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Abstract: This study investigated the performance of various case definitions and influenza symptoms
in a primary healthcare sentinel surveillance system. A retrospective study of the clinical and
epidemiological characteristics of the cases reported by a primary healthcare sentinel surveillance
network for eleven years in Catalonia was conducted. Crude and adjusted diagnostic odds ratios
(aDORs) and 95% confidence intervals (CIs) of the case definitions and symptoms for all weeks
and epidemic weeks were estimated. The most predictive case definition for laboratory-confirmed
influenza was the World Health Organization (WHO) case definition for ILI in all weeks (aDOR 2.69;
95% CI 2.42–2.99) and epidemic weeks (aDOR 2.20; 95% CI 1.90–2.54). The symptoms that were
significant positive predictors for confirmed influenza were fever, cough, myalgia, headache, malaise,
and sudden onset. Fever had the highest aDOR in all weeks (4.03; 95% CI 3.38–4.80) and epidemic
weeks (2.78; 95% CI 2.21–3.50). All of the case definitions assessed performed better in patients with
comorbidities than in those without. The performance of symptoms varied by age groups, with
fever being of high value in older people, and cough being of high value in children. In patients
with comorbidities, the performance of fever was the highest (aDOR 5.45; 95% CI 3.43–8.66). No
differences in the performance of the case definition or symptoms in influenza cases according to
virus type were found.

Keywords: influenza; sentinel surveillance system; performance assessment; case definition;
symptoms; primary healthcare physician

1. Introduction

Viral upper respiratory tract infections remain a major cause of morbidity and mortality worldwide,
with influenza infections being an important cause [1,2]. Influenza viruses A and B cause annual
epidemics and produce 3–5 million cases of severe disease and 290,000 to 650,000 respiratory deaths
annually [3]. Because influenza epidemics lead to increased social concern each season and the
appearance of a novel influenza A subtype virus can cause a pandemic, and disease surveillance is
crucial from a public health perspective [4].
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The case definition is a key factor in any standardized system of public health surveillance and,
ideally, should be based on a combination of signs and symptoms that characterize the condition of
interest [5].

The clinical characteristics of influenza, known as influenza-like illness (ILI), are similar to those
caused by other viruses causing acute respiratory infection (ARI), and only laboratory confirmation
permits a specific disease diagnosis. Because influenza is very common and, during seasonal epidemics,
affects 10%–20% of the unvaccinated population [1], it is not feasible to confirm all suspected cases.
Due to the lack of specificity of influenza symptoms [6] and because it is necessary to assess the disease
burden, quantitative indicators of ILI or ARI are commonly used.

The World Health Organization (WHO) defines ILI as an acute respiratory illness with a measured
temperature of ≥38 ◦C and a cough, with onset within the last 10 days [7].

The European Center for Disease Prevention and Control (ECDC) defines ILI as the sudden onset
of symptoms and at least one of following four systemic symptoms: fever or feverishness, malaise,
headache, and myalgia, and at least one of the following three respiratory symptoms: cough, sore
throat, and shortness of breath. ARI is defined as sudden symptom onset with at least one of the
following four respiratory symptoms: cough, sore throat, shortness of breath, coryza, and the clinician’s
judgement that the illness is due to an infection [8].

Any influenza surveillance system aims to reliably assess the influenza epidemic activity each
season. The system should provide robust, continuous data in order to monitor the trends of clinically
diagnosed ILI or ARI in the population studied and in specific groups at increased risk of complications
and death [5,9].

Like any public health surveillance system, the influenza surveillance system must evaluate its
own performance in relation to its main purposes [10]. The accuracy of the clinical case definition
has traditionally been assessed in terms of sensitivity, specificity, and positive predictive value [11].
More recent studies also include the positive predictive likelihood/negative predictive likelihood ratio,
named the diagnostic odds ratio (DOR) [12–14].

The objective of this study was to investigate the performance of different case definitions and
clinical manifestations of ILI and ARI in a primary healthcare influenza sentinel surveillance system.

2. Material and Methods

2.1. Study Design

A retrospective study of the clinical and epidemiological characteristics of the cases detected in a
primary healthcare sentinel surveillance network for eleven years (2008 to 2018) in Catalonia, a Spanish
region with 7.6 million inhabitants, was conducted.

The PIDIRAC (Pla d’Informació de les Infeccions Respiratòries Agudes a Catalunya) sentinel
surveillance system [15] is constituted of general practitioners and pediatricians from 40–44 primary
care centers distributed throughout Catalonia. The mean number of general practitioners involved
during the study period was 32 (ranging from 27 to 35) and the mean number of pediatricians was 26
(ranging from 24 to 28). The mean percentage of the population surveyed was 0.97% (ranging from
0.86 to 1.06).

Each sentinel physician collected weekly nasopharyngeal swabs by simple random selection in up
to two individuals who presented symptoms compatible with ARI (with no specified case definition)
or ILI according to the European ILI case definition [8], namely: sudden symptom onset as well as at
least one of four systemic symptoms (fever >37.8 ◦C or feverishness, malaise, headache, and myalgia)
and at least one of three respiratory symptoms (cough, sore throat, and shortness of breath).

The samples were sent to the core laboratory of the PIDIRAC surveillance system for determination
of respiratory viruses (influenza viruses A–C, syncytial respiratory virus, parainfluenza viruses
1–4, adenovirus, coronavirus, rhinovirus, metapneumovirus, and bocavirus) by real-time reverse
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transcriptase-polymerase chain reaction (RT-PCR). Individuals whose clinical samples showed
coinfection and those positive for influenza virus C were excluded.

2.2. Data Collection

For each individual, the following variables were collected: reported fever >37.8 ◦C, cough,
malaise, headache, myalgia, sore throat, shortness of breath, sudden onset of symptoms, coryza, age,
sex, comorbidities (chronic cardiovascular disease; pulmonary disease, including asthma; liver disease;
renal disease; metabolic disorders including diabetes mellitus; obesity, defined as a body mass index
>40; and immunodeficiency), and microbiological laboratory results.

The ECDC and WHO case definitions for ILI and the ECDC definition of ARI [7,8] were analyzed.
Influenza epidemic weeks were defined each season according to the data provided by PIDIRAC.

