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Influenza A virus potentiates bacteria-induced
histamine release

Examination of normal individuals and patients allergic to bacteria
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It has been shown that bacterial and viral
infections in the upper respiratory tract can

Influenza A virus was found to enhance basophil histamine release induced by Escherichia
coli, Salmonella enteritidis, Staphylococcus aureus, Streptococcus pneumoniae and Streptococcus san-
guts, but did not per se release histamine. This potentiating effect of the virus was seen
both when the bacteria-induced mediator release was IgE-dependent (i.e. patient allergic
to bacterium) and when the bacterium caused histamine release by a non-immunological
mechanism independent of IgE (putative sugar-lectin mediated). Also histamine release
induced by other immunological and non-immunological stimuli, such as anti-IgE,
calcium 1onophore or agarose beads was enhanced in the presence of the wirus. The
potentiating effect of the virus on bacteria-induced mediator release might be of impor-
tance for the conversion from latent to manifest asthma in upper respiratory tract

infections.
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CLINICAL ASPECTS

Upper respiratory tract infections have often been shown to precipitate or exacer-
bate attacks of bronchial asthma. The finding that influenza A virus can enhance
allergic and non-allergic histamine release induced by bacteria in vitro might play a
role for the conversion from latent to manifest asthma in mixed bacterial and viral
infections.

two different mechanisms, an immunological
(IgE-dependent)

and a non-immunological

provoke or exacerbate attacks of bronchial
asthma (1, 11, 14, 15, 20). Bacteria have been
found to release histamine from human ba-
sophils (13, 16, 17), lung and tonsillar mast
cells (4), and mast cells obtained by broncho-
alveolar lavage (5). Viruses enhance basophil
histamine release triggered by either IgE-de-
pendent stimuli (2, 3, 6, 7, 12), endotoxin-
induced complement activation (8) or bacteria
(9). Since bacteria trigger histamine release by

mechanism (16), we have examined which of
these two mechanisms (or both) was enhanced
by the virus.

MATERIAL AND METHODS

Six patients infected with and sensitized to
bacteria were included.

Patient No. 1: 99-year-old man with catheter
in situ for 1 year because of hypertrophy of
prostate; patient had septicaemia with E. coli
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and was treated with antibiotics 1 week before
inclusion in the study. This bacterium was
also found in the urine. No atopic diseases.

Patient No.2: 59-year-old woman with dia-
betes mellitus and collagenosis, the latter
treated with immunosuppressives. Septicaemia
with S. enteritidis (serotype dublin) was demon-
strated 12 days before inclusion in the study,
and this bacterium was also found in urine
and faeces. The patient was treated with anti-
biotics. No atopic diseases.

Patient No.3: 45-year-old woman with dia-
betes mellitus. Septicaemia with E. coli was
demonstrated 13 days before her inclusion in
the study and was treated with antibiotics. No
atopic diseases.

Patient No. 4: 37-year-old man with increased
total IgE and suspected collagenosis, which
treated with the

azathioprine and prednisone. §. aureus phage

was Immunosuppresives,
type 6-47-54 + was isolated from abscesses in
the skin, from which the patient had suffered
for many years. No atopic diseases.

Patient No.5: 57-year-old woman with §.
pneumoniae-induced meningitis and septicaemia
demonstrated 10 days before inclusion in the
study. The patient was allergic to various ani-
mals and had asthma and bronchitis.

Patient No. 6: 38-year-old man, with heart
failure since childhood, treated with antibiotics
for mitral valve endocarditis. Septicaemia with
S. sanguis demonstrated 37 days before partici-
pation in the study. No atopic diseases.

Seven healthy individuals (age 23-64 years)
were also included.

Whole formalin-killed S. aureus strain Wood
46 (protein A-deficient) was prepared accor-
ding to (10) and E. coli, S. enteritidis (serotype
dublin), §. pneumoniae and S. sanguis isolated
from the blood of the patients with sepsis
and §.
an abscess in the skin of patient No.4,

from these bacteria, 1solated

aureus
from
were prepared in a similar manner. Human
influenza A virus A/Caen/1/84 (H3N2) was
obtained as previously described (8). Rabbit-
antihuman IgE (e-chain), 400,000 IU/ml was
from Behringwerke AG, FRG, calcium iono-
phore A23187 from Calbiochem AG, Swit-

zerland, and agarose beads i.e. polymers of
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D-galactose, from Kem En Tec, Copenhagen,
Denmark.

