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USOL-D bac (TYPE 3 POLIOVIRUS) VACCINE STUDIES *

The attenuated polioviruses most widely used in
vaccines are those developed by Sabin. In the past
decade the type 1 (LSc2ab) and type 2 (P712 CH2ab)
strains have been shown consistently to be safe and
effective. The type 3 Leon 12a1b (Leon) strain,
however, is less stable genetically than the other two;
after passage in the human gut is more likely to
induce paralysis when injected into the brain or
spinal cord of monkeys; and is less effective in
inducing humoral immunity and intestinal tract
resistance than the two other types. Type 3 vaccine
virus has also been associated more frequently than
the other two types with cases of spinal paralysis
typical of poliomyelitis which have occurred within
a month after it has been administered. It is believed
that a number of these cases are causally related to
the vaccine strain, though the risk is so low that it
is no indication for limiting the use of poliomyelitis
vaccine. (In the United States of America the use
of monovalent type 3 virus vaccine is not recom-
mended for adults.) The shortcomings of the Leon
strain have, however, stimulated the search for a
more acceptable strain and a number of candidate
strains have been studied.

PREVIOUS INVESTIGATIONS ON USOL-D bac
(USOL) STRAIN

One candidate virus, the USOL-D bac (USOL)
strain developed in 1962 in Czechoslovakia, was
extensively studied in that country both in the labo-
ratory and in the field (Vonka et al., 1967). No neuro-
tropic activity was detected in monkeys after intra-
cerebral inoculation in doses exceeding 10' TCIDfo.
Intraspinal inoculation of doses approximating
106 TCID6o did not produce overt disease; only mild
histological lesions were observed in the lumbar
cord of some of the animals and no evidence of
spread of virus to the upper parts of the central
nervous system was detected (Vonka et al., 1964;
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Simon, 1965). The USOL seed virus was freed
from SV40 by the Institute of Poliomyelitis and Viral
Encephalitis, Moscow, which also prepared in
green-monkey kidney-cells a batch of vaccine
(lot 283) for field trials (Elbert et al., 1967; (Cumakov
et al., 1963). The in vitro markers and the residual
neurotropic activity of the vaccine and the original
virus appeared identical (Vonka et al., 1967). Both
materials were submitted to several laboratories
for further investigation. The neurotropic activity
of the virus was tested in the Institute of
Poliomyelitis and Viral Encephalitis, Moscow
(Elbert et al., 1967), the Max-Planck Institute for
Virus Research, Munich (Unterharnscheidt et al.,
1965), the Istituto Sieroterapico Milanese, Milan
(Chiappino et al., 1966), the National Institute for
Medical Research (Hampstead Laboratories), Lon-
don (Dr L. R. Boulger, unpublished report) and the
" Dr I. Cantacuzino " Institute, Bucharest (Dr F.
Horodniceanu, personal communication). All these
studies confirmed the very low degree of residual
neurotropism of this virus, usually less than that
of the Leon strain.

Trials with USOL strain in Czechoslovakia

Vaccine was given to small groups of children,
starting with those who had been previously immu-
nized with all three types of Sabin's vaccine: later
non-immune subjects were fed. In these children the
antibody response, the virus excretion and the pro-
perties of the excreted viruses were investigated.
For comparative purposes other groups were fed
with Leon vaccine also produced in the Institute of
Poliomyelitis and Viral Encephalitis, Moscow. The
specimens taken from both the USOL- and Leon-
vaccinated children were examined in parallel. The
vaccines were coded, and (with the exception of a
small group of subjects vaccinated first) the materials
were examined in the laboratory without knowledge
of their origin (Vonka et al., 1964, 1965; Simon,
1965; Simon et al., 1965; Adam et al., 1966; Janda
et al., 1967).
The results, in brief, were as follows. (1) No

