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New Approach to the Surveillance of Pediatric Infectious 
Diseases From Ambulatory Pediatricians in the Digital Era

Robert Cohen, MD,*†‡§ Stéphane Béchet, MSc,† Nathalie Gelbert, MD,* Bruno Frandji, PhD,¶  
François Vie Le Sage, MD,* Georges Thiebault, MD,* Fabienne Kochert, MD,*  

Fabienne Cahn-Sellem, MD,* Andreas Werner, MD,* Naim Ouldali, PhD,†ǁ and Corinne Levy, MD*†‡§      

Background: Many ambulatory networks in several countries have estab-
lished syndromic surveillance systems to detect outbreaks of different ill-
nesses. Here, we describe a new Pediatric and Ambulatory Research in 
Infectious diseases network that combined automated data extraction from 
the computers of primary care pediatricians.
Methods: Pediatricians who used the same software, AxiSanté 5-Infansoft 
for electronic medical records were specially trained in infectious diseases, 
encouraged to comply with French treatments’ recommendations, use of 
point-of-care tests and vaccination guidelines. Infectious disease diagnoses 
in children <16 years old in the records triggered automatic data extraction 
of complete records. A quality control process and external validation were 
developed.
Results: From September 2017 to February 2020, 107 pediatricians 
enrolled 57,806 children (mean age 2.9 ± 2.6 years at diagnosis) with at 
least one infectious disease diagnosis among those followed by the net-
work. Among the 118,193 diagnoses, the most frequent were acute otitis 
media (n = 44,924, 38.0%), tonsillopharyngitis (n = 13,334, 11.3%), gas-
troenteritis (n = 12,367, 10.5%), influenza (n = 11,062, 9.4%), bronchiolitis  
(n = 10,531, 8.9%), enteroviral infections (n = 8474, 7.2%) and chickenpox  
(n = 6857, 5.8%). A rapid diagnostic test was performed in 84.7% of cases 

of tonsillopharyngitis and was positive in 44%. The antibiotic recommen-
dations from French guidelines were strictly followed: amoxicillin was the 
most prescribed antibiotic and less than 10% of presumed viral infections 
were treated.

Conclusions: This “tailor-made” network set up with quality controls and 
external validation represents a new approach to the surveillance of pediat-
ric infectious diseases in the digital era and could highly optimize pediatric 
practices.

Key Words: ambulatory network, automated data extraction, pediatric 
infectious disease

(Pediatr Infect Dis J 2021;XX:00–00)

Infectious diseases account for a large part of pediatric daily prac-
tice.1–3 Colonization and infection with the same bacterial and/or 

viral species involved in pediatric community-acquired infections 
(CAIs) could be asymptomatic or paucisymptomatic or induce 
moderate or severe disease. Indeed, a continuum exists between 
first-line clinicians (pediatricians or general practitioners) and 
those working in emergency departments or hospital wards. The 
distribution of CAIs in ambulatory settings and the hospital is often 
presented in a pyramid shape, with noninvasive infections at the 
base and more severe invasive diseases such as meningitis or sepsis 
at the top.4 This is true for many bacterial species such as pneumo-
coccus but also viruses such as respiratory syncytial virus (RSV) or 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

The overuse of antibiotics (ATBs) to treat these CAIs for 
outpatients and hospitalized patients plays an important role in the 
increase in ATB resistance, a worldwide threat.5,6 Moreover, some 
previous data outlining the misuse of ATBs in the outpatient set-
ting have justified the expansion of ATB stewardship programs into 
this healthcare setting.7,8 Slowing the emergence and the spread of 
resistant bacteria implies that primary care physicians rigorously 
monitor CAIs.7 Therefore, among the interventions to improve ATB 
use, clinician education appears challenging but essential.4,9

For CAIs, despite many efficient ambulatory networks in 
several countries, they are mainly based on diagnoses by first-line 
physicians not specifically trained in pediatric infectious diseases, 
despite some efforts to improve the quality.10–13 In England, a pri-
mary care sentinel network, the Royal College of General Practi-
tioners Research and Surveillance Centre, comprising more than 
100 general practices,14 is based on an automated and contempora-
neous extraction from computerized medical records. However, the 
center observed disparities in diagnoses presenting to the practices 
within the network.14 Other sentinel networks related to infectious 
diseases such as varicella, influenza or gastroenteritis are of inter-
est.10,15–17 The results they generate are good indicators of the epide-
miology of these diseases in the country, but some limitations coun-
terbalance their performance.14 First, often they involve generally 
supplementary work for the participating physicians, which con-
sists of declaring the cases with a specific questionnaire dedicated 
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to the study.10,15 The second limitation is that the diagnoses usually 
relate to syndromic surveillance (influenza illness, gastroenteritis) 
or diseases for which there are few doubts about the diagnosis, such 
as varicella.10,11,16–21 Moreover, syndromic surveillance systems 
were established to detect outbreaks of different illnesses but not 
improve diagnostic performance nor use of appropriate ATBs.16–21

In this context, 3 years ago, we created a “tailor-made” 
national pediatric ambulatory network, Pediatric and Ambulatory 
Research in Infectious diseases (PARI). This surveillance network 
has 3 main characteristics: a major investment in teaching with 
specific training of participating pediatricians, increase in use of 
point-of-care tests and automated data extraction from pediatri-
cians’ computers. Here, we present the set-up of the network, how 
it works and some results validating the quality of the surveillance.

