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SYNOPSIS

The epidemicity of poliomyelitis in Israel since 1950 is reviewed,
and the influence of the mass immnigration which took place between
1948 and 1952 is discussed. Age distribution and attack-rates among
Arabs, among Jewish population-groups originating in different
countries, and among old residents and new immigrants, are
examined. It is suggested that the change from endemicity to epide-
micity of the disease may have been due to general overcrowding
during the pre-epidemic period, and to enhanced circulation of
virus (type 1), and a resulting increase in its pathogenicity.

In the years 1950 and 1951 the population of Israel experienced an
epidemic of poliomyelitis on a scale not often observed in populations of
this size. The total incidence in the Jewish population in 1950 was 14.5 per
10,000 inhabitants, and in 1951, 6.86. Rates for 1952 and 1953 have shown
no substantial decline. The outbreak was of a distinct infantile type, with
the highest incidence in the age-groups 0-1 and 1-2 years: 85 % of all cases
occurred in children under five years of age.

The events of the poliomyelitis epidemic in Israel are not a new feature
in the epidemiology of the disease ; they are just another instance of the
sudden transition from the endemic to the epidemic occurrence of the
disease that has been observed in many countries during the past 50 years.

It is probable that a high proportion of poliomyelitis cases were diag-
nosed and treated-the large majority of them being hospitalized-since
not only is there a relatively large number of doctors in the country (some
3,000 in a population of just over one million), but also social organization
in medical care is highly developed. More than half of the population
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receives comprehensive medical care through the General Federation of
Jewish Labour's Sick Insurance Scheme, and, since the foundation of the
State in 1948, all immigrants have had free medical care at the expense of
the Government or the Jewish Agency for Palestine. Government hospitals
accepted all poliomyelitis cases free of charge.

At the beginning of 1951 the Ministry of Health decided to collect
detailed data on all the cases of 1950 by issuing a special questionnaire.
This also served for recording follow-up data. The questionnaires were
filled in with the help of hospital and clinical records, and the homes of
most cases were visited to obtain additional information. The same ques-
tionnaires were used throughout 1951, and accompanied the cases from the
day of their notification. The data recorded on these questionnaires form
the main material of this paper. Accounts of some aspects of the epidemic
have been published already. Dr J. R. Paul of Yale University, USA,
was invited by the Government of Israel for consultation at the height
of the epidemic in June-July 1950. He submitted a report to the Ministry
of Health at the end of 1950.9 A short note on the initial stage of the epi-
demic was published in 1950 by Jacusiel (Yekutiel) 4 and two papers on clinical
observations of hospitalized cases were published in 1951 by Falk 2 and
Marberg.8 Epidemiological features of outbreaks in communal settle-
ments were described by Strahovsky in 1952.13

Before describing the epidemic, it is necessary to give some data on the
population in which it occurred, especially since Israel presents many
unusual demographic features, dominating which is the recent large-scale
immigration.

At the beginning of 1950, i.e., at the start of the epidemic, the population
had the following structure

Jews 1,014,000
Arabs 160,000
Total 1,174,000

Of the Jewish population at that time 341,000 (34%) were immigrants who
had arrived in the country after May 1948. During 1950, 169,000 new
immigrants came to the country, and during 1951, 174,000, so that, at the
end of 1951, among the total Jewish population of 1,404,000 almost 50%
were recent arrivals (i.e., since May 1948).

The absorption of such an immigration, of varied ethnic and cultural
origin and on a relative scale unprecedented in modern history, presented
the country with very great economic, social, and public-health problems.
Some of the medical and sociological features of this immigration have
been abstracted in another article 5 from a report compiled in this country.

We shall consider this question of immigration in more detail in the
section dealing with the behaviour of the poliomyelitis epidemic in different
sections of the population.
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General Course of the Epidemic

Incidence in former years

Until 1949 Israel presented a typical picture of endemic poliomyelitis.
Cases appeared sporadically, although infection with poliomyelitis viruses
was probably widespread, as shown by comparison with other Middle East
countries, by the results of serological investigations, and by the events in
the recent epidemic. The annual number of cases during the years 1936-48
varied between 20 and 40, with the exception of the year 1939, when there
was a small epidemic episode with about 70 reported cases during the year.

Present epidemic

In the second half of 1949 there was already a distinct increase in the
monthly number of cases, from a monthly average of 5 to an average of
18 cases ; and a total of 128 cases-an incidence of 1.5 per 10,000-was
reached in 1949. An incidence of from 20 to 50 cases per month was main-
tained during the first three winter months of 1950 (the " off-season" for
epidemic poliomyelitis). Then a steep rise began, with 129 cases in April,
and the year's peak was reached in May with 379 cases.

The monthly figures for 1949-51 are given in table I, and a graphical
representation in fig. 1 and 2. There is little doubt that the transition from

TABLE I. POLIOMYELITIS CASES BY MONTHS: ISRAEL, 1949-51 *

1949
1951~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

January

February

March

April

May

June

July

August

September

October

November

December

Tota l: | 128 1,618 900

* Cases are recorded by date of onset. The total number of cases in 1950
was 1,622; in four cases the date of onset is not known.

Month

1

2

9

8

20

16

7

15

24

26

21

43

48

129

379

332

224

198

107

54

56

27

11

16

34

59

102

130

132

73

87

85

107

64

1 949 1950 1 951
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FIG. 1. CASES OF POLIOMYELITIS IN ISRAEL IN 1950 BY DATE OF ONSET
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the endemic to the epidemic situation began in the second half of 1949
and that the steep rise was only delayed by the onset of winter (monthly
figures, however, remaining high compared with former years) and took
place with the advent of warmer weather. It is a general observation that
poliomyelitis epidemics reach their peaks in summer, although there have
been exceptions, such as the epidemic of 1942-3 in Malta, which started in
November, attained its peak in December, and finished by March.

FIG. 2. CASES OF POLIOMYELITIS IN ISRAEL IN 1951 AND 1952
BY MONTHS
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In 1950-the year of maximum incidence-the steep rise to a peak in
May was followed by a more gradual decrease towards October. The rise
in incidence during April and May follows an almost straight line, even
when plotted on the basis of 10-day figures instead of monthly figures
(see fig. 1). In 1951, after an interval of low incidence during the winter
months, there was another seasonal rise. The epidemic was less severe than
in the first year, but the total annual incidence was still highly epidemic
(6.9 per 10,000). The rise in incidence was slower than in 1950, and the peak
was reached in June, followed by an even slower decrease towards the
winter. 1952 presented a similar picture (see fig. 2).

