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Abstract
AIM: To study the association between exposure to
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Salmonella enterica (SE) and Crohn’s disease (CD) and
its clinical implications in Chilean patients.

METHODS: Ninety-four unrelated Chilean CD patients
from CAREI (Active Cohort Registry of Inflammatory
Bowel Disease) presenting to a single inflammatory
bowel disease (IBD) unit of a University Hospital were
prospectively included in this study. A complete clini-
cal evaluation, including smoking history, was per-
formed at the initial visit, and all the important data of
clinical evolution of CD were obtained. Blood samples
from these CD patients and 88 healthy sex- and age-
matched control subjects were analyzed for exposure
to SE and for their NOD2/CARD15 gene status using
the presence of anti-Sa/monella lipopolysaccharide anti-
bodies [immunoglobulin-G type (IgG)] and polymerase
chain reaction (PCR), respectively. We also evaluated
exposure to SE in 90 sex- and age-matched patients
without CD, but with known smoking status (30 smok-
ers, 30 non-smokers, and 30 former smokers).

RESULTS: CD patients comprised 54 females and 40
males, aged 35.5 + 15.2 years at diagnosis with a
mean follow-up of 9.0 + 6.8 years. CD was inflammato-
ry in 59 patients (62.7%), stricturing in 24 (25.5%) and
penetrating in 15 (15.5%). Thirty cases (31.9%) had
lesions in the ileum, 29 (30.8%) had ileocolonic lesions,
32 (34.0%) had colonic lesions and 23 (24.4%) had
perianal disease. Sixteen CD patients (17%) were ex-
posed to SE compared to 15 (17%) of 88 healthy con-
trol subjects (P = 0.8). Thirty-one CD patients (32.9%)
were smokers, and 7 (7.4%) were former smokers at
diagnosis. In the group exposed to SE, 10 of 16 patients
(62.5%) were active smokers compared to 21 of 78 pa-
tients (26.9%) in the unexposed group (P = 0.01). On
the other hand, 10 of 31 smoking patients (32%) were
exposed to SE compared to 5 of 56 nonsmoking pa-
tients (9%), and one of the seven former smokers (14%)
(P = 0.01). In the group of 90 patients without CD, but
whose smoking status was known, there was no differ-
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ence in exposure to SE [3 of 30 smokers (10%), 5 of
30 non-smokers (16%), and 5 of 30 former smokers
(16%); P = 0.6]. There were no differences in disease
severity between CD patients with and those without
anti-SE IgG antibodies, estimated as the appearance of
stricturing [2 (12.5%) vs 22 (28.2%); P = 0.2] or pen-
etrating lesions [2 (12.5%) vs 13 (16.6%); P = 1.0]; or
the need for immunosuppressants [11 (68.7%) vs 55
(70.5%); P = 1.0], anti-tumor necrosis factor therapy
[1 (6.2%) vs 7 (8.9%); P = 1.0], hospitalization [13
(81.2%) vs 58 (74.3%); P = 0.7], or surgery [3 (18.7%)
vs 12 (15.3%); P = 0.3), respectively]. No other factors
were associated with SE, including NOD2/CARD15 gene
status. Seventeen CD patients (18%) had at least one
mutation of the NOD2/CARD15 gene.

CONCLUSION: Our study found no association between
exposure to SE and CD. We observed a positive correla-
tion between SE exposure and cigarette smoking in Chil-
ean patients with CD, but not with disease severity.

