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Summary

The close linkage of infection with the nature and intensity of the transplant
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Introduction

The stable restoration of function through allogeneic
transplantation in patients with end-stage organ disease
or malignancy remains a remarkable feat of medical care
as we move into the 21st century. Although not univer-
sally available, such treatments have allowed many
patients not only to avert death, but also to return to a
life without obvious limitations. Such long-term success
has been made possible by advances in a number of areas
[1,2]:

1 Optimal tissue typing and matching and more indi-
vidualized immunosuppressive regimens made possible by
the definition of the unique challenges of each donor—
recipient pair.

2 Careful donor evaluation and preparation, and proper
preparation of the recipient (particularly, eradicating all
treatable infection prior to transplant and controlling per-
sistent infections post-transplant).

3 Impeccable technique in harvesting and transplanting
the allograft (organ or hematopoietic stem cells), such

scription. This has two components: an immunosuppressive one to prevent or
treat rejection and graft-versus-host disease and an antimicrobial one to make
it safe. This review provides a conceptual framework to approach the risk and
risk periods for infection in solid organ and hematopoietic stem cell transplant
recipients as well as an approach to antimicrobial use in this population.

that there is minimal tissue injury, secure anastomoses,
prevention and aggressive drainage of fluid collections, as
well as careful management of vascular access devices,
endotracheal tubes, and drainage catheters.

4 Prevention of infection whenever possible with pro-
phylactic or preemptive antimicrobial therapy, and
prompt diagnosis and aggressive treatment of microbial
invasion when prevention fails.

The net result has been improved control of rejection,
graft-versus-host disease (GVHD) and infection (the
major barriers to successful transplantation), and an
expansion of clinical conditions that can be solved by
transplantation. The close linkage of infection with the
nature and intensity of the immunosuppressive program
has led to the concept of the therapeutic prescription.
This has two components: an immunosuppressive one to
prevent or treat rejection and GVHD, and an antimicro-
bial one to make it safe. Implicit in this statement is the
recognition that changes in the immunosuppressive strat-
egy must trigger changes in the antimicrobial program

[3].
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The recognition of the enhanced susceptibility to infec-
tion in transplant recipients and its peculiar spectrum of
agents and presentations have coevolved with these
advances. The understanding of the molecular, clinical,
epidemiological, and temporal basis of such risks and the
development of strategies to prevent or minimize the
deleterious consequences of infection has been an import-
ant factor in the overall advancement of transplantation.
In the present review we provide a current conceptual
framework for the prevention of infection or its conse-
quences in the transplanted patient.

Risk of infection

Infection can be viewed as a probabilistic function of ino-
culum and virulence of a particular organism in an
exposed susceptible host (Table 1). The range of organ-
isms capable of causing infection in transplant recipients
is quite broad. They lend themselves to a simple classifi-
cation system: true pathogens, sometime pathogens, and
nonpathogens (Table 1). True pathogens are the classic
plagues of humankind (influenza, bubonic plague, small-
pox, among others) which produce toxins, cross tissue
planes and are able to evade the protection provided by
innate immunity. Specific immunity or effective antimi-
crobial therapy is essential for their control. Sometime
pathogens are those organisms that normally reside on
mucocutaneous surfaces without clinical impact; injury to
these surfaces provides access for these organisms to sites
vulnerable to invasive infection (e.g., peritonitis after
colonic perforation). Nonpathogens are those saprophytes

Table 1. The considerations of infectious risks in transplant recipients.

Prevention of infection post-transplant

that are ubiquitous in the environment and are kept in
check by innate immune mechanisms, and only cause dis-
ease in the significantly immunocompromised (e.g.,
Aspergillus species, Pneumocystis jiroveci, and a variety of
other microbial species). The term ‘opportunistic infec-
tion’ applies then to an invasive infection caused by a
nonpathogen or to infection caused by an organism that
causes a trivial infection in the normal host but life-
threatening infection in the immunocompromised indi-
vidual (e.g., Candida vaginitis versus disseminated can-
didiasis). Transplant patients are subject to all three
classes of infection, with amplification of particular clin-
ical syndromes by the immunosuppressed state [1].

