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ABSTRAm. In order to determine whether IgE produc- 
tion occurs predominantly at mucosal or systemic sites, we 
studied the production of respiratory syncytial virus (RSV)- 
specific antibody in serum and nasopharyngeal secretions 
(NPS) from 41 patients with RSV infection using an en- 
zyme-linked immunosorbent assay. RSV-IgE was found in 
higher titer in samples of N P S  than in simultaneously 
obtained serum specimens at all phases of illness. Despite 
the excess dilution incurred in the collection process, RSV- 
IgE was frequently detected in N P S  specimens while it 
was undetectable in serum. In 20 selected subjects, ratios 
of RSV antibody in NPS:serum were 2.00 for RSV-IgE, 
2.42 for RSV-IgA, and 0.01 for RSV-IgG. Also the geo- 
metric mean value of ratios of RSV-1gE:RSV-IgG was 1.74 
in N P S  and 0.05 in serum, while the geometric mean value 
of ratios of RSV-1gA:RSV-IgG were 1.85 in N P S  and 0.09 
in serum. These data suggest that IgE production occurs 
predominantly at mucosal surfaces. (Pediatr Res 19: 420- 
424,1985) 

Abbreviations 

RSV, respiratory syncytial virus 
NPS, nasopharyngeal secretions 
ELISA, enzyme-linked immunosorbent assay 
URI, upper respiratory tract infection 
GMT, geometric mean titer 

Although the importance of IgE as a mediator of hypersensi- 
tivity diseases has been well established, the site of production of 
this immunoglobulin isotype remains controversial. Investiga- 
tions of IgE production in the respiratory tract have demonstra- 
ted increased ratios of total IgE to albumin in respiratory secre- 
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tions in comparison to serum (I) as well as indirect evidence that 
grass pollen-specific IgE antibody in nasal secretions is produced 
locally (2). The study of IgE responses to an infectious agent 
would allow for an evaluation of the kinetics of IgE production 
at both systemic and mucosal sites following a single exposure 
to the antigen. Any potential modulating effects on antibody 
responses from repeated exposure to an antigen such as grass 
pollen would therefore be avoided. 

RSV is a common cause of respiratory illness in young infants, 
and severe forms of illness appear to be mediated, at least in 
part, by the production of RSV-specific IgE antibody. We un- 
dertook the current study of the antibody response in serum and 
NPS to RSV infection in order to determine whether IgE anti- 
body responses to an infectious agent occur primarily at mucosal 
or systemic immunocompetent tissue sites. The data suggest that, 
while RSV infection stimulates a strong antibody response at 
both sites, IgE antibody to the virus is formed in much greater 
quantities in the respiratory tract. 

MATERIALS AND METHODS 

Patient population and sample collection. The study popula- 
tion consisted of 4 1 infants less than 1 yr of age either hospitalized 
due to RSV infection or followed as part of an ongoing study of 
respiratory illnesses in childhood. At the time of recruitment into 
the study, the objectives and risks of the study were explained 
and a signed statement of informed consent was obtained. Pa- 
tients were classified as having either URI alone, pneumonia, or 
bronchiolitis on the basis of clinical and radiographic criteria 
described in previous publications from this laboratory (3). Ac- 
cording to these criteria, nine patients had URI alone, five had 
pneumonia without wheezing, and 27 had bronchiolitis. All 
patients had been in good health until the time of RSV infection. 

Samples of NPS were obtained at the time of recruitment by 
passing an 8 French polyethylene catheter into the nasopharynx 
via the nares and applying gentle suction followed by rinsing 
into mucus traps. Duplicate samples of NPS were obtained both 
for documentation of RSV infection and for determination of 
RSV antibody titer. A sample of serum was also obtained. 
Patients were requested to return in 2-10 wk when similar 
samples were collected. RSV infection was documented first by 
identification of viral antigen in nasopharyngeal epithelial cells 
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contained in the NPS specimens via indirect immunofluores- 
cence, and subsequently confirmed by recovery of virus in tissue 
culture (4). 