We considered two main factors which might be responsible for the
differences in the seasonal course of the epidemic in 1950 and 1951-one
meteorological, the other immunological. Meteorological data for the two
years showed no differences to which the earlier peak of the epidemic in
1950 might be ascribed. The more rapid rise of the epidemic wave in that
year seems to be attributable to the larger proportion of susceptible persons
in the first year of epidemic poliomyelitis in the country. As to the descend-
ing part of the epidemic curve in 1950, with an initial steep decrease in
incidence followed by the maintenance of a relatively high level throughout
July and August before the final seasonal decline in autumn, this pattern
can be explained in terms of the geographical spread of the epidemic.

Geographical Spread

If monthly attack-rates for various regions of the country are compared,
a pattern of centrifugal spread becomes apparent for 1950. This is illustrated
in the accompanying maps. Fig. 3 (A) shows the nine regions into which
we divided the country for the calculation of regional attack-rates. The
footnote to fig. 3 gives demographic and other data on these regions.

The epidemic started in the central coastal plain in March-April. In
May, the peak month of incidence for the country as a whole, high rates
prevailed in the whole settled part of the coastal plain up to the northern
border and in the city of Jerusalem, while the north-east corner of the
country (Eastern Galilee) and the extreme south still had low rates
(fig. 3 (D)).

In July, the epidemic reached these outlying areas, so that in July and
August attack-rates-by then declining in the cities and in the coastal
plain-were rising in these areas (see fig. 3 (E and F) and fig. 4). These two
opposite trends combined to produce the July-August plateau in the
seasonal curve for the whole country.

In 1951 no such centrifugal spread was observed, a fact to be expected
after the epidemic of 1950, which had seeded the virus(es) all over the
country. We should also expect the epidemic to show a greater intensity

655



P. YEKUTIEL AND OTHERS

FIG. 3. MONTHLY INCIDENCE OF POLIOMYELITIS IN ISRAEL BY
REGIONS, 1950

A B

A regions
B situation, March
C situation, April

D situation, May
E situation, July
F situation, August-October average

Rates per 10,000

2.5 + 1.5-2.5 0.5-1.5 0-0.5

Explanation of fig.

Region no. 1: population 50,696; except for the small towns of Tiberias and Safad, a pre-
dominantly rural area with agricultural settlements (Eastern Galilee)

Region no. 2: population 42,898; includes the town of Nazareth and Arab villages around It,
the western part of the inland plain of Esdraelon, the western part of Upper Galilee, and the northern
extremity of the coast; a predominantly rural region

Region no. 3: population 182,525; Haifa town, Haifa bay area (industrial and suburban settle-
ments), Mount Carmel, and north-western coastal plain
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FIG. 4. POLIOMYELITIS CASE-RATE PER 10,000 POPULATION IN ISRAEL IN 1950:
SEASONAL CURVES FOR TWO REGIONS
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during the second year in areas with a relatively low incidence in the first
year, and vice versa. This phenomenon is demonstrated for four districts
in fig. 5. We chose districts with large and relatively stable populations in
order to smooth out fluctuations due to local outbreaks and other chance
factors. These areas are: Yavneh plain (population 95,000, including
five towns) and the urban areas of Haifa, Tel Aviv, and Jerusalem.

The graph shows clearly that areas which experienced a relatively high
incidence in 1950 suffered less in 1951, and vice versa. Tel Aviv, with a
" egmedium " morbidity in 1950, has again a medium morbidity in 1951.

Incidence by Type of Locality

The influence of the factors of environment and opportunity for contact
on the spread of the epidemic is clearly reflected in the rates for five different
types of locality: towns, rural towns, smallholder settlements, collective
rural settlements (Kibbutzim), and immigrant camps.

Region no. 4: population 149,685; Sharon; central coastal plain; mixed area, some small towns
(Hadera, Natanya), villages, and settlements; includes two large immigrant camps at Pardess
Hanna and EnmShemer

Region no. 5: population 439,985; Yarkon river area. mostly urban; Tel Aviv and suburbs;
town of Petah-Tiqva

Region no. 6 population 95,305; Yavneh plain (coastal plain south of Tel Aviv); contains
several large rural towns (Rehovot, Rishon le Zion, Nes Ziyona, Lydda, Ramle) and rural settlements

Region no. 7: population 20,186; southern coastal plain and Judean foot-hills; a sparsely
populated area, mostly widely separated rural settlements only one small town-El Majdal (Migdal
Askalon) in the northern tip of this area a large immigrant camp- Rosch-Ha'ayin-in 1950 filled
with immigrants from Yemen

Region no. 8: population 119,169; Jerusalem and surrounding hill area; a few settlements in
the hills, bulk of population in city of Jerusalem

Region no. 9 : population 7,976 the Negeb and southern desert area ; scattered settlements
over 6,000 of the population in the town of Beersheba
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FIG. 5. POLIOMYELITIS

A Yavneh Plain
B Haifa

CASE-RATE PER 10,000 IN CERTAIN REGIONS,
1950 AND 1951

C Tel Aviv
D Jerusalem

Towns
The population of the towns in this group ranges from 8,000 to 350,000.

The cities of Tel Aviv, Jerusalem, and Haifa are included. The majority
of the towns number more than 20,000 inhabitants, and all of them, even

the smaller ones, are of the definitely urban, closely-built type.

Rural towns

These vary in size between 5,000 and 17,000 population. Situated in
rural areas, they are themselves partly rural in character-i.e., they are not
very closely built-up, and even have small farmyards in some quarters.

Small-holders' settlements
This is the most frequent type of village in Israel. We have selected them

because of their uniform character, other villages varying greatly in pattern
of lay-out and style of living. Small-holders' settlements are all villages of
strictly agricultural type. While in many of them grain-farming and the
selling of products is on a co-operative basis, families live in widely separated
houses, usually surrounded by their farmyards, animal-sheds, and vegetable
gardens.

