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a higher proportion of adults tend to have paralytic infections, we
consider the lower incidence estimates to be more likely. Surpris-
ingly, only 18 patients were reported in the contact group. This,
however, may have been due to artefacts in reporting, possibly some
health authorities failing to investigate this aspect thoroughly.
There was no definite failure of vaccination among the patients

reviewed. The data suggest that two doses of oral vaccine given to
babies a few weeks before departure are insufficient for complete
protection and also that an intramuscular booster dose given after a
protracted period (in this instance 23 years) will not raise a
satisfactory antibody titre for a journey beginning a few days later.

In view of the potential danger to both the travellers, even if just a
few, and people remaining at home poliomyelitis vaccination must
remain a firm recommendation to all travellers visiting developing
countries. Special emphasis must be placed on the appropriate
vaccination of older travellers and no upper age limit should be set,
as has been advocated. Even if the need for supplementary oral or
intramuscular doses given after a completed series of vaccination is
not established23 it may be good practice to give an additional
booster if the last dose was more than five years previously. The
poliovirus antibody state ofmost travellers is not known. Only 80%
of Scottish tourists visiting Malta or Rumania were shown to possess
antibody titres to all three serotypes.2425 No data about protection
rates in travellers of other nations have been published to our
knowledge.

Despite efforts by theWHO to promote the expanded programme
on immunisation many citizens of developing countries are not
immunised. Health authorities in industrialised countries who
receive immigrants, refugees, and foreign workers from developing
countries therefore need to ensure that poliomyelitis vaccination
and revaccination schemes are available for all new arrivals and for
those born in the host country.

We thank the authorities of the public health institutions of the 31
countries who made this survey possible. Ms Penelope Phillips-Howard and
Dr Edward Brink contributed valuable advice. We are also grateful to Miss
Elisabeth Vollenweider for secretarial help.
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Antibody state to poliovirus in first year university students, 1984

CAROL A JOSEPH, NORMAN T BEGG, ROSALIND E STANWELL-SMITH,
DAVID I MAGRATH

Abstract

Circulating antibodies to poliovirus were estimated in a group of
300 British and 84 foreign first year students who registered at the
health centre of Nottingham University in 1984. Detectable
antibodies to ali three poliovirus serotypes were found in 212
(71%) of the British students but in only 47 (56%) of those from
abroad. Most of the British students (280; 93%) had been born in
1965 or 1966, when uptake ofpoliomyelitis vaccine was declining.

Immum'sation histories showed that 10 British and 29 foreign
students (3% and 35%) had no record of any immunisation; only
five British and two foreign students, however, were negative for
ail three poliovirus serotypes.
These findings provide evidence that a high proportion of

British born people aged 18-29 have adequate circulating polio-
virus antibodies despite incomplete immunisation schedules.
Though this is reassuring, the absence of antibodies in some
students and the lack of previous immunisation against polio-
myelitis in 39 suggest that reinforcing doses ofvaccine at the time
of leaving school or beginning further education are stili war-
ranted, particularly for students from other countries. The
findings also emphasise the need for accurate immunisation
records.

Introduction

A survey of the antibody state of newly registering students at
Nottingham University has been carried out every year by the
Public Health Laboratory Service since 1969. Antibodies to rubella
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have been estimated each year and to other infections intermit-
tently.'2 Antibodies to poliovirus were previously measured in
1980.

Subjects and methods

Serum samples were obtained over three days from 1008 (58%) of the
students who registered at Nottingham University health centre in October
1984. Altogether 904 students in the sample were British, and the remaining
104 came mainly from western Europe, the Far East, and North America.

Poliovirus antibodies were measured in samples from 384 students,
comprising 300 British born subjects (150 male) and 84 foreign subjects (22
male, 62 female). Poliovirus antibodies were assayed by mixing 50 RI of
roughly 100 TCD5O of each poliovirus type with an equal volume of a
dilution of a serum sample. Serum samples were diluted in microtitre plates
in the range 1/2 to 1/64. Plates containing the serum and virus mixtures were
incubated at 350G for two to three hours before having 0-1 ml ofa suspension
of 5 x 101 HEp2 cells added and reincubated for five days. The end point was
expressed as the dilution ofserum estimated to neutralise the challenge virus
in half of the wells in the plates.

TABLE I-Number (percentage) of students with poliomyelitis immunisation history

Immunisation history British students Foreign students

Primary course only 22 (7) 13 (15)
Primary plus reinforcing dose(s) 141 (47) 4 (5)
Reinforcing dose(s) only* 127 (43) 38 (45)
None 10 (3) 29 (35)

Total 300 (100) 84 (100)

*No record ofprimary vaccination.

TABLE II-Number (percentage) ofstudents with poliovirus antibodies*

British students Foreign students
Poliovirus antibody type (n=300) (n=84)

1 283 (94) 79 (94)
2 288 (%) 76 (90)
3 222 (74) 50 (60)
All three types 212 (71) 47 (56)
None 5 (2) 2 (2)

*Detectable at titre of 1/8.

