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Abstract. During the pandemic 2009 episode, we conducted laboratory-based surveillance in four countries from
West Africa: Senegal, Mauritania, Cape Verde, and Guinea. Specimens were obtained from 3,155 patients: 2,264 patients
from Senegal, 498 patients from Cape Verde, 227 patients from Mauritania, and 166 patients from Guinea; 911 (28.9%)
patients were positive for influenza, 826 (90.7%) patients were positive for influenza A, and 85 (9.3%) patients were
positive for influenza B. Among the influenza A positives, 503 (60.9%) positives were H1N1pdm09, 314 (38.0%)
positives were H3N2, and 9 (1.1%) positives were seasonal H1N1. The highest detection rate for seasonal influenza
viruses (17.1%) occurred in the 5–14 years age group. However, for A(H1N1)pdm09, the detection rate was highest
in the 15–24 years age group (35.8%). Based on the present study data, the timeline of detection of A(H1N1)pdm09
viruses in these four countries should be Cape Verde, Guinea, Mauritania, and finally, Senegal. Genetic and antigenic
analyses were performed in some isolates.

INTRODUCTION

In spring of 2009, the US Centers for Disease Control and
Prevention (CDC) announced the detection of a novel A
(H1N1) virus (H1N1pdm09) of influenza virus causing acute
respiratory illness in humans.1 The virus spread rapidly around
the world, prompting the World Health Organization (WHO)
to declare on June 11, 2009 the first influenza pandemic of the
21st century.2 This new isolate was identified as a swine-origin
influenza virus (S-OIV), because its RNA segments were most
closely related to influenza viruses isolated from pigs in North
America and Eurasia.3 By the time that the WHO declared the
pandemic over in August of 2010, the virus had spread to over
215 countries, with over 80 million confirmed cases and 18,000
associated deaths reported worldwide.4

However, late detections and/or circulation of the pandemic
virus were observed in the African continent, notably in West
Africa. Because manyWest African countries lack surveillance
and diagnostic capacity, it has remained unclear whether the
observed late identification of the pandemic virus in the region
reflected a true late introduction or poor detection capacity.
The Institute Pasteur de Dakar (IPD; Senegal) is a National

Influenza Center (NIC) since 1974. Through its network, the
IPD has supported regional influenza surveillance activities
and provided laboratory diagnostic support to several countries
in the region. In this study, we aimed to describe the epidemi-
ology and genetic characteristics of A(H1N1)pmd09 viruses
from June of 2009 to October of 2010 in four West African
countries (Cape Verde, Guinea, Mauritania, and Senegal) that
are part of the regional surveillance network. In addition, we
report the findings for seasonal influenza to provide a complete
picture of the influenza viruses that circulated in the aforemen-
tioned countries over the study period. Strengths and weak-
nesses of the regional surveillance network are also discussed.

MATERIALS AND METHODS

Study design and setting. Senegal is situated in the western
part of Africa between the Atlantic Ocean and the Sahel. The
country is bordered byMauritania in the north andGuinea in the
south. The Cape Verde Islands are a few kilometers fromDakar
(the capital city of Senegal) in the Atlantic Ocean (Figure 1).
Our work was based on a prospective observational study

conducted from January of 2009 to December of 2010, mainly
based on Senegal. Among the four countries, only Senegal has
a well-established surveillance system, with several influenza
sentinel sites located in urban, suburban, and rural areas
(17 sentinel sites in total). Moreover, the number of sites was
expanded to other regions during the pandemic for better
national coverage. For other countries (Guinea, Cape Verde,
and Mauritania), samples were collected in the context of
the pandemic, and most of them were collected from health
centers located in capital cities.
For each country, at each sentinel site, trained physicians

identified all influenza-like illness (ILI) cases presenting at the
clinics fromMonday to Friday. An ILI case was identified as an
outpatient presenting with sudden onset of fever (³ 38°C) and
cough or sore throat accompanied or not by myalgia, prostra-
tion, headache, or malaise, with the onset of symptoms occur-
ring within the previous 3 days.
A standardized form was used to collect demographic and

clinical information from the enrolled patients.
Sample collection and laboratory procedures. Nasal-

