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Abstract: Organ preservation solutions have become vital for successful
transplantation, and with the ever-rising number of transplantations yearly,
pathogenic contamination poses a significant threat to the recipient, leading
to posttransplant infections and complications. Microbial contamination in
organ preservation solutions can result in severe infectious complications, in-
creasing recipient mortality rates. Addressing this pressing concern is essen-
tial for patient safety and optimal transplant outcomes. Opportunistic infec-
tions posttransplantation underscore the need for effective antimicrobial pro-
phylaxis. Among the multidrug-resistant pathogens, the ESKAPE bacteria
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter sp.)
present grave challenges, as do fungal infections like candidiasis, aspergillo-
sis, and cryptococcosis. Microbial contamination during organ transplanta-
tion significantly elevates infection risks and mortality rates. Maintaining
vigilance, adhering to infection control measures, and swift intervention are
critical to mitigating these threats and ensuring successful transplant out-
comes. Ongoing research is combating antimicrobial resistance and biofilm
formation in pathogens. The narrative review aims to bridge knowledge gaps
by presenting recent updates and studies, thereby contributing to a compre-
hensive understanding of preventive strategies and enhanced patient out-
comes. Databases, including PubMed and Scopus, were consulted for articles
published from 1980 to 2024 in the preparation of this article.
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O rgan preservation is crucial for transplantation success,
allowing safe organ transport and minimizing contamination

risks.1 In 2024, over 48,000 transplants were performed,2 yet a
study by Zhang et al found that 64.5% of preservation solutions
were contaminated, increasing transplant failure risks.3

Patients with terminal organ failure rely on transplantation
for survival. Despite advancements, donor shortages, limited graft
viability, and contamination persist as challenges.4,5 Traditional
preservation uses hypothermia, replacing blood with specialized
solutions to sustain organ function.1 The composition of these so-
lutions is critical, driving research into optimal formulations.1,5

Posttransplant infections, especially in kidney recipients,
pose significant risks due to surgical complications and immuno-
suppressive therapy. A study reported 77.8% contamination in preser-
vation fluids, increasing infection risks.6 Early posttransplant infections
can originate from preservation fluids, with microbial contamination
occurring during procurement or from the donor organ itself.6

Organ exchange networks improve donor-recipient matching
and mitigate hypoxia-induced damage.7 However, preservation
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solutions, intended to protect organs, may also introduce infec-
tions, which can impact patient safety and transplant outcomes.
A critical review of this balance is essential for optimizing trans-
plantation success. Databases, including PubMed and Scopus,
were consulted for articles published from 1980 to 2024 in the
preparation of this article.

ORGAN PRESERVATION SOLUTIONS
Over the past 4 decades, organ preservation has become a cor-

nerstone of modern transplantation, relying on sterile, regulatory-
compliant synthetic solutions. These solutions support the preserva-
tion of solid organ grafts, including abdominal and cardiothoracic
organs, in a standardized manner. The evolution of organ preserva-
tion solutions (OPSs) has been driven by a deeper understanding of
postextraction organ changes.8

OPSs are now routine in organ transplantation but are vital
“pseudo drugs.”Like pharmaceutical agents, they require rigorous
validation and adherence to regulatory standards. This quality as-
surance ensures the ongoing improvement of OPSs and
strengthens their role in successful organ transplantation.8

TYPES AND CHARACTERISTICS OF ORGAN
PRESERVATION SOLUTIONS (OPS)

Collins and EuroCollins Solutions
The introduction of Collins solution in 1969marked a signif-

icant milestone as the first commercially available preservation
solution. It was employed until 1980 to preserve vital organs, in-
cluding the heart, liver, kidneys, and pulmonary tissues. Subse-
quent modifications led to the development of EuroCollins, which
enhanced the solution by introducing impermeability to its com-
position, thereby fortifying its quality. This innovation was advan-
tageous in affording superior protection against prolonged periods
of cold ischemia, a critical factor in organ preservation.9

