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Abstract. Different viruses have been identified as etiologic agents of respiratory tract infections, including severe
cases. Among these, human rhinoviruses (HRVs) and human enteroviruses (HEVs) are recognized as leading causes.
The present study describes the molecular epidemiology of HRVs and HEVs in Senegal over a 3-year surveillance
period. From January 2012 to December 2014, nasopharyngeal and oropharyngeal swabs specimen were collected from
patients with influenza-like illness (ILI). A real-time reverse transcription polymerase chain reaction was performed
for HRV and HEV detection using the RV16 kit. Two regions were targeted for the molecular characterization of RVs:
5′ untranslated region (5′UTR) and viral protein 4/viral protein 2 (VP4/VP2) transition region. For enteroviruses
(EVs) phylogeny, VP1 gene was targeted. A total of 4,194 samples were collected. Children up to 5 years accounted
for 52.9%. Among them, 1,415 (33.7%) were positive for HRV, 857 (20.4%) for HEV, and 437 cases of dual infections
HRV/HEV. HRVs and HEVs were identified significantly in children aged 5 years or less. Only cough and vomiting
signs were observed with significant association with viral infection. Both viruses co-circulated all year long with a
marked increase of activity during rainy and cold period. All HRV types circulate in Senegal. HRV-A and C groups
were the most common. HEV serotyping identified coxsackie B viruses (CBV) only. VP1 region revealed different
CBV (CBV1, CBV2, CBV3, CBV4, and CBV5), echoviruses, coxsackieviruses A4–like strains and a poliovirus 2.
The results suggest strong year-round respiratory picornavirus activity in children up to 5 years of age. Molecular studies
identified a wide variety of RVs along with diverse EVs in samples from patients with ILI.

INTRODUCTION

Acute respiratory tract infections (RTIs) are a leading
cause of morbidity and mortality worldwide, particularly in
children and the elderly.1–5 About 1.9 million child deaths
occur each year with 70% of these in Africa and southeast
Asia.2 Many etiological studies show that viruses are the main
cause of RTIs.6 Indeed, a wide variety of viruses have been
identified as the etiologic agents of RTIs including particularly
severe cases.
Among these, human rhinoviruses (HRVs) and human

enteroviruses (HEVs) are recognized as leading causes of
RTIs7–10 and are responsible for 60.5% of microbiologi-
cally unexplained acute RTI diagnosed in hospitalized pedi-
atric cases.10

HRVs and HEVs belong to the Picornaviridae family and
exhibit high genomic similarity.11 However, HEVs and HRVs
differ in terms of their preferred growth temperature, sensi-
tivity to pH, and cell tropism.
Senegal has had a National Influenza Center since 1974;

this latter has been part of the World Health Organization
(WHO) Global Influenza Surveillance Network since 1996.12

The purpose of this influenza surveillance has traditionally
been the early detection of influenza epidemics in the com-
munity, the identification of predominant circulating strains
of influenza virus, and the issuing of public health recom-
mendations. A previous study showed that only 13.4% of
specimens from patients with influenza-like illness (ILI) col-
lected between 1996 and 2009 were confirmed as influenza
positive, suggesting the existence of other etiologies in most

cases.13 Thus, surveillance was extended to cover other respi-
ratory viruses in 2012.14

The aim of the present study was to describe the epidemiol-
ogy and molecular characteristics of respiratory picornaviruses
(EVs and RVs) in Senegal over a 4-year surveillance period.

