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Abstract

Background: Toll-like receptors (TLRs) form an essential part of the innate immune system, which plays a
fundamental role in rapidly and effectively controlling infections and initiating adaptive immunity. There are no
published data concerning the importance of polymorphisms of TLRs in conditioning susceptibility to influenza or
the severity of the disease. The aim of this study was to evaluate whether selected polymorphisms of TLR2, TLR3
and TLR4 influence the incidence and clinical picture of pandemic A/H1N1/2009 influenza.

Results: The study involved 272 healthy children attending our Emergency Room for influenza-like illness (ILI),
including 51 (18.8%) with pandemic A/H1N1/2009 influenza as revealed by real-time polymerase chain reaction, and
164 healthy controls examined after minor surgery. Genomic DNA was extracted from whole blood samples and
five single-nucleotide polymorphisms (SNPs) were studied: TLR2 rs5743708, TLR3 rs5743313, TLR3 rs5743315, TLR4
rs4986790 and TLR4 rs4986791. The TLR3 rs5743313/CT polymorphism was found in all of the children with
pneumonia and influenza infection, but in a significantly smaller number of those with A/H1N1/2009 influenza
without pneumonia (<0.0001). TLR2, TLR3 rs5743315/AC and TLR4 polymorphisms were equally distributed in all of
the groups regardless of the presence of the pandemic A/H1N1/2009 virus and clinical diagnosis. Viral load was
comparable in all of the study groups.

Conclusions: There is a close relationship between the presence of TLR3 rs5743313/CT and an increased risk of
pneumonia in children infected by the pandemic A/H1N1/2009 influenza virus.
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Background
Toll-like receptors (TLRs) are a family of transmem-
brane proteins expressed on many cells, including den-
dritic and natural killer cells, macrophages and the cells
of the respiratory epithelium. They form an essential
part of the innate immune system, which plays a funda-
mental role in rapidly and effectively controlling infec-
tions and initiating adaptive immunity [1-8]. The central
role of TLR activation in both innate and adaptive im-
mune responses is demonstrated by the fact that TLR
polymorphisms influence susceptibility to a number of
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viral pathogens as well as the severity of the diseases
they cause [9-14].
It has been shown that TLR3 and TLR7 make the

main contribution to innate defences against influenza
viruses [15,16], but there are few published data con-
cerning the importance of polymorphisms of these and
other TLRs in conditioning susceptibility to influenza or
the severity of the disease [17,18]. However, such infor-
mation is important because it could allow the identifi-
cation of subjects for whom specific preventive and
therapeutic interventions should be planned in order to
reduce the clinical and socio-economic impact of influ-
enza infection. Moreover, a knowledge of how innate
immunity confronts influenza viruses could contribute
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to the development of significantly more effective vac-
cines and drugs to prevent and treat the disease.
An A/H1N1 quadruple reassortant influenza virus

(A/H1N1/2009) of swine origin has recently arisen
from an A/H1N1 influenza virus subtype that was
already endemic in humans [19]. The aim of this study
was to evaluate whether selected polymorphisms of
TLR2, TLR3 and TLR4 (chosen from among those
previously associated with modified signalling function
and a greater susceptibility to presumed or demon-
strated infection) influence the incidence and clinical
picture of the disease caused by this virus.

Results
The study involved 436 prospectively and consecutively
enrolled children: 272 with influenza-like illness (ILI),
including 51 (18.8%) who were positive for pandemic
A/H1N1/2009 virus, and 164 healthy controls. None of
the blood cultures of the children with ILI was positive
for bacteria. Table 1 shows the demographic and clinical
characteristics of the children in the three groups. There
were no between-group differences in terms of gender,
race, age distribution, the number of siblings, exposure to
passive smoking, day care or school attendance, or previous
pneumococcal and/or pandemic influenza vaccination.
Moreover, the distribution of the clinical diagnoses and the
Table 1 Demographic and clinical characteristics of the study

Characteristics A/H1N1/2009-positive c
admitted because of ILI

Males, No. (%) 27 (52.9)

Caucasians, No. (%) 51 (100.0)

Mean age ± SD, yrs 3.16 ± 3.46

Age groups, No. (%)

<2 years 5 (9.8)

2-5 years 44 (86.3)

>5 years 2 (3.9)

Median number of siblings (range) 1 (0–4)

Exposure to passive smoking, No. (%) 15 (29.4)

Day care or school attendance, No. (%) 49 (96.1)

Previous pneumococcal vaccination, No. (%) 46 (90.2)

Previous pandemic A/H1N1/2009 influenza
vaccination, No. (%)

0 (0.0)

Diagnosis, No. (%)

Common cold 15 (29.4)

Pharyngitis 14 (27.5)

Acute otitis media 4 (7.8)

