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Abstract Previous studies suggested that the otitis media
(OM) complication rate of viral upper respiratory infection
(vURI) is conditioned by genes aVecting cytokine produc-
tion. Two hundred and thirty children (114 male; 187
White, 25 Black; aged 1–9.3 years, average = 3.6 § 1.6
years) were prospectively followed over the typical cold
season for cold-like illness and OM. Nasopharyngeal secre-
tion samples collected during cold-like illness and OM
were assayed for upper respiratory viruses and buccal sam-
ples were assayed for TNF� (¡308), IL-10(¡1082, ¡819,
¡592), IL-6 (¡174) and IFN-� (+874) polymorphisms.
Logistic regression was used to identify genotypes that pre-
dict OM coincident with RSV and rhinovirus (RV) infec-
tion. Of the 157 children with RV detection (79 male; 132
White, 13 Black, 12 Other; aged 3.6 § 1.5 years), simple
logistic regression identiWed age (B = ¡0.34, Z = ¡2.8, P <
0.01, OR = 0.71), IL-6 (B = ¡0.76, Z = ¡3.3, P < 0.01, OR
= 0.47) and IL-10 (B = 0.49, Z = 2.0, P = 0.05, OR = 1.6) as
signiWcant predictors of OM coincidence. A more complex
logistic regression model for RV detection that included

selected OM risk factors identiWed these factors as well as
the TNF� genotype, OM history, breastfeeding history and
daily environment as signiWcant predictors of OM coinci-
dence. Of the 43 children with RSV detection (21 male; 35
White, 5 Black, 3 Other, aged 3.9 § 1.7 years), logistic
regression identiWed IL-10 (B = 1.05, Z = 2.0, P = 0.05, OR
= 2.9) as a signiWcant predictor of OM coincidence. New
OM episodes coincident with evidence of RSV and RV
infection were signiWcantly more frequent in children with
high production IL-10 phenotypes. The low production IL-
6 and high production TNF� phenotypes also contributed to
OM risk during RV detection. Cytokine polymorphisms
may be one of an expectedly large number of genetic fac-
tors contributing to the known heritability of OM.
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Introduction

Otitis media (OM) is a very common disease in the pediat-
ric population. New OM episodes can present with (acute
OM, AOM) or without (OM with eVusion, OME) signs and
symptoms associated with bacterial infection of the middle
ear [1]. OM onset as either AOM or OME is most often
coincident with a cold-like illness (CLI) that is usually the
symptomatic expression of viral upper respiratory infection
(vURI) with rhinovirus (RV), RSV, inXuenza, parainXu-
enza, or adenovirus among others [2, 3]. Epidemiologic
studies show that most OM episodes are short-lived and
self-resolving with or without treatment, but that a subset
persists as a long-standing asymptomatic condition, chronic
OME [1, 4, 5]. Also, a subpopulation of children often
labeled “otitis-prone” is characterized by numerous,
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repeated episodes of AOM (recurrent AOM, rAOM) [4]. A
common treatment for both persistent OME and rAOM is
tympanostomy tube insertion that was shown in clinical tri-
als to be eVective in resolving persistent OME and prevent-
ing recurrences of AOM [6, 7].

Twin/triplet studies document a high heritability (t0.7)
for rAOM [8–10] and for the percent of time with middle
ear eVusion at 3 and 5 years of age (a measure of chronic
OME) [10]. Also, Daly et al. deWned aVected phenotype by
the insertion of tympanostomy tubes (rAOM and chronic
OME), and reported evidence of phenotype linkage to chro-
mosomes 10q at marker D10S212 and 19q at marker
D19S254, and conditional linkage to chromosome 3p
between markers D3S4545 and D3S1259 [11].

