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Abstract

Donor-derived bacterial infection is a recognized complication of solid organ transplantation
(SOT). The present report describes the clinical details and successful outcome in a liver
transplant recipient despite transmission of methicillin-resistant Saphylococcus aureus (MRSA)
from a deceased donor with MRSA endocarditis and bacteremia. We further describe whole
genome sequencing (WGS) and complete de novo assembly of the donor and recipient MRSA
isolate genomes, which confirms that both isolates are genetically 100% identical. We propose
that similar application of WGS techniques to future investigations of donor bacterial transmission
would strengthen the definition of proven bacterial transmission in SOT, particularly in the
presence of highly clonal bacteria such as MRSA. WGS will further improve our understanding of
the epidemiology of bacterial transmission in SOT and the risk of adverse patient outcomes when
it occurs.
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Introduction

Donor-derived infections are a rare complication of solid organ transplantation (SOT) (1). In
retrospective database studies, no transmitted bacterial infections were described despite 5%
of donors having bacteremia (2,3). In contrast, the US Organ Procurement and
Transplantation Network (OPTN) reported 145 recipients with confirmed donor-transmitted
infections from 2005 to 2011, including 34 recipients with bacterial transmissions that
resulted in nine deaths (1). Although current guidelines recommend that active bacterial
infection in the donor should ideally be treated and resolved prior to transplantation, these
guidelines acknowledge that bacteremic donors may be considered (1). However, specific
evidence-based criteria for accepting bacteremic donors are not available at this time, largely
due to the lack of empirical data from confirmed transmissions.

Transmission in the transplantation literature is typically based on clinical and
epidemiologic data and currently loosely defined as clear evidence of the same infection in
the donor and at least one of the recipients (4). However, this definition may be insufficient
for highly clonal pathogens commonly acquired in the hospital setting such as methicil-lin-
resistant Staphylococcus aureus (MRSA). Although whole genome sequencing (WGS) has
been used to investigate nosocomial bacterial outbreaks (5), there are no previous reports
where it has been employed to confirm donor transmission of bacterial infection to an organ
recipient. We report a patient who underwent liver transplantation (LT) from a deceased
donor with known MRSA endocarditis and bacteremia. We assembled whole genome
sequences of the donor and recipient isolates to complete closure to confirm genetic identity
and confirm donor transmission of MRSA via LT.

Case Report

Donor

Recipient

The donor was a 40-year-old woman who presented to another hospital with a drug
overdose, multifocal embolic cerebrovascular accident and MRSA mitral valve endocarditis.
Donor blood cultures obtained on hospital days 1-6 grew MRSA (vancomycin minimum
inhibitory concentration [MIC] 1-2 pmg/mL). She was treated with vancomycin from
hospital day 3 until organ donation. An echocardio-gram revealed multiple large mobile
densities on the mitral valve compatible with vegetations. On hospital day 7, organ donation
was performed. Donor blood cultures obtained by the New York Organ Donor Network
(NYODN) on this day were negative although this information was not available when the
decision was made to proceed with LT. All other organs were declined.

The LT recipient was a 64-year-old man with cirrhosis from hepatitis C virus and
hepatocellular carcinoma and was hospitalized with decompensated cirrhosis and acute
kidney injury. The patient’s Model for End-Stage Liver Disease (MELD) score was 29.
Blood, urine and ascitic fluid cultures drawn prior to deceased donor liver transplantation
(DDLT) were all negative. The recipient had no prosthetic devices or history of MRSA
colonization or infection. After informed consent that included discussion of the specific
donor transmission risk, the patient underwent DDLT without complication. Vancomycin
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and ertapenem were given for perioperative prophylaxis. No adjustments in standard
immunosuppression were implemented. Blood cultures were drawn 6 h after surgical closure
to assess for acquisition of MRSA from the donor. These cultures grew Gram-positive cocci
in clusters in the aerobic and anaerobic bottles after 17 and 21 h, respectively; and the
isolates were subsequently confirmed as MRSA with a susceptibility pattern identical to the
most recent donor isolates (oxacillin MIC >4 pug/mL, vancomycin MIC 2 pg/mL).
Susceptibilities were obtained by Vitek®2 (bioMerieux, Durham, NC), and screening for
heterogeneous vancomy-cin-intermediate S. aureus (h-VISA) by E-test GRD was negative
(6). The NYODN and the United Network for Organ Sharing were informed of a likely
donor transmission. Ertapenem was discontinued and vancomycin was continued (1 g every
12 h). Repeat blood cultures drawn 27 h later were negative. Subsequent blood cultures were
also negative. The patient recovered and was discharged 13 days after DDLT. Vancomycin
was discontinued approximately 4 weeks after DDLT. The patient remains well with good
graft function and no evidence of infection 12 months after DDLT.

