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syncytial virus infection
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Abstract
Sequential nasopharyngeal secretions
were collected from 81 infants from one
day to three months after admission to
hospital with respiratory syncytial virus
(RSV) infection. Samples from 21 infants
were assayed for anti-RSV IgE in an antigen capture ELISA assay. No IgE antibodies were detected although an assay of
IgA antibodies carried out in parallel by a
similar technique detected IgA antibodies
in the secretions of all patients tested.
Neither prior absorption of IgA or IgG,
concentration of the secretions by freeze
drying, nor enzyme amplification of the
assay revealed any virus specific IgE.
Using an antibody capture ELISA with a
sensitivity of 085 IU/ml, IgE could be
detected in sequential secretions of only
one ofthe 81 RSV infected infants studied.
Further testing of the secretions from 12
of these patients and those of a further 15
using an enzyme amplified assay with a
sensitivity of 01IU/ml revealed no further

positives.
Low concentrations of IgE were found
in the sera of the majority of infants with
RSV infection but they did not differ from
those of virus negative children of a similar age collected between RSV epidemics.
No rise in mean serum IgE concentrations
between acute and convalescent samples
was observed. No virus specific IgE was
detected in the sera of any infant using the
enzyme amplified antigen capture ELISA.
(Arch Dis Child 1996; 74: 126-130)
Keywords: IgE, respiratory syncytial virus infection.

concentrations in the blood of infants with
RSV bronchiolitis are not raised.5 However,
Welliver et a16 demonstrated IgE antibodies
bound to RSV infected cells in the nasal secretions of infected infants and later7 free virus
specific IgE in the nasal secretions using an
antigen capture enzyme linked immunosorbent assay (ELISA). Cell bound IgE
peaked in the acute phase but free IgE antibodies rose progressively after infection and
both correlated with bronchiolitis and wheezing but not with upper respiratory tract
infection or pneumonia. These findings have
not been confirmed in other laboratories.
However, Bui et al,8 using an antigen capture
radioimmunoassay, demonstrated anti-RSV
IgE in the acute serum of infants with RSV
infection, again correlating with wheezing and
bronchiolitis. Collins et al also claim to have
detected IgE antibodies in nasal secretions
but could find no correlation with disease

type.9
In view of the central importance of these
observations to our understanding of the pathogenesis of bronchiolitis we have set out to
quantitate anti-RSV IgE antibodies in blood
and nasal secretions of infected infants, initially
using an antigen capture system similar to that
used in earlier studies. Our failure to detect
specific antiviral IgE in serum or nasal secretions using this assay led us to investigate the
levels of total IgE in these samples using an
enzyme amplified antibody capture assay of
subnanogram sensitivity.
Patients and methods
NASOPHARYNGEAL SECRETIONS

Nasopharyngeal secretions were collected
sequentially from 81 infants between 1 and 6
The majority of infants experience a primary months of age admitted to hospital with
infection with respiratory syncytial virus laboratory diagnosed RSV infection. Samples
(RSV) in their first year of life. One to two were taken the day after diagnosis, at weekly
intervals to three weeks and, thereafter, at
per cent of them are severely affected and
admitted to hospital, most frequently suffer- monthly intervals to three months. Forty five
ing from bronchiolitis.1 Recovery, with virus infants were followed up successfully to two
clearance, is generally rapid but wheezing months but only 12 to three months.
episodes may persist for several years.2 The Secretions were transported on ice to the
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pathogenesis of RSV bronchiolitis is poorly
understood. Gardner et al, carried out
histopathological investigations of a small
number of babies who died with RSV infection, and observed that infants with bronchiolitis had less antigen in their lungs than
those with pneumonia.3 They suggested that
bronchiolitis may result from a type 1 allergic
reaction, mediated by IgE antibody, rather
than direct virus damage.
Contrary to this hypothesis atopy does not
predispose to RSV bronchiolitis4 and IgE

laboratory, diluted in 3 ml of viral transport
medium (HEPES buffered Parker's 199
medium containing 1% w/v bovine serum
albumin). Secretions were also collected from
a further 15 RSV infected infants of similar
age, the day after diagnosis in 12 and/or six
weeks later in seven, and diluted in 2 ml of
Dulbecco's phosphate buffered saline (PBS,
solution A). All secretions after dilution were
frozen at -70°C and thawed for assay. This
study was approved by the Gateshead ethical
committee.
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to each well optical densities were measured at
492 nm in a Multiscan spectrophotometer

(Flow Laboratories).

