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Background: Studies have reported that early febrile episodes and febrile episodes with infections are associated with a decreased risk of
developing atopy.

Objective: To examine further the association between presence of and number of febrile episodes are with atopy and atopic diseases and if
there was a difference between all fevers and fever after vaccination.

Methods: We studied 448 infants in a Singapore mother-offspring cohort study (Growing Up in Singapore Towards Healthy Outcomes) which
had complete data for the exposures and outcomes of interest. Fever was defined as more than 38.0°C and was self-reported. The presence of
and number of febrile episodes were examined for association with outcome measures, namely parental reports of doctor-diagnosed asthma
and eczema, and rhinitis, which was evaluated by doctors involved in the study at 18 and 36 months. These outcomes were considered atopic
if there were 1 or more positive skin prick tests.

Results: The presence of all fevers from 0-6 months of age was associated with reduced odds of having atopy at 36 months of age (unadjusted
odds ratio [OR], 0.628; 95% confidence interval [Cl], 0.396-0.995). The presence of fever after vaccination from 0-24 months of age was
associated with reduced odds of having atopy at 36 months of age (OR, 0.566; 95% Cl, 0.350-0915). The presence of all fevers from 0-6 months
of age was associated with reduced odds of having atopic eczema at 36 months (OR, 0430; 95% Cl, 0.191-0970). Fever was associated with
increased odds of having doctor-diagnosed asthma and rhinitis.

Conclusion: There was an inverse relationship between the presence of all fevers from 0-6 months of age and the development of atopy and
eczema at 36 months of age. Fever after vaccination might be considered a subclinical infection that did not show the same effect in early life.
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INTRODUCTION

There has been a rise in the global prevalence of asthma,
allergic rhinitis and eczema [1]. The pathogenesis and risk factors
for allergy are not completely understood. One of the factors
being studied is the presence of fever in childhood. A study by
Williams et al. [2] reported that each febrile episode in the first
year was associated with reduced odds of allergic sensitization
at age 6 to 7, and that each episode of fever between 7 and 12
months of age was associated with a lower unadjusted odds of
allergic sensitization and asthma with allergic sensitization, with
only the latter holding when adjusted for confounders [3]. von
Mutius et al. [4] reported that the number of fever episodes was
inversely related to the prevalence of atopy in asthmatic children,
and found that the number of fever episodes and childhood
infections was associated with the presence of asthma. Calvani et
al. [5] reported similar findings, with fever episodes in the first 12
months of life having an inverse association with the risk of being
atopic in asthmatics. Martinez et al. [6] suggested that nonatopic
individuals were more capable of producing TH1-type memory
cell cytokines than atopic individuals.

Another factor being studied is vaccination. Gruber [7]
provided a commentary on how cohort and cross-sectional
studies on vaccination have shown conflicting results on its
association with atopic dermatitis, asthma and allergic rhinitis. It is
possible that fever after vaccination is responsible for the inverse
association with atopic disorders.

In light of the above, we aimed to further examine the
association between fever, including fever after vaccinations,
and the subsequent development of atopy (i.e, a positive skin
prick test [SPT]), eczema, doctor-diagnosed asthma, and allergic
rhinitis.

MATERIALS AND METHODS

Cohort

Growing Up in Singapore Towards Healthy Outcomes (GUSTO)
is currently Singapore’s largest birth cohort study [8]. A total of
1,152 participants were recruited.

Study size

For this study, there were 140 dropouts, 460 participants with
missing clinical data, and 104 participants who did not complete
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the allergic assessment. A complete case analysis of 448
participants was done.

Exposure data

Fever was defined as more than 38.0°C. Parents were asked if
their children developed fever and fever due to vaccination since
the last GUSTO follow-up at 3, 6, 9, 12, 15, 18, and 24 months of
age. The child was excluded from the study if parents did not
know if the fever was more or less than 38.0°C. Fever and fever
after vaccination were added together to give all fevers.

The data obtained was merged into presence of and number
of febrile episodes of all fevers or fever after vaccination from 0-24,
0-6, 7-12, 13-18, and 19-24 months.

