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s u m m a r y 

Objectives: Infection remains a major complication of organ transplantation. Paradoxically, epidemiolog- 

ical studies suggest better survival from serious infection. We analysed the relationship between organ 

transplantation and short -term mortality of patients with bloodstream infection. 

Methods: Data on transplantation status was extracted from a large prospective, multi-centre clinical trial 

in bloodstream infection. Logistic regression for 28-day mortality was performed on the whole cohort 

and a propensity-matched cohort (3:1). Infective pathogen, focus of infection, and clinical variables were 

included in the model. Mediation analysis was performed on clinical variables to explore causation. 

Results: 4,178 participants were included in the full cohort, with 868 in the matched cohort, of which 

217 received an organ transplant. Haematopoietic stem cell transplants (HSCT) were the most common 

transplant ( n = 99), followed by kidney ( n = 70). The most common pathogens were staphylococci and 

Enterobacterales . Transplantation status was associated with a reduced mortality in both the whole (Odds 

Ratio, OR 0.53; 95% CI 0.28, 0.77) and matched (OR 0.55, 95% CI 0.34, 0.90) cohort, while steroid use 

was robustly associated with increased mortality OR 4.4 (95% CI 3.12, 6.20) in the whole cohort and 

OR 5.24 (95% CI 2.79, 9.84) in the matched cohort. There was no interaction between steroid use and 

transplant status, so transplant patients on steroids generally had increased mortality relative to those 

without either. 

Conclusions: Organ transplantation is associated with a near halving of short term mortality in blood- 

stream infection, including a cohort matched for comorbidities, infective pathogen and focus. Steroid us- 

age is associated with increased mortality regardless of transplant status. Understanding the mechanism 

and causation of this mortality benefit should be a focus of future research. 

© 2022 Published by Elsevier Ltd on behalf of The British Infection Association. 
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Although organ transplantation has been dramatically suc- 

essful in improving outcomes in multiple settings, infection re- 

ains a major complication. In particular, infection in patients 

ith haematopoietic stem cell transplant (HSCT) remains a ma- 

or determinant of mortality, especially in the peri–engraftment 

eriod. 1 

However, the data from solid organ transplantation and in- 

ection outcomes remains less clear. Although many studies have 
∗ Corresponding author: Infection Sciences, Pathology, North Bristol NHS Trust, 

outhmead Hospital, Westbury-on-Trym, Bristol, BS10 5NB, United Kingdom. 

E-mail address: fergus.hamilton@bristol.ac.uk (F. Hamilton) . 

r

f

s

ttps://doi.org/10.1016/j.jinf.2022.05.014 

163-4453/© 2022 Published by Elsevier Ltd on behalf of The British Infection Association
hown that the rates of infection are higher in patients with trans- 

lant, 2 , 3 the data on outcomes in individual infection episodes 

s equivocal. A recent multi-centre study of transplant patients 

ith pneumonia had a surprisingly low in-hospital mortality rate 

f 1.9%, 4 while two case-control studies have suggested that the 

ortality of patients with a transplant and with severe sepsis 

r bloodstream infection is significantly lower than age matched 

ontrols. 5 , 6 In contrast a population based study from Den- 

ark found a markedly increased rate of pneumonia in renal 

ransplant patients, but similar mortality for a given pneumonia 

pisode. 3 

In this study, we aimed to estimate the absolute and relative 

isk of short term mortality in patients with transplant using data 

rom a large, prospectively collected, cohort of patients with blood- 

tream infection. 
. 
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ethods 

bjectives 

Our primary objective was to estimate the effect of transplanta- 

ion status on outcome in patients with a bloodstream infection, in 

 large, representative cohort of UK bloodstream infection in Eng- 

and and Wales. 

Our secondary objective was to estimate whether any benefit 

as mediated by changes in clinical features. 

ata source 

All participants included in this study were part of the RAPIDO 

rial, an NIHR funded randomised controlled trial on the im- 

act of rapid identification of bloodstream infection organisms by 

atrix-assisted-laser-deionisation time of flight (MALDI-TOF) anal- 

sis across seven NHS laboratories in England and Wales. This pa- 

er was recently published and found no evidence of a mortality 

enefit. 7 Ethical approval for the RAPIDO study was granted by the 

ational Research Ethics Committee South West (12/SW/003; First 

REC approval date 20/03/2012). 

