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Objective: To evaluate risk factors for severe disease in children under 59

months of age hospitalized with respiratory syncytial virus (RSV) infection.

Study design: We prospectively enrolled 1,096 cases of laboratory confirmed

RSV infection during three consecutive RSV seasons in 2015–2018. Potential

risk factors for severe disease were retrieved through patient questionnaires

and linkage to national health registries. Need for respiratory support (invasive

ventilation, bi-level positive airway pressure, or continuous positive airway

pressure), and length of stay exceeding 72h were used as measures of disease

severity. Associations were investigated using multivariable logistic regression

analyses. Multiple imputation was used to avoid bias and inference induced by

missing data.

Results: Risk factors associated with a need for respiratory support included

age younger than 3 months of age [aOR: 6.73 (95% CI 2.71–16.7)], having

siblings [aOR: 1.65 (95% CI 1.05–2.59)] and comorbidity [aOR: 2.40 (95% CI

1.35–4.24)]. The length of hospital stay >72h was significantly associated with

being younger than 3 months of age [aOR: 3.52 (95% CI 1.65–7.54)], having

siblings [aOR: 1.45 (95% CI 1.01–2.08)], and comorbidity [aOR: 2.18 (95% CI

1.31–3.61)]. Sub-group analysis of children younger than 6 months of age

confirmed the association between both young age and having siblings and

the need for respiratory support.
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Conclusion: In a large cohort of children <59 months hospitalized with RSV

infection, young age, comorbidity, and having siblings were associated with

more severe disease.
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Introduction

Respiratory syncytial virus (RSV) is the most common

pathogen identified in pediatric patients presenting with lower

respiratory tract infection, which imposes a substantial medical

burden among children under 5 years of age worldwide (1–

3). The estimated RSV attributable mortality in this age-

group is as high as 118,200 annual deaths (1), with a

clear majority of deaths occurring in developing countries.

By the age of two, almost all children have been infected

with RSV (4, 5). While most children experience a rather

mild disease course, some are prone to more severe illness.

Preterm infants and children with chronic medical conditions

such as chronic lung disease, hemodynamically significant

congenital heart disease, immune deficiency, neuromuscular

impairment, and trisomy 21, are susceptible to a severe course

of RSV illness (6–11). Nevertheless, the majority of severe

RSV cases occur among otherwise healthy full-term infants (2).

Factors associated with severe cases have been the subject of

epidemiological and immunological research for decades (7, 12–

14). A number of environmental, host-related, and gestational

factors are cited as risk factors for severe outcome of RSV

infection in previously healthy children, including male sex,

low socioeconomic status, siblings, day care attendance, lack of

breast feeding, low birth weight, and family history of atopy

(7, 8).

The high incidence of RSV infection imposes a

substantial burden on the healthcare system (2). This

emphasizes the importance of identifying children

at high risk for severe outcome, to prioritize such

populations for preventive treatment. With the current

promising results in the development of vaccines

and new monoclonal antibodies protecting against

RSV disease, identification of the appropriate target

population for prophylaxis is more important than ever

(15, 16).

The aim of this study was to further explore risk

factors predisposing for more severe disease in Norwegian

children under 5 years of age hospitalized for RSV infection,

and in the sub-group of infants younger than 6 months

of age.

Materials and methods

Sample

The Norwegian Enhanced Pediatric Immunization

Surveillance (NorEPIS) is a network consisting of five hospitals

with a combined catchment population approaching 44% of

the pediatric population in Norway. NorEPIS implemented

active prospective RSV surveillance in children under 5

years of age from 2015 to 2018. Surveillance was conducted

during the winter season, defined as the period from week

40 to week 20 the following year. A detailed description of

inclusion and exclusion criteria has been provided previously

(2). Overall, the NorEPIS study cohort included 2,590

children aged 0–59 months from whom a nasopharyngeal

flocked swab or aspirate was collected within 72 h post-

enrolment. The routine for respiratory pathogen detection

at all participating hospitals were real-time polymerase chain

reaction (PCR). All collected nasopharyngeal samples were

analyzed using the standard procedure for PCR at each of

the five laboratories. The current study included data from

children who tested positive for RSV by PCR. Clinical data

and information about healthcare use was collected though a

standardized questionnaire.

Individual patient data collected at the hospitals were

subsequently linked to national health registries using unique

personal identification numbers. The linkage included the

Norwegian Patient Registry (NPR), which contains information

on all hospital visits in Norway, including International

Classification of Diseases (ICD-10) diagnoses (17). The

Norwegian Primary Care Registry contains International

Classification of Primary Care (ICPC-2) or ICD-10 diagnoses

from all publicly funded general practitioners and primary

care emergency clinics (18). Together, NPR and Norwegian

Primary Care Registry cover all governmental-funded health

care in Norway. The Medical Birth Registry of Norway

(MBRN) contains information on gestational age, congenital

malformations and disorders for all children born in Norway

(19). The Norwegian Prescription Database (20) contains

data on dispensed drugs in Norway, including palivizumab.

A detailed description of all information retrieved from the
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above registries for identifying underlying risk groups has been

provided elsewhere (2).

Outcome

To assess disease severity, two outcome measures were used.

The primary outcome was need for respiratory support either in

the form of invasive ventilation, bi-level positive airway pressure,

or continuous positive airway pressure. The secondary outcome

was length of stay (LOS) measured in hours and dichotomized

as stay under or above 72 h.

Exposures

Demographic and clinical variables to be considered in the

analysis were selected based on existing literature (6, 8, 9) and

expert opinion. An overview of the variables of interest is given

in Table 1.

Information on gestational age, birth weight, placenta

weight, single or plural birth and maternal smoking status

during pregnancy was collected from MBRN as well as data

on infant’s transfer to the neonatal intensive care unit for

respiratory support treatment during the neonatal period.

Prematurity was defined as gestational age <32 weeks.

The questionnaire filled out by parents provided

information on the family history of atopy, daily contact

with pet animals, number of siblings, breastfeeding history, and

day-care attendance.

Comorbidities were identified based on ICD-10 codes from

previous healthcare contacts (Supplementary material 1).

All nasopharyngeal samples were analyzed by PCR for RSV,

Influenza A and B viruses, Parainfluenza virus subtype 1-3, and

Humanmetapneumovirus. Viral co-detection was defined as the

presence of one of these viruses in addition to RSV.