Blood from each person was drawn by veni-
puncture, anti-coagulated with EDTA in a fi-
nal concentration of 0.01 M and mixed with
double volume of 0.9% NaCl.
with approx. 2% basophilocytes were obtained

Leukocytes

by  Ficoll-Hypaque gradient centrifugation
(18), washed twice, and suspended in Tris-
AMC containing 25 mM Tris at pH 7.6, 0.12
M NaCl, 5 mM KCI, 0.6 mM CaCl,, 1.1.
mM MgCl,, and 0.3 mg of human serum
albumin/ml (18).

To examine whether the histamine release
induced by bacteria

was related to an

immunological (IgE-dependent) or

a non-

immunological reaction, stimulation of the
cells without surface IgE was also performed.
By exposing the cells to pH 3.8 at 4°C fol-
lowed by wash and in  Tris-
AMC, the IgE molecules were dissociated
from the cells (19).

immunoglobulin was controlled functionally by

resuspension
The removal of IgE-

the absence of histamine release induced by
anti-IgE.

Histamine release experiments were per-
formed by incubation of 40 pl leukocyte sus-
pension for 40 min at 37°C with 5 ul Tris-
AMC and 5 ul of diluted or undiluted prep-
arations of bacteria (E. coli, S. enteriidis, S.
aureus, S. pneumoniae and S. sanguis), anti-IgE,
the calcium 1onophore A 23187, or agarose
beads. Histamine release was assayed spectro-
fluorometrically by determination of the resid-
ual histamine in the washed cell sediment (18).
A positive response was defined as a release of
more than 10% of the total histamine content
in the sample, since the spontaneous release of
histamine amounted to up to 10%.

A potentiating effect of influenza A virus on
histamine release was examined by replacing
the 5 pl TrissAMC buffer with influenza A

virus.

Statistics

Student’s t-test was used when comparing hista-
mine release from intact cells and cells deprived
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Fig. 1. Verificaton of IgE-mediated histamine release in cell
suspensions from 6 patients infected with £ coli, Salmonella
enteritidis, Staph. aureus, Streptococcus pneumontae or Streptococcus
sangury. Intact cells (@——@) and cells deprived of IgE
(O~ O) were challenged with the patients™ own bac-
terium. Mean = SEM for n experiments in duplicate 1s
given, *P<0.01.
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Fig. 2. Histamine release induced by bacteria strains to

which the patients were not sensitized. Cells from Patients 1,
4 and 5 were stimulated with bacteria, with which the
patients were not infected. Some of the bacteria were ob-
tained from patients not included in the study (Pts. 7 and 8).
Intact cells (@——@) and cells deprived of IgE (O----- O).

Duplicate determinations.
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Fig. 3. IgE-mediated histamine release induced by E. coli in
cell suspensions from Patient 1 suffering from sepsis with
and sensitized to this bactertum. The histamine release was
followed-up for a period of 2 months. Note a shift to the left
of the curves. No release of histamine was obtained from

cells deprived of IgE.

of IgE, or comparing samples with and without
virus.

RESULTS

Patients sensitized to bacteria

Histamine release was examined in cell suspen-
sion from six patients infected with either E.
coli, S. enterttedis, S. aureus, S. pneumonia or S.
sangurs. Stimulation of the cells with the patients
own bacterium in final concentrations of 0.0013
to 1.25 mg/ml resulted in release of histamine,
and this release was IgE-mediated, since no
significant release was obtained when cell-
bound IgE was removed before challenging the
cells with the bacterium in question (Fig.1). In
contrast, non-immunological histamine release
appeared when the cells were stimulated with
strains with which the patient was not infected
and to which he was not sensitized, since similar
dose-response curves were obtained using intact
cells and cells deprived of IgE (Fig.2).