2.3. Statistical Analysis

To investigate the performance of different case definitions and symptoms, we calculated the
sensitivity (Se), specificity (Sp), positive predictive value (PPV), positive likelihood ratio (LR), negative
LR, crude and adjusted DOR, and 95% confidence intervals (CI) [16] for all weeks (weeks 1–52/53) and
for epidemic weeks (weeks with ILI incidence rate above the set epidemic threshold per each season),
comparing the cases in which the influenza virus was detected with cases negative for influenza or
positive for other respiratory viruses. The analyses were carried out considering all influenza A and B
viruses jointly and influenza A and influenza B viruses separately.

To calculate the crude DOR for each case definition and symptom, logistic regression models
with the outcome of laboratory-confirmed influenza were constructed. To calculate the adjusted DOR
(aDOR), multivariate logistic regression models adjusted by age, sex, comorbidities, and season were
constructed using backward selection. The analysis was performed using the SPSS version 25 statistical
package and R version 3.5.0 statistical software.

2.4. Ethical Considerations

All of the data used in the analysis were collected during routine public health surveillance
activities as part of the legislated mandate of the Health Department of Catalonia, which is officially
authorized to receive, treat, and temporarily store personal data in cases of infectious disease [17].
All of the data were fully anonymized. All of the study activities formed part of the public health
surveillance and therefore were exempt from institutional board review.

3. Results

During the study period, 10,830 samples were collected, of which 438 were excluded because of
coinfection, and 25 because they were caused by influenza C virus. Therefore, 10,367 samples were
analyzed, of which 3241 (31.3%) were positive for influenza (2035 influenza A only and 1196 influenza
B only), 50.3% were female, 51.7% were aged <15 years, and 10.9% presented comorbidities. The most
frequent clinical manifestations were fever (86.3%) and cough (80.9%; Table 1).
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Table 1. Influenza-positive and -negative patients included in the study. Influenza sentinel surveillance
system, Catalonia, 2008–2018.

All Cases
N (%)

Positive for Influenza
N (%)

Negative for Influenza
N (%)

ALL WEEKS 10367 3241 7126

Case definition
ECDC ILI 5309 (51.2%) 1892 (58.4%) 3417 (48.0%)
WHO ILI 7183 (69.3%) 2666 (82.3%) 4517 (63.4%)

ECDC ARI 5439 (52.5%) 1903 (58.7%) 3539 (49.7%)

Clinical symptoms
Fever 8946 (86.3%) 3073 (94.8%) 5873 (82.4%)

Cough 8385 (80.9%) 2809 (86.7%) 5576 (78.2%)
Malaise 6290 (60.7%) 2167 (66.9%) 4123 (57.9%)

Headache 4242 (40.9%) 1650 (50.9%) 2592 (36.4%)
Myalgia 4785 (46.2%) 1778 (54.9%) 3007 (42.2%)

Sore throat 5158 (49.8%) 1643 (50.7%) 3515 (49.3%)
Shortness of breath 689 (6.6%) 114 (3.5%) 575 (8.1%)

Sudden onset of symptoms 6040 (58.3%) 2061 (63.6%) 3979 (55.8%)
Coryza 509 (4.9%) 108 (3.3%) 401 (5.6%)

Age
0–4 years 2782 (26.8%) 593 (18.3%) 2189 (30.7%)
5–14 years 2580 (24.9%) 1145 (35.3%) 1435 (20.1%)

15–64 years 4188 (40.4%) 1341 (41.4%) 2847 (40.0%)
≥65 years 817 (7.9%) 162 (5.0%) 655 (9.2%)

Sex
Female 5215 (50.3%) 1615 (49.8%) 3600 (50.5%)
Male 5150 (49.7%) 1626 (50.2%) 3524 (49.5%)

Comorbidities
Yes 1132 (10.9%) 286 (8.8%) 846 (11.9%)
No 9235 (89.1%) 2955 (91.2%) 6280 (88.1%)

The WHO definition of ILI showed the highest sensitivity (82%) and the lowest specificity (37%),
whereas the ECDC ILI case definition showed the lowest sensitivity (58%) and the highest specificity
(52%). The most predictive case definition for laboratory-confirmed influenza was the WHO case
definition for ILI, in both all weeks (aDOR 2.69; 95% CI 2.42–2.99) and in epidemic weeks (aDOR 2.20;
95% CI 1.90–2.54). The ECDC acute respiratory infection (ARI) definition had the worst performance
(aDOR 1.45; 95% CI 1.33–1.58 for all weeks and 1.36; 95% CI 1.21–1.54 for epidemic weeks). The clinical
manifestations that were significant positive predictors of laboratory-confirmed influenza were fever,
cough, myalgia, headache, malaise, and a sudden onset of symptoms. Fever had the highest aDOR in
all weeks (4.03; 95% CI 3.38–4.80) and in epidemic weeks (2.78; 95% CI 2.21–3.50; Table 2).

The performance of the case definitions and the specific clinical manifestations by age group and
the presence of comorbidities for all weeks is shown in Table 3, and for epidemic weeks in Table 4. The
best performance of the WHO case definition for ILI corresponded to people aged ≥65 years (aDOR
5.87; 95% CI 3.92–8.80 for all weeks, and 3.45; 95% CI 1.95–6.09 for epidemic weeks). In patients with
comorbidities, a better performance was observed for all case definitions in all weeks (aDOR 4.00; 95%
CI 2.80–5.72 for WHO ILI, 1.91; 95% CI 1.44–2.52 for ECDC ILI and 1.77; 95% CI 1.34–2.34 for ECDC
ARI) and in epidemic weeks (aDOR 3.14; 95% CI 1.92–5.10 for WHO ILI, 2.39; 95% CI 1.61–3.53 for
ECDC ILI and 2.29; 95% CI 1.55–3.39 for ECDC ARI). Fever had the best performance in people aged
≥65 years (aDOR 6.82; 95% CI 4.36–10.65 for all weeks and 4.25; 95% CI 2.25–8.01 for epidemic weeks).
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Table 2. Sensitivity, specificity, positive predictive value, likelihood ratios, crude and adjusted DOR of case definitions, and clinical symptoms for all weeks and for
epidemic weeks. Influenza sentinel surveillance system, Catalonia, 2008–2018.

