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a b s t r a c t 

Objectives: Staphylococcus epidermidis (SE) is a supposedly low-virulence agent, which may cause proven 

bloodstream infections (BSIs), with little-known consequences on intensive care unit (ICU) patients. We 

aimed at studying ICU patients diagnosed with BSIs caused by SE (SE-BSIs). 

Methods: We constituted a retrospective cohort in two medical ICUs. SE-BSIs were defined by two or 

more independent SE-positive blood cultures of the same strain, within 48 hours, without concurrent 

infection. 

Results: We included 59 patients; 58% were men (n = 34), with median age of 67 (interquartile range 

60-74) years and a simplified acute physiology score II of 59 (36-74) points, and 56% were immunocom- 

promised (n = 33). Among the 37 (63%) patients requiring norepinephrine initiation or increase at the 

onset of SE-BSI versus patients not requiring vasopressors (37%; n = 22), concomitant arterial lactate lev- 

els reached 2.8 (1.9-5.8) versus 1.5 (1.3-2.2) mmol/l ( P < 0.01), whereas the mean blood pressure was 49 

(42-54) versus 61 (56-65) mm Hg ( P = 0.01) and the mortality was 46% (n = 17) vs 14% (n = 3) at day 

28 ( P = 0.01), respectively. Regarding antibiotics, the susceptibility rates toward linezolid and vancomycin 

were 71% (n = 41/58) and 100% (n = 54/54), respectively. At the time of SE-BSI, all but one patient had 

a central venous access device. 

Conclusion: This work highlights SE-BSIs as a cause of septic shock, mostly in immunocompromised ICU 

patients, with increasing concerns about resistance to antibiotics and central line management. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Staphylococcus epidermidis (SE) is a gram-positive coccus that 

elongs to the family of coagulase-negative staphylococci (CNS) 

nd is a highly frequent colonizing agent of the skin and mucous 

embranes [ 1 , 2 ]. Like most CNS, SE is classically a low-virulent

gent and is, therefore, mainly considered a contaminant when 

ound in bacteriological samples, leading to make the diagnosis of 

NS bloodstream infection (BSI) only if two or more independent 

lood cultures are positive for the same species of CNS within 5 

ays in the absence of another concomitant infection [3] . SE can 

ause infections in certain circumstances, especially health care–

ssociated infections [2] and is implicated in 31-38% of catheter- 

elated BSIs [ 4 , 5 ]. 

In addition to indwelling devices, immunosuppression appears 

o be a determining risk factor for SE infections, which are fre- 

uently considered opportunistic infections [2] . SE is easily en- 

ountered in patients with neutropenic cancer [6] , with frequent 

nvolvement of long-term central lines [5] . SE may also affect solid- 

rgan transplant recipients treated with immunosuppressive ther- 

py and can cause endocarditis even on native valves, suggesting 

irulence factors of some strains [7] . 

Apart from publications dealing with SE infections in postop- 

rative intensive care unit (ICU) patients and increasing concerns 

bout antibiotic resistance [8] , the literature remains scarce on 

ritically ill patients with BSI caused by SE (SE-BSI), particularly re- 

arding the clinical repercussions and prognosis, despite the high 

roportion of immunocompromised patients and the frequent use 

f invasive devices in the ICU. We, therefore, conducted a retro- 

pective study involving medical ICU patients with focus on their 

pidemiological characteristics and on the clinical outcomes after 

E-BSI. 

ethods 

We constituted a retrospective cohort in the two separate med- 

cal ICUs of the University Hospitals of Strasbourg. All patients who 

ad an SE-induced BSI, defined by two or more independent posi- 

ive blood cultures within 48 hours during their intensive care stay, 

ere included in the absence of concurrent infection. We defined 

arly SE-BSI as a positive blood culture within the first 48 hours 

fter ICU admission. An SE-BSI associated with significative hemo- 

ynamic consequence was defined as the need for norepinephrine 

nitiation or increase in at least 0.1 μg/kg/min. Antibiotic suscepti- 

ilities were assessed using the disk diffusion method according to 

he guidelines of the European Committee on Antimicrobial Sus- 

eptibility Testing. The complete methods are detailed in the Sup- 

lementary Material. 

