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Abstract Hematopoietic cell transplantation (HCT) is associated with pro-
found compromises in host defenses. The patterns of immune compromise 
change over time. Infections are an important cause of serious morbidity and 
pose substantial threats to life. Thus, the challenges of infection facing the 
transplant clinician are both myriad and dynamic. Early after transplant, neu-
tropenic infections are most important. Later herpesvirus and invasive fungal 
infections predominate. Even late after transplant, patients with chronic graft 
versus host disease remain susceptible to encapsulated bacterial, varicella 
zoster virus, and invasive fungal infections. Over time, with robust engraft-
ment and control of GVHD, the risk of serious infections recedes with immune 
reconstitution.

Keywords  Hematopoietic cell transplant • Antifungal prophylaxis • Antibiotic 
prophylaxis • Pneumonia • Diarrhea • Neutropenic fever • Cytomegalovirus • 
Respiratory viral infections • Varicella zoster virus infection

1. Hematopoietic Cell Transplantation

Hematopoietic cell transplant (HCT) is variously known as bone marrow 
transplant, stem cell transplant, or hematopoietic stem cell transplant. It is used 
to treat conditions that result in bone marrow failure (such as aplastic anemia 
or myelodysplastic syndromes), immunodeficiencies (such as severe combined 
immunodeficiency or chronic granulomatous disease), or congenital disorders 
that result in enzyme deficiencies in cells derived from hematopoietic precur-
sors that result in metabolic disorders (such as mucopolysaccharidoses or 
glycogen storage diseases). These disorders are relatively rare in the general 
population. More commonly, HCT is used as a cancer therapy, primarily 
for hematologic malignancies (such as lymphomas, leukemias, and multiple 
myeloma). In this latter type of application, HCT is used to facilitate admin-
istration of intensive chemoradiotherapy. The intensive conditioning regimen 
suppresses and sometimes ablates the normal hematopoietic precursors. The 
graft is given to rescue the hematopoietic injury. In the case of allogeneic 
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HCT, the graft also provides adoptive immunotherapy targeting cancer cells 
that express novel antigens.

Autologous transplants do not require prolonged immunosuppressive therapy 
after the transplant and robust immune recovery typically occurs within 3–9 
months. Allogeneic HCT necessitates stringent HLA matching to optimize 
engraftment and minimize the risk of graft versus host disease (GVHD). Immu-
nosuppressive therapy is typically given posttransplant for 4–6 months and then 
tapered gradually and finally stopped after approximately 6 months. The occur-
rence of GVHD may necessitate a more prolonged course of immunotherapy 
and slow immune recovery. Immunodeficiency is more prolonged after alloge-
neic HCT (typically a year, sometimes longer) than after autologous transplant 
and the risk of infection is greater.

Each of the basic components of the transplant (the conditioning regimen, 
the graft, the posttransplant immunosuppressive therapy, and other supportive 
care regimens) influence the risk for infection and types of infectious syndromes 
that occur after transplant (Table 8-1).

Ablative  conditioning  regimens  consisting  of  intensive  chemotherapy 
or chemoradiotherapy have been the standard regimens used for decades. 
Ablative regimens have been associated with a number of toxicities to normal 
tissues (including mucosal injury) that are natural barriers against potential 
microbial pathogens. Mucosal injury allows easier entry of organisms that 
ordinarily colonize mucosal surfaces, leading to susceptibility to streptococcal 
organisms, enteric Gram negative organisms, anaerobes, and Candida.

In the past decade, transplant clinicians are increasingly using reduced 
intensity conditioning regimens in allogeneic HCT. Potent immunosuppressive 

Table 8-1. Elements of the transplant procedure and their effects on infectious risk.
Component Transplant role Influence on infectious risk

Conditioning  
regimen

•  Anticancer activity

•  Immunosuppression to 
facilitate engraftment

•  Intensive conditioning regimens cause mucosal injury 
that increases susceptibility to bacteria and Candida 
infections

•  Myelosuppression poses risk for bacterial and Candida 
infections

Graft •  Hematopoietic reconstitu-
tion

•  B & T cell recovery

•  Higher numbers of CD34+ cells associated with shorter 
neutropenia, fewer and less severe neutropenic infection

•  T cell depletion slows T cell reconstitution increasing 
susceptibility to viral and fungal infections

•  High T cell content increases risk for GVHD and  
susceptibility for viral and fungal infections

•  Histocompatibility differences between donor and  
recipient increases the risk for GVHD and susceptibility 
for viral and fungal infections

Immuno- 
suppressive  
regimen

•  Prevents graft rejection

•  Prevents GVHD

•  Deficiency of T cell protective responses increases the 
risk for herpesvirus and fungal infections

Supportive care •  Central venous catheters 
permit administration of 
medications, transfusions, 
and blood sampling

•  HEPA filters in rooms

•  Catheters breach the integument and increase risk for 
skin colonizing bacteria

•  Air filters reduce the exposure to air-borne mold  
pathogens
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agents are used in the place of intensive chemoradiotherapy. Such regimens pro-
duce less acute toxicity sparing mucosal injury. In addition, myelosuppression 
is less and times to engraftment are typically shorter. With reduced intensity 
transplants, there is less susceptibility for neutropenia-associated bacterial and 
fungal infections. However, there still are substantial risks for later viral and 
fungal infections typically seen with GVHD and immunosuppressive therapy.

The graft used in HCT consists of a mixture of hematopoietic stem cells, more 
differentiated hematopoietic precursors, and mature immune cells. The grafts 
differ in several respects: peripheral blood grafts typically have higher numbers 
of hematopoietic precursors and also more lymphoid cells. Peripheral blood 
grafts are associated with faster neutrophil engraftment and more chronic 
GVHD. Cord blood grafts have fewer hematopoietic precursors and the lym-
phoid cells are more naïve immunophenotypically and functionally. Such cord 
blood grafts are associated with slower neutrophil recovery and less GVHD.

T lymphocytes in the donor graft are responsible for GVHD. The various 
immunosuppressive regimens used after transplant to prevent and treat GVHD 
suppress T cell function and increase the patient’s vulnerability for infection. 
Fungal and herpesvirus infections are especially problematic. T cell depletion 
of the donor graft is sometimes used to reduce the risk for GVHD but T cell 
depletion increases the risk for graft rejection and slows B and T cell immune 
reconstitution, rendering the recipient vulnerable to opportunistic infections for 
a longer time after transplant. Several polymorphisms in immune response genes 
that affect the likelihood for both GVHD and infection have been identified.

2. Effects of HCT on Host Defenses: A Dynamic Scenario

There are three phases after HCT: early, mid, and late recovery. Each period 
is characterized by different kinds of deficits of host defenses and these differ-
ences account for varying susceptibilities to different kinds of infectious risks.

The early recovery phase is the interval from the start of the conditioning regi-
men to the time of engraftment, generally 3–4 weeks in duration. Compromises 
in host defenses during this interval are characterized by gut mucosal injury 
due  to  the  cytotoxic  effects  of  chemoradiotherapy  and  myelosuppression  from  
the conditioning regimen. Tunneled central venous catheters are routinely used and 
these foreign bodies breach the integument, allowing invasion by skin colo nizing 
organisms. The types of infectious syndromes commonly seen during the early 
phase are neutropenic infections due to enteric bacteria and Candida (discussed 
in more detail elsewhere), catheter-related infections, primarily due to skin 
colonizing bacteria, especially Staphylococcus epidermidis or less commonly 
Staphylococcus aureus, and organisms that colonize the oral mucosa, such as 
alpha  streptococci.  Reactivation  of  herpes  simplex  virus  occurs  in  most  patients 
treated with intensive conditioning regimens, with an average onset between 2 and 
3 weeks after initiation of the conditioning regimen in the absence of prophylaxis.

Patients treated with a nonablative conditioning regimen have shorter times 
of neutropenia and also less mucosal injury. Typically, neutrophil counts do 
not fall until 7–10 days after graft infusion and the neutrophil count may not 
fall below 100 cells/mL. Thus, such patients are much less susceptible to early 
infections of all types. For that reason, nonablative transplant patients are 
generally managed in the outpatient clinic.
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Upon engraftment, the transplant recipient enters the mid recovery phase. 
This phase spans the second and third month after transplant. With the restora-
tion of neutrophils and healing of the damaged mucosal barriers, the overall 
risk for infection is less. The central venous catheter still poses a breach in the 
skin barrier and catheter-related infections remain a concern.

The mid recovery phase is characterized by a profound immunodeficiency 
of both B and T cell functions, which eventually recover later over a period of 
several months (after autologous HCT) or up to a year (for allogeneic HCT). 
Pneumocystis jiroveci (PCP), Aspergillus, and cytomegalovirus (CMV) infec-
tions can occur during this period. The risk for serious infection is greater 
after allogeneic HCT since GVHD or the use of high dose corticosteroids can 
intensify T cell immunodeficiency [1–4]. The use of anti-thymocyte globulin 
(or alemtuzumab) to prevent or treat GVHD or promote engraftment can have 
enduring effects on T cells  (and NK cells  in  the  case of  alemtuzumab)  and 
may render the patient vulnerable for a longer period of time. T cell depletion 
of the graft and HLA disparity between the donor and recipient delay T cell 
recovery. With nonablative transplants, the immunosuppressive regimen is 
frequently tapered more quickly (to provoke a graft-versus-tumor effect); this 
may increase the risk for GVHD. Various single center reports have suggested 
either an increase or decrease in infectious risk with nonablative transplants; 
as yet, the difference in conditioning regimens, case mix, and immunosuppres-
sive regimens prevent a clear understanding of whether the risk of infection or 
timing of infection and epidemiology of infection is truly similar or different. 
Further study is needed.