METHODS
To set up this network based on automated and contempo-

raneous extraction from computerized medical records, a dedicated 
scientific committee was created in 2014, 3 years before the start of 
the study. It was constituted by experts in pediatric infectious dis-
eases, epidemiologists, methodologists and biostatisticians, as well 
as members of the Association Française de Pédiatrie Ambulatoire 
(AFPA), and the Association Clinique Thérapeutique Infantile du 
Val de Marne (ACTIV) research group. This committee planned 
the network priorities and developed a collaboration between the 
dedicated webmaster and the head of the electronic medical record 
(EMR) software. This study started without any external funding.

Participating Pediatricians
From June 2017 to June 2020, 107 pediatricians among 

the 1400 members of the French ambulatory pediatric association 
AFPA were recruited from all over France by co-optation, via email 
and/or during the annual AFPA meeting. This voluntary enrollment 
was based on high motivation and the willingness to improve their 
diagnostic performance for the benefit of children.

To belong to the PARI network, pediatricians had to use the 
same software, AxiSanté 5-Infansoft (developed by CompuGroup 
Medical in France) for EMRs of children. Moreover, they also had 
to attend to the PARI group meetings, training courses and a spe-
cific annual congress dedicated to ambulatory pediatric infectious 
diseases. Inappropriate use of the software and/or nonregular par-
ticipation in training sessions and/or meetings could lead to their 
exclusion. Two face-to-face meetings were mandatory and the per-
centage of attendance should be at least 85%.

Diagnostic Performance Improvement
To avoid the heterogeneity of diagnosis for the same pathol-

ogy among the different participants and improve diagnostic perfor-
mance, the scientific committee set up several strategies. The goal 
was to harmonize the pediatricians’ daily practices. First, emphasis 
was placed on training face to face and with e-learning. A dedicated 
website (https://www.activ-france.com/fr/accueil-e-learning) was 
created to help pediatricians improve their skills and diagnoses in 
several infectious diseases such as otitis, pharyngitis, extrapharyn-
geal Group A Streptococcus (GAS) infections, enterovirus infec-
tions and ATB treatment duration. For otitis diagnosis, the use of 
digital otoscope was strongly recommended. Indeed, a tympanic 
picture could easily be shared in the PARI group for advice (https://
www.engineeringforchange.org/solutions/product/oto/, https://doi.
org/10.1177/0009922815593909). Moreover, the use of point-of-
care tests such as urinary strips, rapid diagnostic tests (RDTs) for 
GAS, influenza and RSV, as well as C-reactive protein were part 
of the recommendations and distributed free of charge for par-
ticipants. The use and interpretation of these tests were regularly 

discussed during the PARI training courses.22,23 Finally, a Website 
presenting automatically generated graphs with the frequencies of 
each disease and a weekly newsletter were provided to all partici-
pants to allow them to monitor the epidemiology of the infectious 
diseases and to be informed in real time in the event of an outbreak.

Study Population and Data Collection
The study population consisted of all children under 16 

years of age from the patient population of the pediatricians. The 
following infectious diseases diagnoses (complete list with Inter-
national Statistical Classification of Diseases, 10th Revision, codes 
is in Figure [Supplemental Digital Content 1, http://links.lww.com/
INF/E327]) triggered the automatic data extraction: GAS infec-
tions (tonsillopharyngitis, scarlet fever, perineal infections, paro-
nychia), acute otitis media (AOM)/otorrhea, pneumonia, influenza/
influenza syndromes, bronchiolitis, pertussis, urinary tract infec-
tions/pyelonephritis/cystitis, gastroenteritis, enteroviral infections 
(hand/foot/mouth diseases, herpangina, etc.), chickenpox/shingles 
and mononucleosis, etc. We prospectively collected demographic 
data from patients as well as details of point-of-care tests used, vac-
cination status and ATB consumption. A close collaboration with 
national reference centers for the different bacterial or viral species 
(enteroviruses, pertussis, pneumococcus, etc.) was set up to take 
advantage of their microbiology expertise (virulence, typing, resist-
ance, etc.). Moreover, we could identify new visits for the same 
diagnoses. No additional data than those required in the daily prac-
tice of the pediatricians were requested. AxiSanté 5 is a medical 
software for patient record management that was developed and 
marketed by CompuGroup Medical and developed in partnership 
with AFPA. In particular, it allows for entering medical and vaccine 
data, producing biometrics, creating assisted and automated pre-
scriptions, accounting management and tele-transmission. When 
the EMR of a child with an infectious disease targeted in the study is 
closed in AxiSanté 5, de-identified data are automatically collected 
and securely transferred to the PARI Medical Observatory operated 
within a secure technical environment accredited for hosting medi-
cal data. This routine information system provides real-time data, 
requires little additional work from participating pediatricians and 
complies with all regulations regarding clinical research and gen-
eral data protection regulation. The participating pediatrician can-
not prevent data from being extracted from the EMR to the PARI 
Medical Observatory, which can only be processed by the author-
ized research coordinating center (ACTIV).

