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The respiratory tract infection (RTI) is one of 
the world's most common and expensive ailments. 
It has been increasingly recognized that viral 
infections can exacerbate asthmatic symptoms 1-5 
and cause airway hypersensitivity that persists 
weeks after the virus itself has been eradicated. 6 
The major viruses responsible for RTI include 
rhinoviruses, parainfluenza viruses, and adenovi- 
ruses. In particular, rhinovirus infection accounts 
for approximately 50% of clinical colds in adults. 7 

Infection by rhinovirus is thought normally to 
be restricted to the upper part of the respiratory 
tract. This is supported by the virus' optimal 
replication temperature of 33 ° C, which could 
prevent deeper body penetration under normal 
conditions. Evidence for any lower respiratory 
tract infection is thus far inconclusive, 8' 9 and 
there is no evidence for the virus spreading any 
farther than this. However, the infection can often 
compromise lower airway function 8 and have sys- 
temic actions. Therefore it is likely that indirect 
methods such as leukocyte activation, mediator 
release, and neurogenic modulation contribute to 
the systemic effects of RTIJ ° 

We are interested in the changes in leukocyte 
function under the influence of a rhinoviral infec- 
tion and the possible role of mediators in orches- 
trating the indirect actions of the virus. Many 
aspects of virus-induced colds resemble events in 
inflammation; thus, cellular mechanisms are likely 
to be common to both. Studies of various leuko- 
cytes have revealed alterations in number, site of 
accumulation, and activation state after viral in- 

From "the Department of Physiology and Pharmacology, 
University of Southampton, and bUniversity Medicine, 
Southampton General Hospital. 

Supported by the British Lung Foundation, the Wellcome 
Trust, and the Schering-Plough Institute. 

Reprint requests: L. H. Thomas, Department of Physiology 
and Pharmacology, University of Southampton, Bassett 
Crescent East, Southampton SO9 3TU, U.K. 

J ALLERGY CLaN ]MMUNOL 1994;94:1255-62. 
Copyright © 1994 by Mosby-Year Book, Inc. 
0091-6749/94/$3.00 + 0 1/0/59928 

Abbreviations used 
F-met peptide: Formyl methionyl-leucyl- 

phenylalanine 
HRV-16: Human rhinovirus-16 
PAGCM: Pipes with albumin, glucose, 

calcium, and magnesium 
PIPES: Piper azine-N,N'-bis(2-ethane- 

sulfonic acid) 
RTI: Respiratory tract infection 

TCIDso: Tissue culture infective dose 
TRIS: Tris(hydroxymethyl) amino- 

methane 

fection. There is a decrease in the total number of 
peripheral lymphocytes in rhinovirus infection 11 
and in particular a drop in the ratio of CD4 + 
helper to CD8 + suppressor cells. This, together 
with increased levels of virus-specific IgE antibod- 
ies, has been correlated with severity of wheezing 
in patients infected with respiratory syncytial virus 
or parainfluenza virusJ 2 

Studies have found elevated levels of neutro- 
phils in both nasal biopsy specimens and lavages 
during RTI. 13' ~4 In conjunction with this, in- 
creased levels of the neutrophil activating pep- 
tide, interleukin-8, are expressed in the nasal 
epithelium in the presence of virus. 15 Despite 
eosinophils' key role in allergic inflammation, the 
changes in these cells during a viral infection have 
not been extensively studied. However, there is 
some evidence for their activation because in- 
creased levels of eosinophilic cationic protein are 
found in the respiratory tracts of children during 
respiratory syncytial virus--related bronchiolitis? 6 

The relationship between viral infection and 
basophils has been investigated by a number of 
groups, largely with in vitro incubation of virus 
with cells. Many studies have shown that direct 
virus-cell interaction results in increased degranu- 
lation and histamine release. 17-19 Early studies 
suggested that interferon may have a role in this 
enhancement. However, the increased release can 
occur in the absence of interferon, 2° and thus a 
more complex interplay of mediators is likely. In 
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summary, it is possible that pathways common to 
allergic and virus-induced asthma combine to pro- 
mote leukocyte accumulation, survival and activa- 
tion, amplifying the inflammatory signal. 