Case Definition Se † (%) Sp ‡ (%) PPV § (%)
Positive LR ¶

(95% CI)
Negative LR

(95% CI)
Crude DOR ¥

(95% CI)
Adjusted DOR

(95% CI)

All weeks
ECDC ILI 58 52 36 1.22 (1.17–1.26) 0.80 (0.76–0.84) 1.52 (1.40–1.66) 1.52 (1.40–1.66)
WHO ILI 82 37 37 1.30 (1.27–1.33) 0.48 (0.45–0.53) 2.68 (2.42–2.97) 2.69 (2.42–2.99)

ECDC ARI 59 50 35 1.18 (1.14–1.23) 0.82 (0.78–0.86) 1.44 (1.33–1.57) 1.45 (1.33–1.58)
Fever 95 18 34 1.15 (1.14–1.17) 0.29 (0.25–0.34) 3.90 (3.30–4.61) 4.03 (3.38–4.80)

Cough 87 22 34 1.11 (1.09–1.13) 0.61 (0.56–0.68) 1.81 (1.61–2.03) 1.85 (1.65–2.08)
Malaise 67 42 34 1.16 (1.12–1.19) 0.79 (0.74–0.83) 1.47 (1.35–1.60) 1.46 (1.32–1.63)

Headache 51 64 39 1.40 (1.34–1.47) 0.77 (0.74–0.80) 1.81 (1.67–1.97) 1.94 (1.78–2.12)
Myalgia 55 58 37 1.30 (1.24–1.36) 0.78 (0.75–0.82) 1.66 (1.53–1.81) 2.03 (1.84–2.23)

Sore throat 51 51 32 1.03 (0.99–1.07) 0.97 (0.93–1.01) 1.06 (0.97–1.15) 1.07 (0.98–1.16)
Shortness of breath 4 92 17 0.44 (0.36–0.53) 1.05 (1.04–1.06) 0.42 (0.34–0.51) 0.41 (0.34–0.51)

Sudden onset of symptoms 64 44 34 1.14 (1.10–1.18) 0.82 (0.78–0.87) 1.38 (1.27–1.51) 1.38 (1.26–1.50)
Coryza 3 94 21 0.59 (0.48–0.73) 1.02 (1.01–1.03) 0.58 (0.46–0.72) 0.59 (0.47–0.73)

Epidemic weeks
ECDC ILI 58 50 60 1.16 (1.10–1.23) 0.84 (0.78–0.89) 1.39 (1.23–1.57) 1.39 (1.23–1.57)
WHO ILI 82 33 61 1.22 (1.18–1.27) 0.54 (0.49–0.60) 2.26 (1.96–2.60) 2.20 (1.90–2.54)

ECDC ARI 58 49 60 1.15 (1.09–1.22) 0.84 (0.79–0.90) 1.36 (1.21–1.54) 1.36 (1.21–1.54)
Fever 95 13 59 1.10 (1.07–1.12) 0.38 (0.30–0.46) 2.92 (2.33–3.66) 2.78 (2.21–3.50)

Cough 87 21 59 1.10 (1.07–1.13) 0.63 (0.55–0.72) 1.75 (1.49–2.06) 1.78 (1.52–2.09)
Malaise 72 31 57 1.04 (1.00–1.08) 0.91 (0.83–0.99) 1.15 (1.01–1.31) 1.26 (1.08–1.46)

Headache 51 57 61 1.20 (1.12–1.28) 0.85 (0.81–0.90) 1.40 (1.24–1.58) 1.46 (1.29–1.66)
Myalgia 57 49 59 1.11 (1.05–1.17) 0.89 (0.83–0.95) 1.25 (1.11–1.41) 1.52 (1.32–1.75)

Sore throat 51 49 56 1.00 (0.95–1.06) 1.00 (0.94–1.06) 1.01 (0.89–1.14) 1.01 (0.89–1.14)
Shortness of breath 4 93 39 0.50 (0.39–0.65) 1.04 (1.02–1.06) 0.48 (0.37–0.63) 0.53 (0.40–0.70)

Sudden onset of symptoms 63 42 58 1.09 (1.04–1.15) 0.87 (0.81–0.94) 1.25 (1.10–1.41) 1.25 (1.10–1.42)
Coryza 3 96 50 0.78 (0.56–1.07) 1.01 (1.00–1.02) 0.78 (0.55–1.08) 0.70 (0.50–1.00)

† Sensitivity; ‡ specificity; § positive predictive value; ¶ likelihood ratio; ¥ diagnostic odds ratio.
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Table 3. Sensitivity, specificity, and adjusted DOR of clinical manifestations for all weeks, stratified by age group and comorbidities.

0–4 Years 5–14 Years 15–64 Years ≥65 Years Comorbidities No Comorbidities

Se † Sp ‡
Adjusted

DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)

Case definition

ECDC ILI 57 49 1.28
(1.06–1.54) 58 47 1.28

(1.09–1.50) 59 54 1.66
(1.45–1.90) 59 64 2.32

(1.62–3.34) 60 57 1.91
(1.44–2.52) 58 51 1.48

(1.35–1.62)

WHO ILI 86 19 1.47
(1.13–1.91) 85 32 2.86

(2.34–3.49) 79 46 3.16
(2.71–3.68) 75 64 5.87

(3.92–8.80) 85 41 4.00
(2.80–5.72) 82 36 2.61

(2.33–2.91)

ECDC ARI 58 47 1.23
(1.02–1.48) 58 47 1.26

(1.07–1.48) 60 53 1.61
(1.41–1.84) 59 59 1.97

(1.37–2.83) 60 55 1.77
(1.34–2.34) 59 50 1.41

(1.29–1.54)

Clinical symptoms

Fever 98 4 2.07
(1.09–3.91) 98 5 2.65

(1.63–4.32) 92 25 3.74
(3.01–4.66) 83 57 6.82

(4.36–10.65) 92 30 5.45
(3.43–8.66) 95 16 3.84

(3.18–4.64)

Cough 87 16 1.35
(1.03–1.79) 87 29 2.77

(2.25–3.42) 86 25 2.08
(1.74–2.48) 92 13 1.67

(0.89–3.13) 92 12 1.55
(0.97–2.50) 86 23 1.88

(1.66–2.12)

Malaise 57 56 1.60
(1.30–1.97) 59 45 1.18

(0.98–1.42) 77 31 1.33
(1.10–1.62) 80 36 2.16

(1.28–3.64) 87 25 2.32
(1.56–3.45) 65 45 1.40

(1.25–1.56)

Headache 21 92 2.93
(2.25–3.79) 53 55 1.38

(1.18–1.61) 62 46 1.40
(1.22–1.60) 50 64 1.82

(1.26–2.62) 55 61 2.03
(1.54–2.68) 50 64 1.93

(1.76–2.11)

