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Review of data on susceptibility of mosquitos in the
USSR to imported strains of malaria parasites*

N. G. DASKOVA & S. P. RASNICYN

Studies on the susceptibility ofmosquitos in the USSR to imported species and strains
of human malaria parasites have revealed that Anopheles atroparvus, A. messeae, and
A. sacharovi are highly susceptible to strains of Plasmodium vivax from Africa, Asia, and
South America. There was no significant variation in the level ofadaptation to the various
vector species.

In experiments on infection ofA. atroparvus and A. messeae with imported strains of
P. falciparum from Africa and southern Asia, all the results were negative.

It was possible to infect A. subalpinus with an African strain of P. falciparum, sporo-
zoites being found in the salivary glands of all the mosquitos studied.

Contradictory results have been obtained on the development of tropical strains of
P. falciparum in A. sacharovi. In most experiments the parasite did not develop but in 5
experiments, oocysts and sporozoites were seen in 9 mosquitos.
Attempts to infect A. atroparvus with West African strains of P. ovale and P. malariae

were unsuccessful.

This paper reviews available data on the suscepti-
bility of mosquitos in the Union of Soviet Socialist
Republics to imported strains of malaria parasites
from Asia and Africa. In addition to previously pub-
lished evidence, the paper contains the results of the
authors' recent experiments.

Malaria is now being imported to many countries,
including the USSR, that were previously free from
the infection (1-4), leading to the development of
local foci of the disease (3, 5-8). The transmission of
the parasite depends primarily on the susceptibility of
the local mosquito population to imported plas-
modial species and strains, i.e., on the ability of the
parasites to develop to the infective sporozoite stage
in the mosquito. Studies of the susceptibility of mos-
quitos to the malaria parasite are therefore an impor-
tant aspect of public health programmes.

In addition, a comparison of the susceptibility of a

* From the Institute of Medical Parasitology and Tropical Medi-
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given vector species to various parasite species and
strains can be used to study interspecific parasite vari-
ability (xenodiagnosis).
Many species of mosquito found in the USSR are

specific to the area; therefore, although a large body
of data on the susceptibility of foreign mosquitos is
available (9-13), the information is not necessarily
applicable to transmission of imported strains in this
country.
A systematic study of mosquito susceptibility in the

USSR to foreign strains of malaria was started in
1975. Before this, the only evidence available had
been that described by Tiburskaja (14, 15) who
showed that Anopheles atroparvus were susceptible
to three strains of Plasmodium vivax from south-east
Asia. To date, four mosquito species have been
studied, namely A. atroparvus, A. messeae, A. sacha-
rovi, and A. subalpinus. These species are the most
effective vectors of local plasmodial strains.
The results of published studies of mosquito sus-

ceptibility to imported strains of P. vivax (Table 1)
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Table 1. The susceptibility of USSR mosquitos to imported strains of P. vivax

Autopsy results
Origin of No. of No. of No. of

Mosquito species strain of strains experi- gametocytes per No. of No. of Oocyst Sporozoite
P. vivax ments al of blooda stomachs salivary glands indexb indexc

examined examined

A.sacharovi(20) Lao People's 1 2 144-220 132-325 41 23 29 17
Democratic Republic

A. messeae (20) Lao People's 1 3 70-220 139-325 67 28 34 7
Democratic Republic

A. atroparvus (20) Nigeria 1 1 30 51 33 41 12 7

(20) India 2 2 71- 96 134-170 38 8 13 12

(20) Pakistan 3 3 17- 44 32- 90 43 40 7 5

d Democratic Yemen 1 13 12-326 35-541 212 275 25 15

(20) Lao People's 1 5 63-220 123-325 273 134 24 15
Democratic Republic

(21) Brazil 1 8 49-555 55-230 98 48 15 14

0 Where several experiments were carried out, minimum and maximum values are given.
b The percentage of mosquitos with stomach oocysts.
' The percentage of mosquitos in which sporozoites were found.
d Data not previously published.

Table 2. Susceptibility of various species of the A. maculipennis complex to a P. vivax strain from the Lao People's
Democratic Republic

Mean no. Gametocyte survival Oocyst-
Oocyst of oocysts Sporozoite rate )%) sporozoite

Mosquito species index perinfected index indexa
(%) mosquito (%) Male Female (%)

A.messeae 34± 6 6.4 7 ± 5 0.47 0.31 21 ± 7

A. atroparvus 24± 3 7.3 15 ± 3 0.49 0.35 62 ± 4

A.sacharovi 29±7 7.2 17±8 0.48 0.39 59±11

0 100 x sporozoite index/oocyst index.

have indicated that all the species investigated were
susceptible to the parasite. According to published
evidence (16-18), P. vivax has a wide range of
vectors, and there is, therefore, good reason to believe
that other species of mosquito capable of transmitting
local strains would also be susceptible to imported
strains. The wide range of potential P. vivax vectors
enables it to spread easily to previously non-endemic
areas.
When the susceptibility of related A. maculipennis

mosquitos is compared (Table 2), it can be seen that
the development of the parasite to the oocyst stage is
similar in all of them but the survival rate to sporo-
zoites is different. The oocyst-sporozoite index (i.e.,
the percentage of mosquitos with oocysts that then
develop sporozoites) in A. messeae (21 ± 7%o) was

considerably lower than those in A. atroparvus
(62 ± 4%) and A.sacharovi (59 ± 11%) (P < 0.01),
implying that oocysts develop to sporozoites much
less frequently in A. messeae than in other species.
This may be accounted for either by the destruction of
sporozoites or by their failure to reach the salivary
glands (17).
The comparison of the development of different

strains of P. vivax in the same mosquito species and
strain revealed only minor differences in the vector's
susceptibility. In addition, all the differences found
were associated with different levels of starting para-
sitaemia and with the small size of the sample. There
is therefore reason to assume that P. vivax is
homogeneous with respect to adaptation to vector
mosquitos over its entire range. The homogeneity of
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Table 3. Results of infection of mosquitos with imported strains of P. falciparum

