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The relation between acute persisting spinal paralysis
and poliomyelitis vaccine- results of a ten-year enquiry

WHO CONSULTATIVE GROUP'

Most ofthe 13 countries thatparticipated in this ten-yearstudy ofthe incidence ofacute
persisting spinal paralysis (APSP) used trivalent live poliomyelitis vaccine (Sabin strains),
but monovalent vaccines were usedfor all or part of the time in 3 countries and inactivated
vaccines were used wholly by 2 countries and in part by 2 other countries. Altogether 698
cases ofAPSP were recorded in a total population of about 509 million over the 10-year
study period- an incidence of 0.14 per million per annum. The incidence varied widely
between countries and not all the cases were related to immunization. In six countries where
live vaccines were used three methods of assessment of risk were employed. The risk in
relation to the childpopulation under 3 years ofage was less than 1 per million children in all
six countries.

In both vaccinees and contacts most cases were due to poliovirus type 3; ofthose due to
type 2, the proportion was greater among contacts than among recipients. Since the results
make it clear that neurovirulence testsforsafety do notprove the innocuity ofa vaccine with
absolute certainty, it is essential that every programme of poliomyelitis immunization
should include a continuous and effectivesystem ofsurveillance. Thestudyshowed the need
for the immunization ofpresumed susceptible adults at the same time as their children are
vaccinated.

Though in most countries the incidence of vaccine-associated cases was low, two coun-
tries had much higher rates. In one the rate has now fallen but in the other it persists at the
same level as before. No clear explanation of the differences between these and the other
countries was obtained.

Since the introduction of immunization with live
oral poliomyelitis vaccine on a large scale in the early
1960s the disease has almost vanished in the countries
(mainly in the developed world) where the vaccine is
given to a high proportion of susceptible children,
usually within 6- 12 months of birth.
The vaccine has now been administered to millions

of children and has an outstanding record of efficacy

The members of the WHO Consultative Group on Live Polio-
myelitis Vaccine (Sabin Strains) are listed in Annex I on page 242.
This report was prepared by Dr F. Assaad and Dr W. Chas.
Cockburn. Requests for reprints should be addressed to Dr F.
Assaad, Chief, Virus Diseases, World Health Organization, 1211
Geneva 27, Switzerland.

and safety. However, consistently over the years,
there have been reports of a few cases that were
thought to have been causally related to the viruses in
the vaccine-especially poliovirus type 3 in vaccine
recipients and type 2 in contacts (1-3).

In 1969, on the recommendation of a group of
consultants, WHO organized a collaborative study to
obtain definitive information on the possible risks
associated with use of the live vaccine and on
measures to reduce these risks if they were clearly
shown to exist. The findings during the first five years
of the study have been reported previously (4) and the
findings from all the participating countries for the
first ten years are reported here.
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ORGANIZATION OF THE STUDY

After consultation with clinicians, epidemiologists,
laboratory workers, and health service adminis-
trators, agreement was reached about the cases to be
included and a series of report forms was developed.
The forms contained details of the immunization and
of the laboratory findings (virus isolation, serology,
pleocytosis in CSF), as well as information on the
quantities of vaccine distributed, the history of the
virus vaccine strains employed, and the method of
preparation of the vaccines.
The means employed to obtain information varied

from country to country. In some a poliomyelitis
vaccine surveillance committee already existed, some

established a similar group when the study began, and
others relied on the normal reporting systems through
the local health authorities and the laboratory
services. There is no evidence that the method of
surveillance in one country detected more cases than
that in another country, though it is probable that
clinicians are more alert to the possible occurrence of
vaccine-associated cases when annual short-term
mass campaigns are organized (about which there is
much publicity and interest among the public and the
medical profession alike) than when programmes

continue throughout the year.

Countries included

Countries likely to be interested in participating in
the investigation were approached and over the 10-
year period 13 (numbered 1 - 13 for reporting pur-
poses) have taken part. Countries I and 6, in which
live poliomyelitis oral vaccine (Sabin) had been used
exclusively, and country 13 in which only inactivated
vaccine was used, did not report a single case during
the 10-year period and therefore appear only in
Table I which gives information on populations and
numbers of cases.

