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ARTICLE INFO ABSTRACT

Keywords: Objectives: In Egypt, an integrated surveillance for acute respiratory infections (ARIs) was established in 2016 to
Acute respiratory diseases identify the causes of ARIs. The surveillance system includes 19 governmental hospitals. In response to the
COVID-19

coronavirus disease 2019 (COVID-19) pandemic, the World Health Organisation (WHO) requested surveillance
adaptation to address the emerging challenges. This study aims to describe the experience in Egypt of adapting
ARI surveillance to the COVID-19 pandemic.

Methods: WHO case definitions were used to identify patients with ARIs. Nasopharyngeal/oropharyngeal swabs
were collected for SARS-CoV-2 and influenza testing. Demographic and clinical information were obtained by
interviewing patients at the hospitals. During the COVID-19 pandemic, the first two outpatients daily and every
fifth admitted patient were enrolled in the study. To determine the status of ARIs in Egypt during the pandemic,
patient demographic, clinical and laboratory data from 2020 to 2022 were obtained and descriptive analyses
were performed.

Resuits: Overall, 18,160 patients were enrolled in the study, including 7923 (43.6%) seen at outpatient clinics
and 10,237 (56.4%) inpatients. Of the study participants, 6453 (35.5%) tested positive for ARIs, including 5620
(87.1%) for SARS-CoV-2, 781 (12.1%) for influenza and 52 (0.8%) for SARS-CoV-2/influenza coinfection. SARS-
CoV-2 was the cause for 95.3% of admitted patients and 65.4% of outpatients. Influenza subtypes included A/H3
(55.7%), Influenza-B (29.1%) and H1/pdm09 (14.2%). Compared with influenza, SARS-CoV-2 tended to infect
the elderly, in warm weather and in urban governorates, and resulted in more hospitalisations, longer hospital
stays and higher case fatalities (16.3% vs 6.6%, p < 0.001).

Conclusions: ARI surveillance in Egypt was successfully adapted to the COVID-19 pandemic and effectively
described the clinical characteristics and severity of circulating viruses. Surveillance reported the re-emergence
of influenza with a severe course and high fatality. Surveillance is essential for monitoring the activity of res-
piratory viruses with the aim of guiding clinical management, including preventative and control measures.
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1. Introduction trends, and also assesses the burden that respiratory viruses place on
healthcare systems [1].

Coronavirus disease 2019 (COVID-19) has highlighted the need for Experts suggest that shifting from influenza to COVID-19 surveil-
multicomponent surveillance systems to monitor the epidemiology, lance could make it difficult to avert future influenza pandemics. An
virology and health consequences of respiratory viruses. Surveillance integrating influenza and SARS CoV-2 surveillance was recommended to
provides timely information on the pandemic situation and disease support the response to the COVID-19 pandemic, monitor long-term
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epidemiological trends, characterise virological features and study the
evolution of the two viruses to inform public health interventions [2,3].

To establish comprehensive COVID-19 surveillance, the WHO rec-
ommended surveillance adaptation, strengthening existing surveillance
systems, including COVID-19 as a notifiable disease, enhancing case
identification and immediate reporting, contact tracing, and strength-
ening laboratory capacities [1].

Egypt started monitoring influenza activity in 1999 by establishing
influenza-like illness (ILI) surveillance at eight outpatient clinics. In
2007, severe acute respiratory infection (SARI) surveillance was intro-
duced at eight hospitals [5]. With the addition of pneumonia in 2016,
the system was integrated to become acute respiratory infection (ARI)
surveillance and expanded to include 19 hospitals, three of which
participated during the pandemic, to cover all regions within the
country.

As soon as the COVID-19 pandemic emerged, Egypt started adapting
its pandemic preparedness plan to cope with the imminent pandemic.
Adapting surveillance to help early detection of cases for effective case
management, monitor disease trends, provide information for risk as-
sessments and guide response measures was the most important pillar of
the plan [3].