Statistical analysis

All statistical analyses were performed using Stata Statistical

Software: Release 16. College Station, TX: StataCorp LLC. As a

first exploration of disease severity, all exposure variables were

analyzed in the univariate logistic regression for the selected

outcome variables. Multivariable logistic regression analyses

were conducted to evaluate associations of risk factors with each

measure of severity.

To avoid bias and inference induced by missing data, we

used multiple imputation (MI) to impute missing data (21–

24). In order to examine whether data were missing completely

at random (21, 24), the degree of missingness was explored

for each covariate in the model. Further, potential associations

between covariates and being a case with complete information

was investigated.

Complete case analysis was conducted prior to MI. In the

complete dataset, we examined whether the association between

exposure and outcome varied depending on changes in age or

sex by testing whether there was evidence of an interaction

between age, sex and each one of the additional exposures.

The number of imputations were set to 50 in order to exceed

the percentage of missing data in any one variable (25), and the

coefficients were combined to obtain the final estimates for the

imputed model.

To ensure congeniality between the imputation and the

analysis model, all variables from the univariate analysis,

including both outcome variables, were also included in the

imputation model. Linear and logistic regression were used in

the MI as appropriate.

As missingness in some variables was likely to condition on

covariates in the analysis model (e.g., breastfeeding and age),

sensitivity analysis for the imputed data was conducted for any

variable with a degree of missing data exceeding 5%. Sensitivity

analysis was conducted using a pattern-mixture approach,

assuming a missing not at random (MNAR) mechanism of

missingness for the exposure. Details of the sensitivity analysis

are provided in Supplementary material 3.

Results

A total of 1,087 children with positive RSV tests, accounting

for 1,096 disease episodes, were included in the study. Of these,

202 (19%) children received respiratory support during their

hospital stay. Themedian LOS was 33 h [IQR (4.1–94)], and 29%

were admitted for >72 h.

Of all enrolled children, 399 (36%) had a complete dataset

(Table 1). The outcome variable, need for respiratory support,

had a low percentage of missing data (1.9%), whereas the

percentage of missing data for the outcome LOS > 72 h was

10.8%. Of all 19 variables, 12 had a proportion of missing data

under 1.5% (Supplementary material 2).

Children with complete datasets were more likely to

be younger, did not attend daycare, had no family history

of atopy, had a longer hospital stay, and were more

likely to receive respiratory support during hospitalization

(Supplementary material 2). This confirms that the complete

case analysis could potentially be biased, supporting the use

of MI.

Univariate analysis

Among all RSV infected children 0–59 months of age, we

found that the need for respiratory support was associated

with young age, having siblings, and pre-existing comorbidities
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TABLE 1 Summary of the variables in the association analysis including the amount of data available for each variable.

Variable of interest Definition Available data for children

0–59 months of age, n =

1,096

N (%)a

Outcome variable

Need for respiratory support Treatment with invasive or non-invasive

positive pressure ventilation during RSV

hospitalization

1,075 (98.1%) Yes= 202(19%)

Hospitalization > 72 h Length of stay measured in hours and

dichotomized as stay under 72 h or

above 72 h.

978 (89.2%) >72 h= 317 (28.9%)

Demographic risk factors

Age In months, by age group 1,096 (100%) <3m= 301 (27%)

3–5m= 181 (17%)

6–11m= 170 (16%)

12–23m= 297 (27%)

24–59m= 147 (13%)

Sex Biological sex, male or female 1,096 (100%) Male= 615 (56%)

Siblings Children < 18 years of age, living in the

same household

1,031 (94%) Yes= 766 (74%)

Pets Daily contact with pet animals 1,032 (94%) Yes= 259 (25%)

Day-care attendance Attending nursery-home etc. 822 (75%) Yes= 493 (60%)

Gestational risk factors

Maternal age Maternal age at time of delivery 1,091 (99.5%) Mean= 31.0 (SD 4.90)

Smoking during pregnancy Smoking any time during pregnancy 974 (88.8%) Yes= 32(3%)

Born before peak season Being born before peak of first RSV

season, applies to children < 6 months

of age

n.a.

Prematurity Gestational age < 32 weeks 1,090 (99%) Yes= 29 (3%)

Cesarean delivery Cesarean delivery, planned or acute 1,091 (99.5%) Yes= 222 (20%)

Multiple gestation Twins or triplets 1,096 (100%) Yes= 56 (5%)

Small for gestational age Birth weight Z-score< −1.28 SD

according to sex and gestational age

1,090 (99%) Yes= 87 (8%)

Comorbidity and dispositions

No breastfeeding Never breastfeed 739 (67.4%) Yes= 46 (6%)

Family history of atopy History of asthma or atopic disease in

first order relatives

738 (67.3%) Yes= 125 (17%)

Comorbidity Including trisomy 21, neuromuscular

impairment, congenital heart disease,

pulmonary disease, BPD,

immunodeficiency, and cancer.

Conditions identified by ICD-10 codes

provided in supp. data

1,096 (100%) Yes= 94 (9%)

Respiratory support during neonatal period Treatment with invasive or non-invasive

positive pressure ventilation during

neonatal period. Not including

treatment for RSV disease

1,096 (100%) Yes= 84 (8%)

Viral Co-detection Influenza A and B virus, Parainfluenza

virus subtype 1-3 and Human

metapneumovirus

1,019 (93%) Yes= 76 (7%)

aNumber of positive outcomes for each variable, and N-positive as percentage of the available data.
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FIGURE 1

Univariate logistic regression analysis of risk factors for severe RSV infection in Norwegian children under 5 years of age. (A) Risk factors of need

for respiratory support. (B) Risk factors of LOS > 72 h.

(Figure 1A). LOS >72 h was associated with young age and

comorbidity status in the univariate analysis (Figure 1B).

Multivariate analysis

In the complete case analysis among children 0–59 months

of age, need for respiratory support was associated with being

younger than 3 months of age [aOR: 12.5 (95% CI 2.11–73.8)],

having siblings [aOR: 2.66 (95% CI 1.32–5.33)] and comorbidity

[aOR: 3.19 (95% CI 1.19–8.52)]. These associations remained

significant after MI (Table 2).

Sub-group analysis of the need for respiratory support in

children younger than 6 months of age (Table 3) confirmed

the association with young age and having siblings both in

the complete case analysis and after MI. Comorbidity was only

significantly associated with the need for respiratory support in

the complete case analysis.

