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CASE REPORT

Donor‑derived vancomycin‑resistant 
enterococci transmission and bloodstream 
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Abstract 

Background: Transplant recipients are at high risk for infections. However, donor‑recipient transmission of multidrug‑
resistant organisms (MDROs) remains mostly unaddressed in the protocols of pre‑transplant infection and coloniza‑
tion screening. Vancomycin‑resistant enterococci (VRE) are MDROs that colonize the gastrointestinal tract and are 
associated with a significant burden of disease. Besides the high mortality of invasive VRE infections, chronic coloniza‑
tion leads to costly isolation measures in the hospital setting. Whereas most post‑transplantation VRE infections are 
endogenous and thus preceded by colonization of the recipient, conclusive evidence of VRE transmission via allograft 
in the context of intestinal transplantation is lacking.

Case presentation: We describe a donor‑derived VRE infection after intestinal transplantation including small bowel 
and right hemicolon. The recipient, a 54‑year old male with history of mesenteric ischemia and small bowel perfora‑
tion due to generalized atherosclerosis and chronic stenosis of the celiac trunk and the superior mesenteric artery, 
developed an intra‑abdominal infection and bloodstream infection after transplantation. VRE isolates recovered from 
the patient as well as from the allograft prior to transplantation were analyzed via whole genome sequencing. Isolates 
showed to be genetically identical, thus confirming the transmission from donor to recipient.

Conclusions: This case underlines the relevance of donor‑recipient VRE transmission and invasive infection in the 
context of intestinal transplantation, highlighting the need for preoperative MDRO screening that facilitates the 
prompt and effective treatment of possible infections as well as the timely establishment of contact precautions to 
prevent further spread.
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Background
Since the first successful small bowel transplantation in 
1988 [1], intestinal transplantation has gradually become 
a reliable therapeutic option for patients with intestinal 
failure [2]. In Germany, an average of three intestinal 

transplantations were performed yearly between 2015 
and 2019 [3]. Currently, this procedure is either con-
ducted using isolated intestinal grafts (including the right 
hemicolon), as composite graft in combination with the 
liver or in combination with the stomach and pancreati-
coduodenal complex as multivisceral graft [4, 5].

Infectious complications are common after intestinal 
and multivisceral transplantation, representing a rele-
vant cause of morbidity and mortality among recipients, 
with reports indicating a risk of up to 90% for bacterial 
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infections [6], 15–30% for cytomegalovirus infections 
and 30–50% for mycoses, respectively [7]. Of all bacte-
rial infections observed in the early postoperative period, 
60% evolve into bloodstream infections [8]. Solid organ 
transplant recipients are at high risk for infections caused 
by multidrug-resistant organisms (MDROs) [9] associ-
ated with a high attack rate and mortality, with studies 
reporting rates of up to 52% and 41%, respectively [10]. 
MDROs pose a serious threat to recipients. Due to their 
resistance to first- and second-line antibiotics as well as 
their spreading potential in the hospital setting [11], van-
comycin-resistant enterococci (VRE) constitute globally 
relevant MDROs, having been defined as microorgan-
isms of high priority for the development of new anti-
microbials by the World Health Organization [12]. In 
Germany, the proportion of VRE among invasive Ente-
rococcus faecium (E. faecium) isolates was 23.8% in 2018, 
above the European mean of 17.3% [13]. In the same 
period, this proportion amounted to 13% at our hospital.

The translocation of microorganisms from the lumen 
of an intestinal allograft to sterile sites in the recipient is a 
plausible pathophysiological mechanism of postoperative 
infection [8]. However, according to current definitions 
adopted in Europe and the United States, donor-derived 
infections are considered proven or certain when clear 
laboratory evidence of the presence of the same infec-
tious agent in the donor and the recipient is available. 
Cases in which this evidence is only suggestive or strong 
but not conclusive, donor-derived infections are classified 
as possible or probable, respectively [14, 15]. Frequently, 
the lack of conclusive data hampers the confirmation of 
proven infections of donor origin, thus leading to under-
reporting [16].

In spite of the ubiquitous presence of enterococci in the 
intestinal flora, the role of VRE in donor-derived infec-
tions following intestinal and transplantation remains 

poorly addressed [17]. We present the case of a proven 
donor-derived VRE transmission and subsequent infec-
tion after intestinal transplantation confirmed by WGS.

