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Despite the progress made in graft and patient survival in recent years, infectious complications remain
a major source of morbidity and mortality in pediatric solid organ transplant recipients. The risk of
infection after transplant is determined by the interaction of several factors, including age, type of organ
transplanted, type and intensity of immunosuppression, environmental exposures, and the consequences
of invasive procedures. Compared with adult transplant recipients, children are at higher risk of
developing primary infection with various organisms after transplantation, as they often lack previous
immunity from natural exposure to many microbes and often have not completed their primary
immunization series at the time of transplantation. This article provides an overview of the risk factors,
timing, and types of infectious complications associated with organ transplantation in children.
© 2006 Elsevier Inc. All rights reserved.
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Solid organ transplantation (SOT) is a major therapeutic
ption for many children with end-stage organ failure. In
003, there were almost 2500 pediatric candidates and 1800
ecipients of organ transplantation in the United States.1

ith advances in immunosuppressive agents and surgical
echniques, survival rates continue to improve. Despite the
rogress made in graft preservation and patient survival,
nfectious complications remain a major source of morbid-
ty and mortality, particularly in pediatric transplant pa-
ients.2 Pediatric organ transplant recipients differ from their
dult counterparts in several ways, including the underlying
tiology of organ failure, the complexity of the surgical
rocedures, and the susceptibility to posttransplant compli-
ations, particularly infections. This article provides an
verview of the infectious complications associated with
rgan transplantation in children.
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isk of infection in pediatric solid organ
ransplant recipients

he risk of infection in children after SOT is largely deter-
ined by the interaction of several factors including the

ype and intensity of immunosuppression (net state of im-
unosuppression), environmental exposures, and the con-

equences of invasive procedures.3 Factors predisposing to
nfection after transplantation can be further classified as
hose present before transplantation, those related to the
ransplant procedure, or those at the perioperative or post-
ransplant period4 (Table 1).

Age is an important determinant of susceptibility to cer-
ain pathogens and disease severity. Often young children
ill lack immunity to many pathogens before transplanta-

ion. This can occur if they have not completed their pri-
ary immunization series, rendering them susceptible to

accine preventable illnesses5 or if they have not had ex-
osure to common community pathogens. Accordingly,
oung children, compared with adult transplant recipients,
re at higher risk of acquiring primary infection with many
rganisms after they are immunosuppressed, which can lead

o increased severity.6,7
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The underlying disease processes and complications of
nd stage organ disease represent additional risks for infec-
ious complications. The risk of urinary tract infection (UTI)
fter renal transplantation is increased in children who have
nderlying vesicoureteral reflux.8 Candidates for lung trans-
lantation with cystic fibrosis (CF) are often colonized with
ungi and highly resistant Gram-negative bacteria. Likewise
rolonged hospitalization times before transplantation in-
rease the risk of nosocomial colonization with resistant
rganisms. Disorders requiring palliative surgery can also
ead to technical difficulties during subsequent transplanta-
ion increasing the risk of infection.9 Finally, children who
ere previously immunosuppressed from iatrogenic medi-

ations or chronic malnutrition are at enhanced risk of
nfection after transplantation.10,11

The type of allograft and the technical factors unique to
ach organ transplant procedure are important determinants
f both location and type of postoperative infections. For
xample, the risk of infection after liver transplantation has
een associated with the type of biliary reconstruction
sed.12 Thrombosis of the hepatic artery has been shown to
redispose to hepatic abscess and bacteremia following
iver transplant. In thoracic transplant recipients, mediasti-
al bleeding requiring subsequent re-exploration increases
he risk of mediastinitis and sepsis.13 Prolonged operative
ime has been associated with increased risk of infection and
s likely a surrogate marker for the technical difficulty of the
urgery.14 In addition, ischemic injury can reduce the via-
ility of the allograft and increase the risk of infection.

