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SYNOPSIS

A study has been made of the age-distribution of neutralizing
antibodies against the Lansing strain of poliomyelitis in three
groups of the population of Israel. Two groups were chosen from
the local population, and the third consisted of new immigrants
from Yemen. Altogether 392 sera were examined, and the distri-
bution of Lansing antibodies was found to be similar in the three
groups. In the Yemen group and in one of the Israeli groups, 50%
or more of the sera examined contained Lansing antibodies from
the age of two years onwards; while in the second Israeli group
this figure was reached at the age of three years. In the higher
age-groups, 90-100% of the sera were Lansing positive. A correla-
tion existed between the age specific rates of poliomyelitis during
the 1950 epidemic in Israel and the age-distribution of Lansing
antibodies found in this study. Comparative figures for Egypt
and other parts of the world are discussed.

In recent years a number of studies have shown that the age at which
neutralizing antibodies against the Lansing strain of poliomyelitis are
acquired differs considerably in various geographical regions and under
different socio-economic conditions. Apart from the studies of sera from
Egypt by Paul and his co-workers 4 and by Goldblum & Melnick,3 our
knowledge of conditions in the Middle East is still incomplete. A survey
of Lansing antibodies in different age-groups of the population of Israel
was therefore of interest.

Such a study seemed especially indicated in view of the fact that in
recent years Israel has undergone a remarkable change in its population
and, at the same time, experienced its first severe epidemic of poliomyelitis.
A large-scale immigration from eastern Europe, Africa, and Asia during
the years 1948-51 has increased the Jewish population from 717,000 to
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1,405,000, while the majority of the former Arab inhabitants have left.
Parallel with these demographic changes and probably not unconnected
with them, the epidemiological pattern of poliomyelitis has changed. While
in former years not more than 20-60 cases were reported annually, 1,622
cases of poliomyelitis were reported in 1950 and 900 in 1951. Nearly
all these cases occurred in the Jewish part of the population. The epidemic
was of the characteristic infantile type; 69.5% of the cases were under
three years of age and 85.3 % under five. Full particulars of the epidemic
will be published shortly by P. Jekutiel, E. Levinger & H. Miihsam.

Material and Methods

Selection of blood samples
The selction of suitable blood samples which could be considered as

characteristic for the population in its present heterogeneous composition
constituted a special problem. An additional complication was the fact
that an epidemic of poliomyelitis was in progress at the time of this study.
It was finally decided to examine three groups of the population.

The first group consisted of inhabitants of Jerusalem from whom sera
were collected during March and April 1951. They constituted an urban
group of the local population in which the epidemic had been present
for more than one year. Blood samples from infants under one year of
age in Jerusalem were collected in infant homes which serve mostly the
poorer sections of the population. Blood samples from the next two
age-groups were obtained in infant welfare stations and those from older
children in various kindergartens and schools. They represented a fair
cross-section of the population.

The second group of sera was collected from communal settlements
in Upper Galilee in September and October 1950. At that time the epidemic
had not yet reached this most northern part of the country. Living con-
ditions in communal settlements are very different from those encountered
in other urban or rural communities. Adults have their meals in a common
dining-room. Children of the same age live together in nurseries and
children's houses and spend only a few hours each day in the room of their
parents where they meet with their brothers and sisters of other age-groups.
The close contact between all members of the group favours the spread
of infectious diseases once they have been introduced.

The third group of sera was collected from new immigrants before or
immediately after their arrival in the country. For this purpose immigrants
from Yemen were selected, since they constituted a large homogenous
group. Between 1948 and 1950, 40,000 immigrants arrived from that
country. Yemen is an independent State in the south-western corner
of the Arab peninsula; its Jewish community lived in small rural or semi-

678



POLIOMYELITIS ANTIBODIES IN ISRAEL

rural communities, and emigrated to Israel during the period 1948-50
almost in its entirety. After leaving Yemen they were assembled in a transit
camp near Aden, where they remained for several weeks before being
flown to Israel. Most of the sera in this group were taken by Levine in
this transit camp in 1950. A few additional specimens were taken from
immigrants on the first day of their arrival in Israel.

