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Abstract
Background—We previously reported an association between tumor necrosis factor alpha
(TNFα)−308 and interleukin 6 (IL-6)−174 polymorphisms and otitis susceptibility by history. Acute
otitis media (AOM) occurs most commonly as a complication of upper respiratory tract infection
(URI); it is not clear why some children develop AOM after URI and others do not. Our objective
was to prospectively evaluate the association of TNFα−308 and IL-6−174 polymorphisms with URI
and AOM development after URI.

Design/Methods—Children 6–35 mos. were prospectively followed for occurrences of URI and
AOM. Blood or buccal mucosa samples were collected for DNA extraction to determine cytokine
genotypes. Active and passive surveillance was used to capture all URI episodes during the one-
year follow-up period in order to study the rate of AOM following URI. Data were analyzed using
SAS and general estimating equations modeling.

Results—242 children were followed over 2689 patient months and had DNA genotyped; 1235
URI episodes occurred, 392 (32%) were complicated by AOM. Children who had IL-6−174

polymorphism had a higher susceptibility to URI during the study period (IDR:1.24) and were
more likely to meet established otitis susceptibility criteria (p<0.01). Presence of TNFα−308

polymorphism was associated with increased risk for AOM following an episode of URI (OR:
1.43).

Conclusions—TNFα−308 and IL-6−174 genotypes are associated with increased risk for
symptomatic URI and AOM following URI. Future studies may be designed to carefully look at
the interaction of these genetic polymorphisms with modifiable environmental risk factors.
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INTRODUCTION
Cytokines are proteins that mediate and regulate a vast array of biological events; they
function in a complex network in which production of one cytokine will influence
production of several others. TNFα, IL-1β and IL-6 are well defined as acute-phase
proinflammatory cytokines in a variety of disease states including the host inflammatory
response to infection. In the pathogenesis of inflammation in the respiratory tract,
proinflammatory cytokines play a major role as regulators of proliferation, chemotaxis, and
activation of inflammatory cells (1). These cytokines are actively induced in nasal secretions
of children during viral upper respiratory tract infection (URI), suggesting that these
cytokines participate in regulation of virus-induced inflammation and/or recovery from the
infection (2). In influenza, for example, duration of virus shedding is associated with levels
of IL-6 in nasal secretions (3); and the levels of IL-6 and IL-8 are associated with increased
local and systemic symptoms. In adenovirus infection in children, high serum IL-6 and
TNFα are associated with increased disease severity (4). It is likely that high levels of
cytokines in nasal secretions during viral URI are associated with enhanced degree of
inflammation and the development of AOM as a complication of the URI.

The genetic control of proinflammatory cytokine production has been widely explored.
Among many reported polymorphisms in the TNFα promoter gene, the G/A polymorphism
at −308 has been shown to correlate with 20%–40% increase in TNFα production (5–7) and
most significantly associated with susceptibility to infections (5,8,8–11). This polymorphism
is correlated with susceptibility to or with poor outcome after cerebral malaria (10), septic
shock (11), periodontitis(9), liver cirrhosis in hepatitis C infection (12), and meningococcal
disease (13).

We previously studied the association between three proinflammatory cytokine gene
polymorphisms (TNFα−308, IL-1β+3953, and IL-6−174) and history of otitis susceptibility in
children (14); we found that TNFα−308 and IL-6−174 polymorphisms (but not IL-1β+3953)
are significantly associated with otitis susceptibility. Although AOM occurs most commonly
as a complication of URI, our retrospective study did not factor in the relationship between
number of URI episodes and the risk of AOM developing after an individual URI episode.
In the present study, we prospectively followed children from 6–35 months for up to one
year for the occurrence of AOM after URI to determine the relationship between
TNFα−308and IL-6−174 polymorphisms and risk for AOM complicating URI.

METHODS
Study design and subjects

This was a prospective, longitudinal, cohort study which was designed to capture all
symptomatic URI episodes that occurred in each child during a one-year follow up period in
order to study the incidence and characteristics of OM complicating URI (15). The study
was performed from January 2003 through March 2007 at the University of Texas Medical
Branch (UTMB) at Galveston and was approved by the Institutional Review Board. Written
informed consent was obtained from all subjects. Healthy children at the peak age incidence
of OM (6 mos. to 3 yrs.) living in the city of Galveston were recruited from the primary care
clinic at UTMB. Children with chronic medical problems or anatomical or physiological
defect of the ear or nasopharynx were excluded.