Pneumonia 18 (35.4)

Minor surgical problem NA

Hospitalised at enrolment, No. (%) 18 (35.4)

ILI: influenza-like illness; NA: not applicable; SD: standard deviation. Percentages in
rates of hospitalisation were similar in both etiological
groups of patients with ILI. All of the patients with ILI
symptoms and a diagnosis of pneumonia were hospitalised;
all of the others were discharged.
Table 2 shows the genotype frequency of the selected

TLR polymorphisms in the study population as a whole.
There was no significant difference in their frequency
between the children who were positive or negative for
pandemic A/H1N1/2009 influenza, or between either of
the etiological groups of children with ILI and the
healthy controls.
Table 3 shows the genotype frequency of the TLR

polymorphisms in the children who were positive for
A/H1N1/2009 influenza virus, by disease severity. The
TLR2, TLR3 rs5743315/AC and TLR4 polymorphisms
were equally distributed in the two groups regardless
of the clinical diagnosis, whereas the TLR3 rs5743313/CT
polymorphism was found in all of the children with pneu-
monia and influenza infection, but in a significantly
smaller number of those A/H1N1/2009 influenza with-
out pneumonia without pneumonia (<0.0001). Viral load
was comparable in all of the study groups.

Discussion
In this study, we found that the prevalence of selected
TLR2, TLR3 and TLR4 polymorphisms potentially
population

hildren
(n=51)

A/H1N1/2009-negative children
admitted because of ILI (n=221)

Healthy controls
(n=164)

109 (49.3) 85 (51.8)

221 (100.0) 164 (100.0)

3.43 ± 3.79 3.39 ± 3.88

28 (12.7) 15 (9.1)

182 (82.4) 140 (85.4)

11 (5.0) 9 (5.5)

1 (0–3) 1 (0–4)

69 (31.2) 43 (26.2)

210 (95.0) 158 (96.3)

199 (90.0) 143 (87.2)

3 (1.4) 2 (1.2)

78 (35.2) NA

75 (33.9) NA

21 (9.5) NA

47 (21.2) NA

NA 164 (100.0)

47 (21.2) NA

parentheses. No significant between-group difference.



Table 2 Genotype frequency of toll-like receptor (TLR) polymorphisms in the study population

Polymorphism
genotypes

A/H1N1/2009-positive children
admitted because of

ILI (n=51)

A/H1N1/2009-negative children
admitted because of

ILI (n=221)

Healthy controls
(n=164)

TLR2 rs5743708

GG 49 (96.1) 218 (98.6) 161 (98.2)

GA 2 (3.9) 3 (1.4) 3 (1.8)

p-value, HWE 0.89 0.92 0.91

TLR3 rs5743313

CC 26 (51.0) 124 (56.1) 92 (56.1)

TT 4 (7.8) 12 (5.4) 9 (5.5)

CT 21 (41.2) 85 (38.5) 63 (38.4)

p-value, HWE 0.93 0.60 0.67

TLR3 rs5743315

CC 46 (90.2) 208 (94.1) 149 (90.9)

AC 5 (9.8) 13 (5.9) 15 (9.1)

p-value, HWE 0.71 0.65 0.54

TLR4 rs4986790

AA 46 (90.2) 202 (91.4) 148 (90.2)

AG 5 (9.8) 19 (8.6) 16 (9.8)

p-value, HWE 0.71 0.50 0.51

TLR4 rs4986791

CC 46 (90.2) 203 (91.9) 148 (90.2)

TT 0 (0.0) 1 (0.5) 0 (0.0)

CT 5 (9.8) 17 (7.6) 16 (9.8)

p-value, HWE 0.71 0.33 0.51

HWE: Hardy-Weinberg equilibrium; ILI: influenza-like illness; TLR: toll-like receptor. Percentages in parentheses. No significant between-group difference.
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associated with an increased risk of infection was similar
in healthy children and in patients with ILI, regardless
of whether they were positive or negative for pandemic
A/H1N1/2009 influenza virus infection. This means
that the occurrence of influenza does not seem to depend
on these genetic variants. The same conclusion could be
drawn regarding the risk of superimposed bacterial infec-
tions, because the cultured blood of all of the children
with ILI was negative for bacteria at the time of diagno-
sis, regardless of the etiology of the disease. However, this
merits further study because blood cultures are not very
sensitive for the detection of bacteremia, and only
molecular methods can exclude co-infection with viral
and bacterial respiratory pathogens [20].
We found a close relationship between the presence of

