
Bull. Org. niond. San ) 1971, 45, 733-739
Buill. Wid Hith Org.

Paralytic Poliomyelitis in Norway
Since the Introduction of Trivalent Oral Vaccine:

an Epidemiological and Virological Study
I. ORSTAVIK,1 LIV B. FLUGSRUD 2 & 0. LAHELLE:3

Inactivated poliovirus vaccine was replaced by oral vaccine in Norway in the autumn
of 1965. This was followed by a further decrease in the number of cases ofparalytic polio-
myelitis. The present study was undertaken to investigate whether the few and sporadic
cases observed were caused by naturally occurring (wild) poliovirus or by vaccine virus.
Trivalent oral vaccine from the same manufacturer was used throughout the campaign,
whereas other similar studies have mainly been concerned with monovalent oral vaccine.
Altogether 6 vaccine-associated cases were observed, giving a higher rate ofparalytic cases
per million doses of trivalent vaccine than reported by most authors. Epidemiological and
virological findings suggest that wild poliovirus has not been circulating in the Norwegian
population during recent years.

The use of inactivated poliovirus vaccine since
1957 has greatly reduced the prevalence of poliomye-
litis in Norway. The disease was not completely
controlled, however, and during the period 1961-65
an average of 24 cases of paralytic poliomyelitis were
notified each year. Trivalent oral poliovirus vaccine
was therefore introduced in the autumn of 1965,
and soon replaced the inactivated vaccine (Orstavik
& Jakobsen, 1971).

Seroconversion was demonstrated in a high per-
centage of previously seronegative children given the
oral vaccine (Orstavik et al., 1968), but follow-up
studies revealed a decline in the neutralizing anti-
bodies against poliovirus type 3 in the same children
(Orstavik & Flugsrud, 1970).
During the years following 1965, only very few

sporadic cases of poliomyelitis have occurred, and
some of these cases may have been caused by the
vaccine virus. This communication presents the viro-
logical and epidemiological data on patients with
paralytic poliomyelitis in Norway from the introduc-
tion of trivalent oral vaccine in the autumn of 1965
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until the end of 1970. The nature of the poliovirus
strains incriminated in these cases is discussed.

MATERIALS AND METHODS

Patients
Seventeen patients with paralytic poliomyelitis

were studied. They represent all the cases reported to
the health services in Norway during the study period.
The patients had lower-motor-neurone paralysis of
more than 60 days duration (Henderson et al.,
1964).

Trivalent oral poliovirus vaccine
Vaccine from the same manufacturer (Glaxo Lab-

oratories Ltd.), containing the Sabin types of attenu-
ated polioviruses, was used throughout the study
period. According to the manufacturer, one dose of
the vaccine contained 105.7 TCID50 of type 1 virus,
105-0 TCID50 of type 2, and 105-5 TCID50 of type 3.

Vaccination programme during the study period
Infants were vaccinated with three doses of the

oral vaccine, given 4-6 weeks apart, and starting at
6-7 months of age. Vaccination continued through-
out the year. Children entering school at the age
of 7 years also received 3 doses, irrespective of
previous immunization with inactivated polio-
virus vaccine. In 1967, moreover, a special vaccina-
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tion programme included all schoolchildren and also
high-school and university students. Children leaving
school at the age of 16 years received a single booster
dose.
The oral vaccine was offered free of charge, mainly

through the physicians of the National Health Ser-
vices.

Virus isolation
Specimens for virus isolation were tested in cultures

of human amnion and Cynomolgus monkey kidney
cells. Positive specimens were retested after mixing
with combinations of poliovirus hyperimmune sera
in order to detect multiple virus infection. Extracts
of the faecal specimens were also inoculated into
newborn mice.

