Allergy 2005: 60: 626-630

Original article

Copyright © Blackwell Munksgaard 2005

ALLERGY
DOI: 10.1111/j.1398-9995.2005.00747.x

The inverse association of salmonellosis in infancy with allergic
rhinoconjunctivitis and asthma at school-age: a longitudinal study

Background: Respiratory allergies are inversely related to early acquisition of
food-borne and fecal-oral infections, consumption of unpasteurized milk, early
exposure to stables and high endotoxin concentrations in a farming environ-
ment. We tested therefore if infection by Salmonella in early life can protect from
development of respiratory allergies later in life.

Methods: During 2003, we studied two groups of Sardinian children (age
6—18 years) who had been hospitalized before 4 years of age (during 1989-2001)
with non-typhoid salmonellosis (n = 148) or acute enteritis of nonbacterial eti-
ology (NB-enteritis) (n = 167). Allergic rhinoconjunctivitis (AR) and asthma
were evaluated by telephonic interview with a ISAAC questionnaire; partici-
pants reporting AR and/or asthma were further examined through a complete
diagnostic work-up to objectively confirm or exclude current disecase. Kaplan—
Meier curves and Cox proportional hazard models were used to analyze the role
of different types of enteritis on the risk of developing allergic rhinoconjunctivitis
or asthma over time.

Results: Children who had been hospitalized with salmonellosis had a lower
prevalence of allergic rhinoconjunctivitis (eight of 148, 5.4% vs 23 of 167, 13.8%:;
P = 0.019) or asthma (five of 148, 3.4% vs 21 of 167, 12.6%; P = 0.006) than
those who had been hospitalized with NB-enteritis. The proportional hazard of
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adjusting for confounders.

public health priority.

salmonellosis for asthma was 0.23 (95% CI: 0.08-0.67; P < 0.01) and for
allergic rhinoconjunctivitis was 0.40 (95% CI: 0.17-0.95; P = 0.04), after

Discussion: The strength of the observed associations suggests that Salmonella
may contribute to shape the natural history of respiratory allergies. However,
further studies are needed to test in other settings the association observed in
Sardinian children. We speculate that clinical or subclinical infection by
Salmonella may contribute to the atopy protective influence of a traditional
farming environment or of areas endemic for food-borne and fecal-oral infec-
tions. Food hygiene and prevention of salmonellosis must remain however a
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The reasons why allergic disorders have been increasing
in westernized countries are still unknown and are
probably multifactorial (1). A popular theory proposes
that children can develop allergy more frequently if they
are less exposed to microbes early in life (2—4). This
‘hygiene hypothesis’ has not been formally demonstrated
yet (5, 6). Although many infections may contribute to
prevent atopic sensitization and allergic inflammation
through a range of different mechanisms (2, 4, 7-9), no
specific infection has been demonstrated to prevent atopy
(10). Nonetheless, atopy is less frequent among subjects
who acquire food-borne and fecal-oral infections (11), in
those exposed to stables and to high endotoxin concen-
trations, or consuming unpasteurized milk in a farming
environment (12-14).

626

Therefore, an example of atopy-preventing infection
may be found among gram-negative bacteria transmitted
by contaminated food and the fecal-oral route, and by
animals typical of farming environment. A number of
infectious agents share these properties; among them,
Salmonella can be better studied since they cause diseases
that can be easily diagnosed even in early childhood.

We tested the hypothesis that acquisition of an
infection by Salmonella in early childhood may counter-
act the development of respiratory allergies later in life.
To this end, we compared the incidence of hay fever and
asthma in a group of Sardinian school-aged children who
had been hospitalized at preschool-age with salmonellosis
to that observed in children who had been hospitalized
with acute enteritis of nonbacterial etiology.



Materials and methods
Study population

Our target population included all children hospitalized before
4 years of age either with non-typhoid salmonellosis or with acute
enteritis of nonbacterial etiology in the Pediatric Clinic of the Uni-
versity of Cagliari, Sardinia, between January 1989 and December
2001. Children resident outside Sardinia (e.g. tourists), those with a
history of hospitalization with enteritis because of other entero-
pathogenic bacteria or with parasitic diseases or with major under-
lying diseases (e.g. primary or acquired immunodeficiencies), or
whose clinical record was not available were excluded from the study.

In the period January 1989-December 2001, 201 children with
salmonellosis and 510 with enteritis of nonbacterial etiology were
admitted into the Pediatric Clinic of the University of Cagliari.
A random sample of 201 children with enteritis of nonbacterial
etiology was extracted to conduct the study.