Recognizing that pro- and anti-inXammatory cytokines
modulate the host response to infection and other noxious
stimuli, three reports compared the distributions of selected
cytokine polymorphisms between control and otitis-prone
populations. Joki-Erkkila and colleagues focused on the
distributions of TNF�, IL-1�, IL-1� and IL-1ra polymor-
phisms and reported no between-group diVerences [12].
Patel et al. assayed for TNF�, IL-1� and IL-6 polymor-
phisms and reported signiWcant between-group diVerences
in the distributions of the TNF� and IL-6 genotypes [13].
More recently, Emonts et al. assayed for TNF�, IL-1 �, IL-
4, IL-6, IL-8 and IL-10 polymorphisms and reported sig-
niWcant between-group diVerences in the distributions of
the IL-6 and TNF� genotypes and an eVect of the IL-10
genotype on AOM recurrence after pneumococcal vaccina-
tion [14].

Past studies showed that the magnitude and duration of
CLIs and the complication rates of vURIs are conditioned
by host produced intracellular signaling chemicals includ-
ing the cytokines, IL-6, IL-8, IL-10, TNF� and INF� [15].
To determine if cytokine polymorphisms aVect OM risk
during established virus infections, Gentile et al. assayed
for IL-6, IL-8, IL-10, TNF� and INF� polymorphisms in 77
infants hospitalized with RSV infection. They reported that
INF� genotype predicted OM coincidence, IL-10 genotype
predicted pneumonia coincidence and IL-6 genotype pre-
dicted certain measures of illness severity [16]. In adults
experimentally infected with RSV, the IL-6 genotype also
predicted illness magnitude [17] and similar results were
observed for adults experimentally infected with RV
(Doyle, unpublished data).

Together, these observations suggest that polymor-
phisms in the promoter regions of certain pro- and anti-
inXammatory cytokines predict a child’s risk for rAOM
(otitis media proneness) and an infant’s risk for OM during
RSV (and other?) virus infections. In this report, the eVect
of selected cytokine polymorphisms on the OM coinci-
dence of RV and RSV infections in young children is
explored.

Materials and methods

The data for this report were abstracted from those avail-
able for the Wrst 4 years of an ongoing, 5-year study
designed to characterize the causal relationships among
vURIs, CLIs and OM in young children. The protocol was
approved by the Institutional Review Boards at the Univer-
sity of Pittsburgh and the University of Virginia. Families
at two study sites (Pittsburgh, Charlottesville) with two
children between the ages of 1 and 5 years were recruited
for participation by advertisement. Exclusion criteria
included the presence in either child of a serious medical
condition, a medical condition that predisposes to persistent
OM, a non-intact or structurally abnormal tympanic mem-
brane, a pre-existing sensorineural hearing loss, or an
inability to cooperate suYciently with the examination and
test procedures. After aYrmation of willingness to partici-
pate and acquisition of written informed consent, families
were entered into the study in October with an anticipated
follow-up through April of that year and were reimbursed
for participation. The study subjects included the two index
children and any older sibs less than 10 years of age who
provided assent. The study data consist of demographic
information, genotypes for selected cytokine polymor-
phisms, weekly assignments of the presence/absence of
OM and detections of upper respiratory virus in the naso-
pharynx by PCR assay of nasal secretions. The hypothesis
tested is that the selected cytokine polymorphisms aVect the
coincidence of new OM episodes during new detections of
upper respiratory virus.

In all children, standard demographic information (age,
race, sex) and, in a subset (those enrolled at Pittsburgh in
years 1–4 and at Charlottesville in years 2–4), data for pre-
viously identiWed OM risk factors (breastfeeding history,
daily environment, number of children in the family, past
history of ear disease and exposure to tobacco smoke) were
collected. A buccal swab was obtained, cells were isolated,
and DNA was extracted and assayed for TNF� (¡308 G/
A), IL-10 (¡1082 G/A, ¡819 T/C, ¡592 A/C), IL-6 (¡174
G/C) and IFN� (+874 A/T) polymorphisms as previously
described [16]. For TNF� (¡308), the G/A or A/A geno-
types were assigned the high and G/G the low producer
phenotype [18]; for IL-6 (¡174) the G/G and G/C geno-
types were assigned the high and C/C the low producer
phenotype [19, 20]; for IFN� (+874) the T/T genotype was
assigned the high, T/A the intermediate and A/A the low
production phenotype [16], and for IL-10 (¡1082, ¡819,
¡592) the GCC/GCC haplotype was assigned the high,
GCC/ACC or GCC/ATT the intermediate and ACC/ACC,
ACC/ATA or ATA/ATA the low production phenotype
[21, 22].

