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Estimation of the Size of Influenza Epidemic in the WHO European Region

DSO Avrupa Bélgesinde Grip Salgminin Biiyiikliigiiniin Tahmin Edilmesi

Tevfik BULUT?

ABSTRACT

This study aims to estimate the magnitude of the
influenza epidemic in WHO European countries and
territories. The wavelengths of these countries were
compared based on the number of influenza cases,
including subtypes A and B. The epidemiological
wavelength method was used to assess the outbreak’s
magnitude, considering factors like population density,
human development index, case count, and the number
of days since the first case was recorded. The UK,
England, had the highest wavelength scores (W) in
2022, 2023, and 2024. Conversely, Azerbaijan had the
lowest wavelength scores (We) in 2022 and 2023,
respectively. The average wavelength score for WHO
European countries and territories reached its peak in
2023, with the lowest score in 2022 at 13.44 W.. The
study suggests that the epidemiological wavelength
method can be used to estimate outbreak size,
providing a clearer and more reliable cross-sectional
image of the epidemic.

Keywords: Influenza, WHO European Region,
Epidemic, Epidemiological Wavelength method

oz

Bu ¢alisma DSO Avrupa iilkeleri ve bolgelerindeki
grip salgminin  biyiikliiglini  tahmin  etmeyi
amaclamaktadir. Bu iilkelerin dalga boylari, A ve B alt
tipleri de dahil olmak iizere influenza vakalarinin
sayisina gore karsilagtirtlmistir. Salgmin biyiikligiint
degerlendirmek i¢in niifus yogunlugu, insani gelisme
endeksi, vaka sayis1 ve ilk vakanin kaydedilmesinden
bu yana gecen giin sayisi gibi faktorler goz oniinde
bulundurularak epidemiyolojik dalga boyu yontemi
kullanilmugtir. 2022 ve 2024 yillarinda Birlesik Krallik
(ingiltere), en yiiksek dalga boyu skorlarma (W) sahip
tilke olarak one ¢ikarken, Azerbaycan'da 2022 ve 2023
yillarinda en  diisik dalga boyu  skorlar
gdzlemlenmistir. DSO Avrupa iilkeleri ve bolgeleri igin
ortalama dalga boyu skoru 2023'te zirveye ulasirken, en
diisiik skor 13,44 W, ile 2022'de goriilmiistiir. Caligma,
epidemiyolojik dalga boyu yonteminin salgin
biiylikliigiinii tahmin etmek i¢in kullanilabilecegini ve
salgmin daha net ve daha giivenilir bir kesitsel
goriintiisiinii saglayabilecegini gostermektedir.

Anahtar Kelimeler: Grip, DSO Avrupa Bolgesi,
Salgin, Epidemiyolojik dalga boyu yontemi

Ethical approval has not been obtained as the data are public.

1 Dr., Tevfik BULUT, Numerical Model Development, Atilim University, Nursing Department, buluttevfik@gmail.com, ORCID: 0000-0002-

3668-7436

Tevfik BULUT
buluttevfik@gmail.com

iletisim / Corresponding Author:
e-posta/e-mail:

Gelis Tarihi / Received: 26.12.2025
Kabul Tarihi/Accepted: 16.03.2025

64



GUSBD 2025; 14(1): 64 -73
GUJHS 2025; 14(1): 64 — 73

Giimiishane Universitesi Saghk Bilimleri Dergisi
Giimiishane University Journal of Health Sciences

Arastirma Makalesi
Original Article

INTRODUCTION

Each year, seasonal influenza accounts for
approximately one billion cases, leading to
280,000 to 650,000 respiratory deaths,
predominantly in developing countries,
comprising 99% of cases.!