Transplantation is a distinctively efficient mode of trans-
ission of latent organisms including cell-associated vi-

uses [CMV, EBV, human immunodeficiency virus (HIV),
epatitis B virus (HBV), hepatitis C virus (HCV)], chronic
acteria (mycobacteria, syphilis), fungi (Histoplasma, Coc-
idioides, Cryptococcus), and parasites (Toxoplasma gon-
ii, Trypanosoma cruzi, Strongyloides stercoralis) with the
raft. The adverse consequences of some of these microbes
n the donor are so significant that they are often considered
n absolute contraindication for transplantation (eg, HIV,

Table 1 Factors determining the risk of infectious complicati

Pretransplantation factors Perioperati

Young age
Underlying disease
Duration and frequency of

hospitalizations
Palliative surgery prior to transplant
Complications of end-stage organ

disease
Malnutrition
Environmental exposures:

● Community
● Hospital

Travel

Type of organ transplante
Transplant procedure:

● Ischemic injury
● Prolonged operative
● Exposure to blood pr
● Technical problems
● Donor-transmitted pa

Indwelling cannulas (End
catheters, intravenous ca
BV). For ubiquitous organisms, such as CMV and EBV, c
lternate strategies for prevention of disease post transplant
an be instituted.

Immunosuppression, prolonged use of indwelling cannu-
as, and environmental exposures are among the major de-
erminants of the risk of infection following transplantation.
urthermore, the interaction of several factors, including the
ature of the immunosuppressive regimen, treatment of
ejection, neutropenia, metabolic abnormalities (ie, hy-
oalbuminemia, uremia, hyperglycemia), and infection with
mmunomodulating viruses (eg, CMV, EBV), will deter-
ine the overall state of immunosuppression for an indi-

idual transplant recipient and therefore his or her risk for
ther infections.3,15 As immunosuppressive regimens
volve, the specific nature of infectious complications may
lso change. Thus, it is important to monitor for new infec-
ious complications when evaluating novel immunosuppres-
ive agents.16

iming of infection after transplantation

nfections after transplantation tend to follow a predictable
emporal pattern in the absence of antimicrobial interven-
ion, and can be grouped into three major time frames: early,
ntermediate, and late.3 This timetable has proved useful in
he differential diagnosis of patients presenting with a pos-
ible infectious disease syndrome.

arly infections (0-30 days)

ost of the infections seen during the first month after
ransplantation are associated with technical problems and
re similar to those complicating comparable major surgery.
hese include bacterial and candidal surgical wound infec-

ions, pneumonia, bacteremia, and UTI. Postoperative bac-
eremia is related predominantly to indwelling catheters, but
an also be result from other foci of infection such as
neumonia, pyelonephritis, or mediastinitis.17 Additional

lowing transplantation4

ors Post-transplant factors

ns
eal tube, urethral
)

Net state of immunosuppression:
● Dose, duration, and temporal sequence

of immunosuppressive agents
● Augmented therapy for rejection
● Neutropenia
● Metabolic abnormalities
● Viral infection

Environmental exposures
● Community
● Hospital

Indwelling cannulas
ons fol

ve fact

d

time
oducts

thoge
otrach
theters
auses of infection in the early post transplant period in-
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lude some pathogens present in the recipient before trans-
lant, which may be exacerbated by the immunosuppressive
herapy such as herpes simplex virus (HSV) and less com-
only, acute infection transmitted with a contaminated al-

ograft. Finally, nosocomial infection with respiratory vi-
uses such as influenza, parainfluenza, and respiratory
yncytial virus (RSV) are most severe in the early period
fter transplantation.18

ntermediate (1-6 months)

uring the intermediate period, infections associated with
ostoperative complications or with augmented immuno-
uppression can develop. Reactivation of latent organisms
ithin the host or graft associated with these same infec-

ious agents such as CMV, EBV, or T. gondii comprise the
ajor infections seen during this time period. The use of

rophylaxis or preemptive therapy against CMV can modify
he timing of disease to occur greater than 6 months after
ransplant. The overall state of immunosuppression also
romotes a permissive environment for opportunistic infec-
ions with Pneumocystis jiroveci, and Aspergillus spp.