We have focused on the changes seen in circu- 
lating basophils at the height of an experimental 
rhinoviral (human rhinovirus-16 [HRV-16]) in- 
fection. We believe that there is no direct inter- 
action between active virus and the peripheral 
blood basophils and that the systemic effects are 
brought about by the indirect actions of other 
cells and production of cytokines. Pertinent to this 
idea, a parallel study investigated the presence of 
inflammatory cells within bronchial biopsy speci- 
mens obtained from the same HRV-16-infected 
patients to characterize migration of the cells to 
the lung and nose. 21 We are interested in pin- 
pointing events common to inflammation and in- 
fection as a clue to the mechanisms of virally 
induced asthmatic symptoms. 

METHODS 
Materials 

Calcium ionophore A23187, formyl-methionyl-leucyl- 
phenylalanine (F-Met peptide), ethylenediaminetetra- 
acetic acid, and piperazine-N,N'-bis(2-ethanesulfonic 
acid) (PIPES) were all obtained from Sigma Chemical 
Co. Ltd., Poole, U.K. Dextran T500 and a monoclonal 
antibody to eosinophilic cationic protein, EG2, were 
supplied by Pharmacia, Milton Keynes, U.K. Sheep anti- 
human IgE was obtained from Serotec, Oxford, U.K. 
The streptavidin-biotin complex detection system, and 
the murine monoclonal antibodies to mast cell tryptase 
(AA1), CD3 (UCHT1), CD8, and neutrophil elastase 
(NP57) were obtained from Dako, Hill Wycombe, U.K. 
Monoclonal antibody to CD4 was from Becton Dickin- 
son, Cowley, U.K. Glycol methacrylate resin was sup- 
plied by Park Sciences Ltd., Northampton, U.K., and 
DPX resin by BDH, Poole, U.K. Other general labora- 
tory reagents were purchased from Sigma Chemical Co. 
The HRV-16 inoculum was kindly donated by Drs. E. 
Dick and W. Busse, Madison, Wisc. 

Experimental HRV-16 infection protocol 
Informed volunteers were screened for existing anti- 

bodies to HRV-16. Those who had negative results 
were then assessed for atopic status. Two weeks before 
infection, patients underwent bronchoscopy, and nasal 
and mucosal biopsy specimens were taken. Subjects 
were admitted to the infectious diseases unit of 
Southampton General Hospital 24 hours before inocu- 
lation. Blood counts were carried out; nasal lavages and 
symptom scores also were taken and continued daily, z2 
On the day of the viral inoculation (designated day 1) 
the first blood sample was obtained immediately before 
the patients were nasally administered a total viral dose 
of 5000 to 10,000 median TCIDso. This was repeated 

the next day to ensure maximal infection. Ninety-six 
hours later (i.e., day 5) blood samples, leukocyte 
counts, bronchoscopy, and the biopsies were repeated. 
Subjects were discharged on day 6, then returned 6 to 
10 weeks later for the final, "convalescent" biopsies and 
for serologic tests. The presence of viral infection was 
subsequently confirmed in nasal lavage fluid by mea- 
suring serotype-specific neutralizing antibodies. Lavage 
fluid was also inoculated into HeLa cell cultures, and 
infection was diagnosed by means of the typical cyto- 
pathic effects seen under light microscopy. Further, 
symptom scores according to the method of Jackson 
et al. 23 were calculated. 

Basophil histamine release experiments 

Buffers. All buffers were prepared with a PIPES- 
based buffer containing 25 mmol/L PIPES, 110 mmol/L 
NaC1, and 5 mmol/L KCI, adjusted to pH 7.4. Cells were 
washed in PAG (PIPES-albumin-glucose), which con- 
tained 0.003% human serum albumin and 0.1% 
n-glucose. Histamine release experiments were per- 
formed in PAG, which was supplemented with 2 mmol/L 
CaC12 and 1 mmol/L MgC12 (PAGCM). All solutions 
were diluted from stock to appropriate concentrations in 
PAGCM and were prepared fresh daily. 

Basophil isolation and challenge. A mixed leukocyte 
preparation (containing 1% to 2% basophils) was ob- 
tained by dextran sedimentation. Buffy-coat cells were 
harvested from the upper layer after 1 hour, washed 
twice in PAG, and resuspended in PAGCM for release 
experiments. The stimuli were added to the cell sus- 
pensions, and histamine release was allowed to proceed 
for 45 minutes at 37 ° C. The reaction was halted by 
centrifugation and the supernatants recovered. Finally, 
protein was precipitated with 25% trichloroacetic acid 
and the samples stored at -20  ° C until they were 
analyzed for histamine content. 

