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Influenza A and other respiratory viruses, circulate each winter and cause respiratory
illness that can lead to severe complications in hospitalized patients. During the COVID-
19 pandemic, only a few cases of respiratory viruses were detected in Israel. Our
study applied RT-PCR to examine 13,674 samples collected from patients hospitalized
with respiratory symptoms in 2019, 2020, and 2021 and the first half of the 2022
winter. A sharp increase in influenza A(H3N2) cases was observed in winter 2021-
2022 as compared to 2020, followed by a sudden decrease in influenza cases after
the detection of the SARS-CoV-2 omicron variant in Israel. Comparison of the area
under the curve (AUC) of influenza infection rates during 7 consecutive winter seasons
found that the minimal AUC between 2015 and 2020 was 281.1, while in 2021-2022,
it was significantly lower (162.6 AUC; p = 0.0017), although the percentage of positive
influenza cases was similar to those of previous years. The presented findings show how
the dominance of influenza A(H3N2) abruptly ended upon circulation of the SARS-CoV-
2 omicron variant. However, a post-COVID-19 influenza outbreak is possible, hence
the planning of the next influenza vaccine is critical to ensure lower influenza-related
hospitalization rates.

Keywords: respiratory viruses, influenza, outbreak, SARS-CoV-2, omicron variant

INTRODUCTION

Each winter season, respiratory viruses, such as influenza, respiratory syncytial virus (RSV), and
human metapneumovirus (hMPV), emerge and cause mild to severe symptoms such as fever,
cough and other respiratory symptoms. The infection can lead to serious complications which can
be lethal, especially in young children, pregnant women, and the elderly (Meningher et al., 2014;
Glatman-Freedman et al., 2020; Kenmoe et al., 2020). These complications occur more frequently
during winter seasons and pandemics (Klein et al., 2016).

COVID-19 has similar symptoms resembling influenza, including fever, headache, muscle
ache and symptoms in the upper respiratory system such as coughing. Studies have
shown that mortality rates in case of COVID-19 infection with the wild type SARS-
CoV-2 may be even higher than infection with winter respiratory viruses (WHO, 2021;
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Hedberg et al., 2022). Overall, respiratory infection caused by
either influenza, other respiratory viruses or COVID-19 can
lead to serious complications such as cardiovascular events and
bacterial co-infections that may be lethal (Piroth et al., 2021;
Hedberg et al., 2022).

The emergence of COVID-19 in 2019-2020 was paralleled by
a dramatic decrease in the prevalence of other respiratory viruses
such as influenza, RSV and hMPV (Agca et al., 2021). Winter
season 2020-2021 was considered historical, with the lowest
rate of respiratory virus infection (Olsen et al., 2021). Although
vaccination against SARS-CoV-2 led to a decrease in SARS-
CoV-2 infections, still other respiratory viruses lack a compatible
vaccine (Olsen et al., 2021; Khalil and Bernstein, 2022).

The Objective of the study was to examine the prevalence
of influenza and other respiratory viruses among hospitalized
patients before and during the SARS-CoV-2 pandemic, including
during first, second and third anti-COVID-19 vaccination and
novel variants penetration to Israel. This study also compared
the rate of influenza infections among hospitalized patients in
the winter seasons of 2015 to 2022 and found a particular
phenomenon influenced by SARS-CoV-2 presence in Israel.

MATERIALS AND METHODS

Patients and Samples
The samples included in this study were collected at Sheba
Medical Centre (SMC), the largest tertiary medical center in
Israel, which provides medical aid mostly to the population in
the center of Israel. Demographic information of the patients
(Supplementary Tables 1,2) shows similar distribution in gender
and age between patients in the years examined.

The analysis between August 2019 and January 2022 included
lab results of 13,674 nasopharyngeal samples collected from
patients hospitalized at SMC due to respiratory illness and
influenza-like symptoms. All samples were sent for routine
clinical analysis to identify the presence of respiratory viruses.

For calculating the area under the curve (AUC), 25,448
nasopharyngeal samples were collected and analyzed. The data
collected included the winter seasons of 2015-2016, 2016-2017,
2017-2018, 2018-2019, 2019-2020, 2020-2021, and 2021-2022.

Area Under the Curve Calculations and
Statistical Analysis
Calculation of the AUC of infection rates was conducted
using a trapezoidal numerical integration. The statistical
analysis between seasons was performed using the T-test. Both
calculations were performed with MATLAB MathWorks, Inc.
(United States).

