American Journal of Transplantation 2013, 13: 1-2
Wiley Periodicals Inc.

Foreword: Guidelines 3

Infections represent a major cause of morbidity and mor
tality in transplant candidates and recipients. In order for
the transplant community to provide comprehensive care
to its patients, it is critical that transplant providers have an
understanding of the complexity of the field, both with
regards to general principles and specific disease enti-
ties. Given the constant changes in clinical practice in
both transplantation and infectious diseases, periodic crit-
ical evaluation and updating of the guidelines is essen-
tial to maintain their relevance. This new version of the
Infectious Diseases guidelines reflects the evolution of
the discipline and is designed to inform current clinical
practice.

This updated edition of the Infectious Diseases guidelines
represents the collaboration of members of the Infectious
Diseases Community of Practice (ID COP) of the American
Society of Transplantation (AST) and is supported jointly
by the American Society of Transplantation and the Cana-
dian Society of Transplantation. This update provides some
unique features. The growth of the AST ID COP has been
enormous since the last version of these guidelines and
the current community is notable for the diversity of its
expertise. Consequently all of the authors of the guide-
lines as well as nearly all of the reviewers are members of
the ID COP Many new authors were added to the current
guidelines; in some cases the previous authors developed
the new guideline but other sections were written in col-
laboration with a new co-author or by new authors. The
efforts of the previous authors of the guideline have been
acknowledged in each section. In addition to providing sig-
nificant updates to each of the chapters, we have added
three new sections: Ventricular Assist Devices, \West Nile
Virus and Arenaviruses, and Human T-lymphotropic Virus
1/2, as we felt these were important areas deserving of
their own consideration. Finally, for the first time, we have
paired these guidelines with both educational activities and
"Apps,” to improve reader accessibility and utilization of
the document.

Prior versions of these guidelines have been immensely
popular and frequently quoted and this version was in-
formed significantly by the past guidelines. In order to meet
the current needs of the transplant community, the devel-
opment of the new version began with a survey sent to all
members of AST soliciting feedback about the second edi-
tion. After consideration of these comments, we enlisted
the ID Community of Practice participants, requesting vol-
unteers for section authors and reviewers. Individuals were
asked to note their areas of expertise and previous authors
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were requested to note if they wanted to update their
previously written section. Because we had a large number
of volunteers, two authors were assigned to each individ-
ual chapter and no author was allowed to write more than
one chapter. Authors were required to adhere to a specific
format for chapter development. Individual chapters were
reviewed by two experts in the field; the vast majority
were also members of the ID COP In a few cases, ad-
ditional external expert opinion was solicited. Additionally
each section was reviewed by at least one editor, although
many sections were reviewed by more than one editor.
The three new chapters were reviewed by each of the
five editors. Following review, revisions were made and
these were then reviewed by at least one of the editors
prior to finalization. The final document was then reviewed
and approved by the Executive Committee of the Amer
ican Society of Transplantation. The Canadian Society of
Transplantation also reviewed the process by which the
guidelines were developed. Of note, neither the AST nor
the CST dictated the contents of the guidelines; although
the AST provided another level of critical review prior to the
submission of the document in its entirety to the American
Journal of Transplantation. The AJT editors and staff were
given full access to all review documents and all versions
of each chapter to ensure that a critical review process had
occurred.

Given the varying degrees of evidence in the field of trans-
plantation and transplant infectious diseases, the editors
felt that it was critical that all recommendations be graded
according to the level of evidence, so that the readers
can be informed on the strength of each recommendation.
We considered several different grading systems and ulti-
mately, after some discussion within the ID COPR decided
to use the system from the second edition of the guide-
lines as the authors felt that this most clearly reflected
the strength behind the individual recommendations
(Table 1). Given the nature of the current level of evidence,
the majority of the recommendations were either level
or lll. The absence of significant randomized prospective
clinical trials is notable and hopefully future research will
provide more robust support for guideline development in
the future.

The editors would like to gratefully acknowledge the
tremendous efforts of the many authors and reviewers
involved in this document. Their contributions were enor
mous as they provided not only their expertise but their
valuable time, complying with very tight timelines in order
to complete the document in record time. We would also
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Foreword

Table 1: Quality of evidence upon which recommendation is based

Grade Definition

| Randomized controlled trials

[1-1 Controlled trials without randomization
[I-2 Cohort or case-control analytic studies
11-3 Multiple time series, dramatic uncontrolled

experiments
1 Opinions of respected authorities, descriptive
epidemiology

From Fishman JA et al., Am J Transplant 2009; 9(Suppl 4): S3-S6.

like to thank both the AST and CST for their support, both
from a financial as well as administrative standpoint. We
are especially grateful to Libby McDannell (Executive Di-
rector of the AST), Jason Polinsky, Deanna Bright, and Roz
Mannon for all of their help. Finally, we would like to rec-
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ognize the support of our many colleagues both in the 1D
COP and the transplant community at large; without their
suggestions it would have been impossible to move these
guidelines forward. We hope that you read these guide-
lines as they were intended, to help guide your thoughts
as you care for your patients. They are not meant to re-
place the valuable consultation of your local experts, but
rather to enhance your understanding of the complex na-
ture of caring for transplant candidates and recipients with
infections.

Emily A. Blumberg
Lara Danziger-Isakov
Deepali Kumar
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The use of solid organ transplantation (SOT) has been es-
tablished as accepted therapy for end-stage disease of the
kidneys, liver, heart and lungs for nearly 30 years. Intestinal
and pancreas transplantation are also generally available
but are provided on a more limited basis. While surgical
procedures are well established, the field of transplanta-
tion continues to explore and experience innovations in
immunosuppressive therapy with goals of improving out-
comes and in pursuit of tolerance. The potential for surgi-
cal and technical complications combined with the impact
of immune suppression predisposes recipients of SOT to
clinically important infectious sequelae. The diversity and
consequences of infectious complications of SOT have
led a growing numbers of infectious disease specialists
to focus their career interests on the pursuit of clinical
expertise with this population resulting in the acquisition
of a growing body of clinical evidence in support of opti-
mal management of these patients. The availability of this
evidence (or in some cases the development of clinical
consensus where definitive evidence is lacking) serves as
the basis for this 3rd edition of the AST Guidelines for
the Prevention and Treatment of Infectious Complications
of Solid Organ Transplantation. While individual sections
within the 3rd edition of the Guidelines focus on specific
pathogens or disease categories, risk factors for and timing
of presentation of infectious complications in this popula-
tion tend to apply to recipients of all types of organs and to
most pathogens and their associated clinical syndromes.
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Accordingly, an understanding of these general principles
provides a strong foundation for the care and prevention of
infections in this population.

Predisposing Factors for Infection After SOT

Risk factors that predispose to infections in recipients of
organ transplantation can be categorized as being present
before transplant within the recipient or donor and those
secondary to intraoperative and posttransplant events.

Pretransplant factors —rrecipients

For all recipients of SOT, the organ being transplanted is
the critical determinant of the location of infection in these
patients, especially during the first 3 postoperative months
(1). The chest, abdomen and urinary tract are the most
common sites of infection experienced by recipients of
thoracic, liver and kidney transplantation, respectively. The
likely explanation for predilection to these sites include the
presence of local ischemic injury and bleeding, as well as
potential contamination (2).

The underlying ilinesses causing organ failure may also be
associated with an increased risk for developing infection
after organ transplantation. For example, patients with cys-
tic fibrosis who undergo lung or less commonly liver trans-
plantation are predisposed to pseudomonal and fungal
infections. Similarly, adult liver recipients undergoing trans-
plantation for HCV-associated cirrhosis are at an increased
risk for recurrent infection in the new hepatic allograft al-
though strategies to protect against recurrence are increas-
ingly being evaluated. More generally, a history of palliative
surgery before transplant as part of the management of
the underlying illness increases the technical difficulty of
the transplant procedure, enhancing the risk of developing
a posttransplant infection (3). In general, the severity of
the underlying disease leading to end organ failure and its
impact on other organs systems at the time of transplan-
tation correlates with risk of postoperative morbidity and
mortality (4). Similarly, chronic malnutrition predisposes to
infections before and after transplantation. Attempts to cor
rect nutritional deficits with intravenous TPN increases the
likelihood of catheter-associated blood stream infections.
Finally, mechanical ventilation prior to SOT increases the
likelihood of developing infection with multidrug-resistant
nosocomial pathogens.

The age of the recipient at the time of transplant signifi-

cantly impacts on susceptibility to and severity of infection
in organ recipients. Transplantation at a young age has
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been associated with higher rates of infection during the
first few years after transplantation (5). Infants and tod-
dlers undergoing SOT experience greater morbidity and
mortality with community-acquired viruses (e.g. respira-
tory syncytial virus [RSV], parainfluenza) compared to older
children or adult recipients. They are more likely to de-
velop primary infection with cytomegalovirus (CMV) and
Epstein—Barr virus (EBV), predisposing them to worse out-
comes compared to patients experiencing viral reactivation
or reinfection with a new strain of these pathogens (6,7).
By contrast, other pathogens, such as Cryptococcus neo-
formans, are rarely seen in children but are important op-
portunistic pathogen in adult organ recipients. Age also po-
tentially impacts on risk of infection for older (=65 year old)
organ transplant recipients. Preliminary evidence suggests
that older organ recipients may experience exaggerated
effects of immune senescence compared to age matched
controls (8). Accordingly, they may be more prone to infec-
tious risks after transplant than younger adult recipients.
However, evidence confirming this risk is limited (9).

Finally, younger children frequently undergo SOT before
they are fully immunized, increasing their risk for vaccine-
preventable infections. When vaccines are given after
transplant, they may not provide full protection. Accord-
ingly, at least some younger recipients are at increased
risk for infection with vaccine preventable diseases de-
spite being immunized after transplant (10). Similarly, adult
patients undergoing organ transplantation in their 60s may
also be at increased risk for vaccine preventable disease.
Although not carefully studied, booster immunizations of
these older recipients may be missed due to the presence
of end-stage organ disease or lack of attention to updating
vaccinations by the transplant specialists who have often
assumed primary responsibility for candidates care.

Pretransplant factors—donors

Organ transplant recipients are at risk of acquiring
pathogens from donors with active or latent infections
at the time of procurement. While many potential infec-
tious exposures from the donor can be anticipated or
identified, some donor-derived infections occur unexpect-
edly, defying efforts to effectively recognize the presence
of risk within a given donor. Examples of pathogens as-
sociated with expected donor-derived infections include
CMV (11-13), EBV and Toxoplasma. Knowledge of the
serologic status of the donor and recipient informs the
use of preventive strategies mitigating infectious risk from
these pathogens. Of greater concern is the development of
unexpected donor-derived infection from a growing num-
ber of pathogens, including, Mycobacterium tuberculo-
sis, Histoplasma spp., West Nile virus (WNV), hepatitis B
(HBV) and C viruses (HCV) and human immunodeficiency
virus (HIV) (14). The unexpected transmission of these
agents can lead to infection in one or more recipients
and cause significant morbidity and occasional mortality.
Strategies have been developed in an effort to reduce the
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incidence and impact of unexpected transmission of po-
tential pathogens from the donor. In considering the use
of any donor, there is clearly a potential risk to the recipient
who experiences unexpected transmission of a pathogen
but there is also a consequence to potential recipients on
the waiting list when potentially viable donors are turned
down. Issues related to donor-derived transmission of in-
fectious pathogens are discussed in detail in chapter 3 of
the guidelines.

Another donor-related concern is the presence of bacteria
or fungi colonizing the respiratory tract of a lung donor or in-
fecting organs or vessels from other allografts; such organ-
isms can cause infection in the postoperative period (15).
Similarly, unrecognized acute bacteremia or viremia at the
time of organ recovery is an additional risk to the recipient.
The presence of potential pathogens may be identified by
culture or by histopathology. The true identity of pathogens
identified by pathologic methods may never be known or
proven. However, recognition of the presence of some
marker of potential risk in the donor can allow for the re-
cipient’s transplant team to develop a rationale response.
Early recognition of potential risk might allow the imple-
mentation of a serial monitoring of the recipients and in
some circumstances may warrant the use of antimicrobial
therapy as prophylaxis or treatment of subclinical infection.
As increasing attention focuses on the problem of donor-
derived infection, our recognition of specific risk factors
for and the potential to screen for and implement prophy-
laxis against these infections will likely increase leading to
improved clinical outcomes.

Intraoperative factors

The choice of surgical reconstruction used for a given
transplant recipient can predispose to infectious compli-
cations. For example, the risk of infection is different in
liver transplant recipients undergoing duct-to-duct biliary
anastomosis compared to those whose biliary drainage
is accomplished via Roux-en-Y anastomosis (16). Unex-
pected events occurring during surgery also predispose
to infection. Injury to the phrenic, vagal, or recurrent la-
ryngeal nerves during surgery affect pulmonary toilet, pre-
disposing a lung transplant recipient to pneumonia (17).
Ischemic injury to the allograft during the transplant proce-
dure reduces its viability and increases the risk of infection.
Additional factors, including prolonged operative time, con-
tamination of the operative field, and bleeding at or near
surgical sites have been associated with an increased risk
of postoperative infections in these patients.

Posttransplant factors

Immunosuppression is the major risk factor for infection
following transplantation. The immunosuppressive regi-
mens used in SOT recipients continue to evolve with a goal
of minimizing toxicity and side effects while optimizing or-
gan function. Unfortunately, while the level of infectious
risk may vary by individual agent or specific combination,
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all such combinations appear to place organs recipients
at some risk for opportunistic infections. However, it is
difficult to quantify how immunosuppressed an individual
organ recipient is. Although there are nonspecific assays
that measure immunity, these are not always predictive of
infection. Requirement for augmented immune suppres-
sion to treat rejection further increases the risk of infection
after SOT. This risk associated with the use of immune sup-
pression continues throughout the entire posttransplant
course. The use of antilymphocyte preparations and many
of an increasingly diverse list of biologic agents used in
these patients have been associated with an enhanced
risk of infection (13,16,18). As newer immunosuppressive
agents are introduced, clinicians must be aware of and
alert for changes in infectious manifestations and profiles
seen in these patients (19).

Technical problems affecting the vascular supply and func-
tional integrity of the allograft are major risk factors for
infectious complications that manifest after the transplan-
tation. Examples of specific technical problems associated
with infection include thrombosis of the hepatic artery af-
ter liver transplantation (20); vesicoureteral reflux after re-
nal transplantation (21) and mediastinal bleeding requiring
re-exploration in thoracic transplantation. These complica-
tions have been associated with hepatic abscesses and
blood stream infection (20), graft pyelonephritis (21) and
mediastinitis, respectively (11). The ongoing presence of
uncorrected technical problems can predispose to multiple
episodes of recurrent infections until these issues are cor
rected. Efforts should be made to identify and potentially
correct these technical problems in patients presenting
with infectious syndromes associated with their presence.

The prolonged use of indwelling cannulas is another sig-
nificant risk factor for infection after transplantation. The
use of central venous catheters is associated with blood-
stream infections; urethral catheters predispose to urinary
tract infection; the use of a cannula in an obstructed biliary
tract predisposes to cholangitis; and prolonged endotra-
cheal intubation is associated with pneumonia. The risk
for these catheter-associated infectious syndromes per-
sists until the catheter is removed. Accordingly, active ef-
forts should be undertaken to review the ongoing require-
ments for these cannulas with removal undertaken as soon
as practical.

Nosocomial exposures constitute the final group of post-
transplant risk factors. All transplant recipients are at
risk for developing infection with transfusion-associated
pathogens. Patients undergoing transplantation during the
winter months are often exposed nosocomially to viruses
associated with annual community based outbreaks (e.g.
RSV, influenza, rotavirus). While this is particularly true in
pediatric patients, adult recipients can also experience clin-
ically significant infections secondary to these pathogens
through exposure to affected hospital staff, family and
other visitors. The presence in the hospital of areas of
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heavy contamination with pathogenic fungi, such as As-
pergillus spp. increases the risk of invasive fungal disease
in these patients. And finally, there is increasing concern
for nosocomial exposure to and development of infection
with multiple-drug resistant bacteria after transplantation.

Finally, community exposure is an important potential
source of later infection after organ recipients are dis-
charged from hospital. These exposures may vary from
common community-acquired viral infections to less com-
monly seen pathogens that might be related to occupa-
tional or travel exposures. These are discussed in more
detail in Chapter 30, which focuses on ‘safe living" after
transplantation.

Timing of Infections After SOT

The timing of specific infections developing after SOT is
generally predictable regardless of which organ is trans-
planted. The majority of clinically important infections oc-
cur within the first 180 days; individual pathogens typi-
cally present at stereotypical times after transplantation.
However, the time of onset for certain pathogens can be
affected by the use of prophylactic strategies, alterations
in immune suppression or need for additional surgery. In
considering potential causes of infection in SOT recipients,
it is useful to divide risk periods into three major inter
vals in order to consider which pathogens are most likely:
(1) early (0-30 days after transplantation); (2) intermediate
(30-180 days) and (3) late (beyond 180 days). However,
this assessment by time is not absolute. Some infections
can occur throughout the posttransplant course and oth-
ers may occur outside of their usual risk period. Neverthe-
less, consideration of these time intervals provides a useful
framework for the approach to a patient with fever af-
ter transplantation, guiding the initial differential diagnosis
(Table 1).

Early infections

Early infections (0-30 days after transplant) are usually as-
sociated with the presence of preexisting conditions or
complications of surgery. Bacteria and yeast are the most
frequent pathogens recovered during in the first 30 days
after transplant (11,22). Fifty percent or more of all bacte-
rial infections that develop after transplantation occur dur
ing the early posttransplant period (11,22). Superficial and
deep surgical site infections are among the most common
infectious complications seen during this period. Techni-
cal difficulties, particularly those resulting in anastomotic
stenosis, leaks or other complications, are important risk
factors for the development of invasive infection in the
first month after most types of organ transplantation. Fi-
nally, donor-derived bacterial and/or fungal infections may
present during this time period and when donor derivation
is suspected, notification of the appropriate local and na-
tional organizations/agencies should be performed to min-
imize the risk to other recipients.
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Table 1: Timing of infectious complications following transplantation’

Early period (0-1 months)

Middle period (1-6 months)

Late period (> 6 months)

Bacterial infections
Gram-negative enteric bacilli
Small bowel, liver, neonatal heart
Pseudomonas/Burkholderia spp.
Cystic fibrosis: lung
Gram-positive organisms
All transplant types
Fungal infections
All transplant types
Viral infections
Herpes simplex virus
All transplant types
Nosocomial respiratory viruses
All transplant types

Viral infections
Cytomegalovirus
All transplant types
Seronegative recipient of
seropositive donor
Epstein-Barr virus
All transplant types
Seronegative recipient
Small bowel highest-risk group
Varicella-zoster virus
All transplant types
Opportunistic infections
Pneumocystis jirovecii
All transplant types
Toxoplasma gondii
Seronegative recipient of a heart
from a seropositive donor
Bacterial infections
Pseudomonas/Burkholderia spp.
Pneumonia
Cystic fibrosis: lung

Viral infections
Epstein—Barr virus
All transplant types, but less than middle
period
Varicella-zoster virus
All transplant types
Community-acquired viral infections
All transplant types
Bacterial infections
Pseudomonas/Burkholderia spp.
Cystic fibrosis: lung
Lung recipients with chronic rejection
Gram-negative bacillary bacteremia
Small bowel
Fungal infections
Aspergillus spp.
Lung transplants with chronic rejection

Gram-negative enteric bacilli

Small bowel

TListed in decreasing order of relative importance.

Intermediate period

The intermediate period (31-180 days after transplant) is
the typical time of onset of infections attributable to la-
tent pathogens transmitted from donor organs and blood
products and those reactivated within the recipient. This
is also the period where classical ‘opportunistic infec-
tions” will present. In the absence of prophylaxis, CMV
infection peaks during this time period (11-13). Simi-
larly, in the absence of the use of preventive strategies,
EBV-associated posttransplant lymphoproliferative disor
ders (PTLD) (6,23,24), Pneumocystis jirovecii pneumonia
(PCP) (25-27) and toxoplasmosis (28), could also occur dur-
ing this period. A review of autopsies found infections to
be the most common cause of death during this period
after lung or heart-lung transplantation; disseminated ade-
novirus and Aspergillus infection predominated, followed
by CMV and EBV disease (29,30).

Late infections

In the later period (beyond 180 days following transplan-
tation), infection risks vary with immunosuppression and
exposures. There are some differences in adults and chil-
dren. In general, rates and severity of infection in children
more than 6 months after transplantation are similar to
those observed in otherwise healthy children (7). This is
most likely attributable to the fact that pediatric transplant
recipients are usually maintained on lower levels of im-
munosuppression at that time. This may not be the case
for adults in whom underlying comorbidities, such as dia-
betes mellitus and malignancies, may increase the risk for
infections during this later period. Those individuals who
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require increased immunosuppression, either related to
rejection or underlying disease, will be at greater risk for
late opportunistic infections. CMV can manifest late, partic-
ularly in children and adults who receive prolonged prophy-
laxis (31) and PTLD continues to manifest in the late period
(23,24). In addition, recurrent infections with stereotypical
pathogens may occur late after transplant in certain recipi-
ents with specific conditions as demonstrated in recipients
of lung transplantation with chronic lung rejection mani-
fested as bronchiolitis obliterans syndrome (BOS). These
patients frequently become infected with Pseudomonas,
Stenotrophomonas and Aspergillus (15,29,30). In both
pediatric and adult organ recipients, chronic or recurrent
infections continue to occur in the subset who have un-
corrected anatomic or functional abnormalities (e.g. vesi-
coureteral reflux, biliary stricture). During this period, chil-
dren are more likely to be at risk for primary infection with
certain community-acquired viral pathogens, such as the
herpesviruses (Varicella, EBV and CMV) (32). Finally, both
adult and pediatric patients continue to be at risk of being
exposed to community-acquired respiratory and gastroin-
testinal viral pathogens. In general, in the absence of ongo-
ing requirements for higher levels of immune suppression
or graft dysfunction, these infections are fairly well toler
ated by transplant recipients late after SOT.

Infections occurring throughout the postoperative
course

Some infections occur irrespective of time. These may
reflect nosocomial acquisition which is seen more
commonly in the presence of invasive devices (e.g.
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intravenous catheters, urinary cathteters, endoctracheal in-
tubation and surgical procedures). Community and noso-
comial exposures to diverse bacteria, viruses, fungi and
parasites/protozoa may also result in new infections in this
population at any time. In some cases, these may be sea-
sonal (e.g. influenza, RSV, rotavirus) or related to unique
outbreak situations. Diagnostic studies should be modified
to address these possibilities. Specific pathogens are ad-
dressed throughout these guidelines.

AST infectious disease guidelines:

use and applications

The third edition of the AST Infectious Disease Guidelines
updates and expands the content and recommendations
provided in the first two editions. As a comprehensive set
of clinical practice guidelines, they were developed to as-
sist in clinical decision making. They are based upon the
highest level of scientific evidence available. The content
of the guidelines includes salient background, clinical and
pathophysiologic data as well as specific statements and
recommendations relevant to the diagnosis, management
and prevention of specific pathogens and disease entities.
Given the unique circumstances associated with individual
transplant candidates and recipients, these guidelines are
not proscriptive; rather they provide preferred approaches
for management of these very complex patients. It is
hoped that through the application of the general princi-
ples outlined in this introduction and the more specific rec-
ommendations included throughout the guidelines, practi-
tioners will acquire useful knowledge that will enhance the
outcome and care of recipients of SOT.
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Background

Pretransplant screening of potential organ donors and re-
cipients is essential to the success of solid organ transplan-
tation (1-4). The goals of pretransplant infectious disease
screening are to identify conditions which may disqualify
either donor or recipient; identify and treat active infec-
tion pretransplant; recognize and (if possible) define the
risk of infection and develop strategies for preventing and
mitigating posttransplant infection; and implement preven-
tative measures, including immunizations (5). While there
is general agreement on the major infections for which rou-
tine screening is performed, centers vary in the extent of
infectious diseases investigation and the actions taken as
a result.

Potential recipients should be evaluated for infection risk
by obtaining a thorough medical history, including details
of prior infections, places of travel and residence, and ex
posures to animal and environmental pathogens. While
all potential recipients undergo screening for the pres-
ence of infections such as HIV, hepatitis C (HCV) and cy-
tomegalovirus (CMV), the detailed history can focus ad-
ditional testing if necessary to mitigate and prevent the
reactivation of latent infections posttransplant. Pretrans-
plant recipient screening also helps determine immunity
to vaccine-preventable illnesses and may help with allo-
cation of infected donor organs to recipients with known
immunity to certain pathogens (6). The pretransplant pe-
riod is an ideal time for detailed counseling of the recipient
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and his/her family about safe food handling and the risk
of infection associated with pets, travel and hobbies such
as gardening and woodworking. Infection prevention ap-
proaches including hand hygiene, prophylactic antimicro-
bials, postexposure prophylaxis and updating of immuniza-
tions should be addressed as well.

A variety of pathogens may be transmitted by trans-
plantation (Table 1) (7-10). Previous guidelines for
pretransplant screening have been developed by a
number of national and international multidisciplinary
transplant groups (6,10-15). The Centers for Disease
Control and Prevention (CDC) have published guidelines
for the prevention of HIV transmission through transplan-
tation (16). These are in the process of revision in order
to address updated knowledge of transmission of HIV
and other bloodborne pathogens. In addition, the work
of the ad hoc United Network of Organ Sharing/Organ
Procurement and Transplantation Network (UNOS/OPTN)
Disease Transmission Advisory Committee (DTAC) has
helped define the risk of infection and disease transmis-
sion in organ donation in the United States and shape the
discussion of screening and preventive measures (17,18).

While conventional screening strategies are very effective
in most cases, they are not a guarantee against donor-
derived infections. There have been a number of high-
profile incidents of donor-transmitted infection reported
in recent years, including rabies (19), lymphocytic chori-
omeningitis virus (20), West Nile virus (21), HIV (22-24) and
HCV (23,24), which have renewed discussion of the pro-
cess of organ donor screening. In addition to DTAC, other
transplant and public health community initiatives have
helped guide practice in the hope of developing a more
robust sentinel network to detect and respond to donor
transmission events in a more timely manner (20,25-28).

This guideline summarizes current opinions on screening
for bacterial, mycobacterial, fungal, parasitic and viral infec-
tions in the donor and recipient (Table (2) (5). More detailed
discussions of these infections, including posttransplant
monitoring, prophylaxis and treatment are found in other
sections of these Guidelines.

Due to the lack of expansion in the available organ pool de-
spite steady increases in the need for organ replacement
for end-stage diseases, it has become necessary to con-
sider marginal donors, including those with active infection
at the time of donation, higher risk serologic profiles, or a
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Table 1: Pathogens reported to be transmitted with solid organ
transplantation

Table 2: Frequency utilized serologic tests for screening of donor
and recipient prior to transplantation

Bacteria
Staphylococcus aureus
Klebsiella species
Bacteroides fragilis
Pseudomonas aeruginosa
Escherichia coli
Salmonella species
Yersinia enterocolitica
Treponema pallidum
Brucella species
Enterobacter species
Acinetobacter species
Legionella species
Nocardia species
Listeria monocytogenes

Mycobacteria
Mycobacterium tuberculosis
Nontuberculous mycobacteria
Parasites/protozoa
Toxoplasma gondli
Strongyloides stercoralis
Plasmodium species
Trypanosoma cruzi
Pneumocystis jiroveci
Viruses
Cytomegalovirus
Epstein—Barr virus
Herpes simplex virus
Varicella-zoster virus
Human herpesvirus-6

Fungi Human herpesvirus-7
Aspergillus species Human herpesvirus-8
Candida species Hepatitis B, D
Coccidioides immitis Hepatitis C

Cryptococcus neoformans Human immunodeficiency virus
Histoplasma capsulatum Parvovirus B19
Scedosporium apiospermum  Rabies
Prototheca species Lymphocytic choriomeningitis
Zygomycetes virus

West Nile virus

BK virus

Human T cell lymphotropic

virus (HTLV)-1/2

social history indicating potential exposure to bloodborne
pathogens such as HIV or HCV. The natural history and
treatment options for donor infection, the urgency of trans-
plantation of a vital organ into a recipient and the likelihood
(or lack thereof) of another organ offer for the patient on the
transplant waiting list must all be weighed in determining
the acceptability of the potentially infected donor.

Donor Screening

Living donors

The differences in screening of the living donor and the
deceased donor are largely based on the different time
constraints during which the evaluation must take place.
For the living donor, it is often possible to treat active
infection and delay transplantation until the infection
resolves. If there is a significant delay between donor
evaluation and transplantation, interim evaluation may be
indicated to rule out recently acquired infection. Clinical
reassessment of the prospective living donor is indicated
if clinical signs or symptoms of possible infection occur,
particularly any unexplained febrile illness between the
time of initial screening and the planned date of transplan-
tation. The CDC has recommended that all living donors
be rescreened with HIV serology and HIV nucleic acid
amplification testing (NAT) prior to organ donation, to look
for evidence of recently acquired infection (29). Similarly,
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Tests commonly obtained in both donor and recipient

Human immunodeficiency virus (HIV) antibody

HSV (herpes simplex) IgG antibody (at some centers)

Cytomegalovirus (CMV) IgG antibody

Hepatitis C (HCV) antibody

Hepatitis B (HBV) surface antigen (HBsAg)

Hepatitis B core antibody (HBcAb IgM and IgG, or total core
antibody)

Hepatitis B surface antibody (HBsAb)

Rapid plasma reagin (RPR)

Toxoplasma antibody (especially in heart recipients)

Epstein—Barr virus (EBV) antibody (EBV VCA IgG, IgM)

Varicella-zoster virus (VZV) antibody

Other screening measures for infectious diseases

Purified Protein Derivative (PPD) or interferon gamma release
assay (IGRA) for latent TB infection in recipients

Strongyloides serology (for recipients from endemic areas)

Coccidioides serology (for recipients from endemic areas)

Trypanosoma cruzi serology (for donors and recipients from
endemic areas)

Serologies for tetanus, diphtheria, measles, mumps and
pneumococcal titers as an aid to pretransplant
immunization (at some centers)

Optional screening measures

West Nile virus serology or NAT

HHV-8 serology

BK serology (kidney donor and recipients)

Nucleic acid amplification testing (NAT) for HIV, HCV, HBV,
particularly in donors with high-risk social histories

consideration should be given to repeating serologic HBV
testing and HCV NAT in the potential living donor with risk
factors for these infections.

The screening of a prospective living donor includes a
thorough medical and social history, physical examination,
laboratory studies including serologic testing (Table 2) and
radiographic workup as indicated by the donor’s history
and the procedure to be performed. The medical history
should include an assessment of previous infections,
vaccinations, travel and occupational exposures, as well
as the presence of behaviors posing risk for bloodborne or
sexual pathogen exposure (e.g. drug use, sexual practices,
incarceration). Living donors should be screened for
syphilis, HIV, hepatitis B and C, and tuberculosis via a
tuberculin PPD skin test or interferon-gamma release
assay (IGRA) (II-2). If there is any suspicious donor history,
additional testing may be warranted. Consultation with a
transplant infectious disease specialist may help with de-
termining additional workup, counseling and management
while awaiting transplantation, should another living donor
not be available.

Deceased donors

By contrast, the time frame for deceased donor evaluation
is typically hours. Serologic workup is performed in labo-
ratories associated with organ procurement organizations

American Journal of Transplantation 2013; 13: 9-21
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or similar screening agencies (hereafter referred to as
OPOs) which operate on a 24-h basis to generate the data
needed to determine donor suitability. Because of time
constraints and the extensive geographic areas covered by
some OPOs, testing is often limited to serologic methods
that are rapid and routinely available. Because more sensi-
tive testing may not be available, some infections, such as
HIV and HCV, may be difficult to diagnose at an early stage,
before the development of specific antibody (23-25,30).
Thus, a comprehensive social and medical history on the
donor is required to identify risk for infections that might
not be detected by serologic testing. Furthermore, certain
infections may come to light only after the transplant has
been performed, when results of routine procurement cul-
tures of blood, urine and sputum become available. In-
creasingly, some OPOs are utilizing rapid molecular test-
ing, particularly in high-risk potential donors, including NAT
testing for HCV, HBV and HIV. A recent consensus con-
ference on the utility of routine NAT testing was, however,
inconclusive, largely due to concerns that testing is not fea-
sible within the deceased donor timeframe in some areas,
as well as concern that false positive test results in poten-
tial donors with no identified risk factors for infection might
result in wastage of viable organs (30). Testing for certain
pathogens with particular geographic significance such as
Trypanosoma cruzi (Chagas’ disease), endemic mycoses
and West Nile virus may be performed by some OPOs.
If a deceased donor with uncertain risk is to be used, in-
formed consent of the recipient should include the risk for
infection transmission.

Donor screening: bacterial infections

The goal of evaluation of the potential living or decreased
donor is to diagnose any infection with the risk of trans-
mission to the recipient(s). Bacterial infections of the res-
piratory tract, urinary tract or the organ to be transplanted
should be treated with documentation of resolution of in-
fection prior to donation. The potential kidney donor with
urinary tract infection should be investigated to rule out
upper tract involvement. In the potential donor with a his-
tory or suspicion of prior bloodstream infection, a thorough
investigation should be performed to insure that infection
is not present in the target organ.

Syphilis may be latent and asymptomatic in the donor and
requires therapy if time permits. Syphilis has rarely been
transmitted by transplantation, but it is not a contraindica-
tion to organ donation if each recipient is treated posttrans-
plant with an appropriate course of penicillin (31) (II-3).

Deceased donors may harbor known or unsuspected bac-
terial infections (6,30-35). Attempts to rule out the pres-
ence of active infection should include obtaining a detailed
history from the donor's family, recent contacts and (if
possible) primary care physician, as well as a complete
review of medical records, vital signs, physical exam, ra-
diographic studies and any available microbiologic stud-
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ies. Blood cultures should be obtained to rule out oc-
cult donor bacteremia. Bacteremia with virulent organisms
such as Staphylococcus aureus and Pseudomonas aerug-
inosa may result in early posttransplant sepsis or mycotic
aneurysm formation at the site of allograft vascular anasto-
moses (32-36). Although a review of 95 bacteremic donors
found no evidence of transmission when recipients were
treated with antimicrobial therapy for a mean of 3.8 days
posttransplant (36), the standard of care is to administer
longer courses of therapy in the recipient (e.g. 2 weeks) if
the donor is known to have been bacteremic with a virulent
organism (lI-2).

In general, there is no reason to treat the recipient of an
allograft from a deceased donor with nonbacteremic, lo-
calized infection not involving the transplanted organ, with
the exception of meningitis, in which occult bacteremia
frequently occurs (lll). Organs have been successfully
transplanted from donors with bacterial meningitis due to
pathogens such as Streptococcus pneumoniae when ap-
propriate antimicrobial therapy was administered to both
the donor and recipients (37).

Lung transplantation deserves special attention (38). Donor
bacterial colonization is common, as the lungs are in con-
tact with the external environment, and the airways are
colonized with multiple organisms, with increasing resis-
tance noted in the hospitalized, critically ill potential organ
donor. Donor bronchoscopy with cultures performed at the
time of evaluation and/or procurement allows for the ad-
ministration of antibiotics directed at these colonizing or
ganisms, and can prevent invasive infection in the recipient
(1) (7,8,38).

Allograft contamination may occur during organ procure-
ment or processing (39). Interpretation of organ preserva-
tion solution cultures is challenging, as contamination can
occur (39-42); however, infection transmission from con-
taminated solutions appears to be uncommon (39,40,42).
A report of kidney preservation fluid contamination with
Candida species in eight recipients demonstrated that the
risk of mycotic aneurysm rupture can be mitigated with
appropriate antifungal therapy (41).

If a donor is determined to have active bacterial infection
at the time of procurement, antibiotics should be admin-
istered to each recipient for at least 14 days for infections
with Gram-negative bacilli, Staphylococcus aureus, or Can-
dida species (I1-3). A shorter course of therapy may be
considered for less virulent organisms (I1).

Donor screening: mycobacterial infections

Mycobacterium tuberculosis (TB) has been transmitted by
transplantation; in the largest study to date (511 recipients),
donor transmission accounted for approximately 4% of re-
ported posttransplant TB cases (43). Potential living donors
should have PPD testing performed (a two-stage tuberculin
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skin test if from an endemic area) or TB interferon-gamma
release assay (IGRA) testing (43-45); if either test is
positive, additional testing should be performed to rule
out the presence of active infection (Ill). Any donor with
active tuberculosis should be excluded from donating until
therapy has been completed and all signs of infection have
resolved. A positive PPD is defined as the presence (at 48—
72 h) of 5 mm or more of induration in immunosuppressed
patients or those with contact with a person with active
TB; 10 mm or more in injection drug users, employees
or residents of hospitals, nursing homes or other group
settings, and children under the age of 4; and 15 mm or
more for all others. All potential donors with evidence of
latent TB infection (i.e. a positive PPD or a positive IGRA
test) should have a chest radiograph to look for evidence
of active pulmonary infection. If there are symptoms of
infection or radiographic findings suggestive of active dis-
ease, acid fast bacilli (AFB) cultures of sputum and/or other
appropriate specimens should be performed. In the po-
tential kidney donor with evidence of latent TB infection
(LTBI), this could include urine AFB cultures and abdominal
CT scanning. If there are no signs or symptoms of active
disease and the chest radiograph is normal, sputum AFB
cultures are not indicated due to their low yield.

Management of the prospective living donor with LTBI
varies with the degree of local endemicity. Delay of trans-
plant until the living donor is treated (with isoniazid for 9
months, rifampin for 4 months, or isoniazid and rifapentine
for 3 months) is appropriate, should another suitable donor
not be available. In TB endemic areas, where as many as
30-40% of donors have LTBI, it may be difficult to avoid
the use of infected donors. Isoniazid prophylaxis of the
recipient of an organ from a living donor with LTBI is an
option but controlled studies are needed to determine the
efficacy of this practice (lll).

In deceased donors, time does not allow for tuberculin skin
testing, and the IGRA is not logistically practical in most
cases. Donors in whom active tuberculosis is a clinical
possibility should not be utilized (l1-2). In cases where a po-
tential donor is known to have recent PPD skin test conver
sion, suggesting recent acquisition of infection with the po-
tential for a high organism burden, transplantation should
be approached with caution due to the risk of dissemina-
tion in the recipient. Donors with a history of an untreated
positive PPD but without evidence of active disease are
acceptable, but warrant consideration of treatment of the
recipient(s) with isoniazid (lll) (43,45,46). New guidelines
for the prevention and management of Mycobacterium tu-
berculosis in organ transplantation have been published in
the American Journal of Transplantation (47).

Donor screening: fungal infections

Active systemic fungal infection in the donor is a contraindi-
cation to transplantation. The endemic mycoses may be
difficult to diagnose, as infection may be dormant. Trans-
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mission of histoplasmosis by transplantation has been de-
scribed (48), but most cases appear to be the result of
reactivation of past infection in the recipient. In many in-
dividuals from the Midwestern United States, calcified
pulmonary, hilar and splenic granulomata are the radio-
graphic residua of old Histoplasma infection, but such signs
have not traditionally been considered a contraindication to
donation (lll). Transmission of coccidioidomycosis by lung
transplantation has been reported in the Southwestern
United States (49), although reactivation of coccidioidomy-
cosis in the previously infected recipient appears to be far
more common (50). There are no uniform recommenda-
tions for donor screening for endemic mycoses.

Donor screening: parasitic infections

Toxoplasmosis is a significant issue in heart transplanta-
tion, where the Toxoplasma-seronegative recipient of a
Toxoplasma-seropositive heart is at highest risk for devel-
oping active toxoplasmosis posttransplant (51-53). Toxo-
plasmosis has also rarely been transmitted to liver and
kidney recipients (52,53). Donor seropositivity is not a con-
traindication to heart donation but allows for appropriate
prophylaxis to be administered to the recipient; routine
trimethoprim-sulfamethoxazole prophylaxis against Pneu-
mocystis jiroveci is effective in preventing toxoplasmosis
and may negate the need for serologic testing in areas of
low prevalence (53). Screening of donors for Toxoplasmais
not routinely performed for noncardiac donors but is part of
the screening panel at some transplant centers and OPOs.

Transmission of Chagas' disease (Trypanosoma cruzi) by
transplantation is a significant problem in endemic areas
(Mexico, Central and South America) but has increasingly
been reported in the United States (54). A recent con-
sensus conference resulted in recommendations including
avoidance of transplantation of the hearts from infected
donors and monitoring other recipients with PCR and mi-
croscopy of buffy coat to detect early infection and initiate
therapy (55).

Donor and recipient screening: viral infections

As the serologic status of both donor and recipient is cru-
cial in determining the risk of infection, screening for viral
infections in both the donor and recipient will be discussed
together, and is detailed in Table 3. Caution should be used
in interpreting antibody status in infants, due to the role of
maternal antibody. More detailed information on the clini-
cal presentation and treatment of these infections is found
elsewhere in these Guidelines.

Cytomegalovirus (CMV)

The CMV serologic status of donor and recipient is
an important predictor of posttransplant infection, with
the CMV seronegative recipient of a CMV seroposi-
tive donor organ (D+/R—) being at highest risk for de-
velopment of tissue-invasive CMV, recurrent CMV and

American Journal of Transplantation 2013; 13: 9-21
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Table 3: Interventions related to donor and recipient screening results

Donor antibody  Recipient antibody

Recommendations

Pathogen status status regarding transplantation Comment

HIV Positive Negative Reject donor HIV + donors must be excluded in the United
States by law

Negative Positive Proceed if HIV well controlled;
be cautious about major
drug interactions between
antiretrovirals and CNls

HTLV-1/2 Positive Generally exclude HTLV 1 + Lack of a rapid assay distinguishing HTLV-1

donors for organ donation and 2 is a significant concern; if HTLV-2 is
(may be used in confirmed, proceed with transplant. If
life-threatening situations, confirmed HTLV-1+ would reject donor.
with informed consent)

CMV + or — Positive Proceed D/R status used to determine prevention
strategy (preemptive therapy versus
prophylaxis)

Positive Negative Accept; high risk for CMV See CMV guideline for approach to
infection management of the CMV D+R- recipient

EBV +or — Positive Proceed

Positive Negative Accept; higher risk for primary Consider posttransplant NAT monitoring to
EBV infection and PTLD guide immunosuppression

Toxoplasma + or — Positive Proceed TMP/SMX prophylaxis effective in prevention

gondii Positive Negative Accept Heart transplant donors should receive
prophylaxis with TMP/SMX. If intolerant or
allergic, use atovaquone or dapsone with
pyrimethamine and folinic acid.

HCV Positive Positive ? Accept If used, reserve HCV + organs for recipients
with Ab to HCV or severely ill recipient

Positive Negative Decision depends on urgency Some centers accept in severely ill recipient
of transplantation and/or elderly recipient; controversial in

kidney transplantation

HBV HBsAb+ + or — Accept

HBsAg+ — HBsAb Reject

+ HBsAb Reject Some centers use in life-saving situations
with preemptive antiviral treatment of the
recipient

HBcAb — HBsAb Reject

IgM+ + HBsAb Reject Some centers use in life-saving situations

with preemptive antiviral treatment of the
recipient

HBcAb IgG+ (with — HBsAb Reject unless for liver Risk of transmission high, some centers use

concurrent transplant in life-saving with intensive prophylaxis (HBlg +/-

negative HBsAg situation antivirals)

and negative +HBsAb ? Accept Some centers accept for extrahepatic

HBcAb IgM) transplants, in immune recipient, with
antiviral prophylaxis

RPR (syphilis) Positive + or — Accept Recipients should be treated for presumed
transmission with penicillin

CNS viral Clinical suspicion Reject

pathogens of infection
(e.g. LCMV,
rabies, WWNV)
CNlIs = calcineurin inhibitors; D4+/R— = donor seropositive, recipient seronegative; PTLD = posttransplant lymphoproliferative disease;

RPR = rapid plasma reagin; TMP-SMX = trimethoprim sulfamethoxazole.

ganciclovir-resistant CMV  (66-58). Consequently, all
donors and recipients should be tested for CMV infection
using commonly available serologic techniques. While not
a contraindication to transplantation, D+/R— status is an
indication for more intensive monitoring and prevention
strategies posttransplant than in donor/recipient pairs with

American Journal of Transplantation 2013; 13: 9-21
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a lower risk of CMV infection (lI-2). The seropositive recipi-
ent, regardless of donor status, is at risk for CMV reactiva-
tion and usually receives either prophylaxis or preemptive
monitoring and therapy. There are many different protocols
in use; a full discussion of CMV prevention and treatment
is found elsewhere in the Guidelines.
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Epstein-Barr virus (EBV)

While primary EBV infection can be severe and dissem-
inated in the posttransplant setting, the development of
posttransplant lymphoproliferative disease (PTLD) is the
most feared EBV-associated complication. The highest
PTLD risk is in the EBV seronegative recipient of an
EBV seropositive graft, which most commonly occurs in
pediatric recipients (69-61). The risk of PTLD can also be
increased in the seropositive recipient, especially under
the influence of potent immunosuppressants such as
antithymocyte globulin (ATG) and belatacept. Awareness
of pretransplant serologies helps target the highest risk
group for close monitoring by EBV-PCR and preemptive in-
terventions such as decreasing immunosuppression (lI-2)
(59-61). EBV serology should be performed on all donors
and recipients in order to define the risk of posttransplant
lymphoma (lI-2). The British Transplantation Society and
British Committee for Standards in Haematology recently
published extensive guidelines on the pretransplant
screening and diagnosis of PTLD in organ transplant
recipients (62).

Other herpesviruses

Other herpesviruses of clinical importance in the transplant
recipient include herpes simplex virus (HSV-1 and HSV-2),
varicella-zoster virus (VZV), human herpesvirus-6 and 7
(HHV-6 and -7), and HHV-8. HSV screening is performed by
some centers, whereas other centers administer universal
antiviral prophylaxis for at least the first month posttrans-
plant. As primary varicella infection posttransplant can be
fatal, VZV screening of the recipient is important, with vac-
cination of the seronegative recipient pretransplant if at all
possible (ll1).

Recent awareness of the possible roles of HHV-6 and
HHV-7 as cofactors for CMV effects, fungal infections and
possibly allograft dysfunction has led to increasing interest
in these viruses (63). Since almost all adults are seropos-
itive, however, donor and recipient screening for these
viruses has not generally been recommended. Whether
such screening would be helpful in pediatric transplant pro-
grams is unknown. HHV-8, the agent of Kaposi's sarcoma,
can reactivate after transplantation and may be transmitted
by transplantation (64-66). Seroprevalence varies widely
according to the population studied. Optimal strategies
for prevention of reactivation have not been defined; thus
definitive recommendations for pretransplant screening
cannot be made at this time.

Hepatitis B (HBV)

All donors and recipients should be tested for hepatitis B
using standard serologic techniques. The complex issues
surrounding HBV and transplantation are discussed in more
detail in the hepatitis section of these Guidelines. Donor
screening should include at least hepatitis B surface anti-
gen (HBsAg) and HBV core antibody (HBcAb, which should
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be performed as separate IgG and IgM to be most useful).
Donor HBsAg positivity or HBcAb-IgM positivity indicates
active HBV infection. HBsAg negative, HBcAb-IgM positive
persons may be in the ‘window period’; such donors have
generally not been utilized, although some centers have
used these donors in recipients with evidence of immu-
nity to hepatitis B (those with a positive hepatitis B surface
antibody, HBsAb) and/or with intensive posttransplant pro-
phylaxis and monitoring. Isolated HBsAb positivity usually
indicates prior vaccination or resolved infection and is not
generally considered a risk for HBV transmission.

The most complex question is the use of the HBsAg
negative, HBcADb-IgG positive donor (‘core-positive donor’)
(67-69). This may represent either a false-positive test (if
isolated HBcAb positive) or the presence of chronic HBV
infection. In the latter, there is a significant risk of trans-
mission of HBV to a liver transplant recipient, and there-
fore these livers were often not utilized in the past (lI-2);
however, it has now become more common to transplant
livers from HBcAb positive donors utilizing intensive post-
transplant prophylaxis (68). The risk for transmission to ex-
trahepatic recipients appears to be low, but has occurred
(68,70-72); this risk can be decreased by pretransplant
HBV vaccination of the recipient. Some centers restrict
the use of organs from the core-positive donor to life-
threatening situations and/or vaccinated recipients, or
would utilize posttransplant prophylaxis with hepatitis B
immune globulin (HBIG) and/or lamivudine if transplanted
into a nonimmune recipient (I1-3) (12,13,72). Because of
the possibility of being offered such an organ, it is pru-
dent to vaccinate all seronegative transplant candidates
with HBV vaccine, although the response to this vaccine
in patients with end-stage organ disease may be subop-
timal, requiring higher doses and repeated injections to
attain immunity (l11). A donor HBV-DNA level provides help-
ful information for designing prophylactic strategies, even
if the result is received after transplant (14). Additional in-
formation on prophylactic strategies may be found in the
hepatitis section of these Guidelines (see chapter 16).

Recipient screening for HBV is helpful in posttransplant
management. In patients undergoing a liver transplant
because of end-stage liver disease due to HBV, there are a
variety of posttransplant protocols for prevention of reacti-
vation of HBV, many utilizing HBIg and/or antiviral agents.
Extrahepatic transplantation in HBsAg positive recipients
has been controversial. In the early days of kidney trans-
plantation, such transplants were performed, resulting in
early fulminant hepatitis in some recipients and chronic
liver disease in many. Some have maintained asymp-
tomatic status after many years despite evidence of active
viral replication (70). With effective antiviral therapies such
as lamivudine, adefovir and tenofovir being available, it
appears theoretically possible to transplant such recipients
more safely (72) although antiviral resistance may become
an issue (ll1).
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Hepatitis C (HCV)

HCV infection is frequently chronic, and donors and recipi-
ents should be tested for the presence of HCV via standard
serologic techniques. HCV is a major indication for liver
transplantation, and although HCV recurrence is common
posttransplant, patient and allograft survival are not signifi-
cantly worse than with other pretransplant diagnoses. HCV
seropositive renal transplant candidates are at higher risk
for liver disease and sepsis after transplant than are their
HCV seronegative counterparts, but compared with no
transplantation as the alternative, the risk is outweighed by
the benefit in most cases (73,74). The role of pretransplant
treatment of HCV viremia remains under study. Strategies
for management of HCV in the recipient are discussed in
detail elsewhere in the Guidelines (see chapter 16).

Utilization of hepatitis C antibody-positive donors remains
controversial, due to the high risk of transmission of HCV
through transplantation of any organ. A positive donor HCV
NAT (HCV-RNA), indicative of active viral replication, has
been associated with a higher risk of transmission, but re-
sults of this testing may not be available prior to transplan-
tation from a deceased donor (30). The risk of transmis-
sion from NAT negative, HCV antibody positive donors has
not yet been fully defined. As recent transmission events
have proven, HCV can be transmitted to multiple organ
and tissue transplant recipients from a seronegative donor
(23,24). The time between infection and antibody produc-
tion can vary in HCV-infected individuals, although viral
RNA is present much earlier than antibody after acute infec-
tion. More rapid molecular tests are in development in the
hope of clarifying risk from deceased donors prior to a de-
cision to accept an organ. Whenever an HCV seropositive
donor is utilized, stringent informed consent is advisable.

Human immunodeficiency virus (HIV)

HIV-seropositive donors have not been utilized in trans-
plantation, due to the known risk of transmission to the
recipient; in the United States, use of HIV seropositive
donors is illegal. HIV-1 and HIV-2 serologies are required
for all potential donors and recipients; while HIV-2 is rare
in the United States and HIV-2 screening serologies are
frequently falsely positive, specific testing for this virus
should be performed on those donors or recipients from
western Africa, where HIV-2 is endemic. Western blot test-
ing should be obtained for confirmation of any positive
screening test for either HIV-1 or -2. In the potential liv-
ing donor with risk factors for HIV exposure but negative
HIV serology, NAT testing should be obtained, as these
tests become positive prior to the development of a posi-
tive antibody test. Due to the efficacy of highly active an-
tiretroviral therapy (HAART), HIV infection in the recipient
is no longer a contraindication to solid organ transplan-
tation. Multiple studies worldwide, including a multicen-
ter prospective trial in the United States, have evaluated
transplantation in the stable HIV-infected patient (75,76).
One- and 3-year graft and patient survival data are compa-
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rable to non-HIV infected patients undergoing transplanta-
tion, but meticulous clinical care and careful attention to
pharmacokinetics in the setting of significant drug inter
actions between immunosuppressive agents and HAART
are paramount to success (75,76). While a higher than ex-
pected acute rejection rate was noted in 150 HIV-positive
kidney transplant recipients, HIV infection remained well
controlled and patient and graft survival was comparable to
the non-HIV population (76). The complex issues involved
in transplanting this population are more fully discussed in
the HIV section of these Guidelines (see chapter 17).

Human T-Lymphotropic virus (HTLV-1/2)

HTLV-1 is endemic in certain parts of the world includ-
ing the Caribbean, Japan and parts of Africa, and is of-
ten asymptomatic. However, infection with HTLV-1 can
progress after years or even decades to HTLV-| associated
myelopathy/tropical spastic paraparesis (HAM/TSP) or to
adult T cell leukemia/lymphoma (ATL); progression occurs
in <1% and 2-4% of seropositive individuals in endemic
regions, respectively (77-81). HTLV-2 is a virus which is
likely more widespread geographically and is serologically
difficult to distinguish from HTLV-1, although its association
with disease processes is less certain.

Screening for HTLV-1/2 in deceased donors (but not re-
cipients) was standard in US practice until 2009, when
UNOS/OPTN discontinued the requirement to perform
prospective deceased donor screening, largely as a re-
sult of the lack of a serologic test to distinguish HTLV-1
from HTLV-2 (77). Despite its low prevalence in the United
States, cases of donor-transmitted infection have occurred,
some with significant neurologic and malignant complica-
tions (82-85). Graft and patient survival in recipients of
HTLV-1/2 seropositive donor organs has been noted to be
similar to that of recipients of HTLV-1/2 seronegative or
gans (79). Western blot testing or NAT may be used to
distinguish HTLV-1 from HTLV-2, and may prevent unnec-
essary wastage of organs from donors with false positive
test results or HTLV-2 infection, neither of which should
preclude donation (79,80). However, reports from Spain
of donor-derived transmission of HTLV-l with rapid devel-
opment of myelopathy in the recipients suggest that cau-
tion should be exercised in the use of HTLV-1 infected
donors (82-84). In endemic areas, recipients are often
tested for HTLV-1/2 antibodies, although little is known
about the course of infection following solid organ trans-
plantation. No cases of HTLV-1 reactivation were observed
in a series of Japanese HTLV-1 seropositive recipients un-
dergoing renal transplantation (85).

Emerging or unusual viral infections— West Nile virus,
lymphocytic choriomeningitis virus, rabies and SARS
It has been increasingly recognized that emerging donor-
derived viral infections can have an impact on transplant
outcomes, with unusually severe presentations in recipi-
ents (19-21,86,87). In most cases, an effective screening
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test is not available, so that familiarity with the risks for
acquisition and the natural history of these infections is
important to assessing offers for deceased donor organs.

West Nile virus (WNV) is a flavivirus which can cause
meningoencephalitis, and which has recently appeared in
the United States. First reported in 2002, WNV has been
transmitted via blood transfusion and solid organ transplan-
tation (21,87,88). It is unclear as yet what the magnitude of
the risk of such transmission is, and any risk assessment is
complicated by the fluctuating levels and geographic distri-
bution of WNV infection in mosquitoes and humans each
year. Serology and PCR for WNV are available but are time
consuming. It is prudent to avoid any donor who has had
an unexplained febrile illness, mental status changes, or
meningitis or encephalitis. Transplant centers should be
especially concerned about the use of such donors during
times of high prevalence of infection in the region. Since
July 2002, all US blood bank products have been tested
for WNV using a NAT assay. In the fall of 2003, the US
Health Resources and Service Administration (HRSA) is-
sued a Guidance statement regarding organ donors and
West Nile virus, which recommended testing all prospec-
tive live donors with NAT close to the time of transplant;
avoiding donors with any form of unexplained or confirmed
WNV encephalitis; and heightened clinical suspicion on the
part of the treating clinician for any febrile illness occurring
shortly after transplant. NAT poses logistical challenges in
some UNOS regions, and is not currently mandated for
donor screening. There is also concern that false positive
NAT results may lead to a loss of noninfected organs and
net loss of life, particularly for liver and heart candidates on
the waiting list (89).

Lymphocytic choriomeningitis virus (LCMV): A rodent-
associated arenavirus has been reported in several clusters
of donor-derived transmission to multiple organ recipients,
all but one of which had fatal infection (20,90-92). In one
cluster, the outbreak originated from a new pet hamster
in the donor’s home (20,90,93). To date, despite several
similar outbreaks, an effective screening test to rule out
infection with LCMV in potential organ donors has not
been developed (20,94). The CDC has issued guidelines
for minimizing the risk of LCMV related to pet rodents (95).
Transplant centers should consider the possibility of LCMV
infection in the donor with aseptic meningitis, as well as in
the seemingly asymptomatic donor with contact with wild
or pet rodents (10,91).

Rabies is another potentially fatal donor-derived infection.
In the most well-described outbreak, recipients of trans-
plants from a donor who died of subarachnoid hemorrhage
developed rapidly progressive encephalitis; all succumbed
to infection (19). Retrospectively, the donor was deter
mined to have had a recent bat bite and was seroposi-
tive for rabies virus (19,96). In the United States, rabies is
transmitted most commonly by bites, scratches or other
saliva exposure from bats, raccoons, skunks or foxes. The
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rabies and LCMV cases raise the question of whether all
donor evaluations should include information about expo-
sure to animals, bites and other environmental exposures
to supplement the already detailed information obtained.
Because of the highly fatal nature of rabies infection, clini-
cians are encouraged to avoid donors where even a small
possibility of rabies is present.

