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Genetic Markers and Serological Identity of Wild
and Attenuated Strains of Type 1 Poliovirus,

with Special Emphasis on Strains Isolated from
Patients During an Epidemic in the Belgian Congo*

HILARY KOPROWSKI, M.D.,1' THOMAS W. NORTON,2
EBERHARD WECKER, M.D.3 & SVEN GARD, M.D.4

An epidemic of paralytic poliomyelitis occurred in Leopoldville at a time when both
virulent and attenuated type 1 polioviruses were present in the population. The attenuated
virus was of the CHAT strain, then being given extensive field trials as a vaccine in the
Belgian Congo. It was thought that intratypic identification of " wild " and vaccine strains
might give information on the hypothetical possibility ofa reversion to virulence ofattenuated
strains. Viruses were isolatedfrom the stools ofpatients with paralytic poliomyelitis, both
those who had not been vaccinated and those who had previously been fed the CHAT
attenuated vaccine. Other viruses studied were CHAT virus itselfand strains obtainedfrom
first, second and third human passages; Mahoney, a virulent strain; W 1063, a " naturally
attenuated " strain ; and Sickle, a strain, which, in mixture with Mahoney strain, constituted
the initial inoculum from which CHAT had been derived. Serologically, the strains were
tested for growth in the presence of an agar overlay containing CHAT immune serum.
Genetically, the strains were characterized by a study ofgenetic markers relating to growth
under agar of low bicarbonate content (d character), comparative growth in a fresh versus
the MS established line of monkey kidney tissue culture, and temperature susceptibility at
37°C and 40°C. The Ljopoldville strains and Mahoney were able to produce plaques when
grown under overlay containing CHAT immune serum, and they had d+, MS+ and
" hot " characters. CHAT and its derivatives were d, MS and " cold "-in other words,
exactly opposite in all respects studied. Sickle and W 1063 were intermediate.

Evidence is given that CHAT is genetically stable through several human passages,
that the poliomyelitis cases in vaccinees were not caused by vaccination, and that the
hypothesis of a return to virulence of attenuated strains has not been substantiated.

The increasing number of vaccination trials with
living attenuated viruses have made the intratypic
identification of poliomyelitis viruses a problem of
great pragmatic as well as theoretical importance.
Although the safety of living attenuated viruses can
often be evaluated by epidemiological observation
alone, in certain circumstances the specific identifica-

tion of poliovirus assumes crucial significance.
Among those circumstances are: (1) cases of polio-
myelitis occurring in an individual who had recently
received attenuated virus; (2) cases of poliomyelitis
occurring in contacts of vaccinated persons; (3) an
unusual incidence of poliomyelitis in the population
of a community in which a vaccination trial is
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being conducted; and (4) vaccination in the face of
an epidemic.

Observations made by Wenner and associates and
by McBride (summarized by Gard in the preceding
article) have been enlarged by Gard, who has devised
a relatively simple method of screening viruses for
the purpose of rough immunological classification
within the same type (see page 235 of this issue).
Wecker (1960) introduced further refinement of the
study of the specificity of strains within the same

type by incorporating a specific anti-polio serum in
the agar overlay of monkey kidney tissue mono-

layers previously seeded with polioviruses.
During the trial of CHAT virus vaccination in

Leopoldville, Belgian Congo, the results of which
have been described in the papers on pages 203 and
215 of this issue, there occurred an epidemic ofparaly-
tic poliomyelitis. Since the hypothetical possibility
of " reversion to virulence " of attenuated viruses has
frequently been used as an argument against the use

of these agents, the specific identification of " wild '

strains and of vaccine strains of virus becomes
imperative in a situation such as that exemplified
in Leopoldville. If strains isolated from paralytic
cases were found to bear the genetic or serological
characteristics of the vaccine strains, then a pre-

sumptive relationship between the two might be
made; whereas if the strains from patients showed
no resemblance to vaccine strains, then the epidemic
might reasonably be attributed to " wild " viruses.
The present study had as its chief objective the

genetic and serological characterization of strains
isolated from patients with paralytic poliomyelitis
in Leopoldville and of strains of attenuated virus
isolated after human intestinal passage.
The availability of methods of intratypic identifi-

cation suggested an additional objective for the
study: the comparison of CHAT virus with the
Sickle strain, which, in mixture with the Mahoney
strain, was used as the initial inoculum for the
passages in laboratory rodents which eventuated in
the development of the CHAT attenuated virus.
It was considered of interest to determine whether
the multiple passages through various animals and
tissue culture media had altered the antigenic
character of the original virus.