To prepare for future pandemics, it is necessary to describe how ARI
surveillance systems adapted to the COVID-19 pandemic in terms of
adapting case definitions, case enrolment, as well as laboratory capacity
for the new disease. The WHO called for sharing experiences and lessons
learned from challenges and successes in adapting influenza surveillance
during the COVID-19 pandemic [3]. This study aims to describe the
process of adapting the integrated ARI surveillance system in Egypt to
the COVID-19 pandemic situation. In addition, this study used surveil-
lance data to investigate the epidemiology and clinical features of ARIs
during the pandemic.

2. Methods

Sentinel surveillance is one of five systems used for monitoring ARIs
in Egypt, along with the National Electronic Diseases surveillance
(NEDSS), the syndromic surveillance, the mortality surveillance and the
event-based surveillance systems. Sentinel sites were selected to repre-
sent the whole population in all geographic areas, age groups and so-
cioeconomic categories. At each site, a surveillance team (consisting of
surveillance officer, laboratory focal point, nurses and data entry tech-
nicians) was assigned to implement surveillance activities.

WHO definitions of ILI, SARI and pneumonia were used to enrol
patients in the study [6,7]. All patients with SARI and pneumonia
admitted to sentinel sites were invited to participate in the surveillance,
while the first two cases with ILI symptoms attending outpatient clinics
every day were enrolled.

Participants provided nasopharyngeal and oropharyngeal swabs
(NP/OP) that were kept in nitrogen tanks and sent weekly for real-time
polymerase chain reaction (RT-PCR) testing for seasonal influenza viral
types A and B at the Central Public Health Laboratory (CPHL). Positive
Influenza A specimens were further tested to determine the subtype as
H1pdm09, H3 or mixed Influenza infection using the US Centers for
Disease Control (CDC) protocol [8].

Participant demographic, clinical, laboratory and disease outcome
data were collected using standardised forms. The completed forms
were entered using a web-based application at hospitals. Data are
maintained at MoHP/Department of Epidemiology and Surveillance
(DES) and analysed regularly. Biweekly and quarterly reports are shared
with decision-makers and stakeholders.

During the pandemic, Egypt adapted ARI surveillance to include
SARS-CoV-2 in addition to influenza [3]. Data collection tools and data
screens for COVID-19 were developed and incorporated into the
web-based application. Case definitions for COVID-19 were developed
using WHO guidelines and distributed to all hospitals. As the pandemic
progressed, the WHO definition was revised several times based on
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clinical and epidemiological data updates to improve sensitivity in case
detection. All health facilities in Egypt were requested to report sus-
pected COVID-19 cases daily to the MoHP [6].

Staff and resources were diverted to support the pandemic response
during the early stages of the COVID-19 pandemic [9]. Every fifth hos-
pitalised patient with ARI and the first two outpatients with ILI were
enrolled in the study every day to compensate for the lack of surveillance
teams and laboratory capacity.

Two NP/OP swabs were collected from each patient during the
pandemic, one of which was immediately tested for SARS-CoV-2 in the
hospital, while the other was kept in a nitrogen tank until transported
weekly to a regional or the CPHL in Cairo for SARS-CoV-2 confirmation
and influenza virus testing. CPHL serves as the National Influenza Centre
(NIQ); it is recognised by the WHO as a component of the Global
Influenza Surveillance and Response System [3]. PCR capacity was
increased during the pandemic to test more than 4000 samples/day, and
a network of 55 regional and governorate level laboratories was estab-
lished across the country to increase testing capacity for SARS-CoV-2.
Electronic connections were established between the regional labora-
tories and the CPHL and MoHP, and new staff and specialists were hired
from other departments within the CPHL. For early identification of
evolving variants, and timely sharing of samples with WHO collabo-
rating centers, laboratory equipment were upgraded and reagents were
provided for 10 mutants.

