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ABSTRACT

Background Sentinel surveillance for severe acute respiratory infection (SARI) in Egypt began in 2006 and occurs at eight sites. Avian influenza

is endemic, and human cases of influenza A (H5N1) have been reported annually since 2006. This study aimed to describe the epidemiology of

SARI at a major sentinel site in the country.

Methods Data included in the study were collected from a major SARI sentinel site in Egypt during three consecutive years (2013–15).

Results A total of 1254 SARI patients conforming to the WHO case definition were admitted to the sentinel site, representing 5.6% of

admitted patients for all causes and 36.6% of acute respiratory infection patients. A total of 99.7% of the patients were tested, and 21.04%

tested positive; 48.7% of cases involved influenza A viruses, while 25% involved influenza B. The predominant age group was under 5 years of

age, accounting for 443 cases. The seasonality of the influenza data conformed to the Northern Hemisphere pattern.

Conclusions The present study’s results show that SARI leads to substantial morbidity in Egypt. There is a great need for high-quality data from

the SARI surveillance system in Egypt, especially with endemic respiratory threats such as influenza A (H5N1) in Egypt.
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Introduction

Emerging respiratory infectious diseases pose a substantial
risk to humans due to their extremely high potential to
spread from person-to-person. These diseases can produce
high morbidity and mortality.1 There have been several inci-
dents of emerging respiratory infectious diseases in the last
hundred years, including the influenza pandemic of 1918
known as the ‘Spanish flu’, the ‘Asian flu’ pandemic in 1957,
the ‘Hong Kong flu’ pandemic in 1968, the severe acute
respiratory syndrome (SARS) pandemic in 2003, and the
influenza A (H1N1) pandemic of April 2009.2 All these
events demonstrate the importance of having a surveillance
system for respiratory infections that can detect new viruses
rapidly and provide information to assess impact on the
population and having operational preparedness plans.3

Influenza, with its capability for mutational changes, is
one of these major respiratory infectious diseases with a
high potential of transmissibility among humans.4 Influenza
causes a wide range of clinical illnesses ranging from asymp-
tomatic infection to severe hospitalized disease and death.

Humans, as well as viruses, can now easily circumnavigate
the globe in less than 24 hours.5 Influenza typically presents
with sudden onset of fever accompanied by headache, sore
throat, myalgia, malaise, anorexia and dry cough. Symptoms
may be atypical in young children and the elderly.6 The
most common complication of influenza is pneumonia,
which may be a primary viral pneumonia or secondary bac-
terial pneumonia, most commonly caused by Streptococcus
pneumoniae, Staphylococcus aureus, Haemophilus influenzae and
Streptococcus pyogenes. A wide range of other complications
may occur less commonly, including neurologic, cardiac and
musculoskeletal diseases.7

Surveillance of influenza is important for determining the
timing and spread of the virus, for tracking changes in circu-
lating viruses to recognize the seasonal influenza vaccine
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composition, and as an alert mechanism for potential pan-
demic viruses.5 Sentinel influenza surveillance focuses on
the two extreme presentations of the disease: influenza-like
illness (ILI) sentinel surveillance, which monitors persons
with milder forms of the disease seeking outpatient care,
and severe acute respiratory infection (SARI) sentinel sur-
veillance, which is aimed to identify persons with severe
forms of the disease who have been admitted to a hospital
for treatment.8

Effective SARI surveillance includes the element of influ-
enza sentinel surveillance, namely, the collection of data
from a limited number of surveillance sites, complementing
the routine surveillance. This approach enhances the quality
of epidemiologic and laboratory data on influenza and
strengthens a country’s capacity for detection and prevention
of severe cases of seasonal, novel and pandemic influenza.
Improved epidemiological understanding of the influenza
viruses and their seasonal trends is critical for effectively pre-
paring for epidemics as well as pandemics.9

The SARI surveillance system in Egypt is employed for
suspected novel influenza viruses, pneumonia and avian
influenza surveillance; the programme started in early 2006.
It has been leveraged for the detection and testing of sus-
pected cases of Middle East respiratory syndrome corona-
virus (MERS-CoV).10 It is important to mention that avian
influenza is endemic in Egypt; human cases of influenza A
(H5N1) have been reported annually since 2006, and a total
of 346 human cases of avian influenza A (H5N1), including
116 deaths (case fatality rate—CFR: 33.5%), have been
reported in Egypt up to December 2015.11

This study aimed to describe the epidemiology of circulat-
ing viruses among SARI patients admitted to a sentinel site
in Egypt during the study period and identify the symptoms
associated with SARI cases among these patients.