Myalgia 17 93 2.48
(1.89–3.26) 36 69 1.23

(1.04–1.46) 85 28 2.16
(1.82–2.57) 81 45 3.25

(2.11–5.01) 69 49 2.66
(1.94–3.66) 54 59 1.96

(1.77–2.18)

Sore throat 30 76 1.33
(1.09–1.63) 59 39 0.90

(0.77–1.06) 53 38 0.70
(0.61–0.80) 50 48 0.89

(0.62–1.27) 47 51 0.92
(0.70–1.21) 51 51 1.08

(0.99–1.18)
Shortness of

breath 2 89 0.18
(0.10–0.34) 2 95 0.49

(0.31–0.79) 4 94 0.74
(0.54–1.01) 12 83 0.52

(0.30–0.89) 15 79 0.66
(0.45–0.95) 2 94 0.33

(0.26–0.43)
Sudden onset of

symptoms 63 41 1.21
(1.00–1.47) 62 40 1.14

(0.97–1.34) 65 46 1.54
(1.34–1.77) 62 55 1.88

(1.30–2.70) 64 51 1.80
(1.35–2.38) 64 43 1.34

(1.22–1.46)

Coryza 9 89 1.09
(0.80–1.48) 3 97 1.01

(0.65–1.56) 1 97 0.46
(0.26–0.81) 0 96 - 2 97 0.48

(0.18–1.26) 3 94 0.61
(0.48–0.76)

† Sensitivity; ‡ specificity; § diagnostic odds ratio.
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Table 4. Sensitivity, specificity, and adjusted DOR of clinical manifestations for epidemic weeks, stratified by age group and comorbidities.

0–4 Years 5–14 Years 15–64 Years ≥65 Years Comorbidities No Comorbidities

Se † Sp ‡
Adjusted

DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)
Se † Sp ‡

Adjusted
DOR §

(95% CI)

Case definition

ECDC ILI 58 47 1.29
(0.98–1.70) 57 49 1.29

(1.00–1.66) 59 50 1.41
(1.17–1.69) 59 62 2.34

(1.38–3.95) 61 61 2.39
(1.61–3.53) 58 49 1.30

(1.14–1.48)

WHO ILI 86 21 1.67
(1.16–2.40) 86 27 2.26

(1.67–3.06) 79 38 2.33
(1.90–2.86) 77 51 3.45

(1.95–6.09) 86 33 3.14
(1.92–5.10) 82 33 2.15

(1.85–2.50)

ECDC ARI 59 45 1.27
(0.96–1.67) 58 49 1.31

(1.01–1.68) 59 50 1.40
(1.17–1.69) 59 60 2.13

(1.26–3.60) 62 59 2.29
(1.55–3.39) 58 48 1.29

(1.13–1.46)

Clinical symptoms

Fever 98 4 1.57
(0.69–3.59) 98 4 2.52

(1.21–5.26) 92 17 2.55
(1.91–3.41) 85 43 4.25

(2.25–8.01) 92 19 2.70
(1.44–5.05) 95 12 2.80

(2.17–3.60)

Cough 88 17 1.54
(1.05–2.27) 87 25 2.18

(1.60–2.99) 85 24 1.87
(1.48–2.36) 92 12 1.60

(0.67–3.79) 93 14 2.42
(1.27–4.61) 86 22 1.75

(1.48–2.07)

Malaise 61 49 1.51
(1.13–2.03) 65 33 1.03

(0.77–1.37) 81 21 1.20
(0.92–1.57) 85 25 1.32

(0.60–2.90) 89 17 1.92
(1.08–3.43) 70 33 1.21

(1.03–1.41)

Headache 22 89 2.25
(1.55–3.27) 54 54 1.34

(1.06–1.71) 61 42 1.13
(0.94–1.36) 50 61 1.54

(0.90–2.63) 54 61 1.96
(1.32–2.92)

51 57 1.42
(1.24–1.62)

Myalgia 18 90 1.79
(1.21–2.66) 38 65 1.19

(0.91–1.54) 86 23 1.81
(1.42–2.29) 82 35 2.07

(1.13–3.80) 69 41 2.01
(1.29–3.12) 55 50 1.47

(1.27–1.71)

Sore throat 33 74 1.33
(0.99–1.77) 60 33 0.77

(0.59–0.99) 53 42 0.82
(0.68–0.99) 48 51 0.99

(0.59–1.66) 47 50 0.88
(0.60–1.28)

52 49 1.02
(0.90–1.16)

Shortness of
breath 2 92 0.22

(0.10–0.52) 3 96 0.79
(0.40–1.59) 5 93 0.66

(0.44–0.99) 12 83 0.53
(0.25–1.12) 16 80 0.75

(0.45–1.23) 2 94 0.41
(0.29–0.59)

Sudden onset of
symptoms 63 38 1.16

(0.87–1.55) 61 43 1.19
(0.92–1.53) 65 42 1.30

(1.08–1.56) 62 55 1.93
(1.15–3.27) 65 53 2.01

(1.36–2.97) 63 41 1.18
(1.03–1.35)

Coryza 9 91 0.99
(0.63–1.57) 3 97 0.91

(0.43–1.93) 1 99 0.64
(0.25–1.63) 0 97 - 1 99 1.26

(0.19–8.11) 3 96 0.69
(0.49–0.98)

Fever and Cough 98 4 1.57
(0.69–3.59) 98 4 2.52

(1.21–5.26) 92 17 2.55
(1.91–3.41) 85 43 4.25

(2.25–8.01) 92 19 2.70
(1.44–5.05) 95 12 2.80

(2.17–3.60)
Fever and
myalgia 88 17 1.54

(1.05–2.27) 87 25 2.18
(1.60–2.99) 85 24 1.87

(1.48–2.36) 92 12 1.60
(0.67–3.79) 93 14 2.42

(1.27–4.61) 86 22 1.75
(1.48–2.07)

† Sensitivity; ‡ specificity; § Diagnostic odds ratio.
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The performance of case definitions and symptoms in all weeks and in epidemic weeks for the
influenza A and influenza B cases was similar (Figure 1).
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For the influenza A virus, the WHO ILI case definition showed the best performance in both
all weeks (aDOR 2.81; 95% CI 2.47–3.20) and in epidemic weeks (aDOR 2.16; 95% CI 1.82–2.57). The
symptom that performed best in both was fever in all weeks (aDOR 4.29; 95% CI 3.46–5.32) and in
epidemic weeks (2.72; 95% CI 2.06–3.59).

