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Background. Infection is a major cause of morbidity and mortality after allogeneic hematopoietic cell transplantation (HCT). 
Our object was to better define the epidemiology and outcomes of infections after HCT.

Methods. This was a prospective, multicenter cohort study of HCT recipients and conducted from 2006 to 2011. The study 
included 4 US transplant centers and 444 HCT recipients. Data were prospectively collected for up to 30 months after HCT using a 
standardized data collection tool.

Results. The median age was 53 years, and median follow up was 413 (range, 5–980) days. The most common reason for HCT 
was hematologic malignancy (87%). The overall crude mortality was 52%. Death was due to underlying disease in 44% cases and 
infection in 21%. Bacteremia occurred in 231 (52%) cases and occurred early posttransplant (median day 48). Gram-negative 
bloodstream infections were less frequent than Gram-positive, but it was associated with higher mortality (45% vs 13%, P = .02). 
Clostridium difficile infection developed in 148 patients (33%) at a median of 27 days post-HCT. There were 53 invasive fungal infec-
tions (IFIs) among 48 patients (11%). The median time to IFI was 142 days. Of 155 patients with cytomegalovirus (CMV) infection, 
4% had CMV organ involvement. Varicella zoster infection (VZV) occurred in 13 (4%) cases and was disseminated in 2. Infection 
with respiratory viruses was seen in 49 patients. Pneumocystis jirovecii pneumonia was rare (1%), and there were no documented 
cases of nocardiosis, toxoplasmosis, endemic mycoses, or mycobacterial infection. This study lacked standardized antifungal and 
antiviral prophylactic strategies.

Conclusions. Infection remains a significant cause of morbidity and mortality after HCT. Bacteremias and C difficile infection 
are frequent, particularly in the early posttransplant period. The rate of IFI is approximately 10%. Organ involvement with CMV is 
infrequent, as are serious infections with VZV and herpes simplex virus, likely reflecting improved prevention strategies.
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More than 8000 allogeneic hematopoietic cell transplants 
(HCTs) are performed annually in North America. Significant 
strides have been made in the last few decades to decrease 
the incidence of serious infections, such as those due to cyto-
megalovirus (CMV) and varicella zoster virus (VZV), but infec-
tion remains a leading cause of morbidity and mortality after 
HCT [1–5]. The types of patients receiving HCT, as well as the 
conditioning regimen used, and the source of stem cells and 

immunosuppressive regimens used, differ across institutions 
and have changed over time. Prospectively collected data from 
multiple, geographically diverse centers are vital to the under-
standing of infectious complications and to the development of 
prophylactic and treatment strategies. No multicenter studies 
have prospectively evaluated the epidemiology, risk factors, 
and outcomes of all infectious complications after HCT. Most 
studies have been from single institutions or have focused on 
specific types of infections [1–4, 6–9]. We created the Organ 
Transplant Infection Project (OTIP), a network of 6 collabo-
rating transplant centers, in 2006 to prospectively collect data 
on all infectious complications and to investigate a variety of 
potential risk factors and outcomes in a cohort of all allogen-
eic HCT recipients and lung transplant recipients over a 5-year 
period. This report examines the HCT population only.

METHODS

The OTIP is a network of 6 collaborating transplant centers 
(University of Pennsylvania, University of Michigan, 
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Washington University in St. Louis, Cleveland Clinic, University 
of Pittsburgh, University of Alabama at Birmingham), in collab-
oration with the Centers for Disease Control and Prevention 
(CDC). Four centers (University of Michigan, University 
of Alabama, University of Pennsylvania, and Washington 
University) contributed patients undergoing HCT to the cur-
rent study. Data were prospectively collected from each of the 
centers during 2006–2011. All sites received local institutional 
review board approval before patient enrollment. Patients were 
followed for up to 30 months posttransplant. Study visits were 
performed weekly for the first 4 months and during inpatient 
stays, and monthly thereafter.

All patients ≥18 years of age who underwent allogeneic HCT 
at the 4 sites were eligible for enrollment. Data collected at 
enrollment included demographic information, details about 
the transplant donor type (related or unrelated), graft source 
(bone marrow, peripheral stem cells, or umbilical cord stem 
cells), human leukocyte antigen match, conditioning regimen, 
and immunosuppression as well as recipient comorbidities.

Use of antifungal and antiviral prophylaxis and empiric ther-
apy for neutropenic fever was at the discretion of each center. 
Antifungal prophylaxis was defined as follows: the use of a sys-
temic antifungal agent for at least 7 days in the absence of a sus-
pected or confirmed invasive fungal infection (IFI). Antiviral 
prophylaxis was defined as use of an antiviral agent for at least 
7 days in the absence of a suspected or confirmed viral infection. 
Infectious syndromes were defined using Modified National 
Nosocomial Infection Surveillance System (restructured in 2005 
to become National Healthcare Safety Network) definitions [10].

