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Abstract

Background: The impact of donor colonization or infection with multidrug-resistant organisms 

(MDROs) on solid organ transplant (SOT) recipient outcomes remains uncertain. We thus 

evaluated the association between donor MDROs and risk of posttransplant infection, graft failure, 

and mortality.
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Methods: A multicenter retrospective cohort study was performed. All SOT recipients with a 

local deceased donor were included. The cohort was divided into three exposure groups: recipients 

whose donors had (1) an MDRO, (2) a non-MDRO bacterial or candidal organism, or (3) no 

growth on cultures. The primary outcomes were (1) bacterial or invasive candidal infection within 

3 months and (2) graft failure or death within 12 months posttransplant. Mixed effect multivariable 

frailty models were developed to evaluate each association.

Results: Of 658 total SOT recipients, 93 (14%) had a donor with an MDRO, 477 (73%) had 

a donor with a non-MDRO organism, and 88 (13%) had a donor with no organisms on culture. 

On multivariable analyses, donor MDROs were associated with a significantly increased hazard 

of infection compared to those with negative donor cultures (adjust hazard ratio [aHR] 1.63, 95% 

CI 1.01–2.62, p = .04) but were not associated with graft failure or death (aHR 0.45, 95% CI 

0.15–1.36, p = .16).

Conclusions: MDROs on donor culture increase the risk of early posttransplant infection but do 

not appear to affect long-term graft or recipient survival, suggesting organ donors with MDROs 

on culture maybe safely utilized. Future studies aimed at reducing early posttransplant infections 

associated with donor MDROs are needed.
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1 ∣ INTRODUCTION

There is significant concern about the use of donor organs that may be infected or colonized 

with multidrug-resistant organisms (MDROs), since such donors may transmit the MDRO to 

the solid organ transplant (SOT) recipient, causing a donor-derived infection (DDI).1 Prior 

case series have described poor outcomes associated with such MDRO DDIs, including 

recurrent posttransplant infections, graft loss, and even death.2-7

The hesitancy to use donor organs that may be infected or colonized with MDROs has 

significant ramifications for the organ pool. Prior work from our group has shown a 

notable reduction in organ utilization when MDR-Gram negative organisms are identified 

on donor culture.8 Further, MDROs are increasingly being observed among the deceased 

donor cohort. We have previously reported that approximately 15% of deceased organ 

donors have at least one MDRO identified on peri-procurement cultures.9 Moreover, with 

increasing rates of MDROs among hospitalized and critical care unit patients globally,10-12 

and the ongoing opioid epidemic that has resulted in an increasing proportion of deceased 

organ donors having a history of injection drug use (an established risk factor for MDROs, 

particularly methicillin-resistant Staphylococcus aureus),13-16 it is likely that MDROs will 

become increasingly prevalent among deceased donors over time. It is thus imperative to 

determine the true risk of using organs from donors who are colonized or infected with 

MDROs, and if there is in fact a heightened risk, efforts to develop new strategies for 

mitigating this risk must be prioritized.
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There are no prior studies, to our knowledge, that have systematically evaluated whether 

donor MDROs pose a risk for SOT recipient outcomes. Thus, in this study, we sought to 

determine the impact of donor MDROs on SOT recipient outcomes, including posttransplant 

infection, graft failure, and death.

2 ∣ MATERIALS AND METHODS

2.1 ∣ Study design and setting

A multicenter retrospective cohort study was performed at three transplant centers in 

the Philadelphia region: the Hospital of the University of Pennsylvania (HUP), Temple 

University Hospital (TUH), and Hahnemann University Hospital (HUH).

2.2 ∣ Study population

The initial source population included all SOT recipients who received an organ from a 

deceased donor that was evaluated by the local organ procurement organization (OPO), the 

Gift of Life Donor Program (GLDP). SOT recipients were included from HUP, TUH, and 

HUH between January 1, 2015 and July 1, 2016. Eligible recipients were identified by the 

GLDP.

An SOT recipient was determined to be “exposed” if he/she had a donor who grew at least 

one bacterial or candidal organism on a culture taken during either the donor’s terminal 

hospitalization (“hospital cultures”) or at the time of organ procurement (“OPO cultures”). 

