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There is a rapidly growing population of immuno-
compromised organ transplant recipients. These
patients are at risk of a large variety of infections that
have significant consequences on mortality, graft
dysfunction, and graft loss. The diagnosis and treat-
ment of these infections are facilitated by an
understanding of the preoperative, perioperative, and
postoperative risk factors; the typical pathogens; and

their characteristic time of presentation. On the basis
of these factors, we put forth an algorithm for
diagnosing and treating suspected infections in solid
organ transplant recipients.
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Introduction

Although the number of people with end-stage organ
disease requiring transplantation increases annually,
the number of solid organ transplantations per-
formed is limited by the availability of donated
organs. According to the US Organ Procurement and
Transplantation Network (OPTN) data, in 2006, a
total of 28,920 organs were transplanted in the
United States.1 However, on October 1, 2007, 96
768 people were still on the waiting list for an organ.
The vast majority of patients awaiting organ trans-
plantation are in need of a kidney or liver transplant.
Fortunately, as advances in surgical techniques, peri-
operative care, and immunosuppressive therapies
improve, transplantation has become more successful

and organ recipients are surviving longer. The most
recent average 1-year patient survival for all abdom-
inal solid organ transplants is approximately 93%; at
5 years, patient survival is approximately 80%.1

Therefore, there is a growing population of high-
risk immunocompromised organ recipients that
require ongoing care.

After transplantation, organ recipients are at a
significant risk of bacterial, fungal, and viral infec-
tions (Tables 1 and 2). Infections in this patient
population have increased morbidity and mortality
and unique infectious risks compared to immuno-
competent intensive care unit (ICU) patients.
Several studies of patients receiving transplanted
abdominal organs demonstrate the importance of
postoperative infection in transplant recipients. A
recent retrospective review of 385 adult-to-adult liv-
ing donor liver transplantations demonstrated that
the most common early complication, seen in 32%
of recipients, was infection.19 Furthermore, infec-
tion after orthotopic liver transplantation (OLT) was
an independent predictor of mortality20 and a
prolonged hospital stay.21

In a study of 66 patients undergoing simulta-
neous pancreas and kidney transplants (SPK), every
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patient had at least 1 infection after surgery.22 In
another study of 478 renal transplant patients, 65%
had an infection in the first 6 months.2 Infections
can have a direct impact on graft survival. Postopera-
tive infections are reported to be responsible for 3%
to 18% of pancreatic graft loss.3,23,24 Renal graft loss
is associated with early acute bacterial allograft
pyelonephritis, for which cytomegalovirus (CMV)
infection is considered a risk factor.25 Similarly, liver
graft survival appears to be lower in patients who
experience surgical site infections (SSIs).21

Recipients of abdominal organs are often admit-
ted to a generalized surgical or medical-surgical ICU
in the immediate postoperative period. In addition,
patients are frequently readmitted to the ICU with
the presumed diagnosis of sepsis. The goal of this
review is to describe the commonly seen infectious
complications for abdominal solid organ transplant
recipients and the standard prophylactic, diagnostic,
and treatment measures.

Postoperative infections in transplant recipients
can be divided into 3 time periods based on the types
of infections likely to develop: first month posttrans-
plantation, 1 to 6 months posttransplantation, and

more than 6 months posttransplantation.26 This facil-
itates the diagnosis and treatment of specific patho-
gens and should drive empiric therapy (Figure 1).

Risk Factors

Invasive Procedures/Surgical
Intervention

In the first month after transplantation, the sources
of infection are primarily nosocomial secondary to
the surgical technique or technical complications.3

There are risks of SSIs, intraabdominal abscesses,
and infected hematomas. In liver transplantation,
surgical complications such as biliary leaks can lead
to subsequent infections including peritonitis, cho-
langitis, and hepatic abscesses. The risk of fungal
infections after OLT increases with renal failure,
transfusions, retransplantation, relaparotomy, and
creation of a Roux-en-Y biliary duct anastomosis.3

Surgical site infections of the soft tissue are usu-
ally diagnosed clinically by the presence of erythema,
tenderness, purulence, and crepitus around the
wound.27 Often, superficial SSIs can be treated with
antibiotics only; however, any rapidly progressing
soft tissue infection requires prompt surgical treat-
ment. Gram-positive organisms are usually the
source of superficial SSIs, but necrotizing infections
are often polymicrobial. Surgical site infections
involving deeper tissue structures are more difficult
to recognize. Diagnostic procedures include cultur-
ing and Gram staining of any fluid from the wound
or drains, an ultrasound or a computed tomographic
(CT) scan to localize the possible fluid collections,
and a possible relaparotomy. Laparotomies are asso-
ciated with an increased mortality but are often nec-
essary in critically ill patients, especially those with

Table 1. Common Infections in Solid Organ
Transplant Recipients

Bacterial
Gram-positive cocci: Enterococcus, Staphylococcus,

Streptococus, Escherichia
Gram-negative rods: Pseudomonas, Klebsiella, Serratia,

Clostridium difficile
Drug-resistant bacterial

Methicillin-resistant Staphylcoccus aureus (MRSA)
Vancomycin-resistant Enterococcus faecium (VRE)
MDR Pseudomonas aeroginosa
ESBL producing Klebsiella pneumoniae and Escherichia coli

Fungal
Candida species
Aspergillus fumigatus
Pneumocystis carinii

Viral
Cryptococcus neoformans
CMV
HSV
VZV
HHV-6
Polyomaviruses (BKV, JCV)
Adenovirus

NOTES: BKV ¼ BK virus; CMV ¼ cytomegalovirus; ESBL ¼
extended-spectrum b-lactamase; HHV-6 ¼ human herpesvirus 6;
HSV ¼ herpes simplex virus; JCV ¼ JC virus; MDR ¼multiply
drug resistant; VZV ¼ varicella zoster virus.

Table 2. Incidence (%) of Infectious Disease in
Solid Organ Transplant Recipientsa

Organism Liver Kidney Pancreasb

Bacteria 33-49 12-86 35-81
Fungi/mold 1-42 2-20 4-38
Viruses 5-39 38-50 6-16

NOTES: PAK ¼ pancreas after kidney; PTA ¼ pancreas
transplant alone; SPK ¼ simultaneous pancreas and kidney
transplant.
a References: 2-18.
b Includes SPK, PAK, and PTA.
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sepsis and multiorgan failure.20 Computed tomography–
guided drains successfully treat 80% of abdominal
abscesses in general surgical patients.28

Intraabdominal abscesses in OLT are often near
the biliary tract, especially if a Roux-en-Y choledo-
chojejunostomy was used for the biliary reconstruc-
tion. The renal transplant patients are at risk of
perigraft hematomas and urinary leaks that serve as
niduses for intraabdominal infections.4 After a SPK,
the risk of an intraabdominal SSI may be slightly
increased if pancreatic exocrine secretions are
drained enterically rather than drained via the
pancreatic duct anastomosis to the bladder.29

Renal allograft recipients with high serum
creatinine, urinary fistulae or leaks, and a prolonged
urinary bladder catheterization have a higher risk of
wound infections.30 Additionally, kidney transplant
recipients with a peritoneal dialysis catheter present
prior to transplantation may have an increased
risk of intraabdominal, bloodstream, and wound
infections.30,31

