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We compared washed nasal epithelial cells with unfractionated nasal secretions as sources of respiratory
syncytial virus (RSV) antigens in an indirect enzyme-linked immunosorbent assay (ELISA). Of 28 infants
positive for RSV by virus isolation or direct immunofluorescence or both, 27 (96%) were positive by ELISA
with whole nasal secretions, whereas only 19 (68%) were positive by ELISA with the matching washed-cell
fractions. Furthermore, the ELISA absorbances obtained with nasal secretions were significantly greater than
those seen with washed-cell fractions, indicating that whole nasal secretions contain relatively greater amounts
of RSV antigens as measured by ELISA.

Solid-phase immunoassays for viral antigens in nasal
secretions have been used for the diagnosis of respiratory
syncytial virus (RSV) infections by ourselves (2, 6, 10) and
others (4, 7, 8, 9, 11, 12). The sensitivity of these assays
relative to culture and immunofluorescence (IF) has been a
matter of concern. In an effort to increase sensitivity, we
hypothesized that slow-speed centrifugation of cells and
cellular elements might offer a simple method of concentrat-
ing antigens in nasal secretions while at the same time
removing antibody which could bind soluble antigens and
compete with antibodies used in the assay system. We
therefore conducted this comparison of washed, centrifuged
cell fractions with whole nasal secretions as samples for the
measurement of RSV antigens by enzyme-linked immuno-
sorbent assay (ELISA). The hypothesis proved to be wrong,
and the results form the basis of this brief report.

Twenty-eight nasal secretions collected as nasopharyngeal
(NP) aspirates and submitted to the Diagnostic Virology
Laboratory of The Children's Hospital, Boston, Mass.,
during the 1981-1982 epidemic season were chosen for
study. Specimens were obtained from inpatients, whose
median age was 4.5 months (range, 0.5 to 26.0 months).
Specimens were taken at the time of hospitalization and
were transported to the laboratory on ice. Portions of the
whole nasal secretions were processed for viral culture as
previously described (10). Another portion of each nasal
secretion was dispersed by probed sonication and frozen at
-70°C for subsequent assay of total protein (1) and ELISA
for RSV antigen (6, 10). A third portion was used to prepare
washed NP cells by centrifugation (5). The washed, pelleted
NP cells were suspended in sufficient phosphate-buffered
saline (pH 7.2) to yield a visibly turbid suspension, of which
part was fixed onto microscope slides and the remainder was
frozen at -70°C and saved for ELISA for RSV antigen. IF
staining was performed as described previously (10).
The ELISA for RSV was identical to that of our published

method (6, 10), with the following modifications. Bovine
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anti-RSV antiserum (3) was used at a 1:500 dilution as the
detector antibody, and goat anti-bovine peroxidase conju-
gate (Kirkegaard & Perry Laboratories) was used at a
1:1,000 dilution. Substrate (0.125 ml) was added to each
well, and the reaction was terminated after 30 to 45 min by
the addition of 0.025 ml of 3.5 M HCl per well. A490 was
measured with a Biotek 307 IP spectrophotometer (Biotek
Instruments, Burlington, Vt.). Cutoff values for negative
specimens were computed as previously described (11). All
specimens analyzed by ELISA were positive for RSV by
isolation, IF, or both. Each specimen was assayed in dupli-
cate by ELISA, and the cell-secretion pair from each patient
was assayed on the same microtiter plate.
The results obtained by ELISA for washed cell-whole

secretion specimen pairs with both IF staining and cell
culture isolation are compared in Table 1. In general, those
specimens that were ELISA positive as both whole secre-
tions and washed-cell fractions were more likely to be
positive by both IF staining and culture. On the other hand,
the absence of ELISA-detectable antigen in washed-cell
fractions does not correlate well with a negative result by IF
staining, indicating that such staining is more sensitive than
ELISA in detecting cell-associated antigens. Discordance
between ELISA and infectivity indicates that noninfectious
specimens may still contain detectable antigen (10). Table 1
also indicates that whole nasal secretions are superior to

TABLE 1. Comparison of culture and IF with ELISA for the
detection of RSV in whole secretions and NP cells from infants

with acute RSV infections
No. of infants showing RSV results as tested byb:

Result' of ELISA
for RSV (secre- IF Culture

tion/cells) + - + - Unsatisfactory'

+/+ 17 1 12 3 3
+l- 6 3 4 3 2
-/+ 1 0 1 0 0

+, Positive result; -, negative result.
b All specimens were positive by IF, culture, or both.
C Due to nonspecific degeneration of cells or bacterial-fungal overgrowth.
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FIG. 1. Comparison of RSV antigen ELISA absorbance values

obtained with either whole nasal secretions (y axis) or washed NP
cells (x axis). Dotted lines indicate negative cutoff values.

washed-cell fractions for diagnosis of RSV infection by
ELISA.
A quantitative comparison of whole nasal secretions and

washed-cell fractions in an ELISA for RSV is shown in Fig.
1. In most cases, the highest ELISA absorbances were
obtained with whole nasal secretions, and the mean differ-
ence in absorbance between secretions and cells was 0.511
absorbance units. This difference was statistically significant
(P = 0.0005, Student's two-tailed t test). No significant
correlations were seen between the ELISA absorbances for
RSV obtained with either whole nasal secretions or washed-
cell fractions with respect to total protein concentration,
viral isolation, IF detection, or patient's age or sex.
The processing of whole nasal secretions for RSV antigen

detection by ELISA can greatly affect the results obtained.
A number of groups have used sonication in the presence of
detergents as a means of releasing viral antigens (4, 11, 12).
We have found that sonication can slightly increase the
absorbances obtained by RSV ELISA but does not result in
increased rates of positivity by ELISA (R. M. Hendry,
unpublished results). Moreover, a single cycle of freezing
and thawing should be sufficient to release the majority of
cell-associated viral antigens. In a previous study, Sarkkinen
et al. (12) reported that depletion of cells from RSV-positive
whole nasal secretions resulted in slightly lower Iovels of
antigen as measured by radioimmunoassay. They did not,
however, directly compare whole nasal secretions with
washed-cell fractions. We have found that whole nasal

secretions are superior to washed-cell fractions as a source
of RSV antigens as measured by ELISA. This finding would
indicate that large amounts of extracellular virus or viral
proteins are released from infected nasal mucosa during the
course of RSV infection and should help optimize conditions
for more sensitive immunochemical assays for the diagnosis
of RSV irnfections.
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