The study design was approved by the Ethics Committee of
ASL-8 in Cagliari, Sardinia.

Microbiologic data

Salmonella spp. had been routinely detected in stool specimens col-
lected on the first day of hospitalization and plated on Salmonella-
Shigella (SS) agar after enrichment in selenite F broth. Colonies
suspicious for Salmonella spp. were further identified through
chemical tests. Isolates were serologically typed using polyvalent
and monovalent O or H antisera according to the Kauffman—White
scheme. No major changes in this procedure occurred from 1989 to
2001. We arbitrarily labeled an enteritis as of nonbacterial etiology
(hereafter ‘NB-enteritis’) if two or more consecutive stool specimens
collected during hospitalization were all negative for enteropatho-
genic bacteria, always including Salmonella, Campylobacter, and
Shigella. Socio-demographic data and information on fever peak
and its duration, erythrocyte-sedimentation rate (ESR), blood
eosinophils count, peak of loose stools per day, and antibiotic
prescriptions were obtained from the hospitalization records.

Diagnosis of current allergic rhinoconjunctivitis and asthma

A validated Italian translation of the ISAAC core questionnaire
(15) was administered to parents by computer-assisted telephonic
interview by one of us (G.P.). Of the 201 families of children with
salmonellosis, 148 (74%) were contacted by telephone and agreed to
participate, whereas 167 of the 201 families of children with
NB-enteritis (83%) were traced and participated in the study.
Ninety-five percentage of nonparticipating families were not traced
while 5% declined participation in the study.

All the participants with a family history of allergic diseases who
responded negatively to all ISAAC questions on current symptoms
of allergy were interviewed a second time after 2-3 months by an
independent interviewer (U.P.). No new cases of allergic rhino-
conjunctivitis or asthma were identified by this procedure. To
objectively identify participants affected by current allergic rhino-
conjunctivitis and asthma, all the subjects reporting current symp-
toms or a diagnosis of respiratory allergies at ISAAC interview were
further examined; reported allergic rhinoconjunctivitis and/or
asthma was clinically confirmed or excluded on the basis of stand-
ard criteria and of a complete diagnostic work-up for allergy and
asthma including skin prick tests (SPT) for airborne allergens (see
below). Criteria for diagnosis have been reported elsewhere (16).
Briefly, allergic rhinoconjunctivitis was diagnosed in subjects with a
history of rhinitis apart from colds, characterized by rhinorrhea and

Less allergies after salmonellosis in infancy

sneezing and/or watery, itchy eyes, lasting for 3 weeks or more
during allergy season, or occurring nonseasonally, but associated
with exposure to specific triggers and related to their own sensiti-
zation to airborne allergens (13). Allergic asthma was diagnosed in
subjects who presented a history of repeated episodes of coughing,
dyspnea, wheezing and chest tightness or whistling, not caused by
any organic condition, occurring during pollen season or recur-
rently, if continuously exposed to specific triggers and related to
their sensitization to airborne allergens (16). For the purposes of the
present study we labeled as ‘current’ a disease which symptoms
occurred in the last 12 months.

Skin prick tests

A panel of airborne allergens, including mixed grass pollens,
Parietaria officinalis, Ambrosia, Artemisia vulgaris, Olea europaea,
Cypressus, Candida albicans, Alternaria alternata, Cladosporium,
Aspergillus, Penicillum, Cat, Dog, and Dermatophagoides pteronys-
sinus (Lofarma Allergeni, Milano, Italy) was used for immediate
SPT. Histamine 0.1 mg/dl and glycerol solution were used as
positive and negative controls, respectively. Morrow-Brown needles
were used and wheals were read after 20 min. A wheal reaction
greater than or equal to half the histamine diameter, after sub-
traction of the negative control, was regarded as positive.

Statistical analysis

Comparisons between the two groups of participants were
examined by chi-square tests for dichotomous variables (or Fisher
exact test when appropriate), and Student’s f-test for continuous
variables. Since the length of the follow up period differed among
the patients, the analysis of the study factors associated with
allergic rhinoconjunctivitis and asthma was first conducted at the
univariate level drawing Kaplan—Meier curves and comparing
them with the log-rank test; in addition, those variable significant
at the P < 0.10 level were included in a Cox proportional hazard
model to estimate the hazard ratio (HR) and their 95% con-
fidence intervals (Cls). Statistical analysis was performed using
STATA 7.

