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Experience with Preparation and Laboratory Control
of Oral Poliomyelitis Vaccine in Czechoslovakia*
DIMITRIJ SLONIM, IVO MARES, MILAN DkEVO, HANA 9TURMOVA & JIM SIMON

Among the many problems connected with the preparation and laboratory control of
oral poliomyelitis vaccines, one of the most vexed is that of the presence of undesirable,
extraneous viruses of simian origin, particularly the foamy viruses. In Czechoslovakia, as
elsewhere, these have been encountered in the production of live poliomyelitis vaccine from
Sabin strains. Of 596 single lots ofprimary monkey kidney cell cultures intended for use
in vaccine, only 143 lots successfully passed laboratory control tests, mainly because.foamy
viruses were found. Comparison tests showed that monkey and rabbit kidney cells were
equally sensitive for the detection offoamy viruses but that dog kidney cells were less so and,
in addition, in 8 % ofcases contained endogenous cytopathogenic virus agents. The presence
of vacuolating agent was not testedfor in the control tests discussed in this paper.

All vaccine lots which passed control tests and were administered to children in the
course of mass vaccination campaigns in Czechoslovakia in 1960 and 1961 proved safe and
effective.

Oral poliomyelitis vaccine has been prepared in
Czechoslovakia according to the instructions of
Dr A. B. Sabin (1959; and personal communication,
1959), supplemented later on by our own experience.
Dr Sabin placed at our disposal the attenuated
strains of all three types of poliomyelitis virus
(LSc, 2ab; P712, Ch, 2ab; Leonl2, alb).
The first really large-scale administration of live

vaccine was carried out in the spring of 1960. Type 1
(LSc) was given during the period from 28 March to
8 April 1960 to 3.5 million children aged three
months to 14 years inclusive; types 2 and 3 (P712
plus Leon) were mixed and administered during the
period from 2-12 May 1960, i.e., five weeks after
type 1. Some of the children vaccinated with type 1
were also fed a mixture of types 2 and 3 made
available by Dr M. P. Chumakov in Moscow.
Approximately 93% of children of the above-

mentioned age-groups took part in the vaccination
campaign; this represents about 26% of the total
population of Czechoslovakia. Each child over
6 months old was vaccinated with about 200000
TCD50 of type 1 in the first dose and with about
50 000 TCD50 of type 2 and 100 000 TCD50 of type 3

* From the Institute of Sera and Vaccines, Prague,
Czechoslovakia. The work reported was carried out with the
collaboration of Zdenka Zackovi, Jili Michl and Ervin
Adam.

in the second mixed dose. Sugar syrup served as the
vehicle. Children between the ages of 3 and 6 months
were given a dose five times greater. The vaccination
was carried out without any complications. Not a
single case of paralytic poliomyelitis was recorded
during the second half of 1960 in Czechoslovakia
(gkrova%nek, 1961; NZcek et al.1).
Another vaccination campaign was carried out in

the spring of 1961.

PREPARATION OF THE VACCIN

Seed virus
In 1959 Dr A. B. Sabin placed at our disposal oral

poliomyelitis vaccine of all three types, and this was
administered to more than 114 000 children aged
2-8 years. Epidemiological, virological and clinical
experience showed that it was safe and immuno-
genically effective. The strains of these vaccine lots
were then used for the production of a vaccine of
our own. The Czechoslovak oral vaccine is thus
not more than one passage removed from the
original vaccine tested in Dr Sabin's laboratory as
well as in our own controlled trials in 1959 (Skro-
vanek, 1960).

1 Zi6ek, K. et al. Virological and serological surveillance
of mass, oral poliomyelitis vaccination campaign carried out in
Czechoslovakia in 1958-59 and 1960 (to be published).
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The virus was stored at - 20°C in the original
ampoules. Immediately before use it was diluted
1: 4000 in maintenance medium (see below) and
inoculated in 1.0-ml amounts into monolayer pri-
mary monkey kidney cell cultures containing 100 ml
of medium and about 2 x IO7 cells.

Monkeys
The monkeys (Macaca rhesus) were kept in qua-

rantine in groups of 5-10 per cage for a period of
five weeks.

Primary monkey kidney cell cultures
The kidneys of each monkey were prepared

separately through trypsinization. The growth me-
dium was Earle's solution and 0.3% lactalbumin
hydrolysate, 2% inactivated calf serum and 0.22%
NaHCO3 (Slonim et al., 1961).