ate infections (more than 6 months)

his period is less well defined. The types of infections seen
ill largely depend on the transplantation outcome and the
egree of immunosuppression. Accordingly, the highest risk
or life-threatening opportunistic infections occurs in the
etting of poor allograft function, chronic viral infection,
nd greater exposure to immunosuppression. In contrast, the
ypes and severity of infection seen in patients who have
ood allograft function and are on low-dose maintenance
mmunosuppression tend to be similar to those observed in
therwise healthy children such as community acquired
espiratory viruses.3,19

There are some infections that can occur at any time and
re more related to the patient’s clinical and immunosup-
ressive status rather than temporal events per se. For ex-
mple, children with continued central intravenous access
emain at risk for line associated infection regardless of the
ime post transplant, and hospitalized children are at risk for
ealth care-associated infections.

iral infections

iral infections are a major cause of morbidity and mortal-
ty after pediatric organ transplantation. Their identification
as been greatly aided by the availability of newer molec-
lar diagnostic techniques. Herpesviruses [CMV, EBV,
SV, varicella zoster virus (VZV), and less frequently
HV-6, -7, and -8] are some of the most important viral

nfections after pediatric SOT. They share the ability to
stablish lifelong latency leading to intermittent reactiva-

ion, either spontaneously or as a result of various stimuli o
uch as enhanced immunosuppression. Herpesviruses can
rise as primary infection (community or graft associated),
eactivation of the host virus, or re-infection with a new
iral strain. In general, primary infection after SOT causes
he most significant disease.

ytomegalovirus

n the United States, primary CMV infection occurs during
he first two decades of life as an asymptomatic infection or
nfectious mononucleosis-like syndrome in approximately
0% of the population. CMV is one of the most important
nfectious complications after SOT. Before widespread use
f prophylaxis, CMV disease was reported to occur in 40%
f pediatric liver recipients, 22% of kidney recipients, and
6% of thoracic organ recipients.4,20 During the last decade,
he impact of CMV infection and disease on morbidity and
ortality has been reduced by improvements in prevention

nd management strategies.
Several risk factors for the development of CMV infec-

ion and disease after organ transplantation are recognized.
rimary CMV infection acquired from the donor allograft
ie, CMV donor-positive/recipient-negative) has been asso-
iated with the highest morbidity and mortality.7 Acquisi-
ion of CMV from blood products has significantly de-
reased since the era of screening blood and the institution
f leukoreduction of packed red blood cells in many centers.
eactivation of endogenous CMV or superinfection with a
ew CMV strain are generally associated with lesser inci-
ence and severity of disease due to the presence of CMV-
pecific humoral and cell-mediated immunity in the recipi-
nt. Antithymocyte globulin and CD3 monoclonal antibody
ncrease the risk of CMV disease.21

CMV causes a wide range of clinical manifestations that
ary according to the type of allograft and the nature and
uration of immunosuppression. Definitions of CMV infec-
ion and disease have been developed for the purpose of
onsistent reporting of CMV in clinical trials.16 CMV in-
ection is defined as having CMV replication in any body
uid or tissue specimen. CMV disease refers to the evidence
f infection in the presence of attributable symptoms and
ypically presents 30 to 90 days after transplantation, but
an be delayed in the setting of prophylaxis.22 Disease
aused by CMV can be further classified as CMV syn-
rome, a clinical condition with fever, malaise, leukopenia,
nd/or thrombocytopenia in the absence of end organ in-
olvement and CMV tissue invasive disease presenting as
neumonitis, hepatitis, gastrointestinal disease, myocarditis,
nd less frequently as encephalitis or retinitis. Histologic
xamination of involved organs is necessary to confirm the
iagnosis of CMV invasive disease. There is a predilection
or CMV to invade the allograft.

