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Vaccination against Poliomyelitis in Poland
with Types 1 and 3 Attenuated Viruses of Koprowski*

2. Epidemiological Evaluation of Results of Mass Vaccination, 1959-60

J. KOSTRZEWSKI,' A. KULESZA 2 & H. ZALESKA 3

Mass oral vaccination of children against poliomyelitis was carried out in Poland in
1959 and 1960 with type I (CHAT strain) and type 3 (W-Fox) attenuated polioviruses.
Altogether some 7 239 000 children 6 months through 14 years old received type I by
May 1960 and nearly 6 818 500 children were fed type 3.

Epidemiological observations indicate that the CHAT strain may safely be administered
but that the W-Fox strain requires further investigation into the conditions in which it may
be usedfor mass prophylaxis.

The incidence ofpoliomyelitis in Poland decreased very considerably in 1960, the total
incidence for that year (0.9 per 100 000) being almost 9 times lower than the median for
the years 1951-59. Moreover, the usual summer-autumn epidemic outbreak did not occur
in 1960.

The efficacy of the vaccine (as calculated from the incidence ofparalytic poliomyelitis
among the vaccinated and among the unvaccinated) was evaluated at 86 %.

Trends of poliomyelitis incidence and mortality
in Poland during the past thirty years are shown in
Fig. 1. Strict epidemiological surveillance and com-
pulsory hospitalization of all suspected poliomyelitis
cases were instituted in 1951, and this has led to an
improvement in the number of poliomyelitis cases
recorded.
As shown in Table 1, Poland has had two major

epidemics in the past decade; 3060 case of polio-
myelitis (12.7 per 100 000 population) with 252
deaths were recorded in 1951, and 6090 cases (21.1
per 100 000) with 348 deaths in 1958. From 1952
through 1957 the annual total of cases of polio-
myelitis varied between approximately 1000 and
2500 while the rate varied between 4.1 and 8.9 per
100 000. In the post-epidemic year of 1959 the inci-
dence dipped to 3.8 per 100 000, and in 1960 there
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was a further decline in incidence to 0.9 per 100 000
with only 275 cases reported and 22 deaths. An
average of about 90% of the cases recorded each

FIG. 1
POLIOMYELITIS INCIDENCE AND MORTALITYa

IN POLAND, 1927-60
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a Mortality rates for 1928-50 were compiled from figures
recorded by the sanitary and epidemiological services and
those from 1951 through 1960 from data obtained from the
Central Statistical Office.
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TABLE 1

REPORTED INCIDENCE OF POLIOMYELITIS IN POLAND,
1951-60

Cases Deaths
Year No Rate per No. Rate per

N. 100000 N. 100000

1951 3060 12.7 252 0.98

1952 2 083 7.9 125 0.48

1953 1 797 6.6 68 0.26

1954 1 773 6.7 107 0.40

1955 2 418 8.9 156 0.57

1956 2 441 8.8 139 0.49

1957 1 163 4.1 70 0.24

1958 6 090 21.1 358 1.20

1959 1 112 3.8 111 0.38

1960 275 0.9 22 0.07

year during the years 1951-59 (a range of 87.8o% to
93.2%) were paralytic. In 1960 the paralytic cases

amounted to 84% of all recorded cases of polio-
myelitis.
The age distribution of poliomyelitis from 1957

to 1960 is shown in Table 2. The majority of cases,
from 64% to 72% each year, occurred in children
under 5 years old. About 4 %-10% of cases occurred
in adults (i.e., those 18 years or older).

VACCINATION WITH INACTIVATED VIRUS VACCINE

The first small-scale immunization programme
with domestically produced Salk vaccine was con-

ducted in the city of Warsaw from October 1957 to
March 1958, in the city of Lodz in March 1958, and
in a few counties of Warsaw province in May 1958.
Altogether about 50 000 children 3-5 years old
received two doses of vaccine at four-week intervals.
About 40 000 of these children received a third dose
at the end of 1958. Vaccine was administered intra-
dermally in doses of 0.3 ml.

In November 1958 mass immunization of children
6 months to 5 years old with American-produced Salk
vaccine was begun throughout the whole of Poland. In
certain districts these vaccinations were extended to
children up to 10 years of age. Children 6 months to
5 years old were given 1 ml subcutaneously on two
occasions, four weeks apart. Children 6-10 years old
were vaccinated twice intradermally, with an interval
of four weeks between each dose of 0.3 ml. Beginning
in September 1959, before oral vaccination was
started, two subcutaneous vaccinations with Salk
vaccine were carried out in children aged 5-7 years
who had not been vaccinated previously. In the
years 1958 and 1959, about 5 400 500 children were

vaccinated in the whole country; about 1 020 500 of
them were 6-10 years of age. Immunized children
constituted about 19% of the whole population.

