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ABSTRACT
Purpose Toxic shock syndrome (TSS) is a rare disease 
responsible for significant morbidity and mortality. 
Intravenous immunoglobulin (IG) therapy in paediatric 
TSS could improve shock and organ failure, but more 
consistent efficacy and safety data are needed. Our 
objective was to determine whether a randomised 
clinical trial (RCT) assessing intravenous IG in TSS in 
children is feasible.
Methods We performed a multicentre, feasibility, 
double- blind RCT assessing efficacy of high- dose 
intravenous IG versus albumin 4% (control group) within 
the first 12 hours of shock onset. Included patients 
were aged above 1 month and below 18 years with 
suspected TSS and septic shock. Feasibility was assessed 
by measuring inclusion rate, protocol compliance and 
missing data regarding death and the Pediatric Logistic 
Organ Dysfunction- 2 (PELOD- 2) Score. Other secondary 
clinical outcomes were evaluated during hospital stay, at 
60 day and 1 year.
Results 28 patients, admitted in 6 paediatric intensive 
care units during 36 consecutive months and followed 
for 1 year, received the allocated treatment: 13 in 
intravenous IG group, 15 in control group. The median 
age was 10.6 years and the sex ratio was 1. Inclusion 
rate was above 50%, protocol deviations were below 
30% and missing data regarding death and PELOD- 2 
Score below 10%. No difference concerning secondary 
clinical outcomes between groups was observed, and 
more adverse events were reported in the control group.
Conclusion It seems to be feasible to conduct an RCT 
assessing intravenous IG efficacy and safety in paediatric 
TSS but must be realised internationally, with choice of a 
clinically relevant endpoint and a specific design in order 
to be realistic.
Trial registration number NCT02219165.

BACKGROUND
Toxic shock syndrome (TSS) is responsible for 
significant morbidity and mortality, with a fatality 
rate that could reach 28% in children with strep-
tococcal TSS.1–6 In TSS, superantigen- related 
toxins are produced by bacteria, foremost among 
them Staphylococcus aureus and Streptococcus 
pyogenes,7 8 but also viruses.

The Surviving Sepsis Campaign Guidelines 
advise against the routine use of intravenous 

immunoglobulins (IGs) in TSS children with strep-
tococcal aetiology.9 Many intensivists declared 
having used intravenous IG for TSS management,10 
while their efficacy is questionable. Pathophys-
iology of TSS in children differs from adults: (1) 
immunological response varies with age, (2) the 
alterations of innate immunity in response to sepsis 
are more pronounced in children compared with 
adults11 and (3) clinical and biological presentations 
are different.12 By blocking superantigenic activity 
and owning anti- inflammatory and immunomod-
ulatory properties, intravenous IG could decrease 
the initial inflammatory storm of TSS, thus limiting 
shock intensity and organ failure.7 8 13 14

In adults, one randomised controlled trial (RCT) 
stopped early due to lack of recruitment15 reported 
a 3.6- fold higher mortality rate in the placebo 
group. A second RCT that enrolled less than 50% 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Toxic shock syndrome (TSS) is a rare disease 
responsible for significant morbidity and 
mortality.

 ⇒ Intravenous immunoglobulin (IG) in paediatric 
TSS could improve shock and organ failure.

 ⇒ Data are needed to evaluate efficacy and safety 
of IGs, but randomised clinical trial seem to be 
very difficult to conduct in this indication.

WHAT THIS STUDY ADDS
 ⇒ A randomised paediatric clinical trial is feasible 
in TSS.

 ⇒ Intravenous IG seems to be safe in paediatric 
TSS treatment.

 ⇒ An international trial is needed to assess 
efficacy of IG.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ For this rare disease, alternative design such as 
pragmatic study or single- arm design trial with 
an external formalised comparison cohort must 
be discussed.

 ⇒ An international trial is incontestably required 
to meet the inclusion target.

 ⇒ We described for the first time 1- year follow- up 
of children with TSS.
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TSS patients reported inconclusive results on mortality or organ 
failure and physical functioning.16 A recent literature review, 
however, mixing adult and paediatric data, suggested intrave-
nous IG efficacy.17 Ig M- enriched immunoglobulin (IgGAM) 
could be an alternative to intravenous IG as it has been reported 
to improve survival in adult septic shock.16 18 19 Data on the use 
of IgGAM in children with TSS are scarce. Cryoprecipitate has 
also been proposed in septic shock without significant effect.20 
The last surviving sepsis campaign guidelines do not suggest its 
use in adults.21

Because the evidence on intravenous IG is expensive with 
limited supply, and its benefit- risk balance in children with 
TSS1 stems from observational studies,22–24 as underlined by the 
Center for Disease Control and Prevention (CDC) and the Infec-
tious Diseases Society of America,9 25 conducting an RCT seems 
justified.

Before launching such an RCT, we conducted a pilot study to 
assess its feasibility.

MATERIAL AND METHODS
We performed a multicentre, feasibility, double- blind RCT 
(1:1) comparing: high- dose intravenous IG versus albumin 
4%. The trial, registered in https://www.clinicaltrials.gov 
(NCT02219165), was sponsored by the Hospices Civils of Lyon 
(HCL). The Clinical Investigation Center (INSERM 1407), 
coordinated the trial and collected all data.

Five amendments to the protocol were necessary (electronic 
supplemental material (ESM) online supplemental table 1).

We planned to recruit 30 patients with suspected TSS and 
septic shock over 24 months, admitted within 9 French paedi-
atric intensive care units (PICUs).

Inclusion criteria were age above 1 month and below 18 years 
and admission to PICU for shock resistant to fluid resuscita-
tion defined according to Goldstein criteria,26 associated with 
a strong suspicion of staphylococcal or streptococcal infection 
(box 1).

Non- inclusion criteria were the first signs of shock appeared 
more than 24 hours before admission, hypersensitivity to one of 
the treatment components or to homologous IG, known hyper-
prolinaemia, immunodeficiency, ongoing immunosuppressive 
therapy, Kawasaki disease (KD), absence of health insurance.

At admission, the physician checked inclusion criteria and 
proposed trial participation to the parents of eligible patients. 
After their parents’ consent, patients were randomised within 24 
hours after diagnosis and 12 hours after admission or first signs 
of shock onset if appeared after admission.

Randomisation was centralised using an Interactive Web 
Response System (IWRS), stratified by centre and balanced by 
block. Intravenous IG was PRIVIGEN 100 mg/mL, provided 
by CSL Behring AG, France. The comparator was albumin 4% 
(VIALEBEX, LFB, France). Both drugs were supplied in 100 mL 
numbered vials in the same size and packaging. To blind colours 
of the contents (pale yellow for intravenous IG vs darker yellow 
for albumin 4%), a specific tamper- evident overpack of vials was 
developed with Faubel pharma services. This allowed solution 
clarity to be checked before administration and ensured sani-
tary traceability, without revealing the drug nature. IMPs were 
double- blind packaged, labelled and delivered to each centre by 
the FRIPHARM (HCL).

