
radiographs are commonly inadequate for diagnosing
conditions such as spondylitis, metastasis at the base of
a pedicle, and listhesis,'8 and therefore, apparently
normal routine radiographs should not be considered
adequate if the clinical picture indicates important
disease.

It is surprising that so few patients were fully
examined and that so many were not examined before
the radiographs were requested. Although patients
may forget much ofwhat their general practitioner tells
them in a consultation, we consider that most will
remember whether or not they have been examined. At
this unit most patients will have had their examination
performed within a few days of the request so that
elapsed time does not become a major factor in
accuracy of recall. We thus believe that our figures are a
reasonable approximation to the truth. It can only be
that most of the doctors in our sample currently make
their decision to request radiographs based on the
patient's history and that the examination findings are
unlikely to alter this decision one way or the other. We
hope that dissemination of the college guidelines will
help to modify this decision making process.
Few of the general practitioners we contacted were

aware of the college guidelines, and most expressed an
interest in seeing them. Radiologists should strive to
ensure that their local general practitioners are in-
formed of the guidelines and should discuss their
implications with them.

Despite the pessimism of some authors,'9 there is
evidence that educating clinicians about radiology can
reduce the number of unnecessary examinations,202'
and in view of the many patients referred to our
department for lumbar spine radiography, we hope
that widespread acceptance of the guidelines will result
in optimal use of radiological services. We also believe
that there is a need for a guided increase in public
awareness regarding the radiation engendered in
diagnostic radiology. Though we do not wish to cause

unnecessary concern, the community as a whole would
benefit from a reduction in medical radiation that
might follow reduced demand from patients to have
radiographic examinations for painful but benign
concditions.
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Association between secretor status and respiratory viral illness

MW Raza, C C Blackwell, P Molyneaux, V S James, M M Ogilvie, J M Inglis, D M Weir

Abstract
Objective-To determine whether non-secretion

of blood group antigens is associated with respira-
tory virus diseases.
Design-Study of secretor status in patients with

respiratory virus diseases determined by an enzyme
linked immunosorbent assay (ELISA) developed to
identify Lewis (Le) blood group antigen phenotypes
(Lea non-secretor; Leb secretor).

Subjects-Patients aged 1 month to 90 years in
hospital with respiratory virus diseases (584 nasal
specimens).
Main outcome measures-Criteria for validation

of ELISA (congruence between results on ELISA
testing of 1155 saliva samples from a previous study
and previously established results on haemaggluti-
nation inhibition (HAI) testing, proportions of Lea,
Leb, and Le- phenotypes in 872 samples of nasal
washings from a previous study compared with the
normal population). Secretor status of patients
determined by ELISA and viruses isolated.
Results-Agreement between HAI and ELISA for

1155 saliva samples was 97%. Lewis antigens were
detected by ELISA in 854 (97.9%) of nasal washings
(Lea 233 (26.7%), Leb 621 (71.2%), and Le- 18
(2.1%)) in proportions predicted for a northern
European population. Secretors were significantly

overrepresented among patients from whom
influenza viruses A and B (55/64, 86%; p<0025),
rhinoviruses (63/72, 88%; p<OOl), respiratory
syncytial virus (97/109, 89%; p<00005), and echo-
viruses (44/44, p<O0005) had been isolated com-
pared with the distribution of secretors in the local
population.

Conclusion -Secretion of blood group antigens is
associated with respiratory virus diseases.

Introduction
Susceptibility to a variety of bacterial and superficial

fungal infections is associated with the genetically
controlled inability of individual subjects to secrete the
water soluble form of the ABO blood group antigens
into body fluids (non-secretion).'-7 Non-secretors are
also significantly overrepresented among patients with
some autoimmune diseases for which infectious
triggers have been proposed.8-'2 Although studies of
associations between ABO blood groups and suscept-
ibility to natural or experimental viral infections have
been reported,'3-'5 there are no published studies of
secretor status and viral infection. In this study we
tested the hypothesis that non-secretors might also be
at increased risk of viral illnesses.