Three factors should be considered when assessing the
risk of infection in the transplant patient [1-5]:

1 Exposure, which can be environmental or endo-
genous. The inoculum size and organism virulence play
an important role in the development of clinical infection
after exposure. Environmental exposures can occur in the
community or within the hospital. In the hospital, they
can be domiciliary (exposure to contaminated air or
water occurring in the room or ward where the patient is
housed) or nondomiciliary (exposure occurring as the
patient travels in the hospital) [6]. Person-to-person
spread of such organisms as methicillin-resistant Staphylo-
coccus  aureus, vancomycin-resistant enterococci, and
azole-resistant fungi on the hands of medical personnel is
well documented and should be addressed by each trans-
plant center. The best clue for the presence of an environ-
mental hazard is the occurrence of significant infection at
a time when the net state of immunosuppression should

Inoculum

Virulence

Net state of immunosuppression

Organ-derived
Herpesviruses (CMV, EBV)
Old granulomas (tuberculosis, histoplasmosis)
Subclinical (WNV, LCMV)
Endogenous colonization
Cystic fibrosis
Previous antimicrobial exposure
Surgical and support techniques
Organ anastomosis and drains
Vascular access
Environmental
Community versus hospital acquired
Domiciliary versus non-domiciliary

True pathogens
Variola major
Bacillus anthracis
Vibrio cholerae
Sometime pathogens
Staphylococcus aureus
Pseudomonas aeruginosa
Candida species
Opportunists
[@\Y\Y
Toxoplasma gondii
Aspergillus fumigatus

Immunosuppressive regimen
Steroids
Calcineurin inhibitors
Sirolimus

Rejection and its treatment
Antithymocyte globulin
Alemtuzumab
Balivizumab

Underlying diagnosis and its treatment

Hematologic malignancies
Rheumatologic diseases

Immunomodulating viruses (CMV)

Age
Nutrition
Race, pharmacogenomics

Infection = inoculum x virulence x net-state-of-immunosuppression. Infection can be viewed as a probabilistic function of inoculum and virulence
of a particular organism in an exposed susceptible host. See section on Risk of infection for further details.

CMV, cytomegalovirus; EBV, Ebstein-Barr virus; WNV, West Nile virus; LCMV, lymphocytic choriomeningitis virus.
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not be great enough for this to occur without a partic-
ularly intense exposure [1,7]. Endogenous exposure is not
only linked to previous colonization, but also to the pres-
ence of technical/anatomic factors related to the trans-
plant procedure that lead to local vulnerability of invasive
infection. Management of this problem requires correc-
tion of the abnormality in conjunction with appropriate
antimicrobial therapy; antimicrobial agents alone will just
select for resistance.

2 Darwinian competition that determines the nature
of the infection that will invade these areas of vulnerab-
ility. The presence of particular organisms at a given site
is the result of a selection process among different
microbial species. Factors that provide a particular
advantage to a given species include the following: the
ability to adhere to specific receptors on epithelial surfa-
ces; availability of nutrients (e.g., excess glucose in secre-
tions bathing mucosal surfaces will promote growth of
Candida species); the presence of specific growth factors
(e.g., iron excess providing an advantage to Zygomycetes,
Listeria monocytogenes, and other organisms); and the
selective pressures of broad spectrum antimicrobial
agents (resulting in resistant species now competing
effectively at a given site) [1].

Marty and Rubin

3 A complex function termed the net state of immuno-
suppression, which is determined by the factors delinea-
ted in Table 1. The dose, duration and temporal sequence
in which immunosuppressive regimens are administered
is a driving force, but the importance of other factors is
illustrated by the following observations: 90% of oppor-
tunistic infections occur in patients with immunomodu-
lating viral infection (particularly cytomegalovirus, CMV);
the remaining 10% are usually a clue to unrecognized
environmental exposure; the risk of life-threatening infec-
tion rises 10-fold in those patients with serum albumin
levels <2.4 g/dl; African—Americans appear to require and
to tolerate more immunosuppression than other racial
groups [8,9].

