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Prof. Tiberio Swartz – 1921-2007

Prof. Tiberio Swartz was born in 1921, in Braila, Romania. In 1949, he graduated
in medicine from the University of Bucharest and subsequently completed
specialization in Pediatric Infectious Diseases and Internal Medicine. In 1961, he
emigrated to Israel and occupied several key positions in the public health sector.
During the period 1964-1970, he worked in the Department of Epidemiology in
the Ministry of Health and from 1970 to 1974, he was head of epidemiology at
Assaf Harofeh Hospital. In 1972, he was appointed chief epidemiologist of the
Ministry of Health, a post which he occupied until his retirement in 1986. Although
formally retired, he continued his research and teaching until shortly before his
death. During his research career, he made major contributions to the epidemiology
of infectious diseases and was considered a world authority on polio. In 1982,
he was appointed clinical associate professor in the Sackler Faculty of Medicine,
Tel Aviv University and in 1990, he was promoted to the rank of full professor. In
2005, he was awarded the title of honorary fellow of the Tel Aviv University
Faculty of Medicine. In 2006, he was awarded the Ministry of Health, Director-
General’s prize for a lifetime contribution to Medicine. Prof. Swartz was married
for 45 years to Dr. Rina Swartz, a well-known pediatrician, who died in 2003.
He died in 2007, at the age of 86, survived by his daughter, Marnina, a psychiatrist,
two grand-daughters Sharon and Dana and son-in-law, Shimon, a family physician.





  iii

Foreword
In many respects, the history of poliomyelitis in Israel reflects the history of the
country. It is the story of major demographic changes in the population, the
development of improved health services, the introduction of new vaccines and
the development of health policy. The epidemiology of polio in general, and in
Israel in particular, is particularly fascinating. While the clinical manifestations in
young children are generally mild, the paralytic complications can be devastating.
For may years, it was one of the major causes of severe disability in children and
adults throughout the world. Prior to the introduction of vaccines, the disease
was endemic in Israel, with particularly high incidence rates of paralytic polio
during the 1950's.

It is impossible to speak of the epidemiology and control of polio in Israel without
mentioning the name of Professor Tiberio Swartz. I first met Prof. Swartz some
twenty five years ago, when he was chief epidemiologist in the Ministry of Health
and chairman of the Department of Epidemiology and Preventive Medicine at
Tel Aviv University. By then, he was internationally renowned for his extensive,
systematic research on the epidemiology of polio and the evaluation of the safety
and efficacy of the new polio vaccines. His knowledge of the subject was
encyclopedic and he frequently provided valuable information far beyond that
available in the published literature.

Prof. Swartz first began treating polio victims while working as an infectious
diseases specialist in Romania. When he arrived in Israel in 1961, polio remained
endemic despite the use of the first inactivated, Salk vaccine. In 1964, he started
working in the department of epidemiology in the Ministry of Health. At that
time, the oral, attenuated Sabin vaccine was first introduced into Israel. Despite
a reduction in morbidity rates, the disease persisted at low endemicity with
occasional outbreaks. Prof. Swartz became convinced that only a vaccine which
gives high, solid, humoral immunity could bring an end to the continued outbreaks
of the disease. In the late 1970's, the development of a new, enhanced, inactivated
vaccine brought the promise that this goal could be achieved. Nevertheless, despite
its limitations, the oral polio vaccine was still considered to be the better alternative
for controlling polio.
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Prof. Swartz continued to support the concept that the inactivated vaccine should
be used, either together with the oral vaccine or on its own, for successful control
of the disease. He based his views on the solid evidence of the relatively poor
uptake of the oral vaccine in areas where enteric diseases were common, together
with the risk of vaccine-associated polio. This contrasted with the enduring, high
levels of humoral immunity that were induced by the enhanced inactivated vaccine.
This latter vaccine was also essentially free of adverse effects. Prof Swartz
continued to carry out numerous comparative studies of the immunogenicity of
the oral and inactivated vaccines. His faith in the need for a universal, inactivated
polio vaccine policy was finally vindicated in 2007, when the World Health
Organization and other international bodies concluded that universal use of the
inactivated vaccine was the key to the eradication of polio.

Following his retirement as head of the department of epidemiology in the Ministry
of Health, Prof. Swartz continued to be active as an expert consultant in Israel
and abroad, and continued his teaching and research activities. He remained
chairman of the Ministry of Health's New Vaccines Committee until 2002. In
addition, he coordinated the Infectious Disease Area at the Israel Center for
Disease Control from its establishment in 1994 until shortly before he death at
the age of 86. In 2007, he completed a major research project comparing the
excretion of polio vaccine virus in infants vaccinated with different combined
schedules of the inactivated and oral attenuated vaccines and challenged with
oral polio vaccine. His paper from this research was recently published in the
journal Vaccine.

Prof. Swartz's contributions to the epidemiology of infectious diseases were
substantial. He was also the epitome of a "gentleman" - kind, polite, generous
and modest. His knowledge of general history and culture was as extensive as
his scientific knowledge and discussions with him on almost any topic were
fascinating. Dinner with him and his late wife Rina, herself a highly respected
pediatrician, was always a wonderful experience. Their daughter Marnina, a senior
psychiatrist, son-in-law Shimon, a senior family physician, and two granddaughters
Sharon and Dana, carry on the tradition of a warm, intellectual and caring family.
I personally will miss Prof Tiberio Swartz as a great friend, teacher and confidant.
His expertise and advice will be missed greatly by the entire health community.
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The publication of this important book on "The Epidemiology of Polio in Israel -
an Historical Perspective", which he spent some three years researching and
writing, is a fitting tribute to a great and wonderful man.

Manfred S. Green MD,PhD
Director, Israel Center for Disease Control
Professor of Epidemiology and Preventive Medicine,
Tel Aviv University

August 3, 2008
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Preface

The main reason for this presentation of the epidemiology of poliomyelitis in
Israel was an attempt to contribute to the global picture of poliomyelitis and its
changing epidemiology in the contemporary period. A detailed presentation of
about 40 years of poliomyelitis in Israel seems justified by its behavior in this
population, which differed from the description of the disease during the same
period in other developed and developing countries.

The dominant characteristics of the disease were:

a. The two distinct epidemiological patterns, which existed in the Jewish and
the non-Jewish population groups.

b. The general incidence, and in particular the epidemics, were usually the
result of introduction of wild virus from neighboring countries (poliomyelitis
was one of several infectious diseases labeled as an “imported disease” in
the classification of infectious diseases in Israel).

c. The epidemic curve was strongly affected by the impact of the different
vaccination programs carried out since 1957.

A study of this period also offered the opportunity to remember “lessons from
the field”:

(a) infectious diseases do not recognize political borders; (b) the hygienic behavior
of  household members is of prime importance in fecal-oral transmission of
infectious diseases; (c) it is not enough to have a “good” vaccine to effectively
control an infectious disease; (d) embarking on a global program of eradication
of an infectious disease requires solid knowledge of the epidemiology of the
disease and experience with the efficacy of the vaccines recommended to
populations living in different socio-environmental conditions.

There were two other purposes of this monograph: The first was to document
the continuous efforts of the Israeli Public Health Services to cope with an infectious
condition with unpredictable epidemic expression, which at times became an
event of national concern. Secondly, at a time when the progress of global polio
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eradication is at stake and in spite of the increasing efforts of WHO to eliminate
the disease, it is still persistent in certain regions, the object is to point to the
availability of more than one vaccination approach and the alternatives which
may advance the achievement of the Global Polio Eradication Initiative.

In the descriptive presentation of the disease, some details have not been included
when extensive information was available in the sources in footnotes. Demographic
and morbidity and mortality data were obtained from publications of the Central
Bureau of Statistics (CBS), the Israel Center for Disease Control (ICDC), and
the Department of Epidemiology and Infectious Diseases at the Ministry of Health
(MOH).

For the description of the disease by ethnic group, the former characteristic
(population group) and its two categories, Jews and non-Jews (which include
Arabs and undefined ethnic groups) were maintained, as defined by the Israel
CBS, since this illustrates one of the most important epidemiologic characteristic
of the disease in the Israeli population. The predominance in the non-Jewish
population compared with the Jewish population is likely to reflect the difference
in the socio-economic status between the Jews and the non-Jews. This different
pattern of disease was evident in the available data on the characteristics of the
disease in the Israeli population, until the introduction of EIPV program or the
combined EIPV, OPV program, following which the incidence of the disease
quickly decreased to low levels, and subsequently to the total absence of its
reporting in the entire population.
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1.   A short history of poliomyelitis and poliomyelitis vaccines

1.1. The empirical period

Evidence of poliomyelitis in humans since antiquity is illustrated in an Egyptian
base relief stela, possibly from about the 16th century B.C., depicting a crippled
young man with a deformed leg held in typical equinus position as seen in persons
affected by the sequelae of paralytic poliomyelitis (Sutter RW et al. 1999). Later
on Hippocrates and Galen described the club foot in terms suggesting poliomyelitis
(Robbins FC and Daniel TM, 1997).

Most data on poliomyelitis became available only since the 18th century, from
Europe, with descriptions by Underwood (1785) in England (Sutter RW et al.
1999), followed by Montegia (1813) in Italy (Robbins FC and Daniel TM, 1997).
The first clinical presentation of the paralytic disease was reported by the German
orthopedist von Heine (1840), who introduced the term “infantile paralysis” (Sutter
RW et al. 1999). Charcot, the famous French neurologist, contributed autopsy
studies in 1872 to determine the site of the characteristic lesions of the disease in
the anterior horn of the spinal cord (Robbins FC and Daniel TM, 1997). This led
Frey (1874) to name the disease “poliomyelitis” (Robbins FC and Daniel TM,
1997), which later became its prevailing name.

During the second half of the 19th century, poliomyelitis, previously observed as
a sporadic paralytic disease occurring early in life, changed to an epidemic disease
also affecting older people, and frequently presenting with severe paralysis. A
large outbreak in Stockholm offered Medin (1887) the opportunity to describe
the first poliomyelitis epidemic,  including the clinical evolution of the disease
which comprised a systemic phase characterized by minor symptoms, which
only occasionally preceded paralytic complications (Robbins FC, 1999).

At the start of the 20th century, an annual epidemic pattern of poliomyelitis became
common and increasingly frequent in industrialized countries with temperate
climates. The investigation of epidemic events in Sweden (1905) and New York
(1916) resulted in increased knowledge of the epidemiology of the disease.
Wickman (Sweden) made the first observations on the very low number of clinical
versus the very high frequency of abortive cases, and on the role of the latter in
the transmission of the infection (Sutter RW et al. 1999). He gave the disease
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the name Heine-Medin (1907).

During the course of the 20th century, epidemics of increased frequency and
amplitude were frequently reported in Europe and the United States until the mid
1950’s, when the first vaccine became available. The incidence of the disease in
the US increased in the 1951-1955 period to an annual average of about 21,000
paralytic polio cases (Melnick JL, 1973). The age of affected individuals also
increased. Paralytic complications became more frequent, the clinical disease
more severe (with a higher proportion of the life threatening form, due to paralysis
of respiratory muscles or involvement of bulbar nuclei and paralysis of deglutition)
and case-fatality rates ratios increased alarmingly to 27.1% during the New York
epidemic of 1916 (Sutter RW et al 1999). This change in the epidemiology of
the disease was explained by the delay of the age at infection due to the
improvement in family and environmental sanitation. This favored exposure to
polio of large numbers of individuals at a higher age, when the clinical disease
becomes more frequent and severe (Sutter RW  et al. 1999; Robbins FC and
Daniel TM, 1997).

In the developing countries, particularly in tropical areas, poliomyelitis was
considered to have an endemic pattern. This was explained by exposure in very
early life under the protection of maternal antibodies, which prevented viremia
and the occurrence of paralytic disease (Melnick JL, 1994). Results of lameness
surveys conducted in developing countries contradicted this conception by
reporting 5-10 lameness cases per 1,000 children in the age group studied (Bernier
RH, 1984), which suggest that between 1 in 1000 to 1 in 100 of exposed children
acquired paralytic poliomyelitis.

1.2. The experimental period

Substantial progress in the study of poliomyelitis began with the work of
Landsteiner and Popper (1908) who identified the causative agent of the disease
by intracerebral inoculation of two monkeys with a filtrate of spinal cord tissue
from a 9 year-old fatal case (Sutter RW et al. 1999; Robbins FC, 1999). The
discovery was quickly confirmed, as well as the viral nature of the transmissible
agent (Robbins FC and Daniel TM, 1997). The successful transmission of the
infectious agent to rodents by Armstrong (1939), later on identified as a type 2



   3The Epidemiology of Polio in Israel

and referred to as Lansing strain, facilitated the scientific work previously carried
out in monkeys (Robbins FC and Daniel TM, 1997).

The discovery by Enders, Weller and Robbins (1949) of in vitro propagation of
the poliovirus in cultures of non-nervous tissue of human origin (Enders JF et al.
1949) was a most important breakthrough, later on rewarded by the Nobel
Prize. It proved to be a keystone to the experimental study of the disease and
later on to the development of vaccines (Robbins FC and Daniel TM, 1997). It
also documented the occurrence of the “cytopathic effect” of poliovirus grown in
tissue culture as an indicator of virus replication (Robbins FC et al. 1950).

Identification of three distinct serological types of poliovirus (1949) between
which there is only partial cross immunity (Bodian D et al. 1949), added important
knowledge regarding the immunity to poliomyelitis, the development of the
infectious process and disease pathogenesis.

1.3. The vaccination period

The increase in scientific knowledge on poliomyelitis made possible during the
experimental era opened the way to the vaccination era by providing answers to
a series of issues on transmission, pathogenesis, immunology and the natural
history of the disease.

1.3.1. Inactivated (non infectious, killed) polio vaccine

The key contributions that led Jonas Salk to the development of the inactivated
polio vaccine were:

(a) identification of the three poliovirus serotypes (Bodian D, 1949), (b) presence
of viremia which precedes by several days the invasion of the central nervous
system by poliovirus and the occurrence of the paralytic disease (Horstman DM
et al. 1954; Bodian D et al. 1954), and (c) the presence of blood neutralizing
antibody which prevents viremia and the development of paralytic disease
(Hammon WM et al. 1953). Furthermore, Salk considered that priming with a
sufficiently strong antigen would stimulate the development of immunologic memory
which would react with a booster response following antigenic challenge (Salk
JE, 1955).
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Based on his previous experience with the production of a safe and effective
inactivated influenza vaccine, Salk prepared the vaccine by formalin inactivation
of wild poliovirus grown on monkey kidney. Safety testing and immunogenicity
evaluation in humans (Salk JE and Bennett BL, 1954; Salk JE, 1954) were
successful (1953). A one-year long controlled trial on 1,829,000 children, the
largest ever conducted to date (Poliomyelitis Vaccine Evaluation Center, 1957),
was carried out in 1954, after several safety recommendations of the National
Foundation for Infantile Paralysis had been introduced into its design (Rivers
TM, 1953). Francis, who was in charge of the trial, reported protective efficacy
of 80-90% at one year against paralytic disease and 60-70% against all forms of
the disease, without untoward effects (Francis T et al. 1957). Protective efficacy
was correlated with vaccine potency, measured by the level of neutralizing antibody
response.

The FDA vaccine license awarded to six manufacturers opened up the start of a
mass program in 1955. Soon afterwards, a cluster of 260 paralytic cases was
reported, which occurred exclusively among children and their family contacts
vaccinated with the product of the Cutter Company, one of the six vaccine
producers. Investigation of this event (named the “Cutter incident”) pointed to
the absence of a filtration process of the crude product before its formalin
treatment, which had prevented complete virus inactivation (Nathanson N and
Langmuir AD, 1963). Following the revision of safety requirements, vaccination
by the Public Health Service was allowed to resume (1955), and this continued
without untoward reactions. A rapid decrease of incidence of paralytic polio in
the US followed: from a rate of 17.6 paralytic and non paralytic cases per 100,000
in 1955 to 0.43 in 1962 (Young NA, 1979), equivalent to a decline of 86% three
years after the beginning of the program (Sutter RW  et al. 1999). Routine IPV
programs since 1955 in several European Scandinavian countries and selected
Canadian provinces quickly resulted in persistent elimination of clinical disease
and interruption of wild poliovirus transmission (Sutter RW  et al. 1999). The use
of Salk produced IPV in mass programs in developing and tropical countries has
been practically non- existent.

Since the early 1980’s, an enhanced inactivated vaccine (EIPV) of higher potency
and purity as compared to the original (conventional) IPV was produced in the
Netherlands (van Wezel A, 1967) and France (Montagnon B, 1981). The new
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version differed from the first generation vaccine in several aspects: the seed
virus is inoculated on secondary monkey kidney tissue cultures or Vero African
green monkey kidney cell line, virus is grown on microcarrier beads in large
containers, and concentration and purification of virus harvest precede inactivation
by addition of formalin and incubation at 370 C for 12 days. In its final concentration
it is equivalent to 40, 8, and 32 D antigen units (expressed only on intact poliovirus
particles) of type 1, 2 and 3 poliovirus type, respectively. The new vaccine has
constantly demonstrated a very high immunogenicity and safety, as well as a
higher protective efficacy than OPV (Plotkin SA et al. 1999). In the polio
eradication era, EIPV is increasingly being used either in combination with or
instead of OPV due to its role in elimination of the disease associated with wild
virus and in the prevention of disease due to exposure to revertant OPV vaccine
virus.

1.3.2. Live attenuated poliovirus vaccine

The use of attenuated agents for induction of effective immunity against infectious
diseases (rabies, tuberculosis, yellow fever) stimulated poliomyelitis research
towards the development of live vaccines. It was assumed that these vaccines
induce an immune response which would reproduce the natural infection
characterized by a longer lasting immunity than that obtained with the inactivated
vaccine. In addition they would induce intestinal immunity which prevents local
reinfection and spread of the virus into the community (Sutter RW et al. 1999).
The development of live attenuated polio vaccine since the early 1950’s was
favored by experimental data on successful poliovirus transmission to subhuman
primates after infection by alimentary tract (Howe HA et al. 1950), which
confirmed earlier observations on transmission to humans (Modlin JF, 1979).
Availability of genetically stable attenuated poliovirus strains devoid of
neurovirulence after multiplication in human host was an important step forward
(Sabin AD, 1957).

The work with live attenuated vaccine was simultaneously carried out in the United
States. by several investigators, among whom Koprowski at Wistar Institute in
Philadelphia reported as early as 1951, successful immunization of humans with
type 2 live poliovirus vaccine adapted to rodents (Koprowski H et al. 1952).
More data were added from multiple human field studies carried out by a number
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of investigators, including Sabin, during the 1950’s (Sutter RW et al. 1999).
Comparison of neurovirulence carried out in 1958 in several laboratories by
animal inoculation of the attenuated strains used in field studies revealed that
Sabin strains had the lowest neurotropism for monkeys. Therefore, they were
licensed and uninterruptedly used since then (Sutter RW et al. 1999). A huge
mass program in the early 1960’s, in the former USSR, during which 15 million
children were vaccinated in just one year with the Sabin vaccine (Robbins FC,
1999), culminated in licensure in the United States. of monovalent OPV in 1961
and of the trivalent vaccine in 1963. Routine OPV programs implemented since
1962 in the United States further reduced the incidence of disease to values
between 0.01 and 0.1% per 100,000 by 1964 (Sutter RW et al. 1999) and to
a mean of ~12 cases per year (Schonberger LB et al. 1984) after 1973. The last
poliomyelitis case due to wild virus in the U.S was reported in 1979.  Introduction
of OPV into European countries, the majority of Canadian regions and Australia
in the 1960’s, was associated with a similar trend in decrease of paralytic
poliomyelitis morbidity. OPV programs, which had started in developing countries
only in the late 1970’s, achieved moderately high vaccine coverage rates. Their
impact on morbidity was limited, because of the poor stability of the vaccine at
increased ambient temperature and the interference of vaccine virus strains with
concomitant intestinal infectious agents.

1.4. The polio eradication period

The successful control of the disease in the developed countries, inclusion of
poliomyelitis among the objectives of the WHO Expanded Immunization Program,
and the expectation that OPV programs would be effective in developing countries
supported the idea of global eradication of poliomyelitis. A favorable approach
to the prospect of polio eradication, expressed in international meetings (National
Institute of Health, 1982), and the Pan American Health Organization resolution
in 1985 to eradicate poliomyelitis from the Americas were a trigger for the program.
On the other hand, expected obstacles and limitations were faced, among which
were immunogenicity of OPV in tropical countries, monitoring of the cold chain
and mobilization of political support. With respect to the strategic approach to
the eradication; it was stated that “a practical and potentially feasible goal is the
worldwide control of paralytic poliomyelitis within the century, but global polio
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eradication as an ultimate goal should not be abandoned” ( Robbins FC, 1984).

In any event, the WHO global polio eradication initiative formally took off in
1988 with the objective of world eradication of the disease and interruption of
wild poliovirus transmission by 2000 (WHO, 1988). A four point strategic plan
defined the principal activities in the field. The first of the four points referred to
the need for a high level of routine vaccine coverage, and the vaccine
recommended by WHO for global eradication was OPV administered in a routine
three (and later on four) dose schedule, supplemented with campaigns called
“national immunization days” (NID). The principal tool for the surveillance of
polio eradication was the monitoring of acute flaccid paralysis cases (AFP) rate
in the age group 0-14 (WHO, 2000). The initial satisfactory progress of the
program was reflected in the considerable decrease in global morbidity from an
estimate of 350,000 cases in 1988 to 7,012 reported cases in 1999 (WHO,
2003). The reported number of paralytic cases in 2000 was 2,816 as compared
to the 29,890 cases at the start of the program in 1988. By 2000, polio eradication
was certified in two of the six WHO regions (Americas, Western Pacific) which
were joined by the European Region in 2002.

To date the intensive efforts to eliminate the remaining polio morbidity have met
with persisting obstacles (WHO, 2003, WHO, 2004). In 2006 four endemic
foci are still active in the three of the WHO regions, where persisting  wild poliovirus
circulation favors its reintroduction in polio free countries, and even reestablishment
of poliovirus transmission  (clusters of cases which sometimes evolve to severe
epidemics) (WHO, 2004). The total provisional number of confirmed cases
reported in 2004 and 2005 was 1258 (WHO, 2005) and 1951 (WHO, 2006),
respectively. This situation reflects “the fragility of the progress toward polio
eradication” (WHO, 2004), which increases the “risk of the global vulnerability
to polio” (Editorial, 2004), so that polio-free countries in the WHO regions with
certified polio eradication are compelled to update national programs with steps
intended to sustain their the polio-free status (WHO, 2005).

There are two main factors responsible for the present deadlock with global
polio eradication. Firstly, that OPV vaccination programs in the developing
countries neither reached the level needed to induce the humoral immunity
necessary to suppress disease, nor succeeded in stimulating the development of
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effective intestinal immunity capable of preventing local reinfection and virus spread
into the community and avoid reinfection with wild virus. Secondly, the continuous
use in increasing amounts of OPV has favored the emergence of genetically and
antigenically changed vaccine-derived (VDPV) strains, following retromutation
of Sabin vaccinal strains or their recombination with various enteroviruses. This
has resulted in the silent circulation of vaccine-derived virus and occurrence of
sporadic cases or clusters of cases, mainly evident in populations with low vaccine
coverage and unsatisfactory immunity (Shulman LM et al. 2000), and lately
found in countries with high vaccine coverage and protective immune profile of
the population (Shulman LM et al. 2006).

The WHO response to this complex situation has been the publication of the
global eradication initiative strategic plan for the years 2004-2008 (WHO, 2004),
which has not yet brought the expected changes.  Overall it seems that the highest
priority at this time is reconsideration of the present vaccination policy in the
areas of poliovirus activity, with the aim of moving towards an alternative program
which might help to regain the expectations in the progress with polio eradication.
Meanwhile the WHO response to the present impasse has been the intensification
of NID campaigns with the recommendation for use of monovalent type 1 OPV
(WHO, 2006) instead of the trivalent OPV in countries which are endemic or at
risk of poliovirus reintroduction.
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Table 1.1

Breakthroughs and events in the history of poliomyelitis and poliomyelitis
vaccine

Year  Name Contribution 

1905 Landsteiner and Popper  Disease in monkey by intra -cerebral 
inoculation  

1939 Armstrong Adaptation of Lansing strain to rodents 

1949 Bodian Identification of three poliovirus serotypes 

1949 Enders, Wellers and 
Robbins 

Cultivation of poliovirus in non-nervous 
human tissue 

1951 Koprowski  First trial with Monovalent type 2 Oral Polio 
Vaccine  

1953 Salk Development of Inactivated Poliovirus 
Vaccine  

1954 Francis  Country -wide Inactivated Poliovirus Vaccine 
trial 

1957 Sabin First trial with Live Attenuated Vaccine 

1978 van Wezel Production of Enhanced Inactivated Poliovirus 
Vaccine  

1988 WHO Global Poliomyelitis Eradication Initiative 
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2.   Trends in the disease in Israel
The earliest information on polio in Israel mentions the presence of sporadic
cases in the second half of the 19th century. The first available records suggest a
moderate endemic status during the first half of the 20th century. Since the first
reported occurrence of poliomyelitis as an epidemic disease, very soon after the
establishment of the state of Israel in 1948, several periods could be differentiated
(Figure 2.1):

Figure 2.1

 Poliomyelitis, incidence rates per 100,000, Israel 1949-2005

a. During 1949-1960, severe epidemics occurred annually during the first 8
years in the Jewish population. Highest attack rates between 28.4 (1956)
and 128.0 (1950) per 100,000 population were reported. Towards the
end of this period, morbidity decreased considerably to attack rates of
~1.8 per 100,000 (1958-1959). An epidemic recurred in 1958 when an
attack rate of 28.7 per 100,000 was reported in the total population. A
four year (1957-1960) IPV vaccination program partially controlled the
disease.

b. The 1961-1981 period, dominated by OPV vaccination, was characterized
by an endemic pattern, repeatedly interrupted by moderate epidemic events
which involved predominantly the non-Jewish segment.
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c. The 1982-1988 period, characterized by sporadic morbidity and even
years of absence of disease, was suddenly interrupted by the 1988
epidemic, concentrated mainly in Hadera subdistrict. Almost all cases
occurred in the Jewish population, which had been vaccinated with OPV.
The most important lesson was that EIPV was highly protective and its
role in the transmission of infection was confounded by the age factor. The
event was followed by institution of a nation-wide combined EIPV/OPV
vaccination program.

d. From 1989 neither polio cases nor transmission of infection were reported.
According to WHO criteria, Israel has been polio-free since 1992.
Eradication of polio was certified in the WHO European region, including
Israel, in 2002. On the other hand repeated detection in the local
environment of highly divergent vaccine-derived poliovirus strains and the
persistent risk of wild poliovirus importation from Middle East endemic
countries were a source of continuous concern about a possible local
recurrence of poliovirus activity. This has required the maintenance of strong
surveillance to sustain the polio-free status

During all these years, an association between the occurrence of epidemic events
and believed introduction of virus within the Israeli territory was repeatedly
observed. The 1950-1956 period was believed to be endemic for polio due to
repeated massive immigration waves from Eastern Europe and Middle East
countries. The 1967 event was explained by increased contact after the Six-day
War between the Israeli population and that of the controlled territories. The
1978-1979 epidemic years followed increased polio activity in Jordan, and the
1988 outbreak was due to importation of a new wild poliovirus strain from Egypt
in the year which preceded the event.

Poliomyelitis in Israel was a disease of the young. The only exception was the
1988 epidemic, when the majority of cases occurred in adolescents and young
adults, similar to the epidemic events observed in the 1980’s and 90’s in several
European countries with good vaccination programs. As long as living conditions
characterized by crowding and unsatisfactory sanitation prevailed in the Israeli
population, the disease presented with two different patterns in the upper-middle
and lower socio-economic strata, differently represented in the Jewish and non-
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Jewish population groups. The above factors also explain the different distribution
of the disease in towns versus small municipalities, developmental settlements,
and villages.

Understandably, the long-term, epidemic curve was strongly influenced by the
different vaccination programs carried out since 1957. Israel was one of the
countries reporting in the past highest rates of vaccine associated paralytic polio
in populations covered with OPV programs.
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3.   Before 1949: The endemic period

Introduction

Poliomyelitis activity in Israel was rarely reported during the very long period
which preceded the transition to the large-scale epidemics in the middle of the
20th century. The disease was of little interest to the medical profession as well as
of public health significance, as illustrated by the paucity of information in the
medical literature at that time. Limited information became available only after
the start of the 20th century. An important contribution was provided by statistical
and epidemiological data on the extent of the disease and its outcome. The
dimensions of this information contributed to the understanding of secular changes
in the community pattern of the disease.

3.1   Characteristics

a. During this very long period, the disease presented with very limited changes
in the community pattern: a persistent moderate endemicity which mimicked
a sporadic occurrence which attained higher rates in the first quarter of the
20th century, occasionally interrupted by clusters of cases with epidemic
dimensions.

b. Exposure to polio infection in early life explained the “infantile” characteristic
of the disease, which almost exclusively affected ages 0-4, whilst older
ages were protected by immunity induced by the endemic state.

3.2   Historical review

The earliest information on the presence of poliomyelitis in the Israeli territory
originates in the mid-19th century: data on the period 1850-1866 (Grinfelder B,
1946) and pertains to observations on paralytic disease in young children, whose
clinical description strongly suggests the diagnosis of acute paralytic poliomyelitis.

The first epidemiologic and statistical data were available only in the first half of
the 20th century. These data, covering a rather long period from 1915 to 1934,
came from records on hospitalized patients in orthopedic departments for the
surgical treatment of post-polio paralytic sequelae (Levy AI, 1937). Besides
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clinical information, the data supplemented documentation on the pattern of the
disease in the community, as well as selected descriptive variables and statistical
evaluation.

The establishment of the Department of Health of the Government of Palestine
made possible the reporting of acute poliomyelitis cases from 1923 and of deaths
from 1928 until the end of the mandatory period. The report towards the end of
the period (Grinfelder B, 1946) on a series of cases from the Jerusalem area in
the 1926-1945 period confirmed the endemic distribution of the disease, and
added information on selected epidemiologic characteristics. A reference to
clusters of cases (Levy AI, 1937) and statistical data suggesting occurrence of
outbreaks added a different dimension to the usual endemic pattern of the disease.

Information in the papers published between 1951-1988 (Levinstein P, 1939;
Yekutiel P et al. 1955; Davies AM et al. 1960; Goldblum N et al. 1965; Grushka
TH, 1959; Goldblum N et al. 1984a; Goldblum N et al. 1984b; Rotem Y, 1988;
Falk W, 1951; Adler E et al. 1955; Goldblum N et al. 1994), is in fact a series
of statements on the endemic character of the period before 1949, quoted figures
published until 1945. Statistical data on the latter years of the period were provided
by Central Bureau of Statistics (Kallner G, 1950a; Kallner G, 1950b).

3.3   Description

It is highly probable that the available data represented underreporting, due to
(a) the limited interest at that time of the medical profession in the disease, and in
its investigation, diagnosis and reporting; and (b) unequal access of the population
to medical services, particularly in the non-Jewish population group.

3.3.1.   Morbidity data

a. Following a very limited number of cases in the first years of the 20th

century, morbidity increased when the disease became notifiable in the
early 20’s (Table 3.1). Figures in column 1 for the years 1928-1934 were
updated with inclusion of acute paralytic polio cases with fatal outcome
reported to the Department of Health of the Government of Palestine.
Availability of denominators since 1922 permitted the estimation of annual
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attack rates in the total population. This indicated the presence of an almost
constantly moderate endemicity (Levenstein K, 1937) that varied between
1.7 and 0.3 per 100,000 population during the whole reporting period.
An exception were the epidemic years 1928, 1929, 1934 and 1939, when
the attack rates ranged between 2.1 and 4.1 per 100,000.

b. Information on the distribution of cases by population group was very
limited. Specific attack rates by ethnic group (Levy AI, 1937) for the years
1928-1934 provided better indication of the dimensions of polio morbidity:
higher attack rates were reported in the Jewish segment, never less than
4.7 per 100,000. In the epidemic years 1928-1929 and 1934 they varied
between 12.3 and 8.7 per 100,000. These data strongly indicate that the
major contribution of poliomyelitis in Israel was from the Jewish population.
Specific data on other ethnic groups were limited to the same period and
pointed to very modest poliovirus activity.