pharyngeal and oral-pharyngeal swabs were collected from all
enrolled ILI cases, placed in 2-mL cryovials containing viral
transport medium (Universal Transport Medium; COPAN
Diagnostics Inc., Murrieta, CA), and stored at 4°C on site.
In Senegal, the specimens were transported at a controlled
temperature (4°C) on a weekly basis to the Unit of Medical
Virology at the Institut Pasteur de Dakar. Samples from other
countries were packed using a triple packaging system and
transported in refrigerated cool boxes with ice packs. On
arrival at the laboratory, the specimens were processed imme-
diately for virus isolation/detection, identification, and charac-
terization. Aliquots of samples were also stored at −80°C for
additional analysis.
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RNA extraction from clinical samples. RNA extraction was
performed from 200 mL of each sample using the QIAamp
Viral RNA Kit (QIAGEN, Valencia, CA) according to the
manufacturer’s instructions. Each RNA sample was eluted
with 100 mL nuclease-free water.
One-step real-time reverse-transcription polymerase chain

reaction for the detection of influenza viruses. One-step real-
time reverse-transcription polymerase chain reaction (RT-
PCR) was performed using the ABI 7500 platform according
to the CDC protocol for the identification of influenza A(H1
and H3) and B viruses (courtesy of the Centers for Disease
Control, Atlanta, GA) during the pandemic episode. The
reagents and positive control material were kindly provided by
the CDC. Total reaction volumes were 25 mL, containing
0.5 mL Superscript III/Platinum enzyme mix (Invitrogen,
Paisley, United Kingdom), 5.5 mL H2O, 12.5 mL 2 + buffer,
0.5 mL each primer and probe (0.8 mM forward primer [40 mM],
0.8 mM reverse primer [40 mM], and 0.2 mM probe [10 mM]), and
5 mL purified RNA. Each RNA sample was tested for the pres-
ence of RNAs derived from three genes: RNAse P was targeted
as a measure of the extraction procedure to assess the specimen
content of human RNA and lack of reaction inhibitors, the
matrix gene segment was for the identification of influenza A
viruses, and the nucleoprotein gene was for the identification of
influenza B viruses. A second real-time RT-PCR, using the
same reagent proportions, was performed for the subtyping
of influenza A viruses using primers targeting hemagglutinin
genes of seasonal (H1 and H3) viruses and A(H1N1)pdm09.
Reverse transcription was performed at 50°C for 3 minutes and
terminated at 95°C for 2 minutes. PCR was assessed after
45 cycles of 95°C for 15 seconds and 55°C for 30 seconds.5

Virus isolation and sequencing. A selection of the influ-
enza-positive specimens was chosen for virus isolation
attempts based on the real-time RT-PCR positive (lowest Ct
values), timing (taking into account periods of detection for
a better coverage), and country of sampling. Samples were
inoculated onto monolayers of Madin–Darby canine kidney
(MDCK) cells with a maintenance media supplemented with
2 mg/mL trypsin (TPCK; reference 93630; Sigma-Aldrich) as
described previously6 and incubated at 35°C for 3–7 days with
daily monitoring of cytopathic effects (CPEs) by microscopy.
After this step, tissue-culture fluids were harvested and
screened for influenza virus by hemagglutination (HA) titra-
tion. Influenza A viruses in positive cultures were subtyped
(H1 or H3) by the HA inhibition (HI) using specific antisera,
which is recommended in WHO standard protocols.7

A subset of selected viruses was sent to theWHOCollaborat-
ing Center for Influenza at the National Institute for Medical
Research in London, Unite Kingdom, for antigenic characteri-
zation by HA inhibition assays (HIAs) to assess the antigenic
property of circulating strains and for genetic characterizations.
HA and neuraminidase (NA) genes of selected viruses were
sequenced using ABI Prism BigDye terminator cycle sequenc-
ing kits and an ABI-3730XL DNA analyzer. Data in fasta
format were sent to the laboratory for analysis.
Data management and analysis. Case reports were entered

into an Epi Info database (Centers for Disease Control and
Prevention, Atlanta, GA) and merged with laboratory data,
and frequencies were analyzed using Epi Info.
Sequence alignments were performed using the BioEdit

Sequence alignment Editor.8 For phylogenetic analysis, HA1
complete segments of isolates from Senegal, Mauritania, and

Figure 1. Geographical proximity of Senegal, Mauritania, Guinea, and Cape Verde—four West Africa countries.
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Cape Verde were compared with 37 HA1 sequences of
diverse isolates in the world downloaded from GenBank and
GISAID EpiFlu databases: http://www.ncbi.nlm.nih.gov and
http://platform.gisaid.org/epi3/frontend. MEGA version 5 was
used for constructing a Maximum Likelihood Tree using the
Tamura-nei evolutionary model with 100 bootstrap replicates,
and only bootstrap values over 70 are shown.9