Timetable of infection

For both solid organ (SOT) and hematopoietic stem cell
(HSCT) transplantation, protocols for managing immu-
nosuppression have become sufficiently standardized that
the time course of different infections can be delineated;
that is, infectious disease syndromes such as pneumonia
can occur at any time in the post-transplant course, but
the etiology changes at different points in time (Figs 1
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Figure 1 Timetable of infection after solid (renal) transplantation. HSV,

, herpes simplex virus; CMV, cytomegalovirus; EBV, Epstein—Barr virus; VZV,

Varicella (Herpes) Zoster virus; Papova, papovaviruses (BK and JC); TB, tuberculosis.
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Host Neutropenia Acute GVHD Chronic GVHD
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Figure 2 Timetable of infection after HSCT (adapted from Baden and Rubin [37]). Infections are graphed in relation to evolving underlying host
defects during the transplantation process. The risk density in represented by the bar underlying a specific pathogen(s). *Highlights microorganisms
for which a established antimicrobial strategy is commonly used in clinical practice. GVHD, graft-versus-host disease; HHV6, human herpesvirus-6.

and 2). This information is useful in several ways: in con-
structing the differential diagnosis for a patient who pre-
sents with an infectious disease syndrome; as a guide to
infection control as exceptions to the timetable usually
connote the presence of an unsuspected environmental
hazard; and as the foundation for cost-effective preventive
strategies [1—4].

In the SOT patient, it is useful to divide the timetable
into three periods (Fig. 1) [10].

First month post-transplant

There are three categories of infection during this period:
(i) unresolved infection present in the recipient prior to
transplantation and exacerbated by the transplant opera-
tion or immunosuppression (particularly in patients that
received immunosuppression prior to SOT for treatment
of their underlying disease); (ii) donor-derived infections
that are usually the result of terminal illnesses, critical
care or that are acquired in the procurement, transport

and implantation of the organ [11]. In addition, non-her-
pesvirus asymptomatic or undiagnosed infections such as
human immunodeficiency virus (HIV), rabies, lymphocy-
tic virus and West Nile virus have been transmitted from
the donor to allograft recipients [11-15]; and (iii) infec-
tion caused by the same microorganisms that cause peri-
operative infection in nonimmunosuppressed patients
undergoing comparable surgery. More than 95% of infec-
tions occurring in transplant patients are of this last type,
with their incidence being determined by the technical
skill in which surgery is accomplished, and how endotra-
cheal tubes, vascular access devices, and drainage catheters
are managed [1].

Notable by their absence in this time period are oppor-
tunistic infections. Although the initial doses of immuno-
suppressive drugs are high, the net state of
immunosuppression is not great enough for these to
occur unless there is a particularly intense environmental
exposure to such opportunists as Aspergillus or other
angioinvasive moulds, Listeria, or Nocardia. Thus, the net

Transplant International 19 (2006) 2—11 © 2005 European Society for Organ Transplantation 5
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state of immunosuppression is primarily determined by
the sustained level of immunosuppression (the area under
the curve), and not by the daily dose of a particular drug.
Prevention of infection in this time period is accom-
plished by technically impeccable surgery (resulting in a
minimum of devitalized tissue and undrained fluid collec-
tions) and postoperative management of vascular access,
drainage catheters and endotracheal tubes; perioperative
antibiotics aimed at preventing surgical site infection; and
the initiation of trimethoprim—sulfamethoxazole prophy-
laxis [1,10].