VACCINATION WITH ORAL VACCINES OF TYPES 1 AND 3

Vaccination was conducted with the CHAT type
1 strain and the W-Fox type 3 strain (Koprowski,
1957). The vaccine was supplied by Dr H. Koprow-
ski, and was tested for safety both before and after
receipt in Poland (Przesmycki et al., 1960).
Arrangements were made to convene children in

schools, nurseries, out-patient clinics, and health

TABLE 2
AGE DISTRIBUTION OF POLIOMYELITIS IN POLAND, 1957-50

Age-group (years)
Total

<1 1-4 5-6 7-13 14-17 18 UnknownYear
Rate Rate Rate Rate Rate Rate Rate

No. per No. per No. per No. per No. per No. per No. No. per
100000 100000 100000 100000 100000 100 000 100000

1957 143 21 7 700 25.2 96 7.0 139 3.4 30 1.8 55 0.3 1 163 4.1

1958 589 89.5 3813 137.1 721 52.4 616 15.1 110 6.7 241 1.3 6090 21.1

1959 138 21.0 573 20.6 116 8.4 179 4.4 21 1.3 82 0.4 3 1 112 3.8

1960 [4Sf 6.2 1311 4.4] 28 1.9 32 0.7 12 0.7 27 0.1 _ [275 0.9
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POLIOMYELITIS VACCINATION IN POLAND WITH KOPROWSKI ATTENUATED STRAINS. 2

centres in such a way that vaccination with one strain
in a single province could be completed in one to two
weeks. The population chosen for vaccination was
the age-group of 6 months through 14 years-a total
of 8 949 844 children. Two provinces, Opole and
Krakow, were vaccinated with the type 1 strain in
June 1959. Beginning in October 1959 these vacci-
nations were extended to other provinces, gradually
embracing the territory of the whole country.
Vaccinations with type 1 were completed in February
1960.

After an interval of at least four weeks after the
administration of type 1 vaccine, feedings of type 3

(W-Fox) virus were begun in the individual provinces
and were completed between November 1959 and
May 1960. Of the age-group chosen for vaccination
about 7 239 000 (80.9%) were fed the CHAT type
1 virus and some 6 818 500 (76.2Y) were fed the
W-Fox type 3 virus. By the end of the immunization
campaign about 6 818 000 had been vaccinated with
both types 1 and 3. About 420 000 children had re-
ceived type 1 only and an undetermined smaller
number of children underwent vaccination with
type 3 only. The numbers vaccinated in each pro-
vince, as well as the month in which vaccination was
performed, are given in Table 3.

TABLE 3
VACCINATION OF CHILDREN WITH CHAT AND W-FOX STRAINS IN POLAND DURING 1959 AND 1960 BY PROVINCE

Month and year of vaccination No. of children Children given type I Children given type 3
Province ________ ________6 months to 14 vaccine vaccine

_ Type I Type3 years old - No. 1 % No. %

Warszawa 2-3/60 3-4/60 270 313 279 275 a 100.3 a 269 447 a 99.7 a

Warszawskie 10 & 12/59 11/59 & 1/60 711 507 446 600 62.8 390 990 55.0
Bydgoskie 1-2/60 2-3/60 549 295 462 079 84.1 446 738 81.3
Poznahi 11/59 12/59 106 915 90 941 85.1 73 834 69.1
Poznanskie 10-11/59 11-12/59 641 422 485 177 75.6 456 380 71.2
Lodz 10-11/59 11-12/59 186 354 133 274 71.5 130 362 70.0
Lodzkie 10/59 11-12/59 483 726 364 223 75.3 343 595 71.0
Kieleckie 1-2/60 3/60 580 118 481 609 83.0 453 407 78.2
Lubelskie 1/60 2/60 525 513 465 352 88.6 458136 87.2
Bialostockie 10-11/59 12/59 342 072 270 000 78.9 250 034 73.1
Olsztynskie 10-11/59 11-12/59 308 507 247 679 80.3 224 943 72.9
Gdaniskie 10/59 11-12/59 392 036 333 860 85.2 309 758 79.0
Koszalinskie 10/59 4/60 257 166 216 263 84.1 197 622 76.8
Szczeci'iskie 10-11/59 1-2/60 265 615 245 556 92.4 190 932 71.9
Zielonog6rskie 11/59 & 2-3/60 12/59 277 859 248 830 89.6 242 033 87.1
Wroclaw 11/59 12/59 124 701 95 809 76.8 92 773 74.4
Wroclawskie 10/59 & 3/60 4-5/60 611 495 525 441 85.9 487 761 79.8
Opolskie 6/59 2/60 259 934 221 930 85.4 209101 80.4
Katowickie 10-11/59 & 2/60 1-2/60 843 057 725 782 86.1 710 712 84.3
Krak6w 11/59 & 1/60 12/59 & 2/60 116 305 71 440 61.4 64 714 55.6
Krak6wskie 6 & 12/59 1/60 612 025 421 322 68.8 412 992 67.5
Rzesz6wskie 2/60 3/60 483909 406 565 84.0 402 226 83.1

Total 8 949 844 7 239 007 80.9 6 818 490 76.2

a Includes some children living in the surrounding province of Warszawskie.
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SEROLOGICAL STUDIES

In order to determine the serological status of the
population a prevaccination serological survey was
performed. Altogether 2374 blood specimens were
collected in various counties of seven provinces
from March through July and in October 1958
before the extensive use of killed or live-virus
vaccines. Subjects for bleeding were obtained at
home and in schools, out-patient clinics and day
nurseries. Care was taken to apportion the subjects
between rural and urban districts to approximate the
relationship in the country as a whole.
As shown in Table 4, over 50% of children 6

months through 2 years of age lacked antibodies for
poliovirus of type 1, 2 or 3 and 27.3% were triple-
negative. The percentage of seronegative children
decreased with increasing age (Dobrowolska, 1960).

