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Abstract
Background: Over the last decade, capacity for influenza surveillance and research in West Africa has strengthened.
Data from these surveillance systems showed influenza A(H1N1)pdm09 circulated in West Africa later than in other
regions of the continent.
Methods: We contacted 11 West African countries to collect information about their influenza surveillance systems
(number of sites, type of surveillance, sampling strategy, populations sampled, case definitions used, number of specimens
collected and number of specimens positive for influenza viruses) for the time period January 2010 through December 2012.
Results: Of the 11 countries contacted, 8 responded: Burkina Faso, Cote d’Ivoire, Mali, Mauritania, Niger, Nigeria, Sierra Leone
and Togo. Countries used standard World Health Organization (WHO) case definitions for influenza-like illness (ILI) and severe
acute respiratory illness (SARI) or slight variations thereof. There were 70 surveillance sites: 26 SARI and 44 ILI. Seven countries
conducted SARI surveillance and collected 3114 specimens of which 209 (7%) were positive for influenza viruses. Among
influenza-positive SARI patients, 132 (63%) were influenza A [68 influenza A(H1N1)pdm09, 64 influenza A(H3N2)] and 77
(37%) were influenza B. All eight countries conducted ILI surveillance and collected 20,375 specimens, of which 2278 (11%)
were positive for influenza viruses. Among influenza-positive ILI patients, 1431 (63%) were influenza A [820 influenza A(H1N1)
pdm09, 611 influenza A(H3N2)] and 847 (37%) were influenza B. A majority of SARI and ILI case-patients who tested positive
for influenza (72% SARI and 59% ILI) were children aged 0–4 years, as were a majority of those enrolled in surveillance. The
seasonality of influenza and the predominant influenza type or subtype varied by country and year.
Conclusions: Influenza A(H1N1)pdm09 continued to circulate in West Africa along with influenza A(H3N2) and influenza B
during 2010–2012. Although ILI surveillance systems produced a robust number of samples during the study period, more
could be done to strengthen surveillance among hospitalized SARI case-patients. Surveillance systems captured young
children but lacked data on adults and the elderly. More data on risk groups for severe influenza in West Africa are needed
to help shape influenza prevention and clinical management policies and guidelines.
Keywords: Epidemiology, Influenza, West Africa

* Correspondence: tallus5@yahoo.fr
ˆDeceased
1
Influenza Division, National Center for Immunization and Respiratory
Diseases, Centers for Disease Control and Prevention, Atlanta, GA, USA
2
CTS Global Inc., California, El Segundo, USA
Full list of author information is available at the end of the article
© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Talla Nzussouo et al. BMC Infectious Diseases (2017) 17:745

