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Background:  The  World  Health  Organization  Regional  Office  for  Eastern  Mediterranean  has  partnered  with
the  United  States  Centers  for Disease  Control  and  Prevention  (CDC)  to strengthen  pandemic  influenza
preparedness  and  response  in  the Region  since  2006.  This  partnership  focuses  on  pandemic  preparedness
planning,  establishing  and  enhancing  influenza  surveillance  systems,  improving  laboratory  capacity  for
detection  of  influenza  viruses,  estimating  the  influenza  disease  burden,  and  providing  evidence  to support
policies  for the  introduction  and  increased  use of seasonal  influenza  vaccines.
Methods:  Various  published  and  unpublished  data  from  public  and  WHO  sources,  programme  indicators
of  the  CDC  cooperative  agreement  and  Pandemic  Influenza  Preparedness  Framework  were  reviewed  and
analysed.  Analyses  and  review  of  the programme  indicators  and published  articles  enabled  us  to generate
information  that  was  unavailable  from  only  WHO  sources.
Results:  Most  (19/22)  countries  of the  Region  have established  influenza  surveillance  system;  16  countries
in the  Region  have  designated  National  Influenza  Centres.  The  Region  has  seen  considerable  improvement
in  geographic  coverage  of influenza  surveillance  and  influenza  detection.  Virus  sharing  has  improved  and
almost all  of  the participating  laboratories  have  achieved  a 100%  efficiency  score  in  the  WHO  external
quality  assessment  programme.  At  least  seven  countries  have  estimated  their  influenza  disease  burden
using  surveillance  data  and  at least  17  are  now  using  seasonal  influenza  vaccines  as  a control  strategy  for

influenza  illness.
Conclusion:  The  Region  has  achieved  substantial  progress  in  surveillance  and  response  to  seasonal
influenza,  despite  the  adverse  effects  to the  health  systems  of  many  countries  due to  acute  and  protracted
emergencies  and  other  significant  challenges.

©  2019  The  Authors.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
ntroduction
Owing to its ability to change due to antigenic drift of viruses
nd the associated unpredictable nature of influenza pandemics,
nfluenza remains a major public health concern. Recent estimates

∗ Corresponding author at: Infectious Hazard Management, Department of Health
mergency, World Health Organization Regional Office for the Eastern Mediter-
anean, Monazamet El Seha El Alamia Street, P.O. Box 7608, Nasr City, Cairo 11371,
gypt.

E-mail address: malikm@who.int (M.R. Malik).

ttps://doi.org/10.1016/j.jiph.2019.07.018
876-0341/© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bi
C  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
creativecommons.org/licenses/by-nc-nd/4.0/).

by the World Health Organization (WHO) indicate that between
291,000 and 646,000 respiratory deaths from seasonal influenza
epidemics occur every year [1]. In the WHO  Eastern Mediterranean
Region, data are still lacking on regional estimates of the influenza
disease burden, especially in groups at high risk of complications
due to influenza.

The WHO  Eastern Mediterranean Region comprises 21 mem-
ber states and the occupied Palestinian territory (West Bank and

Gaza Strip) and stretches from Morocco in the west to Pakistan
in the east. It has a population of nearly 583 million people or
approximately 8% of the 2017 world population [2]. The Region
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s frequently affected by conflicts, humanitarian crises and other
rotracted emergencies. This has led to the displacement of large
umbers of people, including skilled healthcare workers, who have
ad to flee their countries because of war. As a result, health systems
re functioning below optimal levels, with an inadequate health
orkforce and limited disease control activities pushing back the
ealth gains that were achieved in countries across the Region prior
o outbreaks of conflict.

While these protracted emergencies have pushed back health
ains substantially, influenza surveillance and response in almost
ll countries in the Region has shown considerable progress. Egypt
as the first country in the Region to establish a sentinel-based

urveillance system for influenza in 2006 [3], immediately after
he country reported its first human case of infection with highly
athogenic avian influenza virus A(H5N1). The scaling up of the

nfluenza surveillance system across the Region was  spurred by
his event in Egypt due to the pandemic threat associated with this
ew highly pathogenic zoonotic influenza.

In 2006, the WHO  Regional Office for the Eastern Mediterranean
ntered a 5-year cooperative agreement with the United States
enters for Disease Control and Prevention (CDC) to strengthen the
apacity of countries of the WHO  Eastern Mediterranean Region
or surveillance and laboratory detection of influenza viruses.
his funding supported the establishment and enhancement of
nfluenza surveillance and laboratory detection across the Region,
nd technical support, assistance and guidance to member states
ere provided by the WHO  Regional Office. This programme was

xtended for another five-year period in 2011, with a primary focus
n strengthening capacity in three areas-(1) to enhance epidemi-
logical and virological surveillance of influenza, (2) to estimate
he disease burden associated with influenza, and (3) to support
olicies to introduce and increase the use of seasonal influenza
accines. The programme’s objectives stemmed from the rationale
hat those countries with strong influenza surveillance and vaccine
rogrammes would be better prepared to respond to an influenza
andemic. Building on the success of the first five-year period of

mproving influenza surveillance in WHO  Eastern Mediterranean
egion during 2006–2011, the second five-year period between
011 and 2016 saw further improvements in all three areas of
nhancing influenza surveillance, estimating disease burden and
se of influenza surveillance data to develop informed policies
nd strategies for control of influenza. The funding support to
even priorities countries via the Pandemic Influenza Preparedness
ramework (PIP) in 2014 greatly supplemented the ongoing works
f the Regional Office and spurred the momentum that already
enerated through the support of US CDC to strengthen influenza
urveillance programme in the Region.