Outcome data

Atopy

Atopy was defined as a positive SPT [9]. An SPT was performed
at 18 and 36 months of age. The SPT was done on the volar
aspect of the arm using antigen extracts of cow’s milk, peanut,
whole egg, and 3 dust mite species Dermatophagoides farinae,
Dermatophagoides pteronyssinus, and Blomia tropicalis, along
with saline and histamine for negative and positive controls (8.
tropicalis: in-house laboratory; all other extracts and controls:
Greer Laboratories, Lenoir, NC, USA). Measurement of wheal and
flare was taken at 15 minutes after the test. An SPT result was
considered positive when the wheal diameter was 3 mm greater
than that elicited by the negative control.

Eczema and asthma

At 18 and 36 months of age, participants were asked if their
children had ever been diagnosed with eczema or asthma by a
physician.

Allergic symptoms in a typical atopic individual (at least one
SPT positive) can be referred to as atopy [9]. Therefore, we defined
children with atopic eczema and atopic asthma as those who
had ever been diagnosed with eczema and asthma by a doctor,
and had at least 1 positive SPT.

Rhinitis

Children were assessed by a nurse or doctor at 18 and 36
months of age to determine if they had rhinitis, and if so, if it were
allergic or nonallergic rhinitis.
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Statistical analysis

Pearson chi-square and Fisher exact tests were used to
examine differences in clinical characteristics between subjects
included in the analysis and those who did not have a complete
assessment of allergic disorders.

The relationship between the presence of all fevers and fever
after vaccination in the first 2 years of life and outcome measures
was evaluated with Pearson chi-square and Fisher exact tests. For
the association between the number of febrile episodes in the
first year of life and outcome measures, a linear logistic regression
was used.

Potential confounders included in analyses were the child’s sex,
paternal and maternal history of allergy and asthma, maternal
education, history of being breast-fed in the first 6 months of life,
number of siblings, exposure to cigarette smoke in the first year
of life, oral antibiotic use in the first year of life, birth weight, and
gestational age. None of them were consistently associated with
the exposure data (p > 0.2).

RESULTS

There were no differences in characteristics between the

Table 1. Relationship between all fevers or fever after vaccination and atopy

children who completed and did not complete the allergic
assessments at 18 and 36 months of age. Characteristics
evaluated included exposure and outcome data, and those
expected to be confounders.

Atopy (Table 1)

Sixty (13.4%) and 92 (20.5%) of the participants had at least
1 positive SPT by 18 and 36 months of age respectively. The
presence of all fevers from 0-6 months of age was associated
with reduced odds of having atopy at 36 months of age
(unadjusted odds ratio [OR], 0.628; 95% confidence interval [Cl],
0.396-0.995). The presence of fever after vaccination from 0-24
months of age was associated with reduced odds of having
atopy at 36 months of age (OR, 0.566; 95% (I, 0.350-0.915; p < 0.05
for all).

Eczema (Table 2)

The number of participants who had eczema was 59 (13.2%)
at 18 months of age and 73 (16.3%) at 36 months of age. Of this,
21 (4.7%) and 26 (5.8%) were atopic by 18 and 36 months of age
respectively (Table 1).

The presence of all fevers from 0-6 months was associated
with reduced odds of having eczema at 18 months (OR, 0.522;

0dds ratio (95% confidence interval)

Qutcome variable
Presence of fever 0—6 months

Presence of fever after vaccination 0-24 months

36 Months

Atopy 0628 (0.396-0.995)°

0.566 (0.350-0.915)"

"D < 0.05.

Table 2. Relationship between all fevers or fever after vaccination and eczema

Odds ratio (95% confidence interval)

Outcome variable Presence of fever

Per febrile episode

Per febrile episode

0-6 months 0-6 months 19-24 months
18 Months
Eczema 0.522 (0.300-0.907)" = NA
Nonatopic eczema 0495 (0.252-0.970) 0.657 (0.439-0.985)* NA
36 Months
Atopic eczema 0430 (0.191-0970) - -

NA, not applicable.
*1) < 0.05.
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95% Cl, 0.300-0.907) and atopic eczema at 36 months (OR,
0.430; 95% (I, 0.191-0.970). The number of febrile episodes from
0-6 months was associated with reduced odds of having non-
atopic eczema at 18 months (OR, 0.657; 95% Cl, 0.439-0.985). No
association was seen for eczema and fever after vaccination.