MATERIALS AND METHODS

Strains of virus

Table 1 shows strains of type poliovirus which
were isolated during the Leopoldville epidemic

TABLE I
TYPE 1 STRAINS ISOLATED FROM LtOPOLDVILLE

POLIOMYELITIS PATIENTS USED IN THE PRESENT STUDY

Interval be-

Patient, Date of onset tween onset Day of illness
Group Nieoa of illness of illness onwhichspe-N.a (1958-59) and CHAT- cimen collec-virus feeding ted

(days)

Non-vacci- 4 23 Oct. - 6
nated

7 30 Oct. - 5

22 24 Nov. - 8

40 14 Dec. - 6

90 19 Feb. - 7

94 20 Feb. - 7

Fed CHAT 81 8 Feb. 6 2
virus

89 6 Feb. 63 16

93 26 Feb. 20 5

99 14 March 56 8

a See the article by Plotkin et al. on page 215 of this issue
for further data concerning patients.

from paralytic cases, including those who were
fed the attenuated strain. The virus was isolated
from stools collected within 5-8 days after onset of
signs of illness, except in one instance of collection
on the second day and one on the sixteenth. It will
be noted that the earliest case yielding virus (No. 4)
became ill during the first month of the epidemic,
whereas the latest case (No. 99) was observed at the
time when the epidemic was on the wane (see the
article by Plotkin et al. on page 215). A suspension
of faeces was inoculated into monkey kidney tissue
culture and, if a cytopathogenic effect was observed,
the virus was identified in a neutralization test
against a type 1 immune serum following the tech-
nique of Gard (1957). The first tissue culture passage
material was made into a pool, titrated in monkey
kidney tissue culture and then kept frozen until
used in this study. A sample of tissue-culture-
adapted Mahoney strain, which retained its full
virulence for monkeys injected intracerebrally, was
also included in the study.
The list of attenuated strains is shown in Table 2.

Essentially, these twelve strains represent virus
recovered from stools of subjects fed CHAT virus
or from stools of their contacts to whom they
transmitted infection. The first four cases of the B
series represent infants 4-21 days old at the time of
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TABLE 2
LIST OF CHAT STRAIN PASSAGE MATERIAL USED

IN THE PRESENT STUDY

Day Noofpsae
Subject Age after vaccination Nho.gofupassgeSubject Age ~on which faecal ithroughlhumant

virus isolated Intestinal tract

B117 4days 2 1

B 119 3,, 2 1

B 148 21 ,, 7 1

B 156 10 ,. 7 1

C-1 9 months 7 1

D-1 11 ,, 8 1

1-I 5,, 6 1

L-1 7,, 7 1

Q-1 2,, 7 1

R-1 15,, 5 1

0-5 8 years 1st pos. stool a 2

Q-2 27 ,, st pos. stool a 3

a Contact infection; impossible to determine time of infection

virus feeding who were included in a study described
elsewhere (Plotkin et al., 1959). The remaining six
strains were isolated from stools of children fed
CHAT virus directly, while two strains (0-5 and
Q-2) represent second and third human passage
virus recovered from contacts of a vaccinated child.
These subjects were included in a study of intra-
familial transmission of attenuated virus by Plotkin
et al. (see page 215 of this issue). The stools were
processed and virus recovered in the same manner
as described for the wild Leopoldville strains.
Again, first tissue culture passage material was used.

In addition to the strains mentioned in Tables 1
and 2, two other type 1 viruses were included in the
study: the W 1063 and Sickle strains. The W 1063
strain was originally isolated from an asymptomatic
child by Dr Fox and Dr Gelfand (Fox et al., 1957).
Following two passages in monkey kidney tissue
culture it was plaqued in the laboratory at the
Wistar Institute, and progenies of one plaque
were made into a pool used in the study. Because of
the extremely low pathogenicity for monkeys, this
strain has been classified in subsequent tables as
" naturally attenuated ". The Sickle strain, originally
obtained from Dr Sabin (Committee on Typing,
National Foundation for Infantile Paralysis, 1951),

was studied in order to attempt to determine the
origin of the CHAT virus. As described previously,'
the CHAT virus was isolated from the stools of a
child who was fed material supposedly representing
the third human passage of the SM strain. The
latter originated from a mixture of Sickle and
Mahoney viruses adapted to laboratory rodents
(Koprowski et al., 1954). The Sickle virus was used
at the level of the third monkey kidney tissue culture
passage.

