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54

Abstract

55

Background: Staphylococcus aureus bloodstream infection (SAB) is a common, life-threatening infection.

56

The impact of immunosuppressive agents on the outcome of patients with SAB is incompletely under-

57

stood.

58

Methods: Data from two large prospective, international, multicenter cohort studies (INSTINCT and

59

ISAC) between 2006 and 2015 were analyzed. Patients receiving immunosuppressive agents were identi-

60

fied and a 1:1 propensity score (PS) matched analysis was performed to adjust for baseline characteris-

61

tics of patients. Overall survival and time to SAB-related late complications (SAB relapse, infective endo-

62

carditis, osteomyelitis, or other deep-seated manifestations) were analyzed by Cox regression and com-

63

peting risk analyses, respectively. This approach was then repeated for specific immunosuppressive

64

agents (corticosteroids [CSMT] and immunosuppressive agents other than steroids [IMOTS]).

65

Results: Of 3,188 analyzed patients, 309 were receiving immunosuppressive treatment according to our

66

definitions and were matched to 309 non-immunosuppressed patients. After PS matching, baseline

67

characteristics were well balanced. In the Cox regression analysis, we observed no significant difference

68

in survival between the two groups (death during follow-up: 105/309 (33.9 %) immunosuppressed pa-

69

tients vs. 94/309 (30.4 %) non-immunosuppressed, hazard ratio 1.20 (95% CI 0.84–1.71). Competing risk

70

analysis showed a cause-specific hazard ratio (CSHR) of 1.81 (95% CI 0.85–3.87) for SAB-related late-

71

complications in patients receiving immunosuppressive agents. CSHR was higher in patients taking

72

IMOTS (3.69; 95% CI 1.41–9.68).

73

Conclusions: Immunosuppressive agents were not associated with an overall higher mortality. The risk

74

for SAB-related late complications in patients receiving specific immunosuppressive agents such as

75

IMOTs warrants further investigations.

76
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77

Introduction

78

Staphylococcus aureus is a major pathogen of community-onset and nosocomial infections, causing a

79

wide variety of diseases ranging from mild skin or soft tissue infection to fulminant sepsis [1,2]. Invasive

80

infections with S. aureus are notoriously difficult to treat, requiring aggressive source control and pro-

81

longed antimicrobial treatment [3]. Even with optimal management, mortality rates in S. aureus blood-

82

stream infection (SAB) range between 18 and 30% [4]. Several risk factors of poor outcome among pa-

83

tients with SAB have been identified: end-stage renal disease requiring hemodialysis, liver cirrhosis, alco-

84

holism, diabetes mellitus, congestive heart failure, rheumatoid arthritis and male gender [5–7].

85

A growing number of patients receive immunosuppressive therapies, which may impede host defense

86

mechanisms and predispose patients to complicated SAB [8]. However, there is conflicting evidence re-

87

garding the impact of immunosuppression on SAB-related mortality. While some studies found immuno-

88

suppression to be associated with higher mortality from SAB [9,10], a retrospective cohort study and a

89

2006 review did not find significant differences [6,11].

90

Specific aim of this study was to investigate whether the use of immunosuppressive agents influenced

91

mortality and long-term outcome of SAB drawing on data from two large, multicenter, prospectively

92

evaluated cohort studies.

93
94

Materials and methods

95

Patients and setting

96

The current study is a post hoc analysis of data collected within two prospective, multicenter, interna-

97

tional cohort studies (the German bicenter cohort study INSTINCT - INvasive STaphylococcus aureus IN-

98

fections CohorT; and the multicenter study ISAC - International Staphylococcus Aureus Collaboration)

99

conducted in 20 tertiary care hospitals in Germany, Korea, Spain, Taiwan, United Kingdom, and the USA.

100

Because the University Medical Centers Freiburg and Cologne were the sole contributors to the INSTINCT

101

study, these centers contributed roughly half of the patient total. Blood cultures growing S. aureus were
4

102

reported daily by the microbiology laboratory with the intention that all SAB patients are prospectively

103

evaluated at the bedside and followed by infectious diseases (ID) specialists. All patients with S. aureus

104

positive blood cultures between January 1st 2006 and December 31st 2012 (INSTINCT) and January 1st

105

2013 and December 31st 2015 (ISAC) were eligible.

106
107

Ethical consideration

108

The study and data collection were approved by the responsible Institutional Review Boards of the con-

109

tributing centers in accordance with local regulations. We followed the ethical standards set by the Hel-

110

sinki Declaration of 1975, as revised in 2004. The INSTINCT study is registered in the German Clinical

111

Trials registry (DRKS00005045) and the ISAC study is registered in the NIH registry (clinicaltrials.gov,

112

NCT02098850).

113
114

Data acquisition

115

Patients were prospectively evaluated and followed until discharge from the hospital. Age, sex, risk fac-

116

tors, comorbidities, history of prior hospitalization or outpatient care, implanted foreign devices, clinical

117

variables including the dominant focus of infection, diagnostic and therapeutic interventions, antimicro-

118

bial therapy, complications, and outcomes were recorded. To assess the outcomes mortality and SAB-

119

related late complications (recurrence of SAB, endocarditis and other metastatic manifestations), pa-

120

tients were followed for 365 days after onset of SAB in the INSTINCT cohort and for 90 days in the ISAC

121

cohort by reviewing medical records, active case finding, contacting the primary physician, and/or seeing

122

the patient in the ID outpatient department. Patients with a single positive blood culture in the absence

123

of clinical symptoms/elevated inflammatory parameters and negative follow-up blood cultures without

124

initiation or rapid discontinuation of antimicrobial treatment were excluded.

5

125

Since data from two different cohorts with differing data entry forms were analyzed, two independent

126

reviewers agreed on a set of variables which could be reliably extracted from either data set before

127

merging the two cohorts into one single data set.

