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Abstract

Background:  Helicobacter  pylori  quantity  and  HP-NAP  gene  expression  were  evaluated  in  the

faeces of  healthy  and  asthmatic  children.

Methods:  H. pylori  DNAs  and  RNAs  were  isolated  from  the  stool  samples  of  92  asthmatic  children

(AC; 3---8  years)  and  88  healthy  controls  (HC).  Quantitative  PCR  was  used  to  determine  the

quantity  of  H. pylori  and  HP-NAP  expression  relative  to  the  16S  rRNA  (reference  gene).  Gene

expression  was  analysed  using  the  delta  delta-Ct  method.

Results:  H.  pylori  DNA  was  detected  in  the  stool samples  of  18  (20.4%)  of the 88  HC  (p  < 0.0001,

OR =  0.79)  and  none  of  AC.  No meaningful  statistical  differences  were  found  between  individuals

with positive  and  negative  family  histories  for  asthma  in AC and  HC  (p  > 0.05).  H. pylori  quantity

was higher  in seven  of  18  H. pylori-positive  samples,  but  HP-NAP  expression  levels  were  low  in

four of  these  seven  samples.  Based  on  a  multivariate  logistic  regression  analysis  of  these  three

variables together,  only  males  displayed  a  significant  difference  based  on gender  differences

(p < 0.02)  and  it  was  determined  that,  based  on the  OR  value  of  0.46  and  the  95%  CI range  of

0.241---0.888,  male  gender  was  an  independent  protective  factor  in  asthma.

Conclusions:  HP-NAP  levels  vary to  the  relative  concentrations  of  bacteria  in  the  stationary  or

late logarithmic  phases.  Different  napA  expression  levels  may  be  caused  by  different  endoge-

nous napA  gene  expression  or  different  environmental  conditions.
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Introduction

Asthma  is  a  common  chronic  disease  in childhood  that  is

defined  by  chronic  inflammation  of  the  lower  airways  and

the  development  of  wheezing,  cough,  shortness  of  breath,

and  chest  tightness.1 Asthma  increased  from  235  to  334  mil-

lion  cases  between  2011  and 2014,  while  14%  of  the world’s

children  experience  asthma  symptoms  and  the  burden  of

asthma  is  greatest  for  children  aged  10---14  and the  elderly

aged  75---79.2 The  hygiene  hypothesis,  an  inverse  associa-

tion  between  infection  and  atopy,  was  first  proposed  by

David  Strachan  in 1989.  In this  hypothesis,  reduced  child-

hood  exposure  to microorganisms  shifts  Th1/Th2  immune

responses  to  Th1,  reducing  the number  of  allergic  disorders.

Strachan  suggested  that  fewer  family  members  would result

in  unhygienic  contact,  which would  be  protective  and  avoid

cross-infection  from  siblings.3

Several  studies  support  an inverse  association  between

Helicobacter  pylori  infection  and the  frequency  of  allergic

asthma.4,5 H.  pylori  is  a  Gram-negative,  microaerophilic  gas-

tric  bacterium  that  colonises  much  of  the  world’s  population

and  is  commonly  acquired  in childhood.  In  recent years,  H.

pylori  prevalence  has  decreased  substantially  in develop-

ing  countries  due  to  socioeconomic  development,  effective

therapy,  and  hygiene  improvements.6,7 An  inverse  correla-

tion  was  observed  between  prior  acquisition  of H.  pylori  and

the  possibility  of  being  diagnosed  with  asthma  or  allergy,

and  the  decreasing  incidence  of  H.  pylori  in the developed

world  paralleled  an increase  in  the incidence  of  childhood

allergies  and  autoimmune  diseases.  This  observation  came

from  the  third National  Health  and  Nutrition  Examination

Survey  (NHANES).8 Another  suggestion  was  the  relation  of

reduced  risk  of  childhood-onset  (≤15  years)  asthma  with

cagA+  strains  of  H.  pylori.9,10 In  a study  from  Finland,  a

three-fold  increase  in the incidence  of allergy  was  reported,

with  a  30% decrease  in H.  pylori  prevalence,  between  1973

and  1994.11 H. pylori  infections  are usually  acquired  in early

childhood,  when  the immune  system  is  not  mature.  H.  pylori

infections  stimulate  a  Th1  response  in the gastric  mucosa

and  also  in peripheral  blood.  Cytokines  of Th1  cells  can

suppress  a  Th2  response,  which  is related  to  the  H. pylori

neutrophil-activating  protein  (HP-NAP),  an important  Th1-

promoting  virulence  factor  that  inhibits  Th2  cytokine  release

in  humans  and mice.5

We  suggested  that  the dominant  factor  of  the hygiene

hypothesis  may  possibly  be  the immunomodulation  func-

tion  of H. pylori  by  HP-NAP.  In  our  study,  we  aimed  to

determine  the relationship  between  allergic  asthma  and

H.  pylori’s  protective  effect  by  quantifying  the number  of

H.  pylori  bacteria  in the stool samples  of  diagnosed  asth-

matic  children  (allergic  asthma)  and  matched  healthy

control  children,  and  also  by quantifying  the  expression  of

the  HP-NAP  gene  implicated  in the disease.

