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Abstract

Background

Disease surveillance using adequate case definitions is very important. The objective of the
study was to compare the performance of influenza case definitions and influenza symp-
toms in the first two epidemic weeks with respect to other epidemic weeks.

Methods

We analysed cases of acute respiratory infection detected by the network of sentinel primary
care physicians of Catalonia for 10 seasons. We calculated the diagnostic odds ratio (DOR)
and 95% confidence intervals (Cl) for the first two epidemic weeks and for other epidemic
weeks.

Results

A total of 4,338 samples were collected in the epidemic weeks, of which 2,446 (56.4%) were
positive for influenza. The most predictive case definition for laboratory-confirmed influenza
was the WHO case definition for influenza-like iliness (ILI) in the first two epidemic weeks
(DOR 2.10; 95% CI 1.57—2.81) and in other epidemic weeks (DOR 2.31; 95% CI 1.96—
2.72). The most predictive symptom was fever. After knowing that epidemic threshold had
been reached, the DOR of the ILI WHO case definition in children aged <5 years and cough
and fever in this group increased (190%, 170% and 213%, respectively).

Conclusions

During influenza epidemics, differences in the performance of the case definition and the
discriminative ability of symptoms were found according to whether it was known that the
epidemic threshold had been reached or not. This suggests that sentinel physicians are

PLOS ONE | https://doi.org/10.1371/journal.pone.0270740 July 1, 2022

1/12


https://orcid.org/0000-0002-1353-5325
https://orcid.org/0000-0003-0143-5295
https://orcid.org/0000-0003-0219-1907
https://doi.org/10.1371/journal.pone.0270740
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0270740&domain=pdf&date_stamp=2022-07-01
https://doi.org/10.1371/journal.pone.0270740
https://doi.org/10.1371/journal.pone.0270740
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Epidemic threshold and the performance of influenza case definitions

design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

stricter in selecting samples to send to the laboratory from patients who present symptoms
more specific to influenza after rather than before an influenza epidemic has been declared.

Introduction

Influenza epidemics are associated with excess morbidity and mortality each season [1].
Worldwide, annual influenza epidemics are estimated to result in about 3 to 5 million cases of
severe illness and about 290,000 to 650,000 respiratory deaths [2].

The start, peak, duration, and intensity of individual seasons vary substantially from year to
year and reflect the interplay of several factors, including the extent of the antigenic variation
of the virus, virulence and transmissibility, the extent of immunity in the population, and the
specific population groups affected [3]. Thus, influenza surveillance is very important from a
public health perspective.

To manage influenza epidemics appropriately, it is important to inform physicians, clinical
staff and the general population about the onset of the influenza epidemic. However, and
despite occurring yearly, the onset of the influenza epidemic is unpredictable. Reliable and
timely information on current influenza activity are of the utmost interest to health services
and health-related decision makers [4].

In Catalonia, the PIDIRAC (Pla d’Informacio de les Infeccions Respiratories Agudes a
Catalunya) was responsible for collecting and reporting data on influenza activity in each sea-
son during the study period. This surveillance mechanism relies on a network of sentinel phy-
sicians who collect samples of influenza-like illness (ILI) or acute respiratory infection (ARI)
syndromes following ECDC case definitions from patients attended by primary care physi-
cians from week 40 to week 20 each season. Announcement of the onset of influenza epidemic
activity is deployed through direct contact with physicians involved in the surveillance tasks
and by the weekly report published on the webs related to the Department of Health of Catalo-
nia. Also through a press conference the health authorities inform the onset of the epidemic
for release to mass media. Even if consultations are not delayed, data is available, at best, after a
one-week lag. This means that between the real onset of seasonal epidemic activity and the offi-
cial alert, several weeks can elapse [4].

Case definitions are an important part of standardized systems for public health surveil-
lance. The World Health Organization (WHO) defines influenza-like illness as an acute respi-
ratory illness with a measured temperature of >38°C and cough, with onset within the last 10
days [5]. The European Center for Disease Prevention and Control (ECDC) defines ILI as the
sudden onset of symptoms and at least one of four systemic symptoms: fever or feverishness,
malaise, headache, myalgia, and at least one of three respiratory symptoms: cough, sore throat,
and shortness of breath and defines ARI as the sudden onset of symptoms and at least one of
four respiratory symptoms: cough, sore throat, shortness of breath or coryza [6].

According to the PIDIRAC system, a week is considered epidemic when it exceeds the
established epidemic threshold which, in each season, is based on incidence data from epi-
demic periods in preceding seasons [7].

Knowing that the influenza epidemic has begun might influence the decision of primary
care sentinel physicians to collect samples from patients [8].