Bilateral pneumatic otoscopy on enrolled children was
scheduled at approximately weekly intervals at an “in home
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visit” (Pittsburgh) or at a study clinic visit (Charlottesville).
At each observation time, both ears were examined by a
validated otoscopist and classiWed as to the presence/
absence of OM based on ratings of the tympanic membrane
with respect to visibility, condition, position, appearance,
color, vascularity, light reXex and mobility. A positive
diagnosis for OM was made when middle ear eVusion (with
or without air/Xuid level) was observed irrespective of the
presence or absence of concurrent signs of ME infection.
AOM was diagnosed by the presence of OM with concur-
rent signs of ME infection including parental report of ear
pulling, otalgia, irritability and fussiness and otoscopic
signs of erythema and/or white opaciWcation (other than
from scarring) of the tympanic membrane, bulging or full-
ness of the tympanic membrane, or otorrhea from a perfora-
tion of a previously intact tympanic membrane. OME was
assigned to OM episodes without concurrent signs of infec-
tion [5]. Episodes of AOM but not OME were treated
empirically with antibiotics. All examiners were blinded to
parent-reported CLI, virus assay and cytokine genotype.

Nasal secretion samples were collected from the children
during a parent-identiWed CLI episode in the child or in an
enrolled sib, at the onset of a new OM episode in the child or
in a sib and at random times during illness-free periods.
Samples were assayed in batch for PCR detection of adeno-
virus, coronavirus, inXuenza virus (A,B), parainXuenza virus
(types 1–3), RV and RSV using a protocol adapted from the
commercially available Hexaplex procedure (Prodesse, Inc.,
Waukesha, WI) described previously [2]. Detections of the
same virus within a 20-day period and without an intermit-
tent observation of a diVerent virus or “no detectable virus”
were linked as a single virus detection.

A data map (temporal sequence for OM and overlaid
virus detections) was constructed and read from entry to
termination of each child’s participation. Because of the
low detection frequencies for other assayed viruses and, to
avoid biases associated with multiple same-virus detections
for a long-standing infection and with disproportionate rep-
resentation of those children with a greater number of inde-
pendent same-virus detections, the reported analyses focus
on the coincidence of OM for Wrst detections of RV and
RSV in each child. For each virus, the OM coincidence rate
of a Wrst virus detection was calculated as the sum over all
subjects of associated new OM detections for that virus
divided by the number of individuals with virus detection.
Coincidence was deWned as virus detection within 5 days
before and 10 days after the day of onset of a new OM epi-
sode. This interval was chosen to correspond to the usual
time for sampling nasal secretions during new CLI and/or
OM episodes.

For each child with RV and RSV detections, the pres-
ence/absence of OM coincident with that detection was
determined. Separately for RV and RSV detections, a sim-

ple logistic regression model was used to test for signiWcant
predictors of OM coincidence. There, age, sex, race and the
phenotypes of the four assayed cytokines were entered as
predictors. The larger number of RV detections allowed for
a more complex logistic regression model that also
included the OM risk factors. In the presentation of results,
the format average § standard deviation is used consis-
tently. All statistical procedures were run using the NCSS
2000 Statistical Package (Kaysville, UT, USA).

Results

A total of 230 children (114 male; 187 White, 25 Black; aged
1.0–9.3 years, average = 3.6 § 1.6 years), were enrolled and
supplemental “risk factor” data were available for 205 of
these children. RV was detected at least once in 157 children
and RSV was detected in 43 children. A new OM episode
was associated with 77 (49%) of the Wrst RV detections and
with 25 (58%) of the Wrst RSV detections (P = 0.31, Fisher’s
exact test). Twelve (16%) of the OM episodes associated
with RV and 14 (56%) associated with RSV detection were
classiWed as AOM (P < 0.01, Fisher’s exact test).