Doctor-diagnosed asthma (Table 3)

Six (1.3%) and 18 (4.0%) of the participants had asthma by
18 and 36 months of age respectively. None were atopic at 18
months of age, but 5 (1.1%) were atopic at 36 months of age.

There were increased odds of having asthma (OR, 1.465; 95%
Cl, 1.122-1913; p < 0.01) and nonatopic asthma (OR, 1.540; 95% Cl,
1.149-2.064; p < 0.01) at 36 months with an increasing number
of febrile episodes from 19-24 months. However, the number
of febrile episodes from 0-24 months was associated with
decreased odds of having asthma (OR, 0.141; 95% Cl, 0.016-0.220;
p < 0.05), and increased odds of having non-atopic asthma (OR,
1.161;95% Cl, 1.013-1.331; p < 0.01) at 36 months of age.

The presence of fever after vaccination from 19-24 months
was associated with increased odds of having asthma (OR, 2.808;
95% Cl, 1.018-7.747; p < 0.05) and nonatopic asthma (OR, 3.494;
95% Cl, 1.109-11.010; p < 0.05) at 36 months of age. There was no
association with atopic asthma.

Rhinitis (Table 4)

Twenty-five (5.6%) and 51 (11.4%) of the participants had rhinitis
by 18 and 36 months of age respectively, of which 8 (1.8%) and 15
(3.3%) were allergic by 18 and 36 months of age respectively.

The number of febrile episodes from 0-24 months of age was
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associated with increased odds of having rhinitis at 18 (OR, 1.119;
95% (I, 1.080-1.331; p < 0.01) and 36 (OR, 1.126; 95% Cl, 1.037-1.224;
p < 0.01) months of age, allergic rhinitis at 18 months of age (OR,
1.244; 95% (l, 1.066-1452; p < 0.01) and nonallergic rhinitis at 18
(OR, 1.151;95% (I, 1.017-1.302; p < 0.05) and 36 (OR, 1.117; 95% Cl,
1.016-1.227; p < 0.05) months of age.

The presence of all fevers from 7-12 months was associated
with increased odds of having rhinitis at 18 (OR, 5.750; 95% Cl,
1.337-24.734; p < 0.01) and 36 (OR, 2.066; 95% Cl, 1.003-4.252; p <
0.05) months of age, as well as nonallergic rhinitis 18 (OR, 7.862;
95% (I, 1.032-59.874, p < 0.05) and 36 (OR, 2.491; 95% Cl, 1.013-
6.128, p < 0.05) months of age. The presence of all fevers from 13-
18 months was associated with increased odds of having rhinitis
(OR, 2.301; 95% Cl, 1.050-5.042, p < 0.05) and nonallergic rhinitis
(OR, 2491, 95% (I, 1.013-6.128, p < 0.05) at 36 months of age. The
presence of all fevers from 19-24 months was associated with
increased odds of having rhinitis (OR, 2.669; 95% Cl, 1.330-5.353; p
< 0.01) and nonallergic rhinitis (OR, 4.533; 95% Cl, 1.728-1.893; p <
0.01) at 36 months of age.

The number of febrile episodes from 0-6 (OR, 1.356; 95% Cl,
1115-1.648; p < 0.05) and 7-12 (OR, 1.253; 95% Cl, 1.032-1.522; p
< 0.05) months was associated with increased odds of having
rhinitis at 36 months of age. The number of febrile episodes from
13-18 months was associated with having rhinitis (OR, 1.475; 95%
Cl, 1.159-1.876; p < 0.01) and non-allergic rhinitis (OR, 1.370; 95% Cl,
1.030-1.821; p < 0.05) at 36 months of age. The number of febrile
episodes from 19-24 months was associated with increased odds
of having nonallergic rhinitis at 36 months of age (OR, 1.330; 95%
Cl, 1.069-1.655; p < 0.05).

