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Abstract

IgE mediated hypersensitivity may be an important component of the complex mechanism of virus
induced exacerbation of asthma. The present study investigated virus- and an environmental allergen
(cockroach)-specific IgE in asthmatics suffering with acute exacerbation of symptoms associated with
influenza virus infection. Of the 196 cockroach (Periplaneta americana) hypersensitive asthmatics
(eliciting positive skin tests to cockroach extract), 40 patients who suffered acute exacerbations of
symptoms of asthma associated with upper respiratory tract infections, were studied. Throat gargles
were collected from these 40 patients in acute phase of infection for influenza virus isolation. Blood
samples were collected from these patients during acute and convalescent phases of infection for
serological diagnosis of influenza infection by haemagglutination inhibition and also for estimating
influenza virus- and cockroach allergen-specific IgE levels by radioallergosorbent test. Influenza virus
infection was detected in 20/40 of patients. Only 12 of these 20 patients completed the study protocol.
Influenza virus specific IgE was detected in seven of them, 6 showing higher virus-specific IgE levels
in convalescent phase. As a control, sera from pre-infection stage of two patients were also tested and
no virus specific IgE levels were observed in their pre-infection as well as acute phase sera. But the
sera collected during convalescent phase from both of these patients showed the presence of virus
specific IgE. Five of the 7 patients showed cockroach allergen-specific IgE, which increased from
acute to convalescent phase in 4 of them. Our results suggest that influenza virus infection of upper
respiratory tract causes exacerbation of symptoms in asthmatics by producing virus-specific IgE and/
or boosting environmental allergen-specific IgE.
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INTRODUCTION

Epidemiological studies have shown that viral
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respiratory infections (VRI) are the most common
cause of acute episodes of wheezing and exacerbation
of symptoms in asthmatics!-3. Current treatment
modalities for asthmatics during exacerbation of
symptoms provide poor responset. Viruses like
rhinovirus, respiratory syncytial virus (RSV), influenza
virus, parainfluenza virus, etc. may induce
exacerbation of asthma by infecting bronchial
epithelium and inducing local inflammation, interaction
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of virus and allergen induced inflammation, generation
of a systemic immune response and/or neurogenic
inflammation#7. Hence, effect of viral infection on
airway function is multifactorial and involves a
complex interplay of nervous system, inflammation,
epithelium and IgE related hypersensitivity’. However,
actual mechanism of virus induced exacerbation of
asthma has not yet been completely understood.

One common feature of asthma is production of
an enhanced serum IgE response to some
environmental allergen(s). We feel that during VRI
exacerbation of symptoms in asthmatics could be due
to the production of virus-specific IgE and/or
potentiation of some environmental allergen(s)-specific
IgE. Therefore, the present study was conducted to
investigate the virus- and an environmental allergen
(cockroach)-specific IgE levels in patients suffering
with exacerbation of asthma during influenza virus
infection.

MATERIALS AND METHODS

1. Selection of Patients

Patients with bronchial asthma® (11-63 years)
attending the outpatient department of VP Chest
Institute, University of Delhi, Delhi were studied.

Intradermal tests were performed on these patients
with cockroach (Periplaneta americana) whole body
extract. Histamine (100 pg/ml in phosphate buffered
saline; PBS) and PBS were used as positive and
negative controls, respectively®. Patients (n=196)
showing positive skin test response to cockroach
extract were studied. Forty of these patients, who
suffered acute exacerbation of asthma® associated
with upper respiratory tract infections, were examined
during and after the episode of infection. Respiratory
infection in these patients was diagnosed on the basis
of clinical history and their physical examination.

Ethical and technical aspects of the study protocol
were approved by Board of Research Studies,
University of Delhi and written informed consent was
obtained from each patient.