Table 1 reports the distributions of cytokine phenotypes
for all subjects and for those with RV and RSV detections.
Notably, all phenotypes were represented in these popula-
tions at reasonable frequencies for statistical analysis and,
with the exception of IL-10 in the RSV subgroup, the fre-
quencies of the phenotypes were remarkably similar among
the populations. For IL-10, the low production phenotype
appeared to be over-represented and the intermediate pro-
duction phenotype under-represented in the RSV subgroup
(P > 0.10, �2 test). These results do not support an eVect of
cytokine phenotype on RSV or RV infection.

Figure 1 shows the OM coincidence for Wrst RV and RSV
detections as a function of the TNF�, IL-10, IL-6 and IFN�

Table 1 Distribution of cytokine production phenotypes for the total
population and for those children with RV and RSV detections

All RV RSV

# % # % # %

TNF� Low 155 67 108 69 30 70

High 75 33 49 31 13 30

IL-6 Low 48 21 31 20 9 21

High 181 79 125 80 34 79

IL-10 Low 69 30 47 30 20 47

Intermediate 110 48 76 48 15 35

High 49 22 34 22 8 19

IFN� Low 76 33 52 33 15 35

Intermediate 111 48 76 48 20 47

High 43 19 29 18 8 19
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phenotypes. For both viruses, the high production IL-10
phenotype and the low production IL-6 phenotype were
associated with greater OM coincidences. There were no
apparent diVerences among the TNF� and the IFN� pheno-
types with respect to that measure. For the 157 children
with RV detection (79 male; 132 White, 13 Black, 12
Other; aged 3.6 § 1.5 years), the simple logistic regression
model identiWed age (B = ¡0.34, Z = ¡2.8, P < 0.01, OR =
0.71), IL-6 (B = ¡0.76, Z = ¡3.3, P < 0.01, OR = 0.47) and
IL-10 (B = 0.49, Z = 2.0, P = 0.05, OR = 1.6) as signiWcant
predictors of OM coincidence. Similarly, for the 43 chil-
dren with RSV detection (21 male; 35 White, 5 Black, 3
Other, aged 3.9 § 1.7 years), the simple logistic regression
model identiWed IL-10 (B = 1.05, Z = 2.0, P = 0.05, OR =
2.9) as a signiWcant predictor of OM coincidence.

For the RV subgroup, 138 children (71 male; 113 White,
13 Black, 12 Other; aged 3.5 § 1.5 years) had supplemental
data on the OM risk factors. By parent report, 41 (30%)
children had a positive history for OM; the daily environ-
ment was listed as “home with the mother” for 60 (43%)
children; the number of children in the family was 2 in 61,
3 in 51 and 4 or more for 19 of the children; only 20 (15%)
children were exposed to tobacco smoke, and the majority
of children (n = 109, 79%) were breastfed, with most (n =
74, 54%) being breastfed for 3 months or longer. Table 2

reports the signiWcant predictors identiWed by the more
complete logistic regression model for the coincidence of
new OM episodes during Wrst RV detection. Younger age, a
past history of OM, daily environment that was “not home
with the mother”, a longer period of breastfeeding, high
production IL-10 and TNF� phenotypes and low produc-
tion IL-6 phenotype were signiWcant predictors of new OM
episodes during RV detections.

Discussion

Past studies documented the inXuence of environmental,
demographic and genetic factors on the incidence and bur-
den of OM in infants and children [23]. Other studies con-
vincingly demonstrated that most new OM episodes are a
complication of a vURI [2, 3]. Because illness expression
and complication rates of a vURI can be linked to the local
production of selected chemokines and cytokines [15], one
pathway by which genes could inXuence OM risk is via
polymorphisms that control the expression of those chemi-
cal signals. This is supported by a study of hospitalized
infants aged 10–191 days pp with conWrmed RSV infection.
The results showed a signiWcant association between the
low production IFN� phenotype and OM at the time of hos-
pitalization as well as associations between the high pro-
duction IL-10 phenotype and pneumonia and between the
low production IL-6 phenotype and measures of illness
severity [16].