Tissue culture systems
Primary monkey kidney tissue cultures purchased

from Microbiological Associates, Inc., and stable
monkey kidney (MS) lines 2 (Kanda & Melnick,
1959) were used throughout the study. Upon
arrival in the laboratory the monkey kidney cultures
were handled as described by Gard in the preceding
article (page 235). Monolayers of monkey kidney
cultures were prepared either in tubes or on plates.
Each tube was seeded with 300 000 trypsinized3 pri-
mary monkey kidney cells in 0.5 ml ofa 0.5% solution
of lactalbumin hydrolysate in Hanks' buffered saline
solution (BSS) with 2.0% calf serum. After four
days' incubation at 37°C the medium was changed
to Earle's BSS, containing the same concentration
of lactalbumin hydrolysate and calf serum. Fol-
lowing two days of incubation the cultures were ready
to be infected, and before inoculation the growth
medium was replaced by Eagle's medium in Earle's
BSS with antibiotics (100 units of penicillin and
100 ,ug of streptomycin per 1 ml). Plates (60-mm
Petri dishes) were seeded with 1 000 000 trypsinized
primary monkey kidney cells re-suspended in 5.0 ml
of Eagle's medium in Earle's BSS with 10% calf
serum and antibiotics. The seeded Petri dishes
were incubated at 37°C in an atmosphere of 3.8%
CO2 and were infected with virus after six days'
incubation.
The MS cells were grown in Eagle's medium in

Earle's BSS with 10% calf serum and added anti-
biotics. After trypsinization and centrifugation the
cells were re-suspended in the same growth medium

l In a paper by T. L. Nelson & H. Koprowski presented
at the meeting of the Western Society for Pediatrics Research,
San Francisco, Calif., 28-29 October 1957, and summarized
in Koprowski (1958).

2 Obtained through the courtesy of Dr Alfred Tytell, of
Merck, Sharp and Dohme Laboratories, West Point, Pa.

3 The trypsinization procedure consisted of addition to
the culture bottles (medium removed) of a solution of 0.25 %
trypsin pre-warmed at 37oC. The dispersed cells were then
centrifuged at 600 r.p.m. for 10 minutes and the sedimented
pellet re-suspended in growth medium.
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at a concentration of 200 000 cells per ml. Each
plate was seeded with 1 000 000 cells in 5.0 ml of
medium and incubated in 5% CO2 atmosphere. The
cultures were infected after three days' incubation,
when a confluent monolayer was formed.
The overlay medium for the MS cells consisted

of 2 x concentrated Eagle's medium in 2 x concen-
trated Earle's BSS with 0.220% bovine serum albu-
min, 20% calf serum, pre-tested for the absence of
poliovirus inhibitors, and antibiotics. The overlay
medium for the monkey kidney cells consisted,
unless otherwise stated, of 1.0% lactalbumin hydro-
lysate medium with 0.2% yeast extract, 0.2% bovine
serum albumin, and antibiotics in 2 x concentrated
Earle's BSS. These were warmed to 37°C and 2.5 ml
were mixed with 2.5 ml of 2.0% Noble agar in
distilled water warmed to 44°C before addition to
the plates. After three days' incubation a second
overlay was added, consisting of 2.5 ml of 1.25%
agar with neutral red at a concentration of 1: 13 000.

Genetic markers

Study of the following markers was undertaken:
1. Plating efficiency under agar of low bicarbonate

content (the d character of Dulbecco & Vogt, 1958).
2. Comparative plating efficiency in tissue cultures

of fresh monkey kidney and established line of
monkey kidney (the MS character of Kanda &
Melnick, 1959).

3. Growth of virus in tissue culture kept at dif-
ferent temperatures (the temperature marker of
Lwoff& Lwoff, 1958).
The d character was studied by the method of

Dulbecco & Vogt (1958). Virus stocks were diluted
in Hanks' BSS, and 0.2 ml of each dilution was
inoculated into four plates of primary monkey
kidney cells which had been washed with Hanks'
BSS. The plates were incubated at 37°C for one
hour in an atmosphere of 3.8 % CO2. Acid overlay
was then added to one half of the plates and alkaline
overlay to the other half. The acid overlay con-
tained 0.11 % sodium bicarbonate and the alkaline
medium contained 0.275% sodium bicarbonate.
The medium was warmed to 37°C and 2.5 ml were
mixed with 2.5 ml of 2% Noble agar pre-warmed
to 44°C before addition to the plates. The cultures
were incubated for three days in a CO2 incubator
(see above) and then 2.5 ml of a second overlay
of 1.25% Noble agar containing 1: 13 000 neutral
red. The plates were examined from the fourth
to the seventh day of incubation. The number of

plaques on each plate was counted and the plaque
sizes measured. The attenuated CHAT and the
virulent Mahoney strains were included in each
experiment as controls.
For study of the MS character dilutions of virus

stocks were made in Hanks' BSS, and 0.2 ml of the
appropriate dilutions was placed on duplicate
monkey kidney and MS plates from which the
medium had been removed. After 60 minutes at
37°C the overlay medium was added. The plates
were read on the fourth day of incubation in the
CO2 atmosphere, when the number of plaques at
each dilution was counted and the plaque sizes
were measured. With each experiment the attenuated
CHAT strain and the virulent Mahoney strain were
included as controls.
For the temperature test the method described by

Lwoff (1959) was employed. Monkey kidney tubes
were inoculated with serial twofold dilutions of the
different strains in Hanks' BSS and each set of tissue
cultures was divided for incubation at two different
temperatures: 37°C and 40°C. The cytopathogenic
effect was recorded daily for seven days until the
uninoculated control cultures degenerated.