The Epidemiology of Polio in Israel16

Table  3.1
Poliomyelitis - cases and attack rates per 100,000. Palestine (Eretz Israel),
by source(*),(**),(***)

(*) Levy AI, The Hebrew Physician 1937;1:65-76
(**) Publications of the Palestinian Mandatory
(***) Kallner G, Acta Medica Orientalia 1950;9:27-30

  Cases  Attack rate 

 Levy (*) DoH Gov. 
Palestine(**) 

Kallner(**)  

 
Total 

population 
estimate 

 

Jews (*) Christians (*) Moslems (*) 

1915 1 - - - - - - 

1916 1 - - - - - - 

1917 0 - - - - - - 

1918 3 - - - - - - 

1919 2 - - - - - - 

1920 3 - - - - - - 

1921 4 - - - - - - 

1922 4 - - 0.5 - - - 

1923 4 1 - 0.5 - - - 

1924 2 6 - 0.3 - - - 

1925 8 0 - 0.9 - - - 

1926 20 0 - 1.2 - - - 

1927 10 0 - 1.1 - - - 

1928 26 26 - 2.8 11.0  1.2 0.5 

1929 27 12 - 3.0 12.3  1.1 0.4 

1930 16 9 - 1.6 8.0 0.5 0.0 

1931 17 3 - 1.7 5.7 2.3 0.4 

1932 16 - - 1.5 5.7 1.0 0.3 

1933 14 9 - 1.2 4.7 1.0 0.0 

1934 25 17 - 2.1 8.7 1.0 0.2 

1935 - 19 - 1.4 - - - 

1936 - 21 - 1.5 - - - 

1937 - 18 - 1.3 - - - 

1938 - 19 - 1.3 - - - 

1939 - 62 - 4.1 - - - 

1940 - 18 - 1.2 - - - 

1941 - 20 - 1.3 - - - 

1942 - 14 - 0.9 - - - 

1943 - - - - - - - 

1944 - 20 - 1.2 - - - 

1945 - 13 - 0.7 - - - 

1946 - - 33 … - - - 

1947 - - 30 … - - - 

1948 - - 12 … - - - 
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3.3.2.   Selected epidemiologic characteristics

Available information on selected variables recorded:

a.  Age
85% of reported cases belonged to the age group 0-4, confirming the
“infantile” characteristics of the disease

b. Male /female ratio
Different from the higher than 1.0 male/female ratio usually found in
poliomyelitis, a ratio of 1.0: 1.0 was observed.

c. Population group
As mentioned, specific attack rates by ethnic groups showed highest attack
rates in Jews. Most of the cases were new immigrants, whilst very few
veteran residents of Israel were affected (Levy AI, 1937). In contrast,
very moderate and low values were observed in Christian and Moslem
groups. Contradictory information refers to the 1939 epidemic which
affected 62 individuals, of whom 21 and 23 were Tel Aviv and Jaffa
residents, respectively, suggesting a high attack rate in both Jewish and
non-Jewish segments.

d. Seasonal distribution
The distribution of 95 cases reported between 1925-1934 (Levy AI, 1937)
pointed to the rapid increase in the number of cases in late spring months
(17.9%) and a peak in early summer (21.0%), with persisting morbidity
till end of fall (35.8%). A similar distribution was mentioned (Grinfelder B,
1946) for a series of 66 cases observed in the years 1926-1945.

e. Geographic distribution
Cases reported by orthopedic departments (Levy AI, 1937) were mostly
urban residents: Jerusalem (47%), Tel Aviv (13%), Tiberias (4.5%),
belonging mainly to the Jewish population group. Only 2.5% were
inhabitants of Jaffa, mainly non-Jews.
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3.3.3.   Deaths

Information on deaths have been available since 1928 in the Report of the
Department of Health of the Government of Palestine (Table 3.2). Average case
fatality rates varied from 5.9 to 11.1% with the exception of a very high rate of
18.1% for the period 1940-1944.

Table 3.2

Poliomyelitis - deaths, annual average number and fatality rates. Palestine
(Eretz Israel)(*)

(*) Processed from data in Government of Palestine, Department of Health, Annual Reports, 1946

(**) Calculated for 5 years in the periods 1925-1929 and 1935-39 and for 4 years in the periods

1930-34, 1940-44 and 1945-48

Period Deaths  Fatality Rates (%) 

 Total Average (**)   

1925-1929 10 5  11.1  

1930-1934 12 3  13.6  

1935-1939 12 2.4 8.6 

1940-1944 13 3.3 18.1  

1945-1948 5 1.3 5.9 
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3.4   Explanation of the trend

Since the mid-19th century, the mention of only sporadic cases is, to a certain
extent, the result of very poor knowledge about poliomyelitis during that period.
Available data indicate the continuous presence of poliomyelitis cases since the
later years of the 19th century and reflect an endemic pattern of the disease.
Notifications of the disease in the 20th century confirm the presence of an endemic
pattern, which was maintained till 1988. Several moderate epidemic events
occurred during this period, superimposed on the endemic activity. The presence
of sporadic morbidity would have led to much larger epidemic events. Therefore,
long term endemicity of the disease was probably characteristic of the whole
period.

This pattern, common to the other countries in the geopolitical area, was the
result of poor sanitation which favored the community transmission of infection in
a slowly growing population, and to a low level of family hygiene which supported
the intrafamilial spread of fecal-oral transmitted infectious diseases. The result
was infection in early life, which led to immunity to polio in the majority of the
population. This maintained an endemic state which prevented massive spread.
The occurrence of epidemic events in this population was associated with years
of social unrest, due to the periodic aggravation of the political conflict between
the two population segments.

3.5    Conclusions

a. During the 100-year long period, polio morbidity presented a persistent
endemic pattern of moderate dimensions, with occasional superimposed
moderate epidemic events. This picture was not different from the
distribution at that time of poliomyelitis in the geopolitical area.

b. Throughout the course of this whole period, the topic had been beyond
the interest of the medical profession, and therefore was scarcely studied
and presented in the professional literature
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4.   1949-1956: The years of the biggest epidemics

This period was the most critical in the Israeli experience, with the disease suddenly
occurring in high numbers, and continuing in an uninterrupted series of epidemic
events called at that time “the everlasting epidemic”. This new pattern of the
disease was similar to that observed in western countries, as it reflected the
sudden transition from the previous endemic state to the explosive phase of the
disease, with frequent recurrence. Unfortunately this change occurred in Israel
during a period when local demographic, socioeconomic and environmental
conditions served as high risk factors for the occurrence and spread of the disease.

4.1.    Characteristics

a. During the 1949-1956 period, Israel experienced the highest poliovirus
activity ever observed in the history of poliomyelitis in this country.

b. Epidemic years succeeded each other uninterruptedly from 1949. High
attack rates were recorded through all the years of this period. A
considerable proportion of non-paralytic forms were included in the
reported cases.

c. High rates were observed in young infants up to age 4.

d. The disease occurred predominantly in the Jewish population. Cases in
the non- Jewish segment were much more severe.

4.2.    Description

4.2.1.   Epidemic curve

The pattern of morbidity recorded in the Jewish population represents a sequence
of epidemic events during the eight successive years of 1949-1956 (Goldblum
N et al. 1994). It started suddenly during the second part of 1949, continued
uninterruptedly in 1950, when it reached its highest levels, maintained a very high
rate in 1951, followed by a slowly decreasing trend until the last year of the
reported period (Figure 4.1). The moderate morbidity which preceded the
epidemic period in the first part of 1949 was the continuation of the endemic
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pattern characteristic of polio activity in the region during the whole period before
1949.

The sudden transition to the epidemic pattern coincided with the initiation of
mass immigration in the second part of 1949, when about 45,000 Yemenite
Jews came to Israel in a 5-month period (September 1949- January 1950),
followed by an additional 140,000 immigrants in 1950. This population was
severely affected by the disease, as expressed by an exceedingly high attack rate
of 271.0 per 100,000, recorded in the year following immigration, as compared
with 122.0 per 100,000 in the veteran Israeli residents (Yekutiel P et al. 1955).
The high proportion of non-paralytic cases of 18.5% included in the morbidity of
1950-1951(Yekutiel P et al. 1955), which later dropped to 10% (Grushka T,
1959), must be taken into account when comparing with data from other sources,
which usually include only paralytic disease.

The years of highest morbidity were 1950 and 1951, with attack rates of 146.9
and 69.0 respectively per 100,000 Jewish population, (Table 4.1). Attack rates
slowly decreasing to 25.9 and 31.9 per 100,000 occurred in the last two years
of the period. In contrast, the non-Jewish segment, which was much less affected
in the first epidemic year, presented with higher attack rates in the later years of
the epidemic period (Yekutiel P et al. 1955; Davies AM et al. 1960), culminating
in 1955 in an attack rate of 36.6 as compared to 25.9 per 100,000 in the Jewish
segment.
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Table 4.1

Poliomyelitis - cases and attack rates per 100,000, by population group,
Israel, 1949-1956(*)

(*) Processed from data in Davies AM et al., Bull World Health Org., 1960;23:53-72

 

Year  

Total Jews  Non-Jews  

 N Rate  n Rate n Rate  

1949 - - 128 14.2  - - 

1950 1,639  129.4 1,622 146.9 17 10.1  

1951 922 61.7 918 69.0  4 2.8 

1952 925 57.6 874 61.1  41 22.9  

1953 657 39.8 619 42.2  17 9.1 

1954 822 48.6 697 46.4  37 19.2  

1955 541 30.9 402 25.9  73 36.6  

1956 550 30.1 519 31.9  17 8.7 
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Figure 4.1:   Poliomyelitis –attack rates per 100,000, Israel 1949-1956

4.2.2.    Principal epidemiological variables *

The very detailed study of the epidemic years 1950-1951 (Yekutiel P et al.
1955) and 1952-1956 (Davies AM et al.1960) provided ample information on
the descriptive epidemiology of poliomyelitis during this period. The most relevant
characteristics have been selected to be presented.

a.  Age distribution

Data on morbidity in the Jewish segment show a very high preponderance
of cases in young ages, including very young infants in the early months of
life. This has been a striking feature of this period, underlining the “infantile”
characteristic of the disease. It is illustrated by data from 1950 on the
percent distribution of  69.5 and 85.3 % of cases in the age groups 0-2
and 0-4, respectively (Table 4.2), as well as by the very high attack rates,
such as values up to 1,263 and 1,589 per 100,000 children aged 0 and 1,
respectively (Table 4.3)** (Yekutiel P et al. 1955;  Sterchovsky P, 1952).

* Very scarce available data prevented inclusion of the year 1949 in the  description of the
epidemic wave

** The attack rates per 10,000 population presented in Tables 4.3 and 4.4 appear in the text
after adjustment of the denominator to 100,000
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Table   4.2

Percentage age distribution of poliomyelitis cases, Israel, 1950-1951 *

*   Selected data from Yekutiel P et al., Bull World Health Org., 1955;12:651-76.

Age 
group  
(years) 

Year 

 1950 1951 

<1 25.3 26.3 

1 28.7 32.8 

2 15.5 14.7 

3 10.0 6.5 

4 5.8 6.0 

5-9 6.4 8.6 

10-14 2.3 1.7 

15-19 1.2 1.1 

20+ 4.8 2.3 

All ages  100.0 100.0 

All cases 
analyzed 

1,617 924 
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Table 4.3

Poliomyelitis - attack rates per 10,000, by age group, Israel, 1950-1951*

*  Selected data from Yekutiel P et al., Bull World Health Org., 1955;12:651-76.

Age group  

(years) 

Year 

1950 1951 

<1 126.3 58.8 

1 158.9 80.1 

2 84.4 39.9 

3 53.8 17.2 

4 35.0 15.5 

5 16.2 11.3 

6 14.9 6.0 

7  

7.1 

 

4.1 8 

9 

5-9 11.1 7.6 

10-14 4.1 1.5 

15-19 2.2 0.9 

20+ 1.1 0.3 

All ages 14.5 6.9  
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Table  4.4

Attack rates of poliomyelitis in several different types of locality, Israel,
1950*

*  From Yekutiel P et al., Bull World Health Org., 1955;12:651-76.

The very limited morbidity in the adolescent and young adult age groups contrasts
with the disproportionately large number of cases observed in 1948-1950 in
adolescents and young adults among visitors and new immigrants from English-
speaking countries (Yekutiel P et al. 1955). They had an attack rate of 550 per
100,000, as compared to 14.5 per 100,000 in the general population.

The distribution of cases in the non-Jewish segment was similar to the Jewish
segment: 91% of cases belonged to the 0-2 age group.

b. Sex ratio
A male preponderance was reflected in the ratio 1.46: 1.00 in the 0-14
age group. The ratio was reversed in the >15 age group, where there was
a female preponderance of 0.82: 1.0

Type of locality  Average 
population 

Number of 
cases 

Rate per 
10,000 

Towns 705,648 757 10.7 

Rural towns 75,392 135 17.9 

Villages  
(smallholders’ settlements) 

59,727 91 15.2 

Kibbutzim 
(communal settlements) 

65,113 174 26.8 

Immigrant camps 105,449 264 25.0 
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c. Type of settlement
Information of great significance is provided on the distribution of cases by
type of settlement (Table 4.4). There were high attack rates, which ranged
between 268.0 per 100,000 in kibbutz settlements and 107.0 per 100,000
in towns, respectively. Quite strikingly, similarly high rates occurred in
kibbutz and immigrant camp populations, in spite of the marked differences
in terms of housing, sanitation and nutrition. The common factor between
these two different types of settlement with similar high incidence was very
probably the close grouping of infants and toddlers in the day nurseries of
the kibbutz and immigrant camps (Yekutiel P et al. 1955). Data from a
study on the 1950 poliomyelitis epidemic in four kibbutzim (Sterchovsky
P, 1952) with a total population of 1,207 individuals pointed to a highly
impressive attack rate of 6,600 as compared to 145 per 100,000 in the
whole country.  67 % of the confirmed cases were non-paralytic. However,
the attack rate in paralytic patients only, which was 2,320 per 100,000,
remains no less impressive.

d. Geographic distribution
The 1950 epidemic started in March in the southern coastal area, where it
quickly reached its peak in May. Affected as well were the central coastal
area, Jerusalem and the upper Galilee area. It spread centrifugally during
the following month to Haifa and the Negev. The widest spread, throughout
the whole Israeli territory, occurred in May 1950. Regression started in
June-July, except in the southern and central coastal areas, where poliovirus
activity persisted in the immigration camps. The decline in morbidity
continued in the August-October period throughout the country with the
exception of the central coastal area and Sharon plain. The geographical
distribution observed in 1950 was not repeated in 1951 or in the following
years.

e. Monthly distribution
In each epidemic year, the number of cases increased starting in the early
months of the year, usually reached a peak in mid-summer (Grushka T,
1959), followed by a decrease observed in early fall. In general, this pattern
paralleled the curve of mean temperature (Davies AM et al. 1960). The
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dynamics of average monthly morbidity in several epidemic years are
presented (Figure 4.2).

Figure 4.2: Poliomyelitis cases, average* monthly distribution,  Israel,
1949-1952

f. Immune profile
The immune profile of the population at risk was repeatedly studied during
the late years of the epidemic period. In a first study (Bernkopf H and
Levine S, 1955) carried out in 1955, on 155 children aged between 6
months and 6 years, polio-neutralizing antibodies against the three poliovirus
types were detected in 70, 47 and 57% to type 1, 2 and 3, respectively, in
the 2-year age sub-group. In school-age children, the seropositivity was
95% to the three serotypes. Conditions of family hygiene correlated well
with the percent of seropositives. In a second study (Bernkopf H et al.
1957), on 392 children aged<1-9 from different types of settlement,
antibodies against type 2 poliovirus  in children aged 2 years were 50, 20
and 60 % in town, kibbutz and immigrant camps, respectively, whilst in the
8-9 age group the percentage of seropositivity varied in the three types of
settlement between 90-100 % . Finally a serosurvey (Spigland I and
Goldblum N, 1960) in 1956 on 194 infants aged 0-6 months pointed to
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seropositivity in newborns of 94, 94, and 87%, which decreased
progressively till age 6 months to 15, 16 and 11% against the serotypes 1,
2 and 3, respectively.

4.2.3. Deaths

Data, available for the Jewish population only, point to a continuous decrease in
the mortality rates during the entire period. High case fatality rates in many epidemic
years were calculated using morbidity rates that also included non-paralytic cases.
Even after adjustment the annual case fatality rates remained very high, particularly
for the years 1951-1953 (Table 4.5). As expected, age-specific case-fatality
rates calculated for 1950 demonstrated higher values at the extremities of the
age spectrum: 0-2 and >20 years (Table 4.6). The only information available on
case-fatality in the non Jewish segment, refers to a series of 75 infant deaths
caused by poliomyelitis, 74 of whom occurred in the Jewish segment, as against
a single case in the non-Jewish segment (Beigel H, 1952).

Table 4.5

Poliomyelitis - deaths and mortality rates per 100,000 and case fatality
rates per 100 in the Jewish population, Israel, 1949-1956

Year Deaths Mortality rate   Case fatality rate 

1949 - - - 

1950 202 18.3  12.5 

1951 177 13.4  19.4 

1952 163 11.4  18.6 

1953 130 8.9 21.0 

1954 89 5.9 12.8 

1955 51 3.3 12.7 

1956 45 2.8 8.7 
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Table 4.6

Percentage of paralytic cases and case fatality rates by age*

*  From Yekutiel P et al., Bull World Health Org., 1955;12:651-76.

Age group 
(years) 

Percentage of 
paralytic cases 

Case fatality rate 
(%) 

< 1 75.5 16.5 

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 
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4.2.4.   Virologic Data

Rather rich documentation on the dominant role of wild type 1 poliovirus in the
1950-1956 epidemics was provided by the following data:

a. During the 1950 epidemic, only type 1 wild poliovirus was isolated from a
few cases of paralytic disease and from the spinal cord of a fatal case
(Yekutiel P et al. 1955).

b. In the epidemic of 1953 type 1 wild virus was identified in 54 of 70  (77.1%)
strains (Bernkof H, 1954).

c. In a limited study carried out during 1955, 38 (75%) of the 52 poliovirus
strains isolated in the outbreak were identified as type 1 wild virus (Davies
AM et al. 1960).

d. In 220 wild poliovirus strains isolated from paralytic cases during the 1953-
1956 period, 189 (85.9 %) were type 1, 17 (7.7%) type 2 (Hirsh W,
1951), and 14 (6.4%) type 3 (Goldblum N et al. 1965).

4.2.5.   Regional Data

The 1950-1956 epidemic period, in particular in its early years, has been the
object of several studies on poliovirus activity at the regional level. These studies,
the majority of which were based on clinical material from hospitalized patients,
have on the one hand confirmed the epidemiological pattern of the epidemic at
the country level, and on the other hand have contributed very ample information
on a wide range of aspects: incubation period, distribution of disease by clinical
forms, clusters of cases, clinical laboratory data, complications, prognostic,
outcome and fatality data, and management of the disease. Selected data from
their wealthy and diverse content are presented.

The 1950 epidemic in the Haifa area (Falk W, 1951a; Falk W, 1951b) was
studied in about 400 patients admitted with acute paralytic disease. With the
exception of 1 % of patients, all others were Jews. The age distribution, sex ratio
and seasonal pattern confirmed the trends observed in the country as a whole. A
further contribution to the picture of the same epidemic year was provided by a
study carried out in the Tel Aviv area (Marberg K, 1952) on 724 patients, 179
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(24.7%) of whom were non-paralytic cases. A case-fatality rate of 24.4% was
calculated in paralytic cases only.

Data on polio activity in the Jerusalem area were presented in two hospital
population-based studies from 1953 and the period 1954-1958. In the first study
(Adler E et al. 1955), 199 of the 220 reported cases were analyzed. Age, sex
and monthly distributions confirmed the pattern of national data. An interesting
contribution was the information on the attack rate of 60 per 100,000 in the non-
Jewish segment as compared to 145 per 100,000 in the Jewish population. In
the second study (Adler E and Elkan Z, 1960) on 311 of the 347 cases reported
in the region during the 1954-1958 period, 20 % of whom were residents of the
Jerusalem corridor, 1.6 % of admitted patients were non-Jews. The data
reproduced the national pattern of the disease reported at the same period.

Information on poliomyelitis in the Negev during 1950-1957 was provided in a
study based on 156 cases admitted to a rehabilitation hospital during the whole
epidemic period (Natan T, 1959). The yearly attack rate was very close to that
calculated in the general population. Abundant clinical data were presented which
concurred with those included in the previous studies.

4.3.   Explanation of the 1949-1956 event

The 1949-1956 event in Israel was another example of sudden transition from
the endemic pattern of the disease to epidemic occurrence, as already observed
in many western countries since the 1940’s. In the historic perspective, it could
be considered as “the first epidemiological revolution of poliomyelitis” in Israel.
However, the epidemiological process which determined this sudden change was
quite different from the epidemiologic mechanism of the same process which
occurred in the developed world. The improvement in environmental sanitation
and change in family hygiene practices had led to delay in the age of primary
polio infection, and therefore exposure occurred later in life, when clinical disease
is more frequent and of higher severity.

The transition to an epidemic pattern in Israel coincided with the large immigration
waves which had started in late 1949. The sudden change to an epidemic
expression of the disease followed the first massive immigration to Israel of 45,000
Yemenite Jews in the second half of 1949. The epidemic activity of poliovirus
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continued in early 1950 starting with the immigrant camps, including those where
the Yemenite immigration was concentrated. The epidemic continued
uninterruptedly during most of the 50’s. With very few exceptions, these
populations came to Israel from Middle Eastern, Northern African and Eastern
European countries, where the community expression of poliomyelitis was a
holoendemic infection which had affected most of the population cohorts in their
early years of life. It had induced a state of persistent immunity of these populations,
except for the newborn cohorts who yearly joined the community and became
mostly subclinically infected during the early years of life. Therefore, in such
conditions, clinical disease was rare but with persistent occurrence, limited to the
early ages. Epidemiologically, polio was expressed as a mild endemicity, following
exposure to a wild virus strain of limited epidemiologic virulence since it was long
prevalent in the community.

The epidemiologic pattern of polio in Israel during the years which preceded and
followed the Second World War was not different. Similar environmental and
family behavioral factors to those existing in the Middle East and southern
European countries favored a similar endemic expression of the disease. It
persistently affected the same ages, with a limited incidence of the clinical disease,
due to exposure to local wild poliovirus with similar characteristics to those of
the endemic strains present in the region.

The mass immigration to Israel in the late 40’s and during the 50’s resulted in a
sudden, massive and prolonged encounter between two populations affected by
holoendemic polio infection acquired early in life, which protected them against
disease, except for the annual cohorts of newborns, infants and very young
children, who in increased numbers were exposed to a reservoir persistent in
conditions of holoendemicity.

Absorption and concentration of masses of newcomers in large reception camps
and later on in immigrant settlements, under conditions of crowding, unsatisfactory
sanitation and poor family hygiene behavior, favored fecal-oral transmission, the
principal route of poliovirus spread, from the large human reservoir which
accompanies the holoendemic infection. Concentration of the infants and young
children in day and night nurseries, and later within the family, in crowded conditions
in small tents in immigrant camps, led to their extensive exposure to massive
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infectious doses and to huge attack rates which recurred yearly with each new
cohort joining the population at risk. The veteran resident population of Israel
was much less affected, except in the kibbutzim where despite better housing
conditions, sanitation and nutrition, the permanent grouping of infants and small
children in day and night kibbutz nurseries favored fecal-oral transmission of
infection.

Reasons for the occurrence of the 1949-1956 event include:

a. The vulnerability to polio of the very young ages, proven by serosurveys
carried out in the early 50’s, in contrast with the satisfactory immune profile
of older ages.

b. The very high proportion of cases and the highest age-specific attack rates
in the young age, as well as the high rate of paralytic disease in adolescents
and young adults, mainly among the newcomers to Israel from western
countries.

c. The highest attack rates in the kibbutz population and immigration camps
were the result of the predominant involvement of the young ages.

4.4.   Conclusions

The 1949-1956 polio epidemic period was:

a) Scientifically - a  natural experiment of exceedingly high dimensions favored
by a sudden occurrence of large demographic changes.

b) Socially - a period of eight years of suffering, mainly of the young generations
of the population, exposed to important factors of transmission present in
their physical and social environment.

c) Politically, this was one of the major confrontations of the young Israeli
Public Health Service with a health problem of national dimensions, in
conditions exacerbated by the limited resources available to the newly
established State.
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5.    1957-1960: Start of polio vaccination with IPV

The years 1957-1960 delineate a very short period in the history of poliomyelitis
in Israel. It was characterized by the rapid achievements in the field of polio
vaccines that opened newer vaccination policy options. It started with the
introduction of the inactivated polio vaccine and ended with the initiation of oral
polio vaccination.

5.1   Characteristics

a) The annual morbidity was considerably lower than in the 1949-1956 period,
with the exception of the epidemic year 1958, which was reminiscent of
the late epidemic years of the preceding period.

b) Better information on the distribution of the disease included more data on
the non-Jewish population, which was particularly affected in the 1958
epidemic.

c) Inactivated polio vaccine, mainly of local production, partly supplemented
with vaccine from the United States, was included in the routine childhood
vaccination schedule at the beginning of the period.

d) The scientific interest in poliomyelitis was reflected in the abundant
information available from studies on vaccine production and its evaluation
in field trials.

5.2   Description

5.2.1.   Morbidity trend

The morbidity reported during the whole period was considerably lower than in
the previous period. The four-year annual average, including both Jewish and
non-Jewish population segments, was 171 cases, as compared to an average of
885 and 557 cases in the 1949-1952 and 1953-1956 periods, respectively. In
the epidemic year 1958, a higher attack rate was reported in the Jewish than in
the non-Jewish segment in, contrast with higher rates of disease in non-Jews in
the following years (Table 5.1).
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Table 5.1

Poliomyelitis, cases, attack rates per 100,000 by population group, Israel,
1957-1960

* Several publications mention the occurrence of 57 cases  (see references Davies AM et al., Bull
World Health Org., 1960; 23: 53-72; Goldblum N et al., Isr J Med Sci., 1965;1:235-42; Rotem
Y., Harefuah, 1988;115:301-421; Yekutiel P et al., Harefuah,1958;54:225-6)

5.2.2.   Epidemiological variables

a. The age distribution of cases available for the Jewish segment in the years
1958-1960 repeated the pattern observed in the previous period: up to
90.2, 89.7 and 86.2% of cases in the years 1958, 1959 and 1960,
respectively, were in children aged 0-4 (Table 5.2).

b. The annual male/female ratio was 1.2:1.0 for 1958 and 1959 and reversed
to 0.93: 1.0 in 1960.

c. The immune profile of the population at risk was investigated before the
introduction of the new immunization program. The data were obtained
from a serosurvey (Spigland I and Goldblum N, 1960) on the presence of
maternal antibody in 594 infants aged 0-6 months, as a part of a study on
the effectiveness of the inactivated polio vaccine. The results indicated that
at birth, 94, 94 and 87% of the infants had demonstrable antibody titers
for types 1, 2 and 3, respectively, which decreased to about 50% by age
3 months, and to 11-16% at 6 months. This information was supplemented

 

Year 

Total Jews Non-Jews  

n Rate n Rate n Rate 

1957 37  1.9 37 2.1 - - 

1958 573 28.1  529 29.7  44 20.2 

1959 36 1.8 29 1.6 7 3.1 

1960 38 1.8 29 1.5 9 3.9 
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with data (Davies AM et al. 1960) from a survey carried out prior to the
start of the immunization program on the immune profile of 481 infants and
young children aged 3-48 months (Table 5.3). The data clearly point to
the progressive decrease in the percent of susceptible individuals with
increasing age until the age of 48 months, when 95, 89, and 86% of the
cohorts had antibodies to the poliovirus type 1, 2 and 3, respectively.

d. The monthly distribution of polio in each of the reported years presented
with a peak in the summer months (Figure 5.1).

e. The highest percent of cases reported during the epidemic and in the
following years was in the urban population (Table 5.4). The contribution
of the temporary settlements (immigrant camps) to polio morbidity was
very moderate in the 1958 epidemic and practically absent after it. The
kibbutzim were also mildly affected.

Table 5.2

Poliomyelitis - cases and percent distribution by age in the Jewish
population, Israel 1958-1960

Age group 1958 1959 1960 

 n % n % n % 

0 162 30.7  15 51.7 16 55.2  

1-4 315 59.5  11 37.9 9 31.0  

5-9 43 8.1 2 6.9 3 10.3  

10-14 5 0.9 0 0  1 3.5 

15-19 0 0 0 0  0 0 

20-59 4 0.7 1 3.5 0 0 

Total 529 100  29 100 29 100 
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Table  5.3

Pre-vaccination antibody levels to the three poliovirus types in Israel at
age 3-48 months, autumn, 1956*

*  From Davies AM et al., Bull World Health Org., 1960; 23:53-72.

Figure 5.1

Poliomyelitis - monthly percent distribution of cases, Israel, 1958-1960
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  Type 1 Type 2  Type 3    

  No. % No. % No. % No. % No. % 

3-6  85 15 18 16 19 12 14 53 62 3 4 

7-12 90 33 37 9 10 23 26 42 47 3 3 

13-18 84 56 67 16 19 29 35 18 21 9 11  

19-24 68 53 78 28 41 38 56 6 9 18 26  

25-30 65 56 86 44 68 52 80 2 3 34 52  

31-36 52 46 88 41 79 47 90 0 - 33 63  

37-48 37 35 95 33 89 32 86 1 3 30 81  
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Table   5.4

Poliomyelitis - cases and percent distribution by type of settlement in the
Jewish population, Israel, 1958-1960

5.2.3. Deaths

The information available on deaths was limited to the Jewish segment, except
for the year 1960. The mortality rate was highest in the epidemic year and the
case fatality ratio was much higher in 1957 (pre-epidemic) than in the following
years (Table 5.5).

Type of settlement  
1958 1959 1960 

n % n % n % 

Towns 255 48.2  17 58.6 16 55.2 

Urban settlements  48 9.1 3 10.3 5 17.2 

Villages and Moshavim 162 30.6  8 27.6 6 20.7 

Kibbutzim and kevuzot  
(communal settlements) 

15 2.8 0 0.0 2 6.9 

Temporary settlements 47 8.9 1 3.5 0 0.0 

Bedouin tribes 2 0.4 0 0.0 0 0.0 

Total 529 100 29 100 29 100 
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Table  5.5

Poliomyelitis - deaths, mortality rates per 100,000 and case fatality rates
per 100 by population group, Israel, 1957-1960

5.2.4.   Virological data

Ample virologic data collected during the period added valuable information to
the epidemiological significance of the event (Table 5.6). In the pre-epidemic
year 1957, serotype 2 and 3 were the prevalent strains, whilst type 1 was detected
in only 11% of isolates (Davies AM et al. 1960). The beginning of the 1958
epidemic was associated with an increase in prevalence of serotype 1 (Davies
AM, 1958), which became predominant in the second part of the event (Goldblum
N et al. 1965). The initial pre-epidemic pattern returned in 1959 when type 3
became again the most prevalent (Davies AM et al. 1960).The distribution of
510 isolates during the four year period (Goldblum N et al. 1984) showed 425
(83.3%), 37 (7.3%), and 48 (9.4%) serotype 1, 2, and 3 strains, respectively.