2. Evaluation of influenza virus infection

Throat gargles of patients were collected in virus
transport medium (Hanks balanced salt solution)

during acute phase of infection. The specimens were
kept at 4°C (2 hours), centrifuged (3000 rpm, 10
minutes) and supernatants were inoculated into the
amniotic cavity of hen’s embryonated eggs!'?. The
inoculated eggs were incubated sequentially at 35°C
and 4°C for 72 and 12 hours, respectively. The
allantoic and amniotic fluids were collected separately
and tested for the presence of influenza virus by
haemagglutination (HA) test!!. The results of HA tests
were confirmed by repeating egg inoculation.
Specimens were considered positive on the basis of
presence of HA after 3 consecutive passages.

3. Serological diagnosis of influenza virus infection

Blood samples were collected from patients during
acute (1-3 days of onset) as well as convalescent
phase (10-14 days after onset) of the infection, sera
separated and stored at —20°C. Patients’ sera were
sequentially treated with trypsin solution (0.8%) and
potassium periodate (0.01 M) to remove nonspecific
inhibitors. Haemagglutination inhibition (HI) tests!!
were performed with these sera for serologic diagnosis
of influenza virus infection.

4. Estimation of IgE levels

Virus- and cockroach allergen-specific IgE levels
were determined in the sera of patients by
radioallergosorbent test (RAST).

4.1. Virus specific IgE

4.1.1. Preparation of virus material

Influenza virus was purified from harvested
amniotic fluid. Briefly, amniotic fluid of eggs showing
presence of influenza virus was pooled for virus
purification!2. The pooled amniotic fluid was
centrifuged and the supernatant was placed in an ice
bath. A cold suspension of 10% fowl erythrocytes was
added to it and kept for 2 hours with gentle intermittent
shakings. This suspension was centrifuged and the
pellet of aggregated erythrocytes was suspended in
PBS and incubated at 37°C in a water bath for one
hour with gentle agitation. The suspension was
centrifuged and the supernatant containing virus
particles was collected and extensively dialyzed
(Spectrapor 3, Spectrum Medical Industries, Inc., Los
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Angeles, USA; molecular weight cut off = 3.5 kd)
against 0.05 M ammonium bicarbonate, lyophilized
and stored at -20°C.

4.1.2. Preparation of solid phase virus coupled discs

Cellulose paper discs (6 mm diameter; Whatman
No. 50) were activated by soaking them in cyanogen
bromide solution in dimethyl formamide (2.5%) for 45
minutes (4°C; pH 10-11)!3. The activated discs were
sequentially washed with ice-cold 0.1 M sodium
bicarbonate, distilled water and cold acetone, and
dried at room temperature. The discs were then
incubated with virus material in borate buffered saline
(BBS; pH 8.0) for 72 hours at 4°C. The uncoupled
sites on the discs were blocked by soaking them in IM
ethanolamine (4°C; 24 hours). Thereafter, the discs
were washed with BBS and RAST wash (0.02 M
potassium dihydrogen phosphate, 0.08 M dipotassium
hydrogen phosphate, 1% Tween 20 and 0.1% sodium
azide; pH 7.4), and stored in RAST diluent (0.2%
BSA in RAST wash; pH 7.4) at —20°C13.

4.1.3. Performance of RAST

Virus specific IgE in the acute as well as
convalescent phase sera of patients was evaluated by
RAST!4 using influenza virus coupled discs. Briefly,
one disc was incubated (overnight at room
temperature) with 100 ml of patient’s serum (1:1 v/
v in RAST diluent) in polystyrene tubes (12 x 75
mm). The discs were then washed, followed by
overnight incubation with 100 ml of radiolabelled
(1'25) anti-human IgE (200 ng/ml; Dako, Denmark).
Thereafter, the supernatant was carefully aspirated,
discs were washed and radioactive counts bound were
determined in a Gamma Counter. As a negative control,
similar tests were also performed with a pool of sera
of non-allergic healthy volunteers (n = 20).

RAST ratio was calculated on the basis of
radioactive counts bound to the disc as under:

RAST Ratio = % CPM with patient’s serum / %
CPM with normal human sera pool

CPM = Counts per minute.