Full details of the inclusion criteria are published with the orig- 

nal trial. 7 Briefly, all adult patients in the seven included NHS sites 

ho had a blood sample culture positive for bacteria or fungi be- 

ween July 2012 and August 2014 were potentially eligible for in- 

lusion. The exclusion criteria of the trial were: patient not receiv- 

ng NHS care; not admitted to hospital when, or shortly after, the 

lood sample was taken; under 18 years old; in custody; on an 

nd-of-life care pathway when the sample was taken; or, excep- 

ionally, judged unsuitable by the attending physician. 

Clinical information (including transplantation status) was 

ecorded by the trial nurse on entry to the study, and based on 

he medical history and clinical notes. Full details on clinical vari- 

ble definition are recorded in the original trial. 7 Hospital acquired 

nfection was defined as any positive blood culture from a sample 

aken > = 2 days after admission. Corticosteroid use was defined 

s receiving systemic corticosteroids on day 0,1, or 2. 

nalysis population 

All consented patients in the RAPIDO trial were included in 

his analysis, except where information on transplantation status 

r corticosteroid use was not available. 

nalysis methodology 

For our primary analysis, we used multivariable logistic regres- 

ion with an exposure variable of transplantation status and an 

utcome of 28-day mortality from blood culture collection. We 

sed multiple approaches to account for potential confounding. 

Firstly, we performed 3:1 propensity score matching (within 

mputed cohorts) using a nearest neighbour approach in the 

atchThem package in R, to generate a cohort matched for age, 

harlson’s Comorbidity Score, gender, infective pathogen, NHS site 

nd receipt of recent chemotherapy (within the last month). 

Subsequently, we fitted a multivariable logistic regression (us- 

ng the R function glm ) adjusting for the same comorbidities and 

ospital acquisition of infection. We did not include clinical fea- 

ures and hospital acquisition of infection in the propensity match- 

ng as they occur downstream of transplant status and might have 

iased causal estimates. 

For robustness we also performed the analysis as a univari- 

te model, and replicated all analyses on the whole cohort before 

ropensity score matching, to assess the impact of the matching 

rocess. 
18
To explore whether the type of transplantation was relevant, for 

ransplants with enough cases ( n > 20), we performed an addi- 

ional analysis with transplantation type as a factor variable. 

For the secondary objective, we used logistic regression mod- 

ls to assess whether clinical variables on presentation differed 

etween patients with and without transplantation status and 

hether these changes mediated any of the effect of transplanta- 

ion status. We performed multivariable mediation analysis using 

he R package mediate and estimated the direct and indirect causal 

ffects of these variables. 

As a subsequent analyses, we evaluated the potential effect of 

oth transplantation status and corticosteroid usage. Firstly, we fit- 

ed a model with an interaction between steroid usage and or- 

an transplantation, to evaluate whether steroid usage had a differ- 

ng effect in organ transplant patients. Subsequently, we estimated 

he relative effect of each by comparing three groups (steroid and 

ransplant; steroid and no transplant; no steroid and transplant) 

gainst the reference (no steroid and no transplant). 

In all analysis, we imputed missing data using multiple impu- 

ation (5 imputations) using the mice package in R, with chained 

quations. 

ole of the funding source 

The funder of this study (the NIHR) had no role in design, anal- 

sis, or conception of the study, writing of the study, or the deci- 

ion to submit for publication. 

esults 

emographics and matching 

4468 participants were included in the RAPIDO trial, of which 

90 had missing data related to transplantation status or corti- 

osteroid use, leaving 4178 participants in this analysis. Of these 

articipants, 217 (5.2%) were recorded as having a transplant. The 

ommonest transplant was a haematopoietic stem cell or bone 

arrow transplant ( n = 99), followed by kidney ( n = 70), liver 

 n = 26), heart ( n = 4), lung ( n = 4), kidney and pancreas ( n = 3),

idney and lung ( n = 1), and pancreas ( n = 1). Nine patients did

ot have the type of transplant recorded. Table 1 describes the 

emographics and clinical status of the cohort, by transplantation 

tatus, while Table 2 describes the microbiological data. Missing 

ata was most common in the clinical variables. 

