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Background: There is a limited knowledge regarding the epidemiology of influenza in
Middle East and North Africa.

Objectives: We described the patterns of influenza circulation and the timing of sea-
sonal epidemics in countries of Middle East and North Africa.

Methods: We used virological surveillance data for 2010-2016 from the WHO FluNet
database. In each country, we calculated the median proportion of cases that were
caused by each virus type and subtype; determined the timing and amplitude of the
primary and secondary peaks; and used linear regression models to test for spatial
trends in the timing of epidemics.

Results: We included 70 532 influenza cases from seventeen countries. Influenza A
and B accounted for a median 76.5% and 23.5% of cases in a season and were the
dominant type in 86.8% and 13.2% of seasons. The proportion of influenza A cases
that were subtyped was 85.9%, while only 4.4% of influenza B cases were character-
ized. For most countries, influenza seasonality was similar to the Northern
Hemisphere, with a single large peak between January and March; exceptions were
the countries in the Arabian Peninsula and Jordan, all of which showed clear second-
ary peaks, and some countries had an earlier primary peak (in November-December
in Bahrain and Qatar). The direction of the timing of influenza activity was east to
west and south to north in 2012-2013 and 2015-2016, and west to east in
2014-2015.

Conclusions: The epidemiology of influenza is generally uniform in countries of
Middle East and North Africa, with influenza B playing an important role in the sea-

sonal disease burden.
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1 | INTRODUCTION

The epidemiology of seasonal influenza is well defined in many
regions of the world, particularly in developed countries of the
Northern and Southern Hemispheres. In other regions of the world,
much less is known about the epidemiology of influenza A and B,
especially in the tropics and subtropics®. The number of publications

related to the epidemiology of influenza in low-income countries?,

I>7 and global analysesg'lo, has been growing in re-

including regiona
cent years. This information is important as it can be used by pub-
lic health authorities and national healthcare systems to define and
manage country-specific prevention and control programmes for
seasonal influenza (eg to define the optimal time to launch a vacci-
nation campaign).

This study evaluates the epidemiology of seasonal influenza A
and B in the Middle East and North Africa. These regions separate
the tropical countries of Africa and Asia in the south from Europe,
Russia and Central Asia in the North, and have a predominantly sub-
tropical climate. Currently, annual vaccination campaigns focusing
on the elderly and specific risk groups (including children, healthcare
workers and Hajj pilgrims) are being recommended in most coun-
tries of the Middle East and North Africa'’; however, the number of
doses distributed per 1000 population is still low and more efforts
are needed to increase the vaccine uptake in this regionu. A better
knowledge of influenza epidemiology and patterns of spread will
provide further support to these campaigns.

Several reports have appeared in recent years that have de-
scribed the epidemiology of influenza and disease burden in single

countries of this region'®>'’; some others have tried to assess the im-

pact of the annual Hajj pilgrimage to Saudi Arabia on the transmission
18,19

of viral and bacterial respiratory infections, including influenza
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However, no unified, comparative approach has been attempted to
study the epidemiology of seasonal influenza in the Middle East and
North Africa. The aim of our study was to compare countries in this
region in terms of the circulating influenza A and B viruses and to
assess the spatial timing of seasonal epidemics in this area.

2 | MATERIALS AND METHODS

Our analysis focused on a large world region encompassing twenty-
seven countries in the Middle East and North Africa (Figure 1).
These countries cover a combined population of nearly 800 million

inhabitants.

2.1 | Source of data

We took advantage of influenza surveillance data contained in the
FluNet database for our analysis. FluNet is a publicly available,
Web-based database that has been operated by the WHO Global
Influenza Surveillance and Response System (GISRS) since 1995%°.
Epidemiological and virological influenza surveillance data are en-
tered into the FluNet database by collaborating National Influenza
Centres and other WHO influenza reference laboratories around the
world. The FluNet database contains the weekly number of respira-
tory specimens that were collected and processed in each country,
and the number of those that tested positive for influenza type A
and B, A subtype (AH1, A[HIN1]pdm2009, AH3, AH5, not subtyped)
and B lineage (Victoria, Yamagata, not determined).