MATERIALS AND METHODS

Samples and data collection. From January 2012 to
December 2014, in collaboration with the epidemiology unit
of the institute Pasteur de Dakar, nasopharyngeal and oro-
pharyngeal swabs specimen were collected from consenting
ILI patients. Once collected, the swabs were placed in 2-mL
cryovials containing viral transport medium (Universal Trans-
port Medium; COPAN Diagnostics Inc., Murrieta, CA) and
transported under a controlled temperature (4°C) to the labo-
ratory. The ILI was defined according to the Centers for
Disease Control (CDC) case definition: sudden onset of fever
(≥ 38°C) with a cough or sore throat lasting less than 3 days.
Each sample was accompanied by a case report form containing
basic epidemiologic information and a description of the symp-
toms before presentation. On arrival at the laboratory, the
specimens were processed immediately for virus isolation/
detection, identification, and characterization. Aliquots of each
sample were also stored at −80°C for additional analysis.
Case reports were entered into an Epi Info database

(CDC, Atlanta, GA) and merged with laboratory data.
RNA extraction and detection of respiratory viruses. Nucleic

acid extraction and a two-step real-time reverse transcrip-
tion polymerase chain reaction was performed as previously
described using the CFX96TM Real-time PCR system (Bio-
Rad, Singapore).14 The RV16 Kit (Seegene, Seoul, Korea)
used allows differentiation of RVs from other EVs.
Enterovirus isolation and serotyping. Human epidermoid

carcinoma (Hep2c) and human rhabdomyosarcoma (RD) cell
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lines were used for enterovirus isolation. All cell lines were
donated by the CDC for the polioviruses surveillance program.
Nasopharyngeal samples from patient positive for enterovirus
were inoculated onto both cell lines. Temporal repartition
(weeks and years) of samples collection criterion have also
been taken into account in the sample selection.
Each sample (200 μL) was treated with antibiotics (penicil-

lin/streptomycin, 0.5%), filtered through a 0.22-μm filter, and
added to a cell culture tube previously prepared with a sus-
pension of 105 cells in a final volume of 1 mL medium. Tubes
were incubated at 37°C in an atmosphere containing 5%
CO2 conditions. The inoculated cells were examined daily
for any cytopathic effect (CPE). Samples showing CPEs
were stored at −20°C pending serotyping. Tubes containing
cells showing no CPE after 7 days were frozen, thawed,
re-passaged, and examined for a further 7 days.
Supernatants from all CPEs-positive tubes either on RD

or Hep2c tubes were harvested for the viral serotyping using
the antiserum pool containing horse typing antisera against
HEV serotypes. Serotyping was performed according to the
WHO Polio Laboratory Manual protocol.15 In brief, after a
titration step, equal amount at the half maximal inhibitory
concentration dilution of the isolate was mixed with different
combinations of the antisera pools and incubated for 3 hours
at 37°C before the addition of Hep2c cells. Cultures were
observed daily for 5 days, and characteristics CPE were
noted. Antisera combinations that inhibited CPEs facilitated
virus identification.
Molecular studies. For sequencing, we basically took into

account three criteria to select samples: a positive result in
real-time PCR, distribution of positive samples per year and
week, and the cycle threshold values detection. Indeed, only
samples positive at the first catcher melting temperature
analysis point level (which means an important viral load)
were targeted. Unfortunately, many samples showed no
amplification or poor-quality sequences. Indeed, only 46%
samples were successfully amplified and sequenced for RV
and for 66% EVs. The low sensitivity of conventional PCR
compared with real-time PCR or nonspecific amplifications
could be the cause of these failures.
For RVs two regions were targeted to enable the molecular

characterization: the 5′ untranslated region (5′UTR) region
and the viral protein 4/viral protein 2 (VP4/VP2) transition
region were used to identify infecting HRV serotypes.16