Statistical analysis. We compared the distribution of pan-
demic cases into the different age groups to verify whether the
associated rates were statistically supported. The Fisher’s exact
test was used, and a P value < 0.05 was considered statistically
significant. We used the 0–4 year group as the reference group.
The R.15.1 tool was used to perform the analyses.
Ethical considerations. The surveillance protocol was

approved as less than minimal risk research by the Senegalese
National Ethical Committee of the Ministry of Health, and
written consent forms were not required. Throughout the
study, the database was shared with the Epidemiology Depart-
ment at the Senegalese Ministry of Health and Prevention for
appropriate public health actions.

RESULTS

Demographic and clinical characteristics of ILI patients. A
total of 3,155 samples from patients presenting with ILI at the
different sentinel sites in the four countries were received and
analyzed in the Senegal NIC during the study period (2009 to
October of 2010): 2,264 (71.8%) were from Senegal, 498 (15.8%)
were from Cape Verde, 227 (7.2%) were from Mauritania, and
166 (5.3%) were from Guinea. Patient ages ranged from
1 month to 96 years (median = 3 years), with 52% of all ILI
patients being less than 5 years. The male to female ratio was
1.1 (1,476 [46.8%] females and 1,666 [52.8%] males) (Table 1).
All enrolled patients presented with fever, because fever was

the prime inclusion criteria, although it was not always reported

in the data. Cough (76.9%), rhinitis (74.4%), sore throat
(43.7%), headache (21.6%), pharyngitis (17.5%), and myalgia
(12.6%) were also reported in enrolled patients. The compari-
son of symptoms between patients infected by the pandemic
virus and patients infected by seasonal influenza viruses
(H1N1, H3N2, and influenza B) showed that cases of myalgia
are significantly higher (P < 0.001) in patients infected by the
pandemic virus. However, other symptoms did not show sig-
nificant difference between these two groups.
Influenza detection. Of 3,155 samples tested, 911 (28.9%)

were positive for influenza virus as assessed by the real-time
RT-PCRmethod (Table 2).Of these samples, 826 (90.7%)were
influenza A, and 85 (9.3%) were influenza B. Among the influ-
enza A-positives, 503 (60.9%) were H1N1pdm09, 314 (38.0%)
were H3N2, and 9 (1.1%) were seasonal H1N1. The detection
rate for influenza over the study period was highest in Senegal
(717/2264; 31.7%) followed by Cape Verde (132/498; 26.5%),
Mauritania (42/227; 18.5%), andGuinea (20/166; 12%). InCape
Verde, the majority of H1N1pdm09 viruses (131/132; 99.2%)
was detected in 2009. Conversely, most H1N1pdm09 viruses
in Senegal (344/344; 100%), Mauritania (24/26; 92.3%), and
Guinea (7/9; 77.8%) were detected in 2010.
The highest detection rate for seasonal influenza viruses

(72/422; 17.1%) occurred in the 5–14 years age group (Figure 2)
followed by the < 5 years group (262/1642; 16.2%), and the
rate was less than 10% in each of the remaining age groups.
However, for A(H1N1)pdm09, the detection rate was highest
in the 15–24 years age group (116/324; 35.8%; P < 0.001)
(Table 3) followed by the 5–14 years age group (128/422;
30.2%; P < 0.001) and the 25–44 years age group (92/351;
26.2%; P < 0.001), with only 7.2% in the < 5 years age group
(119/1,642) used as reference group in the Fisher’s exact test.
In terms of the comparative distribution of the pandemic and
seasonal viruses in each age group, we note that the seasonal
viruses were predominant only among children under 5 years

Table 1

Demographical characteristics and symptoms

Characteristics

Countries

Total
(N = 3,155)

Senegal Cape Verde Mauritania Guinea

2009
(N = 936)

2010
(N = 1,328)

2009
(N = 463)

2010
(N = 35)

2009
(N = 108)

2010
(N = 119)

2009
(N = 48)

2010
(N = 118)

Sex no. (%)
Male 512 (54.7) 705 (53.1) 199 (43.0) 25 (71.4) 73 (67.6) 75 (63.0) 18 (37.5) 59 (50.0) 1,666 (52.8)
Female 424 (45.3) 622 (46.8) 263 (56.8) 10 (28.6) 32 (29.6) 38 (32.0) 30 (62.5) 57 (48.3) 1,476 (46.8)
Missing 0 1 (0.1) 1 (0.2) 0 3 (2.8) 6 (5.0) 0 2 (1.7) 13 (0.4)