Following international recommendations on the manage-
ment of sepsis and TSS (Surviving Sepsis Campaign and CDC), 
all patients received sepsis shock treatment and first- line antibi-
otics (association of penicillin and clindamycin or linezolid to 
limit toxin production23). After randomisation, patients received 
a single injection of high- dose intravenous IG (1.5–2 g/kg) or 
albumin 4% at equivalent volume (0.8 g/kg dose). The IWRS 
assigned 1 numbered vial per 5 kg of weight whether the patient 
was in the intravenous IG or the control group.

Clinical and biological data were collected from admission to 
day 5 and data were collected at discharge. Clinical outcomes 
were assessed at 60 days and 1 year, including the Pediatric 
Glasgow Outcome Scale Extended (Gos- E- Peds).27

The primary outcome was to determine the feasibility of a 
blind RCT with two arms (intravenous IG and albumin 4%) in 
TSS children.

Feasibility indicators were:
 ► Eligibility: inclusion rate, screened patients, eligible patients, 

non- included patients (and reasons when possible).
 ► Protocol deviations: compliance with protocol design, 

including patients not meeting all eligibility criteria, 
unblinding process and non- compliance with treatment 
schedule.

 ► Practical feasibility: human resources required (time spent to 
include patients, to complete e- case report form (e- CRF), to 
perform trial- related exams).

The trial was deemed feasible if inclusion rate among eligible 
patients was between 40% and 50%; the protocol deviations 
were below 30% and missing data regarding death and Pediatric 
Logistic Organ Dysfunction- 2 (PELOD- 2) Score were below 
10%.

Secondary outcomes were PELOD- 2 Score evolution during 
the first 5 days; intrahospital, 60- day and 1- year mortality; clin-
ical and biological evolution during PICU stay and TSS manage-
ment; functional outcome at 1 year; adverse events (AEs) and 
severe AEs (SAEs).

A data safety and monitoring board (DSMB), comprising 
two PICU physicians and one methodologist, was implemented 
to ensure participants’ safety by giving recommendations 
throughout the study.

Statistical analysis
Since it is a feasibility study and few data are available to assess 
a measurable outcome such as the PELOD- 2 Score in TSS chil-
dren, no sample size calculation was performed. Sample sizes 
were extrapolated based on the recruitment capacity of each 
centre over 1 year. No interim analysis was planned.

Continuous variables are reported as medians (quartiles 1–3) 
or means (SD) and compared between treatment groups using 
the Wilcoxon rank- sum test. Categorical variables are reported 

Box 1 Toxic shock syndrome (TSS) definition by CDC 
criteria

Strong suspicion of staphylococcal or streptococcal infections 
defined as least one of these criteria:

TSS as defined by CDC criteria.
 ⇒ Group A streptococcal necrotising fasciitis (positive strep 
test).

 ⇒ Varicella with infected lesions and rash or positive strep test.
 ⇒ Erythrodermic rash with menstrual period or parapneumonic 
pleural effusion with erythrodermic rash.

 ⇒ Positive strep test in pleural fluid or erythrodermic rash and 
biological fluids positive to Streptococcus A or Staphylococcus 
aureus.
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as frequencies and percentages and compared using Fisher’s 
exact test. All tests were two- sided and all p values were consid-
ered significant if below 0.05. Statistical analysis was performed 
using SAS V.9.4 in a Windows environment.

RESULTS
A total of 30 patients were recruited in 6 French PICUs between 
8 January 2015 and 19 March 2018 and followed- up until 15 
March 2019 (last visit of last patient).

The median age was 10.6 years (4.0–14.1) and the sex ratio 
was 1. In total, 18 patients (60%) had age- adjusted hypoten-
sion at admission. Table 1 displays baseline demographics and 
clinical characteristics. 10 patients (7 in the control group, 3 in 
the intravenous IG group) had a streptococcal infection and 17 
patients (7 in the control group, 10 in the intravenous IG group) 
had a staphylococcal infection. Among the latest, no bacteria 
were identified for three children, but they had TSS clinical 
presentation according to CDC definition and were considered 
staphylococcal infections (ESM online supplemental table 1). 
Three patients were infected by other bacteria, and thus wrongly 
included.

Protocol feasibility
Figure 1 shows the trial flowchart. In total, 75 patients (0.3 
%) were assessed for eligibility, including 26 who did not meet 
inclusion criteria: 13 did not present shock criteria, 5 were in 
refractory shock at admission, 3 did not meet all CDC criteria 
for TSS, 2 had acquired immunodeficiency, 1 was younger than 
1 month and 2 were not included for administrative reasons. 

Among the 49 eligible patients, 19 (39%) were not included (5 
parents declined, 6 patients were ‘missed’ by clinician team, 6 
patients were not included for organisation issues including 3 for 
lack of treatment available and for 2 patients, both parents were 
not present). Overall, 30 patients were randomised to receive 
intravenous IG (15 patients) or albumin 4% (15 patients). 
Randomisation arm was respected for all the patients.

In total, 28 patients (93%) received the allocated treatment 
at the prespecified dosage: 13 in the intravenous IG group as 1 
patient was transferred to another hospital for extracorporeal 
membrane oxygenation procedure before treatment adminis-
tration and another developed adverse reaction after the first 
administration, versus 15 in the control group.

Seven patients (23%) were treated more than 12 hours (but 
less than 24 hours) after admission. Median time between admis-
sion and randomisation was 6.18 hours (1.1–47.9).

No call to the unblinding centre was made to break the blind. 
Despite the different colour and market packaging of both drugs 
and the absence of opaque tubing use for administration, nobody 
discovered the treatment arm.

In total, 73% of day 60 visits were made during the schedule 
planned. One patient withdrew consent and two were lost to 
follow- up.

Time needed to fill- in the e- CRF was satisfactory for 100% of 
the investigators who responded.

Following DSMB recommendations, an addendum was made 
to change fluid bolus volume (>30 mL/kg for >12 years and 
>40 mL/kg for <12 years) for eligibility criteria. The DSMB 
did not require any protocol modification during the study but 

Table 1 Initial characteristics of the 30 patients included in the trial

Overall population N=30 Control group N=15 intravenous IG group N=15

Age, years, median (Q1–Q3) 10.6 (4–14.1) 13.1 (4–14.1) 7.1 (3.1–13.0)

Weight, kg, median (Q1–Q3) 35.0 (17–50) 48.0 (7.8–56) 35.0 (15–40)

Sex, female, N (%) 15 (50) 9 (60) 6 (40)

PELOD- 2 Score, median (Q1–Q3) 6 (4–8) 6 (4–7) 6 (5–9)

PIM- 3, median (Q1–Q3) 3.5 (1.9–939) 3.2 (1.5–39.0) 4.8 (2.2–51.3)

Age- adjusted hypotension, N (%) 18 (60) 8 (53.3) 10 (66.7)