Ethics
Before starting the electronic data capture, parents and chil-

dren were informed of the study by a poster placed in the waiting 
room and an information leaflet in the pediatrician’s office. Any 
child or parent had the right to object to the data collection for this 
study. In this case, the pediatrician had to inform ACTIV to not use 
the patient’s data. To date, no one has opposed use of the data. The 
study was approved by the French National Commission on Infor-
matics and Liberty (no. 1921226) and by an ethics committee (CHI 
Créteil Hospital, France). The study was registered at ClinicalTri-
als.gov (NCT04471493).

Quality Controls and External Validation
Several levels of internal and external validation were set 

up to ensure the high quality of data generated by the system. First, 
data exported from each participating pediatrician was internally 
checked each month and compared with other members of the net-
work. Several parameters allowed to detect abnormal data extrac-
tion pattern, including a lack of data for several weeks, a particu-
larly low variety of targeted diagnoses and an abnormal use of the 
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prescription module. In this situation, pediatricians were contacted 
as potential outlier to understand and solved, if necessary, the dif-
ference in behavior.

Second, we monitored the appropriate use of point-of-care 
tests and concordance of ATB prescriptions (for AOM or GAS 
tonsillopharyngitis) with the national guidelines. In France, for 
children ≥3 years old with tonsillopharyngitis, it is recommended 
to perform an RDT. In case of positive result, the recommended 
treatment is amoxicillin. For children <2 years old with AOM, the 
recommended treatment is amoxicillin.24,25 Amoxicillin-clavulanate 
is recommended only for conjunctivitis-otitis syndrome or nonre-
sponsive AOM. Oral third-generation cephalosporins are recom-
mended only in case of suspicion of penicillin allergy. According 
to these guidelines, the following outcomes were analyzed in our 
cohort to assess appropriateness of point-of-care tests and ATB use:

1.	 Rate of RDT use for tonsillopharyngitis in children ≥3 years old.
2.	 ATB prescription rate for tonsillopharyngitis according to RDT 

result, presumed viral acute respiratory tract infections (bron-
chiolitis, influenza illness) and AOM.

These parameters were analyzed for the overall cohort of 
patients, but also separately for each participating pediatrician, to 
identify unusual prescribing pattern. Thus, these controls allowed 
to confirm the high quality of the training of the participating pedi-
atricians.24,25

Third, to externally validate the data process as well as the epi-
demiologic features, PARI weekly frequencies for influenza, bronchi-
olitis, gastroenteritis and varicella were compared with data from the 
French national institute for health, Santé Publique France, through 
their national surveillance network, Sentinelles and Geodes.15,26

Statistical Analysis
STATA 15 (StataCorp 2015, College Station, TX) was used 

for data management and statistical analysis. To evaluate the diag-
nostic methods, clinical characteristics, treatments and evolution 
of the pathologies, we computed frequencies and percentages for 
each infectious disease diagnoses from September 2017 to Feb-
ruary 2020 (ie, before the coronavirus disease 2019 [COVID-19] 
pandemic) as well as vaccination status, ATB prescription and use 
of RDTs. For the graphs presenting the CAIs, we computed the 
data up to June 2020. The external validation of PARI network with 
Sentinelles/Geodes networks was performed using Pearson correla-
tion coefficient.

RESULTS

Participating Pediatricians
The 107 pediatricians involved in the PARI network are 

distributed in all French metropolitan territories (see Figure, 

Supplemental Digital Content 1, http://links.lww.com/INF/E327). 
The mean age of pediatricians was 54.3 ± 9.9 years, and women 
accounted for 76.6% (n = 82). The mean number of overall visits 
per week per pediatrician was 90.0 ± 50.1 and the mean number 
of infectious diseases diagnoses followed by PARI was 10.1 ± 8.1 
per week.

Population of Children
From September 2017 to February 2020, 57,806 children 

(58.6% male) had at least one infectious disease diagnosis from the 
107 pediatricians. The mean age was 2.9 ± 2.6 years at diagnosis 
(see Figure, Supplemental Digital Content 2, http://links.lww.com/
INF/E327).