Single-monkey lots of virus fluid
Grown primary cell cultures of each monkey were

processed separately. The growth medium was
poured off; the culture was rinsed with phosphate
buffered saline (Dulbecco & Vogt, 1954); 100 ml of
maintenance medium were added; and the culture
was inoculated with the seed virus. The cultures
were incubated at 34.5°C for 4-5 days. Virus fluid
harvested from cell cultures prepared from the
kidney tissue of one monkey was pooled in a " single-
monkey lot of virus fluid ".

After samples for control tests had been taken the
single-monkey lots of virus fluid were stored at
- 200C.

Monovalent bulk suspension
Those single-monkey lots of virus fluid of each

virus type which satisfied control requirements were
pooled into a monovalent bulk suspension of 20-25
litres. Immediately afterwards the fluid was sepa-
rated in a flow-centrifuge of the Laval type and
filtered through a Seitz filter-pad EKS1 washed with
Earle's solution and gelatin to prevent loss of virus
through adsorption on the filter material (Mares
et al., 1961). The monovalent bulk suspension was
filled into 3-litre bottles (1 litre of fluid per bottle)
and stored at -200C. If it satisfied the control
requirements it was accepted as " oral poliomyelitis
vaccine ".

Clinical tests
Each lot of the oral poliomyelitis vaccine was

administered to 30-50 children in a psychiatric

institute. The children were under daily control and
the very slightest indisposition was analysed. The
children were under observation for a period of 28
days.

Storage and distribution of the vaccine
In view of the fact that the vaccination campaign

was to be carried out on a large mass of the popula-
tion over a very short period, the vaccine was thawed
at the producting institute and immediately dis-
tributed in the liquid state in insulated containers on
ice. Sterile Earle's solution and an equivalent
amount of 7.5% sterile solution of NaHCO3 were
distributed together with the vaccine. The amounts
of vaccine and of Earle's and NaHCO3 solutions
were determined according to the original TCD50/ml
value of the vaccine so that, after mixing, the final
solution contained the necessary amount (one dose)
of TCD50 in 0.1 ml of the fluid (pH 7.2-7.4).

In order to prevent any decrease in the amount of
active poliovirus, the diluted or undiluted vaccine
had to be administered within one week of thawing
at the producing institute.

CONTROL TESTS 1

Control of the primary monkey kidney cell cultures
Selection of the cultures. Each primary monkey

kidney cell culture underwent a microscopic control,
in the course of which were discarded: (a) poorly
grown cultures which would yield a low harvest of
virus; and (b) single-monkey lots of cultures in
which the presence of unwanted extraneous virus
agents was suspected.

Control of the cultures. Some 75 %-80% of the
cultures of each single-monkey lot were inoculated
with the virus; the remaining 20 %-25 % of the cul-
tures served as the control (at 37°C) for a further
21 days. After the last change of medium (15th-
16th day) a new medium containing neutral red
1 : 90 000 was added to the cultures. On the 21 st day
they were examined under the microscope. A sample
of the fluid was drawn from each culture for passage,
and the cultures were tested for the presence of
haemadsorption with 1 % suspension of guinea-pig
red blood cells.

If any cytopathogenic changes were seen in the
cultures and if these changes were also seen in rabbit
or dog kidney cell cultures (inoculated with the virus

1 Samples used for control purposes were either processed
immediately or kept on dry ice at - 60°C.
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fluid originating from the corresponding lot of the
monkey kidney cell cultures-see below), the single
lot of virus fluid under test was discarded.

If any cytopathogenic changes were seen in the
cultures but were not seen in either rabbit or dog
kidney cell cultures (inoculated with the correspond-
ing lot of virus fluid), samples of the fluid taken from
these monkey kidney cell control cultures were
pooled and passaged into 10 tube cultures of rabbit
kidney cells, 10 tube cultures of dog kidney cells, and
10 tube cultures of human KB cell line; 1 ml of fluid
served as inoculum per culture. If this passage
showed evidence of the presence of any cytopatho-
genic agent the virus fluid was discarded. If it
showed no such evidence, the processing of the virus
fluid went on.