For the influenza B virus, the WHO ILI case definition also showed the best performance in both
all weeks (aDOR 2.47; 95% CI 2.11–2.91) and in epidemic weeks (aDOR 2.23; 95% CI 1.81–2.75). Fever
was the symptom with the best performance both in all weeks (aDOR 3.58, 95% CI 2.73–4.71) and in
epidemic weeks (3.00, 95% CI 2.11–4.25).
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4. Discussion

The importance of integrating data from sentinel sites with that from other medical and non-medical
sources to detect and assess influenza epidemics has been pointed out [18–20]. However, each
component of the integrated system must be assessed separately so as to improve data interpretation.
This study assessed the performance of a primary healthcare sentinel surveillance system in detecting
true influenza cases.

The proportion of laboratory-confirmed influenza cases obtained in all weeks was 31.3%, a value
in the mid-range of the results of other studies, which range between 7.1% [21] and 52.2% [22]. The
disparity of positive results reported by different authors [9,13,19,20,23,24] suggests that various
specific circumstances influence the performance of each surveillance system.

The WHO and ECDC ILI case definitions for the surveillance of influenza in Catalonia performed
differently, with differences in specific subgroups of patients, such as older people or those with
comorbidities, although the results were similar when all weeks or only epidemic weeks were analyzed.

For the WHO and ECDC ILI case definitions, the overall sensitivities were 82% and 58%, and the
specificities were 37% and 52%, respectively. A 2009–2014 French study [9] found higher sensitivities
(89.8% for the WHO definition and 96.1% for the ECDC definition) but lower specificities (21.4% for
the WHO definition and 6.6% for the ECDC definition). The differences may be because we only knew
that patients had a temperature of >37.8 ◦C, instead of the required temperature of ≥38 ◦C stated in
the WHO definition, and because in the French sentinel network, the ARI definition was an inclusion
criterion, and nearly all patients included in the dataset had fever [25]. However, as in the French
study, the WHO case definition of ILI was a better discriminator than the ECDC definition in our study.

The WHO ILI case definition had the best performance (aDOR 2.69; 95% CI 2.42–2.99) and was
superior in people aged ≥65 years (aDOR 5.87; 95% CI 3.92–8.80) and in those with comorbidities
(aDOR 4.00, 2.80–5.72). In contrast, the ILI definition of ECDC had a global performance of 1.52
(95% CI 1.40–1.66), and performed better in people aged ≥65 years (aDOR 2.32; 95% CI 1.62–3.34).

The ARI definition of ECDC had the worst overall performance (aDOR 1.45; 95% CI 1.33–1.58).
This seems logical, as we compared confirmed cases of influenza against disease caused by other
respiratory viruses or that were negative for influenza viruses, but not the performance of the definition
in detecting any laboratory-confirmed influenza infection.

Another French study [26] during the 2012–2013 and 2013–2014 seasons concluded that the ILI
ECDC definition performed poorly in tracking influenza epidemics, and suggested that the case
definition adopted in any country should include fever. Our results support this idea, as the ARI case
definition, which does not include fever, had the worst performance in confirmed influenza cases, both
for all influenza A and B viruses jointly, and influenza A or B virus separately.

In a study carried out in Singapore between 2005 and 2009 in primary healthcare centers, the best
performing ILI case definition was that of the WHO (DOR 13.5), while that of the ECDC was worse
(DOR 9.7); the authors concluded that either definition is appropriate, while the ECDC ARI definition
is inadequate for influenza surveillance [14].

Fever had the best performance in all weeks (aDOR 4.03; 95% CI 3.38–4.80) and in epidemic weeks
(aDOR 2.78; 95% CI 2.21–3.50), and the best performance in both groups was in people aged ≥65 years.
In contrast, a prospective study of children and adults in Canada during 2008–2011 found fever was
discriminative for influenza infection in children, but not in adults [2].

Our results are in accordance with those of Falsey et al. [27] in the United States, which showed
that fever was important in the elderly so as to retain specificity for the diagnosis of influenza.

Cough was the symptom with the second-best performance in all weeks (aDOR 1.85; 95% CI
1.65–2.08). Other studies have also found that the most predictive clinical manifestations are fever
or cough. A review by Call et al. showed that, in spite of the different study periods considered,
fever and cough were the most discriminating clinical manifestations, with a DOR ranging between 14
(95% CI 8.8–23.0) and 1.9 (95% CI 1.0–3.4) for fever, and between 12 (95% CI 1.4–97) and 1.4 (95% CI
0.71–5.0) for cough [13].



Viruses 2020, 12, 95 10 of 13

A United States study [28] found that measured or reported fever had a better capacity to
discriminate the risk of true influenza infection than measured fever alone (DOR 1.95; 95% CI 1.73–2.20
and 1.79; 95% CI 1.59–2.0, respectively), with the performance of cough (DOR 6.99; 95% CI 5.60–8.73)
being better than for cough and reported or measured fever (DOR 3.18; 95% CI 2.83–3.57).

In the study by Casalegno et al. [9], which was carried out in weeks 40 to 15, but not specifically in
epidemic weeks, cough had the best performance (aDOR 2.53; 95% CI 2.23–290), with the best values
in people aged ≥65 years (aDOR 5.55; 95% CI 2.67–11.52). In all weeks in our study, cough clearly
performed worse than fever, with the best value in people aged 5–14 years rather than in older people.

In a 2009–2011 study in a Northern Indian rural community [21], the best performance was for
cough (aDOR 3.1; 95% CI 1.5–6.7), followed by measured fever >38 ◦C (aDOR 2.5; 95% CI 1.3–4.9). In
contrast, the reported fever was not associated with laboratory-confirmed influenza cases (aDOR 1.3;
95% CI 0.5–3.6).

A 2007–2008 United States study by Woolpert et al. [23] found that independent predictors of
laboratory-confirmed influenza in the 6–49 years age group were cough and fever (aDOR 47.99; 95%
CI 6.29–366.13 and 3.84; 95% CI 2.23–6.61, respectively), although acute symptom onset and, to a lesser
extent, myalgia, were also predictors of laboratory-confirmed influenza. In our study, myalgia was a
predictor in all age groups, but the sudden onset of symptoms was a poor predictor in adults. Unlike
our results, where headache had the third best performance (aDOR 1.94; 95% CI 1.78–2.12), other
authors found headache had the best performance (DOR 21.2; 95% CI 5.2–86.4) [14].

