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Abstract
Objectives − Most viral respiratory tract infections (VRTI) are seasonal diseases and frequently severely affect public health by 
causing seasonal epidemics and pandemics, also in newborns. The objective of this study was to analyse the relation of meteo-
rological factors to the occurrence of neonatal VRTI and to estimate their predictive role for VRTI seasonality. Patients and 
methods − The retrospective observational cohort study enrolled 228 newborns (56% male and 29% preterm) aged up to 44 
postmenstrual weeks, hospitalized due to acute VRTI between January 2015 and December 2020 in the central Slovenian region. 
The meteorological data for the same geographical region and time period were assessed, and correlation, multiple regression and 
cut-off values were analysed. Results − A typical seasonal distribution of VRTI from December to March was observed and the 
large majority of cases were due to respiratory syncytial virus (RSV) infection. Low air temperature, high relative humidity, shorter 
daily solar radiation and increased cloud cover were associated with an increased risk of neonatal, either RSV or non-RSV VRTI. 
Conclusions − Meteorological factors, particularly air temperature and relative humidity, were associated with neonatal VRTI 
occurrence in the temperate climate of central Slovenia. The average daily air temperature below 4.9 and 3.8 °C could predict the 
onset of the VRTI and RSV VRTI season, respectively. These factors could be used as real-time predictive warning, especially for 
RSV season onset and the need to begin RSV immunoprophylaxis in vulnerable newborns. 
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Introduction

Most viral respiratory tract infections (VRTI) are 
seasonal diseases, occurring in close relation to 
meteorological changes, primarily by reducing the 
resistance of the human body to infection, and by 
affecting the ease with which infections spread (1). 
The seasonal occurrence of these infections fre-
quently severely affects public health by causing 
epidemics and pandemics and transiently overloads 
health care systems.

Newborns are especially prone to VRTI and 
represent a group of infants at high risk for a severe 
course of these infections. In various climates, the 
most common pathogens in this age period are 

respiratory syncytial virus (RSV), human rhinovi-
rus, influenza virus, parainfluenza virus, adenovi-
rus, human metapneumovirus, human bocavirus 
and human coronavirus (2). All these viruses also 
cause the majority of VRTI cases in Slovenia, a 
central European country with a mainly continen-
tal climate (3−5). However, the most potent of all 
these is RSV, one of the most contagious human 
pathogens, which is responsible for a high burden 
of disease, especially in preterm infants and infants 
with chronic diseases (6). The annual seasonal RSV 
pattern in northern hemisphere temperate regions 
is predictably limited to 3–5  months, spanning 
from October/November to March/April, with 
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peak incidence in January/February (7,8). To sup-
port the public health response, countries use dif-
ferent approaches to predict the beginning and end 
of the VRTI season. In Slovenia, passive RSV sur-
veillance is performed by combining the national 
laboratory data and different calculation meth-
ods (9). On the basis of this surveillance, various 
preventive measures are taken, e.g. RSV infection 
immunoprophylaxis with humanized monoclonal 
antibodies for high-risk groups of newborns (10). 

The present study investigates the seasonal-
ity of VRTI caused by RSV and other respiratory 
viruses in newborns and their relation to meteo-
rological factors in the central Slovenian region. 
Comprehension of this relation, especially in vul-
nerable newborns, could well lead to more prompt 
and better adjusted strategies to reduce the inci-
dence and burden of these infections during adverse 
meteorological conditions. 

Patients and Methods

A retrospective observational cohort study enrolled 
228 newborns (56% male and 29% preterm) aged 
up to 44 postmenstrual weeks, hospitalized due to 
acute VRTI in a tertiary referral hospital in the cen-
tral Slovenian region between January 2015 and 
December 2020. The demographic, clinical and 
epidemiological characteristics of newborns were 
collected from their medical records. The viral aeti-
ology of infection was confirmed after a nasopha-
ryngeal swab or tracheal aspirate tested positive for 
respiratory viruses by PCR method.

The meteorological data from January 2015 to 
December 2020 were collected from the Slovenian 
Environment Agency, available at www.arso.gov.
si. Six meteorological factors were assessed for the 
central Slovenian region (capital city Ljubljana), 
including average daily air temperature at two 
meters above ground (°C), average daily relative 
humidity (%), average daily solar radiation (hours), 
average daily wind speed (m/s), average daily cloud 
cover (sky cover in %) and average daily air pres-
sure (hPa).

Ethics Statement

The Ethics Committee of the University Medical 
Center Ljubljana waived the need for ethical 
approval and the need to obtain consent for the 
collection, analysis, and publication of the retro-
spectively obtained and anonymized data for this 
non-interventional study (Document number 
000019c6-000032a4).