Age (years) no. (%)
0–4 662 (70.7) 656 (49.4) 69 (14.9) 19 (54.3) 84 (77.8) 71 (59.7) 15 (31.3) 66 (55.9) 1,642 (52.0)
5–14 91 (9.7) 234 (17.6) 57 (12.3) 2 (5.7) 9 (8.3) 14 (11.8) 2 (4.2) 13 (11.0) 422 (13.4)
15–24 43 (4.6) 148 (11.1) 108 (23.3) 5 (14.3) 1 (0.9) 0 10 (20.8) 9 (7.6) 324 (10.3)
25–44 76 (30.89) 157 (87.7) 154 (62.6) 3 (1.7) 3 (1.2) 0 13 (5.3) 19 (10.6) 351 (11.1)
45–64 42 (40.0) 52 (84.6) 52 (49.5) 3 (4.6) 7 (6.7) 0 4 (3.8) 7 (10.8) 244 (7.7)
65+ 5 (0.5) 9 (0.7) 8 (1.7) 2 (5.7) 0 0 3 (6.3) 3 (2.5) 30 (0.9)
Missing 17 (1.8) 69 (5.2) 14 (3.0) 1 (2.8) 4 (3.7) 34 (28.6) 1 (2.1) 1 (0.8) 142 (4.5)

Clinical signs no. (%)
Myalgia 83 (8.9) 264 (19.9) 37 (8.0) 0 1 (0.9) 0 6 (12.5) 7 (5.9) 398 (12.6)
Fever 835 (89.2) 1,298 (97.7) 412 (89.0) 35 (100.0) 97 (89.8) 116 (97.5) 34 (70.8) 96 (81.3) 2,923 (92.6)
Cough 832 (88.9) 1,212 (91.3) 67 (14.5) 6 (17.1) 69 (63.9) 84 (70.6) 42 (87.5) 114 (96.6) 2,426 (76.9)
Diarrhea 50 (5.3) 86 (6.5) 15 (3.2) 0 3 (2.8) 7 (5.9) 0 1 (0.8) 162 (5.1)
Sore throat 468 (50.0) 512 (38.5) 207 (44.7) 17 (48.6) 47 (43.5) 49 (41.2) 17 (35.4) 62 (52.5) 1,379 (43.7)
Headache 55 (5.9) 442 (33.3) 104 (22.5) 2 (5.7) 15 (13.9) 1 (0.8) 18 (37.5) 46 (39.0) 683 (21.6)
Nausea 65 (6.9) 108 (8.1) 22 (4.7) 0 0 4 (3.4) 1 (2.1) 1 (0.8) 201 (6.4)
Rhinitis 836 (89.3) 1,118 (84.2) 112 (24.2) 6 (17.1) 79 (73.1) 72 (60.5) 29 (60.4) 104 (88.1) 2,356 (74.7)
Laryngitis 0 0 0 0 0 0 0 15 (12.7) 15 (0.4)
Pharyngitis 135 (14.4) 226 (17.0) 2 (0.4) 0 36 (33.3) 32 (26.9) 22 (45.8) 100 (84.7) 553 (17.5)
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of age in contrast to the other age groups in which detection
rates for the A(H1N1)pdm09 virus were significantly higher
than the rates for seasonal viruses.
A(H1N1)pdm09 viruses were first detected in three speci-

mens from Cape Verde, sent to Dakar in week 25/2009
(June 15–21), with sample collection dates of June 18.10 Pan-
demic viruses were subsequently confirmed at the end of 2009
in Guinea (collection date of December 12 for the first case),
Mauritania at week 51 in 2009 (collection date of December
14 for the first case), and finally, Senegal in week 1 in 2010
(collection date of January 5 for the first case), not in Septem-
ber of 2009 as stated elsewhere.11

Phylogenetic analysis of the HA1 of A(H1N1)pdm09 virus
isolates. A total of 14 HA1 A(H1N1)pmd09 sequences were
obtained: 7 from Senegal, 6 from Mauritania, and 1 from
Cape Verde. Unfortunately, no isolate sequence was obtained
from Guinea because of the poor quality of the clinical spec-
imens for viral isolation.
To evaluate the degree of genetic variability of strains orig-

inating from Senegal, Cape Verde, and Mauritania, strains
belonging to the seven clades previously defined for the phy-
logeny of A(H1N1)pdm09 viruses were added (Figure 3).12