In addition to direct viral effects causing symptomatic
isease, CMV has been associated with indirect immuno-
odulatory effects leading to an enhanced susceptibility to
ther opportunistic infections including aspergillus, EBV-
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elated posttransplant lymphoproliferative disease (PTLD),
s well as an increased risk of graft rejection.3

The diagnosis of CMV has evolved in recent years. CMV
erology is useful for the determination of the donor and
ecipient pretransplant serostatus and posttransplant risk,
ut is of limited value after transplantation. CMV can be
ultured from a variety of specimens including urine, tis-
ues, and respiratory secretions. However, traditional cul-
ure is slow and less sensitive than detection by newer
olecular techniques. Although rapid shell vial culture

echniques for CMV improve the timeliness of detection,
either culture method is able to distinguish between viral
hedding and true CMV disease. The pp65 antigenemia
ssay detects the late structural protein pp65 produced in
eukocytes with a sensitivity of 89% and specificity of
00%.23,24 The need for both rapid processing and technical
kill in interpretation limit its usefulness. Molecular diag-
ostic assays that detect and quantify CMV- DNA by poly-
erase chain reaction (PCR) have high sensitivity (95-

00%) and are being increasingly recognized as the method
f choice for diagnosis and therapeutic monitoring in CMV
isease. Comparative studies between antigenemia detec-
ion and PCR have shown a more than 80% concor-
ance.23,25 Both PCR and pp65 antigenemia can be used for
arly detection of viral replication according to local expe-
ience.

Approaches for the prevention of CMV include the use
f CMV seronegative or leukocyte-reduced blood products,
ntiviral agents, and immunoglobulin therapy. Specific pre-
ention strategies vary widely among centers with the two
pproaches most commonly used being universal prophy-
axis of all patients at risk for CMV and preemptive therapy.
ach strategy has advantages and disadvantages. Unfortu-
ately, data from multicenter controlled randomized trials
valuating different prevention strategies in pediatric trans-
lant recipients are lacking.26

Intravenous ganciclovir, a nucleoside analog, is the ther-
py of choice for established CMV disease. Myelotoxicity is
he most limiting side effect. Foscarnet, a competitive in-
ibitor of viral DNA polymerase, and cidofovir, a nucleo-
ide analog with broad antiviral activity, are therapeutic
lternatives in cases of ganciclovir resistance, but both
gents have significant nephrotoxicity. Oral agents, such as
ral ganciclovir and most recently the ganciclovir prodrug
alganciclovir, have been used most often for prophylaxis
r preemptive therapy. Appropriate dosing for valganciclo-
ir in children is still not known but should benefit from an
ngoing multi-center, international study of the pharmacol-
gy of a liquid formulation in pediatric transplant recipients.
he benefit of adding CMV hyperimmune globulin in treat-

ng CMV disease remains uncertain.27 Judicious reduction
f immunosuppression is an important component in the
reatment of CMV disease. Despite successful treatment,
MV infection recurs in one-third of solid organ recipients.
he incidence of resistance in SOT patients receiving pro-

hylaxis is estimated at 0% to 13%. i
pstein–Barr virus

BV is a ubiquitous human herpesvirus that has the ability
o transform and immortalize B lymphocytes resulting in
ife-long latent infection. In the normal host, the prolifera-
ion of immortalized B cells is limited by a cytotoxic T
ymphocyte (CTL) response. In transplant recipients, how-
ver, immunosuppressive therapy impairs this response,
reating the potential for uncontrolled lymphoprolifera-
ion.28 This is particularly true for recipients who undergo
rimary infection after transplantation. EBV infection has
een associated with a wide spectrum of disease in pediatric
ransplant patients, including asymptomatic seroconversion,
onspecific viral illness, mononucleosis, PTLD, and lym-
homa. The term EBV-associated PTLD is generally used
o describe a heterogeneous group of clinical syndromes
ssociated with EBV driven lymphoproliferation ranging
rom a benign self-limited form of polyclonal proliferation to
rue malignancies containing clonal chromosomal abnormali-
ies.29 The disease may be nodal or extranodal, localized or
isseminated. PTLD has been identified as the most common
ost transplant malignancy in pediatric SOT patients.30