Case presentation
We report the case of a 54-year old male with intestinal 
failure due to a history of mesenteric ischemia and small 
bowel perforation caused by generalized atherosclerosis 
and chronic stenosis of the celiac trunk and the superior 
mesenteric artery. Initial surgical treatment consisted of 
a partial small bowel resection and creation of an end-
jejunostomy, with subsequent total parenteral nutrition. 
Three years later, the patient was admitted at our center 
for intestinal transplantation. Since the remaining foregut 
organs (stomach, liver, pancreas and spleen) were only 
perfused by the inferior mesenteric artery via the anasto-
mosis of Riolan, 2 weeks prior to transplantation (day-14) 
mesenteric revascularization was performed by means 
of an aorta-common hepatic artery bypass. Anal swabs 
taken before (day-14) and upon admission (day 0) were 
negative for vancomycin-resistant enterococci (VRE) and 
other MDRO. Prior to transplantation, a sample of allo-
graft perfusion fluid was collected as part of the routinely 
pre-transplant evaluation and sent in for general micro-
biological testing (A, Table  1). Further pre-transplant 
donor screening included testing for hepatitis B virus, 
hepatitis C virus, human immunodeficiency virus, cyto-
megalovirus, syphilis and toxoplasmosis.

On day 0, small bowel transplantation and partial 
ascending colon transplantation were performed. Induc-
tion therapy consisted of two subcutaneous doses of 
alemtuzumab (30  mg) before and 24  h after transplan-
tation. Postoperative antimicrobial therapy with pipera-
cillin/tazobactam (4.5  g QID) and micafungin (100  mg 
OD) and an immunosuppressive regime with tacroli-
mus (1  mg BID) and steroids were started. After the 

Table 1 Analyzed VRE strains, sample collection time and genetic relatedness

Code Collection Specimen Genetic relatedness

A Day 0 Allograft perfusion fluid Cluster of identical isolates, 0 alleles 
of difference. 1 allele of difference 
to P6

P1 Day +2 Blood culture, peripheral

P2 Day +2 Blood culture, central venous line

P3 Day +2 Swab, intra‑abdominal

P4 Day +3 Swab, intra‑abdominal

P5 Day +3 Swab, intra‑abdominal

P7 Day +3 Swab, gallbladder

P8 Day +3 Swab, duodenum

P9 Day +3 Swab, stomach

P6 Day +3 Swab, subcutaneus tissue 1 allele of difference to cluster

R – Reference genome, Enterococcus faecium Aus0004 
[18]

288 alleles of difference to cluster



Page 3 of 5Correa‑Martínez et al. Antimicrob Resist Infect Control           (2020) 9:180  

patient developed fever and blood infection parameters 
increased on day +2, a surgical revision was performed, 
intra-abdominal swabs were taken for microbiological 
testing and blood cultures (peripheral and central venous 
line) were drawn (P1, P2 and P3, Table  1). Antibiotic 
therapy with vancomycin (1  g BID) was started on day 
+3 after E. faecium was detected in samples P1–P3. Fur-
ther swabs (P4–P9) collected during a subsequent surgi-
cal revision were additionally sent in for microbiological 
testing. On day +4 antibiotic susceptibility testing results 
confirmed vancomycin resistance in the E. faecium iso-
lates grown in samples P1–P3. Antibiotic therapy was 
modified from vancomycin to linezolid (600 mg BID), the 
central venous line was replaced as a preventive meas-
ure and contact precautions according to the hospital’s 
internal infection control standards were implemented. 
Microbiological results obtained on day +5 confirmed 
the presence of VRE in samples P4–P9 as well as in the 
allograft perfusion fluid (sample A).

A possible VRE transmission from the donor to the 
patient suggested by the presence of VRE in the allograft 
perfusion fluid was further investigated by analyzing VRE 
strains isolated from recipient and allograft via WGS. 
For this purpose, the Illumina MiSeq platform (Illu-
mina Inc., San Diego, CA, USA) was employed as previ-
ously described [19]. After quality trimming and de novo 
assembly of the sequences, the SeqSphere + software 
version 7.0.1 (Ridom GmbH, Münster, Germany) was 
used to compare coding regions gene by gene, perform-
ing a core genome multilocus sequence typing (cgMLST) 
and depicting the genetic relatedness of the strains in a 
minimum spanning tree. Sequences differing in three 
or less alleles were considered identical or very closely 
related [20]. As observed in Fig.  1, patient isolates P1 
through P5 and P7 through P9 were identical to the allo-
graft isolate A, grouped in a single genetic cluster from 
which isolate P6 differs in only one allele. All analyzed 
isolates belonged to the sequence type ST80 and carried 
the glycopeptide resistance determinant vanB. The differ-
ence of 288 genes between the cluster and the genetically 
non-related reference genome of the E. faecium Aus0004 
(accession number: NC_017022) highlights the very close 
genetic relatedness of the isolates within the detected 
cluster.