Viral RNA Extraction
Until January 2020, nucleic acids of viral RNA/DNA were
extracted using MagNA PURE 96 (Roch, Manheim, Germany).
After January 2020, viral RNA/DNA was extracted using
the STARMag Viral DNA/RNA 200C universal kit (Seegene
Inc., South Korea).

Real Time PCR Assay
RNA/DNA of influenza A(H1N1pdm or H3N2)/B, RSV, HMPV,
parainfluenza, and adenoviruses was detected using real-
time reverse transcription-PCR (rRT-PCR) assay by Taqman
chemistry, as previously described (Heim et al., 2003; Meningher
et al., 2014; Pando et al., 2021). Shortly, the master mix was
prepared with Ambion Ag-Path master mix (Life technologies,
United States) in multiplex reactions. Two different multiplex
reactions were performed: one that included primers for
influenza A(H3N2), influenza A (H1N1pdm), influenza B, RSV
and the other containing primers for HMPV, parainfluenza
and for the DNA virus adenovirus. The RT-PCR assay was
performed on an ABI 7500 instrument (Thermo Fisher Scientific,
United Kingdom). From January 2020, rRT-PCR assays were
also performed using the AllplexTM RV essential assay (Seegene
Inc., South Korea) in a CFX Real-time PCR system (Bio-Rad,
United States) (Folgueira et al., 2019).

RESULTS

Influenza and SARS-CoV-2 in 2019-2022
Until the emergence of SARS-CoV-2, the 2019-2020 winter was
classified as a difficult influenza season with high infection rates,
longer symptom durations and more hospitalizations compared
to previous winter seasons (Xia et al., 2020; European Centre for
Disease Prevention and Control [ECDC], 2022). The associated
wave of hospitalized patients began in October 2019 and persisted
for 18 weeks (Figure 1). In parallel, in December 2019, SARS-
CoV-2 was first detected and rapidly spread worldwide, affecting
the population in Israel as well (Figure 1). In 2020, almost no
cases of influenza infection were observed worldwide while the
prevalence of the SARS-CoV-2 alpha variant (B.1.1.7) increased
toward the end of 2020 (European Centre for Disease Prevention
and Control [ECDC], 2022; Friedman et al., 2022). After the
vaccination operation in January (in Israel) 2021, SARS-CoV-2
circulation waned until the SARS-CoV-2 delta variant (B.1.617.2)
emerging in July–August 2021. Later, in September another
vaccination operation was initiated and SARS-CoV-2 incidence
dropped again. By October 2021, only a few cases of SARS-
CoV-2 were detected, while the number of positive cases of
influenza in hospitalized patients increased. The number of
influenza infections later declined gradually when the SARS-
CoV-2 omicron variant (B.1.1.529) began to circulate in January
2022. From this point, the percentage of hospitalized influenza-
positive patients dramatically dropped within 3 weeks only.

Influenza Circulation Between 2015 and
2022
To compare the early part of the 2021-22 influenza winter season
with previous winter seasons dating back until 2015-2016, we
analyzed the positive influenza cases detected among hospitalized
patients during each week of each winter season (Figure 2A).
Then, we calculated the area under the curve (AUC) of infection
rates using a trapezoidal numerical integration.
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FIGURE 1 | Incidence of influenza subtypes in winter 2019-2020, before and during the SARS-CoV-2 pandemic. After SARS-CoV-2 emerged in 2020, almost no
influenza cases were found although first, second and third vaccination influenced the number of SARS-CoV-2 positive cases.

FIGURE 2 | Circulation of influenza from week 40 to week 15 the following year for each winter season between 2015 and 2022. A comparison of the area under the
curve (AUC) from winter season 2015 to winter season 2022 (A). The percentage of influenza-positive cases among hospitalized patients in each winter season
(green columns) alongside the total number of hospitalized patients tested for influenza in each year (black line). ∗p < 0.0017 (B).

