SURVEILLANCE AND OUTBREAK REPORTS
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Malaria, which was endemic in Greece in the past,
was officially eliminated in 1974. Since that time and
up to 2010, a number of imported cases (ranging from
19 to 76) have been annually reported. The total num-
ber of reported laboratory-confirmed cases between
1975 and 2010 was 1,419. Plasmodium falciparum was
identified in 628 (44%) of these cases, while P. vivax
was found in 524 (37%). Of the total cases, 1,123 (79%)
were male (ratio males vs. females: 3.78). Age was only
available for 490 cases, of which 352 (72%) belonged
to the 18-40 year-age group. Of the 382 malaria cases
reported from 1999 to 2010 for which the region/coun-
try of acquisition was known, 210 (55%) were from
Africa and 142 (37%) from Asia. The massive introduc-
tion of economic migrants, in the period from 1990 to
1991 and from 2006 onwards, mainly from countries
where malaria is endemic, resulted in the appearance
of introduced sporadic cases. In Peloponnese, Central
and East Macedonia, Thrace and East Attica, mosqui-
toes of the genus Anopheles (e.g. Anopheles sacha-
rovi, A. superpictus and A. maculipenis) that can act as
plasmodia vectors are abundant and during the sum-
mer of 2011, 27 P. vivax cases were reported in Greek
citizens residing in the agricultural area of Evrotas in
Lakonia and without travel history. As further P. vivax
malaria cases occurred in the Lakonia and East Attica
areas in 2012, it is becoming urgent to strengthen
surveillance and perform integrated mosquito control
that will help eliminate the potential risk of malaria
reintroduction and reestablishment.

Introduction

Almost a century has passed, since Ronald Ross [1] and
other scientists [2] combined their efforts to eliminate
malaria in Greece. From 1905 to 1940, apart from the
mountainous areas and the big urban centres, malaria
was present in mainland Greece, and on the island
of Crete [2] and had become a serious problem up to
1937 with about one to two million cases occurring
annually (1 million from 1905-21 and 1-2 million from
1921-37). This had remarkable socioeconomic conse-
quences [2,3]. In 1958 and 1959 malaria control cen-
tres were organised and operated in several parts of
the country, such as Skala in the Evrotas, the Lakonia
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region, Lamia in Fthiotida and Provatas in the Serres
region in Macedonia. The national malaria control and
elimination programmes that were applied especially
from 1946 to 1960 resulted in the official recognition of
Greece as a malaria-free country in 1974 [4,5].

Malaria is notifiable in Greece since the 1930s [6] and
from that time malaria cases have been diagnosed
microscopically by local laboratories, by detecting
Plasmodium in the blood. Since the 1960s, blood
samples of all suspected cases or cases character-
ised as positive are also sent to the Malaria Reference
Laboratory (MRL) of the National School of Public
Health (NSPH) for verification, where thick and thin
blood smears are examined. Since 1999, blood sam-
ples of suspected positive cases, are also routinely
screened by a multiplex polymerase chain reaction
(PCR) specific for P. falciparum and P. vivax [7]. It is
always attempted to test the initial sample that trig-
gered suspicion of malaria infection.

After malaria elimination, a surveillance system of
laboratory-confirmed malaria cases was established
by the Public Health Division of the Greek Ministry of
Health (MoH). From 1974 to 1997, all laboratory-con-
firmed cases were reported to MoH and related files
kept in the ministry’s archives. In 1995, however, the
responsibility of data collection was officially trans-
ferred to the Hellenic Centre for Disease Control and
Prevention (HCPCP), but MoH nevertheless continued
recording malaria cases in 1995 and 1996. During these
two years, MRL cooperated with MoH and HCDCP and
contributed to cross-check the existing data. Since
1997 to date, all laboratory-confirmed malaria cases
are reported to HCDCP where data is maintained in an
electronic database.

Surveillance is based on mandatory notification of con-
firmed cases and passive case detection is performed
through hospitals after Plasmodium detection in the
hospital laboratories. Doctors in private practice or
from non-governmental organisations refer patients to
the MRL for laboratory confirmation and subsequently
report positive cases to the surveillance authority



(MoH before 1997 or HCDCP after 1997). Since HCDCP
has taken over the collection of data on confirmed
malaria cases, active surveillance additionally occurs
and on a weekly basis, HCDCP contacts local hospital
laboratories to verify that the database is completely
updated. In areas of Greece where possible domestic
transmission is suspected, enhanced surveillance is
implemented by tracing reported cases, visiting homes
and performing personal or telephone interviews.

