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Capsulesummary

» Bloodstream infections are a frequent complicatibapidermal necrolysis.

» Out of 98 patients, 46 (46.9%) had bloodstreamciidas [S. aureus, n=17 (36.9%)
andP. aeruginosa, n=17 (36.9%)]Negative predictive values of skin cultures were
89.4% and 80.9%, respectively.

« Skin cultures may help predicting the pathogenslived in bloodstream infections.
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Abstract

Background: Epidermal necrolysis (EN) involvingl0% body surface area (BSA) is often

complicated by bacterial infections.

Objective: To describe the epidemiology of bloodstream inéext (BSIs) in EN involving a
BSA>10% and the diagnostic performances of skin cudtdoe predicting the pathogen(s)

isolated from BSIs.

Methods. This retrospective single-center observationallystwas conducted between 2009
and 2017. All patients referred at the acute phaseEN involving a BSA10% were
included. All clinical and bacteriological relevasdta were collected (blood and skin cultures
results, number, severity and time of BSI). Sevisyti specificity, and predictive values of

skin cultures and impact of the bacterial inoculuere investigated.

Results: Out of 98 patients, 46 (46.9%) hal BSI episode during the hospital stay
[ Saphylococcus aureus (n=17, 36.9%) andPseudomonas aeruginosa (n=17, 36.9%)]. Skin
cultures were concordant with blood cultures incd8es (71.1%). The positive and negative
predictive values were 57.7% and 89.4% fraureus and 50.0% and 80.9% fdP.

aeruginosa, respectively. BSI increased with cutaneous inarcubf S. aureus.

Limitations: Retrospective monocentric design and few total remolb BSI.

Conclusion: Skin cultures forS aureus and P. aeruginosa may help in predicting the

pathogens involved in bloodstream infections.
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Abbreviations and acronymslist:

BSI = bloodstream infection

BSA = body surface area

CFU = colony forming unit

EN = epidermal necrolysis

NPV = negative predictive value

OR = odds ratio

P. aeruginosa = Pseudomonas aeruginosa

PPV = positive predictive value

S aureus = Saphylococcus aureus

SJS =Stevens-Johnson syndrome

TEN = toxic epidermal necrolysis
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| ntroduction:

Epidermal necrolysis (EN) is a life-threatening diion, mainly due to drugs. According to
the body surface area (BSA) involved, patientscategorized as Stevens-Johnson syndrome
(SJS, <10% BSA), SJS-TEN overlap (10-29% BSA),oaict epidermal necrolysis (TEN, or
Lyell syndrome,>30% BSA)! Mortality ranges from 10 to 40%.The cornerstone of

treatment is supportive cate.

Causes of mortality in EN include specific lung dhwement and invasive bacterial
infections, the most frequent and life-threatenlmging bloodstream infections (BSI). A
relationship between BSI and skin bacterial colatian was described in burn8 but data
from EN remain scarce. Here, we aimed to investigaé epidemiology of BSI in EN and
assess the ability of the qualitative and quamigatesults of skin cultures to predict the

pathogen(s) involved in BSI episodes.
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Materials and methods:

This retrospective single-center observational ystiuretluded all patients admitted to the
French reference center for EN between 01/2009 1&48017. Only patients with a final
diagnosis of SJS-TEN overlap syndrome or TEN wadduied, as BSls are rare in SJS.
Diagnosis of EN was confirmed by previously puldighclinical criteria of EN and skin

biopsy histological analysfs®

The following demographic, clinical, and biologia#dta were collected from medical files:
age, gender, suspected drug, SCORPHdseline and maximal detached/detachable BSA,
intensive care unit admission, cyclosporin treatmeantibiotics before and during
hospitalization, time to re-epithelialization, l¢hgf hospital stay, number of BSI episodes,

septic shock, and hospital death.

