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LISTE DES ABREVIATIONS

La Réunion. Necrotizing pneumonia (54%), skin and soft tissue (25%) and osteoarticular (13%) infections were the main primary clinical diagnoses. Communityacquired strains were methicillin-sensitive. Surgical procedures were performed in 19 patients (79%). Ten patients (42%) presented complications, and two patients (8%) died.

BACKGROUND

Staphylococcus aureus (SA) pathogenicity is related to a number of virulence factors including the Panton-Valentine Leukocidin (PVL) exotoxin. PVL genes can be expressed by both methicillin-resistant SA and methicillin-sensitive SA (MSSA) strains [START_REF] Rojo | Community-associated Staphylococcus aureus infections in children[END_REF].

Most commonly involved in community acquired skin and soft tissue infections (SSTI), Panton-Valentine leukocidin Staphylococcus aureus (PVL-SA) infections are characterized by multiple and recurrent furuncles, skin abscesses and peri orbital infections. However, PVL-SA strains have been increasingly recognized as responsible for severe invasive infections in previously healthy children [START_REF] Shallcross | The role of the Panton-Valentine leucocidin toxin in staphylococcal disease: a systematic review and meta-analysis[END_REF][START_REF] Hoppe | Severe infections of Panton-Valentine leukocidin positive Staphylococcus aureus in children[END_REF][START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF][START_REF] Gijón | Factors associated with severity in invasive community-acquired Staphylococcus aureus infections in children: a prospective European multicentre study[END_REF].

In the Indian Ocean, including the French overseas department of La Réunion, strains of PVL-SA are responsible for a growing number of SSTI and serious illnesses [START_REF] Vanhecke | Retrospective study of pneumonia due to Panton-Valentine leukocidin-producing Staphylococcus aureus in Reunion[END_REF]. The aim of our study was to describe the features of severe invasive PVL-SA infections in children in La Réunion between 2014 and 2019.

METHODS

We conducted a bicentric retrospective observational study (2014 -2019) Necrotizing pneumonia (NP) was defined as a clinical case of pneumonia with chest imaging studies showing small thin-walled cavities within areas of pulmonary consolidation. Patients with minor SSTI (defined as furunculosis, folliculitis, abscesses< 5cm, and absence of cellulitis) were excluded.

We collected demographic, clinical and biological data from the electronic medical records. According to French law, written consent was not mandatory for this retrospective non-interventional study. Therefore, a written non-opposition form was sent to parents via postal mail.

Categorical variables were presented as number and frequencies, and continuous variables as medians and ranges.

On admission, the median WBC count was 15.8 G/L (range, 0.82-44.2) while the median CRP level was 226 mg/L (range, 6-595). Leukopenia (peripheral neutrophil cell count ≤ 3 G/L) was observed in four patients (31%).

The average duration of antistaphylococcal antibiotherapy (mainly third generation cephalosporins, n=11) was 33.4 days (range, 1-70). Twelve children (92%) were treated with antitoxinic antibiotics. Two patients received intravenous immunoglobulins.

Six patients (46%) developed diverse complications (Table 1). All were admitted in an ICU. Eight patients (62%) were mechanically ventilated, and three patients (23%) required noninvasive ventilation. Extracorporeal membrane oxygenation was deployed in three patients. Complementary surgical procedures performed on 10 patients (77%) included: drainage of pneumothorax (n=6, three patients developing secondary ventilator-acquired pneumothorax), pleural drainage (n=9), pericardial drainage for associated cardiac tamponade (n=2), and two blank laparotomies (one for suspected peritonitis, and the other for suspected mesenteric ischemia). Two patients (15%) died.

Complicated skin and soft tissue infections

Of the six patients primarily diagnosed with complicated SSTI (median age of 3.6 years), two (33%) had pre-existing immunosuppressive conditions. Family history of SSTI was reported in five patients (83%). Three children (50%) originated from Mayotte or Madagascar. A skin injury preceded infection in four patients (67%). The clinical presentations included periorbital cellulitis (patients 14 and 17), abscess of the forearm with dermocellulitis (patient 15), perineal abscess (patient 16), temporal abscess with dermocellulitis (patient 18), and inguinal adenophlegmon (patient 19).

None required ICU admission, and no associated complications were observed.

On admission, the median WBC count was 13.0 G/L (range, 6.7-28.5) while the median CRP level was 68 mg/L (range, 7-169).