Following a short transition period after malaria elimi-
nation, malaria in Greece was limited to imported
cases, with rare sporadic cases not related to travel
[8,9]. Anopheles mosquitoes, which are potential
Plasmodium vectors, nevertheless persisted in the
country. Anopheles sacharovi, A. superpictus, and
members of A. maculipenis complex are among the
species that have been identified in Greece [10-14].
Entomological surveillance was performed occasion-
ally in several parts of the country, however not on a
regular basis.

In 2011, 27 autochthonous cases of malaria were
detected in Evrotas, Lakonia [15]. Since then, an active
surveillance system has been implemented in areas
where malaria cases are reported in order to increase
awareness among residents as well as to conclude on
the control measures that should be taken and where.

The aim of this paper is to present a comprehensive
report of malaria cases in Greece from 1975 to 2010,
prior to the occurrence of the 2011 autochthonous
cases [15].

Methods

Data on malaria laboratory-confirmed cases were col-
lected for the period from 1975 to 2010. For the whole
period, information on cases occurring via blood
transfusion as well as on fatal cases was available
from the MoH or HCDCP records. Information on con-
firmed cases’ original clinical records and treatments,
kept in the local hospitals, was also provided to MoH
and then to HCDCP. It should be noted that during
the 1975 to 1997 period, when cases were notified to
MoH, data on confirmed malaria cases also included
information about the prefectural region where a case
was recorded, sex, Plasmodium species and the type
of infection (introduced, autochthonous, induced,
relapse) [16]. During the period from 1975 to 1997 the
age of the patient, profession, hospital, place of resi-
dence and travel information were only available for
autochthonous or hospitalised cases.

In order to characterise a malaria case as introduced,
the World Health Organization (WHO) guidelines were
followed. The exact definition refers to a case that
comes from transmission from imported case in an
area where malaria does not occur regularly. According
to WHO, ‘a case in which it can be proved that the
infection is a first step (first generation) of local trans-
mission subsequent to a proved imported case i.e. in

which the mosquito was infected from an imported
case’ [16].

From 1997 onwards, when HCDCP took over the sur-
veillance and data collection of laboratory-confirmed
malaria cases, additional information was recorded
such as travel history, country of origin, and visit-
ing friends and relatives. Age information is routinely
recorded since 2002.

Regarding the location of acquisition, data is provided
only for the period starting from 1999 when the coop-
eration of MRL with Roll Back Malaria Office became
more intense. HCDCP since 1999, interviews all patients
characterised as malaria cases to collect and confirm
information.

P. falciparum malaria cases were classified and
recorded as severe if they presented with anaemia,
acute respiratory distress syndrome with metabolic
acidosis, shock, abnormal bleeding and/or dissemi-
nated intravascular coagulation, jaundice, parasitae-
mia 5% or cerebral malaria [17].

Results

From 1975 to 2010, a total of 1,419 laboratory-con-
firmed malaria cases were diagnosed by MRL and ini-
tially reported to MoH and, after 1997, to the HCDCP.
The mean annual number of reported cases was 39.4,
ranging from 16 (in 1997) to 79 cases (in 1978 and
1982). From 1975 to 1991, the mean annual number
of cases was 49.8 (range: 28 in 1990 to 79 in 1978),
but decreased to 27.8 in the 1992 to 2008 period
(range: 16 in 1997 to 43 in 2003). During 2009 and
2010, a new increase in the total number of malaria
cases was recorded (in 2009 the total annual number
was 51 and in 2010 the total annual number was 48).
All patients received appropriate anti-malarial treat-
ment. Depending on the Plasmodium species being
recognised and the patient’s clinical status, quinine,
mefloquine, chloroquine and primaquine were the
anti-malarials of choice. In two severe malaria cases,
artesunate was used.