Control ofsingle monkey lots of virus fluid
Sterility. 5 ml of each single-monkey lot of virus

fluid were tested.
Virus concentration. The TCD50/ml was de-

termined in monkey kidney cell cultures (M. cyno-
molgus).

Test in rabbit and dog kidney cell cultures. The
virus fluid of each single-monkey lot was inoculated
(1 ml per tube) into 10 rabbit kidney and 10 dog
kidney cell cultures. The cultures were kept at 370 C
for a period of 14 days; then they were fixed with
methyl alcohol in the test-tubes themselves, stained
with Giemsa stain and observed under the micros-
cope for the presence of cytopathogenic changes.
Simultaneously, uninoculated rabbit and dog kidney
control cultures were stained and examined (20 cul-
tures of each type).
The results of microscopic examinations of rabbit

and dog kidney cell cultures inoculated with the virus
fluid before and after Giemsa staining are:

Kidney Single-monkey lots Cytopathogenic changes
cell cultures of virus fluid Unstained Stained

examined cultures cultures

Rabbit
Dog

changes), the single lot of virus fluid under test was
discarded.

Test in monkey kidney cell cultures. Samples of
0.5 ml each from 6-8 single-monkey lots of virus fluid
having passed the above-mentioned tests were
pooled, and, after neutralization of the poliomyelitis
virus by homotypic serum, the samples were tested
in monkey kidney cell cultures. The cultures were
observed for a period of 14 days.

Tests in laboratory animals. A mixture of samples
from 6-8 single-monkey lots of virus fluid was in-
oculated into 5 guinea-pigs intraperitoneally (5 ml
each), into 20 adult mice intracerebrally (0.03 ml
each), into 15-20 suckling mice subcutaneously and
intracerebrally (0.1 ml and 0.02 ml each) and into
4 rabbits subcutaneously and intradermally (10 ml
and 5 x 0.2 ml each). The guinea-pigs were
observed for 6 weeks, the mice for 3 weeks, the
suckling mice for 2 weeks and the rabbits for
3 weeks.

Control of monovalent bulk suspension before filtra-
tion
Sterility. 20 ml of the virus fluid were tested.
Virus concentration. The TCD50/ml was determined

in monkey kidney cell cultures.

Control of monovalent bulk suspension after filtration
Sterility. 20 ml of the virus fluid were tested.
Virus concentration. The TCD50/ml was determin-

ed in the same way as before filtration.
Test in rabbit and dog kidney cell cultures. A total

of 20 rabbit kidney and the same number of dog
kidney tube cell cultures were inoculated with 1 ml of
the virus fluid per tube; they were observed for
14 days, stained with Giemsa and examined.

Test in rabbits. Four rabbits were each inoculated
with 10 ml subcutaneously and with 5 x 0.2 ml intra-
dermally; they were observed for 3 weeks.

189 21(11%~/~) 87 (460/) Test for the stability of the properties of virus
71 0 (0) 23 (32%) population in vitro. The character of the virus

population was studied by means of T and d markers
It is evident that the number of rabbit kidney cell
cultures showing cytopathogenic changes increased
considerably after staining. The staining is especially
important in dog kidney cell cultures, for in unstained
cultures the cytopathogenic changes remain un-

noticed.
If there were any cytopathogenic changes present

in the rabbit or dog kidney cell cultures (and if the
uninoculated control cultures did not show any such

along with the original viruses used as a seed and
with a T+ and d± reference strain (Mahoney).

Test for neurovirulence in monkeys. M. rhesus
monkeys were inoculated intraspinally (0.1 ml) and
intrathalamically (2xO.5 ml) and observed for 21
days. The clinical and histopathological findings
were compared with those observed after inocula-
tion of Sabin's original attenuated strains used as
seeds.
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RESULTS

Economics of vaccine production
Altogether 596 single lots of monkey kidney cell

cultures were prepared for the production of the oral
vaccine; 406 lots (68 %) successfully passed a micro-
scopic selection but only 143 lots (24%) satisfied the
requirements of the control itself. Thus the total loss
was 76 %.

From 406 lots of primary monkey kidney cell
cultures 558 litres of virus fluid were prepared, i.e.,
about 1400 ml per monkey. Of these 185 litres (33 %)
passed the control tests successfully, i.e., about
450 ml per monkey. If the cultures lost in the course
of selection are taken into consideration, the average
yield decreases to 310 ml of vaccine per monkey.