Patients with transplantation were more likely to be male (63% 

s 55%) and younger with a median age of 57 (IQR 46, 66) com- 

ared to 70 (IQR 56, 81). There were differences in the pres- 

nce of comorbidities and clinical picture. Notably, patients with 

ransplantation were more likely to have had recent antineoplastic 

hemotherapy (33% vs 10%) and have acquired their bloodstream 

nfection in hospital (51% vs 36%). The infecting pathogen varied 

etween the two groups, with Pseudomonas spp and Enterococci 

eing more common in patients with transplant (6.5% vs 2.8% for 

seudomonas, and 7.4%vs 2.7% for Enterococci), while coagulase- 

egative staphylococci were less common (21% vs 28%). Impor- 

antly, neutrophil count on day 0 differed between the groups with 

 median of 4.2 (IQR 0.2, 9.6) in patients with transplant, and 9.4 

IQR 5.7, 13.8) in patients without. The focus of infection differed 

etween the two groups, with a larger number of patients with 

nknown source of bloodstream infection in those with transplan- 

ation (29% vs 20%), a higher rate of central line infections (19% vs 

%), and a lower number of likely contaminants (13% vs 29%). 

Absolute 28-day mortality for each type of transplant, and for 

hose without transplant, is shown in Table 3 . For the two com- 

onest types of transplant, HSCT and kidney, absolute mortality 
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Table 1 

Demographics and clinical status of the included cohort. 

No transplant n = 3961 Transplant n = 217 p-value 1 

Gender 0.024 

Female 1788/3961 (45.1%) 81/217 (37.3%) 

Male 2173/3961 (54.9%) 136/217 (62.7%) 

Age 70 (56, 81) 57 (46, 66) < 0.001 

Cardiac arrest up to day −7 65/3960 (1.6%) 1/216 (0.5%) 0.3 

Antineoplastic chemotherapy in last month 397/3960 (10.0%) 71/216 (32.9%) < 0.001 

Surgery requiring overnight stay up to day −7 329/3960 (8.3%) 22/217 (10.1%) 0.3 

Neutrophil count on day 0 9.4 (5.7, 13.8) 4.2 (0.2, 9.6) < 0.001 

Ventilated on day 0 340/3954 (8.6%) 16/216 (7.4%) 0.5 

Temperature on day 0 38.1 (37.2, 38.7) 38.1 (37.5, 38.6) 0.4 

Systolic Blood pressure on day 0 120 (105, 139) 125 (105, 140) 0.2 

On IV fluids on day 0 1685/3891 (43.3%) 80/212 (38.1%) 0.12 

On vasopressor drugs at day 0 322/3960 (8.1%) 16/216 (7.4%) 0.7 

On corticosteroids on day 0, 1 or 2 195/3961 (4.9%) 24/217 (11.0%) < 0.001 

Hospital acquired 1419/3938 (36.0%) 109/213 (51.0%) < 0.001 

Charlson Comorbidity Index 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 0.030 

Encephalopathy < 0.001 

Grade I 165 (4.2%) 2 (0.9%) 

Grade II 242 (6.1%) 4 (1.8%) 

Grade III 405 (10%) 9 (4.1%) 

Grade IV 87 (2.2%) 1 (0.5%) 

None 3062 (77.0%) 201 (93.0%) < 0.001 

Time to appropriate therapy (hours) 5.0 (1.0, 31.0) 4.0 (0.0, 26.0) 0.086 

Dead at 28 days 915 (23.1%) 30 (14.0%) 0.001 

1 n (%); Median (IQR) 

Missing data for neutrophil count (178; 169 no transplant, 9 transplant). 

Missing data for temperature (122; 114 no transplant, 8 transplant). 

Missing data for systolic blood pressure (298, 277 transplant, 19 no transplant). 

Missing data for systolic Charlson Comorbidity Index (840, 807 transplant, 33 no transplant). 
1 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test. 

Table 2 

Microbiological source of bloodstream infection and focus of infection. 

No transplant n = 3961 Transplant n = 217 p-value 1 

Type of organism: < 0.001 

Coagulase negative Staphylococci 1099 (28%) 45 (21%) 

Anaerobes 30 (0.8%) 0 (0.0%) 

Candida spp 53 (1.3%) 3 (1.4%) 

Enterobacterales 1190 (30%) 74 (34%) 

Enterococci 105 (2.7%) 16 (7.4%) 

Other 344 (8.7%) 16 (7.4%) 

Polymicrobial 260 (6.6%) 18 (8.3%) 

Pseudomonas spp 109 (2.8%) 14 (6.5%) 

Staphylococcus aureus 347 (8.8%) 14 (6.5%) 

Streptococci 424 (11%) 17 (7.8%) 

Focus of infection: < 0.001 

Bone and joint 76 (1.9%) 1 (0.9%) 

Cardiovascular system 84 (2.1%) 3 (1.3%) 

Central nervous system 24 (0.6%) 2 (0.9%) 

