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Impact of bedside diagnosis of influenza in the paediatric emergency ward

Objectives. This prospective study performed in the paediatric emergency department of the University Hospital of Saint-Etienne aimed to measure the impact of the 24/7 bedside use of the Veritor™ System (Becton Dickinson) on the reduction of supplementary investigations, hospital stay and antimicrobial use.

Methods.

Influenzavirus A and B antigens were detected with a rapid influenza digital immunoassay (DIA) on nasopharyngeal aspirates (NPA) sampled from the children consulting at the paediatric emergency department between January and March 2016 for influenza-like illness. The same NPA was tested by immunofluorescence and/or molecular routine assays. Before performing the DIA, the clinician filled in a questionnaire listing the tests that he/she would have prescribed in the absence of the rapid testing. The prescription of complementary investigations, antimicrobial treatments and hospital stay were also compared to those of the 3 previous years.

Results.

A total of 514 children with flu-like symptoms were included. The use of the DIA at bedside decreased the prescription of blood puncture by 47.9% (21.2% to 6.6%), of chest Xrays by 69.0% (33.3% to 10.3%), of lumbar puncture by 77.8% (7.0% to 1.6%), of urine culture by 79.2% (23.3% to 4.9%), of antibiotic treatments by 70.1% (16.9% to 5.1%) and of hospital stay by 25.0% (27.2% to 20.4%), resulting in a reduction of medical costs estimated to more than €69,000 in a season.

Conclusions.

In addition to deliver a rapid aetiological diagnosis, this strategy save medical costs and favour antimicrobial stewardship strategy. However, further prospective studies are needed to confirm our findings.

Introduction

As the most common reason for consultation during epidemics, influenza-like illness represents a major burden at the paediatric emergency department. Up to 48% of the visits at this setting are related to acute respiratory infection or fever in children less than 5 years [START_REF] Jules | Influenzarelated hospitalization and ED visits in children less than 5 years: 2000-2011[END_REF][START_REF] Gorelick | A system for grouping presenting complaints: the pediatric emergency reason for visit clusters[END_REF].

The attack rate during each annual outbreak is estimated between 20 and 30% in children and could reach up to 50% in day care attendees [START_REF] Fraaij | Seasonal influenza: The burden of disease in children[END_REF][START_REF] O'brien | Incidence of outpatient visits and hospitalizations related to influenza in infants and young children[END_REF]. However, the clinical diagnosis of flu is difficult to perform, especially in infants who cannot report evocative symptoms [START_REF] Poehling | The under-recognized burden of influenza in young children[END_REF] and because of frequent unspecific presentation, as isolated fever [START_REF] Heinonen | Signs and symptoms predicting influenza in children: a matched case-control analysis of prospectively collected clinical data[END_REF] or gastrointestinal symptoms [START_REF] Fraaij | Seasonal influenza: The burden of disease in children[END_REF][START_REF] Heinonen | Signs and symptoms predicting influenza in children: a matched case-control analysis of prospectively collected clinical data[END_REF]. Moreover, other respiratory agents can cause similar clinical presentations [START_REF] Schnepf | High burden of non-influenza viruses in influenza-like illness in the early weeks of H1N1v epidemic in France[END_REF][START_REF] Cantais | Epidemiology and microbiological investigations of community-acquired pneumonia in children admitted at the emergency department of a university hospital[END_REF][START_REF] Jain | Communityacquired pneumonia requiring hospitalization among U.S. children[END_REF][START_REF] Taylor | Respiratory viruses and influenza-like illness: epidemiology and outcomes in children aged 6 months to 10 years in a multi-country population sample[END_REF].

Identifying the aetiology of influenza-like illness is necessary for improving health care organisation and efficiency, limiting unnecessary and painful investigations [START_REF] Lacroix | Impact of rapid influenza diagnostic test on physician estimation of viral infection probability in paediatric emergency department during epidemic period[END_REF] and optimising antiviral [START_REF] Abraham | Influenza in the emergency department: vaccination, diagnosis, and treatment: clinical practice paper approved by American Academy of Emergency Medicine Clinical Guidelines Committee[END_REF] and antimicrobial treatments [START_REF] Messacar | Implementation of rapid molecular infectious disease diagnostics: the role of diagnostic and antimicrobial stewardship[END_REF].

