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ABSTRACT
Background: Male sex is a well-known risk factor for respiratory syncytial virus (RSV) hospitalization in children, but there are 
no data on potential differences in clinical features between boys and girls hospitalized with RSV infection.
Methods: We compared the average population-based rates of hospitalization and the clinical features of the illness between 
boys and girls hospitalized with virologically confirmed RSV infection during 2006–2020 at Turku University Hospital, Finland. 
During this period, testing for RSV was routine in all children admitted with respiratory infections. The comparisons were per-
formed in different age groups of children up to 5 years of age.
Results: Among all 1204 children < 5 years of age hospitalized with RSV, the average annual RSV hospitalization rates were 
4.0/1000 in boys and 3.3/1000 in girls (incidence rate ratio [IRR] 1.21; 95% CI, 1.07–1.35; p = 0.001). The difference was greatest 
in children aged 3–23 months, among whom the corresponding rates were 5.4/1000 in boys and 3.6/1000 in girls (IRR, 1.50; 95% 
CI, 1.25–1.80; p < 0.001). The occurrence of respiratory distress was consistently higher in boys than in girls among children aged 
6–17 months. In this group of 233 children, 128 of 141 (90.8%) boys had documented respiratory distress, compared with 70 of 92 
(76.1%) girls (p = 0.002).
Conclusions: Except for the first 3 months after birth, boys have a 50% higher risk of RSV hospitalization than girls during the 
first 2 years of life. In that same age group, boys hospitalized with RSV have also significantly more respiratory distress than girls.

1   |   Introduction

Respiratory syncytial virus (RSV) is the leading cause of hospi-
talization for lower respiratory tract infection among infants and 
young children [1–9]. The risk of RSV hospitalization is high-
est during the first 6 months of life, peaking during the second 
month after birth [8–12]. Increasing knowledge about the great 
burden of RSV on young children has underscored the need to 
find preventive measures especially for the severe forms of RSV 
illness. Recent advances in the quest for effective interventions 
against RSV include an extended half-life monoclonal antibody 

nirsevimab and a prefusion F vaccine administered during preg-
nancy [13]. Both of these approaches have shown high efficacy 
for reducing the burden of RSV in infants, and additional prod-
ucts are likely to become available in the near future [14–17].

Several studies with different designs have demonstrated that 
male sex is a risk factor for RSV hospitalization in children 
[11, 12, 18–26]. However, most previous studies have assessed 
the differences in RSV hospitalization between boys and girls 
only in the entire age group of children < 5 years or have relied on 
ICD codes or clinical diagnoses without a virologic confirmation 
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of an RSV illness. Furthermore, there are scarce data on the 
signs and symptoms of children hospitalized with RSV [27], and 
no published data on potential differences in clinical features 
between boys and girls hospitalized with RSV infection.

The purpose of this 14-year study was to compare the average 
population-based incidence rates and the clinical presentation 
between different age groups of boys and girls hospitalized with 
RSV infection.

2   |   Methods

2.1   |   Study Design and Population

This retrospective study was conducted at the Department of 
Pediatrics, Turku University Hospital, Finland, during the 14-year 
period of July 1, 2006, through June 30, 2020. The study popula-
tion consisted of all children < 5 years of age who were hospitalized 
with virologically confirmed RSV infection at the Department of 
Pediatrics. Turku University Hospital is the only pediatric tertiary-
care hospital in Southwestern Finland, and it is the sole provider 
of acute hospital care for children. To allow for conservative esti-
mation of population-based rates of hospitalization, only children 
who lived within the catchment area of the hospital were included 
in the analyses. The study was approved by the Institutional 
Review Board at Turku University Hospital.

2.2   |   Sources of Data

Children hospitalized with virologically confirmed RSV in-
fection were identified by searching the databases of Turku 
University Hospital and the Department of Virology at the 
University of Turku. Data on patient characteristics, clinical 
features, management, and outcomes of all children with RSV 
were collected by a structured review of their medical records. 
Annual data on children in different age groups who lived 
within the catchment area of the hospital were derived from the 
official databases of Statistics Finland. During the 14-year pe-
riod of the study, the average number of children < 5 years of age 
living in the catchment area was 23,725.

2.3   |   Viral Diagnosis

Viral sampling for determination of the etiology of the illness 
was routine for all children hospitalized with respiratory symp-
toms during the study period. The virologic diagnosis of RSV 
was based on RT-PCR and/or antigen detection, and identifica-
tion of RSV by either method was considered to indicate an RSV-
associated hospitalization.

