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Abstract

Objecti6e : To study the correlation between the yield of virus-induced interferon (IFN) production in leukocyte
cultures and the risk of recurrent respiratory infections. Methods : A sample of 71 consecutive children enrolled in the
Finnish Otitis Media Cohort Study were selected. Children suffering from frequently recurring respiratory infections
(FRRIs) were defined as the highest quintile of the entire cohort of 329 children, as regards the number of upper
respiratory infections (URIs) and/or episodes of acute otitis media (AOM) during the follow-up period from 2 to 24
months. Results : In the sample of 71 children, there were 18 children with FRRI (]9 URI and/or ]4 AOM).
Leukocyte cultures, prepared from blood drawn from these 18 children at 6 months of age, produced lower yields of
IFN than those of the remaining 53 children, when stimulated with adenovirus (PB0.001), coronavirus (PB0.001)
or rhinovirus (P=0.002). The difference in IFN yields was even greater (PB0.001 with all three viruses) if the
comparison was made between children with FRRI and those with no or maximally one URI during the follow-up
period. When the IFN production capacity induced by rhinovirus was measured at the age of 24 months, a
statistically significant difference between the children with FRRI and the others was also seen (P=0.002). Influenza
A virus-induced IFN production capacity did not differ between the groups at either age (P=0.209). Conclusions :
Lowered IFN responses in children suffering from recurrent URIs and/or AOM may, in a subgroup of the children,
be due to a genetic property of the child. However, because of the great interindividual variations, we cannot use the
IFN production capacity as such for prediction of forthcoming respiratory infections and/or otitis media. © 1999
Elsevier Science B.V. All rights reserved.
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1. Introduction

Recurrent upper respiratory tract infections
(URIs) and acute otitis media (AOM) are com-
mon problems in children, and some children
seem to suffer from apparently continuous or
frequently recurring URIs and AOMs. Despite
intensive study of risk factors of recurrent respira-
tory infections, relatively little is known about the
factors that could, with some certainty, predict
the proneness to respiratory infections. Certain
socio-environmental factors, like attendance at
day-care centers, are known risk factors for recur-
ring respiratory infections and otitis media, but
no unifying biological cause has been discovered
for the situation except in very rare cases of
primary immunodeficiency (Lyall et al., 1991).

Interferons (IFN) are considered to have a key
role in animal host defense against virus infections
(Muller et al., 1994). Type I IFNs are synthesized
in most nucleated cells as a response to virus
infection and comprise several subtypes of IFN-a,
a closely related IFN-v and the more distantly
related IFN-b. Production of IFN-g (type II IFN)
is limited to cells of bone marrow origin. It is
produced by activated T-lymphocytes and NK
cells, but, according to recent reports, also by cells
of the myeloid line. Previous studies have shown
that induction of IFN-a expression is under ge-
netic control in mice (Muller et al., 1994), whereas
regulation of IFN-a production in humans has
not been studied extensively. Leukocyte cultures
derived from different donors are known to vary
remarkably with respect to the yields of IFN
induced by standard amounts of viruses
(Katschinski et al., 1994). Reduced yields of virus-
induced IFN by leukocyte cultures were previ-
ously associated with recurrent respiratory
infections in children (Isaacs et al., 1981;
Bondestam et al., 1984; Vanecek and Lehovcova,
1985; Pitkäranta et al., 1993, 1996). However, in
these case-control studies the baseline IFN-re-
sponsiveness of the leukocytes of these children
was not available and the question remained un-
certain whether the decreased IFN response
reflected an underlying predisposition or was sec-
ondary to the recurrent respiratory infections.

We have now investigated prospectively a co-
hort of 71 children to determine if the lowered
IFN-producing capacity is present before the on-
set of the occurrence of frequent respiratory infec-
tions and to evaluate the possible predictive value
of IFN responsiveness in relation to respiratory
infection and otitis media development.

2. Material and methods

2.1. Children and study set-up

This study was carried out in the context of the
Finnish Otitis Media (FinOM) Cohort Study. A
total of 71 children born in the Hervanta area,
Tampere, were enrolled consecutively in the study
at their second routine visit to the Hervanta Well
Baby Clinic at 2 months of age. The entire cohort
comprised 329 children. The enrolment of this
subcohort took place from 16 May 1995 through
31 August 1995, and the clinical follow-up contin-
ued until 31 July 1997. Written informed consent
was obtained from the parents during the enrol-
ment visit. The study protocol and consent form
were approved in advance by the Ethical Commit-
tees of the Finnish National Public Health Insti-
tute, Tampere University Hospital and the
Departments of Social and Health Care of Tam-
pere city.