In 2003, a new respiratory pathogen was reported to cause
severe disease with rapid international spread. SARS (Se-
vere Acute Respiratory Syndrome) was found to be due
to a previously undescribed coronavirus (SARS-CoV), with
nosocomial and household transmission. At least 10% of
affected patients required mechanical ventilation; at least
one transplant recipient died of SARS (97). While transmis-
sion by transplantation is theoretically possible, the extent
of this risk is unknown. Current principles of donor and re-
cipient selection would likely exclude patients with recent
acute illnesses meeting SARS criteria; however the conse-
qguences of a more remote history of SARS, or a subclinical
infection, are unknown. Screening tools for potential adult
and pediatric donors were proposed by experts in Toronto
(one of the major centers of the 2003 outbreak) which
took into account the risk of SARS transmission at the
donor's hospital as well as donor's symptoms, travel and
contact history (97). If another SARS or a similarly trans-
mitted emerging virus outbreak should occur, this donor-
screening algorithm would be useful.

Influenza A

In 2009, a novel influenza virus A(H1N1pdmO09) caused
a worldwide pandemic. Infection was most common in
younger patients with severe disease and secondary bac-
terial infections in pregnant women and those with under
lying chronic lung disease, many of whom required inten-
sive care support. The impact on pediatric transplantation
was considerable, with prolonged hospitalizations, sec-
ondary infections, yet few reported deaths in those who
received early antiviral therapy (98). Guidelines for pretrans-
plant screening of potential donors and recipients were
published (99). These recommended screening of donors
with symptoms consistent with influenza infection; routine
screening was not recommended. Due to concern for pos-
sible donor transmission, it was recommended that donors
who had received adequate antiviral therapy be considered
safe for nonlung or small bowel donation. Empiric treat-
ment of the recipients of organs from infected donors with
incomplete treatment was recommended (100-102). The
pandemic emphasized the need for transplant centers to
be vigilant about vaccination of recipients and staff, and to
be alert for local outbreaks of disease with the possibility
of transmission through transplantation.

Other new and emerging, potentially communicable
agents may arise which may affect donor acceptability or
recipient activation on the transplant list (86,87). It is ad-
visable to avoid transplantation involving individuals with
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potentially communicable infections for which inadequate
information exists to provide appropriate recommenda-
tions regarding precautionary measures.

Ancillary screening tests for emerging pathogens, or more
sensitive testing for known pathogens, may be proposed
by guidelines committees in the future (8,30,103). Such
groups will have to consider the feasibility of testing within
the limited deceased donor timeframe as well as the risk
of false-positive test results which could lead to wastage
of otherwise life-saving organs (88,103).

Recipient screening: pretransplant detection of active
infection in the recipient

Transplant recipients are at risk for infections related to
complications of end organ failure. Patients awaiting kid-
ney transplantation may have infected hemodialysis or
peritoneal dialysis access sites or catheters, or compli-
cated upper- and/or lower-tract urinary infections. Can-
didates awaiting liver transplants are at risk for aspira-
tion pneumonia, spontaneous bacterial peritonitis, urinary
tract infection and infections associated with intravenous
catheters. Pancreas transplant candidates can develop di-
abetic foot infections and associated osteomyelitis. Those
awaiting heart transplants may have infections related ei-
ther to indwelling intravenous catheters, or to ventricular
assist devices (VADs) utilized as a bridge to transplanta-
tion (104,105). In addition, heart candidates are also at risk
for pneumonia in the setting of congestive heart failure and
debilitation.

VAD (ventricular assist-device)-associated infections are
not a contraindication to transplantation, as complete re-
moval of the VAD at the time of transplant, combined with
appropriate posttransplant antibiotic therapy, is often cura-
tive (104,105).

Screening of lung transplant recipients includes an as-
sessment of colonizing airway flora, and careful review of
their previous pulmonary infections (106). Cystic fibrosis
patients may be colonized with multi-resistant strains of
Pseudomonas and/or Burkholderia cepacia as well as other
organisms such as Staphylococcus aureus, Alcaligenes,
Klebsiella, Acinetobacter, Stenotrophomonas, Aspergillus
and Scedosporium. Knowledge of the pretransplant
colonizing flora can assist in developing an individualized
peri-transplant prophylactic antimicrobial regimen. There
is controversy as to whether patients colonized with
Burkholderia should be excluded from receiving lung
transplants; molecular typing of Burkholderia isolates may
be used to define risk, as genomovar Il (B. cenocepacia)
is associated with the highest risk of poor outcomes after
transplantation (107-109).

Recipient screening: mycobacterial infections
All patients should have a PPD (tuberculin skin test) per
formed prior to transplant, and those who have a positive
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skin test, or a history of active tuberculosis, should un-
dergo additional screening to rule out active disease (lI-
2) (43). Interferon-gamma release assays (IGRAs) may be
particularly useful in assessing patients who received Bacil-
lus Calmette—Guerin (BCG) vaccination, as the IGRA assay
has the potential to distinguish PPD positivity related to
BCG from that related to latent TB infection in those above
the age of 5 (44,110).

Patients with LTBI should be given prophylaxis to prevent
reactivation of disease in the setting of immunosuppres-
sion (I). Details on the treatment of LTBI are found in the Tu-
berculosis section of these Guidelines (chapter 8) (43, (46).

In transplant candidates with a clinical history, radiographs
and/or cultures suggesting infection with TB or nontuber
culous mycobacteria, a thorough evaluation for active dis-
ease should be performed, which may include CT scans,
bronchoscopy or other tests as deemed clinically nec-
essary. Any mycobacterial infection should optimally be
treated with documented microbiologic and radiographic
resolution before transplantation is considered.

Recipient screening: fungal infections

Pretransplant colonization with fungi such as Aspergillus is
common in lung transplant recipients, particularly in cystic
fibrosis patients. Such colonization should prompt a rigor-
ous evaluation to exclude active infection. Although post-
transplant aspergillosis is a feared complication, transplant
clinicians have generally relied more on posttransplant pre-
emptive and prophylactic strategies rather than pretrans-
plant antifungal therapy for colonized patients. A pretrans-
plant candidate with invasive fungal infection (rather than
colonization) should be treated at least until there is ra-
diographic, clinical and microbiologic resolution in order to
minimize the risk of this high-mortality infection posttrans-
plant (I). Additional information on the diagnosis, preven-
tion and treatment of infection with Aspergillus is found in
other parts of these Guidelines.

Pretransplant screening for endemic mycoses is most use-
ful in areas endemic for coccidioidomycosis, where a pre-
transplant history of active disease and/or seropositivity
may prompt lifelong azole prophylaxis (lI-2) (50). Pretrans-
plant screening for histoplasmosis is of limited value since
latent histoplasmosis may be present with negative serol-
ogy (lll); instead, heightened awareness of the possibility
of histoplasmosis is important when investigating a post-
transplant febrile illness in a patient from an endemic area.

Recipient screening: parasitic infections

Patients from (or with prolonged travel history to) endemic
areas for strongyloidiasis, including most tropical countries
and parts of the southeastern United States, are at risk for
development of disseminated strongyloidiasis after trans-
plant. Screening with serology for Strongyloides is much
more sensitive than stool exams, and is recommended for
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those at epidemiologic risk (lll). For seropositive patients,
a short course of ivermectin or thiabendazole is indicated
pretransplant, although randomized data are not available.
As discussed above, Toxoplasma serology should be per
formed in heart transplant candidates, and seronegative
heart recipients with seropositive donors should receive
prophylaxis (II-2) (51-53). Chagas' disease and other para-
sitic infections are more fully discussed elsewhere in these
Guidelines (see chapter 29).

Recipient screening: viral infections

Active primary infection with viruses such as CMV, EBV, or
HBV at the time of transplant is uncommon. Nonetheless,
if active viral infection is detected in a potential recipient,
transplantation should likely be delayed until the infection
resolves in order to allow for development of natural im-
munity prior to transplant immunosuppression (lll). This
recommendation also extends to candidates who present
for transplantation with clinical symptoms suggestive of
an acute community-acquired viral infection. If there is any
chance of exposure to HIV pretransplant, the potential re-
cipient should have an HIV NAT and HIV antibody test per
formed (ll1). Viral screening of both donor and recipient are
discussed in more detail above.

Pretransplant immunizations

The pretransplant evaluation presents an important oppor
tunity to update the potential recipient’s immunizations,
since most vaccinations are more effective when admin-
istered prior to the onset of transplant immunosuppres-
sion (I). More detailed immunization recommendations are
summarized in another section of these Guidelines (see
chapter 31).

All potential recipients should be screened for vaccine-
preventable infections and vaccinated as possible prior
to transplant. The VZV-seronegative candidate should ide-
ally be immunized against varicella prior to transplantation
(11-3). However, if transplantation is expected imminently,
it may be best to withhold vaccination with this live atten-
uated vaccine (lll). The zoster vaccine, also a live vaccine,
is currently licensed for older adults who are not immuno-
compromised. Further data are awaited regarding whether
pretransplant zoster vaccine prevents posttransplant zoster
reactivation, but at the present time it would appear rea-
sonable to administer the zoster vaccine if the transplant
candidate meets current criteria for the vaccine and if trans-
plant is not expected within 4 weeks.

A hepatitis B vaccine series should ideally be administered
pretransplant to seronegative individuals (II-2); especially
as a potential donor may be found who is HBsAg negative
but HBcAb positive; in dialysis patients, the higher-dose
formulation should be given. Patients with advanced liver
disease are at particularly high risk for fulminant hepatitis
A and should receive hepatitis A vaccination (ll-2). This
vaccine is likely more effective when administered early
on in liver disease (lI-2). The combined hepatitis A and B
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vaccine is immunogenic but data are awaited in transplant
candidates and recipients.

Measles—-mumps-rubella (MMR) vaccine contains live
virus. Patients born in or before 1956 are presumed to have
natural immunity. Patients born after 1956 who have not re-
ceived a second dose of the MMR vaccine should receive
a second dose, given pre- rather than posttransplant (ll1).

Pneumococcal vaccine should also be administered to
transplant candidates over the age of 2 who have not
received it within the past 5 years (lll). The Tdap (tetanus—
diphtheria—acellular pertussis) vaccine should be adminis-
tered if the potential adult recipient has not had a tetanus—
diphtheria toxoid (Td) booster within 5-10 years, and
should be considered in all potential recipients in light of
the increase in pertussis cases in recent years (lll).

Pretransplant counseling

Preventive strategies for infection should not be con-
fined to medications and vaccinations. Extensive educa-
tion of the transplant recipient and his or her family is a
very important preventive tool. Pretransplant classes and
printed materials are helpful and should include information
on handwashing/hand hygiene, environmental exposures,
activities to avoid, food safety and handling, foodborne
pathogens, pets and travel. It is also helpful for patients
to have a general idea of the infections to which transplant
patients are susceptible and the preventive strategies in
use at their particular center. It is fundamental that pa-
tients know what to expect, what can go wrong and what
is expected of them.

Conclusion/future directions

Pretransplant screening of the potential organ donor and
recipient affords an opportunity to assess the feasibility and
safety of transplantation, to determine the prophylaxis
and preventive strategies utilized posttransplant, to detect
and fully treat active infection in the potential recipient prior
to transplant, to update the vaccination status of the po-
tential recipient, and to sufficiently educate the patient
and family about preventive measures. Future advances
will incorporate the increasing use of rapid molecular diag-
nostic testing, and possibly ancillary testing for emerging
pathogens in clinical practice.
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Introduction and Definitions

Advances in surgical technique, immunosuppression and
antimicrobial prophylaxis have resulted in significantly re-
duced morbidity and mortality following organ transplan-
tation. As a result, transplantation is currently considered
the definitive therapy for individuals with end-organ fail-
ure. Despite these advances, unexpected transmission of
infections from the donor to the recipient remains a rare
complication of transplantation; when it does occur, the
event is frequently associated with significant morbidity
and mortality (1,2). In this chapter, the epidemiology of un-
expected donor-derived infectious diseases transmissions,
risk mitigation strategies and general approach to a patient
with possible donor-derived infection will be reviewed.
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Definitions

Most donor-derived disease transmissions are expected.
Such expected transmissions, including cytomegalovirus
(CMV) and hepatitis B virus (HBV), result with the
knowedge that the transmission will occur; the donor is
known to be infected with the pathogen and virological
monitoring with preemptive therapy and/or universal pro-
phylaxis are utilized to minimize the impact of the disease
transmissions (I) (1,2). This guideline will not discuss such
expected disease transmissions as they are reviewed else-
where in this supplement. Instead, this guideline will focus
exclusively on unexpected transmissions, such as Chagas,
HIV, HCV, lymphocytic choriomeningitis virus (LCVM), My-
cobacterium tuberculosis, multidrug-resistant (MDR) bac-
teria, rabies and West Nile virus (WNV), which may occur
despite current screening strategies and are not expected
in the donor at the time of organ placement (3—-16). In some
of these transmission events, clinical disease in the donor
was not recognized at the time of donor death (14,16),
while in other cases, screening, although available, was
not performed for the pathogen of interest (4-6). Although
most disease transmissions have involved deceased
donors, recent transmissions of HIV and HCV showed that
recipients of living donors may also be at risk (7,17).

Recently, international consensus definitions of donor-
derived infections agreed upon (Table 1) (18). These defi-
nitions should optimally be utilized to faciliate comparison
of data between published studies and reports collected
globally.

Epidemiology of Donor-Derived Infectious
Disease Transmissions

There are currently few robust systems to assess the epi-
demiology of donor-derived infectious disease transmis-
sions. Currently, systems are well established in France
(Agence de la Biomédecine) and the United States (Or
gan Procurement and Transplantation Network (OPTN)'s
Ad Hoc Disease Transmission Advisory Committee) with a
more recently established system in Italy (DRIN) (2,19). Ad-
ditionally, there was a research infrastructure that tracked
disease transmission for a finite period in Spain (RESI-
TRA) (20). The French, ltalian and US systems require
recognition that the disease in the recipient is potentially
of donor origin and then the disease must be reported
to the national registry. As such, underrecognition and
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Table 1: Definitions of imputability for donor origin infectious diseases transmissions (18)

Term Definition

Proven Clear evidence of the same infection disease in the donor and at least one of the recipients

Probable Strong evidence suggesting but not proving a disease transmission

Possible Used for all situations where data suggest a possible transmission but are insufficient to fulfill criteria
for confirmed transmission (proven and/or probable) and transmission cannot be formally excluded

Unlikely Used for situations where it is possible that the disease in question could have been transmitted from
the donor to at least one of the recipients but the available data suggests that donor origin is unlikely

Excluded Clear evidence of an alternative, nondonor origin of disease

Intervention without
Documented Transmission
(IWDT)

All or some of the recipients received an intervention (i.e. antimicrobial therapy, specific
immunoglobulins or organ removal) and no disease was recognized in any of the recipients

Positive assay without apparent Used for instances in which a donor assay is positive for infection (i.e. coagulase negative

disease transmission

Staphylococcus in perfusate culture) that is felt by the clinicans not to be clinically significant, is not

treated and not associated with disease transmission

Not assessable

When there are insufficient data available to assess imputability of the disease transmission (either

from insufficient data being provided in a published document or sufficient donor and/or recipient

testing)

Table 2: Summary of potential donor-derived infectious disease
transmissions reported to the United States organ procurement
and transplantation network 2005-2011 (2)

Number of Number of
Number  recipients with  DDl-attributable

Infection of donor confirmed recipient
type reports transmission deaths
Viruses' 166 48 16
Bacteria? 118 34 9

Fungi® 75 31 10
Mycobacteria® 53 10 3
Parasites® 35 22 7

TViruses: adenovirus, HBV, HCV, HEV, HIV, HTLV, herpes simplex,
influenza, LCMV, parainfluenza (PIV)-3, parvovirus B19, rabies,
West Nile virus.

2Bacteria: Acinetobacter, Brucella, Enterococcus (including VRE),
Ehrlichia spp, E. coli, Gram-positive bacteria, Klebsiella, Legionella,
Listeria, Borrelia burgdorferi, Nocardia, Pseudomonas, Rocky
Mountain Spotted Fever, Serratia, S. aureus (MRSA), Streptococ-
cus spp, Treponema pallidum, Veillonella; bacterial meningitis &
bacterial emboli.

SFungi: Aspergillus spp, Candida spp, Coccidioides imitis, Cryp-
tococcus neoformans, Histoplasma capsulatum, Scopulariopsis,
Zygomyces.

4Mycobacteria: tuberculosis, non-TB mycobacteria.

SParasites: Babesia, Balamuthia mandrillaris, Chagas (Trypano-
soma cruzi), Naegleria fowleri, schistosomiasis, strongyloides.

underreporting of cases is likely and limits current data;
[talian system (DRIN) is collecting reports of all recipient
infections.

Despite these limitations, it is possible to draw several
generalizations. It appears that donor-derived infectious
diseases complicate approximately 0.2% of deceased or
gan donor transplants (details from the OPTN data are in
Table 2) (2,19); it should be noted that a slightly higher rate
(1.7%) was noted during the RESITRA study period (20).
When an infection is transmitted, it is typically associated
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with significant morbidity and mortality (2,19,20); there
is likely underrecognition and therefore underreporting of
cases that are associated with less severe disease (i.e.
transient bacteremia that responds quickly to therapy but
was likely of donor origin). Further, there are variable rates
of transmission likely related to inoculum of pathogen, or
gan transplanted and type of immune suppression used
(i.e. lymphocyte depletion) (2,19,20).

Risk Mitigation

Although it is impossible to completely remove the risk
of disease transmission through solid organ transplanta-
tion, there are a number of ways to mitigate against dis-
ease transmission (2). Basically, these can be classified as
follows:

(1) Risk stratification from the donor medical and social
history.

(2) Careful physical assessement of the donor and the
donor organs.

(3) Laboratory screening of the donor for infection.

The limitations and benefits of each risk mitigation strat-
egy must be understood by the accepting center to prop-
erly inform the risk of donor-derived infectious disease
transmission. Lastly, care must be taken to find the ap-
propriate balance between minimizing the risk of disease
transmission and organ wastage in making decisions utiliz-
ing these risk mitigation strategies (2,21). Currently, there
are many more individuals who could benefit from or
gan transplantation than there are available organs. As
such, discarding organs from donors with risk factors
needs to be minimized when utilizing these risk mitigation
strategies.
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Table 3: Behavioral risk factors for a donor to be at increased risk of transmitting human immunodeficiency virus (HIV), hepatitis B virus

(HBV) and hepatitis C virus (HCV)

e High risk sexual contacts:

o Persons who have had sex with a person known or suspected to have HIV, HBV or HCV infection in the preceeding 12 months
o Men who have had sex with another man (MSM) in the preceeding 12 months

o Women who have had sex with a man with a history of MSM behavior in the preceeding 12 months

o Persons who have had sex in exchange for money or drugs in the preceeding 12 months

o Persons who have had sex with a person who injected drugs by intravenous, intramuscular or subcutaneous route for

nonmedical reasons in the preceeding 12 months.

e Birth to a mother infected with HIV, HBV or HCV (for infant donors < 2 years of age)
e Persons who have injected drugs by intravenous, intramuscular, or subcutaneous routes for nonmedical reasons in the preceeding

12 months

e Inmates of a correctional facility (e.g. jail, prison, or juvenile detention) for > 3 days in the preceeding 12 months
e Persons who have or have been treated for syphilis, gonorrhea, chlamydia, or genital ulcers in the preceeding 12 months
e Persons who have been on hemodialyalsis in the preceeding 12 months

Based on proposed US Public Health Services Guideline which are currently under revision. Consult current US Public Health Service

Guideline for current criteria.

Table 4: Residual risk of undiagnosed human immunodeficiency virus (HIV) and hepatitis C virus (HCV) infection per 10 000 donors at

increased risk of infection (24,25)

Risk factor

Men who have sex with men

Nonmedical intravenous, intramuscular or subcutaneous drug use

Hemophilia

Persons who have had sex in exchange for money or drugs

Partners with any of the above risk factors

Individuals who have been exposed to blood or blood products
from someone with HIV or HCV

Incarceration

HIV HCV
Serology alone Serology + NAT Serology alone Serology + NAT

8.3 3.4 36.0 3.8

12.9 5.3 350.0 37.8
0.05 0.02 0.46 0.05
2.9 1.2 107.8 11.5
2.7 1.1 126.2 13.5
1.3 0.5 22.0 2.3
1.5 0.6 68.6 7.3

As a point of reference, in the United States there is a 0.34% (34/10 000) risk of developing hepatitis C per year while on dialysis.

Donor risk assessment

Risk stratification is commonly achieved through careful
review of the donor’s medical and social history (22).
The donors chart should be screened carefully to identify
cultures and other assays (e.g. serology and nucleic acid
testing (NAT, sometimes also referred to as PCR or viral
load testing) that were ordered by the team caring for the
patient to diagnose infections (22). Positive results should
be interpreted by the accepting teams to match the risk of
disease transmission with the risk tolerance and medical
status of the recipient. Most importantly, some cultures or
other assays may yield results well after the organs have
been placed (i.e. mycobacteria cultures frequently take up
to 8 weeks) (2,22). The organ procurement organization
and recipient center should be aware of the pending
results and have a plan for information transmission
and recipient management (lll). Additionally, the social
history is optimally obtained from an individual who
knows the patient well (2,22). Attention to travel history
is critical to identify donors at risk of endemic infections
(such as histoplasmosis, blastomycosis, coccidiomycosis,
Chagas disease, strongyloides and tuberculosis, to name
just a few). If risk factors for exposure to endemic infec-
tions are identified, consideration of additional screening
or use of recipient preventative strategies should be
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considered (lll). These will be discussed in further details
in later sections. A uniform donor health questionaire is
currently being developed by the American Association of
Tissue Banks with the goal of standardizing the acquisition
of the medical and social history from the next-of-kin or
friends who are available. It is important to recognize
that the historian may not be aware of all of the donor’s
risk behaviors and attempts to assess how well the
historian knows the donor should be undertaken. Results
of the review of the medical history and collection of
the social history can be used to identify patients at
increased risk of transmitting HIV, HBV and HCV (see
Table 3) (2,23). Recipients of organs from donors at
increased risk of transmitting HIV, HBV and HCV should
be informed of the risk and alternatives to use of organs
from the increased risk donors, and should be screened
posttransplant for acquisition of these infections. (residual
risk of infection despite serologic and/or NAT screening
associated with specific behaviors is listed in Table 4 and
below) (1) (24,25).

Currently, there are two ways in which organ donors
are risk stratified: In the United States, donors are di-
chotomized as being either at increased risk or without
identified risk for transmission of infectious diseases; while
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Figure 1: Schematic of viral infec-
tion and detection by serology and
nucleic acid testing.

Exposure

in Europe, a more graded risk assessment is utilized. In the
US system, which has traditionally focused on HIV, HBV
and HCV, behavioral risk factors (see Table 3), hemodilution
and lack of donor social history have been utilized to clas-
sify a donor as increased risk of transmitting blood-borne
infections while all other recipients are not further clas-
sified (2,22,23). The European classification system was
initially developed in 2002 by ltalian National Center for
Transplantation (CNT) but has been more broadly applied
throughout Europe to evaluate the safety and acceptabil-
ity of donors (26). The CNT/European risk classification
system (http://www.edgm.eu/en/Search-519.html) defines
donors as follows:

(1) Unacceptable risk includes absolute contraindication,
with the exception of some life-saving transplantation
procedures in the absence of other therapeutic options
on a case-by-case basis.

(2) Increased but acceptable risk includes cases where
transmissible organisms or diseases are identified dur-
ing the evaluation process of the donor, but organ uti-
lization is justified by the specific health situation of the
recipient or the severity of their clinical condition.

(3) Calculated risk (criteria referring to protocols for elec-
tive transplants) includes all cases where, even in the
presence of transmissible diseases, transplantation is
allowed for recipients with the same disease or with
a protective serological status; this risk applies also to
donors with documented bacteremia and/or bacterial
meningitis provided that the donor was on targeted
antimicrobial treatment for a minimum duration of 24—
48 h.

(4) Not assessable risk (RL 4) includes cases where the
evaluation process does not allow an appropriate risk
assessment for transmissible diseases.

(5) Standard risk (RL 5) includes cases where the evalua-
tion process did not identify a transmissible disease.

With both systems, it is recommended that a specific in-
formed consent is obtained from every recipient if there is
defined risk identified in the donor.
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Physical asssessment

Careful physical assessment of the donor’s body should
be conducted by both the organ procurement team and
the procuring surgeon, who should evaluate the explanted
organs and vessels. The body should be assessed for
evidence of infections, including abscesses, ulcers, genital
or anal trauma, lymphadenopathy, in addition to looking for
evidence of recent drug use, such as the presence of track
marks. The examination should also assess for evidence
of other underlying disease, such as cirrhosis or other
surface manifestations of infections or malignancies. The
explanting surgeon should make sure that there is no
free spillage of intestinal contents and that there is no
obvious pus or infection of the organ or vessel, including
lymphadenopathy.

Donor serologic and nucleic acid testing

Following viral infection, the virus may initially be detected
in the blood prior to the infected individual developing anti-
bodies; this is termed the serologic window (see Figure 1).
Once the patient develops antibodies directed against the
infecting virus, serologic testing will detect the infection in
the donor. Several donor-derived infection transmissions
have resulted from window period infections missed by
serologic screening of donors only (7,14). The period from
HIV exposure to the development of HIV antibodies is ap-
proximately 22 days, but can be up to 6 months. Thus the
donor may be seronegative while potentially infectious.
The use of individual donor NAT would reduce the win-
dow period for HIV to between 5.6 and 10.2 days (i.e. 4—
15 days in which infection is detected by NAT but not ELISA
(27-31). A fourth-generation HIV antibody-antigen combi-
nation serology diagnostic test was recently approved in
the United States and may reduce the window period to 1-
2 weeks; it should be noted that the assay is not approved
for screening blood or plasma donors and there are limited
data on its efficacy in deceased organ donor screening. Re-
cent data estimated incidence of undetected HIV infection
by serologic screening was 1 in 50 000 for normal risk po-
tential donors and 1 in 11 000 for OPTN-defined increased
risk potential donors (32). HBV surface antigen (HBsAg)
ELISA assays have a window period of 38.3-49.7 days,
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with NAT in the 20.4-25.7 day range (27,33-36). The use
of HBV NAT testing may detect viral replication in hepati-
tis B core antigen positive who are HBsAg negative. HCV
ELISAs have a window period of between 38 and 94 days
which is reduced significantly to 6.1-8.7 days by the use
of NAT (24,31,32). Recent data estimated incidence of un-
detected HCV infection by serologic screening was 1 in
5000 for normal risk potential donors and 1 in 1000 for
OPTN-defined increased risk potential donors (32). There
is a fourth-generation HCV antibody screening assay that is
available outside the United States but is not yet approved
for use in the United States; it has a reduced window pe-
riod compared to currently approved assays in the United
States.

While these data suggest that NAT will detect infections
missed by routine serologic screening of organ donors,
many in the transplant community have only advocated for
the use of NAT for OPTN-defined increased risk donors be-
cause of concern of loss of uninfected organs from false-
positive testing (Il) (21). More recently, data suggested
that organs may be successfully placed from donors with
proven or suspected false-positive NAT results (37,38).
Further, another group demonstrated that there was a sub-
stantial proportion of donors who were seropositive but
negative by NAT for HIV, HBV and HCV (38). Such donors
could be used in selected transplant candidates (i.e. HBV
infected or vaccinated candidates) or in appropriately con-
sented candidates. It should be noted that current US law
does not allow use of donors who are known to be infected
with HIV. If there is clear evidence suggesting that results
are likely false positive (i.e. + serology but negative NAT in
donor without risk factors for HIV infection), use of organs
can be considered as long as all details of these testing
results are clearly disclosed to the recipient and recipient
center (Il).

There has been recent attention on screening donors for
other transmissible infections, such as tuberculosis, Cha-
gas Disease and West Nile virus; these will be discussed
in detail in later sections, but key features will be summa-
rized here. Screening of donors for tuberculosis is challeng-
ing and supported by limited data. Use of the PPD is not
currently an option because there is typically insufficient
time to place the antigen and await a response; additionally
donors may be rendered anergic by the underlying cause
of brain death and/or steroids used for donor stabilization.
Use of interferon-gamma release assays is currently under
study and therefore cannot be advocated for wide use in
screening donors. Donors with risk factors for tuberculosis
(exposure to a moderate to high endemicity nation, home-
lessness, drug abuse, or incarceration) should be screened
for active tuberculosis; donors with active tuberculosis
should not be used (lll). Further details can be found in
a recent consensus paper (39). Targeted T cruzi screening
of potential donors born in Mexico, Central America and
South America has been advocated by a recent group of ex-
perts (10). It should be noted that most currently available
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donor screening assays have a high rate of false-positive
results and confirmatory testing is recommended for all
positive results. Such confirmatory testing is typically not
available in time for the donor offer but can direct posttrans-
plant interventions. Given the relative low rate of trans-
mission, kidneys and livers from T cruzi-infected donors or
donors with positive initial screening results should be con-
sidered for use with informed consent from recipients (lI
3). Hearts from infected or screen-positive donors should
not be utilized because of the high rate of disease trans-
mission (10). West Nile virus also represents an infection
that can be transmitted from donor to recipient for which
screening assays are currently available. Existing data sug-
gest that if donors are to be screened, serum WNV NAT
should be utilized; screening of urine by NAT or serum for
serology is not recommended at this time. Since WNV
NAT will generally yield false-positive results when there
is limited WWNV in the donor service area, screening is only
recommended when there is active disease in the region
where that donor has come from; collaboration with lo-
cal blood banks to determine when screening should be
considered has been recommended (I11).

Special circumstances

Hemodilution of donor blood samples: Massive blood
loss followed by intravascular volume replacement with
blood products or infusions of colloids and crystalloids
can cause hemodilution and result in unreliable donor
test results for infectious diseases (40). The US Food and
Drug Administration (FDA) has guidelines for how to as-
sess hemodilution for tissue donors and these can be
used to estimate the degree of hemodilution in organ
donors (40,41). Hemodilution currently classifies donors
as increased risk for disease transmission by the current
OPTN definition. As such, care should be utilized in in-
terpreting serologic screening results and recipients of or
gans from donors with significant hemodilution should be
informed about the risk of false-negative testing in the set-
ting of hemodilution (ll1).

Testing of newborns: In general, maternal antibodies
may pass from the mother to the child and last anywhere
from 6-15 months of age. Interpretation of antibody re-
sults should take this into consideration. Some advocate
for testing of infant urine for CMV to confirm infection.

Live donors: A recent transmission of HIV from a live
donor to his recipient highlighted the need for testing of
live donors close to the time of organ procurement (7).
Current guidance suggests that all live donors should be
tested for HIV, HBV and HCV (7). Additional testing, within
28 days of procurement but optimally within 14 days,
has been recommended for all live organ donors (AHRQ-
funded consensus conference available at http://www.
feinberg.northwestern.edu/transplant/Increased % 20Risk %
20Consensus%20Conference/index.html). This additional
late testing should include HIV and HCV NAT and hepatitis
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B surface antigen (HBsAg) to directly detect the presence
of the virus in the donor (lll) (7). Lastly, donors should
be educated about ways in which they can avoid acqui-
sition of infections between the time of screening and
donation.

Donors With Documented Infections
at the Time of Procurement

Decisions regarding the use of organs from donors with
active or suspected infection should be based upon the
urgency of transplantation for the recipient, the availabil-
ity of alternative organs and recipient informed consent.
Care should be taken in carefully assessing all available
data about the donor and the infection present in the
donor, including susceptibility testing, antimicrobial ther
apy utilized and evidence of clinical response to therapy
in the donor (lll) (22). Consultation of specific guidance
documents may help in determining donor suitability and
risk mitigation strategies posttransplant (9,22,39,42,43). In
general, any active bacterial or fungal infection in the donor
or recipient should be treated and, ideally, resolved prior to
transplantation (//-3); organs known to be infected with
pathogens likely to be transmitted to the recipient should
not be transplanted (//-3).

Bacteremic donors

It has been estimated that 5% of organ donors have bac-
teremia at the time of organ procurement (2,44,45). Trans-
mission has been described, typically involving bacteria
that were not susceptible to typically utilized perioperative
antibiotics. When transmissions occur, there is frequently
significant graft loss, morbidity and mortality (2,44-46). Al-
though bacteremia and bacterial infections in the donor
pose a potential risk for the transmission of infection to
the recipient, discarding organs from such donors could
further compromise the already limited donor pool and
aggravate the organ donor shortage. The risk of donor-
transmitted infection varies with the type of bacteria caus-
ing the infection. Among Gram-positive bacteria, there is
a low risk of transmission with relatively avirulent bacte-
ria, like coagulase-negative staphylococci. Gram-negative
bacilli in the donor appear to pose a greater risk for trans-
mission and is associated with poorer outcomes than that
caused by Gram-positive bacteria (47-54).

Of greatest concern is the ever-increasing challenge
of multiresistant bacteria, such as methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant En-
terococcus (VRE) and multidrug-resistant Gram-negative
rods. The problem is particularly serious with Gram-
negatives producing carbapenemases, which usually ex-
hibit extended-drug resistant phenotypes and remain sus-
ceptible to only a few antibiotics. There have been only a
few reports related the optimal evaluation and risk mitiga-
tion management related to these highly resistant bac-
teria (51,54-57). Open and rapid interinstitutional and -
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agency communication, antibiotic prophylaxis based on
in vitro susceptibility testing and careful infection control
practices are rational approaches to minimize the impact
of donor transmitted bacteria following organ transplanta-
tion (57). Further work is needed to identify when organs
can be safely used from potential donors with MDR Gram-
negative infections, how to prospectively identify donors
that may harbor subclinical infection and how to best man-
age recipients at risk for donor derived infections following
transplantation (57).

Emerging data suggest that bacteremic donors may be
utilized in certain circumstances (II-2) (44,45,47,51,58,59).
Generally, it is recommended that the infected donor re-
ceives targeted antimicrobial treatment for at least 24—
48 h, optimally with some degree of clinical response (im-
proved white blood cell count, improved hemodynamics,
defervescence) (22). In addition, it is recommended that
the recipient is treated with a 7- to 14-day course of an-
tibiotics targeted to the organism isolated from the donor
(1) (22).

Donors with bacterial meningitis

There are significant data suggesting that donors with
proven bacterial meningitis can be safely used for or
gan donation (I1-2). Documentation of bacterial meningitis
is essential since transmission of infections and malig-
nancies have been documented from donors with pre-
sumed, but not proven bacterial meningitis. Kidneys, livers
and thoracic organs from donors with bacterial meningitis
due to Neisseria meningitidis, Streptococcus pneumoniae,
Haemophilus influenzae and Escherichia coli have been
successfully transplanted (60-67). Generally, donors are
treated for 24-48 h with antibiotics directed at the identi-
fied bacteria prior to procurement, optimally with evidence
of clinical improvement. The recipient is typically treated
for 7-14 days posttransplant with antibiotics directed at the
cultured bacteria (lI-2) (22). Meningitis caused by highly vir-
ulent or intracellular organisms such as Listeria species
are still considered a contraindication by many transplant
centers.

Donors With Proven or Presumed Infectious
Encephalitis

It is important to note that encephalitis, particularly with
fever, without a documented source is frequently asso-
ciated with disease transmission. Transmission of rabies,
parasitic infections, lymphomas and leukemias have oc-
curred when donors with encephalitis without a proven
cause were accepted as organ donors (2,16). As such,
donors dying of encephalitis without a proven cause should
likely be avoided (II-3). The two exceptions to this gen-
eral caution include donors with proven bacterial meningi-
tis (see above) and donors with proven Naegleria fowlerii
meningoencephalitis. Naegleria infection is generally lim-
ited to the CNS; even when there is molecular evidence of
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the parasite outside the CNS, transmission has not been
documented. If the donor has proven N. fowlerii menin-
goencephalitis, the organs can be utilized with a low risk
of transmission, as long as the recipients are informed of
the risk and monitored closely (I1-3) (68,69).

Evaluation of Recipient With Suspected
Donor-Derived Infection

Although donor-derived disease transmissions are rare (es-
timated to involve ~0.2% of all transplants), it is critical to
consider the donor as the source of any posttransplant
infection or malignancy and report that concern to the lo-
cal OPO and/or national competent authority (i.e. UNOS
in the United States) immediately (lI-2) (2). Unfortunately,
recipients may be cared for by different teams within the
same hospital or in a number of different hospitals; this
may hamper recognition of a transmission. Additionally,
as has been the case in several recent transmissions, the
patients present with clinical symptoms at different times
posttransplant; mechanisms to flag all recipients of a single
donor with concern about a potential transmission should
be in place but typically are not available. The OPO should
have a mechanism in place to rapidly assess the status of
all other recipients of organs, tissues or vessels from the
same donor and report the concern to the OPTN (2,22). The
recent allograft recipient with unexplained fever, leukocyto-
sis, altered mental status, or other signs of occult infection
is a candidate for donor-derived infection. Likewise, proven
infections early posttransplant should prompt a careful re-
view of donor cultures and donor origin of the infection
should be considered (I1-3). Common processes such as
wound or surgical sites infections, graft rejection, anasta-
motic leaks, vascular compromise, drug toxicity, pneumo-
nia, or C. difficile colitis must be evaluated for and treated
if present. If donor origin is considered, the case should be
immediately reported to the national transplant authority
(UNQOS in the United States), the local organ procurement
organization and, if it is a reportable disease, the local pub-
lic health authorities. This reporting should be done as early
as possible to potentially alert providers of other recipients
of the same donor to facilitate evaluation and initiate dis-
ease transmission mitigation strategies (lll). It should be
emphasized that reporting should not await confirmation
of transmission. As part of the evaluation, it is prudent to
contact the involved laboratory to save any residual blood,
serum, CSF and donor tissues (such as vessels) to facili-
tate the investigation and insure that they will be held and
not be inadvertently disposed of.

Lastly, it is critical that the transplant team work collab-
oratively to develop an evaluation and treatment plan for
all recipients of donors with identified risk of infectious
disease transmission. This should include a clear plan for
who is responsible for follow-up testing (i.e. follow-up cul-
tures or serology/PCR testing of the recipient) and treat-
ment (lll). In general, when an infection is identified in the
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donor, the recipient is treated with appropriate antimicro-
bial therapy directed against the pathogen for a duration
that one would use if the recipient themselves had the in-
fection (2,22). Further, it is currently recommmended that all
recipients of organs from donors with identified risk factors
for HIV, HBV and HCV be tested posttransplant (I11). While
there is controversy as to the optimal timing of this testing,
itis important to utilize assays that directly detect the pres-
ence of the virus (i.e. HIV and HCV NAT and HBsAg) since
patients frequently fail to seroconvert (2,14,22). Reliance
on serology alone may miss acquisition of a donor-derived
viral infection.

Future Research

Since the topic of donor-derived infections is still relatively
new, there is significant need for additional research. It
is critical that more nations establish organ vigilance and
surveillance systems to further define the epidemiology
of donor-derived infections. This includes evaluation for-
geographically limited infections that may not have been
transmitted in areas where surveillance is currently on-
going. Additionally, the relative importance of specific
pathogens and risk mitigation strategies can only be as-
sessed with collection of global data. Prospective stud-
ies of organ donors and recipients, similar to what was
conducted as part of the Retrovirus Epidemiology Donor
Study (REDS) in transfusion medicine, are needed to more
completely define the true epidemiology and risk of donor
disease transmission. Studies are also needed to assess
the wide range of available diagnostic and screening as-
says that could be utilized to risk stratify potential organ
donors. Lastly, specific registries of donors with poten-
tially transmissible infections (i.e. Chagas, encephalitis, or
bacteremia) are needed to inform which donors can safely
be utilized and what risk mitigation strategies are most
effective in prevent disease transmission.
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Epidemiology

The prevalence of multidrug resistance (MDR) in Gram-
negative bacteria isolated from clinical samples continues
to increase globally (1,2). Several reports indicate a simi-
lar continued trend toward increased resistance in Gram-
negative bacteria isolated from transplant patients (3-6).
Clinically important MDR bacteria that have been reported
in transplant recipients include nonlactose fermenters
such as Pseudomonas species, Burkholderia species and
Stenotrophomas species, as well as carbapenem-resistant
(CR) Acinetobacter species, and MDR Enterobacteriaceae,
with CR Enterobacteriaceae (CRE) being of particular con-
cern. For the purposes of this paper, MDR is defined
as nonsusceptibility to at least one agent in three or
more antibiotic classes (7). Pan-resistance (PR) is de-
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fined as nonsusceptibility to all licensed, routinely avail-
able antibacterials. The impact of infection with MDR or
PR bacteria on transplant recipient survival has become
an important concern as several reports indicate signifi-
cantly decreased survival of patients infected with such
bacteria (8-12).

MDR Enterobacteriaceae and CR Acinetobacter
(CRAB)

In several cohorts of transplant recipients, dramatic in-
creases in percentages of Enterobacteriaceae, which
are ciprofloxacin-resistant or produce extended-spectrum
beta-lactamase (ESBL) or AmpC have been reported. Rates
of ESBL producing Enterobacteriaceae ranged from 8% to
77% in these studies (3,4,13-15). In kidney transplant re-
cipients, ESBL-producing Enterobacteriaceae were found
to be associated with recurrent urinary tract infection (UTI);
the incidence of ESBL producing Enterobacteriaceae in-
creased from 13%, 38% to 45% for first, second, and
third UTI episodes, respectively (15).

Prevalence data for CRE and CRAB in transplant popula-
tions are limited and highly variable by region. Most case
series are from higher endemic areas for these MDR bac-
teria, resulting in relatively higher percentages of resis-
tant bacteria reported, ranging from 18% to 50% (16-18).
One year after transplantation, infection with CR Klebsiella
pneumoniae was a predictor of time-to-death in 175 liver
transplant recipients, (HR 4.9, 95%CI 1.5-15.6) (16). Mor-
tality at 30 days was 42% in 12 transplant recipients in-
fected with CR K. pneumoniae, with most deaths directly
attributable to infection (17).

MDR Pseudomonas, Stenotrophomonas,
Achromobacter and Burkholderia

Lung transplant recipients: MDR or PR Pseudomonas
aeruginosa colonize the respiratory tract of especially cys-
tic fibrosis (CF)-lung transplant recipients in up to 52%
prior to transplantation, with posttransplantation coloniza-
tion rates reaching 75% (19-21). P aeruginosa also re-
mains the most frequent microorganism identified during
pneumonia after lung transplantation, being responsible in
25% (22). Despite early reports suggesting reduced sur
vival, more recent studies suggest similar survival of CF-
lung transplant recipients independently of pretransplant
colonization by MDR or PR P aeruginosa, with an overall
survival similar to general results in the United Network of
Organ Sharing (UNOS) registry (20,21,23). Pretransplant
colonization with MDR or PR P aeruginosa is therefore not
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considered an absolute contraindication for lung transplan-
tation in the “International Guidelines for the Selection of
Lung Transplant Candidates” It is suggested to include col-
onization by such bacteria in a comprehensive evaluation in-
cluding all other comorbidities to determine whether their
combination increases the risk of transplantation above a
safe threshold (24) (II-2). P aeruginosa has also been sug-
gested to participate in the pathogenesis of bronchiolitis
obliterans (BOS), a major limiting factor for long-term sur-
vival after lung transplantation (19,23,25).

Colonization by Burkolderia species is less frequent, affect-
ing 6-9% of lung transplant recipients, and colonization
by PR Stenotrophomonas maltophilia and Achromobac-
ter xylosoxidans remains rare (26,27). Of the 17 geno-
typically distinct species forming the Burkholderia cepa-
cia complex, Burkholderia cenocepacia (genomovar lIl) and
Burkholderia multivorans (genomovar Il) account for 85%
of isolates in both the United States and France (27,28).
Resistance is common with 86% of B. cenocepacia being
MDR, including 43% PR isolates and 78% of non-B. ceno-
cepaciaisolates being MDR including 56 % PR isolates (29).

Posttransplant survival among patients colonized by
Burkholderia depends on the species. Colonization by B.
multivorans is associated neither with a higher mortality
risk nor with reduced survival (27,29-31), and patients col-
onized with these bacteria should therefore not be denied
access to lung transplantation (lI-2). In contrast several
studies have shown reduced 1-year survival from 90% to
less than 30% for patients colonized by PR B. cenocepa-
cia (26,27,29,31). The International Guidelines updated in
2006 did not consider colonization by PR B. cenocepa-
cia to be an absolute contraindication for transplantation,
but suggested particular care to be taken in the identi-
fication of species and repeated antibiotic susceptibility
testing (24). However, because of a deemed unaccept-
ably high risk of fatal outcome, some more recent reports
recommend to discontinue listing such patients for lung
transplantation (29,31) (Ill). Whether an aggressive multi-
disciplinary management including reduced immunosup-
pression, improved nutrition and long-term antibiotic treat-
ment might improve survival of these patients remains
questionable (27,32). In the light of the present data we
recommend that patients colonized by B. cepacia complex
are referred to reference centers and that the different
species and antibiotic susceptibilities are precisely deter
mined using appropriate reference laboratories (II-2). Those
patients colonized by PR B. cenocepacia should be evalu-
ated for lung transplant with extreme caution due to the
documented increased risk of morbidity and mortality (11-2).
Adequate information should be provided to patients and
relatives concerning the high risk of poor outcome (11-2).

Other solid organ transplant recipients: In nonlung

transplant recipients P aeruginosais also a major pathogen.
P aeruginosa is responsible for up to 14% of all
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bloodstream infections in kidney, 6.5% in liver and 5%
in pancreas transplant recipients in the Spanish RESITRA
cohort (8). In these patients P aeruginosa remains essen-
tially an early nosocomial pathogen, being responsible for
up to 23% of Gram-negative bacteremia within 1-month
posttransplantation, but only for 3% of episodes after
12 months (3,33). Strikingly, as compared to nontransplant
patients, MDR isolates among P aeruginosa bloodstream
infections are more frequent in transplant recipients reach-
ing 43% in Pittsburgh and even 52% in China (11,34). P
aeruginosa is also a frequent cause of nosocomial pneu-
monia in both kidney and liver transplant recipients, with
an incidence of MDR isolates in this setting between 50%
and 65% (10,35). In renal transplant recipients, P aerugi-
nosais also a frequent cause of UTI, being responsible for
up to 10% of cases and frequently MDR (36,37).

Risk Factors

Specific risk factors for antibiotic resistance in transplant
patients have not been systematically studied in large-scale
multicenter analyses. General risk factors for acquisition of
MDR bacteria are increasingly recognized to be shared
among pathogens, and include prior antimicrobials, de-
vices, longer length of hospital stay, and increased sever
ity of underlying illness (38). As transplant recipients often
have several of these risk factors, it is not surprising that
organ transplantation has been reported as a risk factor for
MDR Gram-negative bacteria with odds ratios ranging from
3.2 to 3.7 (34,39,40). An alarming trend toward increased
prevalence of MDR bacteria in long-term care facilities has
been noted in several studies (41-43). Therefore, the de-
cision to discharge a transplant recipient to an extended
care facility may have a substantial impact on their risk of
acquiring MDR bacteria.

MDR Enterobacteriaceae and MDR Acinetobacter

Similar to the nontransplant population, risk factors for solid
organ transplant (SOT) recipients to acquire MDR Enter
obacteriaceae and Acinetobacter including previous use of
antibiotics, prolonged intensive care unit (ICU) stay, and
renal failure with or without dialysis, have been derived
from single transplant center studies (6,13,44-46). Addi-
tional transplant-specific risk factors, which have been re-
ported include combined kidney—pancreas transplantation
as compared to isolated kidney transplant recipients, post-
transplant dialysis or urinary obstruction and renal trans-
plant versus other organs (13,44). In the pediatric trans-
plant population, younger age and the placement of cen-
tral venous catheters are additional risk factors (47). No
studies specifically link antimicrobial prophylaxis for spon-
taneous bacterial peritonitis (SBP) to posttransplant MDR
infections. However, prior antibiotic use is a consistent risk
factor, and studies in patients with liver cirrhosis show that
SBP prophylaxis is associated with increased rates of both
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Table 1: Diagnosis

Organism Recommendation Level
All Obtain cultures from appropriate sites |
Suspect MDR bacteria in the following:
Lack of clinical response
Presence of risk factors for MDR bacteria
Prior isolation of MDR bacteria
Enterobacteriaceae

ESBL-producing

Use current CLSI or EUCAST breakpoints for cephalosporins [1-1

Alternative: ESBL screening by double disk diffusion assay or
by broth dilution testing with and without a B-lactamase inhibitor

Carbapenem-resistant

Use current CLSI or EUCAST breakpoints for carbapenems 11-1

Alternative: carbapenemase screening by modified Hodge

testing
MDR Acinetobacter

Use varying assays based on specific antibiotic tested [1-1

Test each carbapenem individually

MDR P aeruginosa MacConkey agar

Cetrimide agar

Etest or standardized disk diffusion tests

MDR B. cepacia complex

BCSA, OFPBL or PC agar

Use MCBT only in selected cases [I-3

MDR A. xylosoxidans
MDR S. maltophilia

Etest or standardized disk diffusion tests |
MacConkey agar or VIA agar |

DNase confirmatory media or biochemical or molecular

identification.

Etest or standardized disk diffusion tests

BCSA = Burkholderia cepacia selective agar; CLSI = Clinical and Laboratory Standards Institute; ESBL = extended spectrum beta-
lactamase; EUCAST = European Committee on Antimicrobial Susceptibility Testing; MCBT = Multiple combination bactericidal antibiotic
testing; OFPBL = oxidation-fermentation, polymyxin B = bacitracin, lactose; PC = Pseudomonas cepacia; VIA = vancomycin, imipenem,

amphotericin B.

ESBL-producing bacteria, as well as increased quinolone
resistance (48,49).

MDR Pseudomonas, Stenotrophomonas,
Achromobacter and Burkholderia

As for other MDR isolates, the main risk factor for ac-
quisition of MDR P aeruginosa is exposure to repeated
and/or prolonged courses of antibiotic treatments. Selec-
tion of P aeruginosa isolates with increased resistance to-
ward the antimicrobial that have been previously used has
been documented in the nontransplant population, with
persisting resistance toward imipenem and ciprofloxacin
despite their discontinuation (50,51). For both P aeruginosa
and B. cepacia complex, patient-to-patient transmission oc-
curs mainly via the direct or indirect contact or droplet
routes (52). Importantly transmission of the epidemic P
aeruginosa Liverpool strain has been linked to social net-
works among patients (52). Posttransplant acquisition in
non-CF lung transplant recipients of both P aeruginosa and
B. cepacia complex has not been well documented. For
both S. maltophiliaand A. xylosidans there is also evidence
of patient-to-patient transmission. For MDR R aeruginosa
blood-stream infections in nonlung transplant recipients,
independent risk factors include admission to ICU in the
previous year (Odds Ratio [OR]: 5.14), antibiotic treatments
in the last 30 days (OR: 5.62) and hospital acquisition (OR
3.81) (34).

American Journal of Transplantation 2013; 13: 31-41
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Diagnosis

When resistant bacteria are isolated from a patient, the
clinical significance of the organism must be evaluated by
assessing the source of the culture and the method of
collection (lI-2). Early involvement of an infectious disease
specialist may aid in distinguishing colonization from in-
fection and to help guide therapy. Identification of MDR
Gram-negative bacteria may be complicated and it is im-
portant that isolates be evaluated in microbiology labora-
tories experienced in the recognition of these bacteria. If
unusual susceptibility patterns are noted on routine screen-
ing of Gram-negative bacteria, further testing may be war
ranted. If the laboratory is not experienced in this test-
ing, referral to a reference laboratory may be indicated (lIl)
(Table 1).

MDR Enterobacteriaceae

Following the initiative of the European Committee on An-
timicrobial Susceptibility Testing (EUCAST), the Clinical and
Laboratory Standards Institute (CLSI) revised their interpre-
tive criteria for cephalosporins in 2010 (53,54). If these new
criteria are employed, further ESBL screening is no longer
recommended for all isolates. However, as per CLSI, con-
firmatory testing may still be useful for epidemiological or
infection control purposes (54). Differences between non-
susceptibility breakpoints between EUCAST and CLSI can
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lead to differences in detection of ESBL-producing Enter
obacteriaceae for instance for ceftazidime (55). In case new
cephalosporin interpretive criteria have not been adopted
by the clinical microbiology laboratory, ESBL screening will
still need to be performed by either a double disk diffu-
sion assay or by broth dilution testing with and without a
B-lactamase inhibitor (54) (II-1). Some laboratories use the
ESBL E-test strip, although there are no CLSI guidelines
for interpretation. New CLSI breakpoints for carbapenem
susceptibility in Enterobacteriaceae were also established.
These are substantially lower than the previous break-
points, for instance for ertapenem the breakpoint for sus-
ceptibility has been lowered from <2 to <0.5 ug/mL (54).
However, the Food and Drug Administration (FDA) break-
points have not yet been changed. This has resulted in a
complicated situation for clinical microbiologists, who may
be reluctant to use the new CLSI breakpoints. If the current
CLSI carbapenem breakpoints are not yet adopted by the
clinical microbiology laboratory, CLSI recommends screen-
ing for carbapenemase production by modified Hodge
testing (54).

MDR Acinetobacter Baumannii

Identifying resistance in Acinetobacter baumanii is com-
plicated and there may be poor concordance between
disc susceptibility testing and microbroth dilution meth-
ods (56,57). The accuracy of breakpoints for susceptibility
testing with regards to clinical outcomes may be variable.
Consequently different assays may be required for differ-
ent antibiotic classes (II-1). Because susceptibility to spe-
cific carbapenems may vary, each carbapenem should be
tested individually.

MDR Pseudomonas, Stenotrophomanas,
Achromobacter and Burholderia

Identification of MDR bacteria from CF respiratory tract se-
cretions may be complicated by their mucoid and polymi-
crobial nature and the slow growth of some bacteria. Se-
lective media and specific identification procedures are
recommended for the isolation of P aeruginosa (Mac-
Conkey agar, cetrimide), B. cepacia complex (OFPBL agar,
PC agar, BCSA), S. maltophilia (MacConkey agar, VIA agar,
DNase agar confirmatory media or biochemical or molec-
ular identification) and A. xylosoxidans (MacConkey agar,
biochemical identification assay) (58-61) (I). Identification
of species of the B. cepacia complex, indicated because of
differing clinical outcomes with infections caused by cer
tain members of this class, may require molecular testing.
Antibiotic resistance is common and susceptibility test-
ing should be repeated at regular time intervals while pa-
tients are on the waiting list to allow adequate antimicro-
bial therapy at the time of transplant surgery. Automated
susceptibility testing may be unreliable and either Etest
or standardized disk diffusion tests should be used (62) (I).
Multiple combination bactericidal antibiotic testing (MCBT)
initially appeared a promising tool to design treatment com-
binations for CF patients infected by B. cepacia complex.
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However, the only controlled clinical trial testing MCBT to
treat exacerbations in CF patients failed to show any im-
provement as compared to standard culture and sensitivity
techniques (63). In the absence of clinical data supporting
an advantage of in vitro synergy testing, MCBT cannot be
routinely recommended, but might be useful in specific
cases (64) (II-3).

Prevention

Various MDR Gram-negative bacteria are associated with
different settings—for example MDR or PR P aeruginosa
and B. cepacia typically emerge in CF patients due to
repeated antibiotic exposure over many years—and con-
sequently preventive strategies for different bacteria vary
(26-27,52). However, important areas of overlap in pre-
ventive efforts can be identified. Most importantly, pre-
vention should include a reduction in antibiotic exposure
before and after transplantation wherever it is safe to
do so (6,13,38,65). All unnecessary exposure to antibi-
otics should be avoided, the length of antibiotic treat-
ments should be kept as short as possible, and the spec-
trum of coverage as narrow as possible (lll). Except for
lungs, per transplant prophylactic antibiotics should not
be used beyond 48 hours posttransplantation (lll). Expo-
sure to interventions and indwelling devices should simi-
larly be restricted. Length of endotracheal intubation should
be reduced, invasive devises and central venous and uri-
nary catheters should be removed as soon as possible
(10,38,65) (I).

MDR Enterobacteriaceae and Acinetobacter

While ESBL producing bacteria are also seen in increas-
ing frequency in community-acquired infections, CRE and
MDR Acinetobacter remain mostly associated with noso-
comial infections. Traditionally, infection control efforts
have focused on the hospital setting. However, increasing
evidence supports that long-term acute and chronic care
facilities serve as a reservoir for MDR bacteria (42). There-
fore, increased efforts to limit long-term care exposure for
transplant recipients and efforts to improve infection con-
trol in these settings are indicated.

A number of hospital outbreaks have been reported of
infections with MDR Enterobacteriaceae, including CRE
(45,66-69). Consequently, appropriate laboratory tech-
nigues coupled to responses from healthcare providers
should lead to environmental control measures and an-
timicrobial strategies to limit spread (l). This should include
contact isolation, defined as the use of gowns and gloves
and patient placement in private rooms with dedicated
bathroom facilities or cohorting of patients with others
who are colonized or infected with the same organism
(11-2). As with all patients, strict hand hygiene measures
before and after contact with the patient or patient contam-
inated surfaces are critical to limiting the spread of MDR
bacteria (l-2). Since there is the potential for prolonged
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carriage of these bacteria in the intestinal tract, even fol-
lowing treatment, these patients should be identified and
either isolated or cohorted upon readmission to the hos-
pital or transfer to other facilities. Currently there is no
recommendation for screening of asymptomatic patients
as there are no data regarding the sensitivity or benefits
of this screening. Because hospital-wide as well as com-
munity antimicrobial prescribing practices will impact the
resistance patterns observed in transplant recipients, it is
important to restrict antibacterial use to those patients in
whom bacterial infection has been documented or strongly
suspected (II-3). Donor-derived infections with MDR Enter
obacteriaceae present a unique opportunity for prevention.
Twelve recipients have been reported, of whom five expe-
rienced clinical donor-derived infection resulting in death in
two patients, renal graft loss in two other patients and in
one patient resolution of infection after prolonged combi-
nation treatment (70-73). If donor colonization or infection
with CRE is known prior to transplantation, a risk-benefit
evaluation should be made, taking into account the organ
to be transplanted and the source of the positive donor cul-
tures. Selective decontamination of the digestive tract has
not been proven to be of benefit in transplant recipients or
candidates, and cannot be recommended at this time for
prevention of infections with MDR Enterobacteriaceae or
MDR Acinetobacter (Il).

