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Fever Responses Are Enhanced with Advancing Age during
Respiratory Syncytial Virus Infection among Children under 24
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The most important risk factor for severe respiratory syncytial virus (RSV) infection is considered young
age due to the immature immune system. The risk at young age is reported greater for RSV than for other
respiratory infectious agents. Based on the strong association between young age and severity of RSV
infection due to immature immunity, we aimed to assess whether there were any age-related differences in
fever responses, as one clinical aspect of the immune response. In our observational study over two
seasons (2014-2015 and 2015-2016), daily body temperatures of children under 3 years old with RSV
infection were recorded from the first medical visit during the acute phase to defervescence. The body
temperature records were analyzed among 171 children of four age groups (< 6, < 12, < 24 and = 24
months), in terms of fever development, degrees of fever onset, the highest fever during the period, and
fever duration. There were 54 patients in the group of < 6 months, 41 in the group of < 12 months, 58 in
the group of < 24 months, and 18 in the group of = 24 months. We thus found the correlation between age
and fever responses under 24 months old; namely, the more the age advanced, the more frequently high
and prolonged fever was experienced. Importantly, infants under 6 months old tend to show the
suppressed fever responses. In conclusion, young infants with reduced fever response during RSV
infection do not implicate less severity and needs attentive management.
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ity. However, most patients who suffer from severe conse-

Introduction quences of RSV infection are previously healthy children

Almost all children will have experienced a respiratory (Hall et al. 2009, 2013; El Saleeby et al. 2011). The most
syncytial virus (RSV) infection by the time they reach 2 important risk factor related to severity is considered young
years of age (Crowe 2016). Specific underlying diseases age (Hall et al. 2009, 2013), compared with other respira-
are recognized as aggravating factors contributing to sever- tory infectious diseases (El Saleeby et al. 2011). It has been
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proposed that such a feature results from the immaturity of
infant immune systems (Mella et al. 2013). Several reports
have described differences in the production or relative pro-
portions of cytokines as factors related to severity (Welliver
2000; Legg et al. 2003; Amanatidou et al. 2009).

In the clinical setting, although there are few practical
parameters that can be taken to reflect immune responses,
fever presentation can be considered one such. Based on
the proposal that the especially strong association of young
age and severity of disease is related to the immaturity of
the immune system in RSV infections, we investigated
whether there were any age-related differences in fever
responses.

Methods

Study enrollment

We conducted a prospective observational study of children < 3
years of age with RSV infections who visited 9 participating hospitals
during the two seasons 2014-2015 and 2015-2016. Children with
suspicion of RSV infection were assessed using RSV rapid diagnostic
tests (Quick Navi™-RSV; DENKA SEIKEN Co., Ltd. Tokyo, Japan.
BD RSV Examan™; Nippon Becton Dickinson Co., Ltd. Tokyo,
Japan. Quick Chaser® RSV; MIZUHO MEDY Co., Ltd. Saga, Japan.
ImmunoAce® RSV Neo; TAUNS, Shizuoka, Japan. PRIMECHECK®
RSV; Alfresa Pharma Co., Osaka, Japan). Those with confirmed RSV
infection according to these diagnostic tests were recruited to this
study following their parents’ agreement. Exclusions were: a) previ-
ous administration of palivizumab, b) a diagnosis of hepatitis B, hep-
atitis C, syphilis, or HIV infection, ¢) participation in another clinical
trial, or d) considered to be inappropriate for this study by the clini-
cians.

Patient characteristics and clinical symptoms

At an enrollment during the acute phase, we asked participants’
parents to complete an interview form about patients’ age, sex, clini-
cal symptoms at that time, and any specific medication use within the
preceding three months, such as immunosuppressants, radiation ther-
apy, anti-theumatoid drugs, hematinic drugs, corticosteroids, gamma-
globulins, or any kind of vaccine.

Clinical symptoms and specific medication use were again
asked at the visit during the convalescent phase, which was defined as
between two and three weeks after the first acute phase visit.