Determination o f  RSV antibody titer. Titers of RSV-specific 
antibody were determined both in serum and in NPS using an 
ELISA described in detail in a previous publication from this 
laboratory (3). In brief, a stock strain of RSV was grown in tissue 
culture and purified on sucrose gradients. Aliquots of RSV or a 
control preparation of similarly processed tissue culture cells 
were allowed to adhere to wells in polyvinyl microtiter plates 
(Dynatech Laboratories, Alexandria, VA) and were inoculated 
with serial 2-fold dilutions of serum or NPS in phosphate- 
buffered saline. Wells were then incubated with horseradish 
peroxidase-conjugated goat antihuman IgE (Miles Laboratories, 
Elkhardt, IN) followed by incubation with a colorless substrate, 
5-amino-salicylic acid (Sigma Chemicals, St. Louis, MO), which 
is converted to a purple-brown color by the action of peroxidase. 
End-points were read as the highest specimen dilution giving an 
absorbance value, read by colorirneter, greater than two times 
that of the control. The specificity ofthis assay for the IgE isotype 
was confirmed by blocking experiments in which positive reac- 
tions could be blocked by preincubation of the goat antihuman 
IgE with purified human IgE (Kallestad Laboratories, Chaska, 
MN) but not by preincubation with purified preparations of 
human IgG, IgM, IgA, or human immunoglobulin light chains. 
The specificity of the IgE detected for RSV was confirmed by 
experiments in which positive reactions could be blocked by 
preincubation of specimens of serum or NPS with RSV-infected 
tissue culture cells followed by centrifugation, but not by prein- 
cubation with uninfected tissue culture cells. Additional controls 
consisted of testing of known positive specimens with substrate 
but without conjugate, testing of virus-coated wells with conju- 
gate and substrate but with buffer substituted for serum or 
secretions, and testing of the uninfected cell preparations men- 
tioned above. All control testing yielded negative results. Finally 
samples of serum and secretions from patients with infection 
due to parainfluenza virus but without documented RSV infec- 
tion gave negative results when tested with the current assay. 

In the present study, samples of serum were diluted 1:4 before 
testing for RSV antibody. Samples of NPS, collected in polyeth- 
ylene catheters, were rinsed into mucus traps using 0.5 ml of 
phosphate-buffered saline before testing in the ELISA assay. The 
final volume of NPS and buffer ranged between 0.6 and 1.0 ml, 
so that samples of NPS were diluted a minimum of 50% in the 
collecting process. These samples were further diluted 1 :4 before 
testing in the ELISA system. Therefore NPS specimens were 
tested at an actual dilution greater than that of serum specimens. 
Protein concentrations of NPS specimens were measured as a 
check on the degree of dilution. 

Titers of RSV-specific IgE were measured in all samples of 
NPS and serum collected both at the time of acute illness and at 
the follow-up visit. Samples of both NPS and serum from 20 of 
these patients returning for follow-up were processed for deter- 
mination additionally of RSV-IgG and RSV-IgA antibody titer 
using a similar ELISA system specific for IgG or IgA antibody. 
These 20 specimens were used to demonstrate the predominantly 
mucosal nature of the IgE and IgA antibody responses. 

Statistical methods. All means of antibody titers measured 
were expressed as the geometric mean after base 10 logarithmic 
transformation of titers. Titers of <4 were assigned a value of 1 
before logarithmic transformation. SDs were expressed as those 
calculated after logarithmic transformation of data. Comparisons 
of antibody responses and ratios of antibody were evaluated for 
statistical significance using Student's t test. The frequencies of 
occurrence of RSV antibody in serum and NPS were compared 
by X2 analysis with Yates' correction. 

RESULTS 

Kinetics of appearance of RSV-IgE in serum and secretions. 
The kinetics of appearance of RSV-IgE in samples of NPS and 