University of Wisconsin (UW) Solution
The UW solution is widely recognized as the standard for pre-

serving abdominal organs.10 It contains raffinose, hydroxyethyl
starch to prevent edema, lactobionate as an antioxidant, and gluco-
nate with low viscosity.9 It is primarily used for abdominal organs
like the pancreas, improving outcomes with cold storage.11 A mod-
ified version, UW-gluconate, is used in experimental perfusion ma-
chines to support hepatic metabolism.12 Although it has a higher in-
cidence of biliary stenosis compared to solutions like IGL-1 and
HTK, the UW solution excels in preserving organs during extended
cold ischemia periods.13

IGL-1 (Institute George Lopez-1) Solution
The IGL-1 solution, composed of polyethylene glycol

(PEG), inverted sodium/potassium content, and low viscosity, is
a notable alternative toUW solution.14 Studies show that it outper-
forms UW in preventing ATP loss and reducing proteolysis in he-
patic tissue, making it an excellent choice for liver preservation. In
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kidney preservation, IGL-1 delivers comparable results to UW in
graft function, rejection rates, and patient survival.14–16

Histidine-Tryptophan-Ketoglutarate
(HTK) Solution

Originally developed in the 1970s as a cardioplegic solution
for open heart surgery,17 the HTK solution has evolved to encom-
pass preservation of the liver, kidney, and pancreas.18,19 It com-
prises essential components such as histidine, tryptophan, and
ketoglutarate, along with sodium chloride, potassium chloride,
magnesium chloride, mannitol, and calcium chloride.20 HTK so-
lution has a multifaceted function with tryptophan acting as a sta-
bilizer, ketoglutarate as an energy source, and histidine as a buffer
against pH decline during cold ischemic conditions.17

Celsior Solution
Introduced in 1994, the Celsior solution represents an extracellu-

lar approach to preservation, effectively utilized for cardiac grafts,
lungs, liver, pancreas, kidneys, and small bowel.21,22 Combining ele-
ments from HTK and UW solutions, ie, mannitol and lactobionate,
Celsior incorporates impermeants to prevent cellular edema and a
free-radical scavenger to enhance preservation. Its unique composition
confers a heightened capacity to buffer against acidosiswhilemaintain-
ing lower viscosity compared toUW.23Celsior is consisted ofmannitol,
lactobionate, glutamate, histidine, calciumchloride, potassiumchloride,
magnesium chloride, sodium hydroxide, and glutathione.24

HC-A and HC-A II Solutions
HC-A, a hyperosmolar citrate-based solution, promotes kidney

function enhancement, and its high mannitol content serves as an
impermeant to reduce cellular edema and mitigate oxidative stress.14

HC-A II, an iteration of HC-A, incorporates citrate and phosphate
buffers, a lower concentration of magnesium, and a higher concentra-
tion of adenosine, along with additional substances such as arginine,
tryptophan, and ligustrazine to stabilize cell membranes and mito-
chondrial activity. These solutions have demonstrated effectiveness
and safety in kidney preservation comparable to other established so-
lutions such as HTK Solutions.25
FIGURE 1. Major pathways through which organ preservation solution
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In essence, although OPS compositions vary, their common
goal is to rapidly lower graft temperature, preventing cellular
swelling and acidification, thereby improving functionality during
reperfusion.26 These solutions offer distinct benefits and limita-
tions, with some designed for specific organs or regions, whereas
others show potential for broader use. For example, the UW solu-
tion is highly effective for preserving kidneys and livers, whereas
solutions like Celsior, HTK, and Cardiosol, originally designed
for thoracic organs, are now being explored for abdominal organ
preservation.27,28

COMPLICATIONS AFTER TRANSPLANTATIONS
Postsolid organ transplantation, opportunistic infections are a

leading cause of morbidity and mortality.29 The use of potent im-
munosuppressive regimens has increased vulnerability to infec-
tions, particularly bacterial and fungal, often acquired nosocomially
through routes like vascular access, drainage systems, endotracheal
intubation, or surgical incisions. However, stringent antimicrobial
prophylaxis has reduced the incidence of such infections. In a study,
98.4% of positive culture OPS showed no bacterial transmission
to recipients who received antibacterial prophylaxis 48 hours
posttransplantation.29