Frequently, transplant patients require exten-
sive postoperative critical care with prolonged
intubation and indwelling central venous and
urinary catheters. These devices are significant risk
factors for ventilator-associated pneumonia (VAP),

catheter-related bloodstream infections (CRBSIs),
and urinary tract infections (UTIs), respec-
tively.20,3,32,5 Comorbidities such as diabetes and
persistent renal dysfunction increase susceptibility
to infections. For example, renal failure incurs a
15- to 21-fold increased risk of invasive fungal
infection.3 Pneumonia accounts for 41% of febrile
episodes in the ICU in the first 7 days postopera-
tively; the risk of CRBSI increases 3-fold after the
first week.3

Immunosuppression

Postoperative immunosuppressive medications pre-
scribed to prevent graft rejection are monitored
closely. Dosing must be carefully titrated high
enough to prevent acute rejection, but not so high
that the recipient develops serious infections or toxic
side effects. Multiple immunosuppressant mechan-
isms exist. Corticosteroids have anti-inflammatory
effects, inhibit cytokine gene transcription, and sig-
nificantly impair macrophage-mediated and poly-
mononuclear neutrophil–mediated cell killing, the
essential components of host immunity.6 Tacrolimus
and cyclosporine specifically inhibit T-cell activation.

Viral
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Figure 1. Timetable of infection following organ transplantation. Adapted from Clinical Approach to Infection in the Compromised
Host. 4th ed. In: Rubin RH and Young LS, eds. New York: Kluwer Academic/Plenum Publishers; 2002 and from Am J Transplant.26

2004;4:6-9. CMV, cytomegalovirus; CNS, central nervous system; HSV, herpes simplex virus; TB, tuberculosis; UTI, urinary tract
infections; VZV, varicella zoster virus.
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Inhibition of these inflammatory pathways can
also mask typical signs of infection such as fever,
pain, and erythema from developing, thereby, delay-
ing their diagnosis and treatment.24 In addition,
patients with recent episodes of graft rejection are
at higher risk of acquiring infections because these
episodes are usually treated with increases in immu-
nosuppressive dosing, steroid pulses, and additional
immunosuppressants.2

Infected Donors

The transplant community has increased the use of
extended criteria donors (ECDs, donors who are not
ideal due to medical illness or age) to reduce mortal-
ity in patients on the organ waiting list. Some of
these ECDs have documented infections that may
be transferable to the recipient. Donors are screened
for hepatitis B and C, CMV, Epstein-Barr virus
(EBV), and human immunodeficiency virus (HIV)
and cultured extensively for bacteria. Diagnostic
radiological tests are also reviewed for the evidence
of infection.33 However, the results of these studies
are often not available at the time of organ procure-
ment and transplantation, so a thorough history and
physical is necessary. A retrospective review from a
single-state organ procurement organization found
that 7.5% of organ donors had positive blood
cultures and 4.5% had positive urine cultures. Of the
36 contaminated organs that were transplanted at
that institution, only 3 (8%) developed infections
caused by organisms found in the donor.34 All had
been on broad-spectrum antibiotics that were then
tailored to the organism once culture data were
available.

The American Journal of Transplantation guide-
lines state that there is no need to treat a recipient
who receives an organ from a donor with a localized,
nonbacteremic infection outside the target organ.33

The only exception to this is the organ donor with
meningitis, in which case the recipient should be
treated appropriately with antibiotics.33 Recipients
who receive organs from bacteremic donors require
appropriate antimicrobial therapy based on the iso-
lated organism. A longer duration of therapy, in the
range of 2 weeks posttransplantation, is recom-
mended for particularly virulent organisms such as
Staphylococcusaureus and Pseudomonas aeroginosa
because there have been documented cases of myco-
tic aneurysms at the vascular anastomoses caused by
these organisms.33 This therapy should narrowly
focus on the isolated organism to reduce the risk of
selecting for those with multidrug resistance.

In general, any active invasive fungal infection is a
contraindication to organ donation. Transmission of
some of the dormant endemic mycoses, especially his-
toplasmosis and coccidiomycosis, has been reported.
However, reactivation of these diseases is much more
common than transmission via transplantation.33

The viruses that are of particular interest in donor
organs are hepatitis B, hepatitis C, CMV, EBV, and
the herpes viruses. Human immunodeficiency virus
infection is currently a contraindication to donation
at most centers. Cytomegalovirus serologic status of
both the donor and recipient is important in deter-
mining prophylaxis and treatment regimens. Although
it is not contraindicated to transplant a CMV
seropositive donor (Dþ) into a seronegative recipient
(R�), the risk of developing CMV is very high
(Table 3).37Epstein-Barr virus seronegative recipi-
ents who receive a seropositive graft are at the high-
est risk of posttransplant lymphoproliferative disease

Table 3. Incidence (%) of CMV Infection by Donor and Recipient Statusa,b

Donor Status
Organ Recipient Status

Liver Kidney Pancreas/Kidney

Seroþ Sero� Seroþ Sero� Seroþ Sero�

Seroþ 32 85 9 46 37 52
Sero� 4 40 11

NOTE: CMV ¼ cytomegalovirus.
a References: 12, 35, 36.
b Cells with empty entries are those studies that did not distinguish between Dþ and D�; percentage listed for the seropositive donor
applies to both Dþ and D�.
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(PTLD). This is a special concern in the pediatric
patients who are less likely to have been exposed to
EBV.

Hepatitis B viral serology of the organ of dona-
tion is important in determining the risk of transmis-
sion.38 Grafts from donors that have hepatitis B virus
(HBV) core antibody (HBcAbþ) may be appropriate
for transplantation, but donors with HBV surface
antigen (HBsAgþ) have active HBV infection and
are at high risk of transmitting HBV to the recipient.
Hepatocytes harbor HBV; therefore, liver transplan-
tation carries a higher risk of transmission than
kidney or pancreas transplantation. Ideally,
HBcAbþ liver grafts should only be transplanted into
recipients with hepatitis B cirrhosis who are commit-
ted to perioperative hepatitis B treatment already;
however, with the increasing severity of the organ
shortage, these organs are being successfully given
to nonhepatitis B recipients. These recipients are
treated with hepatitis B antiviral medications such
as lamivudine to prevent reactivation of the virus.

The risk of hepatitis C virus (HCV) transmission
is highest if there is a high viral load as determined by
HCV-RNA polymerase chain reaction (PCR) quanti-
fication, but this test result may not be available at
the time of transplantation. The use of organs from
HCV-positive donors varies and is dependent on
urgency and institutional policy.