This paper highlights the capacity achieved in the countries
f WHO  Eastern Mediterranean Region in the areas of influenza
urveillance system between 2011 to 2018 in each of these three
reas- influenza surveillance and laboratory detection; influenza
isease burden estimation; and use of seasonal influenza vaccines
or influenza control. Owing to availability of comparable, con-
istent and representative data, the progress and improvement
f influenza surveillance system, in the Region, was  measured
etween the situations prevailing in 2011 and 2018.

aterials and methods

We  collected data from WHO  global and regional databases such
s the EMFLU, FluID and FluNet. Information on influenza disease

urden was collected from the articles published in peer-reviewed
edical journals from the Region. We  used the following four out-

ome indicators to measure improvements in three focus areas of
nfluenza surveillance and esponse: (1) evidence that a country col-
 Public Health 13 (2020) 391–401

lects and reports epidemiological surveillance data; (2) evidence
that a country is testing and reporting influenza virus types and
subtypes with EMFLU and FluNET; (3) evidence that a country has
published influenza disease burden estimation using surveillance
data and/or other data or published information; and (4) progress in
introducing seasonal influenza vaccines as part of influenza control
programme. We further reviewed the progress in each of these four
outcome indicators through analysing the influenza surveillance
programme performance indicators that were used in the cooper-
ative agreement of CDC and WHO  Eastern Mediterranean Regional
Office for measuring progress over time in improving influenza
surveillance system. Information collected from WHO  global and
regional databases (EMFLU, FluID and FluNet) were further triangu-
lated through direct oral or written communication with Ministry
of Health officials whenever required. The improvement achieved
against each of these four outcome indicators by the end of 2018
and further reviewed by available evidence, were compared with
the situation prevailing in 2011 (when the first five-year period of
CDC Cooperative agreement on influenza surveillance programme
ended and the second five-year period began) in order to assess
improvement and measure progress.

WHO  data sources

To measure progress in enhancing epidemiological and virolog-
ical surveillance for influenza, in the Region, we accessed sentinel
surveillance data (both epidemiological and virological data) for
19 out of 22 countries in the Region that reported data to global
and regional influenza surveillance databases (e.g., FluNet, FluID,
EMFLU). Using these data, we  calculated the increase in the total
number of sentinel sites across the region between 2011 and 2018.
We also calculated the change in the number of severe acute respi-
ratory infections (SARI) detected and reported to FluID and EMFLU
in each year by the countries between 2011 and 2018. The increase
in number, wherever reported and evidenced, was used as an indi-
cation of improvement in influenza surveillance system in the
Region as a whole. We also accessed regional data from FluNet
for 16 national influenza centres (NICs) for analysis and calculated
the change in the total number of specimens processed and tested
annually between 2011 and 2018. Lastly, in order to measure the
capacity in the Region to detect, test and ship influenza specimens,
we calculated the change in the number of specimens shared with
the WHO  Collaborating Centres for the bi-annual vaccine strain
selection.

We also analysed the change in the number of NICs in the Region
that participated in a voluntary WHO  external quality assessment
project (EQAP) to test the quality of reverse transcription poly-
merase chain reaction (RT-PCR) diagnostics for influenza. We  also
compared the previous EQAP score of the NICs with the recent
ones. We  interpreted that any participating NIC that scored 90%
on all efficiency panels indicated progress made in the quality of
influenza testing. All data were analysed by using Epi Info ver-
sion 7.1.2 (CDC, Atlanta, GA, USA). We  used non-parametric tests
(Kruskal–Wallis and Mann–Whitney) to compare data from 2011
to 2018 and determine the statistical significance at p < 0.05. Statis-
tics were expressed as numbers and percentages for categorical
variables for descriptive analyses and as mean, standard deviation
(SD), median and 25th percentile (Q1), 75th percentile (Q3) and
inter-quartile ranges (IQR) for numerical variables.

Programme indicators
We  used thirteen of the sixteen influenza surveillance pro-
gramme  performance indicators defined in the cooperative
agreement to quantify achievements and overall improvement in
influenza surveillance system in the Region (Box-1). We  analysed
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Table  1
Progress in capacity strengthening for influenza surveillance in the 22 countries of the WHO  Eastern Mediterranean Region between 2011 and 2018.