Year Deaths  
 

n 

Mortality  
rate 

Case 
fatality 

%  

Deaths  
 

n 

Mortality  
rate 

Case 
fatality 

%  

1957 6 0.4 16.2 - - - 

1958 49 2.8 9.3 - - - 

1959 3 0.2 10.3 - - - 

1960 3 0.2 10.3 1 0.4 11.1  
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Table  5.6

Wild poliovirus isolates, by serotype, Israel, 1957-1959

5.3   The 1958 epidemic

The epidemic was the dominant event of the period, preceded and followed by
years of low polio activity (Grushka TH, 1968). The interest in the 1958 epidemic
offered the opportunity for a thorough investigation (Davies AM et al. 1960;
Davies AM, 1958). The event included 537 cases distributed between 529
(92.3%) Jews and 44 (7.7 %) non-Jews. In contrast to previous years, information
referred to paralytic cases only.

As shown previously in Table 5.1, the attack rate was 29.7 and 20.2 per 100,000
in the Jewish and non-Jewish populations, respectively. Data on age distribution
pointed to a concentration of 90.8% of cases in the first 4 years of age, with a
considerable proportion in the 0-6 month age segment. The epidemic curve,
based on the distribution of cases in the Jewish segment, showed a limited number
of cases in the early months of 1958, a sudden increase in the number of cases
reaching epidemic dimensions starting in May, the highest proportion of cases
(77.9%) in June-August, peaking in July (31.6%), and a very rapid decrease
starting in September (Figure 5.1).

 

Year 

 

Total 

Mahoney MEF1 Saukett 

  n % n % n % 

1957 36 4 11.1 19 52.8 13 36.1 

1958        

        I-IV 25 10 40.0 7 28.0 8 32.0 

 V-XII 429 406 94.6 9 2.1 14 3.3 

1959 20 5 25.0 2 10.0 13 65.0 
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Of interest were the geographic and temporal distributions. In the first 4 months
of the year, about 50% of the epidemic cases were reported in the northern
districts, where the population most affected was the non-Jewish segment, and
the predominant types were wild poliovirus types 2 and 3. Attack rates varied
between 30 and 39 per 100,000. The central area, with the exception of the Tel
Aviv district, was involved since May 1957, with attack rates between 22-29
per 100,000 and predominance of poliovirus type 1. In the following two months,
severely affected areas were Jerusalem, (up to 59 cases per 100,000), and
Ashkelon and the Negev area (>60 per 100,000). Cases in the Jewish segment
were concentrated in districts with predominant urban populations such as Tel
Aviv, Jerusalem, and Haifa, and the non-Jewish segment in the Southern district
and the Hadera subdistrict. Attack rates by district varied between 75.0 (Southern
District) and 14.9 (Haifa) per 100,000.

5.4.   Vaccine and vaccination program

5.4.1.   Reason for program implementation

The large-scale successive annual polio epidemics, starting from 1949, had
become an acute public health problem for Israel, for which the Inactivated Polio
Vaccine, produced by Jonas Salk, appeared to provide a solution. The license of
this vaccine in 1955, followed by the immediate start of mass vaccination in the
United States, was the incentive for the early initiation of a mass vaccination
program in Israel. Its implementation depended, among other considerations, on
two factors: (a) a vaccination program was justified by the need for the adequate
control of the disease, and (b) a vaccine for a mass program was available.

The initiation of the program in 1957 had been preceded by the implementation
of an efficacy study on the immune response of newborns (Rannon L et al.
1960) who had been administered two IPV doses, on days 1-3 and day 30 after
birth (some of the newborns were given an additional dose two weeks after the
second IPV), followed by a booster dose at 4-6 months. A three-dose, primary
immunization program induced a higher seroconversion than a two-dose program:
71, 70, and 53% NA to type 1, 2 and 3, respectively versus 27, 42 and 46% for
the three types, respectively. The booster effect was also influenced by the number
of vaccine doses administered. Furthermore, the results of the immunogenicity
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study on infants aged 1-6 months supported the data on the advantage of a 3-
dose immunization program over 2 doses (Spigland I and Goldblum N, 1960).
The above data were considered satisfactory for the identification of age groups
at high risk of polio infection, and therefore the principal target of the future
vaccination policy.

5.4.2.   Vaccine production

Vaccine production in Israel mostly followed NIH requirements (Mercado A
and Goldblum N, 1959), with the following modifications (Goldblum N, 1960c):
(a) the type 1 wild poliovirus strain used in preparation of the vaccine was Brunhilde
instead of Mahoney; (b) no use of Seitz filters was made during the process of
virus inactivation; (c) antigenicity of the vaccine product was tested on guinea
pigs instead of monkeys.

Immunogenicity problems associated with the vaccine used in the first years of
the program required significant changes (Goldblum N et al. 1959; Mercado A
and Goldblum N, 1959) in the production process. The second Seitz filtration
during the inactivation process was suppressed, and the proportion of the
poliovirus strains in the vaccine used in 1958 and 1959 was changed to 0.5,
0.25, and 0.25 for types 1, 2 and 3, respectively. Most of the vaccine used in the
beginning of the program was produced at the Central Virology Laboratory of
the Ministry of Health starting from 1956 (Goldblum N et al. 1957), and a small
proportion in the United States. In the first months of 1957, the vaccine came
from both Israeli and United States sources. During 1958-1959, vaccine produced
by the Ministry of Health was used almost exclusively (Davies AM et al. 1960).
The very limited quantity of IPV which was produced by the private sector was
licensed after its testing and control in the Central Virology Laboratory (Goldblum
N, 1960b).

5.4.3.   Logistics

a. Schedule.
Considerable variations characterized the immunization schedule in its first
years of implementation, both in terms of number of doses and quantity of
antigen per dose. At the start of the program in early 1957, primary
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immunization included two vaccine doses of 0.3 ml., inoculated with a
monthly interval, to infants aged 4 and 6 months. The original 0.3 ml dose
was split into two equally divided parts, simultaneously administered
intradermally. Due to technical and administrative difficulties, in March 1957
the program switched to 0.5 ml per dose, administered subcutaneously.
Following the sharp increase of incidence in the spring of 1958, a
supplementary vaccine dose (booster) was added to the 1957 cohort
already primed with two IPV doses. The persistence of the epidemic led
in summer 1958 to an increase of the individual vaccine dose to 1.0 ml.,
injected subcutaneously. At the beginning of 1959 a fourth 1.0 ml dose
was added to the 1957 cohort, considered to have only partially benefited
from the initial immunization program (Davies AM et al. 1960; Editorial,
1959)

b. Target groups.
Epidemiological and immunological data permitted the selection of children
aged between 6 and 36 months, considered at highest risk, to be included
in the initial phase of the immunization program. With the availability of
additional vaccine doses during 1957, children up to the age of 3 years
and 6 months were included in the program, as well as children, adolescents
and young adults up to age 30, among the recent newcomers from Western
countries. In June and July 1958 younger infants aged 4 -6 months were
added to the target group and vaccinated with two vaccine doses, four
weeks apart.

c. Program.
The vaccine was administered in campaigns of several months duration,
until mid-1958, when polio vaccination was integrated into the routine
vaccination schedule.

d. Coverage.
Information on coverage is based on statistical data for 1957 and on
estimates for the following years (Davies AM et al. 1960). In 1957, 95%
and 63% of the Jewish and non-Jewish segments, respectively, were
covered with two vaccine doses, overall, 87% of the two groups combined.
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Crude estimates varied between 90-95% for 1958, and decreased to 75-
80% for 1959.

5.4.4.   Protective efficacy

The immediate results of the 1957 vaccination program seemed satisfactory,
although evaluation of its effectiveness was not yet concluded (Yekutiel P et al.
1958). Later, information on the protective efficacy of the program (Davies AM
et al. 1960) should be considered with some reservations, as the available numbers
for 1957 and 1958 were quite limited, derived from selected cases, and calculated
for a two-dose program. For 1957, 78% protective efficacy was calculated for
2 versus 0 doses, which increased to 82% when calculated versus 0 plus 1 dose.
In 1958, protective efficacy calculated for 2 doses versus 0+1 dose in the
Jerusalem and Ashkelon areas only, was 58% for the 1957 cohort and increased
to 73% in the 0-4 age group, excluding the 1957 cohort.

5.5.   Explanation of the 1958 epidemic

The 1958 epidemic provided the opportunity to study the contribution of the first
available polio vaccine in Israel to the control of a massive epidemic in a population
whose vulnerable young age cohorts had been exposed mostly to type 1 wild
poliovirus.

5.5.1.   Population at risk

The very high proportion of cases observed in the 0-4 cohort clearly indicated its
increased susceptibility to infection. In this group, a proportion of children aged
1-4 born in 1954-1957 had been covered at the starting period of vaccination in
1957 with a very partial schedule with a limited amount of antigen per dose of
vaccine.

5.5.2.   Vaccine Characteristics

An inverse correlation between immunogenicity and safety in the production
process had created problems with the antigenicity of the inactivated vaccine
(Mercado A and Goldblum N, 1959). This was expressed in the wide variations
in the potency of the commercial vaccines (Fogel A et al. 1959) and low



The Epidemiology of Polio in Israel46

conversion rates in field trials in the United States (Davies AM et al. 1960).
Similarly, the polio vaccine produced in Israel in 1957 and used until mid-1958,
performed poorly in potency tests and induced low seroconversion rates (Davies
AM et al. 1960). Changes in the production protocol (Goldblum N, 1960c;
Mercado A and Goldblum N, 1959) led to vaccines of higher quality only after
mid-1958, as proven by satisfactory results in potency tests and efficacy studies
(Davies AM et al. 1960; Goldblum N, 1960c).

5.5.3.   Coverage

The percent of protective coverage (inductive of effective immune response in
vaccinees) was below the high values required to induce herd immunity under
conditions of high transmissibility of poliovirus (Ro>12), characteristic for Israel
at that period of time, particularly with respect to the unsatisfactory potency and
partial immunogenicity of the initially available vaccines. Field experience had
indicated the need for at least 90% coverage with a vaccine inducing high individual
protection to prevent the transmission of infection (Roberts L, 2006). Data
confirming the unsatisfactory coverage during the implementation of the IPV
program were obtained retrospectively during the 1961 epidemic (Yofe J, 1962).

5.5.4.   Schedule and its pace of implementation

The timing of the schedule and its pace of implementation may have contributed
somewhat to the limitation and/or delay of the immune response to vaccination of
the population at risk, as illustrated by decisions such as: (a) the 1-3 year cohorts
primed with two low antigen concentration IPV doses in early 1957 were followed
by a third vaccine dose one year later in 1958, after the epidemic had started;
and (b) the 1957 cohort was administered 2 doses of 0.5ml IPV in March and
April in 1958, followed by a third dose in May of the same year, when the polio
epidemic was rising steeply.

5.5.5.   Antigen concentration per vaccine dose

Initial doses were far from sufficient. Several changes were necessary before an
adequate antigen concentration per vaccine dose was available in June 1958,
with inoculation of 3 doses of 1.0 ml. vaccine per dose. The considerable reduction
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in morbidity in 1959 had produced the impression that the protective effect of
the 1959 program was associated with the changes in vaccine production
(Goldblum N, 1960a).

5.6.   Comments on the vaccination program

a. The partial vaccination program, implemented exclusively during the first
half of 1957, was probably not associated with the low morbidity recorded
during the year.

b. The vaccine coverage achieved during the whole period was definitely
below the level necessary to induce satisfactory herd immunity.

c. The immune response to the 1957 and early 1958 programs could not
prevent the epidemic activity of poliovirus during the following months of
1958.

d. Improved vaccines produced by mid-1958 were available too late for a
satisfactory control of the epidemic event.

e. The limited morbidity of 1959 and 1960 coincided with the implementation
of a better vaccination program with an improved vaccine. The role of
vaccination in the prevention of polio virus activity at that time cannot be
excluded.

f. Analysis of the epidemic event and of contribution of the program to its
control does not demonstrate the absence of effectiveness and protection
induced by the inactivated polio vaccine, but merely points to (a) suboptimal
immunogenicity of the locally produced vaccine, and (b) multiple failures
in vaccination logistics, such as: inadequate vaccine doses and route of
administration, unsatisfactory coverage with the complete schedule, and
pace of implementation of the program in the presence of a wild poliovirus
strain in the area.
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5.7. Conclusions

a. The years 1957-1960 were a period of transition from the large-scale
polio epidemics toward a period of moderate morbidity, which became
evident in the 1960’s.

b. It was a short period of very intensive activity and a source of experience.
Its delayed evaluation pointed to an inadequate vaccination program more
than to a failure of IPV.
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6.   1961-1981: Long-term experience with OPV

This 20-year period in the history of poliomyelitis in Israel was dominated by the
continuous use of OPV. The less-than-expected success in the control of the
paralytic disease with the OPV vaccination program required repeated changes
in the routine schedule as well as the search of alternatives, favored by the
development of the enhanced IPV.

6.1 Characteristics

a. With the exception of a severe epidemic event at the start of the period,
the morbidity was considerably lower than that of the previous period.

b. Two different patterns of disease were apparent during the period: (a) a
moderate endemicity in the Jewish population, with the exception of the
occurrence of the 1961 and 1967 outbreaks; and (b) a hyperendemic
status in the non-Jewish segment, which  generated multiple outbreaks of
moderate intensity.

c. The disease maintained its “infantile” characteristic despite a tendency for
an increase in age at time of infection in the Jewish segment.

d. Introduction of OPV vaccination was associated with the occurrence of
vaccine-associated poliomyelitis cases.

e. Persistence of polio activity, in spite of sustained efforts of the Public Health
Services to achieve a satisfactory OPV vaccine coverage, resulted in
changes in the routine immunization schedule, including its supplementation
in yearly booster campaigns in the population groups at increased risk of
re-exposure.

f. Alternatives to the current OPV vaccination were investigated in
comparative efficacy studies on the newly available enhanced inactivated
poliovirus vaccine.
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6.2 Description

6.2.1. Morbidity trend

As mentioned, the disease occurred with two different patterns (Table 6.1, Figure
6.1). In the Jewish segment sporadic morbidity was observed continuously during
the 21 reported years, with <5 cases and an  attack rate of <0.20 per 100,000
per year, with the exception of 1961, 1962 and 1967, when epidemic activity
was reported.
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Table 6.1

Poliomyelitis - cases and attack rates per 100,000 by population group,
Israel, 1961-1981

 
Year  

Total Jews Non-Jews  

n Rate n Rate n Rate  

1961 207 9.5 101 5.2 106 42.9  

1962 18 0.8 7 0.3 11 4.3 

1963 6 0.3 4 0.2 2 0.8 

1964 21 0.9 2 0.1 19 6.8 

1965 3 0.1 2 0.1 1 0.3 

1966 9 0.3 3 0.1 6 2.0 

1967 30 1.1 18 0.8 12 3.8 

1968 12 0.4 3 0.1 9 2.3 

1969 12 0.4 3 0.1 9 2.2 

1970 10 0.3 1 0.04 9 2.2 

1971 13 0.4 4 0.2 9 2.0 

1972 6 0.2 4 0.2 2 0.4 

1973 8 0.2 5 0.2 3 0.6 

1974 28 0.8 1 0.03 27 5.4 

1975 13 0.4 2 0.1 11 2.1 

1976 9 0.3 1 0.03 8 1.4 

1977 7 0.2 1 0.03 6 1.1 

1978 19 0.5 5 0.2 14 2.4 

1979 34 0.9 5 0.2 29 4.8 

1980 11 0.3 1 0.03 10 1.6 

1981 8 0.2 4 0.1 4 0.6 
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Figure   6.1

Poliomyelitis - attack rates per 100,000 by population group, Israel,
1961-1981

In the non-Jewish segment, a hyper-endemic-epidemic pattern was present during
the whole period. The annual endemicity did not exceed 10 cases. Frequently
occurring outbreaks, usually of moderate intensity, varying from 6.8 to 2.1 per
100,000, were recorded at short intervals or in successive years, following the
1961 epidemic of much higher proportions.

The difference between the two population groups was evident, as illustrated by
the 5-year average rate (Table 6.2). The data indicate an important reduction in
morbidity in the Jewish segment since the mid-60’s versus an unchanged trend in
the non-Jewish segment, as compared to the period between 1961-65.
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Table   6.2

Poliomyelitis - cases and attack rates per 100,000 (five-year averages)
by population group, Israel, 1961-1981

*  Six-year average

This difference should be seen (Gregg MB et al. 1981) as due to a complex of
factors:  (a) the persistent presence of wild poliovirus in the non-Jewish settlements,
favored by poor environmental sanitation and close contact with the population
of the surrounding polio-endemic countries with persisting polio activity; (b)
definitely poorer immune response to OPV in the non-Jewish segment, probably
due to the interference phenomenon which prevented the “take” of vaccine virus;
and (c) hygienic conditions at the family level which favored the fecal oral
transmission of polio infection at early ages.

6.2.2   Epidemiological variables

a. Age
The infantile pattern of the disease was maintained: 85.3% of cases were
in the 0-4 age group and ~ 95.5 % in the 0-14 age group (Table 6.3).
Distribution by age group in the two population segments indicated some
differences. 14.7% of Jewish cases belonged to the >5 age group, a
tendency which was more accentuated in the later years of the period.

 

Period 

Jews Non-Jews 

n Rate  n Rate 

1961-1965 23.3 1.1 27.8  10.4 

1966-1970 5.6 0.2 9.0 1.9 

1971-1975 3.3 0.1 8.6 1.9 

1976-1981  2.9 0.1 11.8  2.0  
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Table 6.3.

Poliomyelitis - cases and percent distribution by age, gender and
population group, Israel, 1961-1981

b. Gender ratio
The average Male/ Female ratio for all ages was 1.6: 1.0, in spite of an
inverse ratio of 1.5: 1.0 for the 5-14 age group.

c. Temporal distribution
With the exception of the period 1961-1965, which presented with one
peak only, the other 5-year average curves pointed to a similar monthly
trend in distribution of cases: a spring peak, and following a summer
decrease, recurrence of cases during the autumn months, which was often
prolonged until the winter (Figure 6.2).

Age 

group 

 

Total 

Jews  Non-Jews  

Male  Female  Male Female 

 n %  n  %  n %  n %  n %  

0 176  36.4 41 37.6 25 38.5  71  37.6  39 32.5  

1- 4  236  48.9 40 36.7 21 32.3  110  58.2  65 54.2  

5- 14  48 9.9 16 14.7 14 21.5  3 1.6 15 12.5  

15 -44  19 3.9 12 11.0 5 7.7 2 1.1 0 0.0 

45 -64  0 0.0 0  0.0 0 0.0 0 0.0 0 0.0 

6 5 + 4 0.8 0  0.0 0 0.0 3 1.6 1 0.8 

Total  483  100 109 100 65 100 189  100  120 100 
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Figure   6.2.   Poliomyelitis - average* monthly percent distribution of
cases,  Israel, 1961-1981

*  Five year average

d. Sub/district distribution
Most of the cases in the Jewish segment were concentrated in Tel Aviv,
followed by Jerusalem, Haifa, Ashkelon and Beer Sheba (Table 6.4).  The
non- Jewish cases were concentrated in Acre, Hadera and Beer Sheba.
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Table 6.4.

Poliomyelitis - cases and percent distribution by subdistrict and population
group, Israel, 1961-1981

 

Subdistrict 

Total Jews  Non-Jews  

n % n % n % 

Beer-Sheva  54 11.2  18 10.3  36 11.7 

Ashkelon  22 4.6  18 10.3  4  1.3 

Jerusalem 44 9.1  20 11.4  24 7.8 

Tel Aviv 52 10.7  45 25.7  7  2.3 

Rehovot 14 2.9  12 6.9 2  0.7 

Ramla 5 1.0  1  0.6 4  1.3 

Petah Tikva  17 3.5  9  5.1 8  2.6 

Hasharon 23 4.8  8  4.6 15 4.9 

Hadera 72 14.9  9  5.1 63 20.4 

Haifa 25 5.2  20 11.4  5  1.6 

Afula 35 7.2  5  2.9 30 9.7 

Acre 103 21.3  6  3.4 97 31.4 

Kinneret  13 2.7  2  1.1 11 3.6 

Zefat 5 1.0  2  1.1 3  1.0 

Total 484 100 175 100  309 100 
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e. Type of settlement
54.1% of cases were residents of small settlements (moshavim and villages),
versus 33.7% who lived in towns and urban settlements (Table 6.5).

Table 6.5.

Poliomyelitis - cases and percent distribution, by type of settlement, Israel,
1961-1980

6.2.3 Deaths

Data on the number of reported deaths are presented (Table 6.6). Mortality
rates and fatality ratios in the Jewish segment seem accurate. Excluding 1961,
the very low number of deaths in the non-Jewish segment (7 deaths among 309
cases) might have been due to considerable underreporting, which does not allow
an interpretation.

Type of settlement n % in the population 

Towns 141 29.1 

Urban settlements 22 4.6 

Villages and moshavim 262 54.1 

Communal settlements  5 1.0 

Temporary settlements and institutions 7 1.5 

Bedouin tribes 38 7.9 

Unknown  9 1.9 

Total 484 100 
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Table  6.6.

Poliomyelitis - deaths and mortality rates per 100,000 and case-fatality
ratios per 100, by population group, Israel, 1961-1981

 

Year  

Deaths  Mortality Case fatality 

Total Jews Non 

Jews 

Total Jews Non 

Jews  

Total Jews  Non 

Jews  

1961 17 10  7 0.8 0.5 2.8 8.2 9.9 6.6 

1962 1  1 0 0.04  0.1 0.0 5.6 14.3 0.0 

1963 1  1 0 0.04  0.1 0.0 16.7 25.0 0.0 

1964 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1965 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1966 1  0 1 0.04  0.0 0.3 11.1 0.0 16.7 

1967 1  0 1 0.04  0.0 0.3 3.3 0.0 8.3 

1968 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1969 2  2 0 0.1 0.1 0.0 16.7 66.7 0.0 

1970 1  1 0 0.03  0.04  0.0 10.0 100.0 0.0 

1971 1  1 0 0.03  0.04  0.0 7.7 25.0 0.0 

1972 1  0 1 0.03  0.0 0.2 16.7 0.0 50.0 

1973 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1974 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1975 1  0 1 0.03  0.0 0.2 7.7 0.0 9.1 

1976 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1977 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1978 1  1 0 0.03  0.03  0.0 5.3 2.0 0.0 

1979 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1980 0  0 0 0.0 0.0 0.0 0.0 0.0 0.0 

1981 1  0 1 0.03  0.0 0.2 12.5 0.0 25.0 
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6.2.4. Virus isolation

Information on the causal agent was partial (Table 6.7). Distribution of poliovirus
strains isolated in the 1961 epidemic showed almost exclusive presence of wild
serotype 1 (Goldblum N et al. 1984b). In the following two years of limited
morbidity, there was a very high predominance of wild serotype 3. Among the
wild poliovirus strains isolated between 1971-1980 from 119 cases (Gregg MB
et al. 1981), an important majority were serotype 1. Vaccine virus-associated
paralytic poliomyelitis was diagnosed in four cases.

Table 6.7.

Wild poliovirus isolation by serotype, Israel, 1961-1963 and 1971-1980

6.3 Epidemic years

Epidemic activity of poliovirus repeatedly interrupted the predominant sporadic
and endemic patterns of the disease in the Jewish and non-Jewish populations,
respectively.

The majority of epidemics lasted a single year, with only one epidemic extending
for a period of two successive years. Epidemic activity of more than 2.0 per
100,000 was reported in 1961, 1962, 1964, 1967, 1968-1970, 1974 and
1978-1979 as shown in Table 6.1. In all these events, non-Jews were more
affected than Jews, as illustrated by the average attack rates for the epidemic
years: 9.8 and ~1.0 per 100,000, respectively (Table 6.8).

 

Year 

 

Total 

Mahoney MEF1 Saukett 

n %  n % n %  

1961 152 149 98.2 0 - 3 2.0 

1962 14 0 - 0 - 14 100.0 

1963 5 0 - 2 50.0 2 50.0 

1971-1980 119 99 83.2 8 6.7 12 10.1 
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Table  6.8.

Poliomyelitis cases - average and range of attack rates per 100,000 in
the epidemic years of the 1961-1981 period, by population group, Israel

*  Average rate ratio of disease in non-Jews vs. Jews: 9.8

6.3.1.   The 1961 epidemic

a. Principal characteristics

The 1961 epidemic was the dominant event of the period, both in terms of
its dimensions in the two population segments, and of its unusual occurrence
in a population already covered by a 4-year old vaccine program (Yofe J
et al. 1962).

The attack rate, as shown in Table 6.1, was the highest in the entire
1961-1981 period, in particular in the non-Jewish segment where it was
about eight times higher than in the Jewish segment.

The infantile age pattern of disease recurred with some differences in the
two segments, as shown in Table 6.3: the 0-4 age group represented 92.2%
of the non-Jews as compared with 73.0% of the Jewish group. Another
characteristic to be stressed was the monthly distribution (Goldblum N et
al. 1965). The very early peak in April and May in the Jewish and
non-Jewish segments, respectively, was followed by a progressive decrease
in number of cases to the complete absence of disease by the end of the
year.

The distribution of cases by type of settlement was different for the two
segments of the Israeli populations: only 5.8% of the Jewish settlements

Population group Average* Range  

Jews  1.0 5.2 (1961) – 0.03 (1974) 

Non-Jews  9.8 42.8 (1961) – 2.4 (1978) 
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were affected in this epidemic, as compared with 38.7% of the non-Jewish
settlements (Yofe J et al. 1962), the majority of which were villages.  Most
of the Jewish cases were reported in Tel Aviv, Haifa, Jerusalem, Beer
Sheba and Ashkelon, and most of the non-Jewish cases in Acre and Hadera.

Highly relevant data on vaccination history with IPV (Yofe J et al. 1962),
indicate that only 41.6 % of 101 cases in the Jewish segment and 5.7 % of
106 cases in the non-Jewish segment had been administered a =3 dose
schedule, whilst 45.5 and 83.9 % in the above segments, respectively,
received either one or no IPV dose (Table 6.9).  Some of the 207 cases
had also received one M1OPV dose besides IPV vaccine.

Table  6.9.

Status of Salk vaccination among paralytic cases, by age*

* Processed from Yofe J et al., Am J Hyg.,1962; 76:225-38.

** Jews: 101 cases
*** Non-Jews: 106 cases

****  Number of IPV doses

One should also mention that the change to the M1OPV program was
very quickly implemented: starting at the end of May 1961, 95.6% of
246,893 eligible children aged between 4 days and 4.5 years, both Jews
and non-Jews, were covered during the month of June (Yofe J et al. 1962).
The epidemic was the result of the almost exclusive presence of type 1
wild poliovirus, as mentioned above.

Age group 

(years) 

Jews ** Non-Jews *** 

0-1**** 2 3-4 0-1 2 3-4 

0 29 8 2 39 2 1 

1-3 4 3 40 49 8 5 

=4  13 2 0 1 1 0 

Total  46 (45.5%)  13 (12.9%) 42 (41.6%) 89 (83.9%) 11 (10.4%) 6 (5.7%)  
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b. Reasons for the 1961 epidemic
The main reason for the interruption of IPV vaccine and the switch to
OPV vaccine was based on the assumption that IPV had failed to induce
a satisfactory community protection against the disease after implementation
of a 4-year mass program. It was expressed in the statement that “IPV
had a demonstrable effect on polio morbidity, but failed to prevent the
occurrence of outbreaks of disease in 1958 and 1961” (Goldblum N et
al. 1984b).

The risk factors considered at that time by the Public Health Services to
be associated with the IPV failure (Goldblum N et al. 1984a; Yofe J et al.
1962) were: (a) the low potency of IPV and its inability to induce a
protective immune response (b) the massive virus dissemination, and (c)
the high virulence of the epidemic type 1 poliovirus.

Analysis of available data on the 1961 epidemic only partially supports the
above explanation:

1. Following changes in the protocol of production (Goldblum N, 1960c;
Mercado A and Goldblum N, 1959), locally produced IPV of satisfactory
potency was available only since 1958. Children from older cohorts born
before 1958 were very probably vaccinated with low potency batches.

2.  Dissemination of poliovirus was quite limited in the Jewish population, as
illustrated by the moderate attack rate, particularly when compared with
the population specific rates observed in the previous epidemics. It
contrasted with the much higher virus dissemination in the non-Jewish young
age group at highest risk of infection, the majority of whom had received
either one IPV dose or no vaccine at all.

3.  The “virus virulence” is a laboratory measurement which had not been
carried out for the wild virus prevalent in the 1961 outbreak.  Available
data on case fatality ratios in the Jewish segment only do not allow
consideration of “clinical virulence”. The “epidemiological virulence” which
is equivalent to the transmissibility (dissemination) of the infection, was
commented on above.
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In fact, the most likely explanation of the IPV failure was principally the
unsatisfactory coverage of the young age cohorts affected in the 1961
event. Estimates of full vaccination coverage from data available until the
end of 1960 (Yofe J et al. 1962) indicated a coverage of approximately
80% in the Jewish segment and a much lower percentage varying from
0-50% in the rural population, mainly the non-Jewish segment, dependent
on the distance between the village and the vaccinating Health Center.
Experience from epidemic events which occurred in countries “well”
covered in routine OPV programs emphasized the need for >95% coverage
(“protective coverage”) (Robertson SE, 1993; John TJ, 2001), with at
least 5 OPV doses (Patriarca PA, 1997) to achieve a satisfactory control
of the epidemic and interrupt the transmission of virus.

One should also mention that in a series of 32 cases which occurred in
children who had received the 1961 M1OPV program, 9 (28.1%) were
considered as vaccine failure (Yofe J et al. 1957), since the vaccination
had preceded by >6 weeks the date of onset of the disease (Table 6.10).

Table  6.10.

Poliomyelitis cases occurring in children after feeding with attenuated
type 1 vaccine*

                                                                                                                                                                                                                                                                

* From Yofe J. et al., Am J Hyg.,1962; 76:225-38.

 

Population group 

 

n 

Weeks after feeding  

Up to 4  Up to 5 >6 

Jews  12 8 0 4 

Non-Jews  20 15 0 5 

Total 32 23 (71.9%) 0 9 (28.1%) 
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6.3.2.   The 1962 epidemic

The 1962 epidemic comprised 18 cases, 7 Jews and 11 non-Jews, with an
attack rate of 0.3 and 4.3 per 100,000. All the cases were distributed in the 0
and 1-4 age groups, and occurred during almost all months of the year, with a
peak in April and May. In contrast to the preceding epidemic, the wild virus
involved belonged exclusively to type 3.

6.3.3.   The 1964 epidemic

The 1964 epidemic occurred three years after the introduction of M1OPV and
one year after administration of OPV in a routine three-dose schedule. The
outbreak affected almost exclusively the non-Jewish segment: 19 (90.5 %) of
the 21 cases reported during the year were in this population, with an attack rate
of 6.8 per 100,000 versus 0.1 per 100,000 in Jews. 47.4% of the 19 non-
Jewish cases were residents of Acre, a further 26.3% and 15.8 % belonged to
other subdistricts of the Northern region and to the Central region, respectively.
The simultaneous decision of the Health Services to increase the recently
introduced 3-dose OPV vaccination to four doses coincided with the occurrence
of paralytic polio cases among children who were given the full 3-dose schedule.

6.3.4.   The 1967 epidemic

Thirty cases diagnosed in 18 Jews and 12 non-Jews during 1967, represented
an attack rate of 0.8 and 3.8 per 100,000 among Jews and non-Jews, respectively.
The age distribution of cases was similar to that of past events: 100% of non-
Jewish and 72.2% of Jewish children were in the 0-4 age group, with an additional
27.8% in the 5-14 age group. A rarely reported almost equal Male/Female ratio
of 1.1: 1.0 was recorded.

The monthly distribution of cases was quite peculiar. Very limited morbidity in the
first three months was followed by another three months of total interruption of
cases. Soon after the Six Day War, cases recurred, progressively reaching a
peak of 30% of the annual cases in early fall, and continued uninterruptedly
during the last three months of the year when another 50% of cases were reported.
The Jewish cases occurred in Jerusalem, in Ashkelon and in the Netanya
subdistrict. Non-Jewish cases occurred in Acre, Beer Sheva and Hadera. The
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temporal and geographic distribution suggested the re-exposure of the Israeli
population due to increased social contact with the inhabitants of West Bank and
Gaza strip.