MDR Pseudomonas, Stenotrophomonas,
Achromobacter and Burkholderia

Efforts should be made to minimize the risk of pretrans-
plant acquisition of MDR or PR bacteria in CF-lung trans-
plant recipients. These should include parsimonious use of
antibiotics and as much as possible nonantimicrobial man-
agement strategies to control CF exacerbations (Ill). The
widespread transmission of epidemic clones of P aerugi-
nosa also underlines the importance of avoiding socializa-
tion among CF patients (52). The "3 foot rule” advocated
as the minimal distance between CF patients has recently
been suggested not to be sufficient, as infectious particles
in small size droplets might remain in the air for several min-
utes to hours (52). Whether aerosolized colistin can pro-
mote emergence of antibiotic susceptible P aeruginosa in
pretransplant CF patients colonized by MDR R aeruginosa
needs confirmation (74). On the other hand aerosolized
colistin might favor colonization by intrinsic colistin resis-
tant B. cepacia complex. Home-use nebulizers have been
identified as potential primary source of B. cepacia and S.
maltophilia in CF patients. Clearly, strict nebulizer hygienic
practices should be endorsed to avoid such acquisition
routes (lll). Some centers recommend sinus surgery (en-
doscopic frontosphenoethmoidectomy) to reduce bacterial
seeding from the paranasal sinuses, acting as reservoirs for
P aeruginosa and B. cepacia complex, to the transplanted
lungs. Whether this approach reduces the incidence of tra-
cheobronchitis and the risk of bronchiolitis obliterans (BOS)
remains controversial (75,76). Consequently, this approach
cannot be routinely recommended at this time (lI-3). Com-
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bined continuous sinonasal and bronchial colistin inhala-
tion has been recently suggested to prevent pulmonary
postlung transplant recolonization by P aeruginosa (77).

Colonized lung transplant recipients are also a potential
reservoir for transmission to other transplant patients. Con-
tact isolation measures should therefore be considered for
transplant recipients harboring MDR and/or PR bacteria
(I1). Cohorting of patients with MDR P aeruginosa is so far
not recommended. In contrast, because of the dramatic
rise in serious posttransplant complications, separation of
patients colonized with B. cenocepacia from those patients
free of this pathogen seems justified (lll). As previously
noted, hand hygiene measures are critical to control the
spread of these resistant bacteria (II-2). Additionally the
previously noted caveats regarding maintaining the appro-
priate level of patient care despite isolation should also be
considered. Recently, donor-derived infections with MDR
P aeruginosa have been reported (78,79). Obviously, all ef-
forts should be made to identify organ donors with MDR
P aeruginosa infections in order to give preemptive antibi-
otics to the recipients (II-3).

Treatment

Source control-removal of infected devices, drainage of
collections—is the most important predictor of a good
outcome for many infectious syndromes (40,80). There-
fore, adequate source control as allowed by clinical
circumstances should be the first priority in all patients
infected with MDR Gram-negative bacteria (lI-2). Antimi-
crobial treatment should be selected on the basis of in
vitro susceptibility, predicted levels at the site of infec-
tion, cost, method of administration and side effect profile.
Empiric therapy for suspected Gram-negative bacterial in-
fections in transplant recipients should be guided by the
type of infection (nosocomial vs. community acquired), the
local resistance patterns, known MDR Gram-negative col-
onizers for the specific patient, and the severity of the
infection (Ill). Data to support recommendations regard-
ing duration of antibiotic courses are lacking. In general,
guidelines for specific infectious syndromes such as pneu-
monia or bloodstream infection may be followed. How-
ever, duration of treatment in transplant recipients infected
with MDR Gram-negative bacteria should be individual-
ized and guided by response to treatment and degree of
source control, as well as by side effects of therapy (Il)
(Table 2).

MDR Enterobacteriaceae

For MDR Enterobacteriaceae that retain susceptibility to
carbapenems, these are generally the drug class of choice.
In selected infections with ESBL producing bacteria, ce-
fepime and piperacillin/tazobactam may still be used upon
documentation of in vitro susceptibility. However, the use
of cefepime in such conditions should be restricted to

35

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

van Duin et al.

Table 2: Treatment recommendations

Organism Recommendation Level
All Source control should be aggressively pursued |
Early transplant infectious disease consultation
ESBL-producing Enterobacteriaceae Carbapenems I
Alternative: cefepime or piperacillin/tazobactam (if susceptible 1
and low inoculum infection)
Carbapenem-resistant Systemic infections: -3
Enterobacteriaceae Individualized combination regimen with two or more of the
following:
Colistin
Tigecycline
Aminoglycosides (if susceptible)
High-dose, prolonged infusion carbapenems
Uncomplicated UTI:
Oral fosfomycin (if susceptible)
IV aminoglycosides (if susceptible)
MDR Acinetobacter Carbapenems (except ertapenem) if susceptible [1-3
If carbapenem resistant consider combination therapy with:
Colistin
Ampicillin/sulbactam if sulbactam susceptible
Tigecycline (if susceptible and no bloodstream or urinary
infection)
Rifampicin
MDR R aeruginosa Individualized combination regimen with two or more of the [I-2
following:
Antipseudomonal beta-lactam (consider high doses of
prolonged or continous infusion)
Aminoglycoside
Ciprofloxacin
Adjunctive aerosolized colistin or tobramycin
PR P aeruginosa Individualized combination regimen with three or more of the -2
following:
IV colistin
Doripenem or another anti-pseudomonal beta-lactam (consider
high doses of prolonged or continuous infusion)
Aminoglycosides
Fosfomycin
Rifampicin
Adjunctive aerosolized colistin or tobramycin
MDR B. cepacia complex High dose TMP/SMX [1-2
Alternatives if susceptible:
Meropenem
Ciprofloxacin
TMP/SMX-R or PR Combination therapy with: [I-2
B. cepacia complex Meropenem
Aminoglycoside
Ceftazidime (or trimethoprim sulfamethoxazole)
MDR A. xylosoxidans Combination therapy: 1
Piperacillin/tazobactam
Carbapenems (except ertapenem)
TMP/SMX
MDR S. maltophilia High dose TMP/SMX [I-2
Alternatives:

Ticarcilline/clavulanate
Moxifloxacine

Doxycycline

Tigecyline

Consider combination therapy

IV = intravenous; MDR = multidrug resistant; PR = pan-resistant; TMP/SMX-R = trimethoprim/sulfamethoxazole resistant.
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infections with a low bacterial inoculum (i.e. for a UTI but
not for a pneumonia) (Ill). CRE present a greater therapeu-
tic challenge, as CRE generally retain in vitro susceptibil-
ity only to colistin, tigecycline and fosfomycin, and display
variable in vitro susceptibility to selected aminoglycosides.
Side effects of colistin include nephrotoxicity and neurotox-
icity. Tigecycline is an alternative choice, with a more at-
tractive side effect profile. Its most common side effect is
nausea, which may be quite severe. Tigecycline should not
be used for UTI (81,82) (II-3). Also, low serum levels raise
concern for its use as monotherapy for bloodstream infec-
tions (Ill). The FDA issued a warning regarding increased
mortality risk associated with tigecycline in 2010. The out-
comes of four meta-analyses trying to assess this risk have
been conflicting (83-86). However, a small but significant
increased mortality risk is likely to be associated with the
use of tigecycline, most likely secondary to decreased ef-
ficacy. However, it should be noted that these studies did
not specifically address the treatment of CR bacteria.

In the United States, fosfomycin is currently available only
in oral form, and can be quite useful in the treatment
of UTI in patients without renal failure caused by MDR
Enterobacteriaceae (fosfomycin is not active against Acine-
tobacter). However, emergence of resistance has been re-
ported (87). For UTI with CR bacteria susceptible to amino-
glycosides, these are the agents with the highest response
rate (82,88). However, their use is limited by nephrotoxicity
as well as ototoxicity.

Limited data suggest that if the carbapenem MIC is
<4 mg/L, high-dose carbapenems given by prolonged in-
fusion may be beneficial in a combination regimen for
the treatment of CRE (89). In addition, results from a
murine model and in vitro data hint at potential efficacy
of double-carbapenem therapy (90). There is a general
lack of prospective data comparing treatment modalities
not only in transplant recipients but also in the nontrans-
plant population. Whether combination therapy improves
outcomes has been insufficiently studied as well. In non-
transplant populations, retrospective studies in CRE blood-
stream infections have shown a survival benefit associ-
ated with combination therapy (91-94). The combination of
meropenem, tigecycline and colistin was associated with
lower mortality in one study (OR for 30-day mortality 0.27,
p = 0.009) (92).

MDR Acinetobacter Baumannii

Carbapenem susceptible isolates should be treated with
a carbapenem (except ertapenem) (II-3). CR Acinetobacter
may remain susceptible in vitro to the sulbactam com-
ponent of ampicillin/sulbactam. If this is documented,
ampicillin—sulbactam may be used for treatment. Many
isolates however are susceptible to colistin only (95). If
susceptibility is documented, aminoglycosides may also
be of use in the treatment. The use of tigecyline is lim-
ited by widespread resistance and reports of treatment
failure (96-98). Although rifampin has been used in combi-
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nation therapy where multiresistance may be anticipated,
the risk of drug interactions with calcineurin inhibitors and
mTOR inhibitors should limit its use (lll).

MDR Pseudomonas, Stenotrophomonas,
Achromobacter and Burkholderia

Transplant recipient specific studies concerning the treat-
ment of MDR PR aeruginosa, B. cepacia complex,
Stenotrophomonas and Achromobacter infections are
lacking.

Optimal treatment for non-MDR P aeruginosa infections re-
mains controversial. In the nontransplant population it ap-
pears that initiation of therapy with a combination therapy
(usually a beta-lactam combined with an aminoglycoside)
for a limited time (3-5 days), followed by a beta-lactam
monotherapy, might improve survival and limit the nephro-
toxicity of aminoglycosides (99) (lI-2). This is even more
important after transplantation when renal failure and /or
coadministration of other nephrotoxic drugs are common.
In contrast, for MDR/PR P aeruginosa infections in lung
transplant recipients most experts recommend combina-
tion therapies including two or three different classes (beta-
lactam + aminoglycoside =+ fluoroquinolone) of antibiotics
for 10-14 days (23,27,29,100) (lI-2). In nonlung SOT pa-
tients, shorter treatment durations (7-10 days) might be
possible depending on the infection site (Ill). In all cases the
duration of therapy, as well as the timing of downgrading
towards monotherapy, should always been guided by the
clinical evolution and a careful reevaluation of the balance
between reduced risk of recurrence versus selection of fur
ther resistance and drug dependent side effects associated
with prolonged antibiotic therapy (lll). Novel combination
regimens may include colistin, doripenem, aminoglyco-
sides, fosfomycine and rifampicin, however, most of the ev-
idence is provided so far by in vitro studies and clinical expe-
rience is limited to small case series (64,100-102). In order
to optimize pharmacokinetics, prolonged as well as con-
tinuous high-dose beta-lactam infusion therapy might be
advantageous, as suggested for piperacillin—tazobactam,
ceftazidime, meropenem and doripenem (102,103) (I1-2).
Evidence that adjunctive aerosolized colistin might be ben-
eficial in combination with systemic antibiotics (colistin or
beta-lactam) for the treatment of MDR P aeruginosa infec-
tions has emerged in several studies, with success rates
up to 88% (104,105) (II-3).

For B. cepacia complex infections, the drug of choice
remains high dose trimethoprim sulfamethoxazole, and
if susceptible meropenem or ciprofloxacin (lI-2). Triple
combination therapies including meropenem, aminoglyco-
side, and ceftazidime or trimethoprim sulfamethoxazole
are recommended for MDR/PR B. cepacia infections (II-
2). The clinical significance of A. xylosoxidans in trans-
plant recipient remains uncertain. Treatment should be
restricted to chronically colonized/infected patients with
clinical decline (lll). A. xylosoxidans is often resistant
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to beta-lactams including cephalosporins and carbapen-
ems, aminoglycosides, quinolones and trimethoprim-
sulfamethoxazole (106). Treatment should be based on
susceptibility testing and combination therapies includ-
ing piperacillin—tazobactam, carbapenems and/or trimetho-
prim sulfamethoxazole should be favored. S. maltophilia
infections should be treated with high dose trimetho-
prim sulfamethoxazole (lI-2). Alternative antibiotics in-
clude ticarcillin—clavulanate, moxifloxacin and doxycline, as
well as combination therapies including trimethoprim sul-
famethoxazole and tigecycline (107,108).
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Clostridium difficile infection (CDI) is a commonproblem
encounteredin solid-organ transplant (SOT) recipients and
the incidence is increasing. SOT recipients have an inci-
dence of CDI that is higher than other postoperative pa-
tients, and this group has several unique risk factors that
may contribute to more severe disease. Recent publica-
tions in nontransplant patients have indicated that treat-
ment choices should be based on the severity of the
illness (1). Although there continues to be a lack
of well-designed, randomized, controlled trials to sup-
port the management decisions that must be made
for SOT recipients with CDI, the available evidence
is reviewed and summarized for these treatment
guidelines.

Epidemiology and Risk Factors

Clostridium difficile is a spore-forming, anaerobic, Gram-
positive bacillus. It causes 6-25% of cases of antibiotic-
associated diarrhea, up to 75% of antibiotic-associated
colitis, and over 90% of cases of antibiotic-associated
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pseudomembranous colitis (1). C. difficile causes inflam-
matory diarrhea and colonic mucosal injury through pro-
duction of two exotoxins, toxin A and toxin B, which trig-
ger a cytotoxic response, neutrophilic infiltrate and cy-
tokine release (1). The resulting inflammatory response
results in the visible yellow plaques that form the charac-
teristic pseudomembrane. This finding is less commonly
seen in patients on immunosuppressive medications (2).
Although most strains of C. difficile produce both toxins
A and B (toxigenic C. difficile), some produce only toxin
B, and some do not produce any toxin. Strains that pro-
duce only toxin B can produce the same spectrum of
illness as those that produce both toxins and are con-
sidered toxigenic. Strains that do not produce toxins A
or B (nontoxigenic) are not capable of causing C. diffi-
cile infection (CDI). Some C. difficile strains also produce
a binary toxin; however, what role this toxin plays in hu-
mans disease is not known (1). It is also important to note
that 50% or more of patients in healthcare settings colo-
nized with toxigenic C. difficile never develop CDI (1,3,4).
Whether this proportion differs in SOT recipients is not
known.

The incidence and severity of CDI have increased dramat-
ically since the year 2000 (5). These changes in CDI epi-
demiology have been associated with the emergence of
the North American pulsed field gel electrophoresis type
1 (NAP1)/restriction enzyme analysis type BI/PCR-ribotype
027 (NAP1/BI/027) strain of C. difficile (5). CDI is a more
frequently encountered problem in SOT recipients than
other hospitalized populations. The incidence of CDl is es-
timated to be 3-19% in liver recipients, 3.5-16% in kid-
ney recipients, 1.5-7.8% in pancreas—kidney recipients,
9% in intestinal recipients, 8-15% in heart recipients and
7-31% in lung recipients (6,7). This is higher than that
seen in other hospitalized patient populations, where the
incidence is typically <1% (8,9). Fulminant colitis develops
in up to 8% of immunocompetent patients and 13% of
SQOT recipients with CDI (10). The incidence of CDI in SOT
recipients is highest within the first 3 months after the
procedure, probably because of more frequent antimicro-
bial exposure, intense immunosuppression and increased
exposure to the healthcare setting (6,10). Late-onset CDI
occurs months to years after the transplant and is usually
associated with either antimicrobial exposure or intensi-
fied immunosuppression to treat graft rejection (10). It is
not known how the NAP1/BI/027 strain has impacted the
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incidence and severity of CDI in SOT recipients relative to
the general hospital population.

Antimicrobial exposure is the most important risk factor for
development of CDI (7). Any antimicrobial agent may pre-
dispose to CDI, but clindamycin, ampicillin, cephalosporins
and fluoroquinolones are most frequently implicated (1).
The use of multiple antimicrobial agents and extended
treatment courses have also been identified as risk fac-
tors (1). Antimicrobial agent administration has been asso-
ciated with CDI in nearly all immunocompetent inpatients
with CDI. However, some studies have found only 80% of
transplant recipients who develop CDI have recent antimi-
crobial exposures (11). The reduced relationship with an-
timicrobial exposure in SOT recipients may be secondary to
alterations in the normal flora and impaired immunity due
to immunosuppressive medications, severe pretransplant
illness and surgical intervention.

Immune system dysfunction may also be an important fac-
tor in the development of CDI in SOT recipients. The impor-
tance of the humoral immune response is demonstrated
by a fourfold greater incidence of symptomatic disease
in patients who are newly infected and lack preexisting
immunity (12). A brisk humoral response to C. difficile tox-
ins after infection reduces the likelihood of symptomatic
disease (13). The hypogammaglobulinemia commonly as-
sociated with lung, heart and liver transplants may result
in a poor immune response and increase the incidence of
CDI by fivefold in some patient subsets (14).

The use of medications that suppress gastric acid, such
as proton pump inhibitors and H2 receptor antagonists, is
common in SOT recipients and may also serve as a signif-
icant risk factor for the development of CDI. The acidic
environment of the stomach is usually fatal to vegeta-
tive forms of C. difficile and may prevent germination of
the spore form of the organism. Proton-pump inhibitors
(PPIs) may also cause disturbances in the gastrointestinal
flora that can allow C. difficile to more easily colonize the
bowel. However, whether gastric acid suppression plays
a causative role in CDI pathogenesis or is a marker for
patients at risk for CDI remains unresolved (1). Other risk
factors commonly cited in the literature include age greater
than 65 years old, severe underlying disease, uremia, gas-
trointestinal surgery, presence of a nasogastric or endotra-
cheal tube and prolonged hospitalization (15). SOT recipi-
ents frequently have a combination of these risk factors.

Of note, infants under the age of 1 are generally not
thought to be at risk for CDI; however, asymptomatic car
riage of C. difficile in this population is common (12). In
this population, detection of C. difficile or its toxins should
not be assumed to be the cause of diarrhea until alternate
causes of diarrhea are ruled out.

- Antimicrobial exposure, advanced age, immune sys-
tem dysfunction or immunosuppression and gastric
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acid suppression are important risk factors for CDI
(11-2).

Diagnosis

CDl is diagnosed by confirming the presence of toxigenic
C. difficile in the stool of a symptomatic patient. Recent
evidence suggests that clinical information is critical when
it comes to interpreting C. difficile test results, especially
if more sensitive assays such as nucleic acid amplification
tests (NAAT) are used (16). While SOT patients may have
an atypical presentation, their transplant status should not
affect diagnostic assays. The laboratory gold standard for
C. difficile toxin detection in stool is the cytotoxicity cell as-
say, and the gold standard for detecting toxin producing C.
difficile is toxigenic culture. Cytotoxicity cell assays detect
biologically active toxin in stool. However cytotoxicity cell
assays have fallen out of favor because it is relatively labor
intensive and the delay of at least 24 h before interpreta-
tion (1). Toxigenic culture involves anaerobic culture of C.
difficile followed by testing isolates for toxin production. It
is rarely used for clinical diagnosis due to slow turnaround
time and costs. However it is an important tool for epi-
demiological studies.

According to a 2008 College of American Pathologists sur-
vey, 45% of institutions in the United States currently
use commercially available ELISAs for C. difficile toxin de-
tection (17). These assays provide a rapid turnaround of
results and are relatively inexpensive. ELISAs are gener
ally only 60-90% sensitive compared with cytotoxicity as-
says, though newer assays continue to improve detection
rates (18) and may provide better specificity (16). Even
with the relatively low sensitivity, the negative predictive
value of a negative toxin ELISA is greater than 95%, and
repeat testing increases the likelihood of a false positive
result. Therefore additional diagnostic and treatment deci-
sions after an initial negative toxin assay should be based
on the clinical suspicion of CDI rather than automatically
repeating the test (1). It is important to note some ELISAs
only detect toxin A. These assays will miss strains that
produce only toxin B.

While ELISA may still be a common diagnostic modality
for CDI, more hospitals are converting to a two-step algo-
rithm that utilizes new molecular methods (17). Screening
stool for the presence of glutamate dehydrogenase (GDH),
a common cell wall protein produced by both toxigenic
and nontoxigenic C. difficile, is the foundation for many of
the new protocols. Testing for the presence of GDH al-
lows for rapid and cost-effective screening; however, as
GDH does not differentiate toxigenic strains from nontoxi-
genic strains, subsequent toxin testing is required for those
stool specimens that are GDH positive (1). The presence of
toxigenic C. difficile in GDH positive specimens has been
evaluated by several different assays. In addition to the
previously mentioned ELISA and cytotoxicity cell assays,
NAAT have been evaluated both as a stand-alone test as
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well as to confirm the presence of toxigenic C. difficile
in GDH positive specimens (19). While the sensitivity of
using NAAT testing alone for detecting C. difficile in stool
approaches 93-100% (20,21), the positive predictive value
can be as low as 63% for the diagnosis of CDI, and it is
the most costly method of diagnosis (16). The low positive
predictive value is due to detection of C. difficile in asymp-
tomatic carriers. Regardless of what assay or algorithm an
individual hospital uses, caution should be employed for
only testing patients for whom there is a clinical concern
for CDI.

In cases where the presentation of CDI is atypical or the
presence of ileus results in a lack of diarrhea, clinicians will
need to rely on physical examination and laboratory find-
ings. Fever, abdominal pain and abdominal distension are
typically present in severe colitis, even in the absence of
diarrhea (1). Striking bandemia and a leukemoid reaction
can be seen in SOT recipients with CDI. CT scan findings
suggestive of severe colitis include significant bowel wall
edema and ascites. These exam and laboratory findings
usually precede organ dysfunction. A high index of sus-
picion for CDI is necessary in SOT patients with these
otherwise unexplained exam and laboratory findings.

- Providers should be familiar with the C. difficile diag-
nostic modalities available at their institution and cus-
tomize their clinical evaluations accordingly (II).

- Testing of stool for C. difficile and/or its toxins should
only be performed in symptomatic patients who have
stool that is not formed (II-2). If the initial ELISA test
is negative, testing should be repeated only if there
is a high index of suspicion for CDI and if test results
will alter clinical management (lI-2). Immediate repeat
toxin testing is not indicated for cytotoxic tissue assays,
GDH based algorithms and NAAT (l1-2).

- Test of cure assays (i.e. testing stool for the presence
of C diff toxin at the completion of therapy) should be
avoided (ll1).

- Otherwise unexplained fever, abdominal pain and
leukocytosis in a patient with ileus should prompt the
clinician to consider CDI despite a lack of diarrhea (11-2).
The presence of formed bowel movements indicates
CDl is unlikely the cause of these symptoms (lI-2).

Treatment

Severity of CDI can be divided into three categories: mild-
to-moderate, severe and severe with complications (1). Of
note, there are no validated methods to objectively catego-
rize patients as such. Mild-to-moderate CDI is typically pa-
tients with diarrhea and possibly also with mild abdominal
pain and minimal systemic symptoms. Severe CDI includes
abdominal pain, leukocytosis and fever or other systemic
symptoms along with profuse diarrhea. Advanced age and
patients with hypoalbuminemia are at increased risk for
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severe disease (1). Severe disease with complications in-
cludes the symptoms of severe disease accompanied by
life-threatening conditions such as paralytic ileus, toxic
megacolon, refractory hypotension and/or multi-organ fail-
ure secondary to CDI. The disease severity may rapidly
progress so clinicians should frequently reassess and ad-
just therapy accordingly.

The first intervention that should occur in any patient with
CDl is cessation of the inciting antimicrobial agent when-
ever possible. Removing antimicrobial pressure on the nor
mal flora was curative in roughly 15-25% of immunocom-
petent patients prior to the NAP1/BI/027 epidemic (1). If
antimicrobial agents must be continued in order to treat
another ongoing bacterial infection, clinicians may consider
changing to a more narrow-spectrum regimen or an alter
nate antimicrobial agent with less association with CDI.

Previously published guidelines support basing the initial
antibiotic choice on the severity of CDI (1) (Figure 1). Oral
metronidazole is recommended for mild-to-moderate dis-
ease in both the general population and SOT recipients.
Metronidazole undergoes biliary excretion and crosses the
inflamed colonic mucosa so it also reaches adequate lev-
els in the feces when given intravenously. This route of
administration has not been rigorously studied, but is sup-
ported by several case series (22). There has also been a
long-held concern that the use of oral vancomycin will in-
crease the incidence of vancomycin-resistant enterococci,
but recent studies have not substantiated this effect (23). A
major disadvantage of metronidazole use in SOT recipients
is an interaction with medications such as tacrolimus or
sirolimus, so that levels of tacrolimus should be monitored
during treatment. Readers are referred to the correspond-
ing guidelines on interactions between antiinfective agents
and immunosuppressants published in this supplement for
further comment.

Oral vancomycin is the preferred therapy for severe CDI.
Several studies demonstrated improved response rates
with vancomycin compared to metronidazole in severe dis-
ease. Two randomized studies found that 85-97% of pa-
tients with severe CDI were cured with vancomycin ther
apy, but only 65-76% of patients were cured with oral
metronidazole (24,25). These same studies continue to
show no significant difference between the two antimi-
crobial agents in mild-to-moderate disease (24,25). Van-
comycin typically is administered at 125 mg four times
daily in adults because higher doses have increased cost
and side effects without improved efficacy (26). This reg-
imen achieves stool vancomycin concentrations that are
hundreds of times greater than the minimum inhibitory
concentration (MIC) of C. difficile (27). The usual dose of
oral vancomycin for children is 40 mg/kg daily given in three
or four divided doses. Many pharmacies now constitute
oral vancomycin solution from IV vancomycin with marked
cost savings yet no obvious impact in clinical outcomes.
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Figure 1: Recommended approach to the diagnosis and treatment of CDI presenting with diarrhea in adult SOT recipients.

In contrast to metronidazole, vancomycin does not reach
adequate levels in the feces when given intravenously and
should never be administered intravenously to treat CDI.

In 2011, fidaxomicin was FDA approved for the treatment
of CDI(28,29). Fidaxomicin is a macrocycline (in the United
States it is designated as a macrolid; in Europe as a macro-
cycle) antibiotic with minimal systemic absorption, high
colonic concentrations and limited impact on normal gut
flora. It has been evaluated in patients with no or 1 prior
episode of CDI. Data reveal similar clinical response, but
decreased rates of recurrent infection, as compared with
vancomycin 125 mg orally every 6 h (28,29). Limitations
to fidaxomicin include drug acquisition costs and lack of
data in SOT recipients. One publication did suggest fidax-
omicin has improved success rates in patients who are on
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concomitant antibiotics for other infections compared to
vancomycin (30).

In cases of severe CDI with complications, decreased gas-
trointestinal motility may limit the efficacy of oral van-
comycin by preventing the drug from reaching the site
of infection. In these patients, 500 mg every 6 h of oral
vancomycin may be warranted in an attempt to increase
the probability that adequate levels of vancomycin will be
achieved in the colon as quickly as possible. Several case
reports also support the use of vancomycin administered
by retention enema in cases of ileus (31). Novel surgical ap-
proaches such as diverting loop ileostomy are being stud-
ied though their exact role in the management of com-
plicated CDI is still being determined (32). Bloodstream
infections from colonic flora have been reported following
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administration of vancomycin enemas so clinicians should
exercise caution when considering this approach (31).

Intravenous metronidazole should also be administered
with oral vancomycin in an attempt to ensure drug de-
livery to the site of infection in more severe cases. An-
timicrobial therapy alone may be insufficient treatment in
patients with severe CDI and surgical intervention may be
a necessary addition. Less than 3% of immunocompetent
patients with CDI develop fulminant pseudomembranous
colitis that requires colectomy; however, colectomy is per
formed in up to 13% of SOT recipients with CDI (10). Surgi-
cal intervention within the first 48 h of a failure to respond
to medical therapy, bowel perforation, or multiorgan failure
may reduce mortality in patients with severe disease (10).
Serum lactate levels and peripheral WBC count may be
helpful in determining timing of surgical intervention. Lac-
tate levels rising to 5 mmol/L and WBC count rising to
50 000 cells/uL are associated with perioperative mortality;
thus intervention prior to reaching these cut offs should be
considered. Patients at higher risk for postoperative mor
tality include those admitted for a diagnosis other than CDI,
mental status changes, and vasopressor support prior to
colectomy (33).

Intravenous immunoglobulin (IVIG) has been attempted
with variable success in the treatment of CDI. IVIG is
known to contain C. difficile antitoxin antibodies; but its use
is supported only by case studies and series. A retrospec-
tive analysis of 18 pair-matched patients with severe CDI
did not show any benefit to combining IVIG with standard
antimicrobial therapy; however, this study did not control
for the time from onset of symptoms to IVIG administra-
tion (34). In a retrospective review of heart transplant re-
cipients with hypogammaglobulinemia, a lower incidence
of CDI was noted in the patients treated with IVIG (14);
however, these results were not statistically significant. At
this time, IVIG remains a treatment option that is worth
further study, but cannot be broadly recommended.

Twenty- to 30 percent of patients with CDI will suffer at
least one recurrence (1). Patients treated with fidaxomicin
have demonstrated less episodes of recurrent CDI, though
studies to date have not included transplant recipients (29).
Treatment of the first recurrence should again be guided
by the disease severity as recurrence is not related to
the development of antimicrobial resistance to the first
course of treatment (1). Management of patients with
multiple recurrences has not been thoroughly studied, but
there are reports of success with either a prolonged taper
ing or pulse-dosing schedule of oral vancomycin. Metron-
idazole should not be tapered or pulsed (1). One suggested
regimen for vancomycin tapering is included in Figure 1 and
would include the following: after the usual dosage of 125
mg 4 times per day for 10-14 days, vancomycin is admin-
istered at 125 mg 2 times per day for a week, 125 mg
once per day for a week, and then 125 mg every 2 or 3
days for 2-8 weeks (1). Pulse dosing recommendations in-
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clude 125 mg every 2 or 3 days for 4 weeks. Studies have
demonstrated similar outcomes between tapered dosing
and pulse therapy. The hope of both the taper and the pulse
therapy is that C. difficile vegetative forms will be kept in
check while allowing restoration of the normal flora (1).

There has been great interest in the use of adjunctive ther
apies with conventional antibiotics in order to reduce the
frequency of CDI recurrences. Several retrospective stud-
ies and case series in patients suffering from recurrent
disease have revealed a modest benefit after treatment
with IVIG or probiotics (1). Clear benefits have not been
reported in placebo-controlled trials probiotics, and IVIG
has not been studied with placebo-controlled trials. Probi-
otic use also carries the risk of superinfection (including
bloodstream infections) from the organisms in probiotic
formulas, but this complication appears rare (1,35). Fecal
flora restoration therapy (e.g. fecal enemas) appears bene-
ficial at preventing relapses in immunocompetent hosts (1).
However, similar to recommendations supporting avoid-
ance of probiotics in immunocompromised hosts because
of risk of infection, it also appears prudent to avoid fecal
flora restoration therapy in SOT recipients given the ab-
sence of supportive data in SOT recipients and theoretical
potential for infection. Cholestyramine and colestipol have
also been investigated as adjunctive therapy in case stud-
ies and series since they bind the C. difficile toxins in vitro,
but have demonstrated inconsistent clinical results. Cau-
tion should be used when the binding resins are adminis-
tered in conjunction with vancomycin since cholestyramine
has been shown to complex with it in vitro and may result
in subtherapeutic fecal concentrations in addition to hav-
ing numerous other drug interactions. A small case series
indicates rifaximin may be of benefit to prevent relapses;
however there are concerns for the rapid development and
dissemination of resistance (36,37).

Patients with confirmed CDI and continued diarrhea de-
spite appropriate therapy should be evaluated for other
causes of diarrhea, including coinfection with other
pathogens. Parasites such as giardia or cryptosporidium,
viral infection with CMV or HSV, bacterial coinfection with
Salmonella, Shigella or Campylobacter and noninfectious
causes such as laxative use, other concomitant antibiotics,
or ischemic colitis may occur concomitantly. Appropriate
diagnostic testing should be pursued.

- The first intervention that should occur in any patient
with CDl is cessation of the inciting antimicrobial agent
whenever possible (II-2).

- For mild-to-moderate CDI, oral metronidazole remains
the drug of choice (I). The accepted dose of metron-
idazole is 500 mg TID for adults and 30-50 mg/kg/day
divided TID for pediatric patients (not to exceed adult
dosing).

- For severe CDI, oral vancomycin is the treatment of
choice (l). The accepted dose of vancomycin is 125 mg
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QID for adults and 40-50 mg/kg/day divided QID for
pediatric patients (not to exceed adult dosing).

- In cases of severe CDI with complications, the dose
of oral vancomycin may be increased up to 500 mg
orally QID (Ill), vancomycin may be administered by
retention enema (lI-2), and intravenous metronidazole
may be added (II-3).

- Surgical intervention should be considered in cases of
complicated CDI (II-3).

- Patients suffering from multiple recurrences of CDI
may respond to prolonged courses of oral vancomycin,
either in a tapering or pulse dose schedule (lI-2).

- Role of fidaxomicin in solid-organ transplant recipients
is not yet clear.

- There is insufficient evidence to recommend routine
use of IVIG (lI-2), probiotics (I), or toxin-binding resins
(1) in the treatment of initial or recurrent CDI. Probiotics
and toxin-binding resins may be potentially harmful due
to the risk of bacteremia or reducing the effectiveness
of antimicrobial therapy, respectively.

Prevention and Prophylaxis

Prevention of CDI is a multidisciplinary effort, involving in-
fection prevention and control, physicians, hospital admin-
istration, nursing, housekeeping, pharmacy and the micro-
biology laboratory (38). Transplant physicians should play
an active role on the hospital CDI prevention team if CDl is
problematic in their patients. In addition to infection control
measures (discussed below), prevention of CDI must focus
on reducing the risk factors for developing the disease in
patients that acquire C. difficile. The most significant mod-
ifiable risk factor for CDI remains antimicrobial exposure,
especially to broad-spectrum antimicrobial agents. Many
institutions have succeeded in limiting the use of broad-
spectrum antimicrobial agents through use of formulary
restrictions and antimicrobial stewardship programs. This
strategy was effective in reducing the incidence of CDI by
60% when a stewardship program was implemented dur-
ing the nosocomial outbreak in Quebec (39). Programs that
reduced broad spectrum antimicrobial agent use without
altering overall antimicrobial use also resulted in signifi-
cant reductions in the incidence of CDI (39). Other inter
ventions that specifically limit only high-risk antimicrobial
agents such as cephalosprins and clindamycin also meet
with statistically significant reductions in CDI at many other
centers (40).

There is no known effective prophylaxis against C. difficile.
CDI can be caused by any antimicrobial therapy, includ-
ing metronidazole and vancomycin, so it is recommended
that no antimicrobial agent be given with the intention of
preventing the disease. Preexisting colonization with C. dif-
ficile also appears to be protective against development of
CDI after a patient is hospitalized, so the presence of the
organism or its toxin in an asymptomatic patient would not
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be cause for preemptive therapy (41). The use of probiotics
as a preventative measure has also had inconsistent suc-
cess in several small studies, and there are currently no
adequate studies that specifically support the use of pro-
biotics as effective prophylaxis against CDI. Vaccines may
be beneficial in the future; however vaccine development
has not progressed beyond animal and phase Il studies at
this time.

- Limiting antimicrobial use through formulary restric-
tions and/or antimicrobial stewardship programs re-
duces the incidence of CDI (lI-3).

- Other modifiable risk factors for the development of
CDI, such as gastric acid suppression or prolonged hos-
pitalization, should be reduced if possible (I11).

Infection Control Issues

Both strict hand hygiene and appropriate contact precau-
tions are essential in order to limit the spread of C. difficile
within institutions. Patients with CDI should be placed into
contact precautions as soon as possible to limit the spread
of C. difficile. Contact precautions should be at least until
diarrhea resolves, or a few days after diarrhea cessation,
and possibly until discharge during outbreaks (38). An area
of confusion and controversy when preventing CDI is the
preferred method of hand hygiene after caring for a patient
with CDI. Alcohol-based hand rubs (ABHR) do not kill C.
difficile spores and are less effective than soap and water
at removing C. difficile spores (42). However several stud-
ies have failed to demonstrate either an increase in CDI
with ABHR or a decrease in CDI with soap and water (38).
Conversely, several of these studies did demonstrate a re-
duction in infections due to other antimicrobial resistant
organisms. Currently it is felt ABHR are an adequate form
of hand hygiene when gloves are worn when caring for
a patient with CDI. However, soap and water should be
considered during outbreaks where other measures are
not successful at reducing CDI incidence (38). C. difficile
spores are known to contaminate the environment, are
resistant to standard disinfectants, and are capable of sur
viving for months on dry surfaces within a hospital room.
It is not yet clear if routine environmental decontamination
with sporicidal agents is necessary, although it is reason-
able to consider during disease outbreaks. Whether to use
diluted bleach, or a new technology such as UVA or hy-
drogen peroxide vapor, to kill C. difficile spores should be
individualized to the institution (38).

- The combination of strict hand hygiene and contact
precautions significantly reduces the incidence of CDI
through limiting patient acquisition of C. difficile (11-3).

- 1:10 dilution of household bleach solutions are sporici-
dal with > 6 log reduction in viable C. difficile spores
after 10 min contact time and may be used for environ-
mental decontamination during outbreaks (I1-3).
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Future Research

There are many unknowns with regard to CDI, including the
optimal method to diagnose CDI, optimal treatment strate-
gies especially for recurrent and severe CDI with compli-
cations, and optimal methods to prevent CDI. This is true
for both immunocompetent and immunocompromized pa-
tient populations. Studies on CDI diagnosis should include
clinical information on the patient, as the detection of C. dif-
ficile from stool alone does not equate to CDI. Ideally, data
on treatments the patient received and outcomes should
be included as well. Studies are needed to better stratify
severe from nonsevere CDI, with validation that treatment
based on this stratification results in improved outcomes.
Methods to predict patients at highest risk for CDI recur
rence and methods to manage multiply recurrent CDI are
needed. Higher quality data are needed to validate our cur-
rent methods to prevent CDI and to determine if novel
prevention approaches are needed.
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aureus; VRE, vancomycin-resistant enterococci; VRSA,
vancomycin-resistant S. aureus.

Epidemiology and Risk Factors

Staphylococcus aureus is a major cause of infection
among solid-organ transplant recipients. After years of
rising incidence, methicillin-resistant S. aureus (MRSA)
infections have been decreasing. In the United States,
the incidence of MRSA catheterassociated bloodstream
infections has declined (1) as have rates of invasive
healthcare-associated MRSA infections (2). Data from
Europe are even more encouraging (3). According to the
European Antimicrobial Resistance Surveillance System
(EARSS), invasive MRSA infections are decreasing in nine
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countries (4). According to the HELICS surveillance net-
work, the incidence of MRSA infections has decreased in
the intensive care setting (5). Those data support the use
of aggressive policies in infection prevention and control.
Despite those positive data, MRSA still accounts for more
than 25% of bacteremias caused by S. aureus in many
European countries (4). However, among central venous
catheter-associated bloodstream infections caused by S.
aureus in United States intensive care units (ICUs), more
than 50% are caused by MRSA (6). Thus, further efforts
to decrease infection are needed.

S. aureus is a Gram-positive organism frequently causing
infection following transplantation. It is commonly encoun-
tered within the first 3 posttransplant months. A signif-
icant number of those infections are caused by MRSA.
S. aureus is one of the leading causes of Gram-positive
bacteremia among transplant recipients reported in up to
25% of all isolated bacterial pathogens (7-10). S. aureus is
a common cause of pneumonia after lung transplantation
with rates of MRSA infection ranging from 40% to 80%
in staphylococcal pneumonia (11-13). Surgical site infec-
tions following transplantation are also commonly caused
by S. aureus. The true extent of MRSA colonization and in-
cidence of infection after transplantation in adults and chil-
dren varies among transplant centers reflecting the type
of transplanted organs and the prevalence of carriage and
infection in the nontransplant patient population.

Risk factors associated with MRSA infection include pro-
longed hospital stay, exposure to broad-spectrum antibi-
otics, admission to an ICU or burn unit, recent surgery,
close contact to other patients with MRSA, presence of for
eign bodies such as central venous catheters, and MRSA
colonization (14). Factors specifically noted in liver trans-
plant recipients include surgery within 2 weeks prior to
infection, cytomegalovirus seronegativity or primary infec-
tion, extended posttransplant ICU stay, presence of other
major posttransplant infections, peritonitis and increased
prothrombin time (15-17). Patients on the waiting list and
transplant recipients have an increased risk of becoming
colonized with MRSA because of their illness and con-
tact with the healthcare system. High rates of colonization
have been reported for those undergoing hemodialysis (18)
and patients with cystic fibrosis (19). Patients can become
colonized following transplantation, as shown among liver
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transplant recipients (20). MRSA acquisition is dependent
on the local MRSA prevalence, infection control policies
and the recipient’s general state of illness (21).

Methicillin-susceptible and -resistant S. aureus coloniza-
tion has been shown to increase the risk of subse-
quent infection (22), which is usually caused by the same
strain. Among transplant patients specific data exist only
for liver recipients. Liver transplant recipients colonized
with MRSA on admission are at risk for subsequent
MRSA infection. The reported incidence of infection in
MRSA carriers ranges from 24 to 87% (15,23-25). MRSA
carriage among liver transplant recipients does not seem to
significantly affect mortality (24,25). In contrast, MRSA in-
fection is associated with increased mortality (15,25). The
incidence of MRSA infection seems to be higher in newly
colonized patients than in chronic carriers (26), although
data on transplant recipients are lacking. Donor-derived
MRSA infection transmitted from a healthy living donor
has been reported (27).

The increasing incidence of community-associated MRSA
(CA-MRSA) is becoming a public health problem of great
concern (28,29). CA-MRSA strains were originally isolated
in patients who did not have contact with the health-
care system and were distinguished from healthcare-
associated MRSA (HA-MRSA) through epidemiologic and
antimicrobial resistance patterns. Most CA-MRSA strains
carry staphylococcal chromosome cassette (SCCmec) type
IV and genes for the exotoxin Panton-Valentine leukocidin
(PVL) (30). CA-MRSA has a worldwide distribution, but its
prevalence varies geographically. In a study conducted in
12 US emergency departments, the prevalence of MRSA
was 59% among all skin and soft-tissue infections (SSTls)
and clone USA300 accounted for almost all isolates (31).
Clone USA300 also causes an increasing proportion of
hospital-onset invasive MRSA infections (28,29,32,33). CA-
MRSA prevalence is lower in Europe and currently the
most important risk factor is traveling to or origin from
high-prevalence countries (34,35). Isolated cases and small
outbreaks caused by different clones have been docu-
mented in many European countries (3,36). Furthermore,
CA-MRSA is spreading from the community into hospi-
tals, and the incidence of CA-MRSA infections and out-
breaks in hospitalized patients is increasing (28,36,37).
An increasing prevalence of CA-MRSA colonization in live-
stock with the potential of human spread has also been
reported (3,28,29,36).

CA-MRSA can be transmitted from person to person. In US
studies, the following groups were found to be at risk for
colonization or infection: neonates and children; athletes
who participate in contact sports; injection drug users;
men who have sex with men; military personnel; persons
living in correctional facilities, nursing homes, or shelters;
adults 65 years or older; veterinarians; pet owners; pig and
horse farmers. HIV infection, cystic fibrosis and house-
hold contact with a person known to be colonized or in-
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fected with MRSA are additional risk factors. The presence
of SSTI or a history of recent severe pneumonia should
raise the suspicion of CA-MRSA colonization (28,38). In
the general population, CA-MRSA is typically associated
with uncomplicated SSTls but can also cause severe dis-
ease, such as necrotizing fasciitis or necrotizing pneumo-
nia (28,29,38). Certain strains, notably USA300, often pro-
duce PVL, whose role in the virulence of MRSA remains
controversial. Infection with CA-MRSA has been reported
among transplant patients; very few epidemiologic data
exist (27,39) but possibly follow the trends of the general
population. In a single-center study from Canada, among
17 cases of MRSA colonization and/or infection, all strains
were found to be hospital-associated (13). Considering the
increasing incidence, infection with CA-MRSA should be
suspected even in low-prevalence areas.

The prevalence of vancomycin-intermediate S. aureus
(VISA) and heteroresistant VISA (hVISA) is increasing
worldwide with major regional differences (40,41). Lack-
ing a standardized detection method, findings on preva-
lence depend on study methodology. Data on transplant
recipients are sparse. In a French study, heterogeneous
glyocopeptide intermediate S. aureus strains were found
in 13 (27%) of 48 patients (42). Vancomycin-resistant S.
aureus (VRSA) has been shown to occur through transfer
of the vanA gene from vancomycin-resistant enterococci
(VRE) to MRSA. Few cases of VRSA have been reported
to date in the United States (43) and Asia (44,45); none
among transplant recipients. Factors that have been as-
sociated with VRSA infection are colonization or infection
with MRSA or VRE, prior use of vancomycin, presence of
chronic cutaneous ulcers and diabetes mellitus (43). Trans-
plant recipients have multiple comorbidities and are poten-
tially at risk for VRSA infection.

Diagnosis

S. aureus infections occurring in the first 3 posttransplant
months are typically related to the surgical procedure and
use of medical devices such as intravenous catheters and
endotracheal tubes (7,9,10,46). MRSA most commonly
causes bloodstream, lower respiratory tract, wound and
intraabdominal infections. Diagnosis is established by iso-
lation of the organism from affected sites. In general, isola-
tion of S. aureus from a normally sterile body site or blood
culture is diagnostic of infection. Depending on the clinical
context, MRSA isolated in sputum, wound culture or fluid
obtained from a drainage catheter may represent infection
or mere colonization. In the absence of consistent clinical
symptoms, signs and/or radiographic findings, isolation of
the pathogen is more likely to represent colonization than
infection and antibiotic treatment is not required.

Detection of Gram-positive cocci in clusters on Gram stain
of the direct specimen provides an early clue to diag-
nosis. Rapid diagnostic assays, such as real-time PCR
(47), fluorescent in situ hybridization employing peptide
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nucleic acid probes (PNA-FISH) (48) and matrix-assisted
laser desorption ionization-time-of-flight mass spectrome-
try (MALDI-TOF) (49) can expedite the characterization of
Gram-positive cocci in blood cultures. For infection control
purposes, surveillance cultures may be obtained from the
anterior nares, throat, axillag, rectum or open wound areas.
Traditional culture techniques provide results within 24-72
h. Chromogenic agar can be used to detect MRSA with a
very high negative predictive value after only 24 h of incu-
bation. A longer incubation period of 48 h slightly increases
the sensitivity of the assay (50). Molecular technigues tar
geting DNA sequences within SCCmec, a mobile element
carrying the methicillin-resistance gene mecA, allow for
MRSA detection within 2-6 h (51).

Isolates with oxacillin MIC >4 ug/mL or methicillin MIC
>16 pg/mL are considered methicillin-resistant. A 30 ug
cefoxitin disk is more sensitive in detecting methicillin re-
sistance than a 1 pg oxacillin disk (52). Molecular methods
can be used to detect the mecA gene which codes for
penicillin binding protein 2a and has been associated with
resistance to beta lactams. In 20086, the Clinical and Labo-
ratory Standards Institute (CLSI) lowered the vancomycin
breakpoints for MRSA. Current breakpoints are <2 pg/mL
for susceptible, 4-8 ug/mL for intermediate and >16 ug/mL
forresistantisolates (53). Vancomycin has been considered
the drug of choice for MRSA infections (). However, strains
with reduced susceptibility have emerged. VISA strains
are homogeneous bacterial populations with MIC of 4-
8 pg/mL. hVISA strains are susceptible using standard
broth microdilution, but contain a small subpopulation of
bacteria (1/10%-108) that show intermediate susceptibil-
ity to vancomycin. VISA and hVISA strains are difficult to
detect with automated standard MIC methodology and
disk diffusion testing. E-test can improve the detection of
VISA. Routine use of alternative methods for hVISA de-
tection is not routinely recommended. Clinicians and mi-
crobiology laboratory personnel should be aware of this
pitfall, as those strains have been associated with treat-
ment failures (54). For an insufficient or failed response to
vancomycin, particularly with strains at the upper end of
the susceptible range (2 pg/mL), hVISA and VISA should
be suspected. This should be communicated to the micro-
biology laboratory. If necessary, the strain can be further
tested at a reference laboratory. A more detailed review
is beyond the scope of this text; please refer to IDSA
Guidelines (55), Centers for Disease Control VISA/VRSA
guide (56) and recent reviews (40,54,57). Finally, pulse
field gel electrophoresis and/or genotyping of the SCCmec
gene can be performed to differentiate CA-MRSA from HA-
MRSA and is mainly used for epidemiologic and research
purposes.

Treatment

Clinical practice guidelines for the treatment of MRSA
infections have been published by the Infectious Diseases
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Society of America (65). A summary of antimicrobial
agents used in the management of staphylococcal in-
fections, with an emphasis on transplantation issues, is
provided in Table 1. Vancomycin is the drug of choice for
serious infections caused by MRSA (l). Vancomycin is a
bactericidal agent that inhibits bacterial cell wall synthesis.
For methicillin-susceptible S. aureus (MSSA) the rate of
bacterial killing is slower compared to B-lactams.

Guidelines have been published on the therapeutic use
of vancomycin (58). Dosages should be calculated based
on actual body weight. Target trough concentrations were
selected with the aim of optimizing pharmacodynamics
and efficacy and to minimize selection of resistant strains.
For complicated MRSA infections, such as endocarditis,
bacteremia, meningitis and pneumonia, serum trough con-
centrations of 15-20 pug/mL are advised (Ill). In most pa-
tients with normal renal function, these concentrations are
achieved with a dose of 15-20 mg/kg every 8-12 h. In se-
riously ill patients, a loading dose of 25-30 mg/kg should
be considered (58) (Ill).

In the case of isolates with an MIC value of 2 pg/mL,
therapeutic serum levels cannot be achieved even with
trough concentrations of 15-20 pg/mL. As demonstrated
in a meta-analysis of 22 studies, vancomycin MIC val-
ues of >1.5 ug/mL were associated with higher mortality
rates, particularly among patients with bloodstream infec-
tions (59). Higher MIC values were also predictive of treat-
ment failure. The optimal treatment in case of high MIC and
vancomycin failure is controversial, as there are currently
no data to support better survival rates with the use of
alternative antimicrobial agents, even though this practice
has been recommended by several experts (60-66) (lll).
Infectious disease consultation is strongly advised (lI-2).

Daptomycin, a bactericidal agent, is approved for use in
complicated SSTls, bacteremia and right-sided endocardi-
tis (67). Further data are needed to extend the experience
in the treatment of left-sided endocarditis (68). Daptomycin
should not be used to treat pulmonary infections as it is in-
activated by the lung surfactant. For prolonged bacteremia
or documented microbiological failure while on daptomycin
therapy, susceptibility testing should be repeated because
of the risk of emergence of resistance. Of note, nonsus-
ceptibility to daptomycin has been seen in isolates with
increased MIC to vancomycin (69). The standard dose for
treatment of bacteremia in patients with normal renal func-
tion is 6 mg/kg/day. Dosages of 8-10 mg/kg/day may be
safe and effective in patients with severe complicated in-
fections and have been suggested by some experts (61).

Linezolid, a bacteriostatic agent, is approved for use in un-
complicated and complicated SSTIs and nosocomial MRSA
pneumonia. The drug is not approved for use in S. aureus
bacteremia or endocarditis. Adverse events include throm-
bocytopenia, lactic acidosis, peripheral and optic neuropa-
thy, particularly after prolonged use (more than 28 days).
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Table 1: Therapeutic options for methicillin-resistant Staphylococcus aureus (MRSA) infections (please see the text for details)

Antimicrobial Dosing Comments
Vancomycin 15-20 mg/kg (actual body weight) g12h. For younger o Treatment of choice for susceptible MRSA (l)
patients consider dosing g8h. Do not exceed 2 g/dose e Dosing should be adjusted based on serum trough concentrations;
Consider 25-30 mg/kg load for serious infections obtain trough at steady-state conditions (just before the fourth dose)
and in critically ill patients e Target trough concentrations for bacteremia, endocarditis, osteomyelitis,
Crq 20-49: 15-20 mg/kg g24h meningitis and hospital-acquired pneumonia: 15-20 pg/mL (I1l)
Crg <20: redose based on serum concentrations o If no adequate clinical/microbiological response despite adequate
Initial load for critically ill with renal impairment should debridement, or MIC >2 pg/mL, an alternative drug is recommended. ID
not be reduced consultation is advised (II-2)
IHD: loading 15-25 mg/kg, then 5-10 mg/kg or 500-1000 mg e Nephrotoxicity mostly if concomitant use of other nephrotoxic medications,
after each dialysis session (3 times per week) preexisting renal impairment, dehydration, advanced age
e Red person syndrome may be reduced by prolonging infusion rate and
premedication with antihistamine
Daptomycin Crq >30: 4 mg/kg g24h for complicated SSTI; 6 mg/kg g24h e Do not use for pneumonia. Inactivated by surfactant
for bacteremia, endocarditis, bone/joint infection e Reduced susceptibility can emerge during therapy; recheck MIC if inadequate
Some experts advocate 8-10 mg/kg for endocarditis and response. Risk factors: previous vancomycin therapy and high vancomycin
complicated bacteremia MIC. Observed especially in left-side endocarditis and deep-seated infections
Crg <30, IHD: 4 mg/kg gq48h for complicated SSTI; 6 mg/kg e Can cause myopathy. Monitor creatine phosphokinase at least weekly during
q48h for bacteremia, endocarditis, bone/joint infection therapy. Avoid concomitant use of statins
Not evaluated in severe hepatic impairment (Child—Pugh
class C)
Linezolid 600 mg PO/IV g12h e Indicated in SSTI and nosocomial pneumonia

Trimethoprim-
sulfamethoxazole

Clindamycin

Tigecycline

Doxycycline

Ceftaroline

Quinupristin-
dalfopristin

Telavancin

Rifampin

No renal adjustment required

Metabolites may accumulate in patients with renal impairment
but clinical significance unknown

Not adequately evaluated in severe hepatic impairment
(Child—Pugh class C)

One double strength (DS) tablet contains 160 mg of
trimethoprim

8-10 mg/kg daily based on trimethoprim component
in 2 divided doses (usually 1-2 DS tab twice daily)

Cre 10-30: 50% of usual dose

Cre <10, IHD: avoid or use 1 DS tab g48h

300-600 mg po/iv g8h

No renal adjustment required

Use caution with severe hepatic impairment

100 mg load, then 50 mg g12h
No renal adjustment required
Child-Pugh class C: 100 mg load, then 25 mg q12h

200 mg load, then 100 mg twice daily
No renal adjustment required

600 mg g12h

Crg 31-50: 400 mg g12h

Crg 15-30: 300 mg g12h

Crg <15, IHD: 200 mg g12h

7.5 mg/kg q12h for complicated SSTI
7.5 mg/kg g8h for bacteremia

No renal adjustment required

Crg >50: 10 mg/kg g24h

Crg 30-50: 7.5 mg/kg g24h

Crg 10-29: 10 mg/kg g48h

Cre; <10 or IHD: no data available. Use caution or avoid

Not evaluated in severe hepatic impairment

Prosthetic-valve endocarditis: 300 mg three times daily

Device-associated osteoarticular infection: 600 mg once daily
or 300-450 mg twice daily

Cre <10 or IHD: give 50-100% of usual dose

e Myelosuppression (mainly if used for >2 weeks). Monitor complete
blood count weekly

e Lactic acidosis

e Peripheral and optic neuropathy (in long-term therapy)

e Serotonin syndrome (avoid use with SSRils, triptans)

e Indicated for SSTI. Unlabeled use: osteomyelitis, septic arthritis

e Avoid use in bacteremia, endocarditis

e May reduce serum concentration of cyclosporine

e Rare but life-threatening adverse events: hepatotoxicity, severe dermatologic
reactions, hematologic dyscrasias

e Do not use in third trimester of pregnancy

e Indicated for SSTI. Unlabeled use: pneumonia, osteomyelitis, septic arthritis

e Avoid use in bacteremia, endocarditis

e May decrease serum concentration of mycophenolate

e Diarrhea, including Clostridium difficile infection

e Myelosuppression

e Hepatotoxicity

o Indicated for SSTI, intraabdominal infections, community acquired pneumonia
caused by MSSA. Not approved for MRSA pneumonia

e Avoid use in bacteremia and endocarditis

e May increase serum concentration of cyclosporine

e Nausea and vomiting are common adverse events

e Do not use in pregnancy and children <8 years

e Unlabeled use: cellulitis due to community-associated MRSA

e Do not use in pregnancy and children <8 years

e Indicated for complicated SSTI. Not approved for healthcare-associated
pneumonia

e No data for bacteremia

e Use with caution in patients with penicillin allergy

e Unlabeled use: persistent bacteremia associated with vancomycin failure

e Quinupristin may increase the serum concentration of cyclosporine

e Severe myalgias and arthralgias limit drug use

e Phlebitis when infused via peripheral line

e Hyperbilirubinemia

o Indicated for complicated SSTI

e Combination with tacrolimus may cause QT. prolongation

e Women of childbearing age should have serum pregnancy test prior to use

e Use only in combination with other antistaphylococal agent if hardware
retention (1)

e Rifampin may significantly increase the metabolism of tacrolimus, sirolimus,
cyclosporine and corticosteroids (use caution, monitor concentrations). Avoid
combination with mycophenolate mofetil

Crg = creatinine clearance in mL/min, IHD = intermittent hemodialysis; MIC = minumum inhibitory concentration; MSSA = methicillin-
susceptible S. aureus; SSRI = selective serotonin re-uptake inhibitor; SSTI = skin and soft tissue infection; VISA = vancomycin-intermediate

S. aureus.
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Renal insufficiency can increase drug toxicity. Concomi-
tant use of selective serotonin reuptake inhibitors should
be avoided to prevent serotonin toxicity. In a retrospective
study, linezolid appeared to be safe and effective for the
treatment of gram-positive infections in liver transplant re-
cipients despite those patients’ increased risk of thrombo-
cytopenia (70). In a single randomized controlled trial, line-
zolid demonstrated greater clinical efficacy compared to
vancomycin for the treatment of nosocomial MRSA pneu-
monia, even though 60-day mortality was similar between
the two drugs (71).

