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ABSTRACT

Introduction. Preservation solutions (PS), in which grafts for patients undergoing liver
transplantation are stored, represent a medium suitable for microorganism growth and a
potential source for transmission of pathogenic germs to the transplant recipients. The aim
of the present study was to review the relevant literature for the incidence and predictors of
positive microbiological findings in the PS.

Patients and Methods. We performed a literature review of publications on bacterial
and fungal contamination of PS during cold organ storage focusing on its impact on
bacteremia and/or nosocomial infection of the recipient.

Results. Overall 19 studies were reviewed, published between the years 2000 and 2016,
that encompassed a total of 5647 patients. Positive cultures were identified in 1428 patients
(25%). The documentation of bacteremia showed a wide deviation with documented
ranges between 0% and 69%. Data on the identification of same species or of related
nosocomial infections were only sparsely available; same species were found in a rate of 0%
to 8%, and nosocomial infections were attributed to them in an incidence of 0% to 19%.

Conclusions. Our study underlines both the limited published data and the contradictory
available information on contamination of preservation solution in solid organ trans-
plantation, not allowing for any recommendations. The necessity for prospective, multi-

centric studies on this topic is mandatory.

HE GREAT evolution in surgical techniques, anes-

thesia, perioperative management and immunosup-
pression during the past 4 decades returned solid organ
transplantation from an “experimental” surgical procedure
to a standard of care for patients with end-stage liver disease
after careful selection [1-4]. However, short-term post-
transplant results may be limited through infectious com-
plications, which remain a significant cause of morbidity and
mortality in this particular group of patients [5]. The
frequent admissions of the patients to the hospital, the
reduced general condition due to the organ failure, the
hospitalization status per se prior to organ transplantation,
and the provided immunosuppression contribute to an
increased risk of posttransplant infection. Furthermore, the
preservation solutions (PS), in which grafts are stored,
represent a medium suitable for microorganism growth and
a potential source for transmission of pathogenic germs to
the transplant recipients. However, the prevalence and the
clinical consequences of bacterial and fungal contamination
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of this fluid are not completely understood, and literature
on this topic is controversial [6-24]. The aim of the present
study was to review the relevant literature for the incidence
and predictors of positive microbiological findings in the PS.

MATERIALS AND METHODS

For the purposes of the present study, we performed a literature
review of publications on bacterial and fungal contamination of PS
during cold organ storage, focusing on its impact on bacteremia
and/or nosocomial infection of the recipient. The MEDLINE
database was searched. The terms “transplantation,” “preservation

*Address correspondence to Georgios C. Sotiropoulos, MD,
PhD, FACS, 2nd Department of Propaedeutic Surgery, National
and Kapodistrian University of Athens, Laiko Hospital, Agiou
Thoma 17, 11527 Athens, Greece. Tel: +30 210 7709948,
Fax: +30 210 7709949. E-mail: georgios.sotiropoulos@
uni-due.de

© 2019 Elsevier Inc. All rights reserved.
230 Park Avenue, New York, NY 10169

Transplantation Proceedings, 51, 392-395 (2019)


mailto:georgios.sotiropoulos@uni-due.de
mailto:georgios.sotiropoulos@uni-due.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.transproceed.2019.01.070&domain=pdf
https://doi.org/10.1016/j.transproceed.2019.01.070

Table 1. Literature Review of Publications About Bacterial and Fungal Contamination of Preservation Fluid During Cold Organ Storage and the Impact of Such Contamination on
Bacteraemia or Nosocomial Infection of the Recipient

Number of Positive Cultures,
Author; Year Grafts (N) Organ n (%) Bacteremia (%) Same Species, n (%) Related NI, % Suggestion
Zibari [6]; 2000 599 Heart 46 (7.5) 27 8 0 Contamination should not be a contraindication for transplant
Liver 22 0 0
Kidney 0
Wakelin [7]; 2005 269 Kidney 61 (23) 0 Routine culturing of PS and appropriate treatment
Cerutti [8]; 2006 610 Liver 293 (48) 21 11/610 (1.8) 4 Donors with prolonged ICU stay are at risk of infection
Older donor age associated with pathogen transmission to the
recipient
Mattner [9]; 2008 282 Heart-Lung 150 (53) 69 11/282 (3.9) 19 Despite high contamination rates, infection is rare after transplant
Heart 22 with adequate preoperative antibiotics and aseptic surgery
Lung 34
Liver 28 1.3
Canaud [10]*; 2009 874 Kidney 8 (1) 0.2 Early antifungal therapy recommended
Ruiz [11]; 2009 60 Liver 89 (98) 4 (7) 0 0 No routine culturing of PS necessary
Botterel [12]*; 2010 659 Heart 0/62 (0) 3.4) 3/659 (0.4) Optimization of microbiological procedures
Kidney 11/356 (3)
Liver 10/241 (4)
Veroux [13]; 2010 62 Kidney 24/62 (39) 0 0 0 Prophylactic antibiotic therapy
Audet [14]; 2011 232 Liver 91/232 (39) 5.6 Periodic detection
Antibiotics “on demand”
Chaim [15]; 2011 121 Liver 15/121 (12) (0.8) 1/121 (0.8) 0.8 Optimization of microbiological procedures
Janny [16]; 2011 477 Liver 45/477 (9.5) 1.7 (8/45) Appropriate antibiotics “on demand”
Mattana [17]; 2011 136 Kidney/ 38/136 (28) Contamination not associated with recipient’s infection
Pancreas
Sauget [18]; 2011 426 Liver 131/426 (31) 12/426 (2.8) Only 1 case was cross-transmitted via the transplant
Kidney
Grat [19]; 2012 46 Liver 39/46 (85) 0 Contamination may lead to temporary impairment of graft
function
Yansouni [20]; 2012 331 Kidney 205/331 (62) Contamination associated with clinical bacterial infections
Liver
Pancreas
Heart
Bertrand [21]; 2013 165 Kidney 62/165 (38) 2/62 (1.2) 2/62 (1.2) 0 No routine culturing of PS necessary
May increase the rate of ESBL-PE emergence
Rodrigues [22]%; 70 Kidney 6/70 (9) 2.9 (2/70) Routine culturing is crucial
2013
Garcia-Zamora [23]; 178 Liver 79/178 (44) A standardized protocol including fungal and bacterial cultures
2015 could be beneficial
Oriol [24]; 2016 50 Liver 46/50 (92) 14/50 (28) Administration of targeted antimicrobial treatment for organisms

