibility of transmis-
sion in SMM has been described in endemic zone for
malaria [8,12], and presence of a suitable vector in Eur-
ope (Anopheles atroparvus, Anopheles claviger or Anoph-
eles maculipennis) has also been reported [27,28]. Since
the implementation of molecular tests for all symptom-free
individuals coming from endemic area is too expensive, the
possibility of a re-emergence of malaria (Plasmodium vivax)
in Europe can only be speculated.
Conclusions
SMM is a frequent condition that should be considered
when some clinical or analytical abnormalities remain
unexplained in a patient coming from zones endemic for
malaria. Undetected and untreated SMM and the spread-
ing of competent vectors might be the causes of a re-
emergence of malaria in Europe.
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