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Background: Norwegian health authorities do not recommend universal pediatric vaccination against seasonal influenza. We aimed to estimate the incidence of influenza by age and underlying medical conditions in hospitalized Norwegian children aged <18 years.

Methods: Active surveillance for influenza in children <18 years was implemented in five hospitals during 2015–18. Children with respiratory symptoms and/or fever were prospectively enrolled and tested for influenza. Surveillance data were linked to health registry data to estimate the national burden of influenza in hospitals.

Results: In 309 (10%) out of 3,010 hospital contacts, the child tested positive for influenza, corresponding to an average incidence of 0.96 hospital-attended influenza cases per 1,000 children <18 years of age. Children <1 year of age (3.8 per 1,000 children) and children with underlying medical conditions (17 per 1,000 children with bronchopulmonary dysplasia) had the highest average incidence. Among <1 year old children, 3% tested positive for influenza, compared to 25% for children aged 6–17. Few children were vaccinated against influenza.

Conclusions: Children <1 year of age and children with underlying medical conditions had a higher incidence of influenza requiring hospital treatment compared to the general population. Effective interventions against seasonal influenza for children in Norway should be considered.
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Introduction

Influenza is an important cause of acute respiratory illness in children (1–6), and, prior to the SARS-CoV-2 pandemic, 10% of childhood respiratory hospitalizations worldwide were attributed to influenza (3, 7–9). In the United States, the annual incidence of influenza hospitalizations in children aged <6 months has been reported to be 2.7– 9.1 per 1,000 children (3, 9, 10), compared to ~0.6 or fewer cases per 1,000 children <18 years of age (11). Similar rates have been reported for children <18 years in Norway, where a registry-based study estimated that 1.7% of the Norwegian population seeks primary healthcare due to influenza each season, with about 0.3 influenza-associated hospitalizations per 1,000 people <20 years of age. The highest rates (~0.6 per 1,000 children) are reported in children <5 years of age (4). Although children play a leading role in the transmission of seasonal influenza (12, 13), the knowledge of the influenza burden in children is limited (14, 15).

Most fatal influenza cases among children happen in developing countries (1). However, in the United states, 113 pediatric deaths were reported, on average, each season between 2010 and 2016 (16), often occurring before hospital admission or even healthcare treatment was sought (16, 17). About half of the influenza-related deaths occurred among children with no pre-existing medical conditions, with the highest rates among infants <6 months old (16, 17). In Norway, influenza-associated pediatric deaths are also reported almost every season (4).

Infants and children with pre-existing risk conditions have an increased risk of hospitalization (4, 5, 18) from influenza. They need management in an intensive care unit more often (19, 20), have an increased risk of bacterial pneumonia (19), and have a greater risk of influenza-related death (17). A recent Norwegian study found that immunocompromised children and children with epilepsy had the highest risk of hospitalization with influenza, followed by children with heart disease and lung disease (5). Among children hospitalized with influenza, 25% had one or more pre-existing risk factors for severe influenza, compared to 5% in the general population under 18 years of age (5). According to the current Norwegian recommendations, only children with risk conditions are recommended to receive annual vaccination against influenza (21–23), and coverage in the pediatric population is low (23). Therefore, a better understanding of the relative burden of influenza in the pediatric population is needed to refine the national influenza vaccine recommendations.

To this end, we aimed to measure the incidence of influenza in children <18 years of age who were admitted for outpatient or inpatient hospital treatment in Norway. The study was conducted by the Norwegian Enhanced Pediatric Immunization Surveillance (NorEPIS) network, established in 2014. NorEPIS implemented active hospital surveillance for acute respiratory and gastrointestinal infections in patients <18 years of age, engaging five hospitals constituting the catchment area for ~40% of all Norwegian children.



Materials and methods

Following the standard of the European Center for Disease Control (ECDC) (24), and the Norwegian influenza surveillance (25), the influenza season was defined as the period from week 40 until week 20 the following year. From 2015 to 2018, influenza surveillance was implemented annually from week 40 to week 20 the following year, except for the year 2015 when surveillance was begun in week 49. Children <18 years of age referred to the hospital with respiratory symptoms and/or fever were prospectively enrolled. When a participant had several re-admissions caused by the same disease episode it was counted as one episode, and only the first hospital contact was used. Clinical data and information about healthcare use were collected using a standardized questionnaire, by medical record review, and via patient and/or caregiver interview. A detailed description of the inclusion and exclusion criteria is provided in the Supplementary Table 5.