Rare, but noteworthy, transmission of the rabies
virus and West Nile Virus has been reported.39,40

A subclinical rabies infection in 1 donor led to the
death of 4 organ recipients. A donor with West Nile
Virus was believed to have been infected by contami-
nated blood products prior to brain death. Only 1 of
the 4 graft recipients died as a result of West Nile
encephalitis. Testing for West Nile Virus is available
but time-consuming and routine screening is not
universally recommended for organ donors.33

Bacterial Infections

Bacteria are the most common pathogen in patients
after solid organ transplantation frequently causing
UTIs, pneumonia, and bacteremia. Because of rou-
tine perioperative antibiotic usage, usually with a
first- or second-generation cephalosporin, the trend
over the last 20 years has been an increased inci-
dence of infections due to gram-negative bacilli and
drug-resistant gram-positive cocci.3,41-43

Gram-negative Bacilli

Many of the virulent gram-negative bacilli have
become multiple drug resistant (MDR) or capable
of producing extended-spectrum b-lactamases
(ESBL). Drug-resistant P aeroginosa and Enterobacter
were seen in a study of liver transplant recipients.42

In this study, MDR bacteria caused 63% of all
infections. Notably, 63% of the P aeroginosa species
were resistant to carbapenems. Risk factors for
imipenem-resistant P aeroginosa infection are trans-
plantation and imipenem use.41

Gastrointestinal tract colonization, use of broad-
spectrum antibiotics, and an extended ICU length of
stay are the risk factors for ESBL organisms.43

Klebsiella pneumoniae and, to a far lesser extent,
Escherichia coli, are associated with the production
of ESBL that can hydrolyze b-lactam antibiotics. In
1 report, 28% of K pneumoniae isolated from blood
cultures of OLT patients were ESBL producing.3

However, there is a marked center-to-center and
regional variation in ESBL rates.

Gram-positive Cocci

At many centers, gram-positive cocci, specifically
staphylococci and enterococci, are the predominant
pathogens. Drug resistance in these organisms is also
common. Methicillin-resistant S aureus (MRSA) and
vancomycin-resistant Enterococcus faecium (VRE)
are estimated to be the foremost cause of bacterial
infections at many institutions.3,44 In a Centers for
Disease Control and Prevention (CDC) survey,
approximately 25% to 35% of staphylococci infec-
tions were due to MRSA. Deep-seated MRSA
infection, as opposed to MRSA CRBSI, is associated
with high mortality in liver transplant patients.3

Additionally, eradication of colonization has been
shown to decrease MRSA infection.41 However,
recolonization rates are high, so this practice is best
used immediately prior to an anticipated surgery and
may not be possible prior to transplantation.

Although less common, vancomycin-resistant
enterococcus (VRE) infections are often associated
with bacteremia and have few therapeutic options.
Although enterococci are not generally considered
virulent organisms, VRE infections after transplanta-
tion can be severe.3 The usual sites of infection for
these bacteria are the bloodstream, surgical wounds,
abdomen, and biliary tree. Risk factors for develop-
ing VRE include extended-spectrum cephalosporin
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antibiotic use, ICU admission, renal insufficiency,
exposure to other colonized or infected patients, and
prolonged hospitalization.45 Reports show a coloni-
zation rate between 11% and 63% after liver or
kidney transplantation, with infection rates varying
between 1% and 16%.41

Less Common Bacterial Infection

Less common infectious agents include Legionella,
Clostridium difficile, and Nocardia. Legionella pneu-
monia should be suspected if there is an alveolar
infiltrate and, occasionally, a cavitary lesion that is
unresponsive to aminoglycoside or b-lactam antibio-
tics. In kidney recipients, such Legionella-associated
pneumonias often coincide with graft rejection.30

The most sensitive test for Legionella pneumophilia
is the urinary antigen test, but this test only detects
the serotype 1 antigen of L pneumophilia and none
of the non-pneumophilia species. Culture and direct
fluorescent antibody testing of sputum or bronchoal-
veolar lavage (BAL) samples for Legionella may be of
use. If Legionella pneumonia is suspected, treatment
with azithromycin or fluoroquinolones should not be
delayed because there is a high associated mortality
in transplant patients.30,46

Clostridium difficile may cause significant colitis,
resulting in diarrhea and abdominal discomfort. Clos-
tridium difficile colitis is probably not increased in
transplant recipients compared to other hospitalized
patients.47 In transplant patients, it usually occurs
early in the postoperative course but may relapse.
Unlike immunocompetent patients, transplant
patients may have more severe symptoms or extrain-
testinal disease. The disease is toxin mediated and
strongly associated with antibiotic use. Patients with
persistent diarrhea should have C difficile testing.

Nocardia is an opportunistic infection of the
immunosuppressed patients. This gram-positive
aerobic branching rod is a ubiquitous environmental
organism that usually infects via inhalation into the
lungs. In addition to immunosuppression, the risk
factors for Nocardia infection are CMV disease, graft
rejection, and profound hypogammaglobulinemia.30

Nocardiosis is rarely seen early in the transplantation
period because many patients are placed on
trimethoprim-sulfamethoxazole (TMP-SMX) pro-
phylaxis for Pneumocystis carinii. Pulmonary nocar-
diosis presents with irregular, nodular lesions in
the lungs that may cavitate or with diffuse infiltrates

and pleural effusions. Once pulmonary nocardiosis
is confirmed by sputum or BAL culture, extrapul-
monary involvement, especially brain abscesses and
meningitis, must be investigated. Sulfonamides are
the treatment of choice for nocardiosis.48

Urinary Tract Infection. After kidney transplantation,
the incidence of an UTI is 35% to 79%30; after SPK
it is 14% to 89%.22,7,49 Bacterial pathogens in these
populations include enterococci, staphylococci,
P aeroginosa, and enteric gram-negative bacteria.
Renal transplantation requires bladder catheteriza-
tion and can predispose patients to developing a
symptomatic infection within the first 3 weeks post-
operatively.30 One should consider treating UTIs in
transplant patients even if fewer than 100 000 colo-
nies per milliliter are cultured, especially if there is a
single organism. Early UTI can ascend to cause
acute graft pyelonephritis (AGPN) and spread to the
bloodstream. Acute graft pyelonephritis occurred in
13% of kidney recipients in 1 cohort study of 187
patients and the only identified risk factor was CMV
infection.25 Acute graft pyelonephritis within the
first 3 months of transplantation was also a signifi-
cant predictor of poor graft outcome. The prompt
removal of the indwelling bladder catheters is the
best prevention for UTI, but antimicrobial prophy-
laxis with TMP-SMX or a quinolone has also been
shown to decrease UTI rates.30

Simultaneous pancreas and kidney transplant
confers a higher rate of UTI than kidney transplant
alone.30,8 Among the different types of pancreas
transplantation procedures, all have UTI rates
greater than 40%.9 The exocrine output of pancreatic
transplants can be surgically drained to the bladder
or the small bowel. Some studies7,50 have found that
the risk of UTI after SPK is not significantly different
between bladder and enteric exocrine drainage.
Other studies49,51-54 have found decreased UTI rates
with enteric drainage. Gram-positive organisms may
be slightly more prevalent in patients with bladder-
drained grafts, but gram-negative organisms were
much more likely in the enteric-drained grafts.7

Enteric drainage has become popular and has
resulted in fewer infectious complications and
improved patient survival. Enteric drainage may,
however, increase the risk of intraabdominal infec-
tions,29 but this has not been seen consistently.
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Bacteremia

Perioperative bacteremia has been seen in 6.2% of
SPK patients and 3.5% to 4.8% of lone kidney recipi-
ents.2,55 A study of SPK recipients found that most
bacteremic episodes (57%) developed from a urinary
tract source in the initial postoperative period.
Catheter-related bloodstream infections accounted
for only 11% of all bacteremic episodes in SPK
patients.2 In comparison, a study of liver transplant
recipients showed that the sources of bacteremia
were most likely from intravascular catheters
(29%), pneumonias (18%), and biliary sources
(18%).24 A total of 65% of positive blood cultures
were either MRSA or P aeruginosa.