marked difference in virus excretion or in antibody
response was found in the non-immune subjects
given either USOL or Leon virus. (2) Children
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previously given Leon virus and possessing type 3
antibody reacted differently when revaccinated with
Leon than when revaccinated with USOL. In those
revaccinated with USOL, the virus was excreted
more frequently, for longer periods of time and in
higher titres than in those revaccinated with the
homologous Leon virus. Also, the antibody response
after revaccination with USOL virus was much
higher than after revaccination with Leon virus.
(3) A total of 108 isolates from USOL vaccinees
and 60 isolates from Leon vaccinees were investigated
for their rct/40 character. The incidence of rever-
sions was higher among the Leon virus progenies.
Thirty-five USOL virus progenies (33 %) were
classified as rct/40±, none as rct/40+. Among the
Leon virus progenies, 28 (47%) were classified as
rct/40+and 11 (18 %) as rct/40+. (4) Of 57 monkeys
inoculated intracerebrally with 29 USOL virus
progenies, 5 (9%) developed clinical signs of polio-
myelitis but none of these animals was paralysed.
With 20 Leon derivatives, however, disease was
observed in 15 out of 38 animals (39 %), and most
of these were paralysed. The difference in the
incidence of histological lesions was less marked
(63% for USOL, 76% for Leon progenies); but
the so-called " severe " lesions-i.e., when the
mean lesion score according to the classification of
Melnick & Brennan (1959) was higher than 2.0 (+ +)
-were more frequent after inoculation of Leon virus
progeny (36%) than after injection of USOL virus
progeny (19%).

After these studies were completed, approximately
22 000 persons living in one region of Czechoslova-
kia were fed with the vaccine (Adam et al., 1966).
Type 2 and the USOL type 3 viruses were adminis-
tered simultaneously, about 6 weeks after type 1
vaccine. Of the vaccinated persons, more than 9500
were children aged 2-14 months 1 receiving their
primary vaccination, nearly 11 000 were children
aged 15-72 months who had been vaccinated pre-
viously with all three types of Sabin vaccine, and
more than 1700 were adults. No untoward reactions
associated with the recipients of the vaccine or their
contacts were reported.
No attempts were made to isolate viruses for

marker tests in this trial. However, an extensive
serological investigation was undertaken (Vonka et
al., 1967) and sera were collected at random 5 weeks

I In this age-group there were in the community concerned
about 500 children who were not vaccinated for various
reasons, some of whom were susceptible contacts of the
vaccinees.

and 9 months after vaccination. At the first sampling,
type 3 antibody was detected in 98% of children
given primary vaccination (82 sera tested) and in
100% of revaccinated children (92 sera tested). Nine
months after vaccination, antibody was present in
92% of children given primary vaccination (96 sera
tested) and in 96% of the revaccinated children
(79 sera tested). The type 3 antibody levels in
the revaccinated children were very high: 5 weeks
after revaccination, antibody titres by the metabolic
inhibition test were equal to or exceeded 1: 4096 in
35% of children. Although these high antibody
levels did not persist for long, an additional study
indicated that even 9 months after vaccination the
level of serological immunity was higher in those
receiving the USOL virus as the second dose than in
those fed twice with the Leon virus.

Trial with USOL strain in the USSR

A small-scale trial was carried out in Moscow by
Elbert et al. (1967). As in the Czechoslovak institu-
tional studies, a control group of children was fed
with Leon virus. The same batch of the USOL
vaccine was used as in the Czechoslovak study: the
Leon vaccine lots were different. The subjects lived
in closed communities and most of them had no
circulating antibody for the polioviruses. Neither
in the vaccinated children nor in their contacts did
any untoward reactions occur. Viruses were
recovered from the stools of all the vaccinees and
their contacts in both communities. The pattern of
virus excretion differed markedly, however, from
that observed in the Czechoslovak studies. In the
children given USOL the peak of virus excretion
appeared to be delayed, most probably owing to
interference from non-polio enteric viruses in the
community. Type 3 antibody response was detected
in all subjects. The geometric mean titre in the
USOL group was 2-fold higher at 6 weeks, and
4-fold higher at 8 weeks after vaccine administration
than that in the Leon group. A number of virus
isolates from both groups was investigated for in
vitro characters and several were tested in monkeys.
A high rate of reversion was determined for both
the USOL and Leon virus progenies, and no signi-
ficant differences were found between the two groups
of isolates.

Trial with USOL strain in Switzerland

Another small-scale trial was carried out by
Dr Buser in Beme (F. Buser and R. Thomssen, per-
sonal communication). A group of children was
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vaccinated with the USOL vaccine produced in the
USSR. No untoward reactions were reported. A
small number of virus isolates from the vaccinated
children was tested for the rct/40 character. Out of
11 viruses examined, 10 were classified as rct/40-
and 1 as rct/40+.