One to six months post-transplant

There are three categories of infection present in this per-
iod: lingering infection acquired earlier, often in associ-
ation with residual technical/anatomic abnormalities; the
direct consequences of certain virus infection [CMYV,
Epstein—Barr virus (EBV), human herpesvirus-6, hepatitis
B and C, and the HIV]; and opportunistic infection due
to such organisms as Pneumocystis jiroveci and Aspergillus
fumigatus. Such infections are made possible by sustained
immunosuppression and the immunomodulating effects
of the co-infecting viruses. Indeed, more than 90% of the
opportunistic infections in SOT patients occur in individ-
uals with infection with one or more of these viruses
[10,16,17]; in contrast, the absence of viral infection in a
patient with opportunistic infection suggests an excessive
environmental source. Prevention of infection during this
period requires noncontaminated air and potable water
supply,  trimethoprim—sulfamethoxazole = prophylaxis
(which significantly reduces urosepsis [18,19], Prneumocys-
tis [20,21], Listeria [22], and Toxoplasma [23] infection);
and control of CMV replication and invasion with either
a prophylactic or preemptive strategy [24-26].

More than 6 months post-transplant

In this period, the causes of infection can be divided into
three general categories: (i) the >80% of patients with a
good result from transplantation (minimal immunosup-
pression, good allograft function, and freedom from viral
infection) are most at risk from infection with commu-
nity-acquired respiratory viruses (e.g., influenza, parain-
fluenza, and respiratory syncytial virus); (i) the
approximately 10% of patients with chronic hepatitis C
and B; unless antiviral therapy is effective, these patients
are subject to progressive liver disease and hepatocellular
cancer. Over the last decade, we have observed great pro-
gress in the management of patients who undergo liver
transplantation because of hepatitis B. Thanks to the use
of hyperimmune hepatitis B immunoglobulin and the
use of antivirals active against hepatitis B (lamivudine,
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adefovir), these patients now experience a survival com-
parable with non-infected patients [27]. The management
of hepatitis C remains a challenge [28]. (iii) Approxi-
mately 10% of patients who have had a relatively poor
outcome from their transplant (repeated episodes of acute
and chronic allograft injury; excessive immunosuppres-
sion; and chronic viral infection). These individuals,
whom we have termed the chronic n’er do wells, are at the
highest risk for opportunistic infection [1].

Preventive strategies used in all long-term transplant
patients include influenza immunization and avoidance of
environmental hazards. These hazards include gardening,
community cleaning activities, exposure to construction,
adventure travel to the developing world and contact with
individuals with active transmissible infections. In the
special situation of the chronic n’er do wells, lifelong trim-
ethoprim—sulfamethoxazole and a consideration of fluc-
onazole prophylaxis is appropriate [1,10].

There are two unique determinants of the infectious
disease complications of HSCT [2]: the rate at which
bone marrow and immune reconstitution occur, and
whether or not significant GVHD is occurring. The dur-
ation of the granulocytopenia (the effects of which are
amplified by the impaired barrier function of the gastro-
intestinal mucosa caused by the conditioning regimen) is
in part related to the nature of the transplant: 20-30 days
with the infusion of bone marrow, 10-20 days for periph-
eral blood stem cells, and 15-30 days with umbilical cord
blood transplant [2]. The use of nonmyeloablative condi-
tioning regimens that allow HSCT in patients who would
not be otherwise eligible for HSCT, minimizes the period
and intensity of neutropenia and mucositis (usually
<1 week), but the overall risk of infectious complications,
especially due to opportunists is not decreased [29-31].
Various maneuvers to deplete T cells in vitro before infu-
sion, will delay further the recovery of lymphocytes,
monocytes, and dendritic cells, and increase the risk of
clinical CMV and EBV infection [32,33]. GVHD and its
treatment results in a severe deficit in cell mediated
immunity, and increased difficulty with herpes group
viruses (particularly CMV) and fungi [29,31,34]. The
same environmental exposures and vascular access issues
that are important in SOT patients are important in
HSCT recipients as well [35].

The timetable of infection for HSCT patients, then, can
be divided into three distinct phases (Fig. 2) [36,37].

