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Abstract
The expansion and standardization of clinical trials, as well as the use of sensitive and specific molecular diagnostics 
methods, provide new information on the age-specific roles of influenza and other respiratory viruses in development of 
severe acute respiratory infections (SARI). Here, we present the results of the multicenter hospital-based study aimed to 
detect age-specific impact of influenza and other respiratory viruses (ORV). The 2018–2019 influenza season in Russia 
was characterized by co-circulation of influenza A(H1N1)pdm09 and A(H3N2) virus subtypes which were detected among 
hospitalized patients with SARI in 19.3% and 16.4%, respectively. RSV dominated among ORV (15.1% of total cases and 
26.8% in infants aged ≤ 2 years). The most significant SARI agents in intensive care units were RSV and influenza A(H1N1)
pdm09 virus, (37.3% and 25.4%, respectively, of PCR-positive cases). Hyperthermia was the most frequently registered 
symptom for influenza cases. In contrast, hypoxia, decreased blood  O2 concentration, and dyspnea were registered more 
often in RSV, rhinovirus, and metapneumovirus infection in young children. Influenza vaccine effectiveness (IVE) against 
hospitalization of patients with PCR-confirmed influenza was evaluated using test-negative case–control design. IVE for 
children and adults was estimated to be 57.0% and 62.0%, respectively. Subtype specific IVE was higher against influenza 
A(H1N1)pdm09, compared to influenza A(H3N2) (60.3% and 45.8%, respectively). This correlates with delayed antigenic 
drift of the influenza A(H1N1)pdm09 virus and genetic heterogeneity of the influenza A(H3N2) population. These studies 
demonstrate the need to improve seasonal influenza prevention and control in all countries as states by the WHO Global 
Influenza Strategy for 2019–2030 initiative.

Keywords Influenza · Respiratory viruses · Hospitalization · Vaccine effectiveness

1 Introduction

Building on its 70  years of global health leadership, 
the WHO developed the Global Influenza Strategy for 
2019–2030 to enhance global and national pandemic pre-
paredness, to combat the ongoing threat of zoonotic influ-
enza, and to improve seasonal influenza prevention and 
control in all countries [1]. Despite the progress made, 
many challenges and gaps remain. Recent studies have 
shown that respiratory viral infections, including those due 
to the influenza virus, increase the risk of heart attack and 
stroke in the 3 days following infection [2], and frequently 
exacerbate chronic obstructive pulmonary disease [3]. The 
link between severe pneumonia and influenza has also been 
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further investigated. Other studies have shown that up to 
50% of pneumonia cases are linked to respiratory viruses, 
and up to 45% of pneumonia cases in children show evi-
dence of viral–bacterial co-infection [1].

The newly established Global Influenza Hospital Surveil-
lance Net (GIHSN) has opened additional opportunities for 
strengthening of the clinical and laboratory surveillance for 
influenza and other respiratory viruses. The system provides 
opportunities for determination of age-related features of 
severe acute respiratory infection (SARI) etiology, includ-
ing: illness severity, with identification of dominating 
agents; comorbidities leading to hospitalization; and assess-
ment of risk factors on the clinical and virological levels. 
The GIHSN system enables an objective assessment of the 
effectiveness of influenza vaccines and antivirals in prevent-
ing hospitalization [4–6]. Moreover, subtle analysis of the 
antigenic and genetic structure of influenza viruses makes 
it possible to determine whether the viruses circulating in a 
specific season or country match the strains introduced into 
the vaccine composition.

An important step in promoting these studies is the intro-
duction of Next Generation Sequencing (NGS) technology, 
which permits whole genome virus sequencing to search for 
viral determinants responsible for pathogenicity [7]. There 
is growing interest in detailed genomic analysis, at the qua-
sispecies level, of viruses causing SARI [8]. Recently, it was 
found that quasispecies have an important role in the patho-
physiology of influenza infection and are factors affecting 
virulence and virus spread [9, 10].

The objectives of the study were: determination of age-
specific impact of influenza and other respiratory viruses 
(ORV), leading for admission with SARI; and evaluation of 
influenza vaccine effectiveness in prevention of hospitaliza-
tion during the whole period of increased influenza activ-
ity (from the week 52.2018 to the week 20.2019) in three 
megalopolises of Russia.