Infection Risks
Impurities in preservation solutions can significantly increase

the risk of infections posttransplantation, raising illness and mortal-
ity rates among recipients.30 Transplant patients are already more
vulnerable due to factors like repeated hospitalizations, organ fail-
ure, extended pretransplant stays, and immunosuppressive treat-
ments. Preservation solutions, although protecting grafts, can also
promote microbial growth, becoming reservoirs of pathogens that
may be transmitted to recipients. Contamination can lead to compli-
cations ranging from mild to life-threatening.30 There can be multi-
ple reservoirs of contamination (Fig. 1).

Bacterial Pathogens
Six nosocomial bacterial infections have emerged as particu-

larly concerning due to their multidrug resistance and virulence:
can become contaminated.
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E. faecium, S. aureus, K. pneumoniae, A. baumannii, P. aeruginosa,
and Enterobacter sp. Collectively known by the acronym ESKAPE,
these pathogens present a formidable challenge to treatment. The
prolonged and widespread use of antibiotics has fueled the evolu-
tion of pathogens exhibiting both multidrug and wide drug resis-
tance, rendering even the most potent antimicrobial agents ineffec-
tive. Notably, gram-negative bacteria that produce carbapenemase
and extended-spectrum β-lactamases (ESBL) have emerged as a
significant treatment hurdle.31 For instance, E. faecium, a gram-
positive organism normally residing in the human gastrointestinal
tract, can causevarious infections, including bacteremia, endocarditis,
and neonatal meningitis. S. aureus, another gram-positive bacterium
that colonizes human skin and the upper respiratory tract, can lead to
a spectrum of infections ranging from pneumonia to sepsis.32

K. pneumoniae, a gram-negative member of the human mi-
crobiota found in the skin and digestive system, is associated with
infections like respiratory and urinary tract infections, as well as
bacteremia and liver abscesses. A. baumannii, a common gram-
negative bacterium, can induce respiratory and urinary infections.
P. aeruginosa, another gram-negative pathogen, is responsible for
various illnesses, including lung infections (especially in cystic fi-
brosis patients), urinary tract infections, and skin infections (often
in burn injury cases). Enterobacter, a genus of gram-negative bac-
teria that can be commensal in the human gastrointestinal system,
has been linked to skin, lung, and urinary tract infections.32

Several other bacterial species known to contaminate preser-
vation solutions include Enterobacteriaceae, Propionibacterium,
Corynebacterium, Lactobacillus, Streptococcus, Peptostreptococcus,
coagulase-negative staphylococci, Clostridium difficile, Pseudomonas,
Bacillus sp. (especially B. cereus), Micrococcus, and more.33

Instances of infection demonstrated a marked increase in pa-
tients with microbial contamination compared to those in sterile
environments.34 Furthermore, the prevalence of potentially clini-
cally significant donor-derived infections (p-DDIs) was signifi-
cantly higher in cases where ESKAPE contamination was present,
as opposed to other forms of bacterial contamination. Univariate
analysis indicated that ESKAPE contamination was associated
with an elevated risk of p-DDIs.35 In recent times, the rise in cases
of multidrug resistance (MDR), extensive drug resistance (XDR),
and pan-drug resistance (PDR) among infections caused by
ESKAPE pathogens has become a growing concern.36

In a comprehensive study conducted by Li et al, encompassing
data from the years 2015 to 2020 (n = 1395), the prevalence of different
pathogens was determined as follows: Staphylococcus sp., 35.6%;
Enterococcus sp., 14.5%; Klebsiella sp., 8.4%; Candida sp., 8.1%;
Pseudomonas sp., 6.5%; Acinetobacter sp., 4.7%; and Enterobac-
teriaceae sp., 5.3%.36