128
129

Definitions

130

Immunosuppressed patients were defined as patients taking >40mg/day prednisolone-equivalent for

131

more than two weeks, calcineurin or mechanistic Target of Rapamycin (mTOR) inhibitors, mycopheno-

132

late mofetil, cyclophosphamide, high dose DNA biosynthesis inhibitors (methotrexate > 0.4 mg/kg per

133

week, azathioprine > 2 mg/kg per day) or newer biological agents before onset of SAB. Patients exclu-

134

sively taking either sulfasalazine, hydroxychloroquine, mesalazine, fumaric acid, retinoids, dapsone or

135

methotrexate/azathioprine below the aforementioned thresholds were not considered immunosup-

136

pressed. The day of the first positive blood culture was defined as onset of SAB. Mode of acquisition was

137

classified into community-acquired (CA-SAB), community-onset healthcare-associated (COHA-SAB), or

138

hospital-acquired (HA-SAB) as previously described [12]. Comorbidities were evaluated using Charlson

139

comorbidity index [13]. Connective tissue disease comprised rheumatoid arthritis, Lupus erythematodes,

140

vasculitis, Sjögren’s syndrome, sarcoidosis and others. SAB-related late complications included relapse of

141

SAB (isolate with same resistance pattern) or late deep-seated metastatic infection (recovery of S. aureus

142

from a sterile body site, e.g. in vertebral osteomyelitis, infective endocarditis, visceral abscess, infection

143

of implanted foreign device).

144

The dominant focus was defined as the most severe manifestation that guided management and length

145

of treatment [14]. Dominant foci were classiﬁed into five categories: (i) non-deep-seated foci (skin and

146

soft tissue infection), intravascular catheter-related or urogenital tract infection), (ii) endocarditis (based

147

on modified Duke criteria), (iii) pneumonia and/or pleural empyema, (iv) other deep-seated foci (e.g.

148

osteoarticular infection, central nervous system infection, intramuscular or visceral abscess), and (v)

149

unknown focus.
6

150

Statistical analysis/approach

151

Categorical variables are given as absolute and relative frequencies, continuous variables as medians

152

with the first and third quartile. For each of the three analyzed groups (i. e., all patients receiving immu-

153

nosuppressive medication (IMS), patients receiving corticosteroid monotherapy (CSMT) and patients

154

receiving immunosuppressive agents other than steroids (IMOTS)) we adjusted for measured confound-

155

ing by using matched propensity score analysis. Matching was performed with 1:1-matching ratios for

156

the IMS and the CSMT group and with 1:3-matching ratio for the IMOTS group. In each propensity score

157

(PS) analysis, we estimated the PS using a logistic regression model, in which all covariates from Table 1

158

were included as main effects. Matching was performed with a SAS-based (SAS Version 9.3; SAS Institute

159

Inc, Cary, NC, USA) Nearest-Neighbor Matching algorithm without replacement, as recommended by

160

Austin [15]. Good covariate balance and a fair number of matched pairs were achieved with a caliper

161

width of 0.5, 0.01 and 0.2 standard deviations of the linear predictor for the main group, CSMT group

162

and IMOTS group, respectively. [15] For each matching, balance of baseline covariates was assessed by

163

using the z-difference [16]. Matched controls in any group were not taking any immunosuppressive

164

drugs. Matching was performed while being blinded for outcome.

165

Primary endpoint was all-cause mortality during follow-up. Secondary endpoint was the occurrence of

166

SAB-related late complications with death as competing event. The survival curves were drawn using the

167

Kaplan-Meier method for interval-censored data. To measure the average treatment effect on the treat-

168

ed (ATT) in the matched samples, we used Cox regression models for interval-censored data assuming

169

random censoring and modelled patients lost to follow-up as (interval-) censored. Through PS-matching,

170

matching sets of treated and untreated with similar PS are formed. Therefore, the matched samples

171

have a paired nature [17]. To account for this, we further adjusted the models for the PS matching sets.

172

In a secondary analysis, we performed competing risk analysis, since all-cause death and complications

173

are semi-competing events [18,19]. Since methods of competing risk analysis with interval-censored data

174

are not implemented in SAS 9.4, we imputed the missing event times for patients with interval-censored
7

175

data by taking the date from the middle of the interval. In a sensitivity analysis, we repeatedly extracted

176

random dates from the event interval and compared the results. Over all repetitions (1000 times) the

177

effect estimates did not change significantly, which justifies the analysis with imputed data. Due to the

178

etiological research question, we calculated cause-specific hazard ratios (CSHR) for complications [20].

179

We used marginal models with robust variance estimator to account for the paired nature of the

180

matched samples [21]. Due to lack of other methods available for interval-censored data, we assessed

181

the proportional hazards (PH) assumption by inspecting the Kaplan-Meier curve. For competing risk

182

analysis, we used the supremum test to graphically and numerically assess the PH assumption [22]. Un-

183

less stated otherwise the PH assumption was met. All parameter estimates are given with their 95% con-

184

fidence intervals. All calculations were performed with SAS 9.4 (SAS Institute Inc, Cary, NC).

185
186

Results

187

Epidemiological and clinical characteristics in the whole cohort

188

Overall, 3188 Patients with SAB from two cohorts were screened (Figure 1 [Flow chart patient inclusion]).

189

309/3188 (9.7 %) Patients were receiving immunosuppressive agents as defined above at the onset of

190

SAB and were therefore included in our study. Among these, 140/309 (45.3 %) were receiving cortico-

191

steroid monotherapy and 113/309 (36.6 %) were treated with immunosuppressive agents other than

192

steroids.

193

Epidemiological and clinical features for immunosuppressed and non-immunosuppressed patients in the

194

whole cohort as well as in the matched sample are listed in Table 1. In the unmatched cohort both im-

195

munosuppressed and non-immunosuppressed patients were predominantly male (64.8 % and 64.1 %)

196

but median age was higher in non-immunosuppressed patients (61.0 vs. 66.0). There were noticeable

197

imbalances regarding specific comorbidities. Immunosuppressed patients had higher rates of antineo-

198

plastic treatment (17.8 % vs. 8.7 %) and suffered more frequently from connective tissue diseases (20.4

199

% vs. 3.9 %). Non deep-seated main foci (e. g. phlebitis) were dominant in both groups (46.6 % vs. 41.0
8

200

%), while 5.8 % of immunosuppressed patients and 8.9 % of non-immunosuppressed patients were

201

found to have endocarditis.