Serological examination
Sera were tested for neutralizing antibodies against

100 TCID5O of polioviruses types 1, 2, and 3 in tube
cultures of Cynomolgus monkey kidney cells.

In vitro genetic markers
Virus in the second or third passage in cynomol-

gus monkey kidney cell cultures was examined.
The reproductive capacity-temperature (rct) test

compared the growth of a virus strain at an elevated
temperature with that at 36°C by titrations in cyno-
molgus monkey kidney cell tube cultures. Elevated
temperatures of 39.3°, 39.8°, and 39.8°C were used
for the poliovirus types 1, 2, and 3, respectively.
These were, in our experience, the most reliable
temperatures for differentiating between local wild
strains and strains of vaccine origin. Strains with
titre differences of 2 logl0 or less were considered to
be " wild-like " and strains with a log10 difference of
5 or more were considered to be " vaccine-like ".
The dextran sulfate sensitivity (ds) test (Voss et

al., 1964) was performed on strains of poliovirus
type 1. The formation of plaques in BSC1-cells
under agar medium containing sodium dextran sul-
fate (0.1 mg/ml) was compared with the plaque
formation under agar medium supplemented with
diethylaminoethyl-dextran (0.1 mg/ml). DEAE-
dextran was incorporated in order to neutralize the
inhibitory effect of ordinary agar on the plaque
formation of Sabin's attenuated type 1 strain. Re-
peated tests of the wild control strain gave a mean for
the logl0 difference (plaque-forming units) of -0.1
(±0.4). For the vaccine prototype strain (Lsc2ab)
the mean was 2.3 (40.8). Strains were therefore
considered to be " wild-like " if the titre difference

was less than 0.3 log10 and " vaccine-like " if the
difference was 1.5 logl0 or more.

Intratypic serodifferentiation was performed on
strains of poliovirus types 2 and 3 (Wecker, 1960),
using rabbit hyperimmune serum against the Sabin
strains. The difference in diameters of plaques grown
under agar overlay with, and without, antibody was
measured. The ratio between the percentage reduc-
tion in plaque diameter of the patient's strain and
the percentage reduction in plaque diameter of the
Sabin strain, in the same experiment, was calculated.
Strains with ratios above 0.75 were considered " vac-
cine-like ".

RESULTS

Epidemiology
Table 1 shows the distribution of notified cases of

paralytic poliomyelitis in Norway since the introduc-
tion of the oral vaccine in the autumn of 1965.

Epidemiologically, the patients are divided into
three groups:

Group 1. The 7 cases in 1965 occurred in the third
quarter of the year during an outbreak of poliomyeli-
tis in Troms county in northern Norway. Three
paralytic and one nonparalytic case had been
diagnosed in the area before the oral vaccine was
introduced, and these cases were not included in the
study. The 7 cases occurred during a mass vaccination
campaign with trivalent oral vaccine that had been
started in order to stop the epidemic. The cases in this
group will be referred to as epidemic cases, whether
they had received oral vaccine or not.

Group 2. Four cases were recorded without any
known contact with other cases of poliomyelitis.
Neither the patients nor any of their close contacts
had received the oral vaccine. One of the patients
(case 11) was possibly infected abroad. Cases in this
group will be referred to as sporadic cases.

Group 3. In 6 cases, which also occurred sporad-
ically, the patient had received the oral vaccine
within 30 days or a family member had been vac-
cinated within 60 days before the illness started.
These will be referred to as vaccine-associated cases
(Bull. Wld. Hlth. Org., 1969).
The epidemic cases occurred in the late summer

and early autumn, the main season for naturally
occurring poliomyelitis in our geographical area. No
such seasonal distribution could be demonstrated for
the other cases.
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Table 1. Paralytic poliomyelitis in Norway since the introduction of the oral vaccine. Vaccination status and
virological findings *

Case no. Year Sex/age Poliovirus vaccination as related to onset of disease Virus in faeces(years)

Group 1: epidemic cases

1 1965 M/9 2 x IPV 8 years before; OPV 4 days after P1 W and P3 V

2 1965 M/1 5 4 x I PV at least 4 years before P1 W

3 1965 F/24 none none detected

4 1965 F/12 4 x IPV 6-8 years before, OPV 2 days before P1 W

5 1965 M/1 none P1 W

6 1965 M/15 4 x IPV 6-8 years before, OPV 10 days before P1 W

7 1965 F/26 4 x IPV at least 4 years before P1 W

Group 2: sporadic cases

8 1966 M/18 3 x IPV 8 years before P3 V ?