Only a few cases of influenza were detected by the end of
January and February 2022 (data not shown). The AUC of
winter season 2021-2022 influenza infection rates (so far) was

significantly lower (p < 0.0017) than that of previous years even
though the percentage of influenza hospitalized patients was
similar to those of seasons up until 2019-2020 (Figure 2B).
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Incidence of Other Respiratory Viruses in
Winter 2021-2022
The circulation of the main respiratory viruses each winter are
presented in Figure 3. The gray area in Figures 3A–D indicates
the SARS-CoV-2 waves, which began in Israel in February 2020.
A rise in cases of RSV was mainly observed in the winter
season of 2019-2020, however, when SARS-CoV-2 began to
circulate in February 2020, RSV cases vanished almost completely
(Figure 3A). RSV cases rose again after the decline in SARS-
CoV-2 infection rates in May 2021, but then declined at the
onset of the third wave of SARS-CoV-2 in August 2021. In the
same period hMPV showed similar patterns to RSV and was
also influenced by the presence of SARS-CoV-2 (Figure 3B).
Parainfluenza cases increased in the 2020-2021 winter season
(Figure 3C), but the overall number of positive cases in 2020
was relatively low compared to 2021 (Supplementary Table 3).
Incidence of parainfluenza decreased in July 2021, and then rose
in October 2021 when the winter season began (Figure 3C).

The prevalence of adenovirus remained constant over
the years 2019-2022, regardless of SARS-CoV-2 infection
rates (Figure 3D).

DISCUSSION

In December 2019, SARS-CoV-2 emerged, spread rapidly
and was first detected in Israel in February 2020. Safety
measurements, such as wearing protective masks, social
distancing and lockdowns, were implemented worldwide, which
all contributed to a reduction in the number of SARS-CoV-2
cases globally, as well as in Israel (Last, 2020; Mattia et al., 2021).
In parallel to the emergence of COVID-19, the rate of infections
by respiratory viruses decreased dramatically (Olsen et al., 2021)
after a difficult winter season with influenza A(H1N1pdm),
followed by influenza B and sporadic incidents of influenza
A(H3N2) (Figure 1).

This study focused on hospitalized patients; hence, it was
limited to severe cases. However, a report of the Israel Center for
Disease Control showed similar influenza infection patterns in its
sentinel surveillance in Israel (Israel Center for Disease Control
[ICDC], 2022). According to a WHO update, North America and
Europe experienced a rapid increase in influenza cases between
November and December 2021, followed by a decrease in January
2022 (World Health Oraganization [WHO], 2022). Interestingly,
in Europe the number of positive influenza cases was lower
in the winter season of 2021-2022 compared to previous years
(European Centre for Disease Prevention and Control [ECDC],
2022).

In Israel, the first COVID-19 lockdown was implemented
in Israel in March 2020. Subsequently, the number of cases of
COVID-19 waned then rose again. By September 2020 a second
lockdown was implemented, which was followed by a decrease
in COVID-19 cases. Later that year, the presence of the alpha
variant led to a third lockdown in December 2020. In this period
preceding the lockdown (March 2020 to December 2020) only
sporadic cases of respiratory viruses, such as influenza, RSV,

parainfluenza and HMPV, were detected in hospitalized patients
(Figures 1, 3A–C).

When the vaccination operation began in December 2020-
January 2021, the incidence of COVID-19 waned almost
completely and restrictions were lifted. Children returned to
frontal learning and social distancing ended. During this period,
still no cases of influenza were detected, probably because it
was the end of the winter season. In contrast to influenza,
the number of RSV cases rose off-season in May 2021 and
did not decline until August 2021. Similarly, hMPV cases
increased after a year with only sporadic reports of infection.
Parainfluenza infection rates were mostly low when COVID-
19 rose; while fluctuations in infection rates were noted in the
winter season of 2020-2021, they remained significantly low in
2020 compared to 2021 (Supplementary Table 3). A comparison
between 2019, 2020, and 2021 (2022 was not included since
it is still ongoing) showed significantly fewer cases of hMPV
and parainfluenza in 2020 (Supplementary Table 3). These
findings align with other studies that showed significantly lower
incidences of respiratory viruses during the pandemic (Mattia
et al., 2021; Olsen et al., 2021). However, infection rates of
RSV and adenovirus were similar in 2019, 2020 and 2021. The
prevalence of adenovirus in hospitalized patients (Figure 3D)
was not influenced by SARS-CoV-2 waves and remained similar
to those seen before the COVID-19 pandemic (Olsen et al.,
2021). It is important to note that the positive cases of RSV
detected in 2020 were part of the 2019-2020 winter season
before the pandemic. Later in June 2021, off-season RSV and
hMPV infections in hospitalized patients were documented
(Figure 3A) as reported by others (Olsen et al., 2021; Weinberger
Opek et al., 2021; Friedman et al., 2022). These increases in
RSV and hMPV infections are presumably due to lack of
previous exposure to RSV in the population (Olsen et al., 2021;
Weinberger Opek et al., 2021).