Trimethoprim-sulfamethoxazole (TMP-SMX), a bactericidal
agent, is used in the treatment of SSTIs and osteomyelitis.
Due to its use for prophylaxis in transplant recipients, sus-
ceptibility may not be universal. TMP-SMX can increase
the myelotoxicity of methotrexate and nephrotoxicity of cy-
closporine. TMP-SMX may decrease the renal excretion of
creatinine and thus increase serum creatinine levels with-
out causing actual renal impairment. Clindamycin, a bac-
teriostatic agent, has a role in complicated SSTls, pneu-
monia and osteomyelitis. Susceptibility to MRSA may vary
by geographic region. TMP-SMX and clindamycin are not
recommended for the treatment of bacteremia or endo-
carditis. Tigecycline, a bacteriostatic agent, is approved for
use in complicated SSTls (72). Because of a rapid decline of
the drug serum concentration between dose intervals (73),
tigecycline is notrecommended in the treatment of serious
infections, such as bacteremia or endocarditis In a meta-
analysis of randomized controlled trials, tigecycline was
associated with increased mortality compared to active
comparator antibiotics (74). Doxycycline and minocycline
are alternative oral agents. Quinupristin-dalfopristin is bac-
tericidal if the organism is susceptible to both drug compo-
nents. The drug is approved for use in complicated SSTls.
Its use has been limited by severe arthralgias and myalgias.

Ceftaroline and telavancin are two recently approved bac-
tericidal agents with activity against MRSA. Their role in
invasive MRSA infections remains to be determined. Cef-
taroline, a fifth-generation cephalosporin, is approved for
complicated SSTls (75) and community-acquired pneumo-
nia (76). For pneumonia, it has been approved for MSSA but
not MRSA. Telavancin, a semisynthetic lipoglycopeptide, is
approved only for complicated SSTls (77). Teicoplanin and
fusidic acid are antimicrobials with activity against MRSA
which are marketed in several countries but are not cur
rently available in the United States.

Combination treatment is considered in certain infec-
tions. For prosthetic valve endocarditis (II-3) and device-
associated osteoarticular infection with hardware retention
(1), rifampin is typically combined with other antistaphy-
lococcal agents (55,78). In transplant recipients receiving
rifampin, immunosuppressive drug serum concentrations
should be monitored closely due to the potential drug—drug
interactions, especially with calcineurin inhibitors (I1l). Ad-
dition of gentamicin to vancomycin is not recommended
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for bacteremia or native valve endocarditis (II-1). Amino-
glycosides may be used in combination with vancomycin
as synergistic agents for prosthetic valve endocarditis (l11);
however, the potential for nephrotoxicity, especially with
calcineurin inhibitors, should be considered. For severe
necrotizing pneumonia, combination therapy that includes
toxin-suppressing agents (clindamycin or linezolid) has
been suggested in nontransplant patients based on in vitro
studies (79) (I11).

Duration of treatment depends on the type of infection. For
uncomplicated SSTls treatment for 5-10 days is generally
recommended. Abscesses should be drained and compli-
cated deep-seated infections should be debrided. Pneumo-
nia should be treated for 7-14 days depending on the ex-
tent of the infection and patient'’s clinical response. Longer
courses are generally advised for necrotizing pulmonary
infection. Patients meeting the criteria for uncomplicated
bacteremia (exclusion of endocarditis; no implanted pros-
theses; clearance of bacteremia within 2-4 days; defer
vescence within 72 h of initiating effective therapy; and
no evidence of metastatic sites of infection) should be
treated for a minimum of 2 weeks (55). Patients who do
not meet the above criteria have complicated bacteremia
and should be treated for 4-6 weeks. Infective endocardi-
tis is also treated for 4-6 weeks (80). There are no data to
support longer antibiotic treatment courses for MRSA in
transplant recipients compared to immunocompetent pa-
tients. Reducing immunosuppressive therapy is advised in
the case of severe infection (l11).

In patients with persistent bacteremia, endovascular infec-
tion must be excluded. Patients should undergo evalua-
tion for endocarditis with transesophageal echocardiogra-
phy. Septic thrombophlebitis should be considered in the
presence of intravenous catheters. If possible, indwelling
devices should be removed. Appropriate imaging studies
can identify a potential metastatic focus of infection. Serial
blood cultures should be obtained to document clearance
of bacteremia and determine duration of treatment.

Prevention/Infection Control

Several studies have demonstrated the positive impact
of infection control measures for the prevention of MRSA
infection. Transplant recipients are at high risk for MRSA
infection due to surgical procedure, ICU stay, multiple co-
morbidities and immunocompromised status. Few studies
have specifically addressed the issue of prevention in the
transplant population and data on efficacy of infection
control strategies are often extrapolated from studies
conducted in other high-risk groups. Published guidelines
provide the framework for the prevention of nosocomial
transmission of MRSA (81-84), VISA and VRSA (56).
Infection control strategies, aimed to reduce transmission
of MRSA and other multidrug-resistant bacteria, include
active surveillance, contact isolation, hand hygiene,
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environmental cleaning, decolonization of carriers and
antimicrobial stewardship. Each transplant program
should adopt infection control practices based on the local
epidemiology and available resources.

Universal active surveillance screening for MRSA coloniza-
tion has been a matter of debate and not generally rec-
ommended (ll-1). The approach can be considered in fa-
cilities with unacceptably high MRSA transmission rates
despite optimized prevention practices (81) Using a report-
ing system, healthcare workers should be notified of pa-
tients with known MRSA colonization or recent infection.
These patients should be isolated until their status can be
confirmed or disproved (II-2).

In the hospital setting, healthcare workers are the main
source of patient-to-patient MRSA spread. Hand hygiene
is the most important measure for limiting the spread of re-
sistant organisms, and programs that increase adherence
and compliance with hand washing or use of alcohol-based
sanitizers should be implemented (85) (lI-1). To reduce
MRSA spread to noncolonized patients, contact precau-
tions are recommended for patients who are known to
be colonized or infected, especially those with draining
wounds or infected airways (II-1). Contact precautions in-
clude placement of patients in private rooms or in rooms
with other similarly colonized individuals (cohorting), glov-
ing and use of impermeable gowns for every patient con-
tact, and additional barrier protection (e.g. masks, face
shields and eye protection) if exposure to contaminated
body fluids is anticipated (lI-1). Medical equipment and
patient care surfaces should be cleaned and disinfected
(1I-1). Whenever possible, the dedicated use of noncritical
equipment for the affected patient is preferable, as well as
cleaning and disinfecting of shared equipment before use
in patients not known to be colonized with MRSA (l11).

The efficiency of universal decolonization of hospitalized
patients in preventing transmission has been a matter
of debate. MRSA colonization has been associated with
subsequent development of infection in patients under
going surgical procedures. Decolonization has been asso-
ciated with a decrease in postoperative S. aureus infec-
tions (86,87) (l). Pretransplant identification of colonized
patients and subsequent eradication of MRSA may be a
valuable strategy for limiting infection. However, decolo-
nization may not be permanent; hence it is difficult to de-
termine when to decolonize a patient awaiting transplan-
tation. The benefit of decolonization may vary depending
on the type of transplanted organ. For instance, Gram-
positive organisms may play a greater role in surgical site
infections among cardiothoracic transplant patients. Colo-
nized patients can be identified by using nasal/cutaneous
swab cultures or a rapid identification method such as PCR
or chromogenic agar. A typical decolonization protocol in-
cludes the intranasal application of 2% topical mupirocin
twice daily for 5 days combined with chlorhexidine baths
for 7 days (88) (lI-1). Long-term use of antistaphylococcal
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agents is not recommended for decolonization (lI-2). Pa-
tients with known MRSA colonization or previous infection
without documented eradication should receive perioper
ative prophylaxis against MRSA (89) (II-2).

Liver transplant candidates and recipients colonized with
MRSA are at increased risk of infection (24,25). Transmis-
sion of MRSA to patients not previously colonized may oc-
cur after transplantation (20). In a single institution study,
isolated nasal decolonization of liver transplant candidates
was not shown to reduce posttransplant infections due to
MRSA (90). In a more recent study, active surveillance, co-
horting, contact isolation precautions and nasal decoloniza-
tion reduced MRSA infection rates among liver transplant
recipients (21) . Eradication measures are most successful
when implemented in patients with a limited extent of col-
onization (i.e. the absence of open wounds colonized with
MRSA) shortly before surgery (82) (11-2).

Antimicrobial stewardship programs that promote judi-
cious antibiotic use are critical in reducing selective pres-
sure and limiting the spread of resistant pathogens (lI-2).
Consequently, it is preferable to limit empirical antimicro-
bial therapy, avoid unnecessary prolonged regimens for
perioperative prophylaxis, favor narrow spectrum antibi-
otics, adopt narrow spectrum antibiotics once a specific
pathogenic organism is identified, and avoid excessive du-
ration of treatment (84).
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Despite advances in surgical technique and immunosup-
pression, bacterial infections remain a significant source
of morbidity in organ transplantation. Organ transplant
recipients are at increased risk for acquisition of multidrug-
resistant organisms due to critical illness, prolonged
hospitalizations, extensive antimicrobial exposure and fre-
quent device utilization. After staphylococci, Enterococcus
species are the most common etiology of healthcare-
associated infections in the United States (1). Although
not traditionally considered virulent, enterococci are
commonly implicated in catheter-associated bloodstream
infections, catheter-associated urinary tract infections and
surgical site infections. Of great concern is the incidence
of vancomycin resistance among enterococci, particularly
E. faecium. Infections with vancomycin-resistant Entero-
coccus (VRE) are associated with increased healthcare
expenditures and significant mortality. Although antimicro-
bials exist with in vitro activity against these organisms,
clinical outcomes are less than ideal and resistance to
available agents is increasing (2,3).

Epidemiology and Risk Factors

Enterococcus is a commensal of the gastrointestinal tract
and asymptomatic colonization often precedes infection
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(4). The first descriptions of vancomycin resistance among
enterococci were in the mid to late 1980s subsequent to
the introduction of third generation cephalosporins (5,6).
Between 1989 and 1993, the Centers for Disease Con-
trol and Prevention reported a 20-fold increase in VRE
in US hospitals (7). Prior exposure to antimicrobials, in-
cluding vancomycin, cephalosporins, and agents with anti-
anaerobic activity, is associated with both asymptomatic
gastrointestinal carriage as well as invasive infections with
VRE (8-12). Other cited risk factors include prolonged
length of stay, indwelling devices, close proximity to an-
other patient with VRE, especially in the setting of diarrhea,
and placement in a contaminated room (13-15).

In the late 1980s, an increase in the isolation of Entero-
coccus species in abdominal organ transplant recipients
was noted (16). In these early accounts, vancomycin
susceptibility appeared to be universal. However, in the
1990s transplant centers observed increasing recovery
of E. faecium and an associated increase in vancomycin
resistance (17,18). Many studies evaluating the epi-
demiology of VRE in organ transplantation are limited
to abdominal organ transplantation (e.g. liver and kidney
transplantation) and are prior to the clinical introduction
of quinupristin—dalfopristin and linezolid. In these initial re-
ports, mortality rates associated with VRE infections were
unacceptably high, ranging between 33-82% (3,18-23).

Between 1985 and 1993, 13% of liver transplant recipi-
ents at Mayo Clinic developed vancomycin-susceptible en-
terococcal bloodstream infections (16). In the setting of
a selective bowel decontamination protocol at the same
institution between 1995 and 1997, targeted surveillance
identified VRE in 52 (11.7%) abdominal organ transplant
recipients (23). The prevalence of gastrointestinal VRE col-
onization among liver and kidney transplant patients (pre-
and posttransplantation) is reported to be between 3.4%
and 55% with the highest rates among hospitalized liver
transplant recipients in outbreak settings (23-28). Early out-
break investigations in transplant units confirm that col-
onized patients serve as reservoirs for horizontal trans-
mission of VRE (22,23). Reported rates of VRE infections
among colonized liver transplant patients range between
11.5-32% (23,26,27).

Most VRE infections present early posttransplantation

in the setting of surgical complications and critical care.
These include bloodstream infections, intra-abdominal
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infections, urinary tract infections and surgical site in-
fections (3,21). Mediastinitis and endocarditis are also
reported (18,29-31).

Antimicrobial use and biliary complications (e.g. leaks
and strictures), specifically those requiring re-exploration
or percutaneous intervention, are common risk factors
for development of VRE infections postliver transplan-
tation (3,18-22,26). Hepatitis C infection, simultaneous
kidney—pancreas transplantation, need for posttransplant
renal replacement therapy, re-exploration and nephros-
tomy placement are associated with multidrug-resistant
bacterial infections, including VRE, in kidney transplanta-
tion (32). Prior infections associated with left ventricular
assist devices (LVAD) may be associated with posttrans-
plantation invasive VRE infections including mediastinal
infections and primary bloodstream infections (30). It is un-
clear, however, if this association is related to other factors
including length of stay and antimicrobial exposures.

Diagnosis

Infection with VRE should be considered in a symptomatic
patient growing Gram-positive cocci in pairs and chains
with the aforementioned risk factors including prior infec-
tion or documented colonization with VRE. Isolation of VRE
from an aseptically collected specimen from a normally
sterile site is consistent with an infection. Specimens taken
from longstanding drainage catheters may represent colo-
nization rather than infection and their significance must be
interpreted in conjunction with the patient’s clinical status.
Asymptomatic bacteriuria should not be routinely treated
unless clinically indicated after kidney or pancreatic trans-
plantation (Ill) (33). Endocarditis should be considered in
patients with prolonged bacteremias or bloodstream in-
fections without an obvious primary source in the setting
of valvular abnormalities or cardiac devices (l1-2).

Although great progress has been made in molecular di-
agnostics, most clinical laboratories rely on traditional cul-
turing techniques in combination with automated systems
to identify Enterococcus species and perform susceptibil-
ity testing. E. faecalis often demonstrates no hemolysis
or rare B-hemolysis whereas E. faecium typically demon-
strates a-hemolysis on sheep's blood agar. Enterococci
produce a positive PYR test (a cherry red color produced
after exposure to L-pyrrolidonyl-beta-naphthylamide [PYR]
substrate with the addition of N, N methyl aminocyn-
namaldehyde). PYR testing may assist with early antimicro-
bial management. It should be noted that Streptococcus
pyogenes is also PYR positive but is f-hemolytic.

Currently the Clinical and Laboratory Standards Institute
(CLSI) recommends that enterococcal isolates with a mini-
mum inhibitory concentration (MIC) to vancomycin of >32
pg/mL be reported as resistant. The European Committee
on Antimicrobial Susceptibility Testing (EUCAST) consid-
ers an MIC >4 pg/mL as vancomycin-resistant. In general,
current automated susceptibility platforms are accurate at
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identifying high-level vancomycin resistance. Earlier gen-
erations of these systems, however, were not considered
as sensitive at detecting low to intermediate levels of van-
comycin resistance (34).

Glycopeptide (i.e. vancomycin and teicoplanin) resistance
is primarily due to alterations in peptidoglycan precursors
and is mediated by the presence of van gene clusters.
To date, eight different genotypes have been described.
VanA and VanB types are the most clinically relevant. The
vanC gene cluster is responsible for the intrinsic low level
of vancomycin resistance found in E. gallinarum and E.
casseliflavus—E. flavescens (35). The characteristics distin-
guishing these gene clusters were recently reviewed, but
it should be noted that levels of phenotypic vancomycin
resistance are variable (36).

Vancomycin resistance in E. faecium is commonly medi-
ated by vanA and is associated with high levels of resis-
tance to both vancomycin and teicoplanin (37,38). VanB
has been associated with outbreaks of VRE and demon-
strates variable levels of vancomycin resistance (typically in
the range of 16-64 pg/mL) and usually tests susceptible to
teicoplanin (23,37). Both of these resistance determinants
have been localized to transmissible elements and transfer
of vanA from E. faecalis is responsible for high-level van-
comycin resistance in Staphylococcus aureus (VRSA; (39).

Despite little change in the handling of clinical specimens
by microbiology laboratories, there have been several ad-
vances in rapid screening techniques for gastrointestinal
carriage of VRE. Culture remains the gold standard for
detection of VRE and is required for further susceptibil-
ity testing (40). Screening media for gastrointestinal colo-
nization of VRE include Campylobacter medium containing
supplemental vancomycin and bile esculin azide agar with
supplemental vancomycin (BEAV). These media require
additional testing to differentiate between Enterococcus
species. Over the past several years, chromogenic agars
have been studied and compared to BEAV. Most demon-
strate high sensitivity and specificity and can differentiate
between E. faecalis and E. faecium based on colony pig-
mentation (41-45). Real-time polymerase chain reaction
(PCR) for vanA and/or vanB is both rapid and sensitive
thus ideal for outbreak settings. Of note, due to acquisition
of vanB by anaerobic bacteria, the specificity of some of
these PCR assays is not ideal and may require confirma-
tory testing (46). In institutions where a large percentage
of E. faecalis is vancomycin susceptible, rapid differentia-
tion between enterococcal species by peptide nucleic acid
fluorescent in situ hybridization (PNA-FISH) may aid in early
antimicrobial management (47).

Treatment

Enterococci are intrinsically resistant to traditional cepha-
losporins, anti-staphylococcal penicillins, and clindamycin
and readily acquire mutations conferring resistance to
other antimicrobial classes. A large percentage of E.
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faecalis remain susceptible to ampicillin. In the setting of
vancomycin resistance and retained susceptibility to ampi-
cillin, ampicillin should be used (l). In the United States, the
majority of E. faecium, however, are both ampicillin and
vancomycin resistant with high-levels of aminoglycoside
resistance. Although a handful of commercially available
drugs demonstrate in vitro activity against VRE (Table 1),
growing resistance threatens to compromise this limited
armamentarium. With the exception of infective endocardi-
tis, recommendations regarding antimicrobial duration re-
main undefined (48). Antibiotic choice and duration should
be individualized based on source of infection, clinical
severity and the potential for drug interactions and adverse
events (Ill). Prolonged treatment courses of antimicrobials
are seldom required.

Source control is paramount in the treatment of VRE. This
includes removal of unnecessary catheters and devices as
well as either percutaneous or open drainage of abscesses
and debridement of wounds (I1-2; Ref. 49). Prior to the ad-
vent of quinupristin-dalfopristin and linezolid, a variety of
agents were used alone or in combination to treat seri-
ous VRE infections. Chloramphenicol is among these and
many isolates continue to remain susceptible (37,50-52).
With the availability of more specific therapy, clinical use
of chloramphenicol is less common.

In 1999, the US Food and Drug Administration (FDA) ap-
proved the use of quinupristin-dalfopristin (Q/D) for the
treatment of vancomycin-resistant E. faecium. Q/D is a
combination of streptogramins which inhibits protein syn-
thesis and demonstrates bacteriostatic activity against E.
faecium with no appreciable activity against non-E. fae-
cium enterococci. In prospective, noncomparative studies
the overall treatment success rate was around 65-83%
(53-55). Success varied by indication and lower response
rates were reported in patients with intra-abdominal infec-
tions. Q/D is only available for parenteral administration and
due to the risk of phlebitis, administration through a central
venous catheter is recommended. Nausea and hyperbiliru-
binemia are common. However, debilitating arthralgias and
myalgias can lead to premature discontinuation of ther
apy (54,55). Two reports describe an association between
arthralgias and liver disease (56,57). A series of pediatric
liver transplant recipients treated with Q/D did not sup-
port this finding (58). It should be noted that Q/D inhibits
CYP450-3A4 and can potentially lead to calcineurin inhibitor
toxicity. Levels of tacrolimus and cyclosporine should be
monitored. Q/D resistance has been described (59). Clini-
cal use of Q/D has substantially decreased with the intro-
duction of better-tolerated agents.

Linezolid, an oxazolidinone, is bacteriostatic against both
E. faeciumand E. faecalis and is FDA-approved for the treat-
ment of VRE infections. A moderate sized open-label non-
comparative emergency use study reported clinical cure
rates in 78% of patients with VRE; however, lower rates of
clinical success were observed in patients with endocardi-

American Journal of Transplantation 2013; 13: 59-67

FERNiE

medlive.cn

Vancomycin-Resistant Enterococcus

tis (60). An evaluation of organ transplant recipients receiv-
ing linezolid described a modest improvement in overall
survival of 62.4% with the highest attributable mortality
rates in those patients requiring multiple surgeries and with
polymicrobial infection (61).

Linezolid is available in both a parenteral and an oral formu-
lation. The latter achieves appreciable levels in tissue and
is an attractive option for patients with limited intravenous
access and tolerating enteral nutrition. Adverse effects in-
clude myelosuppression (i.e. leukopenia and thrombocy-
topenia) that usually appears after two weeks of treatment.
Peripheral neuropathy and optic neuropathy have been
reported with extended use and may not be reversible
with discontinuation of therapy (62-65). Caution should
be used when administering linezolid to patients on sero-
tonergic agents, including selective serotonin reuptake in-
hibitors, due to linezolid's potential to inhibit monoamine
oxidase (66). Lactic acidosis is uncommon but has been
reported with prolonged linezolid administration and se-
rial serum chemistries monitoring for evidence of acidosis
should accompany periodic complete blood counts while
on therapy (lll; Ref. 67). Linezolid resistance has been re-
ported in organ transplant recipients both in the setting of
protracted courses of linezolid as well as in the setting of
cross-transmission (61,68-70).

Daptomycin, a lipopeptide, demonstrates rapid
concentration-dependent bactericidal activity against
most clinically relevant Gram-positive cocci including
enterococci. Currently daptomycin is FDA-approved for the
treatment of skin and skin structure infections, including
those with vancomycin-susceptible E. faecalis, and for
bloodstream infections. Despite not being a licensed
indication, it has been used frequently in the treatment
of VRE infections with some anecdotal success (71,72).
Per CLSI, E. faecalis with a daptomycin MIC >4 ug/mL is
resistant and E. faecium tends to have higher MICs than
E. faecalis. Daptomycin is only available in a parenteral for-
mulation. Although the dose of 6 mg/kg is recommended
for bloodstream infections, higher doses have been used
in severe infections (73,74). Myalgias and rhabdomyolysis
are potential side effects with prolonged daptomycin
use and serial monitoring of creatinine phosphokinase is
recommended especially with higher doses and in the
setting of renal failure or concomitant therapy with agents
with similar side effect profiles (e.g. HMG CoA-reductase
inhibitors; Il1). Although VRE pneumonia is unusual, due to
inactivation by surfactant, daptomycin should not be used
whenever a pulmonary source of infection is suspected.
Like both Q/D and linezolid, resistance is described both in
the setting of active treatment and possible antimicrobial
pressure (75-77). Institutional daptomycin resistance rates
of up to 15% have been reported in VRE isolates (76).

Tigecycline, a glycylcycline, is FDA-approved for the treat-
ment of complicated skin and skin structure infections
and abdominal infections with vancomycin-susceptible E.
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faecalis and is bacteriostatic against susceptible entero-
cocci (78,79). Due to rapid concentration of drug into tis-
sue, serum concentrations may not be adequate to treat
primary bloodstream infections and use in urinary tract in-
fections is also controversial.

Telavancin is a long-acting lipoglycopeptide recently
FDA-approved for complicated skin and skin structure
infections including those with vancomycin-susceptible E.
faecalis (80). Telavancin lacks appreciable activity against
vanA harboring strains of VRE although there is some
evidence of bacteriostatic activity against vanB expressing
strains (81,82). Clinical data for the treatment of VRE
infections are limited. Oritavancin is an investigational
lipoglycopeptide with promising concentration-dependent
in vitro bactericidal activity against a wide spectrum of
Gram-positive bacteria, including enterococci expressing
either vanA or vanB (83).

The novel cephalosporins, ceftobiprole and ceftaroline,
demonstrate in vitro activity against other clinically rele-
vant but traditionally cephalosporin-resistant Gram-positive
organisms, notably MRSA (84). Both agents demonstrate
activity against vancomycin-susceptible and -resistant
E. faecalis but no appreciable in vitro activity against E.
faecium. Ceftaroline recently received FDA approval for the
treatment of complicated skin and skin structure infections
and pneumonia.

Fluoroquinolones, nitrofurantoin and fosfomycin may be
used to treat symptomatic VRE cystitis (IlI; Refs. 85-88).

Prevention and Infection Control Issues

In the United States, clinical isolation of VRE is uniformly
associated with healthcare exposure. Epidemiologic sur
veys inclusive of organ transplant candidates and recipi-
ents cite antimicrobial exposure as a common risk factor
for VRE. Unfortunately, antimicrobial use in organ trans-
plantation is unavoidable. Broad-spectrum antimicrobials
increase susceptibility for VRE acquisition by inadvertent
suppression of normal gastrointestinal flora. Increases in
stool concentration of VRE may increase the probabil-
ity of environmental contamination and thus horizontal
transmission.

Formal antimicrobial stewardship programs charged with
promoting judicious and appropriate use of all antimicro-
bials are crucial in combating increased resistance (lll).
Long courses of antibiotics are rarely necessary and reeval-
uating continued administration of broad-spectrum agents
or antimicrobials in general, is recommended (lI-2; Refs.
9,11,89-91). Due to the prevalence of MRSA, empirical use
of vancomycin may be inevitable in certain patient popu-
lations and in the appropriate clinical scenario. However,
prolonged use in the absence of supportive culture data is
discouraged (lll).
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Organ transplant patients are subject to general recom-
mendations for the prevention of horizontal transmission
of epidemiologically significant multidrug-resistant organ-
isms (II-2; Ref. 92). The colonized patient remains the pri-
mary reservoir for VRE, but transmission is facilitated by
healthcare workers and the soiled environment (93-95).
When there is a high prevalence of VRE (i.e. colonization
pressure), other risk factors for colonization may be less
important (96).

Cleansing of patients with chlorhexidine may decrease the
bioburden of VRE thus decreasing healthcare-associated
VRE infections and horizontal transmission. However,
chlorhexidine cleansing has been studied primarily in the
ICU setting and its role in organ transplantation remains
unclear but deserves further investigation (97). Removal of
unnecessary catheters is encouraged (I1-2).

Mandating routine active surveillance for VRE among organ
transplant patients cannot be recommended (lII; Ref. 98).
A possible outbreak of VRE or a high prevalence of VRE,
however, warrants implementation of active surveillance to
identify asymptomatic colonization (lI-2; Refs. 40,99) Isola-
tion and contact precautions are recommended for all pa-
tients with a history of VRE colonization or infection during
the index hospitalization as well as subsequent readmis-
sions (II-3). This includes use of single rooms or cohorting
as well as hand hygiene using either alcohol-based sanitizer
or antiseptic soap before and after all patient contact (l1-2).
Gloves and gowns should be worn when entering the room
and for all patient contact and discarded promptly when
exiting the room (lI-2). Dedicated equipment (e.g. stetho-
scopes, thermometers, sphygmomanometers) should be
used for isolated patients and shared equipment requires
disinfection prior to subsequent use (lI-2). Monitoring for
compliance with contact isolation precautions and hand hy-
giene with immediate feedback and continuing education
is recommended (I1-1).

Since asymptomatic colonization can persist for months
to years, the optimal duration for maintaining contact pre-
cautions remains unclear. CDC recommendations for dis-
continuation of contact precautions suggest that in the
absence of active antimicrobial agents, demonstration of
at least three negative peri-rectal or stool specimens col-
lected over several weeks may be sufficient (Ill; Ref. 99). In
the setting of limited resources, including private rooms,
and in the presence of other epidemiologically signifi-
cant multidrug-resistant organisms, requiring such a labor-
intensive process for historical colonization or infection
with VRE may not be feasible. Policies for discontinua-
tion of contact precautions are often institution-specific. It
should be noted that rates of spontaneous decolonization
in organ transplant recipients appear to be lower than that
in the general population (23). Attempts at decolonization
of high-risk patient are not recommended (Ill) and selec-
tive bowel decontamination may be a risk factor for VRE
(100).
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A history of VRE colonization or past infection is not a
contraindication to organ transplantation (lll). Despite the
absence of specific recommendations for adjusting peri-
operative prophylaxis based on history of VRE colonization
or infection, it may be something to consider (I11).

Although not historically considered as virulent as other
multidrug-resistant pathogens, VRE remains challenging
not only because of its environmental resilience but its
increasing resistance to available agents. A multidisci-
plinary approach that includes transplant program lead-
ership is required to continue to educate and reinforce
healthcare workers’ understanding of the importance of
complying with infection control practices as well as rec-
ommendations of antimicrobial stewardship programs. Ad-
ministrative support for education, research, infection con-
trol and antimicrobial stewardship is crucial to continue
to combat the rise and persistence of multidrug-resistant
pathogens.
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Introduction

The diagnosis and treatment of tuberculosis (TB) in organ
transplant recipients presents several challenges. Impedi-
ments to rapid and accurate diagnosis may lead to treat-
ment delay and include negative or indeterminate tuber-
culin skin tests (TST) or interferon-gamma release assays
(IGRA), negative sputum smear results despite active dis-
ease and atypical clinical presentations (1-3). Therapeu-
tic challenges arise from drug related toxicities, metabolic
interactions between immunosuppressive and antituber-
culous drugs and side effects from antituberculous medi-
cations (4). Increasing drug resistance and inadequate im-
mune responses to Mycobacterium tuberculosis (MTB)
due to exogenous immunosuppression increase the com-
plexity of treating TB in this population (5).

Recommendations for the diagnosis and treatment of la-
tent TB infection and active TB disease in organ transplant
recipients are made based on consensus guidelines for
mulated by experts in the field (6-11). Only a few con-
trolled studies of treatment of latent or active TB in organ
transplant candidates or recipients are available (3,12-14).
Case series and epidemiologic surveys of organ trans-
plant patients with TB are often used for guidance in this
area (15-26).

Epidemiology

It should be noted that the rates of TB reported in the
transplant literature often reflect cumulative rates in pop-
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ulations of patients followed over a number of years and
cannot always be compared to or converted to annual inci-
dence rates.

The frequency of active TB disease among solid organ
transplant (SOT) patients is estimated to be 20-74 times
that of the general population, but differs according to the
organ transplanted (1). For active TB disease, the preva-
lence among SOT recipients in most developed countries is
1.2-6.4%, while the prevalence in SOT recipients in highly
endemic areas has been reported to be up to 12% (1,27).
Over two-thirds of reported cases of active TB disease in
transplant recipients occur in the first posttransplant year,
with the median time for presentation of disease reported
as 6-11 months (2,28). Posttransplant TB has a crude mor
tality of 20-30% (2,29). One study from Spain reported an
attributable mortality of 10% (11), but this may be higher
in other countries due to the challenges associated with
diagnosis in a highly immunosuppressed population.

In most cases, active TB disease is thought to arise by
reactivation of old foci of infection, because primary infec-
tion has only been documented in a small number of cases
posttransplant. TB may also be transmitted from the donor
through transplantation. The US Organ Procurement and
Transplant Network's Disease Transmission Advisory Com-
mittee (OPTN/DTAC) reviewed 22 recent donor reports of
potential TB transmission. Acquisition of MTB from the
donated organ was substantiated in at least 16 of 55 re-
cipients of organs from these 22 donors. Donor-derived
TB transmission has been reported in renal, hepatic and
lung transplantation (2,30-33). Although donor-derived TB
accounts for less than 5% of all active TB cases in trans-
plant recipients, it may result in significant morbidity and
mortality. TB can be acquired after transplant, with the rate
of primary infection likely greater in developing countries,
although this has not been carefully evaluated. Nosoco-
mial acquisition of MTB has been documented during an
outbreak on a renal transplant unit, though such events ap-
pear to be uncommon (34,35). Surprisingly, only 20-25%
of all cases of active TB disease occurring after transplanta-
tion are in patients who had positive TST reactions before
transplantation (1). This may in part be due to anergy in
patients with end-stage organ failure and likely does not
reflect posttransplant acquisition of infection. The precise
frequency at which TST positive patients later develop ac-
tive TB after transplantation has not been determined.

Few risk factors have been defined for the occurrence
of active TB disease after transplantation (1,2,10,11). In
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general, TB risk increases with TB incidence in one's coun-
try of origin, and social and medical risk factors such as
homelessness, incarceration, cigarette smoking, diabetes
mellitus, chronic kidney disease, malnutrition and known
contact with TB. Reported risk factors for active TB after
transplantation include prior residence outside the United
States, history of untreated TB, the presence of findings
on chest radiographs suggestive of healed TB and inten-
sified immunosuppression for treatment of allograft rejec-
tion. It is clear that certain immunosuppressive drugs (e.g.
T cell depleting antibodies) are associated with a greater
risk of TB than others (1). Risks after kidney transplant
appear to be increased in those with longer pretransplant
hemodialysis treatment and in those with hepatitis C (36).
Lung transplant recipients have a greater risk of active TB
compared to other transplanted organs, with a 5.6-fold in-
creased risk seen in a large Spanish cohort (11). The same
study found recipient age to be an independent risk fac-
tor for post transplant TB, at least in Spain, where TB in
the general population has decreased significantly in re-
cent years. |t may be that older persons are more likely to
have latent TB; this may be true in other regions where TB
control programs have been successful.

Clinical Manifestations and Diagnosis

The clinical manifestations of TB in transplant recipients
can differ from those in normal hosts (1,2). Among SOT re-
cipients, lung transplant patients are most likely to develop
pulmonary manifestations of TB. However, about one-third
to one-half of all cases of active TB disease after trans-
plantation are disseminated or occur at extra-pulmonary
sites, compared to only about 15% of cases in normal
hosts (2). Classic symptoms of TB such as fever, night
sweats and weight loss are usually seen, but may not al-
ways be present. One large series reported fever in 91%
of transplant recipients with disseminated disease and in
64 % of those with pulmonary disease (2). Atypical presen-
tations may also be noted, such as pyomyositis, cutaneous
ulcers or tenosynovitis.

A minority of transplant patients have classic cavitary
changes on chest radiograph. Radiographic findings of pul-
monary TB in SOT recipients may demonstrate a focal
opacity, a miliary pattern, nodules, pleural effusions, diffuse
interstitial opacities and cavities. The mortality of TB after
transplantation is increased compared to immunocompe-
tent hosts, especially in patients who have disseminated
disease, those with prior rejection or after receipt of anti-T
cell antibodies (1,2).

The diagnosis of active TB disease after transplantation
requires a high index of suspicion and in practice is fre-
quently delayed. A diagnostic invasive procedure, such as
bronchoscopy with bronchoalveolar lavage or lung biopsy
in pulmonary TB, or biopsy of skin lesions or abscess fluid
in patients with skin and soft tissue involvement is often
required (37). Specimens should be sent for smear and cul-
ture for acid-fast bacilli, along with histopathological evalua-
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tion. The use of rapid nucleic acid amplification techniques,
such as Xpert MTB/RIF (Cepheid Inc, Sunnyvale, CA, USA),
an automated molecular test for MTB and resistance to ri-
fampin (RIF), can increase the sensitivity and decrease the
time to diagnosis. However, such tests may be falsely neg-
ative when low levels of mycobacteria are present.

A diagnosis of latent TB infection may be made by docu-
menting a positive TST or IGRA in a person without signs,
symptoms, or chest radiographic evidence of active TB.
IGRAs, including QuantiFERON-Gold (QFT, Cellestis) and
T-SPOT TB (Oxford Immunotec Ltd, Abingdon, UK) have
emerged as alternatives to the TST in the general popula-
tion (38,39). The use of these tests in transplant candidates
and donors is discussed later. It should be noted that nei-
ther the TST nor IGRA assays can distinguish latent TB
infection from active disease. Both IGRA and TST should
be interpreted with caution in patients receiving high levels
of immunosuppressive drugs as they may yield falsely neg-
ative or indeterminate results (40,41). Therefore screening
for LTBI should be done prior to administration of immuno-
suppressives. That said, the QFT and T-SPOT TB tests are
highly specific, and a positive test should be interpreted as
evidence of MTB infection. Compared to QFT, T-SPOT TB
appears to have a slightly higher sensitivity for detecting
MTB infection (42,43).

Prevention of Active TB Disease

Evaluation of transplantation candidates and donors

A careful history of previous exposure to MTB should be
taken from all transplant candidates, including details about
previous TST results and exposure to individuals with ac-
tive TB in the household or workplace (Ill) (8,44). Further
inquiry about possible institutional exposure and travel to
areas highly endemic for TB is also helpful. Any history
of active TB should be documented, as well as details
regarding the length and type of treatment. It is also im-
portant to document previous treatment for latent TB and
obtain relevant records. A chest radiograph should be ex-
amined for evidence of old healed TB. All transplant candi-
dates, including those with a history of BCG vaccination,
should undergo evaluation for latent TB infection (Ill). Con-
ventional TST can be used in all situations, with a test be-
ing considered positive if there is >5 mm of induration at
48-72 h (lll). If feasible, patients with negative reactions
should have a second skin test performed 2 weeks later, as
the TST can convert from being falsely negative to positive
due to “boosting” in some individuals with remote MTB ex-
posure. For individuals not highly immunosuppressed, the
QFT and T-SPQOT TB are alternatives to TST, and should be
interpreted according to manufacturers’ guidelines. IGRA
testing may be preferred to TST in transplant candidates
with a prior history of BCG vaccination, as IGRA results
will not be impacted by prior receipt of BCG. Studies of
the performance of the QFT in liver transplant candidates
indicate their utility in patients with advanced liver disease,
with indeterminate results more common in candidates
with higher MELD scores (43,45,46). The T-SPOT TB test
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may be more sensitive than TST in detecting LTBI in kid-
ney transplant candidates (47). A Korean study of kidney
transplant recipients revealed T-SPOT TB to be helpful in
predicting risk for post transplant active TB in patients who
were TST negative prior to transplant (10,48). In trans-
plant candidates with epidemiologic evidence of high risk
for latent or asymptomatic active TB, careful radiographic
assessment with CXR and thoracic CT may be helpful
if results of TST and IGRA are negative or indetermi-
nate (3,49). Unfortunately, none of the available screening
tests are infallible in diagnosing latent or active infection
with MTB; therefore treatment decisions must be individ-
ualized based on the clinical likelihood of infection and a
careful review of the available data. The management of
discordant TST and IGRA test results also requires a thor
ough assessment of the candidate’s individual TB risk (50).
Since the sensitivities of TST and IGRA do not overlap fully,
both modalities can be employed in screening, with appro-
priate timing to avoid the potential induction of false pos-
itive IGRA results (51). This should only be considered in
transplant candidates with high pretest probability of LTBI
in whom a single positive test result might change clinical
management. Patients with a prior history of positive TST
or IGRA testing may be screened for active TB and then
treated as appropriate without retesting. A current nega-
tive screening test, especially in patients with organ fail-
ure awaiting transplantation, does not negate a prior posi-
tive test result. Individuals having a reliable prior history of
treated latent TB infection or treated TB disease need not
undergo TST, QFT or T-SPOT TB. However, these individu-
als should have a symptom review and chest X-ray, as well
as additional testing if indicated, to screen for active TB.

Living donors should undergo an evaluation similar to that
described for transplant recipient candidates (lll). For living
donors, the TST should be interpreted as positive or neg-
ative according to CDC guidelines for the general popula-
tion (52). QFT and T-SPOT TB are alternatives and should
be interpreted according to manufacturers’ specifications.
If a test reveals evidence of MTB infection, then active
disease should be ruled out, starting with a symptom re-
view and chest x-ray (lll). For living donors with latent TB
infection, treatment for latent TB infection should be con-
sidered prior to organ donation, especially for recent TST or
IGRA converters. Organs from potential donors, whether
living or deceased, with active TB disease should not be
used. Also, a well-founded suspicion of active TB should
contraindicate donation, and residual pulmonary lesions
should contraindicate lung donation (10). It is not possible
to accurately perform TST or IGRA on deceased donors,
but a history should be obtained from the donor's fam-
ily or relatives of previous active TB and any associated
treatment. Ideally, it would also be desirable to know if the
donor had exposure to active TB within the last 2 years.

Treatment of Latent TB

Public health authorities recommend treatment of latent
TB in persons who are actively immunosuppressed (7). In
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highly endemic areas where TB transmission is common,
some transplant experts recommend universal isoniazid
prophylaxis for the first year posttransplant during the pe-
riod of maximum immunosuppression (14). Treatment op-
tions for latent TB are listed in Table 1. The data supporting
various treatment options for latent TB are extensive, with
a paucity of information devoted to the management of
transplant candidates (53-55).

The mainstay of latent TB treatment is isoniazid, but its
use in transplant recipients was controversial in the past
due to a high rate of hepatotoxicity reported in older stud-
ies (56-58). More recent data, however, show a low risk of
hepatotoxicity due to isoniazid in renal transplant recipients
without serious underlying liver disease (59), and in pa-
tients with compensated liver disease awaiting liver trans-
plantation (60,61). A 4-month course of rifampin monother
apy can be used for the treatment of latent TB (62), but is
limited by drug—drug interactions that preclude continua-
tion of treatment posttransplant, thus it is preferable to
complete the course of rifampin prior to transplantation. A
previously recommended regimen of pyrazinamide and ri-
fampin daily for 2 months has been associated with a high
rate of hepatotoxicity and is no longer recommended. A
promising new regimen for treatment of LTBl is a 12-week
course of isoniazid and rifapentine (63). It is recommended
weekly as directly observed therapy in otherwise healthy
individuals >12 years of age who have a risk factor for
developing active TB (64). However, it has not been stud-
ied in patients with organ failure, such as those awaiting
transplantation. Use of this regimen after transplantation
is limited by severe drug interactions between rifamycins
and immunosuppressive agents.

The rationale for latent TB treatment in this setting is sup-
ported by the fact that active TB disease is difficult to di-
agnose in transplant recipients, the cause of appreciable
morbidity and mortality and a potential public health risk.
LTBI treatment significantly reduces the incidence of TB re-
activation in transplant recipients (65). It must be stressed
that a thorough clinical evaluation to rule out active TB must
be performed prior to initiating treatment for LTBI. Neither
TST nor IGRA testing can distinguish active from latent in-
fection. With this in mind, the following recommendations
are made regarding candidates for treatment and timing
the following recommendations are made:

(1) Isoniazid preventive treatment for 9 months—given
daily, or twice weekly by directly observed therapy
(DOT)—should be considered for all transplant patients
who have a positive TST or IGRA (II-1), unless they have
received a prior adequate course of treatment for LTBI
or active TB. Pyridoxine (vitamin B6) 25-50 mg daily
should be administered concomitantly with isoniazid
to all transplant candidates and recipients, since they
are at increased risk of neurotoxicity (). Because 9
months of treatment confers additional protection over
6 months, a 6-month course of isoniazid is not routinely
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Table 1: Treatment of latent TB

Tuberculosis in transplant

Medication Adult dose Pediatric dose Duration Notes

Isoniazid 5 mg/kg (max 300 10-15 mg (max 300 9 months preferred over 6 Pyridoxine 25-50 mg/day with INH to
(INH) mg/day) mg/day) months due to additional decrease risk of neurotoxicity. Some
(daily) protection recommend INH dose adjustment

with renal insufficiency, but generally
do not change dose with
hemodialysis.

Isoniazid 15 mg/kg (max 900 20-25 mg/kg (max Same Same
(twice mg/dose) 900 mg/dose)
weekly by
directly
observed
therapy)

Rifampin 10 mg/kg 10-20 mg/kg 4 months Best to complete prior to transplant due

(maximum of 600 (maximum of 600 to immunosuppressive drug
mg mag) for children. interaction.

Isoniazid INH: 15 mg/kg g Recommended for Once weekly for 12 Pyridoxine 25-50 mg/day should be
(INH) with week (max 900 >12 years of age. weeks, only studied as given with INH. Best to complete prior
Rifapen- mg/dose) RFP: INH: same as directly observed to transplant due to drug interactions.
tine (RFP) <50 kg 750 adult RFP: 25-32 therapy, with at least Not studied in patients with organ
(63,64) mg/week; >50 kg kg: 600 mg/week, monthly clinical failure or transplant recipients.

900 mg/week 32-50 kg: 750 assessment
mg/week

(4)

recommended in transplant patients (lI-1). Regimens
that employ rifampin for 4 months are not preferred
due to limited data on efficacy (lI-3), but may be used
prior to transplantation; after transplantation they are
to be avoided due to drug interactions with immuno-
suppressive agents (lll) (562). If standard treatment is
not tolerated, alternative regimens such as ethambu-
tol plus either levofloxacin or moxifloxacin have been
used and could be considered for high-risk individu-
als (Ill) (10). If no alternative treatment is possible,
then careful clinical follow-up with prompt diagnostic
attention to protracted fever or pulmonary symptoms
is likely the best course (I11).

Most of the patients who develop active TB disease
after transplantation have a negative TST before trans-
plantation. For this reason, most authorities in low
TB prevalence areas recommend the use of isoni-
azid preventive therapy in TST negative (or IGRA nega-
tive/indeterminate) patients who: (i) have radiographic
evidence of previous TB and no history of adequate
treatment, (i) have received an organ from a donor
who is TST positive, had recent exposure to active TB
or had radiographic evidence of untreated TB or (iii)
have had close and prolonged contact with a case of
active TB, a circumstance in which the risk of de novo
infection may be 50% or higher (I11).

If either the recipient or donor has recently converted
their TST or IGRA from negative to positive, then
prompt recipient evaluation and treatment for LTBI is
indicated if there is no evidence of active TB disease
(1.

Underlying liver disease limits use of isoniazid preven-
tive therapy in transplant recipients. Latent TB therapy
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should still be strongly considered in patients with liver
disease if they are known to be recent TST converters
(I11), since the risk of progression to active TB disease
is high in this setting. The interaction between isoni-
azid and calcineurin inhibitors is not clinically significant
enough to preclude the use of isoniazid. If candidates
cannot tolerate treatment prior to transplantation, then
treatment should be initiated as soon as possible fol-
lowing transplantation.

The timing of isoniazid administration requires balanc-
ing risks and benefits for individual patients. Factors
that require consideration include the current medical
condition, transplant urgency, risk of progression to ac-
tive TB and anticipated timing of transplantation (if not
yet performed). Individuals with recent TB exposure
and/or recent TST conversion should receive evaluation
and LTBI treatment as soon as medically practicable,
due to heightened risk for progression to active TB.
Renal transplant candidates awaiting deceased donor
transplantation should be treated before transplanta-
tion, as they may face long waiting times and renal
failure is itself a risk factor for active TB disease. Treat-
ment should be considered before lung transplanta-
tion in TST or IGRA positive individuals, because ac-
tive TB may be difficult to diagnose in the presence
of chronic lung disease (lll). In some transplant candi-
dates it may be preferable to delay the administration
of isoniazid until after transplantation, at which time
the risk for active TB is higher and the patient may be
more stable medically. The administration of isoniazid
to liver transplant recipients is somewhat controversial.
In this population, it may be prudent to delay the initi-
ation of isoniazid until liver function is relatively stable
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(I1D. In liver transplant recipients who are taking isoni-
azid, rise in serum transaminase levels should not be
automatically ascribed to isoniazid. A specific diagnosis
should be sought, with liver biopsy, if necessary.

(6) Transplant recipients receiving isoniazid should rou-
tinely be monitored for hepatotoxicity. A suggested
approach is to monitor at 2-week intervals for 6 weeks
and then monthly. A single blood test (ALT) should suf-
fice. Low-grade elevations of hepatic transaminases
to 1.5-3 times normal are relatively common during
the first months of isoniazid use and may not re-
quire immediate discontinuation, but should prompt
more frequent laboratory monitoring (Ill). LTBI treat-
ment should be discontinued with a threefold in-
crease in hepatic transaminases and signs and symp-
toms of hepatotoxicity, or fivefold elevation without
symptoms (52).

(7) Organ transplantation may be performed in patients
who are receiving treatment for LTBI, especially if the
potential benefit of early transplantation outweighs the
risk of reactivation TB (lll). After transplantation, latent
TB treatment should be resumed as soon as medically
possible and continued until completion of originally
planned course.

(8) If treatment of LTBI has been delayed until after trans-
plantation, then the selected regimen should be initi-
ated as soon as medically possible after the recipient
is stabilized (II).

Treatment of Active TB

Because of the challenges of treating active TB disease
after transplant, every effort must be made to diagnose
and treat active TB pretransplant. A major challenge when
screening transplant candidates is distinguishing latent TB
from clinically asymptomatic active TB. Should asymp-
tomatic candidates not receive a diagnosis of active TB
until after transplant, successful treatment is still possible
with early aggressive management (66). Drugs commonly
used to treat active TB disease are listed in Table 2. Also
noted are their standard adult and pediatric doses, the de-
gree of dose adjustment required for renal dysfunction,
and common side effects (6,7). Drug interactions are ad-
dressed in Chapter 32.

The standard treatment recommendation for active TB dis-
ease in the general population is to administer a four-drug
regimen of isoniazid, rifampin, pyrazinamide and etham-
butol for the first 2 months (“intensive phase”) followed
by isoniazid and rifampin alone for an additional 4 months
("continuation phase”) (). Ethambutol can be discontinued
if the MTB isolate is susceptible to isoniazid, rifampin and
pyrazinamide. Fluoroquinolones including moxifloxacin and
levofloxacin have potent activity against MTB, and while
not recommended for use as “first-line” therapy, they can
be useful components of multidrug regimens in individuals
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who have hepatotoxicity on standard TB therapy or who
have poor liver function.

With respect to dosing interval, daily TB therapy is recom-
mended. Twice- or thrice-weekly administration of TB ther
apy is not recommended due to the increased risk of re-
lapse associated with intermittent dosing (II-2) (67) and the
potential for wide fluctuations in immunosuppressive drug
levels due to drug—drug interactions with rifamycins. With
respect to treatment duration, published data in renal trans-
plant recipients indicate that 6 months of treatment should
be adequate; however, some experts disagree (10,17). A
longer duration of therapy is recommended for the treat-
ment of bone and joint disease (6-9 months) (I), central
nervous system disease (9-12 months) (ll-2), and should
be considered in individuals with severe disseminated dis-
ease (6-9 months) (lI-1). In addition, 9 months of treat-
ment is recommended for individuals with cavitary pul-
monary TB in whom sputum at completion of 2 months
of treatment is still culture-positive for MTB (I). Longer
treatment duration should always be considered if the re-
sponse to treatment is slow. Longer treatment courses are
mandated if second line drugs are used to replace first line
drugs, or if there is resistance to rifampin = other drugs (Il1).
For drug susceptible TB, when treatment is extended be-
yond 6 months, the intensive phase remains two months
in duration and the duration of the continuation phase is
extended.

DOT programs have been shown to improve adherence
and outcome in TB patients and are recommended for
transplant recipients (lI-2). If a transplant recipient receives
antituberculous medication in a public health clinic, close
communication with the health clinic is necessary to en-
sure that clinic personnel are aware of transplant specific
issues. Consultation with a TB expert is recommended for
any patient with active TB, and is imperative for patients
whose TB is complicated by drug resistance or drug intoler
ance, as well as those who require nonstandard treatment
for whatever reason.

The major difficulty in administering antituberculous
therapy to transplant patients is drug-drug interactions
involving rifampin. Nevertheless, a rifamycin-containing
regimen is strongly preferred due to the potent MTB
sterilizing activity of this drug class. Rifampin is a strong
inducer of the microsomal enzymes that metabolize cy-
closporine, tacrolimus, sirolimus, and everolimus. To some
extent rifampin may also interfere with corticosteroid
metabolism. It may be difficult to maintain adequate levels
of immunosuppressive drugs while using rifampin, and
rejection episodes occurring in conjunction with rifampin
use have been widely reported. Successful use of rifampin
has been reported in transplant recipients, but doses of
cyclosporine, tacrolimus and sirolimus will have to be in-
creased at least two- to fivefold (I1-3). An optionis to replace
rifampin with rifabutin (another rifamycin) (I). Rifabutin has
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Table 2: Medications for treatment of active tuberculosis

Tuberculosis in transplant

Drug

Daily dose
(Adults)

Daily dose
(Pediatrics)’

Dose alteration
for renal
dysfunction?

Common adverse
events

First line drugs

Isoniazid 5 mg/kg PO or IV 10-15 mg/kg (maximum Minimal Hepatotoxicity
(maximum 300 mg) 300 mg) Neurotoxicity (peripheral neuropathy,
optic neuritis, seizures)
Cytopenias
Drug interactions
Rifampin 10 mg/kg PO or IV 10-20 mg/kg (maximum None Hepatotoxicity
(maximum 600 mg) 600 mg) Cytopenias
Red-orange body fluids
Interstitial nephritis
Severe rash
Major drug interactions
Pyrazinamide 40-55 kg: 1000 mg Over 2 years old, <40 kg: Mild Hepatotoxicity
56-75 kg 1500 15-30 mg/kg/day Cytopenias
76-90 kg 2000 mg Hyperuricemia
(Use lean body weight) Interstitial nephritis
Ethambutol 15-25 mg/kg PO 15-20 mg/kg PO Mild Hepatotoxicity
(maximum 1.6 g) (maximum 1.0 g) Neurotoxicity (optic neuritis, visual
loss)
Cytopenias
Streptomycin 15 mg/kg (max 1 g) 20-30 mg/kg Major Nephrotoxicity
IM or IV2 given 2-5 IMor IV (max 1 g) Ototoxicity (auditory and vestibular)
times/week Neuromuscular blockade
Cytopenias
Second line drugs
Kanamycin 15 mg/kg (maximum 15-30 mg/kg (maximum Major Nephrotoxicity
1.0 g) IM or IV3 1.09) Ototoxicity (auditory and vestibular)
IM or IV3 Neuromuscular blockade
Amikacin 15 mg/kg (maximum 15-30 mg/kg (maximum Major Nephrotoxicity
1.0 9) IMor IV3 1.0 gm) IM or I\V3 Ototoxicity (auditory and vestibular)
Neuromuscular blockade
Rifabutin 5 mg/kg PO (maximum  Appropriate dosing for None Cytopenias
300 mg) children is unknown Red-orange colored body fluids
Levofloxacin 750 mg/day PO or IV N/A Moderate C difficile-associated diarrhea
QT prolongation
Tendonitis
Ethionamide 15-20 mg/kg 15-20 mg/kg (maximum Mild Hepatitis
(maximum 1.0 g; 1.09) Neurotoxicity (peripheral neuropathy
usual daily dose and optic neuritis)
500-750 mg) Hypothyroidism
Cycloserine 10-15 mag/kg 15-20 mg/kg (maximum Moderate Neurotoxicity (seizures, psychosis)
(maximum 1.0 g/d in 1.0 g/d in two doses) Congestive heart failure
two doses; usual Transaminitis
dose 500-750 mg/d
in two doses)
Capreomycin 15 mg/kg (maximum 15-30 mg/kg (maximum Major Nephrotoxicity
1.0g) IMor V8 1.09) Ototoxicity (auditory and vestibular)
IM or IV3 Neuromuscular blockade
Dosing was adapted from Ref. (6).

"Children weighing more than 40 kg should be dosed as adults.
2The degree of drug dose alteration for renal dysfunction reflects the creatinine clearance at which dose reduction is first necessary:
Thus it is minimal when dose reduction is first necessary for CrCl < 10 cc/min, mild for CrCl < 30 cc/min, moderate for CrCl <50 cc/min

and major for CrCl <

70 cc/min.

3Smaller doses (10 mg/kg) are generally used in adults over the age of 50. Streptomycin is usually not given more than five times a week
and frequency may be reduced to 2-3 times a week as patients clear their infection.
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activity against MTB that is similar to rifampin, but
rifabutin is a much less potent inducer of cytochrome
P3A4, and therefore immunosuppressant levels may be
easier to maintain (68). There is relatively little published
clinical experience using rifabutin after transplantation,
since active TB is relatively uncommon in transplant re-
cipients in the United States and rifabutin is generally not
available in parts of the world in which TB is more common.
However, in HIV-infected individuals, the effectiveness of
rifabutin-containing regimens appears no different than
that of rifampin-containing regimens. Rifabutin dose is 5
mg/kg (maximum 300 mg) given once daily. With either
rifampin or rifabutin, immunosuppressant levels should
be monitored closely when the rifamycin is started (as
higher doses of the immunosuppressant will be required)
and when it is stopped (as the dose may then need
to be reduced). Management of posttransplant TB with
nonrifamycin regimens has been successful in countries
where rifabutin is not available (69,70). When prescribing
medications for treatment of latent or active TB a careful
review of all drug-drug interactions is recommended. Refer
to Chapter 32 in the guidelines for further information.

The hepatotoxicity of isoniazid, rifampin and pyrazinamide
used in combination is greater than isoniazid alone and
noted to be particularly severe in liver recipients (57). Liver
function tests should be closely monitored. Isoniazid use
may be associated with peripheral neuropathy and other
neurotoxicity. Ethambutol use can impair visual acuity;
early detection with periodic ophthalmologic monitoring
for toxicity is recommended.

