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Influenza virus infection remains the leading cause of morbidity and mortality in the autumn-winter
period. Along with insights into circulating virus subtypes and seasonal trends, reliable data on the
prevalence of influenza among patients with acute respiratory illnesses is essential for guiding the
selection of strains for annual vaccines and for optimizing the planning of immunization programs.

Objective. To perform a molecular diagnostic analysis of influenza in patients with severe acute
respiratory illness between 2015 and 2019.

Methods. A total of 505 patients presenting with symptoms of severe acute respiratory illness and
hospitalized at St. Michael’s Clinical Hospital in Kyiv were included in the study. Influenza A and B virus
RNA was detected using real-time PCR.

Results. During the observation period, 49% of patients tested positive for influenza. The highest
positivity rate (86% ) was recorded in the 2017—-2018 season, with influenza B virus being the predominant
strain. In contrast, influenza B virus RNA was not detected during the 2015-2016, 2016-2017, and
2018-2019 seasons. The incidence of influenza A virus during those periods was 28.1%, 50.7%, and
25.4% , respectively. No co-infections were detected.

Conclusions. Influenza A virus circulated consistently among patients hospitalized with severe
respiratory illness throughout all four seasons from 2015 to 2019. The sharp increase in influenza
positivity observed during the 2017-2018 season is attributed to an outbreak of influenza B.
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Influenza remains a significant global
public health concern. Each year, approxima-

2019 period were extracted from the collection
“Statistical Yearbook form of Ukraine of the

tely 1 billion cases of seasonal flu are reported
worldwide, including 3 to 5 million cases of
severe illness [1]. In Europe alone, influenza
is estimated to cause around 40,000 deaths
annually [2]. In Ukraine, 6 to 7 million cases
are registered annually, accounting for about
75-90% of all infectious diseases in the
country. The data on the annual case numbers
of infectious diseases in Ukraine for the 2015—

State Statistics Service of Ukraine.” Some
of the data used are not fully available in the
public domain, but data on mortality and
morbidity in Ukraine for specific periods are
available in WHO electronic databases [3].
Influenza is an acute respiratory illness
that continues to cause seasonal epidemics and
occasional pandemics, resulting in significant
morbidity and mortality globally [4]. In
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temperate regions, influenza follows a distinct
seasonal pattern, with large and intense
outbreaks typically occurring once a year
during the colder months. These are usually
followed by periods of minimal activity during
the warmer months when the virus becomes
nearly undetectable [5]. Influenza remains
one of the leading causes of winter-related
morbidity and mortality [6], with activity
typically beginning as early as December and
lasting through April, peaking in January or
February [7].

Several factors influence the incidence
and spread of influenza, including socio-
demographic and ethno-demographic
characteristics of the population; climatic
conditions such as humidity, temperature, and
solar radiation; antigenic drift of the virus
over time; human travel behavior and mobility
patterns; spatial and temporal transmission
dynamics, including recent trends in influenza
wave patterns [8].

Influenza is caused primarily by influenza
A and B viruses, although types C and D also
exist. Influenza A and B viruses are responsible
for annual seasonal epidemics and, in some
cases, global pandemics. Zoonotic strains
of influenza A virus can contribute to these
outbreaks [9]. Influenza A and B viruses
present with similar clinical and biological
characteristics, including comparable levels of
severity [10].

Seasonal epidemics are typically driven
by influenza A or B viruses. Type A viruses
have a broad host range, infecting humans,
birds, pigs, horses, and other animals. Type
B and C viruses primarily infect humans,
although type C has occasionally been isolated
in pigs and dogs [11]. Pandemics usually arise
from genomic reassortment between human
and animal strains, heightening the risk of
widespread outbreaks during seasons with high
viral activity [12].

Clinically, human influenza typically
presents with a sudden onset of fever above
38.5 °C within 1-3 days of infection. Other
common symptoms include headache, myalgia,
fatigue, general weakness, and a dry cough.
Viral shedding may begin less than 24 hours
before symptom onset and usually continues
for 3—5 days. Young children may shed the
virus earlier and for longer durations than
adults. Severe complications can include
primary influenza pneumonia, encephalitis,
myocarditis, and even sudden death within a
few hours of symptom onset [13, 14].

Clinically, human influenza typically
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fatigue, general weakness, and a dry cough.
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before symptom onset and usually continues
for 3—5 days. Young children may shed the
virus earlier and for longer durations than
adults. Severe complications can include
primary influenza pneumonia, encephalitis,
myocarditis, and even sudden death within a
few hours of symptom onset [13, 14].