202
203

Comparison of PS matched cohorts

204

Z-difference analysis revealed significant baseline differences between immunosuppressed and non-

205

immunosuppressed patients, especially regarding age, mode of acquisition, current chemotherapy and

206

comorbid connective tissue disease. After PS based 1:1 matching 309 matched pairs were created result-

207

ing in a matched sample of 618 patients (Table 1). Balance of all baseline covariates improved strongly

208

(Figure 2). In the matched cohort median age of immunosuppressed patients was 60.0 vs. 61.0 years for

209

non-immunosuppressed patients. 18.4 % vs. 17.8 % received antineoplastic chemotherapy and 18.1 % vs.

210

17.8 % had comorbid connective tissue disease (Table 1b). While rates of hemodialysis, liver disease and

211

diabetes were balanced between the two cohorts, rates of renal disease were higher in immunosup-

212

pressed patients (25.9 % vs. 16.8 %).

213
214

Outcomes – Mortality and SAB-related late complications

215

Patients receiving immunosuppressive treatment (IMS group) according to our definition showed no

216

significantly higher mortality than non-immunosuppressed patients (Fig 3 and Table 2). Over the course

217

of the observation period 105/309 (33.9 %) immunosuppressed patients died, compared to 94/309 (30.4

218

%) of non-immunosuppressed patients. Hazard ratio was 1.20 (95 % CI 0.84–1.71) for immunosup-

219

pressed vs. non-immunosuppressed patients. The CSHR was 1.81 (95 % CI 0.85–3.87) with respect to

220

SAB-related late complications in immunosuppressed patients (see also Table S1). The CSHR for the

221

competing event death was not significantly elevated (CSHR: 1.13; 95 % CI 0.87–1.48).

222
223

Differential effects of immunosuppressive agents

9

224

To investigate whether immunosuppressive agents may exhibit differential effects on SAB outcome we

225

analyzed patients receiving i.) corticosteroids only (CSMT), and ii.) immunosuppressive agents other than

226

corticosteroids (IMOTS). Among 3024 patients (excluding 164 patients receiving IMOTS), 145 were re-

227

ceiving corticosteroid monotherapy. Of these, 140 were matched to 140 controls. Five patients were

228

excluded, because no acceptable match was available. Among 2992 patients (excluding 196 patients

229

receiving corticosteroid monotherapy), 113 were treated with IMOTS and were matched to 339 control

230

subjects. After matching baseline characteristics were well balanced (Table S2 and S3, Figure S1 and S2).

231

For additional validation we calculated the standardized mean differences of the baseline covariates as

232

well (Tables S4–6). According to this metric, there were minor imbalances after matching in the CSMT

233

group. However, results did not change substantially when we adjusted specifically for these imbalances

234

(Table S7). We found that neither patients in the CSMT group (i. e. without the addition of other immu-

235

nosuppressive substances save chemotherapy for which we adjusted) nor in the IMOTS group exhibited

236

a significantly higher mortality compared to non-immunosuppressed patients (Table 2) with estimated

237

hazard ratios of 1.36 (95 % CI 0.82–2.27) and 1.29 (95 % CI 0.84–1.97), respectively. However, HR in the

238

IMOTS group should be interpreted cautiously since the PH assumption was not met in this subgroup.

239

Estimates of CSHR for SAB-related complications in the IMOTS and the CSMT group were 3.69 (95 % CI

240

1.41–9.68) and 3.93 (95 % CI 0.83–18.69), respectively. Given the lower number of patients included and

241

the low number of events overall (CSMT cohort: 9 events total, IMOTS cohort: 18 events total), confi-

242

dence intervals were quite large, especially in the CSMT group. Nevertheless, IMOTS patients were found

243

to have a significantly increased risk for late complications. Due to the very small sample size of 51 pa-

244

tients on both IMOTS and corticosteroids, this subgroup was only analyzed descriptively. Over the course

245

of the study period 14/51 (27.5 %) patients died. Patients were substantially younger than in any other

246

group with a median of 54 years (Table S8).

247

To explore possible differences between study cohorts, we performed additional sensitivity analyses

248

including a multiplicative interaction term of study cohort and treatment in all analyses. Only in the
10

249

IMOTS group we noticed a statistically significant interaction effect. In Cox regression for interval-

250

censored data, we observed a higher mortality rate in IMOTS patients from the INSTINCT cohort (HR

251

2.42, 95% CI 1.30–4.51) compared to IMOTS patients from the ISAC cohort (HR 0.70, 95% CI 0.34–1.45).

252

IMOTS patients from the INSTINCT cohort were also more likely to be organ or bone marrow transplant

253

recipients (Table S9). There were no significant differences between ISAC and INSTINCT cohorts in CSHR

254

estimates for SAB-related late complications in any group.

255
256

Discussion

257

Using a large prospective cohort and a well-designed propensity analysis, we found that rates of mortali-

258

ty were similar in immunosuppressed and non-immunosuppressed patients with SAB, and that receipt of

259

different classes of immunosuppressive agents did not change this finding. While SAB-related complica-

260

tions were not significantly higher among recipients of immunosuppressive agents, estimates of cause

261

specific hazard ratios showed an increased risk of late complications in the IMOTS group.