Materials and methods

• Surveillance site: The data included in this study were
collected from a major SARI sentinel site in Egypt during
the period from January 2013 to December 2015.

• Selected data: All SARI patients who were admitted to the
sentinel site in Egypt during three consecutive years (2013,
2014 and 2015) and met the World Health Organization
Case Definition for Severe Acute Respiratory Infection
(SARI) within the same period of the study, were included
in the data analysis process.

• Case definition: Cases involved an acute respiratory
infection with a history of fever or measured fever of ≥
38°C and cough, with an onset within the last ten days
and a requirement for hospitalization.12

• Study duration: Data of SARI patients admitted to the
sentinel site in Egypt were collected and registered by the
sentinel surveillance system of the site, supervised and
under control of the Surveillance Department at the
Ministry of Health and Population in Egypt during three
consecutive years 2013, 2014 and 2015.

• Laboratory results: All samples collected from SARI
patients at the sentinel site in Egypt were transferred to
be tested for viruses at the Virology Laboratory, Central
Public Health Laboratory, Ministry of Health and
Population, Cairo, Egypt.

• Data management and analysis: The collected data
were revised, tabulated and entered into a PC Excel file
(Microsoft Office). Data cleaning and checking for quality
of data entry were performed. The demographic, epi-
demiological and clinical characteristics were summarized.
Further data analysis was conducted by epidemiological
week and year against the number of SARI-positive cases
over the study period to show the influenza peaks and
seasonal variation and the influenza virus types and
subtypes. The Moving Epidemic Method application
(memapp),13 through the R free software for statistical
computing and graphics, was used to assess the quality of
data and generate graphs of all seasons included in the
study allowing the visual comparison of the magnitudes
and timings of all epidemics in the dataset. Additionally,
the application was used to calculate and display some
estimators as follows: the number of influenza seasons
included in the study, the average epidemic start week, the
average epidemic length, the epidemic percentage and the
epidemic and intensity thresholds (medium, high and very
high).

Results

During the study period, from 1 January 2013, to 31
December 2015, a total of 1254 SARI cases fulfilling the
SARI case definition were admitted to the sentinel site of
our study. The highest percentage of SARI cases (34%, 424
cases) was reported during the three winter months: 137
SARI cases in December (10.9%), 129 SARI cases in
January (10.3%), and 158 SARI cases in February (12.6%).
The highest epidemiological week with SARI cases reported
was week 6, with 62 (39.2%) SARI patients admitted to the
hospital, representing approximately 5% of total SARI
patients admitted to the hospital during the three years.
Of the study population, 540 (43.06%) were male and

714 (56.94%) were female. Most of the cases were among
two age groups, less than 5 years old and between 18 and 64
years old. The age group of less than 5 years old was the
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most affected group among SARI male patients [237
(61.6%) patients with an average age of 2.1 years], while the
age group of 19–64 years old was the most affected group
among SARI female patients [335 (74.4%) patients admitted
to the sentinel site during the study period, with an average
age of 40.4 years] (Table 1).
Regarding the laboratory results, during the study period,

1250 specimens (percentage of tested cases is 99.7%) from
both nasopharyngeal and oropharyngeal swabs were col-
lected and tested from SARI patients. Of these cases, 263
(21.04%) tested positive for different respiratory viruses.
Among these specimens that tested positive, 128 (48.7%)
were influenza A viruses, 66 (25%) were influenza B viruses,
67 (25%) were respiratory syncytial virus (RSV), and 2 speci-
mens (1%) were mixed viruses. Of the 128 influenza A
viruses, 64 (24%) were influenza A (H1N1) pdm09, 60

(23%) were influenza A (H3), and 4 (2%) were influenza A
(H5N1). Of the collected specimens, 196 specimens (75%)
were influenza virus positive, and 67 specimens (25%) were
other respiratory viruses (Fig. 1).
Using the Moving Epidemic Method (MEM), through the