Criteria for inclusion of cases

All cases of spinal paralysis of acute onset were
included in which the paralysis was typical of polio-
myelitis and persisted for more than six weeks, or in
which paralysis persisted until the time of death, if
this occurred within the six-week period.

Classification of cases

The cases were classified as follows:

"Recipient": a case in which the illness began
within 7- 30 days after the patient received the
vaccine.

"Contact/possible contact": a case in which the

Table 1. Total number of cases of persisting spinal paralysis by country and year, 1970- 79

Country Population, Total
no.

1975 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1970 _79
* (millions)

1 14.82 0 0 0 0 0 0 0 0 0 0 0

2 5.06 0 0 0 0 0 0 1 0 0 0 1

3 49.22 3 4 4 6 3 2 11 13 1 2 49

4 10.54 2 3 2 0 1 2 3 3 1 1 18

5 110.56 4 0 2 5 2 1 1 2 1 1 19

6 4.01 0 0 0 0 0 0 0 0 0 0 0

7 34.02 19 16 43 44 17 8 5 8 4 0 164

8 21.25 27 19 12 8 8 31 15 23 22 0 165

9 5.21 2 2 1 3 0 1 3 0 0 0 12

10 213.54 31 20 26 12 4 11 8 18 8 22 160

11 22.83 1 3 2 3 2 0 1 2 6 3 23

12 13.65 1 21 0 4 0 0 0 0 61 0 87

13 4.71 0 0 0 0 0 0 0 0 0 0 0

Sub-total
3,4,5,9,10,11 402.91 43 32 37 29 12 17 27 38 17 29 281

Grand total 509.42 90 88 92 85 37 56 48 69 104 29 698
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patient was known to have been in contact with a
vaccinee, and became ill within 7 - 60 days after the
vaccinee had taken the vaccine or, if there was no such
known contact, a case in a patient living in an area in
which a mass immunization campaign had been in

progress between 7 and 60 days before the onset of the
disease.
- "No known contact": a case in which paralysis
occurred in a patient with no evidence of known
contact or possible contact as defined above.

FINDINGS

From a total population of 509 million, 698 cases of
acute persisting spinal paralysis (APSP) satisfied the
criteria for inclusion in the study (Table 1). These
represent all the cases of APSP detected during the
inquiry whether or not temporally related to im-
munization. This represents an overall incidence of
1.4 cases per million population in the 10 years of the
study or an average of 0.14 million per annum. How-
ever, the incidence varied widely between countries.

ANALYSIS OF CASES IN COUNTRIES
REGULARLY REPORTING SMALL NUMBERS OF CASES

ASSOCIATED WITH THE VACCINE

Six countries (No. 3, 4, 5, 9, 10, 11) each reported a
small number of cases (in relation to the size of their
population) in most years (Table 1). Because of this
similarity the data from them have been grouped for
analysis. The other countries in the study differ from
the six and also from each other and are discussed
separately (pages 237 - 240). The total population of
the six grouped countries was 403 million and they
reported 281 cases, an incidence of 0.70 per million
over the decade and an average of 0.07 per million per
annum. Of the 281 cases, 122 (43%) were vaccine-
associated according to the classification given
above -52 in vaccine recipients and 70 in contacts or
possible contacts. The remaining 159 (57%) were in
persons without any evidence of contact with the
vaccine, directly or indirectly.

Age distribution

All but four recipient cases were in patients under 5
years of age and 690%o were in patients under 1 year of
age. This age distribution was obviously related to the
immunization schedules, which in all countries
required the immunization of infants in the first year
of life.

In contrast, 69% of contact /possible contact cases
were in patients aged 15 years or more and 49% in
patients aged 25 years or more. Many of the cases
were in young (and presumably non-immune) parents
of children undergoing primary immunization.

Cases in patients with no known contact were

almost equally distributed among the different age
groups, and most of the patients had not been
immunized.