The late recovery phase follows after the third month. The overall risk for 
infection recedes greatly as B and T cell immunity gradually improves. There 
remains some risk for PCP. There is also a risk for reactivation of varicella 
zoster  virus  (VZV)  that  occurs  in  approximately  40%  of  VZV  seropositive 
patients. Patients who develop chronic GVHD require prolonged immunosup-
pressive therapy and are susceptible to fungal and viral infections due to T cell 
immunodeficiency. The need for prednisone at daily doses of 1 mg/kg/day for 
extended periods of  time has been associated with a particularly high  risk 
for aspergillosis. The use of infliximab renders the patient at even higher risk for 
aspergillosis. In patients with chronic GVHD, there is also a risk for infections by 
encapsulated bacteria (e.g., S. pneumoniae, N. meningiditis, and H. influenzae) 
due to poor opsonization.

Generally, by 1 year posttransplant, patients will recover their immune 
competence and will be no longer at risk for opportunistic infections except 
for patients who have developed chronic GVHD and who may have prolonged 
immunodeficiency extending for many months or years. At 1 year posttransplant, 
immunizations with the childhood vaccines should be given (see Chap. 13).

3. Major Infectious Syndromes: Clinical Manifestations  
and Diagnostic Approaches

3.1 Neutropenic Fever

Prior to engraftment, neutropenia lasts for a variable duration according to 
the transplant type: 10–14 days after autologous transplant, 17–21 days after 
myeloablative allogeneic transplant, and only 4–7 days after nonablative 
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allogeneic transplant. Cord blood transplants often have longer durations of 
neutropenia that may extend up to 28–35 days. Neutropenic fever is common in 
the pre-engraftment period but is less problematic in nonablative transplants. 
Fever may be generally the only manifestation of infection and, operationally, 
infection should be approached as the likely cause since serious morbidity 
may ensue if untreated. Evaluation should include elicitation of symptoms 
suggestive of an infectious site and examination to look for an infectious site 
(especially skin, oral mucosa, lungs, catheter site, abdomen, and perianal area). 
Blood cultures should be obtained and cultures of any site suspected to be 
infected. A chest  radiograph  is generally done, but  if  the  lungs are highly 
suspected from history or examination, then a CT scan is preferred since it 
would be more likely to yield useful information [6]. Persistent or recrudescent 
fever may be due to antibiotic-resistant Gram negative bacteria, Gram positive 
bacteria (especially S. epidermidis, less commonly an alpha streptococcus, or 
S. aureus), or fungus (especially Candida or Aspergillus). Evaluation and more 
specific diagnostic considerations for infections in the neutropenic host are 
addressed in Chap. 5 and have been delineated in consensus guidelines [7, 8].

3.2 Pneumonia

Pneumonia commonly occurs after HCT during all three phases of the 
postHCT period and may have both infectious and non-nfectious etiologies 
(Table 8-2) [9]. In the early recovery phase, bacterial and mold infections may 
be etiologic, and adult respiratory distress syndrome due to toxicity from the 
conditioning regimen may also occur. In the mid recovery phase, interstitial 
pneumonitis due to conditioning regimen toxicity or due to CMV may occur. 
Also, bacterial and fungal pneumonia due to Aspergillus or other molds may 
occur. During the late recovery phase, late-onset CMV pneumonia may occur, 
especially in patients with early CMV infection or a history of acute GVHD 
[10]. Late-onset Aspergillus pneumonia may also occur, especially in patients 
with chronic GVHD. In recent years, increasing instances of very late onset 
Aspergillus pneumonias occurring 6–12 months after HCT have been noted in 

Table 8-2. Various etiologies of pneumonia after HCT.
Radiographic  
pattern Early recovery Mid recovery Late recovery

Diffuse  
infiltrates

•  ARDS

•  Hemorrhagic 
alveolitis

•  Respiratory  
virus

•  Idiopathic intersti-
tial pneumonitis

•  Hemorrhagic  
alveolitis

•  CMV

•  Respiratory virus

•  PCP

•  Bronchiolitis obliterans or 
bronchiolitis obliterans with 
organizing pneumonia

•  CMV

•  Respiratory virus

•  PCP

Localized  
infiltrates

•  Bacterial

•  Aspergillus

•  Zygomycete  
or other mold

•  Bacterial

•  Aspergillus

•  Zygomycete or 
other mold

•  Nocardia

•  Bacterial

•  Aspergillus

•  Zygomycete or other mold

•  Nocardia
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patients with chronic persistent GVHD. PCP may occur during any of the 3 
phases if prophylaxis is not given.

Respiratory viruses may occur during any of the 3 recovery phases. Influenza 
and respiratory syncytial virus (RSV) generally occur seasonally during the 
winter months [11–14]. Parainfluenza may occur at any time during the year. 
Adenovirus  is  an  occasional  pulmonary  pathogen  [15]. Upper respiratory 
symptoms generally precede lower tract involvement with respiratory viral 
infections, but not always.

Pneumonias may be caused by more than one pathogen; for example CMV may 
be accompanied by bacterial or Aspergillus infections. Thus, isolation of one path-
ogen may be an inadequate explanation for cause of pneumonia when the clinical 
syndrome suggests another etiology and further investigation is warranted.

Radiologic assessment by high resolution CT scan is key to the assessment 
of pneumonia [6, 16]. Pneumonias can generally be categorized radio-
graphically into either diffuse infiltrates or localized infiltrates (Table 8-2). 
The diffuse infiltrates can be either non-specific alveolar ground glass, intersti-
tial, mixed alveolar/interstitial, or diffuse micronodular patterns. The localized 
infiltrates may be macronodules (³1 cm in diameter), consolidation, cavitary, 
or wedge-shaped.

The etiologies differ according to both the radiographic pattern and timing 
after transplant and evaluation and management strategies differ for each radio-
graphic category and timepoint (Table 8-2). In the early recovery phase, diffuse 
infiltrates are most commonly due to noninfectious causes such as pulmonary 
edema, ARDS, or idiopathic interstitial pneumonitis. These are thought to be 
due mostly to toxicity related to the conditioning regimen and fluid balance. 
Occasionally, respiratory viruses may also be causative. Localized infiltrates 
during the early recovery period are usually due to bacterial pneumonia or 
mold pathogens (Aspergillus most commonly, or Zygomycetes, Fusarium, or 
Scedosporium less commonly).

During the mid recovery period, diffuse infiltrates are divided evenly between 
noninfectious and infectious etiologies. The potential etiologies are the same as 
in the early recovery period, but in addition, CMV becomes the major infectious 
etiology during this time interval. PCP assumes an important consideration but 
is effectively prevented by prophylaxis, which should be routinely given (see 
below). The diagnostic considerations for localized infiltrates are also the same 
as during the early period, but mold infections are more prominent concerns. In 
a large series of IA, macronodules with or without halos were present in 94% 
of cases of IA and 79% had multiple nodules [17]. Halo signs were present in 
61%. In another small series, more than ten nodules or a pleural effusion tended 
to more likely in Zygomycosis compared to IA [18].

In the late recovery period, diffuse infiltrates have a more varied spectrum 
of etiologies [19]. CMV still is an important consideration as are PCP and 
respiratory viruses. Also important noninfectious considerations are bronchi-
olitis obliterans or bronchiolitis obliterans with organizing pneumonia. As for 
localized infiltrates, the same potential causes as during the earlier period are 
possible. Encapsulated bacteria are particularly important pathogens since 
opsonization is impaired in chronic GVHD. Also important is Nocardia, which 
can present in a similar manner as mold infections.

Prompt and thorough evaluation is crucial to treatment success. Elicitation 
of  lower  tract  symptoms  and  evidence  of  consolidation  on  physical  exam 
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should alert the clinician to the possibility of pneumonia. However, even in 
the absence of any of these, fever of uncertain etiology may warrant investiga-
tion of pneumonia as the source of fever. Hemoptysis may occur with diffuse 
alveolar hemorrhage early after transplant. Hemoptysis, pleuritic pain, and 
the presence of pleural rub may suggest Aspergillosis. Upper respiratory tract 
symptoms suggest a respiratory viral infection. Lack of sputum is typical of 
respiratory virus, CMV, and PCP pneumonias. However, these manifestations 
are too insensitive and not sufficiently specific to indicate firmly the etiology. 
CT scans to determine the character of infiltrate is more useful. Prior to the 
onset of pneumonia symptoms, a number of tests may identify those at risk 
for  or  with  incipient  lower  respiratory  tract  infection.  Nasal  viral  cultures, 
shell vial centrifugation cultures using RSV-specific monoclonal antibodies, 
or rapid diagnostics using DFA or ELISA assays are important for diagnostic 
assessment of the respiratory viruses, and may be useful in the assessment 
of patients with symptoms of upper respiratory tract infection. CMV antigen 
assays or PCR assays of blood samples should be performed and often are 
positive 1–2 weeks in advance of CMV pneumonia. Serum galactomannan can 
be useful as an adjunct in the diagnosis of Aspergillus pneumonia [20–32].