Donor hospital cultures included any clinical culture obtained from any anatomical site at 

any time point during the donor’s terminal hospitalization. Donor hospital cultures were not 

excluded based on timing relative to organ procurement, since 90% of the donors had a 

length of stay under 8 days (median length of stay was 4 days, interquartile range [IQR] 2–5 

days).9 However, surveillance swab cultures (e.g., rectal, skin, nasal swabs) were excluded, 

since these were not uniformly performed or reported by donor hospitals. OPO cultures were 

obtained by the GLDP and were standardized; each donor had the same set of OPO cultures 

obtained regardless of which organs were procured (including blood, respiratory, urine, 

ureter, and perfusate fluid cultures). The only culture growth that was excluded from the 

exposure were those respiratory specimens that grew only routine mouth or respiratory flora, 

and those urinary specimens that grew only mixed urogenital flora as these were considered 

contaminants. Of note, we did not distinguish infection from colonization in donors with 

positive cultures, because (1) the clinical data in donor records are often insufficient for 

making this distinction accurately, (2) this distinction is not routinely made by transplant 

centers when evaluating an organ donor, and (3) both infection and colonization have been 

shown to affect recipient outcomes, including DDI.17

The exposed group was subsequently subdivided into two mutually exclusive exposure arms: 

(1) those whose donors had at least one MDRO on culture, and (2) those whose donors 

had at least one bacterial or candidal organism on culture but no MDROs. MDROs included 

methicillin-resistant S. aureus (MRSA), vancomycin-resistant Enterococcus species (VRE), 

extended-spectrum cephalosporin-resistant (ESC-R) Enterobacterales, carbapenem-resistant 

Enterobacterales (CRE), MDR-Pseudomonas species, and MDR-Acinetobacter species. The 
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Centers for Disease Control and Prevention (CDC) National Healthcare Safety Network 

(NHSN) definitions for each MDRO were used (see Supporting Information Section A.).18 

If an MDRO was isolated on multiple occasions in the same donor, only the first MDRO was 

considered.

An SOT recipient was determined to be “unexposed” if his/her donor did not grow any 

bacterial or candidal organisms, or grew only contaminants, on any hospital or OPO 

cultures.

This study was approved by the institutional review board at each of the participating 

transplant centers.

2.3 ∣ Outcomes

There were two primary outcomes evaluated among the SOT recipients. The first outcome 

was bacterial or invasive candidal infection within 3 months posttransplant. Infections were 

defined using CDC/NHSN surveillance criteria19 and were determined via manual chart 

review by an infectious diseases-trained physician (JAA). Infections at any anatomical site, 

due to any organism (MDRO or non-MDRO) and due to any source (donor-derived or non-

donor-derived), were included. Infections were evaluated through 90 days posttransplant, 

since the impact of the donor on the risk of recipient infection likely occurs in this early 

posttransplant period.20

The second primary outcome was graft failure or death within 12 months posttransplant. 

Graft failure was defined by re-listing for transplant for any organ recipient or return to 

dialysis for kidney transplant recipients.

2.4 ∣ Data collection

Data on exposed and unexposed SOT recipients were abstracted from the electronic medical 

record system at each hospital. Data on each recipient’s donor were abstracted from the 

donor medical record maintained by the GLDP (see Supporting Information Section B for 

a complete list of donor and recipient data elements that were collected). The standard 

perioperative antimicrobial prophylaxis employed for each organ type at each center, as well 

as the typical approach to treating positive donor cultures, is provided in the Supporting 

Information Section C.

2.5 ∣ Statistical analysis

SOT recipients were characterized by baseline clinical factors, such as demographics and 

comorbidities. Continuous variables were compared using a one-way ANOVA or Wilcoxon 

rank-sum test, and categorical variables were compared using the χ2 or Fisher exact test. 

For the primary analyses, we performed survival analyses. Time zero was defined as the 

day of transplantation, and the time at risk was measured in days. For the evaluation 

of posttransplant infection, the day on which the SOT recipient first met criteria for a 

bacterial or invasive candidal infection within 3 months posttransplant was the failure date, 

and subjects were censored at the time of death or at the end of 3 months of follow-up 

(whichever occurred first). For the evaluation of posttransplant graft and patient survival, 

Anesi et al. Page 4

Transpl Infect Dis. Author manuscript; available in PMC 2022 September 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the failure date was the day that the SOT recipient met criteria for graft failure or died 

(whichever occurred first), and subjects were censored at 12 months of follow-up if neither 

component of the outcome occurred in that timeframe.