Suspected infections other than CMV or IFI were defined as 
any clinical syndrome for which antimicrobial treatment was 
initiated. Cytomegalovirus infection was defined as detection 
of CMV in the blood by polymerase chain reaction or pp65 
antigenemia testing, positive histopathology, or a positive CMV 
immunostain on a tissue biopsy. Infection onset date was con-
sidered to be the date of the first diagnostic culture or test, or 
if the diagnosis date was unknown, the symptom onset date. 
An infection was considered new if it occurred at least 2 weeks 
after the resolution of a previous episode. Invasive fungal infec-
tions were defined according to the European Organization 
for Research and Treatment of Cancer/Mycoses Study Group 
(EORTC/MSG) criteria [11]. An adjudication committee, con-
sisting of 5 study investigators, reviewed each reported IFI and 
included only those that were proven or probable by the 2008 
EORTC/MSG criteria [11].

Statistical Methods

Data collected by the OTIP centers were transmitted to the 
CDC via an electronic case report form. Categorical variables 
were analyzed using χ2 tests or Fisher’s exact tests, as appro-
priate. In all analyses, a 2-tailed level of significance was set to 
α = 0.05. All analyses were done using SAS 9.3 (SAS Institute, 
Inc., Cary, NC).

Role of the Funding Source

The CDC developed the data collection tool and served as the 
central unit for data processing and analysis.

RESULTS

During 2006–2011, we enrolled 444 allogeneic HCTs among 
431 patients at 4 US transplant centers (153 from University of 
Michigan Healthcare System, 24 from University of Alabama, 
60 from University of Pennsylvania, and 207 from Washington 
University); 431 patients had 1 transplant, 12 patients had 2 
transplants, and 1 patient had 3 transplants. This represents 48% 
of all patients who recieved transplants during the enrollment 
period. Enrollment rates across the 4 different centers ranged 
from 32% to 57%. The median age was 53 years (range, 18–75), 
and the median duration of follow up was 413  days (range, 
5–980) (Table 1). The most common indication for HCT was 
hematologic malignancy (87%). Most of the transplants were 
from matched, unrelated donors (55%) or from matched, 
related donors (40%) (Table 2). The conditioning regimen was 
myeloablative in 72%, and the source of hematopoietic cells was 
peripheral blood in 87%. Relapsed malignancy was present at 
the time of HCT in 113 (26%) of patients. The median time to 
engraftment was 12 days (0–101).

Immunosuppression and Antimicrobial Prophylaxis

Most patients received tacrolimus for immunosuppression. 
Graft-versus-host disease (GVHD) developed in 339 (76%) 

Table 1. Organ Transplant Infection Project (2006–2011): Characteristics 
of 444 Hematopoietic Cell Transplant Patientsa

Characteristic n (Percent or Range)

Total cases 444 (100)

Median age, years 53 (18–75)

Male sex 256 (58)

White race 421 (95)

Median days of follow up 413 (5–980)

Indication for Transplant

Hematologic malignancy 387 (87)

 Acute myelogenous leukemia 180 (41)

 Non-Hodgkins lymphoma  79 (18)

 Acute lymphocytic leukemia 41 (9)

 Chronic myelogenous leukemia 24 (5)

 Hodgkin’s disease  9 (2)

Other hematologic disease 57 (13)

 Myelodysplastic syndrome 41 (9)

 Other indications 16 (3)

Comorbidities

 Cardiovascular disease 112 (25)

 Type 1 diabetes 31 (7)

 Type 2 diabetes 20 (5)

 Pulmonary disease 29 (7)

 Splenectomy 7 (2)

 Chronic kidney disease 5 (1)

aA total of 444 transplants in 431 patients.
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patients. Use of antiviral prophylaxis at some point after HCT 
was as follows: acyclovir (70%), valacyclovir (40%), valganci-
clovir (4%), and ganciclovir (1%). Antifungal prophylaxis was 
used in 368 patients (83%). Medications used as antifungal 
prophylaxis during the posttransplant period included the fol-
lowing: fluconazole (53%), voriconazole (35%), caspofungin 
(5%), posaconazole (3%), amphotericin B (<1%), and itracona-
zole (<1%). Trimethoprim-sulfamethoxazole (59%), dapsone 
(29%), and atovaquone (7%) were used for prophylaxis against 
Pneumocystis jiroveci.

Syndromes and Bacterial Infections

Infection occurred in 415 (93%) of transplants. Bloodstream 
infections were the most common site, occurring in 231 (56%) 
of 410 patients who had an infection (56%). Median time to 
first bloodstream infection was 48 days (0–847). Bacteremias 
were caused by Gram-positive bacteria in 244 (56%), Gram-
negative bacteria in 93 (21%), and were polymicrobial in 50 
(12%). The majority of Gram-positive bacteremias were caused 
by coagulase-negative staphylococci and enterococci (Table 3). 
Pseudomonas aeruginosa was the most frequent cause of Gram-
negative bacteremia (26%) (Table 3). Anaerobic bloodstream 
infections were rare, with only 1 case of Bacteroides fragilis bac-
teremia reported. Mortality within 7 days of bacteremia was 
significantly higher for Gram-negative pathogens (45%) than 
Gram-positive pathogens (13%) (P = .02).