Infectious Disease Diagnoses
Up to February 2020, 118,193 diagnoses were reported. The 

most frequent were AOM (n = 44,924, 38.0%), tonsillopharyngitis 
(n = 13,334, 11.3%), gastroenteritis (n = 12,367, 10.5%), influenza 
(n = 11,062, 9.4%) and bronchiolitis (n = 10,531, 8.9%), enterovi-
ral infections (n = 8474, 7.2%) and chickenpox (n = 6857, 5.8%). 
We also recorded 1355 (1.2%) cases of pneumonia, 1354 (1.1%) 
of scarlet fever, 399 (0.3%) of perianal infections, 332 (0.3%) of 
paronychia/blister dactylitis, 86 (0.1%) of pertussis and 15 (0.01%) 
of measles.

Use of GAS RDT and ATB Prescriptions
For tonsillopharyngitis, an RDT was performed in 84.7% 

of cases: 52.0% for children <3 years old and 95.8% for those 
≥3 years old. Among RDTs performed, the result was positive in 
44.0% of cases: 23.3% for children <3 years old and 47.9% for 
those ≥3 years old (P < 0.001). Table 1 shows ATB prescriptions 
according to the disease. Amoxicillin was the most-prescribed ATB 
for respiratory tract infections. Few tonsillopharyngitis (5.3%, 
278/5289) cases with negative RDT results were treated with ATBs, 
nor was bronchiolitis (10.3%, 720/6995) or influenza illness (7.6%, 
679/8984).

Variability of Diagnoses: Identification of Outlier 
Pediatricians

Only 4 pediatricians among 107 could have been considered 
as outliers. However, the difference was due to a very high number 
of infectious diagnoses (>4000), but Figure (Supplemental Digital 
Content 3, http://links.lww.com/INF/E327) showed that their data 
remained in the overall network trends.

External Validation: Comparison With the 
Preexisting National Networks

Figure 1 shows the weekly frequencies of the influenza, gas-
troenteritis, bronchiolitis and varicella syndromic surveillances of 
the PARI network as compared with those of the Sentinelles and 

TABLE 1.  Antibiotics Prescriptions by Disease

Infectious Diseases N Treated Amoxicillin
Amoxicillin/ 
Clavulanate

Third-generation  
Cephalosporin Macrolides

AOM (n = 34,667) 31,835 (91.8) 24,077 (75.6) 4503 (14.1) 1551 (4.9) 84 (0.3)
Tonsillopharyngitis
  RDT+ (n = 4753) 4688 (98.6) 4421 (94.3) 102 (2.2) 80 (1.7) 64 (1.4)
  RDT– (n = 5289) 278 (5.3) 161 (57.9) 30 (10.8) 9 (3.2) 74 (26.6)
Influenza (n = 8984) 679 (7.6) 485 (71.4) 44 (6.5) 21 (3.1) 109 (16.1)
Confirmed A/B influenza (n = 1318) 101 (7.7) 75 (74.3) 12 (11.9) 2 (2.0) 11 (10.9)
Bronchiolitis (n = 6995) 720 (10.3) 516 (71.7) 49 (6.8) 9 (1.3) 130 (18.1)

+ indicates positive; –, negative.
This table does not report the patients with ≥2 diagnoses during the same visit.
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Geodes.15,26 The curves were very similar for the 2 networks during 
the 3 study years and the seasonal peaks occurred exactly at the 
same time for the 4 diseases. Figure (Supplemental Digital Content 
4, http://links.lww.com/INF/E327) shows the correlation between 
PARI network and Sentinelles/Geodes networks. All Pearson cor-
relation coefficients were significant (P < 0.0001): 0.96, 0.68, 0.93 
and 0.89 for influenza, gastroenteritis, bronchiolitis and varicella, 
respectively.

Annual Distribution of the Diseases
The distribution of AOM, bronchiolitis, influenza, gastro-

enteritis, tonsillopharyngitis, GAS tonsillopharyngitis, chickenpox 
and enterovirus diseases per week over the 3 study years (June 2017 
to June 2020) is presented in Figure 2. For all these diseases, the 
reproducibility of the peaks each year was fully concordant, except 
for influenza, with a peak in 2017/2018 occurring earlier. Of note, 
for AOM, 2 peaks each year were observed. The first peak agreed 
with the bronchiolitis peak, whereas the second occurred with the 
influenza peak. As expected, for enteroviral infections, the main 

peak occurred each year at the end of spring and the beginning 
of summer. The curves over 3 years showed a decrease in the fre-
quency of diseases during the COVID-19 pandemic.