We found that sore throat was not a predictor of confirmed influenza in all weeks or in epidemic
weeks, and was a discrete predictor only in the <5 years age group (aDOR 1.33; 95% CI 1.09–1.63).
Likewise, it was not a significant predictor of confirmed influenza in all age groups in the United States
study by Shah et al. [12] in 2009–2011, which found that the most discriminating clinical manifestations,
with an aDOR >3, were cough and fever. Our results support the removal of sore throat from the
clinical case definition in order to improve performance, as suggested by other authors [5].

A study by Boivin et al. in Canadian outpatient clinics in 1998–1999 concluded that cough and
fever in a patient at a time when the influenza virus is circulating widely in the community is likely
to be associated with influenza [29]. We found the discriminative capacity of the WHO ILI case
definition that combines fever and cough was very close both in epidemic weeks and in all weeks
(aDOR 2.20; 95% CI 1.90–2.54 and 2.69; 95% CI 2.42–2.99). In the review by Call et al. [13], the DOR for
the combination of fever and cough ranged between 6.6 (95% CI 4.2–10) in patients aged ≥60 years and
3.6 (95% CI 3.1–4.2) in all ages.

No specific symptom can accurately diagnose influenza and, therefore, laboratory confirmation in
representative samples of clinically compatible cases is crucial. This lack of specific influenza symptoms
may explain, at least in part, why syndromic surveillance, which is routinely beneficial for the early
detection of outbreaks of various infectious diseases, is not adequate for influenza surveillance [30].

As in the present study, Woolpert el al. [23] found no relevant differences in the clinical
characteristics of influenza cases caused by the influenza A or B viruses, reinforcing the findings of
other authors that influenza type A or B infection can affect different age or risk groups, but cause a
similar clinical syndrome [31–34].

An interesting result of our study is that all case definitions assessed performed better in patients
with comorbidities than in all patients. Most studies of the performance of the case definitions used for
influenza surveillance do not distinguish between patients with or without comorbidities, and those
that include comorbidities [21,29] do not analyze the performance of case definitions in patients with
comorbidities separately, as we did. Future studies should consider this factor.

Our study had strengths and limitations. The main strength is that we only included patients
with a laboratory-confirmed diagnosis of influenza, thus eliminating verification bias [13], and that
all physicians were working in sentinel primary healthcare centers using the same criteria for clinical
samples. Another strength is that other possible etiologies of acute respiratory infections were studied
in all samples, excluding those with coinfection [24].
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A first limitation is that, in our sentinel surveillance network, fever was predefined as a temperature
>37.8 ◦C, but the specific temperature was not reported. In our opinion, the impact of this limitation
may be minimal, as other factors, such as individual and daily variations, the site of measurement,
and the natural trend for physicians to round temperatures up or down, can influence the measured
temperature [9]. Secondly, age, the influenza type and subtype [5], or the season [18] might be partially
responsible for differences in the performance of the variables studied. However, we adjusted for age
and season, and it seems improbable that our results are invalid. Thirdly, during epidemic weeks,
when physicians are aware of the onset of epidemic activity, the criteria for the sampling of suspected
ILI patients might be less rigorous [28], but we have analyzed the performance of case definitions and
clinical manifestations during both epidemic weeks and in all weeks, and no relevant differences were
observed. Fourthly, although frequent in studies based on surveillance data, the number of patients
aged ≥65 years was quite low (only 7.9% of all patients studied).

5. Conclusions

First, the WHO ILI case definition performed better than the ECDC ILI case definition, especially
in older people. Secondly, all case definitions performed better in patients with comorbidities than
in those without. Thirdly, the performance of the symptoms varied between age groups, with fever
performing well in older people and cough in children, and in patients with comorbidities, fever
performed best. However, no differences in the performance of case definitions or symptoms were
found according to the influenza virus type.

Author Contributions: Design, implementation, and interpretation, all authors. Those with full access to all of
the study data and who take responsibility for the accuracy of the data analysis, À.D., N.S., and N.T.; designed the
study and drafted the report: À.D. and N.S.; analyzed the data, N.S.; designed and supervised the study, and
reviewed the draft report, A.M., P.G., C.R., and M.J. The other members of the Working Group contributed to the
design of the study, patient recruitment, and data collection. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was supported by the Program of Prevention, Surveillance, and Control of Transmissible
Diseases (PREVICET); CIBER de Epidemiología y Salud Pública (CIBERESP); Instituto de Salud Carlos III, Madrid;
and the Catalan Agency for the Management of Grants for University Research (AGAUR Grant Number 2017/SGR
1342). The funders had no role in the study design, data collection, and analysis; the decision to publish; or
preparation of the manuscript.

Acknowledgments: The members of the PIDIRAC Sentinel Surveillance Program of Catalonia are: Aizpurua
J., Alonso J., Antón A., Azemar J., Aizpurua M., Aizpurua P., Ardaya P.M., Basas M.D., Batalla J., Biendicho P.,
Bonet M., Brotons P., Callado M., Campos S., Casanovas J.M., Ciurana E., Clapes M., Cots J.M., De la Rica D.,
de Molina P., Domingo I., Elizalde G., Escapa P., Fajardo S. Farrés C., Fau E., Fernandez O., Fernández M., Ferrer
C., Forcada A., Fos E., Gadea G., Garcia J., Garcia R., Gatius C., Gelado M.J., Grau M., Grivé M., Guzman M.C.,
Hernández R., Herrero J., Isanta R., Jiménez G., Juscafresa A., Llussà A.M., López C., Kristensen L., Macià E.,
Mainou A., Marco E., Marcos M.A., Martínez M., Martínez J.G., Marulanda K.V., Masa R., Moncosí X., Mosquera
M.D.M., Naranjo M.A., Navarro D., Ortolà E., París F., Pérez M.M., Pozo C., Pumarola T., Pujol R., Ribatallada
A., Rubio E., Ruiz G., Sabaté S., Sánchez R., Sarrà N., Tarragó E., Teixidó A.M., Torres A., Valén E., Van Esso D.,
Van Tarjcwick C., Vonk Schoenholzer R., and Zabala E.

Conflicts of Interest: The authors declared that they have no conflict of interest.

References

1. Treanor, J.J. Influenza (including avian influenza and swine influenza). In Principles and Practice of Infectious
Diseases, 8th ed.; Bennett, J.E., Dolin, R., Blaser, M.J., Eds.; Elsevier: Philadelphia, PA, USA, 2015; pp. 2000–2024.