Primary EBV infection, often donor-associated (EBV
eropositive donor/seronegative recipient), is the most
learly defined risk factor for the development of early
TLD (�12 months after transplant).6 Children are there-
ore at considerably higher risk of developing PTLD than
dults as they are often EBV naı̈ve at the time of transplan-
ation. The incidence of PTLD is also dependent on the type of
rgan transplanted, with small intestinal transplant recipients
eing at highest risk (up to 32%), pancreas, heart, lung, and
iver transplant recipients are at moderate risk (3-12%), and
ecipients of kidney transplants are at relatively low risk.6

A high index of suspicion and clinical vigilance must be
aintained to allow for timely evaluation for EBV disease

r PTLD. An increasing body of evidence supports the
easurement of quantitative EBV viral load using PCR in

eripheral blood as an adjunct for early diagnosis of EBV/
TLD, particularly in those at highest risk.31,32 Ongoing
esearch will assist with developing recommendations for
n optimal monitoring protocol.

EBV disease/PTLD should be considered in SOT recip-
ents who present with fever, mononucleosis, gastrointesti-
al disturbances, lymphadenopathy, or organomegaly. Less
ften, PTLD presents with focal neurologic symptoms, or
llograft dysfunction. Diagnostic evaluation should include
thorough history and physical examination, quantitative
BV assays, and radiological evaluation with CT scans of

he chest, abdomen, and pelvis.33 Additional evaluation in
elected patients with gastrointestinal endoscopy, brain im-
ging, or bone marrow biopsy should be included when
linically indicated. Pathology remains the gold standard for
he diagnosis and classification of PTLD. Therefore, it is
mportant to pursue biopsy of suspicious lesions or nodes.

ost, but not all cases of PTLD are associated with EBV

nfection; in general, EBV-negative cases have a worse prog-
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157Fonseca-Aten and Michaels Infections in Pediatric Solid Organ Transplant Recipients
osis than cases of EBV-related PTLD. EBV-negative PTLD
re more common late after transplantation (greater than a
ear).

Reduction of immunosuppression is widely accepted as the
nitial strategy in the management of most categories of EBV
isease. The optimal role and timing of additional therapy,
uch as antiviral agents, intravenous immunoglobulin, mono-
lonal antibodies, interferon, and chemotherapy, remain con-
roversial. In general, the goal of therapy is to promote regres-
ion of disease with minimal patient morbidity while
reserving graft function. Clinical recurrence of PTLD has
een estimated to occur in approximately 5% of cases.

ther herpes viruses

ypically, HSV reactivation occurs early after SOT in pre-
iously seropositive subjects who are not on antiviral pro-
hylaxis. Primary infection transmitted from the allograft
as been described but is rare. Children who are seronega-
ive may acquire the virus from close contacts. Whereas the
SV infections commonly present as orolabial disease, dis-

eminated disease in the form of pneumonitis, esophagitis,
nd hepatitis may occur.34,35 Antiviral prophylaxis of pa-
ients that are HSV seropositive for the first 1 to 3 months
fter transplantation has generally prevented serious HSV
isease. Young children who are not fully immunized are at
isk for primary VZV infection after SOT. They are at an
ncreased risk of developing more severe skin disease and
isceral involvement, such as encephalitis, pneumonitis, or
epatitis. It is strongly recommended that children be im-
unized against VZV before transplantation. It has been