Because the quantities of material available from
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patients with viral diseases were too small to determine
secretor status by the usual haemagglutination
inhibition method,'6 we developed an enzyme linked
immunosorbent assay (ELISA) to detect Lewis blood
group antigens in the specimens. Non-secretors
express only Lewisa (Lea) antigen and secretors express
Lewisb (Leb) antigen on their red blood cells and in
their body fluids.

Materials and methods
ELISA FOR LEWIS ANTIGENS

To detect the presence of Lea and Leb blood group
antigens in body fluids by ELISA wells of polystyrene
microtitre plates (Dynatech, Billingshurst, Sussex)
were coated overnight at 4°C with 100 id of mono-
clonal Lea antibody (LM 112/161) or 100 pt1 Leb
antibody (LM 129/81 anti-LebL) (provided by R H
Fraser, Glasgow and West Scotland Blood Transfusion
Service). Lea antibody was diluted 1 in 25 and Leb
diluted 1 in 20 in 50 mM sodium carbonate buffer
(pH 9-6). All further procedures were carried out at
room temperature except when stated otherwise. The
wells were washed three times with 0-1 M phosphate
buffered saline containing 0-1% (wt/vol) bovine serum
albumin and 0 05% (vol/vol) Tween 20 (washing
buffer). The wells were blocked with 150 pt1 of
phosphate buffered saline with 1% (wt/vol) bovine
serum albumin (blocking buffer) for 15 minutes. The
buffer was removed and the wells washed twice with
washing buffer.

Dilutions of saliva from known secretors or non-
secretors were used in each plate as controls. Test wells
contained 100 pt1 of the specimen (saliva, nasal wash-
ings, or respiratory secretions) which had been boiled
for 30 minutes to inactivate enzymes, bacteria, or
viruses. Samples of saliva were diluted 1 in 20 in
blocking buffer for detecting Leb antigen and 1 in 100
for detecting Lea antigen. The more dilute nasal
washings or respiratory specimens were diluted 1 in 10
in blocking buffer to detect Lea antigen but were used
undiluted to detect Leb antigen.

After incubation for one hour the wells were washed
three times and 100 pt1 of polyclonal goat anti-Lea
antibody (Behring, Marburg, West Germany) diluted
1 in 500 in blocking buffer or 100 pt1 of polyclonal goat
anti-Leb antibody (Behring) diluted 1 in 250 in block-
ing buffer were added to the wells of the appropriate
plates. After 30 minutes' incubation the plates were
washed three times, and 100 pt1 of horseradish
peroxidase conjugated donkey antigoat immuno-
globulin (Scottish Antibody Production Unit,
Carluke, Lanarkshire) diluted 1 in 250 in blocking
buffer was added. After overnight incubation at 4°C
the plates were washed three times and 100 p.1 of
orthophenylene diamine (40 mg in 100 ml 0 1 M
phosphate citrate buffer, pH 5) activated with 40 pt1
hydrogen peroxide (30%) were added to each well. The
colour was allowed to develop for 10-15 minutes, and
the reaction was stopped by adding 50 pt1 of 12-5%
sulphuric acid to each well.

Absorbance at 490 nm was measured with a plate
reader (Dynatech). Samples were tested in duplicate,
and the readings were averaged. The average reading
for each sample was compared with the results
obtained for dilutions of saliva from secretors (diluted
1 in 20) and non-secretors (diluted 1 in 100) in the same
plate. Values equal to or above that of the control were
considered to be positive. The subjects from whom the
samples were obtained were classified as non-secretors
if only Lea antigen was detected or as secretors if Leb
antigen or Lea and Leb antigens were detected.