The current study was designed to test the hypothesis
that cytokine phenotypes predict the coincidence of OM
during new detections of nasopharyngeal viruses (interpret-
able as vURIs caused by the viruses) in young children.
The assayed polymorphisms, TNF� (¡308), IL-10 (¡1082,
¡819, ¡592), IL-6 (¡174) and IFN-� (+874), were chosen
to represent those included in the earlier report [16]. The
analyses focused on the OM coincidence of RV and RSV
detections because of the small number of detections for
other assayed viruses which severely limited the power of
statistical testing. For both RV and RSV detections, a logis-
tic regression model that included age, race, sex and the
cytokine phenotypes identiWed the high production IL-10
phenotype as a signiWcant predictor of new OM episodes.
The large number of RV detections allowed for a more
complex logistic regression model that included selected
OM risk factors. As expected from previous reports [23],
younger age, a positive history of OM and a daily environ-
ment outside of the home were signiWcant predictors of OM
coincidence. Unexpectedly, a positive history of breast-
feeding also predicted OM coincidence which is direction-
ally opposed to most previous reports. However, it should
be noted that the majority of children in this study were
breastfed and, consequently, the eVect of breastfeeding may

Fig. 1 OM coincidence as a function of the TNF�, IL-10, IL-6 and
IFN� phenotypes for RV (black bars) and RSV (dotted bars)
detections
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Table 2 SigniWcant predictors of OM coincidence of RV detection
identiWed by logistic regression

B Slope, SE standard error of B, Z Wald statistic, P value probability,
OR Odds ratio

Predictor B value SE Z value P value OR

Age ¡0.50 0.17 ¡2.98 0.00 0.61

Breastfeeding 1.57 0.51 3.07 0.00 4.78

Environment 0.43 0.19 2.30 0.02 1.54

OM history 1.05 0.46 2.29 0.02 2.87

IL-6 phenotype ¡0.89 0.30 ¡2.98 0.00 0.41

IL-10 phenotype 0.91 0.34 2.67 0.01 2.47

TNF� phenotype 0.49 0.25 1.93 0.05 1.63
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have resulted from random distributional linkage of breast-
feeding with other, unmeasured, risk factors. None-the-less,
that analysis identiWed the high production IL-10 and TNF�
phenotypes and the low production IL-6 phenotype as sig-
niWcant predictors of OM coincidence.

With available data, the discrepancy between the results
of the current study where OM coincidence of RSV infec-
tion was driven by the IL-10 haplotype and the previous
study where that coincidence was driven by the IFN� geno-
type cannot be explained. One possibility is that this reX-
ects the diVerence in the ages of the study populations
(young infants vs. children). SpeciWcally, past studies show
a role for IFN� in suppressing RSV infection [24] and doc-
ument a shift during early infancy from a TH2 (low IFN�)
biased to a TH1 (high IFN�) biased immune response [25,
26]. There, the higher production IFN� phenotype in young
infants with a TH2 bias may allow for suYcient IFN� to
decrease RSV complications, but be inconsequential in
older children with a TH1 bias where suYcient IFN� is
constitutively produced.

Others explored the role of cytokine polymorphisms as
discriminators of the otitis-prone condition. The general
format of these cross-sectional studies was to identify a
group of children characterized by rAOM and a control
group and then to compare the distributions of the cytokine
genotypes between the two. For example, Joki-Erkkila
et al. compared the distribution of TNF� (¡308), IL-1�
(¡899), IL-1� (¡511) and IL-1ra polymorphisms between
63 persons in 20 families with a high occurrence of rAOM
and 400 unselected blood donors of unknown OM history
[12]. While they reported no signiWcant diVerence in the
distribution of any of the genotypes, the study design was
suboptimal given the lack of an age matched control group
with no OM history and the power to detect true diVerences
was low given the small sample size of the aVected popula-
tion.