ecommended that susceptible children who are exposed to
ZV receive prophylaxis with varicella zoster immune
lobulin within 72 to 96 hours of the exposure. However, its
imited availability leads to recommendations for intrave-
ous immunoglobulin or oral acyclovir starting at 7 days
ost exposure. These strategies have yet to be fully studied.
evere disease with HSV or VZV should be treated with

ntravenous acyclovir.
More recently, recognized herpesviruses such as the beta

erpesviruses HHV-6 and HHV-7 have been associated
ith disease after transplantation. In particular, HHV-6 has
een linked to a variety of clinical manifestations in trans-
lant recipients, including pneumonitis, fever, encephalitis,
nd myelosuppression. Similar to CMV, HHV-6 is thought
o have an immunomodulatory effect. It has been postulated
hat coinfection with HHV-6 or HHV-7 and CMV promotes
evelopment of CMV disease.36 The gamma-herpesvirus
HV-8 has been associated with Kaposi’s sarcoma after

ransplantation, particularly in countries that have high se-
oprevalence rates.37,38

ommunity acquired viral infections

nfections with community acquired respiratory viruses are

ncreasingly recognized as a cause of morbidity, graft fail- b
re, and mortality in transplant recipients.39,40 Influenza,
arainfluenza, and RSV infections are common causes of
pper respiratory tract infection in children, but in transplant
ecipients they are associated with an increased risk of
rogression to pneumonia. It is also well recognized that
espiratory viral infection can predispose patients to coin-
ections, particularly bacterial pneumonia. In addition, im-
unocompromised patients tend to have prolonged viral

hedding after resolution of symptoms. In lung transplant
ecipients, respiratory viral infections have been associated
ith rejection.41 The diagnosis of respiratory viral infec-

ions can be established by culture, rapid antigen detection,
CR, or monoclonal antibody testing of nasopharyngeal
spirates or bronchoalveolar lavage specimens.

Risk factors for more severe disease with these common
hildhood viral infections after SOT include onset of infec-
ion early after transplantation, augmented immunosuppres-
ion for rejection, and a younger age.18,40,42-45 Prevention of
espiratory viral infection is predominately through infec-
ion control measures. Immunization against influenza
hould be administered yearly to the child and close con-
acts (household contacts and health care workers). Prophy-
axis with the RSV-specific monoclonal antibody palivi-
umab has been recommended in high-risk infants younger
han 24 months. No randomized trials have been conducted
o evaluate the use of palivizumab after SOT; however,
ome experts support the use of immunoprophylaxis for
nfants less than 1 year of age who receive their transplant
uring the RSV season.44

Adenovirus infection, although frequently asymptom-
tic, can cause a wide variety of infectious syndromes,
specially in transplant recipients. Clinical manifestations
re often related to the type of transplant and range from
elf-limited fever, gastroenteritis, hemorrhagic cystitis, to
ecrotizing hepatitis or pneumonia with the potential to
ause life-threatening infection. Adenovirus was the third
ost important viral infection following pediatric liver

ransplantation under cyclosporine in one series.46 Its epi-
emiology is less well characterized after other SOT types
ut can be particularly severe early after lung transplanta-
ion, where it may be associated with fatal pneumonitis.47

denovirus infection has been identified in up to 50% of
ediatric intestinal transplant recipients, but many of these
atients are thought to be experiencing asymptomatic shed-
ing of adenovirus in their stools. The frequency of symp-
omatic and invasive disease remains to be determined in
his population.

Diagnosis of adenovirus includes culture, antigen detec-
ion, and more recently PCR assays. Histologic evaluation
emains the gold standard for diagnosis of invasive disease.
t this time, there is no definitive treatment for adenovirus

nfection. Decrease in immunosuppression remains an im-
ortant component of therapy. The role of antiviral agents
emains to be elucidated. Anecdotal reports and small case
eries in bone marrow or stem cell recipients suggest a

enefit with cidofovir.48,49 However, a variety of dosing
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egimens have been employed and no controlled trial has
een conducted.

