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Abstract

Background: Influenza is a major cause of morbidity and mortality in Africa. However, a lack of epidemiological
data remains for this pathology, and the performances of the influenza-like illness (ILI) case definitions used for
sentinel surveillance have never been evaluated in Senegal. This study aimed to i) assess the performance of three
different ILI case definitions, adopted by the WHO, USA-CDC (CDC) and European-CDC (ECDC) and ii) identify
clinical factors associated with a positive diagnosis for Influenza in order to develop an algorithm fitted for the
Senegalese context.

Methods: All 657 patients with a febrile pathological episode (FPE) between January 2013 and December 2016
were followed in a cohort study in two rural villages in Senegal, accounting for 1653 FPE observations with
nasopharyngeal sampling and influenza virus screening by rRT-PCR. For each FPE, general characteristics and clinical
signs presented by patients were collected. Sensitivity, Specificity, Positive Predictive Value (PPV) and Negative
Predictive Value (NPV) for the three ILI case definitions were assessed using PCR result as the reference test.
Associations between clinical signs and influenza infection were analyzed using logistic regression with generalized
estimating equations. Sore throat, arthralgia or myalgia were missing for children under 5 years.

Results: WHO, CDC and ECDC case definitions had similar sensitivity (81.0%; 95%CI: 77.0–85.0) and NPV (91.0%; 95%CI:
89.0–93.1) while the WHO and CDC ILI case definitions had the highest specificity (52.0%; 95%CI: 49.1–54.5) and PPV
(32.0%; 95%CI: 30.0–35.0). These performances varied by age groups. In children < 5 years, the significant predictors of
influenza virus infection were cough and nasal discharge. In patients from 5 years, cough, nasal discharge, sore throat
and asthenia grade 3 best predicted influenza infection. The addition of “nasal discharge” as a symptom to the WHO
case definition decreased sensitivity but increased specificity, particularly in the pediatric population.

Conclusion: In summary, all three definitions studies (WHO, ECDC & CDC) have similar performance, even by age
group. The revised WHO ILI definition could be chosen for surveillance purposes for its simplicity. Symptomatic
predictors of influenza virus infection vary according the age group.
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Background
Acute respiratory infections (ARIs) are a major cause of
morbidity and mortality in most African countries, espe-
cially in children under five years. In terms of ARI eti-
ology, respiratory virus infections are very common,
with influenza virus the most common [1–4]. Indeed, in-
fluenza contributes substantially to the morbidity and
mortality of respiratory infections, and the highest bur-
den of severe disease is experienced by the < 5 and ≥ 65
years age groups [5]. This vaccine preventable disease is
characterized by seasonal epidemics that occur through-
out the world every year, and occasional pandemics aris-
ing from novel subtypes. The World Health Organization
(WHO) estimates that 3 to 5 million severe cases of influ-
enza occur each year, among which 290,000 to 650,000
cases in the very young, elderly and patients with comor-
bidities [6]. Almost all influenza-associated deaths in chil-
dren (99%) occur in developing countries [7].
The burden of influenza, and the gaps in understand-

ing of influenza epidemiology in African countries, ne-
cessitate increasing surveillance of influenza. This is all
the more pertinent following the emergence of avian in-
fluenza viruses and the latest influenza pandemic [8, 9].
Currently, community-level surveillance depends on

influenza-like illness (ILI) as severe acute respiratory in-
fections (SARI) are a common feature of influenza sur-
veillance but focuses on hospitalized cases. WHO has
developed and disseminated standardized procedures,
part of the Integrated Disease Surveillance and Response
Strategy (IDSR), and proposes a simple, easily under-
standable and easily implemented definition of ILI for
surveillance of Influenza. Since 2014, the WHO case def-
inition for ILI is “any measured temperature greater than
or equal to 38°C and cough, with onset within the last
10 days “ [10–12].
However, the international standardization of this defin-

ition is difficult, because the optimal choice of case defin-
ition depends on population studied and the surveillance
objectives. Other case definitions include, in addition to
fever and cough, symptoms such as arthralgia, myalgia or
headache. Further complication in the standardization of
an international case definition derives from the fact that
clinical symptoms of influenza are often nonspecific and
not easily distinguishable from other infectious etiologies
in patients with acute febrile illness [13].
Many studies have compared the overall performances

of case definitions recommended for influenza surveil-
lance by WHO, the United States Centers for Disease
Prevention and Control (CDC), and the European Cen-
ter for Disease Control and Prevention (ECDC). How-
ever, the majority of these studies were focused on
populations in developed countries, especially in hospi-
tals. In resource-limited settings, data or knowledge
about the performances of ILI case definitions is still

very limited. Diagnosis in children under five remains diffi-
cult because of a clinical presentation often different from
the symptoms included in ILI’s case definitions [14–20].
Based on data collected in a cohort-based study con-

ducted in a Senegalese rural area, we aimed i) to com-
pare the performances of international clinical case
definitions used by WHO, CDC, and ECDC for the diag-
nosis of influenza ii) to identify clinical factors associated
with a positive diagnosis of influenza viruses and iii) to
propose a diagnostic algorithm for the Senegalese
context.

Methods
Study design and setting
Presentation of the Syndromic sentinel surveillance network
in Senegal (4S network)
Senegal, a sub-Saharan Africa country, has a long-
standing influenza surveillance system, initially focused
on virological surveillance from 1996 and then adopted
a syndromic approach since 2011 through the establish-
ment of the Senegalese Syndromic Sentinel Surveillance
Network (4S network) from a partnership between Min-
istry of Health (MoH), the WHO country office and the
Institut Pasteur of Dakar (IPD) which hosts the National
Influenza Centre [21]. In addition to influenza-like ill-
ness (ILI), other public health priority syndromes (mal-
aria, dengue-like syndromes and diarrheal syndromes)
have been added through an integrated approach. An
early warning system (EWS) of diseases under surveil-
lance was set up in 2015 that allows the MoH to detect
and alert quickly any abnormal health event. The 4S net-
work provides ‘real time’ data on influenza epidemiology,
seasonality and also circulating strains over the country.

Sentinel sites
The 4S sites were selected on the basis of criteria used
by the MoH. A checklist criteria was developed based on
the WHO recommended attributes for sentinel site se-
lection including, feasibility, representativeness and the
availability of data to enable disease burden estimate
(Additional file 1). Of the 20 ILI surveillance sentinel
sites in the 4S network, two sites in Dielmo and Ndiop
were chosen for this study.