Before mass vaccination with the live-virus
vaccine, two inoculations of Salk vaccine were given
to most children between the ages of 6 months and
6 years, and to some children between 7 and 10
years. To determine the serological status of the
population vaccinated with the killed-virus vaccine a

serological survey was performed in the city of
Warsaw and in Lublin province during 1959.
Table 5 gives the results of serological testing of

children 6 months through 15 years of age. Compari-

TABLE 4
POLIOVIRUS-NEUTRALIZING ANTIBODY AMONG
INHABITANTS OF SEVEN PROVINCES BEFORE

VACCINATION a

Antibody to

No. of sera Triple T

(years) inves- negative Type Type Type 1y+p2tigated 1 2 3 +3

(%) (%) (%)

Y/2-2 483 27.3 46.8 42.3 45.0 18.5

3-6 403 14.9 66.5 55.3 59.8 33.3

7-10 375 8.5 75.7 71.4 77.9 51.7

11-15 463 4.3 80.0 79.3 79.3 59.2

16-20 420 1.7 84.8 86.2 81.9 65.0

21-30 230 3.1 85.2 82.2 82.9 64.8

Total 2 374

a Data from Dobrowolska (1960).

TABLE 5
POLIOVIRUS-NEUTRALIZING ANTIBODY AMONG

CHILDREN 6 MONTHS TO 15 YEARS OF AGE AFTER MASS
VACCINATION WITH SALK VACCINE a

Antibody to:

Age No. of sera Triple Tp(years) inves- negative Type Type Type 1+2
tigated () 1 2 3 +3(%) (%) (%) I(,

/2-2 100 9 71 80 49 34

3-6 396 3.5 79.8 85.3 73.7 52.5

7-10 307 2.3 86 87 85 67.7

11-15 205 0 87.8 86.8 92.2 71.2

Total [ 1008 f 3 82.4 85.6 78.5 59.1

a Unpublished data of Dobrowolska & Buch from a survey
conducted in Warsaw and in Lublin province in 1959.

son with the results shown in Table 4 shows that the
percentage of triple-negatives is lower than among
children not previously vaccinated. Among the
youngest children (6 months to 2 years old) 71 %
responded with type 1 antibodies, 80% with type 2,
49% with type 3, and 34% with all three types. The
percentage of seropositive children increased with
increasing age.

SAFETY OF ORAL VACCINATION

Mass vaccinations were preceded by a prelimi-
nary field study which indicated that the oral adminis-
tration of the CHAT type 1 virus to a total of about
3000 children was safe (Przesmycki et al., 1960).
The numbers of cases of poliomyelitis reported in

Poland for each month from January 1957 through
December 1960 are shown in Table 6. During the
months of the vaccination campaign, October 1959
through May 1960, the poliomyelitis incidence
remained seasonally low, indicating that the admi-
nistration of living virus to most children aged
6 months to 14 years did not result in an increase in
the number of poliomyelitis cases during the period
immediately following vaccination beyond the
expected monthly totals.
To determine whether live-virus vaccination

resulted in either a general or a local increase in
poliomyelitis among the vaccinated and unvaccin-
ated populations, the poliomyelitis incidence in each
province was studied before and after vaccination.
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TABLE 6
POLIOMYELITIS CASES, BY MONTH, IN POLAND, 1957-0

Year Jan. Feb. IMarch April 1 May [ June July [ Aug. Sept. T Oct Nov. [ Dec. [ Total

1957 65 71 49 50 70 64 203 202 150 114 66 59 1163

1958 47 49 27 51 89 220 747 1 288 1 514 1181 577 300 6 909

1959 154 60 57 48 41 57 129 191 163 112 57 43 1112

1960 32 38 38 30 21 16 20 21 23 15 14 7 275

POLIOMYELITIS IN VACCINEES WITIfN FOUR WEEKS
OF VACCINATION

During the six-week period preceding the begin-
ning of type 1 oral vaccination, 74 cases of polio-
myelitis were recorded among the 8 949 800 children
6 months through 14 years of age, averaging 12
cases weekly. If the epidemic situation immediately
following vaccinations had remained unchanged,
then among the 7 239 000 children fed with type 1,
10 (± 6.2)' cases weekly could have been expected.
Table 7 shows that the number of cases recorded
among those fed with type 1 was lower than the
expected average. During the first four weeks
following oral vaccination with type 1, there were 12
cases, of which three were of facial nerve paralysis.
Inasmuch as the incubation period of poliomyelitis

is generally considered to be 7-21 days (Casey, 1942;
Sartwell, 1952), it seems fair to assume that if
poliomyelitis in vaccinees is caused by vaccination,
there should be more cases in the second and third
weeks after vaccination than in the first and fourth.
After type 1 vaccination, five cases occurred during
the first week, four during the second, three during
the third, and none during the fourth week. There
seemed therefore to be no relationship between the
post-vaccination cases and the administration of
type 1 vaccine.
During the six-week period preceding the feeding

of type 3 attenuated virus, there was an average
of 6.8 cases of poliomyelitis per week in all of
the provinces among the 8 949 800 children. On
the basis of the six weeks prior to vaccination, the
expected weekly average after vaccination of cases
among the 6 818 000 children who received type 3
was computed as 5.2 (± 4.6),1 that is, from 1 to 10
cases weekly. Only an increase to more than 10
cases per post-vaccination week among the vaccin-
ated can therefore be considered significant. Alto-
gether, during the four weeks following feeding of
type 3 virus, 28 cases were recorded among those fed,