Table 3. Relationship between all fevers or fever after vaccination and asthma

Odds ratio (95% confidence interval)

QOutcome variable

Per febrile episode  Per febrile episode Presence of fever after Presence of fever after

0-24 months 19-24 months vaccination 19-24 months vaccination 0-6 months
18 Months
Asthma - NA NA 0976 (0957-0995) "
36 Months
Asthma 1140 (1.010-1.288)" 1465 (1122-1913)" 2.808 (1.018-7747)"" -

Nonatopic asthma 1161 (1.013-1331)" 1540 (1.149-2.064) 3494 (4109-1.010) "

NA, not applicable.
p<0.05."p < 001. Fischer exact test.
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With regards to allergic rhinitis, Tantilipikorn [13] suggested
that while many recent studies show that early infections protect
against allergy, certain viral infections, depending on the viral
strain and the host, can exacerbate symptoms of airway allergy.
This could explain the increased odds of having allergic rhinitis in
our study.

The results suggested that fever after vaccination was had
less associations with atopic diseases as compared to all fevers
in general. A possible explanation would be that vaccinations
provoke an immune response similar to a subclinical infection.
The mechanisms of a vaccine-induced fever and how it affects
the development of atopy might be different from that of fevers
caused by other illnesses, given the discordant results between
fever after vaccination and all fevers.

Also, results of the presence of fever were different from the
number of febrile episodes with regards to the development
of atopy and atopic diseases. Studies so far have only showed
results of the effect of the number of febrile episodes [2-5]. The
presence of fever, as compared to repeated stimulation, might
exert different effects on atopy via unknown mechanisms.

Regarding the timing of fever, Williams et al. [3] observed that
in the first 2 years of life, febrile infections occurring at 7 to 12
months of age were most strongly associated with a reduction
in the likelihood of both allergic sensitization and asthma with
allergic sensitization at age 6 to 7 years. Their findings were
concordant with those of Kramer et al. [14], who examined the
relationship between the age of entry into daycare—a proxy for
infectious exposure—and asthma and allergic outcomes at age
5 to 14 years, and found that entry to daycare between 6 and
11 months of age was associated with the lowest likelihood of
SPT reactivity, asthma, hay fever, and positive specific IgE when
compared with daycare entry at other time periods. We caution
against specifying a certain time period on fever and early
infections with the limited data available so far, as our findings
showed varying time periods of significance for the development
of atopy and atopic conditions, as well as varying results with
fever in general versus fever after vaccination.

The study has several limitations. The response rate was low
and only 448 out of 1,152 participants (38.9%) were included,
which could contribute to responder bias. However, after
statistical analysis, there were no significant differences between
responders and nonresponders. Next, the case definitions
relied on parental recall of diagnoses, instead of more objective
measures of the disease. This may affect validity of the inclusion
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criteria. In the case of asthma, for example, the disease is difficult
to distinguish from viral wheeze at times at 36 months of age,
and lung function tests that secure the diagnosis cannot be
performed yet at that age; yet doctors may make a clinical
diagnosis of asthma. Also, recall bias may have been present
as the data collected for fever and atopic symptoms relied
on parental reports, but this was minimized as subjects were
followed up within 3 months of the required reported event.
During the data collection for fever after vaccination, the number
of days between the vaccination and subsequent fever, and the
presence of concurrent symptoms were not recorded. Therefore,
a fever after vaccination might have in fact been due to an
unrelated febrile illness.

The results suggest that there is an association between early
fever and the presence of atopy and its associated conditions;
however, we are unable to demonstrate cause and effect
between the two. As such, despite the results showing a link
between fever after vaccination and atopy and atopic disorders,
it is not possible to establish in this study that fever after
vaccination indeed confers a protective benefit against atopy.

In conclusion, the risk of having atopy and eczema at 36
months of life was reduced if fever of any type was present in the
first 6 months of life. There was a positive association between
fever in general and asthma and rhinitis; fever after vaccination
had a similar result. However, this result may be attributed to
the largely nonallergic, infectious nature of early asthma and
rhinitis which inherently induce a fever, inadvertently producing a
positive association. It is possible that fevers of different etiologies
might have different effects on the development of atopic
conditions.
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