Study population
Dielmo and Ndiop are two villages in a Sudanese region
in southwestern Senegal located in the district of Sokone
(Fig. 1). All inhabitants in the two villages have been in-
cluded in a malaria cohort study for over 25 years [22, 23].
As part of the strategy for eliminating malaria in Africa,
anyone living in the study area and having experienced a
febrile episode systematically benefits from a blood sample
for malaria research. Faced with the persistence of febrile
syndromes despite a decrease in the incidence of malaria
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in this area, the strategy of systematic collection and test-
ing of swabs from individuals with fever, not only from pa-
tients with ILI, particularly free from malaria, was adopted
in order to assess the burden of the influenza virus in rural
areas.
For the current study, if anyone in the village experi-

enced a Febrile Pathological Episode (FPE), they pre-
sented to the health center, spontaneously or after an
active screening conducted daily in all households. All
patients with fever, defined by a corrected axillary
temperature ≥ 38 °C at the time of the clinical examin-
ation evolving for less than 10 days, had a nasopharyn-
geal swab taken, and their clinical symptoms recorded. If
one participant experienced two FPEs within a period of
more than 15 days, the FPEs were considered as separate
events.

Data collected
Clinical data
The data collected included general characteristics (age,
gender, place of residence) and clinical symptoms, de-
fined by presence/absence (fever, cough, sore throat,
headache, asthenia, myalgia, arthralgia, abdominal pain,

anorexia, diarrhea, nausea/vomiting, dyspnea, sweats,
chills). Asthenia was further defined in 3 grades as fol-
low: grade 1 (presence of unusual fatigue); grade 2 (fa-
tigue that impacts daily activities) and grade 3 (fatigue
that does not allow the patient to leave his bed). Sore
throat, arthralgia, myalgia or headache were not or less
reported in children under 5 years.
The definitions used for influenza-like illness (ILI) sur-

veillance by WHO, CDC and ECDC are summarized in
Table 1.

Laboratory data
For all febrile patients, a nasopharyngeal sample was col-
lected, placed in 2 mL of Universal Transport Medium
(COPAN Diagnostics) and stored at 4 °C before being
sent weekly to the National Influenza Center (NIC) of
Senegal, Institute Pasteur of Dakar (IPD). For respiratory
viruses, a two-step Real-Time Reverse Transcription–
Polymerase Chain Reaction (RT-PCR) was performed
using the CFX96 Real-time PCR system (Bio-Rad) and
Anyplex II RV16 Detection kit (Seegene), as previously
described [24].

Fig. 1 Location of Dielmo and Ndiop villages in Senegal, WestAfrica.doi:https://doi.org/10.1371/journal.pntd.0001999.g001
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Statistical analysis
Description of the population
Characteristics of patients with one or more FPEs were
described by sex and age. Continuous variables were
summarized as means with standard deviation or as me-
dian with interquartile range (IQR); the student’s T test
was used to compare the means. Dichotomous or cat-
egorical variables were described by percentages with
95% confidence interval and Chi-square test or Fisher’s
exact test used to compare proportions between categor-
ies. Positivity rates for influenza were calculated by sex,
age groups and clinical signs. Proportions missing for
symptoms collected from children aged < 5 years were
reported.
The sensitivity, specificity, Positive Predictive Value

(PPV) and Negative Predictive Value (NPV) of each of
the three ILI case definitions were assessed globally and
by age groups (0 - < 2, 2 – < 5, 5 – < 15, 15 - < 50, ≥ 50
years) using PCR results as reference test. Sensitivity was
defined as the proportion of subjects identified by the
ILI case definitions among those with PCR positive re-
sult for influenza. The specificity was defined as the pro-
portion of subjects not identified by the ILI case
definitions among those with PCR negative result for in-
fluenza. The PPV was defined as the probability of hav-
ing laboratory-confirmed influenza when the symptoms
(ILI case definitions) are present. The NPV was defined
as the probability of not having laboratory-confirmed in-
fluenza when the symptoms (ILI case definitions) are
not present. The differences in sensitivity and specificity
of the CDC and ECDC ILI definitions were calculated
against the WHO definition and compared using Chi-
square tests.
The analysis was not limited to the first FPE observa-

tion in each patient. As several FPEs could occur over
time for a same subject, models with generalized esti-
mating equations (GEE) were performed on longitudinal
data to determine the impact of clinical variables on a
positive influenza diagnostic [25]. The univariate and
multivariate analyses were performed according two age
groups (< 5 years & >= 5 years) to identify factors poten-
tially associated with positive virological diagnosis for in-
fluenza. All variables potentially associated with

laboratory-confirmed Influenza in univariate analysis
with a p-value of < 0.25 were included in a backward
multivariable logistic regression model to investigate the
combined influence of clinical variables as potential in-
dependent predictive factors for laboratory-confirmed
Influenza. A p-value below 0.05 (two-sided test) was
considered statistically significant. Model validity was
tested using the Wald test. Trend tests were performed
on categorical variables at several levels.
The variables found in the final multivariable logistic

regression model were then compared to the WHO ILI
case definition. In children under 5 years, missing symp-
toms myalgia, sore throat and arthralgia were excluded
in both univariate and multivariate analysis and propor-
tions missing for headache were also excluded in the
analysis (case-complete analysis method).
The statistical analysis was performed with Stata ver-

sion15 software (StataCorp, LLC, College Station, TX,
USA).

Ethical considerations
The project was approved by the Senegalese National
Ethics Committee of the Ministry of Health. Written in-
formed consent was obtained from all participants or
from legal guardians in case of minor patients, before in-
clusion in the study.

Results
General description of the population (Table 2)
Between January 1, 2013 and December 31, 2016
1653 FPEs were observed from 657 subjects. Of these
657 patients, 344 (52.4%) were female, 189 (29.0%)
were children under 5 years and 251 (38.2%) pre-
sented with a single FPE. The median age of all pa-
tients was 10.4 years (IQR: 3.3–22.0 years). The
comparison between subjects with single and multiple
FPEs did not show any difference regarding the sex
(p = 0.40). However, a significantly higher proportion
of patients with more than one FPE was found in pa-
tients >= 5 years (265/406, 65.3%) compared to those
under 5 years of age (p< 0.001).