Indicator 2011 2018 Difference P value

A Influenza epidemiological surveillance

No. of countries with a functioning influenza surveillance
systema

10/22(50%) 19/22 (86.3%) 36.3% 0.0008

No.  of countries with more than 1 sentinel site for ILI/SARI 8 19 57.9% 0.0001
No  of countries reporting influenza epidemiological data to
FluID for <90% of the weeks a year

5/10 (50%) 9/19 (47.38%) 2.62% 0.89

B  Influenza virological surveillance

No. of NICs 13 16 15.79% 0.25
No.  of countries reporting influenza virological surveillance
data to FluNET for 90% of the weeks a year

9 16 36.84% 0.01

No.  of NICs and influenza laboratories with RT-PCR capacity 9/13 (69.2%) 19/19 (100%)b 30.8% 0.01
No.  of NICs and influenza laboratories with capacity for
influenza virus isolation

9/13 (69.2%) 12/16 (75%) 5.8% 0.73

No.  of NICs and other influenza laboratories with sequencing
capacity (including testing for antiviral susceptibility)

3/13 (23%) 7/16 (43.7) 20.7% 0.25

No.  of NICs and other influenza laboratories participating in
WHO  EQAP

9/13 (69.2%) 19/19 (100%)b 30.8% 0.01

No.  of NICs and other influenza laboratories achieving a 90%
efficiency score on WHO  EQAP

11/14 (78.5%)c 19/19 (100%)b 21.5% 0.03

C  Burden estimation

No. of countries with influenza surveillance system estimating
influenza disease burden using surveillance datad

0/10 (0%) 6/19 (31.57%) 31.57 0.04

D  Use of seasonal influenza vaccines

No. of countries using seasonal influenza vaccines 12/22 (55%) 17/22 (77%) 22% 0.11

SARI: severe acute respiratory illness, NIC: national influenza centre, RT-PCR: real-time polymerase chain reaction,EQAP: external quality assessment programme).
a measured against all 21 countries and occupied Palestinian territory of the WHO  Eastern Mediterranean Region.

8.
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b includes three influenza laboratories which are not designated as NIC as of 201
c includes one influenza laboratory which was not designated as NIC in 2011.
d out of the countries with influenza surveillance system in 2011 (10) and 2018 (

he progress in each of these indicators, whenever needed, by
ross-referencing the information with both WHO  data sources
nd published and unpublished articles. The difference between
he situation of 2011 and 2018 in each these programme perfor-

ance indicators was identified as improvement if the difference
as significant.

Box-1: Programme indicators used in CDC Cooperative Agree-
ent to measure progress in influenza surveillance system in the
HO Eastern Mediterranean Region:

a Improvement of surveillance and response for seasonal and pan-
demic influenza in the Eastern Mediterranean Region
• Number of countries with functioning surveillance system for

influenza within its routine disease surveillance system;
• Number of countries using EMFLU platform (or FluID) for timely

reporting of influenza surveillance data;
• Number of coordination and scientific meetings of the regional

network of influenza surveillance and laboratories organized;
• Number of functioning National Influenza Centers;
• Number of designated NICs with capacities to detect and iso-

lates seasonal influenza virus;
• Number of NICs regularly sharing seasonal influenza virus spec-

imens or viral isolates to WHO  CC
• Number of NICs reporting virological surveillance data timely

to EMFLU (or FluNet);
• Number of NICs in the region able to characterize the influenza

virus using sequencing and viral neutralization assay;
• Number of functioning NICs in the region regularly participat-
ing in the WHO  External Quality Assurance Program (EQAP) for
the detection of influenza virus by PCR;

 Estimation of disease burden for influenza in the Eastern Mediter-
ranean Region
• Number of countries completed and published influenza dis-
ease burden estimates in peer reviewed journals;

• Number of regional and national training workshops organized
on estimating burden of disease;

• Number of surveillance personnel trained on disease burden
estimation;

c Enhancement of rapid response capacity for timely investigation and
effective response to outbreaks
• Number of countries in the region have trained multi-

disciplinary rapid response team at the national level with the
ability to facilitate in-country investigation within 48 h of noti-
fication

• Number of simulation exercises conducted during the project
period.

d Development of supportive policies for introduction and increased
use of seasonal influenza vaccines
• Availability of a comprehensive regional assessment report for

seasonal influenza vaccination policies, and availability, acces-
sibility and uptake of seasonal influenza vaccines;

• Number of the countries in the region introduced seasonal
influenza vaccine targeting high-risk groups and increased the
update and coverage of the vaccine.