Eye, ear, nose, throat or mouth 17 (0.4%) 1 (0.4%) 

Gastrointestinal system 370 (9.4%) 20 (9.4%) 

Line infection - central venous line 238 (5.9%) 41 (18.9%) 

Line infection - peripheral venous line 20 (0.5%) 1 (0.4%) 

Lower respiratory tract 314 (7.8%) 15 (6.7%) 

N/A - contaminant 1159 (29%) 30 (13%) 

Reproductive tract 14 (0.3%) 0 (0.0%) 

Site uncertain 788 (19.9%) 61 (28.1%) 

Skin and soft tissue 152 (3.8%) 3 (1.3%) 

Surgical site infection 59 (1.5%) 2 (0.9%) 

Systemic Infection 16 (0.4%) 0 (0.0%) 

Urinary tract infection 664(7%) 37 (17%) 

1 Pearson’s Chi-squared test. 
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as considerably lower than in patients with no transplant (13.1% 

n HSCT, 12.9% in kidney vs 23.1% without transplant). 

The cohort was then multiply imputed and matched, in order to 

inimise the baseline differences in age and comorbidity. Table 4 

escribes the demographics of the matched cohort, while Table S1 

hows the matching on microbiological source and focus. Figure 

1 describes the change in standardised mean difference (SMD) 

ith the matching process for each variable. Matching was gen- 
19 
rally successful, with a mean standardised mean difference (SMD) 

f 0.076 across all variables). Importantly, cohorts were matched 

ell on infective organism and focus of infection. 

ssociation between 28-day mortality and transplantation status 

Regression models were built as described above for transplant 

tatus with output shown in Table 5 for both the whole cohort 
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Table 3 

Absolute 28-day mortality by type of transplant. 

Type of transplant n 28-day mortality (n,%) 

No transplant 3961 915 (23.1%) 

Haematopoietic stem cell 99 13 (13.1%) 

Kidney 70 9 (12.9%) 

Liver 26 2 (7.7%) 

Not recorded 5 0 (0.0%) 

Heart 4 3 (75.0%) 

Lung 4 4 (75.0%) 

Other 9 0 (0.0%) 

Kidney and pancreas 3 0 (0.0%) 

Kidney and lung 1 0 (0.0%) 

Pancreas 1 0 (0.0%) 
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nd the propensity score matched cohort. In both analyses, trans- 

lant status was associated with a significant reduction in 28-day 

ortality, with an odds ratio of 0.55 (95% CI 0.34 to 0.90) in the 

ropensity score matched model and 0.47 (95% CI 0.28 to 0.76) in 

he whole cohort. However, in both models, corticosteroid use was 

trongly associated with increased mortality OR 5.24 (95% CI 2.79 

o 9.84) in the PSM cohort, and OR 4.4 (95%CI 3.12 to 6.20) in the

hole cohort. 

ype of transplant and mortality 

Given the small numbers, (e.g. 4 cases of heart transplant), it 

as impossible to reliably assess whether the type of transplan- 

ation affected mortality for most transplant types. However, as a 

ensitivity analysis we performed the regression model with type 

f transplant limiting to all transplants with more than 20 occur- 

ences in the database. Table 6 shows the output of this model. 

any results did not meet statistical significance which may be 

ue to the low numbers, but for the two largest groups, HSCT 

 n = 99) and Kidney ( n = 70), the effect size was almost exactly

he same (Odds Ratio around 0.50 and 0.49 in the whole cohort, 

nd 0.49 and 0.55 in the PSM cohort). As the effect of transplant 

ight differ between SOT and HSCT, we re-ran the analyses com- 
Table 4 

Post imputation and propensity score matching demographic

No tran

Gender 

Female 250 (38

Male 401 (62

Age 55 (39,

Cardiac arrest up to day −7 23 (3.5

Chemotherapy in last month 189 (29

Surgery requiring overnight stay up to day −7 58 (8.9

Neutrophil count on day 0 8 (4, 13

Ventilated on day 0 78 (12%

Temperature on day 0 38.20 (

Systolic Blood pressure on day 0 120 (10

On IV fluids on day 0 284 (44

On vasopressor drugs on day 0 71 (11%

On corticosteroids on day 0, 1 or 2 67 (10%

Hospital acquired 265 (41

Charlson score 3.0 (2.0

Mental status 

Grade I 17 (2.6

Grade II 26 (4.0

Grade III 41 (6.3

Grade IV 16 (2.5

None 551 (85

Time to appropriate therapy (hours) 3.0 (1.0

Dead at 28 days 138 (21

1 n (%); Median (IQR). 
2 Pearson’s Chi-squared test; Wilcoxon rank sum test; Fish

20 
aring all SOT vs HSCT (Table S2). We found no evidence that the 

ffect of transplant was different between SOT and HSCT patient. 