Fever>38.5°C, N* (%) 7 (41) 2 (33) 5 (45.5)

Vomiting, N (%) 17 (57) 7 (47) 10 (67)

Diarrhoea, N (%) 17 (57) 8 (53) 9 (60)

Neurological injury, N (%) 9 (30) 3 (20) 6 (40)

Muscular injury, N (%) 13 (43) 5 (33) 8 (53)

Cutaneous signs

  Desquamation, N (%) 1 (3) 1 (7) 0 (0)

  Rash, N (%) 25 (83) 13 (87) 12 (80)

  Skin necrosis, N (%) 2 (7) 1 (7) 1 (7)

  Mucosal lesion, N (%) 13 (43) 6 (40) 7 (47)

Minimum leucocyte count (G/L), median (Q1–Q3) 10.8 (8.1–14.1) 11.11 (8.11–16.1) 10.6 (6.6–12.7)

Minimum lymphocyte count (G/L), median (Q1–Q3) (N=17) 0.4 (0.2–0.7) 0.44 (0.2–1.3) 0.44 (0.3–0.7)

Minimum platelet value (G/L), median (Q1–Q3) 109.5 (84–143) 96 (74–155) 115 (94–143)

Disseminated intravascular coagulation, N (%) 11 (37) 7 (47) 4 (27)

Liver alterations†, N (%) 24 (80) 11 (73) 13 (87)

Maximum creatinine value (µmol/L), median (Q1–Q3) 99 (53–150) 115 (39–147) 79 (53–184)

Maximum PCT value (µg/mL), median (Q1–Q3) (N=25) 75 (54–122) 71 (60–100) 88 (50–300)

Maximum lactate value (mmol/L), median (Q1–Q3) 2.8 (2.3–40) 2.8 (2.3–3.6) 3.4 (2.4–4.3)

Maximum CK value (UI/L), median (Q1–Q3) (N=21) 353 (129–1283) 336 (67–775) 387 (295–1283)

*N=26.
†Liver alterations were defined as: aspartate aminotransferase>3N or alanine aminotransferase>3N according to normal values for age or prothormbin ratio (PR)<70%
CK, creatine kinase; IG, immunoglobulin; PCT, procalcitonin; PELOD- 2, Pediatric Logistic Organ Dysfunction- 2; PIM 3, Pediatric Index of Mortality- 3.
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recommended conducting a European study to ensure recruit-
ment for the next study.

Inclusion rate was therefore above 50%, protocol deviations 
were below 30% (mostly for treatment administration time and 
missing data regarding death) and PELOD- 2 Score below 10% 
(table 2), meaning that this feasibility trial was successful.

Clinical and biological outcomes
The PELOD- 2 Score variation (figure 2), PELOD- 2 scores (ESM 
online supplemental figure 1) and the haemodynamic param-
eters (ESM online supplemental table 2 and online supple-
mental figure 2) were similar between groups. At day 4, no 
patient needed vasopressor support in the intravenous IG group 
versus one in the control group. All patients received antibiotic 

therapies: clindamycin and β-lactam for 29 and clindamycin 
alone for 1. No patient died during the trial. The inflamma-
tory response and biological data evolution are described in 
ESM online supplemental table 4. We observed no difference 
between groups for GOS- E- Peds Score at 1 year, figure 3, venti-
lation duration, PICU length and total hospital stays (ESM 
online supplemental table 5). The GOS- E- Peds Score at 1 year 
was good for 11 and 12 patients, respectively, in the control 
(14 patients assessed) and intravenous IG group (15 patients 
assessed).

In total, 14 patients (93%) in the control group and 10 (67%) 
in the intravenous IG group presented at least 1 AE; the most 
frequent ones being skin abnormalities and infection (ESM online 
supplemental figure 3). 11 SAEs were declared in the control 
group and 3 in the intravenous IG group, including 1 necro-
tising fasciitis. One intravenous IG treatment was stopped due 
to hypersensitivity reaction. Safety data appear to be favourable 
to the use of intravenous IG and albumin 4% in TSS children.

DISCUSSION
Our trial is the first RCT in the field of paediatric TSS. It demon-
strates the feasibility of an RCT comparing intravenous IG with 
albumin 4% in PICUs, a crucial step before considering a larger 
study.

Randomisation was performed in a timely manner, with the 
clinical staff being blind to group allocation. Acceptability of 
the trial process by parents/legal guardians was high: only five 
parents refused their child’s participation. Inclusion rate and 
parental protocol adherence were adequate with less than 30% 
protocol deviations, indicating that the protocol was acceptable 
for families and clinicians. Randomisation does not seem to be 
an issue for paediatricians. A survey conducted by the European 
Society of Pediatric and Neonatal Intensive Care showed that 
only one- quarter of paediatricians are reluctant to randomise 
(personal data). In addition, rescue IG administration was 
allowed in our study and was not used.

Nevertheless, our trial revealed some limitations to conduct 
such an RCT. The investigators highlighted the difficulties to 
perform children’s inclusion simultaneously to their urgent care 
management. Particular attention should be paid to minimise the 
trial constraints. Moreover, although the a priori defined feasi-
bility criteria were met, the time needed to achieve inclusion 
was more than two times the expected time. Trial inclusion and 
duration are the main obstacles identified by this feasibility trial.

Figure 1 Flow chart of the trial. The control group consists of patients 
treated with albumin 4%. IVIG, intravenous immunoglobulin; PICU, 
paediatric intensive care unit.

Table 2 Criteria of feasibility of the trial

Protocol defining cut- off (%) Result (N=30) Status

Inclusion rate among eligible patients 50 61 Successful

Protocol deviation 30   Successful

Not meeting inclusion criteria, N (%)   2 (7)

Unblinding, N (%)   0 (0)

Respect of treatment allocation     

 ► Non- compliance*, N (%)   2 (7)

 ► Delay for treatment administration>12 hours, N (%)   7 (23)

Missing data 10   Successful

PELOD- 2, N (%)   0 (0)

Death†, N (%)   3 (10)

Cut- off were defined in the protocol of the trial.
*Compliance is defined as a high dose of immunoglobulins (between 1.5 and 2 g/kg).
†Three patients dropped out prematurely (one refusal and two lost to follow- up); however, data regarding the vital status of one of them was known (refusal), even if not 
recorded in the case report form.
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TSS is very rare, representing less than 0.3% of the patients 
admitted to PICUs. We probably failed to estimate the true 
potential recruitment rate as we enrolled 30 patients over 36 
months in 6 centres instead of 30 patients initially expected over 
24 months. Noteworthy, thanks to information campaigns and 
the widespread use of clindamycin,28 the incidence of menstrual 
TSS decreased during the trial period, making recruitment more 
difficult. Furthermore, the number of streptococcal infections 

was low, especially in the intravenous IG group whereas it is 
likely that efficacy of intravenous IG is probably easier to demon-
strate in streptococcal TSS as they are more severe, with more 
organ dysfunction and higher mortality rate. An international 
multicentre trial is therefore required.