Other data sources

We reviewed published and unpublished literature that
reported estimates of the influenza burden conducted by countries
using influenza surveillance data. We  used a systemic review of

published articles on influenza vaccination policies and coverage
in the Eastern Mediterranean Region from 2006 to 2018 to assess
progress made in the use of the seasonal influenza vaccines in the
region.
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Fig. 1. Countries with epidemiological and virological surveillance capacity for in

esults

rogress in capacity strengthening

The progress in capacity strengthening was assessed and mea-
ured against in each of the four output indicators as well as
gainst the programme performance indicators (Table 1). Of the
2 countries in the region, 19 (86%) have established a surveil-

ance system for influenza (Fig. 1) in 2018 compared with only 10
n 2011. Fifteen of the twenty-two countries have 16 designated
ational influenza centers (NICs) compared to 13 in 2011. These

nfluenza laboratories have demonstrated and maintained different
evels of capacity for influenza virus detection and characteriza-
ion. Seven of these sixteen NICs have the capacity to characterize
nfluenza viruses via sequencing and undertake virus neutraliza-
ion assays. All WHO-designated NICs participate in the EQAP
Table 1).

nhanced capacity for influenza surveillance

ncrease in influenza sentinel surveillance sites
The number of sentinel sites for influenza surveillance,

ncreased substantially during the period from 2011 to 2018. In
011, there were 36 sentinel sites for influenza surveillance in
0 countries of the Region compared to 132 sentinel sites in
9 countries at the end of 2018. The mean number of sentinel
ites per country increased from 1.8 among the 10 countries in

011 to 6.9 among 19 countries by the end of 2018 (P = <0.01).
ince the initiation of activities under the PIP framework in 2014,
6 additional sentinel surveillance sites were added across the
egion.
a in the Eastern Mediterranean Region and designated national influenza centers.

Improvement in weekly reporting of epidemiological surveillance
data

The total number of SARI patients enrolled at the influenza sen-
tinel surveillance sites for influenza surveillance increased from
2011 to 2018. The number of patients enrolled in all SARI sentinel
sites during 2011 was 31,179 (median 357, IQR 260–786) which
increased to 111,228 (median 2039, IQR 1140–3001) in 2018. The
increase might have possibly been spurred by the start of the Pan-
demic Influenza Preparedness (PIP) activities in 2014 (Table 2).

Improvement in virological surveillance, influenza detection and
reporting

The capacity of NICs to detect influenza virus and characterize
influenza virus subtypes has markedly increased from 2011 to 2018
and information is currently available on the circulating virus type
and subtype of seasonal influenza virus (Figs. 2 and Table 3).

The total number of specimens tested annually and reported to
FluNET/EMFLU increased substantially from 30,670 (median 351,
IQR 253–776) in 2011 to 109,607 specimens (median 2016, IQR
1115–2956) in 2018 (Fig.3 and Table 2). There has been some vari-
ation regarding number of specimens tested and reported by the
NICs from one year to another owing to seasonal effect or pos-
sibly due to other technical or operational issues, however, the
increase in number of influenza specimens tested and reported in
2018 compared to 2011 has been statistically significant (p < 0.001).
Currently, 16 of the 22 countries are reporting virological data to
FluNet or EMFLU on a weekly basis. The number of countries report-
ing data to FluNet for all the 52 weeks also increased considerably

between 2011 to 2018. The average number of countries report-
ing to FluNet every week during 2011 was 9.3 (SD ± 1.10) while in
2018, this number increased to 14.2 (SD ± 0.79) with the increase
in number being statistically significant (P < 0.0001).
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Table  2
Comparison of selected indicators of influenza surveillance system, WHO  Eastern Mediterranean Region, between 2011 and 2018.

2011 2018 P value

Number Median value (IQR) Number Median value (IQR)

Number of SARI patients enrolled
at influenza sentinel sites

31,179 357 (260–786) 111,228 2039 (1140–3001) <0.001

Number of influenza specimens
tested and reported to
FluNet/EMFLU

30,670 351 (253–776 109,607 2016 (1115–2956) <0.001

The  proportion of influenza
positive cases detected

20.64% 10.60% (5.8–19.8) 20.07% 16.37% (8.3–22) <0.001

The  number of seasonal influenza
virus samples sent to WHO  CCs for
vaccine strain selection

142 11 (4–16) 1473 89 (82–174) <0.001
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Fig. 2. Number of seasonal influenza cases detected and percentage of influe

During the same period of 2011 to 2018, an increasing num-
er of influenza positive cases were detected reflecting enhanced
bility of the national influenza centers to test and detect influenza
ositive cases. The proportion of influenza positive cases increased
lightly from 20.64% in 2011 (median 10.6%, IQR 5.8 to 19.8) to
0.742% in 2018 (median 16.37%, IQR 8.3 to 22), although the

ncrease in proportion of influenza positive cases from 2011 to 2018
as statistically significant (P < 0.001). Overall, the mean influenza
ositivity rate of WHO  Eastern Mediterranean Region during the
eriod of 2011–2018 was 19% (median 19.3; IQR 16.4–21.5) which
as higher than the WHO  Africa Region during the same period
ith mean influenza positivity rate of 15.1% (median 13.9%; IQR

