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Prevalence of Antibodies to Arboviruses in Various
Animals in Israel*

Y. AKOV 1 & R. GOLDWASSER 2

A serological survey of the prevalence of arbovirus antibodies in various mammals and
birds was made in Israel during the years 1959-60, employing the haemagglutination-
inhibition technique and using group-A and group-B antigens. High proportions of the
animals of several species were found to be positive to group-B arboviruses. Most of these
animals showed higher titres against the West Nile virus than against that ofturkey meningo-
encephalitis, but in some cases there were higher titres against the latter virus. Group-A
positive sera were also encountered, but in a smaller proportion ofthe tested animals. Most
of the group-A positive sera were also group-B positive, and very few were group-A positive
only.

Two arboviruses have been isolated in Israel.
West Nile virus was isolated from human patients
(Bernkopf et al., 1953) and was found to be the cause
of widespread epidemics in that country (Goldblum
et al., 1954, 1957). Turkey meningo-encephalitis
virus was isolated during an epidemic of encephalitis
in turkeys (Komarov & Kalmar, 1960) and was
defined as a group-B virus (Porterfield, 1961) accord-
ing to current classification (Casals & Brown, 1954).
Few investigations on the ecology and reservoirs

of arboviruses have been reported from the Middle
East, except for the work carried out in Egypt
(Taylor et al., 1956) where, in addition to West Nile
virus, Sindbis virus, which belongs to group A, was
isolated (Taylor et al., 1955). The geographical
proximity of Israel to Egypt and the somewhat
similar climatic and ecological conditions in these
two countries could make the findings in Egypt of
some significance as to what might be expected in
Israel.
On the basis of these considerations, it was decided

to investigate various animals for the occurrence of
antibodies to arboviruses of group A and group B.

Haemagglutination-inhibition (HI) was chosen as
the main serological technique, in view of the fact
that this method shows group specificity but wide
serological overlapping within the groups. It was
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hoped that the results of these tests would also point
to the species of animals meriting closer investiga-
tion as possible reservoirs of these viruses.

MATERIALS AND METHODS

Blood samples were taken from animals and birds
collected in various parts of Israel, mainly along the
coastal plain, during the whole of 1959 and part of
1960. Wild birds were collected by shooting, trap-
ping in mist-nets and anaesthetizing with chloralose-
treated bait. Rodents were caught by trapping, and
larger wild mammals were shot. Bats were collected
by hand from caves or from lofts.
Animals that were caught alive were brought to

the laboratory and bled by cardiac puncture. From
those shot in the field, blood was taken by cardiac
puncture immediately. If the time required for
transport to the laboratory exceeded five hours, the
blood samples were kept on ice. When less than
2 ml of blood could be taken, physiological saline
solution was added to make 2 ml (0.8% saline for
mammalian blood and 0.9% for avian blood) and
the dilution noted. Sera were separated within
24 hours after being brought to the laboratory and
stored in the deep-freeze (-20°C) until used.
Blood samples from domestic animals were taken

either in abbatoirs during slaughtering or from
bleedings performed on animals during routine
veterinary investigations. These blood samples were
kindly made available to us by Dr A. Komarov.3

' At the time, Director of the Veterinary Institute of the
Ministry of Agriculture, Beit-Dagan, Israel.
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TABLE 1. DISTRIBUTION OF HAEMAGGLUTINATION-INHIBITION (HI) POSITIVE SERA a IN TESTED ANIMALS

Total WN positive T positive S positive EEE positive Total positive
Kinds of animals No.

tested No. % No. % No. % No. % No. %

Wild birds 473 66 14.0 46 9.7 17 3.6 27 5.7 80 16.9
Domestic birds 67 1 1.5 0 - 0 - 0 - 1 1.5
Cattle, horses 188 69 36.7 65 34.6 9 4.8 1 0.5 84 44.7
Rodents 275 31 11.3 13 4.7 2 0.7 4 1.5 31 11.3
Bats 43 3 7.0 1 2.3 0 - 0 - 3 7.0

_7 -I i
Total 1046 j 170 16.3 J 125 12.0 28 2.7 j 32 3.1 199 19.0

a Sera were tested for the following viruses: West Nile (WN), turkey meningo-encephalitis (T), Sindbis (S) and eastern
equine encephalitis (EEE).