For children up to the age of six years, ten blood samples were obtained
from individuals of each year of age. In the higher age-groups, ten blood
samples were collected from two- or three-year groups together. A similar
number was obtained from adults between 20 and 30 and between 30 and
40 years of age. A total of 392 samples was examined.

The blood samples were obtained by venipuncture and stored in the
cold until they were centrifuged not later than 24 hours after collection.
Samples taken in Aden were centrifuged there and kept in an arctic hamper
filled with ice until flown back to Jerusalem. The sera were stored in
rubber-stoppered test-tubes at -200C until examined. Cloudy and markedly
haemolytic sera were discarded.

Virus
The Lansing strain of poliomyelitis was obtained from Dr. J. L. Melnick

of Yale University in the form of infected spinal cords of mice in glycerol.
After one mouse-passage, two larger pools of virus were prepared from
the cords and brain stems of mice which showed signs of paralysis between
the second and fifth day after intracerebral inoculation. The cords were
stored at -200C until a sufficient number had been collected. They were
then triturated in a mortar with sterile glass powder. Sterile distilled water
containing 100 units of penicillin and 100 ,ug of streptomycin were added
to make a 100% suspension. After centrifugation for 20 minutes at 2,000
revolutions per minute the supernatant was distributed in 1.5-ml amounts
in sterile, rubber-stoppered test-tubes which were kept at -200C. The
titre of these suspensions was determined by inoculating 8 mice intra-
cerebrally with serial dilutions in saline which differed by 0.5 log. The
titres of the two pools used in the present study were 4.1 and 3.8 when
calculated by the Reed & Muench method 5 and expressed as the negative
logarithm of the dilution.

Neutralization tests
0.3 ml of undiluted, unheated serum was mixed with 0.3 ml of virus

dilution in saline which was prepared from a freshly thawed tube so as
to contain 100 LD50 mouse-infectious doses in 0.03 ml. Normal inactivated
rabbit-serum was used in the control tubes, and in most tests a complete
virus titration was done at the same time to check the amount of virus
used. The serum-virus mixtures were kept for 1 hour at room temperature
and then in an ice-water bath until inoculated. Eight mice were inoculated
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intracerebrally with each serum-virus mixture. The animals were observed
for a period of four weeks. A serum was considered positive when five
or more mice survived. When four mice survived the results were considered
doubtful; among the 392 sera examined, only 11 were found to give such
doubtful reactions. Mice which died during the first 24 hours after inocula-
tion were not taken into consideration.

Results

Results for the three groups are summarized in table I. It will be seen
that 50% or more of the examined sera from Jerusalem and Yemen con-
sistently contained antibodies from the age of two years and from the
Galilee group from the age of three years. An inconsistency was observed
in the latter group where five of 10 sera were positive at the age of one
and only two of 10 at the age of two years. This may be due to the small
number of sera examined. Moreover, the specimens were obtained from
different settlements where the possibilities of acquiring infection probably
differed. In all three groups 90-100% of the sera were found positive
in the higher age-groups. Obviously, contact with the virus occurs at an
early age and to a similar degree in all groups.

The similar age-distribution of antibodies in the two Israeli groups
is interesting from another point of view. As indicated previously, the
blood samples were collected at different times while a severe epidemic
of poliomyelitis was in progress. The samples in Galilee were collected
before the epidemic struck that part of the country and may be considered
as "pre-epidemic ", while the samples from Jerusalem, obtained more
than one year after the epidemic had started, may be considered as " post-
epidemic". The similarity of the findings in both groups makes it seem
improbable that a strain of the Lansing type was involved in the epidemic,
as this should have led to a higher percentage of Lansing positives in the
" post-epidemic*" group. This consideration is confirmed by the isola-
tion of three strains of poliomyelitis, which all belonged to the Brunhilde
type, from the spinal cords and faeces of cases from this epidemic sent
to Dr. John R. Paul (personal communication, 1951).