The upper respiratory tract, which includes
the nose, throat, bronchi, and, less often, the
lungs, is the main target of influenza, an acute
viral illness. The illness is seen all throughout
the globe and spreads swiftly among people,
particularly in crowded areas. About 5-15%
of people in the northern hemisphere are
affected by the yearly influenza outbreaks that
happen in the fall and winter. The upper
respiratory tract, which includes the nose,
throat, bronchi, and, less often, the lungs, is
the main target of influenza, an acute viral
illness. The illness is seen all throughout the
globe and spreads swiftly among people,
particularly in crowded areas. About 5-15%
of people in the northern hemisphere are
affected by the yearly influenza outbreaks that
happen in the fall and winter.?

Annual influenza epidemics in the WHO
European Region typically occur in the
autumn and winter, potentially impacting up
to 20% of the population.® The World Health
Organization's May 2024 report indicates that
the cumulative number of cases of influenza
subtypes A and B recorded in the WHO
European Region from September 1, 2023, to
May 31, 2024, amounted to roughly 175,000.*

In the literature, modeling the COVID-19
outbreak and other epidemics by relying
solely on case numbers as input and utilizing
traditional epidemiological rates and methods
poses a considerable challenge in accurately

depicting the true progression of the
outbreaks. Therefore, it is essential to model
epidemics by considering the demographic
and socioeconomic conditions of the countries
or regions in which they occur.® This approach
can enable a more accurate evaluation of
outbreak magnitudes in countries or regions.
The epidemiological wavelength approach
functions as a tool to assess epidemic
magnitude. Thus, decision-makers can
transcend traditional epidemiological rates
and methods that fail to effectively clarify
pandemics or epidemics, facilitating a clearer
and more reliable cross-sectional depiction of
the epidemics.

This retrospective observational study
aims to estimate the size of an influenza
epidemic in countries and territories within
the  WHO European Region using the
epidemiologic wavelength approach.
Consequently, by using this method as an
outbreak size estimation tool, decision-
makers can more efficiently and swiftly
control the epidemic process and enhance the
resilience of health systems by making better
informed public health decisions. The
approach incorporates influenza cases from
the FluNet database of the Global Influenza
Surveillance and Response System as a
parameter. The influenza cases dataset from
the FluNet database encompasses cases from
April 25, 2022, to October 21, 2024. The
estimate of epidemic magnitude using the
epidemiological ~ wavelength  approach
incorporates additional parameters, including
human development index and population
density data sets.

MATERIAL AND METHODS

The study population comprised 55
territories and countries within the WHO-
defined European Region, while the target
population consisted of 50 countries and
territories.

Data Sets

In order to estimate the size of the influenza
pandemic in countries and territories in the

WHO  European Region using the
epidemiological wave size method, It was first
obtained data sets on the number of influenza
cases by country and territory, population
densities of countries and territories (people
per square kilometer of land area), and human
development index of countries and
territories.
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The study utilized the publicly available
FluNet database from the WHO to monitor the
number of cases of influenza in countries
within  the WHO European Region.
Established in 1997, the Global Influenza
Surveillance and Response System FluNet
database functions as a web-based resource
for the virological monitoring of influenza.®
Influenza case counts include diagnoses of
both type A and type B influenza. The
surveillance system, comprising sentinel, non-
sentinel, and additional unspecified types,
supplied the influenza case numbers. Data on
influenza cases were collected from April 25,
2022, to October 21, 2024. This is because the
entry of influenza case numbers into the
Global Influenza Surveillance and Response
System (GISRS) FluNet began in April 2022.
Bosnia and Herzegovina, Cyprus, and
Turkmenistan were excluded from the dataset
for year-by-year comparison due to missing
data in the time series.

The current population density of the
European region was obtained from
https://ourworldindata.org.’ Conversely,
population density data for England, Wales,
Scotland, and Ireland were acquired from the
UK Office for National Statistics (ONS).®

The United Nations (UN) official website,
https://hdr.undp.org/, provides the Human
Development Index (HDI) dataset.® The latest
published HDI data for 2022 were used. Since
HDI data are not available separately for
England, Wales, Scotland, and Northern
Ireland, the HDI data for the United Kingdom
were used as a proxy for these regions.
Kosovo was excluded from the analysis due to
a lack of available HDI data.

