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Background: Airway obstruction due to enlargement of tonsils and adenoids is a common pediatric
problem resulting in sleep disordered breathing. The cause for the relatively abnormal growth of tonsils
and adenoids is poorly understood.
Methods: Non-acutely ill children undergoing tonsillectomy and adenoidectomy (T&A) for various rea-
sons were enrolled prospectively in a study to determine the frequency of asymptomatic respiratory viral
infections in each lymphoid tissue and to relate the number and types of virus to the degree of airway
obstruction. Molecular techniques were used to detect 9 respiratory viruses while Brodsky scores and
measurements of percentages airway obstruction were used to estimate the degree of airway compro-
mise due to the tonsil and adenoid, respectively.
Results: Viruses were detected in 70.9% of tonsils and 94.7% of adenoids, p < 0.001. Adenovirus was the
most common virus detected at 71.1%. Adenoids had an average of 2.4 viruses compared to 0.92 for
tonsils, p < 0.001. Higher Brodsky scores were only associated with EBV in tonsils, p ¼ 0.03, while greater
percentages of airway obstruction in the adenoids were associated with adenovirus, EBV, corona virus,
parainfluenza virus and rhinovirus, p � 0.005.
Conclusions: Asymptomatic viral infections are common and directly related to the degree of airway
obstruction significantly more often in adenoids than tonsils.

© 2016 Elsevier Ireland Ltd. All rights reserved.
1. Background

Tonsils and adenoids are lymphoid organs located at the
entrance way to the respiratory and alimentary tracts. Their loca-
tion makes them ideal as the first line of defense against inhaled
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and/or ingested viruses and bacteria. The list of respiratory viruses
known to cause upper airway infections is long and includes such
common agents as adenoviruses (AdV), Boca virus, coronaviruses
(CoV), enteroviruses (EV), Epstein Barr virus (EBV), human meta-
pneumovirus (hMPV), influenza viruses (InfV), parainfluenza vi-
ruses (PIV), respiratory syncytial virus (RSV), and rhinoviruses (RV).
Each of these viruses along with cytomegalovirus (CMV), human
herpes viruses (HHV) 6e8, herpes simplex virus (HSV), human
papilloma viruses (HPV), human parvovirus B19 and poly-
omaviruses (PoV) have been detected in tonsillar and adenoidal
tissues of asymptomatic individuals [1e21]. As many as 97% of
tonsils and adenoids reportedly contain a detectable virus
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[7,8,13,18]. Co-infections with multiple types of virus have been
observed. Approximately 80% of adenoidal tissues may contain
multiple viruses while lower rates have been reported in tonsillar
tissue ranging between 59% and 68% [7,8,13,18]. The rate of detec-
tion of viruses varies dependent on the diagnostic technique uti-
lized, age of patient, virus type as well as season of year in which
specimens were collected. It is almost certain that the number of
microbes detected will continue to increase over time with im-
provements in the diagnostic tools employed. The effects of
asymptomatic infections on tonsils and adenoids remain largely
unknown.

The present study was designed to compare the frequency of
asymptomatic infection with nine common respiratory viruses in
the tonsil and adenoid and to determine the effect of asymptomatic
infection on airway obstruction in children undergoing elective
excision of the tonsil and adenoid.

2. Methods and materials

The study was prospective and approved by the Institutional
Review Board. Parents and children above the age of 7 years were
fully informed, and they signed consent and assent forms,
respectively.

The study began 2/6/13 and was completed 1/21/14. Children
between the ages of 1 and 16 years were enrolled by the authors at
the Women and Children's Hospital of Buffalo and in their private
office outside of the hospital. All surgeries were performed at the
Women and Children's Hospital Buffalo. The study was open to
children undergoing surgical removal of adenoids and/or tonsils for
various reasons, regardless of gender, race or ethnicity. The tonsils
were removed by monopolar cautery by two the surgeons and by
the microbipolar technique by the third surgeon. In contrast all
three surgeons used curettage to remove the adenoids. Children
with craniofacial abnormalities and bleeding disorders were
excluded. Data recorded included date of birth, gender, height,
weight, BMI, weights of tonsils and adenoids and reason for sur-
gery. The diagnosis of obstructive sleep apnea or sleep disordered
breathing was a clinical diagnosis; however, the degree of airway
obstructionwas estimated by the Brodsky scores for the tonsils and
percentages of airway obstruction for adenoids. None of the chil-
dren exhibited symptoms consistent with an acute respiratory
illness at the time of surgery.