A preliminary check of the FluNet database revealed that most
countries in North Africa and the Middle East had no or very little in-

fluenza surveillance data before the 2009 pandemic. Therefore, we

AN

FIGURE 1 Countriesincluded in the analysis (in red) and countries that were not included because of lack of data (in grey). Countries
were marked using the two-letter ISO codes. AF, Afghanistan; AM, Armenia; BH, Bahrain; DZ, Algeria; EG, Egypt; GE, Georgia; IL, Israel; I1Q,
Irag; IR, Iran; JO, Jordan; LB, Lebanon; MA, Morocco; OM, Oman; PK, Pakistan; QA, Qatar; TN, Tunisia; TR, Turkey
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opted to limit the study period to the post-pandemic period, in order
to ensure greater comparability of information between countries.

Influenza epidemics usually occur during winter months and
can bridge consecutive calendar years in the Northern Hemisphere.
Therefore, we used as unit of analysis the “country season,” defined
as the period between 1 July of 1 year and 30 June of next year.
On 12 November 2016, we downloaded influenza surveillance data
available from all countries of interest (Figure 1) for the period be-
tween 1 July 2010 and 30 June 2016, that is for the six consecutive
seasons from 2010-2011 to 2015-2016.

2.2 | Statistical analysis

For each country, the statistical analysis was limited to seasons with
50 or more influenza reported cases and at least 20 weeks of data
reporting in order to enhance the reliability of results’. We deter-
mined the proportion of influenza cases that were caused by each
virus type, subtype and lineage in each country and season, and de-
termined the median values for each country (ie across seasons) and
for the whole region (ie across all seasons and countries). Medians
were compared between groups of countries using the Mann-
Whitney nonparametric test.

We aimed to determine the typical timing and seasonality of the
primary and secondary epidemic peaks in each country using the
epipol software?!. The epipol method first divides the weekly number
of reported influenza cases by the maximum value in the same sea-
son: this is done to standardize all season-specific time series in each
country, so that all seasons are given the same weight in subsequent
analysis. It then models the trend and seasonality of each country-
specific influenza time series by summing annual, semi-annual and
quarterly harmonics (obtained from Fourier decomposition): the
curve generated in this way is named the periodic annual function
(PAF)?Y22 The timing of the primary peak refers to the month when
influenza activity (as modelled by the PAF) reaches its maximum
value; if the PAF is a bimodal curve, a secondary peak is also identi-
fied. The typical seasonality of influenza epidemics is quantified by
calculating the amplitude of the primary and secondary peaks: this is
defined as the ratio of the wave height (difference between the peak
and the trough) in the PAF and the peak value, and it is an estimate
of the degree to which influenza cases in each season tend to cluster
around the typical peak timing extracted from the PAF (when the
trough value in the model is below zero, the amplitude can exceed
100%). The peak and amplitude of the primary and secondary peaks
were calculated for all influenza cases and separately for influenza
A and B epidemics (for the latter analysis, for each country we only
included seasons with 50 or more influenza cases caused by that
virus type). For more details on how the PAF is fitted to the raw
data and the timing and amplitude of the peaks are calculated using
the epipol software, the reader can refer to the paper by Alonso and
McCormick where the software is presented??.

Finally, we aimed to detect whether seasonal influenza epidem-
ics spread along geographical gradients in countries of the Middle
East and North Africa. For this purpose, we fitted a linear regression

model for each season using the longitude and latitude of the coun-
try’s centroid as independent variables, and the timing of the typical
(ie obtained from the PAF) primary epidemic peak (with weeks num-
bered consecutively from July of 1 year to June of next year) as the
dependent variable?®. A similar analysis was conducted in parallel also
for Europe and Central Asia (ie countries included in the south-west
Europe, northern Europe, eastern Europe and Central Asia Influenza
Transmission Zones?¥) to test whether the spatial timing of influenza
epidemics in the same season is comparable in these two world areas
(the Middle East and North Africa vs Europe and Central Asia).
Analyses were conducted using Stata version 14 (Stata Corp,
College Station, TX) and eripoi?l. Maps were obtained using freely
available software (http://mapchart.net/). All tests were two-sided
and considered as statistically significant when the P-value was .05

or less.