THE CURRENT INVESTIGATIONS ON USOL STRAIN

The available data were considered at the meetings
in 1965 and 1966 of the directors of the WHO Virus
Reference Centres, who recommended that a series
of small-scale trials should be set up in different
countries under WHO's auspices (World Health
Organization, 1968). A similar recommendation was
made by an international group of experts 1 on virus
diseases which met in October 1966 to advise the
Director-General of WHO on the development of
the Organization's general virus programme. The
objectives of the trials were to obtain more informa-
tion of the immunological responses of seronegative
children and on the genetic stability of the USOL
strain after multiplication in the gut of vaccinated
children and of susceptible contacts, and to compare
the results with those obtained from feeding similar
groups of children with the Leon strain.
A batch of vaccine was prepared at the Istituto

Sieroterapico Milanese, Milan, from an ampoule
of the first vaccine batch prepared in the USSR. It
was fully tested in the production laboratory and
in the Institute of Poliomyelitis and Viral Encepha-
litis, Moscow, and the National Institute for Medical
Research (Hampstead Laboratories), London. All
tests in all three laboratories were satisfactory and
consistent with the low neurovirulence characteristic
of the USOL strain. Protocols of all tests are held
by WHO.

Interested institutes in 7 countries (France,
Hungary, Japan, Poland, Romania, the United
Kingdom and the USSR) agreed to co-operate in
the studies and as far as possible to adhere to a
common plan. According to this plan in each area
up to approximately 50 children, seronegative and
not excreting detectable viruses, were vaccinated
(half with USOL and half with Leon vaccines)
either in institutions or in families. In institutions,
some contact children were left unvaccinated and
followed up in the same way as the vaccinated

'Composed of Dr D. G. Evans, Dr Natan Goldblum,
Dr E. H. Lennette, Dr P. von Magnus, Dr J. L. Melnick,
Dr T. Ramachandra Rao, Dr L. Syrucek, Dr D. A. J. Tyrrell
and Professor V. M. Zdanov.

children. Serum and stool samples were taken
before vaccination and at intervals afterwards.

In the 7 countries, altogether 163 children between
3 and 26 months of age were vaccinated with USOL
vaccine and 112 of similar ages with Leon vaccine
between September 1967 and March 1968.

Children in closed or semi-closed communities
were fed the vaccine in Hungary, Japan, Poland,
Romania and the USSR and children in families
were fed it in France and the United Kingdom. The
possibility that vaccine strains would spread from
the vaccinated children to their contacts or that the
vaccinated children would pick up other enteric
viruses, including polioviruses, differed greatly
between trials. In Hungary there were no susceptible
children in the environment of the vaccinees and
the probability of carrying other polioviruses into
the trial areas was low because the children were
living in closed communities and because the nation-
wide vaccinations preceding the trial had been com-
pleted 6 months earlier. In France and the United
Kingdom, where the vaccinees were living at home,
there was an opportunity for vaccinees to spread
the type 3 vaccine strains and to have contact with
both wild and Sabin's strains of poliovirus. This
was especially true for the United Kingdom, where
vaccinations with trivalent poliovirus vaccine were
proceeding concurrently with the trial.

In Japan, Poland, Romania and the USSR there
were many susceptible children in the environment
of the vaccinees. Although the trials were per-
formed in closed or semi-closed communities, there
was a possibility of introducing polioviruses into
them in Poland, Romania and the USSR, as during
the trial mass vaccinations with live vaccine were
carried on outside the communities. In fact viro-
logical investigations indicated the presence of other
polioviruses among vaccinees or among their con-
tacts in Poland (types 1 and 2), Romania (type 1), the
United Kingdom (types 1 and 3), and the USSR
(type 2).

In 5 of the study areas (France, Hungary, Japan,
Poland2 and the United Kingdom), the analyses made

' In Poland in 1968 a large outbreak due to type 3 polio-
virus occurred. It began several months after the trials with
the Leon and USOL vaccine strains had been completed.
The regular vaccination programmes in Poland differ from
those in most other countries because only type 1 and type 2
strains have been included in the live vaccine since 1962.
In addition, until 1966, inactivated vaccine containing all
three types was also used on a mass scale. Because the
outbreak is of great interest from many points of view three
of the laboratories working on the vaccine studies are
making a special intensive study of the Polish strains.
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so far indicate that the USOL vaccine was superior
to the Leon vaccine in respect of implantation in the
gut, immunogenicity and genetic stability (as determi-
ned by the rct/40 marker test). No untoward events
were noted in these areas. In 2 countries, however,
(Romania and the USSR) paralytic cases developed
among the contacts.