serum obtained simultaneously from patients with RSV infection 
at various intervals after the onset of illness is demonstrated in 
Figure 1. Results for individual patients are expressed only once 
each in the intervals from 1-14 and 15-75 days after the onset 
of illness. At 1-5 days after the onset of illness, nine of 18 (50%) 
patients already manifested RSV-IgE in NPS, with a GMT f SD 
of 2.4 + 1.3. Simultaneously only three of 18 (17%) patients 
exhibited RSV-IgE in serum (GMT = 1.4 + 1.2). Similarly at 6- 
14 days after the onset of illness, 14 of 23 (61%) patients tested 
had detectable RSV-IgE present in NPS (GMT = 2.8 + 1.3), 
while only five of 23 (22%) patients had detectable RSV-IgE in 
serum (GMT = 1.3 + 1.2). At each interval, the difference in 
titer of RSV-IgE in NPS was statistically significantly greater 
than that in the serum (for each comparison, p < 0.02). RSV- 
IgE antibody was similarly found more frequently and in signif- 
icantly higher titers in NPS than in serum when antibody re- 
sponses at 15-45 and 46-75 days after the onset of illness were 
studied. The observed RSV-IgE titer in secretions at 46-75 days 
after the onset of illness may be artificially high due to the small 
sample size. 

For all intervals studied, the difference in RSV-IgE titer be- 
tween NPS and serum was particularly noteworthy because of 
the comparatively increased dilution of NPS specimens as a 
result of the collection process (see "Materials and Methods"). 

Frequency of isolated appearance of RSV-IgE at each sample 
site. In identifying formation of IgE as a mucosal process, it is 
important to note the frequency with which RSV-IgE was present 
only at one of the sample sites, and not at the other. Such an 
analysis is shown in Table 1. Again the increased dilution of 
NPS specimens would favor an increased frequency of patients 
with positive tests for RSV-IgE in serum with negative results in 
NPS. Despite this tendency, it was more common to find RSV- 
IgE in NPS but not in serum than the converse. For example, in 
the first 14 days after the onset of illness 19 of 41 (46%) of 
patients studied had detectable RSV-IgE in NPS but not in 
serum, while only four of 41 (10%) had RSV-IgE detectable in 
serum but not NPS ( p  < 0.01). Four patients (10%) had RSV- 
IgE detectable at both sample sites, while 14 (34%) patients were 
negative for RSV-IgE at both sites. Similar results were obtained 

a ---- Secretions 
- Serum 

Days After Onset of Illness 

Fig. 1. Kinetics of appearance of RSV-specific IgE antibody in si- 
multaneously obtained samples of nasopharyngeal secretions (open cir- 
cles) and serum (closed circles) at various intervals after the onset of 
illness. Broken line connects geometric mean titers of RSV-IgE in secre- 
tions; solid line connects geometric mean titers of RSV-IgE in serum. 
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Table 1. A comuarison o f  the occurrence o f  RSV-InE resuonses in simultaneouslv-obtained specimens o f  serum and NPS 

Days after 
onset of 
illness 

Presence of RSV-IgE in specimen 
Both NPS 
positive* NPS positive NPS negative NPS negative 

No. and serum with serum with serum and serum 
tested positive negative positive negative 

* NPS specimens diluted at least 1: 1 during collection. 
t.$ Frequency of NPS-positive, serum-negative specimens exceeds that of NPS-negative, serum-positive specimens (for each comparison, p < 

0.01). 

Table 2. Simultaneous serum and NPS ELISA titers of RSV antibody in 20 selected subjects 

RSV-specific antibody titer (geometric mean + RSV-antibody isotype ratios (geo- 
SE) metric mean f SE) 

Sample source IgG IgA IgE kNIgG IgE/IgG 

NPS* 3.5 + 0.4 8.0 + 0.3 5.2 + 0.3 1.85 + 0.44t 1.74 + 0.28$ 
Serum 302k0.3 3.3 + 0.4 2.6 + 0.2 0.09 + 1.0t 0.05 + 0.22$ 
Ratio (NPSIserum) 0.01 2.42 2.00 

* Samples diluted at least 1: 1 during collection. 
tp<0.001. 
$ p  < 0.001. 

when patients were tested in follow-up at 15-75 days after the 
onset of illness. At this interval 14 of 3 1 (45%) patients had RSV- 
IgE in NPS but not in serum, while only two of 3 1 (6%) patients 
had RSV-IgE in serum but not NPS ( p  < 0.01). Seven patients 
(23%) were positive at both sites, while eight patients (26%) were 
negative at both sites. In all cases in which RSV-IgE was detect- 
able in serum but not in NPS, the protein content of NPS 
specimens in buffer was I 0.1 mg protein per milliliter of fluid, 
whereas protein concentrations in other NPS samples were usu- 
ally 1.0 mg protein per milliliter of fluid or more. These findings 
suggest that negative assays for RSV-IgE in NPS specimens from 
these patients may have been due to a small volume of NPS 
having been collected initially. 