Types of virus identified

In 253 cases, virus was isolated and/or serological
evidence of infection was obtained, and in 28 cases the
diagnosis was on clinical grounds alone. In Table 2,
the columns under "Poliovirus type" refer to the
numbers of cases in which evidence of infection with a
single virus was obtained either by virus isolation, a
rise in antibody titre in serum specimens in the acute
and convalescent phases, or both. The columns
headed "more than one type" refer to cases where
more than one virus was isolated, or where one virus
was isolated but antibody rises to another type were
observed, or where antibody rises to more than one
type were observed. Most of these apparently mixed
infections occurred in the vaccine recipients (21 cases)
and fewest in the patients without any history of con-
tact with vaccine or vaccinee (9 cases). Since nearly all
the recipient cases were patients who had been given
the three virus types simultaneously, the multiple
infections were to be expected and this is confirmed
by the experience of country 4 in which monovalent
vaccines were employed and in which no mixed
infections were reported in recipients or contacts.
Where infection with a single virus type was diag-

nosed, most of the cases in recipients and contacts
alike (42/76) were associated with poliovirus type 3,
but in contacts the proportion of isolations of type 2
was greater than in the recipients. Only five cases
were associated with type 1. In distinct contrast, 93
out of 132 cases in the "no known contact" group
were associated with type 1 and all the strains from
these cases that were examined for intratypic
differences had "wild strain" characteristics.

Pleocytosis

In over 90%7o of cases of paralytic poliomyelitis
there is an increase in the cellular content of the
cerebrospinal fluid (CSF) and some workers consider
that pleocytosis early in the disease is a cardinal diag-
nostic sign. Nowadays many clinicians are reluctant
to do a lumbar puncture when clinically the disease is
frank paralytic poliomyelitis, but CSF examinations
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were done on 93 patients who were recipient or
contact cases and on 74 patients with no history of
contact. All but five of the recipient and contact cases
for whom the interval from onset to examination was
known showed pleocytosis (10 or more cells per mm3
of CSF) and the number of cells was highest when the
CSF was examined in the first week of illness. In four
of the five cases without pleocytosis the specimens
were taken after two or more weeks of illness.
Of the 57 cases with no known contact for whom

the interval between- onset and examination of the
CSF was known, there were 48 with a cell count of
more than 10 cells per mm3. Again the proportion
with pleocytosis (36/38) was highest among those
examined during the first week of illness.

These findings support the clinical diagnosis of
poliomyelitis in the cases temporally associated with
vaccine as well as in those with no known contact with
the vaccine.

Immunodeficiency

In all, 92 patients were investigated for immuno-
deficiency and 12 showed evidence of this; five died,
reflecting the high case fatality rate in such patients.
One patient excreted poliovirus type 1, nine polio-
virus type 2, one both types 2 and 3, and one all three
types. Nine cases fell into the "no known contact"
category as defined above but some of the patients
had received the vaccine and the paralysis occurred
just outside the time limits. The history of immuniz-
ation in the patients in this group was as follows:
- one, no vaccine
- four, I dose of oral vaccine
- three, 2 doses of oral vaccine
- two, 3 or more doses of oral vaccine.
The immunization history shows that, in a dis-

proportionately large number of immunodeficient
cases the oral poliomyelitis vaccine failed to protect.

Vaccines and immunization schedules

The vaccines used varied considerably from one
country to another in their passage levels. The vaccine
seed virus ranged from SO + 1 (Sabin original strain at
the first passage level) for each of the three poliovirus
types to SO + 6 for one or all three types. Within the
same country, changes were sometimes made in the
seed virus used (passage level) during the 10 years.
However, perhaps because the incidence of paralysis
was so low, we were unable to detect a clear relation-
ship between the passage level and the risk of the
occurrence of vaccine-associated cases of paralysis.
The upper part of Table 3 shows the immunization

schedules of the six countries; countries 3, 5, 9, and 10
used trivalent vaccine (TOPV) exclusively, giving
2 - 3 doses for primary immunization and 1 - 2 re-

inforcing doses later in childhood. Country 4 used
monovalent vaccine (MOPV) exclusively and gave the
types in the following order: 1, 3, 2. Country 11 used
TOPV in some provinces, inactivated vaccine (IPV)
in others, and both in the remainder.

All countries provided primary immunization for
children within the first two years of life, but they
differed in the age they recommended the reinforcing
doses.