Materials and  methods

Patient  and control  groups

Our  study  was  conducted  as  a  cross-sectional,  case  control

study  conducted  from  March  2014-January  2015.  Ninety-

two  children  diagnosed  with  clinical  asthma,  as defined  by

the international  diagnostic  criteria,12 between  the  ages

of  three  and eight  who  applied  to  the Allergy  Polyclinic

of  the  Pediatrics  Department  of  Istanbul  University  Cerrah-

pasa  Medical  Faculty  were  included  in the study.  Fifty-four

(58.6%)  of  the  cases  were  boys  and  38  (41.3%)  were  girls.  The

mean  age  was  5.67  ±  1.24  years.  All clinical  symptoms  and

laboratory  data  (immunological,  biochemical,  etc.)  belong-

ing to  the  patients  that  were  consistent  with  allergic  asthma

were  taken  from  the  patients’  files. The  control  group  was

composed  of 88  healthy  children  with  a  similar  mean  age,

gender  distribution,  and standard  of  living  who  applied  to

the  healthy  children  polyclinic  of  the same  medical  cen-

tre  in the same  timeframe.  Of  the control  group,  52  (59%)

were  boys and  36  (40.9%)  were  girls.  The  mean  age was

5.43  ±  1.61  years  (p  >  0.05).  While  the control  and study

groups  were  being  assembled,  those  who  had  used  antibi-

otics  at any time  during  the  two  weeks  prior  to  the beginning

of  the study,  as  well  as  those  who  had a history  of  an infec-

tious  disease  in the  past  month,  were  excluded  from  the

study.

Collection  of the  stool  sample

In order  to  investigate  H.  pylori  quantity  and  gene  expres-

sion,  20  g stool  samples  were  collected  from  cases  consistent

with  the study  criteria  who  applied  to the Allergy  and

Healthy  Children  Polyclinics  of Cerrahpasa  Medical  Faculty.

Stool  samples  were divided  into  two  parts:  one  part stored

at  −20 ◦C for  H.  pylori  DNA isolation  and  the other  stored

at  −80 ◦C  for  RNA isolation  until  molecular  investigations

began.  The  location  of storage  was  inside  the MagNA  PureLC

DNA  isolation  kit  in the Medical  Microbiology  department.

Molecular  tests

Bacterial  DNA  isolation  from  stool  samples  was  performed

using  a  Stool  DNA  isolation  kit  (cat:  27600,  Norgen  Biotek

Corp,  Canada);  bacterial  RNA  isolation  was  performed

using  a Stool  Total  RNA  isolation  kit  (cat:  49500,  Norgen

Biotek  Corp,  Canada)  in accordance  with  the  manufac-

turer’s  instructions.  The  DNA and  RNA concentrations  in

the  specimens  following  all isolations  were  quantified  spec-

trophotometrically  using  a Nanodrop  instrument  (Thermo

Scientific,  USA).  The  obtained  DNA  samples  were  stored  at

−20 ◦C  until  the H. pylori  quantitative  PCR  (qPCR)  study

began.  The  RNA samples  obtained  were  reverse-transcribed

into  cDNA  using  the  Transcriptor  First  Strand  cDNA  synthesis

kit  (cat:  04896866001,  Roche  Diagnostics  GmBH,  Germany)

in accordance  with  manufacturer  instructions.  The  obtained

cDNAs  were stored  at −20 ◦C until  the HP-NAP  A qPCR  study

began.

In  order  for the obtained  DNA  to be detected  by  H.  pylori

qPCR,  the Genesig  H. pylori  kit (cat:  Path-Hpylori,  Gene-

sig,  PrimerDesign  Ltd,  UK)  and the oasig  lyophilised  qPCR

MasterMix  kit  (cat:  Precision-oasig150,  Genesig,  PrimerDe-

sign  Ltd,  UK)  were  used  and  the studies  were  performed  on

a  LightCycler  96  (Roche  Diagnostics  GmBH,  Germany)  qPCR

instrument  in accordance  with  manufacturer  instructions.

The  PCR  protocol  of  the study  was  as  follows:  denatur-

ation  for  2  min  at 95 ◦C, followed  by  50  cycles  of  10  s at

95 ◦C  and  60  s  of 60 ◦C.  The  primer  and probe  series  were
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created  for  the HP-NAP  (GenBank  Accession  No.:  U16121.1)

and  16S  rRNA  genes  using  the  NCBI  primer  design  and primer

blast  tool  websites.  The  16S  rRNA  gene  was  used  in our

study  as  a  reference  gene.  The  primers  and  the  probes  were

ordered  from  IDT  (Integrated  DNA  Technology,  USA)  and  used

for  gene  expression  studies.  As  primer-probe  pairs,  cDNAs

and  the  Lightcycler  480 Probe  master  kit  (cat:  04707494001,

Roche  Diagnostics  GmBH,  Germany)  were  used in accor-

dance  with  manufacturer  instructions.  The  gene expression

studies  were  performed  using  a  LightCycler  96  (Roche  Diag-

nostics  GmBH,  Germany)  system.  For  each run,  to  normalise

the  amount  of sample  cDNA  added  to each  reaction,  the

Cq  value  of  the HP-NAP  gene  was  subtracted  by  the  Cq

value  of the  housekeeping  (reference)  16SrRNA  gene  (delta

Ct  (�CT)  = Cq  HP-NAP  −  Cq 16SrRNA),  and then  for a  com-

parison  between  the expression  of  HP-NAP  in vitro  and in

vivo,  the  delta  Cq  values  of  the in vivo  were  subtracted

by  the  delta  Cq value  of  the  in vitro  [delta  −  delta Ct

(��CT)]  =  delta  Cq  in vivo  −  delta  Cq in vitro).  The  rela-

tive  fold  changes  were  calculated  by  the formula  of  2−��Ct

method  published  by  Livak  and  Schmittgen.13

Statistical  analysis

Biostatistics  statement

The  statistical  methods  of  this  study  were  reviewed

by  Suphi  Vehid  from  the Department  of  Biostatistics,

Istanbul  University  Cerrahpasa  Faculty  of  Medicine,  Istan-

bul  University,  Istanbul,  Turkey.  For  the evaluation  of

the  data  obtained  from  the study,  IBM  SPSS  Statistics

version  20  package  software  was  used for  statistical

analysis  and  calculations.  As  complementary  statistical

methods,  the  mean  average  and  the standard  deviation

values  were calculated.  The  Mann---Whitney  U test  was

used  for  the  comparison  of the averages  between  the

two  groups.  For the p  values  that  were obtained  from

these  tests,  p <  0.05  was  meaningful,  p <  0.01  was  highly

meaningful,  and  p < 0.001  was  very  highly  meaningful.  The

chi-squared  test  was  used  for the  association  of categor-

ical  variables.  The  effects  of  independent  variables  (the

existence  of  H. pylori, a positive  family history  of  asthma,

being  a  male,  etc.)  on  the existence  of  asthma  were  evalu-

ated  using  logical  regression  analysis,  which  is  a multivariate

analysis.