6.3.5.   The 1974 epidemic

This was another event in which the non-Jewish population was involved almost
exclusively. All 28 cases but one reported during the year were non-Jews, with
an attack rate of 5.3 per 100,000. Cases were spread among most months of
the year, with a high predominance (71.2%) in the last three months, including
the November peak (39.3%). More than three-quarters of the cases occurred in
the Northern district (Acre, Afula subdistricts) and in the Southern (Beer Sheba)
district, where 63% and 18.5% respectively of the morbidity was reported.

6.3.6.   The 1978-1979 epidemic

The 1978-1979 epidemic consisted of 19 cases in 1978, followed by 34 cases
in 1979, representing an attack rate of 2.4 and 4.8 per 100,000, respectively. As
in the previous years, the non-Jewish segment was most affected: 73.7 and 85.3%
of total cases were reported in 1978 and 1979, respectively.

The monthly distribution of cases in 1978 showed the highest concentration of
73.7% in the last four months of the year. The disease continued uninterruptedly
in 1979 with a very moderate peak in April (20.6%). The non-Jewish cases in
1978 were centered mainly in Jerusalem, Hadera and Beer Sheba. In 1979,
most of the non- Jewish cases occurred in the Acre and Afula subdistricts, and
Jewish cases in Hadera and Beer Sheba.
                                                                                                                                                                                                                                                                
6.4.   Vaccination program

OPV vaccination was initiated at the end of May 1961 (Yofe J et al. 1962),
following the recurrence of epidemic activity of poliovirus during a period of
routine vaccination with IPV.

6.4.1.   Schedule

During the epidemic, Monovalent type 1 vaccine (M1OPV) prepared from Sabin
LSc 2ab strain was distributed in campaigns (Yofe J et al. 1962). It was followed



The Epidemiology of Polio in Israel66

in 1962 by Monovalent type 2 (M2OPV) and type 3 (M3OPV),  and replaced in
1963 by Trivalent (TOPV) oral polio vaccine (Goldblum N et al. 1984a), which
was administered in a routine 3 dose schedule at age 2 and 6 months, and one
booster dose after age 12 months (Table 6.11). Between 1964 and 1978, 4
doses were routinely fed at 2, 4, and 6 months, and in the second year of life
(Goldblum N et al. 1984a). Starting in 1979 and continuing until 1984, the previous
schedule was supplemented with one yearly M1OPV dose for all children in the
0-2 age group from populations/areas at risk of re-infection.

Table  6.11.

OPV immunization program, Israel, 1961-1984

*  One dose of each serotype.

6.4.2.   Coverage

In the 1961 campaign, 95.6% of all eligible children aged 4 days-4 years were
covered with M1OPV. The percent of coverage with four vaccine doses at age
23 months administered in routine programs, evaluated yearly since 1964, varied
between 86-94% and 81-91%, with an average of  90.9%  and  85.3% in the
Jewish and non-Jewish segments, respectively (Swartz TA, 1988), (Table 6.12).

Period Basic program Target group Supplementation 

1961 M1OPV:1  Age 0-3  

1962 M 1+M2+M3-OPV:1* Age 0-3  

1963 TOPV: 2+1 Age 0 and 1  

1964-1978 TOPV: 3+1 Age 0 and 1  

1979-1984 TOPV:3+1 Age 0 and 1 One dose of 

M1OPV to 

children aged 0-2 

in areas at risk of 

poliomyelitis  
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Table  6.12.
Oral polio vaccination coverage, immune response and protective efficacy,
Israel, 1971-1982

6.4.3.   Immune Response to OPV

The immune response to OPV was evaluated in serosurveys of the immunity of
various population groups with a history of OPV administration, as well as in
immunogenicity and effectiveness studies on young children administered different
OPV vaccine schedules.

a. Immune profile in the OPV vaccinated population
i. Children in the 0-4 age group (Goldblum N et al. 1984b), tested  one

year after initiation of the OPV program in 1961, had seropositivity
rates varying  between 95-97%, 75-98% and 75-88% against the
poliovirus serotypes 1, 2 and 3, respectively.

ii. Routine serosurveys carried out in the late 70’s and early 80’s in school
children aged 6-17 and in military recruits (Slater PE et al. 1990)
showed NA titers varying between 81-92,  94-98 and 89-94 %  to
the three poliovirus types, respectively.

iii. Humoral immunological memory was evaluated in the 70’s in 12-year
old children with history of OPV vaccination (Goldblum N et al. 1979):
one month after a booster dose of OPV vaccine, NA titers were 84.4,
94.4, and 100.0% with GMT values of 22.0, 130.0 and 187.0 to the
vaccinal poliovirus serotypes 1, 2 and 3, respectively.

iv. A serosurvey in a 0-18 age-stratified population, from 30 kibbutzim,
(Margalith M et al. 1990) detected NA values between 84-81,
91-90 and 79-78% to vaccinal type 1, 2 and 3, respectively.

Population 

group 

Vaccine coverage 

(%) 

Range of neutralizing antibody  

(%) 

Protective 

efficacy (%) 

 Range Average Type 1 Type 2 Type 3  

Jews 86-94 90.9 92.8-100 96.0-97.2 90.5-100 95.0 

Non-Jews  81-91 85.3 81.9-86.1 79.1-93.7 65.1-79.3 85.0 
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b. Effectiveness studies
i. As a part of the study in 1962 (Goldblum N et al. 1984b), in the <1

age segment, NA titers of >1:16 were achieved by 95% for type 1,
and 75% for types 2 and 3.

ii. Following administration of 3 OPV doses to young infants aged 2–6
months (Swartz TA et al. 1972), the immune response varied
considerably with social status of the family and season of vaccination.
Unsatisfactory seropositivity to the three serotypes characterized the
infants in the low social group vaccinated in summer months, which
contrasted with the high seroconversion rates in infants of both upper
and low social status groups who were vaccinated in winter (Table
6.13). Lower NA percentage and GMT values found in infants
vaccinated in summer were associated with excretion of non-polio
enteroviruses (Sutter RW  et al. 1999).

Table  6.13.

Relationship of polio neutralizing antibody and non poliovirus (N.P.V.)
excretion, Israel, 1972*

Study 
group 

Distribution of neutralizing antibody 

Without N.P.V. excretion With N.P.V. excretion 

Type 1 Type 2 Type 3 Type 1 Type 2 Type 3 

% GMT % GMT % GMT % GMT  % GMT % GMT 

Winter 

Social 
group 
A 

100.0 127 100.0 151 100.0 151 100.0 108 100.0 160 100.0 108 

Social 
group 
B 

100.0 116 100.0 147 97.0 118 100.0 108 100.0 108 100.0 108 

Summer 

Social 
group 
A 

95.0 109 100.0 149 100.0 149 83.3 45 100.0 127 83.3 45 

Social 
group 
B 

94.1 102 100.0 160 94.1 129 50.0 20 83.3 61 65.0 30 

 *   From Swartz TA  et al., J Hyg (Camb)., 1972;70:719-26.



   69The Epidemiology of Polio in Israel

6.4.4.   Protective efficacy

Protective efficacy induced by four OPV doses was calculated at about 95%
and 85% in the Jewish and non-Jewish segments, respectively (Gregg MB et al.
1981).

6.5.   OPV failure

The uninterrupted use of OPV in various schedules during a 21-year period
provided much information on its contribution to the control of polio in Israel.
Field observations from mass programs, as well as serosurveys in vaccinated
populations and immunogenicity studies on selected population groups, contributed
to the recognition of the advantages and limitations of this vaccine in the particular
conditions of Israel, which were very different from those existing in western
countries (Melnick JL, 1978; Melnick JL, 1997). The limitations of OPV in
inducing satisfactory control of the disease (Table 6.14), were evident from the
following:

a. Primary failure: absence of immune response to vaccine administration.
The primary immunization did not always induce a satisfactory humoral
immune response and intestinal immunity. Poor seroconversion after
administration during the summer months of a 3-dose schedule (Swartz
TA et al. 1972) has already been mentioned. As shown in Table 6.13, the
difference between the two groups could be inversely correlated with the
degree of enterovirus excretion, suggesting the role of interference in
prevention of immune response.

Occurrence of the disease in vaccinated children with >3 M1OPV doses
was observed (Yofe J et al. 1962) since the start of the OPV vaccination
in Israel: 28.1% of 32 polio cases in the 1961 epidemic had received
M1OPV >6 weeks  before the start of the disease due to a wild serotype
1 poliovirus, as shown in Table 6.10 .

Furthermore, administration of a complete schedule did not always prevent
the paralytic disease (Swartz TA, 1988; Gregg MB et al. 1981): 62
(36.4%) of 170 polio cases from both population segments reported
between 1971-1985 had been administered >3 OPV doses (Table 6.15).
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b. Secondary failure: presence of a non-protective antibody profile.
Observations from the 1961 epidemic (Yofe J et al. 1962) demonstrated
that 21 wild poliovirus strains isolated from polio cases before or after the
start of immunization were distinct from Sabin 1 vaccinal strains in antigenic
differentiation tests (Melnick JL, 1962). This suggests that OPV induced
anti-Sabin 1 antibodies may have been partially unable to neutralize the
wild polio strain involved in the 1961 epidemic.

c. Tertiary failure: reversion to neurovirulence.
Between 1971-1980 (Swartz TA, 1988) 4 of 148 polio cases reported at
that time were diagnosed as vaccine-associated paralytic polio, as
documented by epidemiological and virological data.

Table  6.14
Israeli experience with OPV limitations

Prima ry failure 

•  Humoral immunity 

- Poor seroconversion in selected areas/groups 

                                    -  Low socioeconomic groups 

                                    -  Selected urban populations 

                      -     Disease in children with documented vaccination and  

absence of immune  response to vaccine 

•  Mucosal immunity 

- Replication after challenge with vaccinal or wild virus in  

children  with good humoral immunity 

- Transmission of infection/circulation in the community 

Secondary failure 

•  Humoral immunity 

- Seroregression: progressive reduction of vaccine-induced seroimmunity 

- Poor serum antibody response to virus strains antigenically different  

from Sabin  vaccinal strains 

Tertiary failure 

- Sporadic: Vaccine Associated Paralytic Poliomyelitis 

- Transmissible: circulating Vaccine Derived Poliovirus Infection/Disease 
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Table  6.15.

Immunization history of paralytic poliomyelitis cases, Israel,
1971-1985

6.6.   West Bank and Gaza

Poliomyelitis in the West Bank and Gaza became a serious concern for the Israeli
Public Health Service after the Six-Day War, following the considerable socio-
political changes in the area. The large reservoir of wild poliovirus in the Middle
Eastern countries and the permanent contact of their populations with that of the
Palestinian Authority on the one hand, and the continuous presence of Israeli
groups in both the Gaza Strip and the West Bank on the other hand, were important
risk factors for introduction of polio infection within the borders of Israel. This
situation explained the close collaboration established between the two Health
Services with respect to problems of polio control and prevention, continuing
almost uninterruptedly since 1968 to the present.

Data on poliomyelitis were available (Gregg MB et al. 1981) from both the
Gaza Strip and the West Bank since 1963 and 1968, respectively. A
hyperendemo-epidemic pattern was common for the two areas (Table 6.16).
However, considerably higher attack rates were observed in Gaza than in the

No. of  TOPV 

doses 

administered   

Population group Total 

Jews  Non-Jews   

No. % No. % No. % 

0 14 33.3 40 31.3 54 31.8 

1 11 26.2 20 15.6 31 18.2 

2 7 16.7 16 12.5 23 13.5 

3 6 14.3 17 13.3 23 13.5 

>4 4 9.5 35 27.3 39 22.9 

Total 42 100.0 128 100.0 170 100.0 
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West Bank for both endemic and epidemic morbidity, during the whole observation
period. A considerable proportion of cases occurred among non-vaccinated
children, but a no less important segment had a history of >3 OPV doses (Table
6.17). The recurrence of epidemics in 1974 and 1976 (Lasch EE et al. 1981;
Goldblum N et al. 1994 ; Gerichter Ch B et al. 1978) after several years with
much lower attack rates, was of particular concern and generated an important
change in the vaccination policy of the area (Goldblum N et al. 1994).

A comparison between poliovirus activity in Israel and the P.A. (Table 6.18)
points to significantly lower attack rates in both the Jewish and the non-Jewish
segments of Israeli population between 1975 and 1986. From 1987 very low
morbidity was present in both regions. The age distribution (Gregg MB et al.
1981; Lasch EE et al. 1983) was in accordance with the infantile profile of the
disease, where 49.5% and 97.4 % of the cases in Gaza were in the 0 and 1 age
groups, respectively. Cases aged >2 were more frequent among West Bank
children.

Information available since the early 70’s indicated the predominant involvement
of wild type 1 poliovirus (Gregg MB et al. 1981). It was identified in 64.9% of
154 wild poliovirus strains isolated from Gaza cases, including in epidemic periods,
as compared to 10.4 and 24.7% type 2 and 3, respectively. In the West Bank
wild type 1 virus had constantly been present during the entire period.

The vaccination program which started in 1968 by administration of a 3-dose
OPV schedule, had an estimated coverage of no more than 60% (Lasch EE et
al. 1984). It was supplemented with a fourth dose starting in 1973, when the
coverage reached 90%. Introduction of a combined first generation   IPV/OPV
program in 1978, achieved an even higher coverage. Information on polio in the
Middle Eastern countries (WHO, 1974; WHO, 1976; WHO, 1986) illustrates
the hyper-endemo-epidemic pattern of polio in the region, and in particular the
considerable increase in the number of cases in Jordan and P.A. in 1967, 1974
and 1978-79, which were also years of epidemic activity in Israel (Table 6.19).
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Table 6.16.

Poliomyelitis, reported cases and incidence rates, Gaza and the West
Bank, 1967-1980*

*  From Gregg MB et al., WHO.,1981:1-18.

 

 

Year 

Gaza West Bank 

 

n 

Incidence per 100,000 

total population 

 

n 

Incidence per 100,000 

total population 

1967 37 10.3 _ _ 

1968 41 10.6 22 4.0 

1969 30 7.8 32 5.6 

1970 32 8.3 23 3.8 

1971 9 2.3 9 1.5 

1972 13 3.4 14 2.2 

1973 27 6.4 8 1.2 

1974 75 17.9 29 4.5 

1975 18 4.3 21 3.2 

1976 77 18.3 35 5.2 

1977 13 3.1 17 2.5 

1978 19 4.3 11 1.6 

1979 9 2.1 2 0.3 

1980 14 3.2 24 3.4 
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Table  6.17.

Percent distribution of paralytic poliomyelitis by immunization history, in
two epidemic years in Gaza Strip*, 1974, 1976

* From Swartz TA,  Institute of Medicine,  National Academy of Sciences,  Washington,  D.C.
1988;  1-8.

Table 6.18.

Poliomyelitis - cases and attack rates per 100,000 (three year averages),
Israel and the West Bank and Gaza, 1975-1988

Immunization history  

with OPV 

Epidemic year 

1974 1976 

No vaccine 46.7 28.0 

1-2 doses 17.3 32.0 

3 doses 32.0 37.3 

4 doses 4.0 2.7 

Period 

 

Israel Controlled territories 

Total Jews  Non-Jews  Total Gaza West Bank  

1975-1977 0.3 0.04 1.4 9.3 14.9 5.6  

1978-1980 0.6 0.1 3.0 5.7 7.2 4.7  

1981-1983 0.1 0.1 0.3 0.9 1.3 0.6  

1984-1986 0.02 0.02 0.1 0.6 0.4 0.8  

1987 0.04 0.0 0.3 0.1 0.2 0.1  

1988 0.2 0.3 0.2 0.2 0.2 0.2  
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Table  6.19.

Poliomyelitis - reported cases in selected Middle East countries,
1961-1981*

*  WHO. Wkly Epidemiol Rec., 1974;49:389-94,1976;51:53-9, and 1986;61:239-41.

** 1961-1965 average number of cases.

Year Egypt Iraq Jordan  Lebanon Syria Saudi 

Arabia 

Yemen Israel Palestinian 

Authority 

1961  

 

  76  

 

 

231** 

 

 

89** 

 

 

284** 

 

 

- 

 

 

- 

 

 

- 

207 NR 

1962 18 NR 

1963 6 NR 

1964 21 NR 

1965 3 NR 

1966 803 497 79 481 - - - 9 NR 

1967 550 138 147 195 - - - 30 NR 

1968 2562 260 63 230 - - - 12 63 

1969 1666 287 117 415 - - - 12 62 

1970 2746 238 43 27 - - - 10 55 

1971 1915 425 47 126 - - - 13 18 

1972 2041 255 59 50 - - - 6 27 

1973 … 252 35 51 - - - 8 35 

1974 2831 662 60 65 134 … .. 28 104 

1975 2157 1046 69 ... 110 334 30 13 39 

1976 1587 1416 71 … 172 185 32 9 112 

1977 791 771 38 … 69 479 18 7 30 

1978 934 1159 129 - 196 266 74 19 30 

1979 1123 1057 20 85 336 197 76 34 20 

1980 2006 997 15 … 312 257 667 11 38 

1981 1613 420 1 … 248 169 410 8 2 

 

 

 



The Epidemiology of Polio in Israel76

6.7.   Comments

The polio activity in this period can be seen as the result of the interrelation
between several factors:

a. The large dimensions of the human reservoir were sustained by the
considerable proportion of young children aged 0-4 (up to 15 %  of the
total population) from the mass immigrations of the 50’s and early 60’s.

b. The frequent importation of wild poliovirus, mainly from Jordan and PA,
was favored by a massive free traffic between populations of these countries
and those of other countries from Eastern Mediterranean Region, which
were important foci of endemic polio.

c. The high rate of interference with non–polio enterovirus infections at the
age of OPV primary immunization prevented the development of an effective
intestinal immune barrier against poliovirus infection, which was needed to
avoid community transmission of the virus.

d. OPV coverage in the range of 80-90%, administered in a 4 dose schedule,
was non-protective against infection in a non-negligible proportion of
vulnerable individuals at risk (unvaccinated or non-responders) under the
local conditions of high transmissibility of poliovirus.

6.8.   Conclusions

a. This period was dominated by continuous efforts of the Public Health
Service to attain satisfactory control of paralytic poliomyelitis by use of
OPV.

b. The partial control of the disease was expressed by persistence of two
patterns of morbidity: occurrence of disease in vaccinees who had received
the complete vaccination schedule and high frequency of vaccine-associated
paralytic poliomyelitis cases.

c. The multiple failures of OPV in the local conditions provided an incentive
to seek other methods for improved community protection against the
paralytic disease.
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7.   1982-1987: Partial return to IPV

Unsuccessful efforts to achieve satisfactory control of polio activity by means of
the vaccination program administered during the preceding 20 years, led to a
search for better ways to cope with the disease. Local experience was encouraged
by the results of sero-epidemiological studies with EIPV, supported by data from
foreign sources.

7.1   Characteristics

a. The different epidemiological pattern of the disease in this period was the
result of recently introduced changes in the routine vaccination program.

b. Besides supplementation of the OPV program with M1OPV campaigns, a
field program of 6 years duration with exclusive use of the new EIPV
(expanded inactivated poliovirus vaccine) was carried out in 2 of the 14
Health Subdistricts of Israel.

c. Rapid and persistent absence of paralytic disease associated with both
wild and vaccine virus occurred following the introduction of the EIPV
program, in contrast to the persistence of low incidence rates of paralytic
disease in the area covered with OPV.

7.2.   Description

7.2.1   Morbidity trends

A total of fourteen paralytic cases, (yielding a 6-year annual average of 2.33
cases), were reported during this period. These data indicate a very limited,
mostly sporadic morbidity, as confirmed by the low annual attack rates (Table
7.1). As in the previous period, the non-Jewish population was more affected
than the Jewish population.
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Table  7.1

Poliomyelitis - cases and attack rates per 100,000 by population group,
Israel, 1982-1987

7.2.2. Selected epidemiologic variables

a. All the cases in both segments were concentrated in the 0 and 1-4 age
groups, with the exception of 2 cases (28.6%) in the Jewish segment in the
15-44 age group (Table 7.2).

Table 7.2.

Poliomyelitis - cases and percent distribution by age and population group,
Israel, 1982-1987

 

Year 

Total Jews Non-Jews 

n Rate n Rate n Rate 

1982 5 0.1 2 0.1 3 0.4 

1983 4 0.1 4 0.1 0 0.0 

1984 1 0.02 1 0.03  0 0.0 

1985 2 0.1 0 0.0 2 0.3 

1986 0 0.0 0 0.0 0 0.0 

1987 2 0.1 0 0.0 2 0.3 

Age  

group 

Total Jews Non-Jews  

n % n % n % 

0 3 21.4 1 14.3 2 28.6 

1-4 9 64.3 4 57.1 5 71.4 

5-9 0 0.0 0 0.0 0 0.0 

10-14 0 0.0 0 0.0 0 0.0 

>15 2 14.3 2 28.6 0 0.0 
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b. The 1.8:1.0 sex ratio showed a high predominance of 9 male to 5 female
polio cases.

c. Information on cases by vaccination history (Table 7.3) indicated a very
impressive reduction of the annual average attack rate in the two subdistricts
covered with EIPV, from 7.8 in 1976-81 to 0.4 per 100,000 in 1982-
1987 (rate ratio= 9.5). The corresponding rates among those vaccinated
with OPV in the 2 periods were 2.0 and 0.3 respectively (rate ratio =
6.7).

It should be mentioned that the only case reported in 1982 in the EIPV
covered area, occurred in a young child aged 18 months who contracted
paralytic polio one year after his vaccination with OPV (Swartz TA, 1988).
In contrast, in the area covered with OPV, the disease persisted throughout
this period though with reduced morbidity. It should also be added that 4
of 14 cases were Vaccine Associated Paralytic Poliomyelitis (Goldblum N
et al. 1994).

Table 7.3.

Poliomyelitis - cases and attack rates per 100,000 by sub-district and
immunization history, Israel

* Covered with OPV until 1981, and with EIPV since 1982
** Covered with OPV only
*** Non-applicable

d. The monthly distribution of cases was typical of the usual increase in cases
in Israel in late summer and early fall months with a delayed peak in October
(Figure 7.1).

 
 
 
Period 

 
Total 
Cases 

N 

Hadera and Ramla subdistricts  All other subdistricts  

 
Cases 

n 
 

Rate  

Immunization history   
Cases  

n 

 
 

Rate 

 
Wild virus 
associated 

Vaccinal 
virus 

associated 

OPV IPV 

<2 >3  

1976-1981 89 19 7.8 9 10 NA*** 70 2.0 68 2 

1982-1987 14 1 0.4 0 1 0 13 0.3 9 4 

 

 

 

* **
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Figure  7.1.

Poliomyelitis - average monthly percent distribution of cases*, Israel,
1982-1987

*  Six year average

e. Four of the seven Jewish cases occurred in Haifa and Ashkelon, and six of
the seven non-Jewish cases were reported in Acre and Beer Sheba. They
were isolated cases with the exception of a cluster which included two
non-Jewish Israeli infants belonging to one family from the Beer Sheba
district, together with another two young children living in Hebron area,
not reported here. All developed paralytic disease during a 10-day period
in late October 1985 (Handsher R et al. 1986).

7.2.3   Deaths

No deaths were reported during this period.

7.2.4.   Virology

Twelve poliovirus strains were isolated from paralytic cases, eight of which were
wild serotype 1. Of the four attenuated strains which accounted for the remaining
Vaccine Associated Paralytic Polio cases, one was serotype 2 and three were
serotype 3.
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7.3   Vaccination policy

Several changes occurred in the routine polio vaccination program in Israel (Swartz
TA, 1988; Ben Porath E, 1980) starting in 1982 (Table 7.4). Three programs
were initiated: (a) Continuation of 4 OPV doses vaccination in 12 out of 14
subdistricts, (b) Supplementation of OPV routine vaccination with M1OPV in
selected groups at risk, and (c) Institution of a vaccination program with exclusive
use of EIPV in a three dose program, in two Health Sub-districts, where 7.5 %
of the Israeli population resided.

Table 7.4.

Routine immunization program against poliomyelitis in Israel. Coverage
during 1979-1987, Israel

* Percentage of each newborn generation

** Supplemented with one dose of M1OPV, administered up to 1984 in annual campaigns to the
age  group 0-2, without reference to the number of TOPV doses given previously

*** Simultaneously with DTP

7.3.1.   Reasons for the use of EIPV

a. Limitations of OPV
Evidence continued to accumulate on failure of the routine OPV program
to ensure a satisfactory control of polio paralytic disease in Israel as
mentioned above. In brief, the failures attributed to OPV were: (a) an
incomplete protective humoral immunity profile following a national

Schedule 

(primary doses + booster)  

Covered districts  Date of 

start n %  

TOPV: 3+1  12 92.5 1961 

IPV: 2+1(***)  2 7.5 1982 

*

**
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coverage of 86-94 and 81-91 % in the Jewish and non-Jewish segment,
respectively, (Gregg MB et al. 1981); (b) suboptimal intestinal immunity
to OPV challenge (Swartz. TA et al. 1972); (c) persistence of virus (Sutter
RW et al. 1991) and  disease (Swartz TA et al. 1998)  in OPV vaccinated
communities; and (d) occurrence of paralytic disease in individuals with
documented complete vaccination schedule (Swartz TA, 1988).

b. Advantages of EIPV
The new generation Enhanced IPV (EIPV) was substantially different from
the conventional IPV used in the Scandinavian countries, the Netherlands
and two Canadian regions since the late 50’s. It was available in a highly
purified form and with a high antigen concentration measured in D Antigen
units (Plotkin SA et al. 1999). It could be combined with DTP, in adequate
quantities for mass use in long-term programs.

Furthermore, results of local studies provided convincing evidence of its
very high immunogenicity, clearly superior to the immune response to OPV:

• Efficacy studies
The first controlled trial on EIPV efficacy in Israel was carried out in 1979
(Swartz TA et al. 1981).  This was a comparative study of the immune
response to the 2+1 dose EIPV program as against the profiles induced
by a combined 2 EIPV +1 OPV and a 4 OPV dose schedule. A very
good immune response was observed after the second EIPV dose, which
reached very high values after the third dose, superior to the response to
the complete OPV schedule (Table 7.5).

The seven -year follow-up of the above study comparing the EIPV versus
the OPV program, fully confirmed the immunogenic advantage of EIPV
initially detected during the primary immunization (Table 7.6).

Immunization of newborn infants administered one EIPV dose at 24 hours
after birth in different antigenic concentrations and followed by a second
EIPV dose at age of 6 months, induced one week later an immune response
which varied between 85.3-90.3, 86.5-100 and 91.2-96.8% to the three
vaccine polio strains, respectively (Swartz TA et al. 1989). Eighteen months
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after the second dose, by the age of 2 years, the immune profile of the
group presented with uniform protective NA values (Table 7.7).

Table 7.5.

Percentage distribution of polio-neutralizing antibody (NA> 1:10) and
geometric mean in infants immunized with three schedules of polio vaccine,
Israel, 1979-1980*

*  From Swartz TA et al., Dev. Biol. Stand.,1981;47:199-206.

   Schedule One month after 
1st dose 

One month after  
2nd dose 

Six months after 
2nd dose  

(before booster) 

One month after 
 booster 

1 2 3 1 2  3  1 2 3 1 2 3 

   IPV  2+1            % 
                          
                          GMT    

88.8 88.8 55.5 100 96.7 100 96.7 95.1 96.3 100 100 100 
12 40 5 246 241 429 60 46 58 2,285 1,701 1,949 

    IPV 2                 % 
     + 
  TOPV 1          GMT  

93.3 93.3 73.3 100 96.1 100 98.1 94.4 94.4 98.1 98.1 100 

40 7 10 518 103 396 122 86 87 614 614 657 

 
 
 
 
  TIPV 3 
          +              % 
  M1OPV 1        GMT                  

 One month after 
3+1 

doses 

Six months after 
3+1doses 

(before booster) 

One month after 
 booster 

   1 2 3 1 2 3 1 2  3 

   100 94.2 88.5 97.6 97.6  76.7 98.1 100 90.5 

   103 78 24 64 101 22 440 710 180 
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Table  7.6.

Long term immune response to two polio vaccination schedules
administered in infancy, Israel, 1979-1987

* One dose at 2 and 3.5 and 10 mo.
** One dose at 2, 4 and 6 and >12 mo.
*** NA> 1:4

Table 7.7.

Immunologic memory induced at birth by immunization with inactivated
polio vaccine in a reduced schedule*

 

Date of 
sampling 
after 
completion of 
immunization 
schedule  

EIPV* OPV** 

% of seropositivity*** GMT % of seropositivity  GMT 

Mah MEF1 Saukett Mah MEF1 Saukett Mah MEF1 Saukett Mah MEF1 Saukett  

One month 100 100 100 2,304 1,615 1,907 98.5 100 100 490 815 235 

One year 100 100 100 960 838 1,020 98 9 8 91 435 473 176 

Seven years 98 100 95 131 116 62 87 9 9 96 12 30 9 

* Processed from Swartz TA et al., Eur J Epidemiol., 1989;5:143-5
** Polio neutralizing antibody titer >1:4
*** Geometric Mean Titer
**** With 40-8-32 D Ag. Unit concentration

 

 
 
 
n 

D-antigen unit 
concentration 

at priming 

3.5 months after 
the first dose  
(Age: 3.5 mo.) 

One week after 
 second dose  

(Age: 6 mo. and 1 week) 

One month after  
second dose 
(Age: 7 mo.) 

18 months after  
second dose 

(Age: 2 years) 

1 2 3 1 2 3 1 2 3 1 2 3 

47 160-32-128             

% with antibody  
GMT  

64.3 
3.6 

80.9 
8.6 

85.7 
16.0 

89.2 
108.1 

86.5 
75.8 

94.6 
416.7 

83.0 
47.9 

89.4 
58.7 

78.7 
65.9 

100.0 
50.8 

100.0 
111.4 

100.0 
81.4 

49 80-16-64             

% with antibody  
GMT 

78.7 
5.7 

76.6 
7.0 

74.5 
10.3 

85.3 
35.3 

100.0 
84.5 

91.2 
130.6 

77.6 
29.4 

98.0 
67.4 

89.8 
71.5 

100.0 
64.0 

100.0 
29.0 

100.0 
81.6 

45 40-8-32             

% with antibody  
GMT 

66.6 
4.2 

75.5 
8.6 

66.6 
5.4 

90.3 
78.5 

87.1 
42.6 

96.8 
66.4 

84.4 
44.3 

100.0 
106.5 

82.2 
24.5 

100.0 
48.5 

93.7 
45.2 

100.0 
28.0 

**
***

****
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• Potency study
The comparative study of the potency of vaccines of different sources,
produced according to a similar protocol, was necessary to ensure the
availability of potent vaccines necessary for the mass immunization program.
The issue appeared particularly important as EIPV was provided in
combination with DTP. Results of a satisfactory immune response to
vaccines of different sources administered in infancy are presented (Table
7.8).

Table  7.8.