Serological differentiation of strains within the sanme
type

Strains of type 1 poliovirus were tested according
to the technique of Wecker (1960) against an anti-
CHAT serum, prepared in guinea-pigs according
to the technique described by Gard in the preceding
article. The agar overlay of control cultures con-
tained no serum. Following 4-6 days' incubation
in a CO2 incubator at 37°C, the cultures were
stained in order to determine the number and
diameter of plaques.

EXPERIMENTAL

Serological differentiation of CHAT and wild strains

The results of three experiments are shown in
Table 3. In all experiments CHAT immune serum
completely suppressed plaque formation by the
CHAT strain itself and by two of its derivatives,
the B 117 virus representing the first and Q-2 repre-
senting the third human passage ofthe virus (Table 2).
In marked contrast, there was no suppression of
plaque formation by either Mahoney or the six
Ldopoldville strains under the CHAT serum overlay.
The average plaque diameter of the wild strains
was 52 %-77% smaller under CHAT immune serum
overlay than under overlay without serum. It will be
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TABLE 3

SEROLOGICAL DIFFERENTIATION:
PLAQUE FORMATION OF 12 DIFFERENT STRAINS UNDER CHAT SERUM OVERLAY AND OVERLAY WITHOUT SERUM

Exp. Groups of
No. strains

Virulent

L6opoldville

CHAT

L6opoldville

PHT
2

CHAT 00,
B 117 0, 0 -

Q-2 0, 0 -

4 3, 5 3.2

89 at 7, 5 2.2

99 a 2, 4 1.5

rAT n |~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

6,

5,

5,

0

0

0

48

2

25

8

6

8

! w"^ bnzv.ri U _ 5 I~ .
Virulent Mahoney 3, 1 2.75 3, 6 7.5 37

L6opoldville 94 5, 2 3.0 8, 7 9.5 32

3 2 Sickle 11, 3 1.8 9, 11 7.8 23

Naturally
attenuated W 1063 4, 1 2.2 2, 11 7.6 29

CHAT CHAT 0, 0 8, 5 5.1 0

a Fed CHAT virus

noted (Table 1) that none of the Leopoldville strains
isolated from the faeces of children who became
paralysed 20, 56, and 63 days after ingesting CHAT
virus seemed to be serologically related to CHAT
virus.

Comparative plating efficiency under alkaline and acid
agar overlay
The results are expressed (Table 4) as the difference

in logs between plaque-forming units (PFU) observed
in cultures under alkaline and acid overlays. It
will be noted that the plating efficiency under acid
overlay of the CHAT strain and its four derivatives,
representing first human passages through the
intestinal tract of infants (Table 2), was very poor
and all would be classified as d strains. In contrast,

the Mahoney and the three Leopoldville strains
(Nos. 81, 89, and 90) grew equally well under acid
and alkaline overlay and their character was d+.
The Sickle virus also showed a d+ character,
whereas the " naturally attenuated " W 1063 strain
grew poorly under acid overlay and displayed a d
character.

Comparative plating efficiency in tissue cultures
of fresh monkey kidney and established monkey
kidney line
The results presented in Table 5 are again expressed

as the difference in logs between PFU observed in
cultures of fresh monkey kidney and in established
monkey kidney lines. The Mahoney and the ten
Leopoldville strains grew equally well in cultures

247

OAId A l; n



H. KOPROWSKI AND OTHERS

TABLE 4
DIFFERENCE IN GROWTH CHARACTERISTICS
UNDER ALKALINE AND ACID AGAR OVERLAY

(THE d CHARACTER)

Group Log difference Character ofof Strains PFU alkaline- strain
strains acid (4th day)