Ethical Approval

Ethical approval has not been obtained as
the data are public.

Funding

The author declared that this study has
received no financial support.

Confict of interest
The author declared no conflict of interest.
Statistical Analysis

The dependent t-test for paired samples, a
parametric statistical test, was employed to
assess whether the differences in the periodic
wavelengths derived from the wavelength
model were statistically significant from one
another. The differences in the periodic
wavelengths of WHO European countries or
territories were analyzed in two groups: 2022-
2023 and 2023-2024. Prior to the t-test for
paired samples, the Shapiro-Wilk normality
test was conducted to assess whether the test
data met the assumption of normal
distribution, which is one of the parametric
assumptions. The Shapiro-Wilk test evaluates
the null hypothesis, asserting that the data
follows a normal distribution, in contrast to
the alternative hypothesis that the data does
not conform to a normal distribution. It is
presumed that the data follows a normal
distribution if the p-value for the Shapiro-
Wilk test exceeds 0.05. The following
hypotheses have been established within the
scope of the dependent t-test for paired
samples:

. Ho: There is no difference in mean
between the difference in the number of
influenza cases in 2022-2023 and the
difference in the number of influenza cases in
2023-2024.
. Ha: There is a difference in mean
between the difference in the number of
influenza cases in 2022-2023 and the
difference in the number of influenza cases in
2023-2024.

The study used Microsoft Excel'® for data
mining and data summarization, and the R
programming language!! for statistical tests.

Limitations of the study

Since the epidemiological wavelength
method, which measures the size of
epidemics, provides a snapshot of the
epidemic, the findings obtained from the
method should not be used as a means of
predicting the future. However, future
forecasting studies can use the method's
findings as input. A further limitation is that
the Human Development Index (HDI)
published by the United Nations (UN) does
not encompass certain regions within the
WHO European Region, resulting in their
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exclusion from the study. Moreover, the
likelihood of underreporting influenza cases
in countries and territories within the WHO
European Region can impact the outcomes of
wavelength estimation.

Epidemiological Wavelength Method

The epidemiologic wavelength (W,)
method, as described by Bulut and Top®, is
employed in the WHO European Region to
estimate the magnitude of influenza outbreaks
at the country and territory level, as presented
in equation (1).

(cc)3xpg + 1) (1)

We = In( | azeyexn

The parameters used in Equation (1) are as
follows: ¢, number of confirmed cumulative

cases, t. number of days since the first case

reported, t, = 36;“25 the ratio of within the

total day of the year of number of days since
the first case reported, In natural logarithm,
pq Population density (people per square
Kilometer of land area), h; human
development index. The greater the positive
value of WW,, the wider the wavelength and
area of the epidemic's influence. If it is desired
to estimate intra-country or intra-regional
epidemic sizes with the method, the human
development index (h;) parameter in the
denominator of the wavelength method is
subtracted.> This is because the human
development index is calculated by the United
Nations at the country and regional level.*2

RESULTS AND DISCUSSION

The epidemiologic wavelength of an
influenza method was assessed within the
framework of countries and territories in the
WHO European Region. The results from the
wavelength estimation method are organized
in descending order based on wavelength size.
The United Kingdom, England, exhibited the
highest wavelength in 2022 at 20.1 We,
whereas Azerbaijan recorded the lowest

wavelength at 2.64 We (Figure 1). During the
same period, Portugal and France ranked as
the second and third countries with the highest
wavelengths, respectively. The wavelengths
of the three countries with the highest scores
significantly surpass the average of 13.44 for
the WHO European Region. In 2022, 26
countries and territories fell below the average
of the WHO European Region.
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We
0,00 5,00 10,00 15,00 20,00 25,00

United Kingdom, England e 20,01
Portugal - I 19,87
France I 19,41
Switzerland - IR 19,15
Netherlands (Kingdom of the) e 18,89
Norway — IS 18,17
Belgium I 18,16
United Kingdom, Scotland S 17,79
Sweden I 17,75
Spain - I 17,47
Denmark e 17,01
United Kingdom, Wales S e 18,70
Russian Federation S 16,41
Italy I 16,20
Ukraine I 15,66
Czechia I 15,36