Fever responses

Fever was defined as body temperature > 37.5°C. Deferve-
scence was defined as body temperature remaining < 37.5°C for at
least 24 hours.

The timing and degree of fever onset were reported at the
enrollment. Since the enrollment, parents had recorded axillary body
temperature three times a day for fourteen days or until deferves-
cence. The time for measuring body temperature was set at around
each mealtime.

Based on the fever onset information and body temperature
records, we collected data about whether a patient had developed
fever, degree of fever onset, the highest body temperature during the
period, and fever duration.

Statistical analysis

Patients were stratified into four age groups: < 6 months, > 6
< 12 months, > 12 < 24 months, and > 24 < 36 months. We compared
the proportions of (1) fever development, (2) fever onset of > 38.5°C,
and (3) the highest body temperature of > 38.5°C among age groups.
Differences among age groups were examined by calculating odds
ratios. Significance was tested by Fisher’s exact test. Significance
level was set at p < 0.05.

A correlation between fever duration and age was examined
using a regression equation after square root transformation of fever
duration days, as a tool for stabilizing the variance. The strength of
the correlation was estimated using Pearson’s correlation coefficient.
Significance level was set at o < 0.05.

Concurrent clinical investigations

Our collaborators collected blood samples at the acute and con-
valescent phase in order to investigate immunologic status. These
data have been analyzed and reported in another publication (Jounai
etal. 2017).

Ethical issues

This study was conducted following the principles of the
Declaration of Helsinki. Each patient’s caregiver provided written
informed consent for study participation. In six of the participating
hospitals (Yokosuka Kyosai Hospital, Yokohama Rosai Hospital,
Yokohama City Minato Red Cross Hospital, Yokohama City University
Medical Center, Yamato Municipal Hospital, and Yokohama Minami
Kyosai Hospital) and Daiichi Sankyo CO., Ltd., the protocol was
reviewed and approved by their institutional review boards. For three
clinics (Sumita Kodomo Clinic, Maehara Pediatric Clinic, and
Ohisama Kodomo Clinic), approval was by the institutional review
board at Yokohama City University Medical Center.

Results

Patients’ characteristics and clinical symptoms

A total of 179 children was enrolled into this study.
Information on patient characteristics, fever onset and body
temperature records were available on 171 of these 179
patients, who were then included in the analysis. There
were 54 participants in the group of < 6 months old, 41 in
the group of > 6 < 12 months old, 58 in the group of > 12
< 24 months old, and 18 in the group of > 24 < 36 months
old.

Of the 171 participants, 10 (6%) had an underlying
disease; 8 of these (5%) with respiratory disease (5 bron-
chial asthma, 2 asthmatic bronchitis, and one unspecified),
one (0.6%) with renal dysfunction and one with West syn-
drome.

Sex, median ages, and clinical symptoms in each age
group are shown in Table 1. Cough and nasal discharge
were the major acute symptoms, which remained about
20-30% during the convalescent phase in all age groups.
During the acute phase, loss of appetite was present in
about 10% of patients under 6 months old, but about
40-50% in patients of > 6 months old. Other symptoms
during the acute phase included wheezing or asthma in
three subjects, diarrhea in two, and dehydration, vomiting,
impaired consciousness and runny eyes in one.
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Table 1. Patients’ characteristics and clinical symptoms.

Age group Total < 6 mo. >6<12mo. >12<24mo. >24<36mo.
(n=171 (n=54) (n=41) (n=58) (n=18)
Median month age (IQR) 10 (5, 18) 3.5(2,5) 8(7,9) 17 (15, 20) 29 (26, 30)
Male sex. n (%) 93 (54) 30 (56) 23 (56) 32 (55) 8(44)
Symptoms during acute phase. n (%)
Cough 169 (99) 53 (98) 41 (100) 57 (98) 18 (100)
Nasal discharge 158 (92) 49 (91) 40 (98) 52 (90) 17 (94)
Loss of appetite 56 (33) 7(13) 16 (39) 24 (41) 9 (50)
Others 9 (5) 1(2) 3(7 5 (9) 0 (0)
Symptoms during convalescent phase. n (%)
Cough 38 (22) 8 (15) 717 18 (31) 5 (28)
Nasal discharge 56 (33) 11 (20) 13 (32) 23 (40) 9 (50)
Loss of appetite 1(1) 0(0) 1(2) 0(0) 0(0)
Others 4(2) 1(2) 2 (5) 1(2) 0(0)
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Fever responses