In the complete case analysis, LOS > 72 h was associated

with being younger than 3 months of age [aOR: 5.92 (95% CI

1.27 to 27.7)], and family history of atopy [aOR: 2.15 (95% CI

1.12–4.11)]. After MI, LOS > 72 h was significantly associated

with being younger than 3 months of age [aOR: 3.52 (95%

CI 1.65–7.54)], comorbidity [aOR: 2.18 (95% CI 1.31–3.61)]

and having siblings [aOR: 1.45 (95% CI 1.01–2.08)]. Results for

all risk factors included in the multivariate logistic regression

analysis are presented in Table 4.

Sub-group analysis of LOS > 72 h in children younger than

6 months of age (Table 3) confirmed the findings of young age

as a risk factor in the complete case analysis. In addition, after

MI, respiratory support during infancy, and having siblings were

associated with a longer hospital stay in children under 6months

of age.

Co-detection of other viral agents was not associated

with increased disease severity, neither measured as need for

respiratory support, nor as hospitalization >72 h.

Sensitivity analysis for the primary outcome, need for

respiratory support, and each of the relevant exposures are

presented in Supplementary material 3.

Daycare attendance was not significantly associated with

the outcome in any of the main models investigated. When

we applied an extreme sensitivity parameter of 10 in the

MI model, daycare attendance seemed to have protective

association with RSV severity. Adding sensitivity parameters

to the imputation model to imitate an MNAR missingness

mechanism for breastfeeding, daily contact with pet animals,

and maternal smoking during pregnancy, resulted in a

significant association between family history of atopy, and need

for respiratory support.

Discussion

Using a prospective cohort of children hospitalized with RSV

infection, we investigated risk factors for severity measured by

need for respiratory support or hospital stay exceeding 72 h. The

analyses included both children younger than 5 years of age and

the sub-group of children younger than 6 months. It is well

established that young age is consistently associated with severe

RSV disease (7–9), which is supported by the current study in

both age groups.

Having siblings has been previously reported to be an

important predictor for disease severity (8, 26–29), especially

in younger children (28). In the current study, having siblings

was strongly associated with both outcomes of severity in both

children under 6 months and under 59 months of age, after
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TABLE 2 Risk factors for need for respiratory support in RSV positive hospitalized children under 5 years of age.

Complete case analysisa Multiple imputationb

Risk factor Adjusted OR (95% CI) p-valuec Adjusted OR (95% CI) p-valuec

Demographic

Age by age group

<3m 12.5 (2.11–73.8) 0.005 6.73 (2.71–16.7) <0.001

3–5m 3.97 (0.65–24.30) 0.136 2.00 (0.77–5.17) 0.155

6–11m 1.69 (0.27–10.76) 0.579 1.22 (0.48–3.09) 0.670

12–23m 3.49 (0.61–19.77) 0.158 1.23 (0.64–2.37) 0.536

24–59m Ref Ref

Sex, female 0.84 (0.51–1.38) 0.485 0.79 (0.57–1.10) 0.165

Siblings 2.66 (1.32–5.33) 0.006 1.65 (1.05–2.59) 0.029

Pets at home 1.66 (0.98–2.80) 0.057 1.15 (0.78–1.68) 0.480

Day-care attendance 0.98 (0.37 to2.58) 0.964 1.21 (0.60–2.42) 0.596

Gestational

Maternal age, per year 1.02 (0.97–1.07) 0.435 0.98 (0.95–1.02) 0.284

Smoking during pregnancy 0.15 (0.02–1.31) 0.086 0.42 (0.12–1.46) 0.170

GA < 32 weeks 1.38 (0.21–8.91) 0.733 1.42 (0.50–4.01) 0.508

Cesarean delivery 1.78 (0.96–3.31) 0.066 1.11 (0.72–1.68) 0.643

Multiple gestation 0.83 (0.22–3.15) 0.779 1.16 (0.56–2.39) 0.696

Small for gestational age 1.01 (0.42–2.42) 0.981 0.97 (0.52–1.83) 0.935

Comorbidity and dispositions

No breastfeeding 1.65 (0.65–4.17) 0.295 1.57 (0.73–3.42) 0.250

Family history of atopy 1.55 (0.75–3.19) 0.237 1.62 (0.98–2.66) 0.060

Comorbidityd 3.19 (1.19–8.52) 0.021 2.40 (1.35–4.24) 0.003

Respiratory disease during infancy 1.88 (0.53–6.69) 0.329 1.39 (0.69–2.78) 0.355

Viral Co-detection 1.32 (0.49–3.51) 0.581 1.32 (0.71–2.49) 0.382

aMultivariate logistic regression analysis including all co-variates listed in the table. A total of 399 cases had complete data in all covariates. bMultiple logistic regression analysis after

multiple imputation of missing data. Analysis includes all 1096 RSV cases. cResults significant at a level of 0.05 in bold text. A total of 16 associations are explored in this table, a

Bonferroni-correction for test multiplicity suggests a level of significance at 0.05/16 = 0.003. dComorbidity includes congenital heart disease, neuromuscular impairment, Trisomy 21,

bronchopulmonary dysplasia, chronic respiratory disease excluding asthma, immunodeficiency including children receiving chemotherapy for cancer.

MI, and with need for respiratory support in the complete case

analysis of both age groups. A plausible biological explanation

for this association could be that a higher viral load at exposure

causes a more severe disease course. Older siblings attending

daycare are likely to be a source of RSV transmission in the

household (5), which may be characterized by a higher viral

load at exposure vs. community transmission due to the type of

contacts and duration of contacts between household members.

Alternatively, parents with several children may tend to seek

healthcare for younger children at a later stage, as they feel

confident handling the infection at home without need for

medical attention. Hospitalization practices may also play a

role, but information about hospital referral patterns among

children in Norway is limited (30). It is general practitioners

and primary health-care emergency ward physicians who refer

children for hospital admission in Norway. Such decisions are

often subjective (31), and likely to be influenced by the degree

of concern by parents and other non-clinical reasons (32).

Day-are attendance has previously been reported as a predictor

of more severe RSV infection (28). Societal structures are likely

to influence the transmission patterns of infections. In Norway,

due to favorable parental benefit regulations, only 4, 6% of

children younger than 1 year of age are attending day-care

(33). This promotes the chances that the youngest children are

infected by siblings, rather than at day-care. Acknowledging the

impact of local societal structures is important when considering

demographic risk groups for preventive maters against RSV.