Statistical Analyses

The data were analysed using the R statistical soft-
ware, version 4.0.3, with the additional packages 
from the tidy verse ecosystem. The demographic, 
clinical and epidemiological characteristics of the 
newborns were presented as frequencies, means and 
standard deviations. Numerical variables were ana-
lysed using the two-sample independent t test or 
Mann-Whitney U test. Categorical variables were 
analysed using the Fisher’s exact test. The meteoro-
logical data were presented graphically as mean val-
ues. The correlations and multiple regression were 
calculated, where the number of virus positive cases 
was the dependent variable, and the meteorolog-
ical factors were the independent variables. The 
absence/presence of VRTI in relation to the mete-
orological factors was calculated with the ROC 
curve, where the cut-off value was calculated as the 
Youden index. The P value <0.05 was considered 
statistically significant.

Results

The demographic, clinical and epidemiological 
characteristics of the study population and the dif-
ferences between newborns with RSV and non-
RSV viral respiratory tract infection is presented in 
Table 1.

A typical seasonal distribution of newborns with 
VRTI was observed, as 86.4% of them were admit-
ted to the hospital from December to March. The 
overall VRTI incidence reached peak at week 7, 
accounting for 10.5% of all annual VRTI cases. This 
peak was reached almost entirely due to RSV VRTI 
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Table 1. Demographic, Clinical and Epidemiological Characteristics of Study Population and Differences between 
Newborns with Respiratory Syncytial Virus (RSV) and non-RSV Viral Respiratory Tract Infection*

Characteristics
Study population RSV† infection Non-RSV† infection

P value‡

N=228 N=181 N=47

Gender

Male 128 (56.1) 100 (55.2) 28 (59.6)
0.624

Female 100 (43.9) 81 (44.8) 19 (40.4)

Gestational age (weeks) 37.1±3.6 37.9±2.8 34.8±4.6 <0.001

Preterm 67 (29.5) 39 (21.5) 28 (59.6) <0.001

Birth weight (grams) 3052±900 3219±761 2620±1050 <0.001

Breastfed 160 (70.7) 141 (77.9) 19 (40.4) <0.001

Palivizumab 11 (4.8) 4 (2.2) 7 (14.9) 0.002

Risk factors for infection

Positive epidemiological history 172 (75.4) 143 (79.0) 29 (61.7) 0.026

Siblings 168 (73.4) 132 (72.9) 36 (76.6) 0.368

Risk factors for severe disease

Bronchopulmonary dysplasia 10 (4.4) 5 (2.8) 5 (10.6) 0.034

Congenital heart disease 9 (3.9) 6 (3.3) 3 (6.4) 0.186

Age (postmenstrual) at infection onset (days) 23.8±20.3 21.1±15.8 34.5±30.1 <0.001

Age (postmenstrual) at admission (days) 26.4±20.3 23.6±15.7 37.7±30.4 <0.001

Aetiology

RSV 181 (79.4) 181 (100.0) 0 <0.001

Human rhinovirus 28 (12.2) 0 28 (59.6) <0.001

Human metapneumovirus 6 (2.6) 0 6 (12.8) <0.001

Parainfluenza virus 6 (2.6) 0 6 (12.8) <0.001

Influenza virus 5 (2.2) 0 5 (10.6) <0.001

Human bocavirus 4 (1.8) 0 4 (8.5) <0.001

Human coronavirus 3 (1.3) 0 3 (6.4) <0.001

Complications

Apnea 93 (40.7) 67 (37.0) 26 (55.3) 0.030

Atelectasis 74 (32.5) 62 (34.3) 12 (25.5) 0.296

Bacterial superinfection 102 (44.7) 81 (44.8) 21 (44.7) 1.000

Sepsis 14 (6.1) 10 (5.5) 4 (8.5) 0.496

Length of hospitalization (days) 9.2±7.0 8.9±5.4 10.5±11.2 0.144

Length of NICU§ hospitalization (days) 3.3±4.8 3.1±4.7 3.9±5.1 0.343

Treatment

Oxygen 199 (87.3) 159 (87.8) 40 (85.1) 0.626

Non-invasive ventilation 100 (43.9) 80 (44.2) 20 (42.6) 0.870

Invasive ventilation 74 (32.5) 56 (30.9) 18 (38.3) 0.383

Length of treatment (days)