Information about vaccination state was obtained from the students
themselves. For the British students additional immunisation information
was obtained from their general practitioners' records. Students were
offered a reinforcing dose of poliovaccine according to their vaccination
history. This dose was given at the same time as blood was taken for antibody
testing and therefore did not contribute to the serological results.

Results

The British students were aged 18-29 years (280 (93%) aged 18-19) and the
foreign students 18-31 (35 (42%) aged 18-19). The foreign students came
from western Europe (30), the Far East (22), North America (18), east Africa
(5), Australasia (4), the Indian subcontinent (3), and the Middle East (2).

IMMUNISATION HISTORY

Two hundred and ninety (97%) of the British and 55 (65%) of the foreign
students had a history of partial or complete vaccination against polio-
myelitis, of whom 163 (54%) of the British and 17 (20%) of the foreign
students had received a complete primary course (table I). A total of 127
(43%) and 38 (45%) of the students respectively had no record of primary
immunisation but reported having one or more reinforcing doses at school.
The British students had received more reinforcing doses than the foreign
students; 125 (42%) had received two or more doses, whereas only one ofthe
foreign students had received two or more doses.

ANTIBODY STATE

In 212 (71%) ofthe British and 47 (56%) ofthe foreign students antibodies
were detectable to all three poliovirus serotypes (table II). The difference
between the two groups was mainly due to type 3, to which 222 (74%) of the
British but only 50 (60%) of the foreign students had antibody. Over 90% of
students in both groups had antibodies to types 1 and 2. Only 2% in each
group had no detectable antibody to any serotype.
Older students were more likely to lack detectable antibodies. Of five

British students born before 1964, 3 (60%) were seronegative to one or more
poliovirus serotypes, compared with 6 (40%) ofthe 15 students born in 1964
and 38 (28%) and 41 (28%) of those born in 1965 and 1966 (table III).

Students with a history of a primary course plus reinforcing doses or
reinforcing doses only had a higher proportion of detectable antibody than
those who received either no immunisation or a primary course only.
Antibody to all three poliovirus types was found in 96 (68%) of the 141
British and three of the four foreign students with a complete immunisation
history (primary plus reinforcing doses). Of 22 British students who had

TABLE IiI-Number (percentage) ofBritish students with poliovirus antibodies* stratified byyear of birth

Seronegative to one or
Year of birth No in sample Type 1 Type 2 Type 3 All three types None more types

Before 1964 5 4(80) 5 (100) 3 (60) 2 (40) 0 3 (60)
1964 15 14(93) 13 (87) 9 (60) 8 (53) 0 6 (40)
1965 135 127 (94) 131 (97) 98 (73) 95 (70) 2 (1) 38 (28)
1966 145 138 (95) 139 (96) 112 (77) 107 (74) 3 (2) 41(28)

Total 300 283 288 222 212 5 88

*Detectable at titre of 1/8.

TABLE Iv-Number (percentage) ofstudents with poliovirus antibodies in relation to immunisation histoMy
British students (n=300) Foreign students (n=84)

Primary + Primary +
Primary reinforcing Reinforcing Primary reinforcing Reinforcing

Poliovirus course only dose(s) dose(s) only None course only dose(s) dose(s) only None
antibody type (n=22) (n= 141) (n= 127) (n= 10) (n= 13) (n=4) (n=38) (n=29)

1 20(91) 132(94) 122((%) 9 (90) 11(85) 4(100) 37(97) 27(93)
2 21 (95) 134(95) 123 (97) 10 (100) 9(69) 4 (100) 36(95) 27 (93)
3 15 (68) 103 (73) 98(77) 6 (60) 6(46) 3 (75) 27(71) 14(48)
All three types 15 (68) 96(68) 96(76) 5 (50) 5 (38) 3 (75) 26(68) 13 (45)
None 1 (5) 2 (1) 2 (2) 0 1 (8) 0 0 0
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received only a primary course, 15 (68%) had antibody to all three serotypes;
of the 13 foreign students who had received only a primary course, however,
only 5 (38%) had antibody to all three types. In the group with no record of
any immunisation only 5 (50%) of the British and 13 (45%) of the foreign
students had antibody to all three types (table IV).

Discussion

In 1962 Sabin oral vaccine was introduced to replace the Salk
inactivated vaccine, which had been available in Britain since 1956.
For a short period there was confusion over dosage and completion
of vaccination courses with the two types of vaccine. The fall in the
incidence of paralytic poliomyelitis was also associated with a
decline in the national uptake of poliomyelitis vaccine. Improve-
ment in the uptake of immunisation against the disease was
stimulated by the introduction of a new combined schedule of
immunisation in 1967, when diphtheria, tetanus, pertussis, and a
course of oral poliomyelitis vaccine was given to infants, beginning
at around 6 months ofage. By 1969, 80% ofchildren in England and
Wales had received a complete course of poliomyelitis vaccine by
their second birthday.3