The objective of this study was to compare the performance of the ECDC and WHO influ-
enza case definitions and influenza symptoms in the first two epidemic weeks with respect to
other epidemic weeks.
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Methods
Study design

We made a retrospective study of the clinical and epidemiological characteristics of cases of
ARI detected by the primary care influenza sentinel physicians’ network during ten influenza
seasons (2008-2009 to 2017-2018) in Catalonia, a Spanish region with 7.6 million inhabitants.

Each sentinel physician collected weekly nasopharyngeal swabs in up to two individuals
who presented symptoms compatible with ARI or ILI and sent them to the network’s labora-
tory 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 transcriptase-polymerase chain reaction (RT-PCR). Individu-
als whose clinical samples showed coinfection were excluded.

Data collection

For each individual, we collected the following variables: recorded 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 (BMI) >40 Kg/m® for adults and a BMI at or above the 95th percentile for children and
teens of the same age and sex] and immunodeficiency) and microbiological laboratory results.

The ECDC and WHO case definitions for ILI were analysed. A temperature of >37.8°C
was used to assess the WHO ILI case definition, as this is the variable recorded on the form
used by sentinel physicians. Influenza epidemic weeks were defined each season according to
the data provided by the PIDIRAC [7].

Statistical analysis

For case definitions and influenza symptoms we calculated the sensitivity (Se), specificity (Sp),
positive predictive value (PPV), positive likelihood ratio (LR), negative LR, diagnostic odds
ratio (DOR) and their 95% confidence intervals (CI), comparing cases in which influenza
virus was detected with cases positives for other respiratory viruses or negatives for all viruses.
Sensitivity was defined as the proportion of patients identified by case definitions among those
with a positive result for influenza. Specificity was defined as the proportion of subjects not
identified by case definitions among those with a negative result for influenza. PPV was
defined as the proportion of confirmed influenza patients among those who met the case defi-
nition. These calculations were made for the first two epidemic weeks (before it was known
the epidemic threshold had been reached) and for other epidemic weeks globally and by age
groups, sex and presence of comorbidities.

DOR was defined as the positive LR/negative LR. The DORs were predictors of laboratory-
confirmed influenza when they were greater than 1 and their 95% CI did not contain the value
1.

Analyses were also performed separating for the first epidemic week and the first three epi-
demic weeks.

The analysis was performed using the SPSS version 25 statistical package and R version
3.5.0 statistical software.

Ethical considerations

All data were collected as part of routine public health surveillance activities according to the
legal mandate of the Health Department of Catalonia, which is officially authorized to receive,
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treat and temporarily store personal data in cases of infectious diseases [9]. All data were fully
anonymized. All study activities formed part of public health surveillance and were exempt
from institutional board review and did not require informed consent.

Results

During the ten influenza seasons studied, 4,637 samples were collected, of which 299 were
excluded due to coinfection. Therefore 4,338 samples were analysed, of which 2,446 (56.4%)
were positive for influenza. Number of samples collected and positive samples for influenza by
season and week was show in Fig 1. The most frequent clinical manifestations in the first two
epidemic weeks and other epidemic weeks were fever (89.6% and 92.0%, respectively) and
cough (84.1% and 82.8%, respectively) (Table 1).

The case definition that was the most predictive of laboratory-confirmed influenza was the
WHO case definition for ILI, both in the first two epidemic weeks (DOR 2.10; 95% CI 1.57-
2.81) and in other epidemic weeks (DOR 2.31; 95% CI 1.96-2.72). Clinical manifestations that
were significant positive predictors of laboratory-confirmed influenza were fever, cough, head-
ache, myalgia, and sudden onset of symptoms. Fever had the highest DOR in the first two epi-
demic weeks (DOR 3.49; 95% CI 2.21-5.51) and in other epidemic weeks (DOR 2.72; 95% CI
2.10-3.53) (Table 2).

The performance of the case definitions and specific clinical manifestations by age group
and comorbidities for the first two epidemic weeks is shown in Fig 2 and S1 Table and for
other epidemic weeks in Fig 3 and S2 Table. The 0-4 age group was the group where the most
differences were observed between the two periods. After knowing that the epidemic threshold
had been reached, the DOR of the WHO ILI case definition in children aged <5 years, the
DOR of cough and the DOR of fever in children aged <5 years increased (190%, 170% and
213%, respectively), as did the DOR of malaise in all patients (50%), in those aged 5-14 years
(44%) and in patients without comorbidities (49%).

120

100

3

= 80

£

©

w

‘s 60

w

V)

£

S 40

bz

20
0
QMO YV aNME TN ONnONN®OYN©O-© NS T NOO g
Vg o 3TV e o T OO I 90 W G O -~~~V oo o
D O O O v~ ™ (N T ¥ ™ ™ ™ I v v O v« « O v« «— v
© Db 0 N T OO - TANOOOTTT OO OO NN
WO O PO - - " Y T e o 00— M~ o
O O O © «~ O O O O «~ O 0O O O O O O «—~ 0 O ~ 0 0 «~ 0O O O
O AN AN O O N N AN N O N N N N N N N O NN NO NN O NN N
o~ NN o~ o~ o~ o~

Season.week
e All saMples  ===Influenza positive samples

Fig 1. Number of samples collected and positive samples for influenza by season and week.
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Table 1. Influenza-positive and negative patients included in the study. Influenza sentinel surveillance system, Catalonia, 2008-2018.