Future Directions and Research

Transplant physicians can derive valuable information about
the management of TB after transplantation from ongoing
research in nontransplant populations. Since immunosup-
pression may eliminate TST and IGRA responses, devel-
opment of diagnostic tests for LTBI that do not rely on
an intact T cell response would greatly improve diagnosis
and clinical management, especially in the case of donor
derived infections. Another important advance would be
the development and/or clinical validation of antitubercu-
lous drugs that are free of significant organ toxicities and
drug—drug interactions. New treatment regimens are on
the horizon, including potent drugs that may have the po-
tential to shorten and simplify anti-TB therapy (4). Evalua-
tion of these in transplant candidates and recipients may
provide useful treatment alternatives for this population in
the future.
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Introduction

With the availability of advanced microbiologic techniques
for the detection and identification of nontuberculosis my-
cobacteria (NTM) over the last 10 years, the number of
NTM species has swelled to over 125 (1). Over half of
these have the potential to cause human disease, but
fewer than two dozen account for most reported cases.
Due to impaired cell-mediated immunity, transplant recip-
ients are susceptible to infection with these organisms.
There are no prospective studies or registries of these in-
fections, so our understanding of these infections in solid
organ transplant (SOT) recipients comes from case reports
and a few case series (2-7). While relatively rare com-
pared to other posttransplant infections, these infections
are important due to the difficulty in establishing the di-
agnosis, the need for multidrug, long-term treatment and
the interaction between treatment regimens and the drugs
used to prevent rejection. This guideline will focus on
the common NTM causing infection following transplanta-
tion including Mycobacterium avium-intracellulare complex
(MAC), M. kansasii, M. marinum, M. haemophilum and the
rapid growing mycobacteria (RGM): M. fortuitum, M. che-
lonae and M. abscessus. The most frequently encountered
species causing pulmonary disease include M. avium com-
plex, M. kansasii, M. xenopi and M. abscessus (6).

Epidemiology

Most NTM are ubiquitous free living saprophytic organisms
which have been recovered from a wide variety of environ-
mental sources including soil, water, dust, aerosols, plant
material, animals and birds (8). They are often resistant to
disinfection and thus can be recovered from drinking wa-
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ter distribution systems including those in hospitals. Most
infections are felt to arise following exposure in the en-
vironment although nosocomial infections of water con-
taminated medical devices have been described (8). Until
recently there was no compelling evidence of either per
son to person or animal to person transmission; however,
arecent report describes an outbreak of M. abscessus ssp
massiliense infection in a lung transplant and cystic fibro-
sis center where person to person transmission may have
occurred (9). These organisms can be recovered world-
wide but most reports of infection are from the developed
world (10).

Since NTM infections are not reportable, incidence data
in the transplant population can only be estimated. Lim-
ited data suggest an incidence rate for NTM infections to
be between 0.16% and 0.38% among kidney transplant
recipients, 0.24% and 2.8% among heart transplant recipi-
ents and 0.46-8.0% in lung transplant recipients (4-6). In a
series of 253 patients with a median of 25 months follow-
up after lung transplant, 22% had NTM isolated from at
least one culture, but only 2.5% required treatment (4).
Among liver transplant recipients the rate appears to be
at least 0.04% but this is based on even more limited
data (2). It is unclear why the incidence of NTM in liver
transplant recipients appears to be lower than other SOT
groups.

The timing of infection after transplantation can vary from
early to very late. In a series of 82 transplant patients
with NTM infection, onset of infection was a mean of 48
months after transplant but with a range of 10 days to
269 months (5).

In the nontransplant patient population, four categories of
increased risk for NTM infection have been identified. First,
among HIV infected persons, a CD4+ T cell count of less
than 50/uL is associated with increased risk of dissemi-
nated NTM infection. Among non-HIV infected patients,
genetic syndromes affecting the interlukin-12/interferon-
v pathways, treatment with antitumor necrosis factor-o
agents and structural lung disease from chronic obstructive
pulmonary disease (COPD), cystic fibrosis and bronchiec-
tasis all confer increased risk (10,11). In the current era
of induction with antilymphocyte agents and 2-3 agents
for immunosuppression, a formal risk analysis for infection
has not been performed, but disruption of mucocutaneous
barriers, structural abnormalities and the net state of im-
munosuppression are likely contributing factors. In arecent
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study of 36 lung transplant recipients diagnosed with NTM
infection, both NTM colonization and disease were associ-
ated with a significantly increased risk of death (12). A risk
factor analysis for NTM infection after lung transplantation
found cystic fibrosis, NTM infection before transplantation
and the use of rabbit antithymocyte globulin as significant
risk factors (13).

Clinical manifestations

Most clinical manifestations of NTM infection fall into one
of six categories: pulmonary disease, skin and soft tis-
sue infection, musculoskeletal infection, disseminated dis-
ease, catheter associated disease and lymphadenitis, with
pulmonary and cutaneous involvement being the most
common. (2,5). The spectrum of pulmonary disease in-
cludes a solitary nodule, pulmonary infiltrates, abscesses
and cavitary nodules with symptoms varying according to
the syndrome and may include chronic cough, sputum pro-
duction, dyspnea and, less commonly, hemoptysis (6,10).
Fever may or may not be present (3).

Apart from pulmonary infection in lung recipients, skin and
soft tissue infection is the most common (5). Typical find-
ings include painful to minimally painful erythematous to
violaceous subcutaneous nodules most commonly on the
extremities or in the region of the surgical wound occur
ring singly or in clusters (4). Lesions will commonly ul-
cerate and can also have a lymphangitic distribution re-
sembling sporotrichosis (10). Tenosynovitis, osteoarticular
disease and osteomyelitis have all been reported (2). The
most common species causing skin and soft tissue and
musculoskeletal infections are the RGM, M. fortuitum, M.
abscessus and M. chelonae (6). M. marinum can produce
a lymphangitic eruption resembling sporotrichosis identical
to that seen in nontransplant patients after water exposure
particularly fish tank water (7).

Disseminated disease with NTM infection has been re-
ported in all SOT types but is most common among kidney
recipients (2,5). Nearly half of patients with pulmonary dis-
ease will have evidence of dissemination (2,6). Sites of dis-
semination can include skin, lymph nodes, bone marrow,
visceral organs including the allograft and musculoskele-
tal sites (6). M. abscessus, M. chelonae and M. kansasii
have been the species most frequently associated with
dissemination (6). Gastrointestinal tract infection, catheter
associated infection and lymphadenitis have been reported
infrequently in SOT recipients (2,5,6).

Diagnosis

Establishing the diagnosis of NTM infection can be quite
difficult and giving it careful consideration in the differen-
tial diagnosis is the critical first step. Although recovery
of an NTM from a sterile source such as blood or skin
biopsy provides straightforward evidence of invasive dis-
ease, in contrast, differentiation of colonization from dis-
ease in the respiratory tract can be a formidable challenge.
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Table 1: American Thoracic Society/Infectious Diseases Society
of America Criteria for diagnosing NTM lung disease

Clinical (both required)

Pulmonary symptoms, nodular or cavitary opacities on
chest radiograph or a high-resolution computed
tomography scan that shows multifocal bronchiectasis
with multiple small nodules (A, 1), AND

Appropriate exclusion of other diagnoses (A, 1)

Microbiologic

Positive culture results from at least two separate
expectorated sputum samples (A, Il). If the results from 1
are nondiagnostic, consider repeat sputum AFB smears
and cultures (C, IIl), OR

Positive culture result from at least one bronchial wash or
lavage (C, Ill), OR

Transbronchial or other lung biopsy with mycobacterial
histopathologic features (granulomatous inflammation or
AFB) and positive culture for NTM or biopsy showing
mycobacterial histopathologic features (granulomatous
inflammation or AFB) and one or more sputum sample or
bronchial washing that is culture positive for NTM (A, 11).

Adapted from Ref. (10).

Data presented by Knoll and colleagues suggest that in
the respiratory tract, colonization is more frequently en-
countered than invasive disease by a factor of ten (4). The
American Thoracic Society/Infection Diseases Society of
America have published have published clinical and mi-
crobiological criteria for diagnosing NTM lung disease (10)
(Table 1). Although developed for patients with generally
normal immune function, these criteria provide a useful
reference point for diagnosing pulmonary infection in SOT
recipients. Nevertheless, applying these criteria too rig-
orously may lead to under diagnosis of invasive disease
in SOT patients. For example, M. gordonae is a com-
mon laboratory isolate and generally regarded as a non-
pathogen; however, among immunocompromised patients
including SOT recipients, there are reports of both pul-
monary and extrapulmonary invasive disease with this or
ganism (14). There are no specific criteria for diagnosis of
extrapulmonary disease and an assessment of the clini-
cal, histopathological and microbiologicalfindings must be
performed to establish a diagnosis.

When NTM infection is suspected, clinical specimens from
involved sites such as abscess fluid, synovial fluid, cere-
brospinal fluid and bronchoalveolar lavage fluid should be
submitted to the mycobacteriology laboratory for mycobac-
terial culture and staining and biopsy specimens submitted
for culture, staining and histopathology. The RGM, NTM
that typically grow within about 7 days, can be isolated
from routine bacterial cultures, but most cultures are usu-
ally not incubated long enough for other NTM to grow.
Most NTM will grow on standard mycobacteria media at
standard temperatures but several species require special
processing in the mycobacteriology laboratory to reliably
recover them from clinical specimens (10,15). For example,
M. marinum and several other NTM grow at temperatures
lower than standard incubation temperatures, thus if these
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organisms are suspected on clinical grounds, the speci-
mens should be incubated at both 28-30°C and standard
temperature (9,14). Other NTM such as M. hemophilum
and M. genavense require special supplementation of the
media for growth to occur. Finally, the incubation period
for NTM can vary from as short as a few days for the
RGM, while others such as M. genavense should be incu-
bated for at least 8-12 weeks (10,15). Unless these spe-
cialized laboratory techniques for detection of growth are
routinely performed by the mycobacteriology laboratory,
laboratory personnel should be notified to insure optimal
efforts for recovery are being utilized. It is critically im-
portant that NTM be identified to the species level and
recently the importance of identifying the related species
of the M. abscessus complex has been recognized (16).
Commercially available DNA probes, PCR-based methods
and high-performance liguid chromatography are used to
rapidly identify some NTM species once growth on media
has occurred (10). Unlike the turnaround time for a microbi-
ology report with identification and susceptibilities of a few
days for aerobic bacteria, a final report with susceptibilities
may take 4 months or longer for some NTM. Although
the commercially available interferon gamma release as-
says (IGRA) have no role in the diagnosis of NTM infec-
tion, it is worth noting the antigens used in these assays
are present in M. marinum, M. kansasii and M. szulgai,
hence, the potential exists for cross-reaction with these
three NTM and possibly other unrecognized unsequenced
NTM (17).

Treatment

The treatment of NTM depends on multiple factors includ-
ing the organism isolated, the extent of the patient’s dis-
ease, the type of SOT received, overall immunosuppres-
sion and the patient’s tolerance to medications prescribed.
Antimicrobial treatment usually requires a multidrug regi-
men and therapy must be continued for months to years
based on national guidelines and case series, as given the
rarity of these infections no controlled trials are available to
guide length of therapy or the agents recommended (10).
Two drug therapy is generally standard, but three agents
may be indicated when the iliness is life threatening, the
burden of organisms is high or the patient has a RGM
and susceptibility or identification to species level is not
yet available. Treatment recommendations for NTM en-
countered infrequently are anecdotal. Cultures should be
performed during therapy to judge response, predict the
duration of therapy and monitor for resistance to antimy-
cobacterial agents. Consideration should be given to taper
ing of the immunosuppression regimen, but immune re-
constitution syndrome may occur, as it has been reported
in SOT patients after therapy for other granulomatous dis-
eases including tuberculosis (18).

Antimicrobial treatment options vary according to species,
so the first step is to accurately identify the species or
the species group (MAC, includes M. avium and M. intra-
cellularae) (10). The value of using in vitro susceptibility

American Journal of Transplantation 2013; 13: 77-82

FERNiE

medlive.cn

Nontuberculous Mycobacteria

testing to guide treatment decisions is variable depending
on the species of NTM. Multiple drug susceptibility testing
is generally useful only for RGM. In other cases suscepti-
bility testing can be misleading, and is recommended only
for specific “drug-bug” combinations (for example, clar
ithromycin for MAC and rifampin for M. kansasii both of
which have established criteria for reporting as susceptible
or resistant) (19). For most of the slow growing mycobac-
teria the susceptibility of the organism can be predicted
based on the identification (19). For RGM, empiric initial
treatment should be guided by species, but once suscep-
tibility testing to specific agents is available, therapy may
need to be modified. For other species, even if criteria
are established for a few specific agents, clinical correla-
tion is not available (19) (Tables 2 and 3). For therapy of
the slow growing NTM in patients not treated previously,
no clear correlation exists between treatment efficacy out-
come and susceptibility in patients treated with more than
a single agent (10,20). One possible reason for this is that
in vitro testing is done with single antimicrobials and when
certain agents are used in combination they are efficacious
despite the results of the testing. For example, ethambutol
increases the mycobacterial cell wall permeability (19,21)
and there is in vitro synergy with rifampin. Combination
therapy with at least two or more a antimicrobials is stan-
dard in most NTM infections in transplant patients. How-
ever, in patients with prior treatment, susceptibility test-
ing may be used as a guide despite the lack of available
evidence (lll).

A major problem with the treatment of NTM is inter
actions between immunosuppressive agents and the ri-
famycins and macrolides (see chapter 32). Rifampin will
markedly decrease the levels of the calcineurin inhibitors
and sirolimus and its use may result in rejection due to
the difficulty in obtaining adequate immunosuppression.
For this reason rifabutin is preferred over rifampin in SOT
patients and azithromycin over clarithromycin even though
the ATS/IDSA guidelines statement suggests rifampin and
clarithromycin as preferred agents for MAC treatment.
In addition, interactions between the antimycobacterial
agents occur. Rifampin is a potent inducer of CYP3A4 en-
zymes and clarithromycin is an inhibitor. Rifabutin is a less
potent inducer of CYP3A4 and therefore has less effect on
the metabolism of cyclosporine, tacrolimus, and sirolimus.
Clarithromycin, partially, but not completely, offsets the ef-
fect of the rifamycins on the calcineurin inhibitors. Another
problem is the intolerance of the patient to the medica-
tions. Many of these agents cause gastrointestinal toxicity
and patients with disseminated disease to the Gl tract or
intrabdominal lymph nodes are often the most difficult to
treat with oral agents. All of these agents may have toxici-
ties, Examples include aminoglycoside related nephrotoxi-
city and ototoxicity, isoniazid related hepatotoxicity, etham-
butol related visual toxicity and quinolone related tendon
rupture. Clinicians should consult the ATS.IDSA guidelines
for guidance. Many agents are available in an IV form
(Table 4).
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Table 2: Recommended treatment agents and use of susceptibility testing for slow growing and fastidious NTM in SOT patients on
cyclosporine, tacrolimus or sirolimus based on guidelines for all patients from ATS/IDSA and expert opinion

Recommended
regimen (see

Pathogen reference for

(level of details and Second line
evidence non- Table 4 for or additional
SQOT patients) dosing regimens) agents’

Routine
susceptibility
testing for Special Length of
initial treatment considerations treatment

M. avium complex  Azithromycin

Clarithromycin

Only for clarithromycin ~ Never use macrolides At least 12 months

(AorB,ll Rifabutin Rifampin
depending Ethambutol Amikacin or
on severity) Streptomycin
M. kansasii (A, 11) Rifabutin Rifampin
Ethambutol Clarithromycin or
Isoniazid plus azithromycin
pyridoxine Sulfamethoxazole
Moxifloxacin
Amikacin or
streptomycin
M. marinum Azithromycin Rifampin
(B, ) Ethambutol Clarithromycin or
Consider adding azithromycin

Sulfonamides
Doxycycline or
minocycline
Rifampin
Clarithromycin or
azithromycin
Sulfonamides
Doxycycline

Rifabutin for
extensive disease

M. hemophilum
(C.1n)

Azithromycin
Rifabutin
Ciprofloxacin

as class drug for alone. Start after negative
macrolides ethambutol at 25 mg/kg  cultures
Rifampin May be reported as 18 months with at

If rifampin resistant
or the patient is failing
treatment

resistant to isoniazid
but inhibited by
achievable

least 12 months
of negative
cultures

concentrations

Not unless patient is
failing treatment

Use with caution as
methods not
standardized

All resistant to
ethambutol. For
doxycycline and

Some strains are resistant 3-4 months with
to ciprofloxacin,
moxifloxacin may have
better in vitro activity

at least 2 months
after symptoms
resolve

Unknown

sulfonamides
susceptibility is variable

TFor patients in whom drug interactions with calcineurin inhibitors or mTOR inhibitors is not a consideration, there is more data to support
the use of clarithromycin to treat MAC (10). Although there is no demonstrated superiority of one rifamycin over the other, rifampin is
recommended by most experts due to fewer adverse events than with rifabutin (10).

Table 3: Generally useful treatment agents for empiric therapy and treatment after in vitro susceptibility testing for rapid growing NTM in

SQOT patients on cyclosporine, tacrolimus or sirolimus

Regimens
should be based on
in vitro susceptibility data for
the patient’s isolate (see
reference for details and
table 4 for dosing regimens)

Pathogen
(level of evidence
SQOT patients)

Second line or
additional agents

Special considerations

M. abscessus (C, ) Azithromycin

Plus amikacin, imipenem, or
cefoxitin

Or two parenteral agents

Two drugs:

Azithromycin

Plus Amikacin or tobramycin,
linezolid, tigecycline or
imipenem

Two drugs:

Amikacin

Ciprofloxacin or other quinolones

Sulfonamides

M. chelonae (C, IIl)

M. fortuitum (C, Il)

Clarithromycin
Linezolid
Tigecycline

According to susceptibility results

Sulfonamides

Doxycycline or minocycline
Imipenem

Tigecycline

Lung infection is difficult to cure
May want to start 3 drug therapy
until susceptibility available

Surgery should be considered for
drainage of abscesses or
resection of infected tissue.
Infected foreign material should
be removed

All isolates contain an inducible
erythromycin methylase gene;
use macrolides with caution
(10)
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Table 4: Dosing regimens and drug interactions
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Drug interactions

Cyclosporine Tacrolimus Dose adjust for

Drug Adult dose Rifamycins Sirolimus renal insufficiency
Azithromycin 250-300 mg daily PO or IV Yes Yes No
500 mg daily PO or IV, three times a
week (MAC)
1200 mg po/week prophylaxis
Clarithromycin 500 mg BID PO Yes Yes Yes, mild
1000 mg PO three times a week
(MAC)'!
Ethambutol 15 mg/kg/daily No No Yes, mild
25 mg/kg three times a week (MAC)
Rifabutin 150-300 mg/daily or three times a n/a Yes No
week (MAC)!
Rifampin 600 mg daily or three times a week n/a Yes No
(MAC)" PO or IV
Ciprofloxacin 500 mg PO (400 mg IV) BID Yes Yes, mild Yes, moderate
Levofloxacin 500-750 mg daily PO or IV Yes Yes, mild (CsA) Yes, moderate
Moxifloxacin 400 mg daily PO or IV No No
Amikacin 10-12 mg/kg daily or three times a No Potentiate renal toxicity Yes, major
week IV or IM'
Streptomycin 500-1000 mg daily or three times a No Potentiate renal toxicity Yes, major
week IV or IM'
Tobramycin 5 mg/kg daily or three times a week IV No Potentiate renal toxicity Yes, major
or IM?
Linezolid 600 mg BID PO or IV No No None
Isoniazid 5 mg/kg/daily up to 300 mg daily PO No No Minimal
give with pyridoxine 50 mg daily PO
Doxycycline 100 mg BID PO or IV No No None
Minocycline 100 mg daily PO No No None
Tigecycline 100 mg IV x one then 50 mg IV g 12 h No Yes, mild None
Cefoxitin 8-12 g daily in divided doses IV No No Yes, moderate
Imipenem 500mgqgq6hlV No No Yes, moderate
Sulfamethoxazole 1000 mg BID to TID No Possible potentiation of Yes, moderate

Trimethoprim/
sulfamethoxazole

800-1600 mg (sulfa component) BID
PO or IV

renal toxicity

TIntermittent therapy (thrice weekly) with aminoglycosides may decrease toxicity. For other agents less frequent dosing may have
inconsistent effects on immunosuppressive agents and is not usually recommended as initially therapy or for patients with cavitary lung
disease. In many patients therapy will need to be individualized due to renal function, Gl toxicity, site of infection and species of NTM.

Because infections may persist despite antimycobacterial
therapy, surgery may be required to treat localized skin
infections due to NTM. Resection of cutaneous NTM in-
fections in SOT patients has been successful, usually in
combination with drug treatment. Surgery has not been as
useful in lung transplant patients as in cases of refractory
lung disease due to NTM in nonimmunocompromised pa-
tients since transplant patients are more likely to have more
extensive disease (4). Lung transplant patients with surgi-
cal site or pleural infection have required chronic suppres-
sive therapy (22). Because transplant recipients often have
more disseminated disease, surgical resection of affected
lung is considered only when disease is predominantly lo-
calized to one lung. Treatment needs to be continued for
many months to years in most patients with NTM infec-
tions. The length of treatment is shortest for cutaneous
infections with M. marinum and longest for lung infections
with almost any species of NTM. In treating MAC and
M. kansasii the goal of therapy is 12 months of negative
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sputum cultures so sputum must be collected periodically
during therapy (A, Il) (10). This goal is similar for M. absces-
sus (C, 1ll) but may be less attainable. Many experts regard
pulmonary infection with M. abscessus to be nearly incur
able and the goal of therapy should be control of infection
rather than cure. Repeat cultures and susceptibilities are
warranted in patients failing therapy or who relapse and
require repeat treatment.

Prevention/prophylaxis

Rifabutin, clarithromycin and azithromycin are effective pro-
phylactic agents for MAC in individuals with AIDS (A, 1)
(23,24). Prophylaxis has not been systematically studied for
other NTM species. In lung transplant recipients, there is
emerging evidence that NTM colonization especially with
M. abscessus or MAC pretransplant may be associated
with overt NTM disease posttransplant (12). Some cen-
ters exclude patients with NTM infection from transplan-
tation until the patient completes at least 3 months of
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therapy for NTM (12). Patients with cystic fibrosis under
going lung transplantation and known to be colonized with
RGM should be considered for posttransplant chemopro-
phylaxis with azithromycin to prevent surgical site infec-
tions (I11). Similarly, patients infected or colonized with MAC
prior to lung transplant should be considered for multidrug
MAC therapy prior to lung transplantation (12) (Ill). For pa-
tients who have completed therapy for a documented NTM
infection, some experts extrapolate from the HIV data and
recommend secondary prophylaxis, but for this and for
other situations, there is insufficient evidence to recom-
mend routine prophylaxis (II).

Future directions

More information is needed to improve understanding of
NTM related infections in all patients but especially after
SOT. Better understanding of epidemiology and diagno-
sis is needed. Laboratory susceptibility testing needs to
be further developed and standardized for all species and
antimycobacterial agents. Prospective multicenter trials of
prophylaxis in prelung transplant patients who are colo-
nized with MAC or RGM are warranted. New agents and
regimens are need for therapy of the most difficult to treat
species. A registry of SOT patients with NTM disease and
their treatment and disease outcomes, including the func-
tion of the transplanted organ after therapy, would help us
better understand these infections over time.
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Epidemiology and Risk Factors

Nocardia species are ubiquitous saprophytic gram-positive
bacteria in the ‘aerobic actinomycetes’ group (1), which
also includes Corynebacterium, Rhodococcus, Gordonia,
Tsukamurella, Actinomadura and Mycobacterium (2-4).
More than 30 of the 80 Nocardia species characterized
have been associated with disease (2,5,6). The most im-
portant causes of infection in transplant recipients are No-
cardia asteroides sensu stricto (1), N. farcinica, N. nova,
N. brasiliensis, N. otitidiscaviarum and the N. transvalensis
complex (4,6-9). Molecular methods have now identified
many new species which cause infection (2,6,10), includ-
ing N. veterana (11), N. abscessus (12), N. paucivorans (13),
and N. wallacei and N. blacklockiae of the N. transvalensis
complex (9). Nocardia cyriacigeorgica is becoming a com-
monly identified human pathogen (2,5,14-19). From 1995
10 2004, the most common Nocardia species of 765 United
States (US) isolates were N. nova (28%), N. brasiliensis
(14%), N. farcinica (14%) and N. cyriacigeorgica (13%) (19).

Nocardia infections appear to have increased in the last
two decades, likely due to better detection and identifica-
tion procedures as well as to an expanding immunocom-
promised population (2,20), since the majority of patients
with nocardiosis are immunosuppressed (2,14). The fre-
qguency of nocardial infections in solid organ transplant re-
cipients varies between 0.7% and 3.5%, and historically,
infections were mostly reported in heart, kidney and liver
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transplant recipients and less frequently in lung transplant
recipients (21-23). However, several recent reviews have
shown greater rates of nocardial infection among lung
transplant recipients. A review of 5126 organ transplant
recipients demonstrated a 3.5% rate of Nocardia infec-
tion among lung transplant recipients, with rates in heart,
intestine, kidney or liver recipients of 2.5%, 1.3%, 0.2%
and 0.1%, respectively (23). Two other large retrospective
studies showed rates of nocardial infection in lung trans-
plant recipients of 1.9% (24) and 1.78% (25), and in the
latter study this accounted for 37% of all the transplant-
associated Nocardia infections. Regarding species in solid
organ transplant recipients, Peleg et al. identified N. novain
49% of 35 patients, followed by N. farcinicain 28%, N. as-
teroidesin 23%, and N. brasiliensis in 3% (23). Among the
nocardial infections reported by Santos, nine (47%) were
due to N. asteroides, two each to N. brevicatena and N.
brasiliensis and one to N. otitidiscaviarum, but five cases
(26%) were not speciated (25). However, the prevalence
of nocardial infections in general, and specific Nocardia
species appears to vary by geography (19,26,27). In the
US it has been observed that nocardial infections are more
frequent in the dry, windy climates of the southwest, pos-
sibly because such conditions facilitate aerosolization and
dispersal of the organisms (27). Furthermore, there may
be species and strain differences in virulence due to cell
wall composition, inhibition of immune responses and a
variety of other virulence factors (1,2,28). N. farcinica, for
example, has been demonstrated to be more virulent than
other Nocardia species in a mouse model (29).

The protective immune response to Nocardiais primarily a
T-cell-mediated one (30). Therefore, the organism is most
commonly seen in solid organ transplant recipients, per
sons with human immunodeficiency virus (HIV) infection
(CD4 counts < 100 cells/mm?®), those with lymphoreticular
malignancy and individuals treated with chronic corticos-
teroid therapy, with more than 60% of reported cases
associated with one of these conditions (31). Although
nocardial infection in transplant recipients often develops
within the first year posttransplant, infection rarely occurs
within the first month (14,18,23,32). Nocardiosis has also
occurred late posttransplant in some series, with a median
time to infection from transplant of 34-38 months (25,33).
The diagnosis should be considered at any time posttrans-
plant if intensified immunosuppression (including antilym-
phocyte globulin or high-dose steroids) has recently been
used (23,34). Studies have demonstrated that up to 63% of
solid organ transplant recipients with nocardiosis develop
infection in the first year after transplant, and receipt of
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high-dose steroids, cytomegalovirus disease in the preced-
ing 6 months and intensified immunosuppression, includ-
ing a high median calcineurin inhibitor level in the preceding
30 days, were independently associated with subsequent
Nocardia infection (14,18,20,23,33).

Newer immunosuppressive therapies may also be risk
factors for nocardiosis. Despite the fact that animal
studies have demonstrated little contribution from B
lymphocytes in preventing Nocardia infection (35), ritux-
imab, a monoclonal antibody used to prevent and treat
antibody-mediated rejection, was recently described as a
potential risk factor for the development of cerebral nocar
diosis (36,37). In addition, profound hypogammaglobuline-
mia in combination with transplant immunosuppression
has been implicated as a factor in the development of no-
cardial infections (38). It is therefore possible that deficits
in B-cell function may affect cell-mediated immune re-
sponses against Nocardia. Tumor necrosis factor (TNF) has
also been shown to be important in clearing Nocardia in
animal models (39), and there have been recent reports of
Nocardiainfections complicating immunomodulatory treat-
ment of rheumatologic diseases with TNF blockers (40,41).
Finally, alemtuzumab, a humanized monoclonal antibody
against the CD52 antigen found on mononuclear cells, is
increasingly being used for the prevention or treatment of
organ rejection and it has been associated with a number
of opportunistic infections including nocardiosis (42,43).

Diagnosis

The main route of Nocardia infection is via the respiratory
tract, and subsequent spread to other tissues, particularly
the brain, may occur. Nocardial infection predominantly
causes pneumonia in transplant recipients (14,23,25,44)
and disease is typically subacute with symptoms often
present for weeks (6). Nocardiosis should be considered
a diagnostic possibility in any transplant recipient patient
with an indolent pulmonary process. The host response to
infection may range from a granulomatous to purulent reac-
tion (1,45). Radiological examination usually demonstrates
irregular nodular lesions (18,23,33) that may cavitate, and
may be accompanied by a ‘halo sign’ (46). However, the
infection may also appear as diffuse pneumonic infiltrates
or consolidative with pleural effusions (14,23,25,44,46,47).
Local spread to contiguous structures including the chest
wall has been observed (46), and hematogenous dissemi-
nation is not uncommon. In fact, because extrapulmonary
disease complicates up to 50% of cases of pulmonary
nocardiosis, the diagnosis of Nocardia pulmonary infec-
tion should prompt a search for disseminated disease,
and further investigation should include magnetic reso-
nance imaging (MRI) of the brain to exclude cerebral
abscess, as up to one-third of cases have central ner
vous system (CNS) involvement (1,6,33,44,48,49). Nocar-
diosis should always be considered a diagnostic possi-
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bility in patients with nodular lesions of the lungs and
brain.

Nocardia can also infect the skin and subcutaneous tis-
sues, either via direct inoculation or hematogenous spread.
Primary cutaneous infection has occurred in immunocom-
promised and immunocompetent persons after penetrat-
ing injuries, especially with outdoor activities (14,25,50).
Subcutaneous nodules and a sporotrichoid type of infec-
tion can develop, as well as mycetoma, pyomyositis and
bone abscess (1,33). While much less common, other typ-
ical locations for Nocardia dissemination include the eyes,
kidneys and bone or joints (1,33,561,52). Unusual manifes-
tations of systemic disease in transplant recipients include
epididymo-orchitis (53) and pericarditis (54). Despite its
propensity to disseminate hematogenously, Nocardia is
isolated from blood cultures only rarely (25), and this is of-
ten associated with central venous catheters, particularly
in cancer patients (55,56).

The definitive diagnosis of nocardial disease requires
demonstration of the organism on culture from a sus-
pected site, particularly given the broad differential diag-
nosis of pulmonary, brain and soft tissue infections in
transplant recipients. It is important to obtain lung or skin
biopsies, where possible, to confirm the diagnosis. Biopsy
of brain abscesses, while preferred, may not always be
feasible, but the finding of brain lesions in the setting of
confirmed pulmonary or soft tissue Nocardia infection is
a strong indication of CNS nocardiosis, as is radiographic
improvement of brain abscesses during treatment for no-
cardiosis.

Contamination of clinical specimens may occur, as can col-
onization of the respiratory tract, but the latter is typically
in patients with underlying lung disease who are not on
immunosuppressive therapy (1,2,6,14). Isolation of Nocar
dia from a transplant recipient should always be carefully
investigated (1,31). Nocardia is a branching bacterium (57)
and will usually stain with a modified acid-fast (Kinyoun)
stain (1). Organisms appear in tissue sections as gram-
positive branching and beaded rods surrounded by a pyo-
genic inflammatory reaction (2,57). Nocardia grow in non-
selective media and can form aerial hyphae, but the lab-
oratory should be informed of the possibility of Nocardia,
because growth can be obscured in a mixed specimen
such as sputum, and cultures may need to be incubated
for a longer time period (1). Growth is generally inhibited
at 50°C (9) and the vyield of a culture for Nocardia can be
increased by use of selective media such as Thayer—Martin
agar with antibiotics (58). Nocardia may take 2 days to sev-
eral weeks to grow in culture but growth is often seen in
3-5 days, and colonies appear chalky white if producing
aerial hyphae (1,3). Determination of the species of Nocar
dia can help guide therapy (see below), and accurate iden-
tification generally requires molecular methodology (10).
Only a few species, such as N. brasiliensis, N. farcinica
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and N. pseudobrasiliensis, can be reliably identified by bio-
chemical methods (6,59).

Treatment

The mainstay of treatment of nocardial infections in trans-
plant recipients is antibiotic therapy. Because there are
no controlled clinical trials comparing treatment regi-
mens for nocardiosis, initial selection of antibiotic therapy
should take into account the site and severity of disease,
the potential for drug interactions and the species of Nocar
dia (2). Antimicrobial susceptibility testing is strongly rec-
ommended [lll] (Table 1) (60,61). In 2003, the Clinical and
Laboratory Standards Institute (CLSI) published the first
approved methods for susceptibility testing of aerobic acti-
nomycetes (6,62), and this standard was updated in 2011
(60). The primary antimicrobials recommmended for sus-
ceptibility testing include amikacin, amoxicillin-clavulanate,
ceftriaxone, ciprofloxacin, clarithromycin, imipenem, line-
zolid, minocycline, sulfamethoxazole or trimethoprim-
sulfamethoxazole (TMP-SMX) and tobramycin. Secondary
agents include cefepime, cefotaxime, doxycycline, gen-
tamicin, gatifloxacin and moxifloxacin (6,60,62). However,
few laboratories routinely do this testing and data cor
relating susceptibility results with clinical outcomes are
sparse (2,6,14). Still, testing is recommended particularly
when there is disseminated infection, treatment failure
or relapse, or when newly identified or relatively resis-
tant species of Nocardia (e.g. N. farcinica, N. absces-
sus) are isolated [Ill] (2). The possibility of antimicro-
bial resistance among certain species of Nocardia, the
demonstration of synergy with certain combinations of
antibiotics in animal models (63), and the high mortal-
ity that may be associated with nocardiosis (14) have
all led to the recommendation that a combination of
agents be used as initial therapy in persons who are seri-
ously ill, those who have disseminated or CNS disease
and those who are immunocompromised [lIl] (Table 2)
(1,6,18,44,54,64,65).

High-dose sulfonamides such as sulfadiazine (1.5 g gid)
and sulfisoxazole (2 g qgid) were used successfully for
many years in the treatment of nocardial infections
[1I-3] (2,6,80), although these agents can be associated
with renal toxicity (1). Obtaining sulfonamide serum drug
levels can ensure adequate drug absorption and provide
dosing guidance when there is concern for drug toxic-
ity (1). Target serum levels should be 10-15 mg/dL (1).
Although antimicrobial regimens for nocardiosis have not
been compared by controlled clinical trials, TMP-SMX is
now generally the preferred agent in treating most no-
cardial infections (Table 2) [lI-2]. The synergy observed
in vitro between TMP and SMX against various Nocar
dia isolates may confer an advantage over older sulfon-
amide agents, and TMP-SMX has demonstrated clinical
efficacy and achieves high tissue concentrations in lung,
brain, skin and bone (15,80,81). Recommended initial treat-
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ment dosing with TMP-SMX is 15 mg/kg/day orally or
intravenously in two to four divided doses, particularly
if there is disseminated or CNS disease, although there
appears to be a range of effective doses, depending on
the site and severity of infection (2,80). The main side ef-
fects are nausea/vomiting, rash, including erythema mul-
tiforme, myelosuppression, hyperkalemia and crystalluria
(1). Organ transplant recipients may be at higher risk for
myelosuppression and nephrotoxicity as their immunosup-
pressive medications (e.g. mycophenolate mofetil, azathio-
prine and calcineurin inhibitors) often have overlapping side
effects.

Some species of Nocardia, such as N. farcinica, N. novaand
N. otitidiscaviarum, may have high-grade resistance to sul-
fonamides, so species identification and susceptibility test-
ing are especially recommended (2,6,14,16,19,61,82,83).
A 10-year retrospective evaluation of US Nocardia isolates
performed by the Centers for Disease Control and Preven-
tion noted a very high rate of TMP-SMX resistance (42%
overall) (19). However, clinical correlation of TMP-SMX sus-
ceptibility test results with outcomes were not provided,
and other recent studies have not corroborated extensive
resistance to TMP-SMXamong Nocardiaisolates (5,15,61).
There may be regional and strain differences to account for
the discrepant results (5), but another possibility is interlab-
oratory variability in susceptibility testing methodology and
interpretation of in vitro MICs (15,61). Proficiency testing
for labs performing Nocardia susceptibility testing is ad-
vocated, as is the use of control strains of Nocardia with
known susceptibility patterns (15,61).

Alternative treatment regimens have been less well stud-
ied but there is enough evidence to suggest there are
options for patients with allergy or intolerance to sulfon-
amides or for Nocardia species that are less susceptible to
sulfonamides. Amikacin is very active against all species
of Nocardia, although it may have variable activity against
N. transvalensis (2,19), and imipenem displays good ac-
tivity in vitro except against N. brasiliensis, N. abscessus
and N. otitidiscaviarum (6) (Table 1). Imipenem coadminis-
tered with amikacin alone or in a three-drug regimen with
TMP-SMX has been increasingly accepted as initial therapy
for cerebral disease and for very ill patients with nocardio-
sis [Ill] (1,6,44,45), particularly while susceptibility testing
is pending. The combination of imipenem and amikacin
has demonstrated additive or synergistic effects in vitro
(95,96) and has been effective in human cases (18,24,97).
Both imipenem and amikacin appear to display synergy
against Nocardia when combined with sulfa medications
as well (84). Tripodi et al. also showed that amikacin com-
bined with imipenem, moxifloxacin or TMP-SMX displayed
rapid in vitro bactericidal activity against multiple Nocardia
isolates (18). Imipenem and amikacin dosing must be ad-
justed for creatinine clearance. Also, caution is required in
using amikacin in transplant recipients taking cyclosporine
or tacrolimus as aminoglycoside nephrotoxicity may be
enhanced. In critically ill patients with significant renal
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Table 1: Antimicrobial susceptibility of Nocardia spp. (% isolates susceptible)

Antibiotic N. N. N. N. N. N. N.
asteroides complex  farcinica nova brasiliensis  transvalensis  otitidiscaviarum  cyriacigeorgica

TMP-SMX 79-100 20-100  47-100 80-100 44-88 68-100 78-100
Imipenem 70-100 65-100  95-100 0-52 48-90 0-32 77-100
Amikacin 85-100 100 83-100 99-100 20-82 94-100 99-100
Minocycline 43-100 9-66 16-100 31-90 16-54 38-100 14-40
Ceftriaxone 64-100 0-73 47-100 19-100 50-68 0-26 82-96
Ciprofloxacin 0-50 19-90 0-17 0-30 24-60 0-32 0-7
Amoxicillin/clavulanate 0-70 40-100 5-50 65-100 30-56 0-24 0-38
Linezolid 100 100 100 98-100 98-100 100 96-100
Moxifloxacin 50 26-88 2 X X X 4
Tigecycline* X 23 58 X X X X

*There are no established interpretive categories for susceptibility testing for tigecycline; these data come from reference (16) where a
minimum inhibitory concentration (MIC) < 1 mcg/mL was arbitrarily designated as susceptible.

X—not enough data for accurate results.

Composite data from the following references: (2,5,8,14,16,19,26,61,66-79).

Interpretation of data based on CLSI breakpoints for bacteria that grow aerobically (60,62,66).

Table 2: Suggested therapy for Nocardia infections in transplant patients

Disease Primary/empiric therapy$8 Alternative’$ Duration of therapy

Pulmonary—stable TMP-SMX** [1I-2] Imipenem™* + amikacin** [Ill] 6-12 months [Il]
or minocycline [I1] or
linezolid [II1]

Pulmonary—critical Imipenemi** + amikacin®* [ll] Linezolid [I] 6-12 months [Ill]

or TMP-SMX** [I1-2]
Imipenem** + amikacin®* [Il]
or TMP-SMX** [11-2]

Cerebral*

Disseminated*(>1 organ Imipenem** 4+ amikacin** [Il]

Linezolid [III] or ceftriaxone [ll1]
or cefotaxime** [lll] or
minocycline [ll1]

Ceftriaxone, cefotaxime™**,

Parenteral therapy 3-6 weeks
then change to oral therapy
for at least 9-12 months of
treatment [I11]

9-12 months [Il]

+/— cerebral disease) or TMP-SMX** [I1-2] linezolid or minocycline [ll1]

after initial therapy
*Based on animal studies and numerous case reports (1,2,21,49,52,64,66-75,78,80-82,84-94).
**Adjust therapeutic agents based on patient’s renal function.
8Antibiotic dosing: TMP-SMX 15mg/kg in 3-4 divided doses, either IV or PO, imipenem 500 mg IV g6 h, amikacin 10-15 mg/kg/day,
minocycline 200mg PO or IV g12 h, linezolid 600mg PO or IV 12 h, ceftriaxone 2 g iv g12 h, cefotaxime 2 g iv g8 h.
tMeropenem (1 g q8h) may be an alternative agent depending on species [lll].
1This table is only a guide and the choice of treatment depends on antimicrobial susceptibility, severity of condition, immunosuppression
of the patient and allergy history. Alternate agents such as amoxicillin-clavulanate, ceftriaxone, fluoroquinolones and macrolides may be
effective [lll] but there is insufficient information to support their use as initial therapy. These agents should be considered only if standard
therapy is ineffective.
Note: Sulfonamides may be substituted for TMP-SMX; however there are reports of more resistance to sulfonamides than to TMP-

SMX (19).

dysfunction where it may be desirable to avoid TMP-SMX
and aminoglycosides, treatment with linezolid is an option
until susceptibility test results are available (Tables 1, 2 and
discussion below) [Il1].

There are increasing reports of successful outcomes with
the use of meropenem in the treatment of Nocardia, gen-
erally in combination with other agents and especially for
treatment of brain abscesses (14,64,85,98-100). Suscep-
tibility studies suggest meropenem is less active against
the more common N. asteroides complex organisms than
imipenem; however it is more active against N. brasiliensis
and N. otitidiscaviarum (93). With its less frequent dosing,
good penetration of the blood brain barrier and reported
lower incidence of seizures (101), meropenem is an addi-
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tional option for therapy. However, until there are further
data, including studies associating outcomes with Nocar
dia susceptibility testing, its use should be on an individual
patient basis [IIl]. Of note, ertapenem has significantly less
activity in vitro against Nocardia species than imipenem
and meropenem (102).

Third-generation cephalosporins such as ceftriaxone and
cefotaxime are additional options for intracranial nocardial
infections [IIl]; these agents obtain excellent CNS penetra-
tion and there are case reports of successful therapy with
their use, typically in combination with other active agents
(65,103,104). However, some Nocardia species such as N.
farcinica, N. transvalensis and N. otitidiscaviarum are rela-
tively resistant to cephalosporins (5,6,19,54,74,105).
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Minocycline has been a popular alternative to TMP-SMX
in the treatment of Nocardia [lll] (54,86,106). Given 200
mg twice daily either orally or intravenously, it achieves
adequate intracerebral levels (106) but CNS dissemina-
tion has occurred in patients on lower dose minocy-
cline (107). Minocycline has activity against the majority
of Nocardia species, but many strains are resistant or
not fully susceptible (11,77,102), and therefore the use
of minocycline should be guided by susceptibility test-
ing. Toxicities include photosensitivity, headache, nausea,
disequilibrium, esophageal ulceration and skin discol-
oration with prolonged use. It cannot be given to pregnant
patients or children, due to bone and dental toxicity (86).

At present, the data supporting the use of ampicillin,
macrolides, or the fluoroquinolones for treatment of nocar
dial infection are not as robust as for the antimicrobials dis-
cussed above, and their in vitro activities appear more vari-
able (Table 1). Case reports of both treatment success and
failure with amoxicillin alone or in combination with clavu-
lanate regimens have been published (44,50,90,108,109).
The use of amoxicillin-clavulanate should be guided by in
vitro sensitivity testing given its variable activity against
Nocardia spp. (Table 1 and Ref.18). Tigecycline and fluo-
roquinolones have demonstrated in vitro activity against
many species of Nocardia (16,18,102,110). Gatifloxacin
and moxifloxacin appear to have better activity against
Nocardia spp. compared to ciprofloxacin (76), although
ciprofloxacin has been used successfully as combination
therapy (18,85). Moxifloxacin treatment has demonstrated
mixed results. It was successful in two cases of N. farcinica
CNS infection (111,112) and as continuation therapy af-
ter parenteral antibiotics in two heart transplant recipients
(18). However, there is a report of recurrent N. farcinica
CNS infection in a patient receiving moxifloxacin despite
in vitro susceptibility and high levels of the drug in the ab-
scess material (113). Moxifloxacin appears to be more ac-
tive in vitro against N. farcinica than against other common
Nocardia species (6,16,76) and has shown bactericidal ef-
fect against Nocardia isolates when combined with either
imipenem or TMP-SMX (18). Nemonoxacin, a novel oral
nonfluorinated antibiotic, appears to have the lowest MICs
for Nocardia compared to moxifloxacin, ciprofloxacin and
levofloxacin (5).

Linezolid is an oxazolidinone antibiotic which is gaining
more attention as a primary therapy for nocardial infec-
tions [Ill] (87). Antimicrobial sensitivity testing has shown
that it has excellent activity against all species of Nocardia,
including N. farcinica (16,18,19,26,61,78). A recent review
of the literature summarizing 16 patients with nocardiosis
treated with linezolid as monotherapy or in combination
with other agents reported a high success rate with 12/16
cures and 3 improvements (including cerebral and dissem-
inated disease), although anemia and myelosuppression
were common (114). In vitro studies have shown an antag-
onistic effect against Nocardia isolates for combinations of
linezolid with amikacin and imipenem but linezolid is bac-
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tericidal when used in combination with moxifloxacin (18).
Linezolid is given 600 mg twice a day either intravenously
or orally, with few significant drug interactions (115). Seri-
ous toxicities include thrombocytopenia, aplastic anemia,
peripheral neuropathy, lactic acidosis and serotonin syn-
drome in the setting of concomitant serotonin-reuptake
inhibitor use (78,87,115,116). Myelosuppression in partic-
ular, as well as the drug'’s expense may limit its widespread
use for nocardiosis (23,33,116,117).

Surgical drainage may be required in the treatment of no-
cardial infection, especially for cerebral nocardiosis not re-
sponding to antibiotic therapy, and for other large soft tis-
sue abscesses. Surgical therapy should be performed in
conjunction with antibiotic treatment (1,64,85,90). A re-
duction of immunosuppression may be a helpful adjunc-
tive measure (18,32), particularly in progressive or severe
disease, such as cerebral or disseminated infection (2) [II1].
However, several authors have deemed that this maneu-
ver is not mandatory, finding good treatment outcomes
despite continuing immunosuppressive agents without
dosage adjustments (44,118,119). Reduction of immuno-
suppression should be considered on a case-by-case basis.

The optimal duration of therapy for nocardiosis is unknown,
but recommendations are guided by the tendency of Nocar
diato recur and reports of relapse after varying durations of
therapy (2). In addition, the type and level of the patient’s
immunosuppression is an important consideration. Most
patients will show a clinical improvement within 1 week of
starting therapy (18). If the patient is very ill at presenta-
tion, parenteral therapy should be continued for 3-6 weeks
and clinical improvement should be seen before chang-
ing to an oral regimen [lll] (2,4). While extrapulmonary
localized abscesses have been cured with short courses
(~8 weeks) of parenteral antibiotics (2), and there is a re-
cent report showing successful treatment of pulmonary
nocardiosis with approximately 2—4 months of therapy in
a small series of heart transplant recipients using an ini-
tial 3-4 weeks of combination parenteral therapy (18), the
standard recommended treatment for nocardiosis is gen-
erally much longer. Cerebral nocardiosis should be treated
at least for 9—12 months [I11] (1,2,4,80) and exhibit improve-
ment of lesions radiographically prior to stopping therapy.
Pulmonary and soft tissue infections should be treated for
6-12 months depending on the response to therapy and
resolution of disease [lll] (1,2,48,80). Catheter-associated
bloodstream infection with Nocardia should be treated with
catheter removal and several months of antibiotics (55).
Intensification of immunosuppression for allograft rejec-
tion during nocardial therapy may warrant an extension of
the duration of antimicrobials. Following discontinuation
of therapy, patients should be monitored for relapse of dis-
ease. Patients with cerebral nocardiosis should undergo re-
peat computed tomography or magnetic resonance imag-
ing of the brain. Some centers continue prophylaxis for
Nocardia once therapy is complete, as described below
[11-3] (49).
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The response of nocardial infections to therapy is depen-
dent on the patient’s underlying disease and the extent and
site of infection. Skin and soft tissue infections are often
treated successfully, whereas cerebral infection has been
described to carry mortality rates of 30 to 55% (81,120).
Among 23 published reports, each of which had at least
5 cases of nocardiosis, the mean mortality rate was 26%
(14). Among organ transplant recipients there is a range of
survival rates reported; Santos et al. noted a 53% mortal-
ity rate (25), but several other series have reported cure
rates of almost 90% or more among organ transplant re-
cipients (14,18,23,44). Delay in diagnosis and early dis-
continuation of therapy have been associated with poor
outcomes (121).

There have been few reported cases of nocardial infec-
tion in pediatric transplant recipients, making it difficult
to draw conclusions regarding optimal therapy (122-124).
In fact, nocardiosis appears to be a rare infection in chil-
dren (122,123,125) and in one series of 43 patients with
Nocardia isolated from 1995 to 2006 at a large tertiary cen-
ter, none were children (14). There are only 51 children
with Nocardia asteroides reported in the literature from
1895 to 1981, with only two of these noted to be trans-
plant recipients (123). Antibiotics reported useful in these
pediatric cases are similar to those used in adults, includ-
ing linezolid, meropenem, amikacin, amoxicillin-clavulanate
and TMP-SMX, with therapy generally given for months to
more than 1 year. Due to the possibility of tooth discol-
oration and potential for adverse effects on skeletal de-
velopment, tetracyclines should not be used in children
younger than 8 years, and fluoroquinolones are also gen-
erally avoided in children due to potential musculoskeletal
toxicity.

Prevention/Prophylaxis

When used daily for the prevention of Pneumocystis
jiroveci pneumonia in the first 6 months posttransplan-
tation (see Pneumocystis prevention guidelines), TMP-
SMX reportedly reduces the rate of nocardial infec-
tion among solid organ transplant recipients [lll] (44,89),
similar to what has been observed among persons
with HIV infection (126). TMP-SMX prophylaxis is a
very cost-effective prophylactic agent, as its benefits ex-
tend to the prevention of Toxoplasmosis gondii, Liste-
ria monocytogenes and many common respiratory, uri-
nary and gastrointestinal pathogens (32,126). However,
there are increasing reports of breakthrough infections by
TMP-SMX-susceptible Nocardia isolates in patients taking
TMP-SMX prophylaxis (14,21,23-25,31,54,88,126-128),
creating some doubt about the utility of this agent for pre-
vention of nocardiosis (14). Minero and colleagues found
that 21.6% in their series were on TMP-SMX prophylaxis
at the diagnosis of nocardiosis, of which 62.5% were
still susceptible to the drug (14). Similarly, in their se-
ries of 19 Nocardia cases, Santos and colleagues noted
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that most had received TMP-SMX prophylaxis for Pneu-
mocystis jiroveci (25). In many of these reports, dosing of
TMP-SMX prophylaxis is not provided. Because the dosing
of TMP-SMX employed at some centers for prophylaxis
of Pneumocystis jiroveci in organ transplant recipients is
two to three times per week rather than daily, insufficient
blood levels due to intermittent dosing could explain break-
through infections, although nocardiosis has also been re-
ported despite daily TMP-SMX prophylaxis (54). Additional
factors may be sulfa resistance, posttransplant immuno-
suppression and possibly other comorbidities that affect a
patient’s immune response (23,24,127).

Given the observations regarding the imperfect efficacy of
lower dose TMP-SMX for primary prevention of nocardio-
sis, it is equally difficult to make definitive recommenda-
tions on the dose and duration for secondary prophylaxis.
Relapse after initial Nocardia infection has been reported in
the setting of solid organ transplantation, but typically af-
ter abbreviated therapy (2-2.5 months) (24,128). As noted
in the Treatment section above, some centers choose to
continue TMP-SMX for long-term prophylaxis against No-
cardia to prevent relapse [lI-3], although few published re-
ports provide dosing details. One double-strength TMP-
SMX tablet daily (24) and a double-strength table three
times weekly (129) have been used indefinitely (24,81,129)
(.

Transmission and Infection Control Issues

Inhalation of Nocardia from environmental sources is likely
to be the main route of transmission, although pene-
trating cutaneous injury is another potential route of in-
oculation (1,31,45,50). Animal-to-human transmission has
not been reported (2). While most patients develop spo-
radic infections, clusters of nosocomial infection have
occurred, including among transplant recipients, with pos-
sible sources being construction, contaminated air or
healthcare worker hands (130-132). However, these stud-
ies have often lacked strain testing with molecular methods
to confirm the relationship between infections (6). In some
cases however, investigators have demonstrated common
source environmental and person-to-person transmission
in health care facilities by using ribotyping and pulsed-field
gel electrophoresis methods (131,132). Although there are
no measures that effectively prevent inhalation, TMP-SMX
prophylaxis in high-risk populations, as noted above, may
reduce the incidence of the disease (31). However, the
efficacy of prophylaxis may depend on the dose of TMP-
SMX administered, antimicrobial resistance to TMP-SMX
and the immunologic status of the host.

Future Studies

In the future, rapid diagnostic testing may become widely
available to assist in identifying Nocardia to the species
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level using methods such as polymerase chain reaction
directly on clinical specimens (133). Gene probes, ribotyp-
ing and restriction endonuclease analysis could also be
used to provide rapid diagnosis and assist in early insti-
tution of therapy (75). Further studies will also allow for a
broader selection of antibiotics to be used in the treatment
of the condition, especially if the newer fluoroquinolones
and macrolides prove effective, as they will provide potent
oral alternatives to the regimens we presently use, with
less toxicity.
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Introduction and Epidemiology

Cytomegalovirus (CMV) is a ubiquitousherpes virus that
infects the majority of humans (1). The seroprevalence
rates of CMV ranges from 30-97% (2,3). Primary infection
manifests as an asymptomatic or self-limited febrile illness
in immunocompetent individuals, after which CMV estab-
lishes life-long latency in various cells (2,3), which serve
as reservoirs for reactivation and as carriers of infection to
susceptible individuals (4,5).

CMV is a major cause of morbidity and a preventable
cause of mortality in solid organ transplant (SOT) recipi-
ents (4). Without a prevention strategy, CMV disease typi-
cally occurs during the first 3 months after SOT; this onset
has been delayed in SOT patients receiving CMV prophy-
laxis (6-10). Various terminologies have been used to de-
scribe CMV infection and disease in SOT recipients (11,12).
To ensure uniformity of reporting in research publications,
the following definitions are recommmended:

® CMV infection: Presence of CMV replication regard-
less of symptoms (this should be distinguished from
latent CMV). CMV replication is detected (1) nucleic
acid testing (NAT; Ref.2), antigen testing and (3) cul-
ture. Depending on the method used, CMV infec-
tion can be termed as CMV DNAemia or RNAemia
(NAT), CMV antigenemia (viral antigen testing) and
CMV viremia (culture).

® CMV disease: CMV infection accompanied by clin-
ical signs and symptoms. CMV disease is catego-
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rized into (1) CMV syndrome, which manifests as fever
and/or malaise, leukopenia or thrombocytopenia, and
(2) tissue-invasive CMV disease (e.g. gastrointestinal
disease; pneumonitis; hepatitis; nephritis; myocarditis;
pancreatitis; retinitis, others). CMV infection without
any clinical manifestations should be labeled “asymp-
tomatic CMV infection.”

CMV has a predilection to invade the allograft, likely in part
due to aberrant immune response within the allograft (13).
It also has numerous indirect effects due to its ability to
modulate the immune system. CMV has been associated
with other infections such as bacteremia (14), invasive fun-
gal disease (15) and Epstein-Barr virus-associated post-
transplant lymphoproliferative disease (16). CMV infection
is an important contributor to acute and chronic allograft in-
jury (13), including chronic allograft nephropathy (or tubulo-
interstitial fibrosis in kidney recipients; Ref.17), bronchi-
olitis obliterans (lung recipients; Ref.18) and coronary
vasculopathy (heart recipients; Refs.19,20).

Risk Factors

CMV disease risk is highest when primary CMV in-
fection occurs in an SOT recipient with no preexisting
CMV-specific immunity (21), such as the CMV donor-
seropositive, recipient-seronegative (D+R-) patient (5).
Other risk factors are the overall state of immunosuppres-
sion as determined by the immunosuppressive protocol
(e.g. type of drug, dose, timing, duration), host factors (e.g.
age, comorbidity, leukopenia and lymphopenia, genetic fac-
tors) and others (e.g. cold ischemia time, critical illness,
stress; Ref.21). Use of lymphocyte-depleting agents such
as antilymphocyte antibodies is associated with CMV dis-
ease, particularly when these are used for rejection therapy
(22). The risk of CMV disease varies by the transplant type,
likely in part due to the amount of lymphoid tissue in trans-
planted organs and the intensity of immunosuppression.
Lung and small intestinal recipients are considered at high-
est risk among SOT recipients. Coinfections with human
herpes virus (HHV)-6 and HHV-7 have been suggested as
risk factors (23).

CMV D—/R- SQOT recipients have the lowest risk of CMV
disease, and they should receive CMV-negative blood or
leuko-depleted blood products. The use of mTOR inhibitors
(everolimus, sirolimus) is associated with a lower risk of
CMV disease (24).
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Recommendations for CMV risk assessment

® All donors and transplant candidates should be tested
for CMV serology prior to transplantation in order to
allow for risk stratification and guide prevention strate-

gies (lI-1).
® Serologic test that measures CMV-IgG is recom-
mended (I1-1).

o Unless clinically indicated (i.e. if primary infection is
suspected), CMV-IgM measurement is not recom-
mended due to potential for false-positivity (I1).

® |n patients with borderline or indeterminate CMV
serology results, the assignment of serostatus should

assume the most conservative approach (lll).

o If a donor CMV serology is borderline or indetermi-
nate, it should be considered as positive (lI1).

o If the recipient CMV is borderline or indeterminate,
the result should be considered in the context of
donor serology to assign the most conservative des-
ignation (Ill). If the donor CMV serology is positive,
the recipient will be considered seronegative (i.e.
CMV D+/R- mismatch) (lll). If the donor CMV serol-
ogy is negative, the recipient will be considered
seropositive.

® Transplant recipients who receive treatment with
lymphocyte-depleting drugs, especially if given for the
treatment of rejection, should be considered at high

risk for CMV disease (lI-1).