the TLR3 rs5743313/CT polymorphism and an increased
risk of pneumonia in children infected by the pandemic
A/H1N1/2009 influenza virus. As the children with
pandemic A/H1N1/2009 influenza who were hospitalised
for pneumonia were similar to those with pandemic
A/H1N1/2009 influenza who were discharged from the
Emergency Room because their disease was milder,
this finding suggests that the TLR3 rs5743315/AC
polymorphism per se may play a role in conditioning
the risk of pneumonia in children infected by pandemic
A/H1N1 influenza virus. The fact that viral load was not
higher in the children with this genetic variation does not
modify this conclusion because viral load is not a reli-
able expression of the severity of viral illness. Viral load
declines over time and, because the respiratory secre-
tions used to evaluate it were not always collected at
the beginning of the disease, it may not correlate with
the clinical picture [21,22].
Although TLR3 is considered an essential part of the

innate immune system, it is abundantly expressed in
dendritic cells, recognises viral pathogens, and induces
interferon beta (IFN-b) production [7]. It is likely that
the antiviral effects of TLR3 signalling on influenza virus
infection are mediated by the stimulation of a variety of
cells (such as hematopoietic stem cells, monocyte-
derived dendritic cells, endothelial cells and NK cells) to
produce type I IFN, which subsequently inhibits viral
replication. However, whether it protects or not against
influenza viruses has not been precisely defined. In ex-
perimental animals, the administration of TLR3 agonists
is effective in reducing the damage caused by influenza



Table 3 Genotype frequency of toll-like receptor (TLRs) polymorphisms in children with pandemic A/H1N1 influenza
infection by disease severity

Polymorphism
genotypes

A/H1N1/2009-positive children hospitalised
because of pneumonia (n=18)

A/H1N1/2009-positive children discharged with a
diagnosis other than pneumonia (n=33)

Frequency Viral load
(mean log10 cp/mL ± SD)

Frequency Viral load
(mean log10 cp/mL ± SD)

TLR2 rs5743708

GG 17 (94.4) 7.43 ± 1.30 32 (97.0) 7.06 ± 1.57

GA 1 (5.6) 3.88 1 (3.0) 8.29

p-value, HWE 0.90 0.93

TLR3 rs5743313

CC 0 (0.0)* NA 26 (78.8) 6.94 ± 1.45

TT 0 (0.0) NA 4 (12.1) 7.24 ± 2.42

CT 18 (100.0)* 7.23 ± 1.51 3 (9.1) 8.07 ± 1.33

p-value, HWE <0.001 <0.001

TLR3 rs5743315

CC 15 (83.3) 7.26 ± 1.66 31 (93.9) 7.12 ± 1.59

AC 3 (16.7) 7.10 ± 0.36 2 (6.1) 6.69 ± 1.25

p-value, HWE 0.70 0.86

TLR4 rs4986790

AA 16 (88.9) 7.12 ± 1.53 30 (90.9) 7.00 ± 1.56

AG 2 (11.1) 8.14 ± 1.41 3 (9.1) 8.01 ± 1.57

p-value, HWE 0.80 0.78

TLR4 rs4986791

CC 17 (94.4) 7.24 ± 1.56 29 (87.9) 7.00 ± 1.56

TT 0 (0.0) NA 0 (0.0) NA

CT 1 (5.6) 7.14 4 (12.1) 8.01 ± 1.57

p-value, HWE 0.90 0.71

HWE: Hardy-Weinberg equilibrium; NA: not available; TLR: toll-like receptor. Percentages in parentheses. *p<0.0001 vs A/H1N1/2009-positive children discharged
with a diagnosis other than pneumonia; no other significant between-group difference.
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[23,24] because they inhibit the replication of mouse-
adapted laboratory influenza A viruses and clinical
isolates from humans (including considerably virulent
strains with pandemic potential). Moreover, the induc-
tion of local pulmonary inflammation such as that
caused by TLR3 activation has been found to protect
against influenza infection in mice [25]. It has also been
found that TLR3 activation in the context of an influ-
enza virus infection leads to excess cytokine production
and inflammatory lung alterations that cause severe
tissue damage and reduce survival in TLR3-deficient
mice, [26]. The reasons given to explain these conflicting
findings include the type of virus used to infect the ani-
mals, viral load, the infected cell type, and the stage of
infection [27].
However, our data seem to suggest that, although TLR3

does not affect the occurrence of pandemic A/H1N1/
2009 influenza, it might favourably condition the clinical
course of the disease because the incidence of influenza-
related pneumonia was significantly higher in the children
with TLR3 polymorphisms than in those without. As the
polymorphism associated with a more severe course of
pandemic A/H1N1/2009 influenza (TLR3 rs5743313/CT)
is located near exon 4 (i.e. the gene region encoding
trans-membrane signal induction), it may play a signifi-
cant role in reducing the efficiency of the mechanisms
that recognise influenza virus, thus leading to cytokine
production and a reduction in immune defences that
favours more severe influenza. This hypothesis seems to
be supported by the findings that exon 4 in the gene of
TLR3 is very rich in tyrosine, a target of the tyrosine
kinase c-SRC, and that an association between TLR3
and c-SRC tyrosine kinase on endosomes is essential to
initiate antiviral signalling [28].
Associations between TLR3 polymorphisms and