Control ofprimary monkey kidney cell cultures and
single-monkey lots of virus fluid
In most of the 190 (32%) primary monkey kidney

cell cultures discarded in the course of microscopic
selection the reason for discarding was a microscopic
finding of cytopathogenic changes proceeding at a

rather fast rate. We have not studied their etiology
in greater detail but on the basis of morphological
criteria we assume that they were changes caused by
various types of SV viruses (Hull et al., 1958).
Of the 406 single lots of primary monkey kidney

cell cultures which passed microscopic selection, 65%
were discarded. The cause was foamy viruses found,
on the basis of characteristic cytopathogenic changes,
either directly in primary monkey kidney cell cultures
used for control, or in rabbit and dog kidney cell
cultures inoculated with the virus fluid of single-
monkey lots.

Table 1 shows the results of the control tests in cell
cultures. The primary monkey kidney cell cultures
show the presence of cytopathogenic changes in 282
(69 %) cases, rabbit kidney cell cultures in 201 (50 %)
and dog kidney cell cultures in 150 (37 %.) cases.

Testing by observation of 20 %-25 % of the primary
monkey kidney cell cultures shows the highest fre-
quency of changes. It is a question to what degree
this test is reliable, for it lacks the possibility of com-
parison with " normal control cultures ". Therefore
we analysed a group of 87 cases with cytopathogenic
changes in primary monkey kidney cell cultures but
without any evidence of changes in the rabbit and
dog kidney cell cultures. For this purpose the fluid
of the primary monkey kidney cell cultures drawn on

the final day of the observation period was passaged
in human KB cell cultures and in rabbit and dog

kidney cell cultures. In 40 cases the result of the
passage was negative; not even in the test in monkey
kidney cell cultures (after neutralization of the polio-
virus by a specific antibody) did the virus fluid of
these 40 cases show any evidence of cytopathogenic
agents. We therefore assume that in 40 (14%) out of
the 282 cases observed the changes were of a non-
specific nature and that the primary monkey kidney
cell cultures showed the presence of unwanted viruses
in 242 (60%) out of the 406 cases tested.

Observation of 20 %-25 % of the primary monkey
kidney cell cultures represents the most sensitive test
for the presence of unwanted, extraneous viruses.
The reason is not only a high degree of natural sus-
ceptibility of cell cultures of this kind but also the
relatively long period (21 days) of observation.
Thus, 267 single-monkey lots were examined at 14
and at 21 days and it was found that cytopathogenic
changes were present in 181 (68 %) of those examined
on the 14th day and in 224 (84 %) of those examined
on the 21st day-an increase of about 15%. There-
fore it is possible to assume that a table similar to
Table 1 but showing results for the 14th day would
record only 206 (51 %) primary monkey kidney cell
cultures with cytopathogenic changes instead of
242 (60%). This figure corresponds to that of the
frequency of cytopathogenic changes in rabbit kid-
ney cell cultures and allows the assumption that the
degree of susceptibility of both cell systems to foamy
viruses is the same or similar.
The 21 cases showing cytopathogenic changes in

rabbit kidney cell cultures without any similar finding
in monkey kidney cell cultures (Table 1) are an
exception; even in these cases we have proved the
foamy viruses to be the cause.
From Table 1 it can be seen that the dog kidney cell

cultures show a lower frequency of cytopathogenic
changes than those of rabbit and monkey kidney cell
cultures and that never were cytopathogenic changes
found in dog kidney cells cultures only. In separate
experiments we were able to demonstrate that the
dog kidney cell cultures were susceptible to all
arbitrarily chosen strains of foamy viruses isolated
in rabbit kidney cell cultures and vice versa. Both
these facts and the morphological character of the
cytopathogenic changes show that dog kidney cells
represented in our controls a cell system less sensitive
than that of the rabbit kidney for the detection of the
foamy viruses.