Autopsy results
Origin of No. of No. of No. of

Mosquito species strain of experi- strains gametocytes per No. of No. of Oocyst Sporozoite
P. falciparum ments jil of blood stomachs salivary glands index index

examined examined

A. subalpinus (22) Central African
Republic

A. sacharovi (20) Upper Volta

(20) Ghana

(22) Central African
Republic

(21) Central African
Republic

(22) Liberia

(20, 22) Congo
(22) Zaire

(20, 22) Guinea-Bissau

(20) Mali
a Guinea

Equatorial Guinea
a India

Pakistan

A. atroparvus (20) Mali

(20) Guinea-Bissau

(20) Guinea
(20) Ivory Coast

(20) Upper Volta

(20) Ghana

(20) Central African
Republic

a Togo

(20) Somalia

(20) Zambia
a Equatorial Guinea

(20) Congo
a India

a Pakistan

A. messeae (20) Mali

(20) Guinea-Bissau
a Guinea

(20) Upper Volta

(20) Ghana

(20) Central African
Republic

a Equatorial Guinea

(20) Congo
a India

a Pakistan

a Data not previously published.
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Table 4. Results of infection of A. atroparvus with imported strains of P. ovale and P. malariae

Autopsy results

Parasite Origin of No.of experi- gametocytes per
plasmodial strain strains ments 'Itl of blood stomachs salivary glands Oocyst Sporozoite

examined examined

P. malariae Guinea 1 1 25 33 10 21 0 0

P. ovale Guinea 2 2 9-14 14-18 41 50 0 0

Mali 1 1 9 13 27 24 0 0

United Republic 1 1 30 40 31 32 0 0
of Tanzania
Mozambique 1 1 20 30 29 16 0 0

Central African 1 1 12 24 68 27 0 0
Republic

P. vivax explains the potential danger associated with
the importation of any strain from any part of this
species' range.

The results of several studies of mosquito suscepti-
bility to imported strains of P.falciparum are shown
in Table 3. A. atroparvus and A. messeae were not
susceptible to strains of P.falciparum from Africa
and south-east Asia. The data obtained are in agree-
ment with previously published evidence (10, 11).

Experiments to determine the susceptibility of
A. sacharovi to imported P.falciparum strains have
produced contradictory results. In most cases (21
experiments on 300 mosquitos) parasite development
was not seen, but a few experiments did yield positive
results. More work is needed before any firm conclu-
sions can be drawn on this subject.

In an experiment on infection ofA. subalpinus with
an African strain of P.falciparum, sporozoites were
found in the salivary glands of the mosquito.
The development of P.falciparum in A. sacharovi

and A. subalpinus suggests that other southern
species may also be susceptible to tropical strains of

the parasite. More studies are needed to test this
assumption.
Our experiments have revealed differences in the

level of adaptation to the vector of various P.falci-
parum strains. A. atroparvus, A. messeae, and
A. sacharovi are effective vectors of the local strains
of the parasite, but in relation to the imported strains
the former two proved unsusceptible, while the latter
was possibly susceptible in some cases. Similar results
have also been obtained by researchers in other coun-
tries (9, 10), indicating that P.falciparum is hetero-
geneous over its range (19).
A study of mosquito susceptibility to imported

strains of P. ovale and P. malariae was carried out on
a small sample since these parasite species are
imported to the USSR comparatively rarely. In all the
experiments (Table 4) no development of the parasite
in A. atroparvus was recorded. In relation to P. ovale
the results obtained suggested a low level of adapta-
tion, if any, of the parasite to the mosquito species
under study.

RURESUME

EXAMEN DES DONNtES RELATIVES A LA SENSIBILITE DES MOUSTIQUES D'URSS
A DES SOUCHES IMPORTEES DE PLASMODIES

Des etudes portant sur la sensibilite des moustiques
d'URSS a des especes et a des souches importees de plasmo-
dies humaines ont revele qu'Anopheles atroparvus, A. mes-
seae et A. sacharovi presentaient une tres grande sensibilite
aux souches de Plasmodium vivax d'origine africaine,
d'origine asiatique et d'origine sud-americaine. Le degre

d'adaptation aux diverses souches ne variait pas de facon
considerable.

Toutes les tentatives d'infection experimentale d' A. atro-
parvus et d'A. messeae a l'aide de souches importees de
P.falciparum provenant d'Afrique et d'Asie meridionale
ont echoue. On a pu infecter A. subalpinus au moyen d'une
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souche africaine de P.falciparum, la confirmation etant ob-
tenue par la presence de sporozoites dans les glandes sali-
vaires de tous les sujets etudies.

Les essais en vue de faire se developper des souches tropi-
cales de P.falciparum dans l'organisme de A. sacharovi ont
donne des resultats contradictoires. Dans la plupart des ex-

periences, le parasite n'a pas pu se developper, mais dans 5
d'entre elles, en revanche, on a observe chez 9 moustiques la
presence d'oocystes et de sporozoites.

Les tentatives en vue d'infecter A. atroparvus au moyen
de souches ouest-africaines de P. ovale et de P. malariae ont
echoue.
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