2.4   |   Definitions

Respiratory distress included any signs of breathing difficulty 
(e.g., expiratory wheezing, intercostal or jugular retraction, or 
tachypnea) observed during the physical examination and doc-
umented in the medical records at any time during the hospi-
talization. Children were considered to have an underlying 

medical condition if they had a chronic lung disease, congenital 
heart disease, immunosuppressive condition, or neuromuscu-
lar, genetic, or intellectual disorder that hampered their ability 
to clear mucus secretions. The duration of hospitalization was 
determined by the number of nights spent in the ward. In case 
a child was admitted and discharged during the same calendar 
day, the duration was recorded as 1 day. Rehospitalization was 
defined as an unplanned readmission due to the same illness 
without the disappearance of symptoms in the meantime; in 
these cases, the length of stay was calculated by adding up the 
durations of the separate stays in the hospital.

2.5   |   Statistical Analysis

The incidence rates of RSV hospitalizations in different age groups 
were calculated by dividing the numbers of RSV-associated hos-
pitalizations by the corresponding age-specific populations and 
expressed as average annual rates per 1000 children. Calculation 
of 95% confidence intervals (CIs) for incidence rates and their 
ratios and testing of the differences in incidence rates between 
subgroups were based on the Poisson distribution. Proportions be-
tween groups were compared using the χ2 or Fisher's exact test, 
and the Mann–Whitney U test was used for comparing medians. 
Two-sided p values of < 0.05 were considered to indicate statis-
tical significance. All statistical analyses were performed with 
StatsDirect, version 4.0.4 (StatsDirect, UK).

3   |   Results

3.1   |   Study Population

A total of 1204 children < 5 years of age were hospitalized with 
virologically confirmed RSV infection during the study period. 
Of these, 671 (55.7%) were boys and 533 (44.3%) were girls. 
Among all children hospitalized with RSV infection, 555 (46.1%) 
were < 3 months of age and 762 (63.3%) were < 6 months of age 
(Table 1). A total of 1086 (90.2%) children were born full-term, 
and 1115 (92.6%) did not have any underlying medical condi-
tions; there were no differences between boys and girls.

3.2   |   Incidence Rates of RSV Hospitalization

The average annual population-based rates of RSV hospitaliza-
tion among boys and girls in different age groups are presented 
in Figure 1. Among all children < 5 years of age, the hospital-
ization rate was 4.0 per 1000 in boys and 3.3 per 1000 in girls, 
with an incidence rate ratio (IRR) of 1.21 (95% CI, 1.07–1.35, 
p = 0.001). The greatest difference between boys and girls was 
observed in children from 3 to 23 months of age (Table  2). In 
the combined age group of 3–23 months, the RSV hospitalization 
rates were 5.4 per 1000 among boys and 3.6 per 1000 among girls 
(IRR, 1.50; 95% CI, 1.25–1.80; p < 0.001).

3.3   |   Clinical Features and Management of RSV 
Infection

The clinical features and management of RSV infections in 
different age groups of boys and girls are presented in Table 3. 
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In the whole group of children < 5 years of age, no significant 
differences were observed between boys and girls in any of the 
measured outcomes. However, the occurrence of respiratory 
distress in the age group of 6–11 months was significantly higher 
in boys than in girls (94.3% vs. 77.2%; p = 0.003). To further ex-
plore this difference in more granular age groups, we halved 
the age groups of 6–11 and 12–23 months into 6–8, 9–11, 12–17, 
and 18–23 months. As shown in Figure  2, higher occurrence 
of respiratory distress in boys was most pronounced among 
children between 6 and 17 months of age. In the combined age 
group of 6–17 months (n = 233), 128 of 141 (90.8%) boys had doc-
umented respiratory distress, compared with 70 of 92 (76.1%) 
girls (p = 0.002). To rule out the possibility that the differences 
could be explained by the small number of children with un-
derlying conditions, we assessed the occurrence of respiratory 
distress among all 1115 children who did not have any such 
conditions. In this analysis among previously healthy children, 
the differences in respiratory distress between boys and girls in 
different age groups followed exactly the same pattern as in the 
primary analysis including all children. Specifically, among pre-
viously healthy children 6–17 months of age, 116 of 127 (91.3%) 
boys had respiratory distress, compared with 62 of 83 (74.7%) 
girls (p = 0.001). Among all 649 children ≥ 3 months of age, 324 
of 381 (85.0%) boys and 207 of 268 (77.2%) girls had respiratory 
distress (p = 0.01).