Sample collection

Nasopharyngeal flocked swabs or aspirates were collected by a hospital doctor or nurse from all enrolled patients within 72 h of the patients' arrival at the hospital. The samples were placed immediately into transport media and sent for analysis of influenza virus in the hospital laboratory, using in-house real-time polymerase chain reaction. Samples from four of the five hospitals were sent to the national reference laboratory for influenza at the Norwegian Institute of Public Health, where all positive samples, as well as 10% of negative samples, were retested and genotyped to identify viral subtype and lineage as well as to verify the validity of the hospital analyses.



Registry data sources

Data were linked to national health registries using unique personal identification numbers. The Norwegian Patient Registry (NPR) and the Norwegian Control and Payment of Health Reimbursements (KUHR) Database together cover all government-funded health care in Norway. NPR contains information about all hospital contacts in Norway, including the International Classification of Diseases (ICD-10) diagnoses (26). The KUHR database—contains the International Classification of Primary Care (ICPC-2) diagnoses from all publicly funded general practitioners and primary care emergency clinics (27). All diagnoses assigned to the study participants during 2014–2019 were retrieved as well as the duration of hospital stays, date and time of arrival and discharge, and other variables (Supplementary Table 2). To identify underlying risk groups, all ICD-10 and ICPC-2 codes (Supplementary Table 1) assigned to study participants between 2008 and 2019 were retrieved.

Furthermore, we obtained the total number of hospital contacts during the 2015–2018 seasons in all Norwegian children <18 years of age, with any or a combination of the influenza ICD-10 codes J09–J11.1 as discharge diagnoses.

We collected additional information from the Medical Birth Registry of Norway (28) about prematurity, congenital malformations, and birth disorders (Supplementary Table 2.)

Information about the influenza vaccination status was collected from the Norwegian Immunization Registry SYSVAK (29). A valid vaccination was defined as a vaccine administered in the same influenza season as the recruitment season and more than 2 weeks before the start of symptoms. If the date of symptom onset was missing, the sampling date was used.

Background data on the population size in the hospital catchment areas, stratified by age, were retrieved from Statistics Norway (30).



Risk groups

Children were considered to have high risk for influenza-associated hospitalization if they were born prematurely (gestational age <37 weeks) or had been previously diagnosed with underlying conditions such as trisomy 21, congenital heart disease, asthma, bronchopulmonary dysplasia, other pulmonary disease, neuromuscular disease, immunosuppression, epilepsy, and cancer. Children with these conditions were identified through the Medical Birth Registry of Norway, or through ICD-10 codes in the NPR and ICPC-2 codes in the KUHR database (Supplementary Table 1).



Statistical analyses

Statistical analysis was performed in Stata version 15 (StataCorp LLC, College Station, Texas, US). We compared the percentage of influenza-positive and negative samples using a logistic regression model. To account for potential differences among the hospitals in the recruitment procedure and the seasonality of influenza, as well as potential differences in the age distribution among different groups, we included hospital, study season, month of hospital contact, and age group as independent variables in adjusted analyses.

The analysis involved only patients with documented symptom onset in the 10 days prior to receiving hospital treatment. If a patient had more than one hospital visit within 21 days of the same disease episode, only the first hospital encounter was used. The length of stay between influenza-positive and negative children was compared using the Wilcoxon rank-sum test.



Estimates of influenza-related disease episodes

The total number of hospital-attended influenza cases was estimated using the proportions of influenza-coded participants with laboratory-confirmed influenza and the proportion of influenza-confirmed participants assigned ICD-10 influenza codes. Following the same procedure as outlined in Havdal et al. (31), these proportions were applied to the total numbers of influenza-coded hospitalizations in children <18 years of age registered in Norway during the study period, which were retrieved from the NPR for both the NorEPIS study catchment area and for the entire country.