The duration of the IgE-mediated reaction
was examined in two of the patients. When
cells from Patient 1 were stimulated with the
patient’s own E. coli bacterium the IgE-medi-
ated histamine release lasted for at least 2
months, since within this period intact cells
released histamine, whereas no release was
obtained from cells deprived of IgE (Fig.3). A
shift to the left of the dose-response curve was
obtained after 3 weeks, indicating an increased
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cell sensitivity to the bacterium. Patient 2 was
followed up for 1 month and showed IgE-
mediated histamine release throughout this
period when tested with the patient’s own S§.
enterittidis and no change was obtained in cell
sensitivity (data not shown).

A potentiation by influenza A virus of the
IgE-mediated histamine release was examined
When
cells from the six patients were stimulated by a

combination of the bacterium to which the pa-

by including the virus in the samples.

tient was sensitized and influenza A virus, the
bacteria-induced histamine release was en-
hanced by 40 to 200% (P < 0.01) (Fig.4) and
peak was obtained in final concentrations of the
virus in the range 10~ ng to 10 ng viral protein/
ml. The potentiating effect of the virus was due
to synergism, since the virus did not release
histamine per se.
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Fig. 4. IgE-mediated histamine release induced by bacteria is
enhanced in the presence of influenza A virus. Experiments
with cells from the 6 patients sensitized to E. coli, Salmonella
enteritidis, Staph. aureus, Streptococcus pneumoniae and Streptococcus
sanguis. The bacteria were used in different concentrations.
Duplicate determinations. Note that influenza A virus -

caused no histamine release per se.
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Fig. 5. Verificauon of non-immunological histamine release
induced by Staph. aureus strain Wood 46 in cell suspensions
from 7 normal individuals. Challenge of intact cells
(@—@) and cells deprived of IgE (O----- O). Mean of 7

experiments in duplicate £ SEM is given.
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from seven healthy individuals were

concentrations of 0.6 to 10 mg/ml wet weight,
and significant histamine release was obtained

401 A
A
304 o / “~o
DS S.aureus
o (e 8 Wood 46
201 i ‘%—‘
o .
o,
» A
) 10J /
(72}
N -
o
[+}] == L
—
(4]
< 504 B
= L4 ® S pneumoniae
S 40 / (Pt.No.5)
2 °
I s
o 304 /
N & \A S.pneumoniae
. . (Pt.No.5)
Sy
201 \
& o S.enteritidis
104 & (Pt.No.2)
— . -
o 10° 10" 10

ng viral protein /ml

Fig. 6. Non-immunological histamine release induced by
bacteria is enhanced in the presence of influenza A virus.
Cells from 7 normal individuals were stimulated with Staph.
aureus strain Wood 46 (A) and with S. pneumoniae and S.
enteritidis (B). Duplicate determinations. Note that influenza
A virus caused no histamine release per se.
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in the range of 1.25 to 10 mg/ml bacterium
(Fig.5). Removal of cell-bound IgE before chal-
lenge of the cells with the bacterium did not
change the histamine release, indicating a non-
immunological release mechanism (Fig.)5).
When the cells were stimulated with the bacteria
1solated from the sensitized patients mentioned
above no release of histamine was obtained in
final bacteria concentrations from 0.0013 to 0.63
mg/ml; however higher concentrations (1.25 to
10 mg/ml) caused a non-immunological hista-
mine release (data not shown).

A potentiation by influenza A virus of the
non-immunological histamine release was exam-
ined by stimulating the cells with S. aureus strain
Wood 46. When influenza A virus was included,
virus enhanced the bacteria-induced histamine
release by 47 to 167 % (P < 0.01) and peak was
obtained in final concentrations of the virus from
10~ ng to 10 ng viral protein/ml (Fig. 6A). When
the cells were stimulated with the bacteria from
the sensitized patients, influenza A virus caused a
similar enhancement of the bacteria-induced his-
tamine release (Fig. 6B). In all experiments en-
hancement was due to synergism since the virus

itself caused no release of histamine.

Enhancement of histamine release induced
by other stimulators
To examine whether influenza A virus could

enhance histamine release caused by anti-IgE,

cells from healthy individuals were stimulated
with anti-IgE in final dilutions from 107 to 107,
and in these experiments inclusion of the virus
resulted in enhancement of mediator release by
73% (Table 1).