Collective rural settlements (Kibbutzim)
These settlements, with a population varying from 100 to 2,000, present

a distinct type of economic and social organization. The most important
feature, from the epidemiological point of view, is that, from birth to
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adolescence, children are brought up in groups of similar age, varying in
size between 6 and 20, in infants' and toddlers' nurseries, kindergartens,
and schools. They live, eat, and sleep in these institutions, and spend only
the hours of the late afternoon and evening with their parents and families.
Infants and small children are particularly well cared for and are attended by
trained children's nurses. Infant mortality in the Kibbutzim is the lowest
in the country and among the lowest in the world (16 per 1,000), and the
general state of health of the children is excellent. On the other hand,
childhood infections spread more quickly and widely in these groups than
they would among children living in separate family units. A detailed
description of the life of the child in the Kibbutz can be found in a mono-
graph on child care in Israel.3

Immigrant camps
The large groups of immigrants received into the country since 1948 were

almost entirely composed of people who arrived without financial means
of their own-the remnants of European Jews, displaced persons from
camps, Jews from Balkan countries and from the oriental communities
in Asian and African countries. This immigration caused a very serious
housing problem in the country. On arrival, the immigrants spent from
one to three weeks in reception camps where routine examinations and
investigations were carried out. After this they were distributed to transit
camps, some of which were holding up to 20,000 people. In these camps they
were housed either in army huts (with large numbers of people in big rooms)
or in tents under crowded conditions. Food was prepared in camp kitchens
and distributed to the camp inhabitants without payment. A fair proportion
of infants and small children were kept in day and night nurseries in order to
provide them with better conditions of hygiene and with supervised and
hygienic food. Sanitary conditions in general were far from satisfactory in
the camps. Immigrants spent many months in the camps until they could be
settled either in new agricultural settlements or in towns. From the middle
of 1950 onwards, another type ofaccommodation was added for immigrants:
provisional immigrant settlements and working camps (" Ma'abarot "). In
these camp-like settlements no communal kitchen was provided, every
family preparing its own food. Each family lived in a small hut or tent-
still in rather crowded circumstances. For children, day nurseries were
provided, but there were no full-time nurseries.

Our category " immigrant camps " includes all three types: reception
camps, transit camps, and provisional settlements or working camps, all
having much the same level of crowding and insanitary conditions.

Attack-rates
The attack-rates in the different types of locality are shown in table II.

The extremely high rates in communal settlements constitute a special
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phenomenon which is discussed in a later section. Apart from these, it will
be seen that the large towns have the lowest rate, while in the rural areas the
small-holder settlements with their scattered families have a lower attack-
rate than the rural towns with their greater density of population.

TABLE II. ATTACK-RATES OF POLIOMYELITIS IN SEVERAL DIFFERENT TYPES
OF LOCALITY: ISRAEL, 1950

Type of locality | Average Number of Rate perTypeoflocality ~population * cases 10,000

Towns 705,648 757 10.7

Rural towns 75,392 135 17.9

Villages (small-holders' settlements) 59,72791 15.2

Kibbutzim (communal settlements) 65,113 174 26.8

Immigrant camps 105,449 264 25.0

* Arithmetic mean of the population estimates for each of the 12 months

It is interesting to note that in the 1945 Mauritius epidemic of polio-
myelitis the same phenomenon was observed by MacFarlan et al.7-
namely, rates were higher in rural areas, and among these the rates were
highest in the most densely settled parts, while the lowest incidence was in
the one big harbour-town.

The most striking feature in the incidence by type of locality is the
similar, very high rates in camps and Kibbutzim. The population of the
former is composed of recent immigrants, among them many orientals;
the people are very poor on the whole, many of the children are in a bad
state of nutrition, and sanitary and housing conditions are bad. The
population of the latter-the Kibbutzim-is composed mainly of old
residents, mostly of European extraction, with a high standard of health
(especially among the children), and living under relatively good housing
and sanitary conditions.

The common factor producing the high incidence during the polio-
myelitis epidemic in these two otherwise so different types of society is
presumably the close grouping of infants and small children-in the day-
and night-nurseries of the Kibbutzim, and in the nurseries and elsewhere
in the camps.

It should be noted that the rate in the Kibbutzim has been calculated by
referring the number of Kibbutz cases, which came from only a fraction
of the Kibbutzim (53 out of 217, 164 not having had a single case), to the
total population of all Kibbutzim in Israel. The extremely high rates in the
"' infected " Kibbutzim are discussed on page 667.
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Incidence by Age
Cases in children

As already mentioned in the introductory sentences, the preponderance
of cases in the very young age-groups is one of the striking features of
this epidemic. We present in the following figure and tables the age-
distribution as expressed in age-specific rates as well as in percentages
of the total number of cases, giving for comparison the figures for epidemics
in other countries (see tables III, IV, and V).

Table IV should be used with caution as the distributions of the popula-
tion are not readily comparable.

The age-distribution in the Israel epidemic shows a pronounced " infan-
tile paralysis" pattern, such as was observed in the first outbreaks in the
USA over 30 years ago, and in the more recent outbreaks in Malta and
Mauritius, while outbreaks during recent years in European and North-
American countries show a shift towards the 5-9 and older age-groups.
It should be noted that in the Israel epidemic the highest attack-rate
actually occurred in infants aged 6-11 months (see table V), although
the rate for the whole of the first year is below that of the second year

of life on account of the low attack-rate in the first six months.