1 Twofold standard deviation of the Poisson distribution.

TABLE 7
NUMBERS OF POLIOMYELITIS CASES IN VACCINEES
OCCURRING WITHIN FOUR WEEKS OF VACCINATION

Days after vaccination [ After type 1 a| After type 3 a

1 1 3

2 (1) _
3 b

4-1

5--

6 1 1

7 2

Total to day 7 5

8 2 1

9 1-
10 - 2

11 1 1
12 _ 2

13 2 (1)
14 _ 2

Total for days 8-14 4 11

15 1 3

16 - 1

17 - 2

18 - I

19 - 1
20 (1) -

21 (1) 1

Total for days 15-21 3 9

22 - 1

24 I1
Total for days 22-28 0 2

a Figures In parentheses represent cases of facial nerve
paralysis.

b Non-paralytic.
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one of which was non-paralytic and two of facial
nerve paralysis; six cases occurred during the first
week, 11 during the second, nine during the third,
and two during the fourth week. The 11 cases
recorded for the second post-vaccination week is one
higher than the limit of expectation, but type 1
poliovirus was isolated from one of these cases.
Thus the increase among the vaccinated is not
statistically significant.

Virological and serological examinations were
carried out on only 18 of 40 cases of poliomyelitis
which appeared during the four-week period after
vaccination with type 1 or 3 virus (Table 8). Of
three type 1 isolations, two were made in subjects
who had been given type 1 vaccine. The type 1
viruses were further studied for identity. Five type
3 isolations were made, all in subjects previously fed
type 3 attenuated virus. Adequate serological
studies were done on only a few patients, two of
whom (No. 8 and 15) showed evidence of recent
type 3 infection; both had been vaccinated with
type 3 vaccine.

Testing of type 1 strains isolated in Poland from
asymptomatic vaccinees and from cases occurring
in vaccinated and unvaccinated persons was kindly
performed by Dr S. Plotkin and Dr H. Koprowski
of the Wistar Institute of Anatomy and Biology,
Philadelphia, Pa., USA. The two tests used were the
T marker (rectal 40°C) as a representative of the d,
MS, t group, and the intratypic serodifferentiation
test for antigenic character. Two type 1 strains iso-
lated from vaccinated cases (No. 1 and 2) resembled
the Mahoney virulent strain in the T marker and
were antigenically unrelated to CHAT. Type 3
viruses have not been tested in the same way because
there is no immune serum available at the present.

Post-vaccination cases occurred in every month of
the vaccination campaign and were distributed
throughout the country. The severity of paralysis in
these patients differed little from the general distri-
bution shown in Table 12 below. Some 28% of 40
patients suffered mild paralysis, 42°/ suffered moder-
ate paralysis, and 30%/O were severely paralysed.

POLIOMYELITIS AMONG UNVACCINATED PERSONS
SHORTLY AFTER VACCINATION CAMPAIGN

Another aspect of the safety of oral immunization
concerns persons not vaccinated and exposed to
infection with attenuated virus from vaccinated
persons. Table 9 shows the weekly number of cases
of poliomyelitis during the six-week period following
vaccination with types 1 and 3 as compared with the

number of cases over the same period before vacci-
nation.

In the six weeks before type 1 vaccine was adminis-
tered in each province, there was an average of 14
cases per week for all of Poland. In the first six
weeks after type 1 administration, there were from 5
to 9 cases per week or an average of 6.8; in no week
were there as many cases as had occurred before
vaccination.
Twice as many cases of poliomyelitis were re-

corded during the six-week period following vaccina-
tion with type 3as during the same period preceding
vaccination. On the basis of the figures for the six
weeks prior to vaccination with type 3 virus, 46
(A 13.3)1 cases could have been expected in the whole
country during the six-week period following mass
vaccination. The 97 cases recorded exceeds by 38 the
upper limit of expected cases, computed as 59.
As shown in the lower part of Table 9, in the six

weeks before type 3 vaccine was administered in each
province, there was an average of 7.7 cases per week
for all of Poland. In the first week after vaccination,
17 cases occurred, in the second, 20; in the third, 20;
in the fourth, 16; in the fifth, 11; and in the sixth, 13.
In each of these weeks there were more cases than
before vaccination.

Close examination of the data on which Table 9
is based reveals that in most provinces a slight
increase of only one to three cases occurred, without
any evidence of an epidemic. In four provinces the
number of cases following vaccination declined and
in 12 provinces the increase was one to three cases
per province, constituting a total increase of 24
cases; in only six provinces (Bydgoszcz, Kielce,
Wroclaw, Opole, Katowice, and Rzeszow) was
there a marked increase of from four to 14 cases,
totalling 44 cases. The cases of poliomyelitis
occurred sporadically in different areas.
Of the 97 cases recorded in all provinces of Poland

during the six-week period following vaccination
with type 3, there were 67 among persons not
previously vaccinated and four among persons
vaccinated with the killed virus vaccine only.
The virological studies of the cases recorded are

incomplete and do not provide a sufficient foundation
for a detailed epidemiological analysis. Before the
beginning of the type 1 feedings, type 1 virus was
isolated from 80 patients and type 3 from two.
During the six weeks prior to type 1 vaccination,
type 1 strains were isolated from eight patients.