DISCUSSION
The PARI network is a hybrid surveillance system combin-

ing automated data extraction from the computers of primary care 
pediatricians with specific and deep training in infectious diseases. 
Besides creating the network, with high computer constraints, the 
challenge was to find a group of pediatricians motivated to improve 
their diagnostic and therapeutic performance for infectious dis-
eases. Moreover, pediatricians had to be sufficiently numerous to 
provide national representative data. They were trained to comply 
with treatments and vaccination guidelines and use point-of-care 
tests.

To set up this surveillance, we previously performed a 
pilot study to verify the efficiency of the system. Indeed, we first 
described compliance with the immunization program according 
to the age recommended for each vaccination dose for children <2 

FIGURE 1.  Distribution of influenza, varicella, gastroenteritis and bronchiolitis per week over 3 study years (June 2017 
to June 2020) in children seen by 107 pediatricians in the Pediatric and Ambulatory Research in Infectious diseases 
network compared with Sentinelles and Geodes networks. OSCOUR indicates organization of coordinated surveillance of 
emergencies.
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years old.27 This successful experience allowed us to develop the 
PARI network with confidence.

With data from only 107 well-trained pediatricians, we present 
epidemiologic curves highly similar (Pearson correlation coefficients: 

0.96, 0.93, 0.89 and 0.68) to those of the Sentinelles and Geodes 
networks for influenza, bronchiolitis, varicella and gastroenteritis.15,26 
This observation could be considered an external validation. Other 
features underlying the high quality of the pediatrician training and 

FIGURE 2.  Distribution of frequency of acute otitis media, tonsillopharyngitis (RDT-positive), bronchiolitis, tonsillopharyngitis 
(RDT-negative), influenza, varicella, gastroenteritis and enteroviral infections per week over 3 study years (June 2017 to June 
2020).
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the network efficiencies are the large use of point-of-care tests and 
appropriate prescriptions of ATBs. We tried to develop a framework 
for effective use of RDTs with an assessment of the pretest probabili-
ties and good clinical examination to optimize practices. Therefore, 
in our study, according to the French guidelines, RDTs for tonsillo-
pharyngitis was mainly performed for children >3 years old.25 Posi-
tive RDT results accounted for 44.0% of cases of tonsillopharyngitis, 
which agreed with a recent meta-analysis showing the pooled preva-
lence of GAS at 37% (95% confidence interval 32%–43%) among 
children presenting sore throat.28 Moreover, as recommended by the 
French guidelines amoxicillin was the most-prescribed ATB for GAS 
tonsillopharyngitis, and only 5.3% of tonsillopharyngitis cases with 
negative RDT results were treated with ATBs.25 For AOM, amoxicil-
lin prescription accounted for 75.6% of cases. Of note, amoxicillin-
clavulanate represented 14.1% of the ATB prescriptions, which was 
consistent with the rate of conjunctivitis-otitis syndrome.27,29 Again, 
these results fit with the French ATB guidelines for respiratory tract 
infections in children.24 The overuse of ATBs for treating viral res-
piratory infections is a well-known factor in the development of ATB 
resistance.5,6 In our study, according to the national guidelines, very 
few presumed viral infections such as bronchiolitis or GAS negative 
tonsillopharyngitis or influenza were treated with ATBs.30 For exam-
ple, only 7.6% of cases of influenza were treated with ATBs. This rate 
was lower than that reported in a recent study showing ATBs ordered 
for 33% of children with influenza in the outpatient setting (33%) 
and 93% of those hospitalized.31

In our study, for AOM, each year showed a first and main 
peak concurrent with the bronchiolitis peak and a second peak con-
current with the influenza peak. The importance of viruses in AOM 
is well known, particularly for RSV and influenza viruses.32–34 The 
widespread use of pneumococcal conjugate vaccine was the first step 
to decrease the burden of AOM; the second one could be the use of 
viral vaccines such as routine influenza and RSV vaccines.32–35 In the 
next few years, new vaccines and other methods for preventing res-
piratory pathogens will be developed (RSV vaccines, new generation 
pneumococcal conjugate vaccines, new influenza vaccines, SARS-
CoV-2 vaccines, etc.). Our surveillance system with 3-year baseline 
data will allow us to quickly assess the effectiveness of all these inter-
ventions. Indeed, taking advantage of our baseline data before the 
COVID-19 pandemic, we were able to observe the disease’s major 
impact on the sharp decrease in frequency of infectious diseases. The 
curves over 3 years allowed to see the absence of visits by children to 
pediatricians during the lockdown. With this observation, we started 
to implement a COVID-19 surveillance using this efficient network. 
We are now extending PARI to less frequent infectious diseases.