Laboratory Diagnosis

The laboratory methods to confirm CMV infection are (1)
histopathology, (2) culture, (3) serology, (4) antigenemia
and (5) molecular assays that detect and quantify CMV
nucleic acid (NAT).

Histopathology confirms the presence of tissue-invasive
CMV disease. However, this entails an invasive procedure
to obtain tissue for diagnosis. Its use has declined due to
the availability of non- or less-invasive tests to document
CMV infection in the blood (25). However, histopathol-
ogy is recommended in cases where another concomi-
tant pathology (e.g. graft rejection) or copathogens are
suspected, especially when patients do not respond to
anti-CMV treatment. Histopathology may be needed when
CMV disease is suspected but CMV testing in the blood is
negative, such as in some cases of gastrointestinal CMV
disease (25). However, repeated histopathology to docu-
ment clearance of CMV infection in the affected organ,
such as the gastrointestinal tract, is generally not clinically
necessary (25).

CMV serology to detect CMV-IgM and IgG antibodies has
a limited utility for diagnosis of CMV disease after trans-
plantation. Because of immunosuppression, SOT recipi-
ents may have delayed or impaired ability to mount an
antibody response to CMV infection (26).
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Viral culture is highly specific for the diagnosis of CMV in-
fection. However, its use is limited by its modest sensitiv-
ity and slow turn-around time (27). Tissue culture may take
weeks before the virus can be detected. Shell-vial centrifu-
gation assay has a relatively more rapid turn-around time,
but it remains less sensitive compared to molecular as-
says (27). Nonetheless, culture is still used in isolating CMV
in nonblood clinical specimens, partly because molecular
methods are not yet optimized for these clinical samples.
Viral culture of urine is of low clinical utility in the adult SOT
population (see below for its use in pediatric population;
Ref.27). Viral culture is needed when phenotypic antiviral
drug resistance testing is requested, although genotypic
assays are the method of choice for detecting drug resis-
tance (see below; Ref.28-32).

The antigenemia assay is a semiquantitative assay that
detects pp65 antigen in CMV-infected peripheral blood
leukocytes (27). Antigenemia has higher sensitivity than
culture, and is comparable to NAT by polymerase chain
reaction (PCR; Ref.27,33). Depending on the number of
CMV-infected cells, one can estimate the magnitude of
viral replication. The CMV antigenemia assay is useful
to guide preemptive therapy, for rapid and sensitive di-
agnosis of CMV disease, and to guide treatment re-
sponses (27). The main disadvantage is the need to pro-
cess the clinical sample within few hours, and since the
test relies on leukocytes, it has limited utility in leukopenic
patients (27).

Molecular tests that detect CMV DNA or RNA are the pre-
ferred methods for the diagnosis of CMV after SOT (27).
Generally, detection of CMV RNA is indicative of active
CMV replication. In contrast, detection of CMV DNA may
or may not reflect CMV replication since a highly sensi-
tive NAT may amplify latent viral DNA. Hence, quantitative
NAT (QNAT) assays have been developed to potentially dif-
ferentiate active viral replication (typically associated with
high viral load) from latent virus (low-level CMV DNAemia
if using highly sensitive tests; Ref.27).

Higher CMV load values are generally associated with
tissue-invasive disease, while lower values are seen with
asymptomatic CMV infection, and intermediate-range vi-
ral loads are seen with CMV syndrome; however, there is
wide overlap between these categories (34). Higher viral
loads are generally observed in CMV D+/R- compared to
CMV R+ SOT recipients. The rate of rise in viral load is
an equally important marker of CMV disease risk (34-36);
the faster the rise in CMV load, the higher is the risk of
CMV disease (35,36). There are occasional patients (most
often CMV R+ SOT recipients) with tissue-invasive dis-
ease (especially late-onset gastrointestinal CMV disease
and retinitis) with very low to undetectable viral load in
the blood (37); these cases may be due to CMV disease
compartmentalization, or the use of less sensitive QNAT
assays.
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Table 1: Characteristics of antiviral prophylaxis and preemptive therapy

Preemptive therapy

Prophylaxis
Efficacy Yes: large randomized trials
Ease Relatively easy to coordinate

Late-onset CMV disease
recipients

Cost Higher drug costs

Toxicity

Indirect effects (graft loss, mortality Positive impact based on meta-analyses and

and opportunistic infections) limited comparative trials
Drug resistance Yes

Occurs commonly in CMV D+/R- transplant

Greater drug toxicity (myelosuppression)

Yes: smaller trials; fewer D+/R—
More difficult to coordinate

Viral load thresholds not standardized
Occurs much less commonly

Higher laboratory costs

Potential for less drug toxicity with shorter
courses of antivirals

Very limited data that preemptive therapy
affects indirect effects

Yes

QNAT is useful for guiding preemptive therapy, for rapid
and sensitive diagnosis of CMV infection, and to guide
treatment responses (27). The major drawback to QNAT is
the lack of (until recently) an international reference stan-
dard (38,39). Accordingly, the viral load results of one assay
cannot be directly extrapolated as equal that of another
assay (38,40). An up to a 3-log variation among differ-
ent CMV QNAT has been demonstrated (39), due to dif-
ferences in assay platform, samples, calibrator standards,
gene target, extraction techniques, among others (38).

The lack of standardization in CMV QNAT testing limited
the generation and implementation of widely applicable vi-
ral thresholds for preemptive therapy, disease prognostica-
tion and therapeutic monitoring. Hence, it is recommended
that each transplant center should work with their clinical
laboratories to define the relevant viral load thresholds for
their clinical applications. In 2011, the WHO released the
first International Reference Standard for the quantifica-
tion of CMV nucleic acid, and laboratory and commercially
developed CMV QNAT assays should now be calibrated
to this standard. This may ensure uniformity in viral load
reporting, thereby facilitating to define viral thresholds for
various clinical applications (i.e. preemptive therapy, dis-
ease prognostication, therapeutic monitoring).

Recommendations for CMV diagnosis in SOT
recipients

® Viral culture of blood and urine has limited clinical util-
ity for prediction, diagnosis and management of CMV
disease in adult patients (lI-2).

® Serologic assays to detect CMV-IgM and IgG antibod-
ies should not be used for the diagnosis of CMV dis-
ease ().

o CMV QNAT or pp65 antigenemia should be used for
rapid diagnosis of CMV disease (I1-2).

e CMV QNAT or pp65 antigenemia should be performed
once weekly for monitoring the response of CMV dis-
ease to antiviral treatment (l1-2).

e CMV QNAT or pp65 antigenemia should be performed
once weekly to predict risk of CMV disease, if preemp-
tive therapy is used for CMV prevention (l1-2).

American Journal of Transplantation 2013; 13: 93-106
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e CMV QNAT assays should be calibrated based on the

WHQO International Reference Standard (ll1).

o Studies should report CMV load in IU/mL using
QNAT assays that have been calibrated to the WHO
International Reference Standard (lll).

® Patients suspected to have tissue-invasive CMV dis-
ease but with negative QNAT or pp65 antigenemia
should have tissue biopsy and histopathology to con-

firm the clinical suspicion of CMV disease (lll).

Prevention of CMV Disease

The approaches to CMV prevention inSQOT recipients vary
among different transplant populations and risk profile. The
two major strategies for CMV prevention are: (1) antiviral
prophylaxis and (2) preemptive therapy. A comprehensive
review of these strategies has recently been published (1).

Antiviral prophylaxis is the administration of antiviral drug to
all "at-risk” patients for a defined period after SOT. Preemp-
tive therapy is the administration of antiviral drug only to
asymptomatic patients with evidence of early CMV replica-
tion in order to prevent CMV disease. For preemptive ther
apy to be effective, SOT recipients are monitored at regular
intervals (usually once weekly) for evidence of early CMV
replication using a laboratory assay such as CMV QNAT or
pp65 antigenemia. Although most centers employ either
of these two maijor strategies for CMV prevention, others
use a hybrid approach wherein short-term antiviral prophy-
laxis is followed by preemptive therapy during the period
of CMV disease risk (41).

Antiviral prophylaxis and preemptive therapy have advan-
tages and disadvantages (Table 1; Ref.21). Preemptive
therapy may be associated with lower drug costs and
adverse toxicities, but this is offset by the cost of labo-
ratory testing and increased logistic coordination in order
to obtain, receive and act upon results in a timely fashion.
Preemptive strategy may therefore be a difficult approach
for patients who reside at considerable distance from
the transplant center. Due to a lack of QNAT standardiza-
tion (38,39), there is currently no widely acceptable viral
load threshold that can guide preemptive therapy. Antiviral
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prophylaxis has the advantage of preventing reactivation of
other herpes viruses, and has been associated with a lower
incidence of indirect CMV effects (42,43). Meta-analyses
have demonstrated that antiviral prophylaxis is associ-
ated with lower rates of allograft loss and opportunistic
infections, and improvement in allograft and patient sur
vival (8,42,43). However, antiviral prophylaxis is associated
with late-onset CMV disease, particularly among CMV
D-+/R- patients (6-9,44). CMV drug resistance has been
observed with both strategies (28-31,45,46).

There are only few randomized trials directly comparing
preemptive therapy versus antiviral prophylaxis (47-50).
These few studies, which were performed mainly in kidney
recipients, demonstrate that both are similarly effective for
CMV disease prevention. However, long-term graft survival
was significantly higher with antiviral prophylaxis (48,49).
The conduct of larger multicenter trials to assess the im-
pact of CMV prevention strategies on indirect outcomes is
warranted.

Antiviral prophylaxis

Antiviral drugs for CMV prophylaxis are valganciclovir and
oral or intravenous ganciclovir. For kidney recipients, vala-
cyclovir is an alternative. In selected patient populations
(heart and lung recipients), immunoglobulin preparations
are occasionally used as an adjunct in combination with
antiviral drugs. Acyclovir should NOT be used for anti-CMV
prophylaxis.

The efficacy of ganciclovir, valganciclovir and valacyclovir
prophylaxis has been demonstrated in randomized clinical
trials (6-9). Among them, valganciclovir is most commonly
used for prophylaxis (6,9,51). In a randomized controlled
trial of 372 CMV D+/R- kidney, liver, pancreas and heart
recipients, CMV disease rate was comparable between
patients who received 3 months of oral ganciclovir versus
valganciclovir prophylaxis (17.2% valganciclovir vs. 18.4%
ganciclovir at 12 months; Ref.6). The improved bioavail-
ability of valganciclovir and its lower pill burden makes
it the preferred drug for prophylaxis, even in liver recipi-
ents (52). Because of the concern for late-onset CMV dis-
ease with 3 months of antiviral prophylaxis in CMV D+/R-
patients (6), a trial was performed to compare 200 versus
100 days of valganciclovir prophylaxis (9). In this study of
318 CMV D+/R- kidney recipients, the incidence of CMV
disease was 16.1% versus 36.8% in the 200 days ver
sus 100 days groups, respectively (9). Similar studies to
assess the optimal duration in liver, heart and pancreas
transplant recipients have not been performed, although
many centers have already extrapolated these results in
the prevention of CMV disease in liver, heart and pancreas
recipients.

There are less data on CMV prevention in lung transplant

recipients. Previous studies demonstrated that the rates
of CMV viremia and disease are high with 3 months or
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short courses of antiviral prophylaxis (less than 6 months;
Ref.53). Another study reported that the rate of CMV dis-
ease was significantly lower with at least 6 months of
antiviral prophylaxis (54). In a recent multicenter trial, CMV
D+/R- and CMV D+/R+ lung recipients that received 12
months of valganciclovir prophylaxis had significantly lower
rates of CMV disease and CMV viremia (4% and 10%)
compared to patients who received 3 months of valganci-
clovir prophylaxis (34 % and 64 %; Refs.55,56). Others have
observed higher rates of CMV disease in CMV D+/R- lung
recipients despite 12 months of antiviral prophylaxis, and
have adapted an even longer course of antiviral prophy-
laxis (e.g. anticipated lifelong) in high-risk CMV D+/R-lung
recipients (57). However, this was associated with signif-
icant myelotoxicity that required temporary or permanent
discontinuation of valganciclovir prophylaxis (57). There is
currently no good evidence to guide the duration of antivi-
ral prophylaxis in intestinal and composite tissue allograft
transplantation.

The efficacy of prophylaxis with either CMV immunoglob-
ulin (CMV-Ig) or intravenous immune globulin (IVIlg) in SOT
recipients was suggested in a few trials (58,59). A pooled
analysis of previous studies suggest that the addition of
Ig preparations to antiviral prophylaxis may reduce severe
CMV disease and mortality (60), but this finding has been
debated (61). Hence, further research is needed to delin-
eate the benefits of Ig preparation as an adjunct to antiviral
prophylaxis.

Late onset CMV disease: The potential options for the
prevention and management of late-onset CMV disease
are:

(1) Careful clinical follow-up with early treatment of CMV
disease when symptoms occur. SOT recipients (es-
pecially CMV D+/R-) should be advised of the risk
of CMV disease upon discontinuation of antiviral pro-
phylaxis and that they should immediately seek med-
ical assistance when signs and symptoms of CMV
disease occur. Clinicians should have a low thresh-
old for considering CMV disease as a diagnosis in
SOT patients presenting with compatible signs and
symptoms.

(2) Virologic monitoring after completion of antiviral pro-
phylaxis. Patients who completed antiviral prophylaxis
should be monitored using pp65 antigenemia or QNAT
periodically for a period of time. However, the optimal
duration and frequency of CMV monitoring are not de-
fined. In a few studies, this approach has poor sensitiv-
ity and specificity for predicting CMV disease in CMV
D+/R- SQOT recipients (62,63).

(3) Prolong antiviral prophylaxis. As discussed earlier, ex-
tending the duration of antiviral prophylaxis from 3
months to 6 months in CMV D+/R- kidney recipi-
ents (9) or 12 months (56) in lung recipients has re-
sulted in further reduction in the incidence of CMV
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Table 2: Antiviral drugs for CMV prevention and treatment in solid organ transplant recipients

Drug Treatment!

Prophylaxis

Comments on use and toxicity

Valganciclovir 900-mg? p.o. twice daily

Oral Ganciclovir NOT recommended

IV Ganciclovir 5-mg/kg IV every 12 h 5 mg/kg IV once daily
Valacyclovir NOT recommended 2 g p.o. four times daily
Foscarnet 60 mg/kg IV every 8 h (or NOT recommended

90 mg/kg every 12 h)
Cidofovir 5 mg/kg once weekly x 2 NOT recommended

then every 2 weeks
thereafter

900 mg? p.o. once daily

1 g p.o. three times daily

Ease of administration

Leukopenia is major toxicity

Low oral bioavailability

High pill burden

Leukopenia and risk of resistance development

NOT recommended for preemptive therapy

Intravenous access and complications

Leukopenia is major toxicity

Use in kidney transplant recipients only

NOT recommended for heart, liver, pancreas, lung,
intestinal and composite tissue transplant recipients

High pill burden

High risk for neurologic adverse effects

NOT recommended for preemptive therapy

Second-line agent for treatment

Highly nephrotoxic

Used for UL97-mutant ganciclovir-resistant CMV
disease

NOT recommended for preemptive therapy

Third-line agent
Highly nephrotoxic

Used for UL97-mutant ganciclovir-resistant CMV
disease
NOT recommended for preemptive therapy

CMV-immune globulin has been used by some centers as an adjunct to antiviral prophylaxis, especially in heart and lung transplant

recipients. The efficacy of this approach is debatable.

The doses of the antiviral drugs are for adults and should be adjusted based on renal function.
TThese treatment doses are also recommended for preemptive therapy of asymptomatic CMV replication. Foscarnet, valacyclovir, oral

ganciclovir and cidofovir are not recommended for preemptive therapy.
2Pediatric valganciclovir dose is mg = 7 x BSA x Creatinine clearance.

infection and disease (9,56). Data to support extend-
ing the antiviral prophylaxis beyond 3 months in CMV
D+/R- liver, heart, and pancreas recipients do not yet
exist, but many centers have extrapolated and adapted
the clinical practice of prolonging antiviral prophylaxis
in these patient groups.

Specific recommendations for antiviral prophylaxis:

® Antiviral prophylaxis can be administered to any at-
risk SOT recipient to prevent CMV disease after trans-
plantation. The antiviral drugs that can be used for
prophylaxis are listed in Table 2. Specific recom-
mendations for various organ recipients are listed in
Table 3.

® \Valganciclovir is the preferred drug for prophylaxis in
adults (level of evidence varies from I-lll depending on
transplant type). The US FDA has cautioned against
valganciclovir prophylaxis in liver recipients due to high
rate of tissue-invasive disease compared to oral ganci-
clovir. However, many experts still recommend its use
as prophylaxis in liver recipients (52). Alternative op-
tions are intravenous ganciclovir, oral ganciclovir, and
for kidney recipients only, valacyclovir. Unselected VIg
and CMV Ig may also be used, but only as an adjunct to
antiviral therapy in lung (lI-2), heart (I1-2) and intestinal
(I11) transplant recipients.

American Journal of Transplantation 2013; 13: 93-106
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® |n general, antiviral prophylaxis should be started as
early as possible, and within the first 10 days after
transplantation (1).

® The duration of prophylaxis vary depending on the
CMV donor and recipient serologies and the transplant
types.

® CMV-specific antiviral prophylaxis is not recom-
mended for CMV D—/R- SOT recipients as long as they
receive CMV-negative blood or leuko-depleted blood
products ().

Preemptive therapy

With preemptive therapy, SOT patients are monitored
weekly for evidence of early CMV replication, which is
then treated with valganciclovir or intravenous ganciclovir
to prevent its progression to symptomatic disease (64).
Preemptive therapy has the potential advantage of target-
ing antiviral therapy only to the highest risk patients and
thereby decreasing drug costs and toxicity. An algorithm
for preemptive therapy is depicted in Figure 1.

There is concern regarding the use of preemptive therapy
in highest risk CMV D+/R-and lung recipients, due to the
potential failure of once weekly surveillance in the face of
rapid viral replication (35). Nonetheless, preemptive ther
apy has been shown to be effective for preventing CMV
disease (50).
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Table 3: Recommendations for CMV prevention in SOT recipients

Organ Risk category

Recommendation/options (see Table 2 for dose and text for
special pediatric issues)

Evidence

Kidney D+/R-

R+

Pancreas and D+/R-
kidney/pancreas

R+

Liver D+/R-

R+

Antiviral prophylaxis is preferred

Drugs: valganciclovir, oral ganciclovir, intravenous
ganciclovir or valacyclovir

Duration: 6 months

Preemptive therapy is an option (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg "p.o. BID,
or (2) IV ganciclovir 5-mg/kg IV every 12 h until negative
test

Antiviral prophylaxis

Drugs: Valganciclovir, oral ganciclovir, intravenous
ganciclovir or valacyclovir

Duration: 3 months

Preemptive therapy (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg' p.o. BID, or
(2) IV ganciclovir 5-mg/kg IV every 12 h until negative
test

Antiviral prophylaxis is preferred

Drugs: valganciclovir, oral ganciclovir or intravenous
ganciclovir

Duration: 3-6 months

Preemptive therapy is an option (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg "p.o. BID, or
(2) IV ganciclovir 5-mg/kg IV every 12 h until negative test

Antiviral prophylaxis

Drugs: Valganciclovir, oral ganciclovir or intravenous
ganciclovir

Duration: 3 months

Preemptive therapy (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg’p.o. BID, or
(2) IV ganciclovir 5-mg/kg IV every 12 h until negative test

Antiviral prophylaxis is preferred:

Drugs: valganciclovir (note FDA caution?), oral ganciclovir or
intravenous ganciclovir

Duration: 3-6 months

Preemptive therapy is an option (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg 'p.o. BID, or
(2) IV ganciclovir 5-mg/kg IV every 12 h until negative test

Antiviral prophylaxis

Drugs: Valganciclovir (note FDA caution?), oral ganciclovir or
intravenous ganciclovir

Duration: 3 months

Preemptive therapy (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is
reached, treat with (1) valganciclovir 900-mg' p.o. BID, or
(2) IV ganciclovir 5-mg/kg IV every 12 h until negative test

| (8-month prophylaxis)

Il (6-month
prophylaxis)

[I-2

| (3-month prophylaxis)
Il (6-month
prophylaxis)
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Table 3: Continued

Recommendation/options (see Table 2 for dose and text for

Organ Risk category special pediatric issues) Evidence
Heart D+/R- Antiviral prophylaxis is preferred. | (3-month prophylaxis)
Drugs: valganciclovir, oral ganciclovir or intravenous ganciclovir. [l (B-month
Some centers add adjunctive CMV immune globulin. prophylaxis)
Duration: 3-6 months [I-2 (immune
Preemptive therapy is an option (see Figure 1). globulin)

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is reached, treat
with (1) valganciclovir 900-mg" p.o. BID, or (2) IV ganciclovir
5-mg/kg IV every 12 h until negative test

R+ Antiviral prophylaxis [I-2

Drugs: Valganciclovir, oral ganciclovir or intravenous ganciclovir.
Some centers add adjunctive CMV immune globulin.

Duration: 3 months

Preemptive therapy (see Figure 1).

Weekly CMV PCR or pp65 antigenemia for 12 weeks after
transplantation, and if a positive CMV threshold is reached, treat
with (1) valganciclovir 900-mg'p.o. BID, or (2) IV ganciclovir
5-mg/kg IV every 12 h until negative test

Lung, heart-lung D+/R- Antiviral prophylaxis [ (12-month
Drugs: valganciclovir or intravenous ganciclovir prophylaxis)
Duration: 12 months. [1-2 (=12
Some centers prolong prophylaxis beyond 12 months. months)

Some centers add CMV immune globulin. 11-2 (immune globulin)
R+ Antiviral prophylaxis [I-2

Drugs: valganciclovir or intravenous ganciclovir

Duration: 6-12 months

Intestinal D+/R-, R+ Antiviral prophylaxis I
Drugs: Valganciclovir or intravenous ganciclovir
Duration: 3-6 months.

Composite tissue D+/R-, R+ Antiviral prophylaxis 11

allograft Drugs: valganciclovir or intravenous ganciclovir

Duration: 3-6 months.

The above recommendations do not represent an exclusive course of action. Several factors may influence the precise nature and duration
of prophylaxis or preemptive therapy.

Antiviral prophylaxis should be started as soon as possible, and within 10 days after transplantation. Preemptive therapy is NOT recom-
mended for lung, heart-lung, intestinal and composite tissue allograft transplantation.

TPediatric valganciclovir Dose is mg = 7 x BSA x Creatinine clearance.

2The US FDA has cautioned against valganciclovir prophylaxis in liver recipients due to high rate of tissue-invasive disease compared
to oral ganciclovir. However, many experts still recommend its use as prophylaxis in liver recipients. CMV D—/R— SOT recipients do not
require anti-CMV prophylaxis. Instead, CMV D—/R- should receive anti-HSV prophylaxis during the early period after transplantation (see
chapter on HSV). If blood transfusion is required, CMV D—/R— SOT patients should receive CMV-seronegative or leuko-reduced blood

products.

There is debate as to the optimal method for monitoring
(pp65 antigenemia or QNAT), the viral load threshold to
guide antiviral therapy, the duration of antiviral therapy,
and the duration of laboratory monitoring (27). Either pp65
antigenemia or QNAT may be used for monitoring CMV
replication (27). However, due to the current lack of
standardized assays and reporting (as discussed earlier),
site-specific and assay-specific viral load threshold values
for initiation of preemptive therapy should be locally vali-
dated prior to institution of a preemptive protocol (34). The
availability of a WHO CMV International Reference Stan-
dard, to which CMV QNAT assays should be calibrated
to, should facilitate defining such clinically relevant thresh-
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olds. It is likely that such viral load thresholds may be
specific for various risk groups, patient populations and
immunosuppression-dependent. Clinical research to de-
fine these viral thresholds for initiation of preemptive ther
apy is encouraged.

Once pp65 and QNAT is positive above a defined thresh-
old, treatment with oral valganciclovir (900-mg twice daily)
or intravenous ganciclovir (5-mg/kg twice daily) should be
initiated. In a clinical trial, viral decay kinetics was simi-
lar between valganciclovir and intravenous ganciclovir for
preemptive treatment of asymptomatic CMV reactivation
(65,66). Since preemptive therapy should treat low-level

929

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

Razonable et al.

Validate appropriate threshold for
site-specific assay (NAT or Ag)

l_l

[ Select appropriate population to employ J

preemptive therapy

—

[Fest patients weekly at weeks 1-12 post-transplanj

[ Assay positive at threshold

No positive assay or threshold not reached.
Stop testing at week 12

[ Start valganciclovir or IV ganciclovir at treatment dose ]

[ Treat until “negative” threshold achieved }

[ Resume weekly monitoring until week 12 ]

asymptomatic viremia, experts recommend oral valganci-
clovir as preferable compared to intravenous ganciclovir for
logistic issues.

Preemptive therapy recommendations:
® Preemptive therapy is effective for CMV prevention in

patients at risk for CMV disease (l).

o There is ongoing debate on whether preemptive
therapy can be highly effective in high-risk popu-
lations. Many authorities prefer antiviral prophylaxis
for D+/R- and lung transplant recipients while rec-
ognizing the clinical utility of preemptive therapy in
CMV R+ kidney, liver, pancreas and heart recipients
(Table3).

® The laboratory test for CMV monitoring is CMV QNAT

or a pp65 antigenemia assay (11-2).

o The recommended monitoring frequency is once
weekly for 12 weeks after transplantation (I1-2).

o The viral load threshold for initiation of preemptive
therapy remains center specific in the absence of
standardized QNAT reporting system (I1-2).

o Future studies should define the clinically-relevant
viral load threshold in IU/mL for the initiation of pre-
emptive therapy (II1).

® The recommended antiviral drugs for preemptive ther
apy are valganciclovir (900 mg twice daily) or intra-

venous ganciclovir (5 mg/kg every 12 h) (1).

o Antiviral therapy should be continued until CMV
DNAemia or antigenemia is no longer detectable (lI-
2). Many authorities recommend treating until two
consecutive negative weekly pp65 antigenemia or
QNAT testing has been attained (ll).

o Laboratory monitoring for CMV by QNAT or pp65
antigenemia is recommended once weekly during
antiviral therapy (I1-2).

® Further studies are required to determine the efficacy
of preemptive therapy versus prophylaxis in reducing

the indirect sequelae of CMV (lll).
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Figure 1: Suggested algorithm for
preemptive therapy. CMV monitoring
may be extended beyond 12 weeks in
patients who remain severely immuno-
compromised, as assessed by the
clinician.

CMV prevention during ALA therapy and/or
treatment of rejection

The use of lymphocyte-depleting therapy is a major risk
factor for CMV disease especially when used for rejection
treatment (22,67,68). The administration of intravenous
ganciclovir was associated with lower incidence of CMV
disease in kidney recipients receiving anti-lymphocyte
antibodies (67,68).

Recommendations for CMV prevention with use of
lymphocyte-depleting agents:

® Antiviral prophylaxis should be given to patients re-
ceiving antilymphocyte antibody therapy either as in-
duction or for the treatment of rejection (I).

o The optimal duration of antiviral prophylaxis is not
known, but has been given for 1-3 months (I1-2).

o Options include valganciclovir (900-mg once daily)
(1), oral ganciclovir (1-g p.o. thrice daily) (lll) or in-
travenous ganciclovir (5-mg/kg every 24 h) (I).

e Alternative approach to CMV prevention in patients re-
ceiving antilymphocyte antibody therapy is a preemp-
tive therapy protocol (Ill). See Figure 1.

® [or patients treated for acute rejection with high-dose
steroids, resumption of antiviral prophylaxis or a pre-
emptive strategy may be considered (lll).

Treatment of CMV Disease

The antiviral drugs for treating CMV disease are intra-
venous ganciclovir and valganciclovir (Table 2; Ref.66). Oral
ganciclovir should NOT be used for treatment of CMV dis-
ease because its poor oral bioavailability will lead to insuffi-
cient systemic levels. Cautious reduction in the degree of
immunosuppression should be considered in SOT patients
presenting with CMV disease, especially if the disease is
moderate to severe.
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The efficacy of intravenous ganciclovir for the treatment
of CMV disease has been demonstrated in numerous tri-
als. The duration of therapy varied from 2 to 4 weeks,
although recent data suggest that this should be based
on clinical and virologic response (66,69,70). Valganciclovir
achieves blood levels that are comparable to intravenous
ganciclovir treatment, and has been used for the treatment
of mild to moderate CMV disease. In a randomized con-
trolled trial that compared 3 weeks of oral valganciclovir
to intravenous ganciclovir for the treatment of CMV dis-
ease in 321 SQOT recipients with mild to moderate CMV
disease, both drugs had similar efficacy for the eradication
of viremia at 21 days (66). In this study, there were many
patients who remained viremic at day 21, suggesting that
longer courses of antiviral therapy are needed in many
patients (66).

The duration of antiviral therapy should be individualized
based on resolution of clinical symptoms and virologic
clearance (66,69-71). Generally, SOT recipients with CMV
disease should be monitored once weekly using pp65 anti-
genemia or QNAT to assess virologic response. The risk of
CMV relapse is lower among patients with undetectable
CMV load at the end of antiviral therapy (69-71). There-
fore, patients with CMV disease should remain on full
therapeutic dose of antiviral therapy until CMV DNAemia
or antigenemia has declined to undetectable levels or
negative threshold value for a given test. The duration
of treatment is therefore dependent on the sensitivity
of the assay being used. An ultrasensitive assay may
lead to a more prolonged treatment compared to less-
sensitive assays (38,40,72,73). Standardization of CMV
QNAT assays should facilitate the derivation of a clini-
cally relevant viral threshold that is safe for discontinua-
tion of antiviral therapy. Further research in this area is
encouraged.

Summary recommendations for treatment of CMV
disease

e CMV disease should be treated with intravenous gan-
ciclovir (5 mg/kg every 12 h) () or oral valganciclovir
(900 mg twice daily) (1).

o Intravenous ganciclovir is the recommended initial
treatment for severe or life-threatening CMV dis-
ease, those with high viral load, and those with
questionable gastrointestinal absorption ().

o Oral valganciclovir is an effective initial therapy for
mild to moderate CMV disease (I).

® Treatment of CMV disease should be continued until
the following criteria are met (I):

o Resolution of clinical symptoms, and

o Virologic clearance below a threshold negative value
(test specific; see text) based on laboratory moni-
toring with CMV QNAT or pp65 antigenemia once a
week and

o Minimum 2 weeks of antiviral treatment.
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® Transplantrecipients with CMV disease treated initially
with intravenous ganciclovir may be switched to oral
valganciclovir once there is adequate clinical and viro-
logic control (I11).

® Acyclovir and oral ganciclovir should NOT be used for
treating CMV disease (II-2). Oral ganciclovir treatment
of active CMV replication may lead to emergence of
ganciclovir resistance (I1-2).

® |t is unclear whether addition of IVIg or CMV Ig to
existing antiviral treatment regimens has a benefit but
may be considered for patients with life-threatening
disease, CMV pneumonitis and possibly other severe
forms of disease (lI-2).

e After completion of full-dose antiviral treatment, a 1-3
month course of secondary prophylaxis may be con-
sidered depending on the clinical situation (II-3). Al-
ternatively, patients should have close clinical and/or
virologic follow-up after discontinuation of treatment
to assess the risk of relapse (l1-2).

® Cautious reduction in immunosuppression should be
considered in SOT patients presenting with CMV dis-
ease, especially if the disease is moderate to severe
(11-2).

Ganciclovir Resistant CMV

Ganciclovir is not active per se against CMV unless it
has been activated through a process of phosphorylation.
The initial phosphorylation of ganciclovir is carried out
by a kinase encoded by CMV gene UL97. Subsequent
phosphorylation by cellular enzymes leads to the active
ganciclovir-triphosphate, which competitively inhibits CMV
DNA polymerase encoded by the viral gene UL54. There-
fore, mutations in UL97 and less commonly in UL54 can
confer ganciclovir resistance (32). The degree of resistance
to ganciclovir by CMV UL97 mutants depends on the site of
mutation, which could confer either a low-level or high-level
resistance (32). Combined mutations (UL97 and UL54) of-
ten have high-level resistance to ganciclovir. Isolated UL54
mutation (in the absence of UL97 mutation) is rare (32).

Therapeutic options for ganciclovir-resistant CMV are
limited. Because of limited antiviral drugs for treatment,
it is highly recommended that the degree of immunosup-
pression be cautiously reduced. Foscarnet is often the first
line for the treatment of UL97-mutant ganciclovir-resistant
CMV (32). There are only a few studies of foscarnet use
in SOT recipients; however, the majority of transplant
recipients treated with foscarnet, either alone or in
combination with ganciclovir, did improve (29,74-76). The
major problem with foscarnet in transplant patients is
significant nephrotoxicity (29,74-76). Cidofovir is another
alternative for the treatment, although controlled studies
in SOT recipients are not available. Cidofovir is highly
nephrotoxic (29,74-76). Generally, ganciclovir-resistant
CMV isolates with UL97 mutations remains susceptible
to foscarnet and cidofovir. Since ganciclovir, foscarnet and
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2 weeks of adequate dose of
Ganciclovir with increasing or
unchanged viral load

Reduce immunosuppression. Send for
genotypic resistance testing

{ Severe CMV disease } { Non-severe CMV disease }

Switch to or add Foscarnet at full dose Increase Ganciclovir dose up to 10
mg/kg BID or
Foscarnet at full dose

Alter therapy based on genotypic
resistance testing and clinical
response. Adjunctive unproven
therapy may be required.

Figure 2: Algorithm for treatment of ganciclovir resistance.

cidofovir act by competitively inhibiting UL54-encoded
CMV DNA polymerase, mutations in the UL54 may result
in resistance to any or all of these drugs depending on the
site of the mutation. Treatment should therefore be guided
by genotypic assays (32). Because of the complexity in the
management of drug-resistant CMV disease, referral to
clinical experts in the field for guidance may be warranted.

The incidence of ganciclovir-resistant CMV remains low
(32). It was 1.9% in SOT patients who received 3 months
of oral ganciclovir prophylaxis and 0% in patients who
received 3 months of valganciclovir prophylaxis (77). The
incidence of ganciclovir resistance may theoretically in-
crease with prolonged antiviral administration, however,
this was not significantly different between CMV D+/R-
kidney recipients who received 3 months compared to
6 months of valganciclovir prophylaxis (28). Certain SOT
subpopulations, such as lung transplant recipients, have
higher rates of resistance (31,78). Risk factors for resis-
tance include prolonged low-dose oral prophylaxis, D+/R-
serostatus, increased intensity of immunosuppression and
lung transplantation (79). Resistance has also been demon-
strated in patients receiving preemptive therapy, where it
was reported in 2.2% of patients (46). Resistance should
be suspected if (1) the patient has received prolonged an-
tiviral therapy, either as antiviral prophylaxis or preemptive
therapy, (2) the viral load fails to decline or it increases
despite 2 weeks of adequate dose antiviral therapy and
(3) patients have other risk factors for resistance. Genetic
resistance testing should be very helpful in managing re-
sistant CMV. An algorithm for treatment of ganciclovir re-
sistant CMV disease is presented in Figure 2.

Several investigational and off-label drugs have been
used for the treating resistant CMV disease. Letermovir
(AIC246), which inhibits CMV replication through a specific
mechanism that targets viral terminase (80-82), has been
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used in a lung transplant recipient with CMV disease that
was resistant to treatment with ganciclovir, foscarnet and
cidofovir (82). An oral formulation of cidofovir, CMX001, is
being investigated for the treatment of ganciclovir-resistant
CMV disease (83). Another drug in clinical development is
cyclopropravir, which is a DNA polymerase inhibitor with
anti-CMV activity (84). Leflunomide and artesunate have
been used off-label for treatment of a few cases of drug-
resistant CMV disease (85,86). The clinical development of
maribavir is uncertain due to disappointing results of clin-
ical trials conducted in bone marrow transplant and liver
transplant populations, although it has been used for the
treatment of few cases of drug-resistant CMV disease (87).
Finally, sirolimus and other mTOR inhibitors have been as-
sociated with a lower risk of CMV disease and may be a
useful adjunct in the immunosuppressive management of
SOT recipients with drug resistant CMV disease.

Recommendations for ganciclovir resistant CMV
® Patients who develop CMV disease after prolonged
courses of ganciclovir or valganciclovir administration,
either as prophylaxis or preemptive therapy, and those
failing to respond to standard ganciclovir treatment
should be suspected of having ganciclovir resistant
virus. Genotypic testing for resistance should be per
formed, and this is preferred over phenotypic resis-
tance testing (lI-2).
® |mmunosuppression should be cautiously reduced in

patients with drug-resistant CMV disease (lI).

o Switch to sirolimus-containing regimen may be an
option due to the reportedly lower risk of CMV dis-
ease in patients receiving mTOR inhibitors (ll1).

® QOptions for the empiric treatment of drug-resistant

CMV disease include increasing the dose of intra-

venous ganciclovir (up to 10-mg/kg two times a day)

or full-dose foscarnet (see Figure 2) (lI-2). Definitive
treatment should be guided by the results of geno-

typic testing (II-2).

o Other therapeutic options are cidofovir or its new
oral formulation that may be available for compas-
sionate release (CMX001), compassionate release
letermovir (AIC246), compassionate release marib-
avir, off-label leflunomide and off-label artesunate
().

® CMV Ig may be used as adjunct to antiviral drugs (lll).

Pediatric Issues

There are only limited data to support definitive recom-
mendations for pediatric transplant populations with re-
gards to CMV prevention and treatment. In addition, other
issues such as prevention of EBV-related PTLD may be
of primary importance, and may affect the choice of CMV
strategies. Overall, proportionately more pediatric patients
are at risk of primary and potentially severe CMV dis-
ease by virtue of being CMV-seronegative prior to trans-
plantation. Although many donors for pediatric patients
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will also be seronegative, the use of living-related or split
deceased-donor organs (as in liver transplantation) may re-
sult in a marked higher frequency of D+/R- recipients.
The following are recommendations specific to pediatric
patients:

Pretransplant screening (pediatrics)

® Pediatric SOT recipients <18 months of age may have
passively acquired maternal antibody, and hence CMV
serology may not be reliable. In these patients, CMV
culture of urine specimen should be performed (lll). If
urine CMV culture positive, the recipient is considered
infected. If negative, assign the recipient serostatus
based on the highest risk level for the purposes of
CMV prevention (Ill). The role of urine CMV QNAT,
instead of urine culture, in CMV risk assessment has
not been fully investigated. For donors <18 months
age, if the CMV serology is positive, the donor should
be assumed as truly seropositive (l1-2).

Prevention and treatment (pediatrics)

The principles and recommendations for the use of antivi-
ral prophylaxis and preemptive therapy in adult recipients
are generally applicable to pediatric recipients, with the
following qualifying statements.

® Data are limited data regarding the efficacy of preemp-
tive therapy in pediatric patients.

® Data are still limited on the appropriate dose and
efficacy of oral ganciclovir and valganciclovir in chil-
dren. Hence, treatment and prevention strategies con-
tinue to be primarily intravenous ganciclovir especially
in younger children (II-1). However, oral valganciclovir
may be used for prophylaxis and treatment in stable
pediatric patients following an initial course of intra-
venous ganciclovir (I11).

® The duration of intravenous ganciclovir treatment is
influenced by the risk of catheter-associated blood-
stream infections in some settings. The duration of
antiviral prophylaxis is also influenced by other fac-
tors that vary across centers. These factors include
the types of organ transplanted, the institution’s ex-
perience with CMV disease in their patient popula-
tion, immunosuppressive practices and the institu-
tion's consensus-driven EBV prophylaxis regimen (88)
(1.

® There is no single standard of care as this relates to
the optimal duration of prophylaxis. The duration of
intravenous ganciclovir prophylaxis in major centers
varies from a minimum of 14 days to 3 months (lI-2).

® Treatment of CMV disease is with intravenous ganci-
clovir due to a lack of efficacy data of oral therapy in
the pediatric population.

e CMV lgis considered by some experts in combination
with intravenous ganciclovir for the treatment of CMV
disease in young infants and for treatment of more
severe forms of CMV disease (IIl).
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® |ntravenous ganciclovir treatment of CMV disease in
pediatric SOT recipients may be transitioned to oral
valganciclovir in clinically stable patients with well-
controlled viremia and clinical symptoms (ll1).

Future Research Directions

There are a number of areas that are being actively ex
plored in basic, translational and clinical research fields re-
lated to CMV disease diagnosis, prevention and treatment.
An urgent need that can now be realized is the derivation of
clinically relevant viral load threshold that should guide risk
stratification, preemptive therapy and therapeutic assess-
ments. Clinical and commercial laboratories are encour
aged to calibrate CMV QNAT assays based on the recently
available WHO International Reference Standard. Studies
using calibrated QNAT assays are encouraged to facilitate
the derivation of much-needed viral load thresholds.

A number of in-house and some commercially available as-
says for the assessment of T cell immunity to CMV are be-
ing evaluated for their ability to predict the development of
CMV disease (89-91). Recent studies have been promis-
ing, although more confirmatory tests are needed. It is
hoped that these assays will allow better risk-stratification
of patients and allow more targeted prevention strategies.

Large clinical trials that will compare antiviral prophylaxis
and preemptive therapy remain lacking and should be en-
couraged in all SOT groups. To attain this, a multicenter
collaboration would certainly be needed. An NIH-funded
clinical trial comparing antiviral prophylaxis and preemptive
therapy has started in five centers in the United States. Re-
cent comparative trials conducted in a modest-sized cohort
of kidney recipients demonstrate the potential for antiviral
prophylaxis to offer benefits of better long-term allograft
survival (47-50).

There are novel preventive and therapeutic options in the
horizon. Several CMV vaccine candidates are being tested
in early to midphase clinical trials (92). A recent CMV vac-
cine trial, based on the CMV glycoprotein B with MF59 ad-
juvant, was found to be highly immunogenic in phase Il clin-
ical trials, and was associated with lower rates of antiviral
drug use and lesser degree of viremia among vaccines (92).
Several novel antiviral drugs are in various stages of clin-
ical development, including letermovir (AIC246), cyclopro-
pravir, maribavir, CMX-001 and others (82,84,87). The suc-
cessful clinical development of these drugs, some with
unique mechanisms of action, will expand the therapeutic
armamentarium for the prevention and treatment of CMV
in SOT recipients. Finally, studies of CMV prevention and
treatment are required for pediatric SOT recipients.
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Introduction

Posttransplant lymphoproliferative disorder (PTLD) is rec-
ognized as potentially one of the most devastating com-
plications of organ transplantation. The Epstein—Barr virus
(EBV) genome is found in the majority (>90%) of B cell
PTLD occurring early (within the first year) after solid organ
transplantation The entity referred to as EBV-associated
PTLD encompasses a wide spectrum of clinical condi-
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tions characterized by lymphoproliferation after transplan-
tation, which may or may not be symptomatic. These
syndromes range from uncomplicated infectious mononu-
cleosis to true malignancies (1-3). Disease may be nodal
or extranodal, localized, often in the allograft, or widely dis-
seminated. PTLD may resemble a self-limited infection or
be indistinguishable from non-Hodgkin's lymphoma. Le-
sions may be localized and progress slowly or the pa-
tient may present with a fulminant multisystem sepsis-like
syndrome.

EBV is known to play a major role in the development of
PTLD (4). The pathogenesis of these disorders is com-
plex, and related to EBV’'s ability to transform and im-
mortalize B lymphocytes, sometimes combined with sec-
ondary genetic or epigenetic events that occur during
uncontrolled proliferation. Host and viral genomics affect-
ing the response to EBV infection, local environmental
factors including chronic antigenic stimulation, and the
presence of other infections may impact outcome. Im-
munomodulation caused directly by EBV viral proteins, the
coordinated effects of viral and cellular miRNAs (5) and
exogenous immunosuppressive drugs alter the prolifera-
tive response and survival of infected cells (6,7) and the
innate and adaptive immune responses, particularly the
EBV-specific cytotoxic T lymphocyte (CTL) responses crit-
ical for controlling EBV infection.

Although B cell transformation and PTLD are a result of
latent EBV infection, lytic EBV infection appears to be ex-
tremely important during primary EBV infection prior to the
development of the CTL response (8). For a patient expe-
riencing EBV infection for the first time in the early post-
transplant period, delay in development of the immune
response theoretically would prolong the one-way self-
amplifying circuit of naive B cell infection, latency in mem-
ory cells and reactivation with infectious virus production.
The resulting high virion peak results in massive infection
of the B cell pool and perhaps other cells not normally in-
fected (T cells, NK cells, memory B cells), thereby setting
the stage for secondary events that lead to malignancy.
Although the role of EBV in EBV-negative PTLD is uncer
tain, recent data support the hypothesis that over time,
immune escape occurs in initially EBV-driven lymphoprolif-
eration, with cellular mutations replacing the functions of
EBV oncogenes (9).
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This document summarizes current recommendations and
supporting data that guide the prevention, diagnosis and
treatment of PTLD in the solid organ transplant recipient.
The recent literature was reviewed, including recommen-
dations for the diagnosis and management of PTLD that
were published by notable groups (e.g. the British Trans-
plantation Society [10,11]). Although the focus is largely on
PTLD, relevant aspects of non-PTLD EBV syndromes are
addressed, as appropriate.

Epidemiology

Humans are the only known hosts of EBV. In immunocom-
petent individuals, this virus is transmitted in the commu-
nity by exposure to infected body fluids such as saliva.
Although infection may also be acquired in the community
by the traditional routes of transmission seen in immuno-
competent patients, for solid organ transplant recipients,
EBV that is transmitted from the seropositive donor organ
is an important source of infection. Transmission is also
possible when nonleukoreduced blood products are used.
In the least affluent nations, greater than 90% of individ-
uals are EBV-seropositive before the age of 5 years (12).
However, in more affluent developed nations, this level of
seropositivity is not attained until the fourth decade of life.

The diagnosis of PTLD requires tissue examination. In
many settings tissue is not available or accessible. When
laboratory evidence of EBV infection is present and other
causes have been ruled out, investigators have used the
term EBV “disease” to describe a number of clinical syn-
dromes where EBV is believed to play a causative role.

Although the highest rate of PTLD in the solid organ trans-
plant setting is seen in the first year after transplant, re-
cent analyses suggest that the incidence of early PTLD is
decreasing (13,14). However, cases occurring in the first
year after transplant represent only one-fifth of the to-
tal cumulative 10-year post transplant PTLD burden (15).
Analyses of both French and ANZDATA renal PTLD reg-
istries suggest a biphasic pattern of disease with a sec-
ond peak occurring in years 7-10 after transplant after a
period of reduced incidence in years 2—-7. A significant pro-
portion of late B cell PTLD is monomorphic and may be
EBV-negative (~20%), with the relative proportion of EBV-
negative lesions increasing over time after transplant; NK
or T cell PLTD (approximately 37% are EBV positive) may
also occur late after transplant (16). As transplant patient
survival improves, late and EBV-negative PTLD wiill repre-
sent an increasing proportion of cases seen in adult pop-
ulations. Although historically the median time of onset of
primary EBV infection after solid organ transplantation is 6
weeks and reactivation/infection events were most often
observed in the 2-3-month period after transplantation, re-
cent studies in patients monitored serially using EBV viral
load, note later initial detection of EBV DNAemia at a me-
dian of 110 days (17) and a mean of 276 days (18). PTLD
incidence is also dependent on the type of organ trans-
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Table 1: Risk Factors for PTLD in solid organ transplant recipients

Early PTLD
Primary EBV infection
Type of organ transplanted
OKT3 and polyclonal antilymphocyte antibodies
Young recipient age (i.e. infants and young children)
CMV mismatch or CMV disease

Late PTLD
Duration of immunosuppression

Type of organ transplanted
Older recipient age (i.e. adults)

Contradictory/controversial evidence exists for the role of the fol-
lowing as risk factors for primary disease: Tacrolimus in pediatric
recipients; HLA matching; certain cytokine gene polymorphisms;
preexisting chronic immune stimulation; Hepatitis C infection; viral
strain virulence (EBV1 vs. EBV-2 and LMP1 deletion mutants).

planted, which may reflect immunosuppressive regimens,
lymphoid load in the allograft and chronic antigenic expo-
sure when organs directly communicate with the environ-
ment (8). Small intestine transplant recipients are at the
highest risk for development of PTLD (up to 32%), while
recipients of pancreas, heart, lung and liver transplants are
at moderate risk (3—-12%). Renal transplant recipients are
at relatively low risk (1-2%). Recently, Caillard also de-
scribed a temporal sequence of sites of PTLD involvement
in adult renal allograft recipients, with disease localized to
the graft occurring within the first two years, CNS disease
occurring between years 2 and 7 and gastrointestinal dis-
ease occurring between years 6 and 10 and becoming the
predominant site of late disease (13). Although PTLD in
solid organ transplant recipients is most often of recipient
origin (19), PTLD limited to the graft occurring early after
transplant is predominantly donor in origin (20).

Risk Factors

The risk factors for the development of early (<12 months
after transplant) and late PTLD (>12 months after trans-
plant) in solid organ transplant recipients are shown in
Table 1(21-24). Analyses of risk factors for PTLD have used
both smaller single center and larger registry datasets.
Both approaches have limitations and often involve spe-
cific subsets of patients, adults versus children or specific
allograft types. Many of the risk factors are interrelated
and multivariate analysis is required to identify indepen-
dent risk factors. Even using this approach, results are
not always consistent (25). An overwhelming risk factor
in most analyses is primary EBV infection, placing pedi-
atric populations at higher risk of developing PTLD than
their adult counterparts (14,26). Surprisingly, in a recent
Collaborative Transplant Study database analysis, pretrans-
plant EBV seronegativity in liver transplant recipients, un-
like other allograft types, was not associated with an in-
creased risk of developing non-Hodgkin’s lymphoma. How-
ever, a subsequent analysis of the SRTR data in the United
States confirmed that being EBV seronegative was a risk
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factor for PTLD development even in liver transplant re-
cipients (but less so than in kidney and heart transplant
recipients) because of a higher baseline risk in seropos-
itive liver transplant recipients (27). Individuals who are
R+ are not devoid of PTLD risk, and account for up to
25% of PTLD cases in children (28). Intestinal transplant
recipients who are EBV-seropositive remain at a high risk
of PTLD. Although, PTLD rates increased after calcineurin
inhibitors became the backbone of most immunosuppres-
sive regimens in the 1990s, it is likely that the net state
of immunosuppression, an entity difficult to measure, is
a major risk factor. Attempts to quantify the risk associ-
ated with specific immunosuppressive agents used for in-
duction or maintenance therapy have often led to incon-
sistent results (25,29). Antilymphocyte globulins that re-
sult in selective T cell depletion, particularly when used
in high dose or repetitive courses, have historically been
associated with increased PTLD risk. Among the newer
biologic agents, alemtuzumab does not seem to be asso-
ciated with anincreased PTLD risk. Very high rates of PTLD
presenting predominantly as primary CNS lymphoma were
observed in renal transplant patients who received belata-
cept and were EBV seronegative prior to transplant, lead-
ing to prohibition of the use of this agent in this subset
of patients (30-32). The duration of immunosuppression
and older recipient age are risk factors for late PTLD devel-
opment. This highlights the need for studies to optimize
minimization of long term immunosuppression in individ-
ual patients including the accommodation of immunose-
nescence associated with aging in patients surviving for
long periods after transplant. Cytomegalovirus infection
may contribute to the net state of immunosuppression
and is known to be a risk factor for PTLD.

Manifestations of Non-PTLD EBV
Syndromes

Although the most feared EBV-associated disease after
transplantation is PTLD, patients may experience non-
PTLD-related disease. The features of this might include
the manifestations of infectious mononucleosis (fever,
malaise, exudative pharyngitis, lymphadenopathy, hep-
atosplenomegaly and atypical lymphocytosis), specific or-
gan diseases such as hepatitis, pneumonitis, gastroin-
testinal symptoms and hematological manifestations such
as leucopenia, thrombocytopenia, hemolytic anemia and
hemophagocytosis. Some of these manifestations may be
identical to the features of PTLD (Table 2). EBV-associated
posttransplant smooth muscle tumors can occur de novo
or after PTLD at a median interval of 48 months after trans-
plant and develop earlier in children than adults. They can
be of donor or recipient origin, and appear in atypical sites
such as solid organs. When involving multiple sites, dis-
ease is multifocal rather than metastatic in origin (33).
HHV6 reactivation may theoretically be an indirect cofactor
for PTLD due to the potential for interaction with CMV (34).
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Table 2: Presenting symptoms and signs in patients with lympho-
proliferative disorder

Symptoms/complaints Signs

Swollen lymph glands

Weight loss

Fever or night sweats

Sore throat

Malaise and lethargy

Chronic sinus congestion and
discomfort

Anorexia, nausea and vomiting

Abdominal pain

Gastrointestinal bleeding

Symptoms of bowel perforation

Lymphadenopathy
Hepatosplenomegaly
Subcutaneous nodules
Tonsillar enlargement
Tonsillar inflammation
Signs of bowel perforation

Focal neurologic signs
Mass lesions

Manifestations and Diagnosis of PTLD

Clinical assessment
Relevant clinical information includes, but is not limited to
the following:

EBV serostatus of transplant recipient and donor.
CMV donor/recipient serostatus.

Time from transplantation to PTLD diagnosis.
Type of allograft.

An adequate physical examination is required to detect the
manifestations of PTLD, which may be quite nonspecific
(Table 2). Given the predilection for the reticuloendothelial
system to be involved, this clinical examination should in-
clude a meticulous assessment for lymphadenopathy and
adenotonsillar hypertrophy. The general physical examina-
tion might elicit signs referable to the site(s) of organs
affected by PTLD.

Laboratory tests

Blood tests (Non-EBV): Initial tests include a complete
blood count with white blood cell differential. In the case of
the latter, lymphopenia might suggest less overall CTL ac-
tivity, which is essential in containing EBV-driven lympho-
proliferation. In some patients with PTLD, there may be
evidence of anemia, which is usually normochromic, nor
mocytic, but may be hemolytic. In patients with gastroin-
testinal tract PTLD and occult bleeding over a prolonged
period of time, there may be evidence of iron-deficiency
anemia with hypochromia and microcytosis. The source of
bleeding can be determined by performing additional test-
ing, such as examination of the stools for occult blood.
Thrombocytopenia has also been observed in non-PTLD
EBV disease.

Depending on the location of PTLD lesions, there may be
evidence of disturbances in serum electrolytes, liver and re-
nal function tests. Elevations in serum uric acid and lactate
dehydrogenase may occur. Serum immunoglobulin levels
may be elevated as part of an acute phase reaction.
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CMV infection status should be determined using CMV
pp65 antigenemia assays, plasma or whole blood quanti-
tative nucleic acid testing for CMV DNA as well as the ex-
amination of biopsy tissue for viral inclusions, CMV DNA
or CMV antigens by immunohistochemistry.

Other adjunctive tests that might predict PTLD risk have
been investigated. Promising initial results have been
obtained for biomarkers that include serum 1L-6 (35),
serum/plasma free light chains (36), serum sCD30 (37),
serum CXCL13 (38) and host genetic polymorphisms par
ticularly in cytokine genes (25) but require further valida-
tion. How these markers relate to each other and to EBV
viral load in predicting PTLD risk should be the subject of
future research.

Blood tests (EBV-related)

EBV serology: In immunocompetent patients, primary
EBV infection can be determined by measuring EBV an-
tiviral capsid antigen IgM and IgG antibodies, antibodies to
early antigen (EA) and Epstein—-Barr nuclear antigen. Per
sistence of anti-EA antibodies has been shown to be more
likely in PTLD patients (39) and patients who are known
to be seropositive before transplantation may have falling
anti-EBNA-1 titers in the setting of elevated EBV loads and
the presence of PTLD (40). Serology is unreliable as a di-
agnostic tool for either PTLD or primary EBV infection in
immunocompromised patients, due to delayed or absent
humoral responses. Another important drawback is that if
these patients are receiving blood products, the passive
transfer of antibodies may render EBV IgG antibody assays
difficult to interpret. The most important role of EBV serol-
ogy in the setting of transplantation is the determination of
pretransplant donor and recipient EBV serostatus for PTLD
risk assessment.

Detection of EBV nucleic acids or protein in tissue: Doc-
umenting the presence of EBV-specific nucleic acids in tis-
sues is of value in the diagnosis of EBV-associated PTLD.
RNA in situ hybridization targeting EBV-encoded small nu-
clear RNA (EBER; Refs.41,42) is the preferred approach
and is more sensitive for detecting EBV-infected cells than
in situ hybridization directly targeting viral DNA because
EBERs are expressed at levels several orders of magni-
tude higher in infected cells. EBV latent or lytic antigens
can also be detected in fixed tissues by immunohistochem-
istry using commercial antibodies directed against EBNA-
1, EBNA-2 and LMP-1 or BZLF1, respectively (41,43) and
used to document the presence of EBV although these
techniques are less sensitive than in situ hybridization. Di-
rect EBV DNA amplification from tissue is less useful as it
does not allow cellular localization or differentiation of EBV
in lesions from that present in passenger lymphocytes.

Viral load determination. The optimal way to perform,

interpret and utilize quantitative EBV viral load assays for
surveillance, diagnostic and disease monitoring purposes
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remains uncertain (44). In October 2011, the World Health
Organization approved the 1st International Standard
for EBV created by the National Institute for Biological
Standards and Controls for calibration of the wide array
of commercial and in house developed assays currently
being used for EBV nucleic acid testing. This international
reference standard should reduce the significant and
extreme interlaboratory variability in both qualitative
and quantitative viral load results previously docu-
mented (45,46). Until the impact of the standard on result
harmonization among assays is validated, interinstitutional
result comparison requires formal crossreferencing of
assays between institutions. Data suggest that in most
laboratories intralaboratory result reproducibility and result
linearity over the dynamic range of the assay is reasonable.
Therefore trends in patients over time within individual
institutions using a single assay are valid and more useful
than single values (45,46). Optimal extraction methods,
gene targets and instrument platforms for EBV viral load
assessments have not been determined. Although EBV
viral load in whole blood and lymphocytes appears compa-
rable and normalization of reporting units to cellular DNA
does not change dynamic trending in individual patients
(reporting IU/mL of whole blood is adequate), controversy
with respect to preferred sample type (whole blood
vs. plasma) remains and should be the focus of future
research studies (47-49). Whole blood or lymphocyte EBV
viral load monitoring is more sensitive than plasma for
detection of early EBV reactivation. Although, generally,
EBV DNA becomes detectable in plasma as EBV viral load
rises in matched whole blood samples, the quantitative
correlation between EBV viral load measured in whole
blood or lymphocytes versus plasma is suboptimal.

