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To the editor,
As there is a high mortality rate and major risk of 

sequelae of purpura fulminans (PF), early identification of 
patients at highest risk of poor outcome is crucial to opti-
mize the initial management. To date, only a few studies 
have suggested clinical or biological factors associated 
with an unfavorable evolution because of the rarity of PF 
in children. These studies were most often monocentric 
and retrospective [1, 2] or did not specifically study PF in 
children [3]. We analyzed the clinical and biological fac-
tors available at initial presentation associated with death 
in children with PF.

We conducted a national population-based prospec-
tive French cohort of pediatric PF over 15  years. From 
2003 to 2017, we included all children < 15 years with PF 
with or without meningitis in one of the 227 participat-
ing centres. The methodology of this surveillance sys-
tem was previously published [4]. The diagnosis of PF 
followed published recommendations [5] and remained 
unchanged over the study period. The main outcome 
was the case fatality rate before hospital discharge. We 
assessed demographic, clinical and biological factors, 
along with initial treatments used associated with death. 
For biological factors, we considered explorations per-
formed at admission.

We included 1042 cases of PF: N. meningitidis was the 
most frequent bacterium isolated (910, 86.5%), including 
581 with serogroup B (64.5%), 218 serogroup C (24.2%). 
Table  1 shows the demographic and clinical character-
istics at admission and outcomes. Among 1042 patients 
with PF, 166 (16.1%; 95% CI [13.9; 18.5]) died during hos-
pitalization. For the 876 survivors, 143 (16.3%; 95% CI 
[13.9; 18.9]) had acute complications or sequelae, includ-
ing extensive skin necrosis (n = 56), neurological compli-
cations (n = 32), and limb amputation (n = 20). Table  2 
summarizes the risk factors for death in children with PF. 
On multivariate analysis, death was significantly associ-
ated with age < 1 year and leucopenia < 5000/mm3; while 
leukocytosis > 10,000/mm3 was protective. Initial appro-
priate antibiotic treatment was not associated with death. 
Furthermore, death was faster with than without leuco-
penia (mean time to death 1.9 vs. 4.9  days, p = 0.013). 
Our multivariable model estimated that the probabil-
ity of death could range from 3% for children without 
risk factors to 36% for children < 1  year old and with 
leucopenia < 5000/mm3.
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To our knowledge, this 15-year population-based 
national study is the largest prospective study focusing 
on pediatric PF. We identified young age and leucopenia 
as independent risk factors for death in pediatric PF.

Younger age is a well-identified risk factor for poor out-
comes in numerous pediatric invasive bacterial diseases 
and may be explained by the immaturity of the immune 
system [2, 3]. The findings regarding leukocytes may be 
less expected [2]. Several hypotheses should be consid-
ered. First, the lower leukocyte count in non-survivors 
suggests a shorter disease course and the completeness 
of the meningococcal infection. This suggestion may be 
supported by a shorter time from admission to death for 
children with leukopenia versus other children. Second, 
several immunological studies suggested that the devel-
opment of neutropenia may indicate an exhaustion of 
bone-marrow progenitors, a maturation arrest in granu-
locytic lineage or an imbalance between extravasation 
and production [2, 6]. These mechanisms may also be 
associated with impaired neutrophil functions (chemo-
taxis, phagocytosis and production of reactive oxygen 
species), thus leading to poor outcomes during sepsis.

In conclusion, we identified several factors easily avail-
able at initial care independently associated with death. 
These findings may help physicians better appreciate the 
risk of short-term fatal evolution when managing PF in 
children. If these risk factors are not modifiable, their 
presence might lead clinicians to faster use aggressive 
therapies at initial care.

Table 1  Demographic and clinical characteristics of purpura 
fulminans (PF) in children at admission, and intra-hospital 
outcomes, N = 1042

Data are n (%) unless indicated
*  % calculated on available data only

3GC: third generation cephalosporin
**  3 patients had neurological and non-neurological complications
***  1 patient had neurological and non-neurological complication

Total

Number of cases (%) 1042

Age (years), mean ± SD 4.2 ± 4.2

Median (n = 1042) 2.5

Sex (male) (n = 989) 585 (59.1)

Daycare modality (n = 852)
Home 372 (43.7)

Daycare centre 422 (49.5)

Child minder 58 (6.8)

Underlying conditions (n = 1042) 95 (9.1)

Prematurity (%)* (n = 587) 72 (6.9)

Cardiopathy (n = 846) 6 (0.7)

Acquired immunodeficiency (n = 838) 4 (0.5)

Congenital immunodeficiency (n = 974) 4 (0.4)

Recurrent meningitis (n = 960) 5 (0.5)

Asplenia (n = 919) 2 (0.2)

Cochlear implants (n = 712) 2 (0.3)

Initial antibiotic therapy by 3GC 1042 (100)

Antibiotic treatment within the 24 h before admission 
(%)* (n = 933)

425 (45.6)

Clinical characteristics
Seizure before antibiotic therapy (%)* (n = 976) 78 (8)

Seizure after antibiotic therapy (%)* (n = 957) 58 (6.1)

Coma (%)* (n = 955) 294 (30.8)

Mechanical ventilation (%)* (n = 975) 433 (44.4)

Shock (%)* (n = 1002) 766 (76.5)

Complications (%)* (n = 1042) 143 (13.7)**

Neurological 32 (3.1)

Non-neurological (including imputations) 114 (10.9)