esults 

tudy population 

We included 59 patients with proven SE-BSI. A total of 53% 

n = 31) of SE bacteremia occurred within the first 48 hours af- 

er ICU admission (early group). The baseline characteristics of 

he study population are summarized in Table 1 , according to the 

ignificative hemodynamic consequence of SE-BSI or not. Patients 

ere 58% male (n = 34), with a median age of 67 (60-74) years, 

nd had a median simplified acute physiology score II of 59 (36-74) 

oints. Most patients were immunocompromised (56%; n = 33), 

ncluding 44% patients with active cancers (n = 26) and 17% with 

rgan transplant (n = 10). The median lymphocyte count was 0.61 

/l (0.34-0.96) and nine patients (15%) presented with neutrope- 

ia. Patients had a history of cardiovascular disease in 47% of cases 

n = 28) and 39% had diabetes (n = 23). 
46 
taphylococcus epidermidis bloodstream infection hemodynamic 

onsequences 

Of the 59 patients with SE-BSI, 63% (n = 37) required the initia- 

ion or increment of norepinephrine dose of at least 0.1 μg/kg/min 

t the time of positive blood cultures. Patients requiring nore- 

inephrine initiation or increment also had higher arterial lactate 

evel at the onset of bacteremia, at 2.8 (1.9-5.8) versus 1.5 (1.3- 

.2) mmol/l ( P < 0.01), and a significantly lower mean blood pres- 

ure (49 [42-54] vs 61 [56-65] mm Hg [ P = 0.01]). Patients with a

emodynamic consequence of SE-BSI required more invasive me- 

hanical ventilation at the time of bacteremia (49% [n = 18] vs 18% 

n = 4]; P = 0.03) and displayed a higher mortality, reaching 46% 

n = 17) versus 14% (n = 3) at day 28 ( P = 0.01). 

nvasive devices 

All but one patient had a central venous access device during 

heir ICU stay, mostly inserted into the jugular vein (76%; n = 45). 

 total of 47% (n = 28) of patients had a dialysis catheter. Cen- 

ral venous catheter was removed in 53 patients, among which 

5% (n = 13) were implantable venous access devices and periph- 

ric intravenous central catheters . There were more implantable 

enous access devices and peripheric intravenous central catheters 

emoved in the early group (44%, n = 11/25) than in the late group 

7%, n = 2/28; P < 0.01). 

icrobiological findings and antibiotics 

The median time to positivity of blood cultures was 22.3 (17.0- 

7.6) hours. The rates of antibiotic resistance toward methicillin, 

entamicin, and linezolid were 86% (n = 51/59), 71% (n = 42/59), 

nd 29% (n = 17/58), respectively ( Table 2 ). No strain was resis-

ant to vancomycin. Vancomycin was used to treat SE-BSI in 64% 

n = 38) of the patients. At a median starting dose of 2 (2-3) g/day,

he maximal vancomycin serum concentration during the whole 

ourse of treatment reached a median of 39 (31-49) mg/l (Sup- 

lementary Material). 

iscussion 

To the best of our knowledge, this is one of the first works deal- 

ng with SE-BSIs in medical ICU patients not focusing on postop- 

rative infections. Of major importance, our data show a high rate 

f hemodynamic failure at the time of SE-BSI. They also reinforce 

he importance of immunosuppression and of central venous ac- 

ess devices on the risk of developing an SE - BSI. In addition, our 

ork confirms the concerns raised about resistance to oxazolidi- 

ones. 

Our 59-patient series supports SE’s ability to induce septic 

hock, contrasting with its often-described low virulence [5] . Sep- 

ic shock is exceptionally mentioned in case reports [9] . Our pa- 

ients requiring norepinephrine during BSI, without any detectable 

oncurrent infection, also have a lower mean blood pressure and 

igher arterial lactate levels, meeting the Sepsis-3 diagnostic crite- 

ia for septic shock in most cases. Moreover, the mortality is higher 

n these patients with septic shock. 