3.4   |   Incidence Rates of RSV Hospitalization With 
Respiratory Distress

The population-based rates of RSV hospitalization with respi-
ratory distress among all children < 5 years of age were 3.4 per 
1000 in boys and 2.7 per 1000 in girls (IRR, 1.26; p < 0.001). The 
IRRs between boys and girls were highest in children aged be-
tween 3 and 23 months (Table 4). In the combined age group of 
3–23 months, the RSV hospitalization rates with respiratory dis-
tress were 4.9 per 1000 among boys and 2.9 per 1000 among girls 
(IRR, 1.66; 95% CI, 1.37–2.03; p < 0.001).

3.5   |   Rehospitalizations

A total of 65 children were rehospitalized with the same con-
dition; 58 (89.2%) of them were readmitted within 3 days and 
all within 6 days of their initial discharge. Despite a trend to-
wards a higher proportion of boys being rehospitalized in the 

TABLE 1    |    Characteristics of 1204 children hospitalized with 
respiratory syncytial virus infection.

Characteristic

No. of children (%)

Boys (n = 671) Girls (n = 533)

Age (months)

0–2 290 (43.2) 265 (49.7)

3–5 127 (18.9) 80 (15.0)

6–11 87 (13.0) 57 (10.7)

12–23 98 (14.6) 62 (11.6)

24–59 69 (10.3) 69 (12.9)

Gestational age (week)

≥ 37 604 (90.0) 482 (90.4)

34– < 37 34 (5.1) 27 (5.1)

32– < 34 12 (1.8) 7 (1.3)

28– < 32 10 (1.5) 9 (1.7)

< 28 11 (1.6) 8 (1.5)

Underlying condition

None 620 (92.4) 495 (92.9)

≥ 1 51 (7.6) 38 (7.1)

FIGURE 1    |    Average annual population-based rates of RSV hospital-
izations per 1000 children among boys and girls in different age groups 
hospitalized at Turku University Hospital, Finland, between 2006 and 
2020.

TABLE 2    |    Population-based rates and incidence rate ratios of respiratory syncytial virus-associated hospitalizations in different age groups of 
boys and girls.

Age group 
(months)

Boys (n = 671) Girls (n = 533) IRR, boys/
girls (95% CI) pNo. hospitalized Rate per 1000 No. hospitalized Rate per 1000

0–2 290 35.2 265 33.7 1.05 (0.88–1.24) 0.60

3–5 127 15.4 80 10.2 1.52 (1.14–2.03) 0.003

6–11 87 5.3 57 3.6 1.46 (1.03–2.07) 0.03

12–23 98 2.9 62 1.9 1.52 (1.09–2.12) 0.01

24–59 69 0.7 69 0.7 0.96 (0.68–1.36) 0.80

Abbreviation: IRR, incidence rate ratio.
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youngest age groups (Table 3), the differences were not statisti-
cally significant.

3.6   |   Duration of Hospitalization

The median duration of hospitalization was 3.0 days (interquar-
tile range [IQR], 1.0–4.0 days) among infants aged 0–2 months 
and 2.0 days (IQR, 1.0–3.0 days) in all other age groups. No sig-
nificant differences were observed between boys and girls in 
any age groups.

4   |   Discussion

Our population-based 14-year analysis provides completely new 
quantitative data on the increased risk of RSV hospitalization 
in boys compared with girls. During the first months of life, the 
rates of hospitalization were similar in boys and girls, but from 
3 months up to 2 years of age, boys had a 50% higher risk of hos-
pitalization with RSV infection. The assessment of the clinical 
features of the illnesses revealed that boys had significantly 
more respiratory distress than girls at the age when the differ-
ences in hospitalization rates were greatest. As a consequence, 
the risk of hospitalization with RSV-associated respiratory dis-
tress was 66% higher in boys than in girls among children aged 
3–23 months.

When comparing the risk of RSV hospitalization between boys 
and girls, population-based analyses provide the most accurate 
information because the birth rate of boys is approximately 5% 
higher than that of girls, and young infants comprise the major-
ity of RSV hospitalizations. In previous virologically confirmed 
population-based studies of unselected children < 5 years of age, 
the rates of RSV hospitalization were 0.7–1.0 per 1000 higher 
among boys than in girls [11, 12, 23], which is in line with our 
finding of a difference of 0.7 per 1000 children. However, the 
previous studies did not stratify the children by narrower age 
groups.