Proportions of patients who experienced fever during
the period of body temperature recording are shown in Fig.
la for each age group. Fever occurred in about 70% in
patients under 6 months old, which was significantly lower
than in the group of < 12 months and the group of < 24
months. The odds ratios (ORs) and 95% confidence inter-
vals (Cls) for the < 6 months versus the < 12 months, the
< 24 months, and the > 24 months were 3.6 (95% CI 1.1-
11.7), 42.7 (95% CI 2.48-733), and 6.5 (95% CI 0.8-53.5),
respectively. The proportion of patients who experienced
fever gradually increased with advancing age up to the age
of 24 months.

Proportions of high fever at onset (> 38.5°C) among
the 171 enrolled subjects are shown in Fig. 1b. High fever
at onset was experienced by < 10% of patients under 6
months of age. This proportion was significantly lower

than the other age groups. The ORs for the age group of
< 6 months versus the age group of < 12 months, the age
group of < 24 months, and the age group of > 24 months
were 9.8 (95% CI 3.0-32.2), 12.5 (95% CI 4.1-39.1), and
8.0 (95% CI 2.0-32.0), respectively. The proportion of
patients with high fever at onset increased with advancing
age up to 24 months of age.

Proportions of patients developing the highest body
temperature of > 38.5°C in each age group are shown in
Fig. lc. The proportion of patients with the highest fever of
> 38.5°C was about 25% in the < 6 months age group,
which is significantly lower than the < 12 and the < 24
months age groups. The ORs for age group of < 6 months
versus the age group of < 12 months, < 24 months, and
> 24 months were 4.0 (95% CI 1.7-9.6), 9.0 (95% CI 3.8-
21.1) and 2.3 (95% CI 0.8-7.0), respectively. The propor-
tion of the highest body temperature of > 38.5°C increased
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Fig. 1. Fever responses.

Proportions of patients who developed fever, fever onset of > 38.5°C, and the highest temperature of > 38.5°C in each
age group are shown in (a), (b), and (c), respectively. P-values by Fisher’s exact between the age-group < 6 months old
and other age groups are shown above the bars. Numbers of patients in each age group were 54 in the group of < 6
months old, 41 in the group of < 12 months old, 58 in the group of < 24 months old, and 18 in the group of > 24 months
old. Patients of < 6 months old less frequently experienced fever (a), fever onset of > 38.5°C (b), and the highest body
temperature of > 38.5°C (c), compared with other age groups, especially with those of < 12 months old and those of <
24 months old. Up to 24 months of age, proportions of patients who experienced fever, fever onset of > 38.5°C, and the
highest body temperature of > 38.5°C gradually increased with advancing age.

with advancing age up to 24 months. In patients of > 24
months old, even in those who developed fever, it often
stayed within the range between 37.5°C and 38.4°C.

There were 115 patients who did develop fever for
more than one day. The median (ranges) of fever duration
was 5 (range 1-14) days in the 115 patients. Broken down
by age, median duration of fever days were 3 (range 1-7)
days in the group of < 6 months old, 5 (range 2-9) days in
the group of < 12 months old, 6 (range 2-14) days in the

group of < 24 months old, and 3.5 (range 1-7) days in the
group of > 24 months old. The correlation between fever
duration and age was examined in these patients (Fig. 2).
Duration of fever was significantly longer with advancing
age in patients under < 24 months old. For those of > 24
months old, duration of fever did not tend to prolong fur-
ther.