OR 0.50; 0.27 to 0.87 for HSCT, OR 0.56; 0.32 to 0.92 in the whole

ohort) 

nteraction with steroids 

Given that steroids were associated with increased mortality, 

e performed two analyses to explore whether this effect was the 

ame in transplant populations. In the first analysis (Table S3), we 

ncluded an interaction between steroid usage and transplant sta- 

us as a covariate. In both the whole and propensity score matched 

ohort, we did not find any significant interaction ( p > 0.1 for 

oth) 

To aid clinical interpretation, we used a factorial design to com- 

are those with no transplant and not on steroids (reference), to 

he three potential other groups (transplant and no steroid, trans- 

lant and steroid, steroid and non transplant). This is reported in 

able S4, and shows the same findings – patients with organ trans- 

lant and no steroid use have remarkably reduced mortality (OR 

.28; 95% CI 0.26–0.30), while patients with organ transplant and 

teroids have similar risks (OR 3.07; 95% Ci 1.34–6.89) to those 

ithout organ transplant receiving steroids (OR 3.90; 95% CI 2.91–

.22). This suggests that both steroid use and transplant status are 

elevant for short term mortality. 

ediation analysis 

We performed an analysis to explore whether this reduced 

ortality was mediated by clinical variables on admission. In the 

hole cohort, the only clinical variable on admission that differed 

etween the two groups was neutrophil count (lower, on average, 

n transplant patients). 

We therefore performed a multivariate mediation analysis on 

eutrophil count pressure on the multiply imputed dataset, re- 

orted fully in the supplementary appendix. This model identified 

 significant causally mediated effect with an estimated proportion 
s (single imputed dataset shown). 

splant n = 651 Transplant, n = 217 p-value 2 

0.8 

%) 81 (37%) 

%) 136 (63%) 

 68) 57 (46, 66) 0.8 

%) 1 (0.5%) 0.017 

%) 71 (33%) 0.3 

%) 22 (10%) 0.6 

) 4 (0, 9) < 0.001 

) 16 (7.4%) 0.059 

37.50, 38.80) 38.10 (37.40, 38.60) 0.2 

5, 135) 125 (105, 140) 0.085 

%) 84 (39%) 0.2 

) 16 (7.4%) 0.13 

) 24 (11%) 0.7 

%) 110 (51%) 0.01 

, 5.0) 3.0 (2.0, 4.0) 0.3 

0.042 

%) 2 (0.9%) 

%) 4 (1.8%) 

%) 9 (4.1%) 

%) 1 (0.5%) 

%) 201 (93%) 

, 26.0) 5.0 (0.0, 34.0) 0.14 

%) 30 (14%) 0.017 

er’s exact test. 
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Table 5 

Output from the logistic regression models for both the whole cohort and the propensity score matched 

model. 