SAMPLES AND CONTROLS

To assess the method we compared the results

obtained by the ELISA with those obtained by a
haemagglutination inhibition assay'6 for 1155 saliva
specimens collected during the Stonehouse survey.'7
Nasal secretions were collected from 26 members of
staff whose secretor status and Lewis blood group
antigens had been previously determined. The secre-
tions were collected with cotton wool swabs, inocu-
lated into virus transport medium, and the transport
medium processed and assayed for presence of Lewis
antigens. Nasal washings (n=872) obtained as part of
other studies at the Medical Research Council's
Common Cold Unit were also tested to determine if
Lewis antigens could be detected in diluted nasal
secretions. They had originally been obtained from
volunteers for assessment of secretory antibodies and
had been stored at -20°C for four to five years.
As there is no association between sex and secretor

status or sex and the Lewis blood group'8 the distribu-
tion of Lea and Leb antigens in the local population was
determined with red blood cells from 363 women
attending antenatal clinics at the Royal Infirmary,
Edinburgh, by the standard tube agglutination method
with the monoclonal Lea and Leb antibodies referred to
above in 10% dextran and 2% bovine serum albumin.
The results were compared with those of a previous
study of the local population in which secretor status of
334 blood donors was determined from saliva by
haemagglutination inhibition.' Specimens sent to the
regional virus laboratory for examination (n=584),
mainly from patients aged from 1 month to 90 years in
hospital with symptoms of viral disease, were used in
this study. These were aspirated respiratory secretions
or nasal or throat swabs inoculated into virus transport
medium which had been stored at - 70°C after culture
for virus (table I). The results for the local population
and test specimens were compared by the X2 test
incorporating Yates's correction factor. Odds ratios
and 95% confidence intervals were calculated by the
exact method.

TABLE i-Source ofspecimens for determination ofLewis blood group
and secretor status

Source

Controls:
Local antenatal clinic
Local antenatal cliniC3
Stonehouse survey'

MRC Common Cold Unit
Laboratory staff

Patients:
Regional virus laboratory

Specimen

Blood
Saliva
Blood and saliva
Nasal washings
Saliva, blood, and nasal swabs

inoculated into virus
transport medium

Nasal secretions
OR

Swabs inoculated into virus
transport medium

No

363
334

1155
872
26

584

Results
ASSESSMENT OF ELISA FOR DETECTING LEWIS ANTIGENS
IN BODY FLUIDS

Lea or Leb antigens or both, were detected by
ELISA in 1089 of the 1155 (94-3%) specimens of saliva
for which secretor status had been determined by
haemagglutination inhibition. The results of ELISA
for Lewis antigens and of the haemagglutination inhi-
bition assay agreed for 1058 of the 1089 Lewis positive
specimens (97%), 796 Leb antigen positive (secretors)
and 262 Lea antigen positive (non-secretors). The
results for the two assays disagreed for 31 specimens,
27 Lea antigen positive (but secretors by haemag-
glutination inhibition) and four Leb antigen positive
(but non-secretors by haemagglutination inhibition).
In 66 specimens (5-7%) Lewis antigens were not
detected by ELISA: 30 were from secretors and 36
from non-secretors. Lewis phenotype determined by
agglutination of red blood cells for 124 of these donors
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agreed with the results of the ELISA for 119 (96%) of
those tested. The ELISA correctly identified the Lewis
antigen present in nasal secretions of all 26 laboratory
staff. Among the 872 nasal washings obtained from the
Common Cold Unit, Lewis antigens were detected in
854 (97.9%): Lea antigen in 233 (26-7%); Leb antigen
in 621 (71-2%); and no Lewis antigen in 18 (2 1%).
This finding does not differ from the distribution of
those phenotypes in most northern European popula-
tions."8

LEWIS PHENOTYPES OF LOCAL POPULATION

Among 363 blood specimens from the antenatal
clinic in which the Lewis antigens were detected, 28%
were Lea antigen positive only and 72% were Leb
antigen positive (tabe II). These results were not
significantly different from the proportions of non-
secretors (26-6%) and secretors (73-4%) determined in
a previous study by haemagglutination inhibition tests
of 334 samples of saliva from local blood donors.'

LEWIS PHENOTYPE OF PATIENTS WITH VIRAL
ILLNESSES

In 192 of the 584 (33%) patients' specimens
examined by ELISA not enough Lewis antigen was
detected for definite classification: 81 showed border-
line readings, and in 111 no antigen was detectable.
The results obtained with these specimens most prob-
ably reflect degradation of the antigens due to delays in
their transportation to the laboratory. No virus was
isolated from 38 (20%) of these 192 specimens. Among
the 392 specimens in which either or both Lewis
antigens were definitely detected, no virus was isolated
from 36 (9%) (X2=12 17, p<00005). The proportion
of unclassifiable specimens did not vary significantly
with respect to isolation of any particular virus. As the
specimens giving negative and borderline results for
Lewis antigens could not be classified as being from
secretors or non-secretors they were eliminated from
further analysis.