According to the French guidelines, routine manag@nof wound care included skin
antisepsis, consisting in the application of didutdlorhexidine (bathing or spraying) once a
day, without local antibiotics, and non-sticky driegs or white petroleum jelly. Prophylactic
antibiotics were not recommended. Systemic antdsotwere prescribed in case of

documented invasive infection or sepsis/septic lsfioc

In our routine practice, skin colonization is intigated by repeated skin cultures, performed
every three days from admissionctumplete epithelialization, as recommended by teaéh
guidelines® Skin cultures consist in applying sterile gauzisatly on the skin, on several
places (usually three) chosen among the most dedészverely injured areas, and then to put
those gauzes on dedicated agar plates, which &seguently incubated at 37°C. French

guidelines also recommend daily blood culturesafbpatients.

Only the first BSI episode, as defined by one (nmiwoobial bacteremia) or more

(polymicrobial bacteremia) pathogen(s) isolatedmfrblood cultures, was considered for
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bacteriological analysis. Strains of the first thekin cultures collected from admission to re-
epithelialization for several sites of detachednsWiere collectedSaphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, and exogenous enterobacteriz. (honE. coli
enterobacteria). Three semi-quantitative classesnofulum were defined: <100 (<%0
colony-forming units (CFU)/cfy 101-10,000 (1910%) CFU/cnf, and >10,000 (>1Y
CFU/cnf. For patients with BSI, we investigated the resolt the concomitant skin culture,
i.e.,, that performed at any time around the time of dargghe first positive blood culture,
between 48h before and within the 24h after. Wesictamed that skin and blood cultures were
concordant when the bacteria isolated in the B3 algo isolated in the corresponding skin
culture (for monomicrobial BSI), or if at least ookthe bacteria of the BSI was isolated in

the corresponding skin culture (for polymicrobic IR

Results are reported as percentages and medidgesy@artiles [IQR] 25-75). The diagnostic
performance of the concomitant skin culture fordpreng the pathogen involved in the BSI
was assessed by computing the sensitivity, theifspgc and the positive (PPV) and
negative (NPV) predictive values of its qualitativesults (presence or absence of the
bacterium) for each pathogen involved. The odd® ré@R), and their 95% confidence
interval, of skin cultures growin§ aureus, andP. aeruginosa for BSI episodes involving
these pathogens were computed. The impact of dwilimm was also assessed by computing
the OR of developing a BSI for each skin inoculuategory, sterile skin cultures being the
reference. Categorical data were compared usingeFisr chi-2 tests, as appropriate.
Continuous data were compared using unpaired Stugsts or Mann-Whitney tests, as

appropriate. Two-sided p values were computed &d0® was considered significant.

The study was approved by the Institutional ReviBward Mondor (IRB0O0011558,

2018/09/20).
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Results:

Among 166 patients referred for EN, we excludeg&ents with SJS and two with missing
data. Ninety-eight patients (55 female) were inelljdwith a median age of 49.5 years (IQR
31.1-67.9), 40 (40.8%) with SJS-TEN overlap synde@nd 58 (59.2%) with TEN (Table 1).
The disease was drug-induced in 82/98 (83.7%) c&3dprit drugs were antibiotics in 32
cases (32.6%), antiepileptic drugs in 22 casesifaPand allopurinol in 14 cases (14.3%)).

No culprit drug was identified in 16 cases (16.3%).

Forty-six (46.9%) patients experienced one or nemisodes of BSI during their hospital stay
(total=85), after a median of seven days (IQR @& following admission, resulting in an
incidence of 33.3 BSI/1000 days of hospitalizafparient (Table 1). Septic shock occurred in
24/46 cases (52.2%). Twelve patients with BSI (26%g nine without (17.3%, p=0.29) died.
BSI occurred more frequently in patients with TEN-838/58, 65.5%) than in those with the
SJS-TEN overlap syndrome (n=8/40, 20.0%; p<0.0a)ieRts who received cyclosporin did

not show a significantly higher BSI rate than theg® did not.