To amplify the 5′UTR region, a first round PCR targeting a
913-nucleotide fragment was performed using reverse primer
SRHI1 (GCATCIGGYARYTTCCACCACCANCC) and for-
ward primer DK001 (CAAGCACTTCTGTTTCCC).17,18 In
brief, 10.7 μL H2O ribonuclease (RNase) free, 6 μL of reac-
tion buffer 5×, 1.2 μL of deoxyribonucleotide triphosphates
(dNTPs) mix (10 mM each), 1.8 μL of each primer (diluted at
10 μM), 3 μL of Q solution, five units of taq DNA polymerase
(Qiagen, Hilden, Germany), and 5 μL of cDNA were mixed
in a PCR tube. After denaturation for 15 minutes at 95°C,
the PCR was performed as follows: 40 cycles at 95°C for
30 seconds, 55°C for 60 seconds, and 72°C for 60 seconds,
followed by an extension step at 72°C for 10 minutes and a
4°C hold.
A semi-nested PCR targeting a 550-nucleotide fragment

was then performed using a new inner sense primer (SRHI2:
5′-GGGACCAACTACTTTGGGTGTCCGTGT-3′) and 1 μL
of the negative PCR products as templates.

PCR products were run on a 1% agarose gel along with
appropriated molecular weight markers (100 bp ladder; New
England Biolabs, Ipswich, MA). The gels were then stained
with ethidium bromide (0.5 μg/mL) before visualization under
ultraviolet light. Positive samples were sequenced by Beckman
Coulter Services (Hope End Takeley, United Kingdom)
using the Sanger method. Data in fast adaptive shrinkage
thresholding algorithm format were then sent for analysis.
The VP4/VP2 region was amplified using the couple of

primers VP4/VP2 IS (5′-ACCRACTACTTTGGGTGTCC
GTG-3′) and VP4/VP2 IAS (5′ TCWGGHARYTTCCA
MCACCANCC-3′). The reaction mixture contained 12.3 μL
H2O RNase free, 2 μL of reaction buffer 10×, 1.6 μL of dNTPs
mixed (2.5 mM each), 1 μL of 10 μM of each primer, 0.5 units
of taq DNA polymerase, and 10 μL of cDNA. The thermal
cycling conditions were as follows: 5 minutes at 95°C for initial
denaturation, 40 cycles of 15 seconds at 95°C for denaturation,
30 seconds at 55°C for annealing, 1 minute at 70°C for exten-
sion, and 15 minutes at 72°C for a final extension step. The
targeted amplicon (541 bp) was visualized as described above,
and positive samples were sent for sequencing.
AMTH and GDCL primers, described elsewhere,19 were

used for EVs serotypes characterization. The latter allows
the amplification of a 1,491-bp fragment that encompasses
the whole VP1 gene. The reaction mixture (50 μL of volume)
contained 5 μL of cDNAs, 34.3 μL H2O RNase free, 5 μL of
reaction buffer 10×, 1.2 μL of dNTPs mix (10 mM), 2 μL of
each primer (10 μM), and 2.5 units of taq DNA polymerase.
The thermocycler profile was as follows: 15 minutes at 95°C,
followed by 40 cycles of 95°C for 30 seconds, 55°C for 30 sec-
onds, 60°C for 2 minutes, and 15 minutes at 60°C for final
extension. Positive samples (1,500-bp amplicon) were bidirec-
tionally sequenced as described for RVs.
Sequence analysis and multiple sequence comparison.

Sequences were aligned against related sequences retrieved
from GenBank, and searches for sequence similarities was
carried out using the Basic Local Alignment Search Tool
(Blastn) from National Center for Biotechnology Information
BLAST web portal. Multiple alignments were edited using
the BioEdit Sequence Alignment Editor.20 Phylogenetic trees
were generated using the MEGA version 5 for constructing
maximum likelihood tree using the Tamura–Nei evolution-
ary model with neighbor-joining using 100 bootstrap repli-
cates,21 with bootstrap values ≥ 70.
Statistical analysis. We compared the distribution of RVand

EV infection cases in 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 statis-
tically significant. We used the 0–5 years age group as the refer-
ence group. The R.3.0.1 tool was used to perform the analyses.
Ethical considerations. This study is a component of the