We remain cautious about the causality of septic shock. Our 

tudy is retrospective, which is its main limitation. Other con- 

omitant culture-negative sepsis cannot be definitively excluded. 

owever, SE’s ability to induce septic shock is credible. Certain 

trains are superantigen-producing, which has been demonstrated 

or toxic shock syndrome toxin-1 [9] and enterotoxins A, B, C or 

-like, G, and I; some works have developed a strong argument in 

avor of a genetic exchange from Staphylococcus aureus to SE [10] . 
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Table 1 

Characteristics of patients at baseline and at the time of blood cultures positive for Staphylococcus epidermidis according to the occurrence of hemodynamic 

instability. 

All patients Hemodynamic 

instability a 
No hemodynamic 

instability a 
P -value 

n = 59 37 22 

General characteristics 

Men 34 (58%) 20 (54%) 14 (64%) 0.47 

Age (years) 67 (60-74) 67 (62-75) 66 (57-70) 0.32 

Simplified acute physiology score II 59 (36-74) 61 (35-78) 54 (40-74) 0.87 

Intensive care unit mortality 19 (32%) 16 (43%) 3 (14%) 0.02 F 

Immunocompromised 33 (56%) 22 (59%) 11 (50%) 0.59 

Active cancer 26 (44%) 16 (43%) 10 (45%) 0.87 

Organ transplant 10 (17%) 6 (16%) 4 (18%) 1 F 

Clinical presentation at time of positive blood culture 

Maximal temperature b ( °C) 38.2 (37.5-38.8) 38.3 (37.5-39.0) 38.0 (37.5-38.7) 0.95 

Mean blood pressure b (mmHg) 53 (48-60) 49 (42-54) 61 (56-65) 0.01 

Systolic blood pressure b (mmHg) 79 (68-88) 74 (63-83) 92 (82-99) < 0.01 

Sepsis-related organ failure assessment b 8 (6-13) 11 (6-15) 6 (3-10) < 0.01 

Early bacteremia c 31 (53%) 23 (62%) 8 (36%) 0.06 

Treatment changes related to bloodstream infection 

Norepinephrine a 37 (63%) 37 (100%) 0 (0.0%) - 

Mechanical ventilation d 22 (37%) 18 (49%) 4 (18%) 0.03 F 

Modification of antibiotics 49 (83%) 33 (89%) 16 (73%) 0.15 F 

Catheter withdrawal 53 (90%) 31 (84%) 22 (100%) 0.07 F 

Positive catheter culture 22/53 (42%) 15/31 (48%) 7/22 (32%) 0.27 

Biology at time of positive blood culture 

White blood cells (10 9 /l) b 10.1 (5.6-13.8) 10.5 (6.8-15.6) 8.5 (5.2-12.7) 0.34 

Lactate (mmol/l) b 2.2 (1.4-3.7) 2.8 (1.9-5.8) 1.5 (1.3-2.2) < 0.01 

C-reactive protein (mg/l) b 107 (59-188) 125 (86-209) 75 (29-125) 0.04 

Procalcitonin (μg/l) b 2.7 (1.4-8.5) 3.2 (1.3-9.0) 1.9 (1.8-3.6) 0.61 

Footnotes: Results are expressed in n (%) or median (interquartile range 25-75), F: Fisher’s exact Test. 
a Hemodynamic instability concomitant with blood cultures positive for S. epidermidis and defined by the implementation, resumption, or re-increment of nore- 

pinephrine of at least 0.1 μg/kg/min; 
b Most pejorative values within 24 hours of first blood culture positive for S. epidermidis ; 
c First blood culture positive for S. epidermidis within 48 hours of intensive care unit admission; 
d Reintubation and/or resumption of invasive mechanical ventilation. 

Table 2 

Microbiological data of Staphylococcus epidermidis bacteremia according to the occurrence of concomitant hemodynamic instability. 