2  Materials and Methods

2.1  Principles and Organizational Structure 
of the Investigation

The principles and algorithm of the study were fully con-
sistent with those adopted by the Global Influenza Hos-
pital Surveillance Network (GIHSN) [11]. Clinical and 
laboratory (rRT-PCR) monitoring of influenza and other 
respiratory infections (ORI), among hospitalized patients, 
was conducted at nine participating hospitals in three 
large, geographically separated Russian cities located in 
the Northwestern, Siberian, and Ural Districts (St. Peters-
burg, Novosibirsk and Ekaterinburg, respectively). Novo-
sibirsk and Ekaterinburg were chosen as highly populated, 

geographically remote large cities located in different cli-
matic zones, acting as major transport hubs and being cul-
tural and educational centers in the Urals and Siberia. The 
Smorodintsev Research Institute of Influenza (St. Peters-
burg) was the Coordination Centre of the study where all 
the data accumulated in electronic database.

All patients with SARI, who met the criteria for inclusion 
in the study, were examined by clinicians participating in the 
study. Personal electronic standardized Core questionnaire 
for children less than 5 years of age and for patients 5 years 
or more, were completed by physicians and submitted to the 
Electronic Database of the Smorodintsev Research Institute 
of Influenza after specific control. All patients meeting the 
inclusion criteria were swabbed for PCR detection of influ-
enza and other respiratory viruses (ORV), including RSV, 
rhinovirus, parainfluenza, adenovirus, metapneumovirus, 
coronavirus, and bocavirus.

2.2  The Time and Place of the Study

The study period covered the whole period of influenza 
activity and lasted about 5  months starting from week 
52.2018, when the first influenza cases were detected by 
real-time RT-PCR (PCR) in hospitals under surveillance. 
The study was completed on week 20.2019, when no further 
SARI patients with laboratory-confirmed influenza (LCI) 
were detected in any wards of hospitals included in the study.

2.3  Case Definition

The European CDC's influenza case definitions were used 
here for patient selection [12] with minor changes. Severe 
acute respiratory infection (SARI) cases are defined as 
patients with an acute respiratory infection who have one 
or more respiratory symptoms: cough, sore throat, short-
ness of breath, stuffy nose, onset within the last 7 days and 
require hospitalization. They included also a combination of 
systemic symptoms such as a history of fever, or measured 
fever of ≥ 38 °C, malaise, headache and myalgia. Addition-
ally, number of severity criteria of disease was used in analy-
sis of the study results including: hyperthermia (>39 °C), 
hypoxia  (SpO2 less than 94%), lethargy,  O2 in the blood 
less than normal (95–97%), blood urea more than normal 
(1.8–6.4 mmol/l for children < 14 years, 2.5–6.4 mmol/l for 
the patients aged ≥ 14 years), hemorrhagic syndrome, ICU 
admission, mechanical ventilation.

2.4  Criteria for Study Inclusion

All patients with influenza like illnesses (ILI) symptoms 
requiring hospitalization were classified as SARI. Other 
inclusion requirements were: disease duration not more than 
7 days from the onset of (ILI) symptoms; and hospitalization 
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for the previous 24–48 h. Nasal and throat samples were 
obtained from all children younger than 14 years old. Swabs, 
from the nasopharynx and oropharynx, were taken (within 
the first 48 h of patient admission) from each patient aged 
≥ 14 years.

2.5  Exclusion Criteria

Cases were excluded from the study if the patient has not 
agreed to participate in the study, if the symptoms of the 
disease did not match the signs of ILI, if the onset of ILI 
was more than for 7 days, if he exposed to influenza in an 
institutional setting, or if the patient resided outside cities 
included in the study.

2.6  Influenza Virus Isolation, Identification, 
and Antigenic Analysis

Were performed according to the WHO Manual [13] and 
appropriate guidelines approved in Russia [14]. Influenza 
viruses isolated during the epidemic period 2018–2019 were 
characterized antigenically in hemagglutination inhibition 
test (HI) or in microneutralization assay (MN) with the strain 
specific post infectious ferret antisera kindly provided by Dr. 
John McCauley (WHO CC at the Francis Crick Institute in 
London).

2.7  PCR Detection of Influenza and Other 
Respiratory Viruses

RNA was isolated from clinical samples using the 
 AmpliSense® RIBO-prep kit (InterLabService, Russia) or 
the RNeasy Mini kit (QIAGEN). Reverse transcription of 
RNA was performed using the Reverta-L kit (InterLab-
Service, Russia) or the OneStep RT-PCR Kit (QIAGEN) 
with CDC primers and probes. PCR for influenza A and 
B viruses was performed using the  AmpliSense® Influenza 
virus A/B-FL kit (InterLabService, Russia). Detection of 
other respiratory viruses was performed using the multiplex 
 AmpliSense® ARVI-screen-FL kit (InterLabService, Rus-
sia). All real-time PCR reactions were carried out using a 
Rotor-Gene 6000 (Corbett Research, Australia) or a CFX96 
Touch™ Real-Time PCR Detection System (BIO-RAD, 
USA).