Countries 3, 9, 10, and 11 provided the vaccine
throughout the year, while countries 4 and 5 carried
out immunizations in short-term campaigns.
The relation between immunization schedules and

the incidence of vaccine-associated cases was
apparently of very minor importance.

Immunization history

The immunization history was elicited in 264 cases
and is given separately for each of the three categories
of case (Table 4).

Paralytic disease followed the first dose of a tri-
valent oral poliomyelitis vaccine in 46 of the 52
recipient cases and one of these had an immuno-
deficiency disease. In another 5 of these cases paral-
ysis was noted after the second and in one case after
the third dose.
An immunization history was obtained in 59 of the

70 contact/possible contact cases. A history of no
immunization was reported by 43 of these patients,
and one of these had an immunodeficiency disease.
Six patients had received one dose of an oral polio-
myelitis vaccine and four had received two doses.
Among the latter, one patient had an immuno-
deficiency disease. Six patients had had inactivated
poliomyelitis vaccine some 20 years earlier.
An immunization history was obtained for 153 of

the 158 "no known contact" cases: 116 patients had
never received poliomyelitis vaccine, 10 had a history
of one dose of an oral vaccine, 12 had had two doses,
and 6 three or more doses. Nine had had inactivated
poliomyelitis vaccine.

Causal association with vaccine strains

Intratypic differentiation of strains (by the
McBride, modified Wecker, or van Wezel techniques)
indicated that almost all type 1 strains had
characteristics of "wild" strains and that all the type 2
and type 3 strains were "vaccine-like". Other studies
have shown that the type 1 vaccine strain is more
stable than the other two after multiplication in the
gut and it is significant that in the present study only
four type 1 viruses were isolated (as single viruses)
from vaccine recipients or their contacts (Table 2)." In

a Table 2 shows that type 1 poliovirus was implicated in a total of
5 cases: it was isolated in 4 cases and was diagnosed on serological
evidence in I case.
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Table 3. Immunization schedules-oral poliomyelitis vaccine

Vaccine " Number of doses
Country

no. MOPV TOPV Primary Reinforcing

3 + 3 2 single doses at ages 5 and 1 5 years

4 Type 1 1 2 single doses at ages 2 and 3 years
3 1 2 single doses at ages 2 and 3 years
2 1 2 single doses at ages 2 and 3 years

5 + 2 2 single doses at ages 7 and 14 years

9 + 3 1 at age 5 years

10 + 3 1 at age 11 -12 years

11 + 4 2 single doses at ages 4- 6 years and 14- 1 6 years

2 + - 3 single doses at ages 2, 3, and 4 years

7" Type 1 1 1 single dose at age 6 years
2 1 nil
3 1 nil

+ 3 2 single doses at age 2- 3 years and at school entry

8 Type 1 1 nil
+ 2 2 single doses at age 2 - 3 years and at school entry

MOPV: monovalent oral poliomyelitis vaccine; TOPV: trivalent oral poliomyelitis vaccine.
In all countries the aim was to complete primary immunization within the first two years of life.
For primary immunization, inactivated poliomyelitis vaccine (IPV) was administered.

" MOPV was given in the years 1970 -73; TOPV was given after autumn, 1973.

contrast, of the 1 10 "single type" infections associ-
ated with types 2 and 3, 71 (65%) were in cases in
recipients or their contacts, that is they were isolated
from recipients within 30 days and from contacts
within 60 days after immunization. In 5 out of a total
of 16 fatal cases, the infecting virus was isolated from
the central nervous system.

Though it is very difficult to be certain that any
individual case was caused by the vaccine virus, the
grouping of cases due to types 2 and 3 within a short
interval after immunization, the evidence of the
relationship of the viruses isolated from the patients
to the virus strains in the vaccine, and the isolation of
vaccine-like strains from the CNS in the fatal cases,

Table 4. Distribution of cases according to immunizations given' for countries 3, 4, 5, 9, 10, and 11, in 1970-79

Total no. No Oral poliomyelitis vaccine Inactivated
Classification with vaccine poliomyelitis

of cases known history given 1 2 3 or more vaccine
dose doses doses

Recipients 52 - 46 5 1 0

Contacts/possible contacts 59 43 6 4 0 6

No known contact 153 116 10 12 6 9

a Cases with immunodeficiency conditions are included, see text.
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warrants the conclusion that most, if not all, of the
cases in recipients and contacts were vaccine
related.