After continuous therapy with linezolid, control blood 
cultures remained negative and intra-abdominal swabs 
taken upon relaparotomy on day +18 showed no VRE 
growth.

Discussion and conclusions
Infections caused by VRE are known to have a sig-
nificantly higher mortality than those caused by 
vancomycin-sensitive enterococci [21, 22], with 

immunocompromised and multimorbid patients being 
particularly susceptible [23, 24]. For this reason, pre-
transplant screening for VRE is routinely performed on 
potential recipients at our hospital, seeking to detect a 
possible intestinal colonization that could give rise to 
an endogenous infection in the course of hospitaliza-
tion. In the present case, a previous VRE colonization 
was ruled out, as indicated by two negative anal swabs 
taken upon admission. Therefore, transmission during 
the hospitalization period was initially considered the 
most probable origin of the postoperative VRE infec-
tion. The results of the WGS analysis performed on 
VRE isolates obtained from the patient and the allo-
graft allowed to conclusively confirm a donor-derived 
transmission, defining it as proven/certain in accord-
ance with current international concepts [14, 15].

VRE infections following solid organ transplantation 
display a mortality of 9–48%, reaching 56–80% in the first 
year after surgery [9]. A history of previous colonization 
has been shown to be strongly associated with the sub-
sequent development of VRE infection. Colonization is 
common in solid transplantation patients, with up to 12% 
being positive for VRE in the pre-transplant period [25]. 
However, donor-derived VRE infections in previously 
non-colonized recipients is still an unaddressed issue 
[17]. Evidence is scarce, with only one report of VRE 
donor-recipient transmission following liver transplan-
tation confirmed by genomic approaches in the United 
States [26]. Currently, no reports yielding information 
on VRE transmission after intestinal transplantation are 
available.

Fig. 1 Minimum spanning tree illustrating the genetic relatedness of 
the analyzed VRE strains derived from the recipient (red), the allograft 
perfusion fluid (blue) compared to the reference genome E. faecium 
AUS0004, based on 1423 target genes. Every circle represents one 
genotype, connecting lines between circles indicate number of allelic 
differences. Close genetic relation is assumed if allelic difference is 3 
or less
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Considering the overall rising incidence of VRE infec-
tions worldwide [27], increasing donor-derived VRE 
colonization and infection cases are to be expected 
in the next years. While VRE infections are correctly 
diagnosed and reported in most cases, colonization 
cases may be frequently overlooked when VRE screen-
ing procedures are not routinely performed in the con-
text of solid organ transplantation, contributing to an 
unnoticed spread of these microorganisms. In this case, 
microbiological pre-transplant allograft screening was 
performed as part of a routine microbiological analysis 
aiming at detecting a broad range of bacterial microor-
ganisms. Employing selective culture media might have 
enhanced and accelerated VRE isolation and identifi-
cation in the allograft perfusion fluid. Thus, the inclu-
sion of specific microbiological testing for VRE in the 
protocols for pre-transplant allograft screening should 
be taken into consideration, as well as further targeted 
MDRO screening techniques. This constitutes a feasi-
ble strategy for preoperative risk assessment that would 
enable the immediate administration of VRE-specific 
antibiotic therapy upon first clinical signs of infection 
in the recipient. Hence, time to administration of effec-
tive therapy could be shortened by 1–2 days, potentially 
leading to better clinical outcomes and ultimately con-
tributing to the overall reduction of post-transplant 
morbidity and mortality. Additionally, VRE testing of 
recipients should be carried out by means of anal swabs 
in patients with history of previous colonization or 
risk factors for becoming colonized. In conclusion, this 
case described a donor-derived VRE transmission after 
intestinal transplantation, highlighting the relevance of 
these pathogens in the development of serious postop-
erative infections as well as the need to consider VRE in 
pre-transplant screening protocols.