Newly hired staff were trained on biosecurity, specimen collection,
handling and transfer, as well as testing for the SARS-CoV-2 pandemic
strain and influenza viruses in accordance with protocols and proced-
ures developed in collaboration with the WHO. Employees were pro-
vided with specimen collection kits, packaging materials, reagents,
supplies and laboratory protocols. Policies for vaccination of all staff
working with potential pandemic viruses against SARS-CoV-2 and sea-
sonal influenza were developed.

In order to detect the antigenic and genetic changes, antiviral sus-
ceptibility and pathogenicity of the pandemic strain, adequate labora-
tory virological surveillance was maintained.

Before the first case of COVID-19 was identified in Egypt, all sus-
pected influenza cases, possible causative Coronaviruses (cov 229E,
NL63, OC43 and HKU1), as well as respiratory pathogens were tested.
Egypt CPHL received primers and probes specific to testing the first 100
specimens for SARS-CoV-2 from the WHO on 1 February 2020, allowing
the first case of COVID-19 to be confirmed. CPHL specialists attended
training on coronavirus testing conducted by the African CDC in Senegal
on 3-6 February 2020 and received another type of b nCoV kits (African
CDC-Modular Dx Kit -Wuhan CoV E & Rdrp gene) to manage the surge of
patients.

A surge plan was activated to manage the increased number of ARI
samples, laboratory testing capacity was upgraded with additional lab-
oratory equipment supplies and well-trained staff. An efficient specimen
transport system from sentinel sites to CPHL was established, taking in
to account the possible disruption of routine transport systems during
the pandemic. A decentralisation plan was implemented for filling ni-
trogen tanks at regional laboratories. Protocols to pack and transport
specimens and viruses in accordance with local regulations were
developed and implemented. Additionally, international shipping pro-
cedures that comply with WHO guidelines and international transport
regulations were followed.

Testing for SARS-CoV-2 was performed on NP swabs by extraction of
nucleic acid using the chemagic 360 instrument (PerkinElmer Inc),
while SARS-CoV-2 RNA (ORF1lab) was detected using a VIASURE SARS-
CoV-2 Real-Time PCR Detection Kit (Certest Biotec SL). The RT-PCR
runs were performed in triplicate and according to the manufacturer’s
recommendations, and the samples were confirmed as positive SARS-
CoV-2 using a cobas 6800 system (Roche Holding AG).

SARS-CoV-2 sequences were performed by the CPHL sequencing
laboratory, which is equipped with a NGS machine and virus-specific
antibodies are tested by chemiluminescence technique. Reagents for
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ten mutant strains were distributed to laboratories in tourist areas for
early detection of new variants. Bids were opened through the Unified
Procurement Authority to supply one million kits. In collaboration with
the WHO, CPHL staff visited governorate laboratories to supply reagents
and equipment.

To maximise the usefulness the surveillance system, data were ana-
lysed timely to provide a regular update on the influenza and SARS-CoV-
2 epidemic situation in Egypt. Data were regularly shared with the
MOoHP to help update case management guidelines, regular risk and
severity assessments, and future predictions. Daily reports were devel-
oped and shared with relevant stakeholders to inform national and
global preparedness [10].

The International Health Regulations unit of the MoHP maintained
regular contact with the WHO Egypt country office and the Eastern
Mediterranean Regional (EMR) office to share information, and update
recommendations and report on the situation.

The preventive sector of MoHP was given access to surveillance data
for follow-up of patients and contacts through phone calls or visits.
Symptomatic contacts were further investigated for early case detection
[11]. Contact tracing and management procedures were developed and
distributed at all levels of the healthcare system and an online applica-
tion was developed within the national reporting system for contact
tracing.