Oxygen 4.5±5.2 4.4±4.7 4.8±6.8 0.658

Non-invasive ventilation 1.4±2.2 1.4±2.1 1.2±2.4 0.679

Invasive ventilation 2.4±4.0 2.2±4.0 2.9±4.2 0.306

*Categorical and continuous variables presented as frequency (percentage) and mean±SD, respectively; †Respiratory syncytial virus; ‡Fisher’s exact 
test or two-sample independent t test; §Neonatal intensive care unit.
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(91.7%), which also peaked during the same week, 
while the incidence of non-RSV VRTI peaked at 
week 12. There was a correlation between the air 
temperature and the occurrence of VRTI (r=-0.40, 
P<0.001). The multiple linear regression model 
showed a strong relation between these two param-
eters (r2=0.2326, P=0.01). The air temperature dur-
ing the VRTI season was significantly lower than 
in the off-season (5.9 vs. 12.7 °C, P<0.001) and 
the occurrence of VRTI started to rise below the 
air temperature of 10.6 °C (sensitivity 0.83, spec-
ificity 0.60).

The correlation between the air temperature 
and the occurrence of RSV VRTI was also clear 
(r=-0.37, P<0.001). The air temperature during the 
RSV season was notably lower than in the off-sea-
son (4.9 vs. 12.7 °C, P<0.001) and the occurrence 
of RSV infections started at temperatures below 
10.9 °C (sensitivity 0.89, specificity 0.58). The air 
temperature also correlated with the occurrence of 
non-RSV VRTI (r =-0.21, P<0.001). The temper-
ature was lower during the non-RSV season than 
in the off-season (8.3 vs. 12.7 °C, P<0.001) and 
the occurrence of non-RSV VRTI started below the 
temperature of 10.5 °C (sensitivity 0.71, specificity 
0.60). The comparison of air temperature when 
RSV and non-RSV VRTI occurred showed a dif-
ference of 3.4 °C; RSV VRTI started at 4.9 °C and 
non-RSV VRTI at 8.3 °C (P=0.001). At below 3.8 
°C, RSV VRTI were more probable than non-RSV 
VRTI (sensitivity 0.75, specificity 0.47).

There was a correlation between the rela-
tive humidity and the occurrence of RSV VRTI 
(r=0.096, P<0.05). However, no correlation was 
found between the relative humidity and the occur-
rence of VRTI (r=0.082, P>0.05) and non-RSV 
VRTI (r=0.0028, P>0.05). Higher relative humid-
ity was observed during the VRTI and RSV VRTI 
season compared to the off-season (76.9 vs. 74.7%, 
P=0.028; 77.4 vs. 74.7%, P=0.016, respec-
tively). VRTI and RSV VRTI were more proba-
ble when the relative humidity was above 76.5% 
(sensitivity 0.56, specificity 0.55; sensitivity 0.58, 
specificity 0.55; respectively). No difference in 

relative humidity was found between the occur-
rence of RSV and non-RSV VRTI.

The daily solar radiation correlated with the 
occurrence of VRTI (r=-0.24, P<0.001) and RSV 
VRTI (r=-0.25, P<0.001), however it did not cor-
relate with the occurrence of non-RSV VRTI (r=-
0.071, P>0.05). The daily solar radiation was shorter 
during the VRTI and RSV VRTI season compared 
to the off-season (4.0 vs 5.6 hours, P<0.001; 3.5 
vs. 5.6 hours, P<0.001, respectively) and a differ-
ence of more than two hours was noticed during 
the RSV VRTI season. A significant difference in 
daily solar radiation was also observed when com-
paring the occurrence of RSV and non-RSV VRTI 
(3.5 vs. 5.0 hours, P=0.017); with daily solar radia-
tion below 7.1 hours, the occurrence of RSV VRTI 
was more probable than non-RSV VRTI (sensitiv-
ity 0.42, specificity 0.78). 

The cloud cover correlated with the occurrence 
of VRTI (r=0.11, P<0.05) and RSV VRTI (r=0.14, 
P<0.05), but not non-RSV VRTI (r=-0.018, 
P>0.05). However, increased cloud cover was only 
observed during the RSV VRTI season compared 
to the off-season (67.8 vs 61.6%, P=0.017). No dif-
ference in the cloud cover was found between the 
occurrence of RSV and non-RSV VRTI. 

There was no correlation between wind speed and 
the occurrence of VRTI, RSV and non-RSV VRTI. 
Moreover, no difference in wind speed was found 
between the occurrence of VRTI, RSV VRTI and 
non-RSV VRTI compared to the off-season. No cor-
relation between air pressure and the occurrence of 
VRTI, RSV and non-RSV VRTI was found. The air 
pressure also did not differ during the VRTI, RSV 
VRTI and non-RSV VRTI season compared to the 
off-season. The only difference in air pressure was 
observed when comparing the occurrence of RSV 
VRTI and non-RSV VRTI; the air pressure was 
lower during the RSV season compared to the non-
RSV season (981.6 vs. 984.6 kPa, P=0.033). The 
weekly occurrence of RSV and non-RSV VRTI from 
January 2015 to December 2020 and their relation 
to air temperature, daily solar radiation, relative 
humidity and cloud cover is presented in Fig. 1.