Phase 1

Phase 1 is the period of profound granulocytopenia and
mucositis, beginning with the conditioning regimen and
continuing until engraftment occurs. The infectious
disease consequences can be considered in two general

6 Transplant International 19 (2006) 2—11 © 2005 European Society for Organ Transplantation
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categories: residual infection from the pretransplant
experience, with invasive aspergillosis being the best
example of this [38]; and infection, particularly of the
bloodstream, related to breaks in the integrity of mucocu-
taneous surfaces. The organisms include gram positives
(streptococci and staphylococci) and gram negatives (the
Enterobacteriaceae and Pseudomonas aeruginosa), as well
as Candida species. As the period of granulocytopenia
continues, the incidence of angioinvasive mold infection
(e.g., invasive aspergillosis, Scedosporium, Fusarium, and
others) rises significantly, emphasizing the key role of gra-
nulocytes in defending against infection with these organ-
isms. Proposed preventive strategies include systematic
use of protective gear (mask and gloves) by healthcare
providers, HEPA filtration and positive pressure ventila-
tion of patient rooms, and administration of prophylactic
fluoroquinolones and systemic antifungals, depending on
the rates of infection from particular conditioning regi-
mens at a particular hospital [2,37]. A novel approach
that warrants further exploration, is the use of palifermin,
a recombinant keratinocyte growth factor. In a recently
published randomized trial, palifermin administration at
the time of conditioning chemotherapy significantly
reduced the degree and severity of mucositis; the inci-
dence of bloodstream infections was 15% in the palifer-
min group and 25% in placebo recipients [39].

Phase 2

Phase 2 is the period between engraftment and day 100.
This is the peak time period for reactivation of the herpes
group viruses, especially CMV. If engraftment is delayed,
then the incidence of invasive fungal infections increases
significantly. If specific anti-CMV preventive strategies are
employed, then there can be a major delay (onset of
CMV a year or more post-transplant) in the occurrence
of this infection because of the partial protection provi-
ded by the preventive regimen [2,37].

Phase 3

This period (more than 100 days post-transplant) is dom-
inated by whether or not GVHD is occurring, with its
requirement for more intense and prolonged immuno-
suppression. In the absence of GVHD, the major prob-
lems include varicella-zoster virus and pneumococcal and
respiratory virus infection, because of immaturity in
immune function. In addition, late onset CMV, either
because of relapsing infection or, more commonly,
because of partially effective preventive therapy which
greatly extended the incubation period. A profound defi-
cit in microbial specific cell-mediated immunity as a con-
sequence of GVHD and its treatment, results in a

Prevention of infection post-transplant

significant risk of infection with CMV, Pneumocystis
jirovecii, and invasive fungi, as well as other organisms.

The increased incidence of invasive aspergillosis in
patients with GVHD requiring immunosuppression
emphasizes that there are two host defenses of importance
against the invasive molds: functioning granulocytes in
adequate numbers and intact cell-mediated immunity.
Thus, there are two peaks of incidence of invasive mold
infection: pre-engraftment (in the presence of severe and
persistent granulocytopenia) and postengraftment (in
those patients with severe GVHD) [31,34].

Principles of antimicrobial use in transplant
recipients

It is fair to say that without the intelligent deployment of
antimicrobial agents both preventively and therapeutically
modern transplantation would be impossible. There are a
number of general principles that underlie the effective
use of antimicrobial agents [40].

1 There are four different modes in which antimicrobi-
als can be prescribed in order to prevent and treat infec-
tion:

(A) Therapeutic: the treatment of established clinical
infection, with the ideal result being eradication of infec-
tion and prevention of relapse. Strict guidelines for dur-
ation of therapy are not available in the transplant
population. Our approach is to treat until all evidence of
infection (clinical, microbiological, and radiological) is
eliminated, and then add a buffer period for safety. The
length of this buffer period — not necessarily a prolonged
one — depends on the importance of the infection, the
potential consequences of relapse, the net state of immu-
nosuppression, and the likelihood of favouring the emer-
gence of resistant pathogens.