Assessment of risk

The risk has been assessed in three different
ways:

(a) Incidence in relation to totalpopulation. In the
six countries, with a population of 403 million, 281
cases occurred in 10 years, an annual average of 0.07
per million. Of these cases, 159 (0.04 per million per
annum) had no history of contact with vaccine or
vaccinees, 70 (0.02 per million per annum) had a

history of contact with vaccinees, and 52 (0.01 per
million per annum) were in persons immunized
between 7 and 30 days earlier. Thus, if all the cases in
the recipients and the contacts were causally related to
the vaccine in these six countries over a period of 10
years, the risk would be 1 in 100 million per annum for
recipients and 1 in 50 million per annum for
contacts.

(b) Incidence in relation to childpopulation at risk.
A more accurate assessment of the risk of paralysis
temporally associated with the vaccine is obtained by
considering only the children at risk (Table 5). As
most of the children in the six countries completed
their primary course of immunization some time
during the first two years of life it was possible to ana-

lyse the data for this portion of the population and to
calculate the risk per million susceptible children. For
these countries, as a group, the risk was less than 1

case per million children receiving the vaccine but
varied between 0.5 and 3.4 per million in the indi-
vidual countries.

(c) Incidence in relation to doses distributed. The

third method of assessment was to relate the number
of cases that occurred in the recipient and contact/
possible contact groups to the number of doses of
vaccine distributed (Table 6). As paralysis appeared
to occur after any of the three doses, the figure taken
for comparison was the total number of doses dis-
tributed irrespective of whether the vaccine was

monovalent, bivalent, or trivalent. For the six
countries, the risk was 1 recipient case per 6.7 million
doses of vaccine distributed and I contact/possible
contact case for about 5 million doses of vaccine.

All three methods of assessment demonstrate that
the risk of paralysis directly attributable to live (oral)
poliomyelitis vaccines is very remote.

ANALYSIS OF CASES IN OTHER COUNTRIES
IN THE STUDY (2, 12, 7, 8)

In country 2 (population 5 million) children were

primarily immunized with inactivated poliovirus
vaccine (IPV) and were given reinforcing doses of
TOPV. During the period of the study only 1 case of
APSP occurred, in a child aged 3 years who had re-

ceived 3 doses of IPV but no TOPV. The child had
had no known contact with any person receiving live
vaccine. Poliovirus type 1 was isolated from the stool
and by the modified Wecker marker test was con-
sidered "non-vaccine like".
Country 12 used IPV exclusively, except for the

control of outbreaks. As shown in Table 1, one case

of APSP occurred in 1970 and four in 1973. One was

due to type 1 and the rest to type 3. None of the
patients had been immunized and there was no evi-
dence of contact with persons who had received live

Table 5. Risk of persisting spinal paralysis cases in cohorts of children followed up during the first two years of life
in countries 3, 4, 5, 9, 10, and 1 1

No. of Average No. of children No. of recipient Risk
Country children acceptance rate at risk cases under per million

no. (thousands) (%) (thousands) 3 years of age recipients

3 6 710 78 5 234 5 0.955

4 1 634 89 1 454 5 3.439

5 19 056 76 14 476 7 0.484

9 723 68 492 0 -

10 32 309 57 18 416 16 0.869

11 2 005" 69 1 383 2 1.446

Total 62 437 66 41 455 35 0.844

Estimated number of children in areas where oral poliomyelitis vaccines were used.
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Table 6. Number of cases of persisting spinal paralysis classified as recipients and contacts/possible contacts
and number of doses of oral poliomyelitis vaccine distributed in countries 3, 4, 5, 9, 10, and 1 1, in 1970-79

No. of doses Recipients Contacts/possible contacts
of OPV

Country no. (millions) No. of cases Cases/million doses No. of cases Cases/million doses

3 21.9 6 0.274 11 0.502

4" 14.8 8 0.541 6 0.405

5 38.1 10 0.262 4 0.105

9' 2.9 0 - 1 0.345

1 0 243.8 24 0.098 41 0.168

1 1 14.5 2 0.138 6 0.414

Total 336.0 50 0.149 69 0.205

Data for 1976 when a different strain of type 3 vaccine was used are excluded.
Covers the years 1 970 - 76 only.

vaccine. In addition, an outbreak of 21 cases occurred
in 1971 and another of 61 cases in 1978. These
outbreaks are discussed below (page 240).