Wild virulent Mahoney 0.6-0.8 b d+

81 a 0-0.5 b d+

89 a 0.2-1.0 b d+

90 -0.3 d+

Naturally Sickle 0.4 d+
attenuated W 1063 > 1.7 d

CHAT CHAT > 3.8 d

group B 117 1.7 d

B 119 > 1.4 d

B148 >2.3 d

B 156 2.9 d

a Fed CHAT virus b Range

of the MK and the MS lines and have been classified
as possessing MS+ character. In marked contrast,
growth of the CHAT virus and ten strains isolated
from stools of subjects exposed to contact with
CHAT virus was very poor on monolayers of MS
tissue cultures. Those plaques which were discernible
on MS monolayers, as in the case of 1-1 and L-1
strains, were very small in diameter in comparison
to plaques caused by either the wild or the virulent
viruses.
The good growth of the Sickle strain in MS tissue

culture seems to indicate a wild type of virus reaction
(MS+); however, the small diameter of plaques in
MS cells may indicate that the Sickle strain is inter-
mediate in this respect (MS±). The same inference
perhaps may be applied to the results observed with
the W 1063 strain.

Growth characteristics under different temperatures
Lwoff & Lwoff (1958) observed that the growth of

strains which paralyse monkeys after intracerebral
inoculation is much less sensitive to inhibition by
temperatures of 40°-41°C than is the development
of strains which are attenuated for monkeys. Lwoff
(1959) tested the CHAT strain and classified it as a
cold strain, i.e., one which is inhibited in its develop-
ment in a tissue culture system by temperatures of

TABLE 5
PLATING EFFICIENCY OF POLIOVIRUS STRAINS ON MK

(FRESH MONKEY KIDNEY) AND MS (ESTABLISHED
MONKEY KIDNEY) TISSUE CULTURE LINES

Group

Wild
or virulent

(Leopoldville)

CHAT
and its

passages
through
human

intestinal
tract

Log difference Plaque size
Strain PFU MK-MS on MS Character

(4th day) (mm)

Maho-
ney 0.2-0.5 a 2-5

4 0.2 3-6

7 0 ND

22 0.1 ND

40 0 ND

90

94

81 b

89 b

93 b

CHAT

B 117

B 119

B 148

B 156

D-1

I

L-1

0-5

Q-1
Q-2

0.0-0.7 a

0.1

0.1 -0.3 c

0.2-0.6 a

> 2.8->3.6

>2.2

>3.6

>2.8

1.2

1.0

>1.6

0.8-1.2 a

>1.3

>21.3

>2.3

2-3

3-5

1-5

2-4

1-3

MS+

MS

I_

<1

<1

a Range
b Fed CHAT virus during vaccination campaign
ND = not determined

40°C or above. The results of three experiments are
shown in Table 6.

In Experiment 1 the Mahoney strain grew equally
well at 37°C and at 40°C. Two Leopoldville strains
(Nos. 81 and 89) were only very slightly inhibited at
the higher temperature. There was somewhat less,
although still moderate, inhibition of the growth
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TABLE 6
COMPARATIVE EFFECT OF TWO TEMPERATURES ON GROWTH OF POLIOVIRUSES

Group StraiTno Difference in titre Character

at 37C at 40°C (37°C-40'C)

Mahoney 8.7 8.5 0.2 Hot

81 a 6.5 5.5 1.0 .

89 a 8.2 6.5 1.7 ..

90 7.5 4.5 3.0 Intermediate

I? Sickle

CHAT

CHAT B 117

B 148

passages Q-1

Q-2

Virulent

2

CHAT

passages

Virulent

CHAT

passages

Mahoney

4

93 a

CHAT

D-1

Mahoney

94

99 a

CHAT

C-i

I-1

L-1

0-5

R-1

7.7

7.7

8.5

8.2

7.5

6.7

8.5

7.5

8.5

6.7

8.2

8.5

8.2

7.5

7.5

7.5

7.7

7.2

7.2

7.5

5.2

< 1.0

1.2

1.2

< 1.0

< 1.0

8.5

7.5

7.5

2.7

4.5

8.5

8.2

8.2

3.2

1

3.2

2.5

4.5

<1

2.3

> 6.7

7.3

7.0

> 6.5

> 5.7

0

0

1.0

4.0

3.7

0

0

higher at 40°C

4.3

> 6.5

4.5

4.7

2.7

> 6.5

a Fed CHAT virus during vaccination campaign

Intermediate

Cold

..I

..

Hot

..

Cold

it

Hot

to

is

Cold

..

Intermediate

Cold

of Leopoldville strain No. 90 at 40°C, and this was

classified as intermediate. However, the inhibitory
effect of the incubation temperature of 40°C upon
growth of CHAT virus and four strains representing
its passages through the human intestinal tract was

exceedingly strong. It should be emphasized that
growth of virus Q-2, representing the third human
passage of CHAT virus, was completely inhibited
by the higher temperature. The same trend was

noticed in the results of Experiment 2. Here,

because of slight lowering of the incubation tem-
perature, the differences in growth rates were not as

dramatic as in Experiment 1, but it was equally
significant as evidenced by the complete lack of
inhibition of the growth of the Mahoney and of two
Leopoldville strains by the higher temperature.
In Experiment 3 the growth of neither Mahoney
nor the two Leopoldville strains was inhibited in
the slightest by an incubation temperature of 40°C.
In contrast, development of CHAT virus and five

Exp. No.
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of its human passage strains seemed to be markedly
inhibited by an incubation temperature of 40°C
except for the second-passage 0-5 virus, which grew
well enough at the high temperature to be classified
intermediate.