262

Accumulating evidence suggests that potent immunosuppressive agents increase the risk of adverse

263

outcomes from infection, although the spectrum of pathogens varies considerably depending on the

264

specific agent [8,23]. While this is well-known for opportunistic pathogens such as Pneumocystis jirovecii,

265

multiple viruses (e. g. CMV, BK-Virus), but also for M. tuberculosis, Aspergillus and Mucor spp., the im-

266

pact of immunosuppressive agents on SAB manifestations is less clear [6]. While some cohort studies

267

have found immunosuppression to be associated with higher mortality [9,10], others did not find signifi-

268

cant differences [6,11]. This disagreement may stem from grouping together different entities such as

269

primary and secondary immunodeficiencies and/or unclear or even undisclosed definitions of immuno-

270

suppression. Neutropenia for example is frequently considered an immunosuppressive condition [10,11]

271

but if considered separately might even be associated with lower mortality compared to SAB in non-

272

neutropenic patients [24,25]. Moreover, these observational studies did not match for variables known

273

to impact SAB outcome and are therefore prone to confounding.
11

274

In our study, we addressed these shortcomings by a matched-cohort analysis. We were unable to detect

275

a significantly increased risk of death in patients suffering from immunodeficiency related to immuno-

276

suppressive agents. Patients dying early in the course of SAB commonly suffer from septic immune

277

dysregulation, with sustained elevation of IL10/tissue necrosis factor ratios as well as increased Th17

278

responses [26,27]. In theory, this dysregulation can be modulated by immunosuppressive drugs [28] and

279

commonly used immunosuppressive drugs such as cyclosporine, tacrolimus and MMF have all been

280

shown to mitigate T-cell response to staphylococcal superantigens [29–31]. So far, though, clinical trials

281

investigating anti-inflammatory drugs in fulminant S. aureus disease have yielded disappointing results

282

[32]. Adjunctive use of corticosteroids early in SAB has even been implicated in elevated mortality rates

283

[33]. While immune-modulatory treatment in acute illness does not seem to improve outcomes, our

284

results indicate that long-term use of immunosuppressive substances does not significantly worsen sur-

285

vival rates, either.

286

Staphylococcus aureus can cause metastatic infection at virtually any site weeks or even months after

287

onset of infection [1,34,35]. S. aureus is able to persist intracellularly in a variety of cells (e. g. endothelial

288

cells, keratinocytes, osteoclasts, fibroblasts and phagocytic cells such as neutrophils), which may play a

289

role in the metastatic spread of infection [36,37]. Recently, an observational analysis performed within

290

the ARREST trial identified immunosuppression to be associated with recurrence of SAB. The definition

291

of immunosuppression, however, was rather broad in this study (comprising systemic corticosteroid

292

therapy, neutropenia, immune suppressive therapy (excluding anti-neoplastic chemotherapy), organ or

293

marrow transplant, or living with HIV) and the number of immunosuppressed patients was quite small (n

294

= 62) [38]. In our study, we were unable to demonstrate a statistically significant association of immuno-

295

suppressive agents with SAB-related late complications (although the estimated CSHR of 1.81 may point

296

towards such an association). However, we observed a significantly higher rate of SAB-related late com-

297

plications in the patient subgroup receiving IMOTS. Clearance of bacterial pathogens from the body can

298

be diminished by immunosuppressive medication and calcineurin inhibitors in particular diminish T-cell
12

299

reactivity to Staphylococcus aureus enterotoxin B [31,39]. Hence, the increased risk for late complica-

300

tions in the IMOTS group might be due to inefficient pathogen clearance.

301

Our study has some limitations. Inherent to the design unmeasured confounding may still be present.

302

Although we were able to include a sizeable number of patients receiving immunosuppressive medica-

303

tion in this study, numbers were necessarily smaller in the analyses focusing on CSMT and IMOTS which

304

may render the study underpowered to detect significant differences in these subgroups. The ISAC-

305

study’s follow up time was only 90 days. Given the fact that we observed late complications around and

306

after the 90-day mark in the INSTINCT cohort, some patients with complications might have gone unob-

307

served due to insufficient follow-up time. Results across the study cohorts were generally in good

308

agreement. The differing HR estimates for the IMOTS group might be due to the significantly higher

309

number of complex transplant patients in the INSTINCT cohort, which also had a higher Charlson comor-

310

bidity index.

311

Our study also has multiple strengths: We report prospectively collected data from two large multicenter

312

cohorts. Due to the large number of included centers and patients we were able to include a sizeable

313

number of immunosuppressed patients and to adjust for center bias. Moreover, we applied PS based

314

matching to SAB-cohort data thereby aiming to minimize confounding. Specifically, our matching strate-

315

gy led to overall very good comparability of baseline characteristics of immunosuppressed patients and

316

matched non-immunosuppressed patients.

317

Our findings have several implications for the treatment of SAB. Discontinuation of long-term immuno-

318

suppressive medication does not seem warranted, as short-term prognosis does not differ from non-

319

immunosuppressed patients. The estimated CSHR of SAB related late complications warrant further in-

320

vestigations in a larger collection of patients receiving immunosuppressive medication and should

321

prompt clinicians to initiate a thorough search for deep-seated metastatic foci, to secure optimized anti-

322

biotic therapy of adequate duration and careful follow-up for extended periods of time, in order to time-

323

ly address possible late manifestations of SAB, especially in patients on IMOTS.
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427

Table1 a): Baseline covariates of the whole, unmatched cohort stratified by immunosuppressive medica-

428

tion
Immunosuppressive Therapy
No (n=2879)
Yes (n=309)

Overall
(n=3188)

Age (in years)
Median [Q1, Q3]

66.0 [53.0, 76.0]

61.0 [50.0, 70.0]

66.0 [53.0, 76.0]

Mean [SD]

63.8 [16.3]

58.9 [16.2]

No

1014 (35.2%)

111 (35.9%)

1125 (35.3%)

Yes

1865 (64.8%)

198 (64.1%)

2063 (64.7%)

No

2410 (83.7%)

251 (81.2%)

2661 (83.5%)

Yes

469 (16.3%)

58 (18.8%)

527 (16.5%)

No

2629 (91.3%)

254 (82.2%)

2883 (90.4%)

Yes

250 (8.7%)

55 (17.8%)

No

2767 (96.1%)

246 (79.6%)

Yes

112 (3.9%)

63 (20.4%)

Median [Q1, Q3]

3.00 [1.00, 5.00]

3.00 [2.00, 5.00]

Mean [SD]

3.1 [2.5]

3.3 [2.1]

Community acquired

787 (27.3%)

47 (15.2%)

834 (26.2%)