3.9–15.8), Region of America with mean value of 14.5% (median
4.9%, IQR 13.3–15.7), Region of Western Pacific with mean value of
7.6% (median 16.3%, IQR 14.6–20.2). During the same period, the
ean influenza positivity rate for WHO  European Region was  20.2%

median 20.4%, IQR 16.5–24.5) and the mean influenza positivity
ate for WHO  South East Asia Region during the same period was
0.9% (median 20.1%, IQR 18.6–24.3). Amongst the influenza virus
ubtypes, influenza A(H1N1)pdm09 continued to be the predom-
nant virus circulating in the WHO  Eastern Mediterranean Region
ince 2011 (Fig. 4).

mproved performance of influenza laboratories
Of the 16 functioning NICs in the Region, molecular diagnos-
ic capacity exists in almost all (Table 3) and RT-PCR is the primary

ethod to detect circulating seasonal influenza virus. Other impor-
ant capacities such as influenza virus isolation, sequencing and
sitive cases in the Eastern Mediterranean Region, week no 1/2011-52/2018.

antiviral susceptibility testing exist in 10, 6 and 2 NICs respectively
in the Region (Table 3).

Since 2011, the number of influenza laboratories participating
in the WHO  EQAP quality assurance test for RT-PCR diagnosis of
seasonal influenza has increased. In 2011, 14 laboratories partici-
pated in WHO  EQAP while in 2018, this number increased to 19.
The percentage of countries getting correct results (zero errors)
on the EQAP panels increased (Fig. 5) from 71.5% in 2011 (with
mean correct score of 90%; SD ± 16.64) to 100% (with mean cor-
rect score-100%; SD ± 0) in 2017, however this dropped to 70.6% in
2018 although the number of countries participating in the EQAP
increased in 2018. The increase in percentage of countries with
correct result (with no error) was statistically significant (P < 0.005).

Improved participation in WHO  influenza vaccine strain selection
The number of NICs and influenza laboratories contributing

influenza virus isolates or specimens from the Region to WHO
Collaborating Centers for inclusion in the global vaccine strain
selection increased from 8 in 2011 to 15 in 2018. A total of 4172
seasonal influenza virus specimens were sent to the WHO  Collabo-
rating Centres by 15 NICs and influenza laboratories of the Region
during the period from 2011 to 2018. The number of seasonal
influenza virus samples sent to WHO  CCs for vaccine strain selec-
tion increased from 142 specimens in 2011 (median 11, IQR 4–16)
to 1473 specimens at the end of 2018 (median 89, IQR  82–174). Dur-
ing the same period, the number of shipments also increased from

11 shipments per year from 8 national influenza centers during
2011 to 33 shipments per year from 15 national influenza centers
and influenza laboratories at the end of 2018. Both the increase
in number of shipments (P = <0.001) and the increase in number of
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Table 3
Capacities of countries to conduct influenza virological surveillance in the WHO  Eastern Mediterranean Region, 2018.

Country Designated
NICs

SARI
Surveillance
system

NICs and
Influenza
laboratories
sharing
influenza
virus with
WHOCC

NICs and
Influenza
laboratories
participating
in EQAP

NICs and
Influenza
laboratories
sharing data
with
Flunet/EMFLU

NICs and
Influenza
laboratories
with RT PCR
capacities

NICs and
Influenza
laboratories
performing
influenza
virus
isolation

NICs and
Influenza
laboratories
with
sequencing
capacities

NICs
conducting
antiviral
susceptibility
test

Afghanistan Y Y Y Y Y Y Y N N
Bahrain Y Y Y Y Y Y Y N N
Djibouti N N N N N N N N
Egypt  Y Y Y Y Y Y Y Y N
Iran  Y Y Y Y Y Y Y Y N
Iraq  Y N Y Y Y Y N N
Jordan Y Y Y Y Y Y N N N
Kuwait Y Y In progress Y In progress Y Y N N
Lebanon Y Y Y N Y Y N N
Libya  N N N N N N N N N
Morocco Y Y Y Y Y Y Y Y Y
Palestine Y Y Y Y Y N
Oman  Y Y Y Y Y Y Y Y N
Pakistan Y Y Y Y Y Y Y Y Y
Qatar  Y Y Y Y Y Y N N N
Saudi  Arabia In progress Y Y N Y Y N N N
Somalia N N N N N N N N N
Sudan Y Y Y Y N N N
Syrian Arab Republic Y N N Y N Y N N N
Tunisia Y Y Y Y Y Y N Y N
United Arab Emirates In progress Y Y N Y Y Y N N
Yemen N Y N N N N N N N

Y = Yes; N = No.
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pecimens sent to WHO  CCs for vaccine strain selection (P = <0.001)
as statistically significant. Most (78%) of the specimens were sent

o the WHO  collaborating centre in London, 21% to Atlanta and
.5% to Tokyo. Just over half (52%) of the virus samples were sent
rom influenza centres in Egypt and Jordan; Bahrain, Iran, Morocco,
man, Pakistan and Palestine provided 47–100 samples each; and

raq, Qatar, Syria and Tunisia together contributed 6% of all the
pecimens received (6–30 samples).