Background
Influenza is responsible for substantial morbidity and
mortality worldwide. About 3–5 million cases of severe
influenza disease and 250,000–500,000 deaths occur
every year [1]. Among the most affected risk-groups are
young children, pregnant women, the elderly and persons with chronic illnesses. A recent review estimates
that each year over 250,000 African children aged less
than 5 years are hospitalized with influenza and have
influenza-associated hospitalization rates more than 3
times higher than those of children in industrialized
countries [2].
Until recently, little was known about influenza epidemiology in in Sub-Saharan Africa [3]. However, since
2006, 30 countries have implemented or improved influenza surveillance systems and 14 countries in Africa
have received National Influenza Center (NIC) recognition from the World Health Organization (WHO) [4–7].
Ten of these countries regularly report to the WHO’s
Global Influenza Surveillance and Response System
(GISRS). These countries have also provided essential information on risk factors for severe influenza-associated
illness including HIV and tuberculosis infection, which
are relatively common in sub-Saharan Africa [8–11].
Since 2006, in West Africa, Burkina Faso, Cote
d’Ivoire, Ghana, Mali, Mauritania, Niger, Nigeria, Sierra
Leone, and Togo have established influenza surveillance.
The number of surveillance sites and samples collected
annually varies considerably by country, but all have
shown the ability to establish and maintain sentinel surveillance, or to respond to periodic outbreaks of severe
respiratory illness. Furthermore, countries like Cote
d’Ivoire and Ghana significantly improved their capacities, allowing their reference laboratories to be recognized by WHO as NICs in 2009 and 2010, respectively.
Development of these surveillance systems has provided
essential information on the transmission and seasonality of influenza virus circulation in West Africa [12, 13].
In a previous study, we showed that the circulation of
the 2009 pandemic influenza strain was delayed in West
Africa compared to other sub-regions of the continent
[14]; however, data on risk factors for severe disease are
limited [15–18]. In this study, we aim to understand and
describe the epidemiology of influenza in West Africa
during 2010–2012.
Methods
We contacted Ministries of Health, influenza reference
laboratories and/or WHO NICs in 11 countries in West
Africa: Burkina Faso, Cameroon, Côte d’Ivoire, Ghana,
Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone
and Togo. We asked for a description of their influenza
surveillance systems and any variation from WHO
guidelines, and for data on influenza-like-illness (ILI)
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and severe acute respiratory infection (SARI) from
January 1, 2010 through December 31, 2012. Data collected included the number of sentinel surveillance sites
(ILI and SARI), the number of specimens tested by
week, sex, age group, and the number positive for influenza by type and subtype.
At the time of study, ILI was defined by WHO as an
acute respiratory illness with temperature of ≥38.0 °C
and either cough or sore throat, with onset in the last
7 days1.s WHO defined SARI among children aged
2 months to <5 years as cough or shortness of breath or
difficulty breathing and any sign of severe illness with
onset in the last 7 days. For children aged ≥5 years and
adults, SARI was defined as a temperature of ≥38.0 °C
and cough with shortness of breath or difficulty breathing with onset in the last 7 days2 [19]. In each country,
patients presenting to surveillance facilities and who met
the case definitions were eligible; it is only after obtaining verbal consent of the patient (or parent/guardian
consent for children) that nasopharyngeal and/or oropharyngeal specimens were collected along with clinical
and epidemiological data using a case report form. Specimens and corresponding case report forms were then
transported from the sentinel sites to the national influenza reference laboratory where samples were tested for
influenza viruses by real-time reverse transcription polymerase chain reaction (rRT-PCR), using CDC protocols
[20]. In-country data managers collected laboratory and
epidemiologic data in central databases.
Data provided for this study were analyzed using the
statistical package for social sciences (SPSS) version 20
(IBM Corporation, Armonk, NY) [21]. We defined predominance as >50% of influenza-positive specimens of
the same type (and subtype for influenza A viruses) in a
given year. We also examined the Spearman correlation
between the peak month and the peak percent positive
in order to test whether earlier peak corresponds to
higher percent positive at the peak.

Results
Description of influenza surveillance in western Africa

Of the 11 countries contacted, 8 contributed data for all
or a portion of the study period (January 1, 2010
through December 31, 2012): Burkina Faso, Cote
d’Ivoire, Mali, Mauritania, Niger, Nigeria, Sierra Leone
and Togo. Cote d’Ivoire, Niger and Nigeria had data for
the entire study period. Surveillance began in April 2010
for Mali and Togo, in June 2010 for Burkina Faso, in July
2011 for Mauritania and in August 2011 for Sierra
Leone. Overall, the eight countries conducted surveillance in 70 sites: 26 SARI and 44 ILI surveillance sites.
Burkina Faso conducted ILI surveillance only. Three of
the eight countries (Cote d’Ivoire, Mauritania and Sierra
Leone) had pediatric sites in addition to sites that
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enrolled older children and adults. Mali, Mauritania,
Sierra Leone and Togo had surveillance sites in their
capital cities only and the rest of the countries had
surveillance sites both inside and outside of their capital
cities (Additional file 1: Table S1).
Countries included in this analysis all used the WHO
case definitions for SARI and ILI or slight variations (e.g.
lower temperature threshold, different duration of symptoms – see summary in Additional file 2: Supplemental
Information). In each country, patients presenting to
surveillance facilities who met the case definition were
eligible. After verbal consent (or parent/guardian consent for children), nasopharyngeal and/or oropharyngeal
specimens were collected along with clinical and epidemiological data using a case report form. In Mali,
Nigeria and Togo, both nasopharyngeal and oropharyngeal samples were collected; while only oropharyngeal
samples were collected in Burkina Faso and Mauritania;
and only nasopharyngeal samples collected in Cote
d’Ivoire, Niger and Sierra Leone. For SARI, all consenting, eligible case-patients were enrolled. For ILI cases,
the first 4–5 consenting, eligible case-patients were enrolled on weekdays.
Over the period of study, the number of samples
collected annually from the 8 participating countries increased from 6289 collected in 2010 to 9112 collected in
2012 (Table 1). Of these, 23,489 samples were from persons from whom age had been collected and further
analyses were restricted to this subset. Of the 23,489
samples, Mali collected 8062 (34.3%) samples, Nigeria
6975 (29.7%) samples, Cote d’Ivoire 3405 (14.5%)
samples, Niger 1868 (8%) samples, Sierra Leone 1111
(4.7%) samples, Burkina Faso 1009 (4.3%) samples,
Togo 963 (4.1%) samples and Mauritania 97 (0.4%)
samples (Table 1).
Characteristics of ILI and SARI cases