Comparison of RSV-IgE jevels to that of other isotypes in NPS 
and serum. A comparison of titers of RSV-IgE antibody in serum 
and NPS to those of RSV-IgA and RSV-IgG antibody in the 
same fluids was camed out in 20 patients, each of whom had 
samples of NPS and serum obtained for this purpose at the 
follow-up visit. Aliquots of each sample were tested for the 
presence of RSV antibody in each isotype class using an identical 
ELISA assay. RSV-IgA was, as expected, the predominant anti- 
body isotype in NPS (Table 2), the titers of RSV-IgE and RSV- 
IgG did not differ from each other statistically ( p  > 0.10). RSV- 
IgG was, by far, the predominant antibody isotype found in 
serum. Ratios of the group geometric mean antibody titer for 
each isotype in NPS to that in serum were 0.01 for RSV-IgG, 
2.42 for RSV-IgA, and 2.00 for RSV-IgE, strongly suggesting a 
predominantly mucosal response for both RSV-IgA and RSV- 
IgE, but not for RSV-IgG. Furthermore the geometric mean ( k  
SE) value of the 20 individual RSV-IgA/RSV-IgG titer ratios in 
NPS (1.85 + 0.44) was significantly greater than the correspond- 
ing value for serum samples (0.09 + 1.0, p < 0.001), and the 
geometric mean value of the 20 individual RSV-IgE/RSV-IgG 
ratios in NPS (1.74 + 0.28) was significantly greater than the 
corresponding value in serum (0.05 + 0.22, p < 0.001). 

Analysis ofRSV-IgE responses in serum by illness group. RSV- 
IgE responses in serum are analyzed by the form of patient illness 
in Table 3. In patients with URI alone, RSV-IgE was not ob- 
served in serum specimens obtained from eight patients from 1- 
14 days after the onset of illness, or from three patients studied 
15-45 days after the onset of illness. During the interval from 
46-75 days after the onset of illness, two of six (33%) patients 
had detectable RSV-IgE in serum (GMT k SD = 1.6 + 1.9). 

Similarly the small number of patients with pneumonia studied 
from 1-45 days after the onset of illness did not manifest 
detectable serum RSV-IgE. In contrast eight of 27 (30%) patients 
with bronchiolitis had RSV-IgE detected in serum specimens 
obtained 1- 14 days after the onset of illness (GMT = 1.6 + 2. I), 
two of eight (25%) patients had detectable serum RSV-IgE when 
studied at 15-45 days after the onset of illness (GMT = 2.2 + 
4.3), and five of 12 (42%) patients had detectable serum RSV- 
IgE when studied 46-75 days after the onset of illness (GMT = 
2.1 & 2.7). The differences in titer of RSV-IgE between the 
bronchiolitis group and either the URI group alone or the 
combined URI and pneumonia (nonwheezing) groups were sta- 
tistically significant ( p  < 0.001) at the interval 1-14 days after 
the onset of illness. Differences in titer of RSV-IgE among the 
same groups at the other intervals shown in Table 3 were not 
statistically significant. 

An analysis of the relationship of RSV-IgE responses in NPS 
to the form of illness due to RSV infection in other infants 
similar to these has been previously published (3). 

DISCUSSION 

IgE-bearing plasmacytes have been reported to be present in 
either respiratory tract mucosa or its lymphoid tissue (5-9). The 
validity of some of these studies has been challenged in that IgE 
may have been bound to the surface of plasmacytes by Fc 
receptors, rather than being present as a result of active synthesis 
(10). IgE visualized by indirect immunofluorescence techniques 
might also have been present solely as a result of binding to 
mucosal mast cells (1 1). Other investigators, using similar tech- 
niques, have not been able to confirm the presence of IgE-bearing 
plasmacytes in respiratory tract tissues (12-14). Even if IgE- 
forming plasmacytes are present in the respiratory tract, this does 
not establish IgE as a predominantly mucosal immunoglobulin 
unless it can be shown that the relative proportion of IgE- 
producing cells among plasmacytes producing other immuno- 
globulin isotypes is increased in mucosal sites in comparison to 
peripheral blood or systemic lymphoid tissue (5). Even then, it 
is not clear that actual production of IgE (in contrast to simple 
presence of capable cells) is increased in the mucosa. Ohta et al. 
(15) demonstrated that irradiated tonsillar lymphocytes were 
capable of IgE synthesis in vitro, but direct comparisons to IgE 
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Table 3. Serum RSV-specijic IgE responses analyzed by form of illness 
RSV-IgE response (no. positive + number tested; GMT + SD) (days after onset of 

illness) 