Bacteria isolated from the first positive bloodtauks were as follows (11/46 [23.9%] BSIs
were polymicrobial): S. aureus (n=17/46, 36.9%),P. aeruginosa (n=17/46, 36.9%),
exogenous enterobacteria (n=7/46, 15.2%jyo0li (n=1/46, 2.2%), and others (n=15, 32.6%).
The median time elapsed between hospital admissidnthe first BSI episode ranged from
4.5 days (0-9) for methicilline-sensitivé aureus to 10 days (3-18) folP. aeruginosa

(p=0.004)

Ninety-six patients had one skin culture perform@®i,had two, and 34 had three or more.
The three skin cultures were performed after a aredf 1.0 (0.0-3.9), 6.5 (1.5-11.5), and
12.0 (6.8-14.2) days following admission. The mahacteria isolated from the first skin

culture wereS. aureus (36/96, 38%) and exogenous enterobacteria (3&8%;), whereas
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exogenous enterobacteria (23/34, 68%) Rnaeruginosa (27/34, 79%) were predominant in

the third skin culture (Figure 1).

Bacteria isolated from the concomitant cutaneoump$es were concordant with those
responsible for BSI in 32/45 (71.1%) cases (skiiuce missing for one patient). Among
those 32 skin cultures, 24 (75.0%) were performathg the 48 hours preceding the BSI and
8 (25.0%) during the 24 hours after. The concordanate was 70.6% (24/34) for
monomicrobial BSI and 72.7% (8/11) for polymicrdbiSI. Among the 13 patients with
discordant blood and skin culture results, 9 (69.B%@ a negative skin culture and a positive
blood culture, and 4 (30.7%) had a positive skiluca that did not match with the positive

blood culture.

The diagnostic performance of skin cultures fordpreng BSI episodes was as follows: skin
cultures growingS. aureus had a sensitivity of 88.2%, a specificity of 60,7% PPV of
57.7%, and an NPV 89.4% for predictiSgaureus BSIs; for P. aeruginosa, the diagnostic
performance was 75.0%, 58.4%, 50.0%, and 80.9%ec#isely. Patients havingl skin
culture growingS. aureus had an odds ratio (OR [95% confidence interval]having a BSI
episode involving the same pathogen of 17.0 [2.894(p=0.002); for those havirwgl P.
aeruginosa-positive skin culture the OR was 8 [1.9-36.4] (®B5). Post-hoc analyses of the
OR of developing a BSI for increasing bacterialcma suggested that the risk &faureus
BSI gradually increased with the inoculum of skirdtare, while that oP. aeruginosa did not

(Figure 2).

Concerning antibiotic susceptibility at admissiahki culture 1), 8/96 patients (8.3%) were
colonized by methicillin-resistant aureus and 0/96 (0.0%) by ceftazidime-resistdnt
aeruginosa. Twelve days after admission (skin culture 3),stheates rose to 8/34 (23.5%,

p=0.03) and 5/34 (14.7%, p<0.01), respectivelne 8 patients with methicillin-resistast
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aureus isolated on the third skin culture were not thenegatients than the 8 who had a

methicillin-resistant. aureus isolated on the first skin culture.
Discussion:

In the current series, we investigated the prewaleand characteristics of BSI episodes
together with the performances of skin culturepatients with SJS-TEN overlap syndrome
and TEN. Our study adds important findings on tigh lirequency and severity of BSI in EN
with more than 10% of BSA involved, especially ifeEN. Our results also highlight the
importance of monitoring the skin colonization lepeated skin cultures to target the bacteria
most probably involved in BSI and adapt antibioacsordingly, even before the positivity of
blood cultures. We chose to focus our analysishenfitst BSI episode typically occurring at
the most acute phase of the disease, while theempisl is not healed yet, and thus is more
likely to be a direct consequence of skin detaclimedeed, in these patients, multiple BSI
episodes or other severe infections such as pndamaran occur, even after healing,
especially for the most severe cases requiringigine care unit admission and mechanical

ventilation support.