All cases Positive for influenza Negative for influenza
n % n % n %
FIRST TWO EPIDEMIC WEEKS 1000 520 480
Case definition
ECDCILI 570 57.0 324 62.3 246 51.2
WHO ILI 747 74.7 423 81.3 324 67.5
Clinical symptoms
Fever 896 89.6 493 94.8 403 84.0
Cough 841 84.1 448 86.2 393 81.9
Malaise 691 69.1 350 67.3 341 71.0
Headache 448 44.8 259 49.8 189 39.4
Myalgia 540 54.0 299 57.5 241 50.2
Sore throat 527 52.7 272 52.3 255 53.1
Shortness of breath 57 5.7 17 3.3 40 8.3
Sudden onset of symptoms 630 63.0 350 67.3 280 58.3
Age
0-4 years 235 23.5 93 17.9 142 29.6
5-14 years 273 27.3 195 37.5 78 16.3
15-64 years 423 42.3 210 40.4 213 44.4
>65 years 69 6.9 22 4.2 47 9.8
Comorbidities
Yes 98 9.8 35 6.7 63 13.1
No 902 90.2 485 93.3 417 86.9
OTHER EPIDEMIC WEEKS 3338 1926 1412
Case definition
ECDCILI 1796 53.8 1097 57.0 699 49.5
WHO ILI 2541 76.1 1591 82.6 950 67.3
Clinical symptoms
Fever 3071 92.0 1832 95.1 1239 87.7
Cough 2765 82.8 1670 86.7 1095 77.5
Malaise 2378 71.2 1411 73.3 967 68.5
Headache 1603 48.0 986 51.2 617 43.7
Myalgia 1807 54.1 1083 56.2 724 51.3
Sore throat 1693 50.7 981 50.9 712 50.4
Shortness of breath 172 5.2 73 3.8 99 7.0
Sudden onset of symptoms 2015 60.4 1198 62.2 817 57.9
Age
0-4 years 689 20.6 359 18.6 330 23.4
5-14 years 954 28.6 649 33.7 305 21.6
15-64 years 1489 44.6 815 42.3 674 47.7
>65 years 206 6.2 103 53 103 7.3
Comorbidities
Yes 352 10.5 199 10.3 153 10.8
No 2986 89.5 1727 89.7 1259 89.2

https://doi.org/10.1371/journal.pone.0270740.t001

The performances of influenza case definitions and influenza symptoms in the first epi-
demic weeks and in the first three epidemic weeks are show in S3 and S4 Tables. The case defi-
nition that was the most predictive of laboratory-confirmed influenza was the WHO case
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B First two epidemic weeks B Rest of epidemic weeks
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Fig 2. DOR of clinical manifestations for the first two epidemic weeks and rest of epidemic weeks by age group.

https://doi.org/10.1371/journal.pone.0270740.9002

definition for ILI and fever had the highest DOR both in the first epidemic weeks, in the first
three weeks and in other epidemic weeks.

Discussion

The case definition that was the best predictor of laboratory-confirmed influenza was the
WHO case definition for ILI, both in the first two epidemic weeks (DOR 2.10; 95% CI 1.57—
2.81) and in other epidemic weeks (DOR 2.31; 95% CI 1.96-2.72). After knowing that the epi-
demic threshold had been reached, the DOR of the ILI WHO case definition in patients aged
<5 years increased by 190%, but no significant differences were observed in all patients and in
the other age groups.

In a German study in the 2013 influenza season, the performance of the WHO case defini-
tion was 2.06, similar to our results [10]. In a French study carried out in 2009-2014, the
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B First two epidemic weeks B Rest of epidemic weeks
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WHOILUI S

Fever
Cough
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Sore throat
Shortness of breath

Sudden onset of symptoms

Fig 3. DOR of clinical manifestations for the first two epidemic weeks and rest of epidemic weeks by
comorbidities.

https://doi.org/10.1371/journal.pone.0270740.g003

performance of the WHO case definition was better than that of the ECDC case definition
(2.40 vs 1.74) [11]. A study carried out in Singapore in 2005-2009 also found that the perfor-
mance of the WHO case definition was better than the ECDC case definition (13.5 vs 9.7) [12].
In a study carried out in Senegal during 2013 and 2016, the WHO and ECDC definitions
showed a similar performance, including by age group; the authors suggest the WHO ILI defi-
nition could be chosen for surveillance purposes due to its simplicity [13].