For patients suspected to have pneumonia, CT examination, as noted above, 
is  essential  and  should  be  done  promptly.  Bronchoscopic  examination  with 
bronchoalveolar lavage should be performed early in the assessment of pneu-
monia wherever feasible [33, 34]. The yield is high for agents that cause diffuse 
infiltrates (e.g., PCP, CMV, respiratory viruses), but tends to be low with 
agents that cause localized infiltrates, especially Aspergillus. Even in localized 
pneumonias where the yield is suboptimal, performance of bronchoscopy is 
advisable to exclude certain pathogens in order to narrow the use of agents in 
presumptive therapy and to identify co-infecting pathogens.

In many cases, treatment should be initiated presumptively for the most likely 
pathogen(s) while evaluation is proceeding since early initiation of therapy is 
crucial to optimize treatment success. Presumptive therapy, however, should not 
be given in order to justify the failure to perform a careful and thorough evalu-
ation, since the spectrum of pathogens is large and the toxicities of prolonged 
“shot-gun” anti-infective therapies is considerable. Once the evaluation is com-
plete, elimination of the presumptive therapies no longer justified is appropri-
ate. In the case of a suspected mold infection, even with an extensive negative 
evaluation, continued therapy may be justified if the clinical suspicion remains 
high. If the etiology is not clear and the patient does not improve clinically 
and radiographically, further investigation should be undertaken. Typically, 
infiltrates may get worse early even in the face of clinical improvement and 
even though pneumonia ultimately responds. It generally requires 2 weeks at a 
minimum to see radiographic improvement. If a patient clinically deteriorates  
with empirical antimicrobial therapy, then additional evaluation should be 
considered, including a lung biopsy if the patient’s condition permits.

3.3 Diarrhea

Diarrhea can occur at any time after HCT and there are a myriad of both 
infectious and noninfectious causes (Table 8-3). During or shortly after com-
pletion of the conditioning regimen, diarrhea may be caused by intestinal tract 
mucosal injury due to cytotoxicity from the conditioning regimen.
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Later during neutropenia, diarrhea is more likely to be infectious, due to 
either neutropenic enterocolitis or C. difficile. A highly virulent strain of C. 
difficile has been noted in outbreaks in Canada and northeastern US cities, 
and also in other locales in the US and Europe [35–39]. The use of fluoroqui-
nolones (and other antibiotics as well) has been associated with predisposition 
to C. difficile infection. The use of gastric acid suppressants has also been 
implicated to add to the risk [40].

Neutropenic  enterocolitis  (typhlitis)  is  usually  accompanied  by  abdominal 
pain [41–43]. Although there  is a predilection for  the ascending colon, other  
portions of the gut can also be involved. The microbiological etiology of neu-
tropenic enterocolitis is rarely discerned but is presumed to be caused by 
gram-negative bacteria and anaerobic bacteria. In recent years, Candida has 
also been implicated as contributory [44, 45]. Toxic megacolon, perforation, 
and hypotension are complications of progressive enterocolitis and may result 
in death.

A variety of viruses are occasional causes of diarrhea in the HCT patient, 
such as the enteroviruses (including the coxsackieviruses), caliciviruses (inclu-
ding  the Norwalk virus), and astroviruses  [46–49]. These infections do not 
occur at specific times after HCT like the herpesviruses but rather may occur 
at different seasons of the year, tracking along with outbreaks in the general 
population of the local community. Also, adenovirus and CMV may be viral 
causes of diarrhea. Other infectious agents including enterobacteria, such as 
Salmonella, Shigella, E. coli, and protozoal and helminthic infections may 
also be rare causes of diarrhea.

GVHD may also present as diarrhea. Usually a skin rash is also present, 
but some cases of GVHD may present with gut involvement alone. This 
occurs mostly during the mid recovery phase, but in recent years late 
onset GVHD with features resembling acute GVHD have been noted with 
transplants performed with the use of peripheral blood as stem cell source, 
reduced intensity conditioning regimens, and donor lymphocyte infusions 
after transplant.

Evaluation should include stool assay for C. difficile antigen and toxin, viral 
cultures or ELISA assays, and CMV antigen or quantitative PCR testing. An 
abdominal CT scan should be performed to look for bowel thickening and/
or dilatation. Serial KUB radiographs should be performed in patients with 
bowel  wall  thickening  to  screen  for  toxic  megacolon.  Colonoscopy  should 
be performed for visual inspection, looking for pseudomembranes, and to 
perform biopsy for  tissue examination and culture for  the various  infectious 
etiologies or GVHD.

Table 8-3. Etiologies of diarrhea.
Early recovery Mid recovery Late recovery

•  Chemotherapy

•  Neutropenic enterocolitis

•  C. difficile colitis

•  Enteric viruses

•  GVHD

•  C. difficile colitis

•  CMV

•  Adenovirus

•  Enteric viruses

•  GVHD

•  C. difficile

•  CMV

•  Adenovirus

•  Enteric viruses
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3.4 Cytomegalovirus Infection

Historically, CMV was the most dangerous infectious pathogen and the cause 
of death in 15–20% of allogeneic HCT recipients. Although CMV infections 
(detected  by  detection  of  CMV  pp65  antigen  or  quantitative  PCR  testing) 
occur frequently in autologous transplant recipients, CMV disease is generally 
infrequent. The chief risk factors identified for CMV symptomatic disease are 
allogeneic transplant type, older age, CMV seropositivity (of the recipient), and 
the occurrence of GVHD [4, 50]. Other factors that diminish T cell recovery 
also increase the risk for CMV disease, such as T cell depletion of the stem cell 
graft, HLA disparity between donor and recipient, and the use of certain immu-
nosuppressive agents that produce profound and prolonged T cell deficiency 
such as antithymocyte globulin, alemtuzumab, or high doses of corticosteroids. 
Purine analogs, such as fludarabine, cladrabine, and pentostatin, given in the 
posttransplant period may also have prolonged immunosuppressive effects, but 
whether or not their more common use in the pretransplant conditioning regi-
men has any lingering posttransplant effects has not been studied.

The most common manifestation of CMV disease is pneumonia, but gastro-
enteritis can also occur. Rarely does CMV opthalmitis occur in HCT recipients 
in contrast to the situation with advanced HIV infection.

In past decades, most episodes of CMV pneumonia occurred during the 
mid  recovery  period,  and  only  10%  occurred  after  100  days.  However,  in 
recent years there has been a dramatic shift to later onset (beyond 100 days) 
[10]; this is particularly true in patients who develop acute GVHD or receive 
pre-emptive antiCMV therapy for CMV reactivation infection during the mid 
recovery period (see below).

The usual presentation of CMV pneumonia is low grade fever, a nonpro-
ductive cough, and dyspnea. Progressive worsening of symptoms occurs if 
untreated and the mortality untreated has ranged 80–90%. Chest radiographs 
show a mixed interstitial/alveolar infiltrate. Bronchoscopy with immunofluo-
rescent stains for pp65 antigen of cytologic samples and shell vial cultures of 
BAL samples has a high diagnostic yield with sensitivity and specificity of at 
least 90%. Bronchoscopic biopsies are somewhat less sensitive than the BAL 
for CMV. Blood pp65 antigen and the PCR assay are usually positive before 
and at the onset of pneumonia, but since CMV viremia may be present without 
pneumonia, bronchoscopy is still required to determine if the lung process is 
due to the viremia. Co-infections with bacteria or Aspergillus may be present. 
Diarrhea is the chief manifestation of CMV enterocolitis. Colonoscopy with 
tissue biopsy is the diagnostic test of choice with immunofluorescent stains

3.5 Other Viral Infections

Adenovirus infections occasionally occur (generally in less than 5% of allogeneic 
HCT recipients) [15, 51, 52] and case fatality rates of 30–50% have been reported. 
As with CMV infections, factors that result in more profound T cell immunode-
ficiency pose greater susceptibility for adenovirus infection; in contrast to CMV, 
younger patients are at greater risk. Pneumonia, hepatitis, and gastrointestinal dis-
ease are the most common manifestations, but less frequent presentations include 
nephritis and cystitis. Viremia can be detected with PCR assays. Detection of 
virus in BAL or tissue samples can be achieved using rapid culture techniques or 
immunofluorescent antibody staining of cytologic or tissue specimens.
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Community acquired respiratory viruses have been increasingly recognized 
as important respiratory pathogens as noted above [13, 53–56]. RSV, influenza, 
rhinovirus, and metapneumovirus infections have a seasonal pattern, mirror-
ing occurrences in the community, whereas parainfluenza virus infections 
occur during all seasons. Upper tract symptoms typically occur before lower 
tract disease and this offers an opportunity for early diagnosis and potential 
intervention, although no studies have shown definitively that treatment of 
upper  tract  infection prevents  lower  tract disease. Nasal  swabs are excellent 
means of detecting the virus in patients with upper tract symptoms by culture, 
immunofluorescent antibody staining, or PCR assays of specimens. BAL or 
tissue specimens can be assessed with the same diagnostic assays.

Herpesvirus 6 persists lifelong (like HSV, CMV and VZV) in most individuals 
after  primary  infection  during  infancy.  Active  infection  can  be  detected  in 
about one-third of HCT recipients. In most cases, it is asymptomatic, but it 
can be a cause of rash, encephalitis, and possibly pneumonitis [57, 58]. PCR 
assays can be useful in the diagnosis [57].