Selecting the most clinically relevant endpoint constitutes 
another challenge for the next RCT. PELOD- 2 Score is well vali-
dated to predict mortality, widely used in French and European 

Figure 2 Evolution of Pediatric Logistic Organ Dysfunction- 2 (PELOD- 2) Score variation during the first 5 days according to treatment group. 
The control group (blue boxes) consists of patients treated with albumin 4%. The intravenous immunoglobulin (IVIG) group (red boxes) consists of 
patients treated with Intravenous Immunoglobulin.

Figure 3 Pediatric Glasgow Outcome Scale Extended (GOS- E- Peds) at 1 year in each allocated group. The control group consists of patients treated 
with albumin 4%. The intravenous Immunoglobulin (IVIG) group (red boxes) consists of patients treated with intravenous immunoglobulin
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PICUs29 and easy to complete. With PELOD- 2 Score variation 
as primary outcome, the number of patients needed is 72 in 
each arm (ESM online supplemental table 6). PELOD- 2 is the 
best score to discriminate outcomes here,30 but its variation 
is difficult to interpret in clinical practice and is not sensitive 
enough. It would be preferable to use a primary outcome with 
better clinical relevance and easier interpretation, such as the 
new or progressive multiple organ dysfunction syndrome (NP- 
MODS), already used in paediatric RCTs.31 Unfortunately, for 
a NP- MODS incidence of 26% and an RR of 0.6, we need to 
include 318 patients per group. Other scores, such as GOS- E- 
Peds,27 initially validated as a score used after traumatic brain 
injury, assess long- term outcomes and may be pertinent for our 
next trial. To demonstrate a difference of 10% on the Gos- E- Peds 
between both groups, we need to include 477 patients per group. 
With the experience of IGHN (paediatric toxic shock syndrome) 
study, including more than 200 patients is not a realistic hypoth-
esis in terms of recruitment and funding. For 144 inclusions in 
15 European centres, we would need to include nearly 5 patients 
per year per centre for 2 years; which is feasible. Time to reso-
lution of organ dysfunction is a relevant outcome, whatever the 
aetiology of shock.

To be pragmatic, intravenous IG is considered for any shock 
with cutaneous rash (KD, TSS and multisystem inflammatory 
syndrome in children related to SARS- CoV- 2 infection (MIS- 
C)). A study focusing on these patients could be an alternative. 
MIS- C and TSS have clinical and biological similarities but differ 
on V- beta expansion in T cells.32 A larger trial, including all 
paediatric shock with rash (without confirmed KD), would be 
closer to practice, justified by the suggested efficacy of intrave-
nous IG and IgGAM on mortality in adult septic shock,19 and 
would improve assessment of the safety, such as renal impair-
ment.33 However, their aetiologies differ, and the number of 
subjects needed would be larger.

Finally, to compare more than two treatments, a platform 
trial could be performed.34 However, there are so far, only a few 
potential treatments to be compared using this type of design.

Creating a European comprehensive registry can be the first 
step to make an external cohort, used to compare with the 
single- arm trial.35

CONCLUSION
A double- blind RCT is feasible to evaluate intravenous IG versus 
albumin 4% efficacy in paediatric TSS. The choice of inclusion 
criteria should be as close as possible to patients’ usual manage-
ment. Recruitment potential is less than expected and the most 
relevant endpoints have to be strictly selected, but an RCT 
design is always preferable to prove efficacy. An international 
trial is incontestably needed to meet the inclusion target.

Author affiliations
1Clinical Investigation Center, Hospices Civils de Lyon, Lyon Bron, France
2EMET LBBE, Université Claude Bernard Lyon 1, Villeurbanne, France
3Pharmacie FRIPHARM, Hospices Civils de Lyon, Lyon, Auvergne- Rhône- Alpes, 
France
4Services de Réanimation Pédiatrique, CHU Lille, F59000- Lille, France
5METRICS, Universite Lille Nord de France, Villeneuve- d’Ascq, Hauts- de- France, 
France
6Réanimation Pédiatrique, Centre Hospitalier Universitaire de Lyon, Bron, France
7Service de Réanimation Pédiatrique, Hôpital Universitaire Robert- Debré, Paris, Île- de- 
France, France
8Pediatric Intensive Care Unit, Necker Hospital, Paris, France
9Réanimation Pédiatrique, CHU Nantes, Nantes, Pays de la Loire, France
10Paediatric Intensive Care Unit, Hospital Bicetre, Le Kremlin- Bicetre, Île- de- France, 
France
11Institute for Integrative Cell Biology, Gif- sur- Yvette, Île- de- France, France

12Université Lyon 1, CNRS, UMR 5558, Laboratoire de Biométrie et Biologie 
Evolutive, Villeurbanne, France
13Biostatistics, Hospices Civils de Lyon, Lyon, Auvergne- Rhône- Alpes, France
14Hospices Civils de Lyon, Lyon, Auvergne- Rhône- Alpes, France
15EA 7426 Joint Research Unit HCL- bioMérieux, Université Claude Bernard Lyon 1, 
Villeurbanne, Auvergne- Rhône- Alpes, France

Twitter Aurélie Portefaix @AureliPortefaix

Acknowledgements The authors would like to thank the medical and nursing 
staff at each trial site, the GFRUP research group, the members of DMSB: D Perol, 
F Plaisant and F Leclerc for their expertise, availability and advice. We also thank 
the Hospices Civils de Lyon sponsor authorities and notably A Pachot, J Bricout, A 
Maison, all clinical research associates including S Alirol, S Blache, S Guenoun, C 
Tournegros, J Vanhelst, all co- investigators, especially I Wroblewski and S Leteurtre 
and G Siméon for proofreading the manuscript.

Contributors Substantial contributions to the conception or design of the work: 
EJ, AP, CD, BK, DM- B and FB. The acquisition: JN, MR, GM, NJ, PT, TG, FC- A and EJ. 
Analysis: DMB and FB. Interpretation: EJ, AP, DM- B, FB, TG and BK. Guarantor: EJ.

Funding This work was supported by CSL Behring company grant and CSL Behring 
supplied all immunoglobulins.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
French Southeast IV Ethics Committee (2014- 017 B) in May 2014 and the French 
National Agency for Medicines and Health Products Safety in July 2014. A written 
informed consent from at least one parent/legal representative and oral agreement 
from the other one was required. Participants gave informed consent to participate 
in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The 
data that support the findings of this study are available from the corresponding 
author and the sponsor of this trial, the Hospices Civils de Lyon, on reasonable 
request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Aurélie Portefaix http://orcid.org/0000-0003-4981-821X
Guillaume Mortamet http://orcid.org/0000-0003-2145-5330

REFERENCES
 1 Adalat S, Dawson T, Hackett SJ, et al. Toxic shock syndrome surveillance in UK 

children. Arch Dis Child 2014;99:1078–82. 
 2 Chen KYH, Cheung M, Burgner DP, et al. Toxic shock syndrome in Australian children. 