2.8  Effectiveness of Influenza Vaccine (IVE)

For the 2018–2019 epidemic season, in preventing patient 
hospitalization, was evaluated using test-negative case-con-
trol design [15].

PCR-confirmed influenza A(H1N1)pdm09, A(H3N2) or 
B virus infection registered in the indicated period were 
defined as cases. Influenza negative cases according to 

PCR results were defined as control. IVE was calculated 
as IVE = (1 − OR) × 100.

Russian trivalent influenza polymeric subunit vaccine 
“Sovigripp”, containing 5 µg of HA per dose each of influ-
enza A(H1N1)pdm09 and A(H3N2) virus, 11 µg of HA 
per dose of influenza B virus and 500 µg of the adjuvant 
“Sovidon” was used mainly for the immunization of the 
population in St. Petersburg, Ekaterinburg, and Novosi-
birsk in 2018–2019 season. The vaccine “Sovigripp” for 
children over 3 years old, adolescents and adults (without 
age limitation) injected once intramuscularly in dose of 
0.5 ml. This vaccine was included in the National Calen-
dar of Vaccination and was purchased from the Federal 
Budget. Other domestic and foreign influenza vaccines 
were used rarely and collectively comprised less than 1% 
of patients being vaccinated in this study. All vaccines 
were trivalent and included the strains recommended by 
WHO experts for Northern hemisphere for this season: A/
Michigan/45/15(H1N1)pdm09, A/Singapore/INFIMH-16-
0019/16(H3N2) and B/Colorado/06/17 (Victoria lineage).

All IVE estimates were stratified by influenza activity 
period (from week 52.2018 to week 20.2019). Cases with 
laboratory-confirmed influenza A(H1N1)pdm09, A(H3N2) 
or B virus in the indicated period were included as posi-
tive cases. Cases were excluded from analysis if they were 
ineligible for influenza immunization (children younger 
than 3 years), reported as epidemiologically linked (but 
not laboratory-confirmed), exposed to influenza in an insti-
tutional setting, or if they resided outside cities included in 
the study. IVE was calculated using data from cases with 
a recorded (yes/no) immunization status only; cases with 
an unknown/missing status were excluded. IVE estimates 
were adjusted for age (3–6, 7–14, 15–17 and ≥ 18 years.

2.9  Statistical Analysis

Statistical analyses were performed using Statistica 10.0 
nonparametric criteria, bivariate method chi-square (p 
values less than 0.05 were considered to be statistically 
significant). For odds ratio, R software version 3.7 was 
used. Associations between categorial variables were esti-
mated with Fisher test. All confidence intervals were 95%. 
An association was considered statistically significant if 
p < 0.05.

2.10  Ethical Aspects of the Study

Investigation performed in accordance with the principles of 
Good Clinical Practice (GCP). The Local Ethics Committees 
approved the study before its initiation. Patient consent to 
study involvement was a research prerequisite.
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3  Results

3.1  Patient Recruitment and Distribution, by Age 
Group

After obtaining informed consent and initial clinical 
selection, a total of 3057 of 3084 hospitalized patients 
were included in the study, among them 2131 (69.7%) 
children aged ≤ 17 years (years), and 926 (30.3%) adults. 
The hospitalization rate for children aged ≤ 2 years was 
the highest (39.8%), compared to other groups: 3–6 years 
(18.9%); 7–14 years (8.6%); 15–17 years (2.4%); 18–64 
years (26.9%); and ≥ 65 years (3.4%). The overall number 
of patients included in the study comprised 9.2% of the 
total number of the patients hospitalized with SARI in all 
hospitals of St.Petersburg, Ekaterinburg, and Novosibirsk.

3.2  Profile of Patients Included in the Study

Positive PCR results for influenza were obtained in 1108 
(36.2%) cases from 3057 patients included in the study; 
ORV were detected in 1169 (38.2%) patients, and 973 
(31.8%) patients were negative for the respiratory viruses 
tested. A total of 709 (64%) cases of laboratory-confirmed 
influenza (LCI) were registered among children, and 399 
(36%) cases were in adults.