Children born in the mid-1960s might therefore be expected to be
less well protected than those born earlier or later. In one study
antibodies to all three poliovirus serotypes were found in 39% of a
British cohort of children born between 1963 and 1968 compared
with an antibody level of between 56% and 68% for subjects born
between 1890 and 1963 and 1968 and 1978.4 In a survey of Bristol
children those born in 1965 had a lower prevalence of antibodies to
polioviruses in 1976 than did those born in 1961 or 1969.5

In this study 71% of the British students had antibodies to all
three poliovirus serotypes, which is a higher level ofprotection than
for previously reported cohorts of children born in the same
period.45 A possible explanation may have been the social class bias
of the students in this study. University students are more likely to
come from professional and middle class families with a higher
immunisation uptake rate than a randomly selected cohort of
children. A second difference relates to the age at which antibodies
were estimated. The Nottingham students were mostly aged 18-19
years compared with 10-15 years in other studies, and 46% of the
.British and 18% of the foreign students had received the recom-
mended reinforcing dose for school leavers.
A study ofa cohort ofchildren aged 11-14 between 1963 and 1967

recommended giving all school leavers a reinforcing dose of
poliomyelitis vaccine to improve their antibody state.6 This was also
emphasised in a recent study of antibody levels to poliovirus in
young adults aged 17-22. This cohort, born between 1963 and 1968
and tested by Roebuck and Chamberlain in 1982, was originally
found to have an antibody level to all three poliovirus serotypes of
39%, which subsequently rose to 78% after a reinforcing dose of
poliovaccine and retesting in 1984-6.7
An earlier serological survey at Nottingham University examined

801 serum samples from students who registered at the university in
1980. These students were mostly born in 1961 and 1962, and 82%

of them had detectable antibodies to all three poliovirus serotypes
(R Chamberlain, personal communication, 1986).

Almost 2000 new students registered at Nottingham University
in 1984, of whom 90% also registered at the health centre. All
students who registered at the health centre were offered a
reinforcing dose of oral poliovaccine, and 65% of the British and
55% of the foreign students were recorded as having received this
dose. Nottingham's policy of offering poliomyelitis vaccine to new
students is typical of the few universities in Britain that operate
health centres for their students (I Flowers, personal communica-
tion, 1986). The vaccine is offered routinely to students who give no
history of a complete course of vaccination in a self administered
questionnaire, without prior testing for serological evidence that
antibodies are lacking. No adverse reactions have been recorded in
Nottingham to the additional reinforcing dose, and the extra
protection provided is considered to outweigh the medical risk to
others of exposure to the live vaccine through the faecal-oral route.

Finally, 163 (54%)- of the British students in our sample were
recorded as having completed a primary course of poliomyelitis
immunisation. This uptake rate was 23% below that reported for
children in England and Wales born in the same period,3 and it
seems likely that there was appreciable underreporting of immuni-
sation in the sample. The finding that students with a record of
reinforcing doses only had a similar antibody state to those with a
record ofa full primary course plus reinforcing doses ofpoliovaccine
supports this hypothesis. Probably many students recorded as
having had reinforcing doses only had received a primary course of
vaccine in childhood. To complete the university's health question-
naire some students may have relied on recall by their parents rather
than on a documentdd record. Probably also some general practi-
tioners' records were incomplete. Discrepancies in immunisation
records have been noted elsewhere8 and have serious implications
-for the person concerned, both in terms of giving unnecessary and
possibly harmful vaccinations and in failing to vaccinate a non-
immune student who might subsequently be exposed to polio-
myelitis or to vaccine associated in-fection.

We thank Ann John and Jacqui Howlett for technical help.
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100 YEARS AGO

When this gigantic undertaking, which is gradually approaching completion,
is finished, the medical history of the undertaking ought to be written. A
statement was recently made on apparently good authority to the effect that
the annual mortality amounted to the appalling percentage of 60 for the
coloured labourers and 80 for the white. The figures are very much greater
than are justified by statistics, for according to an official document recently
published, the average annual mortality on the works does not exceed 10 per
cent, but even this figure is fearfully high. Probably very few enterprises in
modern times have proved as fatal to the men engaged as this one, a result
which is attributable to the extremely unhealthy nature of the climate and
also to the insanitary conditions under which these large aggregations ofmen
have had to live. The mortality at the commencement ofthe excavations was
still higher, but the company has recently become alive to the fact that this

high rate ofmortality is very expensive, and have therefore taken some steps
to render the dwellings and manner of living of the men less prejudicial to
health and life. Unfortunately the disease and mortality statistics of such
undertakings are almost invariably kept in a very perfunctory style. It would
have been very instructive to have had some information with respect to
death from disease and accident among the men employed in carrying out
the recent metropolitan improvements. It would probably have been made
apparent that the soil ofold cities like London cannot be disturbed on a large
scale without a corresponding tribute of mortality. The tunnel which is
shortly to be driven beneath the Thames offers an excelleht opportunity for
the collection of precisely this kind of information. (British Medicaltournal
1887;ii:79.)
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