Results

No  meaningful  statistical  differences  were  found  between

individuals  with  positive  and  negative  family  histories  for

asthma  in  the  patient  and  control  groups  (p  >  0.05).  The  dif-

ferences  in both  the mean  IgE  levels  and  the  mean  eosinophil

percentage  rates  between  the patient  and  control  groups

were  very  highly  meaningful  (p  <  0.0001)  (Table  1).

H.  pylori  DNA  was  detected  in the  stool  samples  of 18

(20.4%)  of  the 88  healthy  controls  (p  <  0.0001, OR  =  0.79)  and

none  of  the asthmatic  samples  (Table  2).

When  the distribution  of  H.  pylori  was  analysed  based  on

family  history  for  asthma  in the  patient  and  control  groups,

the  distribution  in the control  group  was  statistically  signifi-

cantly  higher  than  in  the patient  group  (p  < 0.0001)  and the

OR  value  was  0.33  (Table 3).

In  our  research,  based on  the  univariate  analysis  of

variables,  such  as  the differences  in H.  pylori  distribution

according  to  the presence  of  H.  pylori, gender  and family

history  for  asthma  in the  patient  and control  groups,  we

found  that  differences  in H. pylori  distribution  between  the

two  groups  and the  presence  of  H.  pylori  according  to  family

history  for  asthma  were  significantly  higher  in control  group

(p  <  0.05);  male  control  group  had  a  statistically  significantly

higher  presence  of  H.  pylori  than  the male  patient  group.  On

the  other  hand,  based  on  a  multivariate  logistic  regression

analysis  of  these  three  variables  together,  only  males  dis-

played  a  significant  difference  based on  gender  differences

(p  <  0.02)  and  it was  determined  that,  based on  the  OR  value

Table  1  Demographical  features  and  laboratory  parameters  of  patient  and  control  groups.

Demographical  features  and  laboratory  parameters  Patient  group  (n  = 92)  Control  group  (n =  88)  Statistical  value

Age  (mean  ±  sd)  5.67  ±  2.12  5.43  ±  2.67  p  >  0.75

Gender

Female: n  (%)  38  (41.3)  36  (40.9)  p  >  0.05

Male: n  (%)  54  (58.6)  52  (59)

Family history  of  asthma  56  31  p  >  0.05

Total IgE  (IU/ml)  183.06  ±  123.9  76.17  ± 26.49  p  <  0.0001

Eosinophil count  %  (mean  ± sd) 6.73  ±  2.85  0.18  ±  0.47  p  <  0.0001

Table  2  H.  pylori  status  of  patient  and  control  groups.

H.  pylori  Groups  OR 95%  CI (min-max)  p

Patient  Group  (n  =  92)  Control  Group  (n  =  88)

Positive,  n  (%)  0  18  (20.4)  0.790  0.715---0.884  0.0001

Negative, n  (%)  92  (100)  70  (79.6)

OR; odds ratio, CI;  confidence interval.
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Table  3  The  distribution  of  H. pylori  was  analysed  based  on  family  history  for  asthma  in the  patient  and  control  groups.

Existence  of  H. pylori  Study  group

(n = 92)

(+)/case

Control

group

(n  = 88)

(+)/case

Statistical

value

OR  95%  CI

(min-max)

Family  history  of  asthma  (+)  0/56  11/31
p  <  0.0001 0.33 0.10---0.16

Family  history  of  asthma  (−) 0/36  7/57

Table  4  Multivariate  logistic  regression  analysis  of  variables  that  could  be  risk  factors  for  asthma.

Variables B  S.E.  p OR  95%  CI

Lower  Upper  Lower  Upper

Existence  of  H. pylori  41.094  12,517.547  0.997 0.000

Male −0.771  0.333  0.02  0.46  0.241  0.888

Family history  of  asthma  −20.166  9068.542  0.998 0.000  0.000

Constant  −20.357  8628.424  0.998 0.000

B; beta regression coefficient, S.E.; standard error, OR; odds ratio, CI;  confidence interval.

Table  5  H. pylori  and  HP-NAP  quantities  in  H. pylori  posi-

tive cases.

H.  pylori  (+) sample  origins  H. pylori

concentration

(Log10)

(copy/g)

HP-NAPa

K8(Female1)  2.35E  + 2 (235)  0.202

K12(Female2)  4.01E  + 0 (4.01)  1.016

K17(Female3)  1.20E  + 2 (120)  0.146

K27(Female4)  5.46E  + 1 (54.6)  0.326

K29(Female5)  1.03E  + 2 (103)  5.657

K33(Female6)  1.05E  + 2 (105)  5.854

K63(Female7)  2.89E  + 0 (2.89)  2.05

K80(Female8)  3.92E  + 1 (39.2)  0.217

K82(Female9)  2.12E  + 1 (21.2)  2.09

K86(Female10)  1.01E  + 1 (10.1)  0.112

K5(Male1)  1.92E  + 1 (19.2)  1.0

K18 (Male2)  3.34E  + 1 (33.4)  0.189

K39(Male3)  1.89E  + 0 (1.89)  0.924

K43(Male4)  2.43E  + 1 (24.3)  0.176

K45(Male5)  4.08E  + 0 (4.08)  1.096

K59(Male6)  5.41E  + 1 (54.1)  3.98

K61(Male7)  3.56E  + 0 (3.56)  1.22

K72(Male8)  1.76E  + 2 (176)  0.877

a The relative gene expression level HP-napA compared to 16S

rRNA.

of  0.46  and  the  95%  CI range  of 0.241---0.888,  male  gender

was  an  independent  protective  factor  in asthma  (Table 4).