Ireland
Germany
United Kingdom, Northern Ireland

Slovenia I 14,84
Austria I 14,54
Poland I 14,46

Lithuania I 13,78
Croatia IR 13,62

WHO-EUROG50 Average G- 13,44
Israel I 13,40

Malta S 13,12

Kazakhstan s 12,70

Tiirkiye I 12,57
Estonia I 12,53

Luxembourg I 12,50

Romania I 11,95
Belarus I 11,93

Slovakia  EEGEGE—_——— 11,70
Greece N 11,68
Georgia NI 11,58
Latvia e 11,35

Republic of Moldova R 11,22
Tajikistan I 10,91
Iceland RS 10,63
Kyrgyzstan I 10,14
Serbia  NEEGEGERE—_—_—— 9,95
Albania IR 9,52
Liechtenstein I 9,36
Hungary SRS 9,26
Armenia IR 0,04
North Macedonia N 8,82
Uzbekistan B 8,70
Bulgaria S 8,24
Montenegro R 6,01
Azerbaijan B 2,64

Countries / Territories

Figure 1. The Influenza Epidemiological Wavelengths in the WHO European Region, 2022
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In 2023, the United Kingdom, England,
exhibited the highest wavelength at 20.8 W,
similar to the previous year, 2022 (Figure 2).
Conversely, Azerbaijan recorded the lowest
wavelength at 7.01 We. During the same
period, Belgium and Italy ranked as the
second and third countries with the highest

0
United Kingdom, England

[=}
)

5,00

wavelengths, respectively. The scores of the
three countries with the highest wavelengths
significantly surpass the average of 14.72 for
the WHO European Region. In 2023, 23
countries and territories fell below the average
of the WHO European Region.

We
10,00 15,00 20,00 25,00

20,08
18,46

S
ltaly S 18,08
17,99
Denmark e 17,92
S 17,85
Netherlands (Kingdom of the) IEE——— 17,82
A —— 17,43
Portugal S 17,23
D ——— 17,14
Spain  EEEEEEEEEE s 17,09
D 17,01
Romania S e 16,93
e 16,85
Austria  FEEEEEE e 16,54
D — 16,33
Slovakia S 16,02
P —— 15,93
Malta S 15,75
P —— 15,69
o Hungary e 15,68
‘= P 15,68
2 Poland S 15,62
= D 15,54
2 Israel I 15,09
~ P ——— 14,94
8 Belarus S 14,87
= I ——— 14,72
S Albania B 14,71
3 P 14,67
© Serbia R 13,84
P 13,81
Germany IEE—— 13,62
P 13,56
Ireland S 13,47
P 13,19
Luxembourg S 13,14
P 13,10
Armenia  EEE——— 13,04
. P — 13,01
Republic of Moldova s 12,87
P 12,78
North Macedonia IS — 12,64
P——— 12,44
Kazakhstan s 12,32
. . s—— 11,92
Liechtenstein s 10,16
P—— 9,86
Georgia BESS——— 9,72
——— 9,63
Azerbaijan EEEE—— 7,01

Figure 2. The Influenza Epidemiological Wavelengths in the WHO European Region, 2023
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In 2024, the United Kingdom, specifically
England, exhibited the highest wavelength at
21.17 We, whereas Kyrgyzstan recorded the
lowest wavelength at 4.49 W,, consistent with
the data from 2022 and 2023 (Figure 3). In the
same timeframe, France and Slovenia were
listed as the second and third countries with
the highest wavelength, respectively. The

o

0,00

United Kingdom, England

T
Slovenia - S 20,50
T

scores of the three countries with the highest
wavelengths significantly exceed the average
of 14.58 for the WHO European Region. In
2023, 27 countries and territories fell below
the average of the WHO European Region