The immigrants from Yemen represent a definite ethnic group. Sanitary
and hygienic conditions in their country of origin certainly favour infection
at an early age. This development may be offset by the rural and semi-
rural character of the population. The interplay of these different factors
seems to have led to an exposure to Lansing virus not very different from
that existing in Israel. Starting at the age of two years more than 50%
of the examined sera were found Lansing-positive.

The age-specific rates of poliomyelitis cases during the epidemic in
1950 and the distribution of Lansing-positive sera in the three groups
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combined, as found in the present survey, are given for comparison in
table II. It seems that a parallelism existed between the morbidity during
the epidemic and the absence of Lansing antibodies. This relationship
is represented graphically in fig. 1. The curves for the cumulative age-
specific morbidity-rates and the percentage of Lansing antibodies in the
various age-groups run a similar course.

TABLE II. AGE-DISTRIBUTION OF 1,622 POLIOMYELITIS
CASES IN ISRAEL EPIDEMIC (1950) AND OF 261 LANSING-
POSITIVE SUBJECTS IN THREE ISRAELI POPULATION

GROUPS (1950S1)

Poliomyelitis cases Percentage
of examinedAg(e-gro)p age-specific cumulative persons with(er) case-rate per percentage Lnig-

10,000 positive sera

under 1 126 25.0 13

1 159 56.6 28

2 84 73.3 43

3 53 83.8 69

4 35 90.8 73

5 16 94.0 77

6 14.5 97.0
91.5*

7- 9 7.1 98.4

10-14 4.1 99.2 95.0*

15-19 2.2 99.6 85.0*

20 and over 1.1 99.8 98.0*

* Calculated from data In table 1

It is open to question whether this occurrence is due to a similarly
wide distribution of both types of virus. Such a possibility has recently
been suggested by Paul et al.4 for Egypt. It may also be that immunity
to the Lansing strain produces some resistance to other types and vice
versa. Recent findings by Sabin 7 and by Casals, Olitsky & Sabin,' pointing
to an antigenic overlapping of type 1 and type 2 strains of poliomyelitis,
are in agreement with such an assumption.

It is of interest to compare our findings with those made in other parts
of the world. A similar age-distribution of Lansing antibodies to that
found in the present study in Israel was reported by Hammon2 for Mexico
City and by Sabin 6 for Korea and Okinawa, where 50% or more of the
individuals showed antibodies at the age of two to three years. In a study
of five villages in the vicinity of Cairo, Paul and his co-workers 4 found
that antibodies were present in 57% of the examined sera at the age of
one year, and in 79% at the age of two years. It is also reported by these
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authors that 98.2% of the cases of endemic poliomyelitis in Egypt occurred
in children during the first three years of age. In Israel, during the epidemic
of 1950, 69.5 % of the cases occurred in the corresponding age-groups.
Both the age at which antibodies make their appearance and the age-
distribution of the cases point to the fact that immunity is acquired at
an earlier age in Egypt than in Israel. It would be interesting to know
if this difference in immunity was responsible for the absence of epidemic
poliomyelitis in Egypt at a time when Israel suffered from a severe epidemic.
The absence of communication between the two countries may also have
played a role.

FIG. 1. AGE DISTRIBUTION OF LANSING ANTIBODIES AND CASES
OF POLIOMYELITIS IN ISRAEL POPULATION, 1950-1

---- Cumulative age-specific case-rate per 10,000
Percentage of sera with Lansing antibodies

It appears from our findings in Israel and those reported by the Yale
group for Egypt that in this part of the world antibodies are acquired at
an earlier age than in the USA. For a comparison it is sufficient to
cite the figures of Turner et al.8 for Baltimore, where 49 % of the sera were
positive at the age of four years, and 72% at the age of 5-9 years, and
those of Hammon 2 for a low-income group in San Francisco, where 50%
of the sera were positive at the age of 10-11 years. This different age-
distribution of antibodies is correlated with an age-selection pattern of
the disease different from that found in the Middle East.
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R12SUMIt
Un certain nombre d'etudes r6centes ont montr6 que l'age auquel l'homme acquiert