Fungal Infections

Fungal infections can be seen early in the postopera-
tive course, in particular, in patients who remain
critically ill or have poor organ function after trans-
plantation. The most common fungal infections
posttransplantation are candidiasis and aspergillosis.
Others include P carinii pneumonia (PCP), Histo-
plasma, Cryptococcus, and the ubiquitous fungi
(Rhizopus and Mucor species).10 Of the solid
abdominal organs, liver transplant recipients have
the highest incidence of invasive fungal infection
(4%-42%), followed by pancreas and SPK recipients
(6%-38%), and renal transplant recipients (0%-
20%).56 Although fungal infections are less common
than bacterial infections, the morbidity and mortality
tend to be higher. Patients with aspergillosis have an
especially high mortality rate of 80% to 100%.23

Prophylaxis

At most transplant centers, liver, kidney, and pan-
creas recipients receive prophylaxis against invasive
candidiasis. The drug of choice is fluconazole
because of its low side effect profile.11,57 However,
fluconazole inhibits the metabolism of calcineurin
inhibitors; therefore, lower doses of the calcineurin
inhibitors are usually required to reach therapeutic
serum levels in patients on both medications.
Prophylaxis against aspergillosis has mainly been
advocated only in high-risk liver transplant patients.
Because of their low toxicity profile, the triazole
antifungals have become first-line therapy for

aspergillosis prophylaxis over the more toxic ampho-
tericin B preparations.

Itraconazole, a triazole antifungal with broader
coverage and greater potency than fluconazole, has
been tested in liver recipients, but the use of this
drug for prophylaxis against fungal infections is
unknown.58 It has in vitro activity against Aspergillus
and Candida species, but efficacy has only been
shown in trials for Candida.56 Voriconazole became
available in 2002 and because of its broad spectrum,
minimal drug interactions, and few side effects, it
has become a popular choice against fungi. However,
prophylactic voriconazole has not been studied in the
transplant recipient. The newest triazole antifungal,
posaconazole, has not been evaluated in the solid
organ transplant recipient. Studies in neutropenic
cancer patients and stem cell transplant patients
showed equality or superiority of posaconazole over
voriconazole and fluconazole as a prophylactic
medication.59,60

Prophylaxis against P carinii with TMP-SMX is
efficacious and almost universal after abdominal
solid organ transplantation.10 For patients with a
sulfa allergy, inhaled pentamidine or oral dapsone
may be substituted.

Candida

Candida infection in all solid organ transplant recipi-
ents develops early in the postoperative course, often
within the first 2 months after surgery. Candida spe-
cies are responsible for the majority of early fungal
infections. Diabetes and hyperglycemia are known
risk factors for candidiasis.

The most common species of Candida observed
in transplant recipients include Candida albicans,
Candida glabrata, and Candida tropicalis, although
other infectious species exist. Infections are usually
derived from endogenous flora and donor transmis-
sion is very rare. Candida may cause mucocutaneous
infections, wound infections, gastrointestinal or
genital-urinary tract infections, peritonitis, endocar-
ditis, candidemia, catheter or foreign body infection,
brain abscesses, osteomyelitis, and pneumonia.
Disseminated disease may lead to shock that is unre-
sponsive to antifungal therapy.56 Candidal CRBSI
commonly leads to systemic candidiasis. Visceral
infection rarely leads to a systemic infection; how-
ever, visceral seeding is common after candidemia.10

In the renal graft recipient, the urinary tract is the
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most common site of candidal infection. In pancreas
recipients, candidal infections of the wound, urinary
tract, bloodstream, and peritoneum are seen.10

Fungal staining and cultures of urine and blood
facilitate the diagnosis of an invasive or systemic
candidiasis. Interpretation of respiratory cultures is
problematic because there can be candidal coloniza-
tion of the upper gastrointestinal tract. If respiratory
cultures are evaluated, a quantitative sample is
recommended to differentiate from benign coloniza-
tion. Occasionally, invasive procedures may be
needed to sample fluid collections, cerebrospinal
fluid (CSF), or grafted organs to diagnose fungal
infection. Because the susceptibility to azole antifun-
gals varies, speciation and susceptibility testing should
be performed after Candida has been isolated.56

Asymptomatic candiduria can be treated without
antifungal therapy by removing the indwelling bladder
catheter. Treatment of documented candidemia
requires removal of venous catheters and an antifungal
agent. In the acutely ill patient, treatment of suspected
candidiasis should begin prior to the documentation of
infection and antifungal resistance should be antici-
pated. Limited mucocutaneous candidiasis is best
treated with an oral wash of nystatin or azole
antifungals.

Numerous Candida species exhibit resistance to
fluconazole, notably C glabrata and Candida krusei.
An echinocandin antifungal, caspofungin, has
broader anticandidal coverage than fluconazole and
is as effective as the amphotericin preparations with
less toxicity.61 The introduction of caspofungin and
voriconazole, which has efficacy against many
fluconazole-resistant Candida species, has decreased
the need for amphotericin B in candidiasis. How-
ever, amphotericin B, possibly combined with flucy-
tosine, is the ‘‘gold standard’’ for fungal therapy and
may be required for resistant cases.11 Similar to the
treatment algorithm for bacterial infections, antifun-
gal treatment should be modified or discontinued
depending on the final culture results. Candidemia
also warrants ophthalmic evaluation for retinal
candidiasis.

Aspergillus

In liver recipients, aspergillosis tends to occur early,
usually within the first month of transplantation and
is seen in patients who remained critically ill in the
ICU after graft transplantation.62 Aspergillosis

usually develops later in renal graft recipients, often
after the patient has been discharged and may come
from exposure in the community. Many of the other
risk factors for candidiasis and aspergillosis are the
same: prolonged operative time, relaparotomy and
retransplantation, high transfusion requirements,
Roux-en-Y biliary anastomosis, renal failure, pro-
longed antibiotic use, and rejection. Risk factors for
early Aspergillus infection are graft dysfunction, fulmi-
nant hepatic failure (liver recipients), CMV infection,
and excessive immunosuppression.6,10,56,62 Immu-
nomodulatory viruses, specifically CMV and human
herpes viruses (HHV-6), have been shown to inhibit
lymphocyte function and increase the incidence of
invasive fungal infections.