One fatal case was recorded in 2003, in @ man from
Albania in his thirties, who had travelled to Cameroon
for occupational reasons. Three days after his return
to Greece, he developed malaise, chills and headache
that lasted two days. On the sixth day he developed
high fever and presented to his general practitioner
who noticed altered mental status and he was admit-
ted to hospital the same day. The diagnosis of malaria
was made on the second day of his hospitalisation.
Examination of peripheral blood showed mixed infec-
tion by P. falciparum and P. vivax. After his admis-
sion to the hospital, he showed pronounced anaemia,
impaired renal function and developed acute respira-
tory distress syndrome. Treatment started immediately
after diagnosis with intravenous quinine and doxycy-
cline. His condition deteriorated and five days after his
admission to the hospital, he died.
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TABLE

Number of malaria cases by Plasmodium species, Greece, 1975-2010 (n=1,419)

Plasmodium P. falciparum P. malariae P. ovale % viva)f, % 5 V':VGX’ 2 Not identified Total

vivax e 5 - malariae falciparum o

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n
1975 14 (41) 13 (15) 5 (6) o (0) o (0) o (0) 2 (0) 34
1976 19 (46) 11 (27) 9 (22) o (0) o (0) o (0) 2 (5) 41
1977 18 (37) 16 (33) 6 (17) o (0) o (0) o (0) 8 (13) 48
1978 32 (40) 32 (41) 11 (14) o (0) o0 (o) o0 (0) 4 (5) 79
1979 16 (36) 15 (34) 10 (23) 0 (0) o (0) 0 (0) 3(7) 44
1980 22 (41) 19 (36) 10 (19) o (0) o (0) o (o) 2 (4) 53
1981 22 (42) 27 (34) 14 (22) o (0) 0 (0) o (0) 1(2) 64
1982 30 (41) 32 (38) 16 (20) o (o) o (o) o (o) 1 (1) 79
1983 16 (39) 17 (36) 10 (23) o (0) 0 (0) o (0) 1(2) 44
1984 21 (47) 24 (41) 6 (12) o (o) o (o) o0 (0) o (0) 51
1985 13 (38) 16 (31) 11 (26) 0 (0) 0 (0) o (0) 2 (5) 42
1986 16 (57) 23 (40) o (o) o (0) o (0) o (o) 1(4) 40
1987 14 (57) 30 (27) 5 (10) 0 (0) 0 (0) ) 3(6) 52
1988 10 (66) 36 (18) 5 (9) o (0) o (0) o (0) 4 (7) 55
1989 8 (17) 29 (60) 3 (6) 0 (0) 0 (0) 0 (0) 8 (17) 48
1990 8 (29) 16 (56) 1(4) 0 (0) 0 (0) 0 (0) 3(11) 28
1991 16 (36) 20 (44) 3(7) 0 (0) 0 (0) 0 (0) 6 (13) 45
1992 7 (24) 9 (31) 2 (7) 0 (0) o (0) o (0) 11 (38) 29
1993 11 (55) 19 (31) 5 (14) 0 (0) 0 (0) o (0) o (o) 35
1994 8 (30) 10 (37) 3 (11) 0 (0) o (0) o (0) 6 (22) 27
1995 13 (54) 6 (25) 0 (0) 0 (0) 0 (0) 0 (0) 5 (21) 24
1996 9 (39) 8 (35) 0 (0) 0 (0) o (0) o (0) 6 (26) 23
1997 5 (31) 6 (38) o (0) o (o) o (o) o (o) 5(31) 16
1998 9 (38) 10 (41) 1 (4) 1 (4) o (0) 0 (0) 3 (13) 24
1999 11 (44) 9 (36) 0 (0) o (o) o (0) 0 (0) 5 (20) 25
2000 10 (32) 14 (46) 0 (0) 1(3) o (0) 0 (0) 6 (19) 31
2001 4 (13) 16 (53) o0 (0) 2 (7) o (o) o (0) 8 (27) 30
2002 7 (28) 14 (56) 0 (0) 1 (4) 1 (4) 1 (4) 1(4) 25
2003 15 (35) 26 (61) o (0) 1(2) o (0) 0 (0) 1(2) 43
2004 14 (41) 19 (56) 1(3) 0 (0) 0 (0) o (0) o (0) 34
2005 9 (48) 9 (47) 1 (5) o (0) o (0) 0 (0) o (o) 19
2006 9 (29) 20 (65) 1(3) 1(3) 0 (0) o (0) o (0) 31
2007 10 (47) 9 (43) 1 (5) o (0) o (0) o0 (0) 1 (5) 21
2008 27 (75) 8 (22) o (0) 0 (0) 0 (0) o (0) 1(3) 36
2009 23 (45) 24 (47) 1(2) o (0) o (0) 2 (4) 1(6) 51
2010 28 (55) 16 (31) 0 (0) 1(2) 1(2) 1(2) 1(2) 48
Total 524 (37) 628 (44) 141 (10) 8 (1) 2 (o) 4 (o) 112 (8) 1,419
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FIGURE 1