H.  pylori  was  detected  in 18 stool  samples  taken  from

healthy  children.  The  log10 quantities  of  H.  pylori  in these

10-g  samples  and the relative  gene  expression  levels  of

HP-NAP  compared  to  16S  rRNA  in  the  same  samples  are

expressed  in Table  5. H.  pylori  quantities  in seven  of  the

H.  pylori-positive  stool  samples  were  higher  than  those  in

eleven  of  the samples  (Table  5).
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Figure  1  Bar  graph  of  the  ratios  of  HP-NAP  to  the  reference

16S  rRNA  gene  using  2−��Ct method.

The  bar graph  shows  the ratios  of  HP-NAP  to  the reference

16S  rRNA  gene using  the 2−��Ct method,  where  the verti-

cal  bars  represent  H.  pylori-positive  patients  (18 selected

samples  of  H.  pylori  positive  control  group).  The  standard

deviation  is  visible  due  to  repeating  the experiment  three

times  (Fig.  1).

Discussion

In 1998,  Chow  et  al.14 reported  an inverse  relation  between

cagA+  strains  of  H.  pylori  infection  and  the  risk  of

oesophageal  and  gastric  cardia  adenocarcinoma.  They  sug-

gested  that  the protection  from  oesophageal  and  gastric

cardia  adenocarcinomas  was  related  to  a  reduced  gastric

acidity  due  to  cagA+  H.  pylori  lowering  the  gastric  acidity.

Even  though  a certain relationship  did  not  yet  exist, cumu-

lative  reports  related  to  the positive  effects  of  H.  pylori

drew  attention  to the positive  effects  of this bacterium.

In  an extensive  literature  survey,  we  found  many  studies
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that  suggested  an inverse  correlation  between  the  risk  of

developing  extra-gastric  diseases  and  the  presence  of H.

pylori  infection.  These  diseases  include  gastro-oesophageal

reflux  disease  and esophagitis,  asthma  and  allergy,  several

autoimmune  disorders  (including  coeliac  disease,  systemic

lupus  erythematosus,  rheumatoid  arthritis,  and multiple

sclerosis),  inflammatory  bowel  disease,  and irritable  bowel

syndrome.4,15---19

In  2000,  Matricardi  et al.20 reported  that,  compared  to

controls,  there  was  a lower  prevalence  of  T.  gondii, hepati-

tis  A  virus,  and  H.  pylori  (p  =  0.325)  in  atopic participants.

Allergic  asthma  and  allergic  rhinitis  were  infrequent  among

the  participants  exposed  to  H.  pylori, T. gondii,  and  hepati-

tis  A  virus  in  their  study.  In another  study, Chen  and  Blaser,10

evaluated  the  associations  of  H.  pylori  status with  a  history

of  asthma  and  allergy  and  with  skin  sensitisation  using  data

from  7663  adults;  they concluded  that the  presence  of  cagA+

H.  pylori  strains  was  inversely  related  to  having  asthma

(OR:  0.79),  and  the inverse  association  of  cagA  positivity

with  childhood-onset  (age  ≤15  years)  asthma  was  stronger

(OR:  0.63)  than  that  with  adult-onset  asthma  (OR:  0.97).  In

our  study,  similar  to  the above  study,  a  statistically  signifi-

cant  difference  was  found  between  these  groups  (p  <  0.0001,

OR  =  0.79).  On the  other  hand,  all  the stool  samples  of  our

study  group  were  negative  for  H. pylori  DNA,  while  18  stool

samples  of  the  88  (20.4%)  control  group  samples  were  posi-

tive  for  H.  pylori  DNA,  and the difference  between  the two

groups  was  very  highly  significant  (p  <  0.0001,  OR  = 0.79).  In  a

study  including  300  children  (5---18  years  old),  Khamerchian

et  al.21 demonstrated  that  among  138 H.  pylori-positive

patients,  eight  cases  (5.8%)  were  asthmatic  while  28  (17.3%)

of  the  162  H.  pylori-negative  patients  were  asthmatic.

This  difference  was  statistically  significant  (p  = 0.002).  They

suggested  that  there  was  an inverse  correlation  between

H.  pylori  infection  and asthma  in childhood.

The  most  important  immunological  mechanism  discov-

ered  in  the  last  years  was  the stimulation  of  Treg  cells  by  H.

pylori.  Arnold  et  al.22 demonstrated  that  H.  pylori  infection

protected  mice  against  the clinical  and  histopathological

symptoms  of  asthma  in an experimental  model  of  allergic

airway  disease  induced  by  ovalbumin-specific  sensitisation.

Oertli  et  al.23 also  indicated  that  dendritic  cells  (DCs)

exposed  to H.  pylori  are  programmed  to  become  tolero-

genic,  driving  Treg  differentiation  and  protection  from

asthma  by  the production  of IL-18.  They  suggested  that

direct  contact  between  H.  pylori  and  DCs  was  needed  to

induce  tolerogenic  DCs. In their  experiments,  they  also

observed  that  IL-18  derived  from  DCs  has  an important  role

in  the  conversion  of  naive  T  cells  to  Tregs,  which will  inhibit

Th2  responses.  Oertli  et al.24 reported  recently  two  H. pylori

virulence  determinants,  VacA  and �-glutamyl  transpeptidase

(GGT),  that  promote  the efficient  induction  of Tregs,  and

VacA  is  required  to prevent  allergen-induced  asthma.  H.

pylori  infection  was  needed  to  reprogram  dendritic  cells

(DCs)  into  a  tolerogenic  phenotype  and  H.  pylori  infection

induces  regulatory  T  cells  (Tregs)  with  highly  suppressive

activity  in  models  of  allergen-induced  asthma.