In order to describe the epidemiology of ARIs during the COVID-19
pandemic, surveillance data from January 2020 to April 2022 were
collected. Descriptive data analyses were performed using Epi info7.
Patients admitted to hospitals with SARI were compared to those seen in
outpatient clinics with ILI to identify differences in their demographic
characteristics and causative agents. Additionally, SARS-CoV-2 patients
were compared with influenza patients to identify differences in
epidemiology, clinical severity and outcome. The Chi-squared test was
used to compare categorical variables, and the t-test and analysis of
variance (ANOVA) were used for continuous variables, with a signifi-
cance level of 0.05.

Table 1
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3. Results

Overall, 18,160 patients with ARIs were identified between January
2020 and April 2022, including 7923 (43.6%) patients seen at ILI sites
and 10,237 (56.4%) at SARI sites. Of the study participants, 6453
(35.5%) had positive ARI test results, including 5620 (87.1%) for SARS-
CoV-2, 781 (12.1%) for influenza viruses and 52 (0.8%) for SARS-CoV-
2/influenza coinfection. A higher rate of positivity was identified among
SARI than ILI patients (45.7% vs 22.4%, p < 0.001). The majority of
SARI cases (95.3%) were caused by SARS-CoV-2, compared to 65.4% of
ILI cases; influenza viruses were the cause of more ILI than SARI cases
(32.8% vs 4.2%, p < 0.001) [see Table 1].

Of 781 influenza viral infections, the A/H3 subtype was the cause of
more than half (435 [55.7%]), followed by Influenza subtype B (Influ-
enza B) (227 [29.1%]) and influenza A/HlpdmO09 (111 [14.2%]).
Influenza A/H3 and B were the main subtypes isolated from SARI pa-
tients, representing 44.4% and 34.3%, respectively. Among ILI patients,
A/H3 caused 59.5% of influenza infections, followed by Influenza B
(27.3%) and H1pdmO09 (12.7%). SARI patients had a higher percentage
of influenza A/H1pdmO09 than ILI patients (18.7% vs 14.2%), while ILI
patients had a higher percentage of influenza A/H3 than SARI patients
(59.5% vs 44.4%) (Table 1).

Two distinct waves of SARS-CoV-2 occurred during the summers of
2020 and 2021, and two influenza waves corresponded to the 2020 and
2021 influenza seasons. While influenza occurred sporadically in 2020
and re-emerged in spring 2021 with a peak of A/H3 subtype, it then
peaked in the 2021-2022 influenza season with A/H3 and Influenza B
subtypes (see Figs. 1 and 2).

The demographic, epidemiological and clinical characteristics of ARI
patients differed by viral cause; SARS-CoV-2 tended to infect older fe-
males throughout the year in urban governorates and Lower Egypt,
while influenza viruses mainly infected younger males during the winter
to spring months in Upper Egypt (see Table 2). Compared with influenza
patients, SARS-CoV-2 patients took more time before seeking medical
advice (3.9 vs 2.8 days, p < 0.001) and needed hospital admission more
frequently (82.4% vs 5.9%, p < 0.001).

Characteristics of patients seen at influenza-like illness (ILI) outpatient clinics and severe acute respiratory infections (SARI) admitted to surveillance hospitals, the

integrated acute respiratory infections surveillance system, Egypt 2010-2022.