Of the 23,489 enrollees, 20,375 ILI and 3114 SARI
specimens were collected and processed by the eight
participating countries. Among 20,375 ILI casepatients, the majority were children aged 0–4 years
(14,775, 72.5%) and 5–14 years (1650, 8.1%). Older
children and adults aged 15–64 years (3665, 18.0%)
and adults aged 65 years and older (135, 0.7%) represented less than one-fifth of all enrolled participants.
Information on age was missing for 150 (0.7%) tested
ILI cases. Among 3114 SARI case-patients, 2100
(67.4%) were children aged 0–4 years, 216 (6.9%) children aged 5–14 years, 471 (15.1%) older children and
adults aged 15–64 years and 47 (1.5%) adults aged
65 years and older. Age was missing for 280 (9.1%)
tested SARI cases. Excluding those with missing age,
the distribution of ILI and SARI cases among these
age groups was significantly different (p < 0.001), with
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those enrolled in SARI more likely to be children
aged 0–4 years and adults aged 65 years and older.
Among the 23,489 samples collected, 9577 (40.8%)
were from males, 8807 (37.5%) were from females, and
gender was not reported for 5105 (21.7%) case-patients.
Of the 20,375 ILI samples, 7977 (39.2%) and 7513
(36.9%) were collected from males and females, respectively. Of the 3114 SARI samples, 1600 (51.4%) and 1294
(41.6%) were collected from males and females respectively. For SARI cases, length of hospitalization and outcome of hospitalization were not reported.
Influenza prevalence among ILI and SARI cases

Overall 2278 (11.2%) of 20,375 ILI case-patients tested
positive for influenza, ranging from 29.2% in Cote
d’Ivoire to 4.2% in Mali. Among the countries that also
conducted SARI surveillance, 209 (6.7%) of 3114 SARI
case-patients tested positive for influenza, ranging from
31.6% in Togo to 4.7% in Niger. A majority of ILI casepatients testing positive for influenza viruses were
children aged 0–4 years (1333, 58.5%) and 5–14 years
(293, 12.9%). The remaining ILI positive samples were
collected from patients aged 15–64 years (611, 26.8%)
and patients aged 65 years and older (13, 0.6%). Age was
not reported for 28 (1.2%) of influenza-positive ILI casepatients. Among the 209 influenza-positive SARI samples,
151 (72.3%) were collected from children aged 0–4 years,
22 (10.5%) from children aged 5–14 years, 29 (13.9%)
from patients aged 15–64 years, 4 (1.9%) from patients
aged 65 years and older. Age was not reported for 3 (1.4%)
influenza-positive SARI case-patients.
Although data are limited, the proportion influenza
positive among SARI cases did not vary significantly by
age group (p = 0.29) (Fig. 1); however, children aged 5–
14 years and adults aged 15–64 years with ILI had a
higher proportion influenza positive than children aged
0–4 years and adults aged 65 years and older (p = 0.01).
Of the 2278 ILI positive cases, 1118 (49.1%) and 1131
(49.7%) were collected from males and females, respectively. Of the 209 SARI positive cases, 117 (56.0%) and 88
(42.1%) were collected from males and females respectively. However, gender was not reported for 29 (1.3%)
influenza-positive ILI case-patients and four (1.9%)
influenza-positive SARI case-patients.
Influenza types and subtypes and seasonality by country

Among influenza-positive ILI cases, 1431 (62.8%) were
influenza A and 847 (37.2%) were influenza B. Among
the influenza A positives, 820 (57.3%) were influenza
A(H1N1)pdm09 and 611 (42.7%) were influenza
A(H3N2). Among influenza-positive SARI cases, 132
(63.2%) were influenza A and 77 (36.8%) were influenza
B. Among the influenza A positives, 68 (51.5%) were
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Table 1 Influenza test results for influenza-like illness (ILI) and severe acute respiratory illness (SARI) by country, year, and type/subtype in
8 West African countries, 2010–2012
Year

Country

ILI Samples tested

SARI Samples tested

Total ILI
positives (%)

Total SARI
positives (%)

A(H1N1) (%)

A(H3N2) (%)

B (%)

2010

Burkina Faso

174

0

6 (3.5)

0 (0.0)

3 (1.7)

2 (1.1)

1 (0.6)

Cote d’Ivoire

898

60

171 (19.0)

1 (1.7)

52 (5.4)

57 (5.9)

63 (6.6)