Table 1 Cases definitions, three international ILI definitions, Dielmo and Ndiop cohort study, Senegal, 2013–2016

Organisation Clinical symptoms

WHO* Sudden onset AND Measured fever of ≥ 38 °C AND Cough With onset within the last 10 days

CDC¶ Sudden onset AND Fever≥ 100 ° F (37.8 °C) Absence of a known cause other than influenza AND At least one among: cough, sore
throat

ECDC” Sudden onset AND At least one among: fever, feverishness, headache, malaise, myalgia AND At least one among: cough, sore throat,
shortness of breath

WHO* World Health Organization, http://www.who.int/influenza/resources/documents/ technical_consultation/en/;
CDC¶ Centers for Disease Control and Prevention; U.S. Outpatient Influenza-like Illness Surveillance Network (ILINet)
ECDC” European Centre for Disease Prevention and Control; https://www.ecdc.europa.eu/sites/default/files/documents/influenza
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Confirmed influenza cases
Overall, 21.6% (357/1653) of the FPEs tested positive for
influenza infection by RT- PCR. This proportion is
higher for the year 2015 (37.0% versus 14.0, 18.0 and
15.0% for the years 2013, 2014 and 2016, respectively). A
peak of influenza circulation was identified between
weeks 33 and 49 of each year corresponding to the sea-
sonality of influenza viruses in Senegal.
Among the 357 FPEs with positive PCR for influenza,

47.9% (171/357) were for influenza B and 52.1% (186/357)
for influenza A. For influenza A cases, A (H1N1) pdm09
and A(H3N2) viruses were detected in 19.3% (69/357) and
31.9% (114/ 357), respectively. The distribution of influ-
enza A and B subtypes were not significantly different be-
tween age groups (p = 0.407). Influenza A (H1N1) pdm09
and influenza B viruses predominated during the 2013
and 2015 seasons, while influenza A (H3N2) predomi-
nated during the 2014 and the 2016 seasons.
The proportion of FPEs associated with a positive PCR

for influenza increased significantly with age: 14.6% (44/
302), 22.0% (78/355), 23.0% (129/561), 23.2% (85/366)
and 30.4% (21/69), respectively for 0- < 2 years, 2- < 5
years, 5- < 15 years, 15- < 50 years, > = 50 years (p-trend
< 0.01).

Clinical symptoms (Table 3)
The most common symptoms reported among the 1653
FPEs were headache (92.1%), cough (55.3%), asthenia
grade 3 (55.0%), and nasal discharge (42.2%) with a sig-
nificant difference between FPEs with influenza virus-
positive PCR compared to those with influenza-negative
PCR (p< 0.001; p< 0.001, p=0.07 and p< 0.0001, respect-
ively). In children under 5 years, 657 FPEs (40.0%) were
missing for each of the following symptoms sore throat,
myalgia and arthralgia vs 356 FPEs (21.6%) missing for
headache.

Case definitions performances (Table 4)
The performance of the three case definitions are shown
in Table 4. Of the 1653 FPEs reported during the study
period, 914 (55.3%), 915 (55.4%) and 932 (56.4%) met
the WHO, CDC and ECDC ILI case definitions,

respectively. Overall, the performances of the ILI case
definitions used by WHO, CDC and ECDC were similar,
globally and by age (p=0.990). However, the perfor-
mances of these case definitions varied significantly be-
tween age groups. Sensitivity was above 72.0% for any
age group, while the specificity varied from 36.0% among
the 0-< 2 years-old to 58.0% among 5- < 15 years-old and
above 65.0% in adult population (≥15 years). The corre-
sponding positive predictive values ranged from 18% for
0- < 2 year to 50.0% for patients above 50 years. No dif-
ferences were observed in negative predictive values be-
tween age groups (p> 0.05).

Clinical predictors associated with positive PCR for
influenza (Tables 5 & 6)
In univariate analysis, only cough, nasal discharge, head-
ache, asthenia, diarrhea and dyspnea were found to be
significantly associated with a positive PCR for influenza
in all age group. The presence of sore throat, anorexia
and nausea/vomiting were significantly associated with
influenza in the age group >= 5 years.
In the multivariate model stratified by age group, cough

and nasal discharge were significantly associated with in-
fluenza for all age group. Whereas, sore throat and grade
3 asthenia were being independently associated with influ-
enza in the age group >= 5 years. (Tables 5 & 6).

Performance of a modified diagnostic algorithm including
“nasal discharge”
Table 7 shows that the addition of “nasal discharge” as a
symptom to the WHO case definition (“fever > = 38 °C
+ cough + nasal discharge”) resulted in a decrease of
sensitivity, regardless of age group, but equally in an in-
crease of specificity. The decrease of sensitivity was sig-
nificant (p < 0.05) for age groups ranging from 0- < 2
years to 15- < 50 years, but not among patients older
than 50 years old (p = 0.16). The increase in specificity
was significant (p < 0.05) for all age groups.
The negative predictive values were all >= 87.0%. A

nasal discharge together with fever/cough had the
highest negative predictive value of 89.5% (IC95%:
85.0–94.1) but also the lowest positive predictive

Table 2 Description of the FPEs population, by sex, and age groups enrolled in the study, Dielmo and Ndiop, Senegal, 2013–2016

Patients presenting with FPEs* and included in study,
2013–2016 (n=657)

Only one FPE*, 2013–2016
(n=251)

More than one FPE*, 2013–
2016 (n=406)

P-
values

no (%) no (%) no (%)

Gender

Female 344 (52.4) 137 (54.6) 207 (51.0) 0.40

Age group (years)

< 5 189 (29.0) 48 (19.0) 141 (34.7) < 0.001

≥ 5 468 (71.2) 203 (81.0) 265 (65.3)

FPEs* febrile pathologic episodes
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value of 20.0% (IC95%: 13.1–27.0) among the younger
patients (Table 7).