Viruses other than foamy viruses, especially those
of the MINIA (monkey intranuclear inclusion
agent) group (Ruckle, 1958), have not been proved.
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TABLE I
RESULTS OF CONTROL TESTS ON CELL CULTURES

Results a of control tests Total positive

Rabbit + + + - | - + 201 ( 50%)

Control test
in kidney Dog + + - - - + + - 150 (37%)
cell culture of:

Monkey + -_ - + + - + 242 (60%)

Evaluated result + + + -_ + + +

Number b (and %) 121 14 7 103 87 15 0 59 406 (100 %)
(30 %) (4 %) (2 %) (25 %) (21 %) (3 %) (0) (15 %)

Passage of 87 ± in rabbit kidney, dog kidney and human KB cell cultures

43 0 0 40 0 2 0 2 87

Total before and after further
passage 164 14 7 143 17 0 61 406 (100 %)

(40%) (4%) (2%) (35%) (4%) (0) (15 %)

a + = Evidence of presence of extraneous virus. - = No evidence of presence of extraneous virus. i = Considered doubtful.
b Number of single-monkey lots of virus fluid and primary monkey kidney cell cultures.

We have found that the laboratory strains of the
measles virus produce a cytopathogenic effect in dog
kidney cell cultures; but we do not know what the
susceptibility to a slightly adapted measles virus is.

The value of using dog kidney cell cultures for the
control of oral poliomyelitis vaccine is problematic,
the more so that in 8% of the lots of these cultures
we have proved the presence of cytopathogenic virus
agents of endogenous origin.
The human KB cell line on which we had passaged

the fluid of control primary monkey kidney cell
cultures after 21 days of observation never showed
any cytopathogenic changes even though in a paral-
lel passage the rabbit and dog kidney cell cultures
showed changes characteristic of foamy viruses.
We have tried to reduce the high incidence of

foamy viruses in monkey kidney cell cultures by
quarantining the animals. Table 2 compares the
incidence of foamy viruses in cultures of two groups
of monkeys from the same shipment. Those in one

group were quarantined in batches of 5-10 animals
per cage for a period of five weeks. The other group
was quarantined in batches of two animals per cage
for eight weeks. The cages were 2-3 metres distant
from one another and their walls (except the front)

were covered with metal sheets. The two groups were
quarantined more than 50 km apart and were in no
direct or indirect contact. As can be seen from
Table 2, the incidence of foamy viruses in monkeys
of both groups was practically the same.

Tests of the virus fluid after neutralization of the
poliomyelitis virus by a specific serum carried out in
monkey kidney cell cultures never showed the pre.
sence of any extraneous virus agent.
No virus or bacterial agents have been discovered

in the animal tests.

TABLE 2
PRESENCE OF FOAMY VIRUSES IN CULTURES FROM

QUARANTINED MONKEYS

Number of single- Foamy virus present
Monkeys monkey lots of

quarantined primary cell
cultures examined No.

2 per cage for
8 weeks 32 26 81

5-10 per cage
for 5 weeks 101 89 88
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Control of monovalent bulk suspension after filtration
No virus agent has been proved in any mnonovalent

bulk suspension produced either by inoculation of
rabbits or by inoculation of rabbit and dog kidney
cell cultures.
T marker was expressed as the difference between

TCD60/ml values determined at 35° C and at 39.5° C
in monkey kidney cell cultures. The results are sum-
marized in Table 3. As to the strains LSc and P712,
the difference is greater than 105 TCD50/ml; as to
the Leon strain the difference is not lower than 103
TCD,0/ml and not greater than 105 TCD50/ml. In
comparison with the T+ strain (Mahoney), the
character of the viruses of single lots of final vaccines
is T-; it does not differ from the T- character of the
population of the original Sabin's strains used as seed
viruses.
The d marker was determined according to the

dynamics of development of the number and the size
of plaques in monkey kidney cell cultures under agar
overlay containing 0.025% and/or 0.4% NaHCO3;
the Mahoney strain was used as the d+ reference.
The virus population of single lots of final vaccines
was of a d- character and did not differ from that of
original Sabin strains.

Table 4 summarizes the results of the tests for
neurovirulence in monkeys.
The results of clinical observation are expressed by

a fraction. The number of monkeys showing residual
extensive (complete or almost complete) paralysis of
at least one lower extremity or residual partial or
greater paralysis involving both lower extremities'
is expressed in the first number of the numerator.
The number of monkeys showing one weak or
partially paralysed extremity is recorded in the
second number of the numerator (in parentheses).
The denominator shows the number of monkeys
inoculated.
The severity of histopathological lesions was

graded in each hemisection from 0 to + + + +, as
proposed by Melnick & Brennan (1959). The scoring
of cord lesions of individual monkeys was carried out
in the following way. The severity of lesions of each
hemisection of one level was determined; six (or ten)
levels of one area (lumbar or cervical) were examined.
The scores of all levels were added together and the
sum divided by six (or ten) in order to obtain an
average score for the particular area in each monkey.
The results were expressed by a fraction. The