Our study has several limitations. Our highly motivated and 
trained pediatricians were not representative of the general popula-
tion of health care provider. However, our objective was to have 
an evolutive picture of many primary cares acquired infections 
using the best diagnosis tools available for first-line pediatricians. 
They all had a high training in diagnoses of infectious diseases and 
they rigorously followed the guidelines for ATB prescriptions or 
RDT use.36 In the coming months, other diagnostic tools must be 
deployed to improve the quality of diagnosis. These tools allow for 
adapted children management as well as improvement of the sur-
veillance system. Hence, the need to have more diagnostic tools 
such as a rapid molecular test for acute respiratory tract infections 
combining SARS-CoV-2, influenza and RSV infections has become 
a priority.37 A last limitation is the lack of information regarding 
children seeing another pediatrician not involved in the network. 
This bias is attenuated by the huge numbers (118,193 diagnoses) in 
our database, approaching big data in the coming years.

Despite these concerns, the involvement of the participat-
ing pediatricians and the first results plaid for the feasibility and 

the usefulness of such a network, which could easily be applied in 
other countries.

ACKNOWLEDGMENTS
The authors are grateful to the investigators of the Pediat-

ric and Ambulatory Research in Infectious diseases (PARI) study 
Network: Drs. Akou’Ou M., Andre J., Ansoborlo S., Auvrignon A., 
Bakhache P., Barrois S., Bastero R., Batard C., Bazouzi S., Beaus-
sac B., Bellemin K., Berquier J., Blanc B., Blanc J., Bled J., Bordes 
C., Boulanger S., Brancato S., Burtscher A., Cahn-Sellem F., Cam-
bier Nappo E., Chartier Albrech C., Chatue Kamga H., Cheve A., 
Condor R., Cornic M., Coudy C., Courtot H., D Acremont G., Dag-
renat V., Dauriac A., De Brito B., Deberdt P., Defives I., Delavie N., 
Delobbe J., Delvaux S., Desandes R., Desvignes V., Devulder C., 
Dubreuil B., Duchene S., Duhamel A., Durantel B., Elbez A., Geb-
hard F., Gelbert N., Givois A., Gorde-Grosjean S., Goulamhoussen 
S., Grue P., Gruniaux Wild É., Guiheneuf C., Hassid F., Hennequin 
S., Hourlier D., Hubinois S., Issert É., Joseph M., Jouty C., Kampf 
Maupu F., Kherbaoui L., Kochert F., Lambert A., Langlais S., Le 
Gac I., Le Mouel F., Lecaillier F., Legras C., Lemarie D., Lienhardt 
J., Loe-Loumou C., Louvel M., Lubelski P., Masse M., Mawas C., 
Mercier A., Mercier A., Mercier-Oger M., Michot-Cottias A., Mil-
liard D., Mindreau M., Minette D., Moore Wipf S., Nold B., Pallard-
Duhaut C., Pflieger H., Philippe F., Picard K., Piegay Broglia I., 
Pinard O., Pincant B., Plouhinec C., Pressac I., Pruvost Dussart I., 
Ravilly S., Salaun J., Salinier C., Salomez S., Sangenis M., Sarreau 
C., Sartelet I., Savajols E., Schlemmer C., Seror E., Streicher M., 
Thiebault G., Thollot F., Tizi Oualou L., Traimond N., Vernoux S., 
Vie Le Sage F., Vigreux J., Virey B., Werner A., Wollner A., Zouari M. 
The authors are grateful to the Association Clinique Thérapeutique 
Infantile du Val de Marne (ACTIV) team: Ramay I, Prieur C; Prieur 
A, Borg M. The authors are grateful to the CompuGroup Medical 
France team: Isabelle Viala.

REFERENCES
	 1.	 Holstiege J, Schink T, Molokhia M, et al. Systemic antibiotic prescribing to 

paediatric outpatients in 5 European countries: a population-based cohort 
study. BMC Pediatr. 2014;14:174.

	 2.	 Lee GC, Reveles KR, Attridge RT, et al. Outpatient antibiotic prescribing in 
the United States: 2000 to 2010. BMC Med. 2014;12:96.

	 3.	 Palmu AA, Jokinen J, Nieminen H, et al. Effect of pneumococcal 
Haemophilus influenzae protein D conjugate vaccine (PHiD-CV10) on out-
patient antimicrobial purchases: a double-blind, cluster randomised phase 
3-4 trial. Lancet Infect Dis. 2014;14:205–212.

	 4.	 Levy C, Vie le Sage F, Varon E, et al. Pediatric Ambulatory and Hospital 
Networks for surveillance and clinical epidemiology of community-
acquired infections. J Pediatr. 2018;194:269–270.e2.

	 5.	 European Centre for Disease Prevention and Control. Proposals for EU 
guidelines on the prudent use of antimicrobials in humans. ECDC. 2018. 
Available at: https://eceuropaeu/health/amr/sites/amr/files/amr_guidelines_
prudent_use_enpdf. Accesssed February 23, 2021.