Community-onset healthcare-associated

855 (29.7%)

88 (28.5%)

943 (29.6%)

Hospital acquired

1237 (43.0%)

174 (56.3%)

1411 (44.3%)

<100

513 (17.8%)

76 (24.6%)

589 (18.5%)

>100

839 (29.1%)

48 (15.5%)

887 (27.8%)

>800

729 (25.3%)

83 (26.9%)

812 (25.5%)

>900

798 (27.7%)

102 (33.0%)

900 (28.2%)

Non-deep-seated foci

1180 (41.0%)

144 (46.6%)

1324 (41.5%)

Deep-seated foci

714 (24.8%)

45 (14.6%)

759 (23.8%)

Endocarditis

257 (8.9%)

18 (5.8%)

275 (8.6%)

Pneumonia

211 (7.3%)

32 (10.4%)

243 (7.6%)

Unknown

517 (18.0%)

70 (22.7%)

587 (18.4%)

63.3 [16.3]

Male

MRSA

Antineoplastic chemotherapy
305 (9.6%)

Connective tissue disease
3013 (94.5%)
175 (5.5%)

Charlson comorbidity index
3.00 [1.00, 5.00]
3.1 [2.5]

Mode of acquisition

Centers by number of
included patients

Main focus

17

Immunosuppressive Therapy
No (n=2879)
Yes (n=309)

Overall
(n=3188)

Intravenous drug use

429

No

2745 (95.3%)

304 (98.4%)

Yes

134 (4.7%)

5 (1.6%)

3049 (95.6%)
139 (4.4%)

MRSA: Methicillin resistant Staphylococcus aureus; Q: quartile; SD: standard deviation
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431
432

Table1 b): Baseline covariates of the matched cohort of patients receiving immunosuppressive therapy
(IMS)
Immunosuppressive Therapy
No (n=309)
Yes (n=309)

Overall
(n=618)

Age (in years)
Median [Q1, Q3]

60.0 [48.0, 73.0]

61.0 [50.0, 70.0]

60.5 [49.0, 71.0]

Mean [SD]

58.6 [17.5]

58.9 [16.2]

No

112 (36.2%)

111 (35.9%)

223 (36.1%)

Yes

197 (63.8%)

198 (64.1%)

395 (63.9%)

No

250 (80.9%)

251 (81.2%)

501 (81.1%)

Yes

59 (19.1%)

58 (18.8%)

117 (18.9%)

No

252 (81.6%)

254 (82.2%)

506 (81.9%)

Yes

57 (18.4%)

55 (17.8%)

112 (18.1%)

No

253 (81.9%)

246 (79.6%)

499 (80.7%)

Yes

56 (18.1%)

63 (20.4%)

119 (19.3%)

Median [Q1, Q3]

2.00 [1.00, 5.00]

3.00 [2.00, 5.00]

Mean [SD]

3.1 [2.7]

3.3 [2.1]

Community acquired

41 (13.3%)

47 (15.2%)

88 (14.2%)

Community-onset healthcare-associated

91 (29.4%)

88 (28.5%)

179 (29.0%)

Hospital acquired

177 (57.3%)

174 (56.3%)

351 (56.8%)

<100

70 (22.7%)

76 (24.6%)

146 (23.6%)

>100

43 (13.9%)

48 (15.5%)

91 (14.7%)

>800

86 (27.8%)

83 (26.9%)

169 (27.3%)

>900

110 (35.6%)

102 (33.0%)

212 (34.3%)

Non-deep-seated foci

146 (47.2%)

144 (46.6%)

290 (46.9%)

Deep-seated foci

39 (12.6%)

45 (14.6%)

84 (13.6%)

Endocarditis

20 (6.5%)

18 (5.8%)

38 (6.1%)

Pneumonia

34 (11.0%)

32 (10.4%)

66 (10.7%)

Unknown

70 (22.7%)

70 (22.7%)

140 (22.7%)

58.7 [16.9]

Male

MRSA

Antineoplastic chemotherapy

Connective tissue disease

Charlson comorbidity index
3.00 [2.00, 5.00]
3.2 [2.4]

Mode of acquisition

Centers by number of
included patients

Main focus

Intravenous drug use
19

Immunosuppressive Therapy
No (n=309)
Yes (n=309)

433

No

307 (99.4%)

304 (98.4%)

Yes

2 (0.6%)

5 (1.6%)

Overall
(n=618)
611 (98.9%)
7 (1.1%)

MRSA: Methicillin resistant Staphylococcus aureus; Q: quartile; SD: standard deviation
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435

Table 2: Cox regressions in matched samples with endpoint all-cause mortality during follow-up

IMS group vs matched control
IMOTS group vs. matched control
CSMT vs matched control

Hazard Ratios
1.20
1.29
1.36

95% Wald Confidence Limits
0.84
1.71
0.84
1.97
0.82
2.27

436

IMS: cohort of all patients taking immunosuppressive medication; IMOTS: cohort of patients taking im-

437

munosuppressive medication other than steroids; CSMT: cohort of patients on corticosteroid monother-

438

apy.

439
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440

Table 3: Cause-Specific Hazard Ratio (CSHR) for SAB-related late complications

IMS group vs matched control
IMOTS group vs. matched control
CSMT vs matched control

CSHR
1.81
3.69
3.93

95% Wald Confidence Limits
0.85
3.87
1.41
9.68
0.83
18.69

441

IMS: cohort of all patients taking immunosuppressive medication; IMOTS: cohort of patients taking im-

442

munosuppressive medication other than steroids; CSMT: cohort of patients on corticosteroid monother-

443

apy.