3 | RESULTS

A total of 70 915 laboratory-confirmed influenza cases from nine-
teen countries in the Middle East and North Africa between 1 July
2011 and 30 June 2016 were contained in the FluNet database.
After applying the exclusion criteria, 70 532 cases from 83 seasons
in seventeen countries were included in the analysis (there were
no seasons with 50 or more reported influenza cases in Azerbaijan
and Syria) (Figure 1). The number of seasons per country that were
included in the analysis ranged from one (2014-2015 in Armenia
and 2015-2016 in Afghanistan) to six (eleven countries) (Table 1).
Influenza cases were unevenly distributed across countries, and
over 50% of overall cases were contributed by only three countries
(Turkey, Qatar and Egypt). The median number of influenza cases
per season and country was 440 (interquartile range [IQR]: 202 -
994). The number of influenza cases that was caused by each virus
type, subtype and lineage in each country and season included in the
analysis is reported in Table S1.

Influenza A and B accounted for a median 76.5% (IQR 60.4%-90.3%)
and 23.5% (IQR 9.7%-39.6%) of all influenza cases in a season during
the study period, respectively (Table 1). More specifically, influenza B
accounted for fewer than 20% of reported influenza cases in 34 of the
83 seasons (41.0%) between 20% and 50% in 38 seasons (45.8%), be-
tween 50% and 80% in 10 seasons (12.0%) and above 80% in one sea-
son (1.2%). There were slight, non-significant differences (P-value = .96)
in the median proportion of influenza cases that were caused by type B
virus in the Middle East (23.2%) and North Africa (27.3%).

The largest proportion of influenza A cases was caused by the
pandemic A(HIN1) strain (61.9%), followed by the A(H3N2) subtype
(24.0%); the remaining influenza A cases were either not subtyped
(14.1%) or due to the pre-pandemic A(H1N1) strain (<0.1%). Among
all influenza A cases that were subtyped, the median proportion of
those that were caused by the A(HIN1) and A(H3N2) subtypes did
not differ significantly (P = .166) between countries of the Middle
East (68.4% and 31.6%) and North Africa (65.9% and 34.1%). The
proportion of influenza B cases that were characterized was above
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TABLE 1 Laboratory-confirmed influenza samples reported in each country by virus type, subtype and lineage. The WHO FluNet

database, 2010-2016

No. of Influenza (any
Country Population (million) Latitude ? Longitude * seasons® type) A(H3N2)
Afghanistan 33.3 33°N 65°E 1 74 13
Algeria 40.3 28°N BE 6 1832 503
Armenia 3.1 40° N 45°E 1 632 0
Bahrain 14 26° N 50°E 4 1022 86
Egypt 94.7 27°N 30°E 6 9997 2046
Georgia 4.9 42° N 43°E 6 1894 305
Iran 82.8 32°N 53°E 6 8315 1893
Iraq 38.1 33°N 44° E 4 1672 36
Israel 8.2 31°N 34°E 6 7081 1168
Jordan 8.2 31° N 36°E 6 1685 382
Lebanon 6.2 33°N 35°E 2 302 38
Morocco 33.7 32°N 5°W 5 1178 370
Oman 3.4 21°N 57°E 6 5021 949
Pakistan 202.0 30°N 70° E 6 2273 369
Qatar 2.3 25°N 51°E 6 11581 84
Tunisia 111 34°N 9°E 6 1462 381
Turkey 80.3 39°N 35°E 6 14 511 4225
Total 654.0 21°N-42°N 5°W-70°E 83 70532 12 848

Latitude and longitude of the country centroid (if available) or largest city.

PA season was defined as the period between 1 July of one year and 30 June of next year. Only seasons with 50 or more reported influenza cases
and 20 or more weeks of data reporting were included. See text for more details.

20% in only four countries (45.2% in Bahrain, 42.7% in Jordan, 29.3%
in Pakistan and 20.6% in Tunisia): in these countries, Victoria and
Yamagata accounted for 40.0% and 60.0% of influenza B cases for
which the lineage was determined, respectively. The lineage was un-
known for all influenza B cases from six countries (Afghanistan, Iran,

Iraq, Israel, Lebanon and Qatar) (Table 1).