Whole cohort Propensity Score Matched 

Characteristic OR 1 95% CI 1 p-value OR 1 95% CI 1 p-value 

Transplant (univariable) 0.53 0.35, 0.78 0.002 0.59 0.38,0.93 0.023 

Transplant (multivariable) 0.47 0.28, 0.77 0.004 0.55 0.34, 0.90 0.018 

Corticosteroid usage 4.40 3.12, 6.20 < 0.001 5.24 2.79, 9.84 < 0.001 

Age 1.03 1.02, 1.04 < 0.001 1.02 1.00, 1.04 0.021 

Charlson’s Comorbidity Index (CCI) 1.20 1.15, 1.25 < 0.001 1.23 1.07, 1.41 0.005 

Recent chemotherapy 0.74 0.54, 1.00 0.054 0.75 0.41, 1.37 0.3 

Infective Organism 

Coagulase negative staphylococci – – – –

Anaerobes 1.12 0.34, 3.17 0.8 

Candida spp 1.97 0.92, 4.12 0.075 1.53 0.24, 9.92 0.7 

Enterobacterales 1.01 0.70, 1.47 > 0.9 1.35 0.47, 3.92 0.6 

Enterococci 0.97 0.53, 1.76 > 0.9 1.67 0.59, 4.73 0.3 

Other 1.05 0.73, 1.51 0.8 0.75 0.21, 2.70 0.7 

Polymicrobial 1.23 0.79, 1.92 0.4 1.39 0.45, 4.23 0.6 

Pseudomonas spp 1.54 0.88, 2.67 0.13 1.13 0.29, 4.36 0.9 

Staphylococcus aureus 1.62 1.04, 2.51 0.031 0.96 0.30, 3.05 > 0.9 

Streptococci 0.7 0.45, 1.08 0.11 0.59 0.15, 2.33 0.4 

Hospital acquired infection 1.63 1.35, 1.97 < 0.001 2.41 1.06, 5.44 0.038 

Gender 

Female – – – –

Male 1.01 0.85, 1.21 0.9 0.95 0.57, 1.56 0.8 

Centre 

1 (reference) – –

2 0.89 0.65, 1.22 0.5 1.37 0.63, 2.96 0.4 

3 0.98 0.76, 1.25 0.8 0.80 0.39, 1.64 0.5 

4 1.24 0.84, 1.82 0.3 ∗

5 1.42 1.07, 1.89 0.016 1.60 0.77, 3.33 0.2 

6 1.05 0.71, 1.52 0.8 1.33 0.54, 3.27 0.5 

7 0.78 0.51, 1.18 0.2 0.45 0.08, 2.62 0.4 

Focus of infection 

Contaminant (reference) 

Cardiovascular system 0.86 0.40, 1.77 0.7 0.49 0.01, 20.5 0.7 

Gastrointestinal system 0.94 0.60, 1.46 0.8 0.62 0.16, 2.45 0.5 

Line infection - central venous line 0.54 0.32, 0.88 0.016 0.46 0.13, 1.69 0.2 

Lower respiratory tract 1.93 1.27, 2.94 0.002 3.10 1.02, 9.42 0.046 

Site uncertain 1.73 1.22, 2.46 0.002 1.26 0.49, 3.27 0.6 

Skin and soft tissue 0.61 0.33, 1.10 0.11 1.59 0.18, 13.8 0.7 

Urinary tract infection 0.50 0.33, 0.77 0.002 0.30 0.09, 0.99 0.048 

Other 0.47 0.26, 0.83 0.012 0.58 0.08, 4.05 0.6 

∗unreliable estimate, due to low numbers of cases at Centre 4. 
1 OR = Odds Ratio, CI = Confidence Interval. 

Table 6 

Output of the individual transplant type model. 

Characteristic Whole cohort Propensity Score Matched 

OR 95%CI p-value OR 95%CI p-value 

No transplant – – – – – –

Bone marrow 0.50 0.27, 0.87 0.022 0.56 0.30, 1.05 0.070 

Kidney 0.49 0.23, 0.94 0.048 0.55 0.26, 1.14 0.11 

Liver 0.28 0.04, 0.94 0.082 0.31 0.07, 1.34 0.12 

Other 1.25 0.45, 3.05 0.6 1.40 0.53, 3.66 0.5 

1 OR = Odds Ratio, CI = Confidence Interval. 
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f effect explained of 15% (95% CI 5.9% to 59.7%, Supplementary Ta- 

le 1). 

However, given that the reduced neutrophil count was largely 

een in patients with HSCT, we performed a sensitivity analysis 

tratifying on HSCT. In this analysis, a significant effect was only 

ound in the HSCT groups (Supplementary Tables 2 and 3). This 

ay represent either a true null association, or reflect a lack of 

tatistical power due to the reduced sample size. 

In summary, this suggests that at least part of the beneficial 

ffect of or gan transplantation on mortality in HSCT is mediated 

y a reduction in neutrophil count, although we did not identify 

his association in other organ transplants. 
21 
We planned to also mediate on time to appropriate therapy, 

owever this did not significantly differ between those with organ 

ransplant and those without. 

iscussion 

This study shows that patients with organ transplant who are 

ot receiving systemic corticosteroids have reduced mortality in 

loodstream infection than patients without organ transplantation 

n bloodstream infection. The magnitude of the effect was large, 

nd similar in both unadjusted and adjusted analyses. 

Of all the clinical variables on presentation recorded, only neu- 

rophil count differed between patients with organ transplant and 

hose without, with lower neutrophils recorded in transplant pa- 

ients. Formal mediation analysis suggests this neutropenia may 

ediate some of the beneficial effects of organ transplantation, al- 

hough the association was limited to HSCT, and the interpreta- 

ion of a single neutrophil count on admission is difficult without 

etailed data on the immunosuppressive regime and underlying 

aematological diagnosis. 