Discussion
This study evaluated both the performance of influenza
case definitions and the clinical factors associated with
the diagnosis of influenza, based on data from two sites

Table 3 FPEs with positive and negative PCR for influenza by sex, age groups, and clinical symptoms enrolled in the study, Dielmo
and Ndiop, Senegal, 2013–2016

All cases of FPEs (n=
1653)

FPEs with positive PCR for influenza A or B
(n=357)

FPEs with negative PCR for influenza A or
B (n=1296)

P-
values

n (%) n (%) n (%)

Gender

Female 827 (50.0) 181 (51.0) 646 (50.0) 0.77

Age groups (years)

0 – < 2 302 (18.3) 44 (12.3) 258 (20.0) 0.01

2 - < 5 355 (21.4) 78 (22.0) 277 (21.3)

5 - < 15 561 (34.0) 129 (36.1) 432 (33.3)

15- < 50 366 (22.1) 85 (24.0) 281 (21.6)

≥ 50 69 (4.2) 21 (6.0) 48 (4.0)

Mean age (SD°) 12.5 ± (14.6) 14.0 ± (15.3) 12.1 ± (14.5)

Median age
(IIQ¶)

7.1 ± (3.0–16.0) 8.1 (3.6–18.0) 7.0 (2.3–15.2)

Clinical symptoms

Headache1 1184/1286 (92.1) 291/301 (96.6) 893/985 (90.6) <
0.001

Cough 914 (55.3) 289 (81.0) 625 (48.2) <
0.001

Asthenia
grade 0

229 (14.0) 43 (12.0) 186 (14.3) 0.07

Asthenia
grade 1

95 (6.0) 13 (3.6) 82 (6.3)

Asthenia
grade 2

424 (25.6) 87 (24.4) 337 (26.0)

Asthenia
grade 3

905 (55.0) 214 (60.0) 691 (53.3)

Anorexia 759 (46.0) 180 (50.4) 579 (45.0) 0.05

Nasal
discharge

697 (42.2) 254 (71.1) 443 (34.2) <
0.0001

Myalgia1 604/992 (61.0) 132/235 (56.2) 472/757 (62.3) 0.18

Chills 416 (25.2) 86 (24.1) 330 (25.5) 0.60

Nausea/
vomiting

326 (20.0) 51 (14.3) 275 (21.2) < 0.01

Sore throat1 187/996 (19.0) 68/235 (29.0) 119/761 (15.6) <
0.001

Sweats 171 (10.3) 35 (10.0) 136 (10.6) 0.71

Arthralgia1 157/996 (15.8) 37/209 (18.0) 120/787 (15.2) 0.52

Diarrhea 154 (9.3) 20 (5.6) 134 (10.3) < 0.01

Abdominal
pain

59 (3.6) 7 (2.0) 52 (4.0) 0.06

Dyspnea 47 (3.0) 19 (5.4) 28 (2.2) < 0.01

FPEs” febrile pathological episodes, SD Standard Deviation, IIQ¶ interquartile range
1: These symptoms were not collected or were incomplete in children aged under 5 years
-Headache: 356 FPEs (21.5%) missing in children under 5 years
-Sore throat, Myalgia and Arthralgia symptoms: 657 FPEs (40.0%) missing in all children under 5 years for each of these 3 symptoms
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within the national influenza surveillance network. Few
studies have been conducted in a community context in
rural areas in sub-Saharan Africa among patients pre-
senting with fever, with or without respiratory signs (4).
The strengths of this study are that: (i) influenza infec-
tion was confirmed by the RT-PCR technique – consid-
ered the gold standard; (ii) the database included a large
pediatric population and has captured cases from several
influenza seasons and different influenza sub-types.
During the 2013–2016 period, a significant proportion

of the FPEs was confirmed by PCR to be positive for in-
fluenza PCR, with the occurrence of regular seasonal in-
fluenza epidemics between weeks 33 and 49 especially
during rainy seasons. Since the beginning of circulation
of the A (H1N1)pdm influenza strain in 2010 in Senegal,
moderate peaks were observed between weeks 3 and 20
particularly in certain areas of the country. The study of
environmental and climatic factors as well as the phylo-
genetic of the pandemic strain could lead to a better un-
derstanding of this apparent seasonality.

Our study found that patients more than 5 years were
more often affected by febrile illnesses, with etiology be-
ing more often linked to respiratory tract pathogens
other than influenza compared to the pediatric popula-
tion [26]. In children under 5 years, the WHO, CDC and
ECDC case definitions appear sensitive but not specific,
especially in younger patients. The case definitions spe-
cificity improved in patients over 15 years old. This poor
specificity of ILI case definitions in pediatric populations
has been widely reported [13, 15–17, 27–29]. The variety
of other potential co-infecting pathogens may have
caused the lower specificity of case definitions in the
younger age groups [16].
The relative performances of the WHO, CDC and

ECDC ILI definitions in this study were similar to each
other and to those obtained in other studies conducted
in India (sensitivity 69–78% and specificity 43–65%)
[13], and in Taiwan (sensitivity of 78% and specificity of
50% for the CDC case definition) in 2012 [30]. However,
they differ from those found in a study conducted in

Table 4 Performance of WHO, CDC and ECDC case definitions tested for detection of influenza globally and by age groups, Dielmo
and Ndiop study, Senegal, 2013–2016

Case definitions Sensitivity % (95% CI) Specificity % (95% CI) PPV* % (95% CI) NPV† % (95% CI)

All cases

WHO 81.0 (77.0–85.0) 52.0 (49.1–54.5) 32.0 (30.0–35.0) 91.0 (89.0–93.1)

CDC 81.0 (77.0–85.1) 52.0 (49.1–54.5) 32.0 (30.0–35.0) 91.0 (88.5–93.1)

ECDC 82.0 (77.5–85.5) 50.5 (48.0–53.2) 31.2 (28.2–34.2) 91.0 (89.0–93.1)

Age groups (years)

0 - < 2

WHO 82.0 (70.4–93.2) 36.0 (30.0–41.5) 18.0 (13.0 -- 23.3) 92.0 (87.0–97.3)

CDC 82.0 (70.4–93.2) 36.4 (30.6–42.3) 18.0 (12.5–23.3) 92.2 (86.0–97.4)

ECDC 84.1 (73.3–95.0) 36.0 (30.0–41.5) 18.2 (13.0–23.5) 93.0 (88.0–98.0)

2 - < 5

WHO 86.0 (78.3–94.0) 38.0 (32.3–44.0) 28.0 (22.3–33.6) 90.5 (85.2–96.0)