Number of malaria cases according to the source of malaria infection, Greece, 1975-2010 (n=1,419)
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To our knowledge, there were three severe cases of
malaria in Greek citizens. These occurred in the period
from 1992 to 2010, and concerned two adults who had
travelled to north-east Asia and an 11 year-old child
who had travelled to Tanzania. In all these cases,
chemoprophylaxis was either incomplete or absent.
The first two individuals sought medical assistance
with delay, while the child received insufficient doses
of the antimalarial drug.

Sex and age distribution

Of all 1,419 malaria cases, 1,123 (79%) were male and
296 (21%) female. Of the 490 cases for whom age was
known, the age distribution was between six months
and 89 years with a median age of 31 years. The 18
to 64 year age group comprised 416 cases (85%) and
352 cases (72%) were aged between 18 and 40 years.
Ten cases (2%) were over 65 years-old, while 14 cases
(3%) were less than five years-old, 16 (3%) were aged
between five and 12 years and 34 (7%) were aged
between 13 and 17 years giving a total of 64 cases
(13%) in the category below and up to 17 years of age.

Plasmodia species

Most cases were infected with P. falciparum (n=628,
44%), 524 (37%) with P. vivax, and 141 (10%) with P.
malariae, while only eight cases (<1%) were due to
P. ovale. Four cases (<1%) presented with a mixed
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P. falciparum/P. vivax infection, two (<1%) acquired a
mixed P. vivax /P. malariae infection and in 112 cases
(8%) the species was not identified. Mixed P. falcipa-
rum and P. malariae infections were never detected.
The highest number of P. falciparum infections (n=36)
was reported in 1988 and the lowest (n=6) in the years
1995 and 1997, whereas for P. vivax the highest number
(n=32) was recorded in 1978 and the lowest (n=4) in
2001 (Table).

Source of malaria infection

Of all 1,419 reported malaria cases, 1,259 (89%) were
classified as imported. Ninety cases (13%) of the 671
malaria cases during the period from 1975 to 1987 were
due to blood transfusion, with the last one reported in
1987, according to MoH records. From 1975 to 2009,
among a total 1,371 malaria cases, 44 cases (3%) of
P. vivax relapse were found, while in 2010, four cases
of relapse occurred among migrants who lived and
worked for a few months in Greece. The latter cases
reported previous episodes of malaria in the country of
origin, thus suggesting, according to the official defini-
tion, that their infection was due to relapse [16]. The
majority of cases reported from 1988 onwards were
imported (731/748, 98%) and only 17 (2%) of the cases
were not related to travel and possibly introduced
(Figure 1).

www.eurosurveillance.org



Region of acquisition of infection

Of all 382 imported and relapse cases reported since
1999, 133 (35%) were in Greeks and 249 (65%) in
migrants.

A total of 210 migrants from Africa as well as individu-
als travelling to and from Africa accounted for 55%
of malaria cases (mainly from sub-Saharan countries
of Central West Africa). In addition, 142 (37%) cases,
including four cases of relapses, acquired their infec-
tion in Asia (mainly in Pakistan, India and Bangladesh).
The World Health Organisation European Region
accounted for five cases (1%) without further informa-
tion on their travel history. According to their declara-
tion, these cases were of European origin, specifically
from eastern Europe, Russian Federation, Georgia and
Kazakhstan. While from 1999 to 2005, the majority
of imported cases originated from Africa, the pattern
has changed since 2006, with cases originating from
Asia accounting for the majority of imported cases
(Figure 2).