Estimate of age-specific influenza infections

The upper and lower boundaries of the incidence rates were derived by using the boundaries of the 95% confidence interval (CI) from the proportions of the estimated number of influenza episodes. Age-specific estimates were calculated by multiplying the total number of reported hospital contacts from the NPR by the proportion of cases in the various age groups among NorEPIS participants. The estimated mean annual number of national influenza-related hospital-attended children with underlying risk conditions was derived by taking the mean number of estimated national influenza cases multiplied by the proportion of influenza-positive NorEPIS participants with risk factors.



Ethics

Written informed consent was obtained from both parents and legal guardians for children <16 years of age or from the patient if between 16 and 18 years of age. The study was reviewed and approved by the Regional Committees for Medical and Health Research Ethics, South-East A (2015/956).




Results

From December 2015 to May 2018, 3,391 individual participants with 3,610 hospital contacts were included in the study. After excluding participants recruited outside the surveillance period, re-admissions caused by the same disease episode, and participants who otherwise did not fulfill the inclusion criteria, 2,871 children with 3,010 hospital contacts were included in the analysis (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of the recruitment process.


Of the 3,010 hospital contacts, 10.3% of all patients and 8.6% of inpatient cases tested positive for influenza (Table 1). Children <5 years of age accounted for almost 92% of all hospital contacts, and ~50% of the hospital contacts occurred in children <1 year of age. The probability of testing positive for influenza increased with age, and children aged 6–17 years presenting at the hospital for respiratory symptoms or fever were more likely to test positive for influenza compared with children <6 months of age. There were fewer female (42.7%) than male participants, with no significant association detected between sex and influenza infection. Similarly, among influenza-positive children, no significant association between sex and admittance as an inpatient was observed (Tables 1, 4).


TABLE 1 Total number of enrolled children, with logistic regression comparing influenza positive and negative children within categories.
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Only 34 of the 2,871 (1.2%) children enrolled in the study were vaccinated against influenza before enrollment. Of these, five patients (12.5%) tested positive for influenza. Some of these children had multiple hospital visits during the study period and 40 of 3010 (1.3%) hospital contacts were made by vaccinated children. There was no significant association between testing positive for influenza and vaccination status (Table 1).

We compared children testing positive for influenza with influenza-negative children who had other respiratory infections. Children with influenza were significantly less likely to be admitted for inpatient hospital treatment compared to children testing negative for influenza (Table 1), also after including age as an independent variable [OR 0.68 (0.53–0.87), P <0.001]. Nearly one-half of the children with confirmed influenza (49.2%) were treated as inpatients (Table 1, Supplementary Table 2), with no statistically significant difference in the median length of stay [41 h, interquartile range (IQR) 19–98 h] compared to inpatients admitted for other reasons (48 h IQR 22–96 h, p = 0.16].

The largest number (47 %) of influenza cases were recruited during the first study season, whereas most of the study participants were enrolled during the second season, reflecting the variable seasonal load of influenza (Table 1; Figure 2). At peak season, between 15.8 and 20.9% of enrolled children were positive for influenza (Figure 2A). There was considerable variation between the circulating viral strains and genotypes detected in different seasons. While the 2015–2016 season was dominated by influenza A/H1pdm09 with some B/Victoria circulating during the second half of the season, the 2016–2017 season was almost exclusively dominated by A/H3N2. Both A/H1pdm09 and B/Yamagata viruses as well as some A/H3N2 viruses were detected during the 2017–2018 season (Figure 2B).
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FIGURE 2
 (A) Number of Influenza tested participants, and positivity rate through three influenza seasons. (B) Occurrence of influenza subtypes throughout three surveillance seasons. Black lines are the sum of all influenza cases per week. Blue lines are the sum of all influenza a cases and red line is the sum of all influenza b cases. Not all cases were fully typed due to shortage of material or low viral titers.