Airborne Aspergillus spores are ubiquitous in the
environment. Therefore, in the organ transplant
recipients, invasive aspergillosis usually presents in
the lungs, but it can also present in the central ner-
vous system (CNS) up to 50% of the time.6 Pulmon-
ary sequelae include hemoptysis and empyemas. The
radiologic findings of pulmonary aspergillosis
include nodules that can be cavitary, pulmonary
effusions, and lobar infiltrates. A high-resolution
chest CT should be performed if there is any clinical
suspicion.56,63 Cavitation with a ‘‘halo’’ sign may
occur early, and branching mucoid impactions
characterize bronchopulmonary aspergillosis.64

Central nervous system lesions may be suspected
if there are mental status changes, seizures, or focal
neurological deficits. Central nervous system
aspergillosis should be evaluated with gadolinium-
enhanced magnetic resonance imaging (MRI) to
search for single or multiple ring-enhancing lesions
and surrounding edema.56,63 Aspergillomas can also
be seen in the renal pelvis or sinuses.56 Because of its
angiotropic characteristics, the presence of any
Aspergillus species at a single site necessitates eva-
luation for occult disseminated disease.

The accurate diagnosis of aspergillosis is difficult
because it is difficult to culture Aspergillus from
blood samples even when there is an invasive dis-
ease. The galactomannan antigen assay has been
found to be moderately sensitive but highly specific
for invasive aspergillosis.63,65 However, there is a
high rate of false-positive galactomannan assays in
patients taking amoxicillin and piperacillin and in
patients infected with other fungi.66 Combining the
galactomannan assay with an assay that detects a
fungal cell wall polysaccharide called (1!3)-b-D-
glucan (BG) completely eliminates these false
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positives.67 More recently, PCR detection of Asper-
gillus DNA has been evaluated, but the incidence
of false positives has been high and there is currently
no standardization.56,63

Voriconazole is superior to amphotericin B and
has become the treatment of choice for invasive asper-
gillosis.68 Side effects are minimal but include rever-
sible vision changes, skin reactions, and hepatic
function abnormalities.10 Alternatives to voriconazole
are caspofungin, itraconazole, and amphotericin B.

In addition to medical therapy, early surgical
intervention is indicated for the successful treatment
of aspergillomas and soft tissue, musculoskeletal, and
nonvascular anastomotic site Aspergillus infections.56

Pneumocystis

Pneumocystis is prevalent between the first and sixth
months posttransplantation. Pneumocystis carinii
reactivation in the immunosuppressed patient after
solid organ transplantation results in a pneumonia
characterized by a dry, subacute cough, fever, severe
hypoxemia, bilateral patchy, diffuse infiltrates on
chest radiograph, and an increased risk of pneu-
mothorax. It is associated with episodes of rejection,
increased immunosuppression, and CMV infection.69

The definitive diagnosis is dependent on the demon-
stration of organisms in lung tissue or respiratory
secretions obtained from induced sputum, tracheal
aspirates, or BAL. Trimethoprim-sulfamethoxazole is
a highly efficacious treatment. High-dose steroids may
be useful in the acutely ill patient with hypoxemia.69

Alternatives to TMP-SMX for patients who are intoler-
ant include pentamidine, dapsone, and atovaquone.

Other Fungi and Molds

Cryptococcus and endemic fungal infections develop
4 to 6 months posttransplantation. Cryptococcus spe-
cies may cause CNS, pulmonary, cutaneous, or other
clinical disease, usually greater than 6 months after
transplantation.56 Exposure to birds with the disease
can lead to spore inhalation; although pneumonia
may not develop despite disseminated disease. Test-
ing for serum cryptococcal antigen confirms the
diagnosis.10 Endemic fungi such as Coccidiodes and
Histoplasma can also cause pneumonia or dissemi-
nated disease. Azoles, extended-spectrum triazoles,
and amphotericin preparations are all active against
these fungi.

Dematiaceous (dark-pigmented) fungi, zygomy-
coses, and hyaline molds rarely lead to infection in
the transplant patient. These dematiaceous fungi
can be systemic and invasive or limited to skin and
soft tissue infections.6 Zygomycoses (Rhizopus, Cun-
ninghamella, and Mucor species) usually occur as a
rhinocerebral form. Hyaline mold infection, specifi-
cally Fusarium species, which is common in bone
marrow transplant recipients, is very uncommon and
usually well localized in solid organ transplant
patients.6 The triazole antifungals are the drugs of
choice for the dematiaceous fungi. Surgical debride-
ment and amphotericin are the treatments for
zygomycoses and hyaline molds.70

Viral Infections

Cytomegalovirus

The incidence of CMV seropositivity in the commu-
nity is high. Cytomegalovirus is the most common
perioperative viral infection in transplant patients
and infers a high morbidity. The highest risk of
acquiring CMV disease is in the seronegative recipi-
ent who receives an organ from a seropositive donor,
commonly notated as Dþ/R�. Infection rates in this
group range from 80% to 90%35 (Table 3). D�/R�
liver transplant patients have less than 5% risk of
CMV disease if CMV negative blood products are
used.35 One study of OLT patients found that vari-
ables associated with CMV infection in seropositive
recipients (Rþ) were Hispanic race, seropositive
donors, and hepatocellular carcinoma.35

Cytomegalovirus disease presents either as a
‘‘viral syndrome’’ with fever and malaise or as
tissue-invasive disease such as pneumonitis, colitis,
or hepatitis.37 Cytomegalovirus infection of the allo-
graft is also common due to an altered local immune
response. Although evaluation of CMV antibodies is
useful to determine seroconversion in R� patients
after transplantation, an antigenemia assay is used
to determine disease in the Rþ patient. A peripheral
blood sample is tested for infected cells by detection
of the pp65 antigen. This method has a higher sensi-
tivity and specificity than culture-based tests.37

Cytomegalovirus PCR testing may be done to deter-
mine the quantitative viral load.

Cytomegalovirus appears to have an immunomo-
dulatory effect by altering the cytokine activity and
the configuration of T-lymphocyte subsets.71
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Consistent with this finding is that CMV infection is
a significant risk factor for other infections, includ-
ing bacteremia, fungal disease, and EBV-related
PTLD. Additionally, an association between acute
and chronic organ rejection and CMV has been deli-
neated.8,36,12 Cytomegalovirus disease has been
documented both before and after episodes of acute
rejection. Acute rejection followed by antilympho-
cyte therapy has an especially high incidence of
CMV disease in renal allograft recipients.8 The risk
of renal allograft loss due to acute rejection is highest
in the Dþ/R� group. However, if the graft is not lost,
the graft function as determined by the creatinine
clearance is similar to the other groups.36 Animal
studies have indicated that CMV disease may
increase chronic allograft nephropathy, but human
studies have not yet supported this.

Cytomegalovirus disease in the posttransplant
patient is managed either by universal prophylaxis
or by frequent surveillance testing for viral replica-
tion. For universal prophylaxis, all patients are given
antiviral medications in the immediate postoperative
period. Valganciclovir or ganciclovir are the drugs of
choice; acyclovir has poorer efficacy than either.37

Valacyclovir has been evaluated in kidney recipients
as a prophylactic medication with good results and
fewer episodes of biopsy-proven rejection. The dura-
tion of prophylaxis has not been standardized, but
many centers have continued prophylactic antivirals
for 100 days after transplantation. Even less clear is
the role of intravenous immunoglobulin (IVIG) or
CMV hyperimmune globulin (CMVIG) as a preven-
tative measure. In the preemptive approach of CMV
prevention, patients are treated with antiviral medi-
cations only after the surveillance tests are positive
for CMV infection but prior to the onset of CMV dis-
ease. Ganciclovir or valganciclovir are the recom-
mended medications, but once again, the optimal
length of treatment has not been clearly defined. The
continued evaluation of CMV DNA by PCR or CMV
antigenemia may be useful in guiding the length of
therapy.

