
BRIEF COMMUNICATIONS

Receptivity to malaria in Europe
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Abstract

Experimental work has confirmed the refractoriness
of Anopheles atroparvus to tropical strains of Plas-
modium falciparum to which A. labranchiae may also
be refractory. This indicates a lower receptivity to
malaria in Europe than the existing vector densities
and increasing number of parasite carriers would
suggest.

The rise in the number of imported cases of
malaria in Europe resulting from the increase of
international travel in recent years has renewed
interest in a disease that, for all practical purposes,
seemed to have been eliminated from Europe.
Although transmission of indigenous malaria has
probably ceased, the number of imported cases in
Europe has increased from 839 in 1967 to 1 937 in
1974, according to information received by the
World Health Organization. Out of a total of 9 127
imported cases reported during the 1967-74 period,
there were 2 871 cases of P. falciparum infection with
100 deaths, the fatal cases having been reported
between 1969 and 1974. This unduly high mortality
has naturally attracted attention, as have the related
problems of treatment and prevention. Another
aspect of imported malaria, namely its possible
reintroduction into countries from which it has
recently been eradicated, has also received attention.

Investigations carried out by Hadjinicolaou &
Betzios (1) in Greece, the Institute of Parasitology,
Monticelli (2) in Italy, and Zulueta et al. (3) in Spain
indicate that, although vector populations may have
been generally reduced, vector densities similar to
those encountered in the days of high malaria
prevalence are still to be found in some of the former
malarious areas of these countries. A similar situa-
tion was noted in Portugal where malaria transmis-
sion theoretically could also occur (L. J. Bruce-
Chwatt & J. de Zulueta, unpublished data, 1973).
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In the very few instances in which imported
malaria has been incriminated in recent years as the
source of local transmission (e.g. Corsica and the
European USSR) the species involved has always
been P. vivax, which had originated in the Mediter-
ranean area of S.W. Asia. There has been no
indication of transmission with more exotic strains of
this species or with P. falciparum of any origin. Since
the early studies of James et a]. (4), it seemed that
A. atroparvus, one of the main vectors of malaria in
Europe, could not be infected with P. falciparum of
tropical origin. Shute (5) later confirmed that the
English A. atroparvus used in his laboratory (Horton
strain) was completely refractory to strains of
P. falciparum from India as well as to those from
East and West Africa, although it could readily be
infected with P. falciparum of Italian and Romanian
origin. Shute's published work was carried out in
England, but unpublished investigations made in
Lagos in 1947 showed that, under Nigerian condi-
tions, his English atroparvus remained entirely refrac-
tory to infection with local strains of P. falciparum.
The gametocyte carriers used in these trials could,
however, readily infect the Nigerian A. gambiae used
as the control. Earlier unpublished work (P. G.
Shute, private communication, 1974) indicated that
A. claviger from England was probably also refrac-
tory to tropical strains of P. falciparum. Differences
in susceptibility to infection with P. falciparum, as
well as with P. vivax, have been reported elsewhere
(6-8), but the complete refractoriness to tropical
P. falciparum observed by Shute with A. atroparvus
has found no parallel.
We report herein results that confirm and amplify

the results of Shute's investigations.

Materials, methods and results
Females of a strain of A. atroparvus from Orcia

Valley, Siena and another from Upper Volturno,
Isernia, could not be infected with the local strain of
P. falciparum when taken to Kisumu, Kenya. The
same failure was observed with a smaller number of
A. labranchiae from Tarquinia. A Kisumu strain of
A. gambiae species B was infected in parallel trials

3331 - 109 BULL. WORLD HEALTH ORGAN., Vol. 52, 1975



BRIEF COMMUNICATIONS

with the local strain of P. falciparum. The results of
the work are summarized in Table 1.