At enrollment, a blood sample or buccal mucosa swab was collected for DNA analysis.
During the follow-up period, parents were asked to notify the study office as soon as the
child began to have URI symptoms (nasal congestion, rhinorrhea, cough, or sore throat, with
our without fever). Children were seen by a study physician as soon as possible after the
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URI onset and followed a few days later for AOM complications; parents were compensated
for time and travel.

AOM was defined by acute onset of symptoms (fever, irritability, or earache), signs of
tympanic membrane inflammation and presence of fluid as documented by pneumatic
otoscopy and/or tympanometry. Asymptomatic children with tympanic membrane
inflammation and fluid were also diagnosed with AOM. Children diagnosed with AOM
were managed based on the standards of care (16).

Study personnel conducted 2 home visits at 2 and 3 weeks after URI onset. During these
visits, the child’s interval health history and tympanometry were obtained to document the
presence of otitis media with effusion. If the tympanogram remained abnormal for 3 weeks
after the onset of symptoms, the test was repeated every two weeks until returning to normal
or the next URI episode. Parents were advised to bring the child for examination whenever
they suspected the child to have any symptoms of AOM.

At each visit, information was collected on specific URI and AOM symptoms;
tympanometry was performed and the child’s ears were examined using pneumatic otoscopy
by trained investigators (TC, KR, JP). AOM complicating URI was considered when AOM
occurred within 28 days of the URI unless a new onset of URI occurred within this period.

In addition to the parent’s self reports of URI, the study personnel called the parents twice
monthly for any current URI symptoms and occurrence of other URI or AOM episodes
missed since the last contact. An extensive review of medical records was performed at the
completion of each child’s study. UTMB is the sole provider of pediatric healthcare in
Galveston; diseases diagnosed and treated in our children are likely to be within our medical
records. URI and AOM episodes not seen by the study group but captured from parent’s
interviews or from medical records were recorded as “missed episodes”.

Eligible children were classified as otitis susceptible if they had ≥4 OM episodes in one
year, ≥ 3 in six months, ≥ 6 by age 6, or the first OM episode prior to age 6 months (14).
Children who had two or fewer AOM by the time they turned 2 years old were classified as
non-susceptible.

DNA Analysis
DNA was extracted from peripheral blood mononuclear cells or buccal epithelial cells of
enrolled children. Polymerase chain reaction (PCR) was performed on the extracted DNA
with the use of respective cytokine primer sets that spanned the single nucleotide
polymorphism (SNP) sites. The resultant PCR products were digested with polymorphic
site-specific enzymes: NCo1 for TNFα−308 and Hsp92II for IL-6−174. All SNPs that were
identified by PCR and restriction fragment length polymorphism were confirmed by DNA
sequencing. The laboratory staff who conducted the polymorphism assays were blinded to
the otitis susceptibility classification of the children. The study of SNPs yielded 3 genotypes
for each cytokine: homozygous “normal” (low cytokine-producing) genotype, and
homozygous and heterozygous polymorphic (high cytokine-producing) genotypes. Children
were considered to be polymorphic if they were either homozygous or heterozygous for the
polymorphism.

Statistical Analysis
Odds ratios and p-values were calculated using SAS® (SAS Institute Inc, Cary, NC)
statistical software. Chi-square analysis to compare polymorphisms vs AOM Susceptibility
was performed using STATA 9.0 © (Stata corporation, College Station, TX) statistical
software. To model the number of URIs count data and determine incidence density ratios
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(IDR) we used Poisson regression to model the number of URIs as a function of
polymorphism status and adjusted for breastfeeding (BF), daycare (DC) attendance,
cigarette smoke exposure (CSE). The log of the number of months was the offset variable.
We corrected for an overdispersed distribution by including a dispersion parameter based on
the ratio of the deviance that corrects the standard errors and gives accurate P values as
suggested by McCulagh and Nelder (17). The model was fit into the GENMOD procedure
with the deviance over-dispersion correction in SAS. The parameters were exponentiated to
express IDR. The General estimating equations (GEE) approach was used to account for the
multiple correlated episodes in each child. For this model, we adjusted for age, gender, race,
ethnicity, breastfeeding (BF), daycare (DC) attendance, cigarette smoke exposure (CSE),
family history of OM, and number of pneumococcal conjugate vaccine (PCV7) doses. For
the binary outcome of AOM (Yes vs. No) in Table 2. we fit a similar model using the GEE
approach accept with a different distribution and link function (Binomial, logit link), and the
exponentiated parameters were interpreted as odd ratios.