2011

2012

Mali

2207

0

70 (3.2)

0 (0.0)

8 (0.4)

44 (2.0)

18 (0.8)

Mauritania

0

0

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Niger

298

88

61 (20.5)

8 (9.1)

50 (13.0)

6 (1.6)

13 (3.4)

Nigeria

1844

633

144 (7.8)

34 (5.4)

104 (4.2)

20 (0.8)

54 (2.2)

Sierra Leone

0

0

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Togo

87

0

28 (32.2)

0 (0.0)

21 (24.1)

4 (4.6)

3 (3.4)

Sub Total 2010

5508

781

480 (8.7)

43 (5.5)

238

133

152

Burkina Faso

453

0

38 (8.4)

0 (0.0)

13 (2.9)

3 (0.7)

22 (4.9)

Cote d’Ivoire

895

67

553 (61.8)

23 (34.3)

211 (21.9)

58 (6.0)

307 (31.9)

Mali

2342

0

106 (4.5)

0 (0.0)

26 (1.1)

2 (0.1)

78 (3.3)

Mauritania

0

0

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0.0)

Niger

428

429

35 (8.2)

17 (4.0)

37 (4.3)

11 (1.3)

4 (0.5)

Nigeria

2075

542

228 (11.0)

28 (5.2)

56 (2.1)

87 (3.3)

113 (4.3)

Sierra Leone

299

223

39 (13.0)

19 (8.5)

5 (1.0)

53 (10.2)

0 (0.0)

Togo

335

0

85 (25.4)

0 (0.0)

22 (6.6)

16 (4.8)

47 (14.0)

Sub Total 2011

6827

1261

1084 (15.9)

87 (7.0)

370

230

571

Burkina Faso

382

0

14 (3.7)

0 (0.0)

5 (1.3)

8 (2.1)

1 (0.3)

Cote d’Ivoire

1413

72

211 (14.9)

6 (8.3)

113 (7.6)

83 (5.6)

21 (1.4)

Mali

3513

2

161 (4.6)

0 (0.0)

83 (2.4)

56 (1.6)

22 (0.6)

Mauritania

60

37

7 (11.7)

0 (0.0)

0 (0.0)

2 (2.1)

5 (5.2)

Niger

251

373

22 (8.8)

17 (4.6)

0 (0.0)

25 (4.0)

14 (2.2)

Nigeria

1609

272

149 (9.3)

12 (4.4)

35 (1.9)

70 (3.7)

56 (3.0)

Sierra Leone

292

297

38 (13.0)

39 (13.1)

23 (3.9)

19 (3.2)

35 (5.9)

Togo

522

19

115 (22.0)

2 (10.5)

21 (3.9)

49 (9.1)

47 (8.7)

Sub Total 2012

8042

1070

717 (8.9)

76 (7,1)

280

312

201

Total

20,375

3114

2281 (11.2)

206 (6.6)

888

675

924

influenza A(H1N1)pdm09 and 64 (48.5%) were influenza
A(H3N2).
Based on aggregate data from all eight countries,
influenza appears to circulate year round in West Africa,
with 2 major peaks during the year; the first occurring
between January–March (>15% influenza positive)
corresponding to the dry/harmattan season and the second peak between August–November (>15% influenza
positive) corresponding to the rainy season (Fig. 2,
Additional file 3: Figure S1, Additional file 4: Figure S2,
Additional file 5: Figure S3, Additional file 6: Figure S4,
Additional file 7: Figure S5, Additional file 8: Figure S6,
Additional file 9: Figure S7, Additional file 10: Figure
S8). There were no significant correlations between
the peak month and peak percent influenza positive
(p = 0.67). The influenza A(H1N1)pdm09 strain began

to actively circulate in Cote d’Ivoire, Niger, Togo and
Nigeria in early 2010 and was the predominant circulating strain in the latter three; while co-circulation of
influenza A(H1N1)pdm09 with influenza A(H3N2)
and influenza B was observed in Cote d’Ivoire and
Burkina Faso (Table 1). In Mali, influenza A(H3N2)
was the predominant circulating subtype in 2010. In 2011,
influenza A(H1N1)pdm09 was the predominant circulating subtype only in Niger while influenza A(H3N2) was
predominant in Sierra Leone and influenza B viruses were
predominant in Mali and Togo. At the same time, all
three types/subtypes co-circulated in Burkina Faso, Cote
d’Ivoire and Nigeria. In 2012, influenza A(H1N1)pdm09
was no longer the predominant circulating strain in any of
the 8 countries. Influenza A(H1N1)pdm09, influenza
A(H3N2) and influenza B viruses co-circulated in all
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Fig. 1 Number of influenza-like illness (ILI) and severe acute respiratory
illness (SARI) cases tested and proportion positive for influenza by age
group, West Africa, 2010–2012

countries except in Mauritania and Niger where influenza B and influenza A(H3N2) appeared dominant,
respectively.