1 Twofold standard deviation of the Poisson distribution.
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TABLE 9

INCIDENCE OF POLIOMYELITIS BEFORE, DURING AND AFTER MASS VACCINATION WITH TYPE 1 AND
TYPE 3 LIVE POLIOVIRUS

Number of poliomyelitis cases

Vaccination status During mass Weeks after vaccination with poliovirus type shown
of patients 6 weeks vaccination

vaccination with poliovirus 1 2 3 4 5 6 1-6

Type 1 poliovirus

Oral, types 1 & 3 1a 4a 5a

Oral, type 3

Oral, type 1 6 2 2 1 1 1 1 8

Salk 24 3 1 2 1 1 1 6

Not vaccinated 60 14 2 2 7 4 1 6 22

Total 84 23 5 6 9 6 7 8 41

Average per week ] 14.0 ] _ _ { [ 6.8

Type 3 poliovirus

Oral, types I & 3 7 8 3 3 3 1 3 21

Oral, type 3 1 1

Oral, type 1 8 1 3 1 4

Salk 6 2 1 1 2 4

Not vaccinated 32 4 8 12 17 11 10 9 67

Total 46 14 17 20 20 16 11 13 97

Average per week [7.7 i_ ] | 16.1

a These five cases occurred during the vaccination campaign with type 3 poliovirus but are not shown in the lower half o
the table.

After termination of the type 1 immunization and
before the beginning of the type 3 vaccination, type
1 was isolated from two unvaccinated persons.
During the six weeks after the termination of the

type 3 feedings, type 1 was isolated from two persons
and type 3 from five persons among those who had
fallen ill after having previously received oral
vaccine of types 1 and 3. Faecal virus isolations were
attempted in 20 of the 71 cases of poliomyelitis
recorded among the persons not given oral vaccine.
Type 2 virus was isolated once and type 3 once.
Serological examination showed a stronger serolo-
gical response to type 3 than to the other two types
among the unvaccinated.

EFFICACY OF VACCINATION

The incidence of poliomyelitis in Poland before,
during, and after the live-virus immunization cam-
paign is shown in Table 6 and Fig. 2. In 1960 the

FIG. 2

POLIOMYELITIS MORBIDITY IN POLAND, 1950-60

752



POLIOMYELITIS VACCINATION IN POLAND WITH KOPROWSKI ATTENUATED STRAINS. 2

TABLE 10
POLIOMYELITIS IN VACCINATED AND UNVACCINATED

PERSONS IN POLAND, BY MONTH, DURING 1960

Number of cases a

Month Vaccinated Total
with type 1 Unvaccinated
and/or 3

Jan. 2 30 (2) 32

Feb. 13 25 (3) 38

March 6 (2) 32 (3) 38

April 11 (1) 19 (1) 30

May 6 15 (2) 21

June 5 (1) 11 (1) 16

July 8 12 (3) 20

Aug. 12 (5) 9 (3) 21

Sept. 10 (4) 13 (5) 23

Oct. 7 (4) 8 (1) 15

Nov. 9 (3) 5 (1) 14

Dec. 3 4 7

Total 92 (20) 183 (25) 275

a Nonparalytic poliomyelitis or facial nerve paralysis shown
in parentheses.

total incidence (0.9 per 100 000) was almost nine
times lower than the median for the years 1951-59
(7.9) and four times lower than the lowest incidence
rate in that period (3.8). Particularly striking is the
absence of the expected seasonal peak which nor-
mally occurs in the summer months. Such a curve is
unparalleled in the epidemiological records of
Poland, which go back to 1927.

Altogether 275 poliomyelitis cases were recorded
in Poland in 1960; among these, 92 were in persons
previously immunized orally and 183 were in per-
sons not so treated, as shown in Table 10. Children
from 6 months to 14 years of age accounted for 229
of the cases recorded; they were of the age-groups
undergoing oral immunization (Table 11). These
229 cases occurred during the entire year 1960,
while the mass oral immunization was completed in
the first half of 1960, on different dates in different
provinces. It was assumed that six weeks from the
time the mass oral immunization was completed in
each province the vaccinated children in that pro-
vince attained a state of immunity and the excretion
of attenuated virus stopped. It was therefore decided

TABLE 11
AGE DISTRIBUTION OF POLIOMYELITIS IN VACCINATED

AND UNVACCINATED PERSONS IN POLAND, 1960

Number of cases

Agrou Oral vaccine(yers)p Salk Un- Toa(years TyTye1pype vaccine vaccinatedToa
_I- + 3 Typ I Tyei

1/12-5/12 7 7

6/12-1 1 37 38

1- 7 1 8 44 60

2- 9 5 2 4 13 33

3- 8 1 1 2 7 19

4- 6 3 3 7 19

5- 7 1 1 9

6- 6 2 1 3 7 19

7- 3 2 1 2 8

8- 5 1 1 7

9- 4 1 1 6

10-14 7 3 1 1 1

15-19 4 1 7 12

20-24 5 5

25-29 7 7

30-39 1 9 10

40-49 3 3

50 2 2

Total f68 18 { 6 22 f 161 1275

to use poliomyelitis cases recorded from the seventh
week after completion of mass vaccination to the end
of 1960 for the analysis of the efficacy of the vaccine.
During that period, 137 cases of poliomyelitis were
recorded in the age-group 6 months to 14 years.
The type and severity of paralysis and the extent

of the sequelae in those persons for whom informa-
tion was available are shown in Table 12. No signi-
ficant differences were observed between vaccinated
and unvaccinated persons with regard to the extent
of acute paralysis; on the other hand, the outcome of
the disease was much more favourable in the vaccin-
ated group. The percentage of patients treated and
discharged with little or no impairment of motor
activity was 83 in the vaccinated subjects and 58 in
the unvaccinated; the difference is statistically signi-
ficant (X2 = 9.8; P < 0.01). Mortality among the
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TABLE 12
CLINICAL CHARACTERISTICS OF POLIOMYELITIS