Therefore, the phylogeny based on the HA1 gene sequences
(first 1,200 bp) shows an interesting grouping of five isolates
fromSenegal (A/Senegal/16/2010,A/Senegal/17/2010,A/Senegal/
18/2010, A/Senegal/19/2010, and A/Senegal/31/2010) with iso-

lates from other West African countries (Ivory Coast, Ghana,
and Cameroon). This cluster seems genetically closer to the
reference strains A/England/195/2009 and A/New York/3177/
2009. These two strains belong to clade 3. This proximity is
in accordance with the antigenic test results that showed iso-
lates A/Senegal/16/2010, A/Senegal/17/2010, A/Senegal/18/
2010, and A/Senegal/19/2010 reacting well with the A/England/
195/2009 antiserum (Table 4) and also, most other reference
sera (A/California/07/2009, A/Auckland/3/2009, and A/Lviv/
N6/2009). A/Senegal/24/2010 is closer with isolates from clade
7 (A/Luxembourg/43/2009, A/Thailand/CU-H9/2009, A/New-
York/06/2009, etc. . .) at the genetic level. The remaining iso-
late from Senegal, A/Senegal/34/2010, forms a cluster with
three other West African strains (A/Cameroon/LEID/01/11/
1398/2010, A/Nigeria/33/2010, and A/Mauritania/08/2010).
Antigenetically, A/Senegal/24/2010 and A/Senegal/34/2010 iso-
lates reacted better with A/England/195/2009 and A/Auckland/
3/2009 reference antisera. The five remaining isolates from
Mauritania are together in a cluster in which we find two other
isolates from 2011: A/Uganda/2707/2011 and A/Astrakhan/1/
2011. These clusters likely symbolized evolved strains from
clade 7. Antigenically, isolates from Mauritania reacted well
with antiserum against the reference strains A/Auckland/3/
2009 and A/Lviv/N6/2009. In contrast, the values obtained with
the antisera against the Californian isolates are very low. The
single sequenced isolate from Cape Verde (A/Cape-Verde/13/

Table 2

Detection rates of influenza virus by type and subtype in Senegal, Cape Verde, Mauritania, and Guinea from 2009 to 2010

Virus no. (%)

Senegal Cape Verde Mauritania Guinea

2009 (N = 936) 2010 (N = 1,328) 2009 (N = 463) 2010 (N = 35) 2009 (N = 108) 2010 (N = 119) 2009 (N = 48) 2010 (N = 118)

Total 274 (29.3) 443 (33.4) 131 (28.3) 1 (2.8) 18 (16.7) 24 (20.2) 10 (20.8) 10 (8.5)
Influenza B 0 76 (5.7) 1 (0.2) 0 3 (2.8) 0 3 (6.2) 2 (1.7)
Influenza A 274 (29.3) 367 (27.6) 130 (28.1) 1 (2.8) 15 (13.9) 24 (20.2) 7 (14.6) 8 (6.8)
H3N2 271 (28.9) 22 (1.7) 8 (1.7) 0 7 (6.5) 0 5 (10.4) 1 (0.8)
HINI 3 (0.3) 0 0 0 6 (5.5) 0 0 0
A(H1N1)pdm09 0 345 (26.0) 122 (26.3) 1 (2.8) 2 (1.8) 24 (20.2) 2 (4.2) 7 (5.9)

Figure 2. Infection rates of influenza viruses [seasonal and A(H1N1)pmd09] among different age groups during the pandemic period
in Senegal, Cape Verde, Mauritania, and Guinea (data gathered).
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2009) seems genetically closer to isolates belonging to clade 6
(A/New York/3324/2009 and A/Shanghai/143T/2009).
Amino acid substitutions in the HA and NA proteins. At

the amino acid level, compared with the sequences of the vac-
cine strain A/California/7/09 (H1N1), which was recommended
for the southern hemisphere since the 2010 influenza season,

a number of variations were detected in both the HA and NA
sequences (Table 5).
Regarding the HA sequence, amino acid substitutions

defining clades were found in our isolate A(H1N1)pdm09
strains (P83S, S203T, and I321V).12,13 The P83S (P100S, signal
peptide included) and I321V (I338V) were mapped in all

Table 3

Comparison of the distribution of pandemic-positive cases into the different age groups

Viral type

Age groups (years) n (%)

0–4 5–14 15–24 25–44 45–64 > 64

A(H1N1)pdm09 262 (15.9%) 128 (30.1%) 116 (35.6%) 92 (26.2%) 21 (8.6%) 2 (6.4%)
P value Reference group P < 0.001 P < 0.001 P < 0.001 P < 0.001 P = 0.76

Values in bold are considered statistically significant.