mproved knowledge of the burden of disease associated with
nfluenza

In 2011, when the second phase of the enhanced influenza

urveillance programme began, no country in the Region had pub-
ished any information on influenza disease burden. However, by
018 at least eight countries in the Region had published data on the

nfluenza disease burden and seasonality in peer-reviewed medical
l influenza centres and influenza laboratories in the Eastern Mediterranean Region,

journals [3–11] leading to improved knowledge of the epidemiol-
ogy of seasonal influenza in the Region (Table 4). Although, data on
influenza disease burden across countries are not consistent and
comparable owing to different study methods and designs used by
the countries- from descriptive studies to modelling.

Improvement in developing policies for the use of seasonal
influenza vaccine

A literature review on the use of seasonal influenza vaccines
in the Eastern Mediterranean Region showed that 17 of the 22
countries are now using some form of seasonal influenza vaccines
compared with 2011, when only 12 countries were using vaccines

against seasonal influenza (Table 1). We  found at least 10 stud-
ies that discussed policies and recommendations about seasonal
influenza vaccination. The studies were from Egypt, Iran, Kuwait,
Oman, Saudi Arabia and United Arab Emirates [12–15]. Seven stud-
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Fig. 4. Number of influenza-positive specimens tested and reported to FluNet by subtypes by the national influenza centres and influenza laboratories in the Region,
2011–2018.
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ig. 5. Performance of influenza laboratories from the Eastern Mediterranean Regio
nfluenza, 2011–2018.

es were specific to the use of seasonal influenza vaccines amongst
he pilgrims for hajj and Umrah and originated from Saudi Ara-
ia and Egypt. Kuwait, Oman and United Arab Emirates. However,

t was not clear from these published studies whether or not the
nfluenza disease burden data and influenza seasonality as deter-

ined by the disease burden data contributed to policy formulation
r recommendation for vaccination or in determining the timing of
accination.

ther programme improvements

One of the other notable achievements during this period was
hat all 22 countries established and trained multidisciplinary rapid
esponse teams at the national level. Of the 22 countries, 15 also
eported having subnational rapid response teams.

The Eastern Mediterranean Acute Respiratory Illness Surveil-
ance Network (EMARIS) that was established in 2007 [16] and
nvolved only three countries, has expanded to involve all the

ountries of the Region. The EMARIS network has met  every
ther year since 2012. EMFLU, developed as a regional platform
or sharing of epidemiological and virological data on influenza,
s now fully functional with 15 of the countries regularly shar-
icipating in the WHO  External Quality Assessment Programme (EQAP) for seasonal

ing their influenza surveillance data. EMFLU connects with the
global influenza surveillance databases housed at WHO  Headquar-
ters in Geneva, FluID and FluNet. A weekly epidemiological report
on seasonal influenza, avian influenza and other acute respira-
tory infections is published by the WHO  Eastern Mediterranean
Regional Office.

Discussion

The importance of having improved capacity for surveillance
of and response to influenza and other respiratory diseases in
the region cannot be overemphasized. The Eastern Mediterranean
Region of WHO  has reported the highest number of human infec-
tions with highly pathogenic avian influenza A(H5N1) virus to
date [17], a virus with pandemic potential. The region has also
experienced the emergence of Middle East Respiratory Syndrome
(MERS-CoV), another new respiratory pathogen capable of caus-
ing a global health emergency. The creation of stronger respiratory

disease surveillance systems ensures that the outbreak potential
capacity in the region is strong.

Despite the problems in the Region from acute and protracted
emergencies which are adversely affecting the performance of the
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Table 4
Summary of influenza disease burden estimation studies conducted in the WHO  Eastern Mediterranean Region.

Country Study title Indicator Study method Study
population

Study period Findings Seasonality Status

Egypt (8) Incidence of influenza
virus-associated severe
acute respiratory
infection in
Damanhour district,
Egypt, 2013

IR Healthcare use
survey to
identify the
catchment
population

685,641
(Damanhur
district)

January-
December
2013

• Overall IR: 44/100,000 person-years
• Age group (years):
- 0 to <2: 72/100,000 person year
-  2 to 4: 166/100,000 person year
-  5 to <15: 26/100,000 person year
-  15 to <50: 30/100,000 person year
- 50 to <65: 89/100,000 person year
- ≥65: 46/100,000 person year
•  Pregnant women: 17.3/100,000 person year

• Most SARI cases
were in autumn and
early winter when
the influenza virus
positivity rate in
SARI patients ranged
from 20 to 38%.