Palatine tonsils or adenoids were obtained by the surgeons and
forwarded to the Pathology Lab where they were weighted and
stored at 2e8 �C before being processed by the Virology Lab; all
samples were processed in the Virology lab within 24 h of collec-
tion. Detection of adenovirus and EBV was initially performed in
the Virology Laboratory at the Women and Children's Hospital of
Buffalo.

PCRwas performed on DNA extracts from the tonsil and adenoid
samples using the ABI 7500 Fast Real-Time Taqman PCR System
with adenovirus-specific primers (Life Technologies) and probes
(eurofins MWG Operon). Primer-BLAST software was utilized to
assure primer specificity. Concurrent testing for RNaseP confirmed
extraction efficiency and the absence of PCR inhibitors. A previous
adenovirus positive respiratory sample, confirmed by DFA (Diag-
nostic Hybrids D3 Ultra) was extracted and used as a positive
control. A nasopharyngeal swab negative for adenovirus was
extracted and used as a positive control for RNaseP activity and a
negative control for virus assay.

Samples were run in duplicate for both adenovirus and RNaseP.
Samples that showed amplification for the target in only one well,
or that had a Ct value for the target exceeding 40 cycles were
repeated in duplicate. Repeated samples with target amplification
curves in at least one well (regardless of Ct value) were considered
positive. Repeated samples with no target amplification curves in
both wells, and a valid RNaseP amplification were considered
negative. There were no samples lacking RNaseP amplification and
therefore no samples reported as inhibited. Further molecular
studies were performed in the Laboratory of Viral Diseases at the
Wadsworth Center, New York State Department of Health, Albany,
New York, with conventional PCR and sequence analysis. The hexon
and fiber genes were amplified, bi-directionally Sanger sequenced
on an ABI3700 and analyzed using NCBI Blast analysis.

All other respiratory viruses were detected at the Wadsworth
laboratory using the eSensor® respiratory viral panel kit (GenMark
Inc., Freemont, CA.) which detects Influenza A H1 and H3, influenza
A H1pdm09, influenza B, respiratory syncytial virus A and B, par-
ainfluenza virus 1, 2 3, and 4, human metapneumovirus, human
rhinovirus, adenovirus B/E and C, and coronavirus 229E, NL63,
HKU1 and OC43 [22]. All results from the viral panel kit were
confirmed by real-time PCR. In cases where rhinovirus could not be
distinguished from enterovirus, it was classified as rhinovirus/
enterovirus indeterminate.

Descriptive characteristics for patients were computed.
Weights, Brodsky scores and percentages of airway obstruction
were used as indicators of organ size. Categorical variables were
reported as proportions in percentage and continuous level vari-
ables as means. Independent t tests were used to assess the rela-
tionship of virus frequency to Brodsky scores and percent of airway
obstruction. The Brodsky scores were arbitrarily grouped into low
scores of 1 and 2 or high scores of 3 or 4. Percent of airway
obstructionwas similarly grouped into low scores of 50% or less and
high scores of greater than 50%. The independent t-test was used to
assess the association between low and high Brodsky scores and
nine virus types. The independent t-test was used to assess the
association between low and high percentages of airway obstruc-
tion and the same nine viruses. The chi-square test was used to
assess the association between the number of virus types and the
Brodsky scores and the percentages of airway obstruction. Paired t-
test was used to assess differences between the number of virus
types between tonsils or adenoids. Pearson correlation was used to
assess the association between age and total virus number types
present. The association between age and total number of virus
types was assessed by Pearson correlation. Analysis of variance was
used to assess the association between Brodsky score and percent
airway obstruction with the weights of tonsils and adenoids,
respectively. All statistical tests were assessed assuming two-tailed
hypotheses and with alpha of 0.05. All analyses were conducted
with SYSTAT 13 (SYSTAT Software, 2004).

