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Changes in Bronchiolitis Incidence During the Last Two 
Decades in Tampere, Finland

A Retrospective Study

Tytti Vihikangas, BM,* Sauli Palmu , MD, PhD,† Anna-Maija Koivisto, MSc,‡ and Paula Heikkilä , PhD†   

Background: Bronchiolitis, a lower respiratory tract infection, causes a 
remarkable number of hospitalizations globally. The epidemiology follows 
the same pattern as respiratory syncytial virus (RSV), the most common 
pathogen in bronchiolitis. Epidemics have typically followed a biannual pat-
tern in Nordic countries—first, a small epidemic during spring, followed 
by a higher peak the next autumn. The aim of this study was to evaluate 
whether the incidence of bronchiolitis hospitalization has changed during 
the last 2 decades in Tampere, Finland.
Methods: In this retrospective register-based study, data on infants <12 
months of age hospitalized with bronchiolitis in 2000–2019 were col-
lected from electronic files of Tampere University Hospital and analyzed by 
monthly incidences. Additionally, data on RSV incidences were collected 
from the Finnish National Infectious Diseases Register for children <5 
years of age and living in the study area. Poisson’s regression analysis was 
used to evaluate changes in the incidence rates of bronchiolitis.
Results: Of the 1481 infants hospitalized with bronchiolitis, 82.0% had a 
diagnosis of RSV bronchiolitis. At first, bronchiolitis’ epidemiological pat-
tern followed its typical biannual pattern, then shifted to annual in the mid-
dle of the study period, and thereafter occurred biannually again. The highest 
incidence rate ratios compared to the low-incidence months were between 
December (22.5), January (25.8) and February (25.5) in 2000–2006, and 
between February (24.7), March (25.1) and April (21.0) in 2007–2019.
Conclusions: The epidemiological pattern of bronchiolitis changed dur-
ing the study period; incidence peaks were higher and have shifted toward 
spring in recent years.
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Bronchiolitis is an acute lower respiratory tract infection (LRTI) 
that begins with symptoms of an upper respiratory infection 

such as nasal discharge and proceeds to lower respiratory tract 
symptoms in the following days. These symptoms often include 

increased effort to breathe, cough, wheezing and fever.1 The defini-
tion of bronchiolitis varies globally, but generally, in Europe, it is 
the first LRTI episode with breathing difficulty under the age of 1 
year.2 Prematurity and congenital heart disease increase the risk for 
severe bronchiolitis, as well as low birth weight, low social class 
and tobacco smoke exposure, especially maternal smoking. Bron-
chiolitis causes hospitalizations of approximately 13.5–24.2/1000 
persons/year, but it varies significantly in different areas.3,4 Respira-
tory syncytial virus (RSV) causes approximately 80% of bronchi-
olitis cases in infants under the age of 6 months, other common  
etiological agents being rhinoviruses, metapneumoviruses and types 
1–3 parainfluenza viruses.5,6 Epidemic seasons of bronchiolitis and 
RSV coincide more than other etiological agents’ incidences, and 
therefore their epidemics follow a quite similar pattern.7

Previous studies have shown that peaks in RSV incidence 
are associated with cold weather conditions, air humidity and traf-
fic-derived air pollutants such as benzene. Epidemics typically start 
when the temperature drops and epidemic peaks occur during the 
coldest months.1,7,8 The fact that in temperate regions bronchiolitis’ 
incidence is clearly seasonal when compared with tropical regions 
substantiates this theory. The size of epidemic peaks also varies, 
possibly according to RSV’s genome variation, herd immunity and 
duration of subtypes A and B.9

The epidemiology of bronchiolitis in Nordic countries has 
historically followed a typical biannual pattern: First, a smaller 
epidemic occurs during spring, which subsides in summer. Dur-
ing the following autumn, a new epidemic season begins and 
lasts until the next summer with a higher peak than the earlier 
epidemic season.10 However, based on our clinical experience, 
it seems that a change has occurred in epidemiology. The dif-
ference between the 2 epidemic peaks of RSV has flattened for 
unknown reasons.11 The aim of this study is to find out whether 
the incidence of bronchiolitis hospitalization has changed during 
the last 2 decades in Tampere, Finland. A secondary aim was 
to describe the incidences of RSV and bronchiolitis in Tampere 
with a special interest to evaluate if these incidence peaks were 
comparable or not.