• Transmission of
influenza viruses
was seen throughout
the year

Published

Iran  (9) Estimation of influenza
and SARI incidence
(burden) in three
provinces of the Iran,
2012 and 2013

IR Population
census

3,279,823
(Western
Azerbaijan,
Alborz and
Hamedan)

2012 to 2013 • The mean annual incidence for all age
groups for influenza-associated illness :

-  Alborz province: 15.0 and 147.8/100,000
population respectively

-  Hamedan province: 9.3 and 62.7/100,000
population respectively

-  West Azerbaijan: 36.7 and 299.8/100,000
population respectively.

• The seasonal peaks
for SARI cases
occurred in
May-June.

Published

Jordan  (6) Descriptive
epidemiology of SARI
cases and estimation
the proportion of SARI
cases attributable to
influenza

Proportion of
positive
influenza cases

Total number
of SARI cases
admitted

2891 (admitted
patients in the
four sentinel
sites)

January 2008 to
February 2014

• Proportion SARI cases positive for influenza
(9%)

•  Proportion influenza positive cases amongst
SARI in under 5 years (57%)

• The
influenza-positive
cases peaked during
November-January
(14-42%)

Published

Lebanon  (7) Seasonal
influenza-associated
SARI in a southern
governmental sentinel
site in Lebanon

Proportion of
SARI/influenza
cases

Total number
of all-cause
admissions

468,464
(patients
admitted in
two  sentinel
sites)

1 September
2015 to 31
August 2016

• Overall proportion SARI to all hospital
admissions:

-  Southern sentinel sites: 0.9%
- Beirut suburb: 0.2%

• The highest wave of
SARI reports for both
sentinel sites was
between weeks 1
and 10 of 2016

Published
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Table 4 (Continued)

Country Study title Indicator Study method Study
population

Study period Findings Seasonality Status

Morocco Estimating influenza
disease burden in a
sentinel site in
Morocco

IR Health
admission
survey

15,985
(Meknes-
Tafilalet)

September
2008-August
2012

• Incidence of influenza-associated SARI was
72.1 and 30.1/100,000 during seasons
2009-2010 and 2011- 2012 respectively

•  In-hospital case fatality ratio was 6.6% for
the age group 2-5 years and 12.5% for the
age group 15-50 years

• Proportional contribution of influenza to
annual outpatient ILI was 20% in December
2009 and 12% in January 2010

The cyclic influenza
epidemic generally
begins in November
and starts to go down
in March

In process

Oman  (4) Estimating the burden
of influenza-associated
hospitalization and
deaths in Oman
(2012-2015)

Proportion of
influenza-
associated
hospitaliza-
tions and
in-hospital
deaths

Discharge
records based
on ICD-10
codes (J 09- 18)

4,588,683
(total Oman
population)

2012-2015 • Incidence of influenza-associated
hospitalization in the study period was  20.6
(95% CI: 19.9-21.3) per 100,000 population

•  People aged ≥65 years had the highest
annual incidence of influenza-associated
in-hospital death in all the study years,
ranging between 11.3 in 2015 and 39.5 per
100,000 population in 2014.

• Influenza peaks
differed from season
to  season. In
2013-14 and
2014-15 seasons the
peak was in spring
(March-April) and in
2012-13 and
2015-16 seasons it
was in December

Published

Tunisia  (10) Estimating the
seasonal influenza
burden in Tunisia [8]

IR Population
census

11,151,874
(population
covered by ILI
sites)

3 seasons
(2012-2013,
2013-2014,
2014-2015)

• IR of influenza-associated ILI/100,000 were
18,735 in 2012/13 season, 5536 in 2013/14
and 12,602 in 2014/15.

• Estimated proportion of
influenza-associated ILI of the total
outpatient visits were 3.16%, 0.86% and
1.98% in the 3 seasons respectively.

• Influenza season
starts late December
and peaks in March

Published

Saudi  Arabia
(11)

Influenza is more
common than Middle
East Respiratory
Syndrome Coronavirus
(MERS-CoV) among
hospitalized adult
Saudi patients

Proportion of
influenza
positive cases
amongst
community
acquired
pneumonia
cases

Analysis of
surveillance
data on
community
acquired
pneumonia in a
general
hospital over a
four-year
period

2657 patients
records

2012-2016 • A total of 1644 patients were tested for both
MERS-CoV and influenza. None of the
patients tested positive for MERS-CoV and
271 (16.4%) were positive for influenza. The
detected influenza viruses were Influenza A
(107, 6.5%), pandemic 2009 H1N1 (n = 120,
7.3%), and Influenza B (n = 44, 2.7%).

• Influenza cases
peaked from October
to December

• Influenza A other
than A(H1N1)pdm09
peaked in August
and between
October to
December.

Published

IR: incidence rate, SARI: severe acute respiratory illness, ILI: influenza-like illness, CI: confidence interval.
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00 M.R. Malik et al. / Journal of Infecti

ealth systems, considerable progress has been made in surveil-
ance of and response to seasonal influenza in the Region as a whole.
ll indicators examined using WHO  data sources have shown

mprovement and evidence from published information supports
his.