Discussion
While useful information has been obtained from influenza surveillance in West Africa, this analysis demonstrates some key weaknesses in influenza surveillance
during this time period. There were relatively few samples
collected from hospitalized patients with SARI. With few
data on hospitalized cases it is difficult to determine risk
factors for severe influenza disease, which would help with
prioritization of seasonal and pandemic vaccine. Half (4/8)
of the countries collected none or less than 50 SARI
samples during the 3-year study period. Establishing SARI
surveillance has proven to be quite challenging in tertiary
hospitals and secondary hospitals as these medical
facilities are generally quite understaffed. Medical staffs

Fig. 2 Summary of influenza virus circulation by month in 8 West
African countries, 2010–2012
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struggling to provide basic services rarely collect specimens for surveillance purposes. Given budgetary and human resource constraints, having dedicated staff that
would focus only or primarily on SARI surveillance and
collection of outcome and denominator data may be unrealistic in these facilities without alternative means of
support. Integration with other disease surveillance programs is possible, but would require further consideration
given the need for laboratory confirmation and stringent
handling requirements for virologic specimens.
Additionally, data collected on adults and the elderly
are quite limited. During the study period, 80% of ILI
and 74% of SARI samples were collected from children
aged 0–14 years. Children aged 0–14 years are approximately 43% of the total population of West Africa, given
the higher rates of influenza-associated illness seen in
children it is not unexpected that they would be a majority of SARI and ILI case-patients [22, 23]; however,
without systematic data collection it is difficult to assess
these potential biases in enrollment. Collection of data
on ages of all respiratory admissions could improve the
understanding of potential biases in existing surveillance.
In addition, the few number of elderly enrolled through
facility-based surveillance suggest the need to identify
surveillance sites that primarily serve adults or the use
of community-based surveillance in some settings in
order to improve representativeness. Collection of data
on other risk factors for severe disease and outcomes of
hospitalization (e.g. death, discharge) would also be useful to inform policy decisions. Furthermore, data were
collected from health facility-based sentinel surveillance.
Persons aged 60 and older are less likely to seek care at
health facilities in many parts of Africa which may limit
the utility of health facility-based surveillance for monitoring severe disease in this age group [24, 25].
The seasonality of influenza and the predominant influenza type or subtype varied by country and year.
While most countries detected influenza virus circulation throughout the year, there appear to be two
seasonal peaks in influenza virus circulation in January–
March and August–November. Data from Eastern
Africa, primarily Kenya and Uganda, show that influenza
circulates throughout the year; however, seasonal
peaks mostly correspond with East African rainy seasons and the Southern Hemisphere winter [26–28] as
opposed to the Western African harmattan and rainy
seasons. In Southern Africa, influenza seasonality corresponds to the typical Southern Hemisphere winter
months of June to August [29]. In addition to defining seasonality, ongoing influenza surveillance in
West Africa has also provided reassurance that recent
outbreaks of avian influenza A(H5N1) in poultry and
wild birds have not resulted in substantial numbers of
human cases.
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There were several limitations to this study. First, we
assessed just 3 years of surveillance. As influenza transmission varies greatly from year to year, 3 years of data
are insufficient to understand nuances of transmission
dynamics in the countries we included. Also, not all
countries conducted surveillance during the entire time
period, which limits interpretation of the percentage
positive and may account for the broad range of percent
positive by country. Likewise, the individual countries
have different climates/μ-climates (coastal, tropical, arid,
etc.) that may impact influenza virus circulation. Different case definitions and different sampling methods may
have further contributed to the wide range of percent
influenza positive by country. Selection bias may have
also contributed to the wide range of percent influenza
positive by country if clinicians chose to enroll casepatients they suspected of having influenza or to exclude
those they thought had a different condition instead of
enrolling systematically based upon case definitions.
Data on population denominators for surveillance would
also help estimate the burden of disease and further
inform policy decisions around influenza prevention and
control.
We found no association between peak month and
monthly percent positive. However, because countries
provided aggregate monthly data and, not weekly aggregate data, we cannot say if there would be significant
correlations using weekly aggregate data. Additionally,
for this analysis, we grouped data from ILI and SARI
surveillance in all participating countries. Grouping data
in this way may have affected the outcomes of this
analysis.