For the unadjusted analyses, a Kaplan–Meier curve was plotted, stratified by exposure 

status, and a log rank test was performed. For the adjusted analyses, mixed effects 

multivariable frailty models using the Weibull distribution were developed for each outcome, 

with a random effect for donor. This random effect was included in order to account for 

possible clustering by donor, since several SOT recipients in the cohort received organs from 

the same donor.

For each of the multivariable analyses, bivariable regression was used to examine the 

relationship between the primary exposure (donor MDRO status), as well as other 

baseline donor and recipient factors, and the outcome. Variables were retained in the final 

multivariable model if they were confounders of the primary association or had a p value 

of <.05 in the multivariable model. The strength of each association was measured using 

a hazard ratio (HR), and a 95% confidence interval (CI) was calculated for each effect 

estimate.

Of note, we did not adjust our analyses for antimicrobials administered to the donors 

or recipients peri- or posttransplant, since these antimicrobial administrations would have 

occurred after the exposure of interest and would thus be on the causal pathway.

All analyses were performed using STATAv.15.0 (StataCorp, College Station, Texas).

2.6 ∣ Subgroup and stratified analyses

Several prespecified subgroup analyses were performed. First, there was a concern that those 

donors known to be infected or colonized with MDROs prior to organ procurement would 

only be accepted under specific scenarios for recipients (e.g., those SOT candidates unlikely 

to receive another offer), and there would thus be a confounding by indication bias. To 

address this, we performed a subgroup analysis in which we excluded those SOT recipients 

whose donors had positive hospital cultures (those taken prior to organ procurement). In 

the resulting subgroup, the exposed SOT recipients were those whose donors had positive 

OPO cultures (taken during organ procurement). The results of such OPO cultures could 

not have been known about at the time of organ offer and procurement, thus resulting in a 

pseudo-randomization of recipients to donors with and without MDROs on OPO cultures.

Second, we evaluated whether the anatomical site of donor MDRO growth impacted 

recipient outcomes by restricting the exposure to those recipients whose donors had an 

MDRO or a non-MDRO organism grow on a blood or allograft culture, since prior studies 

have suggested that these may be the highest risk scenarios for DDIs.3,5 An allograft culture 

was defined as a respiratory tract culture (e.g., sputum, tracheal aspirate, or bronchoalveolar 

lavage culture) for lung recipients and a genitourinary tract culture (e.g., urine or ureter 

culture) for kidney recipients.

Third, we evaluated the association between donor MDRO status and recipient outcomes 

after stratifying by (1) organ type, to determine whether any of the observed associations 
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were being driven by specific organ groups and (2) MDRO type, to determine whether any 

of the observed associations were being driven by specific MDROs. Due to small numbers, 

only bivariable analyses were performed for these stratified analyses.

2.7 ∣ Exploratory analyses

We performed a secondary exploratory analysis to determine whether the observed 

association between donor MDROs and recipient infection was being driven by specific 

types of recipient infections, with a particular focus on DDIs (as defined in Supporting 

Information Section D20), certain anatomical sites of infection (e.g., lower respiratory 

tract infections), and/or certain etiologic organisms (e.g., Klebsiella species). Due to small 

numbers and the exploratory nature of these analyses, only unadjusted analyses were 

performed.

3 ∣ RESULTS

3.1 ∣ Study population

The cohort included 658 SOT recipients, including 418 (64%) from HUP, 167 (25%) from 

TUH, and 73 (11%) from HUH. The median age was 59 years old (IQR 48–65), and 231 

(35%) were women. The cohort included 275 (42%) kidney transplant recipients, 182 (28%) 

liver transplant recipients, 105 (16%) heart transplant recipients, 131 (20%) lung transplant 

recipients, and five (1%) pancreas transplant recipients (see Table 1 for further baseline 

characteristics.)

Among the SOT recipients, 93 (14%) had a donor with at least one MDRO on culture, 

477 (73%) had a donor with at least one non-MDRO bacterial or candidal organism on 

culture, and 88 (13%) had a donor with no growth (or only contaminants) on culture. The 

most common MDROs on donor culture were MRSA (54, 8% of recipients) and ESC-R 

Enterobacterales (38, 6% of recipients). The most common anatomical site of MDRO 

growth was the respiratory tract (79, 12% of recipients).