9 1966 M/53 none none detected

10 1966 M/46 none P1 W

11 a 1969 F/38 none P1 W

Group 3: vaccine-associated cases

12 1965 M/49 none: niece, OPV 59 and 13 days before P1 W

13 1965 M/41 none: son, OPV 23 days before P1 W

14 1968 M/29 none: daughter, OPV 20 days before P2 V

15a 1968 F/38 OPV 20 days before P2 V

16 1968 F/1 OPV 18 days before and 10 days after P2 V and P1 V

17 1969 M/3 none: brother, OPV 59 and 29 days before P3 V

' IPV = inactivated poliovirus vaccine; OPV = trivalent oral poliovirus vaccine; W = wild-like; V - vaccine-like.
a Virus isolated by Dr. J. Ulstrup, Department of Bacteriology, UllevAl Hospital, Oslo.

Virological findings and vaccination
Table 1 shows the results of the virus isolation

attempts and the history of poliovirus vaccination.
Table 2 shows the serological findings in the patients
from whom serum specimens were submitted.

Specimens of faeces were submitted from all
17 patients, and poliovirus was isolated from 15.
Cerebrospinal fluid and throat garglings submitted
from 12 and 3 patients, respectively, were examined
with negative results. No viruses other than polio-
viruses were isolated.
The results for each of the three groups of patients

are considered separately below.
Epidemic cases. " Wild-like " type 1 poliovirus was

isolated from faeces of 6 of the 7 patients in the
group. The virus strains could not be distinguished

from the type 1 strains excreted by the 4 cases of
poliomyelitis that occurred in the area before oral
vaccine was introduced. No virus was detected in
one patient (case 3). The serological findings for
6 patients, including the one virus-negative patient,
were not incompatible with a recent infection with
poliovirus type 1 (Table 2).

Three patients in the epidemic group (cases 1, 4,
and 6) had received one dose of trivalent oral vaccine
during the mass vaccination campaign, before faecal
specimens were obtained. Case 1 received oral vac-
cine on the fourth day of illness, whereas faeces from
the 10th and 31st days were examined. The first
specimen contained a " wild-like " type 1, the second
a " vaccine-like " type 3 poliovirus. The serological
findings in this case (Table 2) suggested that the
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Table 2. Paralytic poliomyelitis in Norway since
the introduction of the oral vaccine. Results of

neutralization tests *

No. of
days
after
onset

7

2

6

4 3

6 4

37

7 6

Neutralizing antibody against Virus
isolated

P1 P2 P3

oup 1: epidemic cases

40 .5

80 5

10 1 5

20 5

80 20

40 20

10 160

`<- 5

160

320

320

< 5

< 5

- 5

P1 & 3

P1

none

P1

P1

Group 2: sporadic cases

8 7

33

10 6

13

11 ( 4

13

I5

40

40

16

256

40

40

5

* 5

8

16

160

80

< 5

< 5

128

1 024

Group 3: vaccine-associated cases

13 5 1 0 < 5

20 40 < 5

14 1 320 80

8 320 160

15 11 1 280 320

26

16 12

25

17 19

25

1 280

< 10

20

- 5

320
20

40

320

160

s 5

< 5

20

40

640

640

- 10

-10

40

40

* No serum specimens were obtained from cases no. 5, 9, and 1 2.
(I Neutralization test performed by Dr J. Ulstrup, Bacteriological

Department, UllevAl Hospital, Oslo.

type 1 virus was the cause of the disease, as only
antibody against type 1 was present on the seventh
day of illness.
Case 4 had received the oral vaccine two days

before, and case 6 ten days before the illness began.
In both cases a " wild-like " type 1 virus was isolated.