Virus strains
The origins and passage histories of the virus

strains used were as follows.
(a) West Nile virus (WN) was isolated from a

human patient and was received in its 19th mouse
passage from Dr N. Goldblum.1

(b) Turkey meningo-encephalitis virus (T) was
isolated from turkeys and was received in its fifth
mouse passage from Dr A. Komarov.

(c) Eastern equine encephalitis virus (EEE), strain
AR 167, was isolated from mosquitos and was
received from Dr R. E. Kissling 2 after two mouse
passages and one chick-embryo passage.

(d) Sindbis virus (S), strain AR 399, was received
from Dr N. Goldblum.' The passage history of the
strain was not known.

Pools of infected mouse brains (20% suspensions
in saline containing 10% inactivated rabbit serum,
500 IU/ml penicillin and 200 ,ug/ml streptomycin)
were kept in a mechanical freezer (-60oC). Virus
stocks were titrated in mice by intracerebral inocula-
tion.

Antisera

Rabbits were immunized by three weekly intra-
peritoneal inoculations with 2 ml infected mouse
brain suspension diluted 1/100 in rabbit serum-
saline solution. Ten days after the third inoculation,
the rabbits were bled for antisera. Mouse antisera
were also prepared (Clarke & Casals, 1958).

Haemagglutination inhibition (HI) tests

HI tests were conducted according to the accepted
procedures (Clarke & Casals, 1958). Antigens were

1 Hebrew University, Jerusalem, Israel.
'Virus and Rickettsial Diseases Section, Communicable

Disease Center, Public Health Service, Atlanta, Ga., USA.

extracted by the acetone-ether method, and the first
batches were lyophilized and stored at -20°C until
used. Later, extracted antigens were kept frozen,
without lyophilization, at -60°C and did not show
any decrease in titre for a period of more than one
year. Different batches of antigens of T and EEE
showed slight shifts in the pH value needed for their
optimal HA activity. The haemagglutination titres
of WN, T and EEE antigens were 1/1250, and of
S antigen 1/640.

Tests were performed in methyl methacrylate
(Lucite) plates; antigens and sera were incubated
overnight at 4°C, goose erythrocytes were added and
the mixtures incubated for one hour at 37°C. Sera
were tested in dilutions 1/10, 1/40 and 1/160, and only
those that gave complete inhibition at 1/10 were con-
sidered positive. Appropriate controls were set up
concurrently.
Removal of nonspecific inhibitors and agglutinins
During the first part of this study, nonspecific

inhibitors were removed from sera by acid-washed
kaolin prepared by a standard method (Lenhoff &
Kaplan, 1955). Later bolus alba,3 an acid-washed
kaolin used for medicinal purposes, was used. This
preparation proved to be suitable in a concentration
of 15% in borate-saline solution at pH 9.0. It did
not cause any decrease in the titre of HI antibodies
and removed all non-specific inhibitors from normal
and immune sera of various birds and mammals, as
compared with the same sera treated by the standard
acetone method (Clarke & Casals, 1958).

RESULTS

HI tests
The results of HI tests on the blood sera are sum-

marized in Tables 1 and 2. The sera were tested

' Bolus, Riedel de Haen Ag., Seelze-Hannover, Germany.
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TABLE 2

DISTRIBUTION OF HAEMAGGLUTINATION-INHIBITION (HI) POSITIVE SERA a IN TESTED ANIMALS

Total WN positive T positive S positive EEE positive Total positive
No.

tested No. % No. % No. % No. % No. %

Wild avian species

Residents:

Hooded crow (Corvus corone sardonius) 73 b 22 30 15 21 4 5 4 5 22 30

Palm dove (Streptopelia senegalensis) 29 0 - 0 - 0 - 1 3 1 3

House-sparrow (Passer domesticus) 21 0 - 0 - 0 - 0 - 0 -

Kestrel (Fako finnunculus) 17 7 41 5 29 2 12 3 18 8 47

Spur-winged plover (Hoplopterus spinosus) 9 1 11 1 11 1 11 1 11 1 11

Rock-partridge (Alectoris graeca) 38 4 11 3 8 1 3 2 5 6 16

Little owl (Athene noctua) 6 1 17 1 17 0 - 0 - 2 33

African bulbul
(Pycnonotus capensis xanthopygos) 4 0 - 0 - 0 - 0 - 0 -

Buff-backed heron (Ardeola Ibis ibis) 4 1 25 1 25 1 25 1 25 1 25

Corn-bunting (Emberiza calandra) 3 2 67 1 33 0 - 0 - 2 67

Stone-curlew (Burhinus oedicnemus) 1 1 100 1 100 0 - 0 - 1 100

Winter visitors:

Jackdaw (Corvus monedula) 24 9 38 6 25 6 25 6 25 9 38

Starling (Sturnus vulgaris) 25 2 8 1 4 1 4 1 4 2 8

Lapwing (Vanellus vanellus) 23 2 9 1 4 0 - 3 13 5 22

Kingfisher (Akcedo atthis) 5 3 60 2 40 0 - 2 40 5 100

Coot (Fulica afra) 6 2 33 0 - 0 - 0 - 2 33

Spotted eagle (Aquila clanga) 3 0 - 0 - 0 - 0 - 0 -

Little grebe (Podiceps ruflcolfis) 2 0 - 0 - 0 - 0 - 0 -

Others (goose, buzzards, hawk-gull, lark,
nightjar, greenshank) 8 0 - 0 - 0 - 0 - 0 -

Summer visitors:

Turtle-dove (Streptopelia turtur arenlcola) 160 7 4 5 3 1 1 0 - 10 6

Bee-eater (Merops apiaster) 4 0 - 0 - 0 - 0 - 0 -

Great spotted cuckoo (Clamator glandarius) 4 1 25 1 25 0 - 0 - 2 50

Hoopoe (Upupa e. epops) 3 0 - 0 - 0 - 0 - 0 -

Egyptian vulture (Neophron percnopterus) 1 1 100 1 100 0 - 0 - 1 100

Total {473 66 14 45 10 17 4 24 5 80 17

Domestic avian species

Chicken 19 1 5 0 - 0 - 0 - 1 5

Duck 48 0 - 0 - 0 - 0 - 0 -

Total 67 1 1.5 0 - 0 - 0 - 1 1.5

7

a Sera were tested for the following viruses: West Nile (WN), turkey meningo-encephalitis (T), Sindbis (S) and eastern
equine encephalitis (EEE).

b Twenty of the sera from those birds were tested against western equine encephalitis virus instead of against S virus.
Continued overleaf
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TABLE 2 (conUnued)

Total WN positive T positive S positive EEE positive Total positive
No.

tested No. % No. % No. % No. % No. %

Wild mammalian species other than bats
Rodents:

Raffus norvegkcus 219 22 10 10 5 2 1 4 2 22 10

Rattus r. alexandrlnus 12 2 17 2 17 0 - 0 - 2 17

Rabbit (Lepus syriacus) 5 5 100 1 20 0 - 0 - 5 100

Meriones shawli 5 0 - 0 - 0 - 0 - 0 -

Gerbillus gerbillus 10 0 - 0 - 0 - 0 - 0 -

Gerbillus pyramidum 8 1 13 0 - 0 - 0 _ 1 13

Gerbillus allenbl 12 0 - 0 - 0 - 0 - 0 -

Microtus guntherl 4 1 25 0 - 0 - 0 - 1 25

Total 275 31 11 13 5 2 1 4 1.4 31 11

Bats
Fruit bat (Russettus aegyptficus) 37 3 8 1 3 0 - 0 - 3 8

Insectivorous bat (Pippistrellus sp.) 6 0 - 0 - 0 - 0 - 0 -

Domestic mammalian species
Horses 81 28 35 29 36 6 7 1 1 35 43

Mules 38 25 66 24 63 3 8 0 - 30 79

Donkeys 9 4 44 2 22 0 - 0 - 4 44

Cows 51 12 24 10 20 0 - 0 - 15 29

Sheep 9 0 - 0 - 0 - 0 - 0 -

Total 188 69 37 65 35 9 5 1 1 84 45

against S and EEE of group A and WN and T of
group B, except for 20 of the hooded crow sera,
which were tested against western equine encepha-
litis virus instead of S virus. In all, 1046 blood sera
were tested, of which about 19% were positive to
either group A or group B or both. Titres ranged
from 1/10 to 1/640.
The relatively high percentage of positive sera