After CMV disease has been diagnosed, intrave-
nous ganciclovir, valganciclovir, or foscarnet are the
preferred treatments. The usual duration of treat-
ment is 2 weeks, but length should be guided by PCR
and antigenemia assays until no virus can be
detected.37 The benefit of CMVIG with ganciclovir
is unclear in the treatment of established CMV
disease.

Herpes Viruses

Early viral infection is frequently due to reactivation
of herpes simplex virus (HSV) infection; however,
prophylactic acyclovir or ganciclovir has decreased
the incidence.4,72

Herpes viruses include HSV-1,HSV-2, varicella
zoster virus (VZV), and the HHV-6, -7, and -8. Cyto-
megalovirus is also classified as a herpes virus (HHV-5)
and has 66% DNA homology with HHV-6.13,14

Herpes simplex virus-1,HSV-2, and VZV all cause
characteristic skin lesions and are quite prevalent
in the United States general population.73 The diag-
nosis of HSV infection is usually clinically based
when skin or mucus membranes are involved, but
atypical visceral or invasive disease may require
laboratory investigation. Viral culture or direct
fluorescent-antibody (DFA) assays of specimens are
used for diagnosis. Effective prevention of disease
due to HSV or VZV is possible with oral acyclovir.
However, if a patient is being given universal prophy-
laxis for CMV, no additional antiviral medication is
necessary to prevent HSV and VZV.73 Prospective
organ recipients should be vaccinated prior to trans-
plantation if they are shown to be seronegative for
VZV; however, it is a live viral vaccine and should not
be given after transplantation when the patient is
immunosuppressed.

Human herpes virus-6 infection in the transplant
recipient has been linked to increased fungal infec-
tions,74 mental status changes of unidentified etiol-
ogy,74 increased mortality at greater than 90
days,74 worsened fibrosis score with HCV recur-
rence,15 biopsy-proven hepatic allograft rejection,13

and CMV coinfection.14 Human herpes virus-6 vire-
mia occurred at a median of 20 days at a rate of 32%
of liver transplant recipients in 1 study.13 As with
CMV, ganciclovir, valganciclovir, and foscarnet are
effective antiviral medications against HHV-6.
Current guidelines do not recommend routine
prophylaxis.73

Less Common Viral Infections

The abdominal solid organ transplant recipient is at a
low-to-moderate risk of developing PTLD, ranging
from 1% to 12%. However, a primary EBV infection
after transplantation is a strong risk factor for devel-
oping PTLD.75 High viral loads of EBV often predate
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the presentation of PTLD, and prophylactic antivir-
als to reduce the viral load may be of benefit.75

BK virus (BKV) and JC virus (JCV) are widely
latent polyomaviruses.76,77 Although JCV rarely
causes disease, BKV is known to cause a viral nephro-
pathy, termed polyomavirus-associated nephropathy
(PVAN), in renal allograft recipients.78 Onset of
PVAN is usually within the first year after transplan-
tation. Polyomavirus-associated nephropathy is
strongly associated with renal graft loss. A retrospec-
tive review of SPK recipients found that while 5 of 9
patients with PVAN lost renal graft function, none

of the transplanted pancreases were affected.79

Simultaneous pancreas and kidney transplant also
seems to infer a greater risk of developing PVAN in
the transplanted kidney than renal transplant alone.16

Summary: Fever in the Posttransplant
Patient

Figure 2 presents an algorithm for treating fevers in
a posttransplant patient. The timely identification
of preoperative and postoperative exposures to

Figure 2. Algorithm for diagnosing and treating suspected infections in solid organ transplant recipients. EBV, Epstein-Barr virus;
ESBL, extended-spectrumb-lactamases; CMV, cytomegalovirus; CT, computed tomography; Interventional Radiology, irrigation;
PCR, polymerase chain reaction; US, ultrasound.
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infectious pathogens is especially very important in
immunocompromised transplant patients. Institu-
tional flora and resistance patterns as well as prophy-
lactic antimicrobial treatments affect the spectrum
of potentially infectious pathogens that may be
encountered. Therefore, clinicians must be aware
of which bacterial pathogens are most frequent in
their institution.3,42 The trend over the last 20 years
has been for the selection of gram-negative bacteria,
MDR bacteria, and aspergillosis.3,42,80

When evaluating a fever, both infectious and non-
infectious etiologies of fever must be examined.
Approximately 13% of fevers in posttransplant ICU
patients may have noninfectious causes, including
sterile hematomas, drug reactions, and adrenal insuf-
ficiency. Acute rejection of the graft can also cause a
febrile response because inflammation is a component
of rejection. A febrile rejection is most likely to occur
within 14 days of transplantation for OLT patients.3

In patients with infection, hyperthermia is more
common than hypothermia; however, hypothermia
portends a worse outcome. In a study of 56 OLT
patients with 109 episodes of fever and infection,
5% of infected patients were hypothermic and 27%
were euthermic. The mortality for the hypothermic
group was 100%, compared to 20% for the hyperther-
mic.3,24 The hypothermic patients primarily had
pneumonias caused by L pneumophilia, enteric bac-
teria, and Aspergillus fumigatus.

A total of 80% of the organisms that cause fevers
in the ICU after liver transplantation are bacterial
(Table 2). Fungal and viral organisms accounted for
9% each. The most common locations for infection
are the lungs, CRBSI, and the biliary tract.3,24

Infectious workup for a transplant patient should
not significantly differ from other postoperative

patients. Urine, blood, and sputum or pulmonary
lavage samples should be cultured, central lines
should be assessed, and clinicians should have a
low threshold to order a CT scan or an ultrasound
to assess for possible fluid collections. After the
cultures are sent, broad empiric antibiotic therapy
should be started (Table 4). Empiric therapy may
include antifungal or antiviral medications
depending on the likelihood of these infections and
the patient’s clinical status. After an infectious
source is isolated, antibiotics should be stream-
lined appropriately to prevent selection of resistant
organisms.

Postoperative infections after solid organ
abdominal transplantation continue to be a major
cause of graft dysfunction, graft loss, and mortality
and should be high on the differential for any criti-
cally ill transplant patient. Rapid diagnosis is crucial
and aggressive treatment is warranted. The most
common early infections faced by transplant recipi-
ents are presented here. Although infectious compli-
cations will often be the cause for ICU admission,
serious infection may also develop while the patient
is in the ICU. The timing after transplantation, pres-
ence of risk factors, type of grafted organ, and level of
immunosuppression all affect the likelihood and the
type of infection. By understanding these variables,
proper recognition and prompt treatment of bacter-
ial, fungal, or viral infections in the abdominal solid
organ recipient may be achieved.17,18

References

1. 2007 Annual Report of the U.S. Organ Procurement and

Transplantation Network and the Scientific Registry of

Transplant Recipients: Transplant Data 1997-2006. In:

UNOS;URREA, eds. Health Resources and Services

Administration, Healthcare Systems Bureau, Division of

Transplantation. Rockville, MD: UNOS; 2006, 2.