(B) Prophylactic: the administration of an antimicrobial
program to an entire population of patients to prevent
the occurrence of infection. For a prophylactic program
to be useful, the infection(s) to be prevented have to be
important, relatively frequent, and the prophylactic regi-
men must be inexpensive and well tolerated. By far the
most effective prophylactic program for transplant
patients is trimethoprim—sulfamethoxazole,
which has virtually eliminated Pneumocystis, toxoplasmo-

low dose

sis, listeriosis, nocardiosis, and urosepsis from transplant
recipients [18,21,23,41,42].

(C) Empiric: a form of treatment in which a fixed anti-
microbial program is initiated on the basis of fever,
unexplained hypotension or other signs of possible sepsis.
In years past the preferred initial therapy was a combina-
tion of an appropriate beta-lactam and aminoglycoside
(the choice as to which drugs are used being made on the
basis of the known flora at a given hospital). With the
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availability of drugs such as imipenem, ceftazidime, and
piperacillin—tazobactam, single drug coverage for gram
negatives has become common, particularly in stable
patients [43]. Empiric therapy was developed to prevent
the rapid deterioration that can be seen in this situation,
particularly with gram-negative infection in the setting of
neutropenia [44]. There is some controversy as to what
drugs should be wused empirically; the traditional
approach is to treat for gram-negative infection and, if
the patient is continuing to have signs and symptoms, to
add additional gram-positive and antifungal empiric
treatment [44,45], coupled with a systematic search for
the source of the febrile syndrome. The use of empirical
antifungal therapy during myeloablative HSCT has
evolved over the last decade from therapies aimed mainly
at Candida species that translocate from the gastrointesti-
nal track after conditioning chemotherapy [45] to therap-
ies that target both Candida and Aspergillus [46,47].
Empiric treatment regimens are used for a multitude of
other scenarios and depend on the clinical syndrome
(pneumonia, pyelonephritis, catheter-related bacteremia,
meningitis), the time after transplantation when the syn-
drome occurs, and on information on the local and regio-
nal epidemiological experience where the patient is cared
for (prevalence of methicillin-resistant Staphylococcus au-
reus, penicillin-resistant S. pneumoniae, arthropod expo-
sures, etc.).

(D) Preemptive: this form of therapy is based on the ini-
tiation of antimicrobial therapy to a fraction of the popu-
lation at risk, who are asymptomatic, on the basis of a
clinical epidemiologic characteristic or laboratory marker
that connotes an increased risk of serious infection
[26,48]. For example, studies of CMV infection in SOT
patients have shown that CMV seropositive individuals
treated with cyclosporine, azathioprine and prednisone
have an incidence of symptomatic infection of approxi-
mately 10%; if they require OKT3 or antithymocyte glob-
ulin to treat rejection, then the incidence of CMV disease
increases to approximately 50% or more [49]; if ganciclo-
vir is prescribed with the initiation of the antilymphocyte
antibody therapy, and continued for 3 months, then
symptomatic disease is eliminated completely: it is pre-
empted. Replicating CMV can be detected by blood anti-
genemia or polymerase chain reaction assays several days
before symptomatic disease occurs, allowing one to inter-
vene and preempt the occurrence of symptomatic disease
on the basis of a biomarker. Similarly, respiratory tract
colonization with Aspergillus species increases the risk of
subsequent invasive disease significantly, and should be
preempted if found early after transplantation or in those
with significant GVHD [50]. As a general rule, developing
biomarkers that predict subsequent clinical illness are
needed for preemptive specific treatment of infections so

Marty and Rubin

that the need for unnecessary broad-spectrum (and at
times ineffective) empiric therapy can be reduced.