© 2013 Baishideng. All rights reserved.
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Core tip: The role and clinical implications of Sa/monella
enterica (SE) in Crohn’s disease (CD) are controversial
and currently unknown. We evaluated the role of expo-
sure to SE in a cohort of Chilean patients suffering from
CD. Although our study showed no association between
SE exposure and CD, we observed a positive correlation
between SE exposure and cigarette smoking in CD pa-
tients, but not with disease severity. These data provide
evidence that more precisely defines the real role of
Salmonella infection, an important environmental factor
in CD.
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INTRODUCTION

Crohn’s disease (CD) is an immunological bowel disorder
of unknown etiology, characterized by chronic relapsing
inflammation of the gastrointestinal tract!’. CD is a com-
plex and heterogeneous disorder', which is determined
by, among other factors, the interaction between diverse
environmental and genetic factors”. Studies on migrants
have highlighted the importance of environmental factors
in CD, and it is likely that there are important geographi-
cal differences™”. Among the risk factors associated with
CD are infections and smoking'?, and both are major
public health problemsm’w] (http:/ /wwwispch.cl/sites/
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default/files/Vigilancia_ Salmonella_spp_0). Preliminaty
studies have suggested a correlation between CD and
infectious gastroenteritism’m. A previous report showed
that, in some populations, the incidence of CD increases
over time after an acute gastroenteritis episode caused
by Salmonella enterica (SE)"®. However, a recent report did
not find an association between SE and CD"”. Different
gene-environmental interactions and gene-gene interac-
tions have been studied in CD and are frequently related
to the NOD2/CARD15 gene™ ™. Polymorphisms in this
gene have been the most consistent and significant ge-
netic factor implicated in CD susceptibility[%]. However,
studies of environmental-environmental interaction and
their implications are scarce™*”.

The reason for the possible association between SE
and CD is unknown, but it is possible that mucosal im-
munity changes after SE exposure, promoting immune
modification of the intestinal mucosa”. Thus, the in-
testinal mucosa may develop an enhanced inflammatory
response when other factors affecting the immune re-
sponse (genetic or environmental) are present. Moreover,
the protein encoded by the NOD2/CARD15 gene acts as
an intracellular receptor that recognizes bacteria-derived
molecules, including SEF*"). Tn addition, the clinical im-
plications of SE in CD are unknown.

The aim of this study was to explore whether there is
an association between SE exposure and CD and its im-
plications in Chilean patients with CD.

MATERIALS AND METHODS

CD patients and clinical definitions
Ninety-four unrelated Chilean CD patients from CAREI
(Active Cohort Registry of Inflammatory Bowel Disease)
visiting a single inflammatory bowel disease (IBD) unit of
a university referral center between December 2010 and
June 2012 were included in this study. All CD patients
gave written informed consent to participate in the study,
and the local ethics committee approved the project. The
study was performed in accordance with the principles
stated in the declaration of Helsinki.

The diagnosis of CD was based on standard clinical,
radiological, endoscopic, and histological criteria®. A

complete clinical evaluation was performed at the initial
visit, and all the important data of the clinical evolu-
tion of CD were obtained from a prospective clinical
database of our unit. This evaluation included gender,
age at diagnosis of CD, length of follow-up, location
and behavior of CD, family history of IBD, previous
appendectomy, smoking habit, oral contraceptive use,
extra-intestinal manifestations of CD, and history of
gastroenteritis caused by SE and/or vaccine for SE. The
following characteristics were also documented: need for
surgery ot hospitalization for CD, use of steroids, use of
immunosuppressants (azathioprine, 6-mercaptopurine
and methotrexate) and use of anti-tumor necrosis factor
(INF) therapy.

Smokers were defined as patients who smoked more
than seven cigarettes per week (one cigarette daily). A for-
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mer smoker was defined as a patient who quit smoking at
least 1 year before diagnosis. Nonsmokers were defined
as patients who had never smoked or who smoke less
than seven cigarettes per week™. The location and behav-
ior of CD were determined according to X-ray and endo-
scopic findings; all patients underwent these procedures
at least once at our centet. The location and behavior of
CD were defined according to criteria of the Montreal
classification™; however, behaviors were registered as
non-exclusive categories if intestinal stricturing occurred
at a different time from the penetrating lesions; therefore,
patients could belong to both categories. The severity of
the disease was estimated as the appearance of stricturing
or penetrating lesions or the need for immunosuppres-
sants, anti-TINF therapy, hospitalization or surgery.