RESULTS
Included in this analysis were 242 children who were followed by the study group for 6–12
months or until they had tympanostomy tubes placed. Demographic and individual patient
characteristics are shown in Table 1. DNA samples for the cytokine genotype analysis were
available in 241 children for TNFα (in 1 case, genotype result was not conclusive) and 242
children for IL-6 genotypes. Sixty children (25%) were polymorphic for TNFα−308, while
181 were normal for this allele. For IL-6−174 genotype, 73 (30%) children were polymorphic
and 168 were normal. There were a total of 1235 URI episodes captured during the follow-
up period of 2689 patient-months; 392 (32%) episodes of URI were complicated by AOM.
There were 25 cases of AOM that were not associated with URI symptoms.

Polymorphisms vs URI Occurrences
We fit a general linear model using the GEE approach to model the number of URIs per
child. The IDR for IL-6−174 polymorphism was 1.24 (95% CL: 1.0, 1.54) indicating that
during the study follow-up period, polymorphic subjects were approximately 24% more
likely to have URIs compared to normal subjects, after controlling for daycare status, age
and breastfeeding duration. There was no association found for TNFα−308 polymorphism
and URI occurrences (IDR=1.0, 95% CL: 0.81, 1.30).

Polymorphisms vs AOM Susceptibility
We applied the previous otitis susceptibility criteria (14) to the children in this cohort. Of
242 children, 213 (88%) met the criteria for either otitis susceptible or non-susceptible; of
these, 68 children (32%) were classified as otitis susceptible and 145 (68%) were classified
as non-susceptible. The remainder of the children did not fit into either category or
completed the study before their 2nd birthday and therefore could not be considered for the
non-susceptible designation.

Of the 60 children who were TNFα−308 polymorphic, 20 (33%) met the criteria for otitis
susceptible, while of the 144 children with normal TNFα genotype, 36 (25%) were otitis
susceptible (p=0.4). Of the 68 children with IL-6−174 polymorphism, 30 (44%) were otitis
susceptible, compared to 37 (26%) of children with normal IL-6 genotype who were otitis
susceptible (p<0.01). There was an equal number (eight) of otitis non-susceptible children
and otitis susceptible children who had both TNFα−308 and IL-6−174 polymorphisms.
Having either polymorphism increased the odds of being otitis susceptible: OR = 2.09 (1.1–
3.8, P<0.02).
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Of 168 children who were cared for at home, 44 (26%) were otitis susceptible compared to
33 (45%) of the 74 children who were in daycare (p<0.001).

Polymorphisms vs AOM Complicating URI
We fit a general linear model using the GEE approach to determine a child’s odds of
developing AOM after a URI (Table 2) and adjusted for age, gender, race, ethnicity, BF, DC
attendance, CSE, family history of OM, and number of PCV7 doses. Children with
TNFα−308 polymorphism had 42% greater odds of developing AOM after URI than children
with normal genotype. IL-6−174 polymorphism alone did not increase the risk of AOM after
URI. Combining TNFα−30 with IL-6−174 polymorphisms did not further increase the risk for
AOM.

DISCUSSION
This was a prospective, longitudinal, cohort study designed to capture all symptomatic URI
episodes during a one-year period in children at the peak age incidence of AOM to study the
incidence and characteristics of AOM complicating URI. We show that children with
IL-6−174 polymorphism have more frequent episodes of URI and recurrent AOM. Children
with TNFα−308 polymorphism are at higher risk rate of developing AOM following a URI
episode. We have previously reported an association between otitis susceptibility by history
and TNFα−308 and IL-6−174 polymorphisms (14); however, that study was retrospective in
nature relying principally on parental report of OM occurrences and chart review. In a recent
retrospective study from the Netheralands, Emonts et al (18) found an association between
frequent OM episodes with IL-6−174. This study compared children with history of recurrent
AOM to healthy controls using the Dutch adult blood donor pool. In our current report, we
prospectively analyze the association of genetic polymorphisms with otitis susceptibility to
URI and AOM. In addition, environmental and risk factor information was taken in real time
at enrollment.