2 Antimicrobial therapy should be deployed in different
phases, even in the same patient, based on certain clinical
scenarios. The first factor to be considered is to assess
whether or not the patient has a therapeutic emergency
or a diagnostic dilemma. If the former, then immediate
assessment and culturing should be accomplished and
broad-spectrum antimicrobials are initiated. Instead of
serial deployment of antimicrobial agents, all reasonable
therapies are initiated immediately, with a particular
emphasis on bactericidal therapies if the patient is granul-
ocytopenic. Issues of cost and toxicity are of secondary
importance at this point in time; the only concern is the
resuscitation of this critically ill individual. By day 3-5
the resuscitation should be nearly complete, and poten-
tially useful information should be available from the
laboratory, so reassessment of the antimicrobial program
is in order: decrease in the number of drugs and their
toxicity and targeted treatment for a specific pathogen;
finally, one to two weeks later decisions regarding main-
tenance or suppressive therapy can be made. To describe
these periods of time, we have borrowed from the oncol-
ogy nomenclature: induction therapy for the therapeutic
emergency and to gain control of specific infections;
consolidation therapy after the patient has been stable or
rehabilitated; and, finally, maintenance therapy to sup-
press infection or as secondary prophylaxis if necessary.
Other than the absolute requirement for bactericidal
therapy if the patient is granulocytopenic, a variety of
drugs can be used. The cardinal rule here is that ‘there
are no points for neatness.” The choice of antibiotics
should be made and reviewed at each of the three phases
of therapy.

3 A landmark event in the history of transplantation
was the development and deployment of the calcineurin
inhibitors, cyclosporine and tacrolimus, in the 1980s. The
one-year survival of cadaveric kidney transplants jumped
from 50% to >85% in most centers. Not that these drugs
are panaceas: renal toxicity, hypertension, and other toxi-
cities are common. Perhaps the biggest problem is the
occurrence of drug interactions, particularly with antimi-
crobial agents. The clinician caring for transplant recipi-
ents must develop a systematic way of addressing these
drug interactions when prescribing antimicrobials and
other treatments. There are three classes of drug interac-
tions that are seen (at least two of which are because of
effects on hepatic cytochrome 450 metabolism of the cal-
cineurin inhibitors). All these interactions occur in the
face of desired therapeutic blood levels of these drugs.

(A) Some antimicrobial agents (most notably rifampin,
isoniazid, and nafcillin) induce the metabolism of the
calcineurin inhibitors, resulting in inadequate blood levels
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and an increased risk of rejection or exacerbations of
GVHD.

(B) Some antimicrobial agents (most notably the macro-
lides and the antifungal azoles) inhibit the metabolism of
the calcineurin inhibitors, resulting in high blood levels,
renal injury, excessive immunosuppression, and an
increased risk of opportunistic infection. Both of these
interactions can be managed by dose adjustment and fre-
quent measurement of cyclosporine and tacrolimus blood
levels, particularly at the beginning and after the comple-
tion of antibiotic therapy.

(C) Synergistic renal toxicity. As the mechanisms by
which these toxicities occur are not well understood, we
describe them on the basis of their clinical presentation:
(i) dose-related renal toxicity: whereas drugs such as
trimethoprim—sulfamethoxazole are well tolerated at lower
doses, at higher doses renal toxicity may occur; (ii) idio-
pathic toxicity with the occurrence of oliguric renal fail-
ure with a single dose of gentamicin or amphotericin in
the face of therapeutic blood levels of the calcineurin
inhibitors; and (iii) synergistic nephrotoxicity with gen-
tamicin, vancomycin, and amphotericin: that is, nephro-
toxicity occurring days to weeks before it would occur in
the absence of cyclosporine and tacrolimus.

Conclusion

The therapeutic prescription for the transplant patient has
two components: an immunosuppressive program to pre-
vent and treat rejection and GVHD, and an antimicrobial
program to make it safe. Changes in one of these necessi-
tate changes in the other. The emphasis in transplant
patients should be on the prevention of infection and, if
this fails, surveillance and preemption of subclinical infec-
tion or early recognition and aggressive therapy of clinical
infection. For virtually all infections in these patients,
prognosis is related to how early in the disease process
diagnosis is made.

As one looks into the future, it is likely that antimicro-
bial therapy will be closely linked to biomarkers that spe-
cify the risk for particular infections, microbial load and
the presence of antimicrobial resistance. The term ‘disease
management program’ will apply to the management of
infection.
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