4S network syndromic surveillance.14 Principles of the 4S net-
work were approved by the Ministry of Health in its guide-
lines for influenza surveillance policy, finalized with the
support of Pasteur Institute in Dakar and the Strengthening
Influenza Sentinel Surveillance in Africa project funded by
the WHO. The protocol and oral consent were determined
as routine surveillance activity by the Senegalese National
Ethics committee and the steering committee for 4S network,
an entity representing Ministry of Health, Institut Pasteur
Dakar, WHO, and clinicians in compliance with all applica-
ble national regulations governing the protection of human
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subjects. Data were collected anonymously in an objective of
surveillance and applicable to molecular epidemiology studies
on the detected pathogen. The information provided to partic-
ipants was an informal description of the study. Respiratory
specimens were collected only after informed consent was
granted, verbally, to local health-care workers by the patients
or parents in the case of minors. Oral consent was docu-
mented in the patient form with two questions about received
information and about oral consent. If patients refuse to par-
ticipate, no specimen was taken. For the surveillance activities,
written consent is judged not necessary by the Senegalese
National Ethics Committee, which has also previously approved
the work of the National Influenza Center. Collections of
nonsensitive data or an observation from normal care in
which participants remain anonymous do not require ethics
committee review. The patients included in this study were

of all ages and consulted the sentinel sites due to influenza-
like symptoms; the patients, or parents in the case of minors,
accepted the tests for respiratory viruses largely because
these tests were free and safe.

RESULTS

Demographic and clinical characteristics of the enrolled
patients. From January 2012 to December 2014, a total of
4,194 samples were collected from patients presenting with
ILI at the different sentinel sites in Senegal: 753 (17.9%) in
2012, 1,519 (36.2%) in 2013, and 1,922 (45.8%) in 2014
(Table 1). Ages ranged from 1 month to 95 years. The mean
age was 10 years 5 months and the median age was 4 years.
The male-to-female ratio was about 0.97 (2,054 [49%] males
and 2,121 [50.6%] females). Children up to 5 years of age
accounted for 52.9% (2,218/4,194) of ILI cases, followed by
5–10 years age group with 10.7% (447/4,194). Patients over
50 years of age represented only 2.7% (113/4,194) of enrolled
patients. Age was not documented for 8.5% (356/4,194)
of patients.
Regarding clinical symptoms, fever was the primary inclu-

sion criterion although it was not always reported on the data
form (93.6%; 3,927/4,194). Cough (81%; 3,398/4,194), rhinitis
(76.6%; 3,212/4,194), and pharyngitis (73.9%; 3,101/4,194)
were also common symptoms. Myalgia (17.5%; 734/4,194),
headache (12%; 502/4,194), and dyspnea (3%; 124/4,194) were
also reported. Enteric symptoms as vomiting (5.2%; 218/4,194),
diarrhea (3.5%; 146/4,194), and abdominal pains have been
noted in some patients.
Patients and viral infections. Of the 4,194 ILI patients

specimens collected and tested using real-time PCR, 1,415
(33.7%) were positive for HRV and 857 (20.4%) for HEV.
The detection rate of both HRV and HEV over the study
period was highest in 2013 (42.8% for HRV and 33.4% for
HEV). A total of 437 cases (10.4%; 437/4,194) of dual infec-
tions HRV/HEV were also observed.
HRVs and HEVs were identified significantly more often

in children of 5 years or less of age, 52.9% and 52.1% of
viruses detected, respectively, a statistically significant finding
(P < 0.05 for both) (Table 2). However, the detection rates in

TABLE 1
Demographical characteristics and symptoms

Characteristics

2012 2013 2014 Total

(N = 753) (N = 1,519) (N = 1,922) (N = 4,194)

Gender, n (%)
Male 378 (50.2) 744 (49.0) 932 (48.5) 2,054 (49.0)
Female 371 (49.3) 767 (50.5) 983 (51.1) 2,121 (50.6)
Missing 4 (0.5) 8 (0.5) 7 (0.4) 19 (0.4)