Arch Dis Child 2016;101:736–40. 
 3 Gillet Y, Issartel B, Vanhems P, et al. Association between Staphylococcus aureus 

strains carrying gene for Panton- Valentine leukocidin and highly lethal necrotising 
pneumonia in young immunocompetent patients. Lancet 2002;359:753–9. 

 4 Javouhey E, Bolze P- A, Jamen C, et al. Similarities and Differences Between 
Staphylococcal and Streptococcal Toxic Shock Syndromes in Children: Results From a 
30- Case Cohort. Front Pediatr 2018;6:360. 

 5 Rodríguez- Nuñez A, Dosil- Gallardo S, Jordan I, et al. Clinical characteristics of children 
with group A streptococcal toxic shock syndrome admitted to pediatric intensive care 
units. Eur J Pediatr 2011;170:639–44. 

 6 Timmis A, Parkins K, Kustos I, et al. Invasive group A streptococcal infections in 
children presenting to A paediatric intensive care unit in the North West of England. J 
Infect 2010;60:183–6. 

 7 Thomas D, Dauwalder O, Brun V, et al. Staphylococcus aureus superantigens elicit 
redundant and extensive human Vbeta patterns. Infect Immun 2009;77:2043–50. 

E
nseignem

ent S
uperieur (A

B
E

S
). P

rotected by copyright.
 on June 5, 2024 at A

gence B
ibliographique de l

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/archdischild-2022-325274 on 15 F
ebruary 2024. D

ow
nloaded from

 

https://dx.doi.org/10.1136/archdischild-2022-325274
https://twitter.com/AureliPortefaix
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4981-821X
http://orcid.org/0000-0003-2145-5330
http://dx.doi.org/10.1136/archdischild-2013-304741
http://dx.doi.org/10.1136/archdischild-2015-310121
http://dx.doi.org/10.1016/S0140-6736(02)07877-7
http://dx.doi.org/10.3389/fped.2018.00360
http://dx.doi.org/10.1007/s00431-010-1337-x
http://dx.doi.org/10.1016/j.jinf.2009.12.001
http://dx.doi.org/10.1016/j.jinf.2009.12.001
http://dx.doi.org/10.1128/IAI.01388-08
http://adc.bmj.com/


7Portefaix A, et al. Arch Dis Child 2024;0:1–7. doi:10.1136/archdischild-2022-325274

Original research

 8 Thomas D, Perpoint T, Dauwalder O, et al. In vivo and in vitro detection of a 
superantigenic toxin Vbeta signature in two forms of streptococcal toxic shock 
syndrome. Eur J Clin Microbiol Infect Dis 2009;28:671–6. 

 9 Weiss SL, Peters MJ, Alhazzani W, et al. Surviving sepsis campaign international 
guidelines for the management of septic shock and sepsis- associated organ 
dysfunction in children. Intensive Care Med 2020;46(Suppl 1):10–67. 

 10 Leeies M, Gershengorn HB, Charbonney E, et al. Intravenous immune globulin in 
septic shock: a Canadian national survey of critical care medicine and infectious 
disease specialist physicians. Can J Anaesth 2021;68:782–90. 

 11 Remy S, Kolev- Descamps K, Gossez M, et al. Occurrence of marked sepsis- induced 
immunosuppression in pediatric septic shock: a pilot study. Ann Intensive Care 
2018;8:36. 

 12 Aneja RK, Carcillo JA. Differences between adult and pediatric septic shock. Minerva 
Anestesiol 2011;77:986–92.

 13 Tarnutzer A, Andreoni F, Keller N, et al. Human polyspecific immunoglobulin 
attenuates group A streptococcal virulence factor activity and reduces disease severity 
in A murine necrotizing fasciitis model. Clin Microbiol Infect 2019;25:512. 

 14 Bergsten H, Madsen MB, Bergey F, et al. Correlation Between Immunoglobulin Dose 
Administered and Plasma Neutralization of Streptococcal Superantigens in Patients 
With Necrotizing Soft Tissue Infections. Clin Infect Dis 2020;71:1772–5. 

 15 Darenberg J, Ihendyane N, Sjölin J, et al. Intravenous immunoglobulin G therapy in 
streptococcal toxic shock syndrome: a European randomized, double- blind, placebo- 
controlled trial. Clin Infect Dis 2003;37:333–40. 

 16 Madsen MB, Hjortrup PB, Hansen MB, et al. Immunoglobulin G for patients with 
necrotising soft tissue infection (INSTINCT): a randomised, blinded, placebo- controlled 
trial. Intensive Care Med 2017;43:1585–93. 

 17 Amreen S, Brar SK, Perveen S, et al. Clinical Efficacy of Intravenous Immunoglobulins 
in Management of Toxic Shock Syndrome: An Updated Literature Review. Cureus 
2021;13:e12836. 

 18 Welte T, Dellinger RP, Ebelt H, et al. Efficacy and safety of trimodulin, a novel 
polyclonal antibody preparation, in patients with severe community- acquired 
pneumonia: a randomized, placebo- controlled, double- blind, multicenter, phase II trial 
(CIGMA study). Intensive Care Med 2018;44:438–48. 

 19 Cui J, Wei X, Lv H, et al. The clinical efficacy of intravenous IgM- enriched 
immunoglobulin (pentaglobin) in sepsis or septic shock: a meta- analysis with trial 
sequential analysis. Ann Intensive Care 2019;9:27. 

 20 Hesselvik F, Brodin B, Carlsson C, et al. Cryoprecipitate infusion fails to improve organ 
function in septic shock. Crit Care Med 1987;15:475–83. 

 21 Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis campaign: international 
guidelines for management of sepsis and septic shock 2021. Intensive Care Med 
2021;47:1181–247. 

 22 Shah SS, Hall M, Srivastava R, et al. Intravenous immunoglobulin in children with 
streptococcal toxic shock syndrome. Clin Infect Dis 2009;49:1369–76. 

 23 Carapetis JR, Jacoby P, Carville K, et al. Effectiveness of Clindamycin and Intravenous 
Immunoglobulin, and Risk of Disease in Contacts, in Invasive Group A Streptococcal 
Infections. Clinical Infectious Diseases 2014;59:358–65. 

 24 Parks T, Wilson C, Curtis N, et al. Polyspecific Intravenous Immunoglobulin in 
Clindamycin- treated Patients With Streptococcal Toxic Shock Syndrome: A Systematic 
Review and Meta- analysis. Clin Infect Dis 2018;67:1434–6. 

 25 Stevens DL, Bisno AL, Chambers HF, et al. Practice guidelines for the diagnosis 
and management of skin and soft tissue infections: 2014 update by the infectious 
diseases society of America. Clin Infect Dis 2014;59:147–59. 

 26 Goldstein B, Giroir B, Randolph A, et al. International pediatric sepsis consensus 
conference: definitions for sepsis and organ dysfunction in pediatrics. Pediatr Crit Care 
Med 2005;6:2–8. 