We
10,00 15,00 20,00 25,00

21,17
20,89

Belgium S e 19,85

B 19,50
Czechia e 18,93
e 18,68
Netherlands (Kingdom of the)  EE e 18,51
S 18,48
Ukraine S e 17,91
B 180
Denmark S s e 17,63
e 1,39
Spain - EE e 16,83
B 1e,16
United Kingdom, Northern Ireland S e 16,74
B 16,69
Italy S e 16,55
e 16,33
0 Germany  EEEE e 15,59
2 B 15,21
2 Luxembourg S e 14,69
= . [N,y 14,58
e Albania S 14,43
- e 14,39
8 Ireland S 14,36
5 S 14,25
S Belarus S 14,18
Q B 14,00
© Hungary S 13,85
B e 18,80
Greece N — 13,79
e 13,43
Lithuania S 13,15
B 12,9
Slovakia EE 12,93
S e 12,88
Serbia SRR 12,80
. s 12,75
Georgia N 11,88
e 11,58
Iceland  S—— 11,30
B 11,14
North Macedonia e 10,42
B 9,22
Kazakhstan ~Sssssssssss 9,06
e 7,51
Tajikistan S 6,5
e 4,89
Kyrgyzstan s 4,49
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Figure 3. The Influenza Epidemiological Wavelengths in the WHO European Region, 2024

Shapiro-Wilk  normality  test  was
conducted to determine whether the
assumption that the data required for t-test for
paired samples is normally distributed was
met. According to the findings, the data set
used in the t-test for paired samples is
normally distributed (W =0.967, p = 0.1611).
Then, the dependent t-test for paired samples
was performed to determine whether the
differences in the wavelengths of the 2022,
2023, and 2024 time periods, derived from the
wavelength model, are statistically different
from one another. The periodic wavelengths
of countries or territories in the WHO

European region were analyzed in two groups:
2022-2023 and 2023-2024. The dependent t-
test for paired samples indicates a statistically
significant difference in the differences in
wavelengths between 2022-2023 and 2023-
2024 (t(49) = -2.731, p < .009) (Table 1).
Consequently, the alternative hypothesis was
accepted. On the other hand, a weak and
negative correlation was observed between
the differences in wavelengths of the 2022-
2023 and 2023-2024 time period pairs, which
was statistically significant (r = -0.377,
p<.007).

Table 1. Results of Statistical Analysis by Two Time Periods

* ke

Variable Mean N r t df p
20222023 1280 50 2305 0377 0.007
2023-2024 0.142 50 2133

Pair 2022-202382023- 4 493 3.684 2731 49 0.009

2024

*Sd: Standard Deviation, "r: Pearson Correlation Coefficient

The findings from the epidemiological
wavelength  method showed that the
epidemiological wavelengths of the influenza
pandemic differed for the years 2022, 2023,
and 2024. The variation in reported cases
across countries or territories may be a
significant factor in this context.

The coefficient of variation (CV) is a
statistical measure that provides comparable
results by dividing the standard deviation by
the mean, allowing for analysis of the
difference in data spread relative to the mean
value, thereby enabling comparison of two
random variables.** Accordingly, when the
findings from the wavelength method are
assessed by year, the notable results are as
follows: In 2022, the WHO European Region
exhibited a difference of 17.37 between the
maximum and minimum wavelengths,
accompanied by a population coefficient of

variation (CV) of 0.28. The value exceeds that
of 2023 (range = 13.06, population CV =0.18)
and 2024 (range = 16.67, population CV =
0.27). From these findings, it is observed that
the variability in wavelengths is at its highest
level in 2022. However, in 2023, the WHO
European Region's countries and territories
had the lowest population coefficient of
variation (CV = 0.18) for wavelength. The
low CV in 2023 is attributed to increased
vaccination rates in countries affected by
COVID-19, the implementation of public
health measures reaching a certain threshold,
and the internalization of these measures by
countries.’* The measures implemented for
COVID-19 also aid in controlling the
influenza epidemic due to analogous
transmission pathways. For example, social
distancing measures have become a key
component of the public health response to the
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influenza pandemic, as in COVID-19, and
have played an important role in mitigating
outbreaks.!>1¢