In case 4, the short interval between vaccination and
onset of the disease indicates that there was no
connexion between the oral vaccine and the patient's
poliomyelitis (Henderson et al., 1964).
None of the other patients in the epidemic group

had received the oral vaccine, neither had any family
or other household member: 5 of the 7 patients in
the group had received inactivated poliovirus vaccine
several years earlier.

Sporadic cases. A poliovirus was isolated from 3
of the 4 patients. From the 3 virus positive cases
serum specimens were submitted, and the results of
the neutralization tests were compatible with an
infection with the virus type excreted.
The poliovirus type 3 strain from case 8 showed

intermediate values in the rct-marker test, and it was
considered " vaccine-like " in the serodifferentiation
test. The oral vaccine, however, was not reported to
have been distributed in the patient's household or
neighbourhood. The poliovirus type 1 strain from
case 10 was unable to grow at 39.3°C, but was
" wild-like " in the ds-test (dextran sulfate resistant).
In our experience, dextran sulfate resistance is a
more constant feature of the wild strains of poliovirus
type 1 than the ability to multiply at an elevated
temperature, and the strain was therefore considered
i wild-like ". The poliovirus type I strains from
case 11 were " wild-like " in both marker tests, and
the same character was observed in strains isolated
from the patient's two healthy children.

Vaccilne-associated cases. Two patients in the
group had been given trivalent oral vaccine (recipient
cases), whereas the other four were contact cases.
The contact cases were all members of the same
households as the vaccinated patients.
The two contact cases reported from 1965, cases 12

and 13, both excreted poliovirus type 1, and the
virus strains were considered " wild-like " in the
marker tests. The cases occurred at about the same
time, but in different parts of the country. The
strains isolated from the 4 other vaccine-associated
cases were all considered " vaccine-like ".

According to the neutralization tests (Table 2),
case 13 had been infected with the poliovirus type 1
only. Some of the other patients in the group also
had antibodies against poliovirus types not detected
in faecal specimens. Multiple type infection must
always be considered in connexion with trivalent
oral vaccine (Stuart-Harris, 1964).

In case 16, two poliovirus types were detected in
the faeces. The patient had received her second dose

Case
no.

2

3
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of oral vaccine 10 days after her illness started,
before the diagnosis was made. She was probably
infected with poliovirus type 2 during the acute
phase of her illness, as neutralizing antibody against
this type only was detected in serum 12 days after the
onset of the disease.

Vaccine-associated cases and batch of oral vaccine
Vaccine from 17 batches was distributed during

the study period. The contact of case 12 had received
two doses of vaccine from different batches. Of the
other batches, two were associated with two cases of
poliomyelitis each, and vaccine from one batch was
associated with the sixth case. The number of doses
of vaccine per batch varied, but the association
between certain batches and cases of poliomyelitis
could well be due to chance.

DISCUSSION

It is often difficult to determine the nature of
polioviruses responsible for cases of poliomyelitis
occurring after the introduction of live poliovirus
vaccine. Both wild and vaccine-derived viruses may
be circulating in the population, and the genetic
marker tests cannot, with certainty, differentiate be-
tween viruses of the two categories. However, com-
bined epidemiological and virological observations
may give a strong indication as to the nature of the
poliovirus causing the patient's disease.

In the present study, the 7 epidemic cases all
occurred in the early autumn, as is typical of natu-
rally occurring cases of poliomyelitis. A " wild-like "
type 1 poliovirus was isolated from faeces of the 6
patients in whom a virus was detected. It is therefore
concluded that all the epidemic cases were due to
wild type 1 poliovirus, although some of the patients
had received oral vaccine.
The last case of the epidemic in Troms occurred

two weeks after the mass vaccination had started.
The fraction of the population vaccinated during the
campaign varied considerably between different dis-
tricts, and it took several weeks until the first dose of
the vaccine had been distributed. The effect of the
mass vaccination on the course of the epidemic is
therefore difficult to evaluate.

It is notable that as many as 5 of the 7 epidemic
cases had been immunized with the inactivated polio-
virus vaccine. Several cases of poliomyelitis had also
occurred during the years prior to 1965 among
persons previously vaccinated, and this was one of
the reasons why inactivated vaccine was replaced by
live oral vaccine (Orstavik & Jakobsen, 1971).