Countries 7 and 8 have used live vaccine since the
beginning of their immunization programmes and
each had a much higher incidence of vaccine-associ-
ated cases of APSP than the other countries in the
study.

Country 7

Country 7 reported 164 cases, 24% of the total
from all the countries in the inquiry (Table 1). In the
first five years of the study, the number of cases was
greater than in any other country in the inquiry, but
thereafter the number decreased rapidly and in 1979
no cases were recorded. Over the decade the incidence
of cases of APSP per million total population was 4.8
(compared with 0.7 in the six countries already de-
scribed) and the rates for each category of case were
also much higher: 0.5 recipient cases per million
population, 2.4 contact/possible contact cases, and
2.0 no-known-contact cases. The fall in the incidence
of cases in the period 1975 - 79 (Table 1) resulted in a
lower risk of vaccine-associated cases for that period,
in line with the group of six countries mentioned
earlier in this article, i.e., a risk of 0.97 per million
children below three years of age receiving the
vaccine. In the period 1975 - 79, in relation to the
number of vaccine doses distributed, there was a risk
of 0.17 recipient cases and 0.46 contact cases per
million doses. The country changed from monovalent
to trivalent oral vaccine in 1973 and from a strategy of
mass campaigns to one of "throughout-the-year"
immunization in 1975. Country 7 differed from all

other countries in that the commonest single virus iso-
lated was type 2 (Table 7).
The reasons for the high prevalence of type 2 virus,

especially in contact cases, and for the fall in cases in
the second five years of the study have not been ascer-
tained. The fall began after the change from MOPV
to TOPV. In the United States of America, at an
earlier period, the same changeover was also accom-
panied by a reduction in risk. The only other known
major alteration is that in recent years each batch of
vaccine has been subjected to more rigorous, and in-
dependent, control before release.

Country 8

Country 8 reported 165 cases of APSP (25% of the
total from all countries) and, in contrast to country 7,
the high incidence continued until 1978 (Table 1).
Overall, the rate was 0.8 per million total population
per annum, comprising 0.3 per million in recipients
per annum, 0.4 per million in contacts per annum,
and 0.06 per million in persons without known con-
tact. Type 2 virus was most frequently isolated from
contact cases and type 3 virus from recipient cases
(Table 7). In 1979, type 2 and type 3 vaccines were not
available and only type I was administered. In that
year, for the first time since the enquiry began (and for
many years earlier) no cases of poliomyelitis were
recorded in the country. In 1980, immunization with
trivalent vaccine, which included type 2 and type 3
vaccine from the same lots as in previous years, was
restarted and preliminary reports indicate that about
20 cases ofAPSP have since been recorded, indicating
reversion to the 1970- 78 pattern. One obvious con-
clusion from these varied experiences is that the type 2
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and type 3 vaccines used in country 8 differ from the
same type vaccines used in other countries in the
study. Other possibilities to be considered are genetic
or environmental differences, so far undetected,
between the population of country 8 and the popu-
lations of all other countries that have used live
vaccine, but this explanation seems unlikely. All the
lots of vaccine used in country 8 underwent the full
complement of safety tests recommended in the
WHO requirements for live oral poliomyelitis vac-
cines and passed these tests both in the national and in
independent laboratories. This is evidence that the
neurovirulence tests for the safety of vaccines do not
ensure absolute freedom from risk and this obser-
vation in country 8 is supported by experience in
another country during the study. In this country a
vaccine was prepared from a strain of type 3 virus
which was a "sister lot" of a batch used for the prep-
aration of millions of doses of vaccine used safely
over a number of years in a number of countries.
However, the batch from the sister lot was associated
with cases while it was being introduced on a small
scale despite its acceptability as a result of neuroviru-
lence tests made in different competent laboratories.
Similarly, cases were associated with another "new"
strain of type 3 despite its being much less neuro-
virulent in laboratory tests than the standard vaccines
of the period (5).