Control patients

Eighty-eight unrelated Chilean healthy blood donors,
matched by sex and age, were studied as control subjects
to determine if there were any differences in the frequen-
cy of exposure to SE, independent of NOD2/CARD15
gene status. In addition, we studied the frequency of SE
exposure in a sample of patients without CD who were
visiting a respiratory disease unit at our university center.
These patients were differentiated by their smoking status
and matched by sex and age. Thus, we studied 90 patients
who were distributed as follows: 30 smokers, 30 non-
smokers, and 30 former smokers. Smoking status was

defined in the same way as in CD patientsm.

Determination of Salmonella exposure

For each subject, a venous blood sample was extracted
to obtain serum, which was stored at -70 ‘C freezer until
analysis. To evaluate previous exposure to Salmonella, se-
rum samples were tested for the presence of anti-Sa/no-
nella lipopolysaccharide (LPS) antibodies [immunoglobu-
lin-G type (IgG)] using an enzyme-linked immunosorbent
assay (ELISA)™. The sensitivity and specificity of this
methodology have been evaluated in a previous study™.
Briefly, ELISA plates (Nalgene-Nunc®, Thermo Scientific,
Waltham, MA, United States) were activated overnight at
4 °C with 500 ng of Salmonella typhimurinm LPS (L7261-
25MG SIGMA-ALDRICH, St. Louis, MO, United States)
in 50 pL 0.1 mol/L bicarbonate buffer (NaHCOs, Merck,
Whitehouse Station, NJ, United States) and blocked with
100 pL. of PBS-BSA 3% for 1 h at room temperature.
Then, 50 pL of serum diluted in PBS at 1/64, 1/128,
and 1/256 was added to each well and incubated for 2 h
at room temperature. Next, three washes with 200 pL of
PBS-Tween 0.05% were performed. After the washes,
50 puL of an IgG conjugated with peroxidase (clone
G18-145, Becton Dickinson, Franklin Lakes, NJ, United
States) was added to each well (diluted 1/2000 in PBS)
and incubated for 2 h at room temperature. Three washes
with PBS-Tween 0.05% were then performed, and the
positive reaction was developed using 3-3’-5-5-tetrameth-
yl-benzidine at a final concentration 100 pg/mL (Sigma-
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Aldrich) as a colorimetric substrate. The enzymatic reac-
tion was stopped with 2 mol/L H2SOs, and absorbance
was recorded at 450 nm in an ELISA plate reader (Thermo
Scientific). As a positive control, a group of subjects who
had a previous history of gastroenteritis caused by SE or
typhoid fever were included in this study and were used
to standardize the methodology. As negative controls, a
group of control subjects that had not been exposed to
Salmonella were included, which comprised a serum of a
pool of nine subjects up to 19 years old with no previous
clinical history of gastroenteritis or typhoid fever. Both
positive and negative controls were included in all the as-
says performed. Patients exposed to SE were defined as
those patients with OD wvalues higher than 2 SD over the
value obtained for negative controls in the three dilutions
tested in each determination. Those subjects not exposed
to SE were all the other CD patients. As described before,
this test allows the identification of patients that have
been infected with either Salmonella Typhimurium or Salno-
nella Enteritidis™. These two serovars account for 80% of
the cases of gastroenteritis caused by Salnonella in Chile
(http:/ /www.ispch.cl/sites/default/files/Vigilancia_
Salmonella_spp_0.pdf).