3.1 | Timing of influenza epidemics

The inspection of the typical timing and amplitude of the primary
and secondary peaks of influenza epidemics (Table 2 and Figure 2;
the standardized time series and PAF for each country included in
the analysis are available in the Figure S1) revealed the following
prominent characteristics:

o All countries except those situated in the Arabian peninsula had
well-defined primary peaks taking place typically in January-
March, and much smaller secondary peaks placed either in spring/
summer (May to July) or in autumn (September to November),
with the sole exception being Jordan (whose secondary peak was
typically in April and had an amplitude only slightly less than that
of the primary peak);

e Bahrain and Qatar (two smaller countries on the east coast of
the Arabian peninsula, situated at a short distance from each

other) were characterized by having a very clear primary peak in

November-December and a secondary peak of sizeable amplitude
(83.3% in Bahrain, 76.0% in Qatar) in March;

e In Oman (the southernmost country among those included in
the analysis; it is situated in the Arabian Peninsula and over-
looks the Indian Ocean), the primary and secondary peaks had
only slightly different amplitude (83.0% and 82.4%, respec-
tively); the former typically took place in March and the latter in
January.

The epidemics caused by influenza A and B tended to peak
within 2 weeks of each other in eight countries (Georgia, Iran, Iraq,
Israel, Morocco, Pakistan, Tunisia and Turkey) (results not shown).
Influenza A epidemics typically peaked two or more weeks before
influenza B in five countries (Bahrain, Egypt, Jordan, Qatar and
Turkey), while the opposite occurred in Algeria and Oman (results

not shown).

3.2 | Spatial timing of influenza epidemics

The analysis of spatial spread of epidemics (Table 3) revealed that
there were significant or nearly significant geographical gradients ac-
cording to the country longitude only in half of the seasons in the
Middle East and North Africa region: in the east-to-west direction
in 2012-2013 and 2015-2016, and in the west-to-east direction in
2014-2015. In general, the geographical gradients of the timing of
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influenza epidemics did not coincide with those observed in Europe
and Central Asia, except for the east-to-west gradient in 2015-2016
and the lack of any gradient in 2011-2012. Also, we detected a
south-to-north latitudinal gradient in the 2012-2013 and 2015-2016
seasons in the Middle East and North Africa region, while a latitudi-
nal gradient (also in the south-to-north direction) was observed in
Europe and Central Asia only in 2013-2014. As the geographical gra-
dient (by longitude and/or latitude) of influenza epidemic peaks was
detected only in a few seasons and could be in opposite direction,
there was no statistically significant association between geographi-
cal coordinates and the typical timing of the primary peak as calcu-
lated from the PAF.

4 | DISCUSSION

We compared the relative contribution of the different virus types and
subtypes to influenza epidemics and investigated the spatio-temporal
patterns of seasonal influenza activity in seventeen countries of the
Middle East and North Africa during six consecutive seasons (2010-
2011 to 2015-2016). Influenza A was dominant in most seasons, with
the pandemic strain accounting for the majority of cases. On average,
influenza B caused nearly one-fourth of all cases in a season and was
dominant in roughly one of seven seasons, which is in line with the

pattern observed in other world areas’ and confirms the role of influ-

The seasonality of influenza epidemics was in line with the
Northern Hemisphere for most countries in the region, with large
primary peaks between January and March, and no or nearly
undetectable secondary peaks. The most notable exceptions
were Jordan (which showed a secondary peak in April) and the
three countries located in the south-eastern part of the Arabian
Peninsula, with Bahrain and Qatar having earlier primary peaks
(in November and December) and a very clear secondary peak in
March, while Oman having two peaks with very similar amplitudes
in January and April. Bahrain, Qatar and Oman were the southern-
most countries included in our analysis; in fact, they are situated
at roughly the same latitudes as countries which are character-
ized by less defined influenza seasonality and multiple epidemic
peaks, such as India?® and southern China’. Climatic parameters,
such as absolute humidity, temperature and rainfalls, shape in-
fluenza seasonality, both in temperate and tropical climate coun-
tries?®, and are likely to be the main driver of influenza seasonality
in the Middle East and North Africa as well, although only a few
studies have been conducted so far in this region?’. Population
movements (eg annual Hajj pilgrimage, migrants and nomadic pop-
ulations) might also contribute to determine influenza seasonality
in some countries and the spread of epidemics across the region.
Despite the observed differences between countries and the un-
certainty about the main drivers of influenza epidemics, it is im-