Histamine assay. The histamine content of the 
samples was assayed with the automated fluorometric 
technique of Siraganian. 24 The supernatants from days 
1 and 5 for each subject were analyzed consecutively to 
minimize variation. Histamine release was expressed as 
a percentage of total histamine. Values were corrected 
for spontaneous histamine release, measured in cells 
incubated with buffer alone. Results were subjected to 
Wilcoxon signed-rank tests, and a value ofp < 0.05 was 
considered to be significant. 

Biopsy cell enumeration 

Tissue preparation. The biopsy samples were placed 
into cold acetone containing protease inhibitors and 
fixed overnight at -20  ° C. The tissue was then pro- 
cessed into glycol methacrylate resin and stored. Sec- 
tions (2 ~zm wide) were cut, floated on 0.2% ammonia 
solution, and air-dried onto poly-~-lysine-coated slides. 

Staining of sections. The techniques for cell staining 
have been described elsewhereY Briefly, endogenous 
peroxidases were inhibited with 0.3% hydrogen perox- 
ide in 1% sodium azide for 30 minutes, and a blocking 
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medium was applied. Sections were washed in 0.05 
mol/L TRIS-buffered saline solution (pH 7.6). Murine 
monoclonal antibodies to CD3, CD4, CD8, neutrophil 
elastase, eosinophilic cationic protein, and mast cell 
tryptase were added in optimal concentrations and 
slides were incubated for up to 20 hours. A streptavi- 
din-biotin complex system was employed, and the slides 
were counterstained with Mayer's hematoxylin. Sec- 
tions were then mounted in DPX resin. Negative con- 
trols were run by omitting each primary antibody, 
whereas sections of nasal polyp and tonsil provided 
positive tissue controls. 

Cell counting. Cell counts were performed for the 
epithelial and submucosal layers of each specimen 
under a light microscope with an eyepiece graticule. 
For each reading the mean of three sections was taken. 
Changes between baseline, cold, and convalescence 
numbers were compared with Wilcoxon ranked-pair 
analysis for each cell type. Differences between the 
control and asthmatic groups were analyzed with 
Mann-Whitney U tests. A value ofp  -< 0.05 was taken 
as significant. 

RESULTS 

We investigated the effect of HRV-16 infection 
on various leukocyte responses. Of the 22 people 
inoculated with HRV-16, all were successfully 
infected, as diagnosed by the positive viral cul- 
tures or by significant rises in neutralizing anti- 
body to HRV-16. Also, 17 of the patients exhib- 
ited a good clinical cold as defined by the symp- 
tom scores. 

By taking blood samples immediately before 
the experimental viral inoculation (day 1) and 
again at the height of infection (day 5), one can 
compare the activation of basophils via their his- 
tamine release. Performing parallel experiments 
on a control group of asymptomatic donors elimi- 
nated any daily variations. Of the 12 donors who 
gave blood samples, two were found to release 
less than 5% of their total histamine to an opti- 
mum concentration of anti-IgE and therefore 
were excluded from further analysis. In addition, 
biopsy specimens were taken from 20 of the 
patients before the cold, during the cold, and in 
the convalescent period 6 to 10 weeks later. A 
total of 43 samples were suitable for immunohis- 
tochemical analysis. These biopsy specimens were 
stained and numbers of mast cells, neutrophils, T 
lymphocytes, and eosinophils within the tissue 
were counted. 