444
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Table S1: Types of SAB related late complications by cohort
IMS
Yes

CSMT
Yes

No

IMOTS
No

Yes

No

SAB related late complications
n/cohort total

17/309

11/309

7/140

2/140

9/113

9/339

Median time to complication (days)
Median [Q1, Q3]

60 [35, 95]58 [40, 107] 60 [26, 85] 76 [69, 82] 82 [35, 102] 50 [39, 66]

Type of complication

12

7

3

1

8

6

Endocarditis

2

0

1

0

1

2

Osteomyelitis

2

1

0

0

2

1

Spondylodiscitis

1

1

1

1

0

1

Other

7

3

3

1

3

2

Recurrence of SAB

446

SAB: Staphylococcus aureus Bacteremia; IMS: cohort of all patients taking immunosuppressive

447

medication; IMOTS: cohort of patients taking immunosuppressive medication other than ster-

448

oids; CSMT: cohort of patients on corticosteroid mono-therapy.

449
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450

Table S2: Baseline covariates of the matched cohort of patients on corticosteroid monotherapy (CSMT)
Corticosteroid Monotherapy
No (n=140)
Yes (n=140)

Overall
(n=280)

Age (in years)
Median [Q1, Q3]

62.0 [49.0, 72.0]

64.0 [54.8, 75.0]

63.0 [52.0, 73.0]

Mean [SD]

60.1 [15.8]

62.5 [17.3]

61.3 [16.6]

No

57 (40.7%)

49 (35.0%)

106 (37.9%)

Yes

83 (59.3%)

91 (65.0%)

174 (62.1%)

No

109 (77.9%)

105 (75.0%)

214 (76.4%)

Yes

31 (22.1%)

35 (25.0%)

66 (23.6%)

No

101 (72.1%)

105 (75.0%)

206 (73.6%)

Yes

39 (27.9%)

35 (25.0%)

74 (26.4%)

No

124 (88.6%)

121 (86.4%)

245 (87.5%)

Yes

16 (11.4%)

19 (13.6%)

35 (12.5%)

Median [Q1, Q3]

3.00 [1.00, 5.00]

3.00 [2.00, 5.00]

Mean [SD]

3.4 [2.7]

3.5 [2.4]

Community acquired

18 (12.9%)

18 (12.9%)

36 (12.9%)

Community-onset healthcare-associated

34 (24.3%)

39 (27.9%)

73 (26.1%)

Hospital acquired

88 (62.9%)

83 (59.3%)

171 (61.1%)

<100

42 (30.0%)

40 (28.6%)

82 (29.3%)

>100

36 (25.7%)

38 (27.1%)

74 (26.4%)

>800

29 (20.7%)

24 (17.1%)

53 (18.9%)

>900

33 (23.6%)

38 (27.1%)

71 (25.4%)

Non-deep-seated foci

70 (50.0%)

66 (47.1%)

136 (48.6%)

Deep-seated foci

16 (11.4%)

17 (12.1%)

33 (11.8%)

Endocarditis

11 (7.9%)

11 (7.9%)

22 (7.9%)

Pneumonia

13 (9.3%)

14 (10.0%)

27 (9.6%)

Unknown

30 (21.4%)

32 (22.9%)

62 (22.1%)

Male

MRSA

Antineoplastic chemotherapy

Connective tissue disease

Charlson comorbidity index
3.00 [2.00, 5.00]
3.5 [2.5]

Mode of acquisition

Centers by number of
included patients

Main focus

Intravenous drug use
24

Corticosteroid Monotherapy
No (n=140)
Yes (n=140)

451

No

134 (95.7%)

137 (97.9%)

Yes

6 (4.3%)

3 (2.1%)

Overall
(n=280)
271 (96.8%)
9 (3.2%)

MRSA: Methicillin-resistant Staphylococcus aureus; Q: quartile; SD: standard deviation

452
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Table S3: Baseline covariates of the matched cohort of patients receiving immunosuppressive medication

454

other than steroids (IMOTS)
IMOTS Therapy
No (n=339)
Yes (n=113)

Overall
(n=452)

Age (in years)
Median [Q1, Q3]

59.0 [47.0, 71.0]

60.0 [49.0, 67.0]

59.0 [47.0, 71.0]

Mean [SD]

58.1 [16.7]

57.2 [15.8]

57.9 [16.5]

No

127 (37.5%)

42 (37.2%)

169 (37.4%)

Yes

212 (62.5%)

71 (62.8%)

283 (62.6%)

No

300 (88.5%)

99 (87.6%)

399 (88.3%)

Yes

39 (11.5%)

14 (12.4%)

53 (11.7%)

No

323 (95.3%)

105 (92.9%)

428 (94.7%)

Yes

16 (4.7%)

8 (7.1%)

No

278 (82.0%)

90 (79.6%)

368 (81.4%)

Yes

61 (18.0%)

23 (20.4%)

84 (18.6%)

Median [Q1, Q3]

3.00 [1.00, 4.00]

3.00 [2.00, 4.00]

Mean [SD]

3.1 [2.6]

3.1 [2.0]

Community acquired

53 (15.6%)

18 (15.9%)

71 (15.7%)

Community-onset healthcare-associated

112 (33.0%)

38 (33.6%)

150 (33.2%)

Hospital acquired

174 (51.3%)

57 (50.4%)

231 (51.1%)

<100

44 (13.0%)

16 (14.2%)

60 (13.3%)

>100

15 (4.4%)

6 (5.3%)

>800

124 (36.6%)

42 (37.2%)

166 (36.7%)

>900

156 (46.0%)

49 (43.4%)

205 (45.4%)

Non-deep-seated foci

147 (43.4%)

50 (44.2%)

197 (43.6%)

Deep-seated foci

54 (15.9%)

21 (18.6%)

75 (16.6%)

Endocarditis

21 (6.2%)

6 (5.3%)

27 (6.0%)

Pneumonia

34 (10.0%)

10 (8.8%)

44 (9.7%)

Unknown

83 (24.5%)

26 (23.0%)

Male

MRSA

Antineoplastic chemotherapy
24 (5.3%)

Connective tissue disease

Charlson comorbidity index
3.00 [2.00, 4.00]
3.1 [2.4]

Mode of acquisition

Centers by number of
included patients
21 (4.6%)

Main focus

109 (24.1%)
26

IMOTS Therapy
No (n=339)
Yes (n=113)

Overall
(n=452)

Intravenous drug use
No

338 (99.7%)

112 (99.1%)

Yes

1 (0.3%)