The definition of an otitis-prone (susceptible) child has been debated for the past several
decades. Early otitis investigators (19) observed that children who had at least two or more
episodes of AOM during the first year of life had at least twice the total number of episodes
than children who had one or no episode during the first year of life. In later studies, age at
the first AOM episode in at risk children was reduced to 6 months (20). Children with a
family history of recurrent otitis (21) were especially at risk. More recently, several authors
have, by convention, expanded the criteria to: 4 AOM episodes in one year, 3 in six months
or, the first AOM episode prior to age 6 months to define the otitis susceptible child (20,22).
These definitions are limited because it does not allow us to predict early in life which child
is at risk to be otitis susceptible. Furthermore, AOM occurs most commonly as a
complication of URI; these otitis-prone definitions do not take into account the number of
URI episodes experienced by the child or the proportion of AOM complicating URI. For
example, a child in daycare who has 10 colds in a year but only 3 cold episodes develop into
AOM may be less otitis-prone than a child who only has 3 colds per year but each one
develops into AOM.

Interestingly, IL-6−174 polymorphism alone is not associated with increased risk of AOM
following and episode of URI. However, children with IL-6−174 polymorphism were more
likely to have frequent episodes of URI and AOM. The study was not designed as a viral
surveillance study, therefore, we can not comment on whether viral attack rate in
polymorphic children was more or less than in non-polymorphic children. Considering that
previous literature has shown an association between IL-6 concentrations in nasal secretions
and enhanced respiratory symptoms (4), one possible mechanism by which children with
IL-6−174 polymorphism have higher rate of symptomatic URI could be because of higher
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production of IL-6 in these polymorphic individuals. Children who are high acute-phase
cytokine producers from various cytokine polymorphisms may be susceptible to recurrent
AOM by different mechanisms.

In this study we did not find an additive effect of having both TNFα−308 and IL-6−174

polymorphisms. This is likely due to having only 16 children with both polymorphisms. We
did find a significant increase in OM susceptibility and tympanostomy tube placement in a
previous study (14) with a cohort of 500 children, 35 of who had both polymorphisms.

It is well known that children in daycare have more URI episodes per year than children
who do not attend daycare (23,24); we also showed the same finding in this present report.
In addition, we showed that children in daycare were more likely to be AOM susceptible
than children who are not in daycare regardless of polymorphic cytokine genotypes. This
finding supports the data that daycare attendance by itself is an independent risk factor for
AOM susceptibility which is likely due to the increased rates of virus exposure and
nasopharyngeal bacterial colonization in these children.

Further studies are needed to evaluate the interaction of the acute-phase cytokine gene
polymorphisms with modifiable environmental risk factors such as day care attendance and
breastfeeding. In addition, further studies are required to determine the mechanisms by
which cytokine polymorphisms predispose children to URI and AOM. The understanding of
these mechanisms, in turn, will allow interventions to prevent AOM in these high risk
children.

Acknowledgments
We would like to thank M. Lizette Rangel, Kyralessa B. Ramirez, Liliana Najera, and Rafael Serna for their
assistance with study subjects. This work was supported by the National Institutes of Health grants R01 DC005841
(To T.C.), DC 005841-02S1 (To T.C.). The study was conducted at the General Clinical Research Center at the
University of Texas Medical Branch at Galveston, funded by grant M01 RR 00073 from the National Center for
Research Resources, NIH, USPHS. None of the Authors have any conflicts of interest to disclose

References
1. Nicod LP. Cytokines. 1. Overview. Thorax. 1993 Jun; 48(6):660–7. [PubMed: 8346499]
2. Noah TL, Henderson FW, Wortman IA, Devlin RB, Handy J, Koren HS, et al. Nasal cytokine

production in viral acute upper respiratory infection of childhood. J Infect Dis. 1995 Mar; 171(3):
584–92. [PubMed: 7876605]

3. Skoner DP, Gentile DA, Patel A, Doyle WJ. Evidence for cytokine mediation of disease expression
in adults experimentally infected with influenza A virus. J Infect Dis. 1999 Jul; 180(1):10–4.
[PubMed: 10353855]

4. Mistchenko AS, Diez RA, Mariani AL, Robaldo J, Maffey AF, Bayley-Bustamante G, et al.
Cytokines in adenoviral disease in children: association of interleukin-6, interleukin-8, and tumor
necrosis factor alpha levels with clinical outcome. J Pediatr. 1994 May; 124(5 Pt 1):714–20.
[PubMed: 8176557]

5. Allen RD. Polymorphism of the human TNF-alpha promoter--random variation or functional
diversity? Mol Immunol. 1999 Oct; 36(15–16):1017–27. [PubMed: 10698305]

6. Louis E, Franchimont D, Piron A, Gevaert Y, Schaaf-Lafontaine N, Roland S, et al. Tumour
necrosis factor (TNF) gene polymorphism influences TNF-alpha production in lipopolysaccharide
(LPS)-stimulated whole blood cell culture in healthy humans. Clin Exp Immunol. 1998 Sep; 113(3):
401–6. [PubMed: 9737669]