Table 1. Results of comparative infection experiments
with A. atroparvus, A. Iabranchiae, and A. gambiae fed
on gametocyte carriers of P. falciparum at Kisumu,
Kenya

Mid-gut Salivary gland
dissections dissections

Anopheles strain number number
number number number showing
examined ocystsg examined sporo-

zoites

A. atroparvus (Orcia) 48 0 15 0

A. atroparvus (Upper
Volturno) 69 3 a 41 0

A. Iabranchiae
(Tarquinia) 17 0 14 0

A. gambiae species B
(Kisumu) 170 131 72 b 23

a Two dissected on the 9th and 1 1 th days, respectively, showed a
single oocyst. One dissected on the 19th day showed 3 incompletely
developed oocysts containing no sporozoites.

b Includes 50 oocyst-positive and 22 oocyst-negative specimens.

The experimental work, which was carried out at
the WHO Anopheles Research Control Unit II at
Kisumu, was planned on a larger scale. The number
of Italian mosquitos which arrived safely at Kisumu
was 503 but, owing to difficulties with the gametocyte
carriers (7 young volunteers were used) only 182
could be satisfactorily blood-fed. Of these, 134 lived
long enough to be examined for the presence of
oocysts 5-20 days after feeding, and 70 survived for
the presence of sporozoites to be determined 12 or
more days after their blood meal. Gametocyte
densities also proved to be lower than expected
(10-30 to 152-478 gametocytes per mm3 of blood)
but were sufficient in all the carriers to infect
A. gambiae.

It will be seen from Table 1 that 3 specimens of
A. atroparvus from Upper Volturno showed oocysts.
However, the finding of a single oocyst in the
stomachs of 2 of them is probably no indication of
infection since an older specimen showing 3 oocysts
had no sporozoites in these or in its salivary glands.
It must be noted, however, that Shute in all his early
work did not find a single oocyst, either in England
or in Nigeria, when his A. atroparvus were fed on

tropical carriers of P. falciparum. It seems possible
therefore, that the Italian atroparvus may not be as
completely refractory to infection with tropical
strains of falciparum as the English atroparvus.
Incomplete oocyst formation seems to take place
occasionally in the former.

Discussion

The results obtained at Kisumu, despite the
limited sample studied, are sufficient to show that
A. atroparvus from 2 different areas in Italy is
refractory to P. falciparum from Kisumu, Kenya.
This finding, together with the results of a smaller
experiment carried out at the WHO Malaria Re-
search Project in Kano, Nigeria, in which 20
A. atroparvus (Upper Volturno strain) showed no
gland or gut infection 10 days after feeding on local
carriers of P. falciparum, confirm the early work of
Shute. They indicate further that the refractoriness of
A. atroparvus is not limited to strains from Northern
Europe but extends to populations in the south of the
continent. The results obtained with the small sample
of A. labranchiae at Kisumu suggest that the
refractoriness to tropical fakciparum may extend to
other species of the maculipennis group.
The findings discussed here are relevant to the

present situation in Europe where 31.5% of the
imported cases detected in the 1967-74 period were
P. falciparum, most of which originated in tropical
areas and were therefore probably not infective.
Receptivity to malaria in southern Europe appears,
therefore, to be lower than vector densities and
man/mosquito contacts would suggest. In retrospect,
the refractoriness of A. atroparvus as a barrier
against tropical P. falciparum appears as a significant
factor in the evolution of human society in southern
Europe, for P. falciparum can only have been
introduced there after the last Pleistocene glaciation
(9) and the refractoriness of A. atroparvus must have
prevented its spread for a considerable period of
time. Only after a long process of selection would the
exotic strains brought to Europe from Africa or
S. W. Asia become adapted to transmission by its
most widespread vector.
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ADDENDUM INSERTED IN PROOF

Dr R. d'Almeida Roque of the Centre of Studies of Malaria and Parasitology, Aguas de Moura, Portugal, reports an
attempt to infect a local strain of A. atroparvus with P. falciparum from Angola, with results similar to those men-
tioned above.

Twenty-five females, out of 58 successfully blood fed, were dissected for oocysts 5-12 days after feeding. Three
showed a single oocyst and 4 a few each. Thirty other females examined for sporozoites 12-18 days after feeding were
all negative, which seems to indicate that the A. atroparvus from Aguas de Moura was refractory to the Angolan strain
of P. falciparum tested. The temperature during these trials ranged from 25° to 29°C and the relative humidity from
70 to 80 per cent.