Autochthonous cases

In 1975 and 1976, two and three cases without travel
history to a malarious country, were reported respec-
tively, but no other autochthonous cases were reported
until 1991. In 1991, five introduced autochthonous
cases were reported from the prefectural regions of
East Attica and Viotia in central Greece (3 and 2 cases,
respectively) (Figure 3), where a large population of
non-documented migrants originating from malaria
endemic countries worked seasonally. All cases were
recorded between 26 of July and 27 of August 1991 and
were hospitalised in Athens.

The first of the two cases in Viotia was caused by P.
vivax and involved a girl who was treated with chloro-
quine. The second case was due to P. falciparum and
concerned a man in his sixties, who had agricultural-
related activities. He was treated with quinine and
doxycycline. This autochthonous P. falciparum case
was directly reported to the related Department of the
Ministry of Health, examination of the sample was per-
formed, but the sample was not sent to the MRL for
verification.

In East Attica, the three reported cases were infected
with P. vivax. The first was a teenager who was a stu-
dent and had visited the Rafina area, the second, a
girl, who was in the Avlaki area on vacation and the
third, a male student in his teens who had repeatedly
visited the area of Schinias. All cases were successfully
treated with chloroquine and primaquine.

Another case was detected in 1999 in the prefectural
region of Fthiotida (central Greece). In 2000, two cases
were detected in a tourist resort area in the prefec-
tural region of Chalkidiki, northern Greece. These two
malaria cases concerned German tourists, who were
diagnosed with malaria after returning to their coun-
try. The epidemiological investigation revealed that
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FIGURE 2

Number of malaria cases according to the continent of
acquisition of infection, Greece 1999-2010 (n=382)
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they both stayed in the same hotel as a tourist from
Mozambique who had at least six recent malaria epi-
sodes. In 20009, a cluster of six cases without travel his-
tory to a malarious country occurred in the municipality
of Evrotas (prefectural region of Lakonia, Peloponisos)
in southern Greece. Four of those cases were Greek
Roma, residing in a camp.

In 2010, three new autochthonous cases were reported,
two in the prefectural region of Viotia, and one, in a
Greek Roma from the same area as the 2009 cluster
(prefectural region of Lakonia). The cases in Viotia were
two Greek Roma children aged less than seven years.
Regarding the Roma population, after several discus-
sions with the local authorities, we were informed that
they had travelled within the Greek borders and not in
malaria endemic countries. In addition, four individ-
ual cases of autochthonous malaria in the prefectural
region of Evros, northern Greece have been diagnosed,
but they have never been verified nor reported to the
health authorities [8].

Discussion

The anti-malarial campaign in Greece was labour-inten-
sive and long lasting. Local and foreign authorities,
in collaboration with scientific centres, such as the
Rockfeller Institution, most contributed to achieving
the main goal of eliminating malaria [18-20].

This effort, although interrupted during World War I,
subsequently continued intensively even with limited
available resources. Finally, at the end of the 1960s,
Greece was considered as a malaria-free country, with
the official recognition for elimination occurring in 1974
[4]. The first following years were characterised by the
loosening and insufficient application of surveillance
measures, together with abolishment of the existing
malaria control centres during the 1980s.

Nevertheless, since 1974, a considerable number of
imported cases have been reported in Greece, as also



FIGURE 3

Prefectural regions with autochthonous introduced malaria cases in Greece, 1991-2010 (n=21)

Evros: 4 cases in 2010 not
reported to authorities

Chalkidiki: 2 cases in 2000

Fthiotida: 1 case in 1999

in several other European countries such as France,
Germany, Italy, and the United Kingdom [21-24].

Malaria cases due to blood transfusion were not
observed in Greece after 1987. This can be attrib-
uted to the implementation of a strict policy on blood
management, mainly based on careful selection and
exclusion of donors and where necessary, laboratory
testing of donated blood. One death from malaria was
reported in Greece during the study period. A presum-
able explanation for the very low case fatality rate may
be the early malaria suspicion that was critical for con-
firmation of the diagnosis. Another reason might be
the fortunate coincidence of the sensitivity of the P.
falciparum strains to quinine, which was always avail-
able immediately from the public health authorities of
the MoH. It would be difficult to assume non-reporting
of malaria deaths. Of course this cannot be excluded,
however only in non-diagnosed cases.