BK virus is a polyoma virus that infects many individuals early in life 
and persists lifelong in urogenital epithelial tissues. Reactivation may occur 
after allogeneic HCT, especially in patients with GVHD and is a cause of 
hemorrhagic cystitis [59, 60]. Cystitis generally occurs during the mid recovery 
period, but may occur at any time after HCT. Diagnosis is made generally by 
the use of immunofluorescent antibody staining or PCR assays of urine speci-
mens. BK virus can also be detected in blood samples but its correlation with 
hemorrhagic cystitis has been less well documented.

3.6 Nonneutropenic Fever

At time of engraftment, fever occasionally occurs in the absence of infection 
(sometimes  known  as  “engraftment  syndrome”).  After  cultures  are  obtained 
with no growth after 24–48 h and CT scans of chest and abdomen are negative, 
a noninfectious etiology should be considered. A short course of corticoster-
oids is highly efficacious with rapid taper. Rash, elevation of transaminases or 
bilirubin, or dyspnea with an ARDS-like syndrome may accompany the fever.

After engraftment  fever may present occasionally  in  the absence of other 
symptoms. A  systemic  evaluation  strategy  is necessary. Continued monitor-
ing to elicit symptoms that may provide clues is needed. Careful examination 
of sinuses, oral cavity, catheter site and tunnel, skin, lungs, and perineal area 
is important and should be ongoing. Blood cultures for bacteria, fungi, and 
mycobacteria should be obtained. Urinalysis is useful. Blood sampling for 
CMV assays, galactomannan, or glucan assays may be useful. CT scans of 
sinuses, chest, and abdomen should be considered. If these do not provide 
an explanation after  several days,  removal of  the venous catheter  should be 
considered. Since drug fever may occur, careful consideration tof stopping any 
discretionary medications should be entertained.

3.7 Rash

Rashes are frequent and there are a myriad of causes. Erythema may be a promi-
nent sign of GVHD. Involvement of palms, soles, and earlobes are especially seen 
in GVHD. Focal lesions may be seen with bacterial or fungal bloodstream infec-
tions. Paronychia should suggest the possibility of Fusarium. Vesicular lesions, 
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especially in a dermatomal distribution, should suggest VZV infection. In 
most cases a biopsy should be done. Cultures should be performed if an infec-
tion is suggested. For lesions where a fungal etiology is suspected, fungal 
stains are necessary.

3.8 Hepatitis

The hepatic transaminases may be elevated for a variety of reasons, both infec-
tious and noninfectious. Most commonly, this is a result of some drug reaction. 
Viral hepatitis, iron overload, sepsis, and GVHD may also be etiologic. Hepatic 
veno-occlusive disease (VOD) and GVHD more commonly have a cholestatic 
predominance rather than transaminemia. In the case of VOD, the onset is almost 
always before day 30; in the case of GVHD, onset is usually after engraftment. 
Hepatitis serologies and PCR assays, ferritin measurement should be performed. 
A liver biopsy should be considered if the patient is able to tolerate it.

In patients with chronic GVHD, a rare manifestation of VZV infection is 
fulminent hepatitis (with or without concomitant pancreatitis) antecedent to 
the cutaneous rash and which can pursue a virulent course leading rapidly to 
shock and death. Prompt presumptive antiVZV therapy is warranted.

4. Management Strategies

Specific management of the individual infections described above is discussed 
in other chapters. Only anti-infective strategies that pertain to HCT will be 
discussed below.

4.1 Bacterial Prophylaxis

A variety of  antibacterial  regimens have been  evaluated  in  the HCT  setting 
over the past decades. Indeed, several decontamination regimens have been 
advocated more as a way to reduce the release of proinflammatory cytokines, 
key contributors to GVHD, in order to reduce the risk for severe GVHD, rather 
than to reduce bacterial infections. Such regimens were difficult for patients 
to tolerate and definite benefits could not be discerned; over time, they have 
largely been abandoned.

Today, the fluoroquinolones have largely replaced other antibiotic regimens 
for the purpose of preventing bacterial infection during the pre-engraftment 
phase. The benefits of antibiotic prophylaxis after HCT have been debated and no  
firm recommendation was given in the HCT consensus guidelines in 2000 [5]. 
However, they are widely used in the pre-engraftment phase, and more recent  
studies suggest such benefits as reductions in febrile episodes, bacterial infec-
tions, and death (from any cause) in patients with neutropenia. Such benefits 
have been seen in patients with acute leukemia and HCT [61–63]. Ciprofloxacin 
and levofloxacin are the most suitable agents. Drawbacks include cost, toxici-
ties, and the risk of antibiotic resistance. If antibiotic prophylaxis is elected, 
surveillance of isolates for resistance is important since various centers have 
reported  the  emergence  of  fluoroquinolone  resistance  [64].  Although  most 
infections that are prevented are from gram-negative bacteria, there seems to 
also be some protection against alpha streptococcal and methicillin-sensitive 
Staphylococcus aureus infections as well [61]. Another concern is an increased 
susceptibility for C. difficile infection. Accordingly, centers that choose to use 



222 J.R. Wingard

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009 BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

fluoroquinolone prophylaxis must monitor both resistance as well as C. difficile 
infection rates. The issues concerning antibiotic prophylaxis are discussed in 
greater detail in Chap. 10.

Severe infections by the encapsulated bacteria can occur in allogeneic HCT 
recipients with  chronic GVHD. Although never  tested  in  randomized  trials, 
routine  prophylaxis  with  antibiotics  effective  against  this  group  of  bacterial 
pathogens is advisable [5].

4.2 Fungal Prophylaxis

Several studies have demonstrated that the fluconazole is highly effective in 
the prevention of invasive Candida infections [65–67]. The use of fluconazole 
prophylaxis has been embraced by consensus guidelines for HCT [5] and the 
subject has been discussed widely [68, 69]. There are two HCT scenarios in 
which  its  use  may  not  be  necessary.  After  nonablative  allogeneic  HCT,  the 
duration of neutropenia is short and the risk for invasive Candida infection is 
low;  the need  for  routine prophylaxis  in  this  situation has not been studied. 
Also, in autologous transplantation for solid tumors, some conditioning regi-
mens do not cause significant mucosal injury and the risk for invasive Candida 
infections may be sufficiently low to not warrant routine prophylaxis. This has 
not been well studied.

Micafungin has also been found to be effective in the prevention of Candida 
infections after HCT [70] and caspofungin has been found to be effective in 
patients with neutropenia after treatment for hematologic malignancies [71]. 
Although the echinocandins do act against Aspergillus and have been studied as 
a salvage therapy for invasive aspergillosis (IA), they have not been adequately 
evaluated as prophylaxis against Aspergillus.

The lipid formulations of amphotericin B have been evaluated only in a limited 
manner as prophylaxis but they do offer protective effects [72, 73]. Both the 
echinocandins  and  polyenes  will  likely  have  limited  roles  for  prophylaxis 
since  they  require  parenteral  administration,  a  major  shortcoming  for  the 
prolonged period of risk for mold infections.

Most interest for antimold prophylaxis has been in the extended spectrum 
azoles, since oral formulations make them suitable for prolonged administra-
tion necessary to cover the protected risk period. Itraconazole, posaconazole, 
and  voriconazole  have  been  shown  to  offer  protection  against  IA  during 
neutropenia in nontransplant oncology settings [74–77]. Two studies of itra-
conazole  prophylaxis  in  the  allogeneic  HCT  setting  suggest  a  potential  for 
benefit  to  prevent  IA  [78, 79], but limitations include poor tolerability and  
concerns about toxicity. Posaconazole has been evaluated in HCT patients with 
acute and chronic GVHD and compared to fluconazole [80]. This “targeted”  
approach seems sensible since GVHD and its therapy are the major risk factors  
for IA. Although there was a decrease in breakthrough IA, there was no impro-
vement in clinical success (defined as survival without IFI or use of systemic 
antifungal therapy). Voriconazole prophylaxis has also been studied in standard-
risk allogeneic BMT patients in a randomized double-blind multicenter trial 
and is not found to be superior to fluconazole in terms of survival at 6 months 
free of invasive fungal infection although there were fewer IA infections and 
voriconazole was not associated with greater toxicity [81]. One potential con-
cern with voriconazole is its lack of activity against Zygomycetes; its routine 
use has been associated with an apparent increase in zygomycosis in several 
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single center studies [18, 82–84]. However, there were no increases in IA rates 
in the prospective randomized prophylaxis trial [81].

4.3 Neutropenic Fever

The management of neutropenic fever is a frequent challenge for the transplant 
clinician. The diagnostic considerations and approaches for evaluation and 
treatment in the HCT patient are similar to those in the nontransplant neutro-
penic patient and are discussed in detail elsewhere in Chap. 5.

4.4 CMV Management Strategies

The risks for serious morbidity and mortality from CMV disease are substan-
tial. Technological advances have quelled this threat. Improvements in rapid 
diagnostics including the shell vial culture assay, pp65 antigen assay, and PCR 
assay, the validation of a high degree of accuracy in detection of CMV pneu-
monia by BAL to supplant the need for open lung biopsy [4, 10, 50]. The rec-
ognition that viremia generally precedes the onset of disease, the introduction 
of effective antiviral agents including ganciclovir, foscarnet, and cidofovir, 
and the testing of strategies to prevent or pre-empt CMV disease have all been 
major strides in reducing sequelae from CMV.