AMONG PERSONS VACCINATED MORE THAN 6 WEEKS
BEFORE ONSET AND AMONG UNVACCINATED PERSONS

IN POLAND

Vaccinated Unvaccin-
Form of poliomyelitis persons ated persons

No. % No. %

Acute paralysis:

Landry's or bulbar paralysis 6 10 5 7

Paralysis of 4 limbs 3 5 2 3

Paralysis of 3 limbs 2 3 1 1

Paralysis of 2 limbs 13 21 19 26

Paralysis of 1 limb 20 32 30 41

Facial paralysis 16 25 15 20

Non-paralytic 3 5 2 3

Total 63 100 74 100

Chronic paralysis:

Minor functional limitations 21 33 19 32

Major functional limitations 5 8 29 39

Death 5 8 2 3

None 32 51 24 32

Total 63 100 74 100

vaccinated patients (8.0%) was higher than among
the unvaccinated patients (3 %), perhaps because of
their slightly older age, but this difference was not
statistically significant.
Table 13 gives the results of the analysis of

efficacy. The efficacy index of type 1 immunization
is 39% and that of types 1 and 3 together is 84%.
The evaluation presented is not entirely trust-

worthy, however, since among 137 cases 36 were
either in non-paralytic persons or in persons with
facial nerve paralysis, regarding the diagnosis of
which there may be reservations. Hence, a more
detailed analysis of the efficacy of the vaccine was
conducted exclusively on the basis of paralytic cases,
totalling 101 in the above-mentioned group of
patients.
Table 14 presents the age distribution of paralytic

poliomyelitis in orally vaccinated and unvaccinated
children. Patients up to 6 years of age constituted
73 % of the immunized group and 96% of the non-
immunized group. No information is available
regarding the total number of orally vaccinated or

TABLE 13

EFFICACY OF IMMUNIZATION AGAINST POLIOMYELITIS
IN POLAND, 1960

No fNo. of Efficacy
Type of polio- Nero.no Rate per 6f

immunization myelitis personsizd100000 immun-
cases imuie zation

Oral, type 1 11 420 000 2.62 39 %

None 59
1 74 1 710 800 4.33

Salk 15)

Oral, types 1 & 3 48 6 818 500 0.70 84 %

Oral, type 3 4

Total 1 137 _ [

TABLE 14
PARALYTIC POLIOMYELITIS IN CHILDREN 6 WEEKS
AFTER TERMINATION OF VIRUS FEEDING THROUGH

THE END OF 1960

Orally vaccinated Not vaccinated
Age-group

(years) No. Cumulative No. Cumulative

3/2-1 - - 13 23

1- 7 16 21 60

2- 10 39 6 70

3- 3 45 5 79

4- 4 55 5 88

5- 5 66 - 88

6- 3 73 5 96

7- 1 75 2 100

8- 2 80 - -

9- 2 84 - -

10-14 7 100 - -

Total ] 44 ] 100 57 100

unvaccinated persons in Poland for each age-group.
We only know that the immunization campaign did
not proceed as well among very young children as it
did among schoolchildren; hence there were more
non-immunized children among the former than
among the latter.

Table 15 provides data on the incidence of para-
lytic poliomyelitis in individual provinces among the
vaccinated and unvaccinated populations 6 months
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TABLE 15

COMPUTATION OF EFFICACY a OF LIVE POLIOVIRUS VACCINATION (TYPES I AND 3) IN POLAND

No. of cases b Population (x 000) Rate per 100 000 Efflcacy of

Province vaccIteInathed Inth mmunization
vaccinated unvaccinated Vaccinated Unvaccinated vaccinated unvaccinated

Warszawa and 12 659 256 0.6 4.7 87

Bydgoskie 2 2 447 87 0.4 2.3 83

Poznali 0 1 74 16 - 6.3

Poznaniskie 1 2 456 156 0.2 1.3 85

Lodz 0 2 130 53 - 3.8

Lodzkie 1 4 344 119 0.3 3.4 91

Kieleckie 2 7 453 98 0.4 7.1 94

Lubelskie 2 4 458 61 0.4 6.5 94

Bialostockie 0 1 250 72 - 1.4

Olsztynskie 1 3 225 60 0.4 5.0 92

Gdanskie 2 0 310 58 0.6 -

Koszalinskie 2 0 198 41 1.0 -

Szczecinskie 0 1 191 19 - 5.3

Zielonog6rskie 6 6 242 28 2.5 21.4 88

Wroclaw 0 2 93 29 - 6.9

Wroclawskie 4 3 488 86 0.8 3.5 77

Opolskie 1 2 209 38 0.5 5.3 91

Katowickie 1 1 711 117 0.1 0.8 88

Krak6w 0 1 65 45 - 2.2

Krak6wskie 0 2 413 191 - 1.0

Rzesz6wskie 3 1 402 77 0.7 1.3 46

Total 32 57 6 819 1 720 i 0.47 3.31 86

a Computation is based on the paralytic cases of poliomyelitis reported six weeks after the termination of oral vaccination
through the end of 1960.

b Nine cases of poliomyelitis in patients fed only type 1 and three fed type 3 are not included.