Age group (years), n (%)
0–5 520 (69.1) 763 (50.2) 935 (48.6) 2,218 (52.9)
5–10 78 (10.4) 162 (10.7) 207 (10.8) 447 (10.7)
10–15 44 (5.8) 85 (5.6) 122 (6.3) 251 (6.0)
15–25 40 (5.3) 122 (8.0) 233 (12.1) 395 (9.4)
25–50 30 (4.0) 120 (7.9) 264 (13.7) 414 (9.9)
≥ 50 10 (1.3) 18 (1.2) 85 (4.4) 113 (2.7)
Missing 31 (4.1) 249 (16.4) 76 (3.9) 356 (8.5)

Clinical signs, n (%)
Myalgia 85 (11.3) 342 (22.5) 307 (16.0) 734 (17.5)
Fever 709 (94.2) 1,362 (89.7) 1,856 (96.6) 3,927 (93.6)
Cough 561 (74.5) 1,174 (77.3) 1,663 (86.5) 3,398 (81.0)
Vomiting 96 (12.7) 35 (2.3) 87 (4.5) 218 (5.2)
Diarrhea 70 (9.3) 32 (2.1) 44 (2.3) 146 (3.5)
headache 55 (7.3) 183 (12.0) 264 (13.7) 502 (12.0)
Dyspnea 15 (2.0) 24 (1.6) 85 (4.4) 124 (3.0)
Rhinitis 542 (72.0) 1,048 (69.0) 1,622 (84.4) 3,212 (76.6)
Pharyngitis 670 (89.0) 812 (53.5) 1,619 (84.2) 3,101 (73.9)

TABLE 2
Detection rates of human rhinovirus and human enterovirus infection in patients with influenza-like illness per year from 2012 to 2014 in Senegal
and comparison of the distribution in different age groups

Years 2012 2013 2014 Total P values

N 753 1,519 1,922 4,194

HRV HEV

Pathogen Rhinovirus Enterovirus Rhinovirus Enterovirus Rhinovirus Enterovirus Rhinovirus Enterovirus

Positivity (per year) 31.5 15.9 42.8 33.4 27.4 12.0 33.7 20.4

Positive N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Sex male 128 (54) 62 (51.7) 342 (52.5) 257 (50.7) 258 (48.9) 118 (51.3) 728 (51.4) 437 (51) 0.16 0.49
Age group (years)
0–5 176 (74.3) 82 (68.3) 310 (47.6) 235 (46.3) 262 (49.7) 130 (56.5) 748 (52.9) 447 (52.1) – –
5–10 22 (9.3) 14 (11.7) 66 (10.1) 49 (9.7) 43 (8.2) 17 (7.4) 131 (9.2) 80 (9.3) 0.02 0.03
10–15 14 (5.9) 8 (6.7) 29 (4.4) 35 (6.9) 22 (4.2) 6 (2.6) 65 (4.6) 49 (5.7)
15–25 14 (5.9) 13 (10.8) 58 (8.9) 39 (7.7) 49 (9.3) 16 (6.9) 121 (8.5) 68 (7.9)
25–50 8 (3.4) 2 (1.7) 52 (8) 47 (9.2) 85 (16.1) 23 (10) 145 (10.2) 72 (8.4)
≥ 50 3 (1.2) 1 (0.8) 11 (1.7) 5 (1) 22 (4.2) 8 (3.5) 36 (2.5) 14 (1.6)
Missing 0 (0) 0 (0) 125 (19.2) 97 (19.1) 44 (8.3) 30 (13) 169 (11.9) 127 (14.8)

Total 237 (100) 120 (100) 651 (100) 507 (100) 527 (100) 230 (100) 1,415 (100) 857 (100)
P values in bold are considered statistically significant.

341RESPIRATORY PICORNAVIRUSES IN SENEGAL



the other groups were also high (e.g., 31.9% of HRV detec-
tion for > 50 years old). The gender distribution of the HRV-
and HEV-positive patients was not significantly different from
the negative patients. Taking into account the clinical symp-
toms and viral infections, only cough (P < 0.005 for both
viruses) and vomiting (P = 0.012 for HRV and 0.0004 for
HEV) signs were observed with a statistical significant associ-
ation with viral infection. We also noted that among the 108
cases of diarrhea reported, 48 (44.4%) were infected by HRV.