TABLE iti-Lewis phenotype and secretor status ofpatients and controls and results ofvirus culture

Lea+b- Le' b+/Lea+bO t
(non-secretors) (secretors)

Source of
specimen Virus isolated

Antenatal clinic
controls 103 (28)

Regional virus
laboratory:

Influenza
A
B

Parainfluenza
Respiratory syncytial

virus
Rhinovirus
Echovirus
None

Odds ratio* (95%
No (%) No (%) X2 p Value confidence interval)

260 (72)

9(14) 55(86) 5.74
7 (14) 44 (86) 4-92
2 (15) 11 (85) 0-51

17(25) 50(75) 0 13

12 (11)
9(12)
0
9 (25)

97 (89) 12-77
63 (88) 7-11
44 (100) 15-25
27 (75) 0 06

<0 025 2-42 (1l13 to 577)
<0 05 2-49 (1*06 to 6-76)
>0 05 2-18 (0-46 to 20 53)
>0 05 1 17 (0-63 to 2-26)

<0 0005 3-20 (1-66 to 6-67)
<0-01 2-77 (1-31 to 6-57)
<0-0005 x (4-41 to -)
>0 05 1- 19 (0 52 to 2 97)

*Odds ratio compared with local controls.

Table II compares the isolation of viruses from non-
secretors and secretors. Compared with the local
population, there was a significantly higher proportion
of secretors among subjects from whom the following
viruses were isolated: influenza A virus (p<005),
rhinovirus (p<0 01), respiratory syncytial virus
(p<00005), and echoviruses (p<00005). Although
11 of 13 specimens containing influenza B virus were
from secretors, the numbers were too small to be
significant. This pattern was not observed for the 67
specimens from which parainfluenza virus was isolated
or the 36 from which no virus was isolated. In these two
groups of specimens the proportions that were Leb
antigen positive (secretors) and Lea antigen positive
(non-secretors) were similar to those of the local
population.

Discussion
Determination of Lewis phenotype is a good control

for haemagglutination inhibition assays for ABO
antigens which have been the standard method for
determining secretor status. Agreement between the
Lewis phenotypes and results of the haemagglutina-
tion inhibition assay for 1089 saliva specimens was
97%. "False secretors," of Lea phenotype but secretors
by haemagglutination inhibition, were the predomi-
nant mismatched pairs (27/31, 87%). Results of a
previous study indicate that these are most likely the
result of contamination of saliva by blood owing to
poor oral hygiene or periodontal disease among these
subjects." Dilution of small samples to provide enough
material for the haemagglutination inhibition test is
probably the source of the small proportion (0 004%)
of "false non-secretors," who are of Leb phenotype but
non-secretors by haemagglutination inhibition. The
ELISA method eliminates the problem of contamina-
tion of non-secretor saliva by red blood cells and it can
be carried out on smaller volumes than those needed
for haemagglutination inhibition. The method also
detected Lewis antigens in 854 (98%) of the 872
specimens from the Common Cold Unit, indicating
that the method can be used to detect these antigens in
diluted nasal secretions.
The nasal washings from volunteers at the Common

Cold Unit were originally collected for determining
secretory antibody titres and were frozen soon after
collection, which would preserve the Lewis antigens;
analysis of the results found the expected proportion
(2%) of specimens negative for Lewis antigen. The
high proportion of specimens from patients in hospital
with viral illness for which borderline readings were
obtained or in which no Lewis antigen was detected
might be due, in part, to collection techniques and time
taken for transportation and processing the specimens.
Blood group antigens cannot be reliably detected in
saliva kept overnight at room temperature. There was
a significantly higher proportion of unclassifiable
specimens from which no virus was isolated (20%)
compared with the proportion of specimens in which
Lewis antigens were definitely detected but from
which no virus was isolated (9%) (p<0 0005). The
proportion of unclassifiable specimens was not greater
among the very young age groups (<24 months), from
whom nasopharyngeal secretions are usuallv obtained.
Although the Lewis antigens were correctly identified
in all the samples of transport medium inoculated with
nasal swabs obtained from 26 laboratory staff, secre-
tions provide a larger quantity of material for isolating
virus and detecting Lewis antigen.