IgE ANTIBODY CAPTURE ELISA
Wells of microtitre plates (Immunoplate 1,
Gibco-Nunc) were coated overnight at 4°C
with sheep antihuman IgE (Seward
Laboratories at 1/500 or Cappel Laboratories
at 1/1000) in carbonate buffer pH 9-6. After
three washes in 0-5 M sodium chloride, 0 5%
Tween 20, a fourfold dilution series of each
test sample was prepared in 50 j.l volumes of
ABSORPTION OF IgA AND IgE
0-5 M sodium chloride, 1% Tween 20 in the
Secretions were diluted 1/2 in rabbit anti- plate. The plates were incubated at 37°C for
human colostrum IgA (alpha chains) and 90 minutes, washed as above, and the captured
secretory component (Dakopatts) or rabbit IgE detected by incubation for 60 minutes at
antihuman IgG (gamma chains) (Dakopatts) 37°C with 50 ,ul of 1/400 peroxidase conboth diluted 1/10 in PBS containing 0 05% jugated rabbit antihuman IgE (Dakopatts)
Tween 20, 10% heat inactivated fetal calf diluted in 0 5 M sodium chloride, 1% Tween
serum, and 10% uninfected HeLa cell antigen 20, 1% normal lamb serum. Bound enzyme
(see below). After incubation for one hour at was quantitated as described above. The assay
37°C and overnight at 4°C immune complexes was standardised against the second interwere pelleted at 10 000 g for 10 minutes in a national standard for IgE (kindly supplied by
microfuge. The supernatant was titrated for Dr R Thorpe, National Institute for Biological
IgE antibodies.
Standards and Control, Potters Bar,
Hertfordshire) and by repeated titration of six
human sera of known IgE content. An optical
VIRAL ANTIGENS
density of 0-2 above serum negative controls
Cell culture supernatants, from HeLa cells was found equivalent to 0-85 IU/ml (2 ng/ml)
infected with the A2 strain of RSV, were pre- and this level was adopted for titre determinacipitated with polyethylene glycol and purified tion. A pool of sera from laboratory personnel,
by the method of Uebal° on discontinuous negative for IgE at 1/100, and a single serum
followed by continuous sucrose gradients. containing 680 IU/ml were adopted as
Affinity purified F protein from RSV strain A2 standards and stored in aliquots at -70°C. A
was purified as described previously. I 1
fresh aliquot of each was titrated on every test
plate.
ANTIGEN CAPTURE RSV SPECIFIC ANTIBODY
ASSAY

Dynatech 1 29B micro-ELISA plates were
coated overnight at 4°C with 50 ,u/well containing 4 p,g/ml sucrose gradient purified RSV,
20 ,ug/ml (unless stated otherwise) of affinity
purified F protein, or uninfected HeLa cell culture ELISA antigen prepared as described by
Nandapalan et al 12 in carbonate buffer pH 9 6.
The plates were kept moist at all times. After
three washes in PBS containing 0-05% Tween
20, twofold dilutions of sample were prepared
in the plate in 50 ,ul volumes of wash buffer
containing 10% heat inactivated fetal calf
serum and 10% uninfected HeLa cell antigen.
A human milk sample containing a known titre
of anti-RSV IgA was titrated in each plate.
After 90 minutes at 37°C the sample was
washed off as above and bound immunoglobulin detected with either antihuman IgA (alpha
chains) (Dakopatts) diluted 1/750 in wash
buffer plus 10% heat inactivated fetal calf
serum or 1/100 peroxidase conjugated goat
antihuman IgE (epsilon chain, ICN) in the
same diluent. After 90 minutes at 37°C the
conjugate was washed off as above and bound
peroxidase was quantitated by incubation with
75 p1/well of 0 4 mg/ml orthophenylene
diamine (Sigma) in 0-025 M citrate phosphate
buffer (pH 5) containing hydrogen peroxide.
After the addition of 50 pl 3 M sulphuric acid