2. Vuichard-Gysin, D.; Mertz, D.; Pullenayegum, E.; Singh, P.; Smieja, M.; Loeb, M. Development and validation
of clinical prediction models to distinguish influenza from other viruses causing acute respiratory infections
in children and adults. PLoS ONE 2019, 14, e0212050. [CrossRef] [PubMed]

3. World Health Organization (WHO). Influenza Seasonal Fact Sheet: 2018. Available online: https://www.who.
int/news-room/fact-sheets/detail/influenza-(seasonal) (accessed on 8 July 2019).

4. European Center for Disease Control and prevention. Data Quality Monitoring and Surveillance Systems
Evaluation—A Handbook of Methods and Applications; ECDC: Stockholm, Sweden, 2014.

http://dx.doi.org/10.1371/journal.pone.0212050
http://www.ncbi.nlm.nih.gov/pubmed/30742654
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)


Viruses 2020, 12, 95 12 of 13

5. Fitzner, J.; Qasmieh, S.; Mounts, A.W.; Alexander, B.; Besselaar, T.; Briand, S.; Brown, C.; Clark, S.; Dueger, E.;
Gross, D.; et al. Revision of clinical case definitions: Influenza-like illness and severe acute respiratory
infection. Bull. World Health Organ. 2018, 96, 122–128. [CrossRef] [PubMed]

6. Kalimeri, K.; Delfino, M.; Cattuto, C.; Perrotta, D.; Colizza, V.; Guerrisi, C.; Turbelin, C.; Duggan, J.;
Edmunds, J.; Obi, C.; et al. Unsupervised extraction of epidemic syndromes from participatory influenza
surveillance self-reported symptoms. PLoS Comput. Biol. 2019, 15, e1006173. [CrossRef]

7. World Health Organization. WHO Surveillance Case Definitions for ILI and SARI; WHO Press: Geneva,
Switzerland, 2014.

8. European Comission. Comission implementing decissions (EU) 2018/945 of 22 June 2018 on the communicable
diseases and related special health issues to be covered by epidemiological surveillance as well as relevant
case definitions. Off. J. Eur. Union 2018, 170, 1–74.

9. Casalegno, J.; Eibach, D.; Valette, M.; Enouf, V.; Daviaud, I.; Behillil, S.; Vabret, A.; Soulary, J.C.; Benchaib, M.;
Cohen, J.M.; et al. Performance of influenza case definitions for influenza community surveillance: Based
on the French influenza surveillance network GROG, 2009–2014. Euro Surveill. 2017, 22, 30504. [CrossRef]
[PubMed]

10. Devaux, I. New matrix for evaluation of public health systems. In Transforming Public Health Surveillance;
McNabb, S.J.N., Conde, J.M., Ferland, L., Macwright, W., Memish, Z., Okutani, S., Park, M., Ryland, P.,
Shaikh, A., Singh, V., Eds.; Elsevier: Amman, Jordan, 2016; pp. 81–90.

11. Centers for Disease Control and Prevention. Updated guidelines for evaluating public health surveillance
systems. MMWR Recomm. Rep. 2001, 50, 1–35.

12. Shah, S.C.; Rumoro, D.P.; Hallock, M.M.; Trenholme, G.M.; Gibbs, G.S.; Silva, J.C.; Waddell, M.J. Clinical
predictors for laboratory-confirmed influenza infections: Exploring case definitions for influenza-like illness.
Infect. Control Hosp. Epidemiol. 2015, 36, 241–248. [CrossRef] [PubMed]

13. Call, S.A.; Vollenweider, M.A.; Hornung, C.A.; Simel, D.L.; McKinney, W.P. Does this patient have influenza?
JAMA 2005, 293, 987–997. [CrossRef] [PubMed]

14. Jiang, L.; Lee, V.J.; Lim, W.Y.; Chen, M.I.; Chen, Y.; Tan, L.; Lin, R.T.; Leo, Y.S.; Barr, I.; Cook, A.R. Performance
of a case definition for influenza surveillance. Euro Surveill. 2015, 20, 21145. [CrossRef] [PubMed]

15. Pla D’informació de les Infeccions Respiratòries Agudes a Catalunya (PIDIRAC) 2018–2019. Available
online: http://canalsalut.gencat.cat/web/.content/_Professionals/Vigilancia_epidemiologica/documents/
arxius/plapidirac.pdf (accessed on 9 July 2019).

16. Glass, A.S.; Lijmer, J.G.; Prins, M.H.; Bonsel, G.J.; Bossuyt, P.M.M. The diagnostic odds ratio: A single
indicator of test performance. J. Clin. Epidemiol. 2003, 56, 1129–1135. [CrossRef]

17. Anonymous. Decret 2013/2015, de 15 de setembre, pel qual es crea la Xarxa de Vigilància Epidemiològica i es
regulen els sistemes de notificació de malalties de declaració obligatòria i els brots epidèmics. DOGC 2015,
6958, 1–19.

18. Yang, C.Y.; Chen, R.J.; Chou, W.L.; Lee, Y.J.; Lo, Y.S. An integrated influenza surveillance framework based on
national influenza like-illness incidence and multiple hospital electronic medical records for early prediction
of influenza epidemics: Design and evaluation. J. Med. Int. Res. 2019, 21, e13699.

19. Yazidi, R.; Aissi, W.; Bouguerra, H.; Nouira, M.; Kharroubi, G.; Maazaoui, L.; Zorraga, M.; Abdeddaiem, N.;
Chlif, S.; El Moussi, A.; et al. Evaluation of the influenza-like illness surveillance system in Tunisia, 2012–2015.
BMC Public Health 2019, 19, 694. [CrossRef] [PubMed]

20. Nuvey, F.S.; Edu-Quansah, E.P.; Kuma, G.K.; Eleeza, J.; Kenu, E.; Sackey, S.; Ameme, D.; Abakar, M.F.;
Kreppel, K.; Ngandolo, R.B.; et al. Evaluation of a sentinel surveillance system for influenza-like illness in
the Greater Accra region, Ghana, 2018. PLoS ONE 2019, 14, e0213627. [CrossRef]

21. Gupta, V.; Dawood, F.S.; Rai, S.K.; Broor, S.; Wigh, R.; Mishra, A.C.; Lafond, K.; Mott, J.A.; Widdowson, M.A.;
RB, L.; et al. Validity of clinical case definition for influenza surveillance among hospitalized patients: Results
from a rural community in North India. Influenza Other Respir. Viruses 2013, 7, 321–329. [CrossRef]