1 Sabin, A. B.-personal communication, 1958.

number of monkeys showing an average score of
lesions equal to 3 or 4 (severe lesions only) is repre-
sented by the first number of the numerator. The
second number (in parentheses) represents the num-
ber of monkeys showing an average score of lesions
equal to 1 or 2 (mild lesions only). The denominator
shows the number of monkeys used for inoculation.
The scoring of brain stem lesions of individual

monkeys was accomplished by examining four levels
of this area (area postrema, pons, mesencephalon,
thalamus). The average score per monkey was
estimated and expressed in the same way as for
scoring the cord lesions.
As seen in Table 4 severe paralysis was never

observed.
Mild paralysis was seen in a small number of

monkeys after intraspinal inoculation; in one mon-
key, a mild partial paralysis of one lower extremity
was recorded after intrathalamic inoculation (Leon
strain).

After intraspinal inoculation, severe histological
changes were few in number in the lumbar cord,
mostly in the environment of the needle tract; they
were never present in the cervical cord or in the brain
stem. The cervical cord presented mild lesions in a
limited number of those cases showing severe lesions
in the lumbar cord. The brain stem showed no
pathological changes with types 1 and 2. With type 3
a definite spread of mild lesions into the cervical cord
and the brain stem was apparent.

After intrathalamic inoculation of types 1 and 2
neither severe nor mild lesions were found in any area
of the central nervous system examined. Only with
type 3 were mild histopathological lesions proved to
be present-in the lumbar cord of two out of 17
monkeys.

In general we regard the results of both intraneural
tests as proof of the high degree of attenuation of the
original Sabin strains and of those of the viruses of
our vaccine lots.
We are not in a position to evaluate the significance

of the quantitative differences between histopatho-
logical findings, especially those after intraspinal
inoculation. We assume that the spread of the
changes in the central nervous system of monkeys
after intraspinal inoculation might be regarded as one
of the criteria of the degree of attenuation of polio-
viruses for the CNS of monkeys and, in comparison
with reference viruses, as one of the criteria of the
stability of the properties of the viruses examined.
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TABLE 3

TCDso/ml VALUES DETERMINED AT 35°C AND 39.5°C IN MONOVALENT BULK SUSPENSIONS OF MONKEY KIDNEY CELL
CULTURES AFTER FILTRATION (T MARKER)

Virus strainV'rus strain
LSc P712 Leon Mahoney

Tacc/17e lot 01 Sabin a 02 03 04 05 Sabin a 06 07 08 Sabinaa
Temperature _________________________

35°C 7.60 7.20 7.00 7.50 7.25 7.25 7.20 7.40 7.15 7.30 6.80 8.00

39.5cC 1.50 1.20 1.40 1.40 1.80 2.10 1.25 2.50 2.80 3.50 3.10 7.5

Difference 6.10 6.00 5.60 6.10 5.45 5.15 5.95 4.90 4.35 3.80 j 3.70 0.50

a Dr A. B. Sabin's original strain.

TABLE 4

CLINICAL AND HISTOPATHOLOGICAL RESULTS OF TESTS ON POLIOMYELITIS VACCINES FOR NEUROVIRULENCE
IN MONKEYS a

Intraspinal inoculation Intrathalamic inoculation

Vaccine Diluo- Lumbar Cervical Brain Clinical Lumbar Cervical Brain
tion Clinical cord cord stem Clncl cord cord stem

LSc-01 100 0(6)/12 6(3)/12 0(0)/12 0(0)/12 0(0)/7 0(0)/7 0(0)/7 0(0)/7
10-1 0(2)/5 2(3)/5 0(1)/5 0(0)/5 0(0)/5 0(0)/5 0(0)/5 0(0)/5
10-2 0(1)/5 1(0)/5 0(1)/5 0(0)/5 - - - -