TABLE 1II. POLIOMYELITIS ATTACK-RATES PER 10,000 BY AGE-GROUPS, IN
ISRAEL, 1950 AND 1951; MAURITIUS, 1945; AND NEW YORK CITY, 1916 AND 1944

Age-group
Israel

Mauritius
New York City 1

(years) 1945u 1944

Under 1 126.3 58.8 40 - -

1 158.9 80.1 149

2 84.4 39.9 123

3 53.8 17.2 123

4 35.0 15.5 130

5 16.2 11.3 119

6 14.9 6.0 86 _ _

7 /34

8 7.1 4.1 17

9 8

0-4 93.2 43.2 107 134 8

5-9 11.1 7.6 54 31.6 17.1

10-14 4.1 1.5 4 5.0 7.7

15-19 2.2 0.9 2 1.6 2.9

20-F 1.1 0.3 3 0.4 0.2

Alt ages 14.5 6.9 24 17.6 2.5

661

All ages 14.5 6.9 24 17.6 2.5



P. YEKUTIEL AND OTHERS

It seems reasonable to infer that in this country there is already a high
degree of exposure to poliomyelitis viruses in the first years of life, with
many inapparent or abortive infections, leading to a high degree of
immunity from the fourth or fifth year onwards. These conditions must
obviously have been already prevalent in the pre-epidemic period. The
results of the survey of Lansing neutralizing antibodies carried out by
Bernkopf & Levine 1 in Israel during 1950 and 1951 also confirm this view.
In this connexion, the distribution of cases in another Middle East country,
Egypt (see table IV), should be noted for its similarity. The records of
these cases were collected by Paul et al.10 from hospitals and reflect the
picture of poliomyelitis under endemic conditions there, yet the age-
distribution of cases is essentially the same as that in Israel under highly
epidemic conditions. It should be noted that the sporadic cases in Palestine
between 1928 and 1931 had a similar distribution, with 85% under
4 years.6

Table IV also shows that proportionately there has been no change in
the age-distribution of cases in Israel from 1950 to 1951. We may add
here that in 1952, when poliomyelitis still occurred on an epidemic scale
(5.8 per 10,000), the age-distribution remained essentially the same.

The large number of cases in infants under one year is an outstanding
feature; in 1950 there were 405 cases among infants (25% of all cases)

TABLE IV. PERCENTAGE AGE-DISTRIBUTION OF POLIOMYELITIS CASES

Israel [ New York 11 Egypt,
Age-roup 4Malta, Mauritius, 1948 10

(years) 1950 1951 194211 19457 1916 1944 (endemic)*

Under 1 25.3 26.3 - - 30.1
1 28.7 69.5 32.8 73.8 68.5 j33.7 -_ 39.9

2 15.51 14.71 J - 20.7
3 10.0 6.5 - - - - 7.5
4 5.8 6.0 - - - - 1.5

0-4 85.3 86.3 93.0 64 79 25 99.7

5-9 6.4 8.6 5.5 31 16 38 0.0

10-14 2.3 1.7 - 2 2 22 0.0

15-19 1.2 1.1 1.5 1 1 9 0.2

20+ 4.8 2.3 - 2 ,1 5 0.0

All ages 100.0 100.0 100.0 100.0 100.0 100.0 100.0

All cases
analysed 1,617 924 j 426 851 9,131 1,890 468

* All sporadic (paralytic) cases, 1948-9, from Children's Hospital, Cairo
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of which 98 cases were under six months of age. The much lower attack-
rate in the first half of the first year of life as compared with that in the
second is most probably due to an appreciable degree of protection con-
ferred by maternal antibodies during the first few months of life.a

Ofthe cases under one year for whom a feeding history could be obtained,
85% were breast-fed.

Cases in adults
Tables III and IV show the low general incidence in adolescents and

adults (age-groups 15-19 and 20 +), this being in accordance with the general
picture of resistance in the local population and the bulk of the immigrant

TABLE V. POLIOMYELITIS CASES AND ATTACK-RATES IN INFANTS IN
ISRAEL, 1950

Age Number of Age-specific rate
(months) cases per 10,000

0 1 ~ 4

1 7/ 26

2 12 9 4

3 23( 85

4 15 55

5 40 148

6-11 307 189

Total,firstyearof life 405 126

Second year of life 459 159

population (derived preponderantly from Eastern Europe and Middle
East countries).

In sharp contrast to this general picture was the proportionately large
number of adolescent and adult cases in visitors and recent immigrants
from English-speaking countries. These are discussed in the section deal-
ing with attack-rates in different ethnic groups (see page 670).

Distribution of cases by sex

In the Israel epidemic, as in most of those observed elsewhere, there
were more cases among boys than among girls, the former being 59.3%
of all cases.

a It was observed that in three cases in infants under six months the mothers simultaneously suffered
an attack of poliomyelitis.



P. YEKUTIEL AND OTHERS

At ages over 15 years the proportion was reversed, about 550% of the
cases being in females. The number of cases (96) is, however, too small
to allow any conclusions to be drawn from this observation.

Clinical Picture

Various clinical aspects of this epidemic have been discussed in detail
by Marberg 8 and Falk,2 in their papers on observations in hospitalized
cases. We shall confine ourselves to a broad outline and to aspects of
epidemiological importance.

The clinical data recorded in the questionnaire were obtained either
from hospital records, physicians, etc., or by follow-up examinations
carried out 6-12 months after the acute stage of the disease.

Table VI gives a rough clinical classification of the 1,544 cases for
which sufficient details could be obtained.

TABLE VI. CLINICAL CLASSIFICATION OF 1,544 CASES OF
POLIOMYELITIS: ISRAEL, 1950

Number ofClassification cases Percentage

Non-paralytic 439 28.5

Paralytic:

with full recovery * 309 20.0

with residual paralysis * 561 36.3

with final outcome unknown 9 0.6

Deaths 226 14.6

Total 1,544 100.0

* State of " full recovery" or " residual paralysis " assessed 6-12 months after
attack

The diagnosis of non-paralytic cases in this epidemic can be considered
fairly reliable; 75 % of these cases were diagnosed in hospitals, and in all
of them lumbar puncture was performed and high cell counts and increase
of proteins were found in the spinal fluid. In non-hospitalized cases only
those were accepted as non-paralytic poliomyelitis in which signs of menin-
geal irritation were observed oi lumbar puncture performed. Discussions
and symposia were held with general practitioners at the beginning ofthe
epidemic so that doctors were alert to the early diagnosis of poliomyelitis,
including non-paralytic cases. In cases sent by practitioners to hospitals
with the diagnosis " non-paralytic poliomyelitis ", this diagnosis was almost
always confirmed.
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The difference in the proportion of paralytic to non-paralytic cases
at different ages is interesting (see table VII). The proportion of paralytic
cases falls with rising age from 1 to 15 years-a phenomenon parallel to that
of the falling age-specific attack-rates, both being due to resistance rising
with age through natural immunization. That in the few adult cases the pro-
portion of paralytic cases is again higher seems a significant fact which
corresponds to other clinical features of these cases to be discussed later.