Studies of the sensitivity and specificity of quantitative
EBV viral load for the diagnosis of early PTLD and symp-
tomatic EBV infection are limited (50-53). Pediatric pop-
ulations have been the focus of many of these studies.
Data from prospective studies targeting adult patients are
limited (54,55). In high-risk asymptomatic solid organ trans-
plant recipients being serially monitored, the use of EBV
viral load as a diagnostic test (i.e. levels above a specific
guantitative threshold being diagnostic of PTLD) has good
sensitivity for detecting EBV-positive PTLD but misses
EBV-negative, some cases of localized and donor-derived
PTLD. However, it has poor specificity, resulting in good
negative (greater than 90%) but poor positive predictive
value (as low as 28% and not greater than 65%) in these
populations. When used in the diagnostic context, this
would result in significant unnecessary investigation of pa-
tients for PTLD.

Formal evaluation of EBV viral load assessments as a diag-
nostic tool using a single evaluation in patients presenting
with symptoms and/or signs (usually mass lesions) with
no history of recent or previous monitoring have not been
carried out in populations at high risk for PTLD. In low-
risk seropositive adult transplant recipients presenting for
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investigation with signs and symptoms compatible with
PTLD, high EBV viral load lacked sensitivity, understandably
missing all cases of EBV-negative PTLD and some cases
of localized EBV-positive PTLD, but was highly specific for
EBV-positive PTLD (52). EBV viral load measured in plasma
appears to improve the specificity of the test as a diag-
nostic tool for EBV-positive PTLD while not significantly
lowering its sensitivity relative to assessments in cellular
blood compartments (50-53,56). Preliminary data suggest
that EBV viral load testing in samples other than periph-
eral blood, that is, broncoalveolar lavage (BAL) fluid or CSF
may be useful. Among pediatric lung and heart lung trans-
plant patients in whom the lung is often the primary site
of PTLD, high quantitative levels of EBV load in BAL fluid
may be a more sensitive predictor of PTLD than peripheral
viral load assays (57). However, EBV DNA, often at high
levels were detected in BAL fluid of adult lung transplant
recipients in the absence of PTLD (58). Similarly, extrapo-
lating from experience in HIV-infected patients, qualitative
and quantitative EBV testing in CSF is performed to assist
in the diagnosis of CNS lymphoma (59). However, further
data regarding the sensitivity and specificity of testing in
BAL and CSF are required in order to meaningfully interpret
testing at these sites.

Adjunctive laboratory testing may improve the specificity
of high viral load as a predictor of PTLD. The best studied
and most promising are assays measuring T cell restora-
tion or EBV-specific T cell responses (60). Although data
suggest that the specificity and positive predictive value of
EBV viral load can be significantly improved by using con-
comitant EBV-specific T cell ELISPOT and tetramer assays,
these assays are complex, costly and difficult to implement
in a routine diagnostic laboratory (10). Simpler rapid assays
to measure global and EBV-specific T cell immunity us-
ing commercial ATP release assays (Cylex Immuknow and
T Cell Memory) have undergone preliminary evaluation as
adjunct markers of PTLD risk when combined with viral
load testing in pediatric thoracic transplant recipients but
require further validation (61). Viral gene expression profil-
ing in peripheral blood as an adjunctive test of PTLD risk
has been studied (62) and is still the subject of research.
To date no distinctive pattern that is indicative of PTLD or
PTLD risk has been demonstrated.

Radiographic imaging: Most centers employ a total
body CT scan (head to pelvis) as part of the initial as-
sessment of PTLD. Beyond this, the choice of tests de-
pends largely on the location of suspected lesions and the
historical sequence of prior radiographic testing. Many ex-
perts recommend that a head CT or MRI be included as
part of the initial work-up, as the presence of central ner
vous system lesions will significantly influence treatment
and outcome. CT scanning of the neck may help to define
the extent of involvement or detect subtle early changes
that necessitate biopsy to rule out PTLD. Depending on
the location (e.g. CNS lesions), MRl may be a more suit-
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able modality than CT scanning due to radiation concerns
with CT scans and more precise lesion delineation with
MRI.

Pulmonary lesions that are visible on chest radiographs
may require high-resolution CT scanning for better delin-
eation prior to biopsy. Furthermore, CT of the chest may
reveal mediastinal adenopathy and small pulmonary nod-
ules that are not visible on the plain chest radiograph. Sus-
pected intra-abdominal lesions may be evaluated with ul-
trasonography and CT scanning. This is in addition to other
modalities of assessment, including Gl endoscopy in the
case of intestinal hemorrhage, persistent diarrhea and un-
explained weight loss, where necessary.

Positron emission tomography—computerized tomography
(PET-CT) is emerging to be a useful test in the evalua-
tion of PTLD (63,64), although additional data are needed
on its utility across the known heterogenous spectrum
of PTLD lesions. It may be more useful for monitoring
response to therapy than for initial diagnosis. A major
disadvantage is that the amount of radiation exposure is
significantly greater than that associated with regular CT
scans.

Histopathology: Pathology remains the gold standard for
PTLD diagnosis (2,65). Although excisional biopsy is pre-
ferred, needle biopsy is acceptable when larger biopsies
are impractical as in the case of allograft organ biopsy. The
tissue specimen should be interpreted by a hematopathol-
ogist or pathologist familiar with histopathologic features
of PTLD. Institutional protocols should be put in place to
ensure that tissue is handled appropriately for ancillary di-
agnostic tests.

It is essential that reactive conditions such as plasma
cell hyperplasia and infectious mononucleosis be clearly
segregated in the classification process from potentially
neoplastic lesions, which contain monoclonal elements.
The Society for Hematopathology has published a working
categorization of PTLD under the auspices of the World
Health Organization (65) and is recommended for use (l11).
Table 3 summarizes the key features of this classification
system. Intrinsic weaknesses are present in the purely his-
tologic classification of PTLD. Additional pathologic tools
have provided a better understanding of the pathogenesis
of PTLD with the goal of developing more effective and
more targeted therapy. Use of ancillary diagnostic tests
identified as essential is strongly recommended if avail-
able (Alll). In addition to EBER and the detection of la-
tent antigens as outlined previously, these tests are as
follows:

® |mmunophenotyping to determine lineage and therapy
dependent markers (i.e. CD20) (essential).
e EBV clonality studies (rarely required/research).
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Table 3: Categories of posttransplant lymphoproliferative disorder
(PTLD)

Early lesions’
Plasmacytic hyperplasia
Infectious mononucleosis-like lesion
Polymorphic PTLD
Monomorphic PTLD
(classify according to the lymphoma they resemble)
B cell neoplasms
Diffuse large B cell lymphoma
Burkitt lymphoma
Plasma cell myeloma
Plasmacytoma-like lesion
Other?
T cell neoplasms
Peripheral T cell lymphoma, NOS
Hepatosplenic T cell lymphoma
Other?
Classical Hodgkin lymphoma-type PTLD

TSome mass-like lesions in the posttransplant setting may have
the morphologic appearance of florid follicular hyperplasia or other
marked but non-IM-like lymphoid hyperplasias.

2|ndolent small B cell lymphomas arising in transplant recipients
are not included among the PTLD.

® Molecular genetic markers of antigen receptor genes
to assess clonality (useful).

® Donor versus recipient origin (useful).

® Fluorescent in situ hybridization or gene profiling by
microarray to detect alterations in oncogenes, tu-
mor suppressor genes or chromosomes (rarely re-
quired/research).

Recurrent PTLD may represent true recurrences (morpho-
logically and clonally identical to the original tumor), PTLD
in a more aggressive form or the emergence of a second
primary tumor such as an EBV-associated posttransplant
smooth muscle tumor. For this reason, biopsy of such re-
currences is encouraged (l11) (2).

Clinical staging of PTLD

No staging system currently exists for PTLD and no single
system totally captures the full spectrum of what is clas-
sified as PTLD. Although the Ann Arbor staging has been
used with the Cotswold’s modifications, other staging ap-
proaches such as the Murphy system have been used in
children (66). At the very minimum, staging should docu-
ment the presence or absence of symptoms, the precise
location of lesions, the involvement of the allograft and the
presence of CNS involvement. Additional investigations
such as a bone scans, a bone marrow biopsy and a lumbar
puncture may assist in ruling out bone, bone marrow and
CNS disease, respectively. In cases of EBV-positive PTLD
documented by immunohistochemistry or in situ hybridiza-
tion, an EBV viral load assay should be performed in order
to better document the incidence and natural history of
EBV viral load negative but EBV positive PTLD cases.
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Prevention of PTLD

Although some centers employ chemoprophylaxis and/or
preemptive strategies using EBV viral load as a surveillance
tool, for the prevention of this complication, published data
in the form of prospective controlled trials in support of
these protocols are currently limited and the role of antiviral
agents is controversial. Potential strategies for prevention
are listed below.

General

Identification of patients who are also at risk of primary
CMV infection or severe CMV disease or receiving an-
tithymocyte globulin for induction or rejection would se-
lect a particularly vulnerable subgroup of recipients since
these factors have been identified as risk factors for PTLD.
Such patients should be monitored carefully for clinical
symptoms/signs (fever, diarrhea, lymphadenopathy, allo-
graft dysfunction, etc.) and investigated aggressively for
PTLD. Allograft biopsies from these patients should be re-
viewed carefully for evidence of early PTLD. Wherever ap-
propriate, immunosuppression should be minimized and
aggressive immunosuppression should only be employed
in the presence of biopsy proven acute rejection (65) (lI-2).
Because PTLD frequently presents with allograft dysfunc-
tion, it is important to make a pathologic diagnosis of rejec-
tion using standardized criteria and clearly distinguish early
PTLD from rejection prior to the use of more potent an-
tirejection therapy. The use of techniques to identify EBV-
infected cells in tissues would be useful in this setting.

Antiviral prophylaxis

Chemoprophylaxis: Some centers have adopted antiviral
prophylaxis as standard of care for high-risk patients (EBV
D+R-). Although the antiviral agents, acyclovir and ganci-
clovir, have been employed as prophylaxis for the preven-
tion of PTLD, data to support this are limited and a defini-
tive recommendation regarding their use cannot be made
at this time (). Because CMV disease is a cofactor in PTLD
development, if employed, the use of ganciclovir is prefer
able to acyclovir use (67). However, PTLD has been docu-
mented in patients receiving antiviral prophylaxis. Although
a case-control study in renal transplant recipients suggest
antiviral therapy may reduce PTLD risk (II-2) (67), analysis
of the Collaborative Transplant Study database suggested
that the use of antiviral drugs does not reduce the risk of
posttransplant lymphoma (70). EBV load has been shown
to progressively rise in some patients while patients were
on ganciclovir prophylaxis (68). The impact of antiviral drugs
on lytic virus could potentially decrease the recruitment
of newly infected cells and the subsequent generation of
latently infected memory cells, leading to a long term de-
crease in viral load measured in cellular blood compart-
ments; these responses might not be readily apparent in
the short term as assessed by EBV viral load monitoring.
Antiviral therapy may have an indirect benefit on PTLD de-
velopment by eliminating other viral infections which act
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as cofactors in the lymphoproliferative process (Ill). How-
ever, these theoretical considerations remain unproven and
there is currently no definitive evidence that such antiviral
effects would be beneficial in preventing PTLD.

Immunoprophylaxis: Prospective randomized trials of
CMV-IVIG, and ganciclovir plus CMV-IGIV, respectively
have been inconclusive (68,69). An epidemiologic study
by the Collaborative Transplant Group found that the use
of anti-CMV IVIG reduced the incidence of non-Hodgkin
lymphoma in kidney transplant recipients but only in the
first posttransplant year (70). Thus, although prophylaxis
with immune globulin may have some effect in reducing
the short-term risk of PTLD, data are limited. At this time
an all-encompassing recommendation of the utility of this
approach cannot be made (I). Preventing EBV infection
by vaccination is currently the subject of research (71).
A phase /Il study indicated transient humoral immune
response to an EBV recombinant gp350/alhydrogel vac-
cine among children with chronic kidney disease (potential
transplant candidates; Ref.72).

Preemptive management

Since high viral load states often antedate the clinical pre-
sentation of PTLD, there are data to support quantitative
EBV viral load monitoring for PTLD prevention in high-risk
populations (50,53). Data to support this approach in pop-
ulations at low risk of PTLD such as adult transplant re-
cipients seropositive for EBV before transplant are lacking.
Optimal monitoring frequency is uncertain. Since EBV vi-
ral load doubling times as short as 49-56 h have been
documented, frequent (weekly) monitoring over the high-
risk period has been recommended by some investigators.
However, there are no data to suggest that less frequent
monitoring (i.e. biweekly or at even longer intervals later in
the first year after transplant) negatively impacts preemp-
tive management. Weekly to biweekly monitoring over the
first year after transplant is recommended, although this
may be logistically difficult to implement over the entire
period (II-3). There are insufficient data to support routine
monitoring beyond the first transplant year. Data regarding
the natural history of EBV viral load in transplant recipients
in the absence of intervention are limited. This, along with
lack of assay harmonization, prevents clear definition of
“trigger points” that can be applied across all organ types
that are predictive of PTLD development and at which pre-
emptive intervention should take place.

Preemptive strategies in the solid organ transplant setting
most commonly involve the use of reduction of immuno-
suppression and antiviral agents & immune globulin (73)
or the reduction of immunosuppression as the sole strat-
egy (74). Some centers have reported a reduction in in-
cidence of PTLD when routine viral load monitoring and
these preemptive strategies were applied compared to
historical cohorts (I1-2). A retrospective study of EBV adult
mismatched renal transplant recipients suggested that pre-
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emptive rituximab may have had an impact on PTLD de-
velopment (75). The absence of a control group and the
inability to differentiate between rituximab and the influ-
ence of viral load monitoring itself on immunosuppression
management in this study precludes any firm conclusions
regarding the efficacy of preemptive rituximab. More ag-
gressive interventions involving the use of low dose rit-
uximab (76) and adoptive immunotherapy (77) have been
studied primarily in hematopoietic stem cell transplant re-
cipients; some measure of success has been observed.
Data regarding adoptive immunotherapy use in the solid
organ transplant setting are more limited; proven efficacy
remains uncertain (78,79) (II-3). Reduction in immunosup-
pression remains the best-validated preemptive strategy.
Currently, there is insufficient evidence to recommend
the use of either preemptive rituximab or adoptive im-
munotherapy for preemptive management (ll1).

Treatment of PTLD

The treatment of PTLD remains a challenge. Currently,
there is no unifying consensus that dictates the specific
treatment approaches that should be undertaken for all
categories of patients. Controlled interventional studies are
lacking. The general approach to therapy involves a step-
wise strategy that starts with reduced immunosuppres-
sion, with plans for further escalation of treatment based
largely on the clinical response and the histopathologic
characteristics of the PTLD. Due to the highly specialized
nature of the diagnosis, staging and treatment of PTLD, the
initial evaluation and management of such patients should
be done by or under the supervision of a tertiary transplant
center and involve a multidisciplinary team that includes
transplant physicians, oncologists and infectious disease
specialists.

Reduction of immunosuppression

Over the past 25 years, reduction in immunosuppression
has been a common initial approach to PTLD manage-
ment, but reported response rates have been highly vari-
able (0-73%), likely reflecting the heterogeneity and size
of the populations studied and the nonstandardization of
immunosuppression reduction. Among the largest stud-
ies examining this issue is a recent single center report
that retrospectively analyzed outcomes in 67 adult solid
organ transplant PTLD patients managed with a standard-
ized approach to immunosuppression reduction alone as
initial therapy (80). An overall response rate of 45% (37%
complete response) was observed; patients who achieved
complete remission had relapse rates of 17%. Although
neither EBV-seronegativity nor B cell histologic subtype
influenced outcome, bulky disease, advanced stage and
older age predicted lack of response. Of concern were the
high rates of acute rejection (32%) observed. It is unclear
whether these data are applicable to pediatric populations
who are more likely to experience PTLD in the context
of primary infection. In patients who do not have rapidly
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progressive disease and who lack predictors of poor re-
sponse to immunosuppression reduction, reduction of im-
munosuppression to the lowest tolerated level is recom-
mended as initial therapy for early and late B cell PTLD
(1-3). The optimal strategy for immunosuppression reduc-
tion is uncertain and may be allograft specific, depending
on the comfort of the physicians in risking acute rejec-
tion events. Suggestions for reducing immunosuppression
based on expert opinion are outlined in the British Trans-
plantation Society PTLD management guidelines (10). The
period one should wait before proceeding to alternative
therapeutic interventions is also uncertain. Most patients
would be expected to show evidence of a clinical response
to reduced immunosuppression within 2—4 weeks (81) but
since the median time to failure in nonresponders was 45
days in the study by Reshef et al. (80), waiting up to 6
weeks in stable patients without evidence of progressive
disease could be considered (II-3).

Surgical resection/local irradiation

Complete or partial surgical resection, as well as local ra-
diotherapy, have been used as adjunctive therapy along
with reduced immunosuppression (82). When surgical ex-
cision or radiotherapy has been used for localized disease,
long-term remission in the absence of additional therapy
has been observed (81,83). Surgery is an essential com-
ponent of the management of local complications such as
gastrointestinal hemorrhage or perforation (ll1).

Antiviral agents (acyclovir, ganciclovir)/passive
antibody (IVIG)

Acyclovir and ganciclovir have been used in the manage-
ment of early PTLD, alone or in combination with immune
globulin (1,3,28). Currently, when antiviral agents are em-
ployed, the agent of choice is ganciclovir, as in vitro it is
10 times more active against EBV compared with acy-
clovir. The efficacy of this approach is uncertain and there
is no evidence to support the use of antiviral agents in
the absence of other interventions such as decreasing
immunosuppression or anti-CD20 therapy (I11). Arginine bu-
tyrate, a histone deacetylase inhibitor induces the lytic cy-
cle of EBV, making EBV-infected cells sensitive to ganci-
clovir. A phase I/ll trial of arginine butyrate combined with
ganciclovir demonstrated overall response rates in 10 of
15 patients with EBV+ lymphoid malignancies; one third
had PTLD (84). Unfortunately this agent is no longer avail-
able for use in clinical settings. Another chemotherapeutic
agent, the proteosome inhibitor bortezomib, also induces
lytic virus replication in EBV infected cells and is currently
being evaluated in clinic trials of gamma-herpesvirus asso-
ciated malignancies including PTLD (85).

Monoclonal B cell antibody therapy (Anti-CD20)

Although single agent rituximab, an anti-CD20 humanized
chimeric monoclonal antibody, is rarely effective in the
treatment of high grade B cell ymphomas in the immuno-
competent patient, complete and sustained responses
have been observed using this treatment approach in
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PTLD. Three prospective phase Il rituximab monotherapy
trials demonstrated a combined overall response rate of
55% (86) and in a large retrospective review early rituximab
therapy improved progression free and overall survival (87).
Gonzalez-Barca (88) reported complete response rates
improving from 34.2% to 60.5% with a further four doses
of rituximab in patients who achieved partial remission
with the initial four doses. Although treatment is well
tolerated, relapse is not infrequent after four courses of
rituximab, with 25% of patients who had partial or com-
plete responses showing evidence of disease progression
by one year after treatment in one study (89). There is
limited evidence to suggest that relapsed patients can be
successfully retreated with single agent rituximab (90).
Choquet proposed a prognostic score composed of age
>60, Eastern Cooperative Oncology Group prognostic
index of 2-4 and raised LDH that predicted survival after
rituximab monotherapy and suggested that patients with
one or more of these risk factors would benefit from
rituixmab in combination with chemotherapy as initial
therapy. In a prospective PTLD treatment trial of 4 weeks
of rituximab therapy followed by four sequential cycles of
rituximab/CHOP every 3 weeks (cyclophosphamide, dox-
orubicin, oncovin and prednisone) called sequential ther
apy, interim analysis suggested that response to the first
4 weeks of rituximab correlated with survival (86). An ap-
proach known as risk-stratified sequential therapy (RSST)
is an alternate more tailored approach, whereby patients
who achieved complete remission with an initial four doses
of rituximab received a second course of rituximab without
chemotherapy. Optimal number and timing of doses is
unclear when this rituximab monotherapy approach is
used. British guidelines suggest 8 weeks of rituximab (10);
the future RSST trial proposed will use four additional
courses or rituximab at three weekly intervals in patients
who achieve complete remission after four initial weekly
courses of rituximab (86). There is a growing body of evi-
dence in support of the use of rituximab as the next step in
the treatment of CD20+ B cell PTLD after reduction in im-
munosuppression in low risk patients who lack risk factors
outlined by Choquet above (lI-1). Potential adverse events
include a tumor-lysis like syndrome, prolonged depletion
of B cells with protracted hyprogammaglobulinemia,
intestinal perforation, CMV reactivation, and progressive
multifocal leukoencephalopathy. Although experience with
the use of this agent is increasing, there is an ongoing
need for data from prospective clinical trials.

Cytotoxic chemotherapy

In studies usually retrospective and involving a rela-
tively small number of patients, cytotoxic combination
chemotherapy, usually CHOP but also ACVBP (doxorubicin,
cyclophosphamide, vindesine, bleomycin and prednisone)
and ProMACE CytoBOM (mechlorethamine, doxorubicin,
cyclophosphamide, etoposide, vincristine, prednisone,
procarbazine, methotrexate, cytarabine, bleomycin) has
been used to treat PTLD. Complete remission rates vary-
ing from 42-92% (87). Although this approach offers
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better long-term disease control than rituximab monother
apy, treatment related mortality is high at 13-50%, usu-
ally from infectious complications. Outcomes in the largest
prospective PTLD treatment trial, in which sequential treat-
ment with rituximab and CHOP as described above was
used in 74 adult patients with ECOG >2, have recently
been reported (86). The overall response rate 90%, com-
plete response rates 68%, and median response duration
was >79.1 months in the 53 patients who responded. This
was better than the response of rituximab monotherapy
followed by chemotherapy at relapse, and the authors ar
gue that this approach should be applied to all patients
not responding to immunosupression reduction. How-
ever, CHOP associated treatment-related mortality at 11%
predominantly related to infection was observed, suggest-
ing that a more tailored approach that identifies patients
who may sustained responses to rituximab monotherapy
alone and avoids the toxicity of chemotherapy might be
preferred. In pediatric populations, multicenter prospective
studies using six cycles of low dose cyclosphosphamide
and prednisone with and without rituximab after failure of
initial therapy, most often reduction of immunosuppression
have been reported (91,92). Response rates (67%, 69%)
and relapse rates (19%, 8%) without and with rituximab,
respectively were observed. Addition of rituximab therapy
appeared to add efficacy to the management of fulminant
disease which was not responsive to low dose chemother
apy alone. The use of chemotherapy should be considered
after failure of reduction in immunosuppression in adults
who have risk factors predicting poor response to rituximab
monotherapy, patients who fail to achieve complete remis-
sion after initial rituximab therapy (lI-1), and in the setting
of T cell, Burkitt or Hodgkin lymphoma (ll1).

Other treatment modalities

Adoptive immunotherapy: Adoptive immunotherapy
using donor derived cloned EBV-specific cytotoxic T cells
has been used successfully for both the prevention and
treatment of PTLD in allogeneic stem cell transplant re-
cipients (76), but in the solid organ transplant setting ex-
perience is limited. Obstacles include the fact that PTLD
lesions are usually of recipient origin in contrast to donor
originin the stem cell transplant recipient. Cost and time re-
quired to clone cell lines may also limit the utility of this ap-
proach. Although dramatic and sustained responses (52 %)
of PTLD, including CNS PTLD, that had failed conventional
therapy including chemotherapy and rituximab, have been
observed using HLA-matched unrelated donor EBV-CTL in
a prospective multicenter trial, these biologic products are
currently not readily available (93). Thus, additional research
is needed to define the role of adoptive immunotherapy in
the solid organ transplant setting and create the infrastruc-
ture, which might produce and distribute such products.

Immunomodulatory/Anticytokine therapy: Alpha in-
terferon has both antiviral and antiproliferative activity, and
additionally affects the host immune response via its activ-
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ity as a T helper type 1-associated cytokine. Limited data
in solid organ transplant recipients indicate that some pa-
tients may respond to alpha interferon in conjunction with a
reduction in immunosuppression (94) (lll). However, there
are concerns that interferon therapy could precipitate re-
jection. Thus, this agent is no longer commonly employed
in the treatment of PTLD and its place in the stepwise man-
agement of PTLD has been largely replaced by anti-CD20
monoclonal antibody. Anti-IL6 therapy has been explored
in the treatment of early PTLD (95). Data are limited and
additional research is needed.

CNS disease: Because CNS PTLD is a rare disease, clin-
ical trial data and standardized management approaches
that might inform optimal treatment approaches are lack-
ing. Current recommendations that include the use of
whole brain irradiation or high dose methotrexate as first
line therapy rely heavily on the experience in immuno-
competent patients with primary CNS lymphoma (PC-
NSL) (10,87,96). However, the former approach is asso-
ciated with significant neurotoxicity particularly in older
patients and when the latter approach is used, renal and
hepatotoxicity can be difficult to manage in a transplant
setting. The inability of rituximab to cross the blood—brain
barrier has raised concerns that levels achieved with sys-
temic use alone are unlikely to have clinical efficacy in CNS
PTLD. However, Cavaliere (97) observed surprisingly good
outcomes in seven of eight SOT recipients with PCNSL
treated with primary rituximab monotherapy, often with
reduction in immunosuppression in the absence or either
chemotherapy or radiotherapy. Over the past decade there
has been an increasing number of additional case reports
in transplant recipients with PCNSL achieving complete re-
mission using either standard or escalating doses of ritux-
imab alone (98). Although high dose methotrexate or local
radiotherapy should be considered as treatment options in
patients with CNS disease who are able to tolerate therapy
(II-3), in stable patients systemic rituximab therapy and ini-
tial reduction in immunosuppression might be considered
as an initial therapeutic strategy (lll).

Use of viral load to monitor response to PTLD
therapy and predict relapse: Although data are limited,
in the short term, PTLD patients with high viral load as well
as those receiving preemptive therapy, often demonstrate
a fall and clearance of viral load coincident with clinical
and histologic regression in response to interventions that
include reduction of immunosuppression and adoptive im-
munotherapy (93,99). In contrast, some clinicians have ob-
served that when rituximab is used, viral load measured in
cellular blood components fell dramatically and remained
low even in the face of progressive disease and disease
relapse (100,101).

In pediatric patients, particularly those experiencing pri-

mary infection after transplant, asymptomatic intermittent
or persistent viral load rebound occurs frequently with no
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short-term consequences. Adult PTLD patients have been
observed to relapse in the presence of persistently low vi-
ral load (101). However, recent data suggest that the sam-
ple type may influence the usefulness of viral load test-
ing to monitor treatment response and predict relapse as
plasma monitoring appears to correlate better with treat-
ment response and relapse than monitoring in the cellular
compartment (54,102). Further studies to confirm this ob-
servation are required (54,102).

A significant number of transplant recipients who expe-
rience primary EBV infection or EBV-positive PTLD have
sustained elevation of EBV viral load after asymptomatic
infection or resolution of EBV disease or PTLD (chronic
high load carriers). The pathogenesis of this state is un-
known. The detectable viral load appears to be predom-
inantly in memory B cells with type 0 gene expression
(103-105). Recent studies in thoracic pediatric chronic high
load carriers suggest that these patients have high frequen-
cies of activated but functionally exhausted EBV-specific
cytotoxic T cells exhibiting unexpected immunopolariza-
tion. Whether this exhausted immune phenotype is also
present in nonthoracic transplant recipients with chronic
elevations in viral load and how this immune phenotype
relates to PTLD risk is uncertain. Although a study in pe-
diatric thoracic transplants suggest that patients who are
chronic high viral load carriers (105) may be at significantly
increased risk of late onset EBV-positive PTLD (106), this
risk appears in part to be organ-specific with intermediate
risks observed in intestinal transplants (107) and low risk
in pediatric liver transplant patients from the same center
(108). However, even among specific allograft types such
as pediatric liver transplant recipients, reported long-term
risks differ among centers (109,110). Additional data from
prospective studies are required to determine allograft-
specific long-term risks, the pathogenesis and evolution
of this phenotype in relationship to PTLD risk in order to
guide patient management and the usefulness of ongoing
viral load monitoring in this setting.

Prognostic Indicators of PTLD

Several variables have been identified as indicators of prog-
nosis in the management of PTLD. The extent to which
findings can be generalized across centers is limited by the
absence of a standardized approach to the pathologic di-
agnosis and treatment of PTLD. Table 4 summarizes some
factors that have been associated with poorer outcomes.

Summary of Key
Recommendations/Statements

(1) Primary EBV infection and high or repetitive doses
of antilymphocyte globulin represent the best-
documented risk factors for the development of early
PTLD (ll-2).
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Table 4: Factors associated with poorer outcomes from PTLD

Poor performance status

Multisite disease

Central nervous system disease

T or NK cell PTLD

Spindle cell PTLD

EBV-negative PTLD

The abnormal cells leading to PTLD of recipient origin as
opposed to donor-origin

Coinfection with hepatitis B or C

Monoclonal disease

Presence of mutation of proto-oncogenes or tumor suppressor
genes

Prognostic factors not always consistent among studies.

(2) EBV serostatus should be determined on all trans-
plant recipients and donors in order to identify the pa-
tients at high risk for PTLD development. Seropositive
candidates <18 months of age should be considered
seronegative for purposes of risk stratification (lI-2).
Patients seronegative prior to transplantation should
be rescreened while on the waitlist and yearly after
transplant to determine ongoing susceptibility to pri-
mary infection (ll1).

(3) The establishment of an international standard for
EBV viral load assessment should reduce interlabo-
ratory variability in reported results; this requires val-
idation. In the interim, formal cross-referencing is re-
quired for interinstitutional result comparison (l1-2).
Serial monitoring of high risk (usually seronegative
recipients) with EBV viral load as part of preemp-
tive strategies for PTLD prevention is the best vali-
dated use of these assays (lI-2); monitoring of low
risk seropositive populations is not routinely recom-
mended (II-3). The clinical benefit of EBV viral load
assays for monitoring response to therapy, predicting
relapse and for disease diagnosis is uncertain. Re-
sults obtained in these settings should be interpreted
with caution; interpretation may be sample type de-
pendent (lI-3).

(4) Histopathology remains the gold standard for the di-
agnosis of PTLD (ll1).

() Antivirals & immune globulin are sometimes em-
ployed as EBV prophylaxis after transplantation
among EBV D+R- patients. There is insufficient ev-
idence to support or refute this strategy (l). Where
employed, a prophylaxis strategy similar to that for
CMV may be considered (ll1).

(6) The use of preemptive strategies in high-risk popu-
lations may lower PTLD incidence rates; reduction
in immunosuppression is the best documented in-
tervention strategy (I1-2). There are insufficient data
to determine the efficacy of other intervention strate-
gies such as antivirals, anti-CD20 antibody or adoptive
immunotherapy (ll1).

(7) Additional data from prospective studies are needed
to determine the significance of chronic, sustained
elevations of EBV loads after transplantation (ll1).
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(8) In patients who do not have rapidly progressive dis-
ease and who lack predictors of poor response to
immunosuppression reduction, reduction of immuno-
suppression to the lowest tolerated level is recom-
mended as initial therapy for early and late B cell
PTLD (lI-2). Other modalities of therapy depend in
part of on the histopathologic characteristics of PTLD
and location of lesions.

(9) In adult patients with PTLD, rituximab therapy should
be considered as the next step in the treatment of
CD20+ B cell PTLD after reduction in immunosup-
pression in patients who lack risk factors that predict
rituximab failure (11-1).

(10) The use of chemotherapy should be considered for
PTLD treatment after failure of reduction in immuno-
suppression in patients who have risk factors predict-
ing poor response to rituximab monotherapy, patients
who fail to achieve complete remission after initial
rituximab therapy (lI-1), and in the setting of T cell,
Burkitt or Hodgkin lymphoma (I1l). Treatment of CNS
disease requires special consideration (ll1).

Future Research Priorities

It is clear that several areas relating to EBV infection in the
setting of transplantation are in need of further research.
Additional research or consensus is needed to address
and to enhance the levels of evidence for or against differ-
ent aspects of the diagnosis, prevention and treatment of
PTLD. A list of potential research targets include, but are
not limited to the following:

(1) Understanding the pathogenesis of the full spectrum
of PTLD.
(2) Standardization of the format used to report PTLD
incidence trends.
3) EBV vaccine evaluation for transplant candidates.
(4) Evaluation and standardization of EBV viral load mea-
surement.

(5) Optimal use of antiviral & immune globulin in patients
at risk of EBV diseases posttransplantation.

(6) Enhancement of screening/diagnostic strategies to
enhance the early detection of PTLD, beyond the use
of viral load testing.

(7) Controlled trials of preemptive management modal-
ities, including role of reduced immunosuppression
with/without rituximab.

(8) Prospective studies of the significance of chronic viral
load carriage.

(9) Continued research on optimal treatment for specific
categories of PTLD, include the specific chemother-
apy regimens with/without rituximab.

(10) Factors influencing susceptibility to EBV and EBV-
related outcomes, including host and viral genetic
variation.
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Herpes Simplex Virus (HSV) 1 and 2

Epidemiology

Herpes simplex virus type-1 and 2 (HSV-1, HSV-2) are a-
herpesviruses which establish latency in nerve root gan-
glia. Infection with HSV-1, the classic oro-labial herpes
virus, is acquired from early childhood through adulthood,
with prevalence in the United States of 44% in 12-19 year
olds and approximately 80% by the age of 60 (1). Associ-
ated primarily with genital herpes, HSV-2 has a seropreva-
lence that increases rapidly at the age of sexual debut,
infecting 1.6% of persons aged 14-19 years and 26.3% of
persons aged 40-49 years in the United States (2). In re-
cent years, HSV-1 is an increasing cause of genital lesions,
though typically with less frequent recurrences (3,4). Most
adult transplant patients are infected with HSV-1 or HSV-2,
or both, with prevalence similar to the distribution by age
in the general population.

A minority of immunocompetent persons infected with
HSV develop symptomatic lesions; however, most will
shed virus on mucosal surfaces (5). Compared with im-
munocompetent persons, solid organ transplant (SOT) re-
cipients shed virus more frequently, have more frequent
and severe clinical manifestations of HSV (6,7), and may be
slower to respond to therapy. Most symptomatic HSV dis-
ease in adult transplant recipients results from reactivation
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of previously acquired virus, particularly early after trans-
plantation and in the setting of antirejection therapy (8-10).
Primary infection from the allograft is rare but described in
liver, kidney and other organ transplant types (10-13). Pa-
tients may present early after transplant with a fulminant
course with hepatitis and poor outcome. HSV seronega-
tive SQOT recipients may also acquire HSV from intimate
contacts.

The most common clinical presentation of HSV is oro-
labial, genital or perianal disease (8,9). Lesions can be
classic vesicular and/or ulcerative and may extend locally.
Visceral or disseminated disease can occur, including dis-
seminated mucocutaneous disease, esophagitis, hepatitis
and pneumonitis (14,15). Fever, leucopenia and hepatitis
are the most common presenting signs of disseminated
disease. Pneumonitis is described in recipients of all or
gan types, but is most common in heart-lung transplant
recipients (15). Rarely, visceral disease may occur in the
absence of cutaneous or mucosal findings.

Keratitis (infection of the cornea) is the most coommon man-
ifestation of HSV in the eye (16). Keratitis presents in a va-
riety of pathophysiologic entities. Superficial infection has
historically been thought to result from HSV infection in
the trigeminal nerve. However, other, pathology may be
the result of deeper infection of corneal tissues (e.g. stro-
mal keratitis) with resultant inflammatory reaction and/or
immune mediated responses to remaining antigen (17).

Risk factors

Recipient HSV IgG serostatus should be determined prior
to transplant (lI-1). It should be noted that there is limited
utility in testing infants and children in the first 6—12 months
of life when they may still harbor maternal antibodies. HSV
seropositive recipients are at risk of clinical reactivation
posttransplant in the absence of antiviral prophylaxis even
if they had not had prior clinical HSV disease. The incidence
of clinically apparent HSV disease in HSV-seropositive adult
transplant patients who are not receiving antiviral prophy-
laxis ranges from 35% to 68% (9,10,18). Because severe
HSV disease can occur in HSV-seropositive or in seroneg-
ative persons who newly acquire the infection, HSV infec-
tion should be considered in the differential diagnosis of
clinically appropriate syndromes regardless of serostatus
prior to transplantation. Knowledge of serostatus may be
important to determine the possibility of primary HSV ac-
quisition, either from the allograft or from natural sources
after transplant, which may be more clinically severe and
prolonged due to lack of immunologic memory (19,20).

121

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

Wilck et al.

Table 1: Laboratory methods for diagnosis of HSV

Test Advantage Disadvantage

Direct fluorescent o Rapidly available
antibody (DFA) e Virus-specific

PCR e Most sensitive

e Done on most sample types

o Type-specific

e Able to isolate virus for drug
susceptibility testing

e Rapid

e Direct visualization

Histopathology with im- e Can prove tissue-invasive disease
munohistochemistry

Serology

e Lower sensitivity than PCR

e Limited sample types (needs cells to stain; e.g. not CSF)

o Not available at all centers

o Positive result, other than in CSF, requires interpretation

o Takes longer

e Less sensitive, only ~25% of PCR positive depends on level of
virus (Ref. 23)

e Requires experience

e Nonspecific (HSV or VZV)

e Samples more difficult to acquire

e Long turnaround

o Not useful posttransplant, insensitive marker for acute infection

e False-positive IgM with HSV reactivation

Culture

Tzank smear

e Useful to guide pretransplant risk
stratification and prevention

The incidence of HSV reactivation with specific immuno-
suppressive regimens has not been formally assessed.
Historically, use of anti-CD3 antibody muromonab (OKT3)
and mycophenolate mofetil have been associated with
an increased risk of HSV reactivation after transplantation
(10,21,22). There have been no evaluations to date com-
paring different induction regimens (T cell depleting agents
such as rabbit-antithymocyte globulin or alemtuzumab vs.
nondepleting agents such as basiliximab or daclizumab) or
maintenance immunosuppressive regimens with regards
to HSV reactivation rates. However, there are some data to
suggest use of the mTOR inhibitors (e.g. rapamycin) with
reduced calcineurin inhibitor exposure leads to reduced
herpes virus infections (23,24).

Diagnosis (Table 1)

Although most patients present with typical orolabial and
genital lesions, HSV in immunocompromised hosts may be
atypical, thus, laboratory confirmation may be helpful. HSV
grows well in tissue culture so that most isolates are iden-
tified within 5 days. Timing of sampling is important with
mucocutaneous lesions: for example, sampling of genital
lesions >5 days old had a yield of less than 35% (25). Di-
rect fluorescent antibody (DFA) testing of mucocutaneous
lesions, bronchoalveolar lavage (BAL) and other clinical
samples, can provide rapid results. Compared with virus
isolation the sensitivity has been reported between 60%
and 75% and specificity of 85-99% (25-27). Polymerase
chain reaction (PCR) assays are up to fourfold more sen-
sitive than tissue culture for diagnosing mucocutaneous
HSV and have replaced viral culture as the preferred di-
agnostic test (28-32), culture and DFA remain options for
mucocutaneous lesions. The use of PCR in cerebrospinal
fluid to diagnose HSV encephalitis is the diagnostic test
of choice, with a sensitivity of 98% and specificity ap-
proaching 100% (33). HSV DNA is also detected in the
blood of immunocompetent patients with primary ulcera-
tive infection (34) and in those with significant reactivation
disease (34,35); however, the clinical significance of find-
ing HSV DNA in the blood outside of patients with clinical
syndromes consistent with disseminated disease has not
been well established (36). Tissue histopathology with im-
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munocytochemistry for HSV, can be helpful and is recom-
mended to confirm a diagnosis where PCR or other tests
(e.g. culture) may represent contamination from another
site (e.g. BAL contaminated from oropharynx). Serologic
testing is rarely useful for diagnosing acute infections as
most patients will be HSV seropositive and IgM positivity in
HSV infection may indicate reactivation and not new acqui-
sition. Nevertheless, serology (by IgG) is useful to acquire
pretransplant for appropriate posttransplant risk stratifica-
tion.

Diagnosis of HSV keratitis remains primarily a clinical diag-
nosis based on characteristic features of the corneal lesion
on slit lamp microscopy. Referral to an ophthalmologist is
requisite for appropriate diagnosis and treatment of HSV
ocular disease (Table 1).

Prevention

Currently, many transplant recipients receive antiviral med-
ication to prevent CMV replication (see CMV guidelines).
Ganciclovir (Grade | for HSV prevention), acyclovir (I), vala-
cyclovir (1) and valganciclovir (lll), prevent most HSV repli-
cation when given in standard doses for CMV preven-
tion. HSV-specific prophylaxis should be considered for all
HSV-1 and HSV-2 seropositive organ recipients not receiv-
ing antiviral medication for CMV prevention (Grade I). Some
centers use EBV-specific prophylaxis in pediatric transplant
recipients not receiving prophylaxis for CMV infection. The
antivirals used for EBV prevention also likely prevent HSV
reactivation, so additional prophylaxis may not be neces-
sary (Grade Ill). In the unusual circumstance of a patient
who is not receiving CMV antiviral prophylaxis and is also
HSV seronegative, the risk of early posttransplant HSV in-
fection is not well defined, though probable cases of HSV
transmission from organs have been described (11). In this
setting, some clinicians may choose to give antiviral pro-
phylaxis while others may consider close clinical monitor
ing (Grade Ill).

Immunosuppression intensification for organ rejection has
been associated with HSV recurrence, though usually not
life threatening. Limited data suggest that prophylaxis dur
ing rejection episodes treated with OKT3 is effective (21);
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and the utility of HSV prophylaxis is likely similar for other
types of immunosuppressive regimens (Grade |I-2). Pa-
tients may also be receiving antivirals for CMV prophylaxis
during treatment of rejection so HSV-specific prophylaxis
may not be required.

Unfortunately, a vaccine to prevent primary HSV infection
has been elusive, therefore current prevention techniques
are focused on behavioral and antiviral methods to pre-
vent acquisition of HSV. Seronegative transplant recipients
should be counseled regarding the risks of HSV-1 and
HSV-2 acquisition. It is important to avoid contact with
persons with active lesions as these patients are most in-
fectious (Grade Ill). However, persons may acquire HSV
from asymptomatic individuals so care should be taken
in intimate contact, particularly during periods of most in-
tense immune suppression (Grade Ill). Condoms may be
effective, but do not completely protect against HSV trans-
mission (37). A majority of persons infected with HSV have
never had symptomatic lesions, so the virus may be ac-
quired from persons who have never had lesions. Where
appropriate, HSV-2 seronegative transplant recipients in
new sexual relationships should consider having their part-
ner tested for HSV-2 (Grade Il1). In serodiscordant couples,
daily antiviral therapy taken by the seropositive partner has
been shown to prevent HSV-2 transmission to the seroneg-
ative partner (38), so this may be considered as an option
(Grade lI), but has not been evaluated in the SOT popula-
tion. There are no controlled studies looking at the efficacy
of postexposure prophylaxis to prevent HSV acquisition so
it is not routinely recommended.

Antiviral dosing for prophylaxis (Table 2): The only ran-
domized trials of HSV prophylaxis in SOT recipients were
published in the 1980s and showed effective HSV sup-
pression with acyclovir administered at doses of 200 mg
three (9) or four (8) times a day. In a meta-analysis com-
paring these regimens with higher doses of acyclovir and
valacyclovir for CMV prevention, HSV was well suppressed
at all evaluated doses of acyclovir, with no difference be-
tween these “low-dose” (<1 g/day) and the higher dose
regimens (39); Table 2). In this meta-analysis, the use of
acyclovir resulted in a significant reduction (OR, 0.17; 95%
Cl, 0.12-0.24; p < 0.001) in HSV disease (39).

Compared with these initial HSV prevention trials in SOT,
higher doses of acyclovir administered less frequently (e.g.
400-800 mg 2 x/day) have been shown to be safe and ef-
fective in other similarly immunocompromised populations
(e.g. hematopoietic stem cell transplant, HIV), and are rec-
ommended for SOT recipients due to their safety and ease
of administration (Grade Il). Because SOT-specific stud-
ies have not been done, the level of evidence reported
herein is extrapolated from studies performed in popula-
tions of other patients with similar levels of immune com-
promise (40-42). Patients with a history of frequent severe
clinical HSV reactivations prior to transplant should be given
doses in the higher range (Grade lll). Valacyclovir given
twice daily was found to be superior to once daily when
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used as prophylaxis against HSV in immunocompromised
patients so once daily administration is generally not rec-
ommended (43). Dosage adjustment for renal insufficiency
is necessary if GFR is <50.

Famciclovir, the oral prodrug of penciclovir, is also effective
in preventing recurrent HSV in immunocompromised and
immunocompetent hosts (44,45) and is an alternate option
for prophylaxis.

HSV prophylaxis in pediatric patients is not universal. Dos-
ing for seropositive patients or patients who have had
prior occurrences is derived from studies of HIV posi-
tive and stem cell transplant recipients. For children >2
years of age requiring oral therapy a typical quantity is
600-1000 mg/day in 3-5 divided doses. For intravenous
therapy, 5 mg/kg every 8 h is recommended (46).

Duration of prophylaxis: The majority of severe HSV
disease occurs within the first month after transplant (9),
so antiviral prophylaxis should continue for at least a
month (Grade I). In addition, resumption of prophylaxis
may be considered for patients being treated for rejection
(with T cell depleting agents) (Grade Ill). For patients
receiving CMV antiviral prophylaxis (typically continued for
>100 days), additional HSV prevention is not necessary. In
patients who experience bothersome clinical recurrences
(>2) after discontinuation of antiviral therapy, suppressive
antiviral therapy should be continued until such time as the
level of immunosuppression can be decreased (Grade I).
Of note, suppressive therapy can be safely continued for
many years and is associated with less frequent acyclovir
resistant HSV than episodic therapy in immunocompro-
mised patients (41), and thus is the preferred approach
(Grade Ill). If cessation of prophylaxis is unsuccessful, then
lifelong suppressive therapy may be necessary (Grade llI).

Treatment (Table 2)

Disseminated, visceral, or extensive cutaneous or mu-
cosal HSV disease should be treated with intravenous
acyclovir (Grade II-1) at a dose of 5-10 mg/kg every
8 h (11,14,42,47,48). Mucocutaneous disease in the
immunocompromised patient can be treated with the
lower dose of 5 mg/kg. When there is a concern for
disseminated, visceral or cerebral involvement doses
of up to 10 mg/kg every 8 h should be initiated (with
adjustment for reduced GFR) (Grade Il). Rapid initiation
of acyclovir therapy is associated with improved outcome
for HSV disease in transplantation (11), and can be
life-saving in cases of HSV hepatitis or dissemination.
Reduction in immunosuppression should be considered
for life-threatening HSV disease (Grade Ill). More limited
mucocutaneous disease can be treated with oral acyclovir
(1), valacyclovir (I) or famciclovir (). Therapy should be con-
tinued for minimum of 5-7 days or until complete healing
of the lesions depending on the clinical circumstances.
Therapy in severe disease (e.g. encephalitis) should be
continued for a minimum of 14 days (Grade IIl) although
some clinicians favor longer courses up to 21 days (49-51).
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Table 2: Recommendations for HSV prevention and treatment in HSV seropositive solid organ transplant recipients

Indication Treatment Evidence Comments
Prevention
Adult: CMV prophylaxis' or Grade | e Administer for at least 1 month
ACV 400-800 mg p.o. 2x/day Grade | e During treatment of rejection episodes (for at
VACV 500 mg p.o. bid Grade | least 1 month)
FCV 500 mg p.o. bid Grade |
Pediatric: ACV 30-80 mg/kg Grade Il e For recurrent infection: Lower doses for
p.o. in 3 divided doses recurrent labialis, higher doses for recurrent
VACV 15-30 mg/kg/p.o. tid genital or ocular disease.
Treatment
Mucocutaneous
disease
Adult: ACV 400 mg p.o. 3x/day Grade | e Because prompt initiation of therapy is
VACV 1 g p.o. 2x/day Grade | associated with improved outcome, therapy
FCV 500 mg p.o. 2x/day Grade | should be started based on clinical diagnosis,
ACV 5 mg/kg i.v. every 8 h (if unable to pending laboratory confirmation
take p.o.) e Therapy should be continued until complete
healing of all lesions or at least 5-7 days
Pediatric: ACV 10 mg/kg i.v. every 8 h e Severe mucocutaneous.
ACV 1000 mg/day p.o. in 3-5 divided e Limited disease. Treat for 7-14 days.
doses for 7-14 days
Severe, visceral/
disseminated/CNS
disease
Adult: ACV 10 mg/kg i.v. every 8 h Grade II-1 e i.v. Therapy should be continued until resolution
of disease, or 14 days, then oral medication may
be given. For CNS infection may consider 21
days of IV therapy.
Pediatric: ACV IV 60 mg/kg/day in 3 divided doses Grade [I-2 e Continue for 21 days for disseminated or CNS
infection.
HSV Keratitis Topical: o Topical steroids should also be considered for
Ganciclovir 0.15% Grade | stromal keratitis.
Trifluorothymidine 1% e Ganciclovir given 5 x a day until healing then 3 x
Acyclovir 3% ointment (Grade I11) daily for 1 week
Acyclovir, 400 mg five times daily e One drop every 2 h for 2 weeks. Limited by
Valacyclovir and Famciclovir Grade | epithelial toxicity
Oral: Grade llI Avoids topical toxicity
No comparative or dose finding studies.
Acyclovir-resistant Foscarnet 80-120 mg/kg/day IV in 2-3 Grade | o Resistance should be laboratory-confirmed,
HSV divided doses until healing is complete although empiric therapy can be started
Intravenous cidofovir Grade II-3 e Reduce immunosuppression, if possible
Topical cidofovir Grade Il
Topical trifluridine Grade II-3

ACV = acyclovir; CMV = cytomegalovirus; FCV = famciclovir; HSV = herpes simplex virus; i.v. = intravenously; p.o. = per orally; SOT =

solid organ transplant; VACV = valacyclovir.

TCMV prophylaxis with recommended doses of ganciclovir, valganciclovir, valacyclovir or acyclovir are adequate for HSV prevention.
Due to lack of SOT-specific studies, the level of evidence is extrapolated from populations of other patients with similar levels of immune
compromise. Dosages are for GFR > 50, adjustment is necessary for renal insufficiency.

Children clear acyclovir more rapidly than adults, and thus
need higher doses of acyclovir. There are no controlled
clinical trial data for dosing of anti-HSV medications in the
SOT pediatric population. In neonates, the recommended
dose of acyclovir for encephalitis is 20 mg/kg/dose every
8 h for 21 days (52). Persistent HSV PCR in CSF has been
associated with poor outcome in neonatal infection and it
is suggested to confirm a negative CSF PCR prior to com-
pleting therapy (53) (Grade lll). A similar dose is recom-
mended for children from 3 months to 12 years, although
some clinicians prefer 15 mg/kg/dose every 8 h (46). Local-
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ized, mucocutaneous, progressive disease is treated with
IV acyclovir at a dose of 10 mg/kg/dose every 8 h for a min-
imum of 14 days (Grade lll). For less severe localized dis-
ease oral acyclovir may be used at a dose of 1000 mg/day
in 3-5 divided doses for 7-14 days; maximum dose:
80 mg/kg/day not to exceed 1 g/day (46). Acyclovir is as-
sociated with greater toxicity in the pediatric population;
thus, close monitoring is recommended. Data for oral vala-
cyclovir come from healthy immunocompetent patients: a
dose of 20 mg/kg/dose twice daily is recommended for
children 3 months to 11 years of age (54). Valacyclovir is
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FDA approved for treatment of herpes labialis in children
over 12 years of age and for children >2 years of age for
the treatment of varicella infection though is not always
easily available to the pediatric population as it needs to be
reconstituted soon before use to be in liquid form.

HSV keratitis treatment includes both topical and/or sys-
temic therapy. The various forms of topical therapy ap-
pear equally effective (55). Topical agents such as trifluri-
dine solution and vidarabine ointment may result in epithe-
lial toxicity with prolonged use. Topical ganciclovir gel has
also been shown to be effective and has the advantage of
less toxicity and less frequent applications. A study in im-
munocompetent individuals showed acyclovir at a dose of
400 mg five times a day was equivalent to topical therapy
(56) and avoids the epithelial toxicity. Alternate HSV med-
ications such as valacyclovir or famciclovir are possibly as
effective as acyclovir, but have not been studied in compar
ative trials (57). Stromal keratitis and endotheliitis is treated
with a combination of antivirals and topical steroids (58).

Resistance

The estimated prevalence of acyclovir resistance in im-
munocompromised hosts ranges from 3.6% to 6.3%
(59,60) and needs to be considered in patients whose le-
sions are not responding clinically to appropriate doses
of acyclovir, valacyclovir or famciclovir therapy. The most
common mechanism of resistance in clinical practice is
due to diminished or absent thymidine kinase (TK) activ-
ity that is conferred by resistance mutations. Thus, drugs
that utilize TK (acyclovir, famciclovir and valacyclovir) are all
affected. Initial evaluation should include laboratory con-
firmation of HSV disease including a viral culture as test-
ing for acyclovir resistance generally relies on phenotypic
assays—most commonly a plaque reduction assay. Given
that testing relies on growth of the virus, results may be
delayed for days to weeks and when strongly suspected,
alternate therapy should be considered prior to confirma-
tion of resistance (Grade Ill). Genotypic testing for known
resistance mutations is available in some settings and may
have a more rapid turnaround time.

Foscarnet is recommended for acyclovir resistant HSV
infections (Grade 1) (61). Intravenous cidofovir (Grade [I-3)
has also been associated with improvement (62), but
both of these drugs are associated with significant renal
toxicity and appropriate care should be taken to monitor
for toxicities of these alternative regimens. Probenecid
is usually given with cidofovir to potentiate the toxicity.
Topical imiquimod has also been used for resistant
anogenital HSV in immunocompromised hosts (63,64).
Topical cidofovir (Grade 1)) and trifluridine (Grade 11-3) have
also been used. Oral lipid-ester formulations of cidofovir
(CMX-001) and helicase-primase inhibitors (e.g. ASP2151)
are currently in later stages of development and may
be available in the near future (65,66). To the extent
possible, doses of immunosuppressive therapy should
be reduced in patients with acyclovir resistant disease
(Grade Ill). Recurrent acyclovir-resistant HSV disease may
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require repeated courses of foscarnet. However, after
complete healing, subsequent recurrences may be again
susceptible to acyclovir therapy (67).

Research Issues

The utility of molecular diagnostic testing in tissue and flu-
ids other than CSF (i.e. blood, ascites, BAL) for diagnostic
and monitoring purposes requires additional research to
establish its role in routine care. Research into the epi-
demiology and natural history of HSV, in addition to con-
trolled treatment trials are sorely needed in the pediatric
population. It is important to further elucidate the effect of
different immunosuppressive regimens on the natural his-
tory of herpes simplex reactivation and disease, and the
potential benefit of suppressive therapy during long-term
immunosuppression. As new therapeutic agents become
available for HSV, they should be evaluated in the setting of
transplant and other immunocompromised hosts. Should
a therapeutic or prophylactic vaccine become available, the
efficacy and, in the setting of a live virus vaccine, safety in
the transplant population will need to be evaluated. The op-
timal method and duration for HSV prevention in seronega-
tive recipients who are not taking CMV antiviral prophylaxis
should be investigated.
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Human Herpesviruses 6 and 7

Epidemiology and risk factors

Human herpesvirus (HHV)-6A, HHV-6B and HHV-7
arelymphotropicB-herpesviruses that are almost univer
sally acquired during the first few years of life and establish
latency in mononuclear cells, which eventually serve as
reservoirs for endogenous viral reactivation during times
of immune suppression or as potential vectors of trans-
mission to susceptible individuals (1). In less than 1% of
infected individuals, HHV-6 persistence occurs as a result
of integration of the virus into the host chromosome, a con-
dition known as chromosomally integrated CI-HHV-6 (2,3),
with as yet undefined clinical significance (4,5). Previously
felt to be two variants of the same virus, HHV-6A and
HHV-6B were recognized as two distinct viruses by the
International Committee on Taxonomy of Viruses in 2012,
due to increasing virologic and epidemiologic evidence to
support this distinction (6). HHV-6B has been implicated
in most primary infections in children (7,8) and reactiva-
tion events after transplantation (9), whereas HHV-6A pre-
dominates in the lymph nodes of HIV-infected adults (10).
Compared to HHV-6, less is known about the clinical impli-
cations of HHV-7 infection.

Primary HHV-6 and HHV-7 infections in immunocompetent
children range from asymptomatic to self-limited febrile
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illnesses with rash, diarrhea, respiratory symptoms, or
seizures (7,11-13). Transmission of HHV-6 and HHV-7
are thought to occur through saliva (14-16) or perina-
tally (17,18). Seroconversion occurs within the first 6-24
months of age for HHV-6 (7,17) and by 3 years for HHV-7
(19,20). However, an HHV-6 mononucleosis-like illness has
been reported in adults (21,22) and primary infections of
HHV-6 and HHV-7 can also occur in solid organ transplant
recipients through allograft-transmission (23) or as a result
of natural transmission in the community (24,25). Because
seroprevalence studies typically show that over 90% of
adults are infected with both viruses (1,11,17,19), most
infections after transplantation are thought to result from
the reactivation of endogenous latent virus (26,27). The es-
timated rates of HHV-6 reactivation after solid organ trans-
plantation have varied widely between 20-82% (9,28-30),
due to the variation of the diagnostic assays used and the
inability of some tests to distinguish active from latent
infection. In one review, HHV-6 infections were mostly re-
ported in heart and lung (66-91 %), liver (22-54%) and kid-
ney (23-55%) transplant recipients, with few reports in
kidney—pancreas and intestinal transplant recipients (31).
There is less information on the rate of active HHV-7
infection after solid organ transplantation, though it has
been estimated to occur in 0-46% of patients (9). Reac-
tivation of both viruses occurs relatively early, generally
within the first 2-4 weeks after solid organ transplanta-
tion (9,28,29,32,33).