Characteristic Total ARI (n = 18,160) ILI (n = 7923) SARI (n = 10,237) RR 95% CI p-Value
N % n % n %
Mean age in years & SD 40.1 + 23 26.8 +£ 19 50.3 + 21 NA NA <0.001
Male gender 8640 47.6 3858 48.7 4782 46.7 1.1 1.0-1.01 0.01
Age group in years
0-4 1926 10.6 1251 15.8 675 6.6 2.7 2.4-2.9 <0.001
5-17 1882 10.4 1623 20.5 259 2.5 9.9 8.7-11.4 <0.001
18-49 7121 39.2 3964 50.0 3157 30.8 2.2 2.1-2.4 <0.001
50-64 4205 23.2 890 11.2 3315 32.4 0.3 0.2-0.3 <0.001
>65 3026 16.7 195 2.5 2831 27.7 0.07 0.06-0.08 <0.001
Region
Urban governorates 7182 39.5 2782 35.1 4400 43.0 0.7 0.6-0.8 <0.001
Upper Egypt 5830 321 3235 40.8 2595 25.3 2.0 1.9-2.2 <0.001
Lower Egypt 5017 27.6 1811 22.9 3206 31.3 0.6 0.6-0.7 <0.001
Frontier governorates 131 0.7 95 1.2 36 0.4 3.4 2.3-5.1 <0.001
Season
Sept-Nov 4537 25.0 2088 26.4 2449 23.9 1.1 1.1-1.2 <0.001
Dec—Feb 5719 31.5 2836 35.8 2883 28.2 1.4 1.3-1.5 <0.001
Mar-May 4278 23.6 1654 20.9 2624 25.6 0.8 0.7-0.8 <0.001
Jun-Aug 3626 20.0 1345 17.0 2281 22.3 0.7 0.7-0.8 <0.001
Positive for tested viruses 6453 35.5 1778 22.4 4675 45.7 2.9 2.7-3.1 <0.001
Positive for SARS-CoV2 5620 30.9 1163 14.7 4457 43.5 10.8 9.1-12.8 <0.001
Positive for both SARS-CoV-2 and influenza 52 0.3 32 0.4 20 0.2 0.23 0.13-0.41 <0.001
Positive for influenza viruses: 781 4.3 583 7.4 198 1.9 0.09 0.08-0.10 <0.001
- Influenza A/H1pdm09 111 14.2 74 12.7 37 18.7 1.6 1.02-2.4 0.020
- Influenza A/H3 435 55.7 347 59.5 88 44.4 0.54 0.39-0.75 <0.001
- Influenza B 227 29.1 159 27.3 68 34.3 1.4 1.0-2.0 0.031
- > one influenza viral infection 8 1.0 3 0.5 5 2.5 5.0 1.2-21.2 0.016

CI, confidence interval; SD, standard deviation.
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Fig. 1. Distribution of SARS-CoV-2 and influenza by time, the integrated acute respiratory infections surveillance system, Egypt 2010-2022.
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Fig. 2. Influenza virus subtypes isolated from patients seen at the integrated acute respiratory infections surveillance system, Egypt, 2020-2022.

Among the 10,237 patients hospitalised with SARI, 4457 (43.5%)
had SARS-CoV-2, 198 (1.9%) had influenza and 20 (0.2%) had SARS-
CoV-2 and influenza viral coinfection; 5562 (54.3%) tested negative
for both viruses (Tables 1 and 2). SARS-CoV-2 hospitalised patients were
significantly older, female and had comorbidities, while influenza hos-
pitalised patients were younger, males and without comorbidities (55.5
+ 16.0 vs 37.7 £ 25.3 years, 56.2% vs 48.0%, 32.8% vs 24.2%,
respectively). Patients with SARS-CoV-2 in hospital had a more severe
course of disease in terms of pneumonia, bilateral pneumonia, length of
hospital stay and died more frequently than those with influenza (74.0%
vs 54.5%, 62.3% vs 52.8%, 7.2 + 6.7 vs 5.4 &+ 5.0 days, and 16.3% vs
6.6%, respectively). There was no significant difference in intensive care
unit (ICU) admissions or mechanical ventilation between SARS-CoV-2
and influenza (16.0% vs 14.1% and 4.3% vs 3.5%, respectively) [see
Table 2].

4. Discussion

This is the first study to describe how the integrated ARI surveillance
system in Egypt was adapted to the COVID-19 pandemic situation using
the WHO key strategy. This study also reports the surveillance findings.

During the COVID-19 pandemic, Egypt experienced disruptions to
influenza sentinel surveillance systems that resulted from repurposing
personnel, supplies, facilities and laboratories. During the course of this
study, the practical and standardised approach for maintaining,
strengthening and adapting the influenza sentinel virological

surveillance system based on the WHO strategy to meet the evolving
public health needs arising from the COVID-19 pandemic was discussed
[12].