Abbreviations
BID: Bis in die, twice daily; cgMLST: Core genome multilocus sequence typ‑
ing; CT: Computed tomography; Enterococcus faecium: E. faecium; MDRO: 
Multidrug‑resistant organism; MDRGN: Multidrug‑resistant Gram‑negative 
bacteria; OD: Omne in die, once daily.; QID: Quarter in die, four times daily.; VRE: 
Vancomycin‑resistant enterococci; WGS: Whole genome sequencing.

Acknowledgements
Not applicable.

Authors’ contributions
CLCM: data collection, whole genome sequencing analysis and manuscript 
drafting. FB: surgical procedures and clinical management, manuscript 
drafting. VS: conceptual development, manuscript drafting and revision. AM: 
conceptual development, manuscript revision. JGB: surgical procedures and 
clinical management, manuscript revision. SK: microbiological diagnostic 
procedures, coordination, revision of the manuscript. All authors read and 
approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
in the ENA repository (PRJEB40484).

Ethics approval and consent to participate
The need for ethics approval was waived by the Ethics Commission of the 
Medical Council of Westphalia‑Lippe and the University of Münster.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report. A copy of the written consent is available for review by the 
Editor‑in‑Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Hygiene, University Hospital Münster, Robert‑Koch‑Straße 41, 
48149 Münster, Germany. 2 Department of General, Visceral and Transplant 
Surgery, University Hospital Münster, Waldeyerstraße 1, 48149 Münster, 
Germany. 3 Institute of Medical Microbiology, University Hospital Münster, 
Domgakstraße 10, 48149 Münster, Germany. 

Received: 15 July 2020   Accepted: 28 October 2020

References
 1. Deltz E, Schroeder P, Gebhardt H, Guntlach M, Timmermann W. Sucessful 

clinical small bowel transplantation: report of a case. Clin Transplant. 
1989;3(2):89–91.

 2. Vianna RM, Mangus RS, Tector AJ. Current status of small bowel and 
multivisceral transplantation. Adv Surg. 2008;42:129–50.

 3. Waage P, Blome B. Jahresbericht. Organspende und Transplantation in 
Deutschland. Frankfurt am Main: Deutsche Stiftung Organtransplanta‑
tion; 2019.

 4. Loo L, Vrakas G, Reddy S, Allan P. Intestinal transplantation: a review. Curr 
Opin Gastroenterol. 2017;33(3):203–11.

 5. Kato T, Selvaggi G, Gaynor JJ, Takahashi H, Nishida S, Moon J, et al. Inclu‑
sion of donor colon and ileocecal valve in intestinal transplantation. 
Transplantation. 2008;86(2):293–7.

 6. Guaraldi G, Cocchi S, Codeluppi M, Di Benedetto F, De Ruvo N, Masetti M, 
et al. Outcome, incidence, and timing of infectious complications in small 
bowel and multivisceral organ transplantation patients. Transplantation. 
2005;80(12):1742–8.

 7. Mangus RS, Tector AJ, Kubal CA, Fridell JA, Vianna RM. Multivisceral 
transplantation: expanding indications and improving outcomes. J 
Gastrointest Surg. 2013;17(1):179–86.

 8. Girlanda R, Timpone JG, Soriano KM, Fishbein TM. Infections in intestinal 
and multivisceral transplantation. In: Safdar A, editor. Principles and prac‑
tice of transplant infectious diseases. Berlin: Springer; 2019. p. 111–39.

 9. Bartoletti M, Giannella M, Tedeschi S, Viale P. Multidrug‑resistant bacterial 
infections in solid organ transplant candidates and recipients. Infect Dis 
Clin North Am. 2018;32(3):551–80.

 10. Lewis JD, Sifri CD. Multidrug‑resistant bacterial donor‑derived infections 
in solid organ transplantation. Curr Infect Dis Rep. 2016;18(6):18.

 11. Zhou MJ, Li J, Salmasian H, Zachariah P, Yang YX, Freedberg DE. The local 
hospital milieu and healthcare‑associated vancomycin‑resistant entero‑
coccus acquisition. J Hosp Infect. 2019;101(1):69–75.

 12. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, 
et al. Discovery, research, and development of new antibiotics: the WHO 
priority list of antibiotic‑resistant bacteria and tuberculosis. Lancet Infect 
Dis. 2018;18(3):318–27.