3.2 ∣ Association between donor MDROs and post-transplant infection

Among the entire cohort, 300 (46%) SOT recipients developed a bacterial or invasive 

candidal infection within 3 months post-transplant (Table 2). The most common infection 

types were lower respiratory tract infections (140, 21%) and genitourinary tract infections 

(104, 16%). The most common etiologic organisms were Enterobacterales species (148, 

22%), and the most common MDROs were ESC-R Enterobacterales species (43, 7%).

In the unadjusted analysis (Figure 1A), there was not a significant association between 

donor MDRO status and the hazard of post-transplant infection (log rank p = .29). However, 

on multivariable analysis (Table 3), there was a significantly increased hazard of infection 

among recipients whose donors had either an MDRO on culture (aHR 1.63, 95% CI 1.01–

2.62, p = .04) or a non-MDRO positive culture (aHR 1.51, 95% CI 1.02–2.23, p = .04). (See 

Table S1 for full model.)
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3.3 ∣ Association between donor MDROs and posttransplant graft failure and death

Among the entire cohort, 57 (9%) recipients developed graft failure or death within 12 

months, of which 27 (4%) represented deaths. In the unadjusted analysis (Figure 1B), 

there was no significant association between donor MDRO status and the hazard of graft 

failure or death within 12 months posttransplant (log rank p = .26). Similarly, on the 

multivariable analysis (Table 3), there remained no significant association between donor 

MDRO status and the hazard of graft failure or death (aHR 0.60, 95% CI 0.30–1.23, p = .16 

for non-MDRO positive donor cultures; aHR 0.45, 95% CI 0.15–1.36, p = .16 for MDROs 

on donor culture). (see Table S2 for full model.)

3.4 ∣ Subgroup and stratified analyses

3.4.1 ∣ MDROs on donor OPO cultures—After restricting the cohort to only those 

SOT recipients whose donors had entirely negative hospital cultures, there were 252 

recipients remaining in the cohort, of which 14 (6%) had a donor with an MDRO on 

OPO culture, 150 (60%) had a donor with non-MDRO positive OPO cultures, and 88 (35%) 

had donors with no growth (or only contaminants) on OPO cultures. On both unadjusted 

(Figure S1) and multivariable analyses (Table S3), there was a significantly increased hazard 

of bacterial or invasive candidal infection associated with donors who had MDROs on 

OPO culture (aHR 5.59, 95% CI 1.44–21.67, p = .01). Conversely, there was no significant 

association between donor OPO culture status and the hazard of graft failure or death on 

either unadjusted or multivariable analyses (aHR 0.42, 0.05–3.76, p = .44, Table S4).

3.4.2 ∣ MDROs on donor blood or allograft cultures—In this subgroup analysis, 

there were 40 (6%) SOT recipients whose donors had an MDRO on blood or allograft 

culture, 171 (26%) recipients whose donors had a non-MDRO positive blood or allograft 

culture, and 447 (68%) recipients whose donors had no growth (or only contaminants) on 

blood and allograft cultures. On multivariable analysis, there was no significant association 

between donor blood or allograft MDRO status and the hazard of infection (aHR 1.11, 

0.79–1.57, p = .53 for non-MDRO positive blood or allograft cultures; aHR 1.21, 95% CI 

0.74–1.98, p = .46 for MDROs on blood or allograft culture, Table S5) or the hazard of 

graft failure or death (aHR 1.16, 95% CI 0.52-2.55, p = .72 for non-MDRO positive blood 

or allograft cultures; aHR 1.05, 95% CI 0.29–3.81, p = .95 for MDROs on donor blood or 

allograft culture, Table S6).

3.4.3 ∣ Stratified analysis by organ type—After stratifying by organ transplant type, 

we found on bivariable analyses that (1) there was a significant increase in the hazard of 

posttransplant infection associated with MDROs on donor culture among liver transplant 

recipients (HR 3.77, 95% CI 0.98–14.43, p = .05); (2) there were no significant associations 

between donor MDRO status and the hazard of graft failure or death among any of the organ 

types (data not shown).