Age-Related Changes in Fever Responses during RSV Infection 221

4.0
3.5
3.0
2.5
2.0

1.5 @W®we eNee O O 0 O

1.0 ee

0.5

\/ Duration of fever (days)

R? = 0.2307

y = 0.0392x + 1.6797 (0 < X < 24)

0.0
0 6 12

18 24 30 36

Age (months)

Fig. 2. Duration of fever.

Correlation between age and the square root of fever duration is shown. The 115 subjects, who had fever for more than
one day, were included in this analysis. Numbers of subjects in each age group were 25 in the group of < 6 months, 31
in the group of < 12 months, 43 in the group of <24 months, and 16 in the group of > 24 months. Fever durations tend-
ed to prolong as age advanced up to 24 months old. A regression equation for subjects of < 24 months resulted in esti-
mates (£ SD) of slope and intercept as 0.039 (£ 0.007) and 1.68 (£ 0.09), respectively. Pearson’s correlation coefficient
in this regression equation was 0.48 (a < 0.01), which meant significant correlation between age and fever duration
among subjects of < 24 months old. No correlation between age and fever duration was seen in patients of > 24 months

old.

Discussion

In the present study, we monitored fever responses
during RSV infection among children < 3 years of age. Our
study revealed that there were age-related fever responses,
in which expression and durations of fever were enhanced
with advancing age in children under < 24 months of age.

In general, detections of viral invasion by innate
immune cells lead to production of fever-generating factors
(Mouihate et al. 2008; Evans et al. 2015). However, in
early infancy, innate immunity is immature and poorly
responsive due to residual in utero immune tolerance and
lack of exposure to pathogens, infants at early months of
age tend to suppress fever generation and maintenance
(Arruvito et al. 2015; Goenka and Kollmann 2015). This
concept was consistent with our findings, in which children
of < 6 months old tended to have reduced fever responses.

Attenuated fever responses impede the shift from
innate immunity to acquired immunity. Hence, Thl
responses, one of acquired immune responses that play a
major defense against viral infection, turn to be less effec-
tive (Lukens et al. 2010). Humoral immune responses,
another acquired immunity where neutralizing antibodies
are produced, are also less activated. A concurrent study
conducted in the same subjects as this study showed consis-
tent results; namely, the titer of neutralizing antibody pro-
duced in response to RSV infection in children under 6
months old was significantly low, and children's antibody
responses against RSV are matured over months and years
(Jounai et al. 2017). Due to such immature immunity in

early infancy, virus elimination is protracted; as a result,
prolonged disease duration may lead to severe conse-
quences.

Children of > 24 months old are considered to have
already experienced their first RSV infection; also, their
more matured immunity is expected to be more responsive
and memorable than in early infancy. Such development in
the children of > 24 months old might be one of the reasons
explaining the difference of fever responses, compared with
other age groups.

The present study has some limitations. First, because
the subjects were recruited at clinics or hospitals, they may
not be generally representative of all children with RSV
infection. Among children with mild symptoms, the older
the child is, the less likely it is that a doctor will be con-
sulted; on the other hand, younger children may be taken to
doctors with symptoms of lesser severity. However, we
believe that our findings at least indicate a tendency among
those patients who did need medical consultation. Second,
differences in treatment approaches were not studied, and
the contribution of their efficacy for improving symptoms is
unclear. That is, mixed infection with bacteria and combi-
nation with otitis media are often observed in RSV infec-
tion; thus, the use or non-use of antibiotics might also influ-
ence the duration of fever. Third, the form of disease
manifestation, such as rhinosinusitis, bronchiolitis, or pneu-
monia, was not taken into consideration for each case in
this study, which could have affected the documented fever
course.

Based on the results of our study, it should be
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reminded that reduced fever responses in early infancy dur-
ing RSV infection does not implicate less severity. Whether
there is another early clinical sign indicating risks of poten-
tial severity among those young infants with muted fever
responses is the next clinical question to be assessed. An
approach we can take at present to reduce the RSV disease
burden is to closely follow-up young children at high risk
through early diagnosis, and to provide immediate treat-
ment as required.
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