3. Results

Fifty-nine children were enrolled in the study ranging in age
between one year and 16 years with amean of 6.2 years. Therewere
35 females (59.3%). The BMI ranged from 12.9 to 49.4 kg/square
meter with a mean of 17.4; 14 (23.7%) children were classified as
either obese (eight) or overweight (six). Thirty-eight (62.7%) chil-
dren underwent surgery for sleep disordered breathing (SDB),
seven of whom developed complications of recurrent or chronic
(ROC) otitis media and one with ROC tonsillitis. Twelve children
underwent surgery for ROC tonsillitis alone. Four children under-
went surgery for ROC adenoiditis with tonsillitis or ROC otitis
media. A single patient underwent surgery for chronic adenoiditis.
A total of 59 tonsils and 57 adenoids were excised. The mean
weights of tonsils and adenoids were 6.7 and 2.0 g, respectively.
Fifty-five tonsils and 57 adenoids were available for nucleic acid
extraction.

Viruses were detected in 39 of 55 tonsils (70.9%) compared to 54
of 57 (94.7%) adenoids, p < 0.001. Multiple viruses were detected in



Table 1
Frequency of detection of viruses in tonsils and adenoids.

Virus types Tonsil (55) Adenoid (57) Total

AdV 16 40* 56
EBV 22 21 43
RV 7 31** 38
PIV 4 18*** 22
CoV 0 14* 14
RSV 2 6 8
InfV 0 5 5
EV/RV 1 3 4
hMPV 0 2 2
EV 1 0 1

* Detected significantly more often in adenoids than tonsils *p < 0.002, **p < 0.001,
PIV ***p < 0.003 and CoV p ¼ 0.002.

H. Faden et al. / International Journal of Pediatric Otorhinolaryngology 90 (2016) 128e132130
nine of 55 tonsils (16.3%) and 41 of 57 (71.9%) adenoids (p < 0.001).
The number of detectable viruses in adenoids tended to decrease
patient age increased (p ¼ 0.07, r ¼ - 0.24) although a similar trend
was not observed for tonsils (r ¼ 0.016, p ¼ 0.9).

Table 1 lists the frequency of detection of each type of virus.
Adenovirus was the most common overall, detected in 56 speci-
mens, followed by EBV in 43, RV in 38, PIV in 22 and CoV in 14. AdV
was also most commonly detected in adenoids at 71.4%, while EBV
was the virus most often detected in tonsils at 40.0%. Coronavirus,
InfV and hMPV were not detected in tonsils, whereas EV was not
detected in adenoids. In four cases, it was not possible to distin-
guish EV from RV. Each virus identified in the present study was
detected more often in the adenoid than tonsil with the exception
of EBV; however, the differences were only statistically significant
for adenovirus, rhinovirus, parainfluenza virus and coronavirus
(Table 1). Coronavirus, InfV, hMPV and PIV were only detected in
adenoids and never in tonsils.

When adenoviruses, coronaviruses and parainfluenza viruses
were typed, some interesting distributions were observed. Among
typable adenoviruses, twenty-eight (82.3%) were either type 1 or 2
(Table 2) with similar frequency and distribution in obese and non-
obese subjects. A recombinant adenovirus with a type 15/29 hexon
gene and a type 9 fiber gene was identified in a 14 year old obese
female. Interestingly, two other recombinant adenoviruses were
detected in this population, as well as five samples for which the
type could only be determined in either the hexon or fiber gene
(but not both), making the definitive designation of type or re-
combinant not possible. Among the four types of coronavirus
tested, OC43 accounted for 90%. Among the four types of para-
influenza virus tested, types 2e4 were detected equally while type
1 was undetected.
Table 2
Typing of adenoviruses from adenoids and tonsils based on hexon and fiber sequences.

Hexon type Fiber type Adenovirus type design

1 1 1
1 No sequence Uncertain
No sequence 1 Uncertain
2 2 2
2 No sequence Uncertain
No sequence 2 Uncertain
2 5 H2/F5 recombinant
2 6 H2/F6 recombinant
5 5 5
8 No sequence Uncertain
15/19 9 H15/29/F9 recombinan
No sequence No sequence Not available
Total
The relationships between specific virus type or the number of
different viruses and the degree of airway obstruction were also
assessed. Brodsky scores and virus types are depicted in Table 3.
Sixteen of 22 (72.7%) EBV infected tonsils had scores of 3 or 4,
p ¼ 0.03. While scores of 3 or 4 occurred with other virus groups,
their numbers were relatively low in comparison to EBV, with the
exception of adenovirus. The proportion of Brodsky scores of 3 or 4
were not statistically different than the proportion with scores of 1
or 2 for any virus group other than EBV. The number of virus types
varied from 0 in 19 tonsils to 4 in 1 tonsil with a mode 1 for the
entire group. The number of virus groups in tonsils was not
significantly associated with the Brodsky score (p ¼ 0.49).