3.4.4 ∣ Stratified analysis by MDRO type—After stratifying by MDRO type, we 

found on bivariable analyses that (1) there was a significant increase in the hazard of 

posttransplant infection associated with VRE on donor culture (HR 10.58, 95% CI 3.48–

32.17, p < .01); (b) there was no significant association between the hazard of posttransplant 
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infection and either ESC-R Enterobacterales on donor culture (HR 1.19, 95% CI 0.64–2.23, 

p = .58) or MDR-Gram negatives on donor culture (including ESC-R Enterobacterales, 

MDR-Pseudomonas, and MDR-Acinetobacter) (HR 1.22, 95% CI 0.66–2.56, p = .52); (c) 

there was no significant association between donor culture status and the hazard of graft 

failure or death with any MDRO type (data not shown).

3.5 ∣ Exploratory analysis of DDIs—There were 31 (5%) SOT recipients in the cohort 

who developed a probable DDI, of which nine (28% of DDIs) were due to MDROs. The 

MDROs causing DDIs were MRSA (4, 13% of DDIs), VRE (2, 6% of DDIs), ESC-R 

Enterobacterales (2, 6% of DDIs), and Candida glabrata (1, 3% of DDIs). These MDROs 

causing probable DDIs were originally cultured from the donor’s respiratory tract (6, 19% 

of DDIs), blood (1, 3% of DDIs), and perfusate fluid (2, 6% of DDIs), and occurred among 

four lung, three kidney, one liver, and one heart transplant recipient.

On unadjusted analysis, there was a non-significant increase in probable DDIs among SOT 

recipients whose donors had MDROs on culture (7, 8%) compared to those whose donors 

had non-MDRO positive cultures (24, 5%) (unadjusted p = .33) (Table 2). When DDIs 

were excluded from the outcome of “recipient infection,” there was no longer a significant 

association between donor MDROs and the hazard of post-transplant bacterial or invasive 

candidal infection (aHR 1.36, 95% CI 0.82–2.25, p = .23).

4 ∣ DISCUSSION

In this study, we found that SOT recipients whose donors were infected or colonized with 

MDROs had a significantly increased hazard of bacterial or invasive candidal infection in 

the first 3 months posttransplant, but no significant change in their hazard of graft failure 

or death in the first year posttransplant, compared to those recipients whose donors had 

negative cultures.

Notably, in the primary analysis, the hazard of posttransplant infection was not remarkably 

different between recipients whose donor had an MDRO and recipients whose donor had 

a more antibiotic-susceptible organism on culture. However, when evaluating those SOT 

recipients whose donors had negative hospital cultures but positive OPO cultures, there was 

a significant risk associated with donor MDROs that was not observed with donors who had 

non-MDRO positive cultures. In this latter scenario, the recipient transplant centers would 

not have been aware of the donor MDRO at the time of organ acceptance. This suggests that 

(1) the increased risk of posttransplant infection is present even when donors are assigned 

to recipients independent of the donor MDRO status, (2) donor MDRO status is not merely 

a marker for sicker transplant candidates, and (3) the risk of posttransplant infection may 

be increased when donor culture results are not known at the time of transplant. It further 

suggests that earlier identification of donor MDROs may potentially mitigate the risk of 

posttransplant infection and DDIs, perhaps through earlier intervention in the recipient.

In exploratory analyses, there was no single infection type that was identified as 

independently driving the association between donor MDROs and recipient infections, 

though DDIs were numerically more common among SOT recipients whose donors had 
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MDROs on culture. Additionally, the association between donor MDROs and recipient 

infections was no longer present after excluding DDIs from the infection outcome, 

suggesting DDIs play an important role in this pathway. We would hypothesize—though 

it is not directly evaluated in this study—that donor MDROs may be associated with 

more DDIs than antibiotic-susceptible donor organisms because the standard peri-transplant 

antimicrobial prophylaxis given to recipients does not have activity against the majority 

of MDROs (save for MRSA when vancomycin is administered). It is also conceivable 

that donor infection or colonization with an MDRO causes a nonspecific increase in the 

risk of recipient infections (that are not donor-derived) by altering alloresponses21,22 or 

compromising anastomotic integrity.23,24

We did not observe a significant increase in posttransplant infections when the donor had 