among the hooded crows, jackdaws, kestrels, cows,
horses, mules and donkeys is noteworthy. High
percentages of positive sera were also noted in other
birds and mammals, but these were caught in too
small numbers to be considered as significant samples.
Sera HI-positive to T virus
Most of the sera that were group-B positive had

an HI titre against both WN and T, as expected, the
titre being usually higher against WN; however,
some of the sera showed higher titres against T, as
shown in Table 3. It may be assumed either that the

TABLE 3
OCCURRENCE OF B-GROUP HI-POSITIVEa
BLOOD SERA IN WHICH T TITRES WERE

HIGHER THAN WN TITRES IN VARIOUS ANIMAL
SPECIES

Animal species No. of sera in which T Total B-group
T titre > WN titre positive sera

Crows 2 22

Doves 2 9

Cows 3 15

Equines 15 69

Rabbits 1 5

Brown rats 3 22

Bats 1 3

a The viruses
encephalitis (T).

are West Nile (WN) and turkey meningo-
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TABLE 4. DISTRIBUTION OF A-GROUP AND B-GROUP HI-POSITIVE BLOOD SERA
ACCORDING TO ANIMAL SPECIES

Positive for Positive for ssimul itivesly for
Animalspecies No. A group alone B group alIone AiulandoBsgroupsAnimalpecies tested A___ _and___ _groups__

No. % No. % No. %

Birds
Indigenous

Crow 73 0 - 14 19 8 11

Palm dove 29 1 3 0 - 0 -

Kestrel 17 1 6 4 24 3 18

Spur-winged plover 9 0 - 0 - 1 11

Rock-partridge 38 2 5 4 11 1 3

Buff-backed heron 4 0 - 0 - 1 25

Winter visitors

Jackdaw 24 0 - 2 8 7 29

Starling 25 0 - 1 4 1 4

Lapwing 23 3 13 2 9 0 -

Kingfisher 5 2 40 3 60 0

Summer visitors

Turtle-dove 160 1 1 10 6 0 -

Mammals
Brown rats 129 0 - 11 9 3 2

Horses 128 0 - 60 47 10 8

higher titre indicates the infecting agent and the
lower indicates a cross-reaction, or that the sero-
logical reponse was due to infection with a still-
unidentified group-B virus which gives cross-
reactions with both WN and T. Other possibilities
are mentioned in the discussion.

Sera positive both to group-A and group-B antigens.

Many sera showed HI titres against both group-A
and group-B antigens. Their distribution among the
animal species studied appears in Table 4.
A similar phenomenon appeared in human sera

derived from cases diagnosed clinically and serolo-
gically as WN during an outbreak in 1957. These
sera were tested by Dr W. Jasinska-Klingberg 1
for neutralizing antibodies to S virus in tissue
culture. Of the sera tested, six were found positive.
These sera were tested by HI and found to contain
antibodies to A and B group viruses. The available
acute phase sera were negative, whereas the con-
valescent sera were positive for both groups (Table 5).

1 Israel Institute for Biological Research, Ness-Ziona, Israel

TABLE 5
RESULTS OF Hi TESTSa WITH HUMAN SERA
TAKEN FROM CASES OF CLINICAL WN FEVER,
POSITIVE FOR BOTH GROUP A AND GROUP B