ENHANCED DETECTION OF

IgE BINDING

Enhanced detection of IgE binding was
achieved by substituting an alkaline phosphatase conjugated monoclonal anti-IgE Fab'
fragment (Novo-Nordisk) for the peroxidase
conjugated anti-IgE in both the antigen capture anti-RSV assay and the IgE antibody
capture assay. Quantitation of the conjugate
bound was achieved with an Ampak III redox
enzyme amplification kit (Novo-Nordisk)
according to the manufacturer's instructions.
In these assays optical densities greater than
two standard deviations above the mean of the
'no serum' control wells tested in the same
plate were taken as positive. Positive standard
and negative pool (see above) gave IgE contents of 1021 +/-192 and 14-2+/-2-5 IU/ml
when titrated repeatedly against an international research standard IgE capture assay.
The sensitivity of the assay was 0-1 IU/ml (240

pg/ml).
Results
RSV SPECIFIC ANTIBODIES IN NASOPHARYNGEAL
SECRETIONS

In a preliminary study 40 secretions collected
over three months after infection from nine
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SERA
Sera from 71 infants under 1 year of age with a
clinical diagnosis of bronchiolitis, 62 of which
were associated with RSV infection diagnosed
by immunofluorescence staining, and from
11 uninfected control children of less than
1 year collected in between RSV epidemics,
were provided by Professor H Simpson
(Department of Child Health, University of
Leicester). Convalescent serum samples, collected six weeks after infection, were available
for 22 infants.
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concentrations. This experiment was repeated
with a further 20 secretions from 12 patients
with similar results (not shown). Ten secretions from three patients were concentrated
between threefold and fourfold by freeze drying and the experiment was repeated.
Although IgA antibody titres increased with
concentration, no effect on the levels of binding in the IgE assay was observed with or without IgA depletion.
Secretions taken from six RSV infected
infants between 28 and 59 days after admission
were tested at 1/2 on plates coated with 20
,ug/ml of affinity purified respiratory syncytial
A2 strain fusion protein. Three of these and a
further six secretions were tested on plates
coated with 600 ,ug/ml of the same antigen.
Antifusion protein IgA was demonstrated in all
but two secretions, tested at the lower antigen
concentration only, with optical densities
between 0- 17 and 1 59. Optical densities in the
IgE assay never exceeded 0X06.
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Figure 1 Detection of virus specific IgA and IgE antibodies in sequential nasopharyngeal
secretions by antigen capture ELISA before and after absorption ofIgA and IgG.
1 23 4

infants were titrated for IgA and IgE antibodies
to sucrose gradient purified RSV (fig 1A). A
single secretion kindly donated by Dr R
Welliver and found in his laboratory to contain
IgE to a titre of 1/16 was tested at 1/4.
All nine infants developed IgA antibodies
detectable by this method. Parallel assays on
the same specimens in which an anti-IgE peroxidase conjugate was substituted for anti-IgA
peroxidase conjugate gave uniformly low binding never exceeding an optical density of 0-2.
The secretion from Dr Welliver was also negative in this assay. In an antibody capture assay
for IgE in serum this conjugate detected IgE at
3.4 IU/ml.
To preclude the possibility of IgA inhibition
of IgE binding, IgA antibodies were absorbed
from the secretions with sheep antihuman IgA
before assay (Fig 1B). In 20 secretions from
five patients all trace of specific IgA antibody
was removed without any effect on binding in
the IgE assay. The immunospecificity of
absorption was tested by parallel treatment of
the same sera with sheep antihuman IgG
which had little or no effect on IgA antibody