	 6.	 The Council of the European Union: Council conclusions on the next steps 
towards making the EU a best practice region in combatting antimicrobial 
resistance. Official Journal of the European Union 2019/C 214/01. 2019. 
Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CE
LEX:52019XG0625(01)&from=EN. Accessed February 23, 2021.

	 7.	 Dobson EL, Klepser ME, Pogue JM, et al; SIDP Community Pharmacy 
Antimicrobial Stewardship Task Force. Outpatient antibiotic stew-
ardship: interventions and opportunities. J Am Pharm Assoc (2003). 
2017;57:464–473.

	 8.	 Fleming-Dutra KE, Hersh AL, Shapiro DJ, et al. Prevalence of inappropri-
ate antibiotic prescriptions among US ambulatory care visits, 2010-2011. 
JAMA. 2016;315:1864–1873.

	 9.	 Regev-Yochay G, Raz M, Dagan R, et al. Reduction in antibiotic use 
following a cluster randomized controlled multifaceted intervention: 
the Israeli judicious antibiotic prescription study. Clin Infect Dis. 
2011;53:33–41.

https://eceuropaeu/health/amr/sites/amr/files/amr_guidelines_prudent_use_enpdf
https://eceuropaeu/health/amr/sites/amr/files/amr_guidelines_prudent_use_enpdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52019XG0625(01)&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52019XG0625(01)&from=EN


Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

The Pediatric Infectious Disease Journal  •  Volume XX, Number XX, XXX XXX	

© 2021 Wolters Kluwer Health, Inc. All rights reserved.� www.pidj.com  |  7

Ambulatory Pediatric Infectious Diseases Surveillance

	10.	 Casalegno JS, Eibach D, Valette M, et al. Performance of influenza case defi-
nitions for influenza community surveillance: based on the French influenza 
surveillance network GROG, 2009-2014. Euro Surveill. 2017;22:30504.

	11.	 Correa A, Hinton W, McGovern A, et al. Royal College of General 
Practitioners Research and Surveillance Centre (RCGP RSC) sentinel net-
work: a cohort profile. BMJ Open. 2016;6:e011092.

	12.	 de Lusignan S, van Weel C. The use of routinely collected computer data 
for research in primary care: opportunities and challenges. Fam Pract. 
2006;23:253–263.

	13.	 De Lusignan S, Wells S, Shaw A, et al. A knowledge audit of the man-
agers of primary care organizations: top priority is how to use routinely 
collected clinical data for quality improvement. Med Inform Internet Med. 
2005;30:69–80.

	14.	 de Lusignan S, Correa A, Pathirannehelage S, et al. RCGP Research and 
Surveillance Centre annual report 2014-2015: disparities in presentations to 
primary care. Br J Gen Pract. 2017;67:e29–e40.

	15.	 Inserm, Médecine Sorbonne Université and Santé Publique France. Réseau 
Sentinelles. 2020. Available at: https://www.sentiweb.fr/. 2020. Accessed 
February 23, 2021.

	16.	 Smith GE, Elliot AJ, Lake I, et al; Public Health England Real-time 
Syndromic Surveillance Team. Syndromic surveillance: two decades expe-
rience of sustainable systems - its people not just data! Epidemiol Infect. 
2019;147:e101.

	17.	 Heffernan R, Mostashari F, Das D, et al. New York City syndromic surveil-
lance systems. MMWR Suppl. 2004;53:23–27.

	18.	 Lazarus R, Kleinman KP, Dashevsky I, et al. Using automated medical 
records for rapid identification of illness syndromes (syndromic surveil-
lance): the example of lower respiratory infection. BMC Public Health. 
2001;1:9.

	19.	 Spreco A, Eriksson O, Dahlström Ö, et al. Integrated detection and predic-
tion of influenza activity for real-time surveillance: algorithm design. J Med 
Internet Res. 2017;19:e211.

	20.	 Torner N, Basile L, Martínez A, et al; Working Group on PIDIRAC Sentinel 
Surveillance of Catalonia. Assessment of two complementary influenza sur-
veillance systems: sentinel primary care influenza-like illness versus severe 
hospitalized laboratory-confirmed influenza using the moving epidemic 
method. BMC Public Health. 2019;19:1089.

	21.	 Triple SP. Assessment of syndromic surveillance in Europe. Lancet. 
2011;378:1833–1834.

	22.	 Cohen R, Levy C, Bonacorsi S, et al. Diagnostic accuracy of clinical symp-
toms and rapid diagnostic test in group A streptococcal perianal infections 
in children. Clin Infect Dis. 2015;60:267–270.

	23.	 Cohen JF, Chalumeau M, Levy C, et al. Effect of clinical spectrum, inocu-
lum size and physician characteristics on sensitivity of a rapid antigen detec-
tion test for group A streptococcal pharyngitis. Eur J Clin Microbiol Infect 
Dis. 2013;32:787–793.