E. faecium
E. faecium, a member of the facultative gram-positive cocci

family, commonly resides in the gastrointestinal tract of humans,
serving as commensals.37

Vancomycin-resistant Enterococcus (VRE) stands out as a
significant multidrug-resistant nosocomial infection in South
India, with prevalence escalating from 6.12% to 19.2% over a pe-
riod of 3 years.38 VRE colonization denotes the presence of VRE
bacteria within the body without causing an active infection, often
preceding a VRE infection. Once established, VRE colonization
can persist for extended durations, spanning from months to
years.5,39,40

VRE infection manifests with diverse clinical presentations,
varying in frequency and organ-specific occurrences.41 Infections
attributed to VRE can take on several forms, with surgical site in-
fections and organ/space infections being the most frequently en-
countered. In the context of solid organ transplant recipients, such
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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as liver, kidney, or thoracic transplants, VRE infections can lead to
specific complications:

• Liver transplant recipients may experience VRE-related biliary
tract infections and intra-abdominal abscesses.

• Kidney transplant recipients often present with VRE-
induced pyelonephritis.

• Thoracic transplant recipients may develop mediastinitis due to
VRE infection.

It is noteworthy that surgical site infections associated with
VRE can escalate to bloodstream infections.42

VRE-induced complications have the potential to seriously
impact the transplant procedure's success. Swift identification, ap-
propriate treatment strategies, and unwavering adherence to infec-
tion prevention protocols are pivotal in effectively managing VRE
infections within these vulnerable patient populations.43

S. aureus
S. aureus causes severe infections due to its virulence and

toxin production.44 It colonizes the skin and nares in ~30% of
healthy adults but can become invasive if barriers are breached.
Its biofilm-forming ability associates it with intravascular cathe-
ters, urinary catheters, and endotracheal tubes.45 Infections range
from skin and soft tissue infections to pneumonia, bacteremia, en-
docarditis, and osteomyelitis.44

Ameta-analysis revealed that patients colonized withMRSA
before transplantation had a 6-fold higher risk of posttransplant
MRSA infections, whereas those colonized afterward faced an
11-fold increase. In the pretransplant phase, approximately 8.5%
of patients were MRSA-colonized, a prevalence comparable to
other high-risk groups like hemodialysis patients.46 Comparative
analysis between individuals infected with methicillin-susceptible S.
aureus (MSSA) and MRSA has associated MRSA bloodstream in-
fections (BSIs) and surgical site infections (SSIs) with longer median
hospital stays, increased hospital expenses, and elevated fatality rates.
The exclusion ofMRSA from the respiratory system has been linked
to decreased survival in cystic fibrosis patients awaiting lung trans-
plants. The impact of this phenomenon, however, can vary based
on specific centers, organ types, and the site of infection.47

K. pneumoniae
K. pneumoniae is a major cause of healthcare-acquired

gram-negative bacteremia, with multidrug-resistant strains at
34.37% prevalence and an overall pooled prevalence of 2%.48 An-
timicrobial resistance, especially in ESBL-producing strains, has
risen sharply. High-risk groups include solid-organ transplant
(SOT) recipients, chronic liver disease patients, dialysis patients,
and cancer patients.49 SOT recipients, due to organ failure, major
surgery, and lifelong immunosuppression, are particularly vulner-
able to multidrug-resistant K. pneumoniae infections.50

Carbapenem-resistant K. pneumoniae (CR-Kp) bacteremia
can manifest among intestinal and liver transplant recipients.51

In these cases, CR-Kp infections are frequently associated with
various intra-abdominal complications such as abscesses, perito-
nitis, or biliary infections.