The impact of viral infections on airway obstruction in adenoids
was very different than that observed in tonsils. Four virus types,
PIV, CoV, AdV and EBV were significantly associated with airway
obstruction exceeding 50% (Table 4). The proportion of airway
scores greater than 50% varied from 80.9% for EBV, p < 0.001e94.4%
for PIV, p < 0.001. The number of virus types varied from 0 in 3
adenoids to 7 in 1 adenoid with a mode of 2 for the entire group. As
with tonsils, the number of virus types was not significantly asso-
ciated with the percent of airway obstruction (p ¼ 0.22).
4. Discussion

The present report documents the exceedingly high rate of
asymptomatic viral respiratory tract infections in the adenoids and
tonsils of children undergoing elective tonsillectomy and adenoi-
dectomy. The detection of AdV and EBV in tonsils and adenoids was
to be expected. Both are DNA viruses that possess the ability to
establish a latency in lymphoid tissue. Adenovirus remains latent
predominantly in T lymphocytes while EBV remains latent pre-
dominantly in B lymphocytes [11,23]. Lymphocytes latently infec-
ted with adenovirus can evade destruction by internalizing surface
receptors recognized by the immune cells of the surveillance sys-
tem [24]. The infection state of the virus remains unclear but is
presumably chronic or latent given the high rate of detection of
non-replicating virus and the absence of symptoms [1,8,15,25].
Latency in large DNA human pathogenic viruses has been associ-
ated with latency-associated transcripts and other evidence of a
different replication state to either symptomatic or asymptomatic
infections. Such investigations were beyond the scope of the pre-
sent study.

There are more than 60 types of adenovirus belonging to 7
species classified as A-G [26]. Types 1 and 2 belong to species C and
are among the most common adenoviruses known to infect young
children [25,27] as was also found in the current study. Addition-
ally, types 1 and 2 have the ability to produce latent infections [25].
ation Adenoid Tonsil Total

8 4 12
1 0 1
3 0 3
9 2 11
4 2 6
1 0 1
1 0 1
1 0 1
2 1 3
1 0 1

t 1 0 1
5 3 8
37 12 49



Table 3
Correlation of Brodsky score and virus detected.

Virus type Brodsky score

1 2 3 4 Total

EBV* 3 3 11 5 22
AdV 0 6 7 3 16
RV 0 2 3 2 7
PIV 0 1 2 0 3
RSV 0 1 0 1 2
EV 0 0 1 0 1
EV/RV 0 0 0 1 1
CoV 0 0 0 0 0
InfV 0 0 0 0 0
hMPV 0 0 0 0 0

Total 3 13 24 12 52

*P ¼ 0.03.

Table 4
Correlation of obstruction score and virus type.

Virus type Percent obstruction Total

0e<25% 25e<50% 50e<75% �75%

AdV * 2 5 13 19 39
RV * 1 3 10 17 31
EBV ** 0 4 6 11 21
PIV * 1 0 6 11 18
CoV *** 1 0 4 9 14
RSV 0 0 3 3 6
InfV 0 0 0 5 5
EV/RV 0 0 1 2 3
hMPV 0 0 1 1 2
EV 0 0 0 0 0

Total 5 12 44 78 139

*p < 0.001, **p < 0.005, ***p ¼ 0.001.
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The current study also noted the presence of three and possibly
more recombinant adenoviruses. An unusual recombinant adeno-
virus, H15/29/F9, similar to type 56, was identified in one of the
obese subjects. This adenovirus represented a recombination of
species D types, the only non-C species adenoviruses in the entire
study population. Two other recombinant viruses were identified
and for five additional samples, the presence of recombinant ele-
ments in the genome could not be determined. Another species D
adenovirus, type 36, has been linked to obesity in humans [28].
However, HAdV36was not identified in any of the 10 obese subjects
in the present report.