Over the past few decades, more virulent
strains of influenza have emerged, affecting
both humans and animals. Clinicians should
be aware that while rapid diagnostic tests for
influenza are convenient, they have limited
sensitivity and may yield false negatives.
The current gold standard for diagnosis
is the PCR test. Although viral culture
from nasopharyngeal samples is also a gold
standard, it takes several days to produce
results. Vaccination remains the most effective
strategy to reduce the incidence and impact of
influenza infections [16].

Nucleic acid-based tests for respiratory
viruses have been in use for over two decades,
with multiplex PCR technologies becoming
increasingly available in the last five years.
Several commercial multiplex PCR assays are
now in clinical use, offering simultaneous
detection of multiple pathogens [17].

This study aimed to perform a molecular
diagnostic analysis of influenza in patients
with severe acute respiratory illness
hospitalized between 2015 and 2019.

Materials and Methods

The study was conducted during the
epidemiological autumn-winter seasons, from
November to March, over the period from
2015 to 2019. Nasopharyngeal swabs were
collected from patients in the early stages
of illness and transported to the laboratory
at Oleksandrivska Clinical Hospital in Kyiv
(now St. Michael’s Clinical Hospital) the day
after their admission to the infectious diseases
department with severe symptoms of acute
respiratory illness.

Molecular testing was carried out using the
PhoenixDx® Influenza A/B Virus test system,
following the manufacturer’s protocols. This
system enables the qualitative detection of
influenza A and B virus RNA through real-
time PCR. It targets one particular sequence
of the influenza A virus genome and one of
the influenza B virus genome. Detection of
influenza A virus RNA is indicated by a FAM
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fluorescence signal at 517 nm (Fig. 1), while
the influenza B virus sequence is detected
via the HEX channel at 554 nm (Fig. 2).
Additionally, the kit includes an internal
control to detect the RNase P gene—present
in human cells—, which is measured using the
Cyb5 signal at 670 nm.

Prior to PCR, nucleic acid extraction
was performed on 180 pL of a sample using
the NucleoMag® Dx Pathogen system
(MACHEREY-NAGEL, Germany), with a
final elution volume of 50 pL. Real-time
PCR amplification was conducted using the
CFX96™ Real-Time PCR Detection System
(Bio-Rad, California, USA), according to the
manufacturer’s guidelines.

Amplification

All laboratory procedures were performed
in compliance with general ethical standards,
ensuring the protection of life, health,
dignity, and the confidentiality of patients’
personal information. Appropriate protective
measures were observed throughout the
testing process.

Results and Discussion

During the off-season period from 2015
to 2019, the incidence of influenza virus
infection remained notably high. Throughout
the study period, our laboratory received a
total of 505 samples from patients with severe
acute respiratory symptoms. These patients
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Fig. 1. Representative amplification curves of influenza A virus RNA
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Amplification
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Fig. 2. Representative amplification curves of influenza B virus RNA

had been hospitalized in the infectious disease
department from various districts of Kyiv, all
presenting with severe infections.

The analysis of the study data revealed
that 244 (48.8%) of the 505 samples tested
positive for either influenza A virus (29.1%)
or influenza B virus (19.7%). Notably, no
samples exhibited co-infection with both
influenza A and B viruses (Fig. 3).

During the epidemiological autumn-
winter period of 2015-2016, 128 patients
were examined, of whom 28.1% (n = 36)
tested positive for influenza A virus RNA.
No influenza B virus RNA was detected in the
samples (Fig. 4).

In the 2016-2017 season, the incidence
of influenza A increased, with 136 patients
examined. Of these, 50.7% (n = 69) tested
positive for influenza A virus RNA, while no
influenza B virus RNA was detected during
this period.

The most challenging epidemiological
situation occurred in the 2017-2018 season.
Among 127 patients examined, 86% (n = 110)
were diagnosed with influenza. However, the
prevalence of influenza B virus was notably
higher, with influenza B viral RNA detected
in 76.3% (n = 97) of patients. In contrast,
10.2% (n = 13) of patients were found to
have influenza A virus RNA. Our findings
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B Influenza A RNA detected
D Influenza B RNA detected
Bno Influenza A and B RNA was detected

Fig. 3. Distribution of patients based on the presence of influenza virus RNA from 2015 to 2019
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Fig. 4. Dynamics of Influenza A and B Virus Spread Among Patients with Severe Acute Respiratory
Diseases from 2015 to 2019

differ from the data presented in the Annual
Epidemiological Report on seasonal influenza
for 2017-2018, as provided by the European
Centre for Disease Prevention and Control.
The report highlights that the majority of
influenza viruses detected during this period
were of type A, whereas our study found
a higher prevalence of influenza B virus.
Nevertheless, our data align with the findings
from the European Influenza Surveillance
Network, which reported a high prevalence of
influenza B/Yamagata virus during the 2017—
2018 season [18].
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In the 2018-2019 season, there was a
decrease in the incidence rate. A total of
114 patients were examined, with 25.4%
(n=29) testing positive for influenza A virus
RNA, while influenza B virus RNA was not
detected.