To evaluate the temporal distribution pattern of HRV and
HEV species throughout the year during the study period
(2012–2014), Figure 1 presents cumulative viral detection
data on a weekly basis for each virus. We noted that both
viruses co-circulated all year long with detection peaks of dif-
ferent amplitudes. However, for both viruses, there was a
marked increase in the activity during last weeks (around
weeks 38 and 39 for HEV and week 42 for HRV with major
peaks occurring at around weeks 46–49). This increase in

FIGURE 1. Cumulated number of cases of human rhinovirus (HRV) and human enterovirus (HEV) per week over the 2012–2014 period in
Senegal.

FIGURE 2. Phylogenetic analysis of human rhinovirus (HRV) isolates from Senegal between 2009 and 2014 based on the 5′ untranslated region
noncoding region using the neighbor-joining method with 1,000 bootstrap replicates with MEGA 5 version. Senegal isolates are highlighted in dif-
ferent colors for each year and reference strains from GenBank are in black. Only bootstrap values over 70 are shown. The branches under the
same subtype (HRVA, B, or C) are labeled with different blue color nuances.

342 FALL, DIA AND OTHERS



activity is also extended to the first weeks of the following
year. It is important to note that July to October corresponds
to the rainy season and the end and beginning of years are
the cold periods in Senegal.
Phylogenetic analyses of HRV and HEV. When examining

the 5′UTR region, we included sequences that were previously
obtained with RV strains from 2009 to 2010. Then a total of
46 sequences from 2009 to 2014 were obtained (Figure 2): 10
from 2009, 15 from 2010, 16 from 2012, 1 from 2013, and 4
from 2014. Maximum likelihood phylogenetic comparison of

clinical specimens with international reference sequences
identified all known HRV groups in Senegal. Of these clinical
specimens, randomly selected HRV-A group was the most
common (52.2%; 24/46), followed by HRV-C (41.3%; 19/46).
Only three strains (6.5%; 3/46) grouped with B species.
The VP4/VP2 region, which allowed more accurate species

identification, was successfully amplified and sequenced from
68 clinical samples. Phylogenetic analysis confirmed that all
three HRV subtypes were circulating within the study popu-
lation, with a pattern (Figure 3) similar to the one obtained

FIGURE 3. Phylogenetic analysis of human rhinovirus (HRV) isolates from Senegal between 2012 and 2014 based on the viral protein 4/viral
protein 2 (VP4/VP2) transition coding region using the neighbor-joining method with 1,000 bootstrap replicates with MEGA 5 version. Senegal iso-
lates are highlighted in different colors for each year and reference strains from GenBank are in black. Only bootstrap values over 70 are shown.
The branches under the same subtype (HRVA, B, and C) are with different blue color nuances.
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from the 5′UTR region. Again, type HRV-A (61.8%; 42/68)
followed by HRV-C type (33.8%; 23/68) were largely predom-
inant among the randomly selected HRV-positive clinical sam-
ples, while only three cases (4.4%) of HRV-B infection was
detected. This dominance was even more evident if we consid-
ered sequences from 2014 only (in red), year in which we
performed more exhaustive sequencing. Regarding the anti-
genic diversity, the HRV strains from Senegal were closely
related to 43 reference serotypes corresponding to 21 HRV-A,
4 HRV-B, and 19 HRV-C strains. Most of Senegalese HRV-C
strains were related closely to previously identified QPM,
QCE, NAT001, NY-074, C 26, LZY79 HRV-C reference
strains, which were reported as Ca subspecies with a HRV-A-
like 5′UTR; the remainder assigned as HRV-Cc.22 HRV-B
strains from Senegal seem genetically closer to HRV-B14,
B26, and B35 reference strains.
For HEV, a total of 53 strains have been isolated from sam-