The second major observation of the present study documents
the relationship between the presence of specific viruses and
airway obstruction. In tonsils, the presence of EBV was associated
with higher Brodsky scores and in adenoids, the presence of PIV,
CoV, AdV or EBV was associated with greater percentages of airway
obstruction. Higher detection rates of viruses in hypertrophied
tonsils and adenoids compared to non-hypertrophied tonsils and
adenoids from children has been documented in several other re-
ports [13,21]. The present study provides substantial evidence
suggesting that chronic stimulation of both tonsils and adenoids is
associated with obstructive airway disease in a quantitative
manner. The actual number of different viruses in obstructive
tonsils and adenoids remains unknown but is most certainly
greater than those identified in the present or previous reports. The
current study was limited by the number of microbes tested as well
as by the number of children enrolled. Also, the absence of age-
matched controls without adenoidal or tonsillar disease makes
the interpretation of the findings in this report, as well as in other
studies, more complicated. Future studies should explore the
mechanisms underlying the persistence of asymptomatic viral in-
fections in tonsils and adenoids in individuals with and without
airway obstruction.

Source of funding

No honorarium grant or other payment was received to write
this manuscript.

Acknowledgement

The authors would like to thank the Applied Genomics Tech-
nology Core at the Wadsworth Center for performing sequencing
reactions andMiss LauraMcFeely and Sharnelle Jones for typing the
manuscript.

References

[1] L.H. Endo, et al., Detection of Epstein-Barr virus in tonsillar tissue of children
and the relationship with recurrent tonsillitis, Int. J. Pediatr. Otorhinolaryngol.
58 (1) (2001) 9e15.

[2] I.N. Mammas, et al., Human papilloma virus in hyperplastic tonsillar and
adenoid tissues in children, Pediatr. Infect. Dis. J. 25 (12) (2006) 1158e1162.

[3] K.M. Ribeiro, et al., Detection of human papilloma virus in the tonsils of
children undergoing tonsillectomy, Braz J. Infect. Dis. 10 (3) (2006) 165e168.

[4] L. Drago, et al., Detection of respiratory viruses and atypical bacteria in chil-
dren's tonsils and adenoids, J. Clin. Microbiol. 46 (1) (2008) 369e370.

[5] N.C. Patel, et al., Detection of polyomavirus SV40 in tonsils from immuno-
competent children, J. Clin. Virol. 43 (1) (2008) 66e72.

[6] M. Babakir-Mina, et al., Identification of the novel KI and WU polyomaviruses
in human tonsils, J. Clin. Virol. 46 (1) (2009) 75e79.

[7] M. Sato, et al., Detection of viruses in human adenoid tissues by use of
multiplex PCR, J. Clin. Microbiol. 47 (3) (2009) 771e773.

[8] S. Herberhold, A.M. Eis-Hubinger, M. Panning, Frequent detection of respira-
tory viruses by real-time PCR in adenoid samples from asymptomatic chil-
dren, J. Clin. Microbiol. 47 (8) (2009) 2682e2683.

[9] M. Comar, et al., HHV-6 infection of tonsils and adenoids in children with
hypertrophy and upper airway recurrent infections, Int. J. Pediatr. Oto-
rhinolaryngol. 74 (1) (2010) 47e49.

[10] S. Astegiano, et al., Prevalence of polyomaviruses BK, JC, SV40, KI, and WU in
non-malignant tonsil specimens, Minerva Med. 101 (6) (2010) 385e389.

[11] S. Al-Salam, et al., Prevalence of Epstein-Barr virus in tonsils and adenoids of
United Arab Emirates nationals, Int. J. Pediatr. Otorhinolaryngol. 75 (9) (2011)
1160e1166.

[12] A. Duray, et al., High prevalence of high-risk human papillomavirus in palatine
tonsils from healthy children and adults, Otolaryngol. Head. Neck Surg. 145
(2) (2011) 230e235.

[13] J.L. Proenca-Modena, et al., High rates of detection of respiratory viruses in
tonsillar tissues from children with chronic adenotonsillar disease, PLoS One 7
(8) (2012) e42136.

[14] T. Karlidag, et al., Presence of herpesviruses in adenoid tissues of children with
adenoid hypertrophy and chronic adenoiditis, Kulak Burun Bogaz Ihtis. Derg.
22 (1) (2012) 32e37.

[15] M.A. Alkhalaf, M. Guiver, R.J. Cooper, Prevalence and quantitation of adeno-
virus DNA from human tonsil and adenoid tissues, J. Med. Virol. 85 (11) (2013)
1947e1954.