NOD2/CARD15 genotyping

To detect NOD2/CARD15 gene variants, genomic DNA
from whole blood samples was isolated using standard
molecular biology techniques. Specific sequences of
exon 4 (missense mutation R702W), exon 8 (missense
mutation G908R) and exon 11 (frameshift mutation
L1007fsinsC) of the Nod2/CARD15 gene were ampli-
fied by a polymerase chain reaction (PCR, using primers
5’- CCT TCA GAT CAC AGC AGC CTT C -3’ and 5*-
GGG ATG GAG TGG AAG TGC TTG -3’ for exon 4;
5- TCT AAG TCT GTA ATG TAA AGC CAC -3’ and
5- AGC TCC TCC CTC TTC ACC TGA -3’ for exon
8, and 5- CTG AGC CTT TGT TGA TGA GCT C -3
and 5- ATT CTT CAA CCA CAT CCC CAT TC -3’ for
exon 11. PCR amplifications were performed in a Maxi-
Gene Gradient Thermocycler (Axygen, Union City, CA,
United States), using 250 ng of DNA, 1 nmol/mL of
each primer, 0.2 mmol/L deoxynucleoside triphosphates,
1.5 mmol/L Magnesium Chloride and 50 U/mL of Taq
DNA polymerase (Invitrogen, Carlsbad, CA, United
States), using standard PCR amplification cycles. The
PCR products obtained for exon 4 and exon 8 were di-
gested with the trestriction enzymes Hpa Il and Hbha I (New
England Biolabs, Ipswich, MA, United States), and the
digested PCR products were resolved by electrophoresis
in 1% agarose gels containing 0.5 ;,Lg/ ml. ethidium bro-
mide and visualized under a UV light transilluminator
(UVP, Inc., Upland, CA, United States). PCR products
obtained for exon 11 were gel purified and sequenced in
an ABI 3100 automatic sequencer by Macrogen (http://
www.macrogen.com). Frameshift mutations were ana-
lyzed for each sample, using the Vector N'TT software
(Invitrogen). CD patients positive for at least one of the
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Table 1 Characteristics of Crohn’s disease patients 7 (%)

Characteristic n =94
Gender

Female 54 (57)
Age at diagnosis (yr)

Median (range) 31 (9-80)

Early onset (< 40 yr) 61 (64.0)
Follow-up (yr)

Median (range) 7.0 (2.0-34.0)
Smoking at diagnosis 31 (32.0)
History of gastroenteritis due to SE 5 (5.0)
Previous appendectomy 20 (21.0)
Disease localization

Ileum 30 (31.9)

Ileocolonic 29 (30.8)

Colon 32 (31.9)

Upper gastrointestinal tract 3(3.1)
Disease behavior

Non-stricturing, non-penetrating 59 (62.7)

Stricturing 24 (25.5)

Penetrating 15 (15.9)
Perianal disease 23 (24.4)
Extraintestinal manifestation 49 (52.1)
Family history of IBD 14 (14.8)

SE: Salmonella enterica; IBD: Inflammatory bowel disease.

NOD2/CARDT15 gene polymorphisms wete categorized
as gene variant carriers.

Statistical analysis

CD patients were compared to control subjects in rela-
tion to the presence of anti-SE IgG. Among CD pa-
tients, we compated those exposed to SE »s unexposed
in relation to the most important clinical and genetic
characteristics associated with CD. Categorical variables
were compared using the Fisher’s exact test. Continuous
variables were expressed as the mean * SD, and com-
pared using Student’s 7 test. A P value of less than 0.05
was considered to indicate statistical significance. Analysis
was carried out using the StatView softwate package (SAS
Institute Inc., Cary, NC, United States).

RESULTS

Patient population

The study population consisted of 94 patients with CD;
54 females and 40 males. Age at diagnosis was 35.5 *
15.2 years. Mean follow-up was 9.0 £ 6.8 years, with a
median of 7.0 years. Behavior of CD was inflammatory
in 59 patients (62.7%), stricturing in 24 patients (25.5%0)
and penetrating in 15 patients (15.5%). Thirty cases
(31.9%) had lesions in the terminal ileum, 29 (30.8%)
were ileocolonic, 32 (34.0%) had colonic lesions and 23
(24.4%) had perianal disease. Five patients (5%) reported
previous gastrointestinal infection caused by Sa/wonella,
and only one patient (1%) had received a vaccine for Sa/-
monella. Thirty-one CD patients (32.9%) were smokers,
and seven (7.4%) were former smokers at diagnosis. The
clinical characteristics of CD are shown in Table 1.
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Table 2 Comparison between Crohn’s disease patients

exposed and those not exposed to Sa/monella enterica

IgG SE (+) (7 = 16) 1gG SE (-) (n = 78)