olyoma viruses

nfection with Polyomavirus hominis type 1, better known
s BK virus (BKV) typically occurs during childhood, with
atency occurring in renal and urogenital cells. Serological
vidence of exposure to BKV has been found in more than
0% of the general population worldwide. Asymptomatic
eactivation and low-level replication with viruria occurs in
% of healthy individuals. In renal transplant recipients,
ersistent high-level BKV replication has been associated
ith tubulointerstitial nephritis and ureteral stenosis. In pe-
iatric renal transplant recipients, pretransplant BKV sero-
egative status has been associated with increased risk of
rimary infection with subsequent BKV nephropathy.50 The
efinitive diagnosis of BKV disease requires histopatholog-
cal confirmation. The optimal management of BKV disease
as not been established. Experience with antiviral therapy
s only anecdotal, although trials with low dose cidofovir are
nderway. Judicious reduction of immune suppression and
ctive surveillance for rejection usually result in improve-
ent.

merging transplant viral infections

onor-derived infection with West Nile virus, lymphocytic
horiomeningitis virus (LCMV), and rabies has been re-
ently described.51-53 During the outbreak of severe acute
espiratory syndrome (SARS), transplant recipients with
evere and rapidly progressive disease were reported.54

igher viral burdens appeared to be present in transplant
atients and may have had implications for the increased
nfectivity of these patients. These reports emphasize the
hallenges of preventing and detecting transmission of un-
sual pathogens through transplantation or in the posttrans-
lant period.

acterial and fungal infections

acterial and fungal infections can be problematic after
ransplantation. Prophylactic strategies have decreased their
isk early after transplantation but in recent years, multi-
rug-resistant (MDR) bacteria have emerged in many trans-
lant centers. These include Gram-positive bacteria, such as
ethicillin-resistant Staphylococcus aureus and vancomy-

in-resistant enterococci, as well as Gram-negative bacteria
eg, MDR Pseudomonas aeruginosa, and extended-spectrum
-lactamase [ESBL]-producing Enterobacteriaceae).55,56

omplicated surgical and invasive diagnostic procedures, in-
welling catheters, prolonged hospital stays, and high antimi-
robial use contribute to nosocomial infection with MDR bac-

eria after SOT. Aggressive infection control measures and r
udicious use of antimicrobials are critical for protecting highly
usceptible transplant recipients.

Transplant recipients are also at risk for infections
aused by unusual organisms, such as nontuberculous my-
obacteria, Legionella, and Nocardia species. Donor-de-
ived bacterial infections can result from local colonization
r unrecognized bacteremia predisposing the recipient for
etastatic bacteremia and/or mycotic aneurysm at the site

f vascular anastomosis. Surveillance cultures and knowl-
dge of local antimicrobial resistance patterns can be useful
n guiding empirical antibiotic therapy.

Opportunistic fungal infections have long been recog-
ized as a significant complication in SOT recipients. A
ajority of fungal infections early after transplantation are

aused by Candida; with Aspergillus species being more
ommon early after lung transplantation.57,58 Invasive can-
idiasis is primarily related to technical aspects of the sur-
ery (eg, in liver transplant recipients) or recipient and
onor allograft colonization (eg, in lung transplant recipi-
nts). Pulmonary aspergillosis can disseminate to the CNS.
ikewise aspergillosis is the most common cause of brain
bscess in organ transplant recipients.59 CMV infection is a
isk factor for subsequent aspergillus infection. Fungal in-
ections that develop late after transplantation may be due to
eactivation of organisms that are able to establish latency
endemic fungi- Histoplasma, Coccidioides), or Cryptococ-
us but are less frequent in children than in adults. Aspergil-
us may be associated with chronic lung rejection. The value
f screening assays for invasive fungal infection (eg, galac-
omanan, �-glucan, or PCR) is yet to be determined.