Prophylaxis with  acyclovir,  ganciclovir,  and  foscarnet  has been  shown  to 
be effective [85–89].  Although  acyclovir  and  its  prodrug,  valacyclovir,  are 
well tolerated the relatively poor in vitro activity against CMV has led most 
clinicians to rely on ganciclovir which has much greater intrinsic anti-CMV 
activity. Unfortunately, ganciclovir is associated with myelosuppression. 
This toxicity has led to evaluation of serial monitoring of HCT patients with 
weekly testing of blood by the pp65 antigen or PCR assay, and institution of 
pre-emptive antiCMV therapy with ganciclovir (or foscarnet) in patients who 
become viremic [87, 90]. In general, there are advantages and disadvantages 
to both approaches. Prophylaxis  is generally associated with fewer episodes 
of breakthrough CMV pneumonia, but more toxicity. Pre-emptive therapy is 
associated with more episodes of late-onset CMV pneumonia. Oral valganci-
clovir has good bioavailability and has been used in limited studies to replace 
intravenous ganciclovir. Although the toxicities are the same, there are obvious 
advantages in convenience and cost.

Most centers use the pre-emptive antiCMV strategies. Some centers stratify 
patients by risk: standard risk patients receive the pre-emptive strategy, while 
patients  at  high  risk  for  CMV  disease  receive  prophylaxis.  Typical  risks  to 
consider  include  the  use  of  a  T  cell  depleted  graft,  HLA  disparity  between 
donor and recipient, use of antithymocyte globulin or alemtuzumab after 
transplant, or the use of steroids as prophylaxis. There are no data that suggest 
that nonablative transplant recipients should be monitored differently from 
ablative transplants.

A phase 2  trial of maribavir  as CMV prophylaxis  appears promising and 
a phase 3 trial is underway. This agent has the potential advantages of oral 
formulation and excellent tolerability and safety profiles.

Monitoring of patients beyond 100 days has assumed greater importance 
today with rising rates of late onset CMV disease. This is a challenge since 
most HCT patients are no longer receiving routine follow-up care at the trans-
plant center after the mid recovery period and the knowledge level of community 
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physicians of this threat is low and availability of the screening assays in the 
community  setting  is not good. A  trial  to evaluate  the use of valganciclovir 
prophylaxis in patients at risk for late CMV disease is underway.

4.5 VZV Prophylaxis

VZV reactivation occurs in approximately 40% of HCT patients with a median 
onset of 5 months. Although acyclovir (or valacyclovir) treatment is effective, 
some patients can present with a life-threatening visceral infection (involv-
ing serosal intestinal wall, liver, or pancreas) without cutaneous lesions with 
a high fatality rate. This condition should be suspected in any HCT patient 
presenting with excruciating abdominal pain, even with a benign abdominal 
exam. Moreover, sequelae of VZV can pose significant compromises in quality 
of  life  in  HCT  survivors.  Accordingly,  there  has  been  considerable  interest 
in prevention. Acyclovir prophylaxis given for 6 months was associated with 
fewer VZV infections while the patient was receiving acyclovir, but relapses 
occurred shortly after cessation of drug abrogating the benefit. However, more 
recently,  prophylaxis  for  1  year  has  been  shown  to  offer  durable  protection 
[91] and preservation of viral T cell helper responses but without rebound 
relapses after stopping prophylaxis.

4.6 Infection Control Measures

Infection control measures have not been well studied in HCT patients. 
Hospitalization in air filtered rooms with >12 air exchanges/hour is generally  
recommended [5]. This is particularly important during construction periods when  
air-borne pathogens (especially Aspergillus) pose threats to HCT patients [92]. 
Survival benefits of air filtration have been observed in allogeneic HCT 
patients given ablative conditioning regimens [93, 94]. Whether there is a 
demonstrable benefit for patients receiving nonablative conditioning regimens 
(whose treatment is mostly outpatient) or in patients undergoing autologous 
HCT is not known.

Handwashing has been recognized to be the single most important tool in 
infection prevention [95]. The use of alcohol-based rubs as a substitute for 
hand washing has become widely adopted. Although they have been shown to 
reduce the risk for antibiotic-resistant bacteria such as methicillin-resistant 
S. aureus and vancomycin-resistant enterococci [96], they lack activity against 
C. difficile and there is a potential for increased risk for nosocomial outbreaks 
from this organism. Guidelines for the prevention of nosocomial transmission 
of these infectious pathogens have been developed [97] and are discussed in 
detail in Chap. 12.

The occurrence of antibiotic resistance in bacteria continues to plague 
hospital environments and the HCT unit is no exception. HCT patients are at 
especially high risk due to immune compromise, the widespread use of mul-
tiple antibiotics, often for prolonged intervals, and the universal use of central 
venous catheters. Infections by methicillin-resistant S. aureus and vancomycin-
resistant enterococci have been abundantly reported in HCT patients. Such 
resistant organisms are frequently associated with considerable morbidity and 
mortality. Handwashing and contact isolation of colonized patients is advo-
cated to reduce the risk for nosocomial transmission [5].
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Patients with respiratory viral infections should be placed under both con-
tact and droplet precautions [5]. Prolonged shedding of virus can occur due to 
high viral burden and poor immune status and follow-up cultures are advis-
able to determine when isolation procedures may be discontinued. Infected 
health care workers (HCW) should avoid contact with patients until symptoms 
resolve.

References

  1. Fukuda T, Boeckh M, Carter RA, Sandmaier BM, Maris MB, Maloney DG, Martin 
PJ, Storb RF, Marr KA (2003) Risks and outcomes of invasive fungal infections in 
recipients of allogeneic hematopoietic stem cell transplants after nonmyeloablative 
conditioning. Blood 102(3):827–833

 2. De La Rosa GR, Champlin RE, Kontoyiannis DP (2002) Risk factors for the devel-
opment of invasive fungal infections in allogeneic blood and marrow transplant 
recipients. Transpl Infect Dis 4(1):3–9

 3. Marr KA, Carter RA, Boeckh M, Martin P, Corey L (2002) Invasive aspergillosis in 
allogeneic stem cell transplant recipients: changes in epidemiology and risk factors. 
Blood 100(13):4358–4366

 4. Boeckh M, Nichols WG, Papanicolaou G, Rubin R, Wingard JR, Zaia J (2003) 
Cytomegalovirus in hematopoietic stem cell transplant recipients: Current status, 
known challenges, and future strategies. Biol Blood Marrow Transplant 9(9): 
543–558

 5. Dykewicz CA,  Jaffe HW, Spira TJ,  Jarvis WR, Kaplan  JE, Edlin BR, Chen RT, 
Hibbs  B,  Bowden  RA,  Sullivan  K,  Emanuel  D,  Longworth  DL,  Rowlings  PA, 
Rubin RH, Sepkowitz KA, Wingard JR, Modlin JF, Ambrosino DM, Baylor NW, 
Donnenberg AD, Gardner P, Giller RH, Halsey NA, Le CT, Molrine DC, Sullivan 
KM (2000) Guidelines for preventing opportunistic infections among hematopoi-
etic stem cell transplant recipients. MMWR 49(RR-10):1–125

 6. Heussel CP, Kauczor HU, Heussel G, Fischer B, Mildenberger P, Thelen M (1997) 
Early detection of pneumonia in febrile neutropenic patients: use of thin-section 
CT. AJR Am J Roentgenol 169(5):1347–1353

 7. Hughes  WT,  Armstrong  D,  Bodey  GP,  Bow  EJ,  Brown  AE,  Calandra  T,  Feld  R, 
Pizzo  PA,  Rolston  KV,  Shenep  JL,  Young  LS  (2002)  2002  guidelines  for  the 
use of antimicrobial agents in neutropenic patients with cancer. Clin Infect Dis 
34(6):730–751

 8. Friefeld AG, Baden LR, Brown AE, Elting L, Gelfand M, Greene JH, Ito JI, Karp 
JE, Kaul DR, King E, Marcucci G, Montoya JG, Morris A, Rolston K, Segal BH 
(2005) The NCCN fever and neutropenia clinical practice guidelines in oncology. 
Version 1

 9. Gosselin MV, Adams RH (2002) Pulmonary complications in bone marrow trans-
plantation. J Thorac Imaging 17(2):132–144

10. Boeckh  M,  Leisenring  W,  Riddell  SR,  Bowden  RA,  Huang  ML,  Myerson  D, 
Stevens-Ayers  T,  Flowers  ME,  Cunningham  T,  Corey  L  (2003)  Late  cytome-
galovirus disease and mortality in recipients of allogeneic hematopoietic stem 
cell transplants: importance of viral load and T-cell immunity. Blood 101(2): 
407–414

11. Harrington RD, Hooton TM, Hackman RC, Storch GA, Osborne B, Gleaves CA, 
Benson A, Meyers JD (1992) An outbreak of respiratory syncytial virus in a bone 
marrow transplant center. J Infect Dis 165(6):987–993

12. Ljungman P (1997) Respiratory virus infections in bone marrow transplant recipi-
ents: the European perspective. Am J Med 102(3A):44–47

13. Whimbey  E,  Champlin  RE,  Couch  RB,  Englund  JA,  Goodrich  JM,  Raad  I, 
Przepiorka  D,  Lewis  VA,  Mirza  N,  Yousuf  H,  Tarrand  JJ,  Bodey  GP  (1996) 