A RAST was considered positive when the RAST
ratio was 2 or more.

As a control, sera from pre-infection stage of two
patients were also tested for the presence of virus
specific IgE levels.

4.2. Cockroach allergen specific IgE

Solid phase cockroach allergen coupled discs!3
were prepared. Allergen specific IgE in the sera of
patients was estimated by RAST!4 using these allergen
coupled paper discs.

RESULTS

Of the 40 cockroach sensitive asthmatics, who
developed exacerbation of symptoms associated with
upper respiratory tract infection, influenza virus
infection was detected in 20 patients. The results of
HI tests with patients’ sera showed the presence of
antibodies to various serotypes of influenza virus
(HIN1/H3N2 and B/Lee). The sera showing four-fold
or more increase in the titer of virus specific antibodies
in HI test during convalescent phase were considered
positive. Serotypes and strains of influenza virus
identified in these patients are presented in Table 1.

Of the 20 patients, 8 discontinued participation in
the study at different time intervals and only 12
completed the study protocol. Virus specific IgE
antibodies were detected in the sera of 7 out of these
12 asthmatics either in acute or convalescent phase of
virus infection. Of these 7 patients, 2 showed the
presence of virus specific IgE in acute as well as
convalescent phases (NK, D), 4 in convalescent phase
(PK, PS, PB and SN) and 1 in acute phase (K) only
(Table 2).

Of the 7 asthmatics, who showed virus specific
IgE, 6 elicited higher RAST ratios in convalescent
phase as compared to acute phase (Table 2, Figure 1).
Pre-viral infection phase sera of two of these patients
(PK, PS) were also available. Both of them did not
show any influenza virus specific IgE antibodies in
their sera collected in pre-infection as well as acute
phase of infection. However, virus specific IgE was
detected in these patients only during convalescent
phase (Table 2).

Cockroach allergen specific IgE was estimated in
the sera of these 7 patients in both acute as well as
convalescent phases. Cockroach allergen specific IgE
were detected in acute phase of viral infection in 5 of
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Table 1. Results of haemagglutination inhibition tests with the sera of
asthmatics showing presence of antibodies against different serotypes
ofinfluenza virus

Patients Virus serotypes and their strains

Influenza B
H3N2 Lee

Influenza A
HINI1

P
BL
DK
PB
NK
PS
M R
D

SN -
Y -
CR -
RS -
SRC - -
RK R

AV - -
R R R
PC - -
PK -

\2l +

K

Note: +, Present; -, Absent.

+ + + + + o+

+ o+ o+ o+ o+ o+ o+

+ o+ o+

these 7 patients (Table 2). In 4 of these 5 patients
(PK, SN, NK and D) allergen specific IgE levels
increased in convalescent phase, and remained almost
the same in the fifth (PS) patient (Figure 2).

Cockroach allergen specific IgE was also
estimated in the sera of 3 out of the 5 patients (RS,
RK and DK) who did not show any virus specific IgE.
Interestingly, all the 3 patients revealed no change in
RAST ratios in cockroach RAST.

DISCUSSION

VRI generate local as well as systemic immune
responses to clear the viral pathogen. These responses
along with neural signals are altered in asthmatics,
provoking severe bronchial hyperresponsiveness and
exacerbation of asthma®. An understanding of the
mechanisms, by which these virus mediated changes
occur, may help the clinicians in deciding the course
of treatment in patients suffering with virus associated
exacerbation of asthma*©,

Influenza virus has been reported to be one of
the most important respiratory pathogen in Indian
asthmatics!>. The first evidence of association of
influenza type A infection and asthma was given by
Minor and associates!'©. Subsequently, other workers
also reported the association of influenza infection
and worsening of asthmal5:17. In the present study,