 27 Beers SR, Wisniewski SR, Garcia- Filion P, et al. Validity of a Pediatric Version of the 
Glasgow Outcome Scale–Extended. Journal of Neurotrauma 2012;29:1126–39. 

 28 Linnér A, Darenberg J, Sjölin J, et al. Clinical efficacy of polyspecific intravenous 
immunoglobulin therapy in patients with streptococcal toxic shock syndrome: a 
comparative observational study. Clin Infect Dis 2014;59:851–7. 

 29 Leteurtre S, Duhamel A, Salleron J, et al. PELOD- 2: an update of the PEdiatric logistic 
organ dysfunction score. Crit Care Med 2013;41:1761–73. 

 30 Schlapbach LJ, Straney L, Bellomo R, et al. Prognostic accuracy of age- adapted SOFA, 
SIRS, PELOD- 2, and qSOFA for in- hospital mortality among children with suspected 
infection admitted to the intensive care unit. Intensive Care Med 2018;44:179–88. 

 31 Tucci M, Lacroix J, Fergusson D, et al. The age of blood in pediatric intensive care units 
(ABC PICU): study protocol for a randomized controlled trial. Trials 2018;19:404. 

 32 Moreews M, Le Gouge K, Khaldi- Plassart S, et al. Polyclonal expansion of TCR Vbeta 
21.3(+) CD4(+) and CD8(+) T cells is a hallmark of Multisystem Inflammatory 
Syndrome in Children. Sci Immunol 2021;6:59. 

 33 Honore PM, Redant S, Preseau T, et al. IgM- enriched immunoglobulin treatment for 
septic shock: We should put in balance outcome and serious side effects before giving 
this therapy! J Crit Care 2021;65:235–6. 

 34 The Adaptive Platform Trials Coalition. Adaptive platform trials: definition, design, 
conduct and reporting considerations. Nat Rev Drug Discov 2019;18:797–807. 

 35 Cucherat M, Laporte S, Delaitre O, et al. From single- arm studies to externally 
controlled studies. Methodological Considerations and Guidelines Therapie 
2020;75:21–7. 

E
nseignem

ent S
uperieur (A

B
E

S
). P

rotected by copyright.
 on June 5, 2024 at A

gence B
ibliographique de l

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/archdischild-2022-325274 on 15 F
ebruary 2024. D

ow
nloaded from

 

http://dx.doi.org/10.1007/s10096-008-0671-7
http://dx.doi.org/10.1007/s00134-019-05878-6
http://dx.doi.org/10.1007/s12630-021-01941-3
http://dx.doi.org/10.1186/s13613-018-0382-x
http://dx.doi.org/21952599
http://dx.doi.org/21952599
http://dx.doi.org/10.1016/j.cmi.2018.07.007
http://dx.doi.org/10.1093/cid/ciaa022
http://dx.doi.org/10.1086/376630
http://dx.doi.org/10.1007/s00134-017-4786-0
http://dx.doi.org/10.7759/cureus.12836
http://dx.doi.org/10.1007/s00134-018-5143-7
http://dx.doi.org/10.1186/s13613-019-0501-3
http://dx.doi.org/10.1097/00003246-198705000-00004
http://dx.doi.org/10.1007/s00134-021-06506-y
http://dx.doi.org/10.1086/606048
http://dx.doi.org/10.1093/cid/ciu304
http://dx.doi.org/10.1093/cid/ciy401
http://dx.doi.org/10.1093/cid/ciu296
http://dx.doi.org/10.1097/01.PCC.0000149131.72248.E6
http://dx.doi.org/10.1097/01.PCC.0000149131.72248.E6
http://dx.doi.org/10.1089/neu.2011.2272
http://dx.doi.org/10.1093/cid/ciu449
http://dx.doi.org/10.1097/CCM.0b013e31828a2bbd
http://dx.doi.org/10.1007/s00134-017-5021-8
http://dx.doi.org/10.1186/s13063-018-2809-y
http://dx.doi.org/10.1126/sciimmunol.abh1516
http://dx.doi.org/10.1016/j.jcrc.2021.06.022
http://dx.doi.org/10.1038/s41573-019-0034-3
http://dx.doi.org/10.1016/j.therap.2019.11.007
http://adc.bmj.com/


BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child

 doi: 10.1136/archdischild-2022-325274–7.:10 2024;Arch Dis Child, et al. Portefaix A



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child

 doi: 10.1136/archdischild-2022-325274–7.:10 2024;Arch Dis Child, et al. Portefaix A



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child

 doi: 10.1136/archdischild-2022-325274–7.:10 2024;Arch Dis Child, et al. Portefaix A



ESM Table 1: Amendments summarized  

Amendments Modifications 
Ethics Committee 

approval ANSM authorization 

Date Date 

Amendment 1 

1/ Increase in follow-up time to 12 months and inclusion time from 12 to 24 months 
2/ Protocol clarification, including :  
- The dose of treatment administered for patients whose BMI for age is < 3° or > 97° percentile 
- The data collected between D2 and D5 (including PELOD2, Goldstein criteria and CVI that are 
collected daily from D2 to D5 and not only at D2 and D5) 
- The nature of the protocol deviations that will be used in the decision making regarding the 
conduct of the efficacy study were specified.  
- The name of the engineer responsible for the analysis has been changed 

15/12/2015 18/12/2015 

Amendment 2 

1/ Addition of Kawasaki disease as a non-inclusion criterion.  
2/ For those wrongly included (for bacteriological reason), patients should only be considered 
wrongly included if the germ is not found in suspected streptococcal shock (not for 
staphylococcal shock, as in the CDC criteria) 
3/ In the selection criteria, change concerning the filling criterion:  
- For patients under 12 years: keep 40 ml/kg  
- For patients aged 12 years and over: 30 ml/kg (which corresponds to the Surviving Sepsis 
Campaign criteria for adults) 
Change of the fluid bolus time from 1 hour to 3 hours, as in CDC criteria. 
4/ Clarification: administration of treatment within 12 hours of the onset of the first signs of shock 
or PICU admission is a "recommendation" (the criterion for non-inclusion being that the first 
signs of shock should not have occurred for more than 24 hours). 
5/ The addition of a 1-year visit (including AEs, SAE, mortality, POPC score, GOS-E Peds scale). 