Figure 3. Maximum-likelihood phylogenetic tree analysis of HA1 genes of H1N1pdm strains circulating in Senegal, Cape Verde, and
Mauritania. Strains from the previously determined seven clades are included. Senegalese, Cape Verdian, and Mauritanian strains are shown by
names in bold and italics.

950 DIA, NDIAYE AND OTHERS



isolates, and the S203T (S220T)wasmapped in 8 of 13 sequenced
isolates. All isolates possessed D204 in the receptor binding site.
The isolate from Senegal A/Senegal/34/2010 had a D222E
(D239E) substitution in the receptor binding domain (RBD).
In three isolates from Mauritania (A/Mauritania/05/2010, A/
Mauritania/07/2010, and A/Mauritania/09/2010), we observed
an R222K mutation. The substitution E391K exists in three iso-
lates sequences (A/Mauritania/06/2010/H1N1, A/Mauritania/
007/2010/H1N1, and A/Mauritania/10/2010/H1N1) from Mauri-
tania, and lastly, five isolates from Senegal (A/Senegal/16/2010/
H1N1, A/Senegal/17/2010/H1N1, A/Senegal/018/2010/H1N1, A/
Senegal/19/2010/H1N1, andA/Senegal/31/2010/H1N1) exhibited
an L49Imutation.
For NA amino acid sequence, the well-associated Oseltamivir

resistance H275Y mutation was not observed. However, all
isolates were N248D variants, and the V106I substitution was
characterized in 7 of 14 isolates sequenced (A/Mauritania/05/
2010, A/Mauritania/06/2010,A/Mauritania/07/2010,A/Mauritania/
08/2010, A/Mauritania/09/2010, A/Senegal/24/2010, and A/
Senegal/34/2010). These mutations have only a phylogenetic
value and are not so far associated with resistance to neuramin-

idase inhibitors. The Mauritanian isolates A/Mauritania/06/2010
and A/Mauritania/10/2010 showed an N221Y mutation in the
neuraminidase protein sequence.

DISCUSSION

We described the epidemiology of influenza A(H1N1)
pdm09 in four West African countries during the pandemic
period. Among these countries, only Senegal had a functional
surveillance system at the time of the emergence of the new
reassortant influenza virus. However, Senegal was the last
country where the pandemic virus was detected. Among the
four countries surveyed in this study, the first cases of A
(H1N1)pdm09 were detected in Cape Verde in June of 2009.
Therefore, it is important to clarify that the flu monitoring in
these countries began months and even years (for Mauritania)
before the 2009 pandemic episode. Indeed, we started receiv-
ing samples from Cape Verde in the beginning of 2009 (week
2); for Mauritania, we were already implicated in the flu
monitoring (since 2004), and for Guinea, the first samples
were received at week 25 of 2009.

Table 4

HIA titers of isolates from Senegal and Mauritania tested with reference antisera

Viruses Isolation history
A/Cal 4/09
C4/F14/09

Post-infection ferret sera

A/Cal 7/09
C4/31/09

A/Eng 195/09
NIBSC F17/09

A/Auck 3/09
C4/17/09

A/Bayern 69/09
C4/33/09

A/Lviv N6/2009
C4/34/09

Reference viruses
A/California/4/2009 C1, E2 2,560 2,560 2,560 5,120 2,560 5,120
A/California/7/2009 E6 640 2,560 640 2,560 1,280 5,120
A/England/195/2009 MDCK3/SIAT1 1,280 1,280 1,280 2,560 1,280 2,560
A/Auckland/3/2009 Ex+3 1,280 2,560 1,280 2,560 1,280 2,560
A/Bayern/69/2009 MDCK4/SIAT1 80 320 40 80 320 320
A/Lviv/N6/2009 MDCK4/SIAT1 320 640 80 160 1,280 1,280