1 (0.9%)

450 (99.6%)
2 (0.4%)

455

MRSA: Methicillin-resistant Staphylococcus aureus; IMOTS: cohort of patients taking immunosuppressive

456

medication other than steroids; Q: quartile; SD: standard deviation

457
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Table S4: Standardized difference for the IMS group in the matched sample
Immunosuppressive Therapy
No (n=309)
Yes (n=309)

p

SMD

Age (in years)
Mean [SD]

58.6 [17.5]

58.9 [16.2]

0.875

0.013

197 (63.8%)

198 (64.1%)

1.000

0.007

59 (19.1%)

58 (18.8%)

1.000

0.008

57 (18.4%)

55 (17.8%)

0.971

0.017

56 (18.1%)

63 (20.4%)

0.540

0.057

3.1 [2.7]

3.3 [2.1]

0.250

0.093

0.785

0.056

0.831

0.075

0.962

0.063

0.447

0.092

Male
Yes
MRSA
Yes
Antineoplastic chemotherapy
Yes
Connective tissue disease
Yes
Charlson comorbidity index
Mean [SD]
Mode of acquisition
Community acquired

41 (13.3%)

47 (15.2%)

Community-onset healthcare-associated

91 (29.4%)

88 (28.5%)

Hospital acquired

177 (57.3%)

174 (56.3%)

Centers by number of
included patients
<100

70 (22.7%)

76 (24.6%)

>100

43 (13.9%)

48 (15.5%)

>800

86 (27.8%)

83 (26.9%)

>900

110 (35.6%)

102 (33.0%)

Main focus
Non-deep-seated foci

146 (47.2%)

144 (46.6%)

Deep-seated foci

39 (12.6%)

45 (14.6%)

Endocarditis

20 (6.5%)

18 (5.8%)

Pneumonia

34 (11.0%)

32 (10.4%)

Unknown

70 (22.7%)

70 (22.7%)

Intravenous drug use
Yes

2 (0.6%)

5 (1.6%)

459

IMS: cohort of patients on corticosteroid monoimmunosuppressive medication; MRSA: Methicillin re-

460

sistant Staphylococcus aureus; p: p-value; SMD: standardized mean difference; SD: standard deviation

461
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Table S5: Standardized difference for the CSMT group in the matched sample
Corticosteroid Monotherapy
No (n=140)
Yes (n=140)

p

SMD

Age (in years)
Mean [SD]

60.1 [17.3]

62.5 [15.8]

0.236

0.142

83 (59.3%)

91 (65.0%)

0.388

0.118

31 (22.1%)

35 (25.0%)

0.673

0.067

39 (27.9%)

35 (25.0%)

0.684

0.065

16 (11.4%)

19 (13.6%)

0.718

0.065

3.4 [2.7]

3.5 [2.4]

0.725

0.042

0.783

0.084

0.819

0.115

0.993

0.060

0.498

0.122

Male
Yes
MRSA
Yes
Antineoplastic chemotherapy
Yes
Connective tissue disease
Yes
Charlson comorbidity index
Mean [SD]
Mode of acquisition
Community acquired

18 (12.9%)

18 (12.9%)

Community-onset healthcare-associated

34 (24.3%)

39 (27.9%)

Hospital acquired

88 (62.9%)

83 (59.3%)

Centers by number of
included patients
<100

42 (30.0%)

40 (28.6%)

>100

36 (25.7%)

38 (27.1%)

>800

29 (20.7%)

24 (17.1%)

>900

33 (23.6%)

38 (27.1%)

Main focus
Non-deep-seated foci

70 (50.0%)

66 (47.1%)

Deep-seated foci

16 (11.4%)

17 (12.1%)

Endocarditis

11 (7.9%)

11 (7.9%)

Pneumonia

13 (9.3%)

14 (10.0%)

Unknown

30 (21.4%)

32 (22.9%)

6 (4.3%)

3 (2.1%)

Intravenous drug use
Yes
463

CSMT cohort of patients on corticosteroid monotherapy; MRSA: Methicillin resistant Staphylococcus

464

aureus; p: p-value; SMD: standardized mean difference; SD: standard deviation

465
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Table S6: Standardized difference for the IMOTS group in the matched sample
IMOTS Therapy
No (n=339)
Yes (n=113)

p

SMD

Age (in years)
Mean [SD]

58.1 [16.7]

57.2 [15.8]

0.644

0.051

212 (62.5%) 71 (62.8%)

1.000

0.006

39 (11.5%)

14 (12.4%)

0.933

0.027

16 (4.7%)

8 (7.1%)

0.467

0.100

61 (18.0%)

23 (20.4%)

0.675

0.060

3.1 [2.6]

3.1 [2.0]

0.868

0.019

0.987

0.018

0.946

0.066

0.953

0.090

1.000

0.077

Male
Yes
MRSA
Yes
Antineoplastic chemotherapy
Yes
Connective tissue disease
Yes
Charlson comorbidity index
Mean [SD]
Mode of acquisition
Community acquired

53 (15.6%)

18 (15.9%)

Community-onset healthcare-associated

112 (33.0%) 38 (33.6%)

Hospital acquired

174 (51.3%) 57 (50.4%)

Centers by number of
included patients
<100

44 (13.0%)

16 (14.2%)

>100

15 (4.4%)

6 (5.3%)

>800

124 (36.6%) 42 (37.2%)

>900

156 (46.0%) 49 (43.4%)

Main focus
Non-deep-seated foci

147 (43.4%) 50 (44.2%)

Deep-seated foci

54 (15.9%)

21 (18.6%)

Endocarditis

21 (6.2%)

6 (5.3%)

Pneumonia

34 (10.0%)

10 (8.8%)

Unknown

83 (24.5%)

26 (23.0%)

1 (0.3%)

1 (0.9%)

Intravenous drug use
Yes
467

IMOTS: cohort of patients taking immunosuppressive medication other than steroids; MRSA: Methicillin

468

resistant Staphylococcus aureus; p: p-value; SMD: standardized mean difference; SD: standard deviation

469
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Table S6 Comparison of Cox regressions in CSMT group

471

CSMT vs matched control
Hazard Ratios
95% Wald Confidence Limits
Model 1 (main model)
1.36
0.82
2.27
Model 2
1.29
0.73
2.30
CSMT: cohort of patients on corticosteroid monotherapy; Model 1: Cox regression of interval censored

472

data (main model); Model 2: Cox regression of interval censored data additionally adjusted for gender,

473

age, center and intravenous drug use.