Immune response (percent of seropositivity and Geometric Mean Titer)
in infants immunized with three EIPV vaccine preparations, Israel, 1985-
1986

* Percent of  NA>1:4

** Geometric Mean Titer

• Effectiveness study.
The introduction of the EIPV mass immunization program in 1982 in the
Hadera and Ramla subdistricts was closely followed for the dynamics of
immune response to the program (Swartz TA, 1986). Available data

 

 
Vaccine 
preparations  

Four weeks after 1 st  
dose 

Six weeks after 
2nd  dose 

Four weeks after 
reinforcing dose 

Mah. MEF1  Saukett Mah. MEF1 Saukett Mah. MEF1 Saukett 

Tetracoq 

NA  
GMT  

95.0 
7.1 

80.0 
4.9 

45.0 
2.9 

100.0 
88.8 

92.7 
55.0 

98.2 
199.0 

98.3 
1,516.6 

100.0 
1,176.3 

100.0 
1,867.2 

Imovax 

NA 
GMT 

85.0 
6.9 

85.0 
4.6 

60.0 
3.6 

88.1 
33.9 

86.4 
20.7 

100.0 
217.2 

98.3 
228.1 

100.0 
262.0 

100.0 
831.7 

DPT- Polio 
(Rijks) 

NA 
GMT 

57.0 
3.0 

58.2 
3.1 

72.2 
4.3 

92.7 
141.6 

87.3 
65.6 

100.0 
573.5 

100.0 
1,383.0 

100.0 
1,300.7 

100.0 
1,583.9 
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reconfirmed the development and duration of protective immunity (Swartz
TA, 1988), expressed in a high percentage of persistent seropositivity and
satisfactory GMT values, in a long term follow-up (Table 7.9).

Table 7.9.

Follow-up of immune response in children administered a 2+1 EIPV
schedule in routine vaccination (Hadera-Ramla) program, Israel, 1982-
1987*

* Swartz TA. Institute of Medicine, National Academy of Sciences, Washington, DC.1988;1-8

** Percent of NA > 1:4

• Immunological memory
The humoral immunological memory induced by the EIPV schedule is the
result of priming with a high dose of highly purified vaccine with a strong
antigenic concentration, administered in a high dosage, which is followed
by a reinforcing dose dispensed after an adequately long interval. The first
documentation on the development of the humoral immunological memory
and the rapidity of the process following EIPV administration, came from
observations on the trend of the immune response in both efficacy and
effectiveness studies. It was present one week after the second EIPV dose

 

 
Date of sampling 
after 3rd  dose 

Children 
tested 

(n) 

Mahoney MEF Saukett 

 
%  

 
GMT 

 
% 

 
GMT 

 
% 

 
GMT 

One month 113 100  1,383 100 1,301 100 1,583 

One year 94 100 478 100 215 100 144 

Two years 51 100 150 100 127 100 89 

Three years  48 100 126 100 120 100 50 

Four years 49 100 159 100 64 98 69 

Five years 50 100  98 100 62 96 59 
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administered at age 4 months, and particularly after the 3rd dose at age 10-
12 months (Table 7.10). Furthermore, immunological memory was present
in the EIPV vaccinated newborns (Swartz TA et al. 1989) still negative
after administration of 1-2 vaccine doses, who reacted with a strong
anamnestic response to a EIPV booster (Table 7.11).

All the trials and serological surveys of programs with EIPV subsequently
carried out in Israel, confirmed this important characteristic of the vaccine.
Its high significance became even more evident  in follow-up surveys carried
out in the 90’s on the status of polio eradication in Israel, as they provided
important information on the pace, strength, and spectrum of  memory,
which constitute very important conditions for elimination of infection from
the community.

Table 7.10.

Immune response (percent of seropositivity and Geometric Mean Titer)
in infants administered a 2+1 EIPV vaccination (Hadera-Ramla) program,
Israel, 1982-1983

 

 
Date of  
sampling  

 
Age 

 
Subjects 

(n) 

 
% of seropositivity  

 
GMT  

Mah MEF1 Saukett Mah MEF1  Saukett 

1 month after  
first dose 

3 mo. 29 93 96 53 20 31 4 

1 week after 
second dose 

4 mo. + 
1w. 

36 97 97 100 158 103 165 

1 month after 
second dose 

5 mo. 59 97 97 100 181 109 313 

1 week after  
third dose 

10 mo. 
+ 1 w. 

38 100 100 100 1,118 992 1,443 

1 month after 
third dose 

11 mo. 113 100 100 100 1,138 1,473 1,581 



The Epidemiology of Polio in Israel88

Table  7.11.

Immune status of 21 infants with polio neutralizing antibody > 1:4 to one
or more  poliovirus types, given a second IPV booster*

* From Swartz TA et al. Eur. J. Epidemiol. 1989;5:143-5.

** 40-8-32 D ag. Units

• Intestinal immunity
The intestinal immunity of children administered the EIPV schedule in the
1982-1987 program was investigated in a controlled study (TA Swartz,
personal communication) carried out in 1985-1986 on two groups of infants
vaccinated with 3 EIPV or four OPV vaccine doses, and challenged at the
age of 2-3 years with one M1OPV in a concentration of 106 TCID50 per
vaccine dose. The percent of fecal virus excreters detected one week
after challenge was 33.3 and 50.1% in the groups vaccinated with OPV
and EIPV, respectively (Table 7.12).  In a similar study in the US (Onorato
IM et al. 1991) very similar values were observed among OPV vaccinated
children, but a much higher percent of excreters was observed in the EIPV
vaccinated group. Beyond the information provided, the importance of
these data consisted in their role of stimulating the further study of intestinal
immunity after elimination of the disease and of wild poliovirus spread in
the local community.

 

  
Before the second booster 

7-10 days after the  
second booster  

 Mah. MEF1  Saukett Mah.  MEF1  Saukett 

Percent of seropositive  23.6 66.1 52.4  100.0 100.0 100.0 

Geometric mean level 2.7 13.1 10.1  958.6 1,854.9 2,580.3 
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Table   7.12.

Percent of poliovirus excreters following a M1OPV challenge of US and
Israeli children with a history of polio immunization

* From Onorato IM et al., J Infect. Dis., 1991:163;1-6

** Survey carried out in 1985-1986

*** Percent

c. Contribution of EIPV to polio control
The contribution of the six-year EIPV program to the effective control of
polio in Israel can be summarized as follows:

• The implementation of this program in a simple schedule did not interfere
with the logistics of the Israeli routine immunization program. Association
or combination with DTP or/and HIb made its administration easier.

• The protective immune response to EIPV schedule was:
- quick: it was already present before the end of the first half year  of life;
- high: close to 97-100% seropositivity was present after the second

EIPV dose administered at age 4 months;
- strong: high GMT values were observed;
- persistent: high percentage of seropositivity and protective GMT values

were measured up to 7 years after primary immunization;
- inductive of early systemic immunologic memory.

• Administration of this program was associated with the very early
disappearance of paralytic disease associated with wild poliovirus in the
area of its implementation.

 
Primary immunization 

Virus excreters  
U.S children Israeli children  

TOPV: 3+1 14/45  (31)  12/36  (33.3)  

IPV:2+1 37/45  (82.2)  29/57  (50.1)  

 P<0.001 P=0.06 

* **

***
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• No cases of Vaccine Associated Paralytic Poliomyelitis occurred among
infants receiving the EIPV program.

• Virus excretion following M1OPV challenge, suggestive of intestinal
immunity, was not found in ~50 % of young Israeli children aged 2-3 y.
who were immunized in infancy with EIPV schedule only (T.A Swartz,
personal communication).

7.4. Poliomyelitis in the Middle East

7.4.1. West Bank and Gaza

Polio morbidity was progressively controlled by the combined EIPV/OPV
program introduced in 1977 (Lasch EE et al. 1983), as compared with the
previous period. A serosurvey carried out on 209 young children in 1982 (Lasch
EE et al. 1986), indicated a seropositivity (NA =1:4) of 89, 83 and 89% for the
three types, respectively. In this period, ten sporadic paralytic cases were reported
in the West Bank, and another three cases in the Gaza Strip. The dynamics of
morbidity are reflected in the 5-year average attack rates, which point to a
progressive reduction of poliovirus activity (Table 7.13). However, the incidence
of disease was still higher than that observed in Israel during the same period,
where different vaccination programs were simultaneously conducted, none of
them based on combined EIPV/OPV vaccination (Tulchinsky T et al. 1994).
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Table 7.13.

Poliomyelitis in Israel, West Bank and Gaza; total cases, 5-year average
cases incidence rates, 1973-1987*

*  Selected data from Tulchinsky et al., Isr J Med Sci 1994;30:489-94.

7.4.2. Countries in the selected Eastern Mediterranean Region

Poliovirus activity continued at a high intensity, including the countries with common
borders with Israel or at short distance from its borders (Table 7.14).
Hyperendemicity, a favoring factor of repeated epidemic activity, was characteristic
of many countries such as Egypt, Iraq, Syria, Saudi Arabia, and Yemen (WHO,
1986; WHO, 1989).

 1973-77 1978-82 1983-87 

Gaza 

Cases 210  37 3 

Average annual cases 42.0  7.4 0.6 

Average annual incidence rate 10.2  1.6 0.1 

West Bank  
Cases 110  40 10 

Average annual cases 22.0  8.0 2.0 

Average annual incidence rate 3.3 1.1 0.3 

Israel 

Cases 67 77 8 

Average annual cases 13.4  15.4 1.6 

Average annual incidence rate 0.4 0.4 0.04  
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Table 7.14.

Poliomyelitis - reported incident cases in selected Middle East countries,
1982-1987*

*   WHO., Wkly Epidemiol Rec., 1986;61:239-241 and 1989;64:281-8.

7.5. Conclusion

a. The changes in the vaccination policy provided encouraging evidence for
the effective control of the disease in Israel.

b. Local experience of the immune response to EIPV vaccination underlined
the advantages of its inclusion in mass programs.

 
Year 

 
Egypt  

 
Iraq 

 
Jordan 

 
Lebanon 

 
Syria 

Saudi 
Arabia 

 
Yemen 

 
Israel 

Palestinian  
Authority 

1982 2113 419 2 … 262 99 211 5 4 

1983 1022 152 2 30 43 110 542 4 6 

1984 697 223 1 3 26 102 692 1 2 
1985 416 198 1 3 28 28 310 2 0 

1986 339 80 2 2 38 12 579 0 0 

1987 492 45 0 0 41 4 101 2 0 
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8. Vaccine-Associated Paralytic Poliomyelitis: tertiary
failure of OPV

Vaccine-Associated Paralytic Poliomyelitis (VAPP) is the major adverse event
of OPV administration. It is a long-known characteristic of the Sabin vaccinal
strain to revert to neurovirulence by an evolution process which occurs soon
after vaccine virus multiplication or recombination with other viruses in the human
gut. Epidemiologically, VAPP is expressed as isolated sporadic cases, usually
occurring after direct exposure (vaccine recipient), seldom following indirect
exposure (contact with vaccine recipient), and mostly after the first OPV dose.
The majority of cases occur in B-cell immuno-deficient patients, particularly
associated with the type 3 Sabin vaccinal strain (Sutter RW et al. 1999). There is
neither environmental transmission nor secondary case following person-to-
person contact with a VAPP patient.

The interest in VAPP in Israel started in the early 70’s. Between 1972, when the
monitoring of VAPP was introduced, and 1985, when the last individual with
VAPP was diagnosed, a total of 8 cases were reported: 6 in recipients of vaccine
and 2 in contacts with vaccinees.  All the cases were confirmed by virus isolation
in feces and identification by intra-typic differentiation test with adsorbed sera
and monoclonal antibody prepared against vaccine and wild strains. The results
were confirmed at the WHO reference laboratories in Bilthoven and Paris.

8.1.   The most important descriptive characteristics were:

a. Cases were distributed among 6 vaccine recipients and 2 vaccine contacts,
all in the Jewish segment, (Table 8.1). The 8 reported cases represented
19.0% of 42 polio cases which occurred in the Jewish segment during
1971-1985.
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Table 8.1.

Paralytic poliomyelitis - all cases and vaccine associated, in the Jewish
population, Israel, 1971-1985

b. Rates were calculated using the total number of infants born between 1971-
1985 (1,054,500) and estimates of coverage with 3-4 vaccine doses
(89.5%), 1-2 doses (10%), and 0 doses (0.5%). The estimated total
number of OPV doses administered throughout the observation period
was 3,990,000, and 1,049,000 infants received at least one OPV dose.

The risks of VAPP expressed by the cases/dose rates were 1/667,000
and 1/2,000,000 for recipient and contact cases, respectively, when

 
 
Year  

 
All 

cases 
n 

Cases in Jewish segment  

 
Total 

Vaccine associated 

Contact Recipient 

1971 13 4 - - 

1972 6 4 - - 

1973 9 6 1 1 
1974 28 2 - - 

1975 13 2 - - 

1976 10 2 - - 

1977 7 - - - 

1978 19 5 - 2 

1979 34 5 - - 

1980 11 1 - - 

1981 8 4 - - 
1982 5 2 - - 

1983 4 4 1 2 

1984 1 1 - - 

1985 2 - - 1 

Total  170 42 2 6 
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calculated for the total number of doses administered (Table 8.2). The risk
was particularly high when calculated for the total number of first doses of
OPV administered: a rate of 1/264,000 and 1,527,000 for recipients and
contacts, respectively. However, the absolute number of cases was small.

Table 8.2

Vaccine-associated paralytic poliomyelitis - all cases and after 1st OPV
dose, rate per 106 doses and case dose ratio, Israel, 1971-1985

c. Age and gender distribution of cases (Table 8.3) were characteristic of
VAPP: they were limited to the youngest age group in the recipients (all
but one were aged <1 year), whilst the two contacts were family members
of the vaccinees: a male aged 39, and female aged 20. The male/female
ratio for the whole group was 1.6:1.00.

Table 8.3.

Vaccine-associated paralytic poliomyelitis cases - age and gender
distribution, Israel, 1971-1985

*  Ages 20 and 39

Cases Total Following 1st  dose of OPV 

n Rate Ratio n Rate Ratio 

Recipient 6 1.5 1:667,000 4  3.8 1:264,000 

Contact 2 0.5 1:2,000,000 2  1.9 1:527,000 

Total 8 2.0 1:500,000 6  5.7 1:176,000 

 
Cases 

 
Total 

Age Gender 

0  1  >1 Male Female 

Recipient 6 5  1  0 4 2  

Contact 2 0  0  2  1 1  

Total 8 5  1  2 5 3  

 

*
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d. No fatalities were observed.

e. Among all the recipients, the disease was associated with vaccinal type 3
strain, either exclusively or in association with type 1 and type 2 strains. In
the two contact cases vaccinal type 2 strain was excreted (Table 8.4). As
shown in the same table, in 4 of 6 recipients the disease occurred after the
first feeding, and in the 2 contacts, both without a history of OPV
vaccination, following the administration of the first vaccine dose to their
contacts.

Table 8.4.

Vaccine associated paralytic poliomyelitis by poliovirus serotype and
number of vaccine doses preceding the onset of disease, Israel,
1971-1985

f. The interval between OPV administration and onset of illness in the recipient
cases varied between 8-20 days. In the 2 contact cases the interval was 9
and 26 days, respectively, from the administration of the vaccine to
household member and occurrence of disease in the contact.

 
 
Cases 

 
 
n 

Number of vaccine doses 
preceding onset of disease 

one  two three 

Recipient      

         Subtype 3  4 2 1 1 

         Subtype 2+3 1 1 - - 

         Subtype 1+2+3 1 1 - - 

Contact     

          Subtype 2  2 2 - - 

Total 8 6 1 1 
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 8.2.   Comments

The risk of VAPP observed in Israel was considerably higher than that reported
by WHO (WHO, 1982; Galazka AM et al. 1984), which was less than 1 recipient
case per every 2,000,000 vaccine doses, and 1 contact case per every 5,000,000
OPV doses distributed. Even lower values were reported in the United States
(CDC, 1982) and England (Miller D et al. 1970; Smith JWG and Wherry PJ,
1978). On the other hand, much higher rates, in the range of values observed in
Israel, or even greater, were reported in smaller populations from countries like
Germany (Mertens T et al. 1984), Spain (Bernal A et al. 1987), and Japan
(Takatsu T et al. 1973). To these observations one should add data from a US
study on VAPP (Nkowane BM et al. 1987) following the first OPV dose, which
was one recipient case per 1,200,000 first doses and one contact case for
1,000,000 first doses, with an overall case/first dose rates of 1/520,000.

This difference may be explained in part by the source of information available to
WHO, which was an average of data collected from 13 participating countries,
some of which had a very large numbers of inhabitants, in which VAPP was
unevenly distributed in populations living in extended geographical areas. This is
supported by the wide range of VAPP ratios reported by the participating countries
in the survey: 0.13-2.3 cases per 1,000,000 OPV doses in recipients, and 0.2-
8.0 cases per 1,000,000 doses in contacts (WHO, 1982).

The high frequency of VAPP following the first dose of OPV has repeatedly
been observed (Nkowane BM et al. 1987; Takatsu T et al. 1973) and explained
by absence of passive immunity in non-immune infants primed with OPV, or by
absence of protection in non-immune adults indirectly exposed to OPV
administered to their contacts.

The restriction of the disease to the Jewish segment may be explained by previous
observations of the higher risk of VAPP in urban settings and among higher social
groups (Schonberger LB et al. 1976), unsatisfactorily protected at a very early
age by lower maternal antibody levels. In contrast, populations from rural areas
and lower social groups, whose young adult cohorts are exposed in early life and
more extensively to the wild poliovirus, carry high values of polio serum antibodies.

In contrast to developing countries, where VAPP remains practically undetected,
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its occurrence in developed countries was a problem of public health importance.
It had implications for polio vaccination policy, particularly after the disease
associated with wild virus was well controlled. This was the case in recent years
in the US and several western European countries, when their previous polio
vaccination program, which included OPV, was changed to the exclusive use of
EIPV.

8.3. Conclusions

a. VAPP was a relatively minor limitation of OPV vaccination as compared
to the transmission of VDPV strains and occurrence of polio outbreaks by
circulating strains. This was the pre-eminent failure of OPV which was
identified during the global polio eradication program. The risks of persisting
paralytic disease in absence of wild poliovirus are discussed further *.

b. The risk that VDPV could compromise global polio eradication was
recognized only towards the end of the 20th century.

*     See chapters 10 and 11.
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9. The 1988 outbreak: the turning point of polio
vaccination policy

The 1988 polio outbreak was a very particular event, due to characteristics
which were highly different from all the other epidemic events that had occurred
up to that date in Israel. A sudden outbreak followed a four-year period of very
low polio activity at the national level and a six-year period of complete absence
of disease in the Hadera subdistrict, extended for a two month period during
which 15 paralytic polio cases were diagnosed. Twelve of them were concentrated
in the Hadera subdistrict, and each of the remaining three cases was located in a
different subdistrict outside Hadera (Figure 9.1). The attack rates which reflect
the dimensions of the outbreak are presented (Table 9.1).

Figure  9.1.

 Poliomyelitis, by subdistrict, Israel, 1988
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Table  9.1.

Poliomyelitis, cases, attack rates per 100,000 by population group,
Israel, 1988

The principal characteristics of the 1988 outbreak were as follows:

The age distribution of cases included older children, adolescents and young
adults, which clearly contrasted with the past pattern of poliomyelitis in the region
and in the country. A similar pattern was observed in European countries during
several epidemics in the 80’s and 90’s (Table 9.2). All cases but one belonged to
the Jewish population, and most of them had a history of OPV vaccination.

The distribution of 15 cases * was considered to belong to a single epidemic
event (Green MS et al. 1991) as they shared the same principal epidemiologic
characteristics. However, the uniqueness of the Hadera cluster which comprised
most of the cases in the outbreak and occurred in a population with a very
diversified immunization history, justifies the separate presentation of the “Hadera
event” from that of the paralytic polio cases from the three “non-Hadera”
subdistricts.

Area n Total Jews Non-Jews  

Total country 15 0.3 0.4 0.2 

Hadera 12 6.6 11.2 1.2 

Non-Hadera 3 0.1 0.1 0.0 

* In fact 16 polio cases were recorded in Israel in 1988, the first of which had occurred several
months prior to the outbreak in Beer Sheba district and therefore was not included in this
presentation.
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Table  9.2.

Poliomyelitis - cases in outbreaks and percent age distribution, Finland
(1985), Israel (1988), The Netherlands (1992/3), Albania (1996)

9.1.   The Hadera event

The Hadera event in 1988 was unique among all epidemics recorded throughout
the history of poliomyelitis in Israel since its first notification in 1949. Its importance
derived, among other factors, from its epidemiologic characteristics, which were
highly different from those of all prior epidemic events reported in Israel, as was
reflected by the quite particular pattern of distribution of the disease.

9.1.1.   Background

a. The Hadera event occurred in a population covered with different
vaccination  programs at the date of its onset:

• The infant cohorts in Israel, born between 1961-1988, had been covered
in a routine immunization program with a 3 OPV dose primary immunization
series, reinforced since 1964 with a 4th OPV dose at >12 months of age.
Coverage with >3 doses was achieved in about 90% of the Jewish and
non-Jewish segments.

• An exception to the vaccination policy were the infant cohorts born in
Hadera (population 183,500) and Ramla (population 114,900) subdistricts
who were immunized during 1982-1987 and the first half of 1988 with an

Age 
group 

Finland 
(n:10) 

Israel 
(n:15) 

The Netherlands  
(n:71) 

Albania 
(n:145) 

<1 0.0  13.3 9.9 6.9 

1-4 10.0 6.7  7.0 3.4 

5-9 10.0 6.7  11.3  5.5 

10-14 10.0 13.3 9.9 15.2  

15-19 10.0 13.3 12.6  12.4  

>20 60.0 46.7 49.3  56.5  
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exclusive three dose EIPV program. The schedule included two priming
doses at the age of 2 and 3.5 months followed by a reinforcing dose at the
end of the first year of life without a further supplementary dose. The
coverage with the complete schedule by the age of 2 varied between
90-95% in these two subdistricts, and the coverage with two doses by the
age of one year was over 95% in the remaining 12 subdistricts where
OPV vaccination of infants continued.

• A proportion of the individuals aged 28-31 in 1985 had been included in a
3-dose IPV program in the years 1957-1960.

• During the period 1979-1984, Monovalent  type 1 OPV campaigns
supplemented the routine OPV program in all the health districts where
wild poliovirus activity had been present during the three  years preceding
the administration of   Monovalent type 1 OPV. This program had included
the 0-2 age cohorts from Ramla and the non-Jewish segment of the Hadera
subdistrict born before 1982.

b.  In the polio vaccine formulations used in the above program:

• The vaccinal virus titer in the Trivalent OPV vaccine administered between
1964-1971 to the cohorts who were aged 16-23 y. in 1988, was 105

TCID50 for each of three serotypes. Its antigenic titer was changed in
1972 to 106.0, 105.0 and 105.5 TCID50 for type 1, 2 and 3, respectively, and
since mid 80’s type 3 titer increased to 105.8 TCID50  per dose.

• Monovalent Type 1 OPV had a vaccinal virus titer of 106.0 TCID50 per
dose.

• EIPV had an antigenic titer of 40, 8, and 32 D Antigen Units for type 1, 2,
and 3, respectively, and was usually dispensed in association with DTP.

The vaccination programs in the Hadera subdistrict had very different impacts on
polio morbidity: the OPV programs implemented during 1961-1981 had not
prevented the occurrence of polio cases associated with wild or vaccine virus,
whereas no more cases of paralytic disease due to wild of vaccine poliovirus
occurred between 1982-1987 in the population covered with EIPV.
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9.1.2.  Characteristics

The principal characteristics of the outbreak were as follows:

a. This event occurred after a 6-year polio free interval, which suggested a
rather long honeymoon period (Chen RT, 1994).

b. It was the second biggest epidemic event ever recorded in the  Hadera
subdistrict.

c. The majority of cases belonged to the adolescent and the adult age groups,
very different from the age distribution observed previously in Hadera and
country-wide.

d. All cases but one occurred in   the Jewish segment.

e. Nine cases had a history of polio vaccination: 8 had been given >3 OPV
doses, one case had been administered 3 EIPV doses.

f. The 0-6 age cohort was covered with a three dose EIPV program, and
the 7-28 age cohort had a >3 OPV dose history.

g. This was a summer and early fall outbreak of about 11 weeks duration.

9.1.3. Description

The principal descriptive parameters of the Hadera event are presented * including
those which illustrate important differences from similar polio events in the past:

a. Age distribution: With the exception of one case aged <1 and another
case in  the 1-6 age group, all other affected individuals were distributed in
the 7-14,  15-28 and > 29 year age groups (Table 9.3).  The peculiar age
distribution of cases in this event is illustrated by the comparison with the
data of past events in the Hadera subdistrict and with country-wide
morbidity (Table 9.4).

*       For details see Slater PA et al., The Lancet., 1990;334:1992-5.
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Table 9.3.

Poliomyelitis - cases, percent age distribution and age specific attack
rates per 100,000 by population group and immunization status, Hadera
outbreak, 1988

Table 9.4.

Poliomyelitis - cases, percent age distribution, Israel, 1971-1985, and
Hadera, 1971-1987 and 1988

 
 
 
Age 
group 

 
Cases  

 
Immunization  

Program  
Total  

 
Jews  

 
Non-Jews 

n % n Rate n Rate OPV  IPV Not vaccinated 

0  1 8.3 1  51.3 0 - 0 0 1 

1-6 1 8.3 1  8.5 0 - 0 1 0 

7-14 2 16.7 2  13.2 0 - 2 0 0 

15-28 6 50.0 5  22.0 1 2.4 6 0 0 

     29 2 16.7 2  4.5 0 - 0 0 2 

Total 12 100.0 11 11.2 1 1.2 8 1 3 

 

 
Age 
group 

Israel  
1971-1985 

(n:170) 

Hadera 

1971-1987 
(n:24) 

1988 
(n:12) 

<1 26.8 45.8 8.3 

1-4 53.6 45.8 0.0 
5-9 9.5 8.3 8.3 

10-14 1.8 0.0 16.7 

15-19 
  

8.3 
0.0 16.7 

>20 0.0 50.0 

>



   105The Epidemiology of Polio in Israel

b. The crude attack rate of 6.6 per 100,000 represented the biggest outbreak
in the Hadera population with the exception of the 1961 epidemic (Table
9.5). The attack rate in Jews was about 10 times higher than in non-Jews
as seen in Table 9.1. The age-specific attack rates by population group, as
shown in Table 9.3, pointed to the highest vulnerability in the <1 age group
(51.3 per 100,000 population), and  adolescents and young adults in the
15-28 age group (22.0 per 100,000 ) belonging to the Jewish segment.
The only case in the non-Jewish population was a 15-year old girl.

Table 9.5.

Poliomyelitis - cases and attack rates per 100,000 by population group,
Hadera epidemic events*

*  Defined as > 2 cases

c. Nine cases had a history of polio vaccination: 8 had received >3 OPV
doses, and one case had received the complete EIPV schedule, as shown
in Table 9.3. The three non-vaccinated individuals were a young infant
aged 2 months and two adults aged 35 and 50. Limited attack rates in
79,580 individuals vaccinated with OPV >3 doses and 30,150 EIPV
vacinees were 10.1 and 3.3 per 100,000 vaccinees, respectively.

d. Attack rates of affected settlements varied between 11.0 and 400.0 per

 
Year 

Total Jews  Non-Jews  

n Rate n Rate n Rate 
1960 5 5.4 0 0.0 5 18.1 

1961 40 42.7 6 9.3 34 117.8 

1975 4 2.9 1 1.2 3 5.3 

1978 4 2.7 0 0.0 4 6.3 

1979 6 3.9 0 0.0 6 9.2 

1988 12 6.6 11 11.2 1 1.2 
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100,000 population (Table 9.6). Rate ratios pointed to the very high risk
of disease in the Hadera subdistrict versus other subdistricts in Israel
(RR= 16.3), and in the Jewish versus the non-Jewish segment (RR= 9.4).

Table 9.6.

Poliomyelitis - cases and attack rates per 100,000 by population group
and geographic distribution, Hadera outbreak, 1988

*  Two cases in a kibbutz with about 500 residents.

e. During a 66-day period between 31 July and 4 October 1988, 12
individuals were diagnosed with acute paralytic poliomyelitis (Table 9.7),
and 3 wild type 1 poliovirus strains were isolated in the environment
(Shulman LM et al. 2000). A two-week interval separated the date of
occurrence of the single case in the non-Jewish population from the first
reported case in the Jewish population.

 
Area 

Population group 

Total Jews  Non-Jews 
Hadera subdistrict 6.6 11.2  1.2 

Or Akiva 37.6 37.6  0.0 

Givat Olga 40.0 40.0  0.0 

Pardes Chana-Karkur 12.4 12.4  0.0 

Maanit  400.0 400.0 0.0 

Kfar Kara 11.1 - 11.1 

*
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f. The geographical distribution indicates (Figure 9.2) that 10 of the 11 Jewish
cases were concentrated in/or associated with four foci localized in the
south-west territory of the Hadera subdistrict: 8 lived in these foci and two
worked or had temporarily been present in the foci during the outbreak. A
connection between the temporal and geographical distribution of cases
was observed. All the cases in each of the four foci occurred at specific
periods during the two-month outbreak. The first period was between 13
August - 1 September, the second between 2-15 September, the third
between 20-26 September and the last and shortest on 2 and 3 October.



   109The Epidemiology of Polio in Israel

Figure 9.2.

Geographical distribution of poliomyelitis cases, Hadera subdistrict, 
1988 
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g. Clinical diagnosis of acute paralytic poliomyelitis was confirmed by isolation
of wild type 1 poliovirus in feces of 9 cases, a fourfold or higher increase
in serum NA titer in two cases, and a diagnostic titer in one case, as seen
in Table 9.7. A case deserving special mention is one of acute paralytic
polio disease in a girl aged 5 years, who had received a three-dose schedule
of  EIPV by the age of 10 months. Polio etiology was confirmed by isolation
of the epidemic wild poliovirus in stool specimens and dynamics of serum
Neutralizing Antibody: an initial exceedingly high titer of > 1:16,384 against
type 1 polio virus in a serum sample drawn on the second day of disease
was followed by a fourfold increase in the sample drawn on the next day.
Serum NA continued to increase, reaching 1:262,144 one month after
inception of the disease. The serologic data clearly pointed to a secondary
immune response indicative of prompt memory in the humoral immune
system. Further investigation did not detect immune system failure. Open
sewage, which flooded the kindergarten playground where the child had
played during the days preceding her disease, suggests a high probability
of repeated exposure to massive infectious doses of poliovirus. Exposure
to the epidemic virus was sustained by the simultaneous occurrence of a
second case of acute paralytic poliomyelitis in an adult resident in the same
settlement, confirmed by stool isolation of an identical wild poliovirus strain.

h. One death was reported: a female age 26 was diagnosed with tetraplegia,
diaphragmatic paralysis and acute respiratory failure.

9.1.4.   What happened in Hadera

The Hadera event can be explained by the classical presentation of the host-
agent interrelationship used in the epidemiological analysis of the transmission of
infectious diseases.

A.   The agent

The poliovirus responsible for the Hadera event was a wild type 1 strain closely
related to the family of wild polio viruses prevalent in communities in Northern
Egypt since the 80’s (Shulman LM et al. 2000). It belonged to one of the three
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wild polio virus lineages which circulated in the vicinity of Israel in 1987. The
very close contact of these populations with the inhabitants of Gaza strip had
favored its introduction for the first time in Southern Israel in the fall of 1987,
where it succeeded in passing through the bottle neck of the 1987-1988 winter
low transmission season, and was again isolated in the spring of 1988. It pursued
its circulation northward, and reached the Hadera subdistrict where its first clinical
expression was identified in late July 1988. The virus radiated by independent
pathways from the Hadera subdistrict to communities in northern Israel. (Figure
9.3)
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Figure 9.3.

Phylogenetic tree summarizing evolutionary relationships among outbreak
isolates based on differences in VP1 nucleotide sequences*.

* Locations and dates of isolation from clinical samples and sewage (underlined) are indicated.
Three possible alternative lineages connect each of the 1987 isolates to the hypothetical founder
from which all 1988 isolates originated
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The presence of the new wild type 1 poliovirus in the Hadera event was
documented between 13 August and 9 October, 1988, in the following
circumstances:

• Clinical cases: The strain was cultured from stool specimens of 9 cases in
the early phase of paralytic disease between 13 August in Or Akiva and 3
October in Maanit.