MATERIALS AND METHODS

Patients
We performed a retrospective register-based study involv-

ing patients from Tampere University Hospital’s (Tays) region 
during 2000–2019. This region is the second largest suburban 
area in Finland with both urban and rural areas. Tays provides 
secondary and tertiary levels of care for Pirkanmaa Hospital Dis-
trict, which includes 23 municipalities and a population of over 
500,000 by the end of 2019, and is responsible for the district’s 
pediatric hospital care. The population of infants under the age 
of 12 months in the region has altered during the data collection 
period. The number of deliveries in the region has been decreas-
ing from approximately 6000 in 2000 to 4500 in 2019, according 
to the StatFin database.12
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In total, 3 different data were collected in this study. The 
patient data from Tays was collected to answer the primary aim. 
Information for evaluating the RSV incidence from Finnish 
National Infectious Diseases Register was collected for the second-
ary aim. Finally, the weather data of monthly mean temperatures 
were collected from national weather registers.

First, patient data were collected from the electronic files of 
Tays. Data includes all patients <12 months of age diagnosed with 
International Classification of Diseases, 10th Revision (ICD-10 
Clinical Modification) codes J21.0 (RSV bronchiolitis) or J21.99 
(unspecified bronchiolitis) in Tays’ pediatric ward or emergency 
room (ER) between January 1, 2000, and December 31, 2019, and 
thereafter admitted at the pediatric ward or in the intensive care 
unit. Bronchiolitis diagnoses were mainly clinical, but RSV bron-
chiolitis was identified based on the ICD-10 code (J21.0). In the 
ER, viral tests for RSV are usually taken if the child is admitted to 
the ward and not for every child that was discharged, but some vari-
ation in physicians’ practices remains. The data included gender, 
age on admission, day of admission, length of hospitalization and 
possible intensive care unit period, possible diagnosis of prematu-
rity and gestational age at birth. Patients were considered prema-
ture if they were born before the gestational age of 37 weeks.

Second, the incidence of laboratory-confirmed RSV was 
evaluated with bronchiolitis incidence. For this purpose, a sepa-
rate dataset was collected. The number of RSV cases was collected 
from the Finnish National Infectious Diseases Register, an open 
database of the National Institute for Health and Welfare in Fin-
land. This database includes information from all Finnish micro-
biology laboratories. Details from the Tays district’s laboratories 
only were selected for this study. The monthly number of labora-
tory-confirmed RSV cases was available for fixed age groups, so 
the youngest group, including children under 5 years of age, was 
selected. Unfortunately, data were not available for infants under 
12 months only.

Third, weather data of monthly mean temperatures in Tam-
pere in 2000–2019 were collected from the Finnish Meteorological 
Institute’s website.13 The data were used in this study describing 
whether there was an association between mean temperatures and 
epidemiological patterns.

The study was approved by the research manager of Tays. 
Patients were not contacted, so, according to Finnish law, permis-
sion from the ethics committee was not required. Data were pseu-
donymized in such a way that all unnecessary personal data were 
removed.

DATA MANAGEMENT AND ANALYSIS
Data were first collected by the hospital technician and 

exported to Excel from Tays’s electronic files, and information of 
gestational age was added afterward for a few patients who lacked 
the information. Statistical analysis was performed using IBM 
SPSS Statistics for Windows, version 25.0 software (IBM Corp., 
New York, USA). Categorical variables were described with num-
ber and percentages and continuous variables with medians (Md) 
and lower and upper quartiles (Q

1
 and Q

3
), as the variables were 

non-normally distributed. The analyses were performed for the 
total study period and separately for the periods 2000–2006 and 
2007–2019.

For the primary aim, the incidences of hospitalized bron-
chiolitis and of bronchiolitis treated in the pediatric intensive care 
unit (PICU) were calculated by dividing the monthly number of 
bronchiolitis or PICU patients by the number of infants under 12 
months old living in the area at the end of each year12 The length of 
hospital stay was calculated in days starting from the day of admis-
sion being day 0.

Poisson’s regression analysis was used with both year and 
month as independent variables at the same time in the model to 
evaluate whether there were changes in the incidence of bronchi-
olitis, and the results were presented as incidence rate ratios (IRRs) 
and their 95% confidence intervals (95% CIs). Years were defined 
as continuous variables, and months were defined as categorical 
variables. Since the epidemiological patterns seemed to differ by 
the size and the timing of incidence peaks of bronchiolitis at the 
beginning and the end of the study period, the entire data for the 2 
decades were analyzed, and additionally, divided into 2 sections to 
evaluate the IRRs’ and epidemiological pattern’s changes between 
them. Since the year 2006 had the lowest incidence of bronchioli-
tis in the period including that and the nearest years, the periods 
2000–2006 and 2007–2019 were analyzed separately. July, August 
and September were the months with the lowest bronchiolitis inci-
dence; thus, all other months’ incidences were compared to them. 
Results with P-values less than 0.05 were considered statistically 
significant.