The practicability of rapid influenza diagnostic tests (RIDTs) allows their use by nontrained healthcare professionals at bedside. However, due to the low sensitivity of the firstgeneration RIDTs [START_REF] Bouscambert | Rapid bedside tests for diagnosis, management, and prevention of nosocomial influenza[END_REF], their usefulness in clinical routine was debated [START_REF] Dunn | Point-counterpoint: can newly developed, rapid immunochromatographic antigen detection tests be reliably used for the laboratory diagnosis of influenza virus infections?[END_REF]. Newly designed assays with digitally scan test strip, called digital immunoassays (DIA), have better analytical performances when used in laboratories by trained personnel [START_REF] Hassan | Comparison of the BD Veritor system for flu A+B with the Alere BinaxNOW influenza A&B card for detection of influenza A and B viruses in respiratory specimens from pediatric patients[END_REF][START_REF] Leonardi | Comparison of the SOFIA and Veritor direct antigen detection assay systems for identification of influenza viruses from patient nasopharyngeal specimens[END_REF][START_REF] Dunn | Prompt detection of influenza A and B viruses using the BD Veritor TM System Flu A+B, Quidel® Sofia® Influenza A+B FIA, and Alere BinaxNOW® Influenza A&B compared to real-time reverse transcription-polymerase chain reaction (RT-PCR)[END_REF][START_REF] Peters | Evaluation of the limit of detection of the BD Veritor TM System Flu A+B test and two rapid influenza detection tests for influenza virus[END_REF][START_REF] Merckx | Diagnostic accuracy of novel and traditional rapid tests for influenza infection compared with reverse transcriptase polymerase chain reaction: a systematic review and meta-analysis[END_REF]. However, the costeffectiveness impact of their implementation in clinical wards has been poorly evaluated. The aim of this study was to measure the impact of the bedside diagnosis of influenza by using a DIA on the reduction of supplementary investigations, hospital stay and antimicrobial use.

Patients and Methods

Study design and patients

Consecutive patients aged 0 to 16 years and consulting between January 7 and March 19 of 2016, corresponding to the period of influenzavirus circulation at the paediatric emergency department, were included prospectively. The study was started after 3 influenza cases were recorded within 3 consecutive days; it was stopped after one week without new influenza case. The inclusion criteria were fever >38.5°C without source and acute impaired general condition including tachypnea, tachycardia, prolonged capillary refill time and/or lethargy; the exclusion criteria were known immunosuppression and evident bacterial infection [START_REF] Lacroix | Impact of rapid influenza diagnostic test on physician estimation of viral infection probability in paediatric emergency department during epidemic period[END_REF][START_REF] Lau | Viral shedding and clinical illness in naturally acquired influenza virus infections[END_REF][START_REF] Mccullers | Influenza Virus[END_REF]. The prescription of virological testing was at the discretion of the emergency paediatrician, using the same criteria as for the previous winter seasons, without any specific recommendation for the study. An informative note was given to the parents, but no written consent was required by the Ethics Committee of the University Hospital of Saint-

Etienne (approval ref. IRBN322016/CHUSTE).

Following oral acceptance of parents and older children, the clinician filled in a questionnaire listing the biological or radiological tests that he/she would prescribe together with the potential indication of hospitalisation and anti-infectious treatment, as a declared intent.

A nasopharyngeal aspirate (NPA) was taken immediately and the DIA was performed 24/7 at bedside. The result was communicated as soon as available to the clinician and the patient's relatives. Then the NPAs were sent to the microbiology laboratory as for the past seasons. The patient' management was not different from that given during the past seasons.

At the end of the winter season, the questionnaires' content was analysed by two of us (AC and OM); the prescriptions that were currently performed were compared to those proposed in the questionnaire before the DIA result was available.

Microbiological analyses

The BD Veritor™ System for Rapid Detection of Flu A+B (Becton Dickinson, Pont-de-Claix, France) detects influenza A and B nucleoprotein antigens. It was performed by the nurses of the paediatric emergency department who had been specially trained. The swab included in the kit was rolled 5 times into the NPA before being introduced in the reagent tube. The test was then performed as recommended by the manufacturer. The interpretation using the Flu Veritor™ reader indicated three possible conditions: negative, positive or notinterpretable. The result was obtained in less than 15 min. The NPA was kept at 4°C before being sent to the laboratory for routine assay.