ARBOVIRUSES

Serial No. WN 1 EEof serum _ W __

76 Acute 0 0 0
76 Convalescent 160 40 0

146 Acute 0 0 0
146 Convalescent 160 40 0

55 Acute 0 0 0
55 Convalescent 40 10 0

58 Convalescent 40 10 0
87 Convalescent 40 40 0
169 Convalescent 10 160 10

a The viruses tested for were West Nile (WN), Sindbis (S)
and eastern equine encephalitis (EEE). The numbers that
appear in the three columns to the right of this table are the
reciprocals of the highest dilutions of the tested sera that gave
complete inhibition of 4-8 HA units.
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TABLE 6
Hi TITRES OF SERA OF ANIMALS ALTERNATELY INFECTED WITH

3 x 10' SUCKLING MOUSE LDso OF S AND WN VIRUS a

Hi titres, Hi titres,
Immunied First two weeks after Second two weeks afterImmunizes immunization first immunization immunization second immunizationanimals with: with:

S WN S WN

Rabbits:

No. 184 S 0 0 _ 10 0

No. 182 S 0 0 WN 0 160

No. 187 WN 0 160 _ 0 160

No. 186 WN 0 40 S 0 160

Guinea-pigs:

No. 1 S 0 0 _ 0 0

No. 2 S 0 0 _ 0 0

No. 3 S 0 0 WN 0 160

No. 4 S 0 0 WN 0 160

No. 5 WN 0 160 _0 0

No. 6 WN 0 160 _ 0 160

No. 7 WN 0 160 S 0 160

No. 8 WN 0 40 S 40 40

Rats:

No. 1 S 0 0 _ 0 0

No. 2 S 160 0 - 160 0

No. 3 S 0 0 WN 0 0

No. 4 S 0 0 WN 0 0

No. 5 WN 0 0 _ 0 0

No. 6 WN 0 0 _ 0 0

No. 7 WN 0 0 S 0 0

No. 8 WN 0 0 5 0 0

a The viruses used were Sindbis (S) and West Nile (WN). The numbers that appear under the
three column headings at the right of this table are the reciprocals of the highest dilutions of the
tested sera that gave complete inhibition of 4-8 HA units; 0 indicates that no antibodies were
detected in the lowest dilution tested in 1/10.

These facts, together with the scarcity of sera
positive for group A alone, suggested several
possibilities:

(a) simultaneous double infection;
(b) consecutive infections by two agents: first by a

group-A virus that failed to induce a detectable
antibody response or induced a response that sub-
sequently disappeared, followed by infection with
a group-B virus that gave rise to antibodies to the B

group and an anamnestic rise of titre to the A group
or the reverse sequence of infection;

(c) a hitherto undescribed virus which gave rise to
antibodies reacting with both group-A and group-B
antigens.

In an attempt to elucidate the second possibility,
the following experiment was performed. Rabbits,
guinea-pigs and albino rats free of HI antibodies
against WN and S were injected with a single dose

906



PREVALENCE OF ANTIBODIES TO ARBOVIRUSES IN VARIOUS ANIMALS IN ISRAEL

of either S or WN virus having a titre of 3 x 103 LD6o
for suckling mice. Two weeks later, the animals were
bled by cardiac puncture, and their sera were tested
for HI antibodies. They were then injected with a
similar dose of the second virus. Two weeks later
the animals were bled again and tested for HI anti-
bodies. The results are summarized in Table 6.

There were no indications of synergistic antibody
response among the injected animals under the con-
ditions described, despite the fact that sufficient virus
was used to cause antibody response in rabbits and
guinea-pigs to WN virus and a weak antibody res-
ponse to S virus in one animal of each group.

In an attempt to test the third possibility, strains
of virus isolated during the 1957 WN outbreak in
man were received from Dr N. Goldblum. The
strains were contained in mouse brains that had been
stored for three years at -20°C. Three virus strains
were successfully recovered in suckling mice, and
one of these strains (WN 76) was isolated from a
patient whose convalescent serum was group-A and
group-B positive.
The revived strains were used in the preparation

of antigens and antisera, which were subsequently
tested against each other and against the standard
antigens and antisera for any signs of cross-reactions
over the established serological boundaries. All of
the antigens and antisera behaved conventionally,
with no formation of antibodies giving cross-reac-
tions between group-A and group-B antigens.