Interestingly, prematurity did not increase the risk of

severe disease in our study, which is in contrast with previous

findings (26, 34–36), which suggest that premature children

are at risk of more severe disease. We believe that the

use of palivizumab for RSV protection in our setting is

likely to influence these results. Palivizumab prophylaxis in

Norway is offered free of charge to all children who fulfill

the following criteria (1) gestational age <32 weeks, and

bronchopulmonary dysplasia defined during the first year of life
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TABLE 3 Subgroup analysis of children younger than 6 months of age. Risk factors for need for respiratory support and length of stay, respectively.

Need for respiratory support Length of stay > 72 h

Complete Case Analysisa Multiple Imputationb Complete Case Analysisa Multiple Imputationb

Risk Factor Adjusted OR (95% CI) p-valuec Adjusted OR (95% CI) p-valuec Adjusted OR (95% CI) p-valuec Adjusted OR (95% CI) p-valuec

Demographic

Age by age group

<1m 6.86 (2.91–16.2) <0.001 6.01 (3.10–11.7) <0.001 7.39 (3.12–17.5) <0.001 7.42 (3.90–14.1) <0.001

1–2m 3.14 (1.50–6.58) 0.002 3.94 (2.18–7.10) <0.001 2.45 (1.21–4.94) 0.012 3.10 (1.80–5.35) <0.001

2–3m 1.56 (0.69–3.53) 0.287 2.05 (1.07–3.95) 0.031 2.07 (0.98–4.35) 0.056 2.74 (1.53–4.89) 0.001

3–5m Ref Ref ref ref

Sex, female 0.92 (0.51–1.65) 0.781 0.81 (0.52–1.27) 0.366 1.10 (0.63–1.93) 0.739 0.94 (0.61–1.43) 0.765

Siblings 2.44 (1.04–5.72) 0.039 2.72 (1.31–5.64) 0.007 1.41 (0.67–2.99) 0.367 2.25 (1.18–4.27) 0.014

Pets at home 1.80 (0.96–3.36) 0.065 1.56 (0.95–2.56) 0.082 1.40 (0.75–2.60) 0.287 1.59 (0.98–2.59) 0.061

Day care attendance 0.93 (0.23–3.77) 0.921 0.97 (0.30–3.11) 0.956 0.68 (0.17–2.72) 0.586 0.60 (0.20–1.82) 0.364

Gestational

Maternal age, per year 1.00 (0.94–1.06) 0.987 0.97 (0.92–1.02) 0.208 1.01 (0.95–1.07) 0.804 0.98 (0.93–1.02) 0.325

Smoking during pregnancy 0.22 (0.02–2.14) 0.192 0.37 (0.07–1.93) 0.239 0.43 (0.07–2.61) 0.360 0.45 (0.11–1.91) 0.282

Born before peak season 1.26 (0.70–2.27) 0.440 1.07 (0.68–1.68) 0.769 0.96 (0.55–1.70) 0.901 1.21 (0.79–1.85) 0.385

GA < 32 weeks 0.77 (0.05–11.1) 0.844 1.52 (0.17–13.4) 0.708 0.43 (0.03–6.02) 0.534 0.39 (0.04–4.05) 0.431

Cesarean delivery 2.05 (0.97–4.37) 0.062 1.48 (0.83–2.64) 0.183 1.40 (0.67–2.96) 0.374 1.31 (0.75–2.29) 0.334

Multiple gestation 1.27 (0.23–6.97) 0.786 1.37 (0.43–4.35) 0.590 0.71 (0.14–3.71) 0.684 0.67 (0.21–2.18) 0.503

Small for gestational age 1.13 (0.40–3.22) 0.820 0.92 (0.38–2.21) 0.845 1.62 (0.61–4.32) 0.337 1.20 (0.54–2.69) 0.651

Comorbidity and dispositions

No breastfeeding 1.50 (0.39–5.70) 0.555 2.17 (0.73–6.46) 0.162 0.77 (0.21–2.82) 0.689 1.00 (0.32–3.10) 0.998

Family history of atopy 0.89 (0.32–2.45) 0.821 1.06 (0.46–2.43) 0.894 1.70 (0.65–4.45) 0.281 1.44 (0.61–3.39) 0.400

Comorbidityd , any 3.76 (1.07–13.3) 0.039 1.98 (0.76–5.15) 0.164 3.18 (0.90–11.3) 0.073 1.88 (0.72–4.91) 0.198

Viral Co-detection 1.51 (0.42–5.47) 0.528 1.46 (0.52–4.09) 0.467 1.85 (0.54–6.39) 0.331 1.37 (0.50–3.69) 0.540

Respiratory support during infancy 1.51 (0.28–8.20) 0.630 1.40 (0.41–4.81) 0.588 2.25 (0.44–11.53) 0.332 3.78 (1.05–13.56) 0.041

aMultivariate logistic regression analysis including all co-variates listed in the table. A total of 399 cases had complete data in all covariates. bMultiple logistic regression analysis after multiple imputation of missing data. Analysis includes all 1096 RSV

cases. cResults significant at a level of 0.05 in bold text. A total of 16 associations are explored in this table, a Bonferroni-correction for test multiplicity suggests a level of significance at 0.05/16 = 0.003. dComorbidity includes congenital heart disease,

neuromuscular impairment, trisomy 21, bronchopulmonary dysplasia, chronic respiratory disease excluding asthma, immunodeficiency including children receiving chemotherapy for cancer.
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TABLE 4 Risk factors for length of stay over 72h in RSV positive children under 5 years of age.