TABLE VIl. PERCENTAGE OF PARALYTIC CASES AND
CASE-FATALITY BY AGE

Age-group Percentage Case-fatality
(years) of paralytic cases (%)

Under 1 75.5 16.6

1 81.6 14.3

2 75.5 15.7

3 65.8 13.8

4 56.1 10.1

5 51.3 13.3

6 53.8 7.7

7-9 38.2 8.8

10-14 38.9 11.1

15-19 52.5 10.5

20+ 58.0 21.4

Of all paralytic cases 18.1 % were bulbar, 27.3 % bulbospinal, and
54.6% spinal. Almost all fatal cases were in the first two categories. The
case-fatality of the bulbospinal cases was even higher than that of the
bulbar cases, as in the latter category a fairly large number of cases of
upper cranial nerve paralysis (mostly facial) with their low fatality is
included (see table VIII).

The over-all case-fatality in 1950 was 14.6%; case-fatality of paralytic
cases only was 20%.

Case-fatality by age-groups shows a very definite trend: high fatality
at ages 0-3 years, low fatality in children aged 3-15 years, and the highest
fatality in adults above 20 years of age (see table VII). The same general
relation between resistance and age is reflected in the age-specific attack-
rates and in the proportion of paralytic to non-paralytic cases at different
ages.

The adult cases occupy a special position in this general picture.
Although the total number of susceptibles in this group is small, as
shown by the low general attack-rate, the clinical course of the disease
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TABLE Vil. CASE-FATALITY BY TYPE OF PARALYSIS: ISRAEL, 1950

Cases Number of Case-fatality
deaths

Bulbar paralysis 175 52 30

Bulbospinal paralysis 263 137 52

Spinal paralysis 526 16 3

All cases, including
unspecified paralytic and 1,544 226 14.6
non-paralytic _

tended to be severe and the proportion of paralytic and fatal cases is much
higher than among schoolchildren.

The state of resistance in the principal age-groups can be deduced from
the following summary:

Age-group
(years)

0-3
4-15
15+

General incidence

high
low
low

Ratio of
paralytic to
non-paralytic

cases

high
low
medium

Percentage of
fatal cases

high
low
very high

Seasonal changes in case-fatality

In 1950 we observed a continuous rise in the case-fatality from the
beginning to the end of the year. Since case-fatality is closely bound up
with the proportion of bulbar and bulbospinal cases, it is not surprising
that there was also a relative increase in the number of these cases during
the year (table IX).

TABLE IX. SEASONAL CHANGES IN THE CLINICAL PICTURE

Case-fatality Bulbar-bulbospinalSeason W cases as percentage of
all paralytic cases

January-April 10.8 32

May 13.4 35

June 14.1 43

July-August 16.5 59

September-December 18.0 63

In 1951 and 1952 no such seasonal change was observed. The case-
fatality fluctuated irregularly between 13 % and 15 %.
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Group Outbreaks and Abortive Cases

Nursery outbreaks provided an opportunity to study the spread of
the disease at close range.

Valuable data were obtained from outbreaks in communal settlements
(Kibbutzim) where the trained nursing personnel kept accurate diaries of
every rise in temperature in infants and small children.

The account given below is based partly on our personal observations,
but largely on material published by Strahovsky,13 a paediatrician working

TABLE X. CASES AND RATES IN OUTBREAK OF POLIOMYELITIS IN FOUR
COMMUNAL SETTLEMENTS: ISRAEL 1950*

Confirmed cases of Minor illness
poliomyelitis (abortive cases)

Age-group Popula-
(years) tion number Rate Naleum (9/)

NP Total
WN

0 65 26 11 37 57 11 17

1 57 13 8 21 37 18 32

2 55 3 4 7 12.5 20 36

3-4 24 3 - 3 12.5 2 8.3

5-7 58 4 2 6 10.4 7 12

8-14 65 3 1 4 6.1 3 4.6

Total 0-14 324 52 26 78 24 61 18.8

Adults 883 4 2 6 0.7 17 1.9

Total
population 1,207 56 28 84 6.6 78 6.1

* Table modified from Strahovsky 13 P = paralytic; NP = non-paralytic

in communal settlements. Table X summarizes data collected by Strahov-
sky in four communal settlements with a total population of 1,207. The
following points stand out:

(a) The total incidence was extremely high : 6.6% or 660 per 10,000, as
compared with 14.5 per 10,000 in the whole country.

(b) In children under two years of age the incidence was as high as 48 %,
the infection-rate-counting also the abortive cases-being approxi-
mately 70%.

(c) Attack-rates of confirmed poliomyelitis dropped sharply after the
second year of life, while the incidence of abortive cases rose from the first
to the third year and began to drop only in the fourth year.
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(d) The percentage of non-paralytic cases, 56 out of 84 confirmed cases
(67 % was high compared with the percentage in the whole country
(28 %). The large number of non-paralytic cases recorded in these outbreaks
was most probably due to a higher degree of medical supervision and
diagnostic endeavour.

It should be noted that only those cases of fever which occurred in
groups with clinically confirmed cases and in close time-relation with them
were recorded as abortive cases of poliomyelitis. The diagnosis of non-
paralytic cases was based on positive lumbar puncture findings and signs
of meningeal irritation.

Rate of spread

The infection spread with great rapidity within affected groups of infants
or children. New cases, either diagnosed poliomyelitis or abortive, appeared
almost daily, so that in a group of 10-20 children the whole outbreak lasted,
on an average, about two weeks only. By that time often 50 %-70% of the
children had been affected, in some instances 100 %. In such a situation
it was impossible to determine the chain of infection within the group, or
how many cases resulted from a simultaneous infection.

Outbreaks in communal settlements sometimes started almost simultane-
ously in different groups, but often an interval of several days elapsed
between the last case in one group and the first in another. In these instances
it was sometimes possible to guess the connecting link, such as a child from
an already infected nursery coming in contact, at his parents' home, with
a sibling who then started an outbreak in his nursery or children's house.

Symptomatology of abortive cases

These cases were characterized by fever and sore throat, often also by
vomiting and diarrhoea, especially in infants and small children. The fever
took, in the majority of cases, a diphasic course. The interval between the
first and the second bout of fever varied between two and nine days. This
course of the fever was quite similar to that in confirmed cases of polio-
myelitis. In the latter, paralysis invariably appeared with the second bout
of fever, except in the few cases which showed only a single rise of
temperature.