To our knowledge, this is the first study to compare the clini-
cal features of RSV illness between hospitalized boys and girls. 
A recent literature review of signs and symptoms of RSV also T
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FIGURE 2    |    Proportions of boys and girls with respiratory distress 
during their RSV hospitalization. The p values indicate differenc-
es between boys and girls in combined age groups (6–17 months and 
3–59 months).
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included hospitalized children but did not compare boys and 
girls [27]. Although male sex has been identified for a long time 
as an independent risk factor for severe RSV infection and hospi-
talization [28], our study demonstrates for the first time that the 
increased occurrence of respiratory distress in boys appears to 
be limited to children < 2 years of age. Interestingly, however, no 
difference in respiratory distress or any other measure of illness 
severity was observed between boys and girls in the age group 
of < 3 months that accounts for 50%–60% of all RSV hospitaliza-
tions in infants [7, 9, 29].

The reasons and underlying mechanisms for increased severity 
of RSV in boys compared with girls are not fully understood al-
though sex-based immunological differences are known to con-
tribute to susceptibility to infectious diseases [30]. Besides sex 
chromosomes, other proposed factors include sex hormones and 
their effect on immune responses and lung development, genetic 
polymorphisms, composition of the microbiome, anatomy of the 
airways, and diminished lung function [31–35]. A recent study 
indicated that the sex of an infant was even associated with the 
genotype of RSV that the infant was infected with [36]. Despite 
the advances in understanding the influence of sex on infections 
caused by RSV and many other viruses, it is obvious that suscep-
tibility to severe disease is a complex interplay between various 
factors [30, 31]. Our present finding about the absence of differ-
ence in illness severity between boys and girls during the first 
months of life but a clear difference emerging at a later stage 
suggests that the impact and importance of different factors may 
also vary with age.

The main strengths of our study include the long 14-year study 
period that balanced any variations between different seasons 
and routine viral sampling in all children hospitalized with 
respiratory symptoms. Moreover, detailed annual data on the 
catchment population of the hospital and restricting the anal-
yses only to children who lived within the catchment area en-
abled the calculation of accurate rates of RSV hospitalizations in 
different age groups. There are also some limitations. Although 
the analyses of the clinical features were based on structured 
reviews of medical records, the typical limitations of this study 
design, including the heterogeneity of medical records, must be 
appreciated. Specifically, sufficiently detailed data on oxygen 
saturation levels and the need for respiratory support were not 
available for meaningful analyses. Although testing for RSV 
was a routine procedure, there may have been some children 

who missed the sampling or whose test results were false neg-
ative. However, there is no reason to assume that these limita-
tions would have biased the comparisons between boys and 
girls. Even though this was a large study including more than 
1200 hospitalized children, the numbers of children for some 
subgroup analyses were relatively small, which reduced the 
power to show statistically significant differences.

In conclusion, our population-based study in different age groups 
demonstrates that during the first months of life, boys and girls 
have similar rates of RSV hospitalization, with no difference in the 
severity of illness. However, after the first months up to 2 years of 
age, boys have a 50% higher rate of RSV hospitalization than girls, 
which coincides with the age of increased occurrence of respira-
tory distress among boys. Further research is warranted to explore 
the underlying mechanisms of sex differences in RSV-associated 
respiratory distress and the reasons why such differences are not 
observed during the very first months of life.
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TABLE 4    |    Population-based rates and incidence rate ratios of respiratory syncytial virus-associated hospitalizations with respiratory distress in 
different age groups of boys and girls.

Age group 
(months)

Boys (n = 671) Girls (n = 533) IRR, boys/
girls (95% CI) pNo. hospitalized Rate per 1000 No. hospitalized Rate per 1000

0–2 249 30.2 230 29.2 1.03 (0.86–1.24) 0.71

3–5 124 15.0 75 9.5 1.58 (1.18–2.13) 0.002

6–11 82 5.0 44 2.8 1.78 (1.22–2.63) 0.002

12–23 79 2.4 45 1.4 1.68 (1.15–2.48) 0.005

24–59 39 0.4 43 0.4 0.87 (0.55–1.37) 0.52

Abbreviation: IRR, incidence rate ratio.
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