The children were followed from their 2nd to
their 24th month of age at a special study clinic in
which one or two physicians and two or three
study nurses worked full time to carry out the
clinical follow-up. The children were examined at
regularly scheduled monthly visits up to the age of
6 months, thereafter every 3 months up to the age
of 18 months, and finally at 24 months of age. A
blood sample for preparation of mononuclear
cells was scheduled to be obtained from this sub-
cohort at the age of 6 and 24 months.

In addition to the regular visits, the study chil-
dren had access to the study physician at any day
of the week in case of respiratory infection. The
parents were asked to bring their child to the
study clinic whenever the child needed medical
care for acute respiratory infection, especially if
they suspected AOM. On these sickness visits,
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history was taken in a structured way and physi-
cal examination was performed.

The definition of an infection-prone child or a
child with frequently recurring respiratory ill-
nesses is difficult and, consequently, the preva-
lence figures of infection-prone children vary in
the literature according to the definitions used and
population under study (Westbom and Kornfält,
1987; Tupasi et al., 1990). Our aim was to identify
the most infection-prone quintile of the entire
cohort of 329 children. The number of URIs and
AOM episodes experienced by each child was
counted. After reviewing these data, we concluded
that the highest quintile had experienced at least
nine URIs and/or at least four AOM episodes
during the follow-up. These criteria were used to
define frequently recurring respiratory infections
(FRRIs) in this study.

AOM was defined as a visually abnormal tym-
panic membrane (with regard to color, position
and/or mobility) suggesting middle ear effusion
with at least one of the following symptoms or
signs of acute infection: fever, earache, irritability,
diarrhea, vomiting, acute otorrhea not caused by
otitis externa, or other symptoms of respiratory
infection (Karma et al., 1987). Moreover, in this
analysis only such events were taken into account
as AOM events, in which the presence of middle
ear effusion was confirmed by collection of at
least one middle ear fluid sample. In the FinOM
Cohort Study, myringotomy was a routine proce-
dure for AOM with marked symptoms. Conse-
quently, one or two middle ear fluid samples were
obtained from 88% of the clinically diagnosed
cases of AOM.

URI was diagnosed if the patient had symp-
toms and/or signs of acute infection and if a
nasopharyngeal aspirate (NPA) sample was ob-
tained. AOM and/or URI episode was considered
to start when the respective diagnosis was made
by the study physician. A new episode could start
when at least 30 days had elapsed since the begin-
ning of the previous episode.

2.2. Interferon induction and assay

Preparation of peripheral blood mononuclear
leukocytes from heparinized blood has been de-

scribed earlier (Pitkäranta et al., 1993, 1996).
Mononuclear leukocytes were stored frozen at
−70°C in RPMI-1640 supplemented with 10%
fetal calf serum containing 20% DMSO until as-
sayed for IFN responsiveness. To study virus-in-
duced IFN production, leukocytes were thawed
rapidly, sedimented to remove DMSO contain-
ing medium and resuspended in growth medium
at 2×106 cells/ml. Leukocyte cultures were then
inoculated with standard amounts of adenovirus
type 7a, human coronavirus 229E, human rhi-
novirus (a clinical isolate provided by T.
Ziegler), and influenza A Beijing/353/89/H3N2
(a gift from R. Pyhälä) as reported earlier
(Pitkäranta et al., 1993). A single preparation of
each virus was used throughout the study stored
at −70°C as small aliquots. Culture medium
for IFN assay was harvested on day 2 and
clarified by centrifugation. The supernatants
were stored at −70°C until assayed. For logis-
tic reasons, we could not use freshly isolated
leukocytes in the induction assays. The feasibil-
ity of using frozen cells was tested in advance
with cells from several volunteers. The absolute
yields of IFN were usually two-fold lower from
frozen-thawed cell preparations than those in
the corresponding fresh cultures, but the donor-
specific pattern of IFN yields induced by differ-
ent viruses was retained (data not shown).