3.3  Burden of Influenza and ORV

Influenza A(H1N1)pdm09 and A(H3N2) were detected 
in 19.3% and 16.4% of cases, respectively. This season, 
influenza B/Yamagata and B/Victoria lineages were very 
rare: 0.3% and 0.1% of cases, respectively. Influenza 
A(H3N2) was more frequent in adult patients, whereas 
influenza A(H1N1)pdm09 predominated in children ≤ 14 
years old (Table  1). ORV affected mostly young chil-
dren (45.8–58.9% of cases, compared to 12.0–16.5% in 
adults), with RSV being the most significant pathogen. 
The hospitalization rate with ORV compared to influenza 
was significantly higher in children compared to adults 
(p = 0.00001). RSV comprised 15.1% of all investigated 
patients and 26.8% of patients aged 0–2 years. This age 
group was the most affected by RSV, parainfluenza, metap-
neumovirus and adenovirus with significant differences 
(p < 0.05) from age group 7–14 years old and more. Rhi-
novirus was the second most frequently detected ORV, 
causing 8.2% of hospitalized cases in total. Metapneumo-
virus was detected mostly in young children aged 0–2 or 
3–6 years. Other respiratory viruses were less often causa-
tive agents of SARI.
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3.4  Etiology of SARI Among Intensive Care Unit 
(ICU) Patients

Overall, 89 (2.9%) patients within the study were placed in 
the ICU, including 48 (54%) children aged 0–2 years, 19 
(21.3%) children aged 3–6 years, and 10 (11.2%) patients 
aged 7–14 years. The number of patients in other age groups 
was small (2–5 patients). Convulsions, hyperthermia, car-
diac failure, and respiratory failure were the top reasons for 
ICU admission. A total of 59 patients were positive for dif-
ferent respiratory viruses: 21 (35.6%) patients were posi-
tive for influenza viruses; and 45 (76.3%) were positive for 
ORV. Seven (11.9%) patients had mixed infection (mostly 
influenza and RSV). RSV and influenza A(H1N1)pdm09 
appeared to be the main etiological agents among ICU 
admissions (37.3% and 25.4%, respectively).

Analysis of age-related etiology of SARI in the ICU 
showed that the percent of influenza cases increased with 
age from 21% in young patients (0–2 years) to 40% in school 
children. In contrast, the ORV impact decreased from 64% to 
20%. The most affected group was young children (Fig. 1).

3.5  Monitoring of Influenza and ORV Activity 
in the 2018–2019 Season

The first influenza A cases were identified among hos-
pitalized patients on week 52.2018. During the follow-
ing weeks, the number of influenza cases increased pro-
gressively until peaking on week 5.2019. A decrease in 
influenza activity was gradual and followed until week 
20.2019, when no influenza cases were detected in the 
hospitals. Co-circulation of influenza A(H1N1)pdm09 
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Fig. 1  Age dependent rate of influenza (left) and ORV (right) detec-
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and A(H3N2) viruses, with a single influenza B virus 
detection, was observed during the entire season. In 
addition, RSV dominated practically during the whole 
period of increased influenza activity (from week 2 to 
week 18). As in the previous seasons, rhinoviruses and 

metapneumoviruses were next in importance as causative 
agents among hospitalizations. Parainfluenza viruses, ade-
noviruses, coronaviruses, and bocaviruses were detected 
less often (Fig. 2).
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3.6  Influenza and ORV in Females and Males

In total, 1552 (50.8%) males and 1505 (49.2%) females were 
included in the study, and this difference was not significant 
(p = 0.4054). Comparison of SARI etiology did not reveal 
significant differences in influenza types and subtypes dis-
tribution between the males and the females in total: influ-
enza A(H1N1)pdm09 was registered in 18.4% and 20.2%, 
influenza A(H3N2) in 17.5% and 15.3%, respectively. 
However, age-specific analysis of etiology shown that influ-
enza A(H1N1)pdm09 cases were detected in males more 
often compared to females in age groups of 7–14 years, 
15–17 years and > 65 years (27.1% against 18.6%, 21.6% 
against 8.1% and 15.9% against 6.8%, respectively). Such 
differences were not registered for influenza A(H3N2) 
infection. No significant differences in the percent of ORV 
between males and females in total (35.8% and 40.5%) 
were observed this season. In patients aged ≥ 65 years some 
causative agents (RSV, CoV) were detected this season only 
among women, whereas parainfluenza viruses and metap-
neumovirus were detected mostly among men.