LSc-Sabin 100 0(0)/5 0(1)/5 0(0)/5 0(0)/5 - - - -

10-1 0(3)/5 3(2)/5 0(1)/5 0(0)/5 - - - -

10-2 0(3)/5 2(2)/5 0(1)/5 0(0)/5 - - - -

P712-02 100 0(1)/10 0(4)/10 0(0)/10 0(0)/10 0(0)/10 0(0)/10 0(0) 10 0(0)/10
10'1 0(1)/5 1(1)/5 0(0)/5 0(0)/5 0(0)/5 0(0)/5 0(0)/5 0(0)/5
10-2 0(0)/5 0(1)/5 0(0)/5 0(0)/5 - - - -

P712-04 100 0(4)/10 2(6)/10 0(1)/10 0(0)/10 0(0)/8 0(0)/8 0(0)/8 0(0)/8
10'1 0(1)/S 1(1)/5 0(0)/5 0(0)/5 0(0)/4 0(0)/4 0(0)/4 0(0)/4
10-2 0(0)/4 0(0)/4 0(0)/4 0(0)/4 -_ _

P712-Sabin 100 0(0)/5 0(1)/5 0(0)/5 0(0)/5 - _
10- 0(1)/4 0(1)/4 0(0)/4 0(0)/4 - - - -
10-2 --------

Leon-06 10° 0(1)/10 1(4)/10 0(0)/10 0(0)/10 0(1)/12 0(2)/12 0(0)/12 0(0)/12
10-' 0(4)/11 1(9)/11 0(2)/11 0(1)/11 0(0)/5 0(0)/5 0(0)/5 0(0)/5
10-2 0(0)/10 0(2)/10 0(0)/10 0(0)/10 - -_ _

Leon-08 100 0(0)/1 0(1)/i 0(1)/1 0(0)/1 0(0)/10 0(0)/10 0(0)/10 0(0)/10
10' 0(1)/2 0(2)/2 0(0)/2 0(0)/2 0(0)/5 0(0)/5 0(0)/5 0(0)/5
10-2 0(1)/5 0(4)/5 0(2)/5 0(2)/5 - - - -

Leon-Sabin 10 0(1)/4 0(3)/4 0(2)/4 0(0)/4 - -

a See text for explanation of method of recording results.
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DISCUSSION

The practical experience to date throughout the
world with oral poliomyelitis vaccines constitutes a
general proof of their high immunogenic effective-
ness and of their safety regardless of whether polio-
virus strains attenuated in the laboratory of Dr
H. Koprowski, Dr H. R. Cox or Dr A. B. Sabin
are used.

It is known that attenuated strains of different
origins differ from one another in, for instance, their
degree of neurovirulence for monkeys, the stability
of their genetic characters, their ability to cause
viraemia in the vaccinated human population, and
so on. As it is not yet quite clear how significant
these differences are, it is not possible definitely to
select or discard any of the attenuated strains in use.
In addition, as there is no laboratory test that will
provide any direct indication of the immunogenic
potency and safety for man of each new lot of oral
vaccine, it is necessary to prepare vaccines under
such conditions that the character of newly repro-
duced populations of the virus is not altered in
comparison with the original seed virus, the immuno-
genic effectiveness and safety of which have been
determined.

It was the standard conditions of production and
the fact that there was only one passage of the virus
in primary monkey kidney cell cultures at 34.5° C
that in our case warranted the assumption that the
virus population of our vaccine would be of similar
immunogenicity and safety for man to that of the
original Sabin strains. Our assumption has been
further confirmed by the results of the tests for neuro-
virulence in monkeys through study of the d and T
genetic markers as well as by the success of the
vaccination campaign.

In our experience the main problem in the pre-
paration of a safe oral vaccine against poliomyelitis
is to discover and eliminate extraneous virus agents.
Our work has also shown that this is a serious
economic question. We suppose that so long as the
oral vaccine is prepared in primary monkey kidney
cell cultures one cannot exclude the possibility that
in any new lot a new virus may be present which may
cause clinical or inapparent infection in man. This
potential danger is inherent in every individual vac-
cine lot, for the " purity " of each new lot depends on
the monkeys, whose epizootiology is uncontrollable
and unknown. In practice, however, the results of
administering oral poliomyelitis vaccine to more than
80 million people show that nowhere in the world
have any complications been recorded that would

confirm such theoretically justifiable fears. Never-
theless it is necessary to subject this problem (includ-
ing the " cancer factor ") to systematic study and to
search for methods of production of oral vaccine
that would eliminate the possibility of occasional
contamination by unexpected virus or other agents of
known or unknown etiopathological relationship to
man.
So long as oral poliomyelitis vaccine is produced