Materials and Methods

Results

Donor and recipient blood culture isolates were obtained and genotyped by a combination of
standard methods including spa (S. aureus protein A) and SCCmec (staphylococcal cassette
chromosome mec) typing (7,8). spa polymerase chain reaction (PCR) products were
compared and clonal complexes assigned using http://spaserver2.ridom.de (7,8). Screening
for presence of Panton-Valentine leukocidin (PVL) toxin was also performed (9). DNA
extraction was performed after bacterial lysis using lysozyme/lysostaphin treatment or
mechanical disruption, followed by column purification and ethanol precipitation.
Completed DNA preparations were sequenced on the PacBio RS platform and sequence
was assembled using a custom pipeline based on HGAP version 1.4 (Pacific Biosciences,
Menlo Park, CA) (10). Full details are provided in the Supporting Information.

Initial genotyping revealed that both the donor and recipient isolates were spa type 1, t008
(CC-8), SCCmec type IV and PVL positive. This is compatible with a USA300 clonal
origin, the most prevalent community-acquired MRSA in the United States (11). Each
isolate was sequenced in duplicate on the PacBio RS platform before and after size
selection of DNA fragments >10 kb to both allow for detection of small plasmids and to
optimize for long-read chromosomal sequencing. The finished assemblies for each isolate
consisted of a complete, circularized 2.9 Mb chromosome and two plasmids of 27 and 3 kb.
Whole genome comparison between the two isolates showed that they were identical except
for six single-base insertions/deletions (indels) in homopolymer regions on the chromosomal
DNA. Further assessment by Sanger sequencing identified these indels as assembly artifacts
(Figure S1), and confirmed that the donor and recipient isolates were genetically identical.
The transplant isolate genome is available from GenBank (accessions: CP007176-
CP007178).

To further classify and characterize our transplant isolate, we first constructed a
phylogenetic tree based on single nucleotide variant (SNV) differences within core genomic
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regions shared with nine other fully sequenced S. aureus genomes (Figure 1A), confirming a
USA300 origin. A second tree was constructed based only on USA300 isolates, using 806
core-genomic SNVs identified across 11 strains by Uhlemann et al (12) (Figure 1B). Both
trees indicate that the transplant isolate forms a distinct clade with FPR3757 and TCH1516
reference strains, even among closely related clinical isolates.

Further comparative analysis within the clade showed that all chromosomal genes from
FPR3757 and TCH1516 are present in the transplant isolate with major structural

differences limited to a 43 001 bp prophage insertion in the transplant isolate, and a 13 368
bp translocation compared to FPR3757 (Figure 1C). BLAST comparison to the GenBank
nucleotide database indicated that the insertion is closely related to the phiNM1 and phiNM2
prophages described in S. aureus Newman, which were shown to affect its virulence in a
murine model of abscess formation (13). The prophage insert carries homologs of four
virulence genes (14); three of these genes (SAV0876, SAV1978 and SAV1986) are also
present in at least one of three other prophages present on the chromosome, but one gene
(SAV0855) is unique to the prophage insert and the transplant isolate. Overall, SNV-,
structural- and plasmid-level comparisons indicated that the transplant isolate is most closely
related to TCH1516 (Figure 1C), while possessing distinct features that may affect its
virulence.