3.7  Co‑morbidity in Patients with Influenza

Most of the hospital-admitted patients with laboratory-con-
firmed influenza (LCI) did not have any underlying chronic 
conditions. Only 138 (12.5%) of 1105 patients with LCI 
had comorbidities. Concomitant pathology was registered 
mostly among adult patients, with 117 (29.3%) cases. Only 
21 (2.9%) cases were among children. The most common 
pathology was cardiovascular disease (CVD), which was 
registered in 63 patients with LCI (57 adults and 6 children). 
Those next in importance, in descending order, were chronic 
obstructive pulmonary disease (COPD, 12 LCI patients), 
diabetes (9 patients), asthma (9 patients), and chronic renal 
impairment (7 patients). In contrast, chronic neuromus-
cular diseases were found mostly in children with LCI. 
Comparative analysis of the rates of the indicated chronic 
comorbidities, among LCI and influenza-negative patients, 
showed that differences between these groups of patients 
were not statistically significant (p > 0.05). In patients with 
influenza A(H3N2) infection CVD and diabetes were 1.2–2 
times more common than among influenza-negative patients, 
however, these differences were not significant. The only 
significant difference was found when comparing the OR 
in adult patients with CVD, which was higher in A(H3N2) 
influenza compared to influenza A(H1N1)pdm09 (Fig. 3).

3.8  Influenza and ORV in Pregnant Women

A total of 129 pregnant women were included in the study. 
Influenza A viruses were detected in 80 (62%) pregnant. 
Percent detection of LCI in the control group was lower 

(46.7%). No significant differences were observed for 
influenza A(H1N1)pdm09 infection. However, influenza 
A(H3N2) was 1.5 times more common in pregnant women, 
compared to the adjusted by age not pregnant control group, 
these differences were also not significant (p > 0.05). No 
clear prevalence was observed in ORV detection among 
pregnant women, compared to the adjusted control group. 
Percent comorbidity, in pregnant women with LCI or other 
respiratory agents, did not differ significantly from the con-
trol group (Table 2).

3.9  Obesity

Obesity was found in 33 of 926 investigated cases and only 
among adult patients. Generally, LCI among patients with 
normal weight was registered approximately at the same 
frequency as in obese patients (43% vs. 45.5%). The obe-
sity increased hospitalization rate with influenza A(H3N2) 
(33.3% vs. 24.7%), rhinovirus (9.1% vs. 4.0%), and metap-
neumovirus (6.1% vs. 1.3%) infection, however, these dif-
ferences were not significant (p > 0.05).

3.10  Severity Criteria Implementation

According to assessment of patient condition by doctors, the 
majority (92.7%) of patients hospitalized with symptoms 
of respiratory infection belonged to the ‘moderate severity’ 
category; ‘severe’ cases accounted for 7.2%, and ‘extremely 
severe’ cases accounted for only 0.13%. Analysis of the dis-
tribution of different severity criteria of respiratory disease, 
depending on causative agent, showed that hyperthermia 
(≥ 39 °C) was the most frequent clinical sign for influenza 
A(H1N1)pdm09 (p < 0.05). This symptom was significantly 
less common (p < 0.05) in patients with RSV, RhV, or MpV 
infection. In contrast, decreased blood  O2 concentration, 
and dyspnea were more common with RSV, RhV, and MpV 
infection compared to influenza (p < 0.05). Hemorrhagic 
syndromes were more common with rhinovirus infec-
tion, and ICU admission was registered significantly more 
often with RSV infection, compared to influenza (p < 0.05) 
(Table 3).

3.11  Evaluation of Influenza Vaccine Effectiveness

A total of 95 (5.2%) patients, among 1834 patients 
aged ≥ 3 years, had been vaccinated, and 22 (23.1%) of them 
were positive for influenza. For the 2018–2019 epidemic 
season, influenza vaccine effectiveness (IVE) in prevention 
of patient hospitalization, evaluated using a test-negative 
case–control design, was determined to be 57.0% for chil-
dren and 62.0% for adults. IVE in children increased from 
42% in age group 3–6 years to 70.6% in group 7–17 years 
(Table 4).
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Fig. 3  Odds ratios of comorbidities in patients hospitalized with influenza A(H1N1)pdm09 and A(H3N2) infections
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Evaluation of IVE, by separate influenza A virus sub-
types, showed that it was higher against influenza A(H1N1)
pdm09, compared to influenza A(H3N2) (60.3% and 45.8%, 

respectively). This possibly could be due to delayed anti-
genic drift of influenza A(H1N1)pdm09 viruses and more 
heterogeneity of the influenza A(H3N2) population revealed 