DISCUSSION

It is well known that the HI test, in the case of
arboviruses, shows group but not species specificity
and may sometimes show equal titres against
heterologous and homologous virus antigens. This
is also true, to a considerable extent, for the com-
plement-fixation test and, in some cases, even for the
neutralization test. Usually, however, the serological
test will show higher titres against homologous viral
antigens than against heterologous ones, and the
relative difference will depend on the closeness of the
serological relationship and the test used. When
double infection occurs, the situation may be com-
plicated (Casals, 1961), depending on which virus
caused the first infection. Thus, a serum giving a
higher titre for T than for WN could be the result
of either a single infection with T showing a cross-
reaction with WN, or a double infection, first with T
and later with WN, which might cause an anamnestic
rise in the titre for T virus.

Therefore, when two group-B viruses are known
to exist in the same area, as in Israel, a serological
survey based on the HI test cannot always be relied
upon to yield unequivocal results as to the etiological
agent that gave rise to the immunological response.

It is also necessary to take into consideration that
a hitherto undescribed group-B virus may also be
present in the wild bird and mammal population of
Israel that gives rise to antibodies that cross-react
with WN and T antigens, but not necessarily in
equal titres.
However, until virus isolation studies have been

carried out, it may be justifiable to assume that most
of the group-B positive sera showing higher titre
against WN are the result of infection with WN
virus, and that those showing higher titres to T virus
are the result of infection with the latter agent.
Taking the results, therefore, at their face value,

the emergent picture of WN immunity among the
various animal species resembles that obtained in
Egypt, with some exceptions. Among the indigenous
wild birds, the hooded crow and the kestrel are
positive to a proportion of the viral strains found in
Egypt in a transition area; that is, one adjacent to an
endemic area (Work, Hurlbut & Taylor, 1955).
Only four buff-backed herons were captured, of
which one was positive. Palm doves and house-
sparrows were negative. The latter were collected
during early spring and could have been a new
generation of non-immunes, which might explain the
negative results. Other positive indigenous wild
birds, like the spur-winged plover, the rock-partridge
and the little owl, are too few in number in Israel to
contribute to widespread infection of mosquitos, but
may be of help for the maintenance of the virus,
depending on their virus-circulation capacity.
The visitor birds, some of which come to Israel in

large flocks, may be of importance. As the winter
visitors come to Israel from Europe during late sum-
mer or early autumn (September-October), the
question arises whether they are infected in Europe
or arrive non-immune and are involved in the WN
ecological cycle, which is still operative in late sum-
mer. In order to answer this question it would, of
course, be necessary to capture larger numbers of
these birds at the time of their arrival as well as later
in the season and to determine whether any change
occurs in the percentage of positives.
Among the summer visitors that come to Israel at

the end of the winter or in the spring, the turtle-dove
seems to be definitely involved in the WN cycle. The
birds which were tested at the beginning of the sum-
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mer were negative, but out of a group of 27 birds
tested during midsummer, 7 (26 %) were positive.

Contrary to the results described in Egypt,
negative serology was found in domestic birds. This
might be due to the fact that the blood samples
were collected in early summer from young birds
that might not yet have been infected and that had no
opportunity of being infected during the previous
season. These results may also be due to the methods of
poultry raising in this country; i.e., in closely packed
batteries, frequently treated with repellent insecticides.
The high percentage of positive results among

domestic animals is in accordance with the findings
in Egypt (Taylor et al., 1956).
Among the rodents, the rabbits were all positive,

as were some of the rats (in contrast to Egypt) and
mice (Taylor et al., 1956).
The fact that higher titres against T than against

WN appeared in a few specimens in only two avian
species, whereas this finding was more common
among mammalian species, is interesting, but no
conclusions can be reached until further knowledge
concerning the immunogenicity of T virus in the
various avian species is gained or until virus isola-
tion studies are carried out.
When two viruses of different serological specifici-

ties, such as group-A and group-B arboviruses, are
present in the same area, showing common hosts,
one might expect, on statistical grounds, to find the
following immunological pattern:

(a) sizable proportion of animals showing anti-
bodies against group A only;

(b) sizable proportion of animals showing anti-
bodies to group B only; and

(c) a small group of animals showing antibodies
to both group-A and group-B viruses.