It  was  proposed  that  the IL-10 released  from  Treg

cells  stimulated  by  H.  pylori  has  an  important  role  in

suppressing  Th2  activity.  IL-10 suppresses  mast  cell  acti-

vation  and  cytokine  and  eosinophil  production  in these

cells.5,25,26 There  are research  attempts  to  find  a plausible

mechanism  for the  inverse  relationship  between  H.  pylori

infection  and  asthma.  In the  last few  years,  emphasis

was  placed  on  HP NAP. HP-NAP  application  increased  IFN-

� producing  T-cells  and  decreased  IL-4  secreting  cells  when

HP-NAP  was  added  to  allergen-induced  T-cell  lines.27 Both

systemic  and mucosal  administration  of  HP-NAP  effectively

prevented  allergic  asthma.  It was  reported  that  H.  pylori

infections  acquired  in childhood,  which  is  usually  considered

the  time  of  onset  for  asthma,  may  cause  a  Th1-mediated

immune  response  in the  gut  mucosa  and  in peripheral  circu-

lation,  and  consequently  cause  the release  of  cytokines  from

Th1  cells  that  inhibit  the  Th2  response,  which  is  the most

important  T-cell  response  related  to  allergy.5 In  order  to

explain  why this protection  by  H.  pylori  was  only  seen  in chil-

dren,  Matsushima  and  Nagai28 also  showed  the importance

of  neonatal  infection  and  explained  why  adults  infected  with

H.  pylori  do  not respond  similarly  to  neonatally  infected

mice  when  exposed  to  allergens.  This  may  be due to  dif-

ferences  in  IL-18  production  in neonates  and adults  or  may

be  due  to barrier  differences  between  the neonatal  gut and

adult  gut.

It was  shown  that  HP-NAP,  a  150-kDa  oligomeric  pro-

tein,  increases  the synthesis  of  tissue  factors  in  monocytes

and  the  release  of  oxygen  radicals  from  neutrophils.  It  also

increases  the  expression  of  TNF-�, IL-23,  IL-18,  IFN-�, and

IL-12;  IL-12  is  the most  important  cytokine  in the  differ-

entiation  of  Th cells  into  the Th1  phenotype  and  triggers

neutrophils  and  monocytes  via an  agonistic  interaction  with

TLR2.  Thereafter,  Th2  response,  which  is  dominant  in aller-

gies,  shifts  towards  the Th1  response.  In  another  in vitro

study,  HP-NAP  inhibited  bronchial  inflammation  related  to

allergic  asthma.29---32 It was  also  reported  that  H.  pylori  infec-

tions  can  alter  the Th1/Th2  balance  by  affecting  gastric

hormones  and  that  a reduction  in  somatostatin  levels  and

an increase  in gastrin  production  inhibit  the  release  of  Th2

cytokines  and  modulate  a Th1  immune  response.5,27,33

HP-NAP,  by  acting  on  both  neutrophils  and  monocytes  fol-

lowing  the  engagement  of  TLR2,  significantly  contributes  to

creating  an IL-12-  and IL-23-enriched  milieu,  and as  such  it

represents  a  key  bacterial  factor  that  can  drive  the differ-

entiation  of  antigen-stimulated  T cells  towards  a polarised

Th-1  phenotype.27 Furthermore,  HP-NAP  triggers  the pro-

duction  of  reactive  oxygen species  (ROS)  inside  neutrophils,

thus  affecting  the adhesion  of  neutrophils  to  endothelial

cells.  HP-NAP  activates  neutrophils  by  stimulating  ROS  pro-

duction  and myeloperoxidase  release,  and  HP-NAP  regulates

�2-integrin  expression  by  stimulating  chemotaxis.34 Amedei

et  al.35 showed  that  the addition  of  HP-NAP  to  allergen-

induced  T-cell  lines  derived  from  allergic  asthmatic  patients

led to  a  drastic  increase  in IFN-�-producing  T cells  and to

a  decrease  in IL-4-secreting  cells,  thus  resulting  in a  redi-

rection  of  the immune  response  from  a Th-2  to  a  Th-1

phenotype.  Dundon  et  al.36 later  demonstrated,  in  a  growth

medium  that  provides  the normal reproduction  conditions

of  H.  pylori, that  HP-NAP  accumulates  in the stationary

phase  of  its  reproduction.  Thompson  et al.37 showed  that

the  levels  of  expression  for many  of  the  virulence  genes

of  H.  pylori, including  HP-NAP,  cagA,  flaA  and  pfr, peak

especially  in the stationary  or  late  logarithmic  phase  of  bac-

terial  reproduction.  Researchers  have  named  this critical

level  where  gene expression  attains  a certain  dynamic  the

‘‘Log-Stat  switch.’’  HP-NAP  on  iron starvation  might serve
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as  a  means  of  releasing  iron  from  host  cells.38 Based  on  our

findings,  which  indicate  that  in H.  pylori-positive  cases,  HP-

NAP  levels  are  never  constant,  but  rather  are related  to

the  relative  concentrations  of  bacteria  in  the stationary  or

late  logarithmic  phases.  Therefore,  we  suggest  that differ-

ent  napA  expression  levels  in our  H.  pylori-positive  cases

may  be  caused  by  different  endogenous  napA  gene  expres-

sion  levels  or  different  environmental  conditions  that affect

the  expression  of  the  napA  gene.  In  order  to  confirm  this

hypothesis,  while  the total  DNA  quantity  of  the K27  sample

was  5.46E,  the  expression  level  of  napA  was  0.326.  On the

other  hand,  the  total  DNA quantity  of  K29  sample  was  1.03E

and  the  expression  level  of  napA  was  5.657.  As  seen  from  the

above  results,  the  expression  level  of  napA  is  independent

of  the  H. pylori  quantity.  In  the  present  study,  the inverse

association  between  H.  pylori  and  current  asthma  status  in

children  was  statistically  evaluated  and  the  presence  of  H.

pylori  was  inversely  related  to  ever  having  had  asthma  (OR,

0.79;  95%  CI, 0.715---0.884).  At  the  same time,  the  inverse

association  with  being  male  was  stronger  (OR,  0.46;  95%  CI,

0.24---0.88).  These  results  suggest  that there  is  an  inverse

relation  between  H.  pylori  infection  and  the asthma  status

of  the  children  in our  study  groups.