Results
Population

We found no significant differences in age (11.1 £ 3.1 vs
11.1 + 3.2 years; P =0.97) and in the time interval
between hospitalization and interview (9.4 £ 3.2 vs
9.0 £ 3.0 years; P = 0.35) between patients with salmo-
nellosis and those with NB-enteritis. Similarly, no major
differences were observed in gender, residence, and a
family history of atopy; by contrast, a lower socioeco-
nomic status and a higher number of older siblings were
observed in children with salmonellosis (Table 1).

Characteristics at hospitalization

Characteristics of patients at hospitalization are reported
in Table 2. Children with salmonellosis had been hospit-
alized on average 4 months later in life than those with
NB-enteritis. During hospitalization they had, as expec-
ted, a lower eosinophil count, a higher ESR, a higher
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Table 1. Characteristics of the population sample

NB-enteritis Salmonellosis
(n=167) (n=148)
n % n % P-value
Male gender 101 60.5 86 58.1 ns
Living in cities with 121 725 96 64.9 ns
>10 000 inhabitants
First born 100 59.9 64 43.2 0.003
Nonmanual father's 94 56.3 63 426 0.015
occupation
Atopy in the family 56 335 44 29.7 ns

Table 2. Age, eosinophils, erythrocyte-sedimentation rate (ESR) and fever in pre-
school children with enteritis, by etiology

Salmonellosis
(n = 148)

NB-enteritis
(n = 167)

Mean SD Mean SD P-value

Age at hospitalization 204 12.0 246 12.6 0.002
Blood eosinophils (n/mm?) 133 214 63 118 <0.0001
Blood eosinophils (%) 1.39 33 0.65 12 <0.0001
ESR (mm/h) 16.0 11.2 31.6 16.8 <0.0001
Fever peak (°C) 38.0 1.3 39.2 13 <0.0001
Days with fever (n) 1.93 2.3 41 2.3 <0.0001

peak and a longer duration of fever (Table 2), a higher
frequency of discharges per day (>5 discharges/day:
103 of 148, 69.6% vs 60 of 167, 35.9%, P < 0.0001) and
antibiotic treatment (62 of 148, 41.9% vs 25 of 167,
15.0%, P < 0.0001).

Allergic rhinoconjunctivitis and asthma

A total of 52 patients reported current symptoms or a
diagnosis of respiratory allergies at the ISAAC question-
naire and underwent the diagnostic work-up to confirm
the diagnosis. Allergic rhinoconjunctivitis and asthma
were diagnosed in 26 and 31 of these participants,
respectively. At interview, participants with salmonellosis
reported significantly less current wheeze, asthma, current
runny nose with itchy eyes, and hay fever (Table 3).

To exclude the possibility of selective underreporting of
allergic symptoms, all the 74 participants with a reported
history of allergic diseases in the family but with negative
responses to ISAAC questions on current respiratory
allergies were contacted again by phone 3 months after
the first interview. No new cases of allergic rhinocon-
junctivitis or asthma were identified by this procedure in
this subgroup. All the 52 subjects with a positive response
to at least one of the critical ISAAC questions on current
allergic symptoms were further evaluated through a
complete diagnostic work-up for respiratory allergies.
This clinical procedure confirmed that participants with
salmonellosis had a lower prevalence of allergic rhino-
conjunctivitis (eight of 148, 5.4% vs 23 of 167, 13.8%;
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Table 3. Respiratory allergies in schoolchildren hospitalized at preschool-age with
enteritis, by etiology

NB-enteritis Salmonellosis
(n=167) (n=148)
n % n % P-value
Wheeze in last 12 months 23 13.8 7 47 <0.01
Doctor's diagnosis of 21 12.6 3 20 <0.001
asthma™
Runny nose and itchy eyes 25 15.0 8 5.4 <0.01
in last 12 months
Hay fever ever 25 15.0 8 54 <0.01
Anyt 36 216 16 10.8 0.01

*Lifetime prevalence.
+0ne or more affirmative answers to the questions in the Table.

P =0.019) or asthma (five of 148, 3.4% vs 21 of 167,
12.6%; P = 0.006).

When studying risk factors over time, atopy in the
family, salmonellosis, and eosinophil count resulted
associated with allergic asthma at the univariate level.
The inverse association of salmonellosis with allergic
asthma was confirmed after adjusting for confounders
(HR =0.23; 95% CI: 0.08-0.67, P < 0.01). The
Kaplan—Meier curves illustrating the cumulative propor-
tion of asthma-free children over time in groups resulting
from the combination of salmonellosis or NB-enteritis
and presence or absence of atopy in the family is
illustrated in Fig. 1. Children with NB-enteritis and with
a family history of atopy developed asthma more
frequently and more rapidly than all the other groups.