Complete case analysisa Multiple imputationb

Risk factor Adjusted OR (95% CI) p-valuec Adjusted OR (95% CI) p-valuec

Demographic

Age by age group

<3m 5.92 (1.27–27.7) 0.024 3.52 (1.65–7.54) 0.001

3–5m 2.02 (0.41–9.90) 0.386 1.08 (0.49–2.40) 0.841

6–11m 1.20 (0.25–5.89) 0.819 1.11 (0.53–2.32) 0.789

12–23m 3.09 (0.74–12.93) 0.122 1.55 (0.94–2.56) 0.085

24–59m Ref

Sex, female 0.91 (0.58–1.44) 0.699 0.96 (0.72–1.27) 0.773

Siblings 1.53 (0.87–2.69) 0.141 1.45 (1.01–2.08) 0.043

Pets at home 1.49 (0.92–2.40) 0.107 1.10 (0.79–1.52) 0.582

Day-care attendance 1.00 (0.42 to2.38) 0.996 1.08 (0.60 to1.95) 0.795

Gestational

Maternal age, per year 1.02 (0.97–1.06) 0.516 1.00 (0.97–1.03) 0.783

Smoking during pregnancy 0.34 (0.08–1.33) 0.120 0.56 (0.23–1.39) 0.213

GA < 32 weeks 0.66 (0.11–3.88) 0.650 1.43 (0.55–3.74) 0.465

Cesarean delivery 1.18 (0.66–2.12) 0.569 1.36 (0.95–1.94) 0.096

Multiple gestation 0.82 (0.24–2.80) 0.752 1.08 (0.58–2.02) 0.813

Small for gestational age 1.43 (0.66–3.10) 0.371 1.01 (0.60–1.70) 0.967

Comorbidity and dispositions

No breastfeeding 1.01 (0.42–2.43) 0.987 1.07 (0.54–2.14) 0.841

Family history of atopy 2.15 (1.12–4.11) 0.021 1.34 (0.87–2.07) 0.188

Comorbidityd 2.21 (0.89–5.47) 0.086 2.18 (1.31–3.61) 0.003

Respiratory disease during infancy 1.61 (0.51–5.10) 0.417 1.00 (0.54–1.85) 0.994

Viral Co-detection 1.71 (0.69–4.22) 0.245 1.48 (0.86–2.53) 0.153

aMultivariate logistic regression analysis including all co-variates listed in the table. A total of 399 cases had complete data in all covariates. bMultiple logistic regression analysis after

multiple imputation of missing data. Analysis includes all 1096 RSV cases. cResults significant at a level of 0.05 in bold text. A total of 16 associations are explored in this table, a

Bonferroni-correction for test multiplicity suggests a level of significance at 0.05/16 = 0.003. dComorbidity includes congenital heart disease, neuromuscular impairment, trisomy 21,

bronchopulmonary dysplasia, chronic respiratory disease excluding asthma, immunodeficiency including children receiving chemotherapy for cancer.

as need for supplementary oxygen at 36 weeks post-menstrual

age, and during the second year of life as persistent need

for supplemental oxygen at home. (2) Children younger than

1 year of age with congenital heart disease of significant

hemodynamic compromise or pulmonary hypertension, or

significant airway abnormalities, neuromuscular impairment,

or immunosuppression. (3) Children younger than 2 years of

age with significant immunosuppression, or significant cardiac

disease combined with pulmonary or neuromuscular disease

(37). Norwegian children who fulfill the national criteria for

the use of palivizumab are likely to receive the drug, and their

need for medical care due to RSV infection will be accordingly

reduced. Two of the premature children in our cohort did

receive palivizumab during the season of hospitalization for RSV

infection. The design of the current study does not provide

information on children who avoided hospitalization due to the

use of palivizumab, but we observed that among non-premature

children hospitalized for RSV infection, ∼60% were younger

than 12 months of age, whereas among premature children, the

same proportion was only 28% (data not shown).

Previous studies found family history of atopy to increase

the risk of severe RSV disease (6, 28). In the current study,

the association between atopic disease and LOS exceeding 72 h

was only significant in the complete case analysis and not after

MI. In the sensitivity analysis there was a significant association

between need for respiratory support and atopic disposition

when any sensitivity parameter was added to breastfeeding,

daily contact with pet animals, and smoking during pregnancy.

These findings encourage further exploration of the association

between family history of atopy and disease severity in RSV

infected children.

Young age, having siblings and comorbidity were

significantly associated with both outcome measures of disease

severity in children 0–59 months of age. These associations

remained significant in all sensitivity analyses performed, even

when the extreme sensitivity parameter of 10 was added.
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Strengths and limitations

A strength of the current study is the prospective data

collection, and hence an RSV case definition based on viral

detection by PCR. The study is further strengthened by the use

of individual patient data from comprehensive population-based

registries. All healthcare for children is publicly funded and free

of charge in Norway, and accordingly, any comorbidity revealed

prior to the RSV episode is likely to be registered in NPR. All

births in Norway are also registered in MBRN.

Our findings on co-morbidities are limited by the

availability of palivizumab for defined risk groups in the

population studied (37). Several comorbidities have been

found to be of great importance for the risk of severe

disease outcome in previous studies (7–9, 38, 39). In

the current study, several comorbidities were grouped

together as numbers of each comorbidity were too small

to observe association between disease severity and more

differentiated groups of children with pre-existing medical

conditions. Since monoclonal anti-RSV antibodies are

recommended and free of charge for children at high risk

for severe RSV infection in Norway, our findings are likely

to underestimate the risk for children with pre-existing

medical conditions.

Further limitations of the current study include the amount

of missing data, especially on demographic variables from the

study questionnaires.

A higher degree of data completeness would increase

the validity of our findings. To reduce bias and inference

induced by missing data, we used MI. MI models rely on

the assumption that the missingness in the data is fully

dependent on the observed data, called missing completely

at random (40). Sensitivity analysis was applied to the MI

model by imposing specific MNAR missingness mechanisms

on the data in a mixed-pattern approach. For the imputed

variables family history of atopy, and daycare attendance,

the MNAR imitation in the imputed data resulted in

change in conclusions. To interpret these findings, one must

question whether the sensitivity parameter applied in the

sensitivity analysis, represents a plausible departure from the

MNAR mechanism.

The presence of fever as an inclusion criterion

in our study was applied to children older than 12

months of age. As fever is common in RSV disease,

but not pathognomonic (6, 41, 42), this could have led

to a somewhat skewed inclusion of patients. However,

previous studies do support the presence of fever in most

children older than 12 months of age hospitalized for RSV

disease (43).

To focus on the contribution of RSV infection to the

clinical state of children, the analysis was adjusted for co-

detection of other viral agents. As the respiratory panel of

viral agents tested for differed between hospital laboratories,

only the viruses included by all hospitals were included in

the analyses. Detection of multiple viruses is known to be

common in lower respiratory tract infection (44). Previous

studies found that viral co-detection prolonged the length of

hospital stay (45, 46), and one study found that co-detection

of human metapneumovirus increased the risk for intensive

care unit admission (47). Several other studies did not find

disease severity to be associated with detection of multiple

viral agents (48–50). This is in line with our findings, and

in line with the conclusion in a recent review and meta-

analysis (51).

Conclusion

In this cohort of children younger than 5 years hospitalized

with confirmed RSV infection in Norway, young age,

comorbidity, and having siblings were associated with

more severe disease.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by Regional Ethics Committee South East

Norway Document-id: 594040. Written informed consent to

participate in this study was provided by the participants’ legal

guardian/next of kin.