DISCUSSION

Before attempting to discuss the significance of
the genetic markers for poliovirus it should be
emphasized that tests which have been developed
to demonstrate existence of these markers are based
on kinetic reactions following growth of the virus
in specific systems under specific conditions. For
instance, the recording of the test which brings out
the d or d+ character of the virus has to be done
on the fourth day after seeding; the same test read
on the sixth day would give different results. The
reduced, or completely inhibited, growth rate of
attenuated viruses on MS lines is, to a certain
extent, conditioned by keeping the two tissue
culture systems (MK and MS) under careful condi-
tions of CO2 incubation, since the deviation of the
balance in the alkaline direction may have changed
the results. Careful maintenance of the temperature
within a very narrow limit of fluctuation is essential
for the reproducibility of the temperature tests.
Although a correlation between high pathogenicity

for monkeys and the d+, MS+ and " hot " charac-

ters of poliovirus strains has been established
(Dulbecco & Vogt, 1958; Kanda & Melnick, 1959;
Lwoff-personal communication, 1959), there has
been no evidence available relating these laboratory
characters directly to poliovirus strains isolated
from paralytic human cases. One of the purposes
of the present paper was to investigate the character
of poliovirus strains isolated from paralysed patients
during a type 1 epidemic. Pathogenicity for monkeys
was not studied in the present investigation, first,
because this property is a complex one and its
variables have not been genetically defined; and
secondly, because the sole value of monkey tests
lies in its presumed (though unproven) correlation
with human pathogenicity. The Leopoldville strains
were already circumstantially proven virulent by
their isolation from paralytic cases.
As shown in Table 7, all ten Ldopoldville strains

displayed the MS+ character; three out of three
tested were d+; and of the six tested for development
at a temperature of 40°C, five were " hot" and one
was " intermediate ". Although the number of
samples was small, the results seem to justify the
contention of other investigators who, without
direct evidence, have linked the above characters
with pathogenicity. Establishment of this correla-
tion, albeit based on statistically meagre data, adds

TABLE 7
SUMMARY OF MARKERS OF VIRULENT AND ATTENUATED POLIOVIRUSES

a No. = Number of strains tested
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significance to the results obtained with the CHAT
strain group, which were in marked contrast to
those obtained with the wild strains. Strains repre-
senting first passage through the human intestinal
tract of the CHAT strain were isolated within the
first week following feeding of the virus, since
Sabin (1959) stated that viruses with increased
pathogenicity for monkeys appeared in human
stools shortly after ingestion of his attenuated
strains, whereas this property was no longer demon-
strable as further multiplication in the gut occurred.
As shown in Table 7, eight viruses recovered from
stools of children and infants fed CHAT virus had
the " cold" and MS characters, and four strains
displayed the d marker. A strain representing the
third human intestinal passage of CHAT gave results
identical to the vaccine strain, whereas a second
passage virus deviated by giving an intermediate
test for temperature susceptibility.
Although it may be perilous to make comparisons

and draw generalizations based on the study of
ten virus samples, these results seem to indicate a
rather remarkable stability of character of CHAT
virus after passage through man. Comparison with
the results obtained on a statistically larger number of
viruses excreted by children fed attenuated LSc 2 ab
strain (Sabin, 1959, Benyesh-Melnick et al., 1959)
seems to indicate greater stability of the CHAT strain
in relation to the d and temperature characters.
According to Sabin (1959), only one of 38 subjects
given the LSc strain excreted MS+ virus. Working
with the same pool of CHAT virus, Przesmycki et al.
(1959) have shown an absence of intracerebral
pathogenicity for monkeys of six strains representing
first human passages and five strains representing
second passage. In view of the established correla-
tion of the above-described genetic markers with
pathogenicity for monkeys, the apparently stable
character of the CHAT strain was again indicated.
The technique of serological differentiation of

poliovirus strains within the same type is relatively
new and one has to be cautious in a definite inter-
pretation of the results. However, data presented
in the paper by Gard on page 235 of this issue and
in Table 3 of this paper seem to indicate serological
identity with the CHAT virus of ten viruses recovered
from stools of subjects who were either fed the CHAT
virus or became infected by contact. In contrast,
both the Mahoney and all of the six LUopoldville
strains tested were able to grow in the presence of
anti-CHAT serum. The range of growth observed,
from 23% to 48% of normal values, may indicate

that the Leopoldville strains are antigenically
heterogeneous.