The study in the USSR
In the USSR the study population chosen was in

a children's home in Moscow. This home, where
paralytic disease occurred, housed 99 children at the
time of vaccination. It was a closed children's
institution where the children resided permanently.
The children were healthy and varied in age from
several days to 3 years.

In the home and neighbourhood there was evidence
of enterovirus and adenovirus infection late in 1967.
Also influenza A and B viruses were present in
December of that year. Of most importance,
however, was the fact that trivalent oral vaccine
(Sabin) was given to the children of the Moscow
area at the same time as the vaccine study was being
conducted in the children's home. Poliovirus type 2
was isolated several hours before vaccination from
a sample taken from a child in the home.
Over a period of 34 days after vaccination, strains

of coxsackievirus belonging to types A2, A4, A6 and
A14 were isolated from children in the home.
The vaccine was given on 22 January 1968 (Vacc.

Day). A total of 17 children were fed USOL and
19 contacts were also studied. The first case of
paralytic disease, in a contact, occurred on Vacc.
Day + 18. This was a child from whom type 2
together with type 3 poliovirus had been isolated
8 days before his illness began. The excretion of
type 3, but not type 2, continued for some time.
A second child was excreting both coxsackievirus

type A6 and poliovirus type 2 at the time of vaccina-
tion with the USOL vaccine. She began to excrete
type 3 poliovirus on Vacc. Day + 3 but did not
become ill until Vacc. Day +46, which was 13 days
after being given trivalent Sabin vaccine.' A third
child, a contact, excreted coxsackievirus type A4
12 days before the USOL vaccine was administered
in the institution, and was execreting type 3 virus on
Vacc. Day + 18 but did not become ill until Vacc.
Day +56, 23 days after being given trivalent Sabin
vaccine.

I The trivalent vaccine was given on Vacc. Day+ 34 to
all those in the institution when the first paralytic case
occurred.

The first child had fever, pleocytosis and flaccid
paralysis, which persisted. The second had fever,
no record of pleocytosis and minimal paresis with
subsequent insignificant residual atrophy of the left
leg muscles. In these two children the diagnosis of
poliomyelitis was very doubtful.
The laboratory findings so far obtained on these

cases are impossible to evaluate. In the only definite
case of paralysis, poliovirus types 2 and 3 were
isolated on several occasions and antibody rises to
both types occurred, the rise for type 2 having been
observed about 2 months after the onset of illness.
The possibility of vaccine-related paralytic disease
cannot be excluded, but the presence of other entero-
viruses and the feeding of multiple types of vaccine
viruses have produced a complex situation.

The study in Romania

In Romania a children's home with approxi-
mately 60 healthy, normal children between 4 and 14
months of age was chosen as one of the institutions
for study. The institution regularly sent the children
home each week-end, in contrast to other institutions
in the study. No enteroviruses were cultured from
either the study children or adults in the home before
the trial. Nevertheless, the fact that a number of
vaccinees did not begin to excrete the vaccine virus
until 2 weeks after the feeding suggested that some
undetectable viruses might have been present at the
beginning of the trial.
The occurrence of minor respiratory disease

with high fever was noticed in this institution during
the trial. The USOL vaccine was given on 26 De-
cember 1967 (Vacc. Day). There were 7 vaccinees
and 53 contacts in the institution. The first case of
paralytic disease occurred in a contact on Vacc.
Day + 53; the next 3 cases, also in contacts, occurred
on Vacc. Days +61, +65 and +68. The patients
were all 6 months of age or less. Clinical illness
consisted of fever, pleocytosis, and flaccid paralysis.
All 4 infants exhibited residual paralysis at 60 days
but one subsequently recovered completely.

All patients excreted type 3 viruses and showed
significant rises of antibodies only to type 3. Exami-
nation of the excreted viruses by several laboratories
confirmed the strains as type 3. Some of the type 3
isolates, however, proved to be Leon-like by anti-
-genic and elution marker tests carried out in one
of the collaborating laboratories. At present the
origin of these strains is therefore uncertain.