Limb amputation 20 (1.9)

Death (%) (n = 1032) 166 (16.1)

Time from admission to death (days), mean ± SD* 3.9 ± 11.3

Median 1



Page 3 of 5Madhi et al. Crit Care          (2021) 25:181 	

Acknowledgements
We are very grateful to Elodie Nattes, Marion Lagrée, Didier Pinquier, Alexis 
Rybak and Stéphane Bechet for her contributions to the report. We thank all of 
the French Pediatric Meningitis Network: Abdelhadi, Aberrane, Abi Warde, 
Abou Tara, Abrudan, Adam, Adamon, Akitani, Alba-Sauviat, Al Chaar, Albertini, 
Aljazayri, Aljumaidi, Allali, Allia, Al Mazini, Amama, Amara, Amira, Amirault, 
Andriantahina, Ansoborlo, Arlet, Armengaud, Armouche, Arnault, Asensio, 
Aubert, Auburtin, Audry, Aujard, Autret, Azemar, Bachelier, Badran, Bajolle, 
Baleine, Bandin, Banegas, Banerjee, Banige, Barbier, Bardou, Baret, Barnaud, 
Baron-Joly, Barrans, Barraud, Barré, Barrey, Barsotti, Barthez, Bartizel, Baruteau, 
Basmaci, Bassil, Battaglini, Bayle, Bednarek, Belgaid, Belivier, Bellulo, 

Benabdelmalek, Benchekroun, Benezech, Bengrina, Benmahammed, 
Benmoulai, Benoist, Benoit, Bensaid, Benseddik, Benzaim, Berche, Berrahma, 
Beretta-Salaun, Bergounioux, Berrahma, Berterottiere, Berthier, Bertrou, 
Besson-Leaud, Biendo, Biessy, Billaud, Billion, Bina, Bineau, Biran, Bitar-Obeid, 
Blanc, Blasquez, Blondel, Blondin, Boileau, Boivin, Boize, Bolot, Bonacorsi, 
Boniface, Bongo Boina, Bonnin, Boquet, Bordes, Born, Bosdure, Bosi, Bost-Bru, 
Bouainane, Bouderlique, Boukezia, Boulard, Bour, Bourennane, Bourgeois-
Nicolaos, Boussadia, Boussicault, Boutros, Boutte, Bouvet, Bouziges, Bovero, 
Boyer, Branca, Branger, Bresson, Breton, Breuil, Briand, Brieu, Brizard, Brocard, 
Brouard, Bruna, Brunel, Bruno, Bruyas, Bucher, Bucur, Buisson-Touati, 
Bulteau-Cowan, Cabaret, Cadot, Caillon, Callamand, Calvez, Cambonie, 

Table 2  Univariate and multivariate analysis of risk factors for death in children with purpura fulminans, N = 1042

PFMen + : PF with meningitis; PFMen-: PF without meningitis; PFLP-: PF without lumbar puncture; LP: lumbar puncture; 3GC: third generation cephalosporin; CRP: 
C-reactive protein

Characteristics Deaths
n (%)

Univariate analysis Multivariate analysis backward 
stepwise model

OR (95% CI) p OR (95% CI) p

Age (years)
0–1 56/228 (24.6) 3.4 [2.1; 5.4]  < 0.001 2.3 [1.4; 3.7] 0.001
1–2 37/193 (19.2) 2.5 [1.5; 4.1] 0.001 2.2 [1.3; 3.7] 0.004
2–4 28/212 (13.2) 1.6 [0.9; 2.7] 0.09 1.5 [0.9; 2.7] 0.124

 > 4 32/365 (8.8) 1 1

Daycare modality
Child minder 8/57 (14.0) 1.3 [0.6; 3.0] 0.5

Home 66/352 (18.8) 1.9 [1.2; 2.8] 0.003
Daycare centre 45/410 (11.0) 1

Prematurity
No 64/495 (12.9) 1

Yes 12/64 (18.8) 1.6 [0.8; 3.1] 0.2

Clinical profiles
PFMen +  82/629 (13.0) 1

PFMen- 19/113 (16.8) 1.3 [0.8; 2.3] 0.3

PFLP- 52/256 (20.3) 1.7 [1.2; 2.5] 0.007
Initial antibiotic therapy by 3GC
No 0

Yes 166/1032 (16.1) NA

Antibiotic treatment within the 24 h before admission
No 79/488 (16.2)

Yes 45/407 (11.1) 0.6 [0.4; 1.0] 0.028
Blood culture
Positive 63/337 (18.7) 1.5 [1.0; 2.3] 0.051

Negative 42/321 (13.1) 1

CRP level
 < 100 mg/L 32/204 (15.7) 2.4 [1.2; 4.6] 0.010
 > 100 mg/L 14/194 (7.2) 1

Leukocyte count
 < 5000/mm3 56/173 (32.4) 2.2 [1.3; 3.7] 0.004 2.1 [1.2; 3.6] 0.006
5000–10,000/mm3 26/144 (18.1) 1 1

 > 10,000/mm3 19/407 (4.7) 0.2 [0.1; 0.4]  < 0.001 0.3 [0.1; 0.5]  < 0.001
Neutrophil count
 < 1500/mm3 30/66 (45.5) 4.0 [2.2; 7.2]  < 0.001
1500–10,000/mm3 43/251 (17.1) 1

 > 10,000/mm3 5/263 (1.9) 0.1 [0.0; 0.2]  < 0.001
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