Conclusion
Influenza surveillance rapidly expanded during 2010–
2012 in West Africa. Despite the improvements observed,
there is a need to strengthen SARI surveillance and to
collect more epidemiological data about outcomes of
hospitalization, risk factors for influenza-associated
hospitalization, and population denominators. These data
will help to better understand influenza-associated disease
and economic burden in West Africa. Alternative approaches to health facility-based surveillance may be required to identify influenza disease burden in groups with
poor access to health facilities. Identifying risk groups and
describing the timing of influenza virus circulation will
help shape influenza vaccination policies for seasonal and
pandemic preparedness.
Endnotes
1
Since 2013, the WHO ILI case definition was
amended to an acute respiratory infection with measured fever of ≥38 C° and cough with onset within the
last 10 days.
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2

The new WHO SARI case definition is an acute respiratory infection with history of fever or measured
fever of ≥38 C° and cough with onset within the last 10
days requiring hospitalization.

Additional files
Additional file 1: Table S1. Summary of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) by
country, West Africa, 2010–2012. (DOCX 12 kb)
Additional file 2: Supplemental Information ILI/SARI Case Definitions
and sample strategy for ILI by country. (DOCX 11 kb)
Additional file 3: Figure S1. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Burkina Faso: 2010–2012. (DOCX 39 kb)
Additional file 4: Figure S2. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Cote d’Ivoire: 2010–2012. (DOCX 20 kb)
Additional file 5: Figure S3. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Mali: 2010–2012. (DOCX 18 kb)
Additional file 6: Figure S4. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Mauritania: 2010–2012. (DOCX 17 kb)
Additional file 7: Figure S5. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Niger: 2010–2012. (DOCX 18 kb)
Additional file 8: Figure S6. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Nigeria: 2010–2012. (DOCX 18 kb)
Additional file 9: Figure S7. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Sierra Leone: 2010–2012. (DOCX 37 kb)
Additional file 10: Figure S8. Aggregate of influenza surveillance for
influenza-like illness (ILI) and severe acute respiratory illness (SARI) data in
Togo: 2010–2012. (DOCX 40 kb)
Abbreviations
CDC: Centers for Disease Control and Prevention; GISRS: Global Influenza
Surveillance and Response System; H: Hemagglutinin; HIV: Human
immunodeficiency virus; IBM: International Business Machines Corporation;
ILI: Influenza-like illness; N: Neuraminidase; NIC: National Influenza Center;
NY: New York; pdm: Pandemic; rRT-PCR: Real-time reverse transcription
polymerase chain reaction; SARI: Severe acute respiratory illness;
SPSS: Statistical package for social sciences; WHO: World Health Organization
Acknowledgements
We are grateful to the CDC-Atlanta Influenza Division for the support provided
to the Ministries of Health and surveillance staff of participating countries.
We also acknowledge the respective national influenza centers and influenza
reference laboratories for their role in sample processing.
We also wish to thank M. Richard Akuffo of the Noguchi Memorial Institute
for Medical Research, Accra Ghana for his support with data management.
Special thanks to the CDC-Atlanta Influenza Division Team for assisting with
the revision of the data and of the entire this manuscript.
Funding
Cote d’Ivoire (Cooperative Award Number: 5U51IP000530) and Nigeria
(Cooperative Award Number: 5U51IP000524) had a Cooperative Agreement
with the CDC Influenza Division during the period of study. Mali also had a
Cooperative Agreement (Cooperative Award Number: 5U51IP000827) from
the CDC Influenza Division for part of the study period. The remaining five
countries received continuous technical support mainly from the CDC
Influenza Division as well as other partners (e.g. the WHO AFRO regional
office, the US Naval Medical Research Unit No. 3 (NAMRU-3), Cairo).

Talla Nzussouo et al. BMC Infectious Diseases (2017) 17:745

Availability of data and materials
Data for this manuscript as well as information on all materials used in this
study are available upon request from the corresponding author. Data for
this manuscript shall be made available in a publicly available and accessible
data repository after publishing of manuscript.

Page 7 of 8

5.

6.
7.

Disclaimer
The findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of the Centers for Disease
Control and Prevention.
Authors’ contributions
Conceived and designed the study: MAW, TNN, MM, JD¬. Conducted the
study: TNN, MM, JD, MAW¬. Analyzed the data: TNN, MM, JD, MAW. Wrote
the manuscript: TNN, MM, JD, MAW. All co-authors read and approved the
final manuscript.

8.

9.