Influenza-related hospital contacts and contact rates

The ICD-10 codes from the final discharge diagnoses were retrieved for 307 of 309 influenza-positive cases and for 2,636 of 2,701 influenza-negative cases among the study participants (Supplementary Table 3). In the study population, no children had more than three hospital contacts with an influenza-specific diagnosis registered for 21 days following enrollment (Supplementary Figure 1). We estimated the proportion of study participants with confirmed influenza who received any of the ICD-10 codes J09–J11.1 and the proportion of study participants with these codes who tested positive for influenza (Supplementary Table 4). Using these proportions, we estimated that, on average, 1.06 (range 0.88–1.28) hospital-attended influenza cases per 1,000 children occurred in the catchment area of the study hospitals during the study period, which corresponds to 0.96 (0.80–1.16) hospital-attended influenza cases per 1,000 children <18 years of age nationally each year (Table 2). The highest incidence was found among the youngest children, with 3.8 (range 2.3–6.1) hospital-attended influenza cases per 1,000 children <1 year of age. National estimates of hospital-attended influenza and estimates for the study hospitals were similar for all age groups (Figure 3).


TABLE 2 Estimated influenza incidence per 1,000 in children 0–18 years of age.
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FIGURE 3
 (A) Incidence among patients <1 years of age. (B) Incidence among patients 1–5 years of age. (C) Incidence among patients 6–18 years of age. Filled symbols represent national estimates, hollow symbols represent the population living in the catchment area of hospitals participation in NorEpis. [image: yes]: Season 2015/16 [image: yes]: Season 2016–17 [image: yes]: Season 2017/18 [image: yes]: Total of seasons. Filled red and hollow blue symbols indicate inpatients. Filled dark blue and hollow gray symbols indicate outpatients. Filled yellow and hollow purple symbols indicate in- and outpatients combined. *Low number of observations when calculating the probability that a patient is influenza positive given it has one of the ICD-10 codes (95% CI). A one-sided, 97.5% confidence interval was used for calculating the proportions used for the incidence calculation.




Risk groups

Among 309 influenza cases in study participants, 21% had one or more risk conditions according to information recorded in the national registries (Table 3). Asthma and wheezing were the most common risk conditions reported, with ~16% of the confirmed influenza cases having received an ICD-10 or ICDC-2 code for asthma prior to enrollment. This was followed by premature birth (~11%) and congenital heart disease (~7%). When comparing the estimated incidence rates in risk groups to the overall study population, considerably larger incidence rates were observed in all risk groups (Table 3), ranging from 1.3 (range 1.1–1.6) per 1,000 children with epilepsy to 17.0 (14.1–20.5) per 1,000 in children with bronchopulmonary dysplasia (Table 3). However, when comparing children with the combination of any of trisomy 21, congenital heart disease, pulmonary disease, bronchopulmonary dysplasia, immunosuppression, cancer, asthma and epilepsy to children without these diagnoses, no significant associated with influenza was evident after adjusting for age [unadjusted OR 1.5 (1.1–2.0), adjusted OR 0.9 (0.6–1.3)].


TABLE 3 Number of participants in high-risk groups of influenza, and mean annual rate of hospital contact per 1,000 children by risk-groups in children under 18 years of age in Norway, 2015–2017.

[image: Table 3]

Among children with confirmed influenza, those with congenital heart disease were more likely to receive inpatient treatment. Prematurity and neuromuscular disease were also positively associated with inpatient admission in the univariate analyses; however, the association was not significant in the multivariate analysis including age group, hospital, study season, and month of hospital contact as independent variables (Table 4).


TABLE 4 Logistic regression comparing influenza positive outpatient and inpatient cases.
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Discussion

We estimated hospital incidence rates of influenza in children <18 years of age in a large prospective hospital cohort study in Norway. We observed that ~10% of pediatric hospital contacts among children with respiratory infections or fever could be attributed to influenza, a proportion that is similar to that seen in other studies (7, 32). The highest incidence of influenza was found in the first year of life, and the relative contribution of influenza to the number of hospital-attended children with acute respiratory disease increased with age.

The majority of children with acute respiratory infections were <5 years of age, and almost 50% were <1 year of age. Among hospital contacts caused by respiratory symptoms or fever in children, the proportion attributable to influenza increased from 3% in children <6 months of age to 25% in children 6–18 years of age. It is likely that the threshold to seek medical treatment and hospital care increases with age (5), contributing to the disproportionate age distribution. Moreover, other respiratory viruses such as respiratory syncytial virus and human metapneumovirus contribute more to the disease burden in young children and often cause more severe disease compared to influenza (33–36), further augmenting the disproportionate distribution of the age groups.