As  a  limitation  of  the study,  we  could  not  detect  cagA+

strains  and  H. pylori  factors,  such  as  gamma-glutamyl

transpeptidase  (GGT)  and  H.  pylori  vacuolating  cytotoxin

A  (VacA),  which also  produce  a potent  Treg  cell response.

Measuring  the  expression  of the H.  pylori  napA  gene may

be  important  for  the development  of  new strategies  (like

vaccines)  against  H.  pylori  diseases.  HP-NAP  may  play  a

role  in  mechanisms  that  underlie  such a negative  associa-

tion.  HP-NAP  can be  considered  an important  candidate  for

novel  strategies  to  prevent  and treat  asthma  and  allergic  dis-

eases  by  inhibiting  Th2  responses.31 As  a conclusion,  HP-NAP

was  suggested  as  an  important  protein  to  protect  children

from  allergic  diseases  (asthma)  by  shifting  Th1/Th2  immune

responses  to  Th1, which shifts away  from  allergic  disorder

formation.

We  believe  that  that  more  serial  and  comprehensive  stud-

ies  that  include  cagA+  and VacA+  H.  pylori  strains  and  also

HP-NAP  vaccine  studies  to protect  from  childhood  asthma

are  needed  and  could  bring  new perspectives  on  this matter.
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ulty,  Turkey),  Hayriye  Kırkoyun  (Istanbul  Medical  Faculty,

Turkey),  Esad  Bonabi  (Aydin  University,  Turkey)  for  their

technical  assistance  related  to the poster  presentation  in

the 17th ICID.

References

1. Rabe KF, Adachi M, Lai CK, Soriano JB, Vermeire PA,

Weiss KB, et  al. Worldwide severity and control of asthma

in children and adults: the global asthma insights and

reality surveys. J  Allergy Clin Immunol. 2004;114:40---7,

http://dx.doi.org/10.1016/j.jaci.2004.04.042 [PMID:

15241342].

2. The Global Asthma Report. 2014, Global Asthma Network,

http://www.globalasthmareport.org/ [accessed 28.08.2016].

3. Strachan DP.  Family size, infection and atopy: the first

decade of the ‘‘hygiene hypothesis’’. Thorax. 2000;55 Suppl

1:S2---10, http://dx.doi.org/10.1136/thorax.55.suppl 1.S2

[PMID: 10943631].

4. Blaser MJ, Chen Y, Reibman J.  Does Helicobacter pylori

protect against asthma and allergy? Gut. 2008;57:561---7,

http://dx.doi.org/10.1136/gut.2007.133462 [PMID: 18194986].

5. Robinson K. Helicobacter pylori-mediated protection

against extra-gastric immune and inflammatory disorders:

the evidence and controversies. Diseases. 2015;3:34---55,

http://dx.doi.org/10.3390/diseases3020034.

6. Reibman J,  Marmor M, Filner J, Fernandez-Beros ME,

Rogers L, Perez-Perez GI, et al. Asthma is inversely

associated with Helicobacter pylori status in an urban pop-

ulation. PLoS ONE. 2008;3:e4060, http://dx.doi.org/10.1371/

journal.pone.0004060 [PMID: 19112508].

7. Rowland M,  Daly L, Vaughan M,  Higgins A, Bourke B,

Drumm B. Ages pecific incidence of Helicobacter pylori.  Gas-

troenterology. 2006;130:65---72, http://dx.doi.org/10.1053/

j.gastro.2005.11.004 [PMID: 16401469].

8. Burt VL, Harris T. The Third National Health and Nutri-

tion Examination Survey: contributing data on  aging and

health. Gerontologist. 1994;34:486---90, http://dx.doi.org/

10.1093/geront/34.4.486 [PMID: 7959106].

9. Sitaraman R. Helicobacter pylori and the continental

enigmas. Front Microbiol. 2015;6:578, http://dx.doi.org/

10.3389/fmicb.2015.00578 [PMID: 26106380].

10. Chen Y, Blaser MJ. Inverse associations of  Helicobacter pylori

with asthma and allergy. Arch Intern Med. 2007;167:821---7,

http://dx.doi.org/10.1001/archinte.167.8.821 [PMID:

17452546].

dx.doi.org/10.1016/j.jaci.2004.04.042
http://www.globalasthmareport.org/
dx.doi.org/10.1136/thorax.55.suppl_1.S2
dx.doi.org/10.1136/gut.2007.133462
dx.doi.org/10.3390/diseases3020034
dx.doi.org/10.1371/journal.pone.0004060
dx.doi.org/10.1371/journal.pone.0004060
dx.doi.org/10.1053/j.gastro.2005.11.004
dx.doi.org/10.1053/j.gastro.2005.11.004
dx.doi.org/10.1093/geront/34.4.486
dx.doi.org/10.1093/geront/34.4.486
dx.doi.org/10.3389/fmicb.2015.00578
dx.doi.org/10.3389/fmicb.2015.00578
dx.doi.org/10.1001/archinte.167.8.821


Neutrophil-activating  protein  in childhood  asthma  527

11. Kosunen TU, Höök-Nikanne J, Salomaa A, Sarna S, Aromaa

A, Haahtela T.  Increase of allergen-specific immunoglobu-

lin E antibodies from 1973 to 1994 in a Finnish population

and a  possible relationship to Helicobacter pylori infec-

tions. Clin Exp Allergy. 2002;32:373---8, http://dx.doi.org/

10.1046/j.1365-2222.2002.01330.x [PMID: 11940066].