All patients Hemodynamic instability a No hemodynamic instability a P -value 

n = 59 37 22 

Resistances of S. epidermidis strains 

Vancomycin-R b 0/54 (0%) 0/34 (0%) 0/20 (0%) 1 F 

Teicoplanin-R b 4/39 (10%) 2/23 (9%) 2/16 (13%) 1 F 

Pristinamycin-R 8/58 (14%) 4/36 (11%) 4/22 (18%) 0.45 F 

Rifampicin-R 9/59 (15%) 3/37 (8%) 6/22 (27%) 0.04 F 

Linezolid-R 17/58 (29%) 10/36 (28%) 7/22 (32%) 0.74 

Fosfomycin-R 23/55 (42%) 13/35 (37%) 10/20 (50%) 0.35 

Clindamycin-R 34/59 (58%) 21/37 (57%) 13/22 (59%) 0.86 

Fusidic acid-R 34/59 (58%) 18/37 (49%) 16/22 (73%) 0.07 

Trimethoprim-sulfamethoxazole-R 39/59 (66%) 23/37 (62%) 16/22 (73%) 0.41 

Erythromycin-R 39/59 (66%) 28/37 (76%) 11/22 (50%) 0.04 

Gentamicin-R (KTG phenotype) 42/59 (71%) 24/37 (65%) 18/22 (82%) 0.16 F 

Tobramycin-R (KT phenotype) 43/59 (73%) 25/37 (68%) 18/22 (82%) 0.23 F 

Amikacin-R (K phenotype) 44/59 (75%) 26/37 (70%) 18/22 (82%) 0.32 F 

Levofloxacin-R 49/59 (83%) 29/37 (78%) 20/22 (91%) 0.29 F 

Methicillin-R 51/59 (86%) 30/37 (81%) 21/22 (95%) 0.24 F 

Footnotes: Results are expressed in n (%). F: Fisher’s exact test. 

Abbreviations: R, resistant. 
a Hemodynamic instability concomitant with blood cultures positive for S. epidermidis and defined by the implementation, resumption, or re-increment of 

norepinephrine of at least 0.1 μg/kg/min; 
b Vancomycin and teicoplanin minimum inhibitory concentration are detailed in the Supplementary Material. 
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Through horizontal gene transfers, SE also evolves genetically 

long with host-related factors, and immunosuppression helps 

ransform SE from a commensal agent into an opportunistic 

athogen [1] . The high incidence of SE-BSI in oncological patients 

6] and in solid-organ transplant recipients [7] has been previously 

escribed [2] and could explain the observed lymphopenia. 

The interest in SE is reinforced by the expansion of antibi- 

tic resistances in ICUs, with our 29% linezolid resistance being 

onsistent with the literature [8] . Of note, most patients experi- 

nced an overdose of vancomycin during treatment, exposing them 
47 
o nephrotoxicity, and raising concerns about the relatively small 

herapeutic arsenal against methicillin-resistant strains. 

Finally, invasive devices play a key role in the pathogenesis 

f SE-BSIs. Therefore, CNS rank first in ICU-acquired central line- 

ssociated BSIs according to the European Centre for Disease Pre- 

ention and Control, with SE ranking first in immunocompromised 

atients, which is in agreement with our results. 

Altogether, this work raises several perspectives. A prospective 

tudy is needed to further investigate host-related factors, such 

s lymphopenia. In parallel, the factors associated with SE and its 
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[  
irulence, including the production of toxins, must be studied. Ul- 

imately, these data should lead to clinical trials aimed at testing 

ew anti-infectious strategies against SE-BSIs. 

eclarations of competing interest 

The authors have no competing interests to declare. 

unding 

Research work in our intensive care units is supported by grants 

rom the Adiral Association. 

thical approval 

Data were collected in accordance with the advice of the local 

cademic ethics committee (Reference: CE-2022-13). 

uthor contributions 

All authors participated in the writing and editing of the 

anuscript. RCJ, PM, MS, JK, JH, and FM included the patients. 