The age-specific incidence rates in our study are within a previously reported range for annual pediatric influenza hospitalizations in other industrialized countries (3, 4, 9–11). However, the average incidence rate of 0.96 influenza cases per 1,000 children <18 years of age found in this study is considerably higher than the ~0.29 influenza cases per 1,000 children previously reported in children <20 years of age in Norwegian hospitals (4). This earlier study was registry-based and derived incidence estimates from the use of influenza-specific ICD-10 codes from the NPR. The strength of our study is that incidence rates were calculated based on a linkage of data from prospective surveillance with laboratory confirmation, together with national registry-based hospital data. We found that a higher percentage of influenza-positive inpatients (63.6%) than outpatient cases (22.4%) was assigned influenza-specific ICD-10 codes in our study. Interestingly, ~35% of confirmed influenza cases among inpatient cases had not received influenza-specific ICD-10 codes, although the longer duration of stay for inpatient cases allows for laboratory analysis to be completed before the patient is diagnosed. Using influenza-specific ICD-10 codes, registry data alone would likely lead to underestimating the true hospital burden, as most outpatients are missed.

It is possible that the proportion of cases without an influenza ICD-10 code decreased in the participating hospitals during the study. This could especially be true for outpatient cases, as testing activity could increase as a result of the study. If the proportion of influenza patients without ICD-10 codes for influenza is smaller in study hospitals compared to other hospitals, this could cause the national influenza incidence to be underestimated. Outpatients rarely receive influenza-specific codes either due to a delay in test results or a lack of testing. Only 22% of influenza-positive outpatients in the study received an influenza-specific ICD-10 code compared to 64% of inpatients; therefore, we believe the increased testing activity and the tendency to use influenza-specific ICD-10 codes was a minor concern.


Risk groups

Among children with confirmed influenza, only those with congenital heart disease was associated with an increased risk of inpatient treatment. In other studies, pediatric patients with other risk conditions also had a greater risk of hospitalization (5, 19, 20). However, the limited number of influenza cases in each risk group in our study clearly limits the power to detect a true difference. Furthermore, participants were primarily children <5 years of age. Asthma is notoriously difficult to diagnose in the youngest children, who could receive an incorrect asthma diagnosis after other obstructive episodes (37, 38). This could erroneously increase the numbers of participants with asthma, inflate its incidence, and obscure real associations between asthma and inpatient treatment. The ~1.3–17-fold higher incidence of hospital-attended influenza among risk groups included in the study compared with the general pediatric population is in line with previous studies that demonstrated a strong association between such risk groups and influenza (5, 18). The incidence rates among children with pre-existing medical conditions were high in our study; however, the majority of the influenza burden occurred in children with no previously recognized pre-existing medical conditions.

Sex influenced neither the probability of testing positive for influenza nor the probability of inpatient admission. These results are supported by a previous study in Norway, which reported that 52% of patients with influenza-specific ICD-10 codes were female (4). We found a considerable variation in the proportion of influenza-positive cases and circulating influenza strains between the study seasons. However, the seasonal profile of viral strains matched those found during routine surveillance in Norway (21–23), indicating that the viruses encountered in the study population were representative for circulating influenza viruses in Norway during the study period.

The number of influenza-vaccinated children in this study was too small to conduct a meaningful analysis of vaccine effectiveness. Throughout the study, only 1% of the children were vaccinated against influenza, reflecting the low influenza vaccination coverage among children in Norway, with only 5,093 influenza vaccine doses distributed for the Norwegian population of ~1,100,000 children aged 0–17 during the 2017–2018 season (23).

This study, conducted in an interpandemic setting, found that most children receiving hospital treatment for seasonal influenza in Norway, were healthy without any identified underlying disorders. Older, hospital-attended, children were more likely to be diagnosed with influenza compared to younger children, who were more likely to have other respiratory viruses. Simultaneously, Norwegian children are infrequently vaccinated against influenza, and the treatment of influenza uses valuable hospital resources. Interventions against seasonal influenza could be beneficial not only for children with underlying medical conditions but also for otherwise healthy young children. This knowledge calls for an increased awareness about influenza in children, and implementation of practical public health activities such as vaccination and information campaigns on how to limit disease transmission could be considered.
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