IFN concentration was measured by a
micromethod based on the reduction of cyto-
pathic effect caused by a standard amount of
vesicular stomatitis virus in monolayers of a
continuous bovine cell line (NBL), which is not
sensitive to human IFN-g. Hence, we assume
that most of the measured IFN activity was
IFN-a. A standardized leukocyte IFN pre-
paration (a gift from K. Cantell) was included
in all assays so that results could be expressed
in IU/ml.

2.3. Statistical methods

Differences between groups in IFN production
were tested with a Mann–Whitney U-test.
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3. Results

3.1. Children and respiratory tract infections

The demographic and clinical data of the 71
children studied are shown in Table 1. Among the
71 children, 18 (25%) children had ]9 URI
and/or ]4 AOM during their first 2 years and
thus belonged to the FRRI group. A total of eight
(11%) children did not have any URI or AOM at
all, and seven (9%) children had only one URI
during their first 2 years of life. There were alto-
gether 35 boys and 36 girls in the sample. There
was no trend for either sex being overrepresented
among the children with FRRI.

The first URI occurred at a mean age of 4.4
months (range 1.5–13 months) in the FRRI
group and at 8.8 months (range 2.5–21.5 months)
in the remaining children (excluding the eight
children who had no respiratory infections during
the follow-up). Altogether, these 71 children expe-
rienced 289 URI and 127 AOM episodes during
their first 2 years of life: 50% of all URI and 64%
of all AOM episodes occurred in the 18 children
with FRRI.

3.2. In 6itro IFN responsi6eness

Leukocytes of 71 children were examined for
IFN production after stimulation with adeno-,
corona-, rhino- and influenza A viruses at 6

months of age. IFN yields from cultures stimu-
lated by common respiratory viruses were lower
for the 18 children with FRRI than for the re-
maining 53 children (Table 2). Significant differ-
ences existed between these two groups of
children with adenovirus, coronavirus, rhinovirus,
but not with influenza A virus (Table 2). When
IFN production by virus-stimulated leukocytes
from 18 FRRI children was compared with the 15
children who had none or only one URI, the
differences were even more striking (Table 3).
This was due to an enhanced IFN responsiveness
in the subgroup of children with no or only one
URI episodes.

At the age of 2 years, leukocytes were available
from 18 children with FRRI and from 33 other
children. Again, the IFN yields induced by rhi-
novirus were statistically significantly lower
among the FRRI children than among the chil-
dren with less frequent illness. No significant dif-
ference was seen when IFN was induced by
influenza A virus (Table 2). The leukocyte
amounts recovered from the frozen specimens did
not allow testing for other viruses.

When the comparison of IFN production ca-
pacity at the age of 6 months was carried out only
for those children whose first URI and/or AOM
started after 6 months of age, there was a ten-
dency of the leukocytes from the seven FRRI
children to produce less IFN than those from the
31 non-FRRI children when stimulated with

Table 1
Demographic and clinical data of 71 children followed from 2 to 24 months of age divided according to the number of respiratory
infections and acute otitis media

]9 Respiratory infections and/or ]4 58 Respiratory infections and 53 acute
acute otitis media (n=18) otitis media (n=53)

Gender
Male 9 26

9Female 27

3.9 1.2Number of acute otitis media episodes
(mean)

The age of the child at the first
URI/otitis episode

4.4Mean (months) 8.8a

1.5–13 2.5–21.5Range (months)

a Not including eight children who did not have any respiratory infections.
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Table 2
Virus induced interferon produced by leukocyte cultures from 18 children with frequently recurring respiratory infections (FRRI)
and from 53 other children

Median (min–max) IFN yield (IU/ml)Inducer Pb

Non-FRRI children (n=53)Children with FRRI (n=18)

Rhino6irus
40 (3–320)10 (3–160) 0.002At 6 months
40 (5–320) 0.002At 2 yearsa 5 (5–160)

20 (5–640)Adenovirus at 6 months 0.0015 (3–40)
40 (10–160)Coronavirus at 6 months 0.00110 (5–40)

Influenza A 6irus
640 (160–2560) 0.209At 6 months 320 (160–2560)
320 (160–1280) 0.209320 (80–1280)At 2 yearsa

a At the age of 2 years there were leukocytes available from 18 children with ]9 URI and/or ]4 AOM and from 33 children
with 58 URI and/or 53 AOM.

b Statistical significance of the difference assessed by the Mann–Whitney U-test.