Despite all the investigations made over the period
of the study, the reason for the continuing high
incidence of vaccine-associated cases in country 8
cannot be explained.

OUTBREAKS OF POLIOMYELITIS

Country 10. In 1970 and 1972, two aggregations of
cases (included in Table 1) were noted. In 1970, 21
cases in the group "no known contact" were reported
in one area with a low immunization coverage; 19 of
the cases had no history of immunization. All 21 cases
were in children under 5 years of age 10 cases were
in children below 1 year of age. In all cases poliovirus
type 1 was implicated and except for one strain that
could have been of vaccine origin, the modified
Wecker marker test indicated that the causal viruses
were "wild" strains. Temporally the cases occurred in
two distinct clusters: 12 cases in May/June and 7 in
August/September.

During the period 29 September- 11 October 1972,
11 cases occurred in students aged 7- 18 years in a
private school. Ten of the 11 patients had no history
of immunization. Poliovirus type 1 was implicated in
10 cases and in the remaining case the diagnosis was
made on clinical grounds. The six poliovirus strains
that were examined behaved like "wild" strains in the
modified Wecker test.

Further cases occurred in this country at the same
time as an outbreak in country 11 (see below).

Country 3. An increase in poliomyelitis cases was
reported in 1976- 77 and was due to widely scattered
cases of type 1 infection. All but 2 of the 20 reported
cases were in unimmunized persons. At least 6 of the
unimmunized cases were in itinerant families
(gypsies) who met occasionally, and the dates of
disease onset spread over the period December 1976 -
February 1977. The ages of the patients varied from a
few weeks to 18 years. Poliovirus type 1 was isolated
from 5 of these cases and proved in the intratypic sero-
differentiation (van Wezel) marker test to be similar
to "wild" strains. In the sixth case, attempts to isolate
a poliovirus failed but a titre of 1:1000 of neutralizing
antibodies in a single serum sample was noted. There
was no contact with either the vaccine or other vac-
cinees and the cases were classified as cases with no
known contact.

Country 12. Two outbreaks occurred in country 12,
one in 1971 and one in 1978. Both were in communi-
ties with religious objections to immunization and
in which close personal contacts between families was
the rule. Both were due to poliovirus type 1 and by the
van Wezel method of intratypic serodifferentiation
the 1978 strains resembled "wild" strains. All the
cases in 1971 and most of those in 1978 were in
patients under 25 years of age. It was of interest that
in this country, which has relied on inactivated
vaccine, there were no cases in the immunized
population, nor was there much spread of virus
beyond the area of the outbreaks.

Country 11. During the second half of 1978, three
provinces in country 11 reported a total of 8 polio-
myelitis cases, 6 of which qualified for inclusion in the
WHO enquiry. The cases were among members of
religious groups related to those involved in the
outbreak in country 12. Again, using the van Wezel
intratypic serodifferentiation method, the virus
implicated was shown to resemble the "wild" type 1
strain. In 1979, two more cases were reported by
country 1 1.
Country 10 (contiguous with country 11) reported

11 cases, all in a religious group related to those
involved in the outbreaks in countries 12 and 11.
Again these populations had refused immunization
on religious grounds and again there were no cases
reported among the immunized. The poliovirus was
demonstrated by both the van Wezel method and by
oligonucleotide mapping to be similar to the type 1
strain isolated in country 12.

These cases were of particular interest because they
appeared to be part of a widespread intercountry out-
break of type 1 poliomyelitis affecting unimmunized
groups in Europe and North America.
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CONCLUSIONS

The second five years of the study confirmed the
conclusions reached after the first five years, i.e., that
live oral poliomyelitis vaccine (Sabin) is one of the
safest vaccines in use. There is also evidence from the
study that inactivated vaccines give a similar level of
protection if a high proportion of the population is
given a highly potent product. Rigorous monitoring
of the vaccine (and possibly a change in strategy in
country 7) has brought the risk associated with the use
of live vaccine in all but one of the participating
countries to a level of less than 1 recipient case for
every 2 million doses of vaccine distributed. The
situation in country 8 continues to give anxiety
because of the continued occurrence of vaccine as-
sociated cases and the failure so far to ascertain the
reason.