portant to point out that all countries that we examined had either

TABLE 2 Timing and amplitude of the primary and secondary peaks of seasonal influenza epidemics (only countries with four or more

seasons of data were included). The WHO FluNet database, 2010-2016

Primary peak

Secondary peak

Country Latitude? Longitude® Timing (Month) Amplitude Timing (Month) Amplitude
Algeria 28°N 3°E Feb 109.7% Jul 15.6%
Bahrain 26°N 50°E Nov 123.6% Mar 83.3%
Egypt 27° N 30°E Jan 102.1% May 27.0%
Georgia 42°N 43°E Feb 109.9% Oct 27.7%
Iran 32°N 53°E Jan 112.0% May 26.8%
Iraq 33°N 44°E Feb 115.3% Jun 26.8%
Israel 31°N 34°E Feb 105.1% Oct 12.3%
Jordan 31°N 36°E Jan 113.0% Apr 105.1%
Morocco 32°N 5°W Jan 104.0% Sep 12.1%
Oman 21°N 57°E Apr 83.0% Jan 82.4%
Pakistan 30°N 70° E Feb 103.5% Oct 25.5%
Qatar 25°N 51°E Dec 106.5% Mar 76.0%
Tunisia 34°N 9°E Mar 108.6% Nov 18.2%
Turkey 39°N 35°E Feb 112.7% Sep 22.7%

dLatitude and longitude of the country centroid (if available) or largest city.

enza B as an important contributor to the seasonal influenza burden.

the primary or the secondary peak, or both, taking place between

January and March. Therefore, it seems justified to align the
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FIGURE 2 Typical timing of the primary and secondary peaks of influenza detection (as calculated using the periodic annual function; see
text for details) by site, against their longitudinal and latitudinal positions

TABLE 3 Comparison of the spatial timing of influenza epidemics in Middle East and North Africa and in Europe and Central Asia in six
consecutive influenza seasons (from 2010-2011 to 2015-2016). The WHO FluNet database, 2010-2016

Longitudinal gradient

Latitudinal gradient

Middle East and Europe and

Season? North Africa P-value Central Asia®
2010-2011 - 407 West to east
2011-2012 - .846 o

2012-2013 East to west .035 -

2013-2014 o 486 West to east
2014-2015 West to east .061 -

2015-2016 East to west .064 East to west

P-value

.008
.362
443
.089
.399
.002

Middle East and Europe and

North Africa P-value Central Asia® P-value
- 241 - .576

= .615 = .236
South to north .027 - A11

= 121 South to north .048

- .909 - 567
South to north .092 = 716

2A season was defined as the period between 1 July of one year and 30 June of next year.
PThis includes all countries in the following influenza transmission zones: south-west Europe, northern Europe, eastern Europe and Central Asia (see

[WHO Influenza Transmission Zones)).

recommendations for the timing of the annual vaccination cam-

paigns for all countries in this region to the Northern Hemisphere

recommendations (ie late autumn), as is currently recommended
by WHO?,
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The spatial timing of influenza epidemics in the Middle East and
North Africa varied greatly between seasons, both according to the
longitude and to the latitude, and in most cases, there was no cor-
respondence with what was occurring in Europe and Central Asia in
the same season. A notable exception was the 2015-2016 season,
when the timing of influenza epidemics moved along an east-to-
west longitudinal gradient in both the Middle East and North Africa
(with borderline significance) and the WHO European region. This
is surprising given that the typical diffusion pattern is west-to-east
in Europe, while an opposite pattern has not been observed in this
region in recent years?’. Overall, our findings appear to suggest that
the dynamics of influenza epidemics (ie where they originate, and
how they spread) may be different in the Middle East and North
Africa compared to Europe and Central Asia, which has implications
for surveillance and influenza preparedness plans for both regions.
Extending the focus to the tropical regions of Africa and Asia would
help understand where influenza activity originates and the spatial
timing of its activity, but a lack of suitable influenza surveillance data
hampers this approach at present.