CDC 86.0 (77.0–94.0) 38.2 (32.5–44.0) 28.2 (22.5–34.0) 90.6 (85.3–96.0)

ECDC 86.0 (78.2–94.0) 38.0 (31.2–43.6) 28.0 (22.3–34.0) 90.5 (85.1–96.0)

5 - < 15

WHO 84.0 (77.3–90.1) 58.0 (53.2–62.5) 37.2 (31.6–42.7) 92.2 (89.0–95.4)

CDC 84.4 (78.2–91.0) 57.0 (52.3–61.6) 37.0 (31.5–42.5) 92.5 (89.3–95.6)

ECDC 84.5 (78.2–91.0) 56.0 (51.3–61.0) 36.5 (31.0–42.0) 92.3 (89.1–95.5)

15 - < 50

WHO 72.0 (62.2–81.3) 69.0 (63.3–74.1) 41.0 (33.1–49.0) 89.0 (85.0–93.2)

CDC 72.0 (62.2–81.3) 69.0 (63.6–74.4) 41.2 (33.3–49.2) 89.0 (85.0–93.1)

ECDC 72.0 (62.2–81.3) 66.0 (60.3–71.4) 39.0 (31.4–46.6) 88.5 (84.2–93.0)

≥ 50

WHO 81.0 (64.2–980) 65.3 (52.0–78.6) 50.0 (33.2–67.0) 88.5 (78.0–99.1)

CDC 81.0 (64.1–98.0) 65.0 (51.0–78.1) 50.0 (33.1–67.0) 88.6 (78.1–99.2)

ECDC 81.0 (64.1–98.0) 65.0 (51.1–78.1) 50.0 (33.2–67.0) 88.6 (78.1–99.1)

PPV*= Positive Predictive Value; NPV†= Negative Predictive Value

Barry et al. BMC Infectious Diseases           (2021) 21:31 Page 7 of 11



France in 2016 (sensitivity between 84 and 98% and spe-
cificity between 4 and 27%) (20), and in another study
carried out in Kenya in 2011 (sensitivity of 27% and spe-
cificity of 70%) [31]. These discrepancies can be ex-
plained by the different criteria for enrolling patients in
studies, geographical influenza burden differences, and
even the duration of the study.
Data collected between 2013 and 2016 in our patients’

cohort presenting with an FPE revealed, as previously re-
ported in other studies, an increased risk of influenza in-
fection that varies by age groups especially for those over
50 years [13, 20, 28, 29]. Previous studies have shown that
people aged 50 and over with underlying health problems
have a higher risk of influenza infection [32]. Other symp-
toms (sore throat, weakness) were also associated with an
increased risk of influenza infection consistent with previ-
ous publications [4, 33]. However, in some studies, sore
throat appeared to be associated with a decreased risk of
influenza infection and supports the updated WHO defin-
ition from 2011 that removed sore throat from its defin-
ition [11, 20]. Cough was found as one of the most
common symptoms associated with influenza in febrile
patients of all age group, which is consistent with the re-
sults of other studies, and warranted the adoption of “fever
≥ 38° C and cough” as the WHO’s revised case definition
of ILI in 2011 [13, 27–30, 34–36].

The other significant symptom related to positive diag-
nosis of influenza in all age group was nasal discharge,
similar to Kathryn et al. findings [37]. We found the al-
gorithm including “fever ≥ 38° C, cough and nasal dis-
charge” less sensitive, especially in the younger patients,
but more specific particularly in children. The corre-
sponding negative predictive value was found to be
higher in this age group compared to other age groups.
This algorithm (“fever ≥ 38 ° C, cough and nasal dis-
charge”) was reported in 2015 by Shah et al. as offering
the best balance between sensitivity and specificity in
children under 5 years of age [29].
The use of a very sensitive case definition requires

substantial funds and resources for the processing of
biological samples. In resource-limited settings, the
addition of a symptom that enhances specificity criteria
could help to reduce the number of false influenza posi-
tive samples collected and analyzed, which are otherwise
costly and not informative about influenza viral types or
subtypes in circulation. In our cohort, the addition of
the “nasal discharge” to the WHO definition of ILI
would reduce the number of false positives by 10% in
Dielmo and Ndiop over the 2013–2016 period. This is
important in light of the case definition encouraging the
inclusion of other respiratory signs and symptoms in
addition to a cough and fever.

Table 5 factors associated with laboratory-confirmed influenza in children under 5 years, Dielmo and Ndiop cohort study, Senegal,
2013–2016 (n = 6571)

Variable Univariate analysis Multivariate analysis

OR 95% CI P value aOR¶ 95% CI P value

Sex

Women 1.12 [0.78–1.61] 0.53

Clinical symptomsa

Headacheb 1.5 [1.00–2.32] 0.06

Cough 3.15 [2.0–5.12] < 0.0001 2.21 [1.30–3.85] < 0.01

Asthenia grade 0 Ref.*

Asthenia grade 1 0.35 [0.12–1.01] 0.05

Asthenia grade 2 1.0 [0.52–1.63] 0.77

Asthenia grade 3 0.84 [0.50–1.38] 0.50

Anorexia 1.13 [0.80–1.64] 0.52

Chills 0.80 [0.35–1.80] 0.57

Nausea/Vomiting 0.75 [0.45–1.24] 0.26

Sweats 0.77 [0.33–1.74] 0.60

Diarrhea 0.65 [0.30–1.35] 0.24

Nasal discharge 2.82 [1.81–4.41] < 0.0001 2.14 [1.35–3.40] < 0.01

Abdominal pain 0.33 [0.42–2.60] 0.30

Dyspnea 2.20 [1.0–5.01] 0.06

Ref. * Reference, aOR¶ Adjusted Odds Ratio, n = 6571: corresponding to 657 FPEs
Clinical symptomsa: the following symptoms (Myalgia, Sore throat and Arthralgia) were not included in the analysis because they were missing in children
under 5 years
Headacheb: missing data for headache were excluded in the analysis
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Limits and perspectives
This study has some limitations. The database used has
a longitudinal character, implying the realization of re-
peated observations in several subjects, the same subject
being able to have several FPEs. There is therefore a risk
of correlation between these repeated observations in
the same subject. The sampling and analysis were per-
formed only in febrile patients, and it cannot be ruled
out that the sensitivity was overestimated and the speci-
ficity underestimated. In addition, some of the symp-
toms or parameters included in the CDC and ECDC

case definitions were not available in the database (mal-
aise or shortness of breath), or did not meet the inclu-
sion criteria (fever between 37.8 °C and 38 °C), which
may have impacted the results by decreasing the perfor-
mances of the different case definitions. Other limita-
tions include missing or incomplete data among
children under 5 years such as sore throat, arthralgia,
myalgia and headache. The difficulty of eliciting a symp-
tomatic history when the patient have limited language
skills may contribute to this situation. This topic has
been picked up in the literature and it is now established