226 J.R. Wingard

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009 BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

Community respiratory virus infections among hospitalized adult bone marrow 
transplant recipients. Clin Infect Dis 22(5):778–782

14. Whimbey E, Englund JA, Couch RB (1997) Community  respiratory virus  infec-
tions in immunocompromised patients with cancer. Am J Med 102(3A):10–18

15. La Rosa AM, Champlin RE, Mirza N, Gajewski J, Giralt S, Rolston KV, Raad I, 
Jacobson K, Kontoyiannis D, Elting L, Whimbey E (2001) Adenovirus infections in 
adult recipients of blood and marrow transplants. Clin Infect Dis 32(6):871–876

16. Conces DJ Jr (1999) Noninfectious lung disease in immunocompromised patients. 
J Thorac Imaging 14(1):9–24

17. Greene RE, Schlamm HT, Oestmann JW, Stark P, Durand C, Lortholary O, 
Wingard JR, Herbrecht R, Ribaud P, Patterson TF, Troke PF, Denning DW, Bennett 
JE, de Pauw BE, Rubin RH (2007) Imaging findings in acute invasive pulmonary 
aspergillosis: clinical significance of the halo sign. Clin Infect Dis 44(3):373–379

18. Chamilos G, Marom EM, Lewis RE, Lionakis MS, Kontoyiannis DP (2005) 
Predictors of pulmonary zygomycosis versus invasive pulmonary aspergillosis in 
patients with cancer. Clin Infect Dis 41(1):60–66

19. Wingard JR, Santos GW, Saral R (1985) Late-onset interstitial pneumonia follow-
ing allergenic bone marrow transplantation. Transplantation 39(1):21–23

20. Shao PL, Huang LM, Hsueh PR (2006) Invasive fungal infection – laboratory diag-
nosis and antifungal treatment. J Microbiol Immunol Infect 39(3):178–188

21. Maertens J, Theunissen K, Verhoef G, Verschakelen J, Lagrou K, Verbeken E, 
Wilmer  A,  Verhaegen  J,  Boogaerts  M,  Van  Eldere  J  (2005)  Galactomannan  and 
computed tomography-based preemptive antifungal therapy in neutropenic patients 
at high risk for invasive fungal infection: a prospective feasibility study. Clin Infect 
Dis 41(9):1242–1250

22. Wheat LJ (2003) Rapid diagnosis of invasive aspergillosis by antigen detection. 
Transpl Infect Dis 5:158–166

23. Mennink-Kersten  MA,  Donnelly  JP,  Verweij  PE  (2004)  Detection  of  circulating 
galactomannan for the diagnosis and management of invasive aspergillosis. Lancet 
Infect Dis 4:349–357

24. Maertens J, Van Eldere J, Verhaegen J, Verbeken E, Verschakelen J, Boogaerts M 
(2002) Use of circulating galactomannan screening for early diagnosis of invasive 
aspergillosis in allogeneic stem cell transplant recipients. J Infect Dis 186(9): 
1297–1306

25. Herbrecht R, Letscher-Bru V, Oprea C, Lioure B, Waller J, Campos F, Villard 
O, Liu KL, Natarajan-Ame S, Lutz P, Dufour P, Bergerat  JP, Candolfi E  (2002) 
Aspergillus galactomannan detection  in  the diagnosis of  invasive aspergillosis  in 
cancer patients. J Clin Oncol 20(7):1898–1906

26. Maertens J, Verhaegen J, Van Eldere J, Boogaerts M (2001) Screening for circulat-
ing galactomannan as a noninvasive diagnostic tool for invasive aspergillosis in 
prolonged neutropenic patients and stem cell transplantation recipients: a prospec-
tive validation. Blood 97:1604–1610

27. Sulahian A, Boutboul F, Ribaud P, Leblanc T, Lacroix C, Derouin F (2001) Value 
of antigen detection using an enzyme immunoassay in the diagnosis and prediction 
of invasive aspergillosis in two adult and pediatric hematology units during a 4-year 
prospective study. Cancer 91(2):311–318

28. Pinel C, Fricker-Hidalgo H, Lebeau B, Garban F, Hamidfar R, Ambroise-Thomas 
P, Grillot R (2003) Detection of circulating Aspergillus fumigatus galactomannan: 
value and limits of the Platelia test for diagnosing invasive aspergillosis. J Clin 
Microbiol 41(5):2184–2186

29. Marr  KA,  Laverdiere  M,  Gugel  A,  Leisenring  W  (2005)  Antifungal  therapy 
decreases sensitivity of the Apsergillus galactomannan enzyme immunoassay. Clin 
Infect Dis 40:1762–1769

30. Marr KA, Balajee SA, McLaughlin L, Tabouret M, Bentsen C, Walsh TJ (2004) 
Detection of galactomannan antigenemia by enzyme immunoassay for the diagnosis 



Chapter 8 Stem Cell Transplantation 227

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

of invasive aspergillosis: variables that affect performance. J Infect Dis 190(3): 
641–649

31. Hope WW, Walsh TJ, Denning DW (2005) Laboratory diagnosis of invasive 
aspergillosis. Lancet Infect Dis 5:609–622

32. Pfeiffer CD, Fine JP, Safdar N (2006) Diagnosis of invasive aspergillosis using a 
galactomannan assay: a meta-analysis. Clin Infect Dis 42:1417–1427

33. Dunagan DP, Baker AM, Hurd DD, Haponik EF (1997) Bronchoscopic evaluation 
of pulmonary infiltrates following bone marrow transplantation. Chest 111(1): 
135–141

34. Feller-Kopman D, Ernst A (2003) The role of bronchoalveolar lavage in the immu-
nocompromised host. Semin Respir Infect 18(2):87–94

35. Weiss K (2006) Poor infection control, not fluoroquinolones, likely to be primary 
cause of Clostridium difficile-associated diarrhea outbreaks in Quebec. Clin Infect 
Dis 42(5):725–727

36. McDonald LC, Killgore GE, Thompson A, Owens RC Jr, Kazakova SV, Sambol 
SP,  Johnson  S,  Gerding  DN  (2005)  An  epidemic,  toxin  gene-variant  strain  of 
Clostridium difficile. N Engl J Med 353(23):2433–2441

37. Pepin J, Saheb N, Coulombe MA, Alary ME, Corriveau MP, Authier S, Leblanc 
M,  Rivard  G,  Bettez  M,  Primeau  V,  Nguyen  M,  Jacob  CE,  Lanthier  L  (2005) 
Emergence  of  fluoroquinolones  as  the  predominant  risk  factor  for  Clostridium 
difficile-associated diarrhea: a cohort study during an epidemic in Quebec. Clin 
Infect Dis 41(9):1254–1260

38. Kuijper EJ, van den Berg RJ, Debast S, Visser CE, Veenendaal D, Troelstra A, van 
der  KT,  van  den  HS,  Notermans  DW  (2006)  Clostridium  difficile  ribotype  027, 
toxinotype III, the Netherlands. Emerg Infect Dis 12(5):827–830

39. Loo VG, Poirier L, Miller MA, Oughton M, Libman MD, Michaud S, Bourgault 
AM,  Nguyen  T,  Frenette  C,  Kelly  M,  Vibien  A,  Brassard  P,  Fenn  S,  Dewar  K, 
Hudson TJ, Horn R, Rene P, Monczak Y, Dascal A (2005) A predominantly clonal 
multi-institutional outbreak of Clostridium difficile-associated diarrhea with high 
morbidity and mortality. N Engl J Med 353(23):2442–2449

40. Dial S, Delaney JA, Barkun AN, Suissa S (2005) Use of gastric acid-suppressive 
agents and the risk of community-acquired Clostridium difficile-associated disease. 
JAMA 294(23):2989–2995

41. Gorschluter M, Mey U, Strehl J, Ziske C, Schepke M, Schmidt-Wolf IG, Sauerbruch 
T, Glasmacher A (2005) Neutropenic enterocolitis in adults: systematic analysis of 
evidence quality. Eur J Haematol 75(1):1–13

42. Cardona AF, Ramos PL, Casasbuenas A (2005) From case  reports  to  systematic 
reviews in neutropenic enterocolitis. Eur J Haematol 75(5):445–446

43. Aksoy DY, Tanriover MD, Uzun O, Zarakolu P, Ercis S, Erguven S, Oto A, Kerimoglu 
U,  Hayran  M,  Abbasoglu  O  (2007)  Diarrhea  in  neutropenic  patients:  a  prospec-
tive  cohort  study  with  emphasis  on  neutropenic  enterocolitis.  Ann  Oncol  18(1): 
183–189

44. Cardona Zorrilla AF, Reveiz HL, Casasbuenas A, Aponte DM, Ramos PL (2006) 
Systematic review of case reports concerning adults suffering from neutropenic 
enterocolitis. Clin Transl Oncol 8(1):31–38

45. Gorschluter M, Mey U, Strehl J, Schmitz V, Rabe C, Pauls K, Ziske C, Schmidt-
Wolf  IG, Glasmacher A (2006)  Invasive  fungal  infections  in neutropenic entero-
colitis: a systematic analysis of pathogens, incidence, treatment and mortality in 
adult patients. BMC Infect Dis 6:35