22. Gonçalves, A.R.; Iten, A.; Suter-Boquete, P.; Schibler, M.; Kaise, R.L.; Cordey, S. Hospital surveillance of
influenza strains: A concordant image of viruses identified by the Swiss Sentinel System? Influenza Other
Respir. Viruses 2017, 11, 41–47. [CrossRef]

23. 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. [CrossRef]

http://dx.doi.org/10.2471/BLT.17.194514
http://www.ncbi.nlm.nih.gov/pubmed/29403115
http://dx.doi.org/10.1371/journal.pcbi.1006173
http://dx.doi.org/10.2807/1560-7917.ES.2017.22.14.30504
http://www.ncbi.nlm.nih.gov/pubmed/28422004
http://dx.doi.org/10.1017/ice.2014.64
http://www.ncbi.nlm.nih.gov/pubmed/25695163
http://dx.doi.org/10.1001/jama.293.8.987
http://www.ncbi.nlm.nih.gov/pubmed/15728170
http://dx.doi.org/10.2807/1560-7917.ES2015.20.22.21145
http://www.ncbi.nlm.nih.gov/pubmed/26062645
http://canalsalut.gencat.cat/web/.content/_Professionals/Vigilancia_epidemiologica/documents/arxius/plapidirac.pdf
http://canalsalut.gencat.cat/web/.content/_Professionals/Vigilancia_epidemiologica/documents/arxius/plapidirac.pdf
http://dx.doi.org/10.1016/S0895-4356(03)00177-X
http://dx.doi.org/10.1186/s12889-019-7035-3
http://www.ncbi.nlm.nih.gov/pubmed/31170955
http://dx.doi.org/10.1371/journal.pone.0213627
http://dx.doi.org/10.1111/j.1750-2659.2012.00401.x
http://dx.doi.org/10.1111/irv.12417
http://dx.doi.org/10.1186/1471-2334-12-129


Viruses 2020, 12, 95 13 of 13

24. Kim, J.M.; Jung, H.D.; Cheong, H.M.; Lee, A.; Lee, N.J.; Chu, H.; Lee, J.Y.; Kim, S.S.; Choi, J.H. Nation-wide
surveillance of human acute respiratory virus infection between 2013 and 2015 in Korea. J. Med. Virol. 2018,
90, 1177–1183. [CrossRef]

25. Souty, C.; Jreich, R.; Le Strat, Y.; Pelat, C.; Boëlle, P.Y.; Guerrisi, C.; Masse, S.; Blanchon, T.; Hanslik, T.;
Turbelin, C. Performance of statistical methods for the detection of seasonal influenza epidemics using a
consensus-based gold standard. Epidemiol. Infect. 2018, 146, 168–176. [CrossRef]

26. Guerrisi, C.; Turbelin, C.; Souty, C.; Poletto, C.; Blanchon, T.; Hanslik, T.; Bonmarin, I.; Levy-Bruhl, D.;
Colizza, V. The potential value of crowdsourced surveillance systems in supplementing sentinel influenza
networks: The case of France. Euro Surveill. 2018, 23, 1700337. [CrossRef]

27. Falsey, A.R.; Baram, A.; Walsh, E.E. Should clinical case definition of influenza in hospitalized older adults
include fever? Influenza Other Respir. Viruses 2015, 9 (Suppl. 1), 23–29. [CrossRef] [PubMed]

28. DeMarcus, L.S.; Soderlund, L.V.; Voss, J.D. Assessment of 12 influenza-like illness case definitions using
Department of Defense Global, Laboratory–based influenza surveillance program data, 2011–2014. MSMR
2018, 25, 10–15. [PubMed]

29. Boivin, G.; Hardy, I.; Tellier, G.; Maziade, J. Predicting influenza infections during epidemics with use of a
clinical case definition. Clin. Infect. Dis. 2000, 31, 1166–1169. [CrossRef] [PubMed]

30. Thomas, M.J.; Yoon, P.W.; Colins, J.M.; Davidson, A.J.; Mac Kenzie, W.R. Evaluation of syndromic surveillance
systems in 6 US state and local departments. J. Public Health Manag. Pract. 2018, 24, 235–240. [CrossRef]

31. Wright, P.F.; Neumann, G.; Kawaoka, Y. Orthomyxoviruses. In Fields Virology, 6th ed.; Knipe, D.M.,
Howley, P.M., Eds.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2013; pp. 1186–1243.

32. Mosnier, A.; Caini, S.; Daviaud, I.; Nauleau, E.; Bui, T.T.; Debost, E.; Bedouret, B.; Agius, G.; van der Werf, S.;
Lina, B.; et al. Clinical characteristics are similar across type A and B influenza virus infections. PLoS ONE
2015, 10, e0136186. [CrossRef]

33. Oh, Y.N.; Choi, Y.B.; Woo, S.I.; Hahn, Y.-S.; Lee, J.K. Clinical similarities between influenza A and B in
children: A single-center study, 2017/18 season, Korea. BMC Pediatr. 2019, 19, 472. [CrossRef]

34. Cohen, J.M.; Silva, M.L.; Caini, S.; Ciblack, M.; Mosnier, A.; Daviaud, I.; Matias, G.; Badur, S.; Valette, M.;
Enouf, V.; et al. Striking similarities in the presentation and duration of illness of influenza A and B in the
community: A study based on sentinel surveillance networks in France and Turkey, 2010–2012. PLoS ONE
2015, 10, e0139431. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jmv.25069
http://dx.doi.org/10.1017/S095026881700276X
http://dx.doi.org/10.2807/1560-7917.ES.2018.23.25.1700337
http://dx.doi.org/10.1111/irv.12316
http://www.ncbi.nlm.nih.gov/pubmed/26256292
http://www.ncbi.nlm.nih.gov/pubmed/29381078
http://dx.doi.org/10.1086/317425
http://www.ncbi.nlm.nih.gov/pubmed/11073747
http://dx.doi.org/10.1097/PHH.0000000000000679
http://dx.doi.org/10.1371/journal.pone.0136186
http://dx.doi.org/10.1186/s12887-019-1862-3
http://dx.doi.org/10.1371/journal.pone.0139431
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Study Design 
	Data Collection 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Discussion 
	Conclusions 
	References