The emergence of carbapenem-resistant strains of K.
pneumoniae is especially concerning due to their resistance to
multiple antibiotics, including carbapenems, which are considered
a last-resort treatment option for severe bacterial infections.51

The spectrum of infections caused by K. pneumoniae is
broad, encompassing bacteremia, urinary tract infections, pneu-
monia, and surgical site infections. Compounding the challenge
of managing these infections is their multidrug resistance.52
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Acinetobacter baumanii
A. baumannii has become a significant concern in recent years

due to its resistance to multiple antibiotics.53,54 A. baumannii is
known for its ability to persist in the hospital environment and is
considered an opportunistic pathogen. It has inherent resistance to
certain β-lactam antibiotics. It can also acquire resistance to virtu-
ally all available antimicrobial agents.55

Carbapenem-resistant A. baumannii (categorized as exten-
sively drug-resistant [XDR]) is responsible for an increasing num-
ber of nosocomial (hospital-acquired) infections in the United
States. They are resistant to all antimicrobial agents except for
polymyxins, such as colistin, and tigecycline.56

P. aeruginosa
P. aeruginosa, classified as a non–lactose-fermenting gram-

negative bacillus, is highly virulent, inherently resistant to certain
commonly employed antibiotics, and possesses the capacity to
evolve resistance across multiple antibiotic classes.57–59 Conse-
quently, it gives rise to both acute and chronic infections that
can prove fatal, particularly in immunocompromised individuals.

P. aeruginosa holds significant implications for liver trans-
plantation. Among bacteremia liver transplant (LT) recipients, the
abdominal/biliary tract and intravascular catheters have emerged as
primary portals for P. aeruginosa infections. Multiple studies have
consistently identified these sources.59–61 Intra-abdominal infec-
tions, including abscesses or peritonitis, can provide a conduit
for P. aeruginosa to infiltrate the bloodstream, sparking bacter-
emia in LT recipients. Similarly, the biliary tract, encompassing
the bile ducts, stands as another potential wellspring of P.
aeruginosa infection.

Intravascular catheters, such as central venous catheters or
other vascular access devices, can serve as entry points for P.
aeruginosa. These catheters are routinely employed in LT recipi-
ents for a spectrum of purposes, including monitoring, fluid ad-
ministration, and medication delivery.59

Enterobacter Species
In recent times, the emergence of carbapenem-resistant En-

terobacteriaceae (CRE) has escalated into a public health
concern.62 This development poses a challenge for solid organ
transplantation. Being a transplant recipient stands as an indepen-
dent risk factor for contracting CRE infections.63 The transplant
population embodies several established risk factors for coloniza-
tion and infection by drug-resistant pathogens, including repeated
exposure to broad-spectrum antimicrobials, extensive engage-
ment with healthcare facilities, prolonged hospitalization, inten-
sive care unit exposure, and renal impairment.64,65

Infections mainly occur early posttransplantation, with sites
varying by organ type.66 Lung transplants, for instance, are linked
to pneumonia, whereas liver transplants are associated with intra-
abdominal infections and bacteremia. Similarly, kidney transplant
recipients may experience urinary tract infections as a primary
source of infection.67,68

Fungal Infections
Invasive mycotic infections present a formidable challenge

for individuals who have undergone solid organ transplantation
(SOT).69 Predominantly, candidiasis is the most common invasive
fungal infection (IFI) in transplanted patients, accounting for 50%
to 60% of infections. The second most common IFI is aspergillo-
sis, accounting for 20% to 25% of cases. However, in lung trans-
plant recipients, it accounts for most cases of IFIs. Cryptococcus
species (6%–7%), the endemic fungi (5%), and many other rare
and emerging mycoses cause the remaining infections.70
4 www.infectdis.com
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The contamination of preservation fluids byCandida species
has been linked to significantly elevated mortality. Stern et al in-
vestigated 2521 preservation solutions (PSs) and identified fungal
contamination in 1.2% (15/1,248) of liver grafts and 0.86% (11/
1,273) of renal grafts.71 Additionally, one patient underwent a
combined liver and kidney transplant, where only the liver graft's
PS was contaminated. Candida species were the most commonly
detected fungi in the evaluated PSs.72 Complications such as my-
cotic aneurysms and anastomotic rupture have been observed in
both kidney and liver grafts.73,74

Human skin, the respiratory tract, reproductive organs, and
the gastrointestinal system often harborCandida species, particularly
Candida albicans. Invasive candidiasis typically originates from an
endogenous source, commonly the skin or gastrointestinal tract.75

Candida parapsilosis has emerged as a pathogen in SOTand
is frequently associated with infections related to medical devices.
Noteworthy infections among SOT recipients also include Can-
dida glabrata (30%) and Candida krusei (5%), particularly in in-
dividuals with a history of antifungal medication.75,76

Aspergillosis can arise as a reactivation of a dormant process,
such as colonization or subclinical infection, or as a de novo infection
resulting from inhalation of this common mold after transplantation.