Heterogeneity was more directly observed by
Gard (see the preceding article), who tested seven
Leopoldville strains against sera prepared against
CHAT and against one of the Leopoldville strains
(No. 81). He found that six strains gave a heterolo-
gous reaction against anti-CHAT serum (failure to
suppress the cytopathogenic effect), whereas one
virus obtained from a non-vaccinated subject at
the beginning of the epidemic was able to cause only
a partial break-through (" intermediate reaction ").
When tested against antisera to strain No. 81, one
Leopoldville isolate and the Mahoney virus gave
an homologous test, whereas two Leopoldville
strains reacted as intermediates. The results appear
to show stability in the antigenic character of the
CHAT virus after one passage and some indication
of stability after two or three passages through the
intestinal tract. On the other hand, it should be
remembered that in the hands of Gard, of five
strains isolated from stools of children fed CHAT
virus in Sweden, two were incompletely inhibited
by anti-CHAT serum. Obviously, a study of these
strains with sera prepared against heterologous
strains is necessary before the extent of the antigenic
difference can be evaluated.
The test of plaque formation under homologous

and heterologous antisera, proposed by Wecker
(1960), offers a quantitative technique which may
help to " grade ", antigenically, strains within the
same type.

Neither the W 1063 (naturally attenuated) strain
nor the Sickle strain (which may have been the
ancestor of CHAT) were completely inhibited by
the anti-CHAT serum, but formed plaques approxim-
ately 25 % the size of the controls. Gard also observed
partial inhibition of the Sickle strain by the anti-
CHAT serum. The Sickle virus possesses a d+
character and has been classified as intermediate in
relation to the MS and temperature characters.
These results seem to indicate a difference between
the Sickle and the CHAT strains. This finding poses
many interesting problems for future research, among
which are: Is attenuation associated with a change in
the antigenic character of poliovirus such that all
attenuated strains of a single type are serologically
related? Does the antigenic character of attenuated
viruses change after multiple human intestinal
passages ?
With regard to the central issue-namely, the

safety of the CHAT virus in LUopoldville-the

251



H. KOPROWSKI AND OTHERS

analysis of strains isolated from poliomyelitis
patients who had been fed CHAT previously showed
that none of these viruses appeared to be related to
the attenuated strain or to its experimentally observed
first passages. Thus, the present evidence indicates
that the poliomyelitis cases in vaccinees were not
caused by vaccination.
The possibility that cases in non-vaccinated indivi-

duals were the result of " reversion to virulence " of
the attenuated virus presents a knottier problem,
although the currently available evidence is clear-
cut. Viruses isolated from non-vaccinated patients
were distinguished both genetically and serologically

from CHAT and its first to third experimental
passages. Although it is possible to argue that the
attenuated virus lost its original characteristics after,
let us say, ten human passages, and became indistin-
guishable from wild virus, this hypothesis would
have to be postulated in the absence ofany suggestion
from the laboratory or of epidemiological data. The
only tenable conclusion at present is that the Leo-
poldville strains were wild viruses.
The intratypic identification of poliovirus strains

would seem to be an essential part of the laboratory
support of future trials of living attentated polio-
viruses.
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RItSUM1

Une epidemie de poliomye-lite paralytique s'est pro-
duite A Leopoldville (Congo belge) en 1958-1959, a un

moment ou l'on rencontrait simultanement dans la
population des virus de type 1 virulents et attenues. Le
virus att6nue appartenait a la souche CHAT, qui faisait
l'objet d'essais etendus dans le Congo belge comme

moyen de vaccination. On a estime que la differenciation,
a l'interieur de ce type, des souches ( naturelles* et des
souches utilisees dans la vaccination pourrait donner des
renseignements sur la possibilite eventuelle d'un <(retour
A la virulence# chez les virus attenues.
Des etudes serologiques et genetiques ont et faites

sur des virus preleves dans les selles d'habitants de
Leopoldville qui avaient eu des atteintes de poliomyelite
paralytique. Les sujets comprenaient A la fois des per-
sonnes auxquelles le virus CHAT avait &e administre
et des personnes non vaccinees. Des etudes similaires
ont et faites sur des virus CHAT obtenus apres premier,
deuxieme ou troisieme passage dans le tractus intestinal
de sujets humains en bonne sante, de meme que sur les vi-
rus suivants: virus W 1063, souche isolee a l'origine chez
un enfant asymptomatique, en 1957, et classee comme

<( naturellement att6nu6e # A cause de sa faible patho-
genicite pour le singe; virus Mahoney qui constitue une

souche virulente; et virus Sickle, souche qui, melang6e
avec la souche Mahoney, avait et utilis&e comme

inoculum primitif pour passage sur des rongeurs de
laboratoire et qui avait ainsi donne la souche CHAT
attenuee.