In other experiments cells from normal in-
dividuals were stimulated with the calcium i1ono-
phore A 23187 in final concentrations from
3x 107 to 10" M, or agarose beads in final
dilutions of the preparation from 0.06% to
0.3%. The non-IgE-dependent histamine re-
lease was enhanced by 56 and 200 %, respect-
ively, when influenza A virus was included in
the samples (Table 1).

In all these experiments no significant release
of histamine was obtained with the virus per se,
indicating that the enhancement was due to
synergism.

DISCUSSION

We have previously shown that influenza A
virus enhances basophil histamine release in-
duced by S. aureus, and it was suggested that
this effect was due to viral neuraminidase on the
surface of the virus, since a similar potentiating
effect was caused by a purified neuraminidase
preparation, and the effect of virus as well as of
the purified neuraminidase was completely abol-
ished by a potent neuraminidase inhibitor (9).
Bacteria can trigger histamine release by two
different mechanisms, an immunological (IgE-

Table 1

Potentiation by influenza A virus of histamine release induced by the stimulators: anti-IgE, the calciumionophore A 23187

and agarose beads

Histamine release caused by:

stimulator and virus (ng viral prot./ml)

Stimulator stimulator alone

107 10" 10

Anti-IgE 19.6 29. 33.9 28.4
+1.4 *1.7 *2.0 *+2.4

A23187 19.8 29. 30.8 26.3
*2.0 *1.8 +1.8 *2.0

Agarose beads 5.0 15.3 13.5 8.5
+0.2 +1.0 *1.0 *+1.4

The histamine release is given independently of the concentration of stimulator in the experiments. Mean of 8-10 experiments
%= SEM is given. In all experiments virus enhanced the histamine release significantly (P<0.01).
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dependent) and a non-immunological (16). The
latter 1s regarded as a sugar-lectin-mediated re-
action in which sugars on the bacterial cell wall
interact with lectins on the basophil cell mem-
brane leading to histamine release (13, 16, 17).
The non-immunological mechanism might be of
importance for our understanding of the role of
bacteria in asthma, since a subject does not
need to be sensitized to bacteria in order to
induce histamine release.

In this study we examined the effect of influ-
enza A virus on bacteria-induced histamine re-
lease to decide whether it was the IgE-depend-
ent or the non-immunological reaction which
was enhanced by the virus. IgE-mediated hista-
mine release was obtained by stimulating cells
from patients infected with and allergic to E.
coli, S. enteritidis, S. aureus, S. pneuwmoniae and S.
sanguis with their own bacteria. The mediator
release was enhanced in the presence of influen-
za A virus. These results show that the IgE-
dependent reaction caused by gram-positive and
gram-negative bacteria is reinforced by the vi-
rus in analogy with the histamine release trig-
gered by specific antigens (7) and anti-IgE
(Table 1). When the non-immunological reac-
tion was examined in cells from normal individ-
uals by challenge with gram-positive and gram-
negative bacteria a similar potentiation was
obtained by the virus, showing that it also en-
hanced the non-immunological release mecha-
nism induced by bacteria. Also other types of
non-immunological histamine release were en-
hanced in the presence of virus. These included
calcium ionophore A 23187 and agarose beads
(polymers of D-galactose) which were used as a
mode] for the putative sugar-lectin-mediated re-
action mentioned above.

The enhancement by influenza A virus of bac-
teria-induced histamine release may play a role in
mixed bacterial and viral infections when the
patient is sensitized to the bacterium in question.
It is especially tempting to speculate that this
synergistic effect on mediator release could be of
importance for the conversion from latent to
manifest asthma by upper respiratory tract in-
fections. Earlier, we found that the IgE-mediated
histamine release triggered by bacteria lasted for
only 2 to 4 weeks (16), but in this study exam-
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ination of Patient 1 showed that the sensitization
to the patients own bacterium was maintained for
at least 2 months (Fig.3). However, the other
type of bacteria-induced histamine release (non-
immunological mediator release), which does not
need sensitization to the bacterium, was also en-
hanced by the virus. This finding presented the
question of whether this reinforcement of media-
tor release might also influence the aggravation of
asthma during infections.
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