Test viruses
A/Mauritania/05/2010 SIAT3 1,280 1,280 1,280 2,560 640 1,280
A/Mauritania/06/2010 SIAT3 1,280 1,280 1,280 2,560 640 1,280
A/Mauritania/07/2010 SIAT3 320 1,280 160 640 640 1,280
A/Mauritania/08/2010 SIAT3 320 1,280 640 1,280 640 640
A/Senegal/016/2010 MDCK2/SIAT1 2,560 2,560 2,560 2,560 1,280 2,560
A/Senegal/017/2010 MDCK2/SIAT1 2,560 2,560 2,560 5,120 1,280 2,560
A/Senegal/018/2010 MDCK2/SIAT1 2,560 2,560 2,560 2,560 1,280 2,560
A/Senegal/019/2010 MDCK2/SIAT1 1,280 1,280 1,280 2560 640 1,280
A/Senegal/024/2010 MDCK2/MDCK1 1,280 1,280 2,560 2,560 1,280 2,560
A/Senegal/031/2010 MDCK2/MDCK1 2,560 5,120 2,560 2,560 1,280 2,560
A/Senegal/034/2010 MDCK2/MDCK1 1,280 1,280 2,560 2,560 1,280 2,560

Table 5

Major mutations in HA and NA genes in pandemic strains isolated from Dakar in 2010 compared with the vaccine strain amino acid sequence

Strains

Positions in HA Positions in NA

49 100 101 212 220 222 239 338 391 106 248

A/California/7/2009 L P S A S R D I E V N
A/Mauritania/05/2010 – S – – T K – V – I D
A/Mauritania/06/2010 – S N – T – – V K I D
A/Mauritania/07/2010 – S – – T K – V K I D
A/Mauritania/08/2010 – S – – T – – V – I D
A/Mauritania/09/2010 – S – – T K – V – I D
A/Mauritania/10/2010 – S N – T – – V K – D
A/Senegal/16/2010 I S – – – – – V – – D
A/Senegal/17/2010 I S – – – – – V – – D
A/Senegal/18/2010 I S – – – – – V – – D
A/Senegal/19/2010 I S – – – – – V – – D
A/Senegal/24/2010 – S – – T – – V – I D
A/Senegal/31/2010 I S – V – – – V – – D
A/Senegal/34/2010 – S – – T – E V – I D
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This finding is consistent with the detection time of A(H1N1)
pdm09 in other parts of Africa. The first cases of influenza
A(H1N1)pdm09 in Africa were detected in Egypt, Ivory
Coast, South Africa, and Ethiopia in June of 2009. However,
despite the detection of the first cases of A(H1N1)pdm09
around June and August of 2009 in several countries in
Africa, delayed community transmission of A(H1N1)2009
(toward the end of 2009 or beginning of 2010) was observed
in several West and Central Africa countries (e.g., Ghana,
Ivory Coast, Nigeria, Niger, Cameroon, and Mali).14 All these
countries had functional influenza surveillance system that
documented community transmission 3–5 months after the
detection of the first A(H1N1)pdm09 case in the country.
This situation is similar to what we have observed in Senegal,
Mauritania, and Guinea.
The reasons for the delayed circulation of A(H1N1)pdm09

in these countries are not clear, but unfavorable temperature
and humidity conditions from June to November could explain
some of the observed patterns.15,16 Interestingly, a recent work
in Niger investigated the visibility as an additional significant
parameter in the virus propagation.17

We compared the distribution of the 2009–2010 cumulative
cases in age groups between the pandemic and seasonal influ-
enza (Figure 2). A significant difference was observed between
the age distribution of positive cases infected with seasonal and
pandemic influenza. Indeed, seasonal viruses show a strong
prevalence only in children less than 5 years. In other age
groups, the pandemic is clearly the predominant virus. This
finding is consistent (excepted for elders groups) with other
studies, in which the greatest increase in influenza cases during
2009 (H1N1) pandemic influenza period was seen for school-
aged children, adolescents, and younger adults.18,19 Consider-
ing the elderly, the A(H1N1)pdm09 detection rate (2/30; 6.6%;
P value = 0.76) (Table 3) is because of the very small number
of elderly people in consultation for ILI in these countries
during the 2009–2010 period (0.9%). In fact, previous studies
have shown that the elderly have better protective immunity
acquired during previous contact with the virus.20