Despite protracted conflicts and emergencies throughout the
egion, countries have prioritized the capacity-strengthening
rogramme for influenza surveillance and testing. They have estab-

ished and enhanced influenza surveillance through increasing the
umber of sentinel sites and have improved their testing capac-

ty for influenza and other non-influenza respiratory viruses. More
ases of SARI are being detected, surveillance is being conducted
ll year round, and a systematic sampling and testing strategy for
etection of influenza virus is being used. As a result, there is a bet-
er understanding of the seasonality of influenza in the Region, the
irculating influenza virus types, and the epidemiology of illnesses
aused by the influenza virus in any age group that result in hospi-
alization. The surveillance data currently produced in the Region
re more representative and comparable due to standardized, inte-
rated influenza surveillance.

Reporting of SARI cases gradually increased during 2011–2018
nd a substantial and sustained increase in reporting of influenza
irological data to FluNet. Sustained reporting to global and
egional database networks demonstrates the effectiveness of the
apacity strengthening programme in the Region.

The improved capacity of the countries for better surveillance
nd laboratory testing of seasonal influenza has had a snowball
ffect on their efforts to detect and identify other emerging respira-
ory pathogens using the same surveillance systems. This flexibility
as resulted in detection of other pathogens, including respiratory
yncytial virus (RSV) and MERS-CoV and better prepares countries
n the Region to respond to both influenza and other non-influenza
espiratory health threats that have both epidemic and pandemic
otential. Similarly, the rapid response teams, whose establish-
ent was supported by the influenza programme, were also used

or timely response to other health events like MERS-CoV and the
hreat of the introduction of Ebola virus. The recent joint external
valuation (JEE) reports on various countries of the Region suggest
hat the resources invested to improve the influenza surveillance
nd response capacity have also contributed to countries’ attain-
ng the core capacities within the International Health Regulations
o prevent, detect and respond to other health security threats,
specially outbreaks and other emergencies with health conse-
uences. However, more evidence is needed on how best such
entinel surveillance platforms can be used to sustain the improved
erformance of the health systems for outbreak detection.

A perplexing characteristic of the influenza virus is that it keeps
hanging through antigenic drift. This means regular testing is
eeded and the influenza laboratories must have the functional
apacity to detect and characterize any subtype of influenza virus
ncluding any unsubtypeable virus. The number of influenza lab-
ratories in the Region with the capacity for sequencing and
haracterization of influenza virus is increasing which is a welcome
ove. This capacity of the influenza laboratories helps coun-

ries make evidence-based decisions for influenza preparedness,
revention and control. The fact that all laboratories participat-

ng in the WHO  EQAP in 2017 scored above the global standard
f 90% efficiency demonstrates that the influenza laboratories
n the Region have adequate capacity for detection of any new
nfluenza virus that may  emerge in the Region. In addition, an
ncreasing number of countries of the Region are now sharing

ore influenza virus isolates and specimens for seasonal vac-

ine strain selection [18]. This improvement in sharing is critical
o having a global seasonal influenza vaccine that is representa-
ive of the predominant influenza virus strains circulating in the
egion.
 Public Health 13 (2020) 391–401

The countries have also made remarkable progress in using
surveillance data to generate evidence on the burden of seasonal
influenza in the general population and high-risk groups. Such
efforts have yielded estimates of the influenza burden in a num-
ber of countries of the Region. This information on disease burden
is now an important decision-making factor in developing pro-
grammes for influenza prevention and control.

The Region has made significant improvements in influenza
surveillance; however, capacity building and strengthening of the
influenza surveillance should be continued though the following
actions: (1) adopting and adapting recent advances in influenza
prevention, detection and response, (2) contributing to operational
and scientific research on influenza, not only for the Region but also
for the world, and (3) sharing these improvements, best practices
and lessons learnt through publications, conferences and meetings.

Conclusion

Despite the challenging circumstances in the WHO  Eastern
Mediterranean Region, steady progress has been made in the
countries in influenza surveillance, laboratory-testing capacity and
ability to use the influenza surveillance data to generate evidence
and use it for decisions-making. This enhances the readiness of
the Region to detect and rapidly respond to any new or pandemic
influenza virus strain. At the same time, better quality data are
now coming out of the Region on the seasonality and epidemiol-
ogy of influenza in the Eastern Mediterranean Region. This progress
needs to be sustained in the countries, not only for influenza but
for the detection of and response to other emerging health threats.
Despite the considerable progress in most countries of the Region,
challenges remain to further improve the capacity in some of
the countries affected by conflict and emergencies and to sustain
their capacity for influenza detection and response. Strengthen-
ing capacity for influenza surveillance and response contributes
to meeting the core capacity requirements of the International
Health Regulations, which aim at enhanced capacity of the coun-
tries for the prevention and detection of and response to infectious
disease threats, especially new influenza viruses with pandemic
potential.
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