• These highly related wild poliovirus strains were identified in the sewage
system of settlements in two sub-districts where poliomyelitis cases had
occurred as well as from one sub-district where no case had occurred
(Shulman LM et al. 2000). Circulation of these strains stopped in October
1988 and no direct descendant has been introduced since then in Israel,
possibly as a result of the strong vaccination program which was initiated
following the epidemic.

Two characteristics of the virus are important for the understanding of its role in
the epidemic:

1.  Antigenicity.

Study of the virus with a full battery of type 1 monoclonal antibody (R.
Crainic, personal communication) indicated that:

• All the strains isolated during the outbreak from cases or detected in the
sewage had the same antigenic pattern.

• Their antigenic pattern was completely different from that of wild Mahoney
and Sabin 1 vaccinal strains used in production of the inactivated and
attenuated vaccines.

• The strains were not recognized by specific anti-Mahoney NA. A very
similar experience was reported during the 1961 outbreak when several
poliovirus strains isolated from non-vaccinated cases and from vaccinated
patients were found in antigenic differentiation tests to be distinct from
Sabin type1 strains (Melnick JL,1962).
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2. Genetic pattern

Study of VP1 sequences which compared 906 nucleotides carried out in 8
stool isolates collected from cases and 4 sewage isolates (Shulman LM et
al. 2000) showed amino acid differences at sites known to vary among
type 1 polio viruses. Four of the amino acid differences clustered in the
three neutralizing antigenic (Nag) sites of VP1.  It appears likely that these
differences in virion surface residues contributed to the observed antigenic
differences between the outbreak isolates and the Sabin 1 vaccinal strain.

B. The host

1. The population

The population at risk in the event was mainly the Jewish segment, which
comprised 97,900 individuals: 53.3% of the 183,500 residents of the
Hadera subdistrict. Use of different polio vaccination programs in the
Hadera subdistrict had created a quite particular immune profile against
polio in the population at risk during the outbreak. This situation contributed
considerably to a different immune response from that expected in an OPV
vaccinated population following reinfection with an antigenically changed
wild poliovirus.

2. Immunity of the population at risk in the Hadera subdistrict

• A satisfactory pre-epidemic humoral immune status, reflected in the very
high proportion of seropositivity, as well as in the protective GMT level of
NA against the three type 1 poliovirus strains, live attenuated (Sabin),
Mahoney and the 1988-epidemic virus, characterized the 0-6 age group,
which was highly covered with EIPV (Table 9.8). In contrast, a percent of
seropositivity of 63 and 85% and GMT of 4 and 11, respectively, against
the 1988-epidemic poliovirus strain, were detected in the 7-14 and 15-28
age groups vaccinated with OPV, to which the majority of cases belonged.
These values were well below the NA titers likely to provide protection
against disease due to wild virus, in spite of the presence of a satisfactory
immune profile against the vaccinal strains. A minimal satisfactory immune
profile to the wild virus, expressed by low GMT was also detected in the
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adult population aged > 29, who were probably naturally immune,
characteristic of adult age-groups in populations living in endemic/epidemic
areas.

Table 9.8.

Percent of seropositivity* and Geometric Mean Titer against type 1
poliovirus, by age group and vaccination history, Hadera subdistrict,
before and after the 1988 polio outbreak

* Neutralizing antibody > 1:4

• The post-epidemic immune profile indicated that the 0-6 age group had
reacted with a strong anamnestic response, particularly evident against the
epidemic virus strain, which was indicative of considerable exposure within
this age group as shown in Table 9.8. These children were protected against
paralytic disease in the outbreak, due both to their high pre-epidemic
humoral immune level and immune memory (WHO, 1989). In contrast,
the very moderate change of the GMT values against wild type 1 virus in
the 7-14, 15-28, and >29 age groups, suggested limited intrafamilial

 
 
 
Period 

 
 

Vaccination 
Program 

 
 

Age 
group 

 
 

Subjects 
n 

Sabin 
serotype 1  
vaccinal 

 
Mahoney 

 

 
Epidemic 

1988 

% GMT % GMT % GMT 

1987 EIPV 1-6 25 100 194 100 155 100 43 

OPV 7-14 90 90 111 90 10 63 4 
OPV 15-28 54 100 95 100 38 85 11 

None >29 31 100 84 100 51 97 29 

 

After 
1988 
outbreak  

EIPV 1-6 23 100 917 100 269 100 458 

OPV 7-14 42 95 30 91 17 79 24 

OPV 15-28 68 97 98 93 53 87 29 

None >29 48 98 78 98 161 100 44 
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reinfection. This was emphasized by the serological evidence of intrafamilial
reinfection which had occurred in the 0-6 cohort.

3. Direct response to reinfection.

The data available on the immune response to the direct challenge of wild
poliovirus, obtained from evaluation of NA titers in paired sera drawn
from patients with acute paralytic disease (Table 9.7), indicated that in the
initial phase of acute disease there were more than moderate immune values,
followed by a strong increase of titer in the convalescent samples. This
may be explained by reinfection of selected individuals with a pre-epidemic
suboptimal immune profile to the epidemic strain, probably exposed to
massive infective doses, followed by an immune reaction indicative of
massive antigenic stimulation.

4. Immunity of the general population.

Information on the polio immune status of the Israeli population during the
years preceding the occurrence of Hadera event provided a diversity of
data by age, immunization history and area of residence, which facilitated
comparisons and assisted in the interpretation of data. It appears that the
general population of Israel benefited from an immune profile indicative of
protection in all the age groups against the serotype 1 Sabin vaccinal strain,
and considerably less against the wild 1988 epidemic type 1 (Table 9.9).
This implies that the ability of the immune system to afford protection against
wild strains depended upon the capability of the available polio vaccines
virus to induce a specific immune response against the wild poliovirus
prevalent in the region (Cox NJ and Hughes JM, 1999).



   117The Epidemiology of Polio in Israel

Table  9.9.

Percentage with neutralizing poliovirus antibody titers > 1:8 in five age
groups*

* From Green MS et al., Vaccine., 1993;11:75-81.

** By the X2 test for differences between the age groups

*** Serotype 1 vaccinal strain

This picture was confirmed by the very similar immune profile to that of the
general population (Table 9.10), detected in adolescent and young adult age
groups in the Hadera subdistrict, Ramla, Acre and other non Hadera subdistricts,
in the years which preceded the epidemic. Yearly serosurveys of the immune
status in the Israeli general population and in selected groups (Slater PE et al.
1990), as a part of surveillance of polio vaccination in Israel during 1987-1988,
had consistently shown a percent of seropositivity in the range of 81-87% to the
vaccinal Sabin 1 strain (Table 9.11).

 
Strain 

Age groups (years) 
6-7 

(n=27) 
12-13 

(n=31) 
18-19 

(n=170) 
20-29 
(n=46) 

30-40 
(n=48) 

 
P   

Titer >1:8       

Sabin  96.3 100.0 94.1 95.7 91.7 0.641 

Mahoney 96.3 93.6 81.2 80.4 91.7 0.068 

Wild 1981 63.0 77.4 58.8 58.7 87.5 0.001 
Wild 1988 55.6 74.2 52.9 63.0 87.5 <0.001 
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Table  9.10.
Percent of   seropositivity* and Geometric Mean Titer against type 1
poliovirus in adolescents and young adults with a history  of OPV
vaccination from different areas in Israel, collected before the 1988
poliomyelitis outbreak

*  NA > 1:4

Table  9.11.

Summary of polio neutralizing antibody surveys in Israel, 1978-1988*

* From Slater P et al., The Lancet.,1990;335:1192-8
** Seroconversion to a titer of > 4 measured 1 week after supplementary dose of vaccine in

individuals with titers <4
*** Collected before outbreak

 
 
Area 

 
Age 

group 

 
Subjects 

(n) 

Sabin 1 
vaccinal  

 
Mahoney 

Epidemic 
1988 

% GMT % GMT % GMT  

Hadera 17-18 54 98 85 83 38 57 12 

 19-26 236 - - 97 26 81 17 

Ramla 17-18 46 90 147 94 63 80 17 

Acre 19-27 192 - - 94 89 62 5 

Non-Hadera  17-18 81 91 85 83 41 61 11 
 

 
 
 
Population  

 
 

Survey 
years 

 
 

Age 
(yr) 

 
 
 
n 

Percentage with 
reciprocal titer > 4 

 
Seroconverters  

to type 1 virus 
(%) 

Poliovirus type  

1 2 3 

Schoolchildren 1980-87 6 653 92 98 94 .. 

Schoolchildren 1980-87 12 677 88 96 89 68·2 (15/22)  

Schoolchildren 1980-87 17 471 81 94 90 100 (32/32) 

Military recruits  1980 17-21 283 85 96 94 .. 

Hospital staff 1978-81 17-57 806 95 96 94 100 (12/12) 

Medical students 1981-87 23-34 433 96 98 91 .. 

General population 1988  16-70 144 97 ..  ..  .. 

 
***

**



   119The Epidemiology of Polio in Israel

Consideration of the above data resulted in the following conclusions:

a. Children aged 0-6 benefited from a very high immune response to EIPV
vaccination, which, besides excellent individual protection at >90 % vaccine
coverage, provided community protection.

b. The immune status of older age segments of population at risk in Hadera
were characterized by a satisfactory immune response to OPV vaccinal
strains, which contrasted with uniformly poor immunity to the epidemic
1988 strain up to the age of >29.

c. Differences between the age groups in the degree of protective immunity
was the result of the different abilities of the two polio vaccines to induce
an immune response with a broad spectrum of protection. Statistically the
difference is illustrated by the two rate ratios of disease of 2.5 and 3.1 in
the OPV versus EIPV vaccinated population, calculated for the Jewish
segment and the total population, respectively.

C. Reservoir

1. Age structure

The young age group, the natural reservoir of polio infection, could be evaluated
in this event. Paradoxically, the 0-6 age group possessed a solid humoral immunity
associated with a strong immunological memory following EIPV vaccination at
an early age, which was protective against paralytic disease, but unable to prevent
the virus circulation within the reservoir after exposure to the newly introduced
wild 1988 poliovirus strain. This assumption is supported by the high rate ratios
of family virus carriers aged 0-6 versus the 7-28 year age group (Table 9.12).
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Table 9.12.

Poliovirus excretion by household contacts of poliomyelitis cases, Israel,
1973-1988

* p>0.05

** NA: Non Applicable

2. Significance of the reservoir in the Hadera event.

The family poliovirus carrier rate ratio of 3.7:1.0, in ages 0-6 versus all older age
carriers observed in the 1988 Hadera event, was quite similar to that of non-
Hadera family carriers, as well as with ratios found in former polio outbreaks in
Hadera and elsewhere in Israel between 1977 and 1988, all of which had occurred
in populations exclusively vaccinated with OPV (Table 9.12). These data clearly
point to the 0-6 age group as a most important risk factor for the occurrence of
poliovirus carrier state in populations vaccinated either with OPV or EIPV,  and
of course in a non-vaccinated population.

The above data imply that in the Hadera event, EIPV was a confounding factor
for the association between age 0-6 and the occurrence of family polio carriers.
This means that in the conditions in Israel, in a population vaccinated with either
IPV or OPV, if exposed to a new wild virus, the 0-6 age group would be the
principal reservoir of poliovirus. Intrafamilial excretion and spread would depend
greatly upon the level of intestinal immunity of the reservoir and the state of family

 
 
 

Period 

 
 
 

Area 

 
 

Vaccination  
program  

 
 

Contacts 
n 

Excreters  

 
Total  

Age rate 
ratio 

0-6/7-28 

Immunization 
with >3 doses 

n % OPV EIPV 

1988 Hadera  EIPV&OPV 43 7 16.3  3.7 4/4 3/3 

1988 All 
other 

districts 

OPV 21 5 23.8 3.2 1/5 NA  

1973-
1978 

Hadera  OPV 190 32 16.8(*) 2.6 25/32 NA 

1974-
1979 

Acre OPV 246 42 17.1 2.9 33/42 NA 
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hygiene. These data concur with observations from the 1988 Oman epidemic on
the considerable circulation of wild poliovirus in a community well-vaccinated
with OPV (Sutter RW et al. 1999). They are also supported by the position of
WHO experts (WHO, 1994) several years after the Hadera 1988 event, who
stated that in the 1988 outbreak in Israel “the mucosal immunity of the children
given enhanced EIPV did not play a role in the spread of wild virus in the
community”, as “the extent of excretion was similar in both OPV and IPV
vaccinated groups” (Table 9.13).

As the dose is highly important for the development of the intestinal immunity and
interruption of community transmission of infection, it seems that in the
environmental and hygienic characteristics of developing and warm climate
countries, interference by other infection has a strong impact in preventing the
development of local intestinal immunity. This might be more important than the
role of vaccine booster in stimulation of a secondary immune response at the
mucosal level.

Table  9.13.

Poliomyelitis outbreak, Hadera, 1988*

*  Conclusions of WHO Poliomyelitis Advisory Committee Meeting on Surveillance of  Poliomyelitis,
21-23 June, Bilthoven, The Netherlands, WHO, Regional Office for Europe, Copenhagen, 1994
(EUR/ICP/EPI 019.A).

“A poliovirus type 1 outbreak of 15 cases occurred in 1988 in Israel."

"The mucosal immunity of the children given enhanced IPV, considered to
be lower than after OPV, did not play a role in the spread of wild virus in the
community. The extent of excretion was similar in both groups".
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D.   Ways of transmission

1.      Intrafamilial transmission.

The transmission of infection occurred for the most part within the family, a very
important social frame which favors the fecal-oral spread of infection, in conditions
of persistent exposure, mainly in the young age groups. This was indicated by the
high concentration of family carriers in the 0-6 age group, whose characteristic
unsatisfactory individual hygiene favors the transmission of intestinal infections.
This assumption was documented by the considerable booster response detected
in the post-epidemic sera, indicative of transmission of infection within the EIPV
vaccinated group. In contrast, the very limited immunological dynamics in the
post-epidemic sera collected from the 7-14, 15-28 and > 29 age groups pointed
to a very limited intrafamilial exposure of these age groups to the wild poliovirus,
in spite of their expected degree of vulnerability if exposed to a virus against
which they were poorly protected.

2.      Community transmission

The community transmission of poliovirus was practically absent in the 0-6 age
group, as shown by the stool surveys on poliovirus excretion carried out during
the event among town residents who were not case contacts (Table 9.14). No
excreters were detected among the contacts in the 1-6 year age group. Excreters
in the 0-1 age group, partly vaccinated with EIPV, were most probably secondarily
infected after introduction of wild virus within their families and might play no role
in further spread of virus in the community because of their age. Furthermore, no
wild poliovirus was isolated from 75 stool samples of healthy non- case contacts
outside Hadera (Goldblum N et al. 1994).
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Table 9.14.

Poliovirus stool cultures from Hadera residents, September, 1988, before
OPV campaign*

Subjects under 7 years belong to EIPV cohort; those aged 7-28 years to OPV
cohort; those aged 29-31 years might have received regular IPV in infancy; those
aged 32 years and older were probably never vaccinated.

*  From Slater PA et al., The Lancet.,1990; 335:1192-8.
** Includes 1 non-excreter of unknown age

3.      Indirect transmission

Data on indirect transmission following environmental exposure to contaminated
open sewage were available in four cases. Epidemiological investigations clearly
indicated the circumstances and duration of exposure within the habitation of the
patients (leak of sewage and flooding of the home, including the bathroom) or in
their immediate surroundings (repair of broken sewage lines with unprotected
hands, playing in the playground flooded with sewage within the proximity of the
home), suggesting a repeated close contact with a massive infectious dose (Slater
PE et al. 1990).

E.    Time and place distribution

With the exception of one case in a non-Jewish village, the disease was limited to
Jewish settlements located in four separate foci in the south-western quarter of

Age 
(yr) 

Or Akiva residents 
(not case contacts) 

Household 
(case contacts) 

Non-household 
(case contacts) 

Total 
samples 

Excreting  
wild virus  

Total 
samples 

Excreting  
wild virus  

Total 
samples  

Excreting  
wild virus 

<1 5 3 1 1 0 0 

1-6 10 0 3 2 1 0 

7-28 8 1 12 3 14 1 
>28  12 1 12 0 2 0 

Total  36**  5 (13.9%) 28 6 (21.4%) 17 1 (5.9%) 
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the subdistrict, where local social and environmental factors favored direct
exposure of the population to polio cases. The four foci were active at different
times, suggesting, as shown in Figure 9.2, a successive transmission of infection
in a limited geographical area. The disease was interrupted by the development
of natural immunity of the exposed population rather than by the effect of
vaccination campaign. There was no spread of the disease to adjacent settlements,
including the town of Hadera, which is inhabited by about 52% of the total Jewish
population of the subdistrict.

9.1.5.   What did not happen in Hadera

Comments on the positions on the causes of the event

A. Position

1. First position.

The conclusions of the epidemiological analysis in the Hadera event presented in
the previous section, which represented the position called the “first position” of
a group of Israeli epidemiologists, virologists and public health experts*, explained
the Hadera event as the result of:

a. Introduction into the area of a new type 1 wild poliovirus strain, whose
antigenic characteristics were highly different from the previous wild
poliovirus strains prevalent in the region, and particularly from the vaccinal
strains used in production of the live attenuated poliovirus vaccines.

b. Absence of immunity of the Israeli population against the new wild strain
prevalent in the event, with the exception of the 0-6 age segment of the
Hadera (and Ramla) population, vaccinated with EIPV

c. The spread of wild virus, which was mostly intrafamilial, independently of
the  previous vaccination status with EIPV or OPV

d. The Hadera occurrence was a localized event limited to a number of four
foci in the settlements inhabited by the Jewish segment.

*  For details see Swartz TA et al., The Lancet., 1990;335:1197-8
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2. Second position.

On the other hand, a different position called “the second position” was sustained
by another group of epidemiologists and public health experts from Israel and
abroad *, and supported and amplified by the local media. It later became the
basis for the recommendations of the WHO consultants invited by the Ministry
of Health to provide their expertise on the causes and means of controlling the
event. According to this position the Hadera polio outbreak resulted from the
association of the following three factors (Slater PE et al. 1990):

a. High susceptibility of the young adult population to type 1 poliovirus
infection.

b. Reinfection and exposure of the Hadera population to the wild poliovirus;

c. Poor intestinal immunity in Hadera of the 0-6 age cohorts, who were primed
with the EIPV schedule, thus facilitating the community spread of wild
poliovirus and reinfection of susceptible individuals.

B.   Analysis

As the first position has been amply discussed in the previous section, the analysis
and interpretation of the second position are presented, including its detailed
statements and reasons (Slater PE et al. 1990) followed by the pertinent
commentary.

1. The first statement “a higher susceptibility among young adults to type 1
wild poliovirus infection” was supported by the following reasons:

a. Several serological surveys carried out in the 80’s “showed an age-
linked fall in NA level and that at least 15% of 17-year olds lacked
protective antibody levels to type 1 poliovirus, suggesting reduced
efficacy of OPV in these populations”.

b. “The serological findings in young people in Hadera were similar to
those elsewhere in the country, and therefore do not explain why 12
of 15 cases occurred in Hadera”.

*  For details see Slater P et al., The Lancet., 1990:335; 1196-7.
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c. A partial explanation of this immune status was “the low potency of
Type 1 vaccine virus in the trivalent OPV during the 60’s and early
70’s, as well as the 3/3/3 dose ratio for the three polio vaccine virus
types” included in the vaccine  used in Israel between 1961 and
1971.

Comments:

1'. The first statement is true, but the reasons are only partially so. In fact,
Israeli adolescents and young adults were susceptible to the new epidemic
wild poliovirus isolate in the 1988 event, as their serum NA titers were
rather non-protective against wild type 1 poliovirus strain (Table 9.9).

a'. The level of seropositivity of the young Israeli adults primed with
3-4 OPV doses in infancy, was what would have been expected in
a population no longer reexposed to wild poliovirus. A booster
response of 100% (Slater PE et al. 1990) indicated a normally
immune reaction to reexposure and a satisfactory  immunological
memory.

b'. The high incidence in Hadera as compared to “elsewhere in country”
in conditions of a similar immune profile of the population suggested
an uneven force of transmission of the virus (John TJ, 2001) due to
differences in the intensity of exposure of susceptible individuals .

 c'. The potency of TOPV administered up to 1971 had no impact on
the immune status of the population. The results of the serosurvey
carried out prior to the 1988 epidemic (Green MS et al. 1993),
shown in Table 9.9, contradict the statement that at the time of the
epidemic the cohorts born in 1960-1972, aged 16-28, presented
with a lower and non protective immune profile against poliovirus
than the cohorts born in 1973-1988, aged 0-15 (Green MS et al.
1993). This survey clearly points to the presence of a protective
immune profile against Sabin 1 vaccinal virus in both age groups
>14 and 15-28, in contrast with  the unsatisfactory protection of
both groups against the 1988 epidemic strain.

2. The second statement inferred that: “the antigenic differences between the
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epidemic strain and the type 1 attenuated strain do not seem to be important
in explaining the outbreak, since OPV induces the production of broad-
reacting polyclonal antibodies”.

Furthermore:

a. “The epidemic virus, antigenically similar to polioviruses isolated in the
Middle-East in previous years, was probably local”.

b. “No evidence for a selective massive exposure to poliovirus has been
found in Hadera”.

Comments:

2'. In reply to the second statement on, “the capacity of OPV to produce
broad reacting polyclonal antibodies”, this was not proven in the Hadera
event. The facts point to an opposite reality. OPV-vaccinated population
in Hadera and elsewhere had a protective profile of NA against type 1
Sabin strain, and a much less satisfactory titer against the wild 1988 epidemic
strain, whose highly changed antigenic structure prevented its recognition
by the type 1 Sabin strain induced antibodies. Therefore antigenic
differences between the epidemic and vaccinal strains may have been an
important contributory factor in the outbreak.

a'. The epidemic virus was not a local phenomenon, it was quite new in
the area. Retrospective genetic analysis of the virus track in the region
clearly indicated its introduction in Hadera subdistrict in the early
summer months of 1988.

b'. Most of the Hadera cases occurred in a limited number of settlements
inhabited exclusively by the Jewish segment, and concentrated in 4
foci located in the southern part of the subdistrict.

3. The third statement maintained that “EIPV was less effective in protecting
the community from the spread of wild virus”, as:

a. EIPV vaccinees “have low intestinal mucosal immunity and excrete
polio viruses for periods varying from days to several weeks”.

b. The “EIPV-vaccinated children from Hadera served as a reservoir
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of poliovirus multiplication and were a source of poliovirus
transmission”.

c. The “greater gut immunity of young children outside Hadera and the
environmental presence of the vaccine virus prevented more
widespread poliovirus transmission and limited the number of cases
in other subdistricts”.

Comments:

3'. Concerning the third statement, there is no doubt that humoral immune
response to EIPV primary immunization, which provides an excellent
individual protection (Melnick JL, 1978; Swartz TA et al. 1981; Swartz
TA, 1988) against disease, has a lower impact on prevention of mucosal
virus replication and virus excretion in the human environment (Onorato I
et al. 1991). Comparative data from the literature point to the advantage
of OPV in the induction of an intestinal immune response, in conditions
which avoid interference with the “take” of OPV (Sutter RW et al. 1999).
Unfortunately, the long history of OPV vaccination in Israel had not induced
the development of a satisfactory intestinal immunity in the local population.

a'. True, EIPV vaccinated children in Hadera had a low intestinal
immunity and were a source of poliovirus infection.

b'. In fact, EIPV vaccinated children in Hadera were the reservoir of
poliovirus because of the age-related low level of hygiene. This picture
was identical with that of the poliovirus reservoir illustrated by the
distribution of intra-familial poliovirus carriers identified in
OPV-vaccinated populations in 1988 in non-Hadera subdistricts,
as well as in all the previous polio events reported in Israel since
early 70’s to 1988. These data point to the causal association
between age at infection and polio carriers status, which occurs
independently from the vaccination status of the carriers. This also
means that it is more than probable that the epidemic pattern of
Hadera of 1988 would have been at least quite similar, if the age
0-6 segment of the population exposed to the virus had been
vaccinated with OPV.
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c'. Intestinal immunity outside Hadera was not different from that of the
Hadera population.

• Intestinal immunity in non-Hadera subdistricts, where all the population
was vaccinated with OPV, was not different from that of Hadera, as shown
by the similar proportions of poliovirus carriers among family contacts as
seen in Table 9.12.

• In the non-Hadera subdistricts, where poliovirus was active, the possible
environmental presence of OPV vaccine did not reduce the degree of
intra familial spread which was similar to that of Hadera.

9.2. Ramla non-event

9.2.1. Comparison with the Hadera subdistrict

Comparison of the epidemiological situation in the Ramla and Hadera subdistricts
indicated:

a. The similarity between the two subdistricts in:

• The common EIPV program administered to the 0-6 age-group

• The immune profile of older age groups with a history of OPV  vaccination

b. The main differences were:

• Absence of cases in Ramla in contrast with Hadera

• A very scarce occurrence of wild poliovirus in Ramla in contrast with
repeated isolations in Hadera. No wild poliovirus was detected among
several isolates from the Ramla sewage since the start of the epidemic until
4 October. A sewage isolate detected on September 22 was initially
considered, mistakenly, as a poliovirus strain. The only wild poliovirus
strain was isolated once on October 4, one day after the last case in Hadera
subdistrict had  been reported
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9.2.2.   Explanation

a. The first position

The very scarce and isolated occurrence of the wild poliovirus, limited to the end
of the epidemic period, in a population whose immune profile was a principal
risk factor for polio infection, supports the position that in Ramla subdistrict there
was a very limited risk of exposure of the vulnerable population during the very
short presence of the wild virus in its territory.

b.      The second position

The second opinion does not offer any explanation for the absence of cases in
Ramla, except a non-sustained inference which mentions: “wild poliovirus was
found in Ramla sewage, suggesting that cases might have occurred there also,
had vaccination not been carried out”.

9.3. Non Hadera Subdistricts

Concomitantly with the Hadera event, three different subdistricts besides Hadera
each reported one case of acute paralytic disease which was confirmed as acute
poliomyelitis.

9.3.1. Characteristics

The characteristics common to these cases and to those occurring in the Hadera
event were:

a. The cases occurred following infection with the wild poliovirus strain
responsible for the cases in the Hadera event.

b. All cases belonged to the Jewish segment.

c. Two of the three cases had a history of OPV vaccination.

d.  They had occurred during a one-month period which was included within
the two months of wild poliovirus activity in Hadera subdistrict.

e. The age distribution of poliovirus carriers among the family contacts of the
non-Hadera cases was similar to that found in the Hadera event.
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Additional epidemiological characteristics are presented (Table 9.15). The
epidemiological investigation did not indicate any contact between the three cases
or any links with the Hadera event. The three separate cases outside Hadera
were considered by some experts as a simple occurrence of random sporadic
cases, while others believed that these cases reflected the spread of wild virus
from Hadera to other subdistricts. Probability analysis carried out to determine
whether the cases were isolated occurrences or likely to be related to the outbreak
suggested the probability of a widespread dispersion of poliovirus outside the
Hadera subdistrict (Green MS et al. 1991).

Table  9.15.

Paralytic polio cases outside Hadera subdistrict, Israel, 1988

9.3.2.   Difference between Hadera and non-Hadera subdistricts

a. According to the first position:

• The same unsatisfactory humoral immunity in the older segments of the
population, and the similar suboptimal intestinal immunity present in Hadera
and non-Hadera subdistricts, were two equally important risk factors for
poliomyelitis infection in the two areas. Therefore, the different morbidity
rates depended on other factors than the immune profile of the population,
very probably on a different force of transmission, as already mentioned
(John TJ, 2001).

b. According to the statement included in the second position: “…It seems
likely that greater gut immunity of young children outside Hadera and the

 
Current 
number 

 
 

Subdistrict 

Date  
of 

occurrence 

 
 

Age 

 
 

Sex 

 
Immunization 

history 

Virus 
isolation 

from 
feces 

 
Clinical 
disease 

1 Ashkelon 12.8 9 m. F 3 OPV Type 1 
wild 

Paraplegia 

2 Acre 12.9 23 m. M 4 OPV Type 1 
wild 

Lower leg 
monoplegia  

3 Petach-Tikva 12.9 21 m. F None Type 1 
wild 

Paraplegia 
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environmental presence of vaccine virus prevented more widespread
poliovirus transmission and limited the number of cases in other subdistricts”.

• Comment: see paragraph 3'c'.

9.4.   Management of 1988 outbreak

The rather slow progress of the 1988 outbreak had a direct impact on the pace
of its management, whose main component consisted of the immunization of
populations at risk in the area of activity of the epidemic virus. It was implemented
in four phases dictated by the particularities of the event in different areas and at
different times.

9.4.1. Vaccination campaign

The succession of vaccination campaigns, their geographic distribution, timing
and duration are summarized (Table 9.16). The population at risk, selected for
vaccination in the first three campaigns, included all the residents aged between 2
months and 40 years from the affected subdistricts. They were administered one
dose of Trivalent OPV, except for pregnant women and immuno-suppressed
persons who received one dose of EIPV.

Table 9.16.

Vaccination campaign in the 1988 polio outbreak

 
 
 
Campaign 

 
 
 

Area 

 
Date of onset 

Date of 
virus 

isolation 
in sewage 

 
 

Period of  
vaccination  

First 
case 

Last  
case 

First Or Akiva 13.8  10.9  1.9 31.8-8.9 

Second Hadera subdistrict 31.7  3.10  - 20.9 -30.9 

Third Ramla subdistrict None - 4.10 25.9 -4.10 

Fourth  Other subdistricts 10.8  12.9  4.10 10.10-28.10  
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The successive phases in the management of the epidemic were:

a. First phase: Or Akiva

Vaccination started 17 days after the first case in this focus, and 30 days after the
occurrence of 1st case in the outbreak. The campaign was completed in a 9-day
period. The last case was reported one day after the start of the vaccination
campaign.

b. Second phase: Extension of the program to Hadera subdistrict

The program started 18 days after the occurrence on 2 September of the first
case in Givat Olga, the second focus in Hadera subdistrict, and 51 days after
initiation of the epidemic. Vaccination started on 20 September and was carried
out for 10 days. An additional three cases occurred in the subdistrict until 3
October, three days after the end of the campaign, and the last day of the outbreak.

c. Third phase: Ramla subdistrict

The decision to vaccinate in this subdistrict was made five days after the start of
vaccination in the Hadera subdistrict. It was based on the preliminary results on
September 21, mentioning the isolation from sewage sample of an enterovirus,
which initially was considered a poliovirus strain. It had grown at 400C, but was
finally identified as a non-polio enterovirus (Echo strain). It should be mentioned
that the only wild poliovirus identified in the Ramla subdistrict was isolated in a
sewage specimen collected 9 days after the start of the local vaccination campaign
and that no polio cases were diagnosed in the subdistrict during the event.

d. Fourth phase: National vaccination program.

Extension of vaccination to the remaining 12 subdistricts of the country was initiated
after isolation of a polio-like virus, later confirmed as a wild strain, from the
sewage of a settlement in one of the 3 non-Hadera subdistricts where polio
cases had occurred. The program was implemented 28 days after the reporting
of the last case in this area. The decision followed the recommendation of the
team of WHO polio consultants (Ellencweig AY, 1989), who during their visit to
Israel, were impressed with the occurrence of three isolated polio cases in separate
subdistricts, as well as with provisional data on the environmental isolation of 
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polio-like enteroviruses, of which only three strains were later identified as wild
polioviruses, as seen in Table 9.16. In the experts’ opinion, the vaccination was
essential considering the preliminary indications of a wider spread of poliovirus
(WHO, 1988). The recommendation to extend vaccination to the remaining
subdistricts was immediately accepted by the National Health Authority, without
further consultation with the National Advisory Committee Immunization (NACI)
(Ellencweig AY, 1989). The campaign * started one week later, was carried out
over an 18-day period, and covered about 90% of the candidate population.
No more polio cases were detected. In contrast to the previous local campaigns,
this last one generated reservations in Israel as well as abroad with regard to its
justification, in the light of the dimensions and dynamics of this epidemic which
occurred in a population well covered with polio vaccines throughout the previous
40 years, during which similar events had been controlled without mass vaccination.