The proportion of animals that falls into category
(c) should be a product ofthe probabilities ofinfection
with group A and group B alone; i.e., the number
of animals in category (c) should be far smaller
than those found in either category (a) or cate-
gory (b).

In this survey, a very small proportion of all
animals tested was found to be positive to group A
alone. This was the first indication that a group-A
arbovirus might be present in this country. A much
larger proportion was positive to group B alone.
Surprisingly, however, a not-inconsiderable pro-
portion of animals was positive to both group A
and group B; indeed, a proportion larger than that
found to be positive to group A alone. In fact, in
several species of birds and mammals, no cases were
found of group A antibodies alone; either group B
alone or both group A and group B were present.
This was also true in the case of some human infec-
tions, which appeared in an outbreak in 1957 diag-
nosed as WN fever. In some of the cases, convales-
cent sera were positive for both A and B, whereas
the acute-phase sera were completely negative for
both. In a recent survey among children in the
coastal plain of Israel, the same immunological
pattern as described above was found (Ben-Porat et
al., 1965); i.e., a very much higher proportion of sera
positive for both groups than against group A alone.
Several possible explanations for this phenomenon
are mentioned in the text, the most likely, perhaps,
being that a group-A arbovirus is present in Israel
that gives a very low frequency of detectable anti-
body response, which may be enhanced considerably
by a subsequent infection with a more highly
immunogenic group-B virus. However, laboratory
investigations so far have been unsuccessful in con-
firming this possibility.
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RtSUM1t

L'6cologie et les reservoirs des arbovirus ont et6 peu
etudi6s au Moyen-Orient; seuls certains travaux leur ont
6t6 consacr6s en Egypte. Au cours de l'examen s6rolo-
gique de 1046 6chantillons de serums pr6lev6s chez
42 especes d'oiseaux et de mammiferes, les auteurs ont
recherch6 en Israel l'existence d'anticorps vis-A-vis

d'arbovirus des groupes A et B. L'6preuve d'inhibition
de l'hemagglutination a et6 choisie pour s6lectionner les
especes meritant une 6tude plus approfondie.

Diverses souches de virus ont 6t6 utilisees: virus West
Nile isole chez l'homme et entretenu sur souris; virus de
la m6ningo-enc6phalite du dindon, entretenu sur souris;
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virus de 1'enc6phalite 6quine orientale, pass6 sur souris
puis sur embryon de poulet; virus Sindbis. Les antis6rums
ont 6t6 pr6par6s sur lapins et sur souris. Chez environ
19% de tous les animaux, des anticorps ont ete d6cel6s,
surtout vis-a-vis des arbovirus du groupe B. Les pourcen-
tages de positivit6 pour ces derniers 6taient particuliere-
ment 6lev6s chez certaines especes: corbeaux (30%);
cr6cerelles (47Y); corneilles (38%); chevaux (43%);
mulets (79 %.); vaches (29 %). Dans ce groupe de virus, les
titres ont 6t6 g6n6ralement plus 6lev6s pour le virus West
Nile que pour le virus de la m6ningo-enc6phalite du
dindon, mais l'inverse a 6galement ete observ6. Environ
25% des 6chantillons provenant d'animaux & s6rologie
positive r6agissaient avec les virus du groupe A et, parmi

eux, la plupart donnaient aussi des r6actions positives
avec les virus du groupe B.
Une observation du meme ordre a etb faite lors de

I'6tude s6rologique de malades atteints d'une affection
f6brile reconnue comme 6tant provoqu6e par le virus West
Nile. Au cours de la phase aigue de l'affection, la s6rolo-
gie 6tait completement n6gative, alors qu'au cours de la
convalescence, les s6rums r6agissaient vis-a-vis des virus
des groupes A et B. L'inoculation a I'animal du virus
West Nile isol6 chez un de ces patients provoqua l'appari-
tion d'anticorps sp6cifiques du groupe B. L'inoculation
de plusieurs especes animales d'abord avec le virus West
Nile puis avec le virus Sindbis, ou inversement, ne d6ter-
mina aucune r6ponse synergique.
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