human diseases have been frequently demonstrated.
Variations in the TLR3 gene may be found in patients
with type 1 diabetes, Steven-Johnson syndrome, and
toxic epidermal necrolysis [27,29]. In relation to viral
infections, Zhang et al. identified a dominant-negative
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TLR3 allele in patients with herpes simplex virus 1
(HSV-1) encephalitis [9], and Bell et al. found a hetero-
zygous mutation (Phe554Ser) associated with impaired
TLR3-dependent interferon induction in response to
HSV-1 [10]. TLR3 polymorphisms have also been found
in Japanese subjects with sub-acute sclerosing panence-
phalitis due to measles virus [11]. In addition, a mis-
sense mutation of TLR3 has been detected in a patient
with influenza-associated encephalopathy [17]. Finally, a
recent study regarding TLR3 polymorphisms and their
association with hepatitis B virus (HBV) infection [18]
found that whereas genetic variance (rs1879026/GT)
was more common in HBV carriers than in uninfected
controls haplotype analysis revealed that specific haplo-
types GCGA (rs1879026, rs5743313, rs5743314, and
rs5743315) were significantly associated with HBV
infection.
This study has the limitation that only a part of the

TLR3 gene was studied, and so it is not possible to es-
tablish whether the presence of other genetic variants
involving TLR3 can explain our findings. However, al-
though based on a partial evaluation of the genetic
characteristics of TLR3, our data add further informa-
tion concerning the relationships between TLR3 and
the development of diseases, and offer further support
for identifying subjects at increased risk of influenza-
related complications, and developing new preventive
and therapeutic measures against influenza. The recent
finding that the administration of a TLR3-mucosal ad-
juvant together with an intranasal influenza vaccine
can significantly improve immune response by indu-
cing cross-protective mucosal immunity against heter-
ologous influenza virus infection is the best
demonstration of how a better knowledge of the role
of innate immunity against influenza viruses can in-
crease our chances of reducing the clinical and socio-
economic impact of this common disease [30-32].

Conclusions
Our findings show that there is a close relationship be-
tween the presence of TLR3 rs5743313/CT and an
increased risk of pneumonia in children infected by the
pandemic A/H1N1/2009 influenza virus, whereas the
prevalence of other selected TLR2, TLR3 and TLR4
polymorphisms does not seem to be associated with an
increased risk of infection.

Methods
Ethics statement
This study was approved by the Institutional Review Board
of Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Milan, Italy, and was carried out in the Depart-
ment of Maternal and Pediatric Sciences of the University
of Milan between 15 October and 30 November 2010. The
written informed consent of both parents or a legal
guardian was required, and the older children were asked
to give their assent.

Study subjects
This prospective study involved consecutively enrolled,
otherwise healthy subjects aged less than 15 years who
visited the Emergency Room of the Department because
of an influenza-like illness (ILI) as defined by the Italian
Ministry of Health (http//www.ministerosalute.it): an
acute respiratory disease of sudden onset, with fever (an
axillary temperature of >38°C), accompanied by at least
one of the general symptoms of headache, generalised
malaise, a feverish sensation (sweating and chills) or
asthenia, and one of the respiratory symptoms of
cough, pharyngodynia or nasal congestion. The exclu-
sion criteria were chronic diseases increasing the risk
of complications of viral respiratory infections, including
premature birth; chronic disorders of the pulmonary
or cardiovascular systems, including asthma; chronic
metabolic diseases, including diabetes mellitus; neoplasia;
kidney or liver dysfunction; hemoglobinopathies; im-
munosuppression; diseases requiring long-term aspirin
therapy; and genetic or neurological disorders.
After a complete physical examination, the children

were divided into disease groups on the basis of their
signs and/or symptoms using well-established criteria
[33]. All of the children underwent a chest X-ray, and
the radiological findings were evaluated by an independ-
ent radiologist blinded to the other study variables. The
children with radiographically confirmed pneumonia as
defined by the WHO [34] were hospitalised and consid-
ered as having severe disease. Those with a diagnosis
other than pneumonia were sent home and considered
as having mild disease.
Upon enrolment, a nasopharyngeal sample was col-

lected for the diagnosis of pandemic A/H1N1/2009 in-
fluenza infection, and a blood sample was drawn for
bacterial culture and genetic analysis.
As a control group, a similar number of healthy chil-

dren selected from those consecutively admitted to the
Department for a control examination following minor
surgery during the same study period were genetically
analysed.