CJ, HM and JD performed the statistical analyses. AG and TL per- 

ormed the microbiological analyzes. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.ijid.2023.07.014 . 
48 
eferences 

[1] Zhou W, Spoto M, Hardy R, Guan C, Fleming E, Larson PJ, et al. Host-specific

evolutionary and transmission dynamics shape the functional diversification of 

Staphylococcus epidermidis in human skin. Cell 2020; 180 :454–70 e18. doi: 10. 
1016/j.cell.2020.01.006 . 

[2] Otto M. Staphylococcus epidermidis–the ’accidental’ pathogen. Nat Rev Micro- 
biol 2009; 7 :555–67. doi: 10.1038/nrmicro2182 . 

[3] National Healthcare Safety Network, Centers for Disease Control and Preven- 
tion Bloodstream infection event (central line-associated bloodstream infection 

and non-central line associated bloodstream infection) ; 2021 https://www.cdc.gov/ 

nhsn/ psc/ bsi/ index.html [Accessed 31 January 2023] . 
[4] Farrington CA, Allon M. Complications of hemodialysis catheter bloodstream 

infections: impact of infecting organism. Am J Nephrol 2019; 50 :126–32. doi: 10. 
1159/0 0 0501357 . 

[5] Sabaté Brescó M, Harris LG, Thompson K, Stanic B, Morgenstern M, 
O’Mahony L, et al. Pathogenic mechanisms and host interactions in Staphy- 

lococcus epidermidis device-related infection. Front Microbiol 2017; 8 :1401. 
doi: 10.3389/fmicb.2017.01401 . 

[6] Zembower TR. Epidemiology of infections in cancer patients. Cancer Treat Res 

2014; 161 :43–89. doi: 10.1007/978- 3- 319- 04220- 6 _ 2 . 
[7] Tamzali Y, Danthu C, Aubry A, Brousse R, Faucher JF, El Ouafi Z, et al. High

mortality and graft loss after infective endocarditis in kidney transplant re- 
cipients: a case-controlled study from two centers. Pathogens 2021; 10 :1023. 

doi: 10.3390/pathogens10081023 . 
[8] Bouiller K, Ilic D, Wicky PH, Cholley P, Chirouze C, Bertrand X. Spread of clonal

linezolid-resistant Staphylococcus epidermidis in an intensive care unit associ- 

ated with linezolid exposure. Eur J Clin Microbiol Infect Dis 2020; 39 :1271–7. 
doi: 10.1007/s10096- 020- 03842- 7 . 

[9] Crass BA, Bergdoll MS. Involvement of coagulase-negative staphylococci in 
toxic shock syndrome. J Clin Microbiol 1986; 23 :43–5. doi: 10.1128/jcm.23.1. 

43-45.1986 . 
10] Argemi X, Nanoukon C, Affolabi D, Keller D, Hansmann Y, Riegel P, et al. Com-

parative genomics and identification of an enterotoxin-bearing Pathogenicity 

Island, SEPI-1/SECI-1, in Staphylococcus epidermidis pathogenic strains. Toxins 
(Basel) 2018; 10 :93. doi: 10.3390/toxins10 030 093 . 

https://doi.org/10.1016/j.ijid.2023.07.014
https://doi.org/10.1016/j.cell.2020.01.006
https://doi.org/10.1038/nrmicro2182
https://www.cdc.gov/nhsn/psc/bsi/index.html
https://doi.org/10.1159/000501357
https://doi.org/10.3389/fmicb.2017.01401
https://doi.org/10.1007/978-3-319-04220-6_2
https://doi.org/10.3390/pathogens10081023
https://doi.org/10.1007/s10096-020-03842-7
https://doi.org/10.1128/jcm.23.1.43-45.1986
https://doi.org/10.3390/toxins10030093

	Staphylococcus epidermidis bloodstream infections are a cause of septic shock in intensive care unit patients
	Introduction
	Methods
	Results
	Study population
	Staphylococcus epidermidis bloodstream infection hemodynamic consequences
	Invasive devices
	Microbiological findings and antibiotics

	Discussion
	Declarations of competing interest
	Funding
	Ethical approval
	Author contributions
	Supplementary materials
	References