Age at diagnosis (yr) 38.6 £15.6 349+15.1
Female 6 (37.5) 48 (61.5)
Disease duration, years (yr) 11.2+95 85+6.1
Disease site
lleum 5(31.2) 25 (32.0)
Tleocolonic 6 (37.5) 23 (29.4)
Colonic 5(31.2) 27 (34.6)
Proximal 0(0.0) 3(3.8)
Perianal disease 1(6.2) 22 (28.2)
Disease Behaviour
Inflammatory 12 (75) 47 (60.2)
Stricturing 2 (12.5) 22(28.2)
Penetrating 2 (12.5) 13 (16.6)
Family history of IBD 3 (18.7) 11 (14.1)
Active smokers 10 (62.5) 21 (26.9)"°
Previous appendectomy 6 (37.5) 14 (17.9)
Oral contraceptive use 1(6.2) 4(5.1)
Extraintestinal involvement 7 (43.7) 42 (53.8)
Immunosuppressants use 11 (68.7) 55 (70.5)
Steroid use 13 (81.2) 67 (85.8)
Anti TNF therapy 1(6.2) 7 (8.9)
Hospitalization due to IBD 13 (81.2) 58 (74.3)
Bowel Surgery 3(18.7) 26 (33.3)
NOD2/CARD15 Variant 5(31.2) 12 (15.3)

Data are expressed as absolute numbers (percentage) or mean + SD. °P <
0.01 vs IgG Salmonella enterica (SE) (+). IBD: Inflammatory bowel disease;
TNEF: Tumor necrosis factor.

Exposure to SE and analysis of factors influencing
exposure to SE

Sixteen CD patients (17%) were exposed to SE, as de-
termined by the presence of anti SE-IgG in the serum.
Among the 88 sex- and age-matched healthy blood do-
nors, 15 patients (17%) were exposed to SE. There was
no difference in exposure to SE between CD and control
subjects (P = 0.8).

Comparison of the clinical characteristics between
those who had been exposed to SE and those who had
not, are shown in Table 2. With the exception of smok-
ing, there were no significant differences in the clinical
variables studied between the group of patients exposed
to SE and those not exposed. Exposure to SE was sig-
nificantly associated with cigarette smoking; in the group
exposed to SE, 10 of 16 patients (62.5%) were active
smokers compared to 21 of 78 patients (26.9%) in the
group that was not exposed (P = 0.01). On the other
hand, 10 of 31 smokers (32%) had exposure to SE com-
pared with 5 of 56 nonsmokers (9%) and 1 of 7 former
smokers (14%) (P = 0.01). No other factors were as-
sociated with exposure to SE. We also analyzed whether
NOD2/CARD15 gene variations were associated with
exposure to SE, and the result was negative (P = 0.2,
Table 2).

To assess whether increased exposure to SE was
specific to CD patients who smoked, we determined the
frequency of exposure to SE in smoking patients without
CD. In these patients, there was no difference in exposure
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to SE, defined by 3 of 30 smokers (10%) with detectable
levels of anti-SE IgG compared to 5 of 30 non-smokers
(16%) and 5 of 30 former smokers (16%), and the P
value was non-significant (P = 0.0).

Age at diagnosis of CD, sex distribution, duration
of CD, CD location, family history of IBD, and extrain-
testinal manifestations were similar in both groups of
patients (Table 2), whereas other environmental clinical
characteristics, such as use of oral contraceptives and
previous appendectomy, were similar among carriers and
non-cartiers of anti-SE IgG (Table 2).

CD severity according to presence of anti-SE IgG

The prevalence of several indicators of disease severity,
including stricturing or penetrating lesions, the need for
immunosuppressants, anti-TNF therapy, hospitalization
or surgery was similar in CD patients with and those
without anti-SE IgG antibodies (Table 2).