R software, two complete influenza seasons (2013/2014)
and (2014/2015), and two incomplete influenza seasons
(2012/2013) and (2015/2016) were plotted. The graphs
showed that the highest peak of SARI cases reported at the
sentinel site during the study period was in season (2013/
2014), crossing the high epidemic threshold in the epidemio-
logical week 7/2014 (Fig. 2).
The mean of the influenza epidemic (season) starting dur-

ing the four influenza seasons (2012/2013, 2013/2014,
2014/2015, 2015.2016) was epidemiological week 3, and the
mean of the end of the influenza epidemic (season) during

Table 1 Distribution of age groups by gender of severe acute respiratory infection (SARI) cases in the study’s sentinel site from 1 January 2013 to 31

December 2015

Age Number (%) OR (95% CI) P-value

Total Male Female

median (I-Q) 4 20

<5 443 (35.3) 273 (61.6) 170 (38.4) 2.1 (1.70–2.65) <0.001

5 to 18 45 (3.6) 10 (22.2) 35 (77.8) 0.38 (0.18–0.75) 0.005

>18 to 64 450 (35.9) 115 (25.6) 335 (74.4) 0.45 (0.36–0.58) <0.001

>64 316 (25.2) 142 (44.9) 174 (55.1) 1.08 (0.84–1.38) 0.548

Total 1254 540 (43.06) 714 (56.94) 1 (Reference)

Fig. 1 Distribution of severe acute respiratory infection (SARI) positive cases by subtype, from 1 January 2013 to 31 December 2015.
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the same four influenza seasons was epidemiological week 7
(Fig. 3). This figure also shows the average number of SARI
cases reported during each of the four influenza seasons
included in the study.
During the study period, the number of deaths in the

study sentinel site, from all diseases, was 848 deaths, and the
number of deaths among SARI patients was 48 deaths,
representing 5.66% of the total number of deaths at the site.
Table 2 shows that the higher percentage of deaths occurred
in the age group less than 5 years old, with 30 deaths
(62.5%); among female patients, with 28 deaths (58.3%); in
the year 2014, with 23 deaths (47.9%); and during the winter
season, with 22 deaths (45.8%).
As previously mentioned, in the majority of reported

SARI cases from the site, 443 cases (35.3%), occurred in
children less than 5 years old; therefore, the mortality rates
due to smoking, chronic diseases and asthma were nonsigni-
ficant (Table 2). The highest number of deaths was recorded
from patients with respiratory viruses other than influenza,
such as RSV, with 40 deaths (83.3%).
The most common symptoms associated with SARI

patients admitted to the sentinel site during the study period

were fever in 1254 cases (100%) and cough in 1253 cases
(99.9%), as these two symptoms are essential criteria of the
SARI case definition mentioned by WHO and are used in
the SARI surveillance system in Egypt.
Regarding other symptoms associated with SARI cases in

the sentinel sites, during the study period, wheezes, nasal dis-
charge and abnormal breath sounds were detected in 1245
cases (99.3%); nasal flaring in 535 cases (42.7%), grunting in
461 cases (36.8%), sputum in 433 cases (34.5%), tachypnoea
in 333 cases (26.6%), indrawing in 325 cases (25.9%), sore
throat in 272 cases (21.7%), and vomiting in 122 cases
(9.7%). Finally, lethargy was reported in 32 cases (2.6%),
dyspnoea in 27 cases (2.2%), pain in 10 cases (0.8%), haem-
optysis in 9 cases (0.7%), and convulsions in 3 cases (0.2%)
(Fig. 4).