ples and sequenced successfully. Isolates were all obtained
after inoculation on Hep2c cell line, no isolation was achieved
with RD cell line. Of these 53 strains, 21 were from 2012,
12 from 2013, and 20 from 2014. Serotyping identified 45
coxsackie B viruses (CBV) and eight isolates that were
untypeable using available antisera pools.
Phylogenetic analysis based on the VP1 gene (Figure 4)

revealed that 19 isolates from Senegal clustered with CBV1,
11 clustered with CBV2, four with CBV3, two with CBV4,
and nine with CBV5. CVB1 serotypes were most often iso-
lated from specimens collected in 2012 (18 of 19 isolates),
CVB5 from specimens collected in 2013 (six of nine isolates),
and CVB2 mostly from specimens collected in 2014 (10 of 11
isolates). Analysis of the VP1 sequence revealed that among
the eight serologically untypeable isolates, three were echo-
viruses genetically closer to the reference serotypes echo-
virus 4, 5, and 11; four were strongly grouped with the
coxsackieviruses A4. The remaining strain clustered with the
poliovirus type 2.

DISCUSSION

This study reports the first extensive laboratory surveillance
of respiratory picornaviruses (HRV and HEV) in ILI patients
in Senegal. The study was based on a 3 years’ period of sur-
veillance of outpatients. The findings showed that HRVs/
HEVs are the most common pathogens present in the naso-
pharynx of patients with ILI in Senegal across all seasons.
Indeed 51% of patients presented with HRV/HEV infection.
The detection rates of HRV and HEV were 34.2% and

20.8%, respectively. RV was the most common respiratory
pathogen present in all age groups.23 In a previous study in
elderly, Nicholson and others (1997) showed that RVs were
responsible for a greater disease burden (activities restriction,
duration of illness) than influenza viruses; HRVs were
detected in 52% of cases.24 Greenberg also found that RV
was the most prevalent pathogen (121 isolates; 53%) detected
in 231 cases of upper respiratory infection.25 In a large study
in outpatients with ILI from the United States, HRVs/HEVs
were the most commonly detected viruses (after influenza),
with an overall detection rate of 21%.26 The findings of
these different studies are in broad agreement with those
presented herein.
However, a recent large study in children and young adults

from Latin America revealed a much lower detection rate

than the present study.9 Indeed, HRV and HEV were identi-
fied in 16% (548/3,375) and 3% (84/3,375) of ILI cases,
respectively. A study from Gabon, reported that 12.3% (128/
1,041) of ILI cases were infected with HEV and 7.8% (81/
1,041) with HRV.27 In two other studies conducted on ILI
patients, in South Korea and Philippines, Noh and others
and Otomaru and others detected 4.3% (86/1,983) and 7.5%
(153/2,031) of RV infection, respectively.28,29 No HEV infec-
tion was reported in the study from Korea. These discrepan-
cies in the rate of detection, beyond the technical approaches,
may be due to geographical differences in virus burden, differ-
ences in subject recruitment strategies (outpatients or hospi-
talized patients), or to the periods during which samples
were collected.
Considering the two regions (5′UTR and VP4/VP2),

HRV-A and HRV-C species accounted for the majority of
the HRV subtyped (57.9% and 36.8%, respectively), with a
variety of serotypes (24 for HRV-A and 17 for HRV-C). Only
four HRV-B serotypes were found. Despite the low number of
HRV strains studied, these results are in line with those pub-
lished in studies from other areas (Europe, North America,
and east Asia), and all show similar HRV distributions.30–35

Overall, different genotypes of RV appear to circulate simulta-
neously within a given period and geographic area with pre-
dominance of types A and C.22,36,37