NOD2/CARD15 genotype

Seventeen CD patients (18%) had at least one mutation
of the NOD2/CARD15 gene. All were heterozygous for
these variants. The distribution of the three variants was
as follows: 11 (11%) for R702W, one (1%) for G908R
and five (5%) for 1.1007fsinsC. This frequency was higher
than in control subjects, with 3 of 88 healthy blood do-
nors (3%) displaying least 1 NOD2/CARD15 gene muta-
tion (P = 0.003).

DISCUSSION

This study evaluated the role of Salmonella in CD and its
interactions with genetic (NOD2/CARD15 gene) and
environmental risk factors in Chilean patients. This is a
step towards unraveling the importance of environmen-
tal factors in CD and their association with other risk
factors in a new population. In CD, an important part of

the disease pathogenesis could be related to environmen-
tal factors and their interaction with other patient fac-
tors!"*""*** Our study showed no difference in the level
of previous exposure to Salmonella between CD patients
and controls. On the other hand, we observed a striking
correlation between smoking and exposure to SE in CD,
independent of NOD2/CARD15 gene variants, imply-
ing a particular pattern of environment-environment
interaction.

The role of microbes in CD is supported by the fact
that most mouse models of IBD develop colitis only in

35
P and several human

the presence of intestinal bacteria
studies have shown remissions in CD patients after anti-
biotic therapym. A growing body of evidence suggests
a correlation between CD and infectious gastroenteri-
tis" ! (http:/ /www.ispch.cl/sites/default/ files / Vigilan-
cia_ Salmonella_spp_0.pdf). Although a previous study
implicated Salmonella as a risk factor for CD, in which
patients with gastroenteritis caused by Salmonella had a
higher risk for developing IBD compared to age- and

sex-matched controls"™ our study showed no difference
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in previous exposure to Salmonella between CD patients
and controls. The design of our study differs from other
studies because the diagnostic criterion was based on a
cross serological test to determine previous exposure
to SE using the presence of anti-Salmonella 1gG. Given
the relatively low rate of history of previous typhoid
fever or gastroenteritis caused by SE in our CD patient
population, it is possible that independent factors of
gastrointestinal infections may be more relevant in our
population, including non-NOD2/CARDT15 genes, given
the low frequency of mutations in this gene in our CD
patients. However, our findings agree with a recent report
that did not find an association between SE and CD, and
this study strongly suggests that the positive associations
observed in the eatlier studies were the result of a detec-
tion bias"”. The study of Jess e a/"” showed that the
temporal risk patterns for IBD are not different following
negative and positive stool tests for SE. This observation
strongly suggests that increased occurrence of Salmonella
around the time of diagnosis results from detection bias
resulting from increased rates of stool testing. Moreover,
the occurrence of Salmonella infection in patients with
nonspecific gastrointestinal symptoms compatible with
CD could represent a “by chance” finding and should not
exclude the patients from subsequent clinical examination
if gastrointestinal symptoms persistm.

In other autoimmune diseases, such as rheumatoid
arthritis (RA), smoking is a well-established environmen-
tal risk factor™’". In CD, smoking is also a major risk
factor, and it is associated with several complications over
the course of CD™"”. A meta-analysis supports the
view that current smoking is associated with a significant-
ly higher risk of CD". Recent studies have reinforced
the importance of smoking, suggesting that studies of
risk factors for IBD should be stratified for smoking be-
havior, especially in cohorts of limited sample size, as in
the current study".