Fever had the best performance in the first two epidemic weeks (DOR 3.49; 95% CI 2.21-
5.51) and in other epidemic weeks (DOR 2.72; 95% CI 2.10-3.53); this performance was supe-
rior for both WHO and ECDC case definitions. After knowing that the epidemic threshold
had been reached, the performance of fever in patients aged <5 years increased by 213%. A
Pakistan study in 2009-2010 found that fever had the best performance, both in children and
adults [14]. However, a study by Chughtai et al. found that fever was less common in adults
with confirmed viral respiratory infections, including influenza, than in children [15].

Cough was the symptom with the second-best performance in other epidemic weeks (DOR
1.89; 95% CI 1.57-2.26). After knowing that the epidemic threshold had been reached, the per-
formance of cough in patients aged <5 years increased by 170% (DOR 1.86; 95% CI 1.21-
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2.87). In the aforementioned Senegalese study, cough was significantly associated with influ-

enza in children aged <5 and >5 years (OR 2.21 and 2.70, respectively) [13]. A study carried

out in Illinois in 2009-2011 found that the best predictors of laboratory-confirmed influenza
were cough followed by fever (DOR 6.39 and 4.7, respectively) [16]. Woolpert et al., in a USA
study in 2007-2008, also reported cough (DOR 47.99) followed by fever (DOR 3.84) to be the
best predictors [17].

A Canadian study in 1998-1999 found that cough and fever had an 86.6% positive pre-
dicted value [18]. Other authors have found that cough and fever are the strongest clinical pre-
dictors of influenza, regardless of age group, suggesting that a simplified case definition of
fever and cough may be suitable in all ages [12, 16].

Headache and myalgia in both the first two epidemic weeks and in the other epidemic
weeks and malaise in the other epidemic weeks were also predictors of influenza. Other
authors found that rhinorrhoea, headache and myalgia were symptoms reported as significant
predictors of influenza infection that could be used by physicians when deciding treatment
[11, 16, 19].

The study by Woolpert et al. found that patterns of influenza predictors differed across age
groups and that no combination of clinical and demographic predictors served as a reliable
diagnostic case definition in the population studied [17], but suggested that the case definition
is useful if it is accompanied by rapid tests in all patients [17]. In addition, knowledge of the
causative agent might have a considerable influence on case management, especially in chil-
dren, where the specific diagnosis of a viral pathogen may avoid overtreatment and antibiotics
[10].

An Ukrainian study carried out during the early weeks of the 2015-2016 influenza season
found that the early and steep increase in severe cases and deaths was associated with intensive
media attention on the influenza season and this may have led to increased awareness of influ-
enza infection among physicians and the public [20]. Some authors also state that, as the levels
of influenza activity increase, the accuracy of case definitions tends to improve, which is con-
sistent with the fact that the clinical identification of influenza is improved when physicians
are aware of influenza virus circulation in their geographic area [8, 21]. Therefore, it is impor-
tant to report an increase in influenza activity using the surveillance system. In addition, as
found by Won et al., the onset of the flu season may be detected and consistently anticipated,
regardless of the amplitude of the epidemic, which is an obvious advantage for health decision
makers [4].

The case definition used for influenza surveillance may be helpful during the COVID-19
pandemic as timely use of antiviral influenza drugs together with booster influenza vaccination
can reduce the social and economic burden of influenza [22].

In the same way that we wanted to ascertain whether the performance of case definitions
and clinical presentation varies according to the time of the epidemic, several authors have
studied the usefulness of the available information with the aim of better controlling seasonal
epidemics. Moss et al. found that forecasting methods can quantify the impact of delays in
data availability and variable reporting practices on the accuracy of the current epidemic
assessment [23]. Kandula et al. suggested that supplementing surveillance data with proxy esti-
mates improves the quality of forecasting and that transient errors degrade the performance
[24].

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
[25], and that all physicians were working in sentinel primary healthcare centres using the
same criteria for clinical sampling. Another strength is that other possible aetiologies of acute
respiratory infections were studied in all samples, excluding those with coinfection [26].
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A limitation is that, in our sentinel surveillance network, fever was predefined as a tempera-
ture >37.8°C, but the specific temperature was not reported for the cases included in the
study. However, the impact of this limitation may be minimal, as other factors, such as individ-
ual and daily variations, the site of measurement and the natural trend for physicians to round
temperatures up or down, can also influence the measured temperature [11].

In conclusion, during influenza epidemics, differences in the performance of the case defi-
nition and the discriminative ability of symptoms were observed according to whether it was
known that the epidemic threshold had been reached or not, especially in children aged 0-4
years. Our results suggest that sentinel physicians are stricter in selecting samples to send to
the laboratory from patients who present symptoms more specific to influenza after rather
than before the influenza epidemic is declared.
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