Discussion

We report the use of long-read WGS and de novo assembly of the chromosome and
plasmids to confirm transmission of MRSA via DDLT. Although the clinical and
epidemiological details of this case already provided substantial evidence of donor
transmission, WGS confirmed complete genetic identity of donor and recipient isolates.
Furthermore, since the isolates are genetically distinct from even closely related sequenced
clinical isolates, we consider posttransplant hospital acquisition extremely unlikely and
believe that our results strongly support transmission from donor to recipient. We further
expect that WGS will be particularly useful when suspected donor-transmitted bacterial
infections occur later after transplant when it is more difficult to distinguish donor-derived
infection from posttransplant hospital-acquired infection.

To date, there have been only two reports of suspected donor-transmitted S aureus
infections in SOT recipients that included efforts to confirm the relatedness of the donor and
recipient strains (15,16). In one MRSA transmission cluster involving recipients of the
kidneys and liver, evidence of identity was based on restriction fragment length
polymorhphism (RFLP) analysis and PCR typing (15). More recently, donor transmission of
methicillin-susceptible S aureus (MSSA) to two DDLT recipients was described and
relatedness was demonstrated by pulsed-field gel electrophoresis (PFGE) (16). Each of these
studies relied on a subset of genetic information to assign clonality; however, most MRSA
infections are highly related with only a handful of clones dominating the globe. As such,
these typing methods cannot provide conclusive evidence of MRSA transmission (11). In
our case of clinically presumed transmission, conventional typing revealed that both isolates
originated from the USA300 clone. Since nearly all community-acquired MRSA strains in
the United States originate from this clone (17), WGS was essential to prove genetic identity
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at both chromosome and extra-chromosomal elements. Although genome sequencing
without complete assembly has been used to differentiate hospital and community-acquired
infections and study transmission in general (5), only completely finished genomes give
absolute certainty about the genetics of a given isolate.

With a limited donor pool and an expanding transplant waiting list, consideration of organs
from infected donors is necessary. Overall, the safety and favorable outcomes associated
with donor-transmitted bacterial infections are suggested by the available literature (1,2).
However, further research is needed to better understand the risk factors, epidemiology, and
outcomes associated with transmission, particularly with resistant bacteria. We acknowledge
that our decision to accept the organ and our approach to recipient management cannot be
considered the standard of care until future studies validate the favorable outcome we
observed. Unresolved issues include whether certain organs or specific pathogens are more
likely to be associated with transmission (16). Prospective studies of donors and recipients
in suspected bacterial transmissions should be performed to enhance our understanding of
transmission risk and recipient outcomes. WGS could eliminate falsely suspected
transmissions and strengthen the case definition of bacterial transmission in such studies.

In summary, our case highlights that MRSA can be transmitted via DDLT from a donor with
recent bacteremia, and clinicians should be aware that negative blood cultures on the day of
organ donation does not always predict that transmission will not occur. However, a
favorable outcome can still be achieved with perioperative vancomycin followed by an
extended course of therapy, particularly when transmission is confirmed. In the current era
of organ shortage, transplant clinicians should consider the use of organs from donors with
bacteremia involving pathogens susceptible to standard antibacterial therapy. Finally, we
demonstrate the use of WGS to confirm transmission and propose its use in future
investigations of suspected transplant transmissions of bacterial infection. WGS should
result in a more accurate estimate of transmission rates, provide an opportunity to better
understand factors associated with transmission risk and outcome, and yield insight into
strain characteristics that are not obtained from standard assays currently in use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) Phylogeny of transplant isolate compared to nine fully sequenced staphylococci
genomes obtained from GenBank. Trees were constructed by inferring ancestral states using
RAXML-8.0.4 (18); branch lengths correspond to single nucleotide variant (SNV) distances
from branch points, and drawn using Dendroscope 3 (19). (B) Same as (A), but including 11
USAZ300 isolates only (12). (C) Detailed comparison of the transplant isolate to the closely
related TCH1516 and FPR3757 strains. Mauve 2.3.1 (20) was used to perform a comparison
of the three genomes. Colored blocks correspond to contiguous chunks of sequence in the
same order—highlighting a single rearrangement relative to FPR3757. Uncolored blocks
correspond to novel sequence in the transplant genome. Vertical gray lines correspond to
SNVs in the transplant patient relative to TCH1516 (top), FPR3757 (bottom) or both
(center). TCH1516 had 50 unique SNVs relative to the transplant isolate, compared to 68 for

FPR3757, with 93 SNVs shared.
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