We found a significant association between Salnonella
exposure and active smoking in a group of Chilean CD
patients. These two factors may have an additive effect
on the development of the disease in a subset of CD
patients. To date, there is no clear biological explanation
for why smoking is associated with an increased risk of
CD™. In smokers with CD, an increased immune re-
sponse against Sa/monella could be developed, based on a
greater presence of anti-Salmonella 1gG. SE may produce
a change in mucosal immunitylzgj, and this change could
be exacerbated in smoking patients. This could lead to
tissue damage and the onset of IBD in susceptible hosts.
Salmonella triggers an inflammatory response categorized
as Th1" and given that intestinal immune response in
CD is classically recognized as Thl, it is conceivable that
invasive bacteria, such as Salmonella, could trigger this
abnormal intestinal immune reaction. In addition, inflam-
mation is required by SE to colonize intestinal mucosa
and compete with resident microflora™. In experimental
studies, prolonged exposure to concentrated smoke leads
to decreased expression and activity of the anti-inflam-
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matory enzyme heme oxygenase—lw, and an increase in
cell autophagy in the bowel ™. Tt is possible that chronic
smoking may cause a pro-inflammatory state, and Sak
monella infection could be facilitated in smoking patients.
Salmonella infection and tobacco consumption are a ma-
jor public health problem in Chile and wotldwide”"” "
(http:/ /www.bcn.cl/carpeta_temas/tem as_portada.200
6-09-25.0806013222/documentospdf-sobre-obesidad/
VIGIA20.pdf and http://www.redsalud.gov.cl/portal/
docs/page/minsalcl/g_home/submenu_portada_2011/
ens2010.pdf), and there should be a greater emphasis on
the importance of food safety and smoking avoidance.

Notably, we did not observe any association with a
higher severity in patients exposed to SE compared to
those not exposed, defined as the presence of stricturing
or penetrating lesions or the need for immunosuppres-
sants, anti-TNF therapy, hospitalization or surgery.

A limitation of our study is the relatively small sample
population; therefore, future larger studies will be needed
to confirm the relationship between smoking and infec-
tion with SE. However, the absence of this association
in a control sample without CD supports the notion that
this is a specific feature of CD patients.

In conclusion, our study found no association be-
tween exposure to SE and CD in a new well-defined
population of Chilean CD patients. We observed a
positive correlation between SE exposure and cigarette
smoking in patients with CD, but not with disease sever-
ity. This research more precisely defines the real role of
Salmonella exposure, an important environmental factor
in CD, and how risk factors combine to trigger CD in a
given patient.
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Background

Different environmental factors have been studied in Crohn’s disease (CD). An
important environmental factor that has been implicated as a possible trigger
of CD is infectious gastroenteritis. There is a major controversy concerning the
role of Salmonella enterica (SE) as a risk factor for CD. It is possible that there
are important geographical differences; however, to date, there are still no data
addressing the interactions between SE exposure and other environmental fac-
tors and the clinical implications of these interactions in CD.

Research frontiers

Different gene-environment and gene-gene interactions have been studied in
CD. However, environment-environment interaction studies and their clinical
implications are scarce. There may be important ethnic variations. The focus of
this research was to establish the real importance of an environmental factor as
infectious gastroenteritis caused by SE in Chilean CD patients.

Innovations and breakthroughs

Results of previous studies on the role of SE in CD have been controversial.
The present study was designed to evaluate the role of SE in CD and its inter-
actions with genetic and environmental risk factors in Chilean patients. The au-
thors determined previous exposure to SE defined by the presence of anti-Sal-
monella 19G. Although their study showed no difference in previous exposure to
Salmonella between CD patients and controls, they observed that smoking was
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associated with exposure to SE in CD. If they analyze a key element, such as
clinical implication of SE exposure, they did not observe a correlation between
SE exposure and CD severity. This research more precisely defines the role of
Salmonella infection, an important environmental factor, in CD and how risk fac-
tors combine to trigger CD in a given patient.

Applications

The study results suggests that SE exposure is not associated with CD; how-
ever, the authors observed that smoking was associated with exposure to SE in
Chilean CD patients, independent of other factors, implying a particular pattern
of environment-environment interaction.

Terminology
Gene-gene, gene-environment, or environment-environment interactions: In
complex diseases, such as CD, there are different implications or consequenc-
es for the disease when two factors (gene and/or environmental) are present in
the same patient.

Peer review

This paper represents a considerable amount of good work, and it is a well-
done and controlled study. It is a study in a well-defined population. This manu-
script aimed to study the association between exposure to SE and CD. In addi-
tion, they also analyzed the involvement of cigarette smoking. They showed no
association for the SE status and CD, but positive association between SE and
smoking in CD.
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