The Norwegian enhanced pediatric
immunisation surveillance network

Håkon Bøås, Terese Bekkevold, Lise Beier Havdal, Anne-

Marte Bakken Kran, Astrid Elisabeth Rojahn, Ketil Størdal,

Sara Molvig Debes, Henrik Døllner, Svein Arne Nordbø,

Bjørn Barstad, Elisebet Haarr, Liliana Vázquez Fernández,

Britt Nakstad, Christopher Inchley, Truls Michael Leegaard,

Elmira Flem.

Author contributions

Statistical analyses: LH and HB. Drafting of manuscript: LH.

All authors contributed to the article, approved the submitted

version, conceptualization, study design, primary data

acquisition, and revising manuscript for intellectual content.

Frontiers in Pediatrics 09 frontiersin.org

https://doi.org/10.3389/fped.2022.1004739
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org


Havdal et al. 10.3389/fped.2022.1004739

Funding

This work was supported by grants from the

Research Council of Norway [240207/F20] and the

South-Eastern Norway Regional Health Authority

[2016007]. The study sponsors had no say in study

design, collection, analysis or interpretation of data, the

writing of the paper, or the decision to submit the paper

for publication.

Acknowledgments

We would like to express our gratitude to all the children

and their parents who participated in the study. We thank the

personnel involved in the NorEPIS network and respiratory

project at the Norwegian Institute of Public Health. We thank

the following personnel at the microbiology departments in the

study hospitals for adapting their routines to the study, and all

the study nurses for the invaluable effort of recruitment and

conducting patient interviews: Louise Kindingstad, Ida Helen

Simonstad, Kirsti Jacobsen, Dianne Carlyn Ditlevsen Nordstoga,

Ann Cathrin Pettersen, Adila Yasin, Hanne Torgersen, Ine

Bjørndal, Siv Anita Myhre, Eli Dahl, Barbro Marie Medås,

Magnhild Owesen Eidem, Hanne Holm-Gabler, Elin Englund,

and Eva Holten Lindberg.

Conflict of interest

EF was currently employed by Merck & Co., Inc.,

Kenilworth, New Jersey. The work for the current study was

conducted by EF under the previous affiliation.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fped.2022.1004739/full#supplementary-material

References

1. Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner BD,
et al. Global, regional, and national disease burden estimates of acute lower
respiratory infections due to respiratory syncytial virus in young children
in 2015: a systematic review and modelling study. Lancet. (2017) 390:946–
58. doi: 10.1016/S0140-6736(17)30938-8

2. Havdal LB, Bøås H, Bekkevold T, Kran A-MB, Rojahn AE, Størdal K, et al. The
burden of respiratory syncytial virus in children under 5 years of age in Norway. J
Infect. (2022) 84:205–15. doi: 10.1016/j.jinf.2021.12.008

3. Li Y, Wang X, Blau DM, Caballero MT, Feikin DR, Gill CJ, et al.
Global, regional, and national disease burden estimates of acute lower
respiratory infections due to respiratory syncytial virus in children younger
than 5 years in 2019: a systematic analysis. Lancet. (2022) 399:2047–
64. doi: 10.1016/S0140-6736(22)00478-0

4. Glezen WP, Taber LH, Frank AL, Kasel JA. Risk of primary infection and
reinfection with respiratory syncytial virus. Am J Dis Child. (1986) 140:543–
6. doi: 10.1001/archpedi.1986.02140200053026

5. Andeweg SP, Schepp RM, van de Kassteele J, Mollema L, Berbers
GAM, van Boven M. Population-based serology reveals risk factors
for RSV infection in children younger than 5 years. Sci Rep. (2021)
11:8953. doi: 10.1038/s41598-021-88524-w

6. Hall CB, Simoes EA, Anderson LJ. Clinical and epidemiologic features
of respiratory syncytial virus. Curr Top Microbiol Immunol. (2013) 372:39–
57. doi: 10.1007/978-3-642-38919-1_2

7. Shi T, Vennard S, Mahdy S, Nair H. Risk factors for RSV associated acute lower
respiratory infection poor outcome and mortality in young children: a systematic
review and meta-analysis. J Infect Dis. (2021). doi: 10.1093/infdis/jiaa751

8. Shi T, Balsells E, Wastnedge E, Singleton R, Rasmussen ZA, Zar HJ, et al.
Risk factors for respiratory syncytial virus associated with acute lower respiratory
infection in children under five years: systematic review and meta-analysis. J Glob
Health. (2015) 5:020416. doi: 10.7189/jogh.05.020416

9. Simoes EA. Environmental and demographic risk factors for respiratory
syncytial virus lower respiratory tract disease. J Pediatr. (2003) 143:S118–
26. doi: 10.1067/S0022-3476(03)00511-0

10. Simoes EAF, Bont L, Manzoni P, Fauroux B, Paes B, Figueras-Aloy J,
et al. Past, present and future approaches to the prevention and treatment of
respiratory syncytial virus infection in children. Infect Dis Ther. (2018) 7:87–
120. doi: 10.1007/s40121-018-0188-z

11. Manzoni P, Figueras-Aloy J, Simões EAF, Checchia PA, Fauroux B, Bont L,
et al. Defining the incidence and associated morbidity and mortality of severe
respiratory syncytial virus infection among children with chronic diseases. Infect
Dis Ther. (2017) 6:383–411. doi: 10.1007/s40121-017-0160-3

12. Collins PL, Graham BS. Viral and host factors in human respiratory syncytial
virus pathogenesis. J Virol. (2008) 82:2040–55. doi: 10.1128/JVI.01625-07

13. Inchley CS, Sonerud T, Fjaerli HO, Nakstad B. Nasal mucosal microRNA
expression in children with respiratory syncytial virus infection. BMC Infect Dis.
(2015) 15:150. doi: 10.1186/s12879-015-0878-z

14. Sun Y, Lopez CB. The innate immune response to RSV: advances
in our understanding of critical viral and host factors. Vaccine.
(2016). doi: 10.1016/j.vaccine.2016.09.030

15. Bont L, Checchia PA, Fauroux B, Figueras-Aloy J, Manzoni P, Paes B,
et al. Defining the epidemiology and burden of severe respiratory syncytial virus
infection among infants and children in western countries. Infect Dis Ther. (2016)
5:271–98. doi: 10.1007/s40121-016-0123-0

16. Campbell H, Bont L, Nair H. Respiratory syncytial virus (RSV)
disease - new data needed to guide future policy. J Glob Health. (2015)
5:020101. doi: 10.7189/jogh.05.020101

17. Helsedirektoratet. Norsk Pasientregister (NPR). Available online at: https://
www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-
helseregistre/norsk-pasientregister-npr (accessed February 24, 2022).