In August 2021, the third vaccination operation began, which
led to a decrease in SARS-CoV-2 cases, which was followed
by detection of the first cases of influenza in hospitalized
patients, with numbers growing and peaking in December 2021.
Our comparison in Figure 2B shows a similar percentage of
hospitalized patients between 2015 and 2019 winter seasons,
despite the fact that the analyzed 2021-2022 period was shorter
than the full seasons studied from previous years. In other
words, the winter season of 2021-2022 was characterized
with a high percentage of positive influenza cases in a very
short period of time.

Herein, we suggest that the immediate drop in influenza
cases during circulation of SARS-CoV-2 variant omicron
indicates an antagonistic effect on influenza A(H3N2)
by SARS-CoV-2. This antagonistic effect was shown in
previous studies with other respiratory viruses such as RSV
and influenza (Ayegbusi et al., 2019; Drori et al., 2020;
Kaaijk et al., 2022), and may act as a form of resistance
against a second virus when the host is infected by the
first virus. Viral interference was suggested to play a part
in reduction of RSV and/or influenza (Drori et al., 2020;
Kaaijk et al., 2022). Rhinovirus, for instance, was observed
less frequently than expected in the presence of influenza
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FIGURE 3 | The rate of cases carrying respiratory viruses detected before and during the SARS-CoV-2 pandemic. The percentage of hospitalized patients carrying
RSV (A), parainfluenza (B), HMPV (C), and adenovirus (D) during the various waves of the SARS-CoV-2 pandemic (in gray).

and was also shown in Norway and France to inhibit the
circulation of influenza A(H1N1pdm) (Casalegno et al.,
2010; Anestad and Nordbo, 2011). Furthermore, as seen in
previous studies, the immune system can mediate upregulation
of anti-viral proteins to provide immunity against other
respiratory viruses (Ayegbusi et al., 2019; Drori et al.,
2020). Additionally, severity of the disease was shown to
decrease with RSV-influenza co-infections compared to
single infection (Ayegbusi et al., 2019). In fact, most of
the complications of respiratory virus infection in the lung
arise from bacterial co-infections and not viral co-infections
(Manna et al., 2022).

The SARS-CoV-2 pandemic and its inhibitory effect on
influenza infection can also be compared to the 2009 influenza
A(H1N1pdm), which was accompanied by a marked drop in
infection rates of other respiratory viruses. More specifically,
the 2009 influenza A(H1N1pdm) brought to a 2.5-month delay
in the onset of the RSV season. It also led to a decrease
in HMPV infections (Meningher et al., 2014), similar to the
effect of SARS-CoV-2.

These conclusions do not contrast those of Zhang et al.,
who showed coinfection with SARS-CoV-2 and influenza
A(H1N1pdm) but did not examine influenza A(H3N2) (Zhang
et al., 2021). In our analysis of 2021-22 samples, we identified
only influenza A(H3N2) cases and no influenza A(H1N1pdm)
incidences. It has been suggested that the influenza clades
circulating in winter season 2019-2020, including influenza
A(H1N1pdm), will return. However, the sporadic cases of

influenza A(H3N2) have been observed are still circulating
now in 2021-2022 (Laurie and Rockman, 2021). Importantly,
influenza A(H3N2), the influenza strain circulating in Israel,
was part of the quadrivalent influenza vaccine given to the
population in Israel. Yet, to date (05/02/2022), only 723,192
individuals, mostly older than 65-year-old, were vaccinated in
Israel (∼0.08% of the population in Israel) (Israel Ministry of
Health [IMoH], 2021). Multiple methods for developing an
influenza vaccine are still under investigation, but, generally,
these vaccines are less customized for influenza A(H3N2)
(Khalil and Bernstein, 2022). Hence, the planning of the
next anti-influenza vaccine will be great significance for
hospitalized patients with respiratory symptoms caused by
influenza (Kalil and Thomas, 2019).

To conclude, circulation of influenza among hospitalized
patients began in Israel in September-October 2021 and rapidly
became rampant, compensating for the lost year of 2020 when
almost no influenza cases were identified. However, the high
number of patients hospitalized with influenza declined very
quickly with the penetration of the SARS-CoV-2 omicron
variant, suggesting an antagonistic affect. In parallel, off-season
presence of RSV, parainfluenza and hMPV were affected by
the COVID-19 pandemic, as opposed to adenovirus, which
did not show significant difference between 2019 and 2022.
These findings are important for forecasting future influenza
seasons and for the preparation of a compatible vaccine for
the coming influenza season, with or without new SARS-CoV-2
variants circulation.
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