Prior to the trial, vaccine strains had been admi-
nistered in national programmes but the children



USOL-D bac (TYPE 3 POLIOVIRUS) VACCINE STUDIES 299

in the institution were not vaccinated. Two months
before the trial type 3 vaccine (WM-3 strain) mixed
with types 1 and 2 vaccines (Sabin strains) had been
administered to schoolchildren (300 000 doses were
given in the country as a whole).

In January 1968 the regular national vaccination
programme was carried out with monovalent type 1
Sabin strain. During this campaign one child of the
institution received type 1 vaccine when visiting his
own home at a week-end. Because of the occurrence
of paralytic disease in the second case, the community
at large and the other children in the home were
vaccinated with trivalent Sabin vaccine on 27 Feb-
ruary 1968.

In view of the complexity of the laboratory
observations so far made on the strains from trials
in Romania and the USSR, collaborative investiga-
tions are in progress in the national laboratories
concerned as well as in certain other laboratories, to
determine the origin and characteristics of these
strains.

CONCLUSIONS

The available results of the trials in 5 countries
(France, Hungary, Japan, Poland and the United
Kingdom) confirm the results previously obtained
with the USOL-D bac strain in Czechoslovakia with
respect to the serological findings, duration of
excretion of virus, and rct/40 characteristics.

In the other two trial areas cases of paralysis
occurred in contacts of the children vaccinated with
the USOL-D bac vaccine (1 definite case in the
USSR and 4 in Romania).

In the USSR the situation is complicated because
enteroviruses, including poliovirus type 2, were
present during the study and both type 2 and type 3
poliovirus strains were isolated from the paralytic
case.

In Romania there was epidemiological and clinical
evidence of infection with other viruses and of the
introduction of infection to the institution by
children returning from their homes. These obser-
vations were strengthened by the findings that the
implantation and multiplication of the vaccine
strain was delayed in some cases up to 2 weeks.
There was laboratory evidence that the strains
isolated from paralytic cases appeared to have
originated from strains with different antigenic and
elution characters.
Though these cases may appear at first sight to

be potentially vaccine-related, a considerable amount

of detailed laboratory investigation is necessary
before their etiology can be clearly determined.
These investigations are now in progress.
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RtSUMt

1tTUDES RELATIVES AU VACCIN USOL-D bac (POLIOVIRUS DU TYPE 3)

Les resultats actuellement acquis des essais menes dans
cinq pays (France, Hongrie, Japon, Pologne et Royaume-
Uni) avec la souche virale attdnuee USOL-D bac con-
firment les observations faites precedemment en Tcheco-
slovaquie en ce qui regarde la reponse immunitaire, la
duree d'excretion du virus et la capacite de reproduction
in vitro de la souche a une temperature donnee (carac-
tere crt/40).
Dans les deux autres pays oiu des essais similaires ont

eu lieu, on a enregistre des atteintes de paralysie parmi
les contacts d'enfants vaccinds par la souche USOL-D
bac: un cas de ce genre a ete observe en URSS et quatre
en Roumanie.
En URSS, la situation est assez confuse en raison de la

presence d'enterovirus circulants, dont notamment des
poliovirus du type 2, pendant la duree de l'essai, et de
l'isolement de poliovirus des types 2 et 3 a partir des pre-
levements effectues chez l'enfant atteint de paralysie.

En Roumanie, on a pu faire la preuve epid6miologique
et clinique d'une infection par d'autres virus introduits
dans l'etablissement oiu se deroulait 1'enquete par des
enfants rentrant d'un cong6 dans leur foyer. A I'appui
de ces observations, il convient de remarquer que l'im-
plantation et la multiplication de la souche vaccinale ont
6te retard6es dans certains cas pendant deux semaines.
Les examens de laboratoire ont montr6 que les souches
isol&es chez les enfants qui presentaient une para-
lysie semblaient issues de souches possedant des pro-
prietes antigeniques et des caracteristiques d'e1ution
differentes.

Bien qu'a premiere vue les atteintes paralytiques
puissent etre considerees- tout au moins virtuellement
comme attribuables i l'administration du vaccin, de
minutieuses recherches de laboratoire seront necessaires
avant que leur etiologie puisse etre clairement affirmee.
Ces recherches sont actuellement en cours.
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