The availability of influenza surveillance data has greatly im-
proved globally since the 2009 pandemic: this was made possi-
ble by the expansion and strengthening of the GISRS over the
last fifteen years®® and by the sharing of virological and epide-
miological data in FluNet, a repository freely accessible to influ-
enza researchers worldwide. This has made it possible to conduct
comparative studies of influenza epidemiology and seasonality
in tropical and subtropical regions such as Central and southern
America®® and the Asia-Pacific region”®%. Despite these improve-
ments, there are still some important gaps in the quality of in-
fluenza surveillance data available in the FluNet database which
may be seen as limitations of the present study and should be
addressed in the coming years to have a better understanding of
the epidemiology of influenza in this area. No information is avail-
able in the FluNet database or the FluNet website on the national
surveillance systems of the participating countries: this limits the
interpretability of the results, especially the direct comparability
of the data as one does not know whether the data are coming
from community and/or hospital settings. However, as we were
only looking at the epidemic peaks and the overall mix of viruses
(for a whole season), this was probably less of an issue for our
study. No data were available for Saudi Arabia, Sudan and Yemen,
which are large countries with a combined population of over 100
million inhabitants. The number of seasons with data and the num-
ber of reported influenza cases (in each season and overall) var-
ied widely across countries, and this influenced the methods used
for our analysis. A number of statistical methods could have been
used for the analysis, for example analysis of time series, includ-
ing generalized estimating equations and seasonal ARIMA models,
but we chose the epipol software because of its ability to account
for high- or low-intensity years (eg by analysing the data by sea-
son, standardizing country- and season-specific time series, and
using of the PAF to extract timing and amplitude of peaks from
standardized time series) and therefore minimize the impact of this

disparity on results®?!. In addition, the robustness of results on
the timing of influenza epidemics may be somewhat less strong
for countries that provided data for only four (Bahrain, Iraq) or five
(Morocco) seasons, compared to countries for which data were
available for all of the six seasons. The number of points in our
spatial analysis was limited (also because of a lack of data for some
countries, such as Libya, Sudan and Saudi Arabia) in relation to the
very large longitudinal extension of this region: these made the §
coefficients for the season-specific gradients of timing sensitive
to the influence of a few points. In some countries, the population
is unevenly distributed throughout the territory and concentrated
in well-defined areas (eg coastal regions for countries of North
Africa), but for some other countries, it would be helpful to have
surveillance data at regional level, which is, however, not available
in the FluNet at present.

Unlike influenza A, only a very small percentage of influenza B
cases were characterized. It is usually very challenging to make reli-
able predictions on which lineage (Victoria or Yamagata) will domi-
nate each influenza season, and the two lineages also differ in terms
of their demographic characteristics”®%%°. A better knowledge of
the patterns of influenza B strain circulation may be helpful to esti-
mate the effectiveness of vaccination campaigns and optimize influ-
enza prevention interventions. Overall, completeness of information
within the FluNet database could still be improved; in addition, data
validity is uncertain, as no validation with an external source of data
has been carried out to date.

In conclusion, we found that the epidemiology of influenza is
substantially uniform in countries of the Middle East and North
Africa. In particular, the timing of influenza epidemics does not dif-
fer significantly between countries, with the partial exception of a
couple of countries in the Arabian Peninsula. Influenza prevention
may not be a priority at present in all countries in this area because
of wars and persistent political instability. However, countries of
the Middle East and North Africa are geographically contiguous
and culturally interconnected, so it would be desirable that, as far
as possible, influenza surveillance, preparedness and prevention ac-
tivities are coordinated at a supranational level (eg regional) and im-
plemented without disparities. According to WHO!, fourteen of the
seventeen countries that we analysed implement seasonal influenza
vaccination campaign: our findings confirm that the optimal time to
vaccinate is similar to Europe and North America, that is the pre-
winter Northern Hemisphere months. The scientific evidence result-
ing from our regional analysis complements the one obtained from
individual countries®*’; our analysis could be further enhanced by
strengthening influenza surveillance networks in this region and ex-
panding the FluNet surveillance system to neighbouring countries
which currently do not report.
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