Table 2  Influenza and other 
respiratory viruses detection 
among pregnant and non-
pregnant women

Indices Pregnant woman Non-pregnant 
women (adjusted 
control)

Number of woman 129 75
Age group 17–42 15–42
Influenza virus detected (total) 80 (62.0%) 35 (46.7%)
A(H1N1)pdm09 32 (24.8%) 16 (21.3%)
A(H3N2) 48 (37.2%) 18 (24.0%)
A n/t 0 1 (1.3%)
ARI agent detected (total): 11 (8.5%) 9 (12.0%)
Parainfluenza virus 3 (2.3%) 0
Adenovirus 0 2 (2.7%)
RSV 0 1 (1.3%)
Metapneumovirus 3 (2.3%) 0
Coronavirus 2 (1.6%) 2 (2.7%)
Rhinovirus 3 (2.3%) 4 (5.3%)
Co-morbidity cases 17 (13.2%) 15 (20.0%)
Co-morbidity cases among flu positive women 10 (7.8%) 7 (9.3%)
Co-morbidity cases among other ARI agents 3 (2.3%) 3 (4.0%)

Table 3  Implementation of 
severity criteria in evaluation 
of influenza and ORI among 
hospitalized patients

a Blood urea norm for children < 14  years is 1.8–6.4  mmol/l, for the patients aged ≥ 14  years is 2.5–
6.4 mmol/l)

Criterion for disease severity Regis-
tered # of 
patients

Influenza 
H1N1pdm
N = 590

Influenza 
H3N2
N = 500

RSV
N = 461

Rhino
N = 251

MpV
N = 163

n % n % n % n % n %

Hyperthermia (> 39 °C) 1768 404 68.5 296 59.2 224 48.6 117 46.6 75 46.0
Hypoxia  (SpO2 ≤ 94%) 161 24 4.1 24 4.8 23 5.0 15 6.0 26 16.0
Lethargy 11 1 0.2 1 0.2 0 0.0 0 0.0 0 0.0
O2 less than normal (95%–97%) 347 40 6.8 25 5 94 20.4 48 19.1 27 16.6
Dyspnea 659 104 17.6 72 14.4 188 40.8 73 29.1 72 44.2
Blood urea >  normala 79 7 1.2 15 3 6 1.3 2 0.8 2 1.2
Hemorrhagic syndrome 144 18 3.1 27 5.4 18 3.9 20 8.0 7 4.3
ICU admission 89 15 2.5 4 0.8 22 4.8 5 2.0 3 1.8
Mechanical ventilation 9 0 0.0 1 0.2 1 0.2 1 0.4 1 0.6

Table 4  Influenza vaccine 
effectiveness against 
hospitalization by age groups

Age group (years) Number of vac-
cinated patients

Vaccinated Not vaccinated Odds ratio OR IVE %

Flu (+) Flu (−) Flu (+) Flu (−)

3–6 31 9 22 225 318 0.58 42.0
7–17 29 5 24 127 179 0.29 70.6
Sub-total children 60 14 46 352 497 0.43 57.0
Sub-total adults 35 8 27 391 499 0.38 62.0
Total 95 22 73 743 996 0.4 60.0
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by antigenic analysis of viruses circulating in Russia. All 
isolates A(H1N1)pdm09 analyzed in HI were antigenically 
closely related to the A/Michigan/45/2015 vaccine strain 
and belonged genetically to the clade 6B.1. The majority 
of influenza A(H3N2) viruses analyzed in HI or MN assay 
were well recognized by the ferret antisera raised against 
the A/Singapore/INFIMH-16-0019/2016 vaccine strain 
belonging to genetic group 3C.2a1b, however, about 7.5% 
of the viruses tested showed decreased reactivity with that 
antiserum. Antigenic mapping of influenza A(H1N1)pdm09 
viruses isolated in Russia showed that strains of this sea-
son clustered around the reference vaccine strain A/Michi-
gan/45/2015; the distribution of influenza A(H3N2) was 
more heterogeneous and the strains isolated from patients 
were dispersed more widely around the A/Singapore/
INFIMH-16-0019/2016 vaccine virus (Fig. 4).