9.4.2.    Lessons

a. Hasty interpretation of the preliminary data provided by the laboratory on
the characteristics of the virus isolated in sewage had negative operative
implications.

b. The decision to start vaccination campaigns when the procedure seemed
indicated, was delayed.

c. Absence of a leading role of the Public Health Service in this event allowed
political factors to contribute considerably to the decision making process
for the management of the epidemic.

9.4.3.    Consequences

a. Introduction of polio mass immunization, followed by a combined EIPV/
OPV schedule for infants and start of a national monitoring of poliovirus in
the environment.

b. Implementation of regulations for mandatory chlorination of drinking water

c. Establishment of a National Ministry of the Environment

*  For details see Ellencweig AY., Health Policy., 1989;13:177-88
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9.5. Poliomyelitis in selected Middle Eastern countries

9.5.1.   Eastern Mediterranean Region

In 1988, the year when Global Polio Eradication program started, poliomyelitis
was quite active in the Middle East. The number of cases was: Egypt - 465,
Iraq - 36, Jordan - 69, Syria - 37, and Yemen - 99 (WHO, 1989). These data
illustrate the persisting polio morbidity in selected countries in the area, most of
which are in the geographical neighborhood of Israel.

9.5.2.    West Bank and Gaza

During 1988, the Gaza Strip and the West Bank reported one case each,
representing an attack rate of 0.2 and 0.1 per 100,000 population, respectively.
The case in Gaza may have been epidemiologically connected with the Israeli
outbreak, and the West Bank case was in all probability a VAPP case (Tulchinsky
T et al. 1989).

It should be mentioned that, since 1977, the Gaza and West Bank child population
had been covered with the combined EIPV/OPV schedule, supplemented by
yearly NID campaigns with OPV. Nevertheless a booster program with TOPV
was carried out during October 1988 which covered about 90% of the population
in the 0-40 age group.

9.6.    Summary

a. The event followed the introduction of a new wild poliovirus strain,
antigenically different from the Mahoney and Sabin type 1 vaccinal virus
strains.

b. The disease affected predominantly OPV-vaccinated individuals, as their
pre-epidemic immune status did not recognize the antigenically modified
new epidemic strain.

c. The most affected age groups were 7-28 years in the Jewish segment. In
contrast, the EIPV-vaccinated 0-6 age group presented with a strong
humoral immune profile to the new epidemic strain that was protective
against disease.
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d. The transmission was almost exclusively intrafamilial and occurred
predominantly within the 0-6 age group.  Intrafamilial infection of older
ages was very limited.

e. The proportion of family carriers of wild virus in the age 0-6 contacts of
family cases was three times higher than the family carriers in older age
groups.

f. The role of EIPV-vaccinated family carriers of poliovirus in transmission
of the infection was the same as that of OPV-vaccinated family carriers
observed in all the past polio events, recorded everywhere in Israel since
the early 70’s until the 1988 outbreak, when it was observed in OPV-
vaccinated populations.

g. Available documentation did not confirm community transmission of the
virus.

h. In four cases there was circumstantial evidence of direct exposure to wild
virus present in a contaminated environment.

i. The disease was concentrated in four foci, located in a few Jewish
settlements in the southwestern part of the sub-district. There was a
temporal-geographical correlation in the occurrence of cases.

9.7. Conclusions

a. The 1988 Hadera event was an illustration of the changes in polio
epidemiology during the long period of massive vaccination with OPV. In
an outbreak which affected mostly older children, teenagers and young
adults, the OPV vaccinated segment was affected with paralytic disease,
whilst the EIPV vaccinated population segment was protected.

b. The disease was transmitted intrafamilially. The 0-6 age group played the
predominant role in the transmission of infection, which was independent
of the vaccination history of the infected children.

c. Results of EIPV use in Israel were a message for the GPEI. EIPV was an
effective tool which should be taken into account when failures with OPV
vaccination delay the progress towards polio eradication.



   137The Epidemiology of Polio in Israel

10.   1989-2004: Towards polio eradication

1989-2004 was one of the most interesting periods in the history of poliomyelitis
in Israel and the most rewarding in terms of the control of the disease. This was
reflected in the abundance of data on the surveillance of the disease which indicated
the rapid progress toward its elimination in Israel, as a part of the Global Polio
Eradication program initiated by WHO in 1988.

This period witnessed important changes in the control of poliomyelitis in Israel.
These changes were the direct result of two groups of factors: (a) the experience
acquired during 1979-1987 from several comparative studies with new polio
vaccines and the changes in the routine immunization program; and (b) the lessons
from the 1988 polio epidemic which led to a significant remodeling of the national
immunization program.

10.1. Principal characteristics

The principal characteristics of this period were:

1. Institution of the combined EIPV /OPV vaccination program for infants at
a national level.

2. Adherence of Israel to WHO Global Polio Eradication Initiative program.

3. Absence of disease and of infection associated with indigenous wild
poliovirus during the course of this 15-year period.

4. Repeated detection of Vaccine Derived Polio Virus (VDPV) strains with
high genetic divergence in environmental monitoring since the late 1990’s.

5. Persistent risk of introduction of wild poliovirus strains into Israel from the
neighboring countries in the Eastern Mediterranean Region, where polio
had been endemic throughout this period, and in the Palestinian Authority,
repeated introduction of wild poliovirus strains of Egyptian origin, without
the occurrence of cases.

6. Certification of Israel as a polio-free territory.
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10.2. Poliovirus activity

10.2.1. Clinical Disease

No cases of paralytic disease associated with either wild virus of endogenous
origin or vaccine-derived poliovirus were reported /confirmed from the start of
this period till its conclusion. No wild poliovirus strains were detected in the
cases included in the Acute Flaccid Paralysis surveillance carried out since its
initiation in 1996 until the end of 2004.

One case of acute neurological disease in a young woman aged 18 years who
had immigrated from a eastern European country was reported in 1995, and
was initially considered a diffuse infective process of the central nervous system
of probable viral origin. Subsequently, acute poliomyelitis (Vaccine-Associated
Paralytic Poliomyelitis) was suspected, due to changes in the clinical picture and
fecal detection of type 2 Sabin vaccinal virus, following contact with an infant fed
OPV 40 days prior to start of the event. The evolution was typical of an acute
diffuse infectious disease of the central nervous system. A group of experts rejected
its poliovirus etiology.

10.2.2. Poliovirus in the environment

a. Wild poliovirus . In April 1995, a single wild type 1 poliovirus strain
was detected in a specimen collected from the sewage system of the town of
Ashdod (Swartz TA et al. 1998) in the absence of any indication of poliovirus
activity in the human population in this area. Restriction fragment length
polymorphism showed a very close genetic similarity of this isolate to multiple
type 1 wild strains isolated in the sewage system of the Gaza Strip prior to and
simultaneously with the Ashdod isolate (Vansover A et al. 1993). This was
confirmed by VPI sequence analysis (Shulman LM et al. 2000a)

b.  Vaccine Derived Poliovirus .  On the other hand, repeated introductions
of highly divergent type 2 vaccine-derived poliovirus strains were detected in
1998, 1999 and 2004 in a principal branch of the sewage system in central
Israel. There was no evidence of any poliovirus activity in a population well
covered with the routine vaccination program.
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10.3. Objectives of the combined vaccination program

The decision to start the combined EIPV/OPV vaccination program was intended
initially to support the principal  objective of the Public Health Service to control
poliomyelitis following the 1988 outbreak; namely to achieve the state of total
absence of clinical disease associated with both wild and vaccinal poliovirus
(Swartz TA et al. 1998). This seemed quite a realistic objective in light of the
Israeli experience, due to the contribution of OPV to the reduction of polio
morbidity, and of EIPV to the protection against paralytic disease.

The decision to implement the new combined vaccination program in Israel was
taken in 1988, the year when the Global Poliomyelitis Eradication Initiative (GPEI)
proposed by WHO started. Israel adhered to it, like all other member countries
(Sutter RH et al. 1999). According to WHO, the concept of Polio Eradication
was somewhat different from the standard approach to the eradication of infectious
diseases (Evans AS, 1984) and included several phases. The first phase, the
total elimination of the clinical disease, had to be followed by a second phase
involving interruption of transmission of poliovirus infection.  The implementation
of the combined vaccination program in Israel was in line with the adherence of
Israel to the WHO Eradication Initiative. It included the extension of the initial
objective, beyond elimination of disease, to interruption of community transmission
of infection. Elimination of the disease seemed achievable due to the advantage
of EIPV in the induction of a high humoral immune response against clinical disease
in 100% of vaccines. Prevention of transmission was expected to be due to the
role of OPV in the creation of a local intestinal barrier against viral replication
and the spread of the virus into the community.

After Denmark, which first introduced a combined IPV/OPV vaccine program
in the 60’s, Israel was the next country in the WHO European region to switch to
a combined EIPV/OPV program (Sutter RW and Cochi SL, 2001). Adherence
to the Global Polio Eradication program required the acceptance of the four
fundamental components of the polio eradication strategy (WHO, 2000)
formulated by WHO (Table 10.1), of which only the first (immunization coverage)
and third (Acute Flaccid Paralysis surveillance) component were accepted by
the Israeli Public Health Service, as the other two were considered unnecessary
for the implementation of the program in the local conditions. To these criteria,
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the Public Health Service added, in accordance with the proposal of the national
committee for the certification of polio eradication in Israel, the recommendation
to supplement the national strategic program with an evaluation of the immune
status of the population and of the spread of poliovirus in the environment.

Table 10.1

Polio Eradication Strategies*

* Global Eradication of Poliomyelitis , Report of the 5th meeting of the Global Technical
Consultative Group for Poliomyelitis Eradication, Department of Vaccines and Biologicals, WHO,
Geneva, 2000

10.4.   Vaccine and vaccination

The combined vaccination program implemented in 1989, called in Israel the
intercalated vaccination, was administered as a routine program, without
supplementary vaccination recommended in the WHO strategic plan for global
polio eradication.

10.4.1.   The reasons for this change were:

a. The long experience from the period 1961-1981 of the limitations of OPV
to provide a satisfactory immune response and protective efficacy at
community level.

b. The data collected since 1981 pointing to the advantage of EIPV over
OPV in terms of immunogenicity (both humoral immune response and
immunologic memory) which prevented paralytic disease due to wild or
vaccine-derived virus.

• High levels of routine immunization coverage

• National immunization days (NIDs)

• Acute Flaccid Paralysis (AFP) surveillance, including a
WHO-accredited laboratory network

• House-to-house "mop-up" campaigns
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c. The very high protective efficacy afforded by EIPV during the 1988
outbreak, which was due to exposure to a wild type 1 poliovirus strain
antigenically different from the Sabin 1 vaccinal strain.

d. The expectation that the inclusion of OPV in a combined program would
contribute to the development of intestinal immunity which would prevent
local virus replication and transmission of infection into the community.

10.4.2. Description of the vaccines

a. EIPV

The enhanced potency IPV, although based on principles similar to those of the
first generation vaccine, differed in three aspects:

• Seed viruses were inoculated in cell cultures derived from either secondary
or tertiary subcultures of pathogen-free monkey kidney cells or in Vero
African green monkey kidney cell lines (van  Wezel AC, 1967).

• The culture cells were grown on micro beads in large fermenters to increase
the density of the culture (Montagnon B et al. 1984).

• The virus harvest was concentrated before inactivation to increase the
final antigen content to a titer of 40, 8, and 32 D-antigen units for poliovirus
types 1, 2 and 3 respectively.

From the beginning of the program, the EIPV component was administered in
combination with other inactivated antigens or simultaneously with other vaccines:
between 1990-1992 in association with DTP in a dual compartment syringe;
between 1993-1998 in a tetravalent combination with DTP; in the years 1999-
2001 simultaneously with a tetravalent DTPHib vaccine; and since 2002 in a
pentavalent DTP/Hib-IPV combination.

b. OPV

The vaccine was the original preparation of the three Sabin vaccinal poliovirus
types, grown in monkey kidney tissue culture and dispensed at dose concentrations
of 106.0, 105.0 and 105.8 TCID50  for the vaccinal types 1, 2, and 3 respectively.
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10.4.3. Schedule

The polio immunization schedule comprised priming with 2 EIPV doses at age 2
and 4 months, intercalated with 2 OPV doses administered at age 4 and 6 months,
followed by a simultaneous reinforcing EIPV and OPV dose at age 12-16 months.

10.5. Surveillance

Evaluating the objectives of the program included:

10.5.1. Vaccine coverage

10.5.2. AFP surveillance

10.5.3. Evaluation of the immune status of the population

10.5.4. Environmental monitoring of poliovirus

10.5.5. Enterovirus monitoring

10.5.1. Vaccine coverage

WHO recommended a national coverage in the routine program of at least 80%
(de Quadros CA, 2003), supplemented in children in the 0-4 age group by
annual National Immunization Days (NID), in all countries where wild poliovirus
was circulating in 1985. The Israeli Public Health Services recommended a
coverage of 95% in the routine program, starting with the1989 infant cohort.
This recommendation was based, on one hand on the difference between
developed and developing countries in the extent of the immune response to
vaccination (Sutter RH et al. 1999) and of the level of protection against disease
in OPV programs (Ghendon Y and Robertson SE, 1994; Patriarca PA et al.
1997). This contrasted with the close to 100% sero-immune response to the
EIPV schedule (Swartz TA et al. 1998).

Annual coverage with the two vaccines, at age 2 years in the total Israeli population
and separately in the Jewish and non-Jewish segments, is presented (Table 10.2).
A crude national coverage of >90% with the two vaccines was achieved. The
unequal rate of coverage in favor of the non-Jewish segment may be explained
by its predominant concentration in small settlements where the dependence on
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and compliance of the local population with the local preventive health services
are very high. In contrast, the Jewish segment, the majority of whom live in large
urban concentrations, is more intensively exposed to distorted information on
public vaccination with its negative impact on health behavior, including compliance
with recommendations of the Public Health Service regarding immunization.

Table  10.2.

Polio vaccination coverage*  at age two, by population group and year of
reporting, Israel, 1992-2004

*  Percentage

Information from selected recent years on regional coverage (Table 10.3) indicates
that most health sub-districts had >95% coverage with the complete vaccination
schedule administered up to the age of 2 years. However, in the limited number
of sub-districts reporting <90% coverage by age two, 94-97 % of the cohorts
included in the combined program had been administered at least 2 EIPV doses,
and 90-93 % had been fed with 2 OPV doses  by age ~11 months. This indicates

Year of  
reporting  

Total Jews  Non- Jews  

EIPV OPV EIPV OPV EIPV  OPV 

1992 88 95 86 94 95 97 

1994 92 92 90 90 99 99 

1995 93 93 92 92 95 95 

1996 92 92 91 91 94 93 

1997 95 95 94 94 99 98 

1998 93 92 91 91 96 96 

1999 92 92 91 91 94 94 

2000 92 92 91 91 95 94 

2001 92 92 91 91 95 94 

2002 93 93 92 92 96 96 

2003 93 93 91 92 96 97 

2004 91 92 89 90 96 90 
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a very high probability of a satisfactory immune response and presence of
protective immunity of the group, as supported in the serological evaluation of
the immune response to the combined program*

Table  10.3.

Polio vaccination coverage* in 15 Health Subdistricts, Israel, 2004**

* Percentage
** Reported at age of 23 mo.

*** 82-88% coverage with 3 EIPV and 81-88% with 3 OPV doses by age of 23 mo; 94-97% coverage
with 2 EIPV and 90-93% with 2 OPV doses by age of 11 mo.

10.5.2 Acute Flaccid Paralysis surveillance

Acute Flaccid Paralysis surveillance (AFP) is considered by WHO as a highly
sensitive surveillance method for evaluation of the impact of the eradication initiative
on the dynamics of poliovirus in the population covered by the program (WHO,
2004).

a. Characteristics

The purpose of AFP surveillance is to evaluate the presence/activity of poliovirus
in the population at risk of infection, by search for presence of poliovirus in stool
specimens from patients with AFP. It is based on the assumption that detection
of AFP in the population at risk is a satisfactorily sensitive method to detect the

Subdistrict 
n=15 

 
Coverage 
% OPV EIPV 

4 5 >95 
8 7 90-94 
3 3 <90  

*     See section 10.5.3
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presence of poliovirus. For purposes of evaluation: (a) an AFP case is defined
according to a list of clinical diagnostics selected by WHO (WHO, 1993), mainly
acute conditions which affect the second motoneuron, usually included in the
differential diagnostic of acute poliomyelitis; and (b) the population at risk is
considered to be all infants and children up to the age of 15, present in the area
of vaccination. Practically, detection of at least one case of AFP per 100,000
population aged <15 is considered to indicate a satisfactory extent of surveillance
and completeness of reporting (WHO, 1997). This means that at a rate of >1
AFP cases per 100,000 there is an increased probability of detection of a wild
poliovirus associated with a case of AFP in the population aged <14 from the
surveillance area, if such a case existed in the above population (WHO, 1993).

The quality of AFP surveillance is evaluated by a series of standard indicators
which measure, among other characteristics, the sensitivity of AFP detection, the
completeness and timeliness of the collection of fecal specimens, and the
proficiency of laboratory procedures. For practical purposes the quality of AFP
surveillance is evaluated by a surveillance index which in endemic countries is
based on the data on non polio AFP rate up to 1.0 multiplied by the percentage
of cases investigated by adequate stool specimen collection (WHO, 2005).

b. Acute Flaccid Paralysis surveillance in Israel

AFP surveillance started in Israel in 1996 as a special one year project carried
out by the Israel Center for Disease Control (ICDC), which used an active
approach to search for cases. Since 1997, AFP surveillance has been included
in the list of infectious diseases requiring notification to the Public Health Service
by the District Health Offices. The national data (Table 10.4) show that, with a
few exceptions, the majority of the yearly rates of reported cases and surveillance
index were well below the criteria of the satisfactorily sensitive surveillance, as
stated by WHO. The regional data provided by the six District Public Health
Offices (Table 10.5) indicated a persistent underreporting of AFP in many districts.
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Table 10.4.

 Acute Flaccid Paralysis surveillance*, Israel, 1996-2004

* No wild or vaccine derived poliovirus was isolated during the surveillance period.
 ** Per 100,000 population aged 0-14 y.

Certification 
by expert 

committee 

 
Surveillance 

index 

 
Rate (**)  

 

 
Cases  

n 

 
Year 
 

 
 

 
0.3 

 
1.6 

 
28 

 
1996 

 
- 

 
0.5 

 

 
~1.0 

 

 
17 

 
1997 
 

 
- 

 
0.5 

 

 
0.7 

 
13 

 
1998 

 
- 

 
0.7 

 
1.0 

 
18 

 
1999 
 

 
+ 
 

 
0.5 

 
0.7 

 
12 

 
2000 
 

 
+ 
 

 
0.3 

 
0.4 

 
7 

 
2001 
 

 
 

 
0.6 

 

 
0.6 

 
10 

 
2002 
 

 
 

 
0.4 

 

 
0.4 

 
8 
 

 
2003 
 

 
+ 
 

 
0.6 

 
0.8 

 
16 

 
2004 
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Table  10.5.

Acute Flaccid Paralysis surveillance by Health Districts, Israel,
1996-2004

*  Per 100,000 population aged 0-14 years

Possible reasons for the suboptimal results of AFP surveillance in Israel include:

• Absence of persistent active approach to the surveillance task.

• Suboptimal compliance of Medical Officers with notification of AFP cases
to the Public Health Service.

However, two comments should be added:

• Certification of AFP diagnosis by the expert group appointed for this
purpose led to a substantial decrease in the AFP rate as compared to the
period of non-certified AFP reporting, as shown in Table 10.4.

• The high rates of AFP in countries with persistent transmission of wild
poliovirus, followed by late detection of paralytic polio cases, raise
reservations concerning the sensitivity of the method in the evaluation of
the dynamics of polio morbidity.

 
 
 
District  

Year 

1997 1998 1999 2000 2001 2002 2003 2004  

Cases 
n 

Rate* 

 
Cases 

n 
Rate 

 
Cases 

n 
Rate 

 
Cases 

n 
Rate  

 
Cases 

n 
Rate  

 
Rate  

 
Rate 

 
Rate  

 

North 6 2.1 2 0.7 1 1.3 1 0.3 2 0.6 0.6 0.2 0.0 

Haifa  1 0.4 3 1.2 2 0.8 0 0.0 3 1.2 1.5 1.4 1.0 
Central 3 0.8 4 1.1 9 2.1 3 0.7 3 0.7 0.8 0.3 2.5 

Tel- Aviv 3 0.9 1 0.3 3 1.1 3 1.1 4 1.5 0.8 0.0 0.0 

Jerusalem 2 ~1.0 1 0.5 3 1.2 0 0.0 3 1.2 0.0 0.0 0.0 

Southern 2 0.9 2 0.8 0 0.0 5 2.2 1 0.4 0.0 0.3 1.5 

Total 17 ~1.0 13 0.7 18 1.0 12 0.7 16 0.9    
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10.5.3. Surveillance of the immune status of the population*

Surveillance of the polio immune status of the population and the environmental
monitoring of poliovirus were the two components of the strategic plan for the
Global Polio Eradication Initiative, which were adapted by the Israeli Public
Health Service with the purpose of improving the surveillance of the GPEI
program. Surveillance of polio immunity by evaluation of NA titers** was carried
out uninterruptedly during the whole 16 year period. It mainly comprised surveys
of humoral immunity. Its principal objectives were the evaluation of: (a) the
immediate and long term immune response of the cohorts administered the
combined vaccination program,  (b) the immune profile of older age segments
vaccinated with previous programs, (c) the immune status of the adult age segment
in the general population, (d) the immune status of groups at special risk, and (e)
the immune profile of the population against imported poliovirus strains.
Criteria indicative of immune response to vaccine administration  recommended
by the Public Health Service were:

• for the individual - a NA titer of >1:8 to the wild poliovirus strain/s prevalent
in the area, and of >1:64 against the three live-attenuated Sabin strain and
Mahoney, MEF1 and Saukett strains included in EIPV (Swartz TA and
Handsher R, 1996)

• for the community – seropositivity of  >95% to the prevalent wild strain/s,
and ~100% to the vaccinal strains, together with GMT of >40 to the wild
strain and >100 to the vaccinal strains.

a. Immune response to the combined vaccination program

The early immune response in the priming period, following administration of 2
EIPV and 1 OPV dose at age 4 months (Table 10.6), was very rapid and strong,
reflecting the development of a very satisfactory humoral immune profile and

* With the contribution of Danit Sofer and Rachel Handsher.
** NA titers measured in the past against the three Sabin vaccine serotypes were evaluated since

1988 against the wild poliovirus strains: Mahoney, (type 1) MEF1 (type 2) and Saukett
(type 3).
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immunologic memory to wild as well as vaccinal poliovirus strains. Optimal NA
seropositivity and highly protective GMTs followed the administration of the 3rd

EIPV and OPV reinforcing dose at >12-16 months of age (as shown in Table
10.6), which was repeatedly detected in the evaluation of several cohorts in the
following years of surveillance (Table 10.7).

Table 10.6.

Percent distribution and geometric mean titer of polio neutralizing antibody
in infants immunized with EIPV/OPV, Israel, 1990-1991*

* From Swartz TA  et al., Vaccine., 1998;16:2090-5.

** Lower and upper limit of 95% confidence interval.
*** The difference in the magnitude of the immune response to the four poliovirus strains in the

successive phases of the program is  statistically significant: p<0.001

 

                                                 
 Lower and upper limit of 95% confidence interval.  
 

 The difference in the magnitude of the immune response to the four poliovirus strains in the successive 
phases of the program is  

 
Date of onset 

 
Age at 
testing 

Anti-Mahoney Anti-Epid 88  Anti -MEF1  Anti-Saukettt 

% GMT % GMT  % GMT  % GMT 

On day of first 
EIPV 

2 mo. 51  29 69 8 56  28 49 4  

No: 84   26-32   6-11  25-30  1-7 

On day of 2 nd 
 EIPV and 1 s t OPV 

4mo. 96  34  50 4*** 94  40*** 35 7*** 

No: 54   32-36  2 -7  38-43  5-10 

One week after 2nd  
EIPV and 1s t  OPV 

4 mo. & 1 
wk. 

100 1,024 100  252 100 1,917 100 974 

No: 42   1,021-
1,027 

 249 -255  1,915-
1,920 

 972-977  

One month after 2nd  
EIPV and 1s t  OPV 

5 mo. 100 2,702 100  825 100 3,458 100 2,541 
 
 

No: 45   2,700-
2,704 

 823 -828  3,456-
3,460 

 2,539-
2,543 

On day of 3 rd EIPV  
and OPV  

12 mo. 100 1,625 100  271 100 2,019 100 745 

No: 48   1,623-
1,628 

 268 -275  2,016-
2,021 

 742-748  

7-10 days after 3rd  
EIPV and OPV  

12 mo. & 
7-10 d. 

100 4,096 100  2,370  100 4,096 100 3,949 

No: 19   4,094-
4,098 

 2,368-
2,372  

 4,094-
4,098 

 3,947-
3,951 

One month after 3r d  
EIPV and OPV  

13 mo. 100 4,096 100  3,037  100 4,096 100 4,041 

No: 61   4,094-
4,098 

 3,035-
3,039  

 4,094-
4,098 

 4,039-
4,043 

**

***
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Table 10.7.

Geometric Mean Titer of polio neutralizing antibody* in children aged
1-5 months administered the combined EIPV/OPV immunization
schedule**, Israel

* 100% seropositivity (NA>1:8) to the four poliovirus strains in all the cohorts .

** 3 EIPV + 3 OPV

The long-term response to the combined program was equally encouraging: 100%
seropositivity and protective GMTs were measured up to age 6. Administration
of one OPV booster dose at age 6 induced an anamnestic response, which was
clearly higher than that observed in a control group primed with OPV (Table
10.8). This profile indicative of very strong humoral immunity was maintained
unchanged up to age 13, when the 2nd OPV booster was administered with
similarly satisfactory results (see Figure 10.1).

Cohort n  Mahoney Epidemic 1988  MEF1   Saukett 

1990 72 4,096  3,037 4,096 4,041 

1992 37 3,625  1,478 3,048 2,048 

1993 57 2,172  629 2,570 2,409 

1996 70 3,136  1,554 3,392 2,755 

1999 57 3,310  1,354 3,490 3,540 

2000 29 4,096  1,211 4,507 3,999 

2004 57 4,096  - 4,096 4,096 
 



   151The Epidemiology of Polio in Israel

Table 10.8.

Immune response to a booster OPV dose in children aged six immunized
in infancy with a combined EIPV/OPV or OPV schedule

* 3 EIPV + 3 OPV doses.
** 4 OPV doses.

*** Percent of seropositivity (NA>1:8).

 
Time of 
testing 

EIPV/OPV* 
n:61 

OPV** 
n:114 

Mahoney Epid 
1988 

MEF Saukett Mahoney Epid 
1988 

MEF Saukett 

Before 
booster 

        

NA*** 100 100 100 100 98 94 100 96 

GMT 364 117 484 239 152 51 319 156 

After 
booster 

        

NA 100 100 100 100 100 100 100 100 

GMT 1,692 704 1,893 964 622 199 1,049 296 
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Figure  10.1.

Polio immune status* in children immunized with EIPV/OPV, Israel, 1990-
2004

* 100% seropositivity ( NA >1:8) to four poliovirus serotypes in all ages, with the exception of
seroimmunity to  type  1 Epid 88 at 2, 4 mo, 9 and 11 y., which varied between 96%-98%.

b. Immune profile of older age segments vaccinated in previous programs
Evaluation in the mid 90’s of school children aged 15, born before 1989, who
had a history of 4 OPV doses in infancy and a booster OPV dose during the
1988 outbreak, pointed to a partially satisfactory immune profile against the
epidemic 1988 strain as well as a rather low NA level against type 3 vaccine
virus strain, in both the Jewish and non-Jewish segments (Table 10.9). A rather
similar profile was observed in Jewish adolescents at age 17 (Table 10.10).
These findings were followed by decision of the Public Health Service to
recommend addition of a second OPV booster  dose to the cohort of school
children at age 13, starting from 1997 and continuing until the first cohort primed
in 1990 with the combined vaccine program reached age 13.
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Table  10.9.

Polio immune status in Israeli school children aged 15 immunized with
OPV, Israel, 1995-1996

*  Percent of seropositivity (NA >1:8).

Subdistrict  
n 

Mahoney Epid 1988 MEF  Saukettt 

NA  GMT NA GMT NA GMT NA GMT 

Haifa          

       Jews  29 100 134 100 46 100 212 100 28 

       Non-Jews  30 100 95 93 24 100 147 94 35 

Netanya          
       Jews  31 97 84 84 23 100 166 100 27 

       Non-Jews  30 97 99 93 34 100 149 93 63 

Acre          

       Jews  41 100 120 87 49 100 200 97 50 

       Non-Jews  40 95 67 85 18 100 103 90 37 

Ashdod          

       Jews  76 99 102 92 33 100 176 93 47 

       Non-Jews  - - - - - - - - - 

Beer Sheva          

       Jews  41 100 126 95 46 100 154 97 69 

       Non-Jews  65 98 289 97 142 100 216 97 100 

Jerusalem          

       Jews  35 100 97 89 30 100 183 94 38 

       Non-Jews  - - - - - - - - - 

 

*
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Table  10.10.

Polio immune status in 522 adolescents aged 17 immunized with OPV,
Israel, 1997

*  Percent of seropositivity (NA >1:8).

c. Immune status of the adult age segment in the general population

Polio immunity in age-stratified samples of adults in the 21-50 age range was
investigated twice at a 10-year interval in 1995/96 and 2004 (Table 10.11). The
rather similar results of the two surveys show a close to or 100% seropositivity
against the wild 1988 and the three vaccine strains, and somewhat lower GMTs
to the epidemic and Saukett strains.

Table 10.11.

Polio immune status in the adult population, Israel, 1995-1996 and 2004

*  Percent of seropositivity (NA >1:8).

Mahoney Epid 1988  MEF Saukett 

NA  GMT NA GMT NA GMT NA GMT 
98.5 161.1 93.1 48.9 99.6 221.6 96.0 51.4 

 

 
 
Age group  

 
 
n 

 
Mahoney 

Epidemic 
1988 

  
MEF 

 
Saukett 

NA  GMT NA GMT  NA GMT NA GMT 

21-30          

          1995 -1996 50 98.0 210.8 98.0 99.7 100 274.3 94.0 66.7 

          2004  50 100 155.4 -  100 282.1 96.0 65.8 

31-40          

          1995 -1996 53 100 269.7 96.2 142.1 100 315.6 100 67.4 

          2004  50 100 238.9 -  100 328.6 96.0 55.5 

41-50          

          1995 -1996 59 100 173.7 96.6 129.5 100 287.9 98.3 80.9 

          2004  50 100 290.0 -  100 421.7 96.0 113 

 

*

*
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d. Immune profile of special groups

This category includes two very different groups at risk: Jewish immigrants and
foreign workers.

The two important immigration waves which the state of Israel continued to absorb
in the 1990’s were from the former Soviet Union and Ethiopia.  Serosurveys
carried out in the early 1990’s provided information on their polio immune profile.

• The former Soviet Union sample, which included children, adolescent and
other age segments, showed a satisfactory percentage of seropositivity to
types 1 and 2, but lower values to epidemic 1988 and type 3 strain (Table
10.12).

Table 10.12.

Polio immune status* among 1,255 immigrants from the previous Soviet
Union, Israel, 1993

*   Percent of seropositivity (NA >1:8).