Discussion

SARI represents an essential burden on health services
worldwide. Influenza viruses are the most common cause of
these severe infections that can be caused during a specific
season (seasonal influenza) and can be transmitted from

Fig. 2 Line graph presenting data from complete influenza seasons (2013/2014 and 2014/2015) and incomplete influenza seasons (2012/2013 and 2015/

2016) with epidemic thresholds by MEM method—data from 2013 to 2015, sentinel site in Egypt.
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animals or poultry to humans (zoonotic and avian influ-
enza).10 The influenza burden rises from its potential to be
transmitted across many parts of the globe, causing a pan-
demic—as in 2009, when a new influenza virus spread
quickly across the globe and affected 74 countries in six con-
tinents, with an estimated number of human deaths reaching
hundreds of thousands, all of which were attributed to this
pandemic.14

Main finding of this study

The highest percentage of SARI cases in the sentinel site
was reported in the less than 5-year-old age group (35%),
with an average age of 2.1 years, and in the more than 18-
to-64-year-old age group (36%), with an average age of 40.4
years. Additionally, the median age of SARI cases admitted
to the hospital was 8 years, and the range was from 2
months to 85 years.
The results show that 1250 of 1254 SARI cases were

tested. The positive cases for influenza and other respiratory
viruses represented 21.04% of the total tested patients. The
tested specimens showed that 49% of the positive cases

involved influenza A virus, 25% of the positive cases
involved influenza B virus, 25% of the tested cases tested
positive for RSV, and 1% of the positive cases were reported
to have more than one influenza virus, which is called a
mixed virus infection.
The distribution of SARI patients admitted to the site

showed a seasonal pattern, where the season starts around
epidemiological (epi) week 40 and ends around epi week 20
of the following year. The findings showed that the highest
percentage of SARI cases (34%) was reported during this
period in the three consecutive years of the study. The high-
est percentage of SARI cases admitted to the hospital in a
single epi week (39.2%) was reported in epi week 6 in the
three years, representing approximately 5% of the total
SARI patients admitted during the study period.
The trend of SARI cases in the sentinel site during the

study period showed the highest peak of cases between epi
week 4 and epi week 7. This finding was clearly obvious,
especially during the two complete seasons (2013/2014 and
2014/2015), with the highest peak in epi week 6.
Concerning the use of the MEM application on the

2013–15 SARI data, the SARI incidence exhibited a clear

Fig. 3 The moving epidemic graph, showing all influenza seasons centered around their epidemic periods.
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seasonality upon visual inspection of the data being plotted,
which indicated one season per year for all the considered
seasons. These seasons typically peak between December
and March, as is the case in countries belonging to the
Northern Hemisphere, with the highest peak of SARI influ-
enza cases reported in season 2013/2014 and crossing of the
high epidemic threshold in epidemiological week 7/2014.

What is already known about this topic

The findings of our study are in agreement with (Horton et al.,
2017a),15 who reported that all pathogens examined in their
study of SARI patients in the Eastern Mediterranean Region
(EMR) from 2007 to 2014 were more frequently identified in

participants who were less than five years of age than in older
participants. Additionally, (Tarnagda et al., 2014)16 reported in
their study that children less than 5 years old represent more
than (40%) of the total influenza-positive cases.
The laboratory results are not far from what (Kadjo et al.,

2013)17 reported in their study involving seven years of sen-
tinel surveillance in Ivory Coast, a Northern Hemisphere
country like Egypt, where 39% of specimens collected from
sentinel surveillance patients were positive for influenza
viruses, a percentage that is normal to be observed during
the winter season in a Northern Hemisphere temperate
climates.
The study’s seasonal pattern exactly conforms to the

WHO guidelines regarding the influenza season start and

Table 2 Demographic, epidemiologic and clinical characteristics of mortality among SARI cases

Total Survived Died P-value OR (95% CI)

N˚ % N˚ % N˚ %

Age group

<5 443 35.3 413 34.2 30 62.5 0.000 8.099 (2.829–23.187)

5–18 years 316 25.2 310 25.7 6 12.5 0.236 2.158.604–7.711)

>18–64 years 450 35.9 446 37 4 8.3 - Ref

>64 years 45 3.6 37 3.1 8 16.7 0.000 24.108 (6.933–83.825)

Gender

Female 714 56.9 686 56.9 28 58.3 - Ref

Male 540 43.1 520 43.1 20 41.7 0.842 1.061 (0.591–1.905)

Year

2013 235 18.7 226 18.7 9 18.8 - Ref

2014 613 48.9 590 48.9 23 47.9 0.958 0.979 (0.446–2.148)

2015 406 32.4 390 32.3 16 33.3 0.944 1.03 (0.448–2.37)

Season

Summer 235 18.7 228 18.9 7 14.6 - Ref

Autumn 274 21.9 265 22 9 18.8 0.844 1.106 (0.406–3.017)