Time to appropriate therapy was similar between groups, sug- 

esting this benefit was not simply due to earlier treatment with 

ppropriate antibiotics. 
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trengths and weaknesses 

This study has many strengths. Firstly, the analysis was per- 

ormed on prospectively collected, multi-centre, trial data, with 

elatively little missing data on both exposure and outcome. In- 

ective pathogen, type of transplant, and clinical variables were 

aken directly from the clinical notes. Time to appropriate ther- 

py was reliably recorded, as was the focus of infection. Sec- 

ndly, our statistical approach aimed to reduce confounding by 

atching patients via a propensity score, and it is reassuring that 

oth matched and unmatched models had broadly similar effects. 

hirdly, the comparator population was all patients admitted with 

loodstream infection at the same time, a pragmatic and clinically 

elevant comparison group. Finally, the relatively large number of 

atients included for a bloodstream infection trial ( > 40 0 0), allow 

s confidence in our results. 

Common to many observational studies, this study was limited 

y the lack of detailed information on type of transplant, type of 

mmunosuppression, and chronicity of transplant, as well as de- 

ailed information on treatment. Most importantly, although we at- 

empted to match patients based on age and comorbidities, likely 

t least some of the effect is driven by residual confounding by 

ransplantation status. For example, small differences in rates of 

ospital acquired infection, and receipt of recent chemotherapy re- 

ained after matching. Also, rates of some transplants (e.g. lung) 

ere low in this study, and we can be most confident in our find-

ngs in organ transplants where we have large numbers (e.g. kid- 

ey, liver, and HSCT). One key question – what is the mechanism of 

he association, and is the association causal, cannot be completely 

nswered by this study, and is the focus of much of the discussion 

elow. It is also important to recognise the impact of steroid usage 

n mortality. Receipt of corticosteroids had a large and robust as- 

ociation with an increased mortality, and we did not identify that 

his differed in patients with or without a transplant (p for inter- 

ction > 0.1). Therefore, the data supporting reduced mortality in 

atients with transplant is should be interpreted with respect to 

teroid use, as those with steroid use may actually have a higher 

ortality with respect to those not on steroids and not receiving a 

ransplant. However, this represented only a small (10%) number of 

atients in this cohort, but may represent larger amounts in other 

linical settings. Finally, this trial recruited patients in 2013/14, and 

he management of patients with both solid organ transplant and 

SCT has changed since then, with large improvements in mortal- 

ty more generally in patients with HSCT. 8 

ther literature 

Previous work has examined this topic, with broadly similar 

ndings. The most similar study in bloodstream infection, by Kalil 

t al., 8–10 included 123 patients with organ transplant and 246 

atched controls. In Cox regression, the hazard for 28 day mor- 

ality was 0.22 (95% CI 0.9 −0.54), despite lower initial appropri- 

te antimicrobial usage. In a large cohort of sepsis hospitalisations 

903,816 hospitalisations, 39,618 with organ transplant) Donnelly 

t al., found inpatient mortality in organ transplant around half of 

hat of controls in severe sepsis (5.5% vs 9.4%) and a third less in

epsis (8.7% vs 12.%). After adjusting for confounding, the relevant 

dds ratios were 0.83 (95% CI 0.79, 0.87) for severe sepsis, and 0.78 

95% CI 0.73 −0.84) for sepsis. In agreement, one small study in S. 

ureus bacteraemia showed a reduction in mortality with solid or- 

an transplant, but two studies suggested higher mortality in lung 

ransplant. 9–11 Outside bloodstream infection, the data is much less 

lear, with studies in COVID-19 12 and pneumonia suggesting both 

igher and lower mortality in transplant recipients. 12 

In summary, our work, in conjunction with the other litera- 

ure, supports lower short-term mortality in patients with a blood- 
22 
tream infection specifically, with all three large studies identifying 

 decrease in short term mortality in patients with organ trans- 

lantation. There are four broad potential reasons. 

Firstly, residual confounding is likely to play a part. Although 

n this study (and others), patients were matched by age and co- 

orbidity, it is probable that patients with organ transplant are 

omewhat “fitter” than their matched cohort, given that a cer- 

ain level of medical fitness is generally required to have an or- 

an transplant, and we could not match for all comorbidities. Al- 

hough this effect is likely present, the lack of change in estimate 

n our study from the whole cohort to the adjusted model suggests 

his effect may be marginal, although we cannot rule out residual 

onfounding. 