In contrast, Patel et al. compared the distribution of
TNF� (¡308), IL-1� (+3953) and IL-6 (¡174) polymor-
phisms between groups of children with and without a his-
tory of rAOM (otitis-prone) and reported that the high
production TNF� and IL-6 phenotypes were signiWcantly
more frequent in the otitis-prone group [13]. These results
compare favorably with those of the present study when
recognizing that Patel et al. assigned the high production
IL-6 phenotype to the less common C/C genotype, while
we, like others assign the low production phenotype to that
genotype [16, 17, 19, 20]. Thus, like OM coincidence dur-
ing RV detection, membership in the otitis-prone group
was predicted by the low production IL-6 and the high pro-
duction TNF� phenotypes (using our phenotype assign-
ments).

Emonts et al. studied 348 children aged 1–7 years all of
whom had a history of rAOM in the previous year by

parental report and were enrolled in a pneumococcal vac-
cine trial and 463 unselected adult controls with unknown
OM history obtained from the blood bank. Of the children,
122 had 2–3 AOM episodes and 226 had ¸4 AOM epi-
sodes (deWned for purposes of the study as otitis-prone).
They assayed for TNF� (¡238, ¡308, ¡376, ¡857,
¡863), IL-1� (¡31), IL-4 (¡524), IL-6 (¡174), IL-8 (781)
and IL-10 (¡819, ¡1082) polymorphisms (as well as poly-
morphisms in other signaling molecules) and compared all
genotype distributions between aVected children and adult
controls, and between the two groups of children. Contrary
to Patel et al. (and our data), they reported a signiWcant
overrepresentation of the IL-6 (¡174) G/G genotype in the
rAOM children compared to control adults (but no diVer-
ence between groups of aVected children) and of the TNF
(¡238) G/G genotype and the (¡376) G/G genotype but
not the (¡308) A/A genotype in otitis-prone children when
compared with those who had 2–3 AOM episodes (but no
diVerences between the rAOM group and the adult con-
trols). The results of this study are diYcult to interpret for a
number of reasons including the suboptimal design that
lacked matched-controls of known OM history, the fact that
the associated P values were very close to 0.05 and were
not corrected for the numerous comparisons done on the
data set (adjustment for multiple comparisons would have
eliminated the signiWcance of all Wndings) and the inter-
nally inconsistent results where diVerences between groups
of aVected children were not generalizable to comparisons
between all aVected children and controls.

In conclusion, there is suYcient evidence to advance
the hypotheses that cytokine genotypes aVect the coinci-
dence of OM during vURI and that cytokine genotypes
discriminate between otitis-prone and control groups of
children. A variety of study designs are applicable to test-
ing these hypotheses including those that attempt to iden-
tify discriminators of the otitis-prone condition [12–14]
and/or of children with chronic OME, and those that, like
the present study, focus on possible mechanisms (relating
cytokine polymorphisms to a pathway of disease patho-
genesis) [14, 16, 27]. However, there are a large number of
cytokine polymorphisms (as well as polymorphisms in
other signaling molecules [14, 28–30]), and there are no
clear rules for the judicious choice of which of these poly-
morphisms should be included in any given study. More-
over, the complexity of the signaling pathways involved in
host inXammatory responses with feedback ampliWcation
and inhibition suggests that cytokine haplotypes be
included as predictors, though this is hardly practical given
the very large number of possible haplotypes. Guidance in
these issues is expected when the data from more detailed
genetic linkage studies of OM risk available, but it should
be noted that none of the cytokine genes lie in the chromo-
somal regions identiWed as containing suspected genes
123
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aVecting a child’s experience with tympanostomy tube
insertion [11]. None-the-less, with these caveats and ade-
quate justiWcation for the choice of assayed polymor-
phisms, continued study along the lines advanced above is
likely to yield important information regarding the genetic
basis for OM susceptibility.
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