In the evaluation of findings from the
wavelength method by countries and
territories, the United Kingdom, England,
exhibited the highest wavelength of the
epidemic across all periods within the WHO
European Region. The following factors can
account for this phenomenon: England
consistently recorded the highest number of
influenza cases among the countries and
territories in the region across all time periods.
The elevated population density of England,
compared to most other countries or territories
in the region, significantly contributed to the
observed wavelengths. Research in this
domain further corroborates these factors. The
study assessing the relationship between
COVID-19 and population density in
Malaysia, utilizing the Pearson correlation
coefficient, revealed a significant correlation
between the two variables. The study
indicated that areas with higher population
density and crowding exhibited an increased
risk of COVID-19 transmission.!” A study
conducted in the USA indicated that
population density has a significant impact on
the infectiousness of diseases such as COVID-
19. The analysis showed that urban areas
exhibit a higher vulnerability to respiratory
diseases.'® A study in Japan revealed a rising
tendency in the overall number of infected
individuals, which was correlated with higher
population density due to human mobility
during seasonal influenza epidemics.® Other
studies also show that population density is an
important  factor in increasing the
contagiousness of the outbreak.2%?*

Conversely, inthe WHO European Region,
Azerbaijan has the lowest epidemic
wavelength in 2022 and 2023 (We = 2.64 in
2022 and We =7.01 in 2023). According to the
estimation method, one of the main reasons
for this is that Azerbaijan has the lowest
number of reported influenza cases (cc = 1)
among the countries and territories in the
European Region in these years. Similarly, in
2024, Kyrgyzstan experienced the lowest
epidemic wavelength in the European region,
with a value of 4.49. The most important
reason for this is that Kyrgyzstan had the
lowest number of reported influenza cases in
2024 (cc = 5) among the countries and
territories in the European Region. For both
countries, these results may indicate the
possibility of underreporting influenza cases.
Underreporting of infectious diseases,
including influenza, is a well-recognized
challenge in surveillance systems, and various
methods have been developed to quantify and
address this issue.?? This phenomenon has
been observed in various settings, including
aged care facilities,® and during the early
stages of epidemics.?* Further investigation is
needed to confirm this hypothesis and to
assess the extent of underreporting in these
countries. Improving data quality and
completeness, potentially through enhanced
surveillance and reporting mechanisms in
Azerbaijan and Kyrgyzstan, would be crucial
for a more accurate understanding of
influenza activity in the WHO European
Region. This, in turn, would allow for more
effective public health interventions and
resource allocation

CONCLUSION AND RECOMMENDATIONS

This study highlights the importance of
utilizing the epidemiological wavelength
method to estimate the magnitude of influenza
epidemics across the WHO European Region.
The findings indicate significant variations in
epidemic wavelengths over the years 2022,
2023, and 2024, with the highest variability
observed in 2022. The analysis reveals that
increased vaccination rates and public health

measures implemented during the COVID-19
pandemic have positively influenced the
control of influenza outbreaks, particularly in
2023. Additionally, the study underscores the
impact of population density on the spread of
influenza, with England exhibiting the highest
epidemic wavelength due to its dense
population and high case numbers.
Conversely, Azerbaijan and Kyrgyzstan
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reported the lowest wavelengths, suggesting a
possible underreporting of cases. This
emphasizes the need for improved data
transparency and sharing among countries to
enhance public health responses and
management of influenza epidemics. Overall,
the study provides valuable insights for
decision-makers to monitor and respond to
influenza outbreaks more effectively.

Recommendations for Future Studies

The epidemiological wavelength method
can be used as an estimation tool to reveal the
size of epidemics. Thus, deeper insights can
be obtained by comparing countries or regions
within and among themselves by conducting
studies both at the country level and within
countries, especially in OECD countries.
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