Table 6 factors associated with laboratory-confirmed influenza in patients >= 5 years, Dielmo and Ndiop cohort study, Senegal,
2013–2016 (n = 9962)

Variable Univariate analysis Multivariate analysis

OR 95% CI P value aOR¶ 95% CI P value

Sex

Women 1.0 [0.73–1.30] 0.85

Clinical symptoms

Headache1 2.74 [1.16–6.50] 0.02

Cough 6.26 [4.41–8.91] < 0.0001 2.70 [1.94–3.72] < 0.0001

Sore throat1 2.14 [1.50–3.10] < 0.0001 1.75 [1.20–2.60] < 0.01

Asthenia grade 0 Ref.*

Asthenia grade 1 1.30 [0.52–3.20] 0.60 0.72 [0.36–1.50]

Asthenia grade 2 1.41 [0.74–2.70] 0.30 1.15 [0.75–1.80]

Asthenia grade 3 1.95 [1.10–3.52] 0.03 1.93 [1.30–2.85] < 0.01

Anorexia 1.30 [0.95–1.72] 0.11

Myalgia1 1.0 [0.75–1.32] 0.95

Chills 1.0 [0.61–1.53] 0.87

Nausea/Vomiting 0.55 [0.40–0.81] < 0.01

Sweats 0.72 [0.60–1.50] 0.90

Arthralgia1 1.0 [0.70–1.51] 0.96

Diarrhea 0.44 [0.21–0.95] 0.04

Nasal discharge 7.38 [5.32–10.25] < 0.0001 3.30 [2.44–4.43] < 0.0001

Abdominal pain 0.50 [0.20–1.15] 0.31

Dyspnea 3.70 [1.55–8.80] < 0.01

Ref. * Reference, aOR¶: Adjusted Odds Ratio, n = 9962: corresponding to 996 FPEs
Missing data for the following variables: Headache1, Myalgia1, Sore throat1 and Arthralgia1 were excluded in the analysis

Table 7 Influenza Diagnostic Algorithm Performance Including the following Symptoms: Fever> = 38 °C + Cough + Nasal discharge

Case definition Sensitivity Specificity PPV* NPV † P-values

Fever >=38°+ Cough + Nasal discharge % (95% CI) % (95% CI) % (95% CI) % (95% CI)

All cases (n=1653) 65.0 (60.0–70.0) 72.0 (69.5–74.4) 40.0 (36.1–40.0) 88.2 (86.2–90.1) < 0.0001

Age groups (years)

0 - < 2 59.1 (44.6–73.6) 60.0 (54.0–66.0) 20.0 (13.1–27.0) 89.5 (85.0–94.1) < 0.01

2 - < 5 69.2 (59.0–79.4) 60.6 (55.0–66.4) 33.1 (26.0–40.3) 87.5 (83.0–92.2) < 0.001

5 - < 15 69.0 (61.0–77.0) 77.5 (73.6–81.5) 48.0 (41.0–55.2) 89.3 (86.2–92.4) < 0.001

15 - < 50 56.5 (46.0–67.0) 84.3 (80.1–88.6) 52.2 (42.0–62.4) 87.0 (82.5–90.5) < 0.001

≥ 50 71.4 (52.1–91.0) 81.2 (70.1–92.2) 62.5 (43.1–82.0) 87.0 (77.2–97.0) 0.16

PPV* Positive Predictive Value, NPV† Negative Predictive Value
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that this type of analysis, since it does not use all the in-
formation available in the database, induces a loss of
power. In the case of a multivariate analysis, this type of
analysis can also affect the variable selection process.
Carry out a complete case analysis by including symp-
toms with missing data could highlight some of these
symptoms as predictors of influenza infection.
The results of this study, in particular the performance

of the “fever ≥ 38 ° C, cough and runny nose” algorithm
for influenza surveillance, should now be tested across
all 4S sentinel sites in order to confirm the results ob-
tained in Dielmo and Ndiop.

Conclusion
In summary, all three definitions studies (WHO, ECDC
& CDC) have similar performance, even by age group.
The revised WHO ILI definition could be chosen for
surveillance purposes for its simplicity. Symptomatic
predictors of influenza virus infection vary according the
age group.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12879-020-05724-x.

Additional file 1: Appendix 1. Checklist criteria for 4S sentinel site
selection

Abbreviations
ILI: Influenza-like illness; WHO: World Health Organization; CDC: Center of
Disease Control; ECDC: European Center for Disease Control; IPD: Institut
Pasteur Dakar; NIC: National Influenza Center; FPE: Febrile Pathological
Episode; PPV: Positive Predictive Value; NPV: Negative Predictive Value;
PCR: Polymerase Chain Reaction; IQR: Interquartile range; SD: Standard
deviation

Acknowledgements
We thank all the focal points and staff of Dielmo and Ndiop sentinel sites,
laboratory staff at IPD, field interviewers, and community workers for their
involvement in this project. We also thank, Joseph Faye, Debora Goudiaby,
Marie Louise Senghor, Amary Fall, Davy Kiori and all those who have
contributed, either directly or indirectly, to the realisation of this work. We
convey special thanks to Kathleen Victoir, Nicole Prada and colleagues from
department of Institut Pasteur International Network for their unwavering
support.

Authors’ contributions
AB, FA and MV designed research studies; ND conducted the experiments;
AB, FA, CT, FDS, BGH, IOB and BD collected and analyzed the clinical data;
AB, FA, ND and MV drafted the paper. All authors read and approved the
manuscript.