Laboratory assays
Identification of A/H1N1 influenza virus
A nasopharyngeal sample was collected from all of the
children using a flexible pernasal flocked swab, and
stored in a mini-tube containing 1 mL of universal
transport medium (UTM-RT Kit Cat. No. 360c, Copan
Italia, Brescia, Italy). The nasopharyngeal samples were
collected from each child by trained pediatricians. The
distance between the patient’s nares and ear lobe was

http://www.ministerosalute.it
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measured to estimate the length of insertion, after which
the swabs were gently inserted towards the pharynx until
resistance was felt, and then rotated three times to ob-
tain epithelial cells. They were then withdrawn and put
into a tube containing the specific transport medium.
All of the specimens were kept cool and delivered to the
laboratory within three hours of collection. Viral RNA
was extracted by means of a Nuclisens EasyMAG auto-
mated extraction system (bioMeriéux, Bagno a Ripoli,
Florence, Italy) using a generic protocol, a 190 μL sam-
ple input, and 10 μL of cultured phocine distemper virus
(PDV) (the extraction/PCR inhibition control was kindly
provided by Prof. H.G.M. Niesters, UMCG, Groningen,
The Netherland) [31,32]. A real-time polymerase chain
reaction (real-time PCR) to identify A and B influenza
viruses was performed using validated methods that have
been previously described [35]. The primer/probe sets
were: influenza A forward AAGACCAATCCTGT
CACCTCTGA, reverse CAAAGCGTCTACGCTGCA
GTCC, probe FAM-TTTGTGTTCACGCTCACCGTG
CC-BHQ1; influenza B forward GAGACACAATTGCC
TACCTGCTT, reverse TTCTTTCCCACCGAACCAAC,
probe TET-AGAAGATGGAGA AGGCAAAGCAGAA
CTAGC-Eclipse; PDV forward CGGGTGCCTTTTA
CAAGAAC, reverse TTCTTTCCTCAACCTCGTCC,
probe VIC-ATGCAAGGGCCAATTCTTCCAAGTT-
BHQ1. In the case of influenza A-positive samples, the
WHO/CDC protocol was used to characterise pandemic
A/H1N1/2009 [35] with the following primers/probes:
SWInfA forward GCACGGTCAGCACTTATYCTRAG;
SWInfA reverse GTGRGCTGGGTTTTCATTTGGTC;
SWInfA probe FAM-CYACTGCAAGCCCA’T’ACACACA
AGCAGGCA; SWH1 forward GTGCTATAAACACCA
GCCTYCCA; SWH1 reverse CGGGATATTCCTTAA
TCCTGTRGC; SWH1 probe CAGAATATACA’T’ CC
RGTCACAATTGGARAA (‘T’=3’ modified to prevent
extension by TAQ polymerase and linked to BHQ1).
A recombinant plasmid construct carrying the corre-

sponding HA target sequence (kindly provided by Fausto
Baldanti of the Molecular Virology Unit, Fondazione
IRCCS Policlinico San Matteo, Pavia, Italy) was used to
quantify viral load in the influenza A/H1N1/2009-posi-
tive samples. In detail, ten-fold plasmid serial dilutions
ranging from 5 to 5 x 107 input copies were included in
each assay run in order to allow the construction of run-
specific calibration curves that would accurately quantify
viral load in each of the archived samples. The cycle
threshold (Ct) values of each dilution were measured in
duplicate and plotted against the logarithm of their ini-
tial quantities, and the copy numbers in each clinical
sample were derived from the regression line. The quan-
titative results were expressed as RNA copy number/mL
of nasopharyngeal swab following data multiplication by
50 (dilution factor). In order to evaluate reproducibility,
intra- and inter-assay standard deviations (SDs) and
coefficients of variation were calculated for each stand-
ard concentration within and between the individual
PCR runs.

Blood cultures
The blood was cultured using a BacT/ALERT (bioMérieux,
Florence, Italy) or BacTec 9240 (Becton Dickinson,
Buccinasco, Italy).

Genotype analyses
The erythrocyte/granulocyte fraction was isolated from
whole blood samples using Histopaque-1077 (Sigma-
Aldrich, Milan, Italy), and genomic DNA was extracted
from this fraction using a Nuclisens EasyMAG auto-
mated extraction system (Biomeriéux), the whole
blood (Specific B) protocol, and a 100 μL sample in-
put volume.
The studied single-nucleotide polymorphisms (SNPs)