Previous studies found non-secretion to be associ-
ated with various bacterial diseases and superficial
yeast infections and with carriage of some pathogenic
bacteria or yeasts.'9 2' These findings contrast with
our present finding in which secretors were over-
represented among those patients with significant
symptoms of respiratory illness and from whom
influenza A virus, rhinovirus, or respiratory syncytial
virus were isolated. Secretors were also significantly
overrepresented among those from whom echoviruses
were isolated; these patients, however, had various
illnesses including meningitis, fever, and vomiting. An
increase in the proportion of secretors was not associ-
ated with isolation of parainfluenza virus or with the
group of individual subjects from whom no virus was
isolated.

This is the first report of associations between
secretion of blood group antigens and infectious
diseases. There is evidence that the Lea antigen present
in greater amounts on epithelial surfaces of non-
secretors might be one of the receptors for Candida
species,22 and studies in progress indicate that this
might be true for Neissenra meningitidis. The hypothesis
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that antigens present only in secretors (Le') or in
higher quantities in secretors (H type 1 in addition to H
type 2)23 might act as one of the receptors for some
viruses is under investigation.
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Mode of delivery after one caesarean section: audit of current
practice in a health region

Catherine M Paterson, Nigel J St G Saunders

Abstract
Objective-To audit the subsequent obstetric

management of women who had had one previous
baby delivered by caesarean section.
Design-Retrospective analysis of a regional

obstetric database.
Setting-Data derived from the 17 obstetric units

in North West Thames region.
Subjects-1059 women who delivered a singleton

fetus of at least 37 weeks' gestation with a cephalic
presentation in 1988 who had a history of one
previous caesarean section and no other deliveries.
Main outcome measures-Mode of delivery, post-

natal morbidity, and duration of hospital stay.
Results-395 (37%) women were delivered by

elective repeat caesarean section and 664 (63%) were
allowed a trial of labour. Maternal height and birth
weight of the previous infant differed significantly
between those who were and those who were not
allowed to labour. 471 (71%) of those allowed to
labour achieved a vaginal delivery. In individual
units there was no significant correlation between
the proportion of patients allowed to labour and the
rate of the successful trial of labour. There was a
trend towards greater success rates in units that
allowed a longer duration of labour (p<005) and
units with greater use of oxytocin for augmentation
of labour (not significant). Both elective and intra-
partum caesarean section was associated with a
significantly higher rate of postnatal infection than
vaginal delivery (14-7% and 16-0% v 3.4%).
Conclusions-In patients with a history of

caesarean section there is no evidence that the
likelihood of successful vaginal delivery after trial of
labour is modified by the proportion of such patients
allowed the option of attempted vaginal delivery.
Until selection criteria of adequate prognostic value
can be identified a more liberal approach to allowing
women a trial of labour seems justified.

Introduction
The rising incidence of caesarean birth in Britain

and elsewhere is a cause for concern both in terms of
the associated increase in clinical and social morbidity
for the mother and increased cost to the health service.
Repeat caesarean section makes a major contribution
to the overall rate of caesarean section. One strategy for
reducing the rate of caesarean birth, therefore, is to
allow women with a history of lower segment caesarean
section the option of a trial of labour in their next
pregnancy unless there are specific contraindications.
Many studies attest to the safety of a properly

conducted trial of labour in women who have pre-
viously delivered by caesarean section, and successful
vaginal -delivery can be expected in around two thirds
of such cases. In a comprehensive review Lavin et al
concluded that a properly managed trial was associated
with an acceptably low incidence of scar dehiscence
and perinatal mortality. Furthermore, no maternal
deaths were identified. This is in contrast to the
recognised contribution of repeat elective caesarean
section to maternal mortality.2

Factors known to influence the outcome of a trial of
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