[16] X.C. Xue, et al., Prevalence of human papillomavirus and Epstein-Barr virus
DNA in Chinese children with tonsillar and/or adenoidal hypertrophy, J. Med.
Virol. 86 (6) (2014) 963e967.

[17] J.L. Proenca-Modena, et al., Hypertrophic adenoid is a major infection site of
human bocavirus 1, J. Clin. Microbiol. 52 (8) (2014) 3030e3037.

[18] T. Jartti, et al., Distinct regulation of tonsillar immune response in virus
infection, Allergy 69 (5) (2014) 658e667.

[19] F. Sahiner, et al., Coexistence of Epstein-Barr virus and Parvovirus B19 in
tonsillar tissue samples: quantitative measurement by real-time PCR, Int. J.
Pediatr. Otorhinolaryngol. 78 (8) (2014) 1288e1293.

[20] J.L. Proenca-Modena, et al., Respiratory viruses are continuously detected in
children with chronic tonsillitis throughout the year, Int. J. Pediatr. Oto-
rhinolaryngol. 78 (10) (2014) 1655e1661.

[21] K. Yeshuroon-Koffler, et al., Detection of common respiratory viruses in
tonsillar tissue of children with obstructive sleep apnea, Pediatr. Pulmonol. 50
(2) (2015) 187e195.

[22] V.M. Pierce, R.L. Hodinka, Comparison of the GenMark Diagnostics eSensor
respiratory viral panel to real-time PCR for detection of respiratory viruses in
children, J. Clin. Microbiol. 50 (11) (2012) 3458e3465.

[23] C.T. Garnett, et al., Prevalence and quantitation of species C adenovirus DNA in
human mucosal lymphocytes, J. Virol. 76 (21) (2002) 10608e10616.

http://refhub.elsevier.com/S0165-5876(16)30306-8/sref1
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref1
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref1
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref1
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref2
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref2
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref2
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref3
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref3
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref3
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref4
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref4
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref4
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref5
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref5
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref5
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref6
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref6
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref6
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref7
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref7
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref7
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref8
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref8
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref8
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref8
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref9
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref9
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref9
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref9
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref10
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref10
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref10
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref11
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref11
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref11
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref11
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref12
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref12
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref12
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref12
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref13
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref13
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref13
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref14
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref14
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref14
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref14
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref15
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref15
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref15
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref15
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref16
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref16
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref16
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref16
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref17
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref17
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref17
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref18
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref18
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref18
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref19
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref19
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref19
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref19
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref20
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref20
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref20
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref20
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref21
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref21
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref21
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref21
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref22
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref22
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref22
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref22
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref23
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref23
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref23


H. Faden et al. / International Journal of Pediatric Otorhinolaryngology 90 (2016) 128e132132
[24] A.L. McNees, C.T. Garnett, L.R. Gooding, The adenovirus E3 RID complex
protects some cultured human T and B lymphocytes from Fas-induced
apoptosis, J. Virol. 76 (19) (2002) 9716e9723.

[25] C.T. Garnett, et al., Latent species C adenoviruses in human tonsil tissues,
J. Virol. 83 (6) (2009) 2417e2428.

[26] T. Lion, Adenovirus infections in immunocompetent and
immunocompromised patients, Clin. Microbiol. Rev. 27 (3) (2014) 441e462.
[27] H. Faden, et al., Pediatric adenovirus infection: relationship of clinical spec-

trum, seasonal distribution, and serotype, Clin. Pediatr. (Phila) 50 (6) (2011)
483e487.

[28] R. Atkinson, Virus-induced obesity in humans, Microbe Mag. 7 (6) (2009)
263e267.

http://refhub.elsevier.com/S0165-5876(16)30306-8/sref24
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref24
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref24
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref24
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref25
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref25
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref25
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref26
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref26
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref26
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref27
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref27
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref27
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref27
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref28
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref28
http://refhub.elsevier.com/S0165-5876(16)30306-8/sref28

	The ubiquity of asymptomatic respiratory viral infections in the tonsils and adenoids of children and their impact on airwa ...
	1. Background
	2. Methods and materials
	3. Results
	4. Discussion
	Source of funding
	Acknowledgement
	References