Winter 424 33.8 402 33.3 22 45.8 0.191 1.783 (0.75–4.237)

Spring 321 25.6 311 25.8 10 20.8 0.926 1.047 (0.393–2.793)

Smoke

Yes 87 6.9 84 7 3 6.3 0.848 0.890 (0.271–2.926)

No 1167 93.1 1122 93 45 93.8 - Ref

Chronic diseases (cardiac/ renal)

Yes 61 4.9 58 4.8 3 6.3 0.650 1.320 (0.398–4.373)

No 1193 95.1 1148 95.2 45 93.8 - Ref

Asthma

Yes 5 0.4 3 0.2 2 4.2 0.002 0.057 (0.009–0.352)

No 1249 99.6 1203 99.8 46 95.8 - Ref

Laboratory results

RSV 67 5.3 64 5.3 3 6.3 - Ref

H5N1 4 0.3 0 0 4 8.3 0.999 0.00 (0.00–0.00)

Influenza viruses 192 15.3 191 15.8 1 2.1 0.060 0.112 (0.011–1.093)

Other respiratory viruses 991 79.0 951 78.9 40 83.3 0.860 0.897 (0.270–2.980)

6 JOURNAL OF PUBLIC HEALTH



end dates in the Northern Hemisphere. According to (Nair
H, 2012),18 the influenza season starts in countries of the
Northern Hemisphere in week 40 (+ or – 5 weeks) and
ends in these countries in epi week 20 (+ or – 5 weeks).
The trend of SARI cases in our study is similar to that

observed by (Amato-Gauci et al., 2011),19 who described the
trend of influenza cases (both SARI and ILI cases) before the
2009 influenza A (H1N1) pandemic during the seasonal influ-
enza epidemic and then during the pandemic. Additionally,
(Rowlinson et al., 2017)20 showed in their study that the
months with the highest percentage of patients eligible for
enrolment were October and December.
MEM application findings are consistent with those of

(Cox, 2014)21 and (Horton et al., 2017b)22 who described
the seasonality of the viral respiratory pathogens examined
in their study as following the temperate climates, where
influenza virus was most common in winter months
between October and February.

What this study adds

This study focuses on the Sentinel Surveillance System of
Severe Acute Respiratory Infections (SARI) at one sentinel
site in Egypt. Few studies conducted previously in Egypt
have focused on this topic, assessing the situation in the
whole country rather than focusing on a single sentinel site.
The present investigation will enrich the available information

on SARI in the country and will encourage more researchers
to study the burden of acute respiratory infections (ARIs) in
Egypt.

Limitations of this study

First, the catchment population of the SARI sentinel site
was not available or easy to calculate, as this site is a major
referral centre in Egypt for different types of fevers and
acute infections. Therefore, it was not possible to calculate
the burden of the disease (BoD), which is important for
addressing the threat that seasonal influenza may pose, for
strengthening the national and global preparedness as well as
prevention and control efforts, and for understanding the
overall global burden of influenza disease and preparing for
influenza pandemics. Second, studying SARI in one sentinel
site out of eight sites in Egypt, a country with more than 90
million people, cannot give a holistic picture of the real state
of surveillance of this disease in the country.

Conclusion

This current study shows consistency of its results with
respect to influenza seasonality, its comparability to the
results in other Northern Hemisphere temperate countries,
and the proportion of SARI cases that are influenza positive,
suggesting that the surveillance system in the chosen sentinel
site is performing very well according to global standards.

Fig. 4 Stacked bar chart showing associated symptoms in SARI patients admitted to the study sentinel site. 1 January 2013 to 31 December 2015.
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The study also indicates that SARIs lead to substantial mor-
bidity in Egypt in different age groups and sexes. There is a
great need for high-quality data from the SARI surveillance
system in Egypt, especially with endemic respiratory threats
such as influenza A (H5N1) in Egypt as well as similar
threats in neighbouring countries, such as Middle East
respiratory syndrome (MERS) in Saudi Arabia. Finally, it is
obvious that the Ministry of Health and Population (MOHP)
in Egypt is highly concerned with expending all possible
resources to build the country’s capacities for enhancing the
sentinel surveillance system for SARI.
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