474
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Table S8: Baseline covariates and outcomes for patients receiving both corticosteroids and other
immunosuppressive drugs
Combination Therapy
(n=51)
Age (in years)
Median [Q1, Q3]
Mean [SD]

54.0 [47.5, 64.0]
53.8 [15.7]

Male
No

21 (41.2%)

Yes

33 (64.6%)

MRSA
No

45 (88.2%)

Yes

6 (11.8%)

Antineoplastic chemotherapy
No

42 (82.4%)

Yes

9 (17.6%)

Connective tissue disease
No

31 (60.8%)

Yes

20 (39.2%)

Charlson comorbidity index
Median [Q1, Q3]
Mean [SD]

3.00 [2.00, 4.00]
3.2 [1.8]

Mode of acquisition
Community acquired
Community-onset healthcare-associated
Hospital acquired

10 (19.6%)
9 (17.6%)
32 (62.7%)

Centers by number of
included patients
<100

15 (29.4%)

>100

4 (7.8%)

>800

17 (33.3%)

>900

15 (29.4%)

Main focus
Non-deep-seated foci
Deep-seated foci
Endocarditis

24 (47.1%)
7 (13.7%)
1 (2.0%)
32

Combination Therapy
(n=51)
Pneumonia
Unknown

7 (13.7%)
12 (23.5%)

Intravenous drug use
No
Yes

50 (98.0%)
1 (2.0%)

Patient alive after 90 days
No

14 (27.5%)

Yes

37 (72.5%)

SAB-related late complications
No
Yes

50 (98.0%)
1 (2.0%)

477

MRSA: Methicillin-resistant Staphylococcus aureus; SAB: Staphylococcus aureus bacteremia; Q: quartile;

478

SD: standard deviation
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Table S9: Comparison of select baseline characteristics of IMOTS patients by cohort
IMOTS Therapy (n=113)
INSTINCT(n=51)

ISAC (n=62)

Connective tissue disease
Yes

9 (17.6%)

14 (22.6%)

3.6 [1.9]

2.7 [1.9]

40 (78.4%)

36 (58.1%)

Charlson comorbidity index
Mean [SD]
Organ or bone barrow transplant
Yes
480

IMOTS: cohort of patients taking immunosuppressive medication other than steroids; SD: standard devi-

481

ation

482
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Figure 1:

Patients included
from INSTINCT: 1170

Patients included
from ISAC: 2018

Total number of included patients: 3188

Total of immunosuppressed
patients (IMS): 309

Matched immunosuppressed
patients: 309

Matched controls: 309

Patients on corticosteroids only (CSMT): 145
- Matched: 140 (1:1)
Patients on immunosuppressive medication
other than steroids (IMOTS): 113
- Matched: 113 (3:1)
484
485

Figure legend: Flow chart of patient inclusion. ISAC patients were recruited in 20 tertiary hospi-

486

tals in 6 countries, INSTINCT patients were recruited in two tertiary hospitals in Germany.

487

Matching ratios for patients receiving CSMT or IMOTS are given in brackets. Five patients from

488

CSMT group were excluded because no adequate matching partners could be found in the co-

489

hort based on propensity score. CSMT: Corticosteroid Monotherapy; IMOTS: Immunosuppres-

490

sive medication other than steroids.
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491

Figure 2:

492
493

Figure legend: Z-differences of baseline characteristics of the immunosuppressant cohort before and

494

after matching. Calculations were performed according to Kuss et al. as described above. MRSA: Methi-

495

cillin-resistant Staphylococcus aureus.

496
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Figure 3:

498
499

Figure legend: Kaplan-Meyer Plot of survival rates of patients receiving immunosuppressive

500

therapy vs. patients not receiving immunosuppressive therapy. Shaded areas correspond to

501

95%-CI for the estimated survival probability. Time is given in days since onset of SAB. The drop

502

of the survival probability at 90 days corresponds to the end of follow-up for the ISAC-cohort.

503

Patients with unknown date of death who died within 90 days after onset were modelled by the

504

right side of their interval.

505

37

506

Figure S1:

507
508

Figure legend: Z-differences of baseline characteristics of the corticosteroids (CSMT) group before and

509

after matching. Calculations were performed according to Kuss et al. as described above. MRSA: Methi-

510

cillin-resistant Staphylococcus aureus.

511
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512

Figure S2:

513
514

Figure legend: Z-differences of baseline characteristics of the immunosuppressive medication other

515

than steroids (IMOTS) group before and after matching. Calculations were performed according to Kuss

516

et al. as described above. MRSA: Methicillin-resistant Staphylococcus aureus.

517
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Figure S3:

519
520

Figure legend: Kaplan-Meyer Plot of survival rates of patients receiving corticosteroids only vs.

521

patients not receiving immunosuppressive therapy. Shaded areas correspond to 95%-CI for the

522

estimated survival probability. Time is given in days since onset of SAB. The drop of the survival

523

probability at 90 days corresponds to the end of follow-up for the ISAC-cohort. Patients with

524

unknown date of death who died within 90 days after onset were modelled by the right side of

525

their interval.

526
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527

Figure S4:

528
529

Figure legend: Kaplan-Meyer Plot of survival rates of patients receiving immunosuppressive

530

medication other than steroids vs. patients not receiving immunosuppressive therapy. Shaded

531

areas correspond to 95%-CI for the estimated survival probability. Time is given in days since

532

onset of SAB. The drop of the survival probability at 90 days corresponds to the end of follow-up

533

for the ISAC-cohort. Patients with unknown date of death who died within 90 days after onset

534

were modelled by the right side of their interval.
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