Fig. 1 shows the effect of HRV-16 infection on 
basophil histamine release in comparison with the 
control group. A number of stimuli, both physi- 
ologic and nonphysiologic, were employed to chal- 
lenge the cells. Unchallenged cells (incubated 
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FIG. 1. Effect of HRV-16 on histamine release f rom human 
basophils. Basophils f rom patients infected with HRV-16 
(n = 10) were chal lenged with range of different stimuli 
both before inoculat ion with virus (day 1, lightly hatched 
bars) and at height of symptoms (day 5, open bars). There 
w a s  significant decrease in response to anti-lgE in patients 
infected wi th HRV-16. Control group of uninfected donors 
were processed in parallel, and there was no change in 
ant i - lgE- induced response f rom day 1 (shaded bars) and 
day 5 (heavily hatched bars). Spontaneous histamine 
release was consistently less than 5% in both HRV-16 
and control groups. Response to A23187 was not signifi- 
cantly altered in either group. Values are expressed as 
mean +- SEM. Asterisk indicates p < 0.05. 

with buffer alone) typically gave histamine release 
values of less than 5% of total histamine. The 
spontaneous release by cells from the HRV-16 
group was not significantly altered by infection, 
with percentage histamine release values of 
3 % -  1% on day 1 and 3%___ 1% on day 5. 
Similarly, the unchallenged cells of the control 
group of donors showed no change in response, 
with values of 4% - 1% on day 1 and 4% _ 1% 
on day 5. 

The basophils were also stimulated with anti- 
IgE (1 t~g/ml) to activate the IgE-dependent  path- 
way of degranulation. Control donors showed 
some day-to-day variation in their responses to 
anti-IgE, although their average histamine release 
was virtually unaltered from 25% _ 3% on day 1 
to 26% _ 3% on day 5. However, an unexpected 
decrease in IgE-induced histamine release was 
seen in the HRV-16 group at the height of infec- 
tion. Histamine release was 23% - 4% on day 1, 
before infection, but dropped to 13% + 3% on 
day 5 when donors were symptomatic (p < 0.05). 
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FIG. 2. Effect of HRV-16 infection on anti-lgE dose-re- 
sponse curve. Basophils from donors infected with 
HRV-16 were challenged with range of different concen- 
trations of anti-lgE before inoculation with the virus (open 
bars) and 96 hours later, at height of symptoms (hatched 
bars). Values are expressed as mean _+ SEM. Asterisk 
indicates p < 0.05. 

Basophil counts showed no corresponding de- 
crease in cell number. Furthermore, the total 
amount of histamine measured within the baso- 
phil samples was not significantly altered by 
HRV-16 colds (data not shown). 

Calcium ionophore A23187 (1 p.g/ml) was used 
as a nonphysiologic stimulus to evaluate the ba- 
sophils responsiveness. There was no significant 
change in the histamine release caused by A23187 
in either the control group (68% -+ 5% on day 1, 
64% _+ 7% on day 5) or the HRV-16 group 
(60%-+ 5% on day 1, 60%--+-6% on day 5). 
Although not represented in Fig. 1, F-met peptide 
(1 ~mol/L) was also employed as an IgE-inde- 
pendent physiologic stimulus. Again, histamine 
release remained essentially-constant in the 
HRV-16 donor group from day 1 (39% -+ 4%) to 
day 5 (36% + 3%). Likewise, there were no dif- 
ferences in histamine release between days 1 and 
5 (45% _+ 5%, 44% _+ 7%) in the control group. 

The anti-IgE dose-response curve is bell shaped 
in human basophils, and thus one possible expla- 
nation for the decrease histamine release is a shift 
in the optimum concentration of anti-IgE for 
release. Fig. 2 illustrates the effect of HRV-16 
infection on histamine release from basophils 

challenged with concentrations of anti-IgE rang- 
ing from 0.01 to 10 p~g/ml. At all concentrations of 
anti-IgE used there is a visible decrease in hista- 
mine release during the cold. The suppression is 
greatest for the doses at the peak of the curve. 
There was no such alteration in the dose-response 
curves of the control donors. 

The cell population in the peripheral blood was 
characterized by differential cell counts before, 
during, and after infection. There was a consistent 
decrease in the total number of lymphocytes in 
the blood during the cold, dropping from 
2.4 _+ 0.7 (109/L) to 2 _+ 0.6 (109//L) (p <0.05). 
Examination of bronchial biopsy specimens re- 
vealed an increase in the number of eosinophils 
located in the epithelial layer during the cold 
(p < 0.05) compared with either the precold or the 
convalescent biopsy specimen (Fig. 3). There was 
considerable variation between donors; the asth- 
matic patients had higher levels of tissue eosino- 
phils before the cold. Eosinophil levels in the 
epithelial layer returned to preinfection levels in 
nonasthmatic subjects during the convalescent pe- 
riod. However, in asthmatic patients eosinophil 
levels remained significantly elevated up to 6 
weeks after the infection (p < 0.05). Examination 
of the submucosal layer failed to show any signif- 
icant increase in the number of tissue eosinophils 
during infection with HRV-]6. 