For the secondary aim, the RSV incidence was calculated by 
dividing the monthly number of confirmed RSV cases (children <5 
years of age) by the number of children in the same age group liv-
ing in the area,12 and this information was reported with the annual 
incidence of bronchiolitis. Additionally, the monthly mean tem-
peratures were presented together with the bronchiolitis and RSV 
incidences, but not statistically analyzed.

RESULTS
During the study period, 1481 patients were hospitalized 

due to bronchiolitis in the Tays region (Table  1). The majority 
was boys (57.9%), and their median age on the day of admis-
sion was 84 days. Within the 1219 patients for whom informa-
tion of gestational age at birth was available, the majority were 
born full-term (84.7%). Most common (82%) diagnosis was 
RSV-bronchiolitis (ICD-10 J21.0), whereas all other possible 
bronchiolitis-causing viruses comprised the rest of the cases 

TABLE 1. Description of Patients (n = 1481) with 
Bronchiolitis at Age Under 12 Months and Treated 
in the Tampere University Hospital, Finland, during 
2000–2019

Variable 
2000–2019

n (%) 
2000–2006

n (%) 
2007–2019

n (%) 

Gender    
 Male 857 (57.9) 228 (55.9) 629 (58.6)
 Female 624 (42.1) 180 (44.1) 444 (41.4)
Diagnosis    
 RSV bronchiolitis 1214 (82.0) 408 (100) 806 (75.1)
 Unspecified  

bronchiolitis
267 (18.0) - 267 (24.9)

Prematurity, ges-
tational age <37 
weeks

   

 Yes 187 (12.6) 40 (9.8) 147 (13.7)
 No 1032 (69.7) 150 (36.8) 882 (82.2)
 Missing information 262 (17.7) 218 (53.4) 44 (4.1)
PICU    
 Yes 99 (6.7) 22 (5.4) 77 (7.2)
 No 1382 (93.3) 386 (94.6) 996 (92.8)
 Md (Q1;Q3)   
Age (days) 84 (45.5;153) 85 (46.3;151.8) 84 (45;153.5)
Length of stay (days) 3 (1;5) 4 (2;6) 2 (1;5)
Gestational age 

(weeks)
39 (38;40) 39 (37;40) 39 (38;40)

Md indicates median; PICU, pediatric intensive care unit; Q1, lower quartile; Q3, 
upper quartile; RSV, respiratory syncytial virus.
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(ICD-10 J21.99, unspecified bronchiolitis). The median length of 
hospitalization was 4 days in 2000–2006 compared to 2 days in 
2007–2019, and altogether 99 patients (6.7%) were treated in the 
PICU during the study period (5.4% in 2000–2006 compared to 
7.2% in 2007–2019) (Table 1).

In the beginning of the study period, bronchiolitis epidemi-
ology followed the same biannual pattern with unequal peaks as 
before. Figure 1 shows that in the middle of the study period (2008–
2012), the epidemiology altered toward a more annual pattern with 
equal peaks each year. Thereafter, the pattern reverted to its origi-
nal, biannual form. Monthly mean temperatures followed a regular 
pattern throughout the study period, and the onset of bronchiolitis’ 
and RSV’s epidemiological peak usually began when temperatures 
dropped (Fig. 1).

The bronchiolitis incidence was comparable to RSV inci-
dence for 2 decades, as their peaks always appeared at the same 
time. The highest monthly number (n = 59) of hospitalization due 
to bronchiolitis was in Feb. 2012. (Fig. 1). Bronchiolitis incidence 
was clearly higher, but the patterns of epidemics were similar, 
despite the fact that bronchiolitis’ incidence had increased more 
than RSV’s incidence (Fig. 2). Bronchiolitis’ and RSV’s incidences 
were at their lowest at the same time, as the epidemiological model 
had changed to the annual form, and the incidence increased at the 
same time as the biannual pattern returned.

During the early years, in 2000–2006, the incidence trend 
was decreasing (IRR for year 0.8, 95% CI: 0.8–0.9) and after that, 
in 2007–2019, it trended upward (IRR for year 1.1, 95% CI: 1.1–
1.15) (Table 2). In the overall data collection period, there was a 
significant increase in bronchiolitis incidence (IRR for year 1.1, 
95% CI: 1.0–1.1) (Table 2).