During the pandemic, other countries used different models to
address the challenges. Spanish surveillance efforts focused on people
aged >65 years, the immunocompromised and those with underlying
diseases, given the number of natural infections and the fact that most
people are protected against severe COVID-19 [13]. According to WHO,
it is better to have a few sites with good data than many sites with poor
data. To provide quality clinical, laboratory and epidemiological data,
Egypt adopted the WHO strategy of influenza sentinel surveillance. In
addition, COVID-19 was added to the reportable diseases list of the
NEDSS so that an overview of the COVID-19 situation could be provided
daily.

It is important to note that several limitations exist in the surveil-
lance system in Egypt. For example, surveillance cannot accurately es-
timate the burden of COVID-19 in Egypt. MoHP assesses influenza
burden using sentinel surveillance data based on WHO methods [14].
Surveillance data in Egypt can be used to estimate the burden of
SARS-CoV-2 in the same way. Additionally, there is no mechanism for
the early detection of ARI outbreaks and thus providing early warnings.
Continuous baseline and threshold calculation is recommended for the
early detection of ARI outbreaks and to contribute to the country’s
pandemic preparedness [15].

The study showed that incorporation of SARS-CoV-2 into the influ-
enza surveillance system was useful to describe the epidemiological and
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Table 2

Comparison between characteristics of patients with SARS-CoV-2 and influenza,
the integrated acute respiratory infections surveillance system, Egypt
2010-2022.

Characteristic SARS-CoV-2 (n Influenza (n = p-Value
= 5620) 781)
n % n %
Mean age years +=SD
Age group (years)
0-4 103 1.8 154 19.7  <0.001
5-17 201 3.6 211 27.0
18-49 296 37.3 311 39.8
50-64 1815 32.3 62 7.9
>65 1405 25.0 43 5.5
Male gender 2475 44.0 412 52.8  <0.001
Seasonality
Sept-Nov 1690 301 92 11.8  <0.001
Dec-Feb 1368 243 374 47.9
Mar-May 1304 23.2 171 21.9
Jun-Aug 1258 22.4 144 18.4
Region
Urban 2213 39.4 210 26.9 <0.001
Lower Egypt 1920 342 99 12.7
Upper Egypt 1467 26.1 451 57.7
Frontier governorates 20 0.4 21 2.7
Mean duration from onset to 3.9+ 2.8 + <0.001
first seen at HCF (days) 3.7 2.2
Home treated 1163 20.7 583 74.6  <0.001
Hospitalised 4457 79.3 198 25.4
Mean age of hospitalised 55.3 + 37.7 + <0.001
patients (years) 16.0 25.3
Male gender 1953 43.8 103 52.0 0.01
With chronic disease 1463 328 48 242  <0.01
Severity among hospitalised patients
Pneumonia 3298 74.0 108 54.5 <0.001
Bilateral 2054 62.3 57 52.8 0.02
Unilateral 1244 37.7 51 47.2
ICU admitted 712 16.0 28 141  0.250
Mechanical ventilator 193 4.3 7 3.5 0.294
Mean length of hospital stay 7.2+ 5.4+ <0.001
(days) 6.7 5.0
Died in hospital 727 16.3 13 6.6 <0.001

HCF, healthcare facility; ICU, intensive care unit; SD, standard deviation.

virus trends, detect co-circulation of influenza and SARS-CoV-2, and
illustrate how these two diseases affect health systems during the
COVID-19 pandemic.