Authors’ information
Dr. Barry is a medical epidemiologist at Institut Pasteur de Dakar where he
coordinates the Senegal’s Syndromic Sentinel Surveillance network (4S
network). His interests lie in applied public health research in low-income
countries, and his main research topics focus on epidemiological surveillance
of infectious diseases (surveillance of respiratory infections including Influ-
enza, Malaria, Dengue-like syndromes, Diarrhea), the methodology of bio-
medical research, investigation and control of epidemics.

Funding
This study was supported by the US Department of Human Health services
by grant number IDSEP140020–01-00 via the division of Institute Pasteur
International Network in Paris. Funding body had no role in the design of
the study, analysis, interpretation of data and in writing the manuscript.
However, part of its funding was used to transport samples from study sites
to Pasteur Institute of Dakar.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The surveillance protocol was approved by the Senegalese National Ethics
committee of the Ministry of Health and the assembled village population.
All inhabitants were given full information about the study and provided
written informed consent before inclusion. Respiratory specimens were
collected for diagnosis only after written informed consent was granted, and
recorded in a dedicated form, to local health-care workers by the patients or
by the legal guardians of minors. This process has been accepted by the na-
tional Ethics committee.
Throughout the study, the database was shared with the prevention
Department at the Senegalese Ministry of Health for appropriate public
health actions.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Institut Pasteur de Dakar, Unité d’Epidémiologie des maladies infectieuses,
36, Avenue Pasteur, Dakar, Sénégal. 2Organisation Mondiale de la
Santé-Dakar, Dakar, Sénégal. 3Ministère de la Santé et de l’Action Sociale,
Direction de la Prévention, Dakar, Sénégal. 4Institut Pasteur de Dakar, Pôle de
Virologie, Dakar, Sénégal.

Received: 20 February 2020 Accepted: 18 December 2020

References
1. Yazdanbakhsh M, Kremsner PG. Influenza in Africa. PLoS Med. 2009;6(12):

e1000182. https://doi.org/10.1371/journal.pmed.1000182.
2. Gessner BD, Shindo N, Briand S. Seasonal influenza epidemiology in sub-

Saharan Africa: a systematic review. Lancet Infect Dis Mars. 2011;11(3):223–
35.

3. Thiam D, Niang M, Dia N, Sarr FD, Goudiab D, Senghor ML, et al. Influenza
sentinel surveillance network improvement in Senegal and results. Bull Soc
Pathol Exot. 1990;108(1):21–4.

4. Sarr FD, Niang M, Thiam D, Dia N, Badiane A, Ndao AB, et al. Acute febrile
illness and influenza disease burden in a rural cohort dedicated to malaria
in Senegal, 2012-2013. PLoS One. 2015;10(12):e0143999.

5. Van Kerkhove MD, Vandemaele KAH, Shinde V, Jaramillo-Gutierrez G,
Koukounari A, Donnelly CA, et al. Risk Factors for Severe Outcomes
following 2009 Influenza A (H1N1) Infection: A Global Pooled Analysis. PLoS
Med. 2011;8(7):e1001053. https://doi.org/10.1371/journal.pmed.1001053.

6. World Health Organization. Flu Report 2017 [cited June 6, 2017]. Available
at: http://www.who.int/topics/influenza/fr/.

7. Nair H, Brooks WA, Katz M, Roca A, Berkley JA, et al. (2011) Global burden of
respiratory infections due to seasonal influenza in young children: a
systematic review and meta-analysis. Lancet 378: 1917–1930. doi: https://
doi.org/10.1016/S0140-6736(11)61051-9 PMID: 22078723.

8. Meng L, et al. Risk assessment of public health emergencies and
communicable diseases concerned in the mainland of China. Dis Surveill.
2016;31:804–7.

9. Enserink M, Cohen J. Virus of the year. The novel H1N1 influenza. Science.
2009;326:1607.

10. World Health Organization. Regional Office for Africa. Protocol for national
sentinel influenza surveillance. 2015; https://apps.who.int/iris/handle/1
0665/187120.

Barry et al. BMC Infectious Diseases           (2021) 21:31 Page 10 of 11

https://doi.org/10.1186/s12879-020-05724-x
https://doi.org/10.1186/s12879-020-05724-x
https://doi.org/10.1371/journal.pmed.1000182
https://doi.org/10.1371/journal.pmed.1001053
http://www.who.int/topics/influenza/fr/
https://doi.org/10.1016/S0140-6736(11)61051-9
https://doi.org/10.1016/S0140-6736(11)61051-9
https://apps.who.int/iris/handle/10665/187120
https://apps.who.int/iris/handle/10665/187120


11. World Health Organization (WHO). WHO global technical consultation:
global standards and tools for influenza surveillance 8–10 March 2011.
Geneva: WHO; 2011. http://www.who.int/influenza/resources/documents/
technical_consultation/en/.

12. Steffen C, Debellut F, Gessner BD, Kasolo FC, Yahaya AA, Ayebazibwe N,
et al. Improving influenza surveillance in sub-Saharan Africa. Bull World
Health Organ. 2012;90(4):301–5.

13. Hirve S, Chadha M, Lele P, Lafond KE, Deoshatwar A, Sambhudas S, et al.
Performance of case definitions used for influenza surveillance among
hospitalized patients in a rural area of India. Bull World Health Organ. 2012;
90(11):804–12.

14. Friedman MJ, Attia MW. Clinical predictors of influenza in children. Arch
Pediatr Adolesc Med. 2004;158(4):391–4.

15. Ohmit SE, Monto AS. Symptomatic predictors of influenza virus positivity in
children during the influenza season. Clin Infect Dis. 2006;43(5):564–8.

16. Heinonen S, Peltola V, Silvennoinen H, Vahlberg T, Heikkinen T. Signs and
symptoms predicting influenza in children: a matched case-control analysis
of prospectively collected clinical data. Eur J Clin Microbiol Infect Dis. 2012;
31(7):1569–74.

17. Conway NT, Wake ZV, Richmond PC, Smith DW, Keil AD, Williams S, et al.
Clinical predictors of influenza in young children: the limitations of «
influenza-like illness ». J Pediatr Infect Dis Soc. 2013;2(1):21–9.

18. Hagerman A, Posfay-Barbe KM, Duppenthaler A, Heininger U, Berger C. PIGS
Influenza Study Group. Clinical characteristics and outcomes in children
hospitalised with pandemic influenza A/H1N1/09 virus infection – a
nationwide survey by the Pediatric Infectious Diseases Group of Switzerland.
Swiss Med Wkly. 2015;145:w14171.