The peak incidence shifted during the study period: during 
the early years, in 2000–2006, the highest IRRs were in Decem-
ber, January and February, and after that (in 2007–2019), Febru-
ary, March and April had the highest IRRs, when compared to July, 
August and September (Table 2). During the overall data collection 
period, in 2000–2019, February and March had the highest IRR 
compared to the reference months (IRR >20.0) (Table 2).

DISCUSSION
In this register-based study, we evaluated whether infant 

bronchiolitis’ epidemiological pattern has altered during the last 2 
decades, 2000–2019, in the Tays region, Finland. The main result 
was that epidemiological patterns had shifted over the study period, 
expressing both annual and biannual patterns. In addition, we 
found an overall increase in bronchiolitis’ IRR over the whole study 
period, even though during 2000–2006 IRR had been decreasing. 
There was a link between the incidence and the change in epide-
miological pattern since the IRR was at its lowest during the occur-
rence of the annual pattern.

In line with the present study, an earlier Finnish register 
study, in 1995–2018, recognized that the epidemiological pattern of 
RSV had changed to an annual pattern in all age groups after 2006, 
and the higher epidemiological peaks existed in 2016 and 2018.11 
In this present study, we found that the original biannual epidemio-
logical pattern of bronchiolitis and RSV had returned in our study 
population after 2012 with a higher IRR than before. Both of these 
studies show that the epidemiological patterns of bronchiolitis’ and 
RSV’s incidences have altered during the last 2 decades, for reasons 
that remain unclear.

Previous studies have shown an increase in the trend of 
RSV- and non-RSV-bronchiolitis’ hospitalization rates. In a broad 
retrospective register study in Brazil that included 263,679 infants 
under the age of 1 year, the annual hospitalization rate increased 
from 8.5/1000 in 2008 to 12.7/1000 in 2015.14 Annual bronchioli-
tis hospitalizations steadily increased from 6.6/1000 to 46.1/1000 
between 1979 and 2011 in a register study including 468,138 hospi-
tal admissions of infants under the age of 1 year in the UK.3 In con-
trast, a decrease in bronchiolitis hospitalizations from 17.9 to 13.5 
per 1000 person/years was found in a serial, cross-sectional study 
of 490,650 children under the age of 2 years in the United States 
in 2000–2016.4 In our study, we discovered that bronchiolitis’ IRRs 
first showed a declining trend (IRR 0.8) until after 2006 when the 
IRR started increasing (IRR 1.1). Over the entire study period, 
the trend was slightly upward. The proportion of ICU admissions 
among all bronchiolitis hospitalizations increased from 11.7% in 

FIGURE 1. Monthly number of infants <12 months of age with bronchiolitis and children <5 years of age with laboratory-
confirmed RSV in the area of Tampere University Hospital, Finland, and their connection with monthly mean temperatures in 
Tampere.
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2010 to 24.5% in 2019 in a retrospective, cross-sectional study of 
203,859 children under the age of 2 years in the United States.15 In 
our study population, the overall proportion of ICU admissions was 
lower (6.7%), without a clear temporal trend.

A study in Italy, in which 723 previously healthy full-term 
infants under the age of 1 year were enrolled, examined the asso-
ciation between the timing of bronchiolitis’ epidemic peaks and 
possible affecting factors in the period 2004–2014 and found that 
the incidence peaks occurred in the winter months of January and 
February, earlier than they expected.7 A shift in the peak incidence 
was also demonstrated in our study, although the shift occurred 
toward spring. In the first period (2000-2006) of our study, the 
months with the highest IRR were December, January, and Febru-
ary, whereas, in the later period, they were February, March, and 
April. The timing of RSV’s epidemiological peaks was studied 
globally in a study based on country-specific medical databases 
and RSV surveillances of 27 countries worldwide. Clear peaks 

occurred in temperate countries, whereas in tropical regions, 
RSV was present steadily throughout the year without remark-
able peaks.16 In line with this observation, our findings show clear 
peaks in the incidence of bronchiolitis and RSV, as Finland is a 
temperate country.

In the prospective observational study mentioned above, 14 
different respiratory viruses were analyzed, and the effect of climate 
factors on bronchiolitis incidence was studied. A statistically signif-
icant inverse correlation was found between temperature and RSV 
bronchiolitis.8 In line with the Italian study, a multicenter study of 
3876 children 2–12 months old in Australia and New Zealand in 
2009–2011 found a statistically significant correlation between cold 
temperatures, wind speed and bronchiolitis incidence. No correla-
tion was found between relative humidity and rainfall. Viral detec-
tion was not conducted in this study.17 Although detailed weather 
analysis was beyond the scope of our study, our findings are in 
line with these studies, as the highest incidence of bronchiolitis 

FIGURE 2. Incidences bronchiolitis, laboratory-confirmed RSV and pediatric intensive care unit (PICU) admissions for 
bronchiolitis in the area of Tampere University Hospital, Finland.