2. Jamil B, Nicholls K, Becker GJ, Walker RG. Impact of

acute rejection therapy on infections and malignancies

in renal transplant recipients. Transplantation. 1999;68:

1597-1603.

3. Singh N. The current management of infectious diseases

in the liver transplant recipient. Clin Liver Dis. 2000;4:

657-673, ix.

4. Snydman DR. Infection in solid organ transplantation.

Transpl Infect Dis. 1999;1:21-28.

5. Cueto G, Trigo P, Arata A, et al. Evaluation of prognostic

factors for early infection in liver transplantation. Trans-

plant Proc. 1999;31:3061-3062.

Table 4. Initial Antibiotic Choices in Critically Ill
Transplant Recipients

Vancomycin

Voriconazole
Valganciclovir (or ganciclovir) plus piperacillin/tazobactam

and levofloxacin
OR
(For high institution resistance rates) meropenem
OR
(For severe penicillin allergy) aztreonam and metronidazole plus

TMP-SMX if no PCP prophylaxis and pulmonary symptoms

NOTES: PCP ¼ Pneumocystis carinii pneumonia; TMPSMX ¼
trimethoprim-sulfamethoxazole.

14 Journal of Intensive Care Medicine / Vol. 24, No. 1, January/February 2009

 at PENNSYLVANIA STATE UNIV on September 12, 2016jic.sagepub.comDownloaded from 

http://jic.sagepub.com/


6. Singh N. Fungal infections in the recipients of solid

organ transplantation. Infect Dis Clin North Am.

2003;17:113-134, viii.

7. Baldi A, Mourad M, Malaise J, Squifflet JP. Low urinary

tract infections in simultaneous pancreas and kidney

transplantation: comparison between bladder and

enteric drainage of exocrine secretions. Transplant Proc.

1995;27:3116-3117.

8. Tomikawa S, Ichikawa N, Kikuchi K, et al. Major infec-

tious complications as a risk factor in kidney transplanta-

tion. Transplant Proc. 1998;30:3127-3129.

9. Bassetti M, Salvalaggio PR, Topal J, et al. Incidence,

timing and site of infections among pancreas transplant

recipients. J Hosp Infect. 2004;56:184-190.

10. Hagerty JA, Ortiz J, Reich D, Manzarbeitia C. Fungal

infections in solid organ transplant patients. Surg Infect

(Larchmt). 2003;4:263-271.

11. Fung JJ. Fungal infection in liver transplantation.

Transpl Infect Dis. 2002;4(suppl 3):18-23.

12. Ricart MJ, Malaise J, Moreno A, Crespo M, Fernandez-

Cruz L. Cytomegalovirus: occurrence, severity, and

effect on graft survival in simultaneous pancreas-

kidney transplantation. Nephrol Dial Transplant.

2005;20(suppl 2):ii25-ii32, ii62.

13. Griffiths P, Ait-Khaled M, Bearcroft C, et al. Human

herpesviruses 6 and 7 as potential pathogens after liver

transplant: prospective comparison with the effect of

cytomegalovirus. J Med Virol. 1999;59:496-501.

14. Singh N. Human herpesviruses-6, -7 and -8 in organ

transplant recipients. Clin Microbiol Infect. 2000;6:

453-459.

15. Singh N, Husain S, Carrigan DR, et al. Impact of human

herpesvirus-6 on the frequency and severity of recurrent

hepatitis C virus hepatitis in liver transplant recipients.

Clin Transplant. 2002;16:92-96.

16. Trofe J, Gaber LW, Stratta RJ, et al. Polyomavirus in kid-

ney and kidney-pancreas transplant recipients. Transpl

Infect Dis. 2003;5:21-28.

17. Kidd I, Clark D, Sabin C, et al. Prospective study of

human betaherpesviruses after renal transplantation:

association of human herpesvirus 7 and cytomegalovirus

co-infection with cytomegalovirus disease and increased

rejection. Transplantation. 2000;69(11):2400-2404.

18. Linhares MM, Gonzalez AM, Trivino T, et al. Simulta-

neous pancreas-kidney transplantation: infectious com-

plications and microbiological aspects. Transplant Proc.

May 2004;36(4):980-981.

19. Olthoff KM, Merion RM, Ghobrial RM, et al. Outcomes

of 385 adult-to-adult living donor liver transplant recipi-

ents: a report from the A2ALL Consortium. Ann Surg.

2005;242:314-323, discussion 323-325.

20. Gayowski T, Marino IR, Singh N, et al. Orthotopic liver

transplantation in high-risk patients: risk factors associ-

ated with mortality and infectious morbidity. Transplan-

tation. 1998;65:499-504.

21. Hollenbeak CS, Alfrey EJ, Souba WW. The effect of sur-

gical site infections on outcomes and resource utilization

after liver transplantation. Surgery. 2001;130:388-395.

22. Smets YF, van der Pijl JW, van Dissel JT, Ringers J,

de Fijter JW, Lemkes HH. Infectious disease complica-

tions of simultaneous pancreas kidney transplantation.

Nephrol Dial Transplant. 1997;12:764-771.

23. Hellinger WC, Bonatti H, Yao JD, et al. Risk stratifica-

tion and targeted antifungal prophylaxis for prevention

of aspergillosis and other invasive mold infections after

liver transplantation. Liver Transpl. 2005;11:656-662.

24. Singh N, Chang FY, Gayowski T, Wagener M,

Marino IR. Fever in liver transplant recipients in the

intensive care unit. Clin Transplant. 1999;13:504-511.

25. Giral M, Pascuariello G, Karam G, et al. Acute graft

pyelonephritis and long-term kidney allograft outcome.

Kidney Int. 2002;61:1880-1886.

26. Introduction to the guidelines. Am J Transplant.

2004;4(suppl 10):6-9.

27. Stafford RE, Weigelt JA. Surgical infections in the criti-

cally ill. Curr Opin Crit Care. 2002;8:449-452.

28. Schechter S, Eisenstat TE, Oliver GC, Rubin RJ,

Salvati EP. Computerized tomographic scan-guided

drainage of intra-abdominal abscesses. Preoperative and

postoperative modalities in colon and rectal surgery. Dis

Colon Rectum. 1994;37:984-988.

29. Stratta RJ, Shokouh-Amiri MH, Egidi MF, et al. A pro-

spective comparison of simultaneous kidney-pancreas

transplantation with systemic-enteric versus portal-

enteric drainage. Ann Surg. 2001;233:740-751.

30. Patel R. Infections in recipients of kidney transplants.

Infect Dis Clin North Am. 2001;15:901-952, xi.

31. Kim RD, Oreopoulos DG, Qiu K, et al. Impact of mode

of dialysis on intra-abdominal infection after simulta-

neous pancreas-kidney transplantation. Transplantation.

2005;80:339-343.

32. Batiuk TD, Bodziak KA, Goldman M. Infectious disease

prophylaxis in renal transplant patients: a survey of US

transplant centers. Clin Transplant. 2002;16:1-8.

33. Screening of donor and recipient prior to solid organ

transplantation. Am J Transplant. 2004;4(suppl 10):

10-20.