Discussion

This study demonstrates the significant relation of 
meteorological factors to neonatal VRTI occur-
rence. Low air temperature, high relative humid-
ity, shorter daily solar radiation and increased cloud 
cover were associated with increased risk of VRTI, 
RSV VRTI or non-RSV VRTI. Similar studies in 
temperate climates found comparable conclusions 
for adult and paediatric patients (11−15), how-
ever, to the best of our knowledge, this is the first 
study of this kind on neonatal patients. The study 
shows an evident correlation and strong relation 
between the air temperature and the occurrence of 
VRTI, RSV VRTI and non-RSV VRTI. From our 
data, we can anticipate the occurrence of neona-
tal VRTI at average daily air temperatures below 
4.9 °C. Furthermore, if the air temperature drops 
below 3.8 °C, neonatal RSV VRTI occur more 
frequently than non-RSV VRTI. These two spe-
cific values could predict the onset of the VRTI 
and RSV VRTI season. To investigate this asser-
tion, we compared our meteorological model with 

established epidemiological methods for defining 
RSV seasonality, involving the onset, offset, peak 
and duration of the RSV epidemic season. Until 
recently, two consecutive weeks with more than 
10% of samples testing positive for RSV defined 
the onset of the RSV epidemic season in Slovenia. 
However, due to delayed determination of sea-
son onset, Grilc et al tested other possible meth-
ods to find the most appropriate one for defining 
RSV seasonality (9). They evaluated ten consecu-
tive RSV seasons from 2008 to 2018 in Slovenia 
by using four different calculation methods. The 
first was the ≥10% method already implemented 
(16), including its modifications, using the ≥3, ≥5 
and ≥7% rule (17). These methods enable real time 
RSV season evaluation. The second method, used 
by the European Centre for Disease Prevention and 
Control, retrospectively defines season weeks when 
weekly RSV detections exceed 1.2% of the total 
RSV-positive specimens per season (18). The third, 
also a retrospective method used in the United 
Kingdom, defines RSV season weeks when the 
average weekly number of RSV-positive specimens 

Fig. 1. Weekly Occurrence of Respiratory Syncytial Virus (RSV) and non-RSV Viral Respira-
tory Tract Infections (VRTI) from January 2015 to December 2020 and their Relation to Air 
Temperature, Daily Solar Radiation, Relative Humidity and Cloud Cover.
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accounts for ≥60% of each year’s average (19). The 
fourth method evaluated was the moving epidemic 
method, which prospectively monitors the weekly 
intensity level of RSV VRTI (20). The authors con-
cluded that calculation methods are still the most 
conclusive; the ≥3% calculation method could be 
used to define the beginning of the RSV season, 
and the ≥7% calculation method to define the epi-
demiological parameters of an ongoing season and 
to support the public health response. 

Furthermore, we combined our meteorologi-
cal data on air temperature and their epidemiolog-
ical data on RSV seasonality. The air temperature 
seemed to be a good predictive factor of the onset 
of the RSV season, as the difference using the ≥3% 
calculation method ranged from one to seven 
weeks, on average three weeks. In most cases the 
air temperature preceded the calculation method, 
thus offering a probably even more prompt, real-
time predictive method for daily clinical practice. 

The peak RSV season is defined as the week 
with the highest percentage of positive patients. 
The difference in the peak RSV season, estimated 
using the lowest average air temperature and the 
7% calculation method, ranged from one to 10 
weeks, on average five weeks. The calculated peak 
RSV week occurred in the middle third of the RSV 
season, although this was less obvious in the case 
of the lowest average air temperature, which also 
occurred during the first or last third of the RSV 
season. Overall, the lowest average air temperature 
did not predict the peak RSV season very well.

The difference in the offset RSV season, esti-
mated by the average air temperature and the 
7% calculation method, ranged from seven to 10 
weeks, on average seven weeks. This extended inter-
val seemed too long to provide any reasonable accu-
racy in relation to air temperature to predict the 
offset and consequently the duration of the RSV 
season. 