We report on a high frequency of BSI in EN patiemtish a BSA>10% (46.9%) and
highlighted the associated severity, illustratedh®yoccurrence of septic shock in nearly half
of the casesS. aureus andP. aeruginosa were the main bacteria responsible for BSI in B,
previously reported.Qualitative results of skin culture showed a goodcordance with BSI
(71.1%). The NPV of the concomitant skin culturesrev high for S aureus and P.
aeruginosa, illustrating that patients with negative skin tauks for these pathogens were
unlikely to have a BSI involving these pathogense Aso showed the importance of
monitoring skin cultures over time, as we obseraeswitch of skin colonization from gram-

positive cocci at baseline to gram-negative badillring the hospital stay, as previously
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described for burn patient;*® together with a significant decrease in the susoiipt

patterns of the studied bacteria.

Our study added new data regarding the quantitatnadysis of skin cultures. Indeed, skin
colonization withS. aureus or P. aeruginosa was associated with a higher proportionSof
aureus and P. aeruginosa BSls, respectively. Furthermore, for patients w&haureus-
positive skin cultures, the odds ratio of havingudbsequent bacteremia increased with skin
inoculum. Such dose-effect relationship was noteolesd with P. aeruginosa, suggesting
different mechanisms might be involved. F8r aureus, endogenous skin carriage is
suggested, whereas foP. aeruginosa, acquired skin colonization and/or digestive
translocation due to specific involvement of ENpassible'™*? For other pathogens, such as
E. coli or other enterobacteria, digestive translocatioalss suggested, as shown in patients

with an altered digestive barrier, including thesth burns®?

Strengths of our study, considering the rarity &, Bvere the high number of patients
included, the systematic process of repeated skltures as standard of care, and the
availability of complete qualitative and quantia&ti bacteriological analyses. The main
limitations include the retrospective and monodertesign and low number of BSI episodes,
which limit definitive conclusions to be drawn. 8ldultures were sampled in routine practice
on highly various anatomic sites according to tematologist’s judgement. Furthermore, we
did not collect all other microbiological resulsjch as urine and catheter cultures. Last, it
can be argued that the skin cultures sampled #iteffirst positive blood culture may be
affected by antimicrobial treatment initiation. Hewer, in absence of any data, we
hypothesized that the cutaneous colonization wdy ehlghtly impacted by parenteral
antibiotics during the first 24 hours of their ondéevertheless, practices for skin care at the
acute phase are heterogeneous according to cemera consensus is still needed for best

topical antiseptic or antibiotic preventive treatrtgeof skin colonizatiof?
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According to French guidelines and our routine pcac we do not recommend initiating
antibiotics on the sole basis of an isolated pasitkin culturé. However, immediate and
targeted antibiotics are mandatory for EN patieasssoon as invasive bacterial infection is
suspectedife., sepsis, septic shock). In that case, waitingtl@ complete results of BSI
cultures and antibiograms (that can last up toetli@ys), the choice of the antibiotics to be
initiated should consider the susceptibility patteof the bacteria carried by the patient, as

shown by the results of the skin culture.



295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

14

References:

1. Heng YK, Lee HY, Roujeau JC. Epidermal necrolyéi3:years of errors and advandss.

J Dermatol. 2015 Nov;173(5):1250-4.

2. Duong TA, Valeyrie-Allanore L, Wolkenstein P, Cliaimv O. Severe cutaneous adverse

reactions to drugd.ancet. 2017;390(10106):1996-2011.

3. Ingen-Housz-Oro S, Duong TA, Bensaid B, et al. EreNational Reference Center for
Toxic Bullous Dermatoses. Epidermal necrolysis Ehenational diagnosis and care protocol

(PNDS; protocole national de diagnostic et de Joiphanet J Rare Dis. 2018;13(1):56.

4. de Prost N, Mekontso-Dessap A, Valeyrie-Allanoreet al. Acute respiratory failure in
patients with toxic epidermal necrolysis: clinicedatures and factors associated with

mechanical ventilatiorCrit Care Med. 2014;42(1):118-28.

5. Lipovy B, Holoubek J, Hanslianova M, et al. Toxdpidermal necrolysis data from the
CELESTE multinational registry. Part |: Epidemiojogand general microbiological

characteristicBurns. 2018;S0305-4179(18)30057-3.

6. Belba MK, Petrela EY, Belba AG. Epidemiology ofeations in a burn unit, Albania.

Burns. 2013;39(7):1456-67.