pportunistic infections

neumocystis jiroveci is an important cause of pneumonia
n immunocompromised patients (PCP). Most cases occur
etween 1 and 6 months after transplantation, but it is
nfrequent with the widespread use of prophylaxis. Tri-
ethoprim-sulfamethoxazole is considered the prophylactic

gent of choice. Alternative agents available include pent-
midine, dapsone, atovaquone, and combination therapy
ith clindamycin and pyrimethamine. Notably, break-

hrough PCP infections in patients receiving alternative pro-
hylactic regimens have been reported and are often atyp-
cal.60

Toxoplasma gondii is also an opportunistic pathogen in
mmunocompromised individuals. Toxoplasmosis after
OT may result from primary infection or from reactivation
f latent infection with the greatest risk for acquisition of T.
ondii infection occurring in seronegative heart transplant
ecipients from a seropositive donor. Although post trans-
lant toxoplasmosis has been most frequently found after
ardiac transplantation, it has also has been reported to
ccur in recipients of other organs.61-63 Clinical symptoms
sually develop within the intermediate posttransplant pe-

iod.63,64 Fever may be the only clinical manifestation. Dis-
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emination of the parasite to the CNS may lead to signs and
ymptoms of meningoencephalitis. A sepsis-like picture,
neumonia, or cutaneous lesions are unusual manifesta-
ions. Prophylactic administration of pyrimethamine to se-
onegative recipients of hearts from seropositive donors has
revented disease. Alternatively, prophylaxis with tri-
ethoprim-sulfamethoxazole appears to be protective in

dult cardiac transplant recipients.65

Although uncommon, infection with Mycobacterium tu-
erculosis (MTB) after transplantation is associated with
ubstantial morbidity and mortality. The frequency of post-
ransplant MTB is 1.2% to 6.4% in most developed coun-
ries, but it may reach 15% among SOT recipients living in
ndemic areas. Most commonly, MTB results from reacti-
ation of latent infection with disease onset during the
ntermediate period.66,67 Compared with normal hosts, clin-
cal presentation after SOT has a higher incidence of dis-
eminated disease and extrapulmonary involvement. Mani-
estations include fever of unknown origin and allograft
ysfunction. Coinfection with other pathogens is not un-
ommon. Treatment of MTB after SOT poses special chal-
enges because of potential interactions between anti-MTB
rugs and immunosuppressive medications and potential
epatotoxicity. Prophylaxis with isoniazid is indicated in
atients with evidence of latent MTB infection.68 Most
xperts recommend screening candidates and administering
rophylaxis to those that are positive before undergoing
ransplantation.

re-transplantation evaluation

he pretransplant evaluation of potential pediatric recipients

Table 2 Pretransplant evaluation

History and Physical Examination
Epidemiologic exposures (pets, travel, geography)
Past infections
Drug allergies
Immunization history

Serologic screen
HIV-1, HIV-2
HSV
CMV
EBV
VZV
Hepatitis A,B,C
RPR
Measles, Mumps, Rubella*
Toxoplasma (in heart recipients)

Tuberculin skin test
Cultures in appropriate cases (e.g. respiratory culture in CF

patients)
Chest radiograph
Update vaccinations
Education and counseling

*Some centers do measles titer to assess immunity to MMR vaccine.
nd donors is an important component of the transplantation
rocess. Its purpose includes identification of conditions
hat may disqualify either donor or recipient, and the rec-
gnition of any latent or active infections that may require
herapy before transplantation. The infectious disease
creening of donor and recipient may influence the type of
onitoring and prophylaxis the recipient receives for pre-

enting infection after transplantation. Finally, the pretrans-
lant evaluation is an opportunity to provide cohesive edu-
ation about infections and their prevention to both the child
nd their family (Table 2). Additional screening of potential
onors and recipients should be guided by clinical suspicion
f infection. Since vaccinations are likely to be less effec-
ive after transplant, the pretransplant evaluation provides
n important opportunity to update immunizations. Live
accines should be given at least 4 weeks before the date of
ransplant.
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