Incidence by Ethnic Group and Length of Residence

As mentioned on page 652, the population of Israel is an exceedingly
heterogeneous one, recent immigrants from almost every part of the world
constituting a large proportion. It was therefore considered that an
analysis according to length of residence and country of origin (or ethnic
group) might reveal important features of the poliomyelitis epidemic.
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Arabs

In contrast to the Jewish population, the Arabs in Israel represent a
long-established and homogeneous group. The majority live in two well-
defined areas with relatively infrequent contact with the Jewish population
and very little internal migration. The striking feature of the 1950 polio-
myelitis epidemic in this section of the population is the relatively low
incidence (see table XI). We cannot exclude the possibility that con-
siderable under-reporting may have been partly responsible for this figure.
There is definitely a lower standard of medical and socio-medical organiza-
tion in the Arab population than in the Jewish population. Most of the
Arab cases diagnosed occurred in towns (Haifa, Acre, Nazareth) or in
villages in the immediate neighbourhood of Nazareth, where more medical
facilities are available and the population is more orientated towards
modern medicine.

TABLE XI. POLIOMYELITIS CASES AND RATES IN JEWISH AND ARAB
POPULATIONS: ISRAEL, 1950

Average population Number of cases Rate per 10,000
I

in 1950

Jewish population 1,103,000 1,605 14.5

Arab population 163,000 17 1.4

All the 17 cases reported were of the paralytic type, non-paralytic cases
probably remaining undiagnosed. Obviously no definite epidemiological
conclusions can be drawn from a total of 17 cases. The age-distribution
may, however, be mentioned : 91 % of the cases were under three years old,
the oldest case reported being four years old.

Tentative conclusions that can be drawn from the few data are: the
epidemic definitely reached this section of the population, but did not assume
severe proportions ; the age-distribution suggests that infection with this
or a similar virus must have been widespread for a long time previously.

Jews

For the Jewish population we have analysed attack-rates in two ways:
(a) according to length of residence, and (b) according to ethnic group. Two
ethnic groups are distinguished- Yemenites and all others-and each of
these is subdivided into old residents and new immigrants. The defini-
tions are as follows:

Length of residence: Old residents are defined as people who came to
the country before May 1948 and their children (including those born in
Israel after May 1948); new immigrants are people who arrived after
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May 1948 and their children (including those born after May 1948). It will
be seen that this is not a distinction between native-born and immigrant
populations, most of the adult " old residents " having, in fact, immigrated.
May 1948 was chosen as the dividing line because this date marks the
establishment of the independence of Israel and with it the beginning of a
wave of immigration much larger than any before and reaching well into
the period of the epidemic. Some general data on this immigration have
already been given, and mention has also been made of the conditions
under which the immigrants lived after their arrival in the country.

Ethnic groups: It would have been desirable to calculate attack-rates
for several different ethnic groups, e.g., groups originating from Central
and Eastern Europe, from oriental countries, etc. It was found, however,
that the data on the questionnaires were sufficiently complete and reliable
for the separation of only one ethnic group, namely Yemenites. This
analysis is therefore limited to a comparison between Yemenites and all
others. The Yemenite Jews form a very distinct, though not a large section
of the population. The Jewish community in Yemen (Southern Arabia)
was entirely cut off from communication with other Jewish communities
for many centuries, in the course of which its members developed distinct
physical and cultural habits, many of the latter very similar to those of the
surrounding Arab population. During the period 1920-49 only a slow
stream of Jewish immigrants reached Palestine from that country (alto-
gether about 30,000) ; practically none arrived in the country from the
outbreak of the second World War (1939) until 1949, when a wholesale
emigration of the remaining Jewish community in Yemen, and its immigra-
tion into Israel, took place. About 45,000 Yemenites. arrived in Israel
within the space of a few months (September 1949 to January 1950).

Although we selected this group from necessity rather than from choice,
it seemed likely that a study of the Yemenite cases might be of interest,
since the large Yemenite immigration coincided with the start ofthe epidemic.
This coincidence, in fact, gave rise to the popular theory that the Yemenite
immigration was in some way responsible for the epidemic.

Attack-rates by length of residence and ethnic group are shown in
table XII and fig. 6.

The rate for new immigrants (16.8) is significantly higher than the
rate for old residents (13.2). The difference remains statistically significant
if rates are adjusted for the (only slightly) different age-distribution of the
two populations (probability of difference arising by chance, P = < 0.01)

This difference is not believed to be related to a different degree of
immunity in the two groups. In the first place, although the rates are
significantly different, both are highly epidemic rates for poliomyelitis
and thus do not reflect any basic difference in underlying immunological
status. Secondly, the age-distribution of cases has the same distinct infantile
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TABLE XIl. POLIOMYELITIS ATTACK-RATES BY LENGTH OF RESIDENCE
AND ETHNIC GROUP IN ISRAEL, 1950

New immigrants Old residents Total
th ic

group n number attack- number attack- number attack-numbe
s

of rate* number of rate* number of
ratecases cases cases rt

Yemenites 45,125 122 27.1 32,090 39 12.2 77,215 161 20.9

All others 370,372 516 15.5 655,418 868 13.3 1,025,790 1,444 14.1

Total 415,497 698 16.8 687,508 907 13.2 1,103,005 1,605 14.5

* Attack-rate per 10,000 population

pattern in both groups. If there were a different immunological status
in the two groups, a larger percentage of cases at higher ages would be
expected in the more susceptible group, in addition to its higher general
attack-rate. It.seems, therefore, that other factors must be involved in
producing the difference in the attack-rates.

The difference between old-resident and new-immigrant rates is parti-
cularly great among Yemenites, the rate for new immigrants (27.1) being
over twice that for old residents (12.2). All the people classified as "Yemen-
ite new immigrants" had either arrived only a few months before the

FIG. 6. POLIOMYELITIS ATTACK-RATES PER 10,000 IN ISRAEL IN 1950,
BY GROUPS AND LENGTH OF RESIDENCE

new Immigrants old residents total
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epidemic began, or were still arriving at the beginning of it, so that in
1950 almost all were living in camps. We have shown in the section dealing
with incidence by type of locality (see page 657) that attack-rates in
camps were very high, probably on account of the extremely crowded living
conditions and the grouping of infants on nurseries. Two large nursery
outbreaks were observed in camps of Yemenite immigrants. The high
attack-rate of Yemenite new immigrants seems, therefore, to be due to the
environmental factor of crowding and infant grouping, i.e., to increased
opportunity for contact and cross-infection. Among Jews from countries
other than Yemen, a lower proportion of the new immigrants were living
in camps, and this may explain why the difference between the old-resident
and new-immigrant rates is smaller than in the case of Yemenites.