In the sporadic cases, the disease was most pro-
bably caused by the virus type excreted. The epide-
miological observations suggested a wild poliovirus
as the cause of the disease, and this was supported
by the virological findings in two cases. Despite the
lack of any known epidemiological support, case 8
may have been caused by a vaccine-derived virus.
The poliovirus type 3 strain isolated was intermediate
and " vaccine-like " in the two marker tests. How-
ever, our marker tests may fail to differentiate be-
tween some wild strains of type 3 and the Sabin
strain, as was suggested by preliminary experiments
on virus isolated before the oral vaccine was intro-
duced in Norway.

In 4 of the 6 vaccine-associated cases there was
agreement between the epidemiological and viro-
logical data. The illnesses in cases 12 and 13, how-
ever, may not have been related to the vaccine given
to a family member. Both patients excreted a " wild-
like " strain of poliovirus type 1, and the same virus
type had caused an epidemic elsewhere in the country
(Troms) two months previously. On the other hand,
no other cases of poliomyelitis occurred in the coun-
try, nor were strains of poliovirus isolated from other
patients at that time. No special search for entero-
viruses in the environments of cases 2 and 3 was
carried out, however. There is also the possibility of
a reversion of the genetic markers of the vaccine-
virus, from " vaccine-like " to " wild-like ", which
could have paralleled a reversion to neurovirulence.

In vaccine-associated cases following trivalent vac-
cine, it is often difficult to determine if the virus
excreted, or some other poliovirus type, is the cause
of the patient's disease (Stuart-Harris, 1964). In one
of the two recipient cases, case 16, the serological
findings strongly suggested that the illness was due
to a single virus type (type 2). Contact cases are less
likely to be infected by more than one poliovirus
type. Accordingly, the virus types excreted by the 4
contact cases were probably the cause of their
disease.

Poliovirus type 2 was involved in 3 of the 6 vaccine-
associated cases. Other cases of vaccine-associated
poliomyelitis have been attributed to the vaccine-
strain of type 2 (Cesario et al., 1969) and in the USA
a relative increase in paralytic cases caused by polio-
virus type 2 has been reported since the introduction
of oral vaccine (Swanson et al., 1967). Most of the
vaccine-associated cases described, however, have
been connected with poliovirus type 3 (Bull. Wld
Hlth Org., 1969).
Two of the contact cases occurred in parents

4
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without any previous poliovirus vaccination. Similar
cases have been reported (Morse et al., 1966; Swan-
son et al., 1967), and it has been recommended that
the immunization status of parents should receive
attention before the administration of the oral vac-
cine to their children.
As seen in Table 1, there was only one case of

paralytic poliomyelitis in Norway caused by a " wild-
like" poliovirus during the 4 years following 1966,
and the patient was, possibly, infected abroad. It is
tempting to conclude that wild poliovirus has
stopped circulating in Norway. This is further sup-
ported by other virological observations. Thus no
" wild-like " poliovirus has been isolated from cases
of aseptic meningitis, or from any other patients viro-
logically examined during the period (except for the
two family members of case 11 already mentioned).
During the study period, approximately 5 million

doses of trivalent oral vaccine were distributed from
the National Institute of Public Health in Oslo. If we
accept 6 of the above-mentioned cases as vaccine-
related, it gives an estimated rate of paralysis of
1.2 per million doses. Up to the end of 1970, most of
the vaccine was given as primary vaccination, i.e.,
three doses. If it is estimated that around 1.4 million
persons were vaccinated, the rate would be 4.3 cases
per million.
Few reports have been published on the incidence

of paralytic poliomyelitis in relation to the use of
trivalent vaccine, and the rates per million doses