Surveillance indicated higher rates of viral infections among ARI
patients, both in the outpatient clinics and inpatient wards, compared
with the rates reported from Egypt influenza surveillance during the
inter-pandemic phase [4,16,17]. This finding reflects the surge of
SARS-CoV-2 when first introduced into a naive population and could
indicate high sensitivity of the surveillance. Additionally, the results
emphasise the importance of monitoring viral infection rates over time
in order to enable early detection of epidemics and to describe disease
trends. Other explanations for these results could include the change in
healthcare-seeking behaviour during the COVID-19 pandemic as well as
the triage protocol used to prioritise the moderate-to-severe patients for
case management [18].

ARI sentinel surveillance proved to be useful in the detection and
monitoring of the spread of known and emerging respiratory pathogens,
including seasonal influenza and any respiratory pathogen with
epidemic potential in a timely manner [19]. The integrated sentinel
surveillance system in Egypt was effective in describing the COVID-19
pandemic situation accurately, as evidenced by the similarity in time
distribution with the official national COVID-19 data [20]. ARI sur-
veillance provided better quality data on the circulated influenza vi-
ruses’ epidemiological and virological characteristics by type and
subtype than the official system amidst the pandemic. ARI surveillance
should be maintained, and early outbreak detection should be
strengthened through timely data collection, analysis and reporting.
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Surveillance reported an unprecedented decline of influenza viruses
during the COVID-19 pandemic. Several studies have suggested that the
application of epidemiological measures, such as wearing masks, social
distancing and other interventions, are responsible [21,22]. However,
this assumption cannot fully explain the epidemiological patterns of
different respiratory viruses observed during the pandemic [22]. An
additional reason could be the viral interference phenomenon in which a
virus prevents or partially inhibits the infection of another virus within
the same host [23,24]. Popovic and Minceva argued that Gibbs energies
of binding and growth ratios may influence the outcome of the
competition between the competing viruses [25]. There is also a possi-
bility that SARS-CoV-2 predominated during the first year of the
pandemic due to lack of natural immunity, but as the pandemic pro-
gressed, natural and vaccine-induced immunity to SARS-CoV-2 was
established, resulting in influenza viruses re-emerging.

According to this study, during the pandemic, influenza viruses
caused severe disease in younger healthy individuals, with a high fa-
tality rate and a predominance of A/H3 subtype. This pattern is different
to that reported by Fahim et al. in Egypt during the pre-pandemic phase,
with higher fatality rates and severe outcomes among older people and a
predominance of A/H1%%, Some studies suggest that the A/H3 virus has
declined in its ability to efficiently infect susceptible hosts but, accord-
ing to this and other studies, influenza-associated hospitalisations and
deaths are highest during seasons where A/H3 dominates [26,27]. Due
to reduced influenza viruses circulating in 2020, the severity of the
A/H3 subtype could have changed due to a prolonged absence of natural
exposure to influenza viruses. It is important to recognise that the up-
coming influenza season will probably be more severe than average and
will likely impact young adults particularly hard due to waning immu-
nity levels during the surge of COVID-19. Studies are needed to better
describe viral interference phenomenon and predict severity of up-
coming influenza seasons to guide vaccination and prevention
strategies.

Despite the significantly lower fatality rate from influenza than
SARS-CoV-2 found in this study, it is still higher than the rate reported
during the inter-pandemic period [26]. Furthermore, high rates of ICU
admissions and mechanical ventilation due to influenza were reported in
this study. It is essential to increase public awareness about influenza
vaccination and educate clinicians on the proper diagnosis and treat-
ment of influenza to reduce the burden of influenza on healthcare sys-
tems. Research is needed to determine the potential causes of high case
fatality rate (CFR) during COVID-19 so that CFR from ARIs can be
reduced. Prioritisation policies for hospital care during the SARS-CoV-2
pandemic should also be reviewed [28].