Phylogenetic analysis of influenza A(H1N1)pdm09 
viruses showed that, during the 2018–2019 season, the per-
centage of viruses possessing the S183P substitution in HA1 
increased. This mutation affects receptor-binding specificity 
(increasing binding to α2,6 SA-linked receptors). Most influ-
enza A(H3N2) viruses belonged to clade 3C.2a1b. However, 

they were genetically heterogenous and split in three genetic 
subgroups with mutation in antigenic site A (T135N, T131K, 
or R142G) or in antigenic site E (E62G). The rare strains 
of Victoria lineage belonged to clade 1A, genetic subgroup 
Δ162-164 (B/Cote d'Ivoire/1662/2018-like viruses), and had 
additional G133R and K136E substitutions.

4  Discussion

The expansion and standardization of clinical trials, the 
use of sensitive and specific molecular diagnostic methods 
(such as PCR detection of a whole variety of respiratory 
viruses causing SARI), and whole genome NGS analy-
sis of influenza viruses are providing new information on 
the roles of viruses in the development of SARI and spe-
cific pathophysiological conditions. Ultimately, this will 
ensure the formation of new approaches to influenza vac-
cine improvement and to development of targeted antiviral 
therapies. In addition, PCR provides the ability to recognize 
age-specific etiology of severe respiratory infections (includ-
ing those with comorbidity) and to evaluate possible risk 

Fig. 4  Three-dimensional antigenic map of influenza A(H1N1)
pdm09 (on the left) and A(H3N2) (on the right) viruses that circu-
lated in Russia in the season 2018–2019. NOTE: grey or red spheres 
indicated with red symbols—reference antigens; grey cubes/squares 

indicated with blue symbols—reference antisera; green spheres 
indicated with bold black symbols—old test antigens (2013–2017); 
orange circles—test antigens season 2018–2019. One map square 
represents a twofold difference in HI titre
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factors. Our investigation covered the entire period of the 
influenza epidemic in Russia (from week 52.2018 to week 
14.2019). The epidemic period featured co-circulation of 
influenza A(H1N1)pdm09 and A(H3N2), with minor con-
tribution from influenza B/Yamagata and B/Victoria viruses. 
RSV was recognized as the most frequent causative agent 
of admission of young children which circulated simulta-
neously with influenza A viruses. Influenza A more often 
affected older children and adults. Conversely, ‘females 
aged 18–64  years’ were hospitalized more frequently 
than males. This may be due to hospitalization of preg-
nant women of childbearing age, among which influenza 
A(H3N2) was detected 1.5 times more often, compared to 
the adjusted control group. These results are consistent with 
data obtained in sentinel surveillance indicating that preg-
nancy is one of the leading risk factors for hospitalization 
with influenza [16]. The most significant SARI agents in 
ICU were RSV, influenza A(H1N1)pdm09 virus, and rhi-
novirus (28.1%, 9.2%, and 8.2%, respectively). The lead-
ing role of RSV was due to preferential ICU hospitalization 
of young children aged ≤ 2 years. Similar results regarding 
RSV predominance in young children have been reported 
in Norwegian children [17]. Globally, RSV was associated 
with 22% of all episodes of severe, acute lower respiratory 
infection, resulting in 55,000–199,000 deaths globally in 
children younger than 5 years old in 2005 [18]. In the United 
States, children aged < 1 year had the highest RSV hospi-
talization rate (2350/100,000) [19, 20]. As a result, WHO 
developed and published in 2019 WHO Strategy for Global 
RSV Surveillance Based on Influenza Platform. According 
this document the global burden of RSV-associated acute 
lower respiratory infections is estimated at 33 million annu-
ally, resulting in more than 3 million hospitalizations and 
59,600 in-hospital deaths in children aged under 5 years. 
In infants under 6 months, RSV-associated acute lower res-
piratory infections account for about 1.4 million hospitali-
zations and 27,300 in-hospital deaths [21]. Many countries 
have recognized the importance of this pathogen and have 
established surveillance of RSV in certain settings. Russian 
Federation (Smorodintsev Research Institute of Influenza) 
and United Kingdom of Great Britain and Northern Ireland 
were included in the List of participating countries from the 
WHO European Region on the Pilot Phase. Monitoring of 
non-influenza respiratory viruses during the season showed 
that, in our investigation, RSV dominated during the entire 
period of increased influenza activity. Rhinovirus was the 
second most important agent in hospitalization (8.2% of all 
hospitalized patients and 5.6% of ICU-admitted patients). 
However, in previous years (2013–2014, 2016–2017), the 
rate of rhinovirus infection in ICU reached 16.7–18.9% 
(data not published). This agent is capable of exacerbating 
asthma in children [22, 23] and causing severe pneumonia in 
neonates [23]. It was shown earlier that adult patients with 

rhinovirus from RV-A or RV-B clusters were significantly 
more likely to have the composite outcome variable of 'death 
or ICU admission' [24], whereas cluster C was more patho-
genic for children [26].