have varied (Bull. Wld Hlth Org., 1969). The
rate observed in the present study is higher than that
reported by Miller & Galbraith (1955) and by Hop-
kins et al. (1969), but comparable to the rate reported
by Nagler (1963). The rates, however, in our study
and in the other studies cited, have been based on a
small number of cases, and it is uncertain whether a
valid comparison between countries can be made.
Several factors may have contributed to the observed
differences, e.g., the composition of the vaccine and
the surveillance of the disease. In the present study,
live vaccine of the same composition from the same
manufacturer was used throughout. In Norway, the
public health system is well developed, and surveil-
lance of the disease was relatively easy because of the
small and stable population (3.8 million). As health
insurance is compulsory for the whole population, it
is most unlikely that medical aid is not sought because
of economic reasons. We therefore believe that al-
most all the paralytic cases have been brought to our
attention during the study period. This may be one
of the reasons why the number of vaccine-associated
cases is rather high.

In order to maintain a continuous assessment of
the efficacy and the safety of the oral vaccine, all
future cases of paralytic poliomyelitis must be closely
studied by both virological and epidemiological me-
thods in order to determine whether they have been
caused by a naturally occurring (wild) poliovirus or
by the oral vaccine.
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RESUME
LA POLIOMYELITE PARALYTIQUE EN NORVfEGE DEPUIS L'INTRODUCTION DU VACCIN TRIVALENT

ADMINISTRE PAR VOIE BUCCALE: ETUDE tPIDIMIOLOGIQUE ET VIROLOGIQUE

La vaccination antipoliomyelitique par voie buccale
a l'aide de vaccin trivalent (Sabin) a et introduite en
Norvege durant l'automne de 1965. A la fin de 1970,
l'Institut national de la Sante publique avait assure la
distribution d'environ 5 millions de doses.
Au cours de cette periode, on a signale 17 cas de polio-

myelite paralytique: 7 d'entre eux sont survenus en 1965

pendant une epidemie dont le debut se situait avant
l'introduction de la vaccination par voie buccale; 4 cas
sporadiques, sans lien avec la vaccination, ont e obser-
ves; enfin, dans 6 cas, on a pu demontrer une association
avec la vaccination, 2 malades etant des sujets vaccines e t
4 des contacts. L'incidence des cas associes a la vaccina-
tion, soit 1,2 par million de doses de vaccin trivalent, est
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plus elevee que dans la plupart des autres etudes consa-
crees a la question.
Dans 6 des 7 cas epidemiques, on a isole un poliovirus

de type 1; 1'etude des marqueurs genetiques a montre
qu'il s'agissait chaque fois d'une souche de type sauvage.
Parmi les 4 cas sporadiques non associes a la vaccination,
on trouvait 2 excreteurs de poliovirus de type 1 et un excre-
teur de poliovirus de type 3; chez le dernier malade, aucun
virus n'a ete decel. Les souches de type 1 presentaient les
caracteres des souches sauvages, tandis que pour la
souche de type 3, les marqueurs genetiques etaient de type
intermediaire ou rappelaient ceux des souches vaccinales.
Quatre des 6 malades atteints de poliomyelite associee a
la vaccination (2 sujets vaccines et 2 contacts) excretaient
des poliovirus de type vaccinal: chez 2 d'entre eux, il
s'agissait d'un virus de type 2; chez un autre, d'un virus de

type 3, et chez le dernier de virus des types 1 et 2. Les deux
autres contacts excretaient un poliovirus de type 1
presentant les caracteres des souches sauvages. Ces deux
derniers cas ont e observes durant l'automne de 1965,
alors qu'une petite epidemie de poliomyelite due a un
poliovirus de type 1 sevissait dans d'autres regions du
pays. Il est des lors possible que, chez eux, la maladie
n'ait pas e causee par le virus vaccinal.

Depuis 1966, on n'a enregistre qu'un seul cas de
poliomyelite due a un poliovirus sauvage, l'infection
ayant probablement ete contractee a l'etranger. Aucune
autre souche sauvage de poliovirus n'a e isolee en
Norvege pendant ces dernieres annees. Ces faits amenent
les auteurs a conclure que, selon toute vraisemblance,
seul le poliovirus vaccinal circule actuellement au sein
de la population norvegienne.
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