Frontiers in Pediatrics 10 frontiersin.org

https://doi.org/10.3389/fped.2022.1004739
https://www.frontiersin.org/articles/10.3389/fped.2022.1004739/full#supplementary-material
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1016/j.jinf.2021.12.008
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.1001/archpedi.1986.02140200053026
https://doi.org/10.1038/s41598-021-88524-w
https://doi.org/10.1007/978-3-642-38919-1_2
https://doi.org/10.1093/infdis/jiaa751
https://doi.org/10.7189/jogh.05.020416
https://doi.org/10.1067/S0022-3476(03)00511-0
https://doi.org/10.1007/s40121-018-0188-z
https://doi.org/10.1007/s40121-017-0160-3
https://doi.org/10.1128/JVI.01625-07
https://doi.org/10.1186/s12879-015-0878-z
https://doi.org/10.1016/j.vaccine.2016.09.030
https://doi.org/10.1007/s40121-016-0123-0
https://doi.org/10.7189/jogh.05.020101
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/norsk-pasientregister-npr
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/norsk-pasientregister-npr
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/norsk-pasientregister-npr
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org


Havdal et al. 10.3389/fped.2022.1004739

18. Helsedirektoratet. KUHR-Databasen. Available online at: https://www.
helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-
helseregistre/kuhr (accessed February 24, 2022).

19. Health NIoP. Medisinsk Fødselsregister. Available online at: https://www.fhi.
no/hn/helseregistre-og-registre/mfr/ (accessed February 24, 2022).

20. Health NIoP. The Norwegian Prescription Database. Available online
at: http://www.norpd.no/

21. Little RJA, Rubin D. Statistical Analysis with Missing Data. 2nd ed. (2014)

22. Little RJ, Rubin DB. Causal effects in clinical and epidemiological studies via
potential outcomes: concepts and analytical approaches. Annu Rev Public Health.
(2000) 21:121–45. doi: 10.1146/annurev.publhealth.21.1.121

23. Horton NJ, Kleinman KP. Much ado about nothing. Am Stat. (2007) 61:79–
90. doi: 10.1198/000313007X172556

24. Rubin DB. Inference and missing data. Biometrika. (1976) 63:581–
92. doi: 10.1093/biomet/63.3.581

25. White IR, Royston P, Wood AM. Multiple imputation using chained
equations: Issues and guidance for practice. Stat Med. (2011) 30:377–
99. doi: 10.1002/sim.4067

26. Boyce TG, Mellen BG, Mitchel EFJr, Wright PF, Griffin MR. Rates
of hospitalization for respiratory syncytial virus infection among children in
medicaid. J Pediatr. (2000) 137:865–70. doi: 10.1067/mpd.2000.110531

27. Grimwood K, Cohet C, Rich FJ, Cheng S, Wood C, Redshaw N, et al. Risk
factors for respiratory syncytial virus bronchiolitis hospital admission in New
Zealand. Epidemiol Infect. (2008) 136:1333–41. doi: 10.1017/S0950268807000180

28. Stensballe LG, Kristensen K, Simoes EA, Jensen H, Nielsen J, Benn CS,
et al. Atopic disposition, wheezing, and subsequent respiratory syncytial virus
hospitalization in Danish children younger than 18 months: a nested case-control
study. Pediatrics. (2006) 118:e1360–8. doi: 10.1542/peds.2006-0907

29. Paynter S, Ware RS, Lucero MG, Tallo V, Nohynek H, Weinstein
P, et al. Malnutrition: a risk factor for severe respiratory syncytial
virus infection and hospitalization. Pediatr Infect Dis J. (2014)
33:267–71. doi: 10.1097/INF.0000000000000096

30. Havdal LB, Nakstad B, Fjaerli HO, Ness C, Inchley C. Viral lower respiratory
tract infections-strict admission guidelines for young children can safely reduce
admissions. Eur J Pediatr. (2021) 180:2473–83. doi: 10.1007/s00431-021-04057-4

31. Brand PL, Vaessen-Verberne AA. Differences inmanagement of bronchiolitis
between hospitals in The Netherlands. dutch paediatric respiratory society. Eur J
Pediatr. (2000) 159:343–7. doi: 10.1007/s004310051284

32. Antonelli F, De Brasi D, Siani P. Appropriateness of hospitalization for CAP-
affected pediatric patients: report from a Southern Italy General Hospital. Italian J
Pediatr. (2009) 35:26. doi: 10.1186/1824-7288-35-26

33. Norway S. Andel barn i aldren 1-5 år som har barenhage plass
(2022). Available online at: https://www.ssb.no/utdanning/barnehager/statistikk/
barnehager

34. Nielsen HE, Siersma V, Andersen S, Gahrn-Hansen B, Mordhorst CH,
Norgaard-Pedersen B, et al. Respiratory syncytial virus infection–risk factors
for hospital admission: a case-control study. Acta Paediatr. (2003) 92:1314–
21. doi: 10.1111/j.1651-2227.2003.tb00502.x

35. Rietveld E, Vergouwe Y, Steyerberg EW, Huysman MW, de Groot R,
Moll HA, et al. Hospitalization for respiratory syncytial virus infection in young
children: development of a clinical prediction rule. Pediatr Infect Dis J. (2006)
25:201–7. doi: 10.1097/01.inf.0000202135.24485.f8

36. Hall CB, Weinberg GA, Iwane MK, Blumkin AK, Edwards KM,
Staat MA, et al. The burden of respiratory syncytial virus infection in

young children. N Engl J Med. (2009) 360:588–98. doi: 10.1056/NEJMoa08
04877

37. Helsebiblioteket. Pediatriveiledere fra Norsk barnelegeforening. Available
online at: https://www.helsebiblioteket.no/pediatriveiledere?key=271214&
menuitemkeylev1=11574&menuitemkeylev2=12788 (accessed February 24, 2022).