On the contrary, atopy in the family, salmonellosis,
place of residence, and eosinophilic count were associated
with allergic rhinitis at the univariate level. When
adjusting for confounding, salmonellosis remained the
only protective factor associated with allergic rhinitis
(HR = 0.40; 95% CI: 0.17-0.95; P = 0.04). However,
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Figure 1. Asthma-free survival in children after hospitalization
for enteritis, by etiology of enteritis and family history of atopy.



when asthma was introduced in the Cox model, asthma
remained the only strong predictor of allergic rhinitis
(HR = 16.33; 95% CI: 7.19-37.10; P < 0.01).

Discussion

We found that Sardinian children hospitalized for
salmonellosis in preschool-age developed allergic asthma
less frequently than children hospitalized for acute
enteritis of nonbacterial etiology. Given the rationale of
our study and the strength of the observed associations, it
is tempting to speculate that acquisition of infection early
in life by Salmonella may inhibit the development of
atopic diseases and in particular of allergic asthma.
Salmonella may contribute to prevent the development of
respiratory allergies through a range of mechanisms
acting on the innate immune system, in a critical period
for the maturation of immune response against ubiquit-
ous allergens (4).

The comprehension of the mechanisms of such a
putative protective influence falls beyond the objectives
of the present study. However, Salmonella, as mycobac-
teria, grow into the endosomes of macrophages and
induce a strong activation of CD4+ T helper-1 lympho-
cytes, which is required to enhance intracellular killing
and clearance (17, 18). This process is highly dependent
on production of y-interferon and interleukin-12, so that
patients with selective deficiencies of these cytokines or
their receptors develop fatal infections by Salmonella as
well as mycobacteria (19). In addition, Salmonella play a
transient regulatory role on adaptive immunity (20).
Finally, the immune response to Salmonella is controlled
by the natural resistance-associated macrophage protein |
(Nramp-1) gene (21), which plays also a major role in
regulation of atopic responses and airways allergic
inflammation in rodents (22). These properties or other
unknown mechanisms may provide biologic plausibility
to the hypothesis that salmonellosis contributed to
protect from allergic asthma and rhinoconjunctivitis the
children we examined.

Alternative explanations of the observed associations
must be considered. First, we cannot totally exclude that
early acquisition of Salmonella may be related in our
study area to acquisition of many other food-borne and
fecal-oral infections (11, 16), to a different gut micro-
flora composition (23) or to nonmicrobial dietary factors
that may have partially or totally determined the

References

1. Matricardi PM, Bonini S. Why is the
incidence of asthma increasing? In:
Johnston SL, Holgate ST, editors.
Challenges in asthma. London:
Blackwell Science Ltd, 2002:3-17.

2. Holt PG. Environmental factors and
primary T-cell sensitisation to inhalant
allergens in infancy: reappraisal of the
role of infections and air pollution.
Pediatr Allergy Immunol 1995;6:1-10.

Less allergies after salmonellosis in infancy

observed associations (24). On the contrary, our results
may be an additional example of gene-by-environment
interaction in the hygiene hypothesis (25, 26): it could be
argued that a genetic predisposition to develop atopic
responses protects from developing an enteritis severe
enough to require hospitalization after infection by
Salmonella (reverse causation). However, a family
history of allergy was equally distributed between
participants hospitalized with salmonellosis and those
hospitalized with NB-enteritis. Finally, the prevalence of
respiratory allergies among subjects with NB-enteritis
may have been sustained by infections facilitating atopy;
however, the prevalence of allergic asthma and rhino-
conjunctivitis among controls felt in the range of values
measured in the 1990s with the same questionnaire in
13 Italian cities (15).

The finding that the predictive role of asthma for
allergic rhinitis is more important than that of salmonel-
losis is not surprising as in the majority of patients rhinitis
was associated with asthma, in keeping with the concept
‘one airway, one disease’ (27).

Our observations highlight that Salmonella deserve
attention in future investigations on the hygiene hypo-
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discriminate if and how salmonellosis occurred before
4 years of age contribute to prevent respiratory allergies
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causing infectious diseases (28). Interestingly, molecules
derived by Salmonella have been already examined as
adjuvants in specific immunotherapy for respiratory
allergies (29). Our results encourage further efforts to
find new strategies to identify microbial products to
prevent or treat allergic diseases (30).
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