At the microbiology laboratory, respiratory viruses were detected by an indirect immunofluorescence assay (IFA) already in use during the past years. Briefly, the NPA specimen was treated for removing mucus; the cells were dried on glass slides and fixed with cold acetone before adding a set of monoclonal antibodies directed to influenza A and B antigens (bioMérieux) and, after washing, a fluorescein isothiocyanate-conjugated goat antibody directed against mouse IgG (bioMérieux). The reading was performed with an optical fluorescent microscope (Leitz). In case of discrepant result between DIA and IFA, 200 µl of the NPA sample were tested by nucleic acid amplification test (NAAT) combining nucleic acid extraction on NUCLISENS ® easyMAG ® (bioMérieux), one-step reverse transcription and real-time PCR assay (Multi Well System FluA/B R-gene assay) as described [START_REF] Pillet | Comparative evaluation of six commercialized multiplex PCR kits for the diagnosis of respiratory infections[END_REF]. The NAAT result was considered as the gold standard.

Data analysis

The number of provisional actions (prescription of biological and radiological investigations, hospital stay, consumption of antimicrobial drugs) declared through the questionnaire was compared to that of actions that were actually done. The latter variables were also compared to the data obtained from the past three winter seasons after reviewing electronic records of the medical database using the inclusion and exclusion criteria defined at the beginning of this section. The cost estimation of medical procedures and biological tests was based on the prices listed in the 2014 version of the respective official French classifications. For antimicrobial treatments, the mean cost for one prescription was evaluated by using doses and duration usually prescribed in such a situation; the cost of drugs was based on that of French generic antibiotics. For hospital stays, the cost of each case was based on its main final diagnosis and was estimated on the basis of its Diagnosis Related Group that corresponds to a price listed in a national database.

Statistical analysis

The chi-squared test was used to compare qualitative data and the Student T-test to compare means. Data recording, statistical tests and graphical drawing were performed by using Microsoft Excel® 2016 and Addinsoft XLStat V19.03 softwares.

Results

Clinical characteristics of patients (Table 1)

From a total of 588 patients exhibiting influenza-like illness identified during the study period, 514 patients (87.4%(514/588), sex ratio M/F of 1.11; median of age 2.7 years; 95% CI [2.2-3.2]) were included; 42%(216/514) of the children were less than two years old. The clinical presentation corresponded to influenza-like syndrome, sometimes associated to gastro-enteric symptoms. Children exhibiting positive flu DIA presented less frequently a respiratory distress syndrome but a longer duration of fever (Table 1).

Virological results

From a total of 514 included patients, 245 were tested negative, 262 positive (59 for influenza A and 203 for influenza B) and 7 not-interpretable (1.4%) by the Flu Veritor assay.

In addition to H3N2 and H1N1 pdm09 influenza A strains, the virus that predominated during the epidemic period belonged to type B, lineage Victoria [START_REF]Seasonal influenza -Annual Epidemiological Report for 2016-17 season[END_REF], with a late flu peak at the end of February, which is common for B outbreaks [START_REF] Mosnier | Ten influenza seasons in France: distribution and timing of influenza A and B circulation, 2003-2013[END_REF].

A total of 477 specimens (92.8%) could be checked in the laboratory by using IFA, completed by NAAT in case of discrepancy between DIA and IFA results: 450 results were concordant (94.3%, kappa coefficient of 0.911 [0.87-0.95]), including 217 negative and 233 positive results (Table 2). The 27 discordant results included 11 false positive results, 10 false negative results, and 6 not-interpretable results by DIA that were all found positive by NAAT (one of the 7 initial not-interpretable samples could not be tested). After exclusion of the notinterpretable samples, the sensitivity, specificity, negative and positive predictive values of the DIA were respectively 95.9% [92.6-98.0], 95.2% [91.5-97.6], 95.6% [92.1-97.9] and 95.5% [92. 1-97.7] by comparison to the routine tests.

Virtual cost saving

Table 3 summarises the virtual cost saving between the actions that would have been done after the clinical examination of the patient as recorded in the paediatrician's questionnaire and those that were really done after obtaining the DIA result. Several variables were significantly reduced, including blood and urine cultures, chest X-rays, lumbar punctures and use of antibiotics. Concerning direct costs, the reduction of the number of hospital stay was the most significant item (€59,255 over a total of €69,273).

With an individual cost of 5 euros, the extra cost for the 514 DIA tests was estimated to 3187 euros. No personnel charge needs to be added since healthcare workers of the unit performed the test.