Two hundred and sixty five sequential
nasopharyngeal secretions in transport
medium from a total of 81 infants were tested
without further dilution and at 1/4 in the IgE
capture assay. The single secretion from Dr
Welliver described above was also tested. Only
one secretion, designated 6757, proved positive (1.3 IU/ml). This sample was collected
immediately after diagnosis and no further
secretions were available from this child.
Secretions that gave optical density readings
close to the 0-2 cut off were concentrated sixfold to ninefold by freeze drying and retitrated.
The single positive sample, 6757, remained
positive with a yield of 50%. Concentrated
secretion (8309) from a different child,
collected 55 days after infection, proved positive with an estimated 0-36 IU IgE/ml (before
concentration). Secretion 8309 contained no
detectable anti-RSV specific IgE either before
or after concentration. Inadequate amounts of
specimen 6757 were available for testing.
Secretions from a further 15 infants, diluted
in PBS, were tested by antigen capture assay
with enzyme amplification with a sensitivity of
0 1 IU/ml (240 pg/ml). All 19 secretions
12
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Figure 2 The frequency distribution ofIgE concentrations
in the serum of RSV infected infants and uninfected
controls.
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bronchiolitis using an antigen capture ELISA.
A similar assay, carried out in parallel detected
IgA antibodies in the secretions of all the
patients tested. IgA and IgE assays differed
only in the conjugated anti-immunoglobulin
used and the anti-IgE peroxidase conjugate
was shown to be efficacious in detecting IgE in
an antibody capture assay. In a similar experiment carried out by Welliver et al IgA antibodies were detected in 89% of secretions
while IgE antibodies were detected in 550/o.13
Mean IgA titres were fourfold higher than
mean IgE titres. Here, concentration of secreIgE IN SERUM
The improved IgE capture ELISA incorporat- tions by a factor of threefold to fourfold after
ing the redox enzyme amplification step was freeze drying and depletion of possibly comused to titrate sera from 75 infants with bron- peting IgA or IgG immunoglobulins by
chiolitis and from 10 uninfected control child- immunoabsorption did not reveal any virus
ren collected out of the RSV season. Sixty of specific IgE in secretions. We are unable to
the sera from infants with bronchiolitis con- explain these conflicting results.
Routine assay of IgE in unconcentrated
tained detectable concentrations of IgE ranging from 04 IU/ml to 33 IU/ml with a nasal secretions has previously been found
geometric mean of 1 38 IU/ml (confidence unreliable because of low antibody concentralimits 0-37 to 5412 IU/ml). Eight of the 10 tions. Capture of IgE onto solid phase antigen
control infants contained IgE over a similar is also complicated by competitive binding of
range (fig 2) with a geometric mean of 1418 antibody in other immunoglobulin subclasses.
IU/ml (confidence limits 0-31 to 4-54 IU/ml). In the study of anti-RSV IgE in the serum of
Second serum samples were collected after calves, Steward and Gershwin were unable to
approximately six weeks from 22 RSV infected detect specific IgE antibodies on solid phase
patients. Mean serum IgE concentrations were antigen until they fractionated the serum by
stable in most individuals and did not differ ammonium sulphate precipitation. 14 Peng et al
significantly over this time period (geometric surmounted these problems using an IgE
mean 1P23, confidence limits 0-38 to 3-98 capture ELISA increased in sensitivity by a
redox amplification step and capable of detectIU/ml).
ing IgE in the 10 to 100 pg/ml range.'5 In a
study of ragweed antigens in nasal secretions
this assay gave lower backgrounds, better parASSAY OF IgE POSITIVE SERA FOR ANTI-RSV
allelism and higher sensitivity than an assay
SPECIFIC IgE
Twelve paired blood samples and four based on binding of IgE to solid phase antigen.
unpaired samples from a total of 16 infants We therefore chose to rescreen nasal secretions
with RSV infection and IgE in their serum from infants with RSV infection for the preswere screened for IgE antibody to sucrose ence of IgE using an amplified IgE capture
gradient RSV antigen and to affinity purified ELISA.
When sequential secretions from 81 infants
RSV fusion protein at a 1/2 dilution. Single
serum samples from an IgE negative RSV were tested by an IgE capture assay with a senpatient and an IgE positive uninfected control sitivity of 2 ng IgE/ml and secretions from a
child were also tested. IgE bound to the virus total of 27 infants were tested by the amplified
antigen was sought using alkaline phosphatase version of the assay with a sensitivity of 240
conjugated monoclonal anti-IgE and the pg/ml all but two infants proved negative. We
Ampak system. After amplification, serum could demonstrate no RSV specific antibody in
negative controls revealed preferential binding the one IgE positive secretion available for testof the alkaline phosphatase conjugated anti- ing.
These observations are at odds with those of
IgE to sucrose gradient purified RSV antigen
coated wells when compared with wells coated Russi et al who, using an RSV specific IgE capwith HeLa cell lysate at the same protein ture ELISA, observed binding of antiglycoproconcentration. After correction for this non- tein antibodies to IgE captured from acute
specific effect RSV specific binding achieved nasopharyngeal secretions of RSV infected but
by sera from RSV infected infants was less than not uninfected infants.'6 Presence of putative
half the uncorrected values and did not signifi- IgE antibodies did not correlate with wheezing.
cantly exceed that found in the child who was In this antigen specific IgE assay specificity
virus negative. Non-specific binding of conju- relies upon the capture antibody only. Nongate to affinity purified fusion protein coated specific absorption of antiviral antibodies of
wells was not discernible and none of the sera other subclasses or of viral antigen present in
tested contained detectable IgE antibodies to the secretions may lead to false positive results.
It is noteworthy that in the study of Russi
the fusion protein.
et al putative specific IgE concentrations correlated with viral antigen levels in secretions.'6
That a highly specific and sensitive assay disDiscussion
In this study we have been unable to demon- covers no IgE in the nasal secretions of the
strate anti-RSV specific IgE antibodies in the majority of infants with RSV infection throws
nasopharyngeal secretions of infants with RSV doubt on the association of nasal IgE and RSV