were selected on the basis of their previously reported
associations with different diseases, preferably of infec-
tious origin. In the case of the TLR2 and TLR4 genes,
these were non-synonymous SNPs because of their asso-
ciation with tuberculosis (TLR2 Arg753Gln [rs5743708])
[36-38] and respiratory syncytial virus infection (TLR4
Asp299Gly [rs4986790] and TLR4 Thr399Ile [rs4986791])
[13,14]. Two SNPs in the TLR3 gene (intron 3) were
selected because of their proximity to exon 4, a tyrosine-
rich region that is a target site of the tyrosine kinase
c-SRC whose association with TLR3 in dsRNA-containing
endosomes is necessary to initiate antiviral signalling [26].
The SNPs were genotyped on genomic DNA using
pre-designed TaqmanW SNP Genotyping assays, with the
exception of the TLR3 2593 C/T polymorphism, for which
a Custom TaqmanW SNP Genotyping assay (Applied Bio-
systems, Monza, Italy) was designed using the following
primers/probes: 5’-CATTGGTGTCATCCTCCTGAGA-3’
(forward), 5’-GCAGGGCGGCAGAGT-3’ (reverse), VIC-
TCTCCCGACCTCTCC-MGBNFQ (probe 1), FAM-
TCTCCCAACCTCTCC-MGBNFQ (probe 2) (Applied
Biosystems) [36]. The reactions and allelic discrimin-
ation analyses were performed using an ABI PRISM
7000 sequence detection system (Applied Biosystems).
Reference samples for each genotype were included in
all of the reaction plates, and the genotypes were con-
firmed by sequencing.

Statistical analyses
The data were analysed using SAS for Windows v. 9.1
(SAS Institute, Cary, NC, USA). The continuous vari-
ables are given as mean values ± standard deviation, and
were analysed using a non-parametric test (i.e. the two-
sided Wilcoxon’s rank-sum test) as they were not nor-
mally distributed (on the basis of the Shapiro-Wilk
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statistic); the categorical variables are given as numbers
and percentages, and were analysed using contingency
tables and the chi-squared or Fisher’s test, as appropri-
ate. Allele and genotype frequencies were calculated by
direct counting. In order to investigate Hardy-Weinberg
equilibrium (HWE), we computed the expected numbers
of different genotypes under HWE and compared them
with the observed numbers, and then assessed potential
deviations using chi-squared tests.

Abbreviations
CT: Cycle threshold; HWE: Hardy-Weinberg equilibrium; ILI: Influenza-like
illness; PDV: Phocine distemper virus; SD: Standard deviation; DNPs:
Single-nucleotide polymorphisms; TLR: Toll-like receptor.

Competing interests
The authors have no potential conflict of interest to declare.

Authors’ contributions
SE and NP designed the study and co-wrote the manuscript. CGM, SG, CM
and AS carried out the laboratory assays. LT visited the hospitalised patients,
collected the swabs, and entered the data in the database. CP statistically
analysed the data. EF examined the patients in the Emergency Room. AP
supervised the laboratory assays. All of the authors read and approved the
final manuscript.

Acknowledgements
This study was supported in part by Bando Giovani Ricercatori 2007 (Italian
Ministry of Health) and in part by ABM Onlus (a no-profit organisation). The
study was presented as an oral communication at the 29th Annual Meeting
of the European Society for Paediatric Infectious Diseases (The Hague, The
Netherlands, 7–11 June 2011).

Author details
1Department of Pathophysiology and Transplantation, Università degli Studi
di Milano, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Via
Commenda 9, Milano 20122, Italy. 2Nocivelli Institute for Molecular Medicine
and Pediatric Clinic, University of Brescia, Brescia, Italy. 3Department of
Epidemiology, Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy.
4Pediatric Emergency Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore
Policlinico, Milan, Italy.

Received: 18 February 2012 Accepted: 31 October 2012
Published: 15 November 2012

References
1. Akira S, Uematsu S, Takeuchi O: Pathogen recognition and innate

immunity. Cell 2006, 124:783–801.
2. Kawai T, Akira S: Innate immune recognition of viral infection. Nat

Immunol 2006, 7:131–137.
3. Xiao T: Innate immune recognition of nucleic acids. Immunol Res 2009,

43:98–108.
4. Yokota S, Okabayashi T, Fujii N: The battle between virus and host

modulation of toll-like receptors signaling pathway by virus infection.
Mediators Inflamm 2010, 2010:184328.

5. Carty M, Bowie AG: Recent insights into the role of toll-like receptors in
viral infections. Clin Exp Immunol 2010, 161:397–406.

6. Kamugai Y, Takeuchi O, Akira S: Pathogen recognition by innate receptors.
J Infect Chemother 2008, 14:86–92.

7. Pichlmair A, Reis E, Sousa C: Innate recognition of viruses. Immunity 2007,
25:419–441.

8. Lee HK, Lund JM, Ramanathan B, Mizushima N, Iwasaki A: Autophagy-
dependent viral recognition by plasmacytoid dendritic cells. Science
2007, 315:1398–1401.