Clinical evolution

Seventy-six patients (31.0%) were hospitalised in the DIA negative group versus 27 (10.3%) in the positive one (P < 0.001). The medical file analysis of these 27 children showed that hospitalisation was justified by the occurrence of another infection in 10 cases (pyelonephritis, acute otitis media, pneumonia, gastroenteritis…), a comorbidity in 8 cases (age under 3 months, immunosuppression, diabetes) and/or a complicated flu in 13 cases (Supplementary Table 1).

Regarding antimicrobials, 60 of 245 patients (24.5%) received antibiotics in the DIA negative group, versus 25 of 262 (9.5%) in the positive one (P < 0.001). Sixteen of these 25 patients presented an acute otitis media (which can be considered as a bacterial complication of flu) and 4 exhibited another presumed bacterial pathology, resulting in prescription or maintenance of an antibiotic therapy without documented infection in only 5 cases. According to the French guidelines [START_REF]Avis relatif à l'utilisation des antiviraux chez les patients en extra-hospitalier pour le traitement en curatif et le traitement en postexposition en période de circulation des virus de la grippe saisonnière[END_REF], oseltamivir was prescribed to only 14 of the 262 patients tested positive for flu with DIA (5.3%), after a mean duration of fever of 17 hours. No adverse effect was recorded.

No life-compromising complication was observed in our cohort.

Temporal comparison of medical prescriptions and hospitalisation stay

As shown in Figure 1 comparing different actions performed during the winter season of the study versus the three past ones, a dramatic decrease was observed (P < 0.001) for each of them, notably for blood sampling, CRP measure, chest X-ray and hospitalisation stay.

Blood culture prescriptions had decreased before the introduction of DIA, following the will of paediatricians to reduce unnecessary blood culture and prevent blood waste.

this study were recently confirmed for the diagnosis of respiratory infections in paediatric wards when compared to NAAT [START_REF] Merckx | Diagnostic accuracy of novel and traditional rapid tests for influenza infection compared with reverse transcriptase polymerase chain reaction: a systematic review and meta-analysis[END_REF][START_REF] Lau | Viral shedding and clinical illness in naturally acquired influenza virus infections[END_REF][START_REF] Schwartz | BD Veritor System respiratory syncytial virus rapid antigen detection test: point-of-care results in primary care pediatric offices compared with reverse transcriptase polymerase chain reaction and viral culture methods[END_REF][START_REF] Tran | SOFIA®RSV: prospective laboratory evaluation and implementation of a rapid diagnostic test in a pediatric emergency ward[END_REF]. Second, the comparison of the intents of the physician with the real prescription could have led to over-estimate the real benefits of the bedside strategy. Third, even if the prescription of the flu tests was not subject to major changes during the four studied years, the comparison to historical records is an additional source of bias. Because conducting a randomized assay is difficult, the combination of the two former approaches leading to very similar results with clear-cut benefits of the bedside strategy is indicative of the robustness of the conclusions.

From a clinical point of view, the patients tested positive for flu by DIA benefited of a significant lesser number of invasive investigations including blood puncture, lumbar puncture and chest X-ray irradiation. The number of hospitalisations and the prescription of antibiotic drugs were also significantly reduced. All the patients who were hospitalised despite a positive DIA exhibited comorbidities, a severe presentation and/or a complicated flu. In the few patients (n=9) exhibiting a false positive result with the rapid test that deprived them of hospitalisation, the clinical evolution was shown to be favourable (data not shown).

Interestingly, the number of respiratory distress was significantly lower in the flu group, which can be explained by the simultaneous occurrence of a bronchiolitis outbreak in the setting.

From an ecological point of view, an important economy of useless antimicrobial treatments was observed. Although the consumption of antibiotics had already shown a trend to decrease during the two previous seasons, the number of patients with flu treated by antibiotics passed under the bar of 10% during the last season. Consequently, the bedside diagnosis of flu contributes to improve the antimicrobial stewardship strategy aimed at fighting the growing resistance of bacteria, as previously shown for other rapid virological tools [START_REF] Messacar | Implementation of rapid molecular infectious disease diagnostics: the role of diagnostic and antimicrobial stewardship[END_REF].

The impact of diagnosing flu at bedside was major in terms of economic benefits. A significant reduction was observed for procalcitonin dosage, blood culture, urine culture and chest radiography, because these exams are essential for investigating a fever of unknown origin in infants. The main economic impact was constituted by the theoretical saving of 35 hospitalisations, which represented a spare of more than 69,000 euros. Although these cost savings are virtual, they are indicative of the optimisation of medical costs induced by this strategy. They were confirmed by a dramatic decrease of the actual rate of hospitalisation by comparison to that of the three previous years.