The average duration of antistaphylococcal antibiotherapy (mainly amoxicillinclavulanic acid, n=4) was 13.7 days (range 8-28). Two children received antitoxinic antibiotics. Complementary cutaneous surgical drainage was performed on five patients (83%), all with a favorable outcome.

Osteoarticular infections

Of the three patients primarily diagnosed with osteoarticular infections (median age of 5.2 years), two came from Mayotte or Madagascar. None presented pre-existing conditions. A history of prior trauma was reported in all patients. All presented high grade fever, limping and/or articular pain on admission. Patient 20 presented unifocal arthritis of the knee with pyomyositis, patient 21 presented multifocal osteomyelitis with pyomyositis, and patient 22 presented multifocal osteoarthritis, respectively. All three children required admission to the ICU.

On admission, the median WBC count was 22.1 G/L (range, 21.7-28.2) while the median CRP level was 258 mg/L (range, 255-348).

The mean duration of antistaphylococcal antibiotherapy was 42 days (range, 28-56). They all received antitoxinic antibiotherapy.

Two patients (67%) developed diverse complications (Table 1 

DISCUSSION

To the best of our knowledge, the present series is the first pediatric series describing severe invasive infections caused by PVL-SA in one population-based study in the Indian Ocean region.

As in other pediatric studies, NP, severe SSTI and osteoarticular infections were the most common clinical presentations of severe PVL-SA infections, and most cases occurred in previously healthy children [START_REF] Shallcross | The role of the Panton-Valentine leucocidin toxin in staphylococcal disease: a systematic review and meta-analysis[END_REF][START_REF] Hoppe | Severe infections of Panton-Valentine leukocidin positive Staphylococcus aureus in children[END_REF][START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF]. Nearly half of our patients originated from the neighbouring islands of Mayotte or Madagascar which are resource-poorer countries, where neglected skin infections and close and crowded community lifestyle, are common. Those factors have been recognized as risk factors for SSTI [START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF].

Although the role of PVL as a direct contributor to clinical severity and outcome remains controversial, severe pediatric PVL-SA infections carry a high burden [START_REF] Rojo | Community-associated Staphylococcus aureus infections in children[END_REF][START_REF] Hoppe | Severe infections of Panton-Valentine leukocidin positive Staphylococcus aureus in children[END_REF][START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF][START_REF] Gijón | Factors associated with severity in invasive community-acquired Staphylococcus aureus infections in children: a prospective European multicentre study[END_REF][START_REF] Martinez-Aguilar | Community-Acquired, Methicillin-Resistant and Methicillin-Susceptible Staphylococcus aureus Musculoskeletal Infections in Children[END_REF]. Nearly half of our patients presented associated complications, 75% were admitted to an ICU, and complementary surgical procedures were needed in most children. The mortality rate observed in our cohort was 8 % and seems to be decreasing according to recent pediatric reports [START_REF] Rojo | Community-associated Staphylococcus aureus infections in children[END_REF][START_REF] Hoppe | Severe infections of Panton-Valentine leukocidin positive Staphylococcus aureus in children[END_REF][START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF][START_REF] Gijón | Factors associated with severity in invasive community-acquired Staphylococcus aureus infections in children: a prospective European multicentre study[END_REF].

NP was the most common primary clinical diagnosis, was observed in the lowest age group, and was the only instance in which death was observed. Children with NP and osteoarticular infections needed the highest levels in clinical management and presented the highest levels of inflammatory parameters. They also developed the highest rate of associated short-term complications, which were either specific or non-specific to SA infections [START_REF] Shallcross | The role of the Panton-Valentine leucocidin toxin in staphylococcal disease: a systematic review and meta-analysis[END_REF][START_REF] Hoppe | Severe infections of Panton-Valentine leukocidin positive Staphylococcus aureus in children[END_REF][START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF][START_REF] Martinez-Aguilar | Community-Acquired, Methicillin-Resistant and Methicillin-Susceptible Staphylococcus aureus Musculoskeletal Infections in Children[END_REF]. Conversely, none of the patients with severe SSTI required ICU care, and all had a favorable outcome.

Unlike PVL positive community-acquired methicillin-resistant SA endemicity in the United States, PVL was associated with MSSA strains in our region, like in most

European countries [START_REF] Cunnington | Severe invasive Panton-Valentine Leucocidin positive Staphylococcus aureus infections in children in London, UK[END_REF]. This information is very important in deciding the best empiric treatment in community-acquired SA infections in our setting.