9. Zhang SY, Jouanguy E, Ugolini S, Smahi A, Elain G, Segal D, Sancho-Shimizu
V, Lorenzo L, Puel A, Picard C, Chapgier A, Plancoulaine S, Titeux M, Cognet
C, von Bernuth H, Ku CL, Casrouge A, Zhang XX, Barreiro L, Leonard J,
Hamilton C, Lebon P, Héron B, Vallée L, Quintana-Murci L, Hovnanian A,
Rozenberg F, Vivier E, Geissmann F, Tardieu M, Abel L, Casanova JL: TLR3
deficiency in patients with herpes simplex encephalitis. Science 2007,
317:1522–1527.

10. Bell JK, Askins J, Hall PR, Davies DR, Segal DM: The dsRNA binding site of
human toll-like receptor 3. Proc Natl Acad Sci USA 2006, 103:8792–8797.

11. Ishizaki Y, Takemoto M, Kira R, Kusuhara K, Torisu H, Sanefuji M, Yukaya N,
Hara T: Association of toll-like receptor 3 gene polymorphism with
subacute sclerosing panencephalitis. J Neurovirol 2008, 14:486–491.

12. Pine SO, McElrath MJ, Bochud PY: Polymorphisms in TLR4 and TLR9
influence viral load in a sero-incident cohort of HIV-1 infected
individuals. AIDS 2009, 23:2387–2395.

13. Tal G, Mandelberg A, Dalal I, Cesar K, Somekh E, Tal A, Oron A, Itskovich S,
Ballin A, Houri S, Beigelman A, Lider O, Rechavi G, Amariglio N: Association
between common toll-like receptor4 mutations and severe respiratory
syncytial virus disease. J Infect Dis 2004, 189:2057–2063.

14. Awomoyi AA, Rallabhandi P, Pollin TI, Lorenz E, Szein MB, Hemming VG,
Blanco JC, Vogel SN: Association of TLR4 polymorphisms with
symptomatic respiratory syncytial virus infection in high-risk infants and
young children. J Immunol 2007, 179:3171–3177.

15. Guillot L, Goffic R, Bloch S, Escriou N, Akia S, Si-Tahar M: Involvement of
toll-like receptor 3 in the immune response of lung epithelial cells to
double stranded RNA and influenza A viruses. J Biol Chem 2005,
280:5571–5580.

16. Geeraedts F, Goutagny N, Hornung V, Severa M, de Haan A, Pool J, Wilschut
J, Fitzgerald KA, Huckriede A: Superior immunogenicity of inactivated
whole virus H5N1 influenza vaccine is primarily controlled by Toll-like
receptor signaling. PLoS Pathog 2008, 4:e1000138.

17. Hidaka F, Matsuo S, Muta T, Takeshige K, Mizukami T, Nunoi H: A missense
mutation of the Toll-like receptor 3 gene in a patient with
influenza-associated encephalopathy. Clin Immunol 2006, 119:188–194.

18. Al-Qahtani A, Al-Ahdal M, Abdo A, Sanai F, Al-Anazi M, Khalaf N, Viswan NA,
Al-Ashgar H, Al-Humaidan H, Al-Suwayeh R, Hussain Z, Alarifi S, Al-Okail M,
Almajhdi FN: Toll-like receptor 3 polymorphism and its association with
hepatitis B virus infection in Saudi Arabian patients. J Med Virol 2012,
84:1353–1359.

19. World Health Organization: DG statement following the meeting of the
Emergency Committee. 2009. http://www.who.int/csr/disease/swineflu/
4th_meeting_ihr/en/print.html.

20. Esposito S, Marchese A, Tozzi AE, Rossi GA, Da Dalt L, Bona G, Pelucchi C,
Schito GC, Principi N, Italian Pneumococcal CAP Group: Bacteremic
pneumococcal community-acquired pneumonia in children less than
5 years of age in Italy. Pediatr Infect Dis J 2012, 31:705–710.

21. Martin ET, Kuypers J, Wald A, Englund JA: Multiple versus single virus
respiratory infections: viral load and clinical disease severity in
hospitalized children. Influenza Other Respir Viruses 2012, 6:71–77.

22. Martin ET, Kuypers J, Heugel J, Englund JA: Clinical disease and viral load
in children infected with respiratory syncytial virus or human
metapneumovirus. Diagn Microbiol Infect Dis 2008, 62:382–388.

23. Shinya K, Okamura T, Sueta S, Kasai N, Tanaka M, Ginting TE, Makino A,
Eisfeld AJ, Kawaoka Y: TLR pre-stimulation protects mice against lethal
infection with highly pathogenic influenza viruses. Virol J
2011, 8:97.