an MDRO specifically on blood or allograft culture, despite prior literature suggesting these 

may be the highest risk scenarios for DDIs.2,3,5 However, the number of SOT recipients 

in this study with positive donor blood or allograft cultures was small (6%), so the study 

may not have been adequately powered to observe this effect. Further, at the included study 

sites, it is standard to treat SOT recipients with antimicrobials targeted to the donor organism 

when the donor has a positive blood or allograft culture; this practice may have reduced the 

risk of DDI and posttransplant infection sufficiently such that it was no longer a notable 

risk factor. It was also noteworthy that we found no association between donor MDR-Gram 

negatives and the risk of infection posttransplant, despite prior case reports that describe 

particularly poor outcomes with donor MDR-Gram negatives.2,3,5 The lack of association in 

our study may have again been due to limited power (6% of SOT recipients had a donor 

with an MDR-Gram negative on culture), but it is not routine practice at the included study 

sites to treat all MDR-Gram negatives on donor cultures in the recipient, unless identified 

from the blood or allograft, so our results do raise the question of whether MDR-Gram 

negatives on donor culture may be less threatening than perceived.8 Conversely, we did 

find an association between donor VRE and recipient infection in our unadjusted secondary 

analyses, suggesting further study of the impact of donor VRE on recipient outcomes is 

needed.25 Additionally, future studies evaluating how antimicrobials administered to the 

recipient affect the association between donor MDROs and recipient infections are needed to 

better understand these outcomes.

Reassuringly, we found in all primary and secondary analyses that donor MDROs did not 

significantly impact the hazard of graft failure or death following transplantation. This 

suggests that the increased risk of posttransplant infection does not result in worse long-term 

outcomes for these recipients. Of note, this study did not evaluate whether outcomes are 

altered for those SOT recipients who develop an MDRO DDI, but rather demonstrates 

that outcomes are unchanged for the overall cohort of SOT recipients whose donors were 

infected or colonized with an MDRO.

There are several limitations of this study. First, as this was a retrospective observational 

study, the outcomes observed are only relevant in the context of the organ selection, donor 

management, and recipient management practices utilized at the study sites, and the results 

may not be generalizable to other institutions with dissimilar practices. Second, the hospital 

cultures collected from deceased donors were not standardized, and the number of hospital 
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cultures collected from each donor may have varied depending on the level of clinical 

concern for infection, resulting in a degree of ascertainment bias. However, all donors 

underwent standardized OPO culture collection, so there was an opportunity for every donor 

to have the exposure of interest captured. Third, probable DDIs were determined based only 

on the identification and antimicrobial susceptibility profiles of each organism since whole 

genome sequencing was beyond the scope of this study; future studies using molecular 

methods to establish donor-origin will be needed to verify our DDI findings.4,6,25 Fourth, 

due to missing data, we were not able to assess the impact of specific donor or recipient 

antibiotic regimens on recipient outcomes. Finally, because this was an observational study

—and SOT recipients cannot be randomized to donors with and without MDROs—it 

is possible that there were unmeasured confounders even in the multivariable adjusted 

analyses, and that donor MDRO status is a marker for a separate prognostic factor.

In conclusion, we found that donor MDROs were associated with an increased risk of early 

posttransplant bacterial or invasive candidal infection among recipients, but there was no 

significant change in the risk of graft failure or death through 12 months posttransplant. This 

study suggests that interventions directed at reducing the risk of posttransplant infection and 

DDIs, such as earlier identification of donor MDROs and earlier appropriate treatment of the 

recipient, may make it possible to safely use organs from donors infected or colonized with 

MDROs and thereby maintain and expand the donor pool over time.
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HUP Hospital of the University of Pennsylvania

MDR multidrug-resistant

MDRO multidrug-resistant organism

MRSA methicillin-resistant Staphylococcus aureus

NHSN National Healthcare Safety Network

OPO organ procurement organization

SOT solid organ transplant

Spp species
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FIGURE 1. 
Kaplan–Meier curves depicting (A) time to posttransplant bacterial or invasive candidal 

infection stratified by donor multidrug-resistant organism status (unadjusted) and (B) time 

to posttransplant graft failure or mortality stratified by donor multidrug-resistant organism 

status (unadjusted)
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