The epithelial cell layer also showed increases 
in CD3 +, CD4 +, and CD8 + lymphocyte levels at 
the time of infection, although these were not 
statistically significant (Fig. 3, lower panel). How- 
ever, the subsequent decrease from cold to con- 
valescent levels was significant in both nonasth- 
matic and asthmatic patients, Again, no differ- 
ences between control and asthmatic patients 
were obvious. The submucosal cell counts showed 
an increase in the number of lymphocytes during 
HRV-16 infection, particularly in the CD3 + sub- 
group of cells, which increased between baseline 
and cold and decreased again during convales- 
cence (p < 0.05) (Fig. 3, lower panel). Thi s pattern 
was mirrored by the CD8 + cells and to a lesser 
extent by the CD4 + group (data not shown). No 
changes in the ratios of these cells were detected, 
and no apparent differences existed between con- 
trol and asthmatic groups. 

There were no changes in the numbers of other 
cells at any time point for the epithelial layer. 
Intriguingly, the number of mast cells in the bron- 
chial submucosa declined between the cold and 
convalescent periods, but there was no initial 
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increase caused by the cold so the significance of 100- 
this is unclear. There were no detectable changes 
in other cell types in the mucosa. 

DISCUSSION o~ 10 
E 

We assessed the effect of HRV infection on E 
some aspects of leukocyte function. The experi- 

= m  

mental infection program has a number of advan- " 1 
tages over the study of wild-type infections. Pa- o 

c 
tients were inoculated with a known serotype of "~ 
rhinovirus, HRV-16, and the presence of infec- 
tion could then be demonstrated, ruling out any 0.1 
"false" colds. The infection process proved to be 
very efficient, with all subjects having positive 
viral culture results and the majority having a 0.01 
clinical cold as defined by symptom scores. The 
specificity of the HRV serotype minimized varia- 
tions in symptoms and time course of 'the cold 
such as would be found between different infec- 
tive agents. Further, isolation of the patient en- 
sured that contact with different viruses and other 
environmental influences was restricted. The 
study protocol also allowed biopsy specimens and 1,000 
blood samples to be collected at well-defined time 
points. 

There has been increasing evidence linking 
respiratory viruses to the aggravation of asthmatic E 100 
symptoms and enhancement of airway reactivity, 
but the precise mechanisms behind this are not ~, 
known. Many features of a cold are similar to 
those of an allergic response, so it is possible that " Q. 
the two responsible pathways converge to produce E 10 
an excessive response to the virus. We investi- , ~" 
gated the activity of the basophil during the 
infection, because this cell and the mediators it 
releases have been implicated in allergy and 
inflammation. This study has provided us with an 1 
excellent in vivo model of rhinoviral infection with 
which to work. There is some indirect evidence 
that rhinovirus infection penetrates further than 
the upper airways, but this is rather inconclusive 8 
and may occur only in unusual circumstances such 
as when the patient is immunocompromised or 
when the temperature of the airways is lowered. 9 
We believe that there is no direct contact between 
the 'virus and basophils within the circula- 
tion. This promotes the idea of transmission 
of the virus' effects via mediators such as cyto- 
kineso 