During the study, the results of using vaccines of
different passage levels and different immunization
schedules were studied, but no relation between these
different factors and the risks of paralysis were
found, probably because of the very low levels of risk.
Though laboratory tests of lots of vaccine are essen-
tial for screening out batches that contain virulent

viruses, the study showed that they do not detect
batches which may for some reason cause occasional
cases of paralysis. This is perhaps the most important
finding of the study because it indicates the need to
include in every poliomyelitis immunization pro-
gramme a system of continuous surveillance, using
both epidemiological methods and laboratory tech-
niques to ensure that the vaccine remains safe as well
as effective.
The occurrence of cases among the parents of

immunized children shows that parents without
definite evidence of previous effective immunization
should be given vaccine at the same time as their
children.
The outbreaks in country 12 in which the inacti-

vated vaccine was used exclusively, in country 11
where both vaccines were used (in different areas),
and in countries 3 and 10 in which the live vaccine was
used almost exclusively, have demonstrated the effi-
cacy of both vaccines in protecting (a) the individual
-no cases were reported among the immunized, and
(b) the community-no spillover to the community
at- large was observed.
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RESUME

LA RELATION ENTRE LA PARALYSIE MEDULLAIRE AIGUE PERSISTANTE ET L'APPLICATION DU VACCIN
ANTIPOLIOMYELITIQUE: RESULTATS D'UNE ENQUETE PORTANT SUR DIX ANS

Bien que le vaccin antipoliomyelitique buccal vivant ait
deja et administre a des millions d'enfants, et qu'il ait fait
la preuve de son efficacite et de sa securite, il reste que des
cas de paralysie medullaire aigue persistante, que l'on pense
etre provoques par les virus du vaccin, sont regulierement
signales chaque annee. Le present rapport analyse la rela-
tion qu'il peut y avoir entre les virus et la maladie pour tous
les cas signales au cours de la periode 1970- 1979 (1979
compris) dans 13 pays participants.
La plupart de ces pays ont utilise le vaccin antipoliomyeli-

tique vivant trivalent (souches de Sabin), mais trois pays ont
utilise, en totalite ou en partie, des vaccins monovalents, et
deux pays exclusivement des vaccins inactives, qui ont egale-
ment ete utilises en partie par deux autres pays. Au total 698
cas de paralysie medullaire aigue persistante ont et
enregistres pour une population totale de quelque 509
millions d'habitants et sur une periode d'etude de dix ans: a

savoir une incidence de 0,14 par million et par an. L'inci-
dence varie considerablement entre les pays et tous les cas ne
sont pas en relation avec la vaccination. Dans six pays qui
ont utilise des vaccins vivants, trois methodes d'evaluation
du risque ont e employees. Le risque dans la population
infantile de moins de 3 ans a et inferieur a 1 pour 1 million
d'enfants dans les six pays.
La plupart des cas, a la fois chez les personnes vaccinees et

chez les contacts, etaient attribuables au virus de type 3. Le
nombre de cas dus au virus de type 2 etait plus important
chez les contacts que chez les personnes vaccinees. Etant
donne que les resultats montrent clairement que les epreuves
de neurovirulence ne garantissent pas avec une certitude
absolue l'innocuite du vaccin, il est indispensable que tout
programme de vaccination contre la poliomyelite comporte
un systeme de surveillance continue et efficace. Cette etude a
montre qu'il etait necessaire de vacciner les adultes pre-
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sumes vulnerables en meme temps que leurs enfants.
Si l'incidence des cas associes au vaccin a et faible dans la

plupart des pays, deux pays cependant ont presente des taux
beaucoup plus eleves. Dans l'un le taux a baisse mais dans

I'autre il se maintient au meme niveau. On n'a trouve
aucune explication aux differences enregistrees entre ces
pays et les autres.
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