7. Pociot F, Wilson AG, Nerup J, Duff GW. No independent association between a tumor necrosis
factor-alpha promotor region polymorphism and insulin-dependent diabetes mellitus. Eur J
Immunol. 1993 Nov; 23(11):3050–3. [PubMed: 8223882]

Revai et al. Page 6

Clin Infect Dis. Author manuscript; available in PMC 2009 October 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Hajeer AH, Hutchinson IV. TNF-alpha gene polymorphism: clinical and biological implications.
Microsc Res Tech. 2000 Aug 1; 50(3):216–28. [PubMed: 10891887]

9. Galbraith GM, Hendley TM, Sanders JJ, Palesch Y, Pandey JP. Polymorphic cytokine genotypes as
markers of disease severity in adult periodontitis. J Clin Periodontol. 1999 Nov; 26(11):705–9.
[PubMed: 10589805]

10. McGuire W, Hill AV, Allsopp CE, Greenwood BM, Kwiatkowski D. Variation in the TNF-alpha
promoter region associated with susceptibility to cerebral malaria. Nature. 1994 Oct 6; 371(6497):
508–10. [PubMed: 7935762]

11. Mira JP, Cariou A, Grall F, Delclaux C, Losser MR, Heshmati F, et al. Association of TNF2, a
TNF-alpha promoter polymorphism, with septic shock susceptibility and mortality: a multicenter
study. JAMA. 1999 Aug 11; 282(6):561–8. [PubMed: 10450718]

12. Yee LJ, Tang J, Herrera J, Kaslow RA, van Leeuwen DJ. Tumor necrosis factor gene
polymorphisms in patients with cirrhosis from chronic hepatitis C virus infection. Genes Immun.
2000 Aug; 1(6):386–90. [PubMed: 11196686]

13. Nadel S, Newport MJ, Booy R, Levin M. Variation in the tumor necrosis factor-alpha gene
promoter region may be associated with death from meningococcal disease. J Infect Dis. 1996 Oct;
174(4):878–80. [PubMed: 8843235]

14. Patel JA, Nair S, Revai K, Zhang L, Matalon R, Chonmaitree T. Association of pro-inflammatory
cytokine gene polymorphisms with proneness to otitis media. Pediatrics. 2006 Dec; 118(6):2273–
9. [PubMed: 17142509]

15. Chonmaitree T, Revai K, Grady JJ, Clos A, Patel JA, Nair S, et al. Viral upper respiratory tract
infection and otitis media complication in young children. Clin Infect Dis. 2008 Mar 15; 46(6):
815–23. [PubMed: 18279042]

16. Subcommittee on Management of Acute Otitis Media. Diagnosis and management of acute otitis
media. Pediatrics. 2004 May; 113(5):1451–65. [PubMed: 15121972]

17. McCullagh, P.; Nelder, JA. Generalized Linear Models. 2. London: Chapman and Hall; 1989.
18. Emonts M, Veenhoven RH, Wiertsema SP, Houwing-Duistermaat JJ, Walraven V, Groot Rd, et al.

Genetic Polymorphisms in Immunoresponse Genes TNFA, IL6, IL10, and TLR4 Are Associated
With Recurrent Acute Otitis Media. Pediatrics. 2007 Oct 1; 120(4):814–23. [PubMed: 17908769]

19. Howie VM, Ploussard JH, Sloyer J. The “otitis-prone” condition. Am J Dis Child. 1975 Jun;
129(6):676–8. [PubMed: 239591]

20. Teele DW, Klein JO, Rosner B. Epidemiology of otitis media during the first seven years of life in
children in greater Boston: a prospective, cohort study. J Infect Dis. 1989 Jul; 160(1):83–94.
[PubMed: 2732519]

21. Prellner K, Kalm O, Harsten G. The concept of pronicity in otitis media. Otolaryngol Clin North
Am. 1991 Aug; 24(4):787–94. [PubMed: 1870873]

22. Rasmussen F. Recurrence of acute otitis media at preschool age in Sweden. J Epidemiol
Community Health. 1994 Feb; 48(1):33–5. [PubMed: 8138765]

23. Louhiala PJ, Jaakkola N, Ruotsalainen R, Jaakkola JJ. Form of day care and respiratory infections
among Finnish children. Am J Public Health. 1995 Aug; 85(8):1109–12. [PubMed: 7625505]