As it already has been mentioned, in Greece, large pop-
ulations of Anopheles mosquitoes, which are competent
Plasmodium vectors, have been recognised (A. maculi-
penis, A. sacharovi, A. superpictus). In certain parts of
the country, due to the presence of rice fields and suit-
able habitats, mosquito populations are abundant. As
far as the vectorial competence of local Anopheles to
carry P. falciparum, it should be mentioned that since

Viotia:
2 cases in 1991
2 cases in 2010

East Attica: 3 cases in 1991

Lakonia:
6 cases in 2009
1 case in 2010

the period when malaria was endemic in Greece, the
competence of several species (A. sacharovi, A. macu-
lipenis, A. superpictus) to carry the four Plasmodium
species was proven, with A. sacharovi being the most
prevalent species. Studies from the past [25] have
shown on the basis of over 50,000 dissections, that A.
sacharovi is the most competent vector with a sporozo-
ite rate of 1.3 %, followed by A. superpictus with 0.8%
and A. maculipenis with 0.07%. During the 1930s the
distribution of malaria parasites among human cases,
was 49% P. falciparum, 27% P. vivax and 22% P. malar-
iae [26].

Moreover, where autochthonous malaria cases were
recorded, Anopheles mosquitoes of the species
sacharovi and members of the maculipenis complex
have been recognised occasionally. However, data on
their behaviour, habits and host biting preferences is
missing. So far, there is no documented study concern-
ing other Anopheles species present in Greece, such as
A. hyrcanus and A. claviger, which are also considered
to be potential malaria vectors.

As between 1977 and 1990 no autochthonous cases
had been recorded in Greece, the occurrence of domes-
tic cases of malaria after 1990 could be attributed to
the presence of imported cases from malaria endemic
countries. This is also supported by the fact that

www.eurosurveillance.org



autochthonous cases appeared during periods of mass
entry of undocumented economic migrants, especially
from countries where malaria is endemic. After exten-
sive investigation, five autochthonous cases in 1991,
one in 1999, two in 2000, six in 2009 and three in
2010 were reported in areas that can be considered as
potentially prone to malaria. A few other cases in the
Prefectural region of Evros, close to the borders with
Turkey were reported, which were never confirmed
from the authorised healthcare providers [8]. All but
one of the autochthonous cases of malaria were due to
P. vivax. A genotyping study of plasmodia is currently
in progress.

Autochthonous malaria cases in other European
countries were also sporadically reported (Italy 1997,
Bulgaria 1995 and 1996, Germany 2001, France 2007)
[27,28]. In Spain, the first autochthonous case of
P. vivax malaria was diagnosed 40 years after elimina-
tion; nevertheless, the source of infection could not be
identified [29]. Since 2000, a rather impressive out-
break in Turkey and the former Soviet Union countries
caused by P. vivax and P. falciparum has been docu-
mented [30]. The prompt implementation of malaria
control measures reduced dramatically the number
of malaria cases to 176 (in Azerbaijan, Kyrgyzstan,
Tajikistan, Turkey and Uzbekistan), as opposed to
90,712 in the year 1995 [30].

In Greece, the frequency of identified Plasmodium spe-
cies in human malaria cases is almost the same as in
other Mediterranean countries [22,24,28,29]. Initially,
the majority of imported cases originated from Africa,
but since 2009 most originate from Asia. In the United
States, from 2000 to 2008, a similarincrease in malaria
cases originating from Asia was also observed [31,32].
The problem of individuals who became cases while
visiting friends and relatives in an endemic area also
exists in Greece but to a lesser extent. Travellers of this
group, rarely visit the pre-travel health services before
their trip. Furthermore, many of them do not receive
proper anti-malarial chemoprophylaxis as they believe
that they are protected by life-long immunity against
malaria [33].

All cases but one were successfully treated based on
existing experience and recommendations of WHO
and Centers for Disease Control and Prevention (CDC)

[34-36].

On the basis of the data presented and considering
the recent P. vivax malaria cases of 2011 in the Lakonia
area as well as the P. vivax malaria cases of 2012 in
the Lakonia and East Attica areas [15,37], it is clear that
surveillance and vector control programmes should be
strengthened and rapidly intensified. In this respect,
a coordinated effort has begun with the collaboration
of Greek authorities, the European Centre for Disease
Prevention and Control (ECDC) and WHO experts, to
prevent potential malaria reestablishment.
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