19. Mosnier A, Caini S, Daviaud I, Nauleau E, Bui TT, Debost E, et al. Clinical
characteristics are similar across type a and B influenza virus infections. PLoS
One. 2015;10(9):e0136186.

20. Casalegno JS, Eibach D, Valette M, Enouf V, Daviaud I, Behillil S, et al.
Performance of influenza case definitions for influenza community
surveillance: based on the French influenza surveillance network GROG,
2009-2014. Euro Surveill Bull Eur Sur Mal Transm Eur Commun Dis Bull.
2017;22(14).Pii=30504. DOI: https://doi.org/10.2807/1560-7917.ES.2017.22.14.
30504.

21. Dia N, et al. Influenza-like illnesses in Senegal: not only focus on influenza
viruses. PLoS One. 2014;9:e93227.

22. Institut Pasteur de Dakar. Study of the natural history of malaria - Study
protocol carried out in the villages of Dielmo and Ndiop (Fatick region,
Senegal). IPD; 2006 p. 22.

23. Trape JF, Tall A, Sokhna C, Ly AB, Diagne N, Ndiath O, et al. The rise and fall
of malaria in a west African rural community, Dielmo, Senegal, from 1990 to
2012: a 22 years longitudinal study. Lancet Infect Dis Juin. 2014;14(6):476–
88.

24. Kim HK, Oh SH, Yun KA, Sung H. Comparison of Anyplex II RV16 with the
xTAG respiratory viral panel and Seeplex RV15 for detection of respiratory
viruses. J Clin Microbiol. 2013;51:1137–41. https://doi.org/10.1128/JCM.
02958-12.

25. Hanley JA, Negassa A, Edwardes MD, Forrester JE. Statistical analysis of
correlated data using generalized estimating equations: an orientation. Am
J Epidemiol. 2003;157(4):364–75.

26. Casalegno JS, Frobert E, Escuret V, Bouscambert-Duchamp M, Billaud G,
Mekki Y, et al. Beyond the influenza-like illness surveillance: The need for
real-time virological data. Euro Surveill. 2011;16(1): 19756.PMID: 21223833.

27. Kasper MR, Wierzba TF, Sovann L, Blair PJ, Putnam SD. Evaluation of an
influenza-like illness case definition in the diagnosis of influenza among
patients with acute febrile illness in Cambodia. BMC Infect Dis. 2010;10:320.

28. Woolpert T, Brodine S, Lemus H, Waalen J, Blair P, Faix D. Determination of
clinical and demographic predictors of laboratory-confirmed influenza with
subtype analysis. BMC Infect Dis. 2012;12:129.

29. Shah SC, Rumoro DP, Hallock MM, Trenholme GM, Gibbs GS, Silva JC, et al.
Clinical predictors for laboratory-confirmed influenza infections: exploring
case definitions for influenza-like illness. Infect Control Hosp Epidemiol.
2015;36(3):241–8.

30. Gupta V, Dawood FS, Rai SK, Broor S, Wigh R, Mishra AC, et al. Validity of
clinical case definitions for influenza surveillance among hospitalized
patients: results from a rural community in North India. Influenza Other
Respir Viruses. 2013;7(3):321–9.

31. Murray EL, Khagayi S, Ope M, Bigogo G, Ochola R, Muthoka P, et al. What
are the most sensitive and specific sign and symptom combinations for

influenza in patients hospitalized with acute respiratory illness? Results from
western Kenya, January 2007-July 2010. Epidemiol Infect Janv. 2013;141(1):
212–22.

32. Rebekah JS, Brendan F, Jessie RC, Manjusha G, Michael R, Richard KZ et al.
Influenza antiviral prescribing for outpatients with an acute respiratory
illness and at high risk for influenza-associated complications during 5
influenza seasons—United States, 2011–2016. Clin Infect Dis. 2018;66(7):
1035–41.

33. Khandaker G, Zurynski Y, Ridley G, Buttery J, Marshall H, Richmond PC, et al.
Clinical epidemiology and predictors of outcome in children hospitalised
with influenza a(H1N1)pdm09 in 2009: a prospective national study.
Influenza Other Respir Viruses. 2014;8(6):636–45.

34. Jiang L, Lee VJ, Lim WY, Chen MI, Chen Y, Tan L, et al. Performance of case
definitions for influenza surveillance. Euro Surveill Bull Eur Sur Mal Transm
Eur Commun Dis Bull. 2015;20(22):21145.

35. Flick H, Drescher M, Prattes J, Tovilo K, Kessler HH, Vander K, et al. Predictors
of H1N1 influenza in the emergency department: proposition for a
modified H1N1 case definition. Clin Microbiol Infect Off Publ Eur Soc Clin
Microbiol Infect Dis. 2014;20(2):O105–8.

36. Thursky K, Cordova SP, Smith D, Kelly H. Working towards a simple case
definition for influenza surveillance. J Clin Virol Off Publ Pan Am Soc Clin
Virol. 2003;27(2):170–9.

37. Kathryn A, Sriluck S, Veerachai W, Alden LW, Damon WE, Detchvijitr S, et al.
Clinical and laboratory predictors of influenza infection among individuals
with influenza-like illness presenting to an urban Thai hospital over a five-
year period. PLoS One. 2018;13(3):e0193050.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Barry et al. BMC Infectious Diseases           (2021) 21:31 Page 11 of 11

http://www.who.int/influenza/resources/documents/
https://doi.org/10.2807/1560-7917.ES.2017.22.14.30504
https://doi.org/10.2807/1560-7917.ES.2017.22.14.30504
https://doi.org/10.1128/JCM.02958-12
https://doi.org/10.1128/JCM.02958-12

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design and setting
	Presentation of the Syndromic sentinel surveillance network in Senegal (4S network)
	Sentinel sites

	Study population
	Data collected
	Clinical data
	Laboratory data

	Statistical analysis
	Description of the population

	Ethical considerations

	Results
	General description of the population (Table 2)
	Confirmed influenza cases
	Clinical symptoms (Table 3)
	Case definitions performances (Table 4)
	Clinical predictors associated with positive PCR for influenza (Tables 5 & 6)
	Performance of a modified diagnostic algorithm including “nasal discharge”

	Discussion
	Limits and perspectives

	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