12. Expert Panel report 3  (EPR-3): Guidelines for the  Diag-

nosis and Management of  Asthma-Summary Report (2007).

National Asthma Education and Prevention Program. J Allergy

Clin Immunol. 2007;120:S94---138, http://dx.doi.org/10.1016/

j.jaci.2007.09.043 [PMID: 17983880].

13. Livak KJ, Schmittgen TD. Analysis of relative gene expression

data using real-time quantitative PCR and the 2(−Delta Delta

C(T)) method. Methods. 2001;25:402---8, http://dx.doi.org/

10.1006/meth.2001.1262 [PMID: 11846609].

14. Chow WH, Blaser MJ, Blot WJ, Gammon MD, Vaughan TL, Risch

HA, et al. An inverse relation between cagA+ strains of  Heli-

cobacter pylori infection and risk of esophageal and gastric

cardia adenocarcinoma. Cancer Res. 1998;58:588---90 [PMID:

9485003].

15. Rubenstein JH, Inadomi JM, Scheiman J,  Schoenfeld

P,  Appelman H,  Zhang M, et al.  Association between

Helicobacter pylori and Barrett’s esophagus, erosive

esophagitis, and gastroesophageal reflux symptoms. Clin

Gastroenterol Hepatol. 2014;12:239---45, http://dx.doi.org/

10.1016/j.cgh.2013.08.029 [PMID: 23988686].

16. Kandulski A, Mmalfertheiner P. Helicobacter pylori

and gastroesophageal reflux disease. Curr Opin Gas-

troenterol. 2014;30:402---7, http://dx.doi.org/10.1097/

MOG.0000000000000085 [PMID: 24848647].

17. Matsukawa Y, Asai Y,  Kitamura N,  Sawada S, Kurosaka

H. Exacerbation of  rheumatoid arthritis following Heli-

cobacter pylori eradication: disruption of  established oral

tolerance against heat shock protein? Med Hypotheses.

2005;64:41---3, http://dx.doi.org/10.1016/j.mehy.2004.06.021

[PMID: 15533608].

18. Sawalha AH, Schmid WR, Binder SR, Bacino DK, Harley JB.

Association between systemic lupus erythematosus and Heli-

cobacter pylori seronegativity. J Rheumatol. 2004;31:1546---50

[PMID: 15290733].

19. Lebwohl B, Blaser MJ, Ludvigsson JF, Green PH, Rundle

A, Sonnenberg A, et  al. Decreased risk of celiac disease in

patients with Helicobacter pylori colonization. Am J  Epidemiol.

2013;178:1721---30, http://dx.doi.org/10.1093/aje/kwt234

[PMID: 24124196].

20. Matricardi PM, Rosmini F, Riondino S, Fortini M, Ferrigno

L, Rapicetta M, et  al. Exposure to foodborne and orofecal

microbes versus airborne viruses in relation to atopy and aller-

gic asthma: epidemiological study. BMJ. 2000;320:412---7,

http://dx.doi.org/10.1136/bmj.320.7232.412 [PMID:

10669445].

21. Khamechian T, Movahedian AH, Ebrahimi Eskandari G,

Heidarzadeh Arani M, Mohammadi A. Evaluation of the

Correlation Between Childhood Asthma and Helicobacter

pylori in Kashan. Jundishapur J Microbiol. 2015;8:e17842,

http://dx.doi.org/10.5812/jjm.8(6)2015.17842 [PMID:

26310565].

22. Arnold IC, Dehzad N, Reuter S, Martin H, Becher B,

Taube C, et al. Helicobacter pylori infection prevents

allergic asthma in mouse models through the induction

of regulatory T cells. J Clin Invest. 2011;121:3088---93,

http://dx.doi.org/10.1172/JCI45041 [PMID: 21737881].

23. Oertli M, Sundquist M, Hitzler I,  Engler DB,  Arnold IC,

Reuter S, et al. DC-derived IL-18 drives Treg differentia-

tion, murine Helicobacter pylori-specific immune tolerance,

and asthma protection. J  Clin Invest. 2012;122:1082---96,

http://dx.doi.org/10.1172/JCI61029 [PMID: 22307326].

24. Oertli M, Noben M, Engler DB, Semper RP, Reuter S, Maxeiner

J, et al. Helicobacter pylori �-glutamyl transpeptidase and

vacuolating cytotoxin promote gastric persistence and immune

tolerance. Proc Natl Acad Sci USA. 2013;110:3047---52,

http://dx.doi.org/10.1073/pnas.1211248110 [PMID:

23382221].

25. Lloyd CM, Hawrylowicz CM. Regulatory T  cells in asthma.

Immunity. 2009;31:438---49, http://dx.doi.org/10.1016/

j.immuni.2009.08.007 [PMID: 19766086].

26. Urry Z, Xystrakis E, Hawrylowicz CM. Interleukin-10-secreting

regulatory T cells in allergy and asthma. Curr Allergy Asthma

Rep. 2006;6:363---71 [PMID: 16899197].

27. Amedei A, Cappon A, Codolo G,  Cabrelle A, Polenghi A,

Benagiano M,  et  al.  The neutrophil-activating protein of Heli-

cobacter pylori promotes Th1 immune responses. J  Clin Invest.

2006;116:1092---101, http://dx.doi.org/10.1172/JCI27177

[PMID: 16543949].