Table 3
Virus-induced interferon produced by leukocyte cultures from 18 children with ]9 URI and/or ]4 AOM compared with 15
children with 51 URI at the age of 6 months

Median (min–max) IFN yield (IU/ml)Inducer Pa

Children with 51 URI (n=15)Children with ]9 URI and/or ]4 AOM (n=18)

Rhinovirus 10 (3–160) 160 (5–320) B0.001
Adenovirus 5 (3–40) 80 (5–640) B0.001

80 (10–160)10 (5–40) B0.001Coronavirus
Influenza A virus 320 (160–2560) 320 (80–640) 0.784

a Statistical significance of the difference assessed by the Mann-Whitney U-test.

Table 4
Virus induced interferon produced by leukocyte cultures at the age of 6 months from seven FRRIa children compared with 31
non-FRRI children whose first URI and/or AOM started after 6 months of age

Median (min–max) IFN yield (IU/ml)Inducer Pb

FRRI children (n=7) Non-FRRI children (n=31)

40 (5–320)Rhinovirus 0.26310 (3–160)
20 (3–320)Adenovirus 0.0545 (5–10)

40 (10–160)10 (5–40) 0.006Coronavirus
Influenza A virus 640 (80–2560)320 (160–2560) 0.845

a FRRI, frequently recurring respiratory infection.
b Statistical significance of the difference assessed by the Mann–Whitney U-test.

adeno-, corona- and rhinovirus. Statistically signifi-
cant difference was seen with cultures stimulated
with coronavirus (Table 4).

The production of IFN was not influenced by the
genderofthechildren. SpontaneousIFNproduction
was not detected in leukocyte cultures of children.
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4. Discussion

Our previous studies (Pitkäranta et al., 1993,
1996) indicated that impaired virus-induced pro-
duction of IFN by cultured leukocytes ex vivo
showed a correlation with a record of frequently
recurring respiratory illnesses. The studies did not
determine whether this deficiency reflected a ge-
netic trend to increased susceptibility to respira-
tory infections or was a secondary consequence of
the frequent illnesses. The present study was de-
signed to investigate the correlation in a prospec-
tive set-up. As a group, leukocytes from the 18
children with frequent illnesses (]9 URI and/or
]4 AOM) produced decreased IFN amounts
when compared to the IFN production by leuko-
cytes from 53 children with less frequent illnesses
(58 URI and/or 53 AOM). A similar pattern
existed at 6 months and 2 years of age with
respect to IFN responsiveness to rhinovirus. The
findings suggest that the impaired IFN production
in some FRRI children might indeed be a genetic
property. We also made a comparison of IFN
yields between the children with FRRI and those
with no or maximally one URI during the follow-
up period. The differences in IFN responsiveness
were even greater than in the primary compari-
son, a finding which further supports the view
that the inherent intensity of the virus-induced
IFN response might play a role in the susceptibil-
ity to URI and/or AOM. Of note, there are many
examples of genetically determined aberrations in
the production of other cytokines that result in
increased severity of other infections (McGuire et
al., 1994; Stuber et al., 1996; Westendorp et al.,
1997), including such a common disease as peri-
odontitis (Kornman et al., 1997).

It is remarkable that this difference was seen
when the leukocytes were stimulated with adeno-,
corona- or rhinoviruses but not with influenza A
virus. This virus-specific difference was also seen
in our earlier studies (Pitkäranta et al., 1991,
1993) and similar observations have been reported
by others (Neustock et al., 1993). It is notewor-
thy, that the overall IFN yields obtained with the
influenza A virus in our study are much higher
than those seen with the other viruses revealing
the difference between the groups of children.

Influenza viruses are very effective IFN inducers
which may mask differences in production capac-
ity. In addition to the virus inducer-specific differ-
ences, there were also great interindividual
variations in IFN yields. This makes it difficult to
use the IFN producing capacity as such as a
prognostic marker for recurrent respiratory infec-
tions at the individual level.

In conclusion, we have shown that reduced
IFN-responsiveness in the leukocytes of children
suffering from recurrent respiratory infections
and/or otitis media may, in a subgroup of chil-
dren, be due to a genetic predisposition of the
child. Unfortunately IFN production capacity
cannot presently be used to predict the risk of
future respiratory illnesses because of great in-
terindividual and virus-specific variations. Never-
theless, our results encourage the search for ways
to identify children who might have genetic pre-
disposition to recurrent respiratory infections and
otitis media.
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