46. Yolken RH, Bishop CA, Townsend TR, Bolyard EA, Bartlett J, Santos GW, Saral 
R (1982) Infectious gastroenteritis in bone-marrow-transplant recipients. N Engl J 
Med 306(17):1010–1012

47. Townsend TR, Bolyard EA, Yolken RH, Beschorner WE, Bishop CA, Burns WH, 
Santos GW, Saral R (1982) Outbreak of Coxsackie A1 gastroenteritis: a complica-
tion of bone-marrow transplantation. Lancet 1(8276):820–823



228 J.R. Wingard

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009 BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

48. Cox GJ, Matsui SM, Lo RS, Hinds M, Bowden RA, Hackman RC, Meyer WG, 
Mori M, Tarr PI, Oshiro LS (1994) Etiology and outcome of diarrhea after marrow 
transplantation: a prospective study. Gastroenterology 107(5):1398–1407

49. van Kraaij MG, Dekker AW, Verdonck LF, van Loon AM, Vinje J, Koopmans MP, 
Rozenberg-Arska  M  (2000)  Infectious  gastro-enteritis:  an  uncommon  cause  of 
diarrhoea in adult allogeneic and autologous stem cell transplant recipients. Bone 
Marrow Transplant 26(3):299–303

50. Boeckh M, Nichols WG (2004) The impact of cytomegalovirus serostatus of donor 
and recipient before hematopoietic stem cell transplantation in the era of antiviral 
prophylaxis and preemptive therapy. Blood 103(6):2003–2008

51. Shields  AF,  Hackman  RC,  Fife  KH,  Corey  L,  Meyers  JD  (1985)  Adenovirus 
infections  in  patients  undergoing  bone-marrow  transplantation.  N  Engl  J  Med 
312(9):529–533

52. Hale GA, Heslop HE, Krance RA, Brenner MA, Jayawardene D, Srivastava DK, 
Patrick CC (1999) Adenovirus infection after pediatric bone marrow transplanta-
tion. Bone Marrow Transplant 23(3):277–282

53. Bowden RA (1997) Respiratory virus infections after marrow transplant: the Fred 
Hutchinson Cancer Research Center experience. Am J Med 102(3A):27–30

54. Nichols WG, Gooley T, Boeckh M (2001) Community-acquired respiratory syncytial 
virus and parainfluenza virus infections after hematopoietic stem cell transplanta-
tion: the Fred Hutchinson Cancer Research Center experience. Biol Blood Marrow 
Transplant 7(Suppl):11S–15S

55. Whimbey E, Vartivarian SE, Champlin RE, Elting LS, Luna M, Bodey GP (1993) 
Parainfluenza virus infection in adult bone marrow transplant recipients. Eur J Clin 
Microbiol Infect Dis 12(9):699–701

56. Ljungman P (2001) Respiratory virus infections in stem cell transplant patients: the 
European experience. Biol Blood Marrow Transplant 7(Suppl):5S–7S

57. Wang FZ, Linde A, Hagglund H, Testa M, Locasciulli A, Ljungman P (1999) Human 
herpesvirus 6 DNA in cerebrospinal fluid specimens from allogeneic bone marrow 
transplant patients: does it have clinical significance? Clin Infect Dis 28(3):562–568

58. Buchbinder S, Elmaagacli AH, Schaefer UW, Roggendorf M (2000) Human her-
pesvirus 6 is an important pathogen in infectious lung disease after allogeneic bone 
marrow transplantation. Bone Marrow Transplant 26(6):639–644

59. Leung  AY,  Suen  CK,  Lie  AK,  Liang  RH,  Yuen  KY,  Kwong  YL  (2001) 
Quantification of polyoma BK viruria in hemorrhagic cystitis complicating bone 
marrow transplantation. Blood 98(6):1971–1978

60. Azzi  A,  Cesaro  S,  Laszlo  D,  Zakrzewska  K,  Ciappi  S,  De  Santis  R,  Fanci  R, 
Pesavento  G,  Calore  E,  Bosi  A  (1999)  Human  polyomavirus  BK  (BKV)  load 
and haemorrhagic cystitis in bone marrow transplantation patients. J Clin Virol 
14(2):79–86

61. Leibovici L, Paul M, Cullen M, Bucaneve G, Gafter-Gvili A, Fraser A, Kern WV 
(2006) Antibiotic prophylaxis in neutropenic patients: new evidence, practical deci-
sions. Cancer 107(8):1743–1751

62. Gafter-Gvili  A,  Fraser  A,  Paul  M,  Leibovici  L  (2005)  Meta-analysis:  antibiotic 
prophylaxis reduces mortality in neutropenic patients. Ann Intern Med 142(12 Pt 1): 
979–995

63. Engels EA, Lau J, Barza M (1998) Efficacy of quinolone prophylaxis  in neutro-
penic cancer patients: a meta-analysis. J Clin Oncol 16(3):1179–1187

64. Bucaneve  G,  Micozzi  A,  Menichetti  F,  Martino  P,  Dionisi  MS,  Martinelli  G, 
Allione B, D’Antonio D, Buelli M, Nosari AM, Cilloni D, Zuffa E, Cantaffa R, 
Specchia G, Amadori S, Fabbiano F, Deliliers GL, Lauria F, Foa R, Del Favero 
A  (2005) Levofloxacin  to prevent bacterial  infection  in patients with cancer and 
neutropenia. N Engl J Med 353(10):977–987

65. Goodman  JL,  Winston  DJ,  Greenfield  RA,  Chandrasekar  PH,  Fox  B,  Kaizer  H, 
Shadduck RK, Shea TC, Stiff P, Friedman DJ (1992) A controlled trial of fluconazole 



Chapter 8 Stem Cell Transplantation 229

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

to prevent fungal infections in patients undergoing bone marrow transplantation. N 
Engl J Med 326(13):845–851

66. Slavin  MA,  Osborne  B,  Adams  R,  Levenstein  MJ,  Schoch  HG,  Feldman  AR, 
Meyers JD, Bowden RA (1995) Efficacy and safety of fluconazole prophylaxis for 
fungal infections after marrow transplantation – a prospective, randomized, double-
blind study. J Infect Dis 171(6):1545–1552

67.  Marr  KA,  Seidel  K,  Slavin  MA,  Bowden  RA,  Schoch  HG,  Flowers  ME,  Corey  L, 
Boeckh  M  (2000)  Prolonged  fluconazole  prophylaxis  is  associated  with  persistent 
protection against candidiasis-related death in allogeneic marrow transplant recipients: 
long-term follow-up of a randomized, placebo-controlled trial. Blood 96(6):2055–2061

68. Wingard  JR  (2002) Antifungal  chemoprophylaxis  after blood and marrow  trans-
plantation. Clin Infect Dis 34(10):1386–1390

69. Kanda Y, Yamamoto R, Chizuka A, Hamaki T, Suguro M, Arai C, Matsuyama T, 
Takezako  N,  Miwa  A,  Kern  W,  Kami  M,  Akiyama  H,  Hirai  H,  Togawa  A  (2000) 
Prophylactic action of oral fluconazole against fungal infection in neutropenic patients. 
A meta-analysis of 16 randomized, controlled trials. Cancer 89(7):1611–1625

70. van Burik JA, Ratanatharathorn V, Stepan DE, Miller CB, Lipton JH, Vesole DH, 
Bunin N, Wall DA, Hiemenz JW, Satoi Y, Lee JM, Walsh TJ (2004) Micafungin 
versus fluconazole for prophylaxis against  invasive fungal  infections during neu-
tropenia in patients undergoing hematopoietic stem cell transplantation. Clin Infect 
Dis 39(10):1407–1416

71. Mattiuzzi GN, Alvarado G, Giles FJ, Ostrosky-Zeichner L, Cortes  J, O’brien S, 
Verstovsek S, Faderl S, Zhou X, Raad II, Bekele BN, Leitz GJ, Lopez-Roman I, 
Estey EH (2006) Open-label, randomized comparison of itraconazole versus caspo-
fungin  for  prophylaxis  in  patients  with  hematologic  malignancies.  Antimicrob 
Agents Chemother 50(1):143–147

72. Mattiuzzi GN, Estey E, Raad I, Giles F, Cortes J, Shen Y, Kontoyiannis D, Koller 
C, Munsell M, Beran M, Kantarjian H (2003) Liposomal amphotericin B versus 
the combination of fluconazole and itraconazole as prophylaxis for invasive fungal 
infections during induction chemotherapy for patients with acute myelogenous 
leukemia and myelodysplastic syndrome. Cancer 97(2):450–456

73. Peacock O, Reinwold M, Schmidt-Hieber M, Schwartz S, Martus P, Thiel E, Blau 
I (2005) Low dose liposomal amphotericin B (L-AmB) as prophylaxis of invasive 
fungal  infections  (IFI)  in  patients  (pts)  with  prolonged  neutropenia  (N):  results 
from a phase III trial. Abstract M-975. Interscience Conference on Antimicrobial 
Agents and Chemotherapy Annual Meeting in Washington, DC

74. Glasmacher A, Prentice A, Gorschluter M, Engelhart S, Hahn C, Djulbegovic B, 
Schmidt-Wolf IG (2003) Itraconazole prevents invasive fungal infections in neutro-
penic patients treated for hematologic malignancies: evidence from a meta-analysis 
of 3,597 patients. J Clin Oncol 21(24):4615–4626

75. Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ, Walsh TJ, Helfgott 
D, Holowiecki J, Stockelberg D, Goh YT, Petrini M, Hardalo C, Suresh R, Angulo-
Gonzalez  D  (2007)  Posaconazole  vs.  fluconazole  or  itraconazole  prophylaxis  in 
patients with neutropenia. N Engl J Med 356(4):348–359

76. Rojas R, Serrano  J, Martin C, Tabares S, Capote M, Fernandez M, Arqueros V, 
Molina JR, Martin V, Torres A (2005) Voriconazole in primary prophylaxis reduces 
the incidence of IFI in high risk hematologic patients. Abstract 5349. Presented at 
ASH Annual Meeting in Atlanta, GA

77. Mattiuzzi  GN,  Estey  EH,  Hernandez  M,  Cabanillas  ME,  Giles  F,  Cortes  JE, 
O’Brien S, Verstovsek S, Kantarjian HM (2005) Voriconazole and liposomal 
amphotericin B  (Ambisome) effectively prevent mold  infections  in patients  (pts) 
with acute myelogenous  leukemia (AML) following remission  induction chemo-
therapy. Abstract 2773. Presented at ASH Annual Meeting in Atlanta, GA

78. Winston DJ, Maziarz RT, Chandrasekar PH, Lazarus HM, Goldman M, Blumer JL, 
Leitz GJ, Territo MC (2003) Intravenous and oral itraconazole versus intravenous 



230 J.R. Wingard

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009 BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

and oral fluconazole for long-term antifungal prophylaxis in allogeneic hematopoi-
etic  stem-cell  transplant  recipients.  A  multicenter,  randomized  trial.  Ann  Intern 
Med 138(9):705–713

79.  Marr KA, Crippa F, Leisenring W, Hoyle M, Boeckh M, Balajee SA, Nichols WG, 
Musher B, Corey L (2004) Itraconazole versus fluconazole for prevention of fungal 
infections in patients receiving allogeneic stem cell transplants. Blood 103(4): 
1527–1533

80. Ullmann AJ, Lipton JH, Vesole DH, Chandrasekar P, Langston A, Tarantolo SR, 
Greinix  H,  Morais  dA,  Reddy  V,  Boparai  N,  Pedicone  L,  Patino  H,  Durrant  S 
(2007)  Posaconazole  or  fluconazole  for  prophylaxis  in  severe  graft-versus-host 
disease. N Engl J Med 356(4):335–347

81. Wingard JR, Carter SL, Walsh TJ, Kurtzberg J, Small TN, Gersten ID, Mendizabal 
AM,  Leather  H,  Confer  DL,  Baden  LR,  Maziarz  RT,  Stadtmauer  EA,  Bolanos-
Meade  J, Brown  J, DiPersio  JF, Boeckh M, Marr KA  (2007) Results of  a  rand-
omized, double-blind trial of fluconazole (FLU) vs. Voriconazole (VORI) for the 
prevention of invasive fungal infections (IFI) in 600 allogeneic blood and marrow 
transplant (BMT) patients. Blood 110(11):55a Abstract #163

82. Marty FM, Cosimi LA, Baden LR (2004) Breakthrough zygomycosis after vorico-
nazole treatment in recipients of hematopoietic stem-cell transplants. N Engl J Med 
350(9):950–952

83. Kontoyiannis DP, Lionakis MS, Lewis RE, Chamilos G, Healy M, Perego C, Safdar 
A, Kantarjian H, Champlin R, Walsh TJ, Raad II (2005) Zygomycosis in a tertiary-
care cancer center in the era of Aspergillus-active antifungal therapy: a case-control 
observational study of 27 recent cases. J Infect Dis 191(8):1350–1360

84. Siwek GT, Dodgson KJ, Magalhaes-Silverman M, Bartelt LA, Kilborn SB, Hoth 
PL, Diekema DJ, Pfaller MA (2004) Invasive zygomycosis in hematopoietic stem 
cell  transplant  recipients  receiving  voriconazole  prophylaxis.  Clin  Infect  Dis 
39(4):584–587

85. Prentice  HG,  Gluckman  E,  Powles  RL,  Ljungman  P,  Milpied  N,  Fernandez 
Ranada JM, Mandelli F, Kho P, Kennedy L, Bell AR (1994) Impact of long-term 
acyclovir on cytomegalovirus infection and survival after allogeneic bone marrow 
transplantation.  European  Acyclovir  for  CMV  Prophylaxis  Study  Group.  Lancet 
343(8900):749–753

86. Ljungman  P,  de  La  CR,  Milpied  N,  Volin  L,  Russell  CA,  Crisp  A,  Webster  A 
(2002) Randomized study of valacyclovir as prophylaxis against cytomegalovirus 
reactivation in recipients of allogeneic bone marrow transplants. Blood 99(8): 
3050–3056

87. Boeckh M, Gooley TA, Myerson D, Cunningham T, Schoch G, Bowden RA (1996) 
Cytomegalovirus pp 65 antigenemia-guided early treatment with ganciclovir versus 
ganciclovir at engraftment after allogeneic marrow transplantation: a randomized 
double-blind study. Blood 88(10):4063–4071

88. Goodrich  JM,  Bowden  RA,  Fisher  L,  Keller  C,  Schoch  G,  Meyers  JD  (1993) 
Ganciclovir prophylaxis to prevent cytomegalovirus disease after allogeneic mar-
row transplant. Ann Intern Med 118(3):173–178

89. Winston DJ, Ho WG, Bartoni K, Du MC, Ebeling DF, Buhles WC, Champlin RE 
(1993) Ganciclovir prophylaxis of cytomegalovirus  infection and disease in allo-
geneic bone marrow transplant recipients. Results of a placebo-controlled, double-
blind trial. Ann Intern Med 118(3):179–184

90. Reusser P, Einsele H, Lee J, Volin L, Rovira M, Engelhard D, Finke J, Cordonnier 
C, Link H, Ljungman P (2002) Randomized multicenter trial of foscarnet versus 
ganciclovir for preemptive therapy of cytomegalovirus infection after allogeneic 
stem cell transplantation. Blood 99(4):1159–1164

91. Boeckh M, Kim HW, Flowers ME (2006) Long-term acyclovir for prevention of 
varicella zoster virus disease after allogeneic hematopoietic cell transplantation – a 
randomized double-blind placebo-controlled study. Blood 107:1800–1805



Chapter 8 Stem Cell Transplantation 231

BookID 146129_ChapID 8_Proof# 1 - 07/10/2009

92. Sherertz RJ, Belani A, Kramer BS, Elfenbein GJ, Weiner RS, Sullivan ML, Thomas 
RG, Samsa GP (1987) Impact of air filtration on nosocomial Aspergillus infections. 
Unique risk of bone marrow transplant recipients. Am J Med 83(4):709–718

93. Storb  R,  Prentice  RL,  Buckner  CD,  Clift  RA,  Appelbaum  F,  Deeg  J,  Doney  K, 
Hansen  JA,  Mason  M,  Sanders  JE,  Singer  J,  Sullivan  KM,  Witherspoon  RP, 
Thomas ED (1983) Graft-versus-host disease and survival in patients with aplastic 
anemia treated by marrow grafts from HLA-identical siblings. Beneficial effect of 
a protective environment. N Engl J Med 308(6):302–307

94. Passweg  JR,  Rowlings  PA,  Atkinson  KA,  Barrett  AJ,  Gale  RP,  Gratwohl  A, 
Jacobsen  N,  Klein  JP,  Ljungman  P,  Russell  JA,  Schaefer  UW,  Sobocinski  KA, 
Vossen JM, Zhang MJ, Horowitz MM (1998) Influence of protective isolation on 
outcome of allogeneic bone marrow transplantation for leukemia. Bone Marrow 
Transplant 21(12):1231–1238

95. Garner JS (1996) Guideline for isolation precautions in hospitals. The Hospital 
Infection Control Practices Advisory Committee.  Infect Control Hosp Epidemiol 
17(1):53–80

96. Lai KK, Fontecchio S, Melvin Z, Baker SP (2006) Impact of alcohol-based, water-
less hand antiseptic on the incidence of infection and colonization with methicillin-
resistant Staphylococcus aureus and vancomycin-resistant enterococci. Infect 
Control Hosp Epidemiol 27(10):1018–1024

97. Muto CA,  Jernigan  JA, Ostrowsky BE, Richet HM,  Jarvis WR, Boyce  JM, Farr 
BM (2003) SHEA guideline for preventing nosocomial transmission of multidrug-
resistant strains of Staphylococcus aureus and enterococcus. Infect Control Hosp 
Epidemiol 24(5):362–386


	Stem Cell Transplantation
	1. Hematopoietic Cell Transplantation
	2. Effects of HCT on Host Defenses: A Dynamic Scenario
	3. Major Infectious Syndromes: Clinical Manifestations and Diagnostic Approaches
	3.1 Neutropenic Fever
	3.2 Pneumonia
	3.3 Diarrhea
	3.4 Cytomegalovirus Infection
	3.5 Other Viral Infections
	3.6 Nonneutropenic Fever
	3.7 Rash
	3.8 Hepatitis

	4. Management Strategies
	4.1 Bacterial Prophylaxis
	4.2 Fungal Prophylaxis
	4.3 Neutropenic Fever
	4.4 CMV Management Strategies
	4.5 VZV Prophylaxis
	4.6 Infection Control Measures

	References