The difference in RSV season duration, esti-
mated by the average air temperature and the 10% 
calculation method (due to missing data for the 
7% calculation method during the 2018/2019 sea-
son), ranged from zero to five weeks, on average 

0.5 weeks. This slight difference appeared insignifi-
cant and the average air temperature could be inter-
preted as a good predictor of RSV season duration, 
but due to this difference in the onset and offset of 
the season, this assertion appeared less convincing. 

The earth’s ground and air temperatures are fun-
damentally related to solar radiation. Shorter daily 
solar radiation during the winter therefore decreases 
the air temperature, and the effectiveness of solar 
radiation is additionally decreased by clouds. With 
this perspective, the association of daily solar radi-
ation, cloud cover and the occurrence of VRTI in 
our study appeared convincing and consistent with 
the findings of other, similar studies (21). 

Besides air temperature, the occurrence of VRTI 
and especially RSV VRTI was also related to rela-
tive humidity. High relative humidity was associ-
ated with increased risk of VRTI and RSV VRTI, 
which was also observed in other studies in tem-
perate climates (12,14,15,21). Respiratory viruses 
are spread by water droplets, and at low air tem-
peratures their viability probably increases as rela-
tive humidity increases. Some similar studies report 
increased RSV VRTI probability at low absolute 
humidity (11,22). Absolute humidity represents 
the density of water vapor, and relative humidity is 
the ratio between absolute humidity and saturated 
humidity (the maximum possible absolute humid-
ity) at a given temperature. This means that low 
absolute humidity at a lower temperature increases 
relative humidity, which is usually observed during 
winter months in temperate climates, and likewise 
consistent with our and their findings.  

Due to the high burden of neonatal VRTI, 
especially due to RSV, several preventive strate-
gies are used, focusing mainly on maternal and 
infant immunization (8). Currently, two human-
ized monoclonal antibodies (palivizumab and 
nirsevimab) are licensed for RSV prevention. 
Immunoprophylaxis with these drugs should pref-
erably start before the onset of the RSV season. 
According to Slovenia’s multi-year RSV seasonal-
ity, the recommended time to start immunopro-
phylaxis is week 48. Comparing this with our data 
showing that the air temperature falls below 3.8 °C 



during weeks 47−50, this might lead to the firm 
conclusion that air temperature drop below 3.8 °C 
could be used as an early warning sign of RSV sea-
son onset and the need for immunoprophylaxis. 

Limitations of the Study

Some limitations of this study are worth noting. 
The prognostic accuracy of the meteorological data 
analysed in this study is limited to the central part 
of Slovenia with a continental climate, and does 
not relate to all the Slovenian regions, which are 
influenced by sub-mediterranean and alpine cli-
mates. Although Slovenia is one of the smallest 
European countries, and as there is a strong inter-
action between these three climatic systems across 
most of the country, specific regional meteorologi-
cal analysis would be necessary to predict its influ-
ence on neonatal VRTI occurrence accurately. 

Another interfering factor might be the air pol-
lution, which affects the infant lung health, espe-
cially after chronic exposure (23). As the granted 
access from the Slovenian Environment Agency 
covered only the set of meteorological data, in 
which the air pollution was not comprised, this 
study did not evaluate the possible synergistic effect 
of meteorological factors and air pollution on VRTI 
occurrence. Further studies should assess this pos-
sibility. Furthermore, VRTI are seasonal diseases, 
but they are not solely related to meteorological 
factors. This was most obviously seen during the 
very atypical 2021/2022 season, when RSV VRTI 
already started during the summer in week 27. 
This extremely early occurrence was most probably 
related to the termination of the previously strict 
prevention measures against severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion. VRTI are therefore multifactorial diseases, 
influenced by meteorological, microbiological, 
immunological, epidemiological, environmental 
and other factors as well. Using only meteorologi-
cal factors for prediction of the VRTI season might 
be completely inadequate and incorrect if other fac-
tors are trending unusually or differently. Finally, 
meteorological conditions also affect human social 
behaviour, as we rather stay indoors during cold 

and humid winter months. This leads to more fre-
quent and closer social contacts which are inher-
ently crucial for effective viral spread. 

Conclusion

Meteorological factors, particularly air temperature 
and relative humidity, were associated with neo-
natal VRTI occurrence in the temperate climate 
of central Slovenia. The average daily air tempera-
ture below 4.9 and 3.8 °C could predict the onset 
of the VRTI and RSV VRTI season, respectively. 
These factors could be used as real-time predictive 
warning, especially for RSV season onset and the 
need to begin RSV immunoprophylaxis in vulner-
able newborns. To adjust preventive strategies in 
general, and to reduce the incidence and burden 
of these seasonal infections, adverse meteorological 
conditions in different geographical areas should be 
studied, also comprising other possible modifying 
factors like air pollution. 
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