in primary monkey kidney cell cultures the require-
ments for its control will have to be a compromise
between the demand for a total absence of extrane-
ous virus agents of monkey origin and demands im-
posed by the economics of production; an uncom-
promising requirement for absolute " purity " of the
vaccine would make its production impossible. The
results of our work are a proof of this. We suppose
that, for instance, by extending the time of observa-
tion of the primary control monkey kidney cell
cultures to more than 21 days we should have dis-
covered foamy viruses in more than 90 %, and if the
presence of foamy viruses should continue to cons-
titute a reason for discarding the material-as our
control has so far required-we should not be able
to produce any vaccine whatever.
The presence of the " vacuolating agent" in oral

poliomyelitis vaccines represents a similar problem
(Sweet & Hilleman, 1960). It is a question whether
it is really possible to produce a vaccine free of this
agent in primary cell cultures of Rhesus or Cynomol-
gus monkeys; another question is whether it is
necessary to do so. Since vaccination campaigns and
special experiments' have repeatedly proved that
vacuolating virus is not pathogenic for man after oral
application we have not yet checked for its presence
in our vaccine.
From our experience with the production of oral

vaccine we are of the opinion that the discovery of
any extraneous virus agents should constitute a
reason for discarding the material in which they are
found; only the finding of those extraneous viruses
which are known not to be pathogenic for man may
be considered an exception. The reverse proposition
-that the presence of a known human pathogen is a
reason for discarding-is not fully valid, for it might
allow the release of a vaccine with an unknown
human pathogen. We are, rather, of the opinion that
it would be useful to determine which of the extra-
neous viruses known not to be pathogenic for man

1 Personal communications (1960) from A. B. Sabin,
R. Murray and M. P. Chumakov.
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are present in each lot of the vaccine-and in what
amounts-so that information might be available as
to which viruses are introduced-and in what
amounts-in mass into the human population even
though they may be considered non-pathogenic on
the basis of the experience to date. In connexion
with this, it might be recommendable either to de-
termine the highest admissible concentration of these
agents in oral vaccines, as suggested already by

Koprowski & Plotkin,' or, better, to search for pro-
cedures permitting their selective inactivation.2

I Koprowski, H. & Plotkin, S. A. (1960) Notes on accept-
ance criteria and requirements for live poliovirus vaccines
(unpublished working document WHO/BS/IR/85).

' Since the manuscript of this article was received, inter-
national requirements formulated by the WHO Study Group
on Requirements for Poliomyelitis Vaccine (Oral) and based
on methods currently in use of preparing the vaccine have
been published (Wld Hlth Org. techn. Rep. Ser., 1962, 237).
ED.

R%-l--SUMt

En Tchecoslovaquie, comme ailleurs, la presence de
virus indesirables d'origine simienne, tels que les virus
spumeux, est l'un des obstacles rencontres dans la pre-
paration du vaccin antipoliomyelitique vivant. Apres
avoir resume les conditions generales de preparation des
vaccins, les auteurs decrivent les tests de controle auxquels
sont soumis les vaccins, a divers stades. L'experience
leur a montre que sur 596 lots de cellules renales pri-
maires de singe, destin6es a la culture du virus polio-
my6litique, seuls 143 passerent avec succes les tests de
controle de purete, le dechet (76%) 6tant du essentielle-
ment a la presence de virus spumeux. Si l'on exigeait la
purete absolue du vaccin antipoliomyelitique, d'apres
des delais d'observation plus longs encore que ceux

que l'on adopte aujourd'hui, la pr6paration du vaccin
ne serait plus possible, car le pourcentage de lots a rejeter
depasserait probablement 90%. Les auteurs estiment
donc, sur la base de leur experience, qu'il serait utile de
d6terminer la nature des virus etrangers pr6sents dans
chaque lot de vaccin, et leur concentration, afin que l'on
sache quels virus, et a quelle concentration, sont introduits
dans la collectivite, bien que, jusqu'a maintenant, aucun
des virus adventices ne se soit montre pathogMne pour
l'homme. On pourrait recommander aussi, ainsi que l'ont
fait Koprowski & Plotkin, de determiner quelle est la
concentration maximum de virus etranger tolerable dans
le virus antipoliomyelitique vivant, administre par voie
buccale.
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