24. Revai K, Dobbs LA, Nair S, Patel JA, Grady JJ, Chonmaitree T. Incidence of acute otitis media
and sinusitis complicating upper respiratory tract infection: the effect of age. Pediatrics. 2007 Jun;
119(6):e1408–e1412. [PubMed: 17545367]

Revai et al. Page 7

Clin Infect Dis. Author manuscript; available in PMC 2009 October 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Revai et al. Page 8

Ta
bl

e 
1

D
em

og
ra

ph
ic

 a
nd

 In
di

vi
du

al
 C

ha
ra

ct
er

is
tic

s o
f 2

42
 C

hi
ld

re
n

A
ll 

C
as

es
 N

= 
24

2 
(%

 o
f t

ot
al

)
T

N
F−

30
8  N

=2
41

 (%
)

IL
-6

−
17

4  N
=2

42
 (%

)

N
or

m
al

 N
=1

81
Po

l*
 N

=6
0

N
or

m
al

 N
=1

84
Po

l*
 N

=5
8

M
al

es
12

3 
(5

1%
)

93
 (5

1%
)

30
 (5

0%
)

93
 (5

1%
)

30
 (5

2%
)

Fe
m

al
es

11
9 

(4
9%

)
88

 (4
9%

)
30

 (5
0%

)
91

 (4
9%

)
28

 (4
8%

)

R
ac

e

 
A

si
an

6 
(2

%
)

3 
(2

%
)

3 
(5

%
)

5 
(3

%
)

1 
(2

%
)

 
A

fr
ic

an
 A

m
er

ic
an

73
 (3

0%
)

51
 (2

8%
)

22
 (3

7%
)

55
 (3

0%
)

18
 (3

1%
)

 
C

au
ca

si
an

14
3 

(5
9%

)
11

1 
(6

1%
)

31
 (5

2%
)

10
9 

(5
9%

)
34

 (5
8%

)

 
O

th
er

 (m
ix

ed
 ra

ce
)

20
 (8

%
)

16
 (9

%
)

4 
(7

%
)

15
 (8

%
)

5 
(9

%
)

H
is

pa
ni

c/
La

tin
o 

Et
hn

ic
ity

11
1 

(4
6%

)
91

 (5
0%

)
20

 (3
3%

)
94

 (5
1%

)
17

 (3
0%

)

B
re

as
t-f

ed
 8

 w
ee

ks
 o

r l
on

ge
r

83
 (3

4%
)

64
 (3

5%
)

19
 (3

2%
)

61
 (3

3%
)

22
 (3

8%
)

D
ay

ca
re

 a
tte

nd
an

ce
74

 (3
1%

)
55

 (3
0%

)
18

 (3
0%

)
56

 (3
0%

)
18

 (3
1%

)

Ex
po

su
re

 to
 c

ig
ar

et
te

 sm
ok

e
79

 (3
3%

)
63

 (3
5%

)
16

 (2
7%

)
59

 (3
2%

)
20

 (3
4%

)

M
ea

n 
(M

ed
ia

n)
 a

ge
 a

t e
nr

ol
lm

en
t

13
.7

 (1
2)

* PO
L 

= 
po

ly
m

or
ph

is
m

. I
nc

lu
de

s b
ot

h 
he

te
ro

zy
go

us
 a

nd
 h

om
oz

yg
ou

s p
ol

ym
or

ph
is

m
.

Clin Infect Dis. Author manuscript; available in PMC 2009 October 9.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Revai et al. Page 9

Table 2

Adjusted Odds of AOM Complicating URI in Polymorphic Children Compared to Non-Polymorphic Children

Comparison (n=number of subjects) Adjusted OR (CI)

TNFα−308 POL vs NL (n=60 vs 181) 1.42 (1.00–2.00)

IL-6−174 POL vs NL (n=73 vs 169) 1.19 (0.83–1.72)

TNFα−308 and IL-6-174 POL vs NL (n=16 vs 121) 1.40 (0.83–2.49)

TNFα−308 or IL-6-174 POL vs NL (n=92 vs 150) 1.43 (1.01–2.02)

TNFα−308 and/or IL-6-174 POL vs NL (n=121 vs 120) 1.43 (1.02–2.00)

POL = polymorphic children (heterozygous and homozygous polymorphism); NL = non-polymorphic (normal) children. Among the adjusting
factors (age, gender, race, ethnicity, BF, DC attendance, CSE, family history of OM, and number of PCV7 doses), AOM was only significantly
associated with young age (P<0.003); no other factors showed significant association with AOM.
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