tested, 12 acute and seven convalescent,
proved negative. Seventeen of the stored secretions from 12 infants previously tested by the
unamplified assay, as described above, were
retested in the amplified assay. Sixteen
remained negative and only the previously
positive secretion 6757 gave a strong positive
signal in the amplified assay. Insufficient of
secretion 8309 was available for retesting in
this assay.
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disease. It does not preclude, however, a role
for IgE antibody in the pathogenesis of bronchiolitis. Using an amplified ELISA system
with a sensitivity of 240 pg/ml putative IgE was
demonstrable at low concentrations in the
blood of most infants, however, concentrations
did not rise after infection. Polmar et a15 and
Welliver et al 6 similarly found that infants aged
1 to 24 months with RSV associated bronchiolitis had low concentrations of IgE in their
blood. As IgE concentrations are not consistently raised after infection it is unlikely that this
is predominantly anti-RSV antibody, but some
may be present. In contrast to Bui et al8 we
were unable to demonstrate any virus specific
IgE in the blood of any of the patients tested
using an antigen capture ELISA with enzyme
amplification. However, no attempt was made
to circumvent the problem of competing
antiviral IgG antibodies. This question might
be investigated further using an antibody capture assay modified to detect specific antiviral
IgE, although it is unclear how the specificity
of any positive results can be guaranteed.
A fuller understanding of the role of IgE in
the pathogenesis of bronchiolitis must await
studies of the lesion in the bronchioles.
Descriptions of the pathology of RSV infections are relatively rare in the literature and
largely restricted to immunofluorescence staining of frozen tissue. The recent development of
an anti-RSV monoclonal antibody pool that
enables RSV antigen localisation in fixed and
wax embedded histopathological sections (K C
Oliver et al, unpublished data) affords the possibility of reinvestigation of the histopathology
in larger numbers of cases and this may give a
better indication of fruitful avenues for future
investigation.