10.
Ethics approval and consent to participate
Verbal consent (or parent/guardian consent for children) of all human
participants included in the study was provided prior to participation. We
invited Ministries of Health, influenza reference laboratories and/or WHO
NICs to participate in this study. Participation in this study was voluntary and
in-country representatives shared their data willingly. Ethics approval was not
required to access these data.

11.

12.

13.
Consent for publication
All authors provided their consent for publication.

14.

Competing interests
All authors are unanimous in declaring that there are no competing
interests.

15.

Publisher’s Note

16.

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
17.

Author details
1
Influenza Division, National Center for Immunization and Respiratory
Diseases, Centers for Disease Control and Prevention, Atlanta, GA, USA. 2CTS
Global Inc., California, El Segundo, USA. 3Battelle Atlanta, Atlanta, GA, USA.
4
National Influenza Reference Laboratory, Federal Ministry of Health, Abuja,
Nigeria. 5Institut National d’Hygiene Publique (INHP), Abidjan, Côte d’Ivoire.
6
Centre National d’Appui à la Lutte Contre la Maladie (CNAM), Centre pour le
Développement des Vaccins du Mali (CVD), Bamako, Mali. 7Institut de
Recherche en Sciences de Santé (IRSS), Bobo-Dioulasso, Burkina Faso.
8
Institut National d’Hygiene (INH), Lome, Togo. 9Centre de Recherche
Médicale et Sanitaire (CERMES), Niamey, Niger. 10Influenza National Reference
Laboratory Lakka, Freetown, Sierra Leone. 11Institut National Recherche en
Sante Publique (INRSP), Nouakchott, Mauritanie. 12Institut Pasteur C te
d’Ivoire (IPCI), Abidjan, Côte d’Ivoire. 13U.S. Public Health Service, Rockville,
MD, USA. 14Noguchi Memorial Institute for Medical Research, P.O. Box LG
481, Legon, Accra, Ghana.

21.

Received: 31 October 2016 Accepted: 16 November 2017

22.

References
1. World Health Organization (WHO). Fact sheet 211: influenza (seasonal)
[updated April, 2009 October 25, 2013]. Available from: http://www.who.int/
mediacentre/factsheets/fs211/en/
2. Lafond KE, Nair H, Rasooly MH, Valente F, Booy R, et al. Global role and
burden of influenza in pediatric respiratory hospitalizations, 1982–2012: a
systematic analysis. PLoS Med. 2016;13(3):e1001977. doi: 10.1371/journal.
pmed.1001977.
3. Mark A. Katz, Barry D. Schoub, Jean Michel Heraud, Robert F. Breiman, M.
Kariuki Njenga, and Marc-Alain Widdowson. Influenza in Africa: Uncovering
the Epidemiology of a Long-Overlooked Disease. JID: 206 (Suppl 1). S1-S4.
4. World Health Organization, National Influenza Centers (WHO/NICs) http://
www.who.int/influenza/gisrs_laboratory/national_influenza_centres/list/en/
(Last Update: 2016).

18.

19.

20.

23.

24.

25.
26.