	24.	 Haute Autorité de Santé. Purulent acute otitis media in children over 3 
months. 2016. Available at: https://wwwhas-santefr/jcms/c_2722749/fr/
otite-moyenne-aigue-purulente-de-l-enfant-de-plus-de-3-mois. Accessed 
February 23, 2021.

	25.	 Haute Autorité de Santé. Acute nasopharyngitis and acute strep throat in 
children. 2016. Available at: https://wwwhas-santefr/jcms/c_2722754/fr/
rhinopharyngite-aigue-et-angine-aigue-de-l-enfant. Accessed February 23, 
2021.

	26.	 Santé Publique France. Geo données en Santé Publique. 2020. Available at: 
https://geodes.santepubliquefrance.fr/#c=indicator&i=sursaud_bronchio.
prop_bronchio_pass_sau&s=2020-S28&t=a01&view=map2. Accessed 
February 23, 2021.

	27.	 Rybak A, Vié le Sage F, Béchet S, et al. Timeliness of routine immunization 
in non-preterm children less than 2 years old using electronic data capture 
in an ambulatory setting in France in the context of vaccine hesitancy. Arch 
Pediatr. 2019;26:56–64.

	28.	 Shaikh N, Leonard E, Martin JM. Prevalence of streptococcal pharyngi-
tis and streptococcal carriage in children: a meta-analysis. Pediatrics. 
2010;126:e557–e564.

	29.	 Bingen E, Cohen R, Jourenkova N, et al. Epidemiologic study of conjuncti-
vitis-otitis syndrome. Pediatr Infect Dis J. 2005;24:731–732.

	30.	 Conseil National professionnel de la Pédiatrie and Haute Autorité de Santé. 
Haute Autorité de Santé. 2019. Available at: https://www.has-sante.fr/
upload/docs/application/pdf/2019-11/hascnpp_bronchiolite_texte_recom-
mandations_2019.pdf. Accessed February 23, 2021.

	31.	 Nitsch-Osuch A, Gyrczuk E, Wardyn A, et al. Antibiotic prescription prac-
tices among children with influenza. Adv Exp Med Biol. 2016;905:25–31.

	32.	 Obando-Pacheco P, Justicia-Grande AJ, Rivero-Calle I, et al. Respiratory 
syncytial virus seasonality: a global overview. J Infect Dis. 2018;217:1356–
1364.

	33.	 Nokso-Koivisto J, Marom T, Chonmaitree T. Importance of viruses in acute 
otitis media. Curr Opin Pediatr. 2015;27:110–115.

	34.	 Heikkinen T, Ojala E, Waris M. Clinical and socioeconomic burden of res-
piratory syncytial virus infection in children. J Infect Dis. 2017;215:17–23.

	35.	 Heikkinen T, Block SL, Toback SL, et al. Effectiveness of intranasal live 
attenuated influenza vaccine against all-cause acute otitis media in children. 
Pediatr Infect Dis J. 2013;32:669–674.

	36.	 Trinh NTH, Chahwakilian P, Bruckner TA, et al. Discrepancies in national 
time trends of outpatient antibiotic utilization using different measures: a 
population-based study in France. J Antimicrob Chemother. 2018;73:1395–
1401.

	37.	 Hanson KE, Azar MM, Banerjee R, et al; Diagnostics Committee of the 
Infectious Diseases Society of America (IDSA). Molecular testing for acute 
respiratory tract infections: clinical and diagnostic recommendations from 
the IDSA’s Diagnostics Committee [published online ahead of print May 5, 
2020]. Clin Infect Dis. doi:10.1093/cid/ciaa508.

https://www.sentiweb.fr/
https://wwwhas-santefr/jcms/c_2722749/fr/otite-moyenne-aigue-purulente-de-l-enfant-de-plus-de-3-mois
https://wwwhas-santefr/jcms/c_2722749/fr/otite-moyenne-aigue-purulente-de-l-enfant-de-plus-de-3-mois
https://wwwhas-santefr/jcms/c_2722754/fr/rhinopharyngite-aigue-et-angine-aigue-de-l-enfant
https://wwwhas-santefr/jcms/c_2722754/fr/rhinopharyngite-aigue-et-angine-aigue-de-l-enfant
https://geodes.santepubliquefrance.fr/#c=indicator&i=sursaud_bronchio.prop_bronchio_pass_sau&s=2020-S28&t=a01&view=map2
https://geodes.santepubliquefrance.fr/#c=indicator&i=sursaud_bronchio.prop_bronchio_pass_sau&s=2020-S28&t=a01&view=map2
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp_bronchiolite_texte_recommandations_2019.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp_bronchiolite_texte_recommandations_2019.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp_bronchiolite_texte_recommandations_2019.pdf