In the absence of comparative studies, recommendations for the treatment of severe infections due to PVL-SA are based on expert opinions [START_REF] Gillet | Pragmatic management of Panton-Valentine leukocidin-associated staphylococcal diseases[END_REF]. Protein synthesis inhibitors such as clindamycin, rifampicin, fusidic acid and linezolid down-regulate PVL production. In addition to antibiotics, surgical drainage should be attempted where possible to reduce the bacterial and toxin load. Intravenous immunoglobulin may be used in life-threatening conditions, particularly in severe NP [START_REF] Vanhecke | Retrospective study of pneumonia due to Panton-Valentine leukocidin-producing Staphylococcus aureus in Reunion[END_REF][START_REF] Gillet | Pragmatic management of Panton-Valentine leukocidin-associated staphylococcal diseases[END_REF][START_REF] Masters | Au moment d'être admis à exercer la médecine, je promets et je jure d'être fidèle aux lois de l'honneur et de la probité[END_REF]. Our study showed that local physicians adhered to the French recommendations: antitoxinic antibiotics were systematically used in NP and osteoarticular infections, surgical drainage was readily performed, and the use of intravenous immunoglobulins was exceptional [START_REF] Gillet | Pragmatic management of Panton-Valentine leukocidin-associated staphylococcal diseases[END_REF].

The limitations of this study are the small number of patients and the retrospective study design. Also, we were unable to know how many other severe cases occurred, which were not referred for PVL testing.

CONCLUSION

Our case series illustrates the emergence of severe pediatric PVL-MSSA infections in the Indian Ocean. Given the high risk of complications, prompt evidence of the presence of PVL, multidisciplinary management, and aggressive and effective treatment are warranted.

  ARDS : acute respiratory distress syndrome CRP : C-reactive protein DIVC : disseminated intravascular coagulopathy ICH : intracranial hypertension ICU : intensive care unit LOS : length of hospital stay MRSA : methicillin-resistant Staphylococcus aureus MSSA : methicillin-sensitive Staphylococcus aureus NP : necrotizing pneumonia PE : pericardial PL : pleural PNO : pneumothorax PVL : Panton-Valentine leukocidin PVL-SA : Panton-Valentine leukocidin Staphylococcus aureus SA : Staphylococcus aureus SBI : secondary bacterial infection SSTI : skin and soft tissue infections VAP : ventilator-acquired pneumonia WBC : white blood cells ABSTRACT Bicentric retrospective study (2014 -2019) describing 24 children presenting severe Panton-Valentine Leukocidin-producing Staphylococcus aureus infections in
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Clinical and bacteriological characteristics and outcome of the 24 patients with invasive PVL-SA infections.

  