A large proportion of the work in this field to 
date has looked at in vitro models whereby leu- 
kocyte preparations are directly incubated with 
live virus. Ida et a l .  17 first demonstrated that 
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FIG. 3. Effect of HRV-16 infection on leukocyte popula- 
tions in bronchial biopsy specimens. Biopsy specimens 
were obtained from patients at baseline (open bars), at 
height of symptoms (hatched bars) and during convales- 
cent period (shaded bars). Specimens were fixed with 
acetone at - 2 0  ° C and processed into glycol methacrylate 
resin and stored. Sections 2 I~m thick were cut and stained 
with murine monoclonal antibodies to CD3 and eosino- 
philic cationic protein. Cell counts were performed for 
epithelial and submucosal layers of each specimen, and 
changes between baseline, cold, and convalescence num- 
bers were compared with Wilcoxon ranked-pair analysis 
for each cell type. Value of p -< 0.05 was taken as signif- 
icant. Values are medians, with range of responses shown 
by lines extending from bars. 
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viruses were capable of inducing histamine re- 
lease from basophils and suggested that inter- 
feron was responsible. Paramyxoviruses incubated 
with leukocytes were shown to increase degranu- 
lation of basophils in an IgE-dependent manner, 
suggested to be via direct glycoprotein interac- 
tions on the cell surface. 18 However, Busse et al. 19 
reported increases in both IgE-dependent and 
IgE-independent histamine release from in vitro 
viral cultures and have implicated a leukocyte- 
derived mediator in the process. In contrast, our 
study demonstrated that the amount of histamine 
released actually decreased during the HRV-16 
infection in response to anti-IgE. Cell counts 
demonstrated that the decrease was not due to 
any fall in basophil number. Further, the total 
histamine content of the cells was not altered. 
Spontaneous histamine release was not affected, 
indicating no overall change in responsiveness. 
Also, degranulation evoked by F-met peptide, a 
receptor-mediated stimulus, and by the calcium 
ionophore A23187, remained constant. Together, 
these data indicate that this decrease occurs by an 
IgE-specific mechanism and may be due to 
changes in an early part of the signal transduction 
in basophils. 

A decrease in the IgE-induced histamine re- 
lease of peripheral basophils appears to be incon- 
sistent with earlier studies and with the notion of 
a heightening of inflammatory mechanisms during 
infection. However, a number of possibilities can 
explain this observation in the context of an in 
vivo model. In vitro models in which virus is 
incubated directly with basophils may not reflect 
the systemic effects of a cold. 

Basophils accumulate in the airways during an 
asthma attack, 26 and there is some evidence that 
respiratory viruses increase basophil migration 
into the lungs. This is supported by reports that 
interferon acts as a basophilic chemotactic fac- 
tor. 27 Because many respiratory viruses, including 
rhinoviruses, are potent inducers of interferon, 
this could result in activated basophils moving 
from the blood to the tissue. This migratory re- 
sponse, similar to the events in the development 
of a late-phase response, is more likely to occur in 
the presence of a RTI. 28 Thus the most activated 
basophils could be those residing in the lungs. 
These tissue basophils may be releasing greater 
amounts of inflammatory mediators locally and 
hence contribute to bronchial reactivity. 

The IgE dose-response curve in human baso- 
phils is bell shaped with a marked decrease in 
histamine release at superoptimal concentrations. 

Therefore we also considered the possibility that 
the presence of a viral infection increased the 
sensitivity of the basophils to IgE crosslinking and 
that the alteration of an optimal response to a 
superoptimal response could explain our apparent 
decrease. There is some precedent for such a shift 
in the dose-response curve, although most studies 
have focused on an increase in histamine release. 
Mast cells isolated from an area of active inflam- 
mation are more sensitive to IgE crosslinking than 
are their counterparts from uninvolved tissue. 29 
Similarly, BAL mast cells obtained from patients 
with asthma during a late-phase response are 
more responsive to IgE crosslinking than are mast 
cells from patients without asthma. 3° However, 
the evidence for a shift in the IgE dose-response 
curve in basophils from patients with a viral 
infection is not conclusive and suggests a general 
decrease in responsiveness across the entire dose- 
response curve. 

We also investigated the changes in cell popu- 
lations in bronchial tissue in response to the 
HRV-16 infection. Changes in the numbers and 
ratios of cells can significantly alter the balance of 
cytokines and can have profound effects on the 
surrounding tissue. There is a significant fall in a 
T-cell subset during rhinoviral infection, altering 
the ratio of CD4 ÷ to CD8 ÷ in favor of the 
suppressor T cells. 11 Our present study has con- 
firmed the decrease in peripheral lymphocytes 
and has shown an accumulation of both submu- 
cosal and epithelial lymphocytes at the height of 
HRV-16 infection, supporting the idea o.f a con- 
certed movement of the T cells from the blood- 
stream into the tissue to cause a local rather than 
a systemic reaction. Huftel et al? 1 demonstrated 
that T-cell depletion attenuates the enhanced 
histamine release caused by in vitro incubation 
with influenza A. This fits with the idea of distinct 
responses between the basophils in the lung and 
in the blood, because of their respective environ- 
ments. Basophils may be primed in the airways 
where T cells are accumulating, but not in the 
circulation, because T-cell number is depleted. 
Production of interferon-~/by lymphocytes during 
in vitro RV-16 infection has been detected and 
may contribute to local basophil accumulation 
and histamine release, further implicating in- 
terferon in the pathogenesis of virally induced 
asthma. 32 