The relatively high total incidence for Yemenites (20.9), as compared
with that for other communities, is, in turn, entirely due to the fact that
such a high proportion (60 %) were recent arrivals living under the described
conditions of increased exposure. The incidence for old-resident Yemenites
is even slightly below that for other old residents.

One other group deserves special mention-namely, recent arrivals
from English-speaking countries. We observed 19 cases in people who
had come from England, the USA, and Australia since 1948. Two of
these cases were tourists. As the total number of immigrants since 1948
and tourists in 1950 from these countries is approximately 3,400, this
gives an extraordinarily high attack-rate of 55 per 10,000, as compared
with the general rate of 14.5. Seven of the 19 cases, i.e., 37 %, were over
20 years of age. This compares with 1.2% of cases in this age-group in
the total population.

Both facts-the extremely high incidence, and the high percentage
of adult cases-strongly suggest that we are dealing here with a group
of particular susceptibility reflecting an immunological status basically
different from that of the bulk of the population. As this group happened
to be extremely small, it did not influence the general picture of the epidemic
in the country.

Our analysis seems to indicate that, except as regards this small group
from English-speaking countries, differences in attack-rates between groups
of different ethnic character or different length of residence were largely
determined by the proportion of people in each group living under environ-
mental conditions favourable to the spread of the disease.

Virological and Serological Findings

The Yale University Poliomyelitis Study-Group generously undertook
the work of isolation and identification of poliomyelitis virus from this
outbreak. Poliomyelitis virus was isolated from three cases in the 1950
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epidemic: one from the spinal cord of a fatal case, and two from stools
of paralytic cases in infants 10-12 months old. All three strains produced
severe paralysis in monkeys and belong to type 1 poliomyelitis viruses
(Brunhilde). Additional isolations from cases in subsequent years were
also all of type 1 (personal communications from Bernkopf, Eilan, and
Melnik).
A survey of neutralizing antibodies against the Lansing strain in Israel

was undertaken by Bernkopf & Levine 1 in this country. Altogether, 392
sera were examined, of all ages inseveral groups of the population. The
results show that by the age of three years, 70% of children already have
high titres of neutralizing antibodies in their blood, and by the age of eight
the percentage approaches 100. This finding fits in well with the epidemio-
logical picture of incidence by age in this epidemic, with the highest rates
in the first two years of life and a rapid decrease of rates from the fourth
year of life upwards.

Bernkopf & Levine also found a great similarity of the immunological
picture in various ethnic groups of the population and recent arrivals,
including a group of Yemenites from whom blood-samples were taken
before their arrival in the country, in the collecting camp at Aden. This
finding is also in agreement with our analysis of the epidemiological be-
haviour of the outbreak in these different groups.

We have to consider the fact that the agent in this epidemic was pre-
dominantly type 1 virus (as is the case in most epidemics of the paralytic
disease everywhere), while the antibodies examined were those against
type 2 virus. It is now, however, accepted that the rise of antibody titres
against Lansing virus is a fairly good general index of the rate of infection
and degree of immunity in respect of all poliomyelitis virus strains (Turner,14
Paul et al.10). With the greater facilities now available in virological and
serological work in poliomyelitis through the introduction of tissue-culture
methods, it is hoped that more accurate laboratory studies on the epidemio-
logy of poliomyelitis in Israel will be carried out in the future.

Discussion

Since the end of 1949 poliomyelitis has become epidemic in Israel. The
steep rise and rapid spread of the epidemic simulated that of a newly
introduced infectious disease. A study of the epidemiological data does not,
however, lead to a simple immunological explanation for the sudden change
in behaviour of the disease. To be specific : we are dealing here neither with
the introduction of an entirely new strain of virus into a non-immune popu-
lation, nor with the introduction of a large immigrant group of susceptible
people, encountering on arrival in the country an epidemic strain of virus
to which they had no-or very low-immunity. In either case, sharp
differences of attack-rates should have been observed, and in the groups-

12
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whether local or immigrant-exposed to a new strain of virus, a higher
attack-rate would have been expected also at higher ages. We have shown
that a distinct infantile pattern of age-distribution prevailed in all groups,
and also that attack-rates were on the same high level throughout the
population-smaller differences being most probably due to environmental
factors.

The unsolved question, therefore, remains: what were the factors that
increased the invasiveness and pathogenicity of poliomyelitis virus or viruses
already present in the country ?

The influence of bad nutrition as a factor in the host was suggested
owing to the shortage of food supplies at the time of the epidemic. In
our opinion, this factor can be disregarded. There was no evidence of
higher attack-rates in children with a poorer nutritional status. We should
mention in this connexion the extremely high attack-rates in infants in
agricultural communal settlements which have the best standard of nutrition
in the country.

We can think of only one possible factor that may have played a part
in the genesis of the epidemic: temporary overcrowding. The epidemic in
Israel was preceded by war and immigration on an immense scale, resulting
in acute housing shortage, dislocation, and crowding. Sudden crowding
in the pre-epidemic period has also been described in the 1942 epidemic
in Malta (effect of aerial bombardment) and in Mauritius in 1945 (result
of a typhoon). The important factor, it seems, is not the crowding, i.e.,
density of population, per se, but the suddenness of the crowding resulting
in unusual mixing and close aggregation of families and children of different
ages, and the breaking up of the usual family and interfamily pattern of
contact.