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

15

7. de Prost N, Ingen-Housz-Oro S, Duong TA, et alctB@mia in Stevens-Johnson
syndrome and toxic epidermal necrolysis: epidengp|aisk factors, and predictive value of

skin culturesMedicine. 2010;89(1):28-36.

8. Valeyrie-Allanore L, Bastuji-Garin S, Guégan S, at Prognostic value of histologic

features of toxic epidermal necrolysisAm Acad Dermatol. 2013;68(2):29-35.

9. Bastuji-Garin S, Fouchard N, Bertocchi M, Roujead, Revuz J, Wolkenstein P.
SCORTEN: a severity-of-illness score for toxic epidal necrolysisJ Invest Dermatol.

2000;115(2):149-53.

10. Nasser S, Mabrouk A, Maher A. Colonization of bwounds in Ain Shams University

Burn Unit.Burns. 2003;29(3):229-33.

11. Gendreau S, Amiot A, Le Baleur Y, et al. Gastrestinal involvement in Stevens-
Johnson syndrome and toxic epidermal necrolysistraspective case serié¥. J Dermatol.

2018 Nov 15. doi: 10.1111/bjd.17428.

12. Fava P, Astrua C, Cavaliere G, et al. Intestinabimement in toxic epidermal necrolysis.

A case report and review of literatudezur Acad Dermatol Venereol. 2015;29(9):1843-5.

13. Earley ZM, Akhtar S, Green SJ, et al. Burn Injurlgefs the Intestinal Microbiome and

Increases Gut Permeability and Bacterial TransiogaPLoS One. 2015;10(7):0129996.

14. Castillo B, Vera N, Ortega-Loayza AG, et al. Wouwate for Stevens-Johnson syndrome

and toxic epidermal necrolysi3Am Acad Dermatol. 2018;79(4):764-767.



338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

16

L egends of Figures:

Figure1:
Percentage of skin cultures positive for the baaltspecies of clinical interest.
Percentages were compared for each bacterial spaciskin cultures 1, 2 and 3 using Chi2

test. Differences with p < 0.05 were consideredificant.

Figure 2:
Odds ratio of developin§. aureus andP. aeruginosa bloodstream infections (BSI) according
to the inoculum of skin culture, expressed in cglferming units (CFU)/crh

For S aureus, but not forP. aeruginosa, odds ratios of BSIs increased with skin inoculum.
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366 Table1: Characteristics and comparison of patients withwitidout a bloodstream infection.

367
Patient characteristics All patients Patients with Patients without P-value

n =98 bloodstream infection | bloodstream infection
n =46 n=52

Female, n (%) 55 (56) 21 (45.6) 34 (65.4) 0.049
Median age, years (range) 495 (15-99) 54.5(15-99) 47.5 (18-83) 0.23
Median SCORTEN at baseline | 2 (0-5) 2 (1-5) 2 (0-5) 0.001
(range)
Median BSA involved at baseling, 15 (0-95) 20 (0-80) 10 (0-95) 0.008
% (range)
Median maximal BSA involved, %30 (10-100) 60 (10-100) 25 (10-100) < 0.0001
(range)
Median time to cutaneous re- 5 (0-19) 7 (2-19) 5 (0-11) 0.07
epithelialization, days (range)
Treatment with cyclosporin, n (%) 57 (58.1) 26 B6. 31 (67.4) 0.75
Median length of hospitalization, | 20 (4-116) 28.5 (4-116) 15 (4-43) 0.0001
days (range)
Antibiotics before admission, n | 67 (68.4) 30 (65.2) 37 (71.2) 0.53
(%)
Antibiotics during hospitalization,| 81 (82.7) 45 (97.8) 36 (69.2) 0.0001
n (%)
Intensive care unit admission, n | 49 (50) 34 (73.9) 15 (28.8) < 0.0001
(%)
Hospital death, n (%) 21 (20.4) 12 (26) 9 (17.3) 290.

368 BSA: body surface area

369
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p=0.02

. aureus

p<0.01
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p=0.66
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