Among HEVs characterized herein, CBV (B1, B2, B3, B4,
and B5) were predominant (45/53). The temporal distribu-
tion of these strains suggests a predominant circulating strain
of CBV that can change from one year to another. Results
also show the presence of echovirus 4, 5, and 11 serotypes.
Four strains were apparently coxsackieviruses A4–like strains.
One strain shows proximity with the poliovirus 2 serotype.
The child of 16 months age had probably been immunized
(oral polio vaccine) just before the nasopharyngeal swab. This
diversity of respiratory HEV in ILI patients can be improved
with a more exhaustive number of characterized strains.
Indeed, recent studies show that EVs associated with respira-
tory infections are highly diverse.9,38,39

HRVs and HEVs were detected more frequently in chil-
dren aged < 5 year (35.4% and 21.2%, respectively). These
results are in concordance with those of other studies, which
concluded that children of 5 years of age or younger had a
higher risk of infection by HRV and HEV,9,40 although the
risk is slighter lower for HEV. Feikin and others (2013) stud-
ied Kenyan children under 5 years of age, who had severe
acute respiratory infection (SARI).41 They found that HRV/
HEV was the primary etiological agent, with a prevalence of
50% among patients. In China, Zhang and others (2013)
reported 54% of child SARI cases harbored HRV/HEV.42

However, particularly for RV infections, it is reported that
the infection rate is highest during the early years and
decreases with age, probably due to the immunity induced
by cumulative exposure to different serotypes.43

However, the presence of a virus in the nasopharynx of a
child does not necessarily mean that it is the etiological agent
of the ILI; indeed, it may only represent a coincidental upper
airway infection, an asymptomatic carrier state, or prolonged
shedding of a pathogen that caused a previous infection. This
may be particularly important in the case of RVs because a
number of epidemiological studies have shown that they are
present in the respiratory secretions of 12–22% of asymp-
tomatic subjects.32,44,45
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FIGURE 4. Phylogenetic analysis of human enterovirus (HEV) isolates from Senegal between 2009 and 2014 based on the P1 coding region
using the neighbor-joining method with 1,000 bootstrap replicates with MEGA 5 version. Senegal isolates are highlighted in different colors
for each year and reference strains from GenBank are in black. Only bootstrap values over 70 are shown.
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HRV and HEV showed a similar profile with respect to
seasonality. Indeed both viruses were endemic throughout
the 3-year period, with epidemic peaks showing greater
amplitudes during rainy and cold periods in Senegal. These
observations agree with those reported in studies performed
elsewhere in the world.46,47 A more recent study from Latin
America shows that HRV and HEV circulate regularly all
year long, but show greater activity during the rainy season.9

Findings from temperate regions show an increase in HRV/
HEV activity during the summer,48 peaking from July until
the beginning of the fall, followed by a slow decline. How-
ever, monitoring must continue for several years if we are to
provide a more detailed analysis of the seasonality of these
viruses in a sub-Saharan context.
During data analysis, we observed some limitations in our

study. First, only a small number of strains were subtyped
for both viruses (HRV and HEV). Indeed, the sequencing
results do not reflect the full spectrum of HRV/HEV strains
that may be circulating in ILI patients in Senegal, and may
be biased toward samples with a high viral load; and espe-
cially for HRV, systematic type identification of positive sam-
ples would allow to pick up seasonal differences among the
individual HRV species in Senegal, as reported in studies
conducted in other geographical areas.49–51

In conclusion, the results of the present study suggest
strong year-round respiratory picornavirus activity in chil-
dren up to 5 years of age in Senegal. Molecular studies iden-
tified a wide variety of RVs along with CBV in samples from
patients with ILI. The next step will be to measure the
burden of these viruses among children in Senegal; such
studies should include asymptomatic controls SARI cases,
and provide information on disease outcome, atypical clini-
cal signs, duration of symptoms, and treatment. Data regard-
ing viral load, shedding, and other possible etiologies
(e.g., bacterial and other viruses) would also enable a more
thorough assessment of the viral effective disease (or symp-
tom) causality.
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