38. Bulkow LR, Singleton RJ, Karron RA, Harrison LH, Alaska RSVSG. Risk
factors for severe respiratory syncytial virus infection among Alaska native
children. Pediatrics. (2002) 109:210–6. doi: 10.1542/peds.109.2.210

39. Welliver RC, Checchia PA, Bauman JH, Fernandes AW, Mahadevia PJ,
Hall CB. Fatality rates in published reports of RSV hospitalizations among
high-risk and otherwise healthy children. Curr Med Res Opin. (2010) 26:2175–
81. doi: 10.1185/03007995.2010.505126

40. Beesley LJ, Bondarenko I, Elliot MR, Kurian AW, Katz SJ, Taylor JMG.
Multiple imputation with missing data indicators. Stat Methods Med Res. (2021)
30:2685–700. doi: 10.1177/09622802211047346

41. Modjarrad K, Giersing B, Kaslow DC, Smith PG, Moorthy VS, Group
WRVCE, et al. Consultation on respiratory syncytial virus vaccine development
report from a world health organization meeting held on 23-24 march 2015.
Vaccine. (2016) 34:190–7. doi: 10.1016/j.vaccine.2015.05.093

42. Taniguchi A, Kawada J-i, Go K, Fujishiro N, Hosokawa Y, Maki Y, et al.
Comparison of clinical characteristics of humanmetapneumovirus and respiratory
syncytial virus infections in hospitalized young children. Jpn J Infect Dis. (2019)
72:237–42. doi: 10.7883/yoken.JJID.2018.480

43. Kawakami C, Sato A, Sumita H, Isozaki A, Shimizu H, Kanetaka T, et al.
Fever responses are enhanced with advancing age during respiratory syncytial
virus infection among children under 24 months old. Tohoku J Exp Med. (2018)
245:217–22. doi: 10.1620/tjem.245.217

44. Berg AS, Inchley CS, Aase A, Fjaerli HO, Bull R, Aaberge I, et al.
Etiology of pneumonia in a pediatric population with high pneumococcal
vaccine coverage: a prospective study. Pediatr Infect Dis J. (2016) 35:e69–
75. doi: 10.1097/INF.0000000000001009

45. Arruda E, Jones MH, Escremim de Paula F, Chong D, Bugarin G, Notario G,
et al. The burden of single virus and viral coinfections on severe lower respiratory
tract infections among preterm infants: a prospective birth cohort study in Brazil.
Pediatr Infect Dis J. (2014) 33:997–1003. doi: 10.1097/INF.0000000000000349

46. Ali SA, Williams JV, Chen Q, Faori S, Shehabi A, Jundi EA, et al. Human
metapneumovirusin hospitalized children in Amman, Jordan. J Med Virol. (2010)
82:1012–6. doi: 10.1002/jmv.21768

47. Semple MG, Cowell A, Dove W, Greensill J, McNamara PS, Halfhide C,
et al. Dual infection of infants by humanmetapneumovirus and human respiratory
syncytial virus is strongly associated with severe bronchiolitis. J Infect Dis. (2005)
191:382–6. doi: 10.1086/426457

48. Bezerra PGM, Duarte MdCMB, Britto MCA, Correia JB. Severity of viral
coinfection in hospitalized infants with respiratory syncytial virus infection. J
Pediatr. (2011) 87:461. doi: 10.2223/JPED.2149

49. Falkenstein-Hagander K, Månsson A-S, Redmo J, Nilsson Wimar P, Widell
A. Viral aetiology and clinical outcomes in hospitalised infants presenting with
respiratory distress. Acta Paediatr. (2014) 103:625–9. doi: 10.1111/apa.12623

50. Skjerven HO, Megremis S, Papadopoulos NG, Mowinckel P, Carlsen K-H,
Lødrup Carlsen KC. Virus type and genomic load in acute bronchiolitis: severity
and treatment response with inhaled adrenaline. J Infect Dis. (2016) 213:915–
21. doi: 10.1093/infdis/jiv513

51. Li Y, Pillai P, Miyake F, Nair H. The role of viral co-infections in the
severity of acute respiratory infections among children infected with respiratory
syncytial virus (RSV): a systematic review and meta-analysis. J Glob Health. (2020)
10:010426. doi: 10.7189/jogh.10.010426

Frontiers in Pediatrics 11 frontiersin.org

https://doi.org/10.3389/fped.2022.1004739
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/kuhr
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/kuhr
https://www.helsedirektoratet.no/tema/statistikk-registre-og-rapporter/helsedata-og-helseregistre/kuhr
https://www.fhi.no/hn/helseregistre-og-registre/mfr/
https://www.fhi.no/hn/helseregistre-og-registre/mfr/
http://www.norpd.no/
https://doi.org/10.1146/annurev.publhealth.21.1.121
https://doi.org/10.1198/000313007X172556
https://doi.org/10.1093/biomet/63.3.581
https://doi.org/10.1002/sim.4067
https://doi.org/10.1067/mpd.2000.110531
https://doi.org/10.1017/S0950268807000180
https://doi.org/10.1542/peds.2006-0907
https://doi.org/10.1097/INF.0000000000000096
https://doi.org/10.1007/s00431-021-04057-4
https://doi.org/10.1007/s004310051284
https://doi.org/10.1186/1824-7288-35-26
https://www.ssb.no/utdanning/barnehager/statistikk/barnehager
https://www.ssb.no/utdanning/barnehager/statistikk/barnehager
https://doi.org/10.1111/j.1651-2227.2003.tb00502.x
https://doi.org/10.1097/01.inf.0000202135.24485.f8
https://doi.org/10.1056/NEJMoa0804877
https://www.helsebiblioteket.no/pediatriveiledere?key=271214&menuitemkeylev1=11574&menuitemkeylev2=12788
https://www.helsebiblioteket.no/pediatriveiledere?key=271214&menuitemkeylev1=11574&menuitemkeylev2=12788
https://doi.org/10.1542/peds.109.2.210
https://doi.org/10.1185/03007995.2010.505126
https://doi.org/10.1177/09622802211047346
https://doi.org/10.1016/j.vaccine.2015.05.093
https://doi.org/10.7883/yoken.JJID.2018.480
https://doi.org/10.1620/tjem.245.217
https://doi.org/10.1097/INF.0000000000001009
https://doi.org/10.1097/INF.0000000000000349
https://doi.org/10.1002/jmv.21768
https://doi.org/10.1086/426457
https://doi.org/10.2223/JPED.2149
https://doi.org/10.1111/apa.12623
https://doi.org/10.1093/infdis/jiv513
https://doi.org/10.7189/jogh.10.010426
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org

	Risk factors associated with severe disease in respiratory syncytial virus infected children under 5 years of age
	Introduction
	Materials and methods
	Sample
	Outcome
	Exposures
	Statistical analysis

	Results
	Univariate analysis
	Multivariate analysis

	Discussion
	Strengths and limitations
	Conclusion

	Data availability statement
	Ethics statement
	The Norwegian enhanced pediatric immunisation surveillance network
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