Radin JM, Katz MA, Tempia S, Nzussouo NT, Davis R, Duque J, et al.
Influenza Surveillance in 15 Countries in Africa, 2006–2010. JID. 2012;
206(Suppl 1):S14–21.
Niang MN, et al. Sentinel Surveillance for Influenza in Senegal, 1996–2009.
J Infect Dis. 2012;206(suppl 1):S129–35. doi: 10.1093/infdis/jis576.
Herve A, Kadjo, et al. Sentinel surveillance for influenza and other respiratory
viruses in cote d’Ivoire, 2003–2010. Influenza and Other Respiratory Viruses.
2012; doi: 10.1111/j.1750-2659.2012.00389.x.
Cohen C, Moyes J, Tempia S, et al. Mortality amongst Patients with
Influenza- Associated Severe Acute Respiratory Illness, South Africa, 2009–
2013. Cowling BJ, ed. PLoS ONE. 2015;10(3):e0118884. doi: 10.1371/journal.
pone.0118884.
Cohen C, Moyes J, Tempia S, Groom M, Walaza S, Pretorius M, et al. Severe
influenza-associated respiratory infection in high HIV prevalence setting,
South Africa, 2009–2011. Emerg infect dis. 2013 Nov. doi: 10.3201/eid1911.
130546.
J Moodley, L Blumberg, B D Schoub. Pregnancy and H1N1 influenza –
lessons to learn. S Afr Med J, Vol 101, No 10 (2011);110:744.
Daniel R Feikin et al. The population-based burden of influenza-associated
hospitalization in rural western Kenya, 2007-2009. Bull World Health Organ
vol.90 n.4 Genebra Apr. 2012. doi: 10.1590/S0042-96862012000400008
Tarnagda, et al. Sentinel surveillance of influenza in Burkina Faso:
identification of circulating strains during 2010–2012. Influenza Other Respir
Viruses. 2014; doi: 10.1111/irv.12259.
Maman I, et al. Implementation of Influenza-like illness Sentinel
Surveillance in Togo. BMC Public Health. 2014;14:981.
doi: 10.1186/1471-2458-14-981.
Nzussouo NT, Michalove J, Ousmane M, Diop, et al. Delayed 2009 Pandemic
influenza A(H1N1) circulation in West Africa, may 2009 – April, 2010. JID.
206(Suppl 1):S106–12.
Ope MO, Katz MA, Aura B, Gikunju S, Njenga MK, et al. Risk factors for
hospitalized seasonal influenza in rural western Kenya. PLoS One. 2011;6(5):
e20111. doi: 10.1371/journal.pone.0020111.
Walaza S, Tempia S, Dawood H, et al. Influenza virus infection is associated
with increased risk of death amongst patients hospitalized with confirmed
pulmonary tuberculosis in South Africa, 2010–2011. BMC Infect Dis. 2015;15:
26. doi: 10.1186/s12879-015-0746-x.
McMorrow ML, et al. Severe acute respiratory illness deaths in SubSaharan
Africa and the role of influenza: a case series from 8 countries. J Infect Dis.
2015; doi: 10.1093/infdis/jiv100.
Heraud J-M, Njouom R, Rousset D, Kadjo H, Caro V, et al. Spatiotemporal
Circulation of Influenza Viruses in 5 African Countries During 2008–2009: A
collaborative study of the Institut Pasteur international network. JID.
206(Suppl 1):S5–13.
WHO surveillance case definitions for ILI and SARI; Influenza Surveillance
Program (January 2014). http://www.who.int/influenza/resources/
documents/WHO_Epidemiological_Influenza_Surveillance_Standards_
2014.pdf?ua=1(page 14).
Lindstrom S, Garten R, Balish A, Shu B, Emery S, Berman L, et al.
Human infections with novel Reassortant influenza a(H3N2)v viruses,
United States , 2011. Emerg Infect Dis. 2012;18(5):834–7. doi: 10.3201/
eid1805.111922
Argyrous, G. Statistics for research: with a guide to SPSS. London: SAGE ISBN
1-4129-1948-7.
Population Reference Bureau, 1875 Connecticut Avenue, NW Suite 520
Washington, DC 20009. Copyright © 2015. PDF.http://www.prb.org/
Publications/Datasheets/2012/world-population-data-sheet/world-map.
aspx#/map/population/western_africa.
Population Reference Bureau, 1875 Connecticut Avenue, NW Suite 29.
Washington, DC 20009. Copyright © 2015, Population Reference Bureau.
http://fortuneofafrica.com/swaziland/2014/03/17/population-by-continentand-sub-regions-2013/.
Abdulraheem IS. Health needs assessment and determinants of healthseeking behaviour among elderly Nigerians: a house-hold survey. Ann Afr Med.
2007;6:58–63. http://www.annalsafrmed.org/article.asp?issn=1596-3519;year=
2007;volume=6;issue=2;spage=58;epage=63;aulast=Abdulraheem
Begashaw B, Tessema F, Gesesew HA. Health care seeking behavior in Southwest
Ethiopia. PLoS One. 2016;11(9):e0161014. doi:10.1371/journal.pone.0161014
Katz MA, et al. Results from the first six years of National Sentinel
Surveillance for influenza in Kenya, July 2007–June 2013. PLoS One. 2014,
2014;9(6) doi: 10.1371/journal.pone.0098615.

Talla Nzussouo et al. BMC Infectious Diseases (2017) 17:745

Page 8 of 8

27. Matheka DM, Mokaya J, Maritim M. Overview of influenza virus infections in
Kenya: past, present and future. The Pan African Medical Journal. 2013;14:
138. http://www.panafrican-med-journal.com/content/article/14/138/full
28. Lutwama JJ, Bakamutumabo B, Kayiwa JT, Ciiza R, Namagambo B, et al.
Clinic- and hospital-based sentinel influenza surveillance, Uganda 20072010. J Infect Dis. 2012;206(Suppl 1):S87–93.
29. Gessner BD, Shindo N, Briand S. Seasonal influenza epidemiology in subSaharan Africa: a systematic review. Lancet Infect Dis. 2011 Mar;11(3):223–35.
doi: 10.1016/S1473-3099(11)70008-1.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