Reactivation of latent infection is a central mechanism in dis-
eases like cryptococcosis, histoplasmosis, and coccidioidomyco-
sis. Chronic fungal carriage is a significant concern in cystic fibro-
sis patients and in unilateral lung transplant recipients before
transplantation. These individuals may retain residual lung tissue,
aberrant sinuses, and atypical upper respiratory tracts, serving as
reservoirs for potentially harmful fungi that can eventually de-
velop into invasive infections.75,77

Transplanted organs have been identified as potential reservoirs
for various pathogenic fungi. Transmission of a range of pathogenic
fungi, such as species of Histoplasma capsulatum, Coccidioides
immitis, and Scedosporium apiospermum, in addition to Candida,
Aspergillus, and Cryptococcus have been documented.78–80

The mortality rate at the 12-month mark stands at approxi-
mately 40% for aspergillosis, roughly 34% for candidiasis, and
about 27% for cryptococcosis in patients affected by invasive fun-
gal infections attributed to preservation solutions.69

Candidiasis
Invasive candidiasis typically follows colonization,81 with

risk factors including colonization intensity, broad-spectrum anti-
biotics, corticosteroids, diabetes, prolonged ICU stays, and uri-
nary catheters.82–84 Although colonization precedes infection, it
does not always lead to invasive disease, which depends on path-
ogen virulence and host immune status.

Disruptions in mucosal barriers from catheters, surgery, and
immunosuppression contribute to infection.85 Most cases involve
candidemia or intra-abdominal infections, common in abdominal
organ transplant recipients.86,87 Candidemia stems from intestinal
translocation or central catheter sites, whereas intra-abdominal
candidiasis affects the peritoneum, kidneys, and bile ducts. Can-
dida species appear in ~10% of postoperative liver transplant
infections.88

Aspergillosis
Aspergillosis can manifest clinically as asymptomatic coloniza-

tion or as invasive conditions such as sinusitis, tracheobronchitis, in-
vasive pulmonary aspergillosis (IPA), and empyema. Most IPA cases
present clinical signs like cough, fever, or pleuritic chest discomfort,
rarely leading to acute respiratory collapse.

Tracheobronchial aspergillosis (TBA) affects about 4% to
6% of lung transplant recipients, leading to airway obstruction,
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Flow chart depicting stepwise preventive strategies for
infection prevention in organ preservation solutions.
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bronchial ulcerations, and pseudomembrane development.89,90When
bronchial anastomotic infection leads to dehiscence, aggressive coor-
dination of medical and surgical treatments is required.91,92

Aside from respiratory conditions, aspergillosis can also result
in musculoskeletal disorders, thyroidal diseases, dermal diseases,
mediastinitis, rhino cerebral disease, ocular conditions, organ-
specific infections, endocarditis, CNS disorders, and disseminated
forms. The latter is associated with poor outcomes, with liver trans-
plant recipients being particularly susceptible to widespread illness
and CNS involvement.93,94 Among recipients of liver transplants,
disseminated illness prevalence is the highest at 55%.93 Aspergillo-
sis of the urinary tract has also been linked to transmission via the
renal graft.95,96