isolated in the preservation fluid

Abbreviations: ESBL-PE, extended-spectrum f-lactamase-producing Enterobacteriaceae; ICU, intensive care unit; NI, nosocomial infection; PS, preservation solution.

*Fungal infections.
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solution,” and “contamination” were combined and yielded 86;
articles that referred to nonsolid organ transplantation, case
reports, and reviews were excluded.

RESULTS

Overall 19 studies were reviewed that were published
between the years 2000 and 2016 and encompassed a total
of 5419 patients. The characteristics of the included studies
are summarized in Table 1. Positive cultures were identified
in 1324 patients (24%). The documentation of bacteremia
showed a wide deviation with documented ranges between
0% and 69%. Data on the identification of the same species
or of related nosocomial infections were only sparsely
available; the same species were found in a rate of 0% to
8%, and nosocomial infections were attributed to them in
an incidence of 0% to 19% (Table 1).

DISCUSSION

According to the results of every study, a variety of sug-
gestions could be composed, even though they were some-
times contradictory [6-24]. Contamination of PS should not
be considered a contraindication to organ transplantation
[6] since it is not associated with the recipient’s infection
[9,17] nor it is extremely rarely cross-transmitted via the
solid-organ transplantation [8,15,18]. However, other
authors concluded that contamination might lead to tem-
porary impairment of graft function [19] or can be associ-
ated with clinical bacterial infections [20]. Though some
investigators propose that nonroutine culturing of PS is
needed [11,21] or putting the periodic detection forward
and the application of antibiotics “on demand” [14,16],
others underline the necessity for optimization of the
microbiological procedures [12,15]. Routine culturing is
critical [22], as well as appropriate treatment [7].

Concerning the use of antimicrobial therapy, a range of
different suggestions can be found, including prophylactic
antibiotics [9,13], antibiotics “on demand” [14,16], early
antifungal therapy [10], and no antibiotics [21]. Bertrand
et al described that the use of pre-emptive antibiotics for
patients with positive PS cultures was an independent risk
factor for extended-spectrum B-lactamase-producing
Enterobacteriaceae (ESBL-PE) acquisition in both univar-
iate and multivariate analyses [21]. The application of more
sensitive culture methods increased the incidence of iden-
tification of bacterial contamination of PS and led to a
correspondingly higher prescription of antibiotics, ESBL-PE
carriage, and related infections [21]. Therefore, according
to the authors, the systematic use of PS blood bottle cultures
in kidney transplantation may have no benefit and might
increase the rate of ESBL-PE emergence [21]. Interestingly,
the second study suggesting no routine culturing of PS [11],
applied posttransplant infection prophylactic protocol con-
sisting of ampicillin, and cefotaxime for 48 hours.

Cerutti et al analyzed the results of microbiologic cultures
obtained before organ recovery in intensive care unit (ICU)
and routinely at operation from 610 consecutive liver
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donors and demonstrated both high contamination rates of
48% and considerable bacteremia in 21% of the instances
[8]. Nonetheless, although 1-year patient/graft survival rates
were not influenced by donor culture positivity, pathogen
transmission occurred in 11 cases with significant recipient
1-year mortality [45%]. This was the first study to highlight
prognostic factors for donor infection, such as an ICU stay
of 3 or more days, in multivariate analysis [8]. In conclusion,
donors with a prolonged ICU stay were found to be at
increased risk of infection, while older donor age was
associated with pathogen transmission to the recipient [8§].

Controversy remains regarding the need for routine
culturing of PS [11,21,22] and the consequent management
in cases of positive results [9,10,13,14,16,21]. Contamination
of PS may have from no consequences to the recipient
related to life-threatening complications [19,20]. However,
due to the poor data available, no satisfactory level of evi-
dence exists; as a result, no recommendation by the trans-
plant registries can be made. The present study underlines
both the limited published data and the equivocal available
information on contamination of PS in solid organ trans-
plantation, so no recommendation can be made. The
necessity for prospective, multicentric studies on this topic is
mandatory.
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