The importance of neutrophils in RTI is becom- 
ing an area of interest; these cells have been found 
in increased numbers in HRV-infected nasal bi- 
opsy specimens. 13 Nasal lavages also show elevated 
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numbers of neutrophils in clinical colds. 14 Further, 
expression of interleukin-8 (neutrophil-activating 
peptide) is increased in nasal epithelial cells when 
stimulated with respiratory syncytial virus) 5 Be- 
cause interleukin-8 is a potent chemotactic agent 
for neutrophils, 33 it may well be acting as a signal 
for the accumulation of these inflammatory cells. 
However, we found no significant changes in the 
number of neutrophils measured in the biopsy 
specimens. This may be due to the very rapid elimi- 
nation of airway material. Thus the cells are moved 
too quickly through the mucosa and expelled. The 
contribution of the neutrophil to virally provoked 
inflammation is not yet known. Increases in neutro- 
phil superoxide production 34 and thromboxane B 2 
release 35 are found after incubation with influenza 
and a respiratory syncytial virus antibody complex, 
respectively. If a similar activation is seen in the 
airways of rhinovirus-infected persons, release of 
toxic products and inflammatory mediators could 
lead to further bronchial tissue damage in patients 
with asthma. 

The number of eosinophils in the bronchial 
epithelium increased in the group with HRV-16 
infection, and the levels remained elevated in the 
asthmatic group whereas they declined to baseline 
levels in the normal group. This may be an im- 
portant difference because the patients with 
asthma tend to have increased numbers of eosin- 
ophils because of their asthma. Although there 
has been little information on the role of eosino- 
phils in viral infections, this cell is a key player in 
inflammatory events in the lung, where they ac- 
cumulate and release cytokines, cytotoxic granule 
contents, oxygen metabolites, and lipid mediators. 
Incubation of leukocytes with either influenza or 
rhinovirus in vitro has led to an increase in the 
percentage of low-density eosinophils? 6 These hy- 
podense cells appear to be more metabolically 
active and have increased releasability in com- 
parison with eosinophils of normal density. Fur- 
ther, children with bronchiolitis related to respi- 
ratory syncytial virus have increased airway eo- 
sinophil degranulation caused by the virus, as 
measured by levels of nasopharyngeal eosinophilic 
cationic protein. 16 This suggests that eosinophilic 
products may be released into the respiratory 
tract and could contribute significantly to airway 
disease. 

In summary, we characterized bronchial cell 
infiltration in HRV-16 infection and observed the 
effect of the virus on systemic basophils. The 
results support the hypothesis that viral infection 
promotes indirect actions on the circulation to 

produce accumulation and activation of inflam- 
matory cells in the lung, resulting in local airway 
effects. This suggests that mechanisms common to 
inflammation and viral infection combine and 
amplify signals, giving rise to virus-induced asth- 
matic symptoms in susceptible persons. 
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P u l m o n a r y  e o s i n o p h i l i a  is f o u n d  in a s t hma ,  

a l l e rg ic  b r o n c h o p u l m o n a r y  asperg i l los i s  ( A B P A )  

a n d  s o m e  g r a n u l o m a t o u s  vascu l i t i de s  ( i nc lud ing  

C h u r g - S t r a u s s  s y n d r o m e )  as a r e s p o n s e  to  c e r t a i n  

d rugs  (e.g.,  n i t r o f u r a n t o i n )  a n d  p a r a s i t e s  (Ascaris 
a n d  Wuchereria), a n d  as p a r t  o f  sys t emic  e o s i n o -  
ph i l i c  s y n d r o m e s .  1-5 C y t o k i n e s  a r e  i m p o r t a n t  in 

e o s i n o p h i l  g e n e r a t i o n ,  loca l i za t ion ,  a n d  func t ion .  