Les souches ont 6te caract6risees serologiquement
par la technique de Wecker: Le virus a et incube en
presence d'une couche de gelose surajoutee contenant
de l'immunserum CHAT. L'immunserum a complete-
ment elimine la formation de plages par la souche CHAT
elle-meme et par les deux souches derivees qui ont et
expertisees, l'une representant le premier passage sur
l'homme et l'autre le troisieme passage. Sous la couche
contenant l'immunserum CHAT, il n'y a pas eu suppres-
sion de la formation de plages par les souches (natu-
relles) de Leopoldville ou par la souche Mahoney, mais
le diametre moyen des plages avec la souche de Leopold-
ville a et de 52% A 77% plus faible que dans les cultures
oii la couche surajoutee ne contenait pas d'immunserum.
Aucune des souches isolees dans les selles d'enfants
atteints de paralysie 20, 56 ou 63 jours apres ingestion
de virus CHAT, ne semblait avoir de relations serolo-
giques avec le virus CHAT. Ni les souches W1063, ni les
souches Sickle n'ont et6 completement inhibees par
l'immunserum CHAT, mais elles ont forme des plages
dont les dimensions etaient environ 25% de celle des
cultures temoins.

Les souches ont aussi et caracterisees au moyen de
marqueurs genetiques: 1) aptitude a la culture en plaques
sous gelose A faible teneur en bicarbonate, suivant
la methode Dulbecco & Vogt (aptitude prononcee, d+;
aptitude faible, d); 2) aptitude comparee A la culture en
plaques sur tissu renal frais de singe et sur une lign6e
cultivee de tissu renal de singe (cellules MS), conforme-
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ment A la technique de Kanda & Melnick (bonne
proliferation dans les deux cultures tissulaires, MS+;
proliferation mediocre dans la lignee, MS); et 3) pro-
liferation en culture tissulaire maintenue A diff6rentes
temperatures, conformement A la technique de Lwoff
& Lwoff (bonne proliferation A 37°C et 40°C, < sou-
che chaude ); proliferation inhibee A 400C, # souche
frofde #).

Les dix souches de Leopoldville avaient toutes le
caractere MS+; 3 sur 3 expertisees etaient d+, 5 sur
6 expertisees etaient ( des souches chaudes # et une etait
intermediaire. La souche Mahoney virulente avait les
memes caracteristiques. Ces constatations, bien que
reposant sur un petit nombre d'ehantillons, semblent
confirmer que ces caracteristiques particulieres sont
associees a la pathogenicite, comme le pensent d'autres
chercheurs.

Huit virus ont e isoles dans les selles d'enfants
auxquels du virus CHAT avait ete administre et ces
virus avaient les caracteres de <souche froide>* et de
MS; les 4 qui ont ete examines du point de vue de leur
aptitude A la mise en plaques dans une gelose A faible
teneur de bicarbonate avaient la caracteristique d. Une
souche representant le troisieme passage sur l'homme a
donne des resultats identiques a ceux de la souche

utilisee pour le vaccin; un deuxieme passage etait une
<souche froide # et MS, mais divergeait quelque peu
en ce sens que, pour la sensibilite a la temperature, les
resultats etaient intermediaires. Ainsi pour toutes les
caracteristiques examinees, le virus CHAT et ses derives
se sont reve1ls diametralement opposes aux souches
Leopoldville et Mahoney.
La souche Sickle etait d+, mais presentait des carac-

teristiques interm6diaires en ce qui concerne la prolife-
ration en cellules MS et la sensibilite a la temperature.
La < souche naturellement att6nu&e #, W 1063, etait d,
et intermediaire du point de vue MS.

L'analyse des souches isol6es sur des poliomyelitiques,
auxquels de la souche CHAT avait et anterieurement
administree, a montre qu'aucun de ces virus ne semblait
avoir de relation avec la souche attenuee ou avec ses
premier, deuxieme et troisieme passages sur l'homme
observes experimentalement. Les cas de poliomyelite
chez les vaccines n'ont pas ete causes par la vaccination.
Le virus CHAT semble avoir une grande stabilite du
point de vue de ses caracteristiques genetiques apr6s
passage dans le tractus intestinal de l'homme. Les,
constatations faites dans cette etude ne confirment pas
l'hypothese d'un retour a la virulence de la part des
souches attenuees.
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