For Senegal, the seasonality is well-defined after years of
regular flu monitoring.21 We have a regular circulation of influ-
enza virus during the year with a peak in August (in the middle
of the rainy season) in Senegal. The pandemic A(H1N1) 2009
virus that has globally emerged during the second quarter of
2009 was not detected in Senegal until 2010; interestingly, it
occurred with a shift on seasonality that was reflected by a peak
of infection that occurred in the first quarter of that year. For
other countries, the seasonality is not well-defined because of
the absence of data from a system of regular monitoring.
Therefore, it was in the panic of the pandemic that Cape Verde
and Guinea tried to send an exhaustive number of samples
from patients with ILI to the Senegal NIC. For Mauritania,
based on the results in the earlier years of collaboration, it is
tempting to speculate that a peak of influenza occurs at the
beginning of each year (January–February).
Regarding the HA and NA amino acid sequences, amino

acid substitutions defining clades were found in our isolate
H1N1 pdm09 strains. Therefore, the amino acid changes
mapped in the NA (V106I and N248D) and the S203T
(S220T) mapped in the HA indicated that the majority of iso-
lates from the three countries seems to belong to clades 3, 6,
and 7, which is in agreement with recent results.13 The P83S
(P100S) and I321V (I338V) were mapped in all isolates, and the

S203T (S220T) was in 8 of 14 sequenced isolates. It is important
to specify that, in a recent study conducted in Brazil,22 the
S220T mutation was identified in 78.6% of fatal pandemic
influenza cases.
All isolates possessed D204 in the receptor binding site,

which is known to confer binding of H1 viruses to human
receptors,23 supporting efficient transmission of these viruses
in humans.24 One isolate from Senegal, A/Senegal/34/2010,
had a D239E that represents both a receptor binding residue
and a Ca antigenic site.25 The substitution D239G is clinically
very interesting; this substitution was detected more fre-
quently in viruses isolated from patients with fatal outcomes
and isolates from lungs.12,26 This strain was isolated from
sample from a 20-year-old girl who came for consultation
in a hospital in Dakar (Hôpital principal de Dakar). The
symptoms were severe, with fever, intense coughing, myalgia,
rhinitis, vomiting, and abdominal pain. The patient had
undergone a rapid test for malaria diagnosis, but the test was
negative. The substitution D239G/E/N has also been reported
very recently. Globally, it should be noted that there is an
expansion of mutant viruses with HA mutations at the posi-
tion D239 (D239E; D239G and D238N mutations) that char-
acterizes viruses of the second wave of the pandemic (H1N1)
2009. Residue Q310 is well-conserved in Senegal, Mauritania,
and Cape Verde strains sequences. Indeed, the Q310H muta-
tion is not observed. Q310H mutant influenza viruses were
recently isolated from post-mortem blood and lung tissue
samples of patients with clinically lethal forms of influenza
pandemic (H1N1) 2009.26 Therefore, other mutations in HA
(R222K, E391K, and L49I) are mapped in or around known
antigenic sites and may have antigenic importance and impli-
cations in vaccine efficacy. Hence, it will be very interesting
to perform additional antigenic and phenotypic tests. The
H275Y mutation, a known marker for sensitivity to the neur-
aminidase inhibitor Oseltamivir, is not observed,27 which
correlates with the phenotypic test results that revealed that
all pandemic viruses isolated in IPD are sensitive to this
antiviral drug.
However, our study suffers from some limitations. The lim-

ited standardization of procedures across countries hindered
the possibility to implement more robust comparison. In addi-
tion, the lack of surveillance systems in Mauritania, Guinea,
and Cape Verde before the pandemic period does not allow
us to compare the time of circulation of influenza A(H1N1)
pdm09 with the influenza season. This limitation is also
reflected in the limited number of samples obtained from
some countries, which hindered the possibility of observing
well-defined seasonal patterns as well as the quality of sam-
ples that did not allow for sufficient virus isolation.
Despite the aforementioned limitations, our study remains

important, because it documents, for the first time, the circu-
lation of seasonal and pandemic influenza in four West
African countries during the pandemic period.
In conclusion, delayed A(H1N1)pdm09 transmission

occurred in June of 2009 (week 25) in Cape Verde, late 2009
in Mauritania and Guinea (weeks 51 and 52), and at the
beginning of 2010 (week 1) in Senegal. Therefore, A(H1N1)
pdm09 became the dominant influenza subtype in 2010
in these countries (Senegal, Mauritania, and Guinea). The
results of this study show the importance of the IPD Regional
Influenza Surveillance Network that provides a valuable
platform to monitor influenza activities in a region that has
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limited influenza surveillance and diagnostic capacity. However,
it also highlights its weaknesses and the need for improvement
in terms of standardization of procedures and development
of timely and efficient systems for shipment of samples.
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