The most frequent criterion for severity in LCI patients 
was hyperthermia. In contrast, hypoxia, decreased blood  O2 
concentration, and dyspnea were more often reported with 
RSV and metapneumovirus infection. This can be explained 
taking into account the previously received radiographic 
findings, especially in high-resolution computer tomogra-
phy, reflecting the histopathologic changes. It was shown, 
that RSV infection provokes plugging or occlusion of the 
bronchiolar airway lumens by sloughed necrotic and irregu-
lar epithelium and exudate, combined with peri-bronchiolar 
infiltration, inflammatory cells and submucosal oedema. It 
was also established, that the biomarker CCL5, in the nasal 
epithelium during RSV bronchiolitis, is strongly predictive 
of physician-diagnosed asthma. Furthermore, single-nucle-
otide polymorphisms in genes coding for IL-8, IL-19, IL-20, 
IL-13, mannose-binding lectin, IFNG and RANTES, have 
been associated with wheezing following RSV infection in 
infants [27].

Influenza vaccine effectiveness (IVE) in prevention of 
patient hospitalization, for the 2018–2019 epidemic season, 
was evaluated in the GIHSN study using a test-negative, 
case–control design. The overall IVE values, for children 
and adults, were 57.0% and 62.0%, respectively. Overall IVE 
was higher against influenza A(H1N1)pdm09, compared to 
influenza A(H3N2) (60.3% and 45.8%, respectively). This 
correlates with delayed antigenic drift in the influenza 
A(H1N1)pdm09 virus: most influenza A(H1N1)pdm09 
viruses were antigenically similar to the A/Michigan/45/15 
vaccine strain and belonged to clade 6B.1 carrying addi-
tional a.a. substitutions in the Cb (S74R, I295V) and Sa 
(S164T) antigenic sites.

In contrast, high heterogeneity of the influenza A(H3N2) 
population was revealed by antigenic and genetic analysis. 
Most influenza A(H3N2) viruses were antigenically simi-
lar to the influenza A/Singapore/INFIMH-16-0019/2016 
vaccine strain and genetically belonged to clade 3C.2a1b. 
However, they were divided into three genetic subgroups 
(3C.2a1b–T135K, 3C.2a1b–T131K, 3C.2a1b–T135N) based 
on a.a. substitutions in antigenic sites A and E.

Our study has shown significant IVE for both—children 
and adults—in preventing influenza cases that required hos-
pitalization. As shown by long-term studies in U.S., Flu VE 
Network (2005–2018), and other studies, influenza vaccine 
effectiveness can vary widely (from 10 to 60%) based on 
study design, outcomes measured, population studied, and 
the season [26, 27]. According to our data on the 2018–2019 
season, vaccination should be advocated to decrease the bur-
den of influenza A(H1N1)pdm09-associated hospitalization 
and, to a lesser extent, the burden of influenza A(H3N2) 
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admission. The results obtained are consistent with the data 
of other studies and indicate that monitoring for further 
evolution of circulating influenza viruses, including assess-
ment of potential impact on vaccine protection, is warranted 
as postulated by WHO experts and many other scientists 
[30–32].

5  Conclusions

1 RSV, influenza A(H1N1)pdm09 virus, and rhinovirus 
were the most significant causative SARI agents in hos-
pitalization, especially among young children. These 
viruses circulated throughout the whole period of influ-
enza activity and caused 28.1%, 9.2%, and 8.2% of ICU-
admitted cases, respectively.

2 The most frequent criterion for severity in influ-
enza patients was hyperthermia. In contrast, hypoxia, 
decreased blood  O2 concentration, and dyspnea were 
more often reported with RSV and metapneumovirus 
infection.

3 For the 2018–2019 season, influenza vaccine effective-
ness against pediatric and adult hospitalization were 
57.0% and 62.0%, respectively. It was higher against 
influenza A(H1N1)pdm09, compared to influenza 
A(H3N2) (60.3% and 45.8%, respectively). According 
to antigenic and genetic analysis, these correlate with 
levels of matching viruses circulating in Russia and the 
strains included in vaccine composition.

4 These data indicated the necessity for new approaches to 
influenza vaccine improvement and the need to develop 
targeted antiviral therapies against influenza and RSV.
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