Table 2. Virus-and cockroach allergen- specific IgE in the paired sera of 12 asthmatics suffering with exacerbations of symptoms associated with

influenza virus infection
Patient Virus specific IgE Cockroach specific IgE
(RAST Ratio) (RAST Ratio)
Pre-infection Acute Convalescent Acute Convalescent
PK 1.7 1.7 3.1 7.5 12.7
PS 1.5 1.8 3.7 22 1.8
SN - 1.8 34 2.0 3.7
NK - 33 3.9 2.9 4.2
D - 3.1 3.5 2.1 2.4
K - 2.2 1.8 1.0 0.9
PB - 1.4 2.0 1.8 1.2
RS - 1.5 1.5 0.7 0.9
RK - 1.5 1.8 0.9 1.0
DK - 0.7 1.5 1.0 0.9
R - 1.4 1.3 ND ND
\Al - 1.7 1.4 ND ND
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Fig 1. Influenza virus-specific IgE in the sera of seven asthmatics during acute and convalescent phase of viral
infection associated with exacerbation of symptoms. X represents mean values for seven patients.
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RAST Ratio

Patients No.

Fig2. Cockroachallergen-specific IgE in the sera of five asthmatics who showed the presence of virus specific IgE.

X represents mean values for five patients.
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serological evidence of influenza virus infection during
exacerbation of asthma symptoms was found in 20/40
(50%) of cases. Some workers have reported a lower
rate of influenza virus infection in adult asthmatics !8;
19 The higher rate of viral infection observed in our
study may be due to higher virulence of influenza

virus in this region20,

VRIs are known to activate T helper cells in
atopic individuals and produce IgE during acute phase
of infection?!. An increase in total IgE levels of
patients has been reported after infections with
cytomegalovirus, Epstein Barr virus, rhinovirus and
measles virus2!"23, Welliver and coworkers have
reported RSV and parainfluenza virus specific IgE in
nasal secretions of children with croup and/or
wheezing?4. However, the presence of influenza virus
specific serum IgE has not been studied so far. We
observed influenza virus specific IgE levels in the sera
of 7/12 patients suffering with exacerbation of asthma
associated with influenza virus infection. These levels
were higher in 6 out of 7 patients in convalescent
phase of infection (Figure 1). Interestingly, limited
number of patients (n=2), where sera from pre-
infection stage were also available, no virus specific
IgE levels were observed in pre-infection as well as in
acute phase sera. But sera of convalescent phase from
both of these patients showed the presence of virus
specific IgE. It is quite possible that higher levels of
virus-specific IgE appear in serum only after localized
production in the respiratory tract?3. Thus, the
presence of IgE in the sera of these patients also
suggests its presence in respiratory tract epithelium,
which may be responsible for exacerbation of
symptoms during virus infection in asthmatics.

An important parameter of allergic asthma is
production of specific IgE against inhaled
environmental allergens. In adult asthmatics, acute
exacerbation of asthma was reported to be strongly
associated with the combination of allergic
sensitization, exposure to high levels of an allergen
and concurrent viral infection9. In the present study,
environmental allergen (cockroach) specific IgE was
also observed in patients’ sera (n=5) during influenza
virus infection. A concomitant increase in cockroach-
as well as virus-specific IgE levels from acute to
convalescent phase was observed in 4 of these 5
patients (Figure 2). It is quite possible that influenza

virus infection may also have a boosting effect on
allergen specific IgE response in asthmatics. In this
context, it may be pointed out that in murine model,
the timing of exposure of virus and allergen has been
reported to be crucial in determining whether viral
infection will enhance the development of inhalant
allergen sensitization. It may also be noted that in rats,
IgE response to ovalbumin could be triggered only
during acute stage of influenza viral infection?7-28. Our
results suggest that influenza virus infection of upper
respiratory tract may cause exacerbation of symptoms
in some asthmatics by production of virus specific IgE
and/or boosting allergen specific IgE. To the best of
our knowledge, this is the first report of the influenza
virus specific IgE production in asthmatics suffering
with exacerbation of symptoms associated with
influenza virus infection.
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