24. Wong JP, Christopher ME, Viswanathan S, Karpoff N, Dai X, Das D, Sun LQ,
Wang M, Salazar AM: Activation of toll-like receptor signaling pathway for
protection against influenza virus infection. Vaccine 2009, 7:3481–3483.

25. Tuvim MJ, Evans SE, Clement CG, Dickey BF, Gilbert BE: Augmented lung
inflammation protects against influenza A pneumonia. PLoS One
2009, 4:e4176.

26. Le Goffic R, Balloy V, Lagranderie M, Alexopoulou L, Escriou N, Flavell R,
Chignard M, Si-Tahar M: Detrimental contribution of the toll-like receptor
(TLR)3 to influenza A virus-induced acute pneumonia. PLoS Pathog
2006, 2:e53.

27. Ueta M, Sotozono C, Inatomi T, Kojima K, Tashiro K, Hamuro J, Kinoshita S:
Toll-like receptor 3 gene polymorphisms in Japanese patients with
Stevens-Johnson syndrome. Br J Opthalmol 2007, 91:962–965.

28. Johnsen IB, Nguyen TT, Ringdal M, Tryggestad AM, Bakke O, Lien E, Espevik
T, Anthonsen MW: Toll-like receptor 3 associates with c-SRC tyrosine
kinase on endosomes to initiate antiviral signaling. EMBO J 2006,
25:3335–3346.

29. Pirie FJ, Pegoraro R, Motala AA, Rauff S, Rom L, Govender T, Esterhuizen TM:
Toll-like receptor 3 gene polymorphisms in South African Blacks with
type 1 diabetes. Tissue Antigens 2005, 66:125–130.

http://www.who.int/csr/disease/swineflu/4th_meeting_ihr/en/print.html
http://www.who.int/csr/disease/swineflu/4th_meeting_ihr/en/print.html


Esposito et al. Virology Journal 2012, 9:270 Page 8 of 8
http://www.virologyj.com/content/9/1/270
30. Ainai A, Tashiro M, Hasegawa H: Cross-protective immunity against
influenza virus infections induced by intranasal vaccination together
with a TLR3-mucosal adjuvant. Hum Vaccin 2011, 7(Suppl):174–182.

31. Esposito S, Molteni CG, Daleno C, Valzano A, Cesati L, Gualtieri L, Tagliabue
C, Bosis S, Principi N: Comparison of nasopharyngeal nylon flocked swabs
with universal transport medium and rayon-bud swabs with a sponge
reservoir of viral transport medium in the diagnosis of paediatric
influenza. J Med Microbiol 2010, 59:96–99.

32. Esposito S, Molteni CG, Colombo C, Daleno C, Daccò V, Lackenby A, Principi
N: Oseltamivir-resistant A/H1N1 pandemic influenza virus in a child with
cystic fibrosis and Pseudomonas aeruginosa infection. J Clin Virol 2010,
48:62–65.

33. Feigin RD, Cherry JD: Textbook of Pediatric Infectious Diseases. 6th edition.
Philadelphia, PA: W. B. Saunders Company; 2009.

34. World Health Organization: Pneumonia Vaccine Trial Investigators’ Group.
Standardization of interpretation of chest radiographs for the diagnosis of
pneumonia in children. Geneva: Department of vaccines and biologicals,
World Health Organization; 2001.

35. Centers for Disease Control and Prevention: CDC protocol of real-time RT-PCR
for swine influenza A (H1N1), 28 April 2009 revision 1 (30 April 2009). 2010.
http://www.who.int/csr/resources/publications/swineflu/realtimeptpcr/en/
index.html.

36. Livak KJ, Marmaro J, Todd JA: Towards fully automated genome-wide
polymorphism screening. Nat Genet 1995, 9:341–342.

37. Shen GQ, Abdullah KG, Wang QK: The TaqMan method for SNP
genotyping. Methods Mol Biol 2009, 578:293–306.

38. Ogus AC, Yoldas B, Ozdemir T, Uguz A, Olcen S, Keser I, Coskun M, Cilli A,
Yegin O: The Arg753GLn polymorphism of the human toll-like receptor 2
gene in tuberculosis disease. Eur Resp J 2004, 23:219–223.

doi:10.1186/1743-422X-9-270
Cite this article as: Esposito et al.: Toll-like receptor 3 gene
polymorphisms and severity of pandemic A/H1N1/2009 influenza in
otherwise healthy children. Virology Journal 2012 9:270.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.who.int/csr/resources/publications/swineflu/realtimeptpcr/en/index.html
http://www.who.int/csr/resources/publications/swineflu/realtimeptpcr/en/index.html

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Discussion
	Conclusions
	Methods
	Ethics statement
	Study subjects
	Laboratory assays
	Identification of A/H1N1 influenza virus
	Blood cultures
	Genotype analyses

	Statistical analyses

	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