Cryptococcus
Cryptococcosis primarily presents with neurotrophic tenden-

cies, often manifesting as CNS disease such as meningitis or
pneumonia.97 Nonetheless, its impact extends across a spectrum
of anatomical domains, including the integumentary system (skin
and soft tissues), the prostate gland, hepatic parenchyma, renal pa-
renchyma, osseous structures, and articulating joints.98 Pulmonary
involvement spans from inconspicuous colonization or infection
to severe pneumonia resulting in respiratory insufficiency.99 Radio-
graphic assessments reveal nonspecific findings, such as nodular
opacities, masses, and sporadic consolidation or pleural effusions.
Isolated pulmonary engagement is observed in about 33% of solid
organ transplant (SOT) recipients. The lungs and central nervous
system are the primary targets of the disease. In three-quarters of
cases, it spreads beyond the lungs, with 61% developing into a sys-
temic form. Mortality rises significantly when the central nervous
system is affected, ranging from 17% to 50%.99,100

Disseminated disease has been noted in 61% of SOT recipients,
with 54% showing pulmonary implications and 8.1% displaying
cutaneous, subcutaneous, or osteoarticular manifestations.98 Liver
allograft recipients particularly exhibit a 6-fold increase in suscep-
tibility to disseminated infection compared to other SOT recipi-
ents. Fungemia occurs in up to 33% of SOT recipients with cryp-
tococcosis. Patients with CNS involvement have a higher propen-
sity for fungemic status.98,99,101–103

Cutaneous cryptococcosis can present as papular, nodular, or
ulcerative lesions to cellulitis-like manifestations, often appearing
in the lower extremities and commonly coinciding with CNS
comorbidities.104,105 Although cutaneous lesions typically signify
hematogenous dissemination, the integumentary environment is
recognized as both a potential route of Cryptococcus entry and a
plausible site for the subsequent dissemination of disease in
SOT recipients.106

Prevention and Mitigation Strategies
Biofilm-forming ESKAPE pathogens, resistant to antimicro-

bial treatments, present significant challenges, with biofilms be-
ing up to 1000 times less susceptible to antibiotics than planktonic
forms.32 The growing antimicrobial resistance among these path-
ogens remains a global threat. To combat biofilms, strategies such
as antimicrobial peptides, peptoids, bacteriophages, and biofilm
growth inhibitors are being explored, although bacterial resistance
remains a concern. Combining these with traditional antibiotics,
such as using essential oils to enhance antimicrobial effectiveness,
shows promise. Phages can also help dismantle biofilm matrices,
making them more susceptible to antibiotics. Novel combinations
of these approaches are crucial to tackling ESKAPE-biofilm
infections.32

Fungal infections in transplantation, often due to digestive
tract rupture or donor exposure to broad-spectrum antibiotics,
© 2025 Wolters Kluwer Health, Inc. All rights reserved.
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are managed with prophylactic fluconazole. For azole-resistant
Candida infections, liposomal amphotericin B or echinocandins
are recommended.13,14 Early detection through CT scans for endo-
vascular complications like hepatic artery aneurysms is also
vital.74,107,108

These strategies reflect ongoing efforts to address biofilm-
related and fungal infections in organ transplantation. The current
standard prevention strategies are depicted in Fig. 2.109

CONCLUSIONS
In the realm of organ preservation solutions (OPS), continu-

ous progress is being made to enhance the outcomes of transplan-
tation. The future of OPS lies in innovative strategies such as
leveraging cryogenic agents and exploiting hypometabolic path-
ways found in cold-tolerant organisms. This involves formulating
solutions with optimal pharmacokinetics and hormone distribu-
tion to effectively mitigate ischemic reperfusion damage.

Another approach involves using hormones as nanocarriers,
offering controlled release, stability, and precise targeting. This
strategy holds the potential for refining OPS precision and perfor-
mance. Additionally, integrating micronutrients into preservation
fluids offers a unique way to tailor OPS composition, influencing
posttransplant organ functionality.
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In conclusion, the future of OPS is dependent on advance-
ments in cryogenic agents, hormone nanocarriers, and micronutri-
ent integration. These avenues offer hope for reducing ischemic
reperfusion injury and revolutionizing organ transplantation. As
research progresses, these approaches could reshape the land-
scape of OPS, optimizing the success of organ transplantation.
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