Illness m o u ~  1-14 15-45 46-75 

Upper respiratory illness 018; 0.0 013; 0.0 216; 1.6 + 1.9 
Pneumonia without wheezing 014; 0.0 011; 0.0 111; 8.0 + 0.0 

Bronchiolitis 8/27; 1.6 + 2.1 218; 2.2 + 4.3 5/12; 2.1 + 2.7 
-- 

synthesis by peripheral blood cells were not made. Taking an- 
other approach Deuschl and Johansson (1) demonstrated that 
ratios of total IgE to albumin were greater in bronchial secretions 
than in serum. Platts-Mills (2) demonstrated evidence of local 
IgG production in the respiratory tract and concluded, since 
quantities of rye I antigen-specific IgE in nasal secretions corre- 
lated with the amount of IgG antibody, that IgE was also locally 
produced. The present study of IgE antibody responses to an 
infectious agent is of interest in that it permits direct measure- 
ment of IgE responses simultaneously in serum and respiratory 
secretions following a single, known exposure to the antigen. The 
data presented strongly support the concept of RSV-IgE produc- 
tion as being predominantly a mucosal process in that RSV-IgE 
was frequently present in respiratory secretions while absent in 
serum, in that titers of RSV-IgE were greater in secretions than 
in simultaneously obtained serum samples, and in that mean 
ratios of peak RSV-IgE/RSV-IgG responses were significantly 
greater in secretions than in serum. 

This study did not attempt to address the question of whether 
or not IgE is a secretory antibody. Secretory IgA differs from 
serum IgA in molecular weight (essentially due to the dimeric 
nature of the secretory immunoglobulin) as well as the presence 
of secretory component and the joining chain (16). None of these 
differences between immunoglobulin found in serum and in 
secretions has been identified for IgE (16, 17), so there is little 
reason currently to think of IgE as a secretory immunoglobulin 
(1  8). The present study contains no data to support or refute the 
possibility that some of the RSV-IgE detected in NPS might have 
been present as a result of release from mucosal mast cell 
membranes. 

The finding in the present study that titers of RSV-IgE in NPS 
were nearly equivalent to titers of RSV-IgG in secretions might 
be surprising to some, in that previous studies of rye I antigen- 
specific antibody in nasal secretions (2) or total immunoglobulin 
concentrations in secretions (15) demonstrated that IgG and IgA 
were present in greater concentrations than IgE. In both of these 
studies, the concentrations of IgE, but not IgG or IgA, were 
greater in allergic individuals than in normal controls. The 
present study determined RSV-IgE responses primarily in pa- 
tients with bronchiolitis, who are known to have hyperrespon- 
siveness in terms of virus specific IgE production both in serum 
(Table 3) and secretions (3) in comparison to patients with RSV 
infection who do not develop bronchiolitis. In general, then, we 
expect that quantities of RSV-IgE in secretions of most individ- 
uals, including those who experience RSV infection without 
wheezing, may be less than quantities of RSV-IgG. 

Since RSV infection is generally considered a mucosal illness 
with no viremic phase (19) one might expect the RSV-IgE 
antibody response to occur predominantly at the mucosal surface 
also. Nevertheless a previous study from this laboratory demon- 
strated that RSV infection results in RSV-IgG and RVS-IgM 
antibody response in serum (20) which are in excess of those in 
respiratory secretions (21), while the RSV-IgA response occurs 
predominantly in secretions. Therefore the predominance of the 
RSV-IgE response in secretions seen in the current study cannot 
be explained simply by the restriction of the infectious agent to 
the respiratory mucosa. Also, since RSV-specific IgG, IgM, and 

IgA antibodies appear in both serum and secretions simultane- 
ously with RSV-IgE, the observed differences in measured titers 
of RSV-IgE between serum and secretions cannot be explained 
simply as a function of the presence of blocking antibody of 
other isotypes in one body fluid but not the other. 