28. Matsushima K,  Nagai S.  Unraveling the mystery of the hygiene

hypothesis through Helicobacter pylori infection. J Clin Invest.

2012;122:801---4, http://dx.doi.org/10.1172/JCI61466 [PMID:

22307323].

29. Konturek PC, Rienecker H, Hahn EG,  Raithel M.  Helicobacter

pylori as a protective factor against food allergy. Med Sci Monit.

2008;14:CR452---8 [PMID: 18758415].

30. Evans DJ Jr, Evans DG, Takemura T,  Nakano H, Lampert HC,

Graham DY, et  al. Characterization of a Helicobacter pylori

neutrophil-activating protein. Infect Immun. 1995;63:2213---20

[PMID: 7768601].

31. Montecucco C, de Bernard M. Molecular and cellular mech-

anisms of  action of  the vacuolating cytotoxin (VacA) and

neutrophil-activating protein (HP-NAP) virulence factors

of Helicobacter pylori. Microbes Infect. 2003;5:715---21,

http://dx.doi.org/10.1016/S1286-4579(03)00124-2 [PMID:

12814772].

32. D’Elios MM, de Bernard M.  To treat or not to treat Helicobacter

pylori to benefit asthma patients. Expert Rev Respir Med.

2010;4:147---50, http://dx.doi.org/10.1586/ers.10.9 [PMID:

20406078].

33. D’Elios MM, Codolo G,  Amedei A, Mazzi P, Berton G, Zan-

otti G, et al. Helicobacter pylori, asthma and allergy.

FEMS Immunol Med Microbiol. 2009;56:1---8, http://dx.doi.org/

10.1111/j.1574-695X.2009.00537.x [PMID: 19220467].

34. Fu HW. Helicobacter pylori neutrophil-activating

protein: from molecular pathogenesis to clinical appli-

cations. World J  Gastroenterol. 2014;2014:5294---301,

http://dx.doi.org/10.3748/wjg.v20.i18.5294 [PMID:

24833859].

35. Amedei A, Codolo G,  Del Prete G, de Bernard M, D’Elios MM. The

effect of  Helicobacter pylori on  asthma and allergy. J  Asthma

Allergy. 2010;3:139---47, http://dx.doi.org/10.2147/JAA.S8971

[PMID: 21437048].

36. Dundon WG, Polenghi A, Del Guidice G, Rappuoli R,

Montecucco C. Neutrophil-activating protein (HP-NAP) ver-

sus ferritin (Pfr): comparison of  synthesis in Helicobacter

pylori.  FEMS Microbiol Lett. 2001;199:143---9, http://dx.doi.

org/10.1111/j.1574-6968.2001.tb10665.x [PMID: 11356582].

37. Thompson LJ, Merrell DS, Neilan BA, Mitchell H, Lee

A, Falkow S. Gene expression profiling of Helicobacter

pylori reveals a growth-phase-dependent switch in viru-

lence gene expression. Infect Immun. 2003;71:2643---55,

http://dx.doi.org/10.1128/IAI.71.5.2643-2655.2003 [PMID:

12704139].

38. Barabino A. Helicobacter pylori-related iron deficiency ane-

mia: a review. Helicobacter. 2002;7:71---5, http://dx.doi.org/

10.1046/j.1083-4389.2002.00073.x [PMID: 11966864].

dx.doi.org/10.1046/j.1365-2222.2002.01330.x
dx.doi.org/10.1046/j.1365-2222.2002.01330.x
dx.doi.org/10.1016/j.jaci.2007.09.043
dx.doi.org/10.1016/j.jaci.2007.09.043
dx.doi.org/10.1006/meth.2001.1262
dx.doi.org/10.1006/meth.2001.1262
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0260
dx.doi.org/10.1016/j.cgh.2013.08.029
dx.doi.org/10.1016/j.cgh.2013.08.029
dx.doi.org/10.1097/MOG.0000000000000085
dx.doi.org/10.1097/MOG.0000000000000085
dx.doi.org/10.1016/j.mehy.2004.06.021
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0280
dx.doi.org/10.1093/aje/kwt234
dx.doi.org/10.1136/bmj.320.7232.412
dx.doi.org/10.5812/jjm.8(6)2015.17842
dx.doi.org/10.1172/JCI45041
dx.doi.org/10.1172/JCI61029
dx.doi.org/10.1073/pnas.1211248110
dx.doi.org/10.1016/j.immuni.2009.08.007
dx.doi.org/10.1016/j.immuni.2009.08.007
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0320
dx.doi.org/10.1172/JCI27177
dx.doi.org/10.1172/JCI61466
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0335
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
http://refhub.elsevier.com/S0301-0546(17)30041-1/sbref0340
dx.doi.org/10.1016/S1286-4579(03)00124-2
dx.doi.org/10.1586/ers.10.9
dx.doi.org/10.1111/j.1574-695X.2009.00537.x
dx.doi.org/10.1111/j.1574-695X.2009.00537.x
dx.doi.org/10.3748/wjg.v20.i18.5294
dx.doi.org/10.2147/JAA.S8971
dx.doi.org/10.1111/j.1574-6968.2001.tb10665.x
dx.doi.org/10.1111/j.1574-6968.2001.tb10665.x
dx.doi.org/10.1128/IAI.71.5.2643-2655.2003
dx.doi.org/10.1046/j.1083-4389.2002.00073.x
dx.doi.org/10.1046/j.1083-4389.2002.00073.x

	The protective role of Helicobacter pylori neutrophil-activating protein in childhood asthma
	Introduction
	Materials and methods
	Patient and control groups
	Collection of the stool sample
	Molecular tests
	Statistical analysis
	Biostatistics statement


	Results
	Discussion
	Ethical disclosures
	Confidentiality of data
	Right to privacy and informed consent
	Protection of human and animal subjects

	Conflict of interest
	Acknowledgements
	References