Under these conditions it might be assumed that enhanced circulation
facilitates the production of virus mutants with increased " virulence ", i.e.,
invasiveness and capacity for producing neurological lesions. This increased
" virulence "- not severe enough to break the resistance of older age-groups
-might, in a country like Israel in which the disease had hitherto been
endemic, result in a higher proportion of clinically recognizable disease in
infants and young children.
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RJtSUMIt

A partir du second semestre de 1949, la poliomyelite, jusqu'alors endemique en Israel
(20-40 cas annuels de 1936-48), a pris des proportions epidemiques (14,5 cas pour 10 000
habitants en 1950, 6,86 pour 10 000 en 1951). En 1950, annee d'incidence maximale, avec
1622 cas, le sommet de la courbe de frequence a 6t6 atteint en mai (379 cas); en 1951,
en juin. Le mouvement de progression de I'epidemie a ete centrifuge. Apres avoir debute
dans la plaine c6tiere en mars-avril, elle s'etendit jusqu'a la frontiere nord du pays et a
Jerusalem. La Galilee orientale et 1'extreme sud du pays ne furent atteints qu'en juillet-
aout, alors que le taux d'infection baissait dans les villes et les regions c6tieres. En 1951,
ce mouvement de progression ne s'observa pas, la maladie ayant p6netr6 partout des
1950. Les zones les plus atteintes en 1950 furent les moins frappees en 1951 et inversement.
Dans les grandes villes, l'incidence fut minimale. Dans les zones rurales, les petites villes
ont e plus touchees que les hameaux A population moins dense. Le meme phenomene
a e observe dans l'Ile Maurice lors de l'epidemie de 1945.

En Israel, l'incidence a ete particulierement elevee dans les camps d'immigrants recents
et dans certains Kibbutzim. Cette similitude peut surprendre etant donne le niveau sani-
taire tres different dans ces deux types de groupements, assez bas dans les premiers et
tres 6leve dans les seconds. Un facteur leur est pourtant commun: le groupement de tres
nombreux enfants dans les pouponnieres et les garderies. 11 faut noter cependant que
164 sur 217 Kibbutzim resterent indemnes durant 1'6pidemie.

L'epidemie qui a sevi en Israel, qui a frapp6 particulierement les enfants de 0-5 ans
(85% des cas) etait du type a paralysie infantile ). C'est cette forme que l'on avait observ6e
aux Etats-Unis il y a une trentaine d'annees, et plus recemment dans les epidemies de
Malte et de l'Ile Maurice. Dans les episodes epidemiques plus recents, en Europe et
Amerique du Nord, les groupes d'age les plus vulnerables etaient le groupe de 5-9 ans
et les groupes superieurs. I1 faut admettre qu'en Israel les enfants sont exposes A l'infec-
tion des les premieres annees de leur vie, contractant des infections inapparentes ou abor-
tives qui leur conferent une forte immunite des I'age de 5 ans environ. Le nombre des
cas survenus avant l'age d'un an est caracteristique aussi. En 1950, 25% des cas se sont
produits chez de jeunes enfants et surtout A partir du sixieme mois. I1 semble que les
anticorps maternels aient protege les nouveau-nes durant leurs premiers mois.

Sur 1544 cas etudies, 28,5% etaient non paralytiques. Parmi les paralytiques, 20% recu-
pererent totalement, chez 36,3 % on observa des sequelles paralytiques, 14,6% moururent;
on ignore le sort de 0,6%.18,1 % des cas paralytiques etaient bulbaires, 27,3% bulbo-
spinaux et 54,6% spinaux. Presque tous les cas mortels appartenaient aux deux dernieres
categories.

I1 aurait ete interessant de comparer l'incidence dans les divers groupes ethniques
representes dans la population extremement heterogene d'Israel. Pour un groupe seule-
ment de la population juive, les renseignements ont ete recueillis de facon assez syst6ma-
tique pour etre analyses. I1 s'agit du groupe des Yemenites. De 1920-49, quelque 30 000
immigrants yemenites ont passe en Palestine. De septembre 1949 A janvier 1950, quelque
45 000 personnes ont immigre en Israel. Ce mouvement de population massif et soudain
a coincid6 avec le debut de l'epidemie, ce qui a pu faire croire A une relation de cause
A effet entre ces deux evenements et A une sensibilite superieure de ce groupe ethnique.
L'analyse des donnees a montre cependant que le facteur determinant la sensibilite A
l'infection n'est pas inherent A un groupe ethnique, mais doit etre cherche dans les condi-
tions de vie qui regnaient dans certains groupes de population et qui sont favorables
A la dissemination de l'infection. La ( malnutrition)> parfois invoquee n'a pu etre retenue
comme facteur determinant. En effet, on n'a pas constate une incidence particulierement
elevee chez les enfants mal nourris, alors que les enfants des zones rurales, parmi les plus
favorises, etaient souvent fortement touches. Le facteur qui semble avoir joue le role
preponderant est l'entassement. I1 s'est manifeste de facon frappante dans les camps
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d'immigrants r6cents. L'epidemie a ete precedee par la guerre et l'immigration qui ont
cause une penurie intense de logements, la dislocation des familles et 1'entassement. Un
phenomene analogue a precede l'epidemie de Malte (bombardement aerien) et celle de
l'Ile Maurice (typhon). Le facteur principal ne parait pas etre uniquement le surpeuple-
ment, la densit6 excessive de la population, mais la soudainete du mouvement qui a eu
pour corollaire la promiscuite des familles, celle d'enfants d'ages differents, la rupture
brusque de liens familiaux et inter-familiaux. On peut supposer que ces conditions, facili-
tant le passage du virus d'un individu a l'autre ont exacerbe sa virulence - c'est-a-dire
sa pathogenicit6 et sa faculte de provoquer des 1lsions du systeme nerveux. Cette viru-
lence, qui n'a pas ete suffisante pour briser la resistance des groupes d'age superieurs,
peut avoir eu pour consequence, dans un pays comme Israel oiu la maladie est endemique,
l'apparition d'une forte proportion de cas cliniques chez les enfants, en particulier les
tres jeunes.

Le virus isole en 1950 et au cours des annees suivantes etait du type 1. L'analyse sero-
logique de 392 serums a montr6 que, des l'age de 3 ans dej&, 70% des enfants ont des
titres d'anticorps eleves et que cette proportion est voisine de 100% a l'age de 8 ans.
I1 faut souligner que les anticorps etaient essentiellement du type 2. On admet actuelle-
ment que l'1eevation du titre des anticorps anti-Lansing est un indice assez sur du degre
d'infection et d'immunite dui a l'une quelconque des souches de virus poliomyelitique.
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