34. Zibari GB, Lipka J, Zizzi H, Abreo KD, Jacobbi L,

McDonald JC. The use of contaminated donor organs

in transplantation. Clin Transplant. 2000;14(4 Pt 2):

397-400.

35. Singh N, Wannstedt C, Keyes L, Wagener MM,

Cacciarelli TV. Who among cytomegalovirus-

seropositive liver transplant recipients is at risk for cyto-

megalovirus infection? Liver Transpl. 2005;11:700-704.

36. McLaughlin K, Sandhu S, Wu C, Muirhead N,

Hollomby D, Jevnikar A. Transplanting kidneys from

CMV-seropositive donors to CMV-seronegative recipi-

ents is not associated with poorer renal allograft function

or survival. Nephrol Dial Transplant. 2005;20:176-180.

Infection in Abdominal Organ Transplantation / Hlava et al 15

 at PENNSYLVANIA STATE UNIV on September 12, 2016jic.sagepub.comDownloaded from 

http://jic.sagepub.com/


37. Cytomegalovirus. Am J Transplant. 2004;4(suppl 10):

51-58.

38. Feng S, Buell JF, Cherikh WS, et al. Organ donors with

positive viral serology or malignancy: risk of disease

transmission by transplantation. Transplantation.

2002;74:1657-1663.

39. Iwamoto M, Jernigan DB, Guasch A, et al. Transmission

of West Nile virus from an organ donor to four transplant

recipients. N Engl J Med. 2003;348:2196-2203.

40. Srinivasan A, Burton EC, Kuehnert MJ, et al, for the

Rabies in Transplant Recipients Investigation Team.

Transmission of rabies virus from an organ donor to four

transplant recipients. N Engl J Med. 2005;352:1103-1111.

41. Multiply resistant Gram-positive bacteria. Am J Trans-

plant. 2004;4(suppl 10):31-36.

42. Gouvea EF, Branco RC, Monteiro RC, et al. Outcome of

infections caused by multiple drug-resistant bacteria in liver

transplant recipients. Transplant Proc. 2004;36: 958-960.

43. Multiply antibiotic-resistant gram-negative bacteria. Am

J Transplant. 2004;4(suppl 10):21-24.

44. Singh N. Impact of current transplantation practices on

the changing epidemiology of infections in transplant

recipients. Lancet Infect Dis. 2003;3:156-161.

45. Eggimann P, Pittet D. Infection control in the ICU.

Chest. 2001;120:2059-2093.

46. Legionella. Am J Transplant. 2004;4(suppl 10):25-27.

47. Clostridium difficile. Am J Transplant. 2004;4(suppl 10):

28-30.

48. Nocardia infections. Am J Transplant. 2004;4(suppl 10):

47-50.

49. Orsenigo E, Florina P, Cristallo M, et al. Outcome of

simultaneous kidney pancreas transplantation: a single

center analysis. Transplant Proc. 2004;36:1519-1523.

50. Newell KA, Bruce DS, Cronin DC, et al. Comparison of

pancreas transplantation with portal venous and enteric

exocrine drainage to the standard technique utilizing

bladder drainage of exocrine secretions. Transplantation.

1996;62:1353-1356.

51. Kuo PC, Johnson LB, Schweitzer EJ, Bartlett ST. Simul-

taneous pancreas/kidney transplantation—a comparison

of enteric and bladder drainage of exocrine pancreatic

secretions. Transplantation. 1997;63:238-243.

52. Lo A, Stratta RJ, Hathaway DK, et al. Long-term

outcomes in simultaneous kidney-pancreas transplant

recipients with portal-enteric versus systemic-bladder

drainage. Am J Kidney Dis. 2001;38:132-143.

53. Pearson TC, Santamaria PJ, Routenberg KL, et al. Drai-

nage of the exocrine pancreas in clinical transplantation:

comparison of bladder versus enteric drainage in a

consecutive series. Clin Transplant. 1997;11:201-205.

54. Pirsch JD, Odorico JS, D’Alessandro AM, Knechtle SJ,

Becker BN, Sollinger HW. Posttransplant infection

in enteric versus bladder-drained simultaneous

pancreas-kidney transplant recipients. Transplantation.

1998;66: 1746-1750.

55. Miemois-Foley J, Paunio M, Lyytikainen O, Salmela K.

Bacteremia among kidney transplant recipients: a case-

control study of risk factors and short-term outcomes.

Scand J Infect Dis. 2000;32:69-73.

56. Fungal infections. Am J Transplant. 2004;4(suppl 10):

110-134.

57. Paya CV. Prevention of fungal infection in transplanta-

tion. Transpl Infect Dis. 2002;4(suppl 3):46-51.

58. Perfect JR. New antifungal agents. Transpl Infect Dis.

2002;4(suppl 3):52-61.

59. Cornely O, Maertens J, Winston D, et al. Posaconazole

vs. fluconazole or itraconazole prophylaxis in patients

with neutropenia. N Engl J Med. 2007;356:348-359.

60. Ullmann AJ, Lipton JH, Vesole DH, et al. Posaconazole

or fluconazole for prophylaxis in severe graft-versus-host

disease. N Engl J Med. 2007;356:335-347.

61. Mora-Duarte J, Betts R, Rotstein C, et al, for the Caspo-

fungin Invasive Candidiasis Study Group. Comparison

of caspofungin and amphotericin B for invasive candi-

diasis. N Engl J Med. 2002;347:2020-2029.

62. Singh N. The changing face of invasive aspergillosis in liver

transplant recipients. Liver Transpl. 2002;8:1071-1072.

63. Scotter JM, Campbell P, Anderson TP, Murdoch DR,

Chambers ST, Patton WN. Comparison of PCR-ELISA

and galactomannan detection for the diagnosis of inva-

sive aspergillosis. Pathology. 2005;37:246-253.

64. Shah RM, Miller W Jr. Pulmonary complications of

transplantation: radiographic considerations. Clin Chest

Med. 2005;26:545-560, v.

65. Pereira CN, Del Nero G, Lacaz CS, Machado CM. The

contribution of galactomannan detection in the diagno-

sis of invasive aspergillosis in bone marrow transplant

recipients. Mycopathologia. 2005;159:487-493.

66. Mattei D, Rapezzi D, Mordini N, et al. False-positive

Aspergillus galactomannan enzyme-linked immunosor-

bent assay results in vivo during amoxicillin-clavulanic

acid treatment. J Clin Microbiol. 2004;42: 5362-5363.

67. Pazos C, Ponton J, Del Palacio A. Contribution of

(1->3)-beta-D-glucan chromogenic assay to diagnosis

and therapeutic monitoring of invasive aspergillosis in

neutropenic adult patients: a comparison with serial

screening for circulating galactomannan. J Clin Micro-

biol. 2005;43:299-305.

68. Herbrecht R, Denning DW, Patterson TF, et al, for the

Invasive Fungal Infections Group of the European Orga-

nisation for Research and Treatment of Cancer and the

Global Aspergillus Study Group. Voriconazole versus

amphotericin B for primary therapy of invasive aspergil-

losis. N Engl J Med. 2002;347:408-415.

69. Pneumocystis jiroveci (formerly Pneumocystis carinii).

Am J Transplant. 2004;4(suppl 10):135-141.
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