 13. European Centre for Disease Prevention and Control (ECDC). Surveillance 
of antimicrobial resistance in Europe 2018. Stockholm: European Centre 
for Disease Prevention and Control, 2019. https ://www.ecdc.europ a.eu/
sites /defau lt/files /docum ents/surve illan ce‑antim icrob ial‑resis tance 
‑Europ e‑2018.pdf. Accessed 18 September 2020.

https://www.ecdc.europa.eu/sites/default/files/documents/surveillance-antimicrobial-resistance-Europe-2018.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/surveillance-antimicrobial-resistance-Europe-2018.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/surveillance-antimicrobial-resistance-Europe-2018.pdf


Page 5 of 5Correa‑Martínez et al. Antimicrob Resist Infect Control           (2020) 9:180  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 14. Garzoni C, Ison MG. Uniform definitions for donor‑derived infectious 
disease transmissions in solid organ transplantation. Transplantation. 
2011;92(12):1297–300.

 15. European Committee (Partial Agreement) on Organ Transplantation 
(CD‑P‑TO). Guide to the Quality and Safety of Organs for Transplantation. 
Strasbourg: European Directorate for the Quality of Medicines & Health‑
Care (EDQM); 2018.

 16. Ison MG, Grossi P. Donor‑derived infections in solid organ transplantation. 
Am J Transplant. 2013;13(Suppl 4):22–30.

 17. Nellore A, Huprikar S, Ast ID Community of Practice. Vancomycin‑resistant 
Enterococcus in solid organ transplant recipients: Guidelines from the 
American Society of Transplantation Infectious Diseases Community of 
Practice. Clin Transplant. 2019;33(9):e13549.

 18. Lam MM, Seemann T, Bulach DM, Gladman SL, Chen H, Haring V, et al. 
Comparative analysis of the first complete Enterococcus faecium genome. 
J Bacteriol. 2012;194(9):2334–41.

 19. Mellmann A, Bletz S, Boking T, Kipp F, Becker K, Schultes A, et al. Real‑time 
genome sequencing of resistant bacteria provides precision infection 
control in an institutional setting. J Clin Microbiol. 2016;54(12):2874–81.

 20. de Been M, Pinholt M, Top J, Bletz S, Mellmann A, van Schaik W, et al. Core 
genome multilocus sequence typing scheme for high‑resolution typing 
of Enterococcus faecium. J Clin Microbiol. 2015;53(12):3788–97.

 21. Prematunge C, MacDougall C, Johnstone J, Adomako K, Lam F, Robertson 
J, et al. VRE and VSE bacteremia outcomes in the era of effective VRE 
therapy: a systematic review and meta‑analysis. Infect Control Hosp 
Epidemiol. 2016;37(1):26–35.

 22. DiazGranados CA, Zimmer SM, Klein M, Jernigan JA. Comparison of mor‑
tality associated with vancomycin‑resistant and vancomycin‑susceptible 

enterococcal bloodstream infections: a meta‑analysis. Clin Infect Dis. 
2005;41(3):327–33.

 23. D’Agata EM, Green WK, Schulman G, Li H, Tang YW, Schaffner W. 
Vancomycin‑resistant enterococci among chronic hemodialysis patients: 
a prospective study of acquisition. Clin Infect Dis. 2001;32(1):23–9.

 24. Pan SC, Wang JT, Chen YC, Chang YY, Chen ML, Chang SC. Incidence 
of and risk factors for infection or colonization of vancomycin‑
resistant enterococci in patients in the intensive care unit. PLoS ONE. 
2012;7(10):e47297.

 25. Ziakas PD, Pliakos EE, Zervou FN, Knoll BM, Rice LB, Mylonakis E. MRSA 
and VRE colonization in solid organ transplantation: a meta‑analysis of 
published studies. Am J Transplant. 2014;14(8):1887–94.

 26. Bashir A, Attie O, Sullivan M, Sebra R, Singh KV, Altman D, et al. 
Genomic confirmation of vancomycin‑resistant Enterococcus trans‑
mission from deceased donor to liver transplant recipient. PLoS ONE. 
2017;12(3):e0170449.

 27. Pfaller MA, Cormican M, Flamm RK, Mendes RE, Jones RN. Temporal and 
geographic variation in antimicrobial susceptibility and resistance pat‑
terns of Enterococci: results from the SENTRY Antimicrobial Surveillance 
Program, 1997–2016. Open Forum Infect Dis. 2019;6(Suppl 1):S54‑s62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Donor-derived vancomycin-resistant enterococci transmission and bloodstream infection after intestinal transplantation
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