The US ARI surveillance that targets a wide of range of respiratory
viruses has described the different patterns of respiratory viruses during
COVID-19 pandemic 2020-2021. The influenza activity was low with an
unusual increase in respiratory syncytical virus (RSV) and pre-pandemic
levels of the common human coronaviruses and parainfluenza viruses
after notably low circulation [22]. ARI surveillance in Egypt successfully
described the pattern of influenza and SARS-CoV-2, where a large per-
centage of ARI patients tested negative for both SARS-CoV-2 and influ-
enza. Multiple respiratory pathogen testing is therefore necessary due to
the changes in the circulation of respiratory viruses as the pandemic
evolves and immunity to SARS-CoV-2 and other respiratory viruses in-
creases and decreases. It also demonstrates the need to expand the
testing panel for ARI in Egypt to better characterise the circulation
patterns of different respiratory viruses in different times and
geographical areas.

The current study results revealed that epidemiological characteris-
tics of the patients with SARS-CoV-2 differ significantly from those with
influenza. Differentiation between patients infected with SARS-CoV-2
and influenza could help clinicians in case management. For example,
glucocorticoids should be used with caution in influenza patients, while
dexamethasone should be used with caution in patients who have
influenza and SARS-CoV-2 coinfection [29]. Furthermore, identifying
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different causes of ARI would help in estimating the burden of different
viral agents and in designing effective preventive strategies, including
vaccination policies. Additionally, multipathogen testing for ARIs and
susceptibility to therapeutics is important to guide clinical management
and save time and resources [22].

This study indicated that SARS-CoV-2 occurred all year around,
while the influenza season peaks in winter. Seasonality of SARS-CoV-2 is
controversial, early in the pandemic, it was believed that COVID-19
spreads faster in winter than in summer like influenza and other respi-
ratory viruses, but this proved inaccurate as many countries experienced
COVID-19 peaks in summer. Studies suggested many environmental
factors are probable determinants of COVID-19 transmission at the
seasonal scale, including air drying capacity, ultraviolet radiation, air
temperature and ground level ozone [30]. Additional studies are
required to identify the environmental factors that enhance SARS-CoV-2
transmission to help tailor preventive strategies, including vaccination
campaigns.

The distribution of influenza infections during the pandemic, most of
which were reported in Upper Egypt, also differed from the pre-
pandemic pattern [26]. The change in geographical distribution of
different types and subtypes of ARIs over time could be attributed to the
change in the performance of sentinel sites, seasonal variability of
different ARIs and influenza subtypes, varying levels of immunity
among different populations, or different approaches to prevention and
control [26].

According to this study and others, SARS-CoV-2 results in high
hospitalisation and fatality rates in the elderly with pre-existing condi-
tions [31]. A lower level of natural immunity to the newly emerged
SARS-CoV-2, especially in this age group, and the lack of effective
treatment could explain this, in addition to the delay in seeking
healthcare reported in this study [32]. Vaccination campaigns that focus
on the elderly and patients with comorbidities should be considered to
reduce CFRs from SARS-CoV-2. The reasons behind delays in seeking
healthcare for COVID-19 require further studies.

5. Conclusions

With the help of the WHO key strategy, Egypt was able to adapt an
integrated sentinel site ARI surveillance to the COVID-19 pandemic
situation. In Egypt, surveillance was useful for identifying the circu-
lating respiratory viruses, as well as providing useful data for describing
the clinical characteristics and severity of respiratory viral infections. In
2021, influenza re-emerged with high severity and mortality, warning
that it may return to its pre-pandemic patterns. Vaccination policies for
both influenza and COVID-19 should be developed as soon as possible,
with special consideration for high-risk groups.

To provide quality information about circulating viruses, it is crucial
that influenza and SARS-CoV-2 virological surveillance be maintained
along with a digitalised system in order to guide public health author-
ities to prepare for upcoming seasonal epidemics and the detection of
emerging pandemic virus strains. Testing for multiple pathogens is
recommended as an effective way to identify ARIs viral causes and guide
clinical and public health policies. To reduce the burden of ARIs, sur-
veillance information should be communicated to clinicians for updated
case management and to policymakers to develop effective prevention
and control strategies in Egypt.
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