Overall, the results indicate a high
incidence of influenza among patients with
severe respiratory disease, with 244 (48.8%)
testing positive for influenza virus RNA.
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Conclusions

According to the results obtained,
influenza A was detected in the population of
patients admitted to the hospital with severe
respiratory syndrome in all four seasons
(2015-2019). However, an outbreak of
influenza B occurred in 2017-2018, which also
showed the severity of this disease. There is a
general consensus that influenza disease type
B influenza is milder than type A, but data
show that influenza A and B infections are not
clinically different.
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OJHOIEHTPOBE JOCJINAREHHA OO BUITAKIB BUABJEHHS PHE
BIPYCY I'PUIIY A/B 3A JOIIOMOTI'OIO IIJIP ¥ ITAITICHTIB
I3 TAREKUMHU I'OCTPUMU PECIITPATOPHUMHU 3AXBOPIOBAHHAMM (2015—2019)

0.10. Mayac, O.B. Bopob6iiosa, O.I. Myavkina, O.M. Caobodaniok
Caro-MuxaiijgiBcbka KiainiuHa gdikapuaa M. Kuis, Ykpaina
E-mail: matsas@ukr.net

Ta(ermia Bipycy rpumny 3aJuIIaeThCsa OCHOBHOIO IIPUUYMHOIO 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B OCIHHBO-
3uMoBui nmepiox. Haxitini mawi 11010 MOMIMPEHOCTI IPUIY cepel HaIlieHTiB 3 TOCTPUMHU PecIlipaTOPHUMU
3aXBOPIOBAHHAMU, Pas3oM 3 iH(opMaIlieo Npo HiATHUIIN Bipycy, 0 MUPKYJIOOTH, TA Ce30HHI TeHIEeHIIi1,
€ HeOOXiTHMMU AJIA MPABUJIBHOTO Iig00PYy IITaMiB AJA IMOPIYHUX BaKIIUH Ta e(DEKTUBHOTO IJIaHYBaHHS
nporpaM imyHizarii.

Mema. IIpoBecTu MOJIEKYJIAPHO-AiarHOCTUYHUI aHaJNi3 I'PpUNY y HAIi€HTIB i3 TAKKUM I'OCTPUM
pecmipaTopHuM 3axXBopoBaHHAM y mepioza 3 2015 mo 2019 pixk.

Memodu. Y pocaimxenus O0yao BKJIHOUYeHOo 505 mallieHTiB 3 cMMOTOMaMHU TAMKKOTO TOCTPOTO
pecnipaTopHOro 3axXBOpOBaHH:A, AKi Oysu rocmitanizoBaHi no KHII «Cearo-MuxaiiaiBcbka KaiHiuma
aikapusa m. Kuesa» . Buasnenus PHEK Bipycy rpuny tunis A Ta B mpoBoauiocsa merogom ITJIP y peasbHOMY
gaci.

Pesyavmamu. IIporarom mepiony cmocrtepe:xkenHsa y 49% mnamieHTiB 0yJio BUABIEHO MO3UTUBHUN
pesyabrar Ha rpun. HaliBuinuit piBess nosutuBHuX Bunankis (86% ) 6yiro sadixkcosano y cesou 2017-2018
POKiB, mpu 1IbOMY IIepeBakaB Bipyc rpuny tuny B. Ha Bigminy Bix nporo, PHK Bipycy rpuny B ze 6yio0
BuABJIeHO y ce3onHax 2015-2016, 2016—-2017 ta 2018—-2019 poxkis. IlomupeHicTs Bipycy rpuny tuiy A B I1i
nepioau cramoBuia Bigmosiguo 28,1%, 50,7% Ta 25,4% . BunagkiB Ko-iH(eKI[ii He BUABJIEHO.

Bucrosku. Bipyc rpuny Tuny A mocTiiiHO ITUPKYJII0BAB cepel MaIi€HTiB, TOCIiTaIi30BaHUX i3 TAKKUMUI
pecmipaTopHUMY 3aXBOPIOBAHHAMHU, IPOTATOM YCiX YOTHPHOX ce30HiB 3 2015 mo 2019 pik. Piske 3pocTanusa
KiTBKOCTI mo3UTUBHUX BUNAAKiB rpumy y ce3on 2017-2018 pokiB 3yMOBJIeHO cIajaXxoM T'PUIY TUITY B.

Knawmouwosi cnrosea: oCiHHBO-3MMOBUI eITiIeMioJOTiUHUN mIepioj, rocTpi pecmipaTopHi 3aXBOpPIOBAHHSI,
Bipycu rpumy A, B.

64