• In serosurveys of the Ethiopian immigrants who started to arrive in the
mid-1980’s, less than 20% of the children below 2 years had NA>1:4
against type 1 and 2 (Berger SA et al. 1982). Administration of a 3 dose
OPV program to the 0-9 age cohorts from the immigration waves of the
late 80’s and 90’s, considerably improved the immune profile of the

 

Age group Mahoney Epidemic 1988 MEF Saukett 

>17 97.6 92.9 97.6 71.4  

17-19 98.6 93.9 99.9 90.9  

20-24 99.2 92.8 100 94.1  

25-29 96.1 89.4 100 97.4  

30-39 97.0 90.1 99.9 98.0  

40-49 100 100 99.9 100 
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population against polio, which became similar to that of the Israeli general
population covered at that period with OPV program (Table 10.13).

Table 10.13.

Polio immune status in Ethiopian immigrants, Israel, 1993

*  Percent of seroposotivity (NA >1:8).

• A recent survey of polio immunity of foreign workers originating from the
Phlippines, India and Western African countries (Table 10.14) indicated a
rather high level of seropositivity and protective GMT values in the three
population samples (Calderon-Margalit R et al. 2004).

Table 10.14.

Polio immune status among 145 foreign workers, Israel, 2004

*  Percent of seropositivity (NA >1:8)

 
 
Age 
group 

 
 

n 

 
Mahoney  

Epidemic 
1988 

 
MEF  

 
Saukett 

NA  GMT NA GMT  NA GMT NA GMT 

0-4 22 95 147 95 146 95 384 95 369 

5-9 22 90 146 86 198 100 303 100 265 

10-14 32 100 294 100 289 100 241 97 265 

15-24 40 100 199 100 96 100 284 100 216 

>25 32 100 152 100 115 100 261 100 251 

 

 
Country of 
 origin 

 
 
n 

 
Mahoney 

Epidemic 
1988 

 
MEF1  

 
Saukettt  

NA  GMT NA GMT NA GMT  NA GMT 

Africa 25 100 294 100 188 100 399 100 184 

India 44 98 202 98 128 98 329 98 86 

Philippines 76 100 206 100 177 99 200 100 72 

 

*

*
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e. Surveillance of immune status against imported poliovirus strains

Detection of wild and vaccine-derived poliovirus strains in the environmental
monitoring required immediate investigation of the immune status of the population
groups at risk of exposure. A serosurvey which followed the isolation of a wild
type 1 Gaza strain in the sewage of the Ashdod area in 1995, pointed to a strong
immune profile against wild type 1 poliovirus, Mahoney, Epidemic 1988 and
Gaza 1994/5 strains, in children aged 3 and 4 who had been administered the
combined vaccine program (Table 10.15). This contrasted with the unsatisfactory
NA seropositivity and mainly low GMT to Epidemic 1988 and Gaza 1994/5 in
the group of adolescents given 4 OPV doses in primary immunization and an
OPV booster.

Repeated occurrence of type 2 vaccine-derived poliovirus strains in 1998 and
1999  in the sewage system of Central Israel led to a broad serosurvey including
infants, 8- and 15-year old school children, and young adults aged 18 (Table
10.16). All the groups presented with an immune profile indicative of protection
against the highly divergent Shaf 5/98 type 2 vaccine derived strains, somewhat
lower in the OPV vaccinated groups than in the 15 month and 8 year old children
protected with the combined vaccination.

Following recovery from sewage of type 2 vaccine-derived strains in 2004
(“Shafdan 04”), a similar serosurvey including infants, first graders, school children
aged 14, and adults aged 21-50 (Table 10.17) confirmed the presence of
protective NA and GMT titers in all the ages tested, which varied with the interval
from the time of immunization to date of testing.
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Table  10.15.

Polio immune status to wild type 1 poliovirus strains in children and
adolescents, Israel, 1995

*  Percent of seropositivity (NA>1:8).

Table  10.16.

Polio immune status to wild vaccine-like and vaccine-derived poliovirus
strains in selected age groups, Israel, 1998-1999

*  Percent of seropositivity (NA>1:8).

 
 
Age  
group  

 
 

 
n 

 
 

Immunization 
history 

Type 1 poliovirus strains 

   Mahoney    Epidemic 
       1988 

    Gaza 
   1994/95 

NA  GMT NA GMT NA GMT 

3-4 y.  24 3 OPV +3 IPV 100 678.5 100 187.2 100 220.4 

15 y. 51 4 OPV 
 and booster at age 8  

98.0 88.0 86.3 28.7 94.1 39.8 

 

 
 

Age 

 
 

n 

Type 1 Type 2 Type 3 

 
Mahoney 

Epidemic 
1988 

 
MEF 

 
Sabin 

Shaf. 
5/98 

Shaf. 
9/99 

 
Saukett 

15 
months  

        

NA  57 100 100 100 100 100 -- 100 

GMT  3,310 1,354 3,480 3,412  1,922 -- 3,540 

8 years           

NA 51 100 98 100 100 100 -- 100 

GMT  562 180 616 709 198 -- 267 

15 years        

NA 50 98 98 100 100 100 -- 94 

GMT  62 24 108 162 47 -- 43 

18 years          

NA 102 99 95 99 100 99 100 96 

GMT  170 57 297 325 92 130 59 

 

*
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Table  10.17.

Geometric Mean Titer of polio neutralizing antibody*  to type 2 poliovirus
in selected age groups, Israel, 2004

*  Seropositivity (NA > 1:8) of 100% to the five poliovirus strains in all the age group except for
the three VDPV strains in the age group 21-50 which varied between 97.6%-99.3%.

** Sera collected in 2003.

10.5.4    Enviromental monitoring and molecular epidemiology*

Most poliovirus infections are subclinical and paralytic poliomyelitis occurs in
only 0.1% to 2.0% of infected individuals. This means that virus may circulate
silently in a given community before the appearance of individual cases of
poliomyelitis. Poliovirus surveillance includes investigation of all cases of AFP to
determine whether poliovirus is the cause. However, failure to find poliovirus
associated AFP does not mean absence of poliovirus infections in a given
population. An alternative method for detecting silent circulation of poliovirus,
since all infected individuals excrete large amounts of virus, is to search for and
characterize all polioviruses in sewage.

a.       Environmental monitoring

Environmental poliovirus investigation in Israel, the West Bank, and Gaza district
was initiated in 1989 by the Environmental Virology Laboratory at the Central
Virology Laboratory. It consists of analysis of viruses isolated from sewage
collected at regular monthly intervals from 20 to 30 sentinel communities chosen
because of prior history of disease or potential contact with population from

Age  
group 

 
n 

 
MEF1  

 
Sabin 2 

Vaccine Derived Polio Virus 

Shaf 98 Shaf 99 Shaf 04 

1 15 5,937  6,720 2,261 2,756 2,261 

6 22 2,896  2,807 848 1,126 1,137 

14 16 865 1,573 _ _ 189 

21-50  150 339 434 117 155 106 

*  contributed by LM Shulman.
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poliovirus endemic regions, as well as socio-economic status, and the type and
accessibility of sewage systems (Manor Y et al. 1999b) In 2000, after a review,
the number of sentinel communities was reduced to 15. Acquisition of a mobile
laboratory allowed access to areas that lacked automatic sampling facilities.

b.      Molecular epidemiology

Genomic studies indicate whether polioviruses are either vaccine (vaccine like),
vaccine-derived (VDPV), or wild type. Classification is based on the percent
nucleotide sequence homology between the VP1 capsid protein of poliovirus
isolate and the VP1 of its corresponding OPV vaccine serotype (CDC, 2002).
An isolate is considered a vaccine virus when VP1 homology is 99 to 100% and
a VDPV when it ranges from 85% to 99%. Any isolate with < 85% homology is
considered to be wild type. Vaccine becomes VDPV through accumulation of
nucleotide substitutions by rapid evolution (Domingo E et al. 1985; Kinnunen L
et al. 1990). Evolution becomes clinically relevant when nucleotide substitutions
result in a reversion of attenuated OPV to neurovirulence or when amino acid
substitutions in viral epitopes alter recognition by neutralizing antibodies.

c.      Results

The Israeli system for virus isolation from sewage detects wild and vaccine-
derived poliovirus in the presence of varying backgrounds of non-polio
enteroviruses and high amounts of OPV (Manor Y. et al. 1999a). Molecular
analyses including methods developed in the Central Virology Laboratory
(Shulman LM et al. 2000a; Shulman LM et al. 2000b; Shulman LM et al. 2006a)
characterize isolates and provide epidemiological information. Since 1989, no
cases of poliomyelitis were reported in Israel, the West Bank and Gaza strip, yet
sewage surveillance has provided evidence for the presence and or silent circulation
of vaccine, VDPV, and wild polioviruses (Figure 10.2).
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Figure 10.2.

Sewage Monitoring of Poliovirus, Israel and Palestinian Authority,
1990-2004

• Most environmental isolates (>98%) were vaccine virus, as expected,
because of extensive use of OPV in Israel between 1989 and 2004 and in
the West Bank and Gaza strip from 1989 to date.

•  Wild polioviruses were observed less frequently. Wild type 3 was isolated
once [Gaza district, 1990], while wild type 1 polioviruses were isolated
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on a number of occasions [Gaza district 1991, 1994-95, 1996, 1999,
and 2002; and Israel and the West Bank, 1995] (Manor Y et al. 1999b;
Shulman et al. unpublished). Molecular epidemiological analysis indicated
that most were separate introductions although local circulation may have
occurred in 1994-5. Continued environmental surveillance enabled
documentation of efficacy of intervention (Manor Y et al. 1999b; Manor
submitted).

• The third and least frequent type were highly diverged, OPV-derived viruses
with >85.5% to < 94% homology [greater Tel Aviv, 1998, 1999, 2004]
(Shulman LM et al. 2006b; Shulman LM et al. 2001; Shulman LM et al.
2006a; Shulman unpublished). All were type 2 poliovaccine that had
reverted to neurovirulence and had many amino acid substitutions in
antigenic epitopes causing reduced recognition by neutralizing antibodies.
Analysis indicated at least 2 separate clusters that evolved from different
administrations of vaccine (Shulman et al. 2006a).

a.      Comments

The ability to detect silent wild poliovirus circulation and then monitor efficacy of
intervention is a major justification for maintaining a regular sewage surveillance
program. A secondary benefit is that sequence data from imported virus may
help to identify reservoirs outside of the surveillance area where poliovirus may
still be circulating.

As the global effort to eradicate poliomyelitis continues, molecular epidemiological
methods and environmental sampling assume greater importance for documenting
that circulation of wild or highly diverged vaccine poliovirus has ceased.  The
public health implications and intervention strategies are different, depending on
whether isolation of two or more wild or highly diverged viruses within a short
span of time represents local circulation or separate introductions into an area of
high vaccine coverage. Advanced sequence analyses of environmental isolates
provide epidemiological information about poliovirus circulation in the population
being monitored. An extensive global sequence database allows extraction of
additional epidemiological information about the source of local isolates and by
inference provides surveillance information about poliovirus circulation in external
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reservoirs of viral infection.

b.     Conclusion.

Sewage monitoring, coupled with molecular analysis, is the method of choice for
detecting silent poliovirus infections within large populations, in the absence of
AFP from poliovirus (Kew OM et al. 1995; WHO, 2003). It became possible
due to the development of a comprehensive plan and close coordination between
Public Health Laboratories, Epidemiology Departments, District Health Offices
and hospitals, other public institutions including Municipal Public Works
Engineering Departments, and international agencies

• The environmental surveillance program in Israel was one of the first such
comprehensive programs and is currently the longest running routine
environmental surveillance program.

• It provides a powerful tool for the study of poliovirus activity and evaluation
of the progress of Global Polio Eradication

10.5.5.   Enterovirus surveillance

Enterovirus surveillance was accepted by the Global Commission for Certification
of Polio Eradication (GCC) as a complementary/alternate method for surveillance
of polio eradication in countries which do not report AFP cases, provided they
have been polio- free for an extended period.

a. Rationale

Its rationale was based on the role of entroviruses in causation of clinical conditions
which might suggest poliomyelitis and whose diagnosis included the investigation
of stool specimens for detection of the causal factor. Practically, this means that
one may expect to detect polioviruses in the same biological material and same
sites of enterovirus infection. Therefore, investigation of patients and of materials
which are a potential source of enterovirus may contribute to polio surveillance
(van Loon A, 1998).

b. Criteria that would increase the probability of an existing poliovirus being
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identified through enterovirus surveillance include (WHO, 2000):

• The diagnosis/condition including acute neurological conditions, triggering
the collection of specimens.

•  Use of stool specimens.

• Specimens collection predominantly from children in the 0-14 age group.

• Wide geographic distribution of population which served as sources of
specimens analyzed.

• Referral of specimens to a WHO accredited laboratory.

The sensitivity of enterovirus surveillance for search of poliovirus in fecal sampling
was considered satisfactory when enterovirus was isolated in at least 10% of the
specimens tested. It should be noted that the GCC position states that non-polio
enterovirus surveillance is only one of the components of a comprehensive analysis
of the status of poliomyelitis which should be carried out in an area where an
eradication program is implemented.

The Israeli data have been collected prospectively since 2001, from a population
of about 2,400,000 from the Central and Tel Aviv Health Districts, which were
the source of the majority of clinical cases investigated for acute neurological
conditions with suspected enteroviral infection. The stool and cerebro-spinal fluid
specimens were sent for enterovirus investigation to the Central Virology
Laboratory at the Sheba Medical Center, Tel Hashomer. The same type of
information was collected retrospectively for the period 1994-2000 from the
register kept at the Enterovirus Unit in the Central Virology Laboratory.

c. Results

During a 12-year period (1993-2004), somewhat more than 11,000 specimens
were collected from cases suspected of enterovirus infection, ~65 % of who
were in the 0-14 age group.  Of 4,533 (37.3%) fecal specimens tested, enterovirus
was isolated in 494 (10.9 %) stools, with a range of 19.8 (1997) to 5.1% (2004)
(Table 10.18). Detailed information regarding the period 1993-2000 with respect
to crude and 0-14 age-specific rates (Table 10.19) and percent distribution of
enterovirus isolated by source of infection (Table 10.20) is presented.
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Twenty-four of 492 stool isolates were poliovirus strains, of which 17 were vaccine
like and another 7 unknown by intratypic differentiation. No wild poliovirus was
identified.

Table 10.18.

Enterovirus surveillance by investigation of stool specimens, Israel,
1993-2004

*  Non Polio Enterovirus.

 
 
 
Year 

Stool 
specimens 

tested 
n 

Isolates 

NPEV  
isolates 

% 

Poliovirus (n) 

 
Total 

 
Wild 

 
Sabin like 

 
Other 

1993 164 14.6 1 - - 1 

1994 144 13.5 - - - - 

1995 172 14.5 4 - 4 - 

1996 288 8.7 1 - 1 - 

1997 267 19.8 2 - 2 - 

1998 224 11.2 3 - 3 - 

1999 528 15.7 4 - 1 3 

2000 549 11.5 6 - 3 3 

2001 545 11.7 7 - 7 - 

2002 586 11.7 2 - 2 - 

2003 365 6.0 1 - 1 - 

2004 312 5.1 1 - 1 - 

*
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Table 10.19.

Enterovirus infection, cases and attack rates per 100,000 in the population
of two Health Districts*, Israel, 1993-2000

*  Central and Tel Aviv.

Table 10.20.

Enterovirus infection, cases, percent distribution, by source of clinical
specimens, Israel, 1993-2000

 
Year  

n Attack rate  

Total Age < 14 All ages  Age < 14 

1993 202 140 8.0  14.0 

1994 88 63 3.5  6.3 

1995 65 54 2.4  5.4 

1996 98 89 3.7  8.9 

1997 309 219 12.7  21.9 

1998 109 77 4.4  7.2 

1999 187 178 3.1  28.9 

2000 178 164 3.0  26.6 

 
Source 

Total specimens  
 investigated 

Enterovirus  
 isolates 

n % n % 

Cerebro-spinal fluid 3,880 61.0 832 21.4 

Feces 1,602 25.2 249 15.5 
Respiratory secretion 381 6.0 117 30.7 

Collected at PM 367 5.8 21 5.7 

Other 130 2.0 13 10.0 

Total 6,360 100.0 1,232 19.4 
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10.6.   Contribution of combined vaccination program to elimination of
polio in Israel

Implementation of the combined program coincided with the immediate
disappearance of the paralytic disease at the national level and interruption of
community transmission of poliovirus infection. These results contrasted strongly
with the persisting virus activity in the human population and its environment
throughout the previous years of polio control by OPV routine vaccination. An
association between introduction of EIPV into the routine vaccination program
and the elimination of paralytic disease seemed undeniable, whilst the contribution
of OPV was linked with its impact on the role of the intestinal immunity in the
transmission of infection.

According to WHO criteria, Israel had become a polio-free country in 1994.
Eight years later in 2002, Israel was certified as a country where polio had been
eradicated, together with all other member countries of the WHO European
Region.

The reasons which justified certification of Israel as a polio free country were:

a. Absence of indigenous wild poliovirus in

• acute paralytic  poliomyelitis-like disease

• AFP and enterovirus infection cases monitored  since 1996

• sewage monitoring carried out since 1989

b. Absence of indication of acute polio infection in immunity tests in serum
specimens collected from acute infectious neurological conditions included
in the differential diagnosis of poliomyelitis or other acute neurological
conditions.

c. High immune coverage of the cohorts covered with vaccination program
starting since the early 60’s.

d. A very satisfactory humoral immune response to routine administration of
EIPV/OPV, indicative of protection against disease, detected in several
cohorts administered the combined vaccination program since 1990.

e. Persistence of a satisfactory humoral immune status of older age groups
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covered with previous programs.

f.  Supplementary vaccine administered to selected population groups at risk
of polio who presented with an unsatisfactory immune profile in the
serological surveillance which was implemented uninterruptedly throughout
the whole period.

10.7.   Polio in Eastern Mediterranean Region (EMR)

Poliovirus activity, which continued uninterruptedly in the region, is presented in
Table 10.21. Information on incidence of polio in selected Middle East countries
(WHO, 1991-2006), mainly those with common borders with Israel, is also
presented in Table 10.22.

The disease was totally absent in the Palestinian Authority throughout the whole
period, but wild poliovirus was repeatedly isolated in the local sewage. Wild
poliovirus mostly affected Egypt, Iraq, Yemen and Syria. Within the context of
the Global Polio Eradication Initiative, Egypt was classified among the persisting
endemic foci. Imported cases associated with wild poliovirus were reported in
recent years by two countries: Lebanon (2003) from India, and Saudi Arabia
(2004) from Africa. In Egypt, type 2 vaccine derived poliovirus was associated
in the early 90’s with an epidemic in Egypt which had started in the early 80’s and
persisted for 12 years, during which 32 individuals were affected (CDC, 2001).

Table  10.21.

Selected poliovirus events in the Middle East during the polio eradication
era

Event Country Date  

Wild poliovirus endemicity  Egypt Until 2004  

Vaccine derived poliovirus circulation Egypt 1982-1993 

Vaccine derived poliovirus in environment Israel 1998, 1999, 2004 

Wild poliovirus in environment  PA The 90's, 2002,2004 

Importation of wild poliovirus  Lebanon  2003 

                     Saudi Arabia  2004 
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Table  10.22.

Poliomyelitis cases in Selected Middle East Countries, 1989-2004*

*  From WHO.,Wkly Epidemiol Rec., 1991;66:49-54-Wkly Epidemiol Rec 2006; 81:114-6.

** Imported

Year Egypt Iraq Jordan Lebanon  Syria Saudi 
Arabia 

Yemen Israel Palestinian  
Authority  

 
1989 

 
474 

 
10 

 
0 

 
• • • 

 
13 

 
3 

 
674 

 
0  

 
0 

1990 565 50 0 • • • 12 5 • • • 0  0 

1991 625 66 10 5 27 1 • • • 0  0 

1992 584 120 27 0 22 2 • • • 0  0 

1993 150 51 1 0  • • • 1 • • • 0  0 

1994 120 63 4 2  2 6 173 0 0 

1995 71 34 0 1  4 3 45 0 0 

1996 100 21 0 0  0 0 7 0  0 

1997 14 28 0 0  0 0 • • • 0  0 

1998 35 37 0 0  1 1 0 0  0 

1999 9 88 0 0  0 1 25 0 0 

2000 4 4 0 0  0 0 0 0  0 

2001 5 0 0 0  0 0 0 0  0 

2002 7 0 0 0  0 0 0 0  0 

2003 1 0 0     1** 0 0 0 0  0 

2004 
 

1 0 0 0  0 2  0 0  0 
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10.8.  Conclusions

a. Administration of a combined/intercalated EIPV/OPV program, starting
in 1990, was associated with the quick elimination of paralytic disease and
interruption of community infection due to wild poliovirus. This was the
Public Health basis for the achievement of polio eradication.

b. The humoral immune response to the combined program was characterized
by a very high, strong and persistent seropositivity associated with very
strong immunological memory.

c. The local experience with EIPV supported the major role of this vaccine
in the elimination of poliomyelitis.

d. The high community coverage with the combined program and the
protective immune profile of the population did not prevent repeated
introductions of highly diverged type 2 vaccine poliovirus strains in the
Israeli environment.

e. The absence of recent data on the contribution of OPV, in the Israeli context,
to induction of a protective barrier against intestinal replication and spread
of poliovirus, was an incentive for the investigation of this issue.

f. The increasing risk of introduction and circulation of vaccine-derived
poliovirus compelled the public health service to continue its effort to sustain
Israel’s polio-free status.
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11. 2005 and after: efforts to sustain a polio free status
At the beginning of the 21st century poliomyelitis is still active and presents with
two facets:

a. Wild poliovirus persists in endemic foci, which generate importation of
virus, recurrence of disease and even epidemic events. The global morbidity
in 2005 and 2006 was considerably higher than in the preceding years, the
number of endemic foci remained unchanged, and importation of wild virus
continued (CDC, 2006a). A recent classification of wild polio activity
(WHO, 2005) included the following aspects: (a) endemicity; (b)
importation and circulation of virus; (c) re-establishment of infection
(persistence of more than six months of virus activity after reintroduction);
(d) importation followed by epidemic spread; and (e) polio-free area.

b. In addition to the wild poliovirus, the Vaccine Derived Poliovirus (VDPV)
which in the past was considered responsible for sporadic Vaccine
Associated Paralytic Poliomyelitis (VAPP) cases, presents with increased
“epidemiological virulence” expressed by circulation of the virus, even in
well vaccinated populations (Shulman LM et al. 2006b; Shulman LM et
al. 2006a), and by person-to-person transmission evolving in clusters of
cases with epidemic expression (CDC, 2006b; WHO, 2005). Evaluation
of this risk, a by-product of OPV vaccination, led the WHO to state that
“the continued use of OPV for routine immunization could compromise
the goal of eradicating all paralytic disease due to circulating polioviruses”
(WHO, 2004).

This complex state of the Global Poliomyelitis Eradication Initiative (GPEI) reflects
the increasing risk of global poliovirus transmission, one of the principal
characteristics of the changing epidemiology of the disease in the second
“epidemiological revolution of polio” (after the first revolution which occurred in
1949). In this context, Israel is considered a polio-free country, at high risk of
reintroduction of wild virus, explained by the continuous contact with populations
from Middle Eastern countries, where persistent reservoirs of wild virus are
potential sources for its transmission. Israel has succeeded in maintaining a wild
poliovirus-free status from the 90’s to the present, however, introduction of VDPV
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is no more a rare occasion: six VDPV strains with a high percent of divergence
were identified between 1988-2004 in sewage samples collected from an area
inhabited by a 1,800,000 million population which possessed a satisfactory
immune profile.

These circumstances, which endanger the Global Polio Eradication Initiative
(GPEI) program, led WHO in 2005 to address the countries which had achieved
polio elimination and strongly recommend that they prepare and implement a
national program aimed at sustaining a polio-free status in their territories. Israel’s
acceptance of the program was motivated by its increasing concern for the future
of the polio-free status of the country. The program was designed as a continuation
of a former program for prevention of recurring poliovirus activities (Table 11.1),
which was implemented following the WHO declaration of wild poliovirus
eradication in the European countries in 2002. Its target was the “virulent
poliovirus” which included both the wild and vaccine derived virus, and the areas
of surveillance were the community, laboratory and, eventually, circumstances of
intentional use.
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Table 11.1.

National plan of action for sustaining a polio free state, Israel, 2005

1. Prevention

ð Monitoring of vaccination coverage

ð Evaluation of the immune status of the population

ð Evaluation of vaccine antigenicity

ð Monitoring of poliovirus in the human population and environment

2. Preparedness

ð Plan of action

ð Laboratory support

ð Vaccine supply

3. Alert

ð Early detection

ð Verification of data

ð Communication

4. Early response

ð Estimation of extent of event

ð Mobilization of medical and other health professions

ð Consideration/implementation of vaccination campaign

ð Monitoring of event and evaluation

The strategic principles and logistic components of the program were:

a. Achievement and maintenance of the protective immunity of the population
by means of a high homogenous coverage with an effective vaccine;
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b. Surveillance of poliovirus activity by means of the uninterrupted evaluation
of its presence in the human population and its environment.

These two principles, adapted to the prevailing conditions of Israel, are illustrated
in a study on the contribution of intestinal local immunity to the protective immune
profile of the population, as well as in the reevaluation of the poliovirus
environmental monitoring program.

11.1.   Intestinal immunity induced by the combined program

Several groups of infants of different socioeconomic status, administered the
partial or complete combined schedule were challenged with one OPV dose.
They were studied together with the household members (mother and siblings)
for the pattern of fecal excretion of virus and dynamics of the humoral immune
profile.

11.1.1.   Results

The results (Swartz TA et al. accepted) indicated:

• The percentage of excreters varied between 50-70% one week after
challenge, suggesting the absence of intestinal immunological memory.

• The progressive decrease in the percentage of excreters became significant
between two and four weeks after challenge, which points to an intestinal
anamnestic response developing slower than the average incubation period
of poliomyelitis, and therefore ineffective in prevention of reinfection
following reexposure.

•  A significant inverse correlation was found between pre-challenge NA
titer and percent of excreters among the challenged infants, indicating the
role of humoral immunity in the reduction of intestinal excretion and
transmission of infection.

• Transmission of vaccine virus from the infant excreters to their household
members was minimal, suggesting that family hygiene level provided a barrier
against the intrafamilial spread of virus.
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The conclusion of this study implied that transmission of virus was interrupted in
spite of the failure of the combined program to induce a satisfactory intestinal
immunity. This was due to the contribution of the strong humoral immunity at the
local intestinal level which acted to reduce excretion, and possibly to the role of
the hygienic barrier level which acted to prevent intrafamilial transmission.

11.1.2.   Revision of the vaccination program

Reconsideration of the contribution of the two components of the combined
vaccination to the elimination of the disease was unavoidable, in light of the
developments in the vaccinology of poliomyelitis, and the partially satisfactory
results of the GPEI. The previous local experience with exclusive administration
of each of the two components of the combined program permitted its
reconsideration. It was based on the results of the previous OPV routine program,
several trials with EIPV, the 1982-1987 EIPV program in two districts, and the
proof of the protective effect of this vaccine in the 1988 epidemic. Persistence of
the disease in endemic foci against its expected elimination by repeated OPV
campaigns was also taken into account. This reevaluation led to the decision to
move from the combined vaccination to a new program based on the exclusive
use of EIPV.

Before 2000, IPV alone was used in 5 Scandinavian countries, the Netherlands
and France. Up to 2004, 17 European countries changed the OPV programs to
EIPV alone, and another 15 countries added EIPV to OPV routine vaccination
(WHO, 2004). In the United States, after a transient 2 EIPV + 2 OPV combined
program between 1996-1999, an exclusive 4 EIPV schedule was introduced in
2000 (CDC, 2000)

11.1.3.   Reasons for the change

a. Prevention of paralytic disease

• The strong humoral immune response indicative of the presence of
immunological memory induced by EIPV makes possible a total and
persistent elimination of the paralytic disease in individuals, as well as in
the community, if well covered.



The Epidemiology of Polio in Israel176

• This protective response is detected up to seven years after the primary
immunization without any reinforcing dose as shown in Table 7.6.

b. Immune response following reinfection

• The secondary immune response, always present after challenge, is very
quick and strong.

• It is stimulated by priming with the first EIPV dose even at a very early age
and in the presence of maternal NA.

• Very high levels of NA and GMT are detected one week after administration
of the second dose, implying the presence of immunologic memory.

c. Protective efficacy in epidemic

• In the 1988 epidemic, a high protective efficacy of 97.4% was observed
in the population who received EIPV, contrasting with the unsatisfactory
protection observed in the population covered with OPV.

• The spectrum of protection was broad, as indicated by the recognition of
wild poliovirus strains antigenically different from the Mahoney vaccine
strain by EIPV induced NA.

d. Interruption of transmission of infection.

In Israel there is no more community transmission of wild poliovirus. Its potential
spread almost exclusively by fecal-oral route is limited within the family framework.
In the prevailing epidemiological circumstances, intestinal transmission of vaccine
virus outside family is prevented by two barriers: the humoral immunity (IgG)
level of the intestinal mucosa and family hygiene behavior.

The new EIPV program was implemented in early 2005 in a 3+1 dose schedule
in which the first 3 doses are administered at 2, 4 and 6 months and the 4th

reinforcing dose at 12-16 months. A supplementary booster later in life will depend
upon the level of immunity detected in the follow-up of the cohorts included in
the new program.
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11.1.4.   Early evaluation of the immune response to EIPV program

Preliminary data indicate very satisfactory results which point to an early immune
response to priming, quick occurrence of high immune values, and presence of
immune memory (Table 11.2). This is similar to the results of previous local studies
on the immune response and protection against disease of populations covered
with programs of EIPV alone (Swartz TA et al. 1988; Swartz TA et al. 1981).
Furthermore, these results are not less satisfactory when compared to data on
immune response of infants of the same age, immunized with a similar number of
vaccine doses in a combined EIPV/OPV schedule.

Table  11.2.

Immune response* to administration of EIPV alone compared to combined
EIPV/OPV vaccination.  Preliminary results

*     Neutralising antibody > 1:8.
**   Together with one OPV dose in children administered the combined vaccine

 

 
 
Programme  
(Age) 

EIPV alone 
n: 92 

Combined EIPV/OPV 
n:139 

anti-Mahoney anti- MEF1 anti-Saukett anti-Mahoney anti-MEF1 anti -Saukett 

NA GMT NA GMT NA GMT NA GMT NA GMT NA GMT 

On day of  
1st EIPV  
(2 months) 

100 43 57 31 33 8 51 29 56 25 49 4 
 

On day of  
2d EIPV  
(4 months) 

100 67 100 43 76.5 26 96 34 94 41 35 4 

4 months 
and 1 week 

100 3671 100 2285 100 2950 100 1024 100 1917 100 974 

5 months 100 3025 100 2065 100 1572 100 2702 100 3460 100 2425 

**
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11.2.   Environmental monitoring of poliovirus

Monitoring of poliovirus presence in the environment has continued by regular
monthly sewage sampling at additional sites. All sewage isolates growing at 400C
are studied for identity in antigenic and molecular tests. The number of VDPV
strains increased considerably: it was twice as high in 2005-2006 as compared
to the period 1988-2004. This was in part due to addition of sampling sites at the
entrances to major lines feeding into the systems where VDRPs had been isolated
previously. The results clearly reconfirm the potential of OPV to circulate in a
community highly covered with a vaccination program that induced a strong
immune response.

Furthermore, these VDPV strains have replicated for extended periods, as
documented by their very high percent of divergence from Sabin vaccinal strains.
These results strengthen the concern about the high risk associated with circulation
of antigenically changed and neurovirulent VDPV (Shulman LM et al. 2006a;
CDC, 2006a), and bring to mind the WHO statement on the role of OPV in
compromising global polio eradication (WHO, 2004).

11.3.   Conclusions

a. Locally: sustaining the polio free status depends upon a solid immune status
of the population at risk.

b. Globally: feasibility of polio eradication is questionable because of the
unsatisfactory immunogenicity of OPV programs in underdeveloped
countries and the occurrence of VDPV in well vaccinated populations.

c. Meanwhile, the effectiveness of EIPV warrants its exclusive use in programs
aimed to achieve protection against disease and infection associated with
polioviruses.
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