29/03/2016 25/04/2016 

Amendment 3  
1/ Increase in the duration of inclusions by 12 months (24 months to 36 months) 
2/ Modification of the list of investigators 
3/ PCOC score no more collected at 1-year 

03/01/2017 NA 

Amendment 4 Increase in duration inclusion (36 months to 38 months) and the number of patients to be included 
(20 to 30) 19/12/2017 NA 

Amendment 5 Increase in duration of inclusions (38 months to 41 months) 27/02/2018 NA 

AE: Adverse Event; CPP: French research ethics committees; ANSM: French National Agency for Medicines and Health Products Safety  (Agence Nationale de la Sécurité 
du Médicament); BMI: Body Mass Index; CDC: Centre for Disease Control and prevention; CVI: Cumulative Vasopressor Index; PELOD: Pediatric Logistic Organ 
Dysfunction, POPC: Pediatric Overall Performance Category; GOS-E: Glasgow Outcome Score Extended. 
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ESM Table 2: Infectious gateway 
 

 Control group  
 

IVIG group 
 

Vagina, N (%) 2 (14.3) 2 (18.2) 
Upper respiratory tract N (%) 3 (21.4) 5 (45.5) 
Lower respiratory tract including pleura N (%) 6 (42.9) 0 (0) 
Cutaneous 
Of which chickenpox N (%) 

3 (21.4) 
1 (33.3) 

3 (27.3) 
1 (33.3) 

Articular N (%) 0 (0) 1 (9.1) 
 
IVIG: intravenous immunoglobulin. 
Values are numbers (N) with %. 
The control group consists of patients treated with Albumin 4%.  
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ESM Table 3: Time course of hemodynamic parameters during the first five days according to the allocated group 
 

 Admission (Day 1) Day 2 Day 3 Day 4 Day 5 
Control IVIG Control IVIG Control IVIG Control IVIG Control IVIG 

Hypotension adjusted 
for age 
Yes : N (%) 
MD : N 
 

8 (53.3) 
 

0 

10 (66.7) 
 

0 

8 (57.1) 
 

1 

10 (71.4) 
 

1 

- - - - 3 (25.0) 
 

3 

2 (33.3) 
 

9 

Minimal blood 
pressure 
 
SBP (mmHg) Med 
[Q1-Q3] 
 
DBP (mmHg) Med 
[Q1-Q3] 

n=15 
 

84 [71-103] 
 

42 [36-53] 

n=15 
 
84 [67-
89] 

 
43 [34-

47] 

n=14 
 

83 [79-92] 
 

47 [42-54] 

n=14 
 

81 [71-
96] 

 
50 [41-

54] 

 
 
 
- 

 
 
 
- 

 
 
 
- 

 
 
 
- 

n=12 
 

98 [91-102] 
 

56 [50-59] 

n=6 
 

94 [84-99] 
 

59 [55-72] 

Lactate (mmol/L) 
Maximal value 

n=15 
2.8 2.3-3.6 

n=15 
3.4 2.4-
4.3 

n=13 
1.5 1.2-3.0 

n=14 
1.4 1.0-
3.2 

n=11 
1.4 0.8-2.4 

n=11 
1.5 1.0-2.0 

n=9 
1.3 0.7-2.1 

n=9 
1.9 1.3-
2.0 

n=9 
1.5 1.2-2.0 

n=3 
1.9 1.4-
2.4 

Lactate clairance  
Med [Q1-Q3] 

- - -1.10 [-1.4 - -0.5] -1.2 [-3.0 
-  -0.4] 

- - - -   

Diuresis (ml/kg/h) 
Med [Q1-Q3] 

n=15 
1.7 [1.3 -2.6] 

n=14 
1.9 [1.3-

2.3] 

n=15 
2.2 [1.2-2.8] 

n=12 
1.7 [1.2-

2.1] 

- - - - n=7 
1.5 [0.7-4.3] 

n=5 
4.1 [2.7-

4.5] 
Fluid volume bolus 
(ml/kg) 
Med [Q1-Q3] 

n=15 
60 [40-80] 

n=15 
48 [20-

80] 

n=1 
20 [20-20] 

n=2 
28 [26-

30] 

n=2 
15 [10-20] 

n=2 
15,5 [10-21] 

n=0 
- 

n=1 
23,5 

[23,5-
23,5] 

n=1 
9 [9-9] 

n=0 
- 

CVI 
Med [Q1-Q3] 

n=15 
4 [4-4] 

n=15 
4 [4-4] 

n=15 
4 [3-4] 

n=15 
4 [0-4] 

n=15 
4 [0-4] 

n=15 
4 [0-0] 

n=14 
0 [0-0] 

n=15 
0 [0-0] 

n=13 
0 [0-0] 

n=13 
0 [0-0] 

The control group consists of patients treated with albumin 4%. 
Values are Median (Med) with interquartile [Q1-Q3] or Numbers (N) with %. MD: Missing Data 
IVIG: intravenous immunoglobulins; CVI: cumulative vasopressor index; DBP: diastolic blood pressure, SBP: systolic blood pressure 
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ESM Table 4: Biological data during the first five days in PICU according to allocated group 

 
 

Admission Day 2 Day 3 Day 4 Day 5 
Control IVIG Control IVIG Control IVIG Control IVIG Control IVIG 

PCT Maximal 
value (mol/L)  
Med Q1-Q3 

n=9 
71 
60-100             

n=12 
88 
50 -.230 

n=10 
25 
15-71 

n=10 
137 
99 -261 

NA NA NA NA n=6 
6 3-9 

n=6 
9 2 -19 

pH  
Minimal value 

n=15 
7.3 7.2-7.4 

n=15 
7.3 
7.2-7.4 

n=15 
7.4 
7.3-7.4 

n=14 
7.4 
7.2-7.4 

NA NA NA NA n=9 
7.4 
7.4-7.5 

n=6 
7.44 
7.4-7.5 

Na (mmol/L) 
Minimal value 

n=15 
134 
132-137 

n=15 
134 
130-138 

n=15 
138 136-141 

n=15 
137 134-
139 

NA NA NA NA n=9 
142138-148 

n=6 
138 
137-
143 

Bicarbonates 
(mmol/L) 
Minimal value 

n=15 
17 15-18 

n=15 
16 13-19 

n=15 
19 17-23 

n=14 
20 17-
22 

NA NA NA NA n=8 
24. 23-27 

n=5 
29 28-
29 

Urea (mmol/L) 
Maximal value 

n=15 
12.9 
6.9-14.9 

n=15 
11 
5.3- 17.9 

n=15 
4.9 
3.5-11.7 

n=14 
.6.0 3.6-
9.0 

NA NA NA NA n=8 
6.2 
2.7-8.7 

n=6 
4.4 
2.5-7.4 

Creatinine 
(mol/L) 
Maximal value 

n=15 
115 39-147 

n=15 
79 53-
184 

n=15 
59 38-104 

n=15 
52 40-
65 

n=12 
52. 35-75 

n=11 
44 35-50 

n=11 
44 26-71 

n=9 
40 36-44 

n=8 
42 28-66. 