TABLE 2. The Incidence Rate Ratios of Bronchiolitis Reported For The Whole Study Period 
2000–2019 and Separately for The Years 2000–2006 and 2007–2019

 
2000–2019

IRR (95% CI)* P-value† 
2000–2006

IRR (95% CI) P-value† 
2007–2019

IRR (95% CI) P-value† 

Years (as continuous)‡ 1.1 (1.0–1.1) <0.001 0.8 (0.8–0.9) <0.001 1.1 (1.1–1.15) <0.001
Months§       
January 16.2 (11.4–23.0) <0.001 25.8 (13.4–49.7) <0.001 12.7 (8.3–19.3) <0.001
February 24.9 (17.7–35.0) <0.001 25.5 (13.2–49.1) <0.001 24.7 (16.5–36.8) <0.001
March 22.2 (15.8–31.3) <0.001 14.4 (7.3–28.5) <0.001 25.1 (16.8–37.4) <0.001
April 17.5 (12.4–24.8) <0.001 8.1 (3.9–16.7) <0.001 21.0 (14.0–31.4) <0.001
May 10.6 (7.4–15.3 <0.001 6.0 (2.8–12.8) <0.001 12.3 (8.1–18.8) <0.001
June 3.1 (2.0–4.8) <0.001 3.6 (1.6–8.3) 0.003 2.9 (1.7–5.0) <0.001
July, August, September 1 (reference)  1 (reference)  1 (reference)  
October 2.3 (1.4–3.7) 0.001 2.7 (1.1–6.6) 0.031 2.1 (1.2–3.8) 0.013
November 5.6 (3.8–8.3) <0.001 10.8 (5.4–21.8) <0.001 3.7 (2.2–6.1) <0.001
December 14.8 (10.4–21.0) <0.001 22.5 (11.6–43.5) <0.001 11.9 (7.8–18.1) <0.001

*IRR = incidence rate ratios; 95% CI = confidence interval of 95%.
†A P-value for IRR, considered statistically significant if < 0.05.
‡Years were defined as continuous variables.
§Reference months July, August and September, which had the lowest bronchiolitis incidences during the study period. Months were defined as 

categorical variables.
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occurred during the colder winter months. Thus, changes in climate 
factors could affect the timing of bronchiolitis incidence peaks. The 
mechanism behind this association remains unclear.

As the number of bronchiolitis admissions increases, 
the overall need for healthcare services, together with the costs 
associated with bronchiolitis treatment, also increases. Previous 
studies from Finland demonstrated that costs of bronchiolitis 
hospitalization were between €1,900 and €15,600 depending if 
the infant was treated in the ward or in the PICU.18,19 Addition-
ally, costs are even higher when viewed from the perspective of 
families or society.19,20 The increase in the IRR of bronchiolitis 
demonstrated in our study predicts a greater burden for health-
care services; therefore, it is important to recognize the epide-
miological pattern to prepare suitable strategies to reduce excess 
costs of this disease.

The major strength of this study was the high-quality real-
world patient data. As Tays is the only hospital providing pediatric 
inpatient care in the area, we know that all infants who were hos-
pitalized due to a clinical diagnosis of bronchiolitis were identified 
and included into the data. The Finnish National Infectious Dis-
eases Register is a systemically maintained database that provides 
reliable data of confirmed RSV cases in Finland, including the Tays 
region. Our study also has some limitations. Unfortunately, we 
had no data on potential viral etiologies of bronchiolitis other than 
RSV, and we could not differentiate the subtypes of RSV. Moreo-
ver, we have only limited details collected from the patients, and 
therefore, for example, the comorbidities could not be analyzed.  
Obviously, in this kind of real-world data some patients have 
comorbidities, which may influence both the severity of bronchi-
olitis and the length of stay in hospital. However, it is presumptive 
that the comorbidities did not affect the temporal changes in the 
bronchiolitis incidence. Although the length of our study period is a 
strength the total number of patients remained quite low due to the 
small population living in the Tays region.

In conclusion, a changed pattern of bronchiolitis inci-
dence was found during the last 2 decades; the epidemic peak 
was higher and occurred later in the spring, toward the end of the 
study period.
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