to 14 years of age The vaccinated population
denominator was the number of persons in each
province who had received both type 1 and type 3
vaccine. Those subjects who were vaccinated with
type 1 but not with type 3, and vice versa, were not
considered; therefore, the unvaccinated population
consisted of those children who had received neither
type of virus. With the exception of Gdan'sk and
Koszalin provinces, where two cases were recorded
among the immuni7ed and none among the non-
immunized, there was a higher incidence among the
non-immunized in all provinces. In Rzeszow

province the efficacy index was 46% and in the other
provinces 77 % or higher. In the country as a whole
the efficacy index for oral immunization with
types 1 and 3 was 86 %.
As stated, persons fed orally only type 1 or type 3

are not considered in Table 15. The incidence of
paralytic poliomyelitis among those vaccinated
exclusively with type 1 amounted to 2.1 per 100 000
in the period following the immunization of the
population with types 1 and 3 (i.e., from the seventh
week after completion of feeding of type 3), and the
efficacy among those fed type 1 amounted to 36%.
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The four-week interval occurring in most of the
provinces between the oral vaccinations with type
1 and those with type 3 made it impossible to achieve
a separate analysis of the effectiveness of vaccina-
tions with type 1 in the entire country before the
feeding of type 3 virus. Only in the two provinces of
Opole and Krakow did 6-8 months elapse from the
completion of vaccinations with type 1 to the
beginning of those with type 3. In this period 14
cases were reported of paralytic poliomyelitis among
vaccinated persons aged 6 months to 14 years, from
which a protection rate of 82% can be calculated.
A comparison of the efficacy of type 1 immunization
-estimated in these two provinces for the second
half of 1959-with the efficacy of that vaccine in all
of Poland in the second half of 1960 shows that the
protection rate dropped from 82% to 36 %.
An explanation of the causes of that change must

be sought in the results of faecal virus isolations from
poliomyelitis cases recorded in 1959 and 1960.
The results of the virological investigation of polio-
myelitis patients recorded before the mass oral
immunization campaign, during the campaign and
during the first six weeks after completion of immu-
nization have been presented on page 752. Among
126 cases of paralytic poliomyelitis recorded from the
seventh week after the completion of immunization
to the end of 1960 in all age-groups, faecal virus iso-
lation was attempted on 61. Type 2 poliovirus was
isolated in two patients, type 3 in eight, Coxsackie
types A9, Bl and B2 in three and a so far uniden-
tified cytopathogenic agent in one patient. In the
second half of 1960 type 1 poliovirus was not
isolated from the poliomyelitis patients a single
time. Of 147 paralytic patients given a virological
examination with negative results, 15 were serolo-
gically examined twice during the course of their
illness. Fourfold increases in type 1 antibody titre
were found in one of these 15 patients, in type 2
antibody in three patients, and in type 3 antibody in
a further three patients.
The results of virological examination and the

serological data related to non-paralytic patients or
those with facial nerve paralysis still require brief
consideration. It can be calculated from Table 10
that these patients made up 22% of the immunized
group and 14% of the non-immunized in 1960, a total
of 45 cases of the meningeal form or of isolated facial
nerve paralysis having been recorded. Stool samples
were received for virological examination from 30
of these 45 patients. Type 2 virus was isolated from
three of these while no poliovirus could be isolated

from the remaining 27. Among 20 of these 27 a
neutralization test was carried out, and a fourfold or
greater increase in antibody was established in two
patients for type 1, in one patient for type 2, and in
two for type 3. It follows from the information
presented that clinical diagnosis was confirmed by
the results of serological examinations or by faecal
virus isolation in only eight of the 45 cases.

DISCUSSION

During an eight-month period in 1959-60, a total
of 7 239 000 children, or approximately four-fifths
of all those from 6 months through 14 years of age,
received live type 1 poliovirus; 96% of these also
received type 3. Compared with every year since
1951, the poliomyelitis incidence in Poland was
remarkably low in 1960. The campaign thus ap-
peared to be successful in its major aim-the reduc-
tion of poliomyelitis morbidity in Poland.

In addition to over-all observation of morbidity,
an effort was made to acquire quantitative data
concerning the safety and efficacy of vaccination.
Evaluation of safety involves demonstration of the
fact that no cases of poliomyelitis caused by attenu-
ated viruses occurred among the vaccinated or
unvaccinated shortly after vaccination.
There were seven cases following ingestion of

type 1 vaccine and 20 cases following type 3 that fell
within the presumed incubation period of polio-
myelitis of 7-21 days. The seven cases which followed
the administration of CHAT type 1 attenuated
virus were not more than would have been expected
from the natural occurrence of poliomyelitis imme-
diately before vaccination. Furthermore, polio-
myelitis in the unvaccinated decreased in the period
immediately after vaccination, which implies that
spread of vaccine virus caused no illness in that
group. In addition, laboratory identification of
several strains isolated from vaccinated and un-
vaccinated patients suggested that those strains
were unrelated to the CHAT strain.
The picture following vaccination with the

W-Fox type 3 strain is less clear. One of the 20 cases
occurring 7-21 days after type 3 vaccination can be
eliminated because type 1 virus was isolated from the
patient's stool. The remaining 19 cases represent a
slight but statistically significant increase in polio-
myelitis among the vaccinees following vaccination.
In this period an average of 10.4 cases with a twofold
standard deviation of 6.5 would have been expected;
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thus up to only 17 cases would have been statisti-
cally permissible within the limits of chance varia-
tion.
The cases observed among the unvaccinated

population showed an increase in poliomyelitis
during the six-week period after the end of vaccina-
tion with type 3 virus. It is in relation to these cases
in particular that the relative paucity of virological
data obtained is most regrettable, as such data
would have shown whether the cases were caused by
type 3 virus or not. It is important to note that the
increase was in relation to the observed morbidity
over a six-week period before type 3 vaccination, not
in relation to poliomyelitis morbidity in past years.
In fact, poliomyelitis morbidity was less during the
vaccination campaign than in previous years. The
over-all increases in cases among the unvaccinated
was due largely to six provinces, while the morbidity
in the other 16 provinces remained relatively low.
Moreover, type 3 virus was isolated in Warsaw
province before vaccination with W-Fox.