n=6 
34. 18-
41 

ASAT (UI/L) 
Maximal value 

n=15 
56 41-82 

n=15 
77 52-
113 

n=13 
43 28-74 

n=14 
71 42-
93 

n=8 
58 30-115 

n=8 
78 67-265 

n=6 
69 67-85 

n=8 
111 49 -
1038 

n=7 
64 35-69 

n=4 
56. 41-
2956 

ALAT (UI/L) 
Maximal value 

n=15 
38 19-80 

n=15 
53 34-81 

n=13 
39  23-62 

n=14 
54 35-
76 

n=8 
46 31-94 

n=8 
73 55-156 

n=6 
64 42-77 

n=7 
71 57-
176 

n=7 
57 23-74 

n=4 
55 50-
802 

CK (UI/L) 
Maximal value 

n=13 
336 67-775 

n=13 
387 295-
1283 

n=11 
190 54-1382 

n=11 
812 282-
1910 

NA NA NA NA n=4 
223 107-
496 

n=3 
158 41-
278 

Total bilirubine 
(mmol/L) 
Maximal value 

n=13 
11 10-19 

n=15 
13 7-27 

n=10 
11. 9-14 

n=13 
8 7-10 

n=7 
10 7-12 

n=5 
9 3-11 

n=6 
10. 7-46 

n=6 
5 5-73 

n=7 
13 6-37 

n=3 
5 3-62 
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Platelets (G/L) 
Minimal value 

n=15 
96 74-155 
 

n=15 
115 94-
143 

n=15 
84 42-220 

n=15 
88 78-
121 

n=10 
54. 31-76 

n=11 
88 62-94 

n=8 
57. 41.-107 

n=9 
62 60-
126 

n=9 
130 55-203 

n=6 
97 27-
142 

White blood cells 
 (G/L) 
Minimal value 

n=15 
11.1 8.1-
16.1 

n=15 
10.6 6.6-
12.7 

n=15 
14.4 12.1-34.6 

n=14 
9.7 5.7-
17.7 

n=10 
14.2 12.3-
.18.3 

n=11 
14.4 6.3-
35.5 

n=8 
18.1 13.7-23.6 

n=9 
14.1 10.0-
22.1 

n=9 
18.6 17.1-
23.6 

n=6 
19.1 
10.8-
30.2 

Hemoglobin (g/L)  
Minimal value  

n=15 
105 100-
117 

n=15 
107 99-
110 

n=15 
102 94-110 

n=15 
98 93-
108 

NA NA NA NA n=9 
101 95-114 

n=6 
96. 90-
110 

Lymphocytes  
Minimal count 
(G/L) 

n=11 
0.4 0.2-1.3 

n=14 
0.4 0.3-
0.7 

n=12 
1.9 0.9-5.5 

n=13 
1.2 0.6-
2.1 

n=7 
3.9 1.8-4.8 

n=9 
1.9 1.1-2.5 

n=4 
8.5 4.7-10.5 

n=8 
3.2 2.8-
3.9 

n=6 
7.0 6.0-8.5 

n=5 
4.2 2.9-
4.9 

APTT (s) 
Maximal value 

n=13 
41.8 35.0-
49.6 

n=14 
46.5 35.0-
53.4 

n=13 
.41.835.7-44.6 

n=12 
41.9 
31.2-
.46.9 

NA NA NA NA n=7 
31.9 30.0-
33.2 

n=4 
34.4 
29.4-
78.0 

PT (%) 
Minimal value 

n=15 
60 51-73 

n=15 
47 29-65 

n=14 
69. 55-86 

n=12 
79. 60.-
92. 

NA NA NA NA n=8 
80 65-90 

n=3 
96 77-
100 

INR 
Maximal value 

n=12 
1.5 1.3-2.1 

n=9 
2.1 1.7-
2.5 

n=11 
1.2 1.1-1.4 

n=7 
1.3 1.1-
1.7 

NA NA NA NA n=4 
1.1 1.1-1.1 

n=3 
1.0 1.0-
1.2 

Fibrinogen (G/L) 
Minimal value 

n=15 
4.9 2.9-5.5 

n=15 
3.4 2.6-
4.3 

n=14 
4.1 3.6-4.4 

n=14 
3.6 2.6-
4.3 

NA NA NA NA n=7 
3.4 3.1-4.9 

n=4 
1.9 1.8-
2.8 

Immunoglobulin G n=13 
6.4 5.5-7.1 

n=13 
6.1 5.4-
7.1 

n=0 
 

n=0 
 

n=9 
6.9 6.2-8.6 

n=6 
19.2 17.8-
20.9 

n=0 
 

n=3 
15.8 14.7-
19.8 

n=3 
8.9 5.3-13.5 

n=0 
 

Immunoglobulin A n=13 
0.9 0.6-1.2 

n=130.7 
0.5-0.9 

n=0 
 

n=0 
 

n=9 
1.4 1.2-1.5 

n=6 
0.8 0.7-0.8 

n=0 
 

n=3 
0.8 0.4-
1.3 

n=3 
1.1 1.1-2.6 

n=0 
 

Immunoglobulin M n=13 
0.7 0.5-1.1 

n=13 
0.7 0.5-
0.9 

n=0 
 

n=0 
 

n=9 
1.0 0.9-1.6 

n=6 
0.6 0.5-0.6 

n=0 
 

n=3 
.1.4 0.8-
1.8 

n=3 
1.3 1-2.6 

n=0 
 

The control group consists of patients treated by albumin 4%. Values are Median (Med) with interquartile [Q1-Q3] or Numbers (N) with %. MD: Missing Data 
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ALAT: alanine aminotransferase; ASAT: aspartate aminotransferase, APTT: activated partial thromboplastin time, CK: creatin kinase; INR: international normalized ratio, 
PCT: procalcitonin; PT: prothrombine time, NA: not applicable  
ESM Table 5: Support care in each treatment arm 
 

 Control IVIG 
PICU length of stay (days) 
Mean (Min-Max) 

5.7 (2-14) 7.7 (1-32) 

Hospital length of stay (days) N=27 
Mean (Min-Max) 

17 (4-64) 9.3 (2-16) 

Ventilation duration (days) 
Mean (Min-Max) 

 3.2 (1-7) 7.1 (3-17) 

Days with Central Venous Catheter (days) 
Mean (Min-Max) 

4.7 (0-15) 5.0 (0-33) 

Urinary catheter (days) 
Mean (Min-Max) 

3.7 (0-8) 2.7 (0-10) 

Initial Antibiotics N  (%) 
 Bêta-lactam 

            Yes Bêta-lactam AND lincosamid 
            Yes Lincosamid alone 

   
15 (100) 
15 (100) 

0 (0) 

 
14 (93.3) 
14 (93.3) 

1 (6.7) 
Renal Replacement Therapy  
Yes N  (%) 

0 (0) 2 (13.3) 

Chirurgical care 
Yes N  (%) 

 
3 (20) 

 
0 (0) 

ECMO 
Yes N  (%) 

 
0 (0) 

 
1 (6.7) 

The control group consists of patients treated by albumin 4% 
Values are Mean (Min-Max) or Numbers (N) with %.  
ECMO: extracorporeal membrane oxygenation, PICU: pediatric intensive care unit.  
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ESM Table 6: Number of subjects needed (per group) for a relative risk ranging from 0.40 to 0.80 and a proportion of events in the control group 
ranging from 23% to 29% 
Pearson Chi-square Test is used for proportion difference 
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