les anticorps neutralisant le virus de la poliomyelite type Lansing varie selon les regionsgeographiques et le niveau socio-economique. Les conditions r6gnant, a ce point de vue,
dans le Proche Orient n'etaient connues que par une enquete faite en Egypte, et devaient
etre compl6t6es par des investigations dans d'autres pays. Israel paraissait se preterparticulierement bien A une etude sur ce sujet: d'importants mouvements de population
s'y produisaient et le pays venait de subir pour la premiere fois une grave epidemie de
poliomy6lite. De 1948-51, A la suite d'une immigration d'Europe, d'Afrique et d'Asie,
la population juive en Israel passa de 701.000 A 1.405.000, tandis que la majorite de la
population arabe avait quitt6 le pays. A la suite de ce changement demographique, lecaractereepidemiologique de la poliomyelite se modifia. Alors que, durant les annees
prec6dentes, 20-60 cas 6taient signales annueHlement, 1662 cas furent notifies en 1950 et
900 en 1951, presque tous parmi la population juive. II s'agissait essentiellement de polio-
my6lite infantile, 69,5 % des cas survenant avantl'age de trois ans et 85,3 % avant cinq ans.

Les serums de trois groupes de la population ontete examines. Le premier comprenait
des habitants de Jerusalem, dont les serums furent preleves en mars et avril 1951. Il
constituait un groupe urbain de la population locale, parmi lequel l'epid6mie avait sevi
pendant plus d'un an, donc un groupe post-epidemique. Lesechantillons de sang furent
pr6leves sur des enfants de moins d'un an, dans des creches - oii les classes les plus
pauvres de la populationetaient representees - puis, pour les groupes d'age pluseleves
dans des institutions de bienfaisance pour enfants ou des 6coles. Les serums du second
groupe avaient ete pr6lev6s, en haute Galilee, en septembre-octobre 1950, region quel'epidemie n'avait pas encore atteinte A cetteepoque ;il s'agissait donc dans ce cas d'un
groupe pre-epidemique.

Les serums du troisieme groupe provenaient de r6cents immigrants du Yemen, com-
posant un groupe ethnique homogene.

Le test de neutralisation sur la souris aete effectue avec un virus re;u de Yale. L'analyse
des serums a montre que 50% ou plus des sujets provenant de J6rusalem et du Y6menpossedaient des anticorps Lansing A partir del'age de deux ans et ceux du groupe de
Galileea partir de trois ans. Dans les trois groupes, 90%-100% des s6rumsetaient positifs
dans les groupes d'age sup6rieurs. II est 6vident que le contact avec le virus se produit
tres t6t et A un degreeleve dans tous les groupes. La repartition parage, qui est analogue
dans les deux groupes d'Israel, est int6ressante A un autre point de vue encore: le fait que

le pourcentage de serums Lansing-positifs n'est pas pluselev6 dans laserie post-epid6-
mique que dans la s6rie pre-epid6mique semble indiquer que le virus de Lansing n'etait
pas en cause dansl'epid6mie d'Israel. Ce fait parait confirme du reste par l'isolement de
trois souches de virus type Brunhildea partir de moelles et de feces au cours de cetteepidemie. D'autre part, un parallelisme semble exister entre la morbidite durantl'epi-
demie etl'absence d'anticorps Lansing; cela suggere que les anticorps Lansing assurent
une certaine protection contre d'autres types de virus, hypothese que des recherches
recentes tendent A confirmer.

Une distribution par groupes d'age analogueacelle d'Israel aet6 observee au Mexique,
en Cor6e et A Okinawa: plus de 50% des habitants examin6s pr6sentaient des anticorps
d&s l'age de 2-3 ans. En Egypte, 98,2% des cas de poliomyelite end6mique s'observent
chez les enfants durant les trois premi&res ann6es de vie. L'Age auquel les anticorps
apparaissent ainsi que celui auquel les cas de maladie ontete observes indiquent que
l'immunite s'acquiert plustot en Egypte qu'en Israel. Aux Etats-Unis, l'immunite
s'acquiert plus tard (49% des serums sont positifsa l'a ge de quatre ans et 72% entre
cinq et neuf ans). Ces differences entre pays ouregions sont confirm6es par les taux de
morbidit6 par groupes d'age, qui different en consequence.
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