Secondly, patients with organ transplant may present differ- 

ntly, with a possibility of earlier presentation leading to earlier 

ubsequent antimicrobial therapy and better outcomes. 13 Although 

his is possible, we have previously shown that “time to positiv- 

ty”, a proxy for bacterial load, is no different in transplant patients 

han non-transplant patients in this cohort, and time to appro- 

riate therapy in this study was the same across both cohorts. 14 

lso, in this cohort, infections with Pseudomonas spp (associ- 

ted with worse outcomes) were higher in the transplant cohort, 

hile coagulase negative staphylococci (often felt to be marginally 

athogenic) were higher in the non-transplant cohort. Regardless, 

iven that early therapy improves outcomes in bloodstream infec- 

ion, even small changes in patient behaviour (e.g. earlier presen- 

ation) could account for some of the mortality difference 

Secondly, patients with organ transplant are treated differently 

o patients without organ transplant, generally receiving specialist 

are. The impact of this care can be hard to quantify, but it is likely

although not proven) that specialist units generally have better 

utcomes than generalist units, and at least some of the decreased 

ortality may be due to specialist care, outside antimicrobial ther- 

py. In particular, usage of appropriate antimicrobials is likely to 

e greater, as the microbiology of BSI in patients with organ trans- 

lant is different, with specialist centres perhaps more likely to 

rescribe both empiric and longer term therapy that is more ap- 

ropriate. Secondly, it is well established that supportive care (e.g. 

TE prophylaxis, fluid management, regular re-assessment of pa- 

ients), is a critical determinant of survival from infection; and it 

s highly plausible that these practices differ in specialist centres. 

here is evidence that consultation with infectious disease services 

mproves some outcomes in organ transplantation, and there are 

ow multiple papers suggesting decreased mortality for numerous 

nfectious diseases associated with specialist care, although these 

tudies themselves are observational and subject to some bias. 15–17 

Finally, it is likely that patients who have an organ transplant 

anage infection differently to those who do not, due to the pres- 

nce of immunosuppression. The results of the mediation analysis 

int at this, with lower neutrophil counts being causally associated 

ith improved outcomes, although this should be seen as an ex- 

loratory analysis only given the association was only identified in 

hose with HSCT. This analysis was performed as neutrophilia is 

nown to be associated with worse outcomes in bloodstream in- 

ection, and it may be by that by artificially reducing neutrophil 

ount some of the adverse effects immunological sequalae associ- 

ted with bloodstream infection can be mitigated. 

However, the association with neutrophil count in HSCT is com- 

lex, as infections at different periods of the engraftment are likely 

o have dramatically differing short and long term outcomes, and 

he apparent association with neutrophil count may well not be 

ausal 

The benefits of immunosuppression in some types of infection 

re well established, with the recent RECOVERY trial showing the 

enefits of steroids in patients with COVID-19 requiring hospital- 

zation, with supporting evidence also in diverse conditions such 
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s PCP pneumonia 18 and TB meningitis, 19 while the role of steroids 

or sepsis and community acquired pneumonia remains controver- 

ial. 20–22 

This work adds to the literature suggesting that immune status 

as a complex relationship with infection, and that immunosup- 

ression may not always be harmful in patients with severe infec- 

ion. 

It is also worth noting that in this study, receipt of steroids 

n admission or day 1 or 2 was associated with an increased 

ortality, and that this was also present in those who had or- 

an transplant suggesting that the interaction between steroid use 

nd beneficial outcomes in bloodstream infection is complex and 

ulti-faceted. However, without knowing the indication for the 

teroids (e.g. rejection, Graft-versus-host disease), interpretation of 

his data is difficult, but this reduced mortality is likely only appli- 

able to those not receiving systemic corticosteroids. In some set- 

ings, (e.g. peri–engraftment) steroid use is much more common 

han in this cohort, and caution should be used extrapolating out- 

ide this setting. 

The importance of determining which of these reasons is most 

elevant remains important. If much of the benefit can be ex- 

lained by earlier presentation and higher quality of care for pa- 

ients who have had organ transplant this suggests that we can 

mprove outcomes in other patients with bloodstream infection. 

owever, if the cause is due to a degree of immune tolerance for 

oreign pathogens, this suggest that therapeutic immunosuppres- 

ion may represent a future therapeutic avenue for patients with 

loodstream infection. 

onclusion 

Patients with organ transplantation who are not on sys- 

emic corticosteroids have a markedly reduced short-term mortal- 

ty in bloodstream infection. Understanding the mechanisms and 

hether this represents a causal association are key future ques- 

ions for researchers. 
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