Identification of the mucosa as the principal site of IgE pro- 
duction is potentially of great interest. There is good evidence 
for the existence of a common mucosal immune system (22) 
such that induction of an IgA response at one mucosal surface 
results in the appearance of IgA at all mucosal surfaces. Therefore 
it would be expected that induction of an antigen-specific IgE 
response at one mucosal surface might also result in the appear- 
ance of IgE at distant mucosal sites, thereby sensitizing the host 
to antigenic exposure subsequently at the distant mucosal sites. 
Also, substances capable of selectively suppressing IgE produc- 
tion have been identified (23, 24). If IgE synthesis is truly a 
mucosal phenomenon, local application of suppressor substances 
might be expected to be both more effective and less toxic in 
suppressing IgE responses in the host. 
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Hypouricemia in Neonates with Syndrome of 
Inappropriate Secretion of Antidiuretic Hormone 
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ABSTRAa.  A prospective study of serum levels of uric FEU, fractional urate excretion 
acid in 23 hyponatremic neonates was performed. Infants ECFV, extracellular fluid volume 
on diuretic medications or with renal failure were excluded. AVP, arginine vasopressin 
The infants were separated into two groups: group I con- Cc,, creatinine clearance 
sisted of 11 neonates with clinical evidence of syndrome of 
inappropriate secretion of antidiuretic hormone (SIADH), 
(mean + SD serum sodium 127 + 1.36 mEq/liter). Group 
11 included 12 infants with hs~onatremia (mean serum 
sodium 128 2 1.10 m~~/liter)-associated with decreased 
effective vascular volume manifest by a fractional sodium 
excretion 4 % .  The groups were similar for gestational 
and postnatal ages, birth weight, clinical conditions, and 
concurrent use of drugs. The serum urate concentation in 
neonates with SIADH was 2.46 2 0.54 mg/dl; serum urate 
concentration in group I1 infants was 8.49 f 2.45 mg/dL 
(p < 0.001). Water restriction in the group I infants with 
SIADH resulted in a rise in mean serum urate concentra- 
tion (p < 0.001). Fractional excretion of urate was elevated 
during hyponatremia in the group I infants (to 78 + 0.13%) 
and fell to 51 f 0.08% after correction (p < 0.001). In 
group I infants, a direct correlation was found between 
fractional excretion of urate and sodium ( r  = 0.7667, p < 
0.001). These results indicate that hypouricemia is com- 
mon in infants with suspected SIADH and seems to be due 
to increased urate clearance secondary to volume expan- 
sion. (Pediatr Res 19: 424-427, 1985) 

Abbreviations 

The diagnosis of SIADH in neonates and its differentiation 
from other common causes of hyponatremia is often difficult 
(1-6). In the syndrome of SIADH, dilution of body fluids occurs 
because of the inability of the kidney to excrete free water 
appropriately. Total body sodium content is normal or only 
moderately decreased; intravascular volume is slightly increased 
(7, 8). In most other hyponatremic syndromes there is either a 
marked increase (as in edematous states) or a marked decrease 
in total body sodium (as in true hypovolemia). In these latter 
conditions, excretion of water by the kidney may be impaired as 
a result of the decrease in effective intravascular volume (9). This 
in turn may cause decreased delivery of glomerular filtrate to 
distal nephron sites of dilution (10) or may initiate a nonosmolar 
stimulus to pituitary antidiuretic hormone release (9). 

The present study was conducted to test the hypothesis that 
the "effective intravascular volume" is a potent modulator of 
renal urate clearance by the kidney and that SUr might reflect 
changes in effective volume ( 1 1 - 13). 

PATENTS AND METHODS 
SIADH, syndrome of inappropriate secretion of antidi- Twenty-three newborn infants with postnatal ages ranging 

uretic hormone from 2 to 7 days were evaluated because of hyponatremia (serum 
FEN,, fractional sodium excretion sodium concentration < 130 mEq/liter) and hypoosmolality of 
SUr, serum urate concentration body fluids (serum osmolality <270 mOsmol/kn) of 1 to 3 davs 
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