In passing, the complexity of the interpretation of
laboratory data obtained in post-vaccination cases
may be noted. Though a vaccinee has obviously
received the vaccine virus, the demonstration of the
same type of virus in his stool or of an increase in
homotypic antibody does not necessarily imply an
etiological association between vaccination and
illness.
The stool isolation data were of interest in that

different categories of viruses were progressively
predominant, at least in the Warsaw area, the pro-
gression going from type 1 though type 3 polioviruses
to non-poliovirus enteric agents.

Epidemiological estimates of efficacy corresponded
to the serological results; 1 the rate of protection
appears to be about 86%. The epidemiological
rates were calculated without any effort to take into
account the spread of attenuated virus. The extent
of such spread cannot be estimated, but the real
effectiveness of the vaccination might have been
increased beyond our estimates by possible immu-
nization of the unvaccinated through contact with
vaccinated subjects.
On the other hand, a defect of the estimates of

efficacy is the unequal age distribution of polio-
myelitis among vaccinated and unvaccinated children
(Tables 11 and 14). In addition, the protective effect
of Salk vaccination could not be calculated because
of inadequate information on the previous distribu-
tion of killed virus vaccine to live virus vaccinees
and non-vaccinees.
Although 80% of children have been vaccinated

and poliomyelitis morbidity has been markedly
decreased, the disease has not been eradicated com-
pletely. Studies are in progress to determine whether
the remaining cases represent non-polioviruses,
type 2 poliovirus (which we intend to vaccinate
against), or persistence of reservoirs of infections in
a highly immune population. In the last months of
1960, some 275 000 infants were given types 1 and 3
viruses in order to maintain the immunity of the
population in the age-group susceptible to polio-
myelitis, and further detailed observations will be
made to define clearly the efficacy of live-virus
vaccination.

1 See the article by Przesmycki et al. on page 733 of this
issue.
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RtSUMt

Dans la periode 1951-60, la Pologne a connu deux 6pi-
demies importantes de poliomyelite qui ont fait, en 1951
et 1958, 3060 et 6090 victimes avec un taux de morbidite
de 12,7 et 21,1 pour 100 000.
En 1958 et 1959, les enfants polonais de 6 mois a 10 ans

ont ete immunis6s avec le vaccin Salk administre par voie
intradermique et sous-cutanee. A cette occasion, 5 400 000
personnes environ ont regu deux doses de vaccin.
Une campagne de vaccinations orales contre la polio-

myelite a eu lieu au cours des annees 1959 et 1960. Les
souches virales du type 1 (CHAT) et du type 3 (W-Fox),
preparees par Koprowski, ont ete administrees a, respec-
tivement, 7 239 000 et 6 818 500 enfants de 6 mois 'a
15 ans. Avant d'ingerer le vaccin vivant, les enfants de
6 mois a 7 ans avaient requ du vaccin inactive 'a deux
reprises au moins.

Les auteurs discutent l'innocuite de la vaccination utili-
sant les virus attenues types 1 et 3 des vaccins CHAT et
W-Fox. En ce qui conceme le vaccin W-Fox, les donnees
epidemiologiques montrent la necessite d'un supplement
d'informations qui porteront sur les conditions d'applica-
tion A observer dans les campagnes d'immunisation de
masse. En revanche, la souche vaccinale du type 1 (CHAT)
ne presente aucun danger.
Au point de vue epidemicite de la poliomyelite, la situa-

tion en Pologne a ete plus favorable en 1960 que dans

aucune autre annee de la derniere d6cennie. Cette annee-
la, la frequence globale (0,9 pour 100 000) a ete inf6rieure
de 9 fois environ a la mediane (7,9) des ann6es 1951-1959
et de 4 fois a la frequence la plus faible (3,8) de cette meme
periode. En et6-automne 1960, on n'a pas observe en
Pologne la recrudescence saisonniere qui caracterisait
l'epidemie de poliomyelite au cours des annees
precedentes.
A ne considerer que les formes paralytiques, il ressort

de 1'enquete effectuee dans deux provinces que l'efficacite
de la vaccination orale a ete de 82% en 1959. L'annee
suivante, l'efficacite de la vaccination utilisant a la fois les
virus types 1 et 3 a oscill6 entre 77% et 94%, selon la
province consider6e; avec un pourcentage de 46 %, la pro-
vince de Rzesz6w fait exception. La moyenne pour
l'ensemble du pays donne un chiffre de 86% qui s'etablit
a 36% pour la vaccination avec le virus type 1 employe
seul.
En ce qui conceme I'extension des ph6nomenes de

paralysie aigue, il n'a pas ete not6 de diff6rence significa-
tive entre sujets vaccines et non vaccines. Dans le premier
groupe, la maladie a eu cependant une conclusion plus
favorable: le pourcentage des individus gu6ris ou presen-
tant des sequelles mod6r6es de paralysie etait de 84%
contre 58% parmi les non vaccines.
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