Active infection by HHV-6 and HHV-7 in solid organ trans-
plant recipients is usually asymptomatic. Overt clinical dis-
ease directly due to HHV-6 is estimated to occur in less
than 1% of solid organ transplant recipients (27,32), re-
portedly causing fever and rash (34), hepatitis (35), gastro-
duodenitis (36,37), colitis (38,39), pneumonitis (34,40,41),
and encephalitis (42). It may also present as a CMV-like
syndrome, with fever and some degree of bone mar
row suppression (43,44). Acute HHV-6 infection has also
developed in patients who received liver transplantation
for HHV-6 associated acute fulminant liver failure (45).
Although HHV-6B causes more infections in transplant re-
cipients, HHV-6A has been associated with giant cell hep-
atitis (35) and fatal disease in two renal transplant recipi-
ents (23,46). Of all the reported cases thus far, CI-HHV-6B
is seen more commonly in solid organ transplant recipients
whereas CI-HHV-6A has been described in hematopoietic
stem cell transplant recipients, but the clinical significance
is unclear (47). In contrast to HHV-6, symptomatic disease

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

due solely to HHV-7 to date has not been documented in
heart (48), intestinal (49) or renal (50) transplant recipients,
and the clinical associations in liver transplant recipients are
controversial (51,52).

In addition to the direct effects described above, HHV-6
and HHV-7 appear to have immunomodulatory properties
that result in important indirect effects on viral co-
infections, fungal infections and allograft rejection. Both
HHV-6 and HHV-7 have been associated with an increased
risk of CMV disease (40,48,53-60). HHV-6 has also been
associated with fungal and other opportunistic infections
(61-63), early fibrosis due to hepatitis C virus recurrence
after liver transplantation (64,65), and a higher mortality
rate after liver (62,66) and heart-lung transplantation (63).
HHV-6 and HHV-7 infections have been associated with
allograft rejection and dysfunction (51,56,67,68), but the
presence of CMV may confound the association. In ad-
dition, both HHV-6 and HHV-7 have been detected in
bronchoalveolar lavage fluid (69), though the association
between virus detection and bronchiolitis obliterans syn-
drome after lung transplantation is controversial (70,71).
Although CI-HHV-6 has not been clearly associated with
a clinical syndrome, there are data suggesting indirect ef-
fects. For example, a significantly higher rate of bacterial
infections in liver transplant recipients (71.4% vs. 31.4%;
p = 0.04) was noted among those with CI-HHV-6 than in
the HHV-6 negative group, with a corresponding nonsignif-
icantly higher rate of allograft rejection in the CI-HHV-6
group (72).

As with other herpesviruses transmitted through saliva,
risk of infection with HHV-6 is associated with lower so-
cioeconomic status and having more than one sibling,
whereas seasonality and black race are associated with
a higher prevalence of HHV-7 infection (73). Though data
are limited, it is assumed that the intensity of pharmaco-
logic immunosuppression is a risk factor for HHV-6 and
HHV-7 reactivation and disease (74), potentially through
prolonged suppression of memory responses (75). Certain
agents, including muromunab-CD3 (49) and alemtuzumab
have been associated with active HHV-6 infection after
transplantation (76).

Diagnosis

Several factors complicate the diagnosis of clinically rel-
evant HHV-6 infection. Diagnostic tests to detect HHV-6
and HHV-7 include serology, culture, antigenemia, im-
munohistochemistry and nucleic acid amplification assays.
In general, these tests are not well standardized. In ad-
dition, many tests are unable to differentiate latent ver
sus active infection or to distinguish between HHV-6A and
HHV-6B, and there may also be cross-reactivity between
HHV-6 and HHV-7. Specific testing for HHV-7 is mainly per
formed for research purposes, as there have not been any
clear clinical syndromes associated with HHV-7 infection.
Perhaps the most difficult aspect of interpreting HHV-6 and
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HHV-7 testing, however, is determining whether detection
of the virus implies causality in a given clinical syndrome;
the diagnosis of symptoms directly related to HHV-6 or
HHV-7 infection typically requires the exclusion of other
more likely etiologies.

Due to high HHV-6 and HHV-7 seroprevalence rates in
adults, serology is of limited benefit for the diagnosis
of active infection in solid organ transplant recipients
(Il; Ref. 9). Viral culture of HHV-6 is laborious and not rou-
tinely used. HHV-6 antigenemia assays can detect HHV-6
viral antigens in peripheral blood mononuclear cells us-
ing monoclonal antibodies (33) and can distinguish be-
tween HHV-6A and HHV-6B. Antigen-based assays are also
rapid, relatively easy to perform, and may discriminate be-
tween active and latent infection. However in one study
of adult liver transplant recipients, HHV-6 and HHV-7 ac-
tive infection were detected in up to 39.2% and 14.2%
of patients, respectively, at a median of 9 days posttrans-
plantation, usually preceding CMV antigenemia; however,
the cut-off level to determine clinically significant active
infection is unknown (77). Further studies are needed to
determine clinically significant levels of antigenemia post-
transplantation. Polymerase chain reaction (PCR) may be
preferred for the detection of HHV-6 and HHV-7 viremia af-
ter solid organ transplantation (lI-2; Ref.78). PCR assays
can distinguish between HHV-6A, HHV-6B and HHV-7,
but they may not differentiate active from latent infec-
tion (79,80). Quantitative real-time PCR assays on noncel-
lular samples are often used for the diagnosis of active
HHV-6 and HHV-7 infection (81-85); however, recent ev-
idence suggests that HHV-6 DNA in plasma reflects the
presence of infected blood cells (86). Therefore, quantifi-
cation of viral DNA in whole blood, reverse transcriptase
PCR on whole blood, or methods to detect messenger
mRNA may be more specific for the diagnosis of active
HHV-6 infection (lll; Refs. 86-88). However, there are lim-
ited data linking reactivation of HHV-6 using whole blood
clinical samples with clinical disease. It is also important
to consider the potential detection of CI-HHV-6 in blood
samples, characterized by persistent HHV-6 viral loads of
over a million copies per mL of whole blood, which may
be misinterpreted as substantial active infection leading
to unnecessary treatment (4,72). Recent guidelines sug-
gest that HHV-6 levels in whole blood exceeding 5.5 logig
copies/mL are strongly suggestive of CI-HHV-6, which is
confirmed by the ratio of viral to human genomes of 1:1 (3).
Qualitative or quantitative HHV-6 PCR of the cerebrospinal
fluid is useful to diagnose HHV-6 encephalitis in patients
with the appropriate clinical signs (42). Immunohistochem-
istry to detect viral antigens in biopsy specimens may
be more informative than viremia in cases where tissue-
invasive HHV-6 disease is suspected (34,89,90). However,
HHV-6 antigen may be found commonly in tissue in the
absence of symptoms (91,92). Because of the apparent
low rate of clinical disease and the relatively high rate
of subclinical viral reactivations, routine monitoring for
HHV-6 or HHV-7 infection after solid organ transplantation

129

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

Le et al.

is not recommended based on the current evidence. Di-
agnostic testing should be limited to scenarios where
symptomatic HHV-6 infection is plausible, and to assist in
guiding treatment decisions, including response to therapy
(I; Ref. 93).

Treatment

The majority of HHV-6 and HHV-7 infections are subclinical
and transient, and therefore treatment of asymptomatic vi-
ral reactivation is not recommended (II-2). However, treat-
ment directed against HHV-6 should be initiated in the
setting of HHV-6 encephalitis and should be considered
for other clinical syndromes attributable to HHV-6 (lll). Es-
pecially in cases of moderate or severe disease, antiviral
treatment may be complemented by a reduction in the
degree of pharmacologic immunosuppression (lll). Further
more, HHV-6 and HHV-7 co-infections with CMV generally
do not require therapy in addition to the treatment given for
CMV infection and disease (llI; Ref.94). Currently, no an-
tiviral compounds have been approved for the treatment of
HHV-6 and HHV-7 infections in solid organ transplant recipi-
ents, though foscarnet, ganciclovir and cidofovir have been
used clinically, based on in vitro data and anecdotal clinical
reports in stem cell transplant recipients (30,95-97). How-
ever, there are no randomized controlled trials demonstrat-
ing antiviral efficacy in the treatment of HHV-6 or HHV-7
infections. In vitro, HHV-6 is sensitive to achievable con-
centrations of ganciclovir, foscarnet and cidofovir, though
HHV-6A and HHV-6B demonstrate different susceptibili-
ties (95). HHVG-B is usually susceptible to both ganciclovir
and foscarnet, whereas HHV6-A is more resistant to gan-
ciclovir though mutations in U69 and U28 genes (98,99).
Of note, a cidofovir-resistant isolate of HHV-6 has been
reported (100). HHV-7 appears resistant to ganciclovir in
vitro, and may not be inhibited with achievable concentra-
tions of ganciclovir (95). Both HHV-6 and HHV-7 are resis-
tant to acyclovir and penciclovir (95).

Prevention

Specific antiviral prophylaxis or pre-emptive therapy for
HHV-6 infection is not recommended due to insufficient ev-
idence, and because the vast majority of HHV-6 and HHV-7
infections after solid organ transplantation are subclinical
(I1N). Antiviral prophylaxis for CMV with ganciclovir or val-
ganciclovir does appear to reduce the incidence of HHV-6
viremia in solid organ transplant recipients (101,102),
though a similar effect has not been observed for
HHV-7 (94).

Research issues

A full understanding of the clinical impact of HHV-6 and
HHV-7, including the direct effects as well as interactions
with CMV, impact on allograft dysfunction, and other im-
munomodulatory effects, requires large prospective clini-
cal studies. A comprehensive assessment of the magni-
tude of their clinical impact would be required to estimate
the potential benefits of interventions such as routine
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monitoring for these viruses after transplantation. Stan-
dardization of diagnostic methods to allow for more precise
determination of the burden of active infection and associ-
ation with clinical disease is warranted, along with further
characterization of CIHHV-6 and its association with dis-
ease. Finally, determining the in vivo efficacy of currently
available antiviral compounds against HHV-6 and HHV-7,
preferably through randomized controlled trials, would be
beneficial.

Human Herpesvirus 8

Epidemiology and risk factors

Human herpesvirus8 (HHV-8) is a y-herpesvirus that
causes Kaposi sarcoma (KS) and, much less commonly,
primary effusion lymphoma (PEL) and multicentric Castle-
man disease (MCD; Refs.103-106). HHV-8 has also been
reported as a cause of fever and other constitutional
symptoms, bone marrow suppression, hemophagocytic
syndrome and clonal gammopathy after transplantation
(106-109). HHV-8 infects B cells, oral epithelial cells, as
well as cells of endothelial origin (“spindle cells”) present
in KS lesions (110). As with all herpesviruses, HHV-8 in-
fection is lifelong, and the virus alternates between la-
tency and active lytic replication, during which infectious
virus is produced. Natural transmission of HHV-8 primar-
ily occurs through saliva, but infection may also be ac-
quired via sexual intercourse, blood transfusion and organ
transplantation (111,112).

The prevalence of HHV-8 infection varies widely depend-
ing on the geographic region; seroprevalence is estimated
to be between 0-5% in North America, northern Europe,
and Asia, between 5-20% in the Mediterranean and Mid-
dle East, and >50% in parts of Africa (111,112). In high-
prevalence areas, acquisition of HHV-8 frequently occurs
during early childhood, in contrast to low-prevalence ar
eas where seropositivity of children is extremely rare
(113,114). The incidence of active HHV-8 infection and
disease after solid organ transplantation reflect these ge-
ographic differences in seroprevalence. Between 23 and
68% of HHV-8 seropositive transplant recipients develop
KS (115-117). As such, the cumulative risk of KS in trans-
plant recipients has been reported to range from as low as
0.4% of patients in North America to 6% in the Mediter
ranean and Middle East (112,115-124). Furthermore, in
Saudi Arabia, KS accounted for 87.5% of all tumors de-
tected in kidney transplant recipients, compared to only
approximately 3-6% in North America (118,124). The on-
set of KS is most often within the first 1-2 years after trans-
plantation, though it may occur as early as a few weeks to
as late as 18 years after transplantation (103,106,124-127).

The risk and manifestations of symptomatic HHV-8 in-
fection in transplant recipients are likely dependent on
the presence of pretransplant HHV-8 immunity, level of
immunosuppression and type of organ. KS and other

American Journal of Transplantation 2013; 13: 128-137

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

HHV-8-related diseases may occur as a result of either
primary infection in recipients of allografts from HHV-
8-infected donors (106,107,128-132), or viral reactiva-
tion in recipients infected with HHV-8 before transplant
(132-134). Primary HHV-8 infection in liver transplant re-
cipients may result in particularly high rates of disease
and death, based on a recent prospective ltalian cohort
study in which three of five patients who acquired HHV-8
posttransplant died from multiorgan failure or MCD, and a
fourth developed KS (106).

The risk of HHV-8-related disease is greatly increased by
pharmacologic immunosuppression or HIV infection, likely
due to impaired control of HHV-8 replication (110,135). The
intensity of immunosuppression, including use of antilym-
phocyte agents, has been associated with the risk of KS
after transplantation (115). HHV-8 T cell responses were
notably absent in a case series of transplant patients at the
onset of KS, but became detectable following reduction in
immunosuppression, which coincided with remission of
KS (136). NK cells (137) and B cells may also be protec-
tive against KS; low levels of HHV-8 neutralizing antibodies
have been associated with KS in HIV infection (138,139),
and treatment of MCD with rituximab has been reported
to increase HHV-8 reactivation and exacerbate KS (140).
Use of calcineurin inhibitors (CNIs) for immunosuppres-
sion has been indirectly implicated as a risk factor for KS,
since regression of KS lesions has occurred after reduc-
tion of CNIs or switching to the mTOR inhibitor sirolimus
(also known as rapamycin; Refs.136,141). Older age and
male gender have also been identified as risk factors for
KS (117,120,124). Risk factors for less common clinical
manifestations of HHV-8 infection in transplant recipients
have not been well defined.

Diagnosis

A variety of serological assays are available to test for
HHV-8 infection. However, use of these assays, which are
based on a variety of viral antigens, is not standardized,
and their sensitivity ranges from approximately 80% to
greater than 90% (142,143). Although donor and recipient
serological screening prior to solid organ transplantation
may help stratify the risk of HHV-8-related disease after
transplantation, how this information should be used is
poorly understood at present (lI-2). Similarly, the value of
testing for seroconversion or an IgM response to HHV-8
post-transplantation is uncertain (lll). For the detection of
active HHV-8 infection, quantitative PCR testing of periph-
eral blood may be informative (I1-2; Ref. 135). As HHV-8
viremia is associated with the development of KS, PCR
could be used to monitor for risk of disease as a part of
a preemptive strategy (see below; Refs.135,144,145). In
addition, the use of HHV-8 viral load measurements to
follow patients with KS and to assess response to ther
apy has also been suggested (115,142,146), though stud-
ies are needed to determine the clinical utility of these
approaches (ll1).
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KS presents in transplant patients as red or violaceous le-
sions of the skin or oral mucosa, but may also involve the
lymph nodes or visceral organs, including the transplanted
allograft (130,134,147,148). Presenting symptoms of PEL
are dependent on the location (primarily the pleural, peri-
toneal or pericardial spaces) and size of the effusion. MCD
is characterized by fever and other systemic symptoms of
inflammation, lymphadenopathy, and anemia. Histopathol-
ogy is required for definitive diagnosis of HHV-8-related
tumors, and should be performed whenever possible. Test-
ing for the presence of HHV-8 in biopsy or fluid samples
(e.g. tumor tissue for KS, lymph node for MCD, pleural or
ascitic fluid for PEL) using immunohistochemistry, in situ
hybridization, or PCR is also valuable (II-2; Refs. 103,135).

Treatment

A multidisciplinary approach is recommended, including
early consultation with oncology, infectious disease, and
dermatology specialists, as appropriate. Cautious reduc-
tion or cessation of pharmacologic immunosuppression is
the first line therapy for the treatment of KS if feasible
(11-3; Refs.136,149-151). The degree to which immuno-
suppression is reduced should be individualized based on
the type of organ transplanted and the severity of KS
in each case. For patients receiving a CNI as a part of
their immunosuppression regimen, switching to sirolimus
should also be considered (lI-3). In addition to its abil-
ity to block T cell activation through inhibition of IL-2 re-
sponse, sirolimus has antitumor properties, and conversion
to sirolimus has led to regression of KS lesions in some pa-
tients (130,134,141,152,153). In addition, sirolimus blocks
HHV-8 replication, which may provide additional clinical
benefits (154).

Patients whose KS lesions do not regress with reduc-
tion in immunosuppression or change to sirolimus may
require intralesional chemotherapy, surgical excision or ra-
diation therapy or other local treatment for isolated lesions,
or systemic chemotherapy for visceral or severe disease,
using liposomal doxorubicin, paclitaxel, or other agents
(11-2; Ref. 165). Chemotherapy may also ameliorate the risk
of allograft rejection due to reduction of immunosuppres-
sion (148,156). It should be noted that no controlled KS
treatment trials have been performed in transplant recipi-
ents. Data regarding treatment of MCD and PEL in trans-
plantation is even more limited. As such, decisions regard-
ing systemic chemotherapy may benefit from evaluation
of evidence from the HIV literature (104,111,157,158).
The benefits of antiviral therapy in transplant recipients
with established KS or other manifestations of HHV-8 in-
fection are not defined (135). However, numerous case
reports suggest a benefit of antivirals for HHV-8 related
diseases, including one in which foscarnet was used suc-
cessfully for the treatment of bone marrow suppression
and hemophagocytosis related to primary HHV-8 infection
after kidney transplantation (108,135).
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Table 1: Summary of recommendations for the diagnosis, prevention and treatment of human herpes viruses 6, 7 and 8 after solid organ

transplantation

Recommendations

Level of evidence

HHV-6 and HHV-7

Diagnosis

Treatment

Prevention

HHV-8
Diagnosis

Treatment

Prevention

Viral serologies are not helpful in the diagnosis of HHV-6 and HHV-7 infections after solid
organ transplantation

Direct methods, such as the detection of viral nucleic acids in blood or CSF by PCR, or
viral antigen in tissue by immunohistochemistry, are preferred methods for diagnosis
of HHV-6 and HHV-7

Quantitative PCR on whole blood, reverse transcriptase PCR on whole blood, or
methods to detect mMRNA may be more specific for the diagnosis of active HHV-6 and
HHV-7 infection

Routine monitoring for HHV-6 and HHV-7 infections after solid organ transplantation is
not recommended, except to assist in guiding decisions regarding treatment of
symptomatic HHV-6 infection, including response to therapy

The majority of HHV-6 and HHV-7 infections are asymptomatic, transient, and do not
require antiviral treatment

Antiviral treatment with ganciclovir, foscarnet or cidofovir should be initiated in the
setting of HHV-6 encephalitis and should be considered for other syndromes
attributable to HHV-6

Treatment of symptomatic HHV-6 and HHV-7 infections should include reduction in the
degree of immunosuppression, especially for moderate or severe disease

HHV-6 and HHV-7 co-infections with CMV do not require additional therapy

Antiviral prophylaxis or preemptive antiviral therapy for HHV-6 or HHV-7 infections is not
recommended after transplantation

Serology is of limited utility in the diagnosis of HHV-8 after solid organ transplantation

Pretransplant donor and recipient HHV-8 serology may stratify the risk of disease after
transplantation in endemic areas

Immunohistochemistry using monoclonal antibodies against HHV-8 antigens is useful
for the pathological diagnosis of KS and other angiogenic proliferative diseases

Nucleic acid amplification assays to quantitate HHV-8 load in clinical samples is
preferred for the diagnosis of active HHV-8 replication

Quantification of HHV-8 load could be used for monitoring transplant patients with KS

Reduction or cessation of immunosuppression should be a first line therapy, especially
for moderate or severe disease

Conversion of immunosuppressive regimen from calcineurin inhibitors to sirolimus
(rapamycin) should be considered

Current evidence does not support the use of antivirals for the treatment of KS

Patients whose lesions do no not regress despite reduction in immunosuppression or
conversion to sirolimus may require local interventions or systemic chemotherapy

HHV-8 serologic screening of donors and recipients may be considered to assess risk,
especially in geographic regions with high rates of infection

In HHV-8 seropositive recipients or those who receive an organ from HHV-8
seropositive donor, monitoring of HHV-8 load after transplantation may be useful to
determine the risk of disease

Avoidance of over-immunosuppression in high risk individuals and in those with
detectable HHV-8 viremia may be beneficial

The use of antivirals with activity against HHV-8 (e.g. valganciclovir) to prevent KS in
selected high risk transplant recipients with detectable HHV-8 viremia may be
beneficial based on studies in HIV-infected patients

[I-2

-2

[I-2

[I-2

[I-2

1l
-3

-3

-2
-2

[I-2

PCR= polymerase chain reaction; HHV= human herpesvirus; CSF= cerebrospinal fluid; CMV= cytomegalovirus; KS= Kaposi sarcoma.

Prevention

Although serologic screening of donors and recipients is
not routinely performed, it may be considered, especially
in those from geographic regions with high rates of infec-
tion (ll-2). However, seropositivity in either the donor or
the recipient is not typically regarded as a contraindication
to transplantation (132). In recipients who are seroposi-
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tive for HHV-8 or receive an organ from a seropositive
donor, monitoring of HHV-8 viral load after transplantation
may be a useful strategy to determine the risk of clini-
cal disease (lll). Avoidance of over-immunosuppression in
high-risk individuals and in those with detectable HHV-8
viremia is advisable (lll). However, the frequency and dura-
tion of monitoring or the level of clinically relevant HHV-8
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replication has yet to be determined. Moreover, once HHV-
8 is detected, current data are insufficient to define a ben-
eficial preemptive strategy (135). In vitro studies demon-
strate that HHV-8 replication is inhibited by ganciclovir, fos-
carnet and cidofovir at concentrations achieved in plasma
(135). Furthermore, clinical trials have reported that valgan-
ciclovir can suppress HHV-8 replication in vivo, and that
ganciclovir reduces the incidence of KS by 75-93% in peo-
ple infected with HIV (159,160). Although these antivirals
are effective prophylaxis in organ transplant recipients at
risk for HHV-8-related disease or as preemptive treatment
of a patient with active HHV-8 replication has not been
studied. Use of immunosuppression regimens containing
sirolimus rather than a CNI might theoretically lower the
risk of KS because of the anti-proliferative properties of
mTOR inhibitors and their association with lower overall
risk of malignancy in some studies (161,162). However,
adequately powered studies have not been performed to
determine whether sirolimus prevents KS, and incident KS
cases have been reported in patients receiving sirolimus
(153,163).

Research issues

Additional prospective studies are needed to evaluate the
use of pretransplant donor and recipient serology to strat-
ify risk among recipient of different organ types in regions
of HHV-8 endemicity. The use of HHV-8 viral load monitor
ing after transplantation to predict individuals at high risk
of disease should be evaluated, with the goal of assessing
the optimal frequency of testing and viral load threshold
that accurately predict disease. The potential clinical utility
of antiviral drugs for targeted prophylaxis, or as preemptive
treatment of asymptomatic HHV-8 reactivation or replica-
tion, should be subjected to prospective controlled clinical
trials. The benefits of immunosuppression regimens con-
taining sirolimus or other mTOR inhibitors for the preven-
tion and treatment of KS after transplantation should be
investigated in randomized clinical trials. Conducting these
trials in regions where HHV-8 infection is prevalent has
obvious advantages, and should therefore be encouraged
and supported (Table 1).

Acknowledgment

This manuscript was modified from a previous guideline written by Ray-
mund R Razonable and Danielle M Zerr published in the American Journal of
Transplantation 2009; 9(suppl 4): S97-S100 and S100-S103, and endorsed
by the American Society of Transplantation and the Canadian Society of
Transplantation.

Disclosure
The authors of this manuscript have no conflicts of inter

est to disclose as described by the American Journal of
Transplantation.

American Journal of Transplantation 2013; 13: 128-137

FERNiE

medlive.cn

HHV-6, 7 and 8 in SOT
References

1. Pruksananonda P, Hall CB, Insel RA, et al. Primary human her
pesvirus 6 infection in young children. N Engl J Med 1992; 326:
1445-1450.

2. Lee SO, Brown RA, Eid AJ, Razonable RR. Chromosomally in-
tegrated human herpesvirus-6 in kidney transplant recipients.
Nephrol Dial Transplant 2011; 26: 2391-2393.

3. Pellett PE, Ablashi DV, Ambros PF, et al. Chromosomally inte-
grated human herpesvirus 6: Questions and answers. Rev Med
Virol 2012; 22: 144-155.

4. Clark DA, Nacheva EP, Leong HN, et al. Transmission of inte-
grated human herpesvirus 6 through stem cell transplantation:
Implications for laboratory diagnosis. J Infect Dis 2006; 193: 912—
916.

5. Leong HN, Tuke PW, Tedder RS, et al. The prevalence of chromo-
somally integrated human herpesvirus 6 genomes in the blood
of UK blood donors. J Med Virol 2007; 79: 45-51.

6. Flamand L, Komaroff AL, Arbuckle JH, Medveczky PG, Ablashi
DV. Review, part 1: Human herpesvirus-6-basic biology, diagnos-
tic testing, and antiviral efficacy. J Med Virol 2010; 82: 1560-
1568.

7. Zerr DM, Meier AS, Selke SS, et al. A population-based study of
primary human herpesvirus 6 infection. N Engl J Med 2005; 352:
768-776.

8. Dewhurst S, Mclintyre K, Schnabel K, Hall CB. Human herpesvirus
6 (HHV-6) variant B accounts for the majority of symptomatic
primary HHV-6 infections in a population of U.S. infants. J Clin
Microbiol 1993; 31: 416-418.

9. Razonable RR, Paya CV. The impact of human herpesvirus-6 and
-7 infection on the outcome of liver transplantation. Liver Transpl
2002; 8: 651-658.

10. Knox KK, Carrigan DR. Active HHV-6 infection in the lymph nodes
of HIV-infected patients: In vitro evidence that HHV-6 can break
HIV latency. J Acquir Immune Defic Syndr Hum Retrovirol 1996;
11: 370-378.

11. Caserta MT, Hall CB, Schnabel K, Long CE, D'Heron N. Pri-
mary human herpesvirus 7 infection: A comparison of human
herpesvirus 7 and human herpesvirus 6 infections in children.
J Pediatr 1998; 133: 386-389.

12. Asano Y, Yoshikawa T, Suga S, et al. Clinical features of infants
with primary human herpesvirus 6 infection (Exanthem subitum,
Roseola infantum). Pediatrics 1994; 93: 104-108.

13. Suga S, Yoshikawa T, Nagai T, Asano Y. Clinical features and
virological findings in children with primary human herpesvirus
7 infection. Pediatrics 1997; 99: E4.

14. Wyatt LS, Frenkel N. Human herpesvirus 7 is a constitutive
inhabitant of adult human saliva. J Virol 1992; 66: 3206-
3209.

15. Di Luca D, Mirandola P, Ravaioli T, et al. Human herpesviruses
6 and 7 in salivary glands and shedding in saliva of healthy and
human immunodeficiency virus positive individuals. J Med Virol
1995; 45: 462-468.

16. Pereira CM, Gasparetto PF, Corréa ME, Costa FF, de Almeida
OP, Barjas-Castro ML. Human herpesvirus 6 in oral fluids from
healthy individuals. Arch Oral Biol 2004; 49: 1043-1046.

17. Hall CB, Long CE, Schnabel KC, et al. Human herpesvirus-6 in-
fection in children. A prospective study of complications and re-
activation. N Engl J Med 1994; 331: 432-438.

18. Dahl H, Fjaertoft G, Norsted T, Wang FZ, Mousavi-Jazi M, Linde
A. Reactivation of human herpesvirus 6 during pregnancy. J Infect
Dis 1999; 180: 2035-2038.

133

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

Le et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

134

Wyatt LS, Rodriguez WJ, Balachandran N, Frenkel N. Human her-
pesvirus 7: Antigenic properties and prevalence in children and
adults. J Virol 1991; 65: 6260-6265.

Clark DA, Freeland ML, Mackie LK, Jarrett RF, Onions DE. Preva-
lence of antibody to human herpesvirus 7 by age. J Infect Dis
1993; 168: 251-252.

Akashi K, Eizuru Y, Sumiyoshi Y, et al. Brief report: severe in-
fectious mononucleosis-like syndrome and primary human her
pesvirus 6 infection in an adult. N Engl J Med 1993; 329:
168-171.

Niederman JC, Liu CR, Kaplan MH, Brown NA. Clinical and sero-
logical features of human herpesvirus-6 infection in three adults.
Lancet 1988; 2(8615): 817-819.

Rossi C, Delforge ML, Jacobs F, et al. Fatal primary infection due
to human herpesvirus 6 variant A in a renal transplant recipient.
Transplantation 2001; 71: 288-292.

Feldstein AE, Razonable RR, Boyce TG, et al. Prevalence and clin-
ical significance of human herpesviruses 6 and 7 active infection
in pediatric liver transplant patients. Pediatr Transplant 2003; 7:
125-129.

Yoshikawa T, Ihira M, Suzuki K, et al. Human herpesvirus 6 infec-
tion after living related liver transplantation. J Med Virol 2000; 62:
52-59.

Ratnamohan VM, Chapman J, Howse H, et al. Cytomegalovirus
and human herpesvirus 6 both cause viral disease after renal
transplantation. Transplantation 1998; 66: 877-882.

Cervera C, Marcos MA, Linares L, et al. A prospective survey of
human herpesvirus-6 primary infection in solid organ transplant
recipients. Transplantation 2006; 82: 979-982.

Yoshikawa T, Suga S, Asano Y, et al. A prospective study of hu-
man herpesvirus-6 infection in renal transplantation. Transplanta-
tion 1992; 54: 879-883.

Singh N, Carrigan DR. Human herpesvirus-6 in transplanta-
tion: An emerging pathogen. Ann Intern Med 1996; 124:
1065-1071.

De Bolle L, Naesens L, De Clercq E. Update on human her
pesvirus 6 biology, clinical features, and therapy. Clin Microbiol
Rev 2005; 18: 217-245.

Lautenschlager |, Razonable RR. Human herpesvirus-6 infections
in kidney, liver, lung, and heart transplantation: Review. Transpl
Int 2012; 25: 493-502.

Humar A, Kumar D, Caliendo AM, et al. Clinical impact of human
herpesvirus 6 infection after liver transplantation. Transplantation
2002; 73: 599-604.

Lautenschlager |, Linnavuori K, Hockerstedt K. Human
herpesvirus-6 antigenemia after liver transplantation. Transplan-
tation 2000; 69: 2561-2566.

Singh N, Carrigan DR, Gayowski T, Singh J, Marino IR. Variant B
human herpesvirus-6 associated febrile dermatosis with throm-
bocytopenia and encephalopathy in a liver transplant recipient.
Transplantation 1995; 60: 1355-1357.

Potenza L, Luppi M, Barozzi P, et al. HHV-6A in syncytial giant-cell
hepatitis. N Engl J Med 2008; 359: 593-602.

Randhawa PS, Jenkins FJ, Nalesnik MA, et al. Herpesvirus 6 vari-
ant A infection after heart transplantation with giant cell trans-
formation in bile ductular and gastroduodenal epithelium. Am J
Surg Pathol 1997; 21: 847-853.

Halme L, Arola J, Hockerstedt K, Lautenschlager I. Human her
pesvirus 6 infection of the gastroduodenal mucosa. Clin Infect
Dis 2008; 46: 434-439.

Delbridge MS, Karim MS, Shrestha BM, McKane W. Colitis in
a renal transplant patient with human herpesvirus-6 infection.
Transpl Infect Dis 2006; 8: 226-228.

FERNiE

medlive.cn

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

5b.

56.

Lamoth F, Jayet PY, Aubert JD, et al. Case report: human her
pesvirus 6 reactivation associated with colitis in a lung transplant
recipient. J Med Virol 2008; 80: 1804-1807.

Lehto JT, Halme M, Tukiainen P, Harjula A, Sipponen J,
Lautenschlager I. Human herpesvirus-6 and -7 after lung and
heart-lung transplantation. J Heart Lung Transplant 2007; 26:
41-47.

Costa C, Curtoni A, Bergallo M, et al. Quantitative detection of
HHV-6 and HHV-7 in transbronchial biopsies from lung transplant
recipients. New Microbiol 2011; 34: 275-280.

Nash PJ, Avery RK, Tang WH, Starling RC, Taege AJ, Yamani MH.
Encephalitis owing to human herpesvirus-6 after cardiac trans-
plant. Am J Transplant 2004; 4: 1200-1203.

Singh N, Carrigan DR, Gayowski T, Marino IR. Human
herpesvirus-6 infection in liver transplant recipients: Documen-
tation of pathogenicity. Transplantation 1997; 64: 674-678.
Razonable RR, Rivero A, Brown RA, et al. Detection of simul-
taneous beta-herpesvirus infections in clinical syndromes due to
defined cytomegalovirus infection. Clin Transplant 2003; 17: 114—
120.

Harma M, Hockerstedt K, Krogerus L, Lautenschlager |. Pretrans-
plant human herpesvirus 6 infection of patients with acute liver
failure is a risk factor for posttransplant human herpesvirus 6
infection of the liver. Transplantation 2006; 81: 367-372.
Pilmore H, Collins J, Dittmer |, et al. Fatal human herpesvirus-
6 infection after renal transplantation. Transplantation 2009; 88:
762-765.

Lee SO, Brown RA, Razonable RR. Chromosomally integrated
human herpesvirus-6 in transplant recipients. Transpl Infect Dis
2012; 14: 346-354.

Moschettini D, De Milito A, Catucci M, et al. Detection of human
herpesviruses 6 and 7 in heart transplant recipients by a multiplex
polymerase chain reaction method. Eur J Clin Microbiol Infect Dis
1998; 17: 117-119.

Pascher A, Klupp J, Schulz RJ, Dignass A, Neuhaus P. CMV,
EBV, HHV6, and HHV7 infections after intestinal transplantation
without specific antiviral prophylaxis. Transplant Proc 2004; 36:
381-382.

Antén A, Cervera C, Pumarola T, et al. Human herpesvirus 7
primary infection in kidney transplant recipients. Transplantation
2008; 85: 298-302.

Griffiths PD, Ait-Khaled M, Bearcroft CP, et al. Human her
pesviruses 6 and 7 as potential pathogens after liver trans-
plant: Prospective comparison with the effect of cytomegalovirus.
J Med Virol 1999; 59: 496-501.

Thomasini RL, Sampaio AM, Bonon SH, et al. Detection and mon-
itoring of human herpesvirus 7 in adult liver transplant patients:
Impact on clinical course and association with cytomegalovirus.
Transplant Proc 2007; 39: 1537-1539.

Dockrell DH, Prada J, Jones MF, et al. Seroconversion to hu-
man herpesvirus 6 following liver transplantation is a marker of
cytomegalovirus disease. J Infect Dis 1997; 176: 1135-1140.
Mendez JC, Dockrell DH, Espy MJ, et al. Human beta-herpesvirus
interactions in solid organ transplant recipients. J Infect Dis 2001;
183: 179-184.

Tong CY, Bakran A, Williams H, Cheung CY, Peiris JS. Association
of human herpesvirus 7 with cytomegalovirus disease in renal
transplant recipients. Transplantation 2000; 70: 213-216.

Kidd IM, Clark DA, Sabin CA, et al. Prospective study of hu-
man betaherpesviruses after renal transplantation: Association
of human herpesvirus 7 and cytomegalovirus co-infection with
cytomegalovirus disease and increased rejection. Transplantation
2000; 69: 2400-2404.

American Journal of Transplantation 2013; 13: 128-137

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

DesJardin JA, Gibbons L, Cho E, et al. Human herpesvirus 6 re-
activation is associated with cytomegalovirus infection and syn-
dromes in kidney transplant recipients at risk for primary cy-
tomegalovirus infection. J Infect Dis 1998; 178: 1783-1786.
Harma M, Hockerstedt K, Lyytikainen O, Lautenschlager I. HHV-
6 and HHV-7 antigenemia related to CMV infection after liver
transplantation. J Med Virol 2006; 78: 800-805.

Lautenschlager |, Lappalainen M, Linnavuori K, Suni J,
Hockerstedt K. CMV infection is usually associated with concur
rent HHV-6 and HHV-7 antigenemia in liver transplant patients.
J Clin Virol 2002; 25 Suppl 2: S57-S61.

Guardia AC, Stucchi RS, Sampaio AM, et al. Human herpesvirus
6 in donor biopsies associated with the incidence of clinical
cytomegalovirus disease and hepatitis C virus recurrence. Int J
Infect Dis 2012; 16: e124-e129.

Dockrell DH, Mendez JC, Jones M, et al. Human herpesvirus
6 seronegativity before transplantation predicts the occurrence
of fungal infection in liver transplant recipients. Transplantation
1999; 67: 399-403.

Rogers J, Rohal S, Carrigan DR, et al. Human herpesvirus-6 in liver
transplant recipients: role in pathogenesis of fungal infections,
neurologic complications, and outcome. Transplantation 2000;
69: 2666-2573.

Jacobs F, Knoop C, Brancart F, et al. Human herpesvirus-6 in-
fection after lung and heart-lung transplantation: A prospective
longitudinal study. Transplantation 2003; 75: 1996-2001.

Singh N, Husain S, Carrigan DR, et al. Impact of human
herpesvirus-6 on the frequency and severity of recurrent hepati-
tis C virus hepatitis in liver transplant recipients. Clin Transplant
2002; 16: 92-96.

Humar A, Kumar D, Raboud J, et al. Interactions between cy-
tomegalovirus, human herpesvirus-6, and the recurrence of hep-
atitis C after liver transplantation. Am J Transplant 2002; 2: 461—
466.

Ohashi M, Sugata K, lhira M, et al. Human herpesvirus 6 infec-
tion in adult living related liver transplant recipients. Liver Transpl
2008; 14: 100-109.

Lautenschlager |, Hockerstedt K, Linnavuori K, Taskinen E. Human
herpesvirus-6 infection after liver transplantation. Clin Infect Dis
1998; 26: 702-707.

Chapenko S, Folkmane |, Ziedina |, et al. Association of HHV-6
and HHV-7 reactivation with the development of chronic allograft
nephropathy. J Clin Virol 2009; 46: 29-32.

Astegiano S, Costa C, Terlizzi ME, et al. Detection of human
herpesvirus-7 DNA in bronchoalveolar lavage. Intervirology 2010;
53: 119-123.

Neurohr C, Huppmann P, Leuchte H, et al. Human herpesvirus 6
in bronchalveolar lavage fluid after lung transplantation: A risk fac-
tor for bronchiolitis obliterans syndrome? Am J Transplant 2005;
5:2982-2991.

Manuel O, Kumar D, Moussa G, et al. Lack of association be-
tween beta-herpesvirus infection and bronchiolitis obliterans syn-
drome in lung transplant recipients in the era of antiviral prophy-
laxis. Transplantation 2009; 87: 719-725.

Lee SO, Brown RA, Razonable RR. Clinical significance of pre-
transplant chromosomally integrated human herpesvirus-6 in liver
transplant recipients. Transplantation 2011; 92: 224-229.
Lanphear BP, Hall CB, Black J, Auinger P. Risk factors for the
early acquisition of human herpesvirus 6 and human herpesvirus
7 infections in children. Pediatr Infect Dis J 1998; 17: 792-795.
Okuno T, Higashi K, Shiraki K, etal. Human herpesvirus 6 infection
in renal transplantation. Transplantation 1990; 49: 519-522.
Singh N, Bentlejewski C, Carrigan DR, Gayowski T, Knox KK,
Zeevi A. Persistent lack of human herpesvirus-6 specific T-helper

American Journal of Transplantation 2013; 13: 128-137

FERNiE

medlive.cn

76.

77.

78.

79.

80.

81.

82.

83.

84.

8b.

86.

87.

88.

89.

90.

91.

92.

93.

HHV-6, 7 and 8 in SOT

cell response in liver transplant recipients. Transpl Infect Dis
2002; 4: 59-63.

Peleg AY, Husain S, Kwak EJ, et al. Opportunistic infections in 547
organ transplant recipients receiving alemtuzumab, a humanized
monoclonal CD-62 antibody. Clin Infect Dis 2007; 44: 204-212.
Sampaio AM, Thomasini RL, Guardia AC, et al. Cytomegalovirus,
human herpesvirus-6, and human herpesvirus-7 in adult liver
transplant recipients: Diagnosis based on antigenemia. Trans-
plant Proc 2011; 43: 1357-1359.

Flamand L, Gravel A, Boutolleau D, et al. Multicenter comparison
of PCR assays for detection of human herpesvirus 6 DNA in
serum. J Clin Microbiol 2008; 46: 2700-2706.

Norton RA, Caserta MT, Hall CB, Schnabel K, Hocknell P,
Dewhurst S. Detection of human herpesvirus 6 by reverse
transcription-PCR. J Clin Microbiol 1999; 37: 3672-3675.
Blumberg BM, Mock DJ, Powers JM, et al. The HHV6 paradox:
Ubiquitous commensal or insidious pathogen? A two-step in situ
PCR approach. J Clin Virol 2000; 16: 159-178.

Deback C, Agbalika F, Scieux C, et al. Detection of human her
pesviruses HHV-6, HHV-7 and HHV-8 in whole blood by real-time
PCR using the new CMV, HHV-6, 7, 8 R-gene kit. J Virol Methods
2008; 149: 285-291.

Engelmann |, Petzold DR, Kosinska A, Hepkema BG, Schulz
TF, Heim A. Rapid quantitative PCR assays for the simultane-
ous detection of herpes simplex virus, varicella zoster virus, cy-
tomegalovirus, Epstein-Barr virus, and human herpesvirus 6 DNA
in blood and other clinical specimens. J Med Virol 2008; 80: 467-
477.

Locatelli G, Santoro F, Veglia F, Gobbi A, Lusso P, Malnati MS.
Real-time quantitative PCR for human herpesvirus 6 DNA. J Clin
Microbiol 2000; 38: 4042-4048.

Boutolleau D, Duros C, Bonnafous P, et al. Identification of human
herpesvirus 6 variants A and B by primer-specific real-time PCR
may help to revisit their respective role in pathology. J Clin Virol
2006; 35: 257-263.

Safronetz D, Humar A, Tipples GA. Differentiation and quanti-
tation of human herpesviruses 6A, 6B and 7 by real-time PCR.
J Virol Methods 2003; 112(1-2): 99-105.

Achour A, Boutolleau D, Slim A, Agut H, Gautheret-Dejean A. Hu-
man herpesvirus-6 (HHV-6) DNA in plasma reflects the presence
of infected blood cells rather than circulating viral particles. J Clin
Virol 2007; 38: 280-285.

Caserta MT, Hall CB, Schnabel K, et al. Diagnostic assays for
active infection with human herpesvirus 6 (HHV-6). J Clin Virol
2010; 48: 55-57.

Pradeau K, Bordessoule D, Szelag JC, et al. A reverse
transcription-nested PCR assay for HHV-6 mRNA early transcript
detection after transplantation. J Virol Methods 2006; 134(1-2):
41-47.

Hoshino K, Nishi T, Adachi H, et al. Human herpesvirus-6 infection
in renal allografts: Retrospective immunohistochemical study in
Japanese recipients. Transpl Int 1995; 8: 169-173.
Lautenschlager |, Hockerstedt K, Linnavuori K, Taskinen E. Human
herpesvirus-6 infection after liver transplantation. Clin Infect Dis
1998; 26: 702-707.

Helantera I, Egli A, Koskinen P, Lautenschlager |, Hirsch HH. Viral
impact on long-term kidney graft function. Infect Dis Clin North
Am 2010; 24: 339-371.

Lempinen M, Halme L, Arola J, Honkanen E, Salmela K,
Lautenschlager I. HHV-6B is frequently found in the gastroin-
testinal tract in kidney transplantation patients. Transpl Int 2012;
25:776-782.

Agut H. Deciphering the clinical impact of acute human her
pesvirus 6 (HHV-6) infections. J Clin Virol 2011; 52: 164-171.

135

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

Le et al.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

112.

136

Humar A, Asberg A, Kumar D, et al. An assessment of her
pesvirus co-infections in patients with CMV disease: Correlation
with clinical and virologic outcomes. Am J Transplant 2009; 9:
374-381.

Yoshida M, Yamada M, Tsukazaki T, et al. Comparison of antiviral
compounds against human herpesvirus 6 and 7. Antiviral Res
1998; 40(1-2): 73-84.

De Clercq E, Naesens L, De Bolle L, Schols D, Zhang Y, Neyts
J. Antiviral agents active against human herpesviruses HHV-6,
HHV-7 and HHV-8. Rev Med Virol 2001; 11: 381-395.

Ljungman P, Singh N. Human herpesvirus-6 infection in solid
organ and stem cell transplant recipients. J Clin Virol 2006; 37
Suppl 1: S87-S91.

Manichanh C, Olivier-Aubron C, Lagarde JP, et al. Selection of
the same mutation in the U69 protein kinase gene of human
herpesvirus-6 after prolonged exposure to ganciclovir in vitro and
in vivo. J Gen Virol 2001; 82(Pt 11): 2767-2776.

Isegawa Y, Hara J, Amo K, et al. Human herpesvirus 6 ganciclovir-
resistant strain with amino acid substitutions associated with the
death of an allogeneic stem cell transplant recipient. J Clin Virol
2009; 44: 15-19.

Bonnafous P, Boutolleau D, Naesens L, Deback C, Gautheret-
Dejean A, Agut H. Characterization of a cidofovir-resistant HHV-6
mutant obtained by in vitro selection. Antiviral Res 2008; 77:
237-240.

Razonable RR, Brown RA, Humar A, Covington E, Alecock E,
Paya CV. Herpesvirus infections in solid organ transplant patients
at high risk of primary cytomegalovirus disease. J Infect Dis 2005;
192: 1331-1339.

Galarraga MC, Gomez E, de Ona M, et al. Influence of ganciclovir
prophylaxis on citomegalovirus, human herpesvirus 6, and human
herpesvirus 7 viremia in renal transplant recipients. Transplant
Proc 2005; 37: 2124-2126.

Lebbe C, Legendre C, Frances C. Kaposi sarcoma in transplanta-
tion. Transplant Rev (Orlando) 2008;22: 252-261.

Mesri EA, Cesarman E, Boshoff C. Kaposi's sarcoma and its as-
sociated herpesvirus. Nat Rev Cancer 2010; 10: 707-719.
Ariza-Heredia EJ, Razonable RR. Human herpes virus 8 in
solid organ transplantation. Transplantation 2011; 92: 837-
844.

Pietrosi G, Vizzini G, Pipitone L, et al. Primary and reactivated
HHV8 infection and disease after liver transplantation: A prospec-
tive study. Am J Transplant 2011; 11: 2715-2723.

Luppi M, Barozzi P, Schulz TF, et al. Bone marrow failure associ-
ated with human herpesvirus 8 infection after transplantation. N
Engl J Med 2000; 343: 1378-1385.

Luppi M, Barozzi P, Rasini V, et al. Severe pancytopenia and
hemophagocytosis after HHV-8 primary infection in a renal trans-
plant patient successfully treated with foscarnet. Transplantation
2002; 74: 131-132.

Regamey N, Hess V, Passweg J, et al. Infection with human
herpesvirus 8 and transplant-associated gammopathy. Transplan-
tation 2004; 77: 1551-1554.

Ganem D. KSHV and the pathogenesis of Kaposi sarcoma: Lis-
tening to human biology and medicine. J Clin Invest; 120: 939-
949.

. Uldrick TS, Whitby D. Update on KSHV epidemiology, Kaposi

sarcoma pathogenesis, and treatment of Kaposi sarcoma. Cancer
Lett; 305: 150-162.

Nguyen HQ, Casper C. The epidemiology of Kaposi sarcoma. In:
Pantanowitz JL, Stebbing J, Dezube B, eds. Kaposi Sarcoma: A
Model of Oncogenesis. Kerala, India: Research Signpost, 2010:
197-232.

FERNiE

medlive.cn

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Blauvelt A, Sei S, Cook PM, Schulz TF, Jeang KT. Human her
pesvirus 8 infection occurs following adolescence in the United
States. J Infect Dis 1997; 176: 771-774.

Mayama S, Cuevas LE, Sheldon J, et al. Prevalence and trans-
mission of Kaposi's sarcoma-associated herpesvirus (human her
pesvirus 8) in Ugandan children and adolescents. Int J Cancer
1998; 77: 817-820.

Farge D, Lebbe C, Marjanovic Z, et al. Human herpes virus-8
and other risk factors for Kaposi's sarcoma in kidney transplant
recipients. Groupe Cooperatif de Transplantation d’ Ile de France
(GCIF). Transplantation 1999; 67: 1236-1242.

Cattani P, Capuano M, Graffeo R, et al. Kaposi's sarcoma as-
sociated with previous human herpesvirus 8 infection in kid-
ney transplant recipients. J Clin Microbiol 2001; 39: 506-
508.

Ahmadpoor P, llkhanizadeh B, Sharifzadeh P, et al. Seropreva-
lence of human herpes virus-8 in renal transplant recipients: A
single center study from Iran. Transplant Proc 2007; 39: 1000—
1002.

Qunibi W, Akhtar M, Sheth K, et al. Kaposi's sarcoma: The most
common tumor after renal transplantation in Saudi Arabia. Am J
Med 1988; 84: 225-232.

Farge D. Kaposi's sarcoma in organ transplant recipients. The
Collaborative Transplantation Research Group of lle de France.
Eur J Med 1993; 2: 339-343.

Piselli P, Busnach G, Citterio F, et al. Risk of Kaposi sarcoma after
solid-organ transplantation: multicenter study in 4,767 recipients
in Italy, 1970-2006. Transplant Proc 2009; 41: 1227-1230.
Hwang JK, Moon IS, Kim JI. Malignancies after kidney transplan-
tation: A 40-year single-center experience in Korea. Transpl Int
2011; 24: 716-721.

Andreoni M, Goletti D, Pezzotti P, et al. Prevalence, incidence
and correlates of HHV-8/KSHV infection and Kaposi's sarcoma in
renal and liver transplant recipients. J Infect 2001; 43: 195-199.
Tessari G, Naldi L, Boschiero L, et al. Incidence and clinical pre-
dictors of Kaposi's sarcoma among 1721 Italian solid organ trans-
plant recipients: A multicenter study. Eur J Dermatol 2006; 16:
553-557.

Mbulaiteye SM, Engels EA. Kaposi's sarcoma risk among trans-
plant recipients in the United States (1993-2003). Int J Cancer
2006; 119: 2685-2691.

Antman K, Chang Y. Kaposi's sarcoma. N Engl J Med 2000; 342:
1027-1038.

Moosa MR. Racial and ethnic variations in incidence and pat-
tern of malignancies after kidney transplantation. Medicine
(Baltimore) 2005; 84: 12-22.

Garcia-Astudillo LA, Leyva-Cobian F. Human herpesvirus-8 infec-
tion and Kaposi's sarcoma after liver and kidney transplantation
in different geographical areas of Spain. Transpl Immunol 2006;
17: 65-69.

Frances C, Mouquet C, Marcelin AG, et al. Outcome of kidney
transplant recipients with previous human herpesvirus-8 infec-
tion. Transplantation 2000; 69: 1776-1779.

Marcelin AG, Roque-Afonso AM, Hurtova M, et al. Fatal dissem-
inated Kaposi's sarcoma following human herpesvirus 8 primary
infections in liver-transplant recipients. Liver Transpl 2004; 10:
295-300.

Di Benedetto F, Di Sandro S, De Ruvo N, et al. Kaposi's sarcoma
after liver transplantation. J Cancer Res Clin Oncol 2008; 134:
653-658.

Regamey N, Tamm M, Wernli M, et al. Transmission of human
herpesvirus 8 infection from renal-transplant donors to recipients.
N Engl J Med 1998; 339: 1358-1363.

American Journal of Transplantation 2013; 13: 128-137

guide.medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Frances C, Marcelin AG, Legendre C, et al. The impact of preex-
isting or acquired Kaposi sarcoma herpesvirus infection in kidney
transplant recipients on morbidity and survival. Am J Transplant
2009; 9: 2580-2586.

Barozzi P, Luppi M, Facchetti F, et al. Post-transplant Kaposi sar
coma originates from the seeding of donor-derived progenitors.
Nat Med 2003; 9: 554-561.

Wasywich CA, Croxson MC, van Doornum GJ, Coverdale HA,
Ruygrok PN. Sirolimus for Kaposi's sarcoma. J Heart Lung Trans-
plant 2006; 25: 726-729.

Gantt S, Casper C. Human herpesvirus 8-associated neoplasms:
The roles of viral replication and antiviral treatment. Curr Opin
Infect Dis 2011; 24: 295-301.

Barozzi P, Bonini C, Potenza L, et al. Changes in the immune
responses against human herpesvirus-8 in the disease course of
posttransplant Kaposi sarcoma. Transplantation 2008; 86: 738-
744.

Sirianni MC, Vincenzi L, Topino S, et al. NK cell activity controls
human herpesvirus 8 latent infection and is restored upon highly
active antiretroviral therapy in AIDS patients with regressing
Kaposi's sarcoma. Eur J Immunol 2002; 32: 2711-2720.

Kimball LE, Casper C, Koelle DM, Morrow R, Corey L, Vieira
J. Reduced levels of neutralizing antibodies to Kaposi sarcoma-
associated herpesvirus in persons with a history of Kaposi sar
coma. J Infect Dis 2004; 189: 2016-2022.

Dialyna IA, Graham D, Rezaee R, et al. Anti-HHV-8/KSHV antibod-
ies in infected individuals inhibit infection in vitro. Aids 2004; 18:
1263-1270.

Pantanowitz L, Fruh K, Marconi S, Moses AV, Dezube BJ. Pathol-
ogy of rituximab-induced Kaposi sarcoma flare. BMC Clin Pathol
2008; 8: 7.

Stallone G, Schena A, Infante B, et al. Sirolimus for Kaposi's
sarcoma in renal-transplant recipients. N Engl J Med 2005; 352:
1317-1323.

Spira TJ, Lam L, Dollard SC, et al. Comparison of serologic assays
and PCR for diagnosis of human herpesvirus 8 infection. J Clin
Microbiol 2000; 38: 2174-2180.

Laney AS, Peters JS, Manzi SM, Kingsley LA, Chang Y, Moore
PS. Use of a multiantigen detection algorithm for diagnosis of Ka-
posi's sarcoma-associated herpesvirus infection. J Clin Microbiol
2006; 44: 3734-3741.

Mendez JC, Procop GW, Espy MJ, Smith TF, McGregor CG, Paya
CV. Relationship of HHV8 replication and Kaposi's sarcoma after
solid organ transplantation. Transplantation 1999; 67: 1200-1201.
Pozo F, Tenorio A, de la Mata M, de Ory F, Torre-Cisneros J.
Persistent human herpesvirus 8 viremia before Kaposi's sarcoma
development in a liver transplant recipient. Transplantation 2000;
70: 395-397.

Pellet C, Chevret S, Frances C, et al. Prognostic value of quanti-
tative Kaposi sarcoma-associated herpesvirus load in posttrans-
plantation Kaposi sarcoma. J Infect Dis 2002; 186: 110-113.
Dudderidge TJ, Khalifa M, Jeffery R, Amlot P, Al-Akraa M, Sweny
P. Donor-derived human herpes virus 8-related Kaposi's sar

American Journal of Transplantation 2013; 13: 128-137

medlive.cn

148.

149.

150.

151.

152.

1563.

154.

156.

156.

157.

158.

159.

160.

161.

162.

163.

HHV-6, 7 and 8 in SOT

coma in renal allograft ureter. Transpl Infect Dis 2008; 10: 221-
226.

D’Amico F, Fuxman C, Nachman F, et al. Visceral Kaposi's sar
coma remission after intestinal transplant. First case report and
systematic literature review. Transplantation 2010; 90: 547-554.
Montagnino G, Bencini PL, Tarantino A, Caputo R, Ponticelli C.
Clinical features and course of Kaposi's sarcoma in kidney trans-
plant patients: Report of 13 cases. Am J Nephrol 1994; 14: 121-
126.

Duman S, Toz H, Asci G, et al. Successful treatment of post-
transplant Kaposi's sarcoma by reduction of immunosuppression.
Nephrol Dial Transplant 2002; 17: 892-896.

van Leeuwen MT, Webster AC, McCredie MR, et al. Effect of
reduced immunosuppression after kidney transplant failure on
risk of cancer: population based retrospective cohort study. BMJ
2010; 340: c570.

Kolhe N, Mamode N, Van der Walt J, Pattison J. Regression of
post-transplant Kaposi’s sarcoma using sirolimus. Int J Clin Pract
2006; 60: 15609-1512.

Boulanger E, Afonso PV, Yahiaoui Y, Adle-Biassette H, Gabarre
J, Agbalika F. Human herpesvirus-8 (HHV-8)-associated primary
effusion lymphoma in two renal transplant recipients receiving
rapamycin. Am J Transplant 2008; 8: 707-710.

Nichols LA, Adang LA, Kedes DH. Rapamycin blocks production
of KSHV/HHVS: Insights into the anti-tumor activity of an im-
munosuppressant drug. PLoS One 2011; 6: e14535.

Sullivan RJ, Pantanowitz L, Dezube BJ. Targeted therapy for Ka-
posi sarcoma. BioDrugs 2009; 23: 69-75.

Shepherd FA, Maher E, Cardella C, et al. Treatment of Kaposi's
sarcoma after solid organ transplantation. J Clin Oncol 1997; 15:
2371-2377.

Dittmer 