								Antimicrobial		
	Patient	Age/sex/preexisting condition	Primary diagnosis	S. aureus bacteremia	S. aureus strain/allele	Surgical treatment	ICU/LOS (days)	duration (days)/Antitoxin	Complications	Death
								treatment		
		5,2yr/F/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	PNO, PL and PE drainage	Yes/30	30/Yes	ARDS, PNO, VAP, DIVC, failure, SBI tamponade, ICH, renal	Yes
		4mo/M/No	Necrotizing pneumonia	Yes	NA	PE and articular drainage	Yes/39	42/Yes	Tamponade, septic arthritis, SBI	No
		2,4yr/M/No	Necrotizing pneumonia	No	CC398 MSSA/ agr1	PL drainage	Yes/20	35/Yes		No
		1mo/M/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	None	Yes/12	21/Yes		No
		13,9yr/F/No	Necrotizing pneumonia	No	NA/ agr2	PNO and PL drainage, laparotomy	Yes/42	42/Yes	ARDS, PNO, DIVC	No
		2,9yr/F/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	PL drainage, laparotomy	Yes/2	1/No	Heart failure, DIVC	Yes
		3mo/M/No	Necrotizing pneumonia	No	CC152 MSSA/ agr1	PL drainage	Yes/29	21/Yes		No
		6mo/M/No	Necrotizing pneumonia	No	CC15 MSSA/ agr2	PNO and PL drainage	Yes/18	42/Yes		No
		7mo/M/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	None	Yes/16	42/Yes		No
	10	1mo/F/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	None	Yes/16	28/Yes		No
	11	2mo/F/No	Necrotizing pneumonia	Yes	CC152 MSSA/ agr1	PNO and PL drainage	Yes/14	18/Yes		No
	12	3mo/F/No	Necrotizing pneumonia	Yes	CC88 MSSA/ agr3	PNO and PL drainage	Yes/23	42/Yes	PNO, thrombosis, SBI	No
	13	17,7yr/F/No	Necrotizing pneumonia	No	CC152 MSSA/ agr1	PNO and PL drainage	Yes/76	70/Yes	ARDS, DIVC, seizures, SBI	No
	14	5,3yr/M/No	Skin and soft tissue infection	Yes	NA	None	No/7	14/No		No
	15	10mo/M/Yes	Skin and soft tissue infection	Yes	CC152 MSSA/ agr1	Abscess drainage	No/41	28/Yes		No
	16	6,2yr/F/Yes	Skin and soft tissue infection	No	CC152 MSSA/ agr1	Abscess drainage	No/4	10/No		No
	17	23mo/F/No	Skin and soft tissue infection	No	CC152 MSSA/ agr1	Abscess drainage	No/5	14/Yes		No
	18	13,9yr/M/No	Skin and soft tissue infection	NA	CC152 MSSA/ agr1	Abscess drainage	No/1	8/No		No
	19	1mo/M/No	Skin and soft tissue infection	NA	NA	Abscess drainage	No/2	8/No		No
	20	5,2yr/M/No	Osteoarticular infection	Yes	NA/ MSSA / NA	PL and articular drainage, amputation	Yes/26	42/Yes	NP, SSTI, SBI	No
	21	6,2yr/F/No	Osteoarticular infection	Yes	CC15 MSSA/ agr2	PL and articular drainage	Yes/50	56/Yes	NP, SSTI, SBI, cervical subluxation	No
	22	3,2yr/M/No	Osteoarticular infection	No	CC152 MSSA/ agr1	Articular drainage	Yes/12	28/Yes		No
	23	6mo/M/No	Cervicomediastinitis and pericarditis	Yes	CC152 MSSA/ agr1	Cervico-mediastinal, PL and PE drainage	Yes/42	28/Yes	ARDS, VAP	No
	24	5mo/F/No	Catheter infection with bacteremia	Yes	CC88 MRSA/ agr3	None	Yes/22	14/Yes	NP	No
						). Articular			
		drainage and/or surgical debridement were performed in all children, and patient 21			
		needed multiple drainages. Patient 20 required salvage amputation, and patient 21			
		developed an upper cervical spine subluxation secondary to a cervical			
		adenophlegmon.							

ICU = intensive care unit ; LOS = length of hospital stay ; yr = year ; F = female ; MSSA = methicillin sensitive staphylococcus aureus ; PNO = pneumothorax ; PL = pleural ; PE = pericardial ; ARDS = acute respiratory distress syndrome ; VAP = ventilator-acquired pneumonia; DIVC = disseminated intravascular coagulopathy ; ICH = intracranial hypertension ; mo = month ; M = male ; NA : non available ; NP = necrotizing pneumonia ; SSTI = skin and soft tissue infection ; MRSA = methicillin resistant staphylococcus aureus, SBI= secondary bacterial infection Table :
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RESULTS

The main characteristics of the 24 patients (13 boys, 54%) treated for invasive PVL-SA infections are reported in Table 1. Median age was 1.4 years (range, 0.1-17.7). Eleven patients (46%) originated from the neighbouring islands of Mayotte or Madagascar. Only two patients (8%) presented with pre-existing immunosuppressive conditions. Primary clinical diagnoses included NP (n=13, 54%), SSTI (n=6, 25%), osteoarticular infections (n=3, 13%), cervical mediastinitis (n=1) and a catheterrelated infection with bacteremia (n=1). The median length of hospital stay was 19 days (range, 1-76), and 18 patients (75%) were admitted to an intensive care unit (ICU). Ten patients (42%) presented diverse complications. Complementary surgical procedures were performed in 19 patients (79%). The median duration of antimicrobial therapy was 28 days (range, 1-70), and 19 patients (79%) received antitoxin antibiotherapy. Two patients (8%) died.

All the documented strains (n=20) were methicillin-sensitive, except for one which was associated with a presumably hospital-acquired infection. The tested MSSA strains were mostly CC152 clones (n=14/18, 78%).

Necrotizing pneumonia

Of the 13 patients primarily diagnosed with NP (median age of 0.5 years), none was immunosuppressed. Four patients (31%) came from Mayotte. Eleven (85%) had preceding symptoms of upper respiratory tract infection. All patients presented with fever, 11 (85%) had patent signs of respiratory distress, and four children (31%) presented with septic shock on admission. Hemoptysis was reported in three patients. 
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