As a whole, the excellent analytical performances of the Flu Veritor™ System allow its use as a point-of-care test to performing an accurate and rapid diagnosis of influenza at the paediatric emergency department. In addition to delivering a rapid aetiological diagnosis, this strategy is able to save the prescription of a considerable number of unnecessary tests, antimicrobial treatments and hospital stay. However, a randomized prospective trial would be useful to confirm these very encouraging results. It is also important to keep in mind that the rapid test must be considered as a support to the medical decision and that the clinical appreciation of the severity of the symptoms must stay the major factor for deciding of complementary investigations, antimicrobial treatment and hospitalisation. 

Figure 1 :

 1 Figure 1: Percentage of events performed during the study and the three years before in children confirmed positive for influenza at the pediatric emergency department of the University-Hospital of Saint-Etienne, France.

Table 1 :

 1 Clinical characteristics of the 507 children admitted at the Emergency Unit of the University Hospital of Saint-Etienne, France, for influenza-like symptoms, after exclusion of the 7 patients exhibiting a not-interpretable result by influenza digital immunoassay (DIA).

	a NS: not statistically significant at the level of 0.05.

Table 2 :

 2 Performance of the Veritor™ digital immunoassay (DIA) performed at bedside by comparison to the routine strategy used in the laboratory for the diagnosis of influenza on 477 clinical specimens from children admitted for influenza-like symptoms at the Emergency Unit of the University Hospital of Saint-Etienne, France.

		Result of standard laboratory test a	Total
		Positive	Negative	
	Result of the DIA test			
	-positive	233 b	11	244
	-negative	10	217	227
	-not-interpretable	6 c	0	6
	Total	249	228	477

Concordant results by both diagnostic approaches are shown in grey cells. a The standard laboratory test consisted in an immunofluorescence assay (IFA) completed by nucleic acid amplification test in case of discrepancy between the DIA and IFA results. b 47 typed A and 186 typed B c 1 typed A and 5 typed B.
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Discussion

The objective of the study was to determine the impact of a bedside diagnosis of influenza in the context of paediatric emergencies on the prescription of supplementary exams, use of antimicrobial drugs and hospitalisation. Two strategies were chosen to reach this goal: (i) comparing the rates of prescriptions and hospitalisations between what the physician had really prescribed knowing the result of the bedside test and what he/she would have prescribed in the absence of DIA, and (ii) comparing the same criteria with what had been done during the three previous years in the same unit. Both approaches led to the conclusion that important benefits were generated using the rapid test at bedside.

To our knowledge, this study is the first one to propose a prospective evaluation of the medico-economic impact of the bedside diagnosis of influenza in the paediatric emergency ward. With regards to routine tests combining IFA and NAAT, the Flu Veritor™ assay exhibited excellent performances, in relation with the high viral load usually found in the respiratory secretions of young children with severe symptoms of flu-like illness [START_REF] Dunn | Point-counterpoint: can newly developed, rapid immunochromatographic antigen detection tests be reliably used for the laboratory diagnosis of influenza virus infections?[END_REF][START_REF] Mese | Analytical performance of the BD Veritor TM System for rapid detection of influenza virus A and B in a primary healthcare setting[END_REF][START_REF] Ndegwa | Evaluation of the point-of-care Becton Dickinson Veritor TM Rapid influenza diagnostic test in Kenya, 2013-2014[END_REF].

Interestingly, the few not-interpretable Veritor™ tests were all found positive by NAAT, which implies that alternative techniques must be tested in this situation. As previously shown [START_REF] Mese | Analytical performance of the BD Veritor TM System for rapid detection of influenza virus A and B in a primary healthcare setting[END_REF][START_REF] Ndegwa | Evaluation of the point-of-care Becton Dickinson Veritor TM Rapid influenza diagnostic test in Kenya, 2013-2014[END_REF], the Flu Veritor™ test was found easy to perform, even by not specialized personnel; the availability of a mobile reader improved the objectivity and traceability of the result.

The strengths of this study rely in the excellent performances of the DIA in this population, in a significant lesser number of invasive investigations, in an important economy of useless antimicrobial treatments, and in a major impact in terms of cost benefits. Despite its prospective design, the study suffered of some limitations. First, the routine strategy of flu diagnosis using IFA as first-line technique is no more recommended and has been replaced by NAAT in most centres; however, the excellent performances of "doctor tests" as that used in
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