Clostridium difficile was the most common bacterial path-
ogen causing infection. There were 198 episodes of C difficile 
infection (CDI) in 148 patients (33%). Most patients (110 
[74%]) had a single episode, although recurrent CDI developed 
in 38 (26%). The median time to CDI was 27 days posttrans-
plant. Clostridium difficile infection occurred after 118 (37%) of 
319 myeloablative transplants versus 30 (24%) of 125 non-my-
eloablative transplants (odds ratio [OR], 1.6; 95% confidence 

interval [CI], 1.1–2.3). Of the 148 patients with CDI, 93 (63%) 
ultimately died, compared with 138 (47%) of those without 
CDI infection (OR, 1.9; 95% CI, 1.3–2.9). No infections with 
Nocardia or mycobacterial species were identified.

Pneumonia developed in 132 (30%) patients. Of the 75 
episodes in which a pathogen was identified, 38 (51%) were 
bacterial, 26 (35%) were fungal, and 11 (15%) were viral. The 
mortality rate for patients with pneumonia was 62.1% com-
pared with 47.8% for those who never developed pneumonia 
(OR, 1.79; 95% CI, 1.18–2.72). There were 136 symptomatic 
urinary tract infections among 89 (20%) patients. Sinusitis 
occurred in 30 (7%) patients. Only 6 episodes of sinusitis had 
a microbiologic diagnosis: 2 bacterial and 4 fungal (mucorales 
n = 2, Alternaria n = 1).

Viral Infections

Viral infections are displayed in Table 5. Cytomegalovirus was the 
most common viral infection (154 patients, 35%). Most episodes 
were limited to viremia, but organ involvement developed in 6 
(4%) patients including the following: 4 with enteritis, 1 with hep-
atitis, and 1 with pneumonia. Infection with respiratory viruses 
occurred in 49 (11%) patients. Of 18 patients with parainfluenza 
infection, there were 8 episodes of pneumonia or other lower res-
piratory tract infection. Of the 15 patients with influenza infec-
tion, 6 had pneumonia or other lower respiratory tract infection. 
Among 13 patients with respiratory syncytial virus infection, 
there were 6 episodes of pneumonia or other lower respiratory 
tract infection. Of the 6 patients with adenovirus infections, 2 

Table 2. Type of Transplant and Conditioning Regimen in 444 Patients

Characteristic n (%)

Transplant Type

 Matched, unrelated 245 (55)

 Matched, related 177 (40)

 Mismatched, unrelated 20 (5)

 Mismatched, related 2 (1)

 Tandem 8 (2)

Transplant Source

 Peripheral blood 386 (87)

 Bone marrow 53 (12)

 Umbilical cord 5 (1)

 T-cell depleted 2 (<1)

Myeloablative conditioning regimen 319 (72)

Immunosuppressiona

 Tacrolimus 388 (87)

 Cyclosporine 90 (20)
aAt any time posttransplant.

Table  3. Bacterial Bloodstream Infections in 444 Hematopoietic Cell 
Transplant Recipients

Characteristic N (Percent or Range)

Gram positive 244 (56)

Coagulase-negative staphylococci 125 (51)

Vancomycin-resistant Enterococcus 41 (17)

Enterococcus faecium 31 (13)

Methicillin-susceptible Staphylococcus 
aureus

17 (7)

Enterococus faecalis 8 (3)

Methicillin-resistant S aureus 7 (3)

β-hemolytic streptococci 4 (2)

Other 8 (3)

Gram negative 93 (21)

Pseudomonas aeruginosa 24 (26)

Escherichia coli 20 (22)

Klebsiella pneumonia 20 (22)

Stenotrophomonas maltophilia 6 (7)

Citrobacter freundii 5 (5)

Enterobacter cloacae 5 (5)

Acinetobacter baumanii complex 3 (3)

Burkholderia cepacia 2 (2)

Other 8 (9)

Polymicrobialb 50 (12)
aInfection level data (n = 437), some patients had more than 1 infection.
bGram positive plus Gram negative.
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had disseminated infection, 2 had pneumonia, 1 had viremia, 
and 1 had gastroenteritis. Of the 49 patients with respiratory viral 
infections, 6 (12%) died within 14 days of infection.

Thirteen patients developed VZV infection, 11 of whom 
had dermatomal skin lesions. One patient had disseminated 
disease, and 1 had VZV meningitis. Only 1 of these patients 
was receiving antiviral prophylaxis at the time of VZV 
infection. There were 2 documented cases of viral meningi-
tis: the previously mentioned varicella zoster, and 1 due to 
human-herpesvirus 6.

Fungal Infections

A total of 53 IFI (18 probable and 35 proven) occurred among 
48 (11%) patients (Table 4). The median time to the develop-
ment of IFI was 142 days (range, 14–666). There were 18 infec-
tions caused by yeasts (all candidemias), 32 mold infections, 
and 3 infections with P jiroveci. None of the patients with P 
jiroveci pneumonia were receiving prophylaxis at the time of 

diagnosis. There were no diagnosed cases of cryptococcosis or 
endemic mycoses.

The median time from the diagnosis of IFI to death was 
29 days (0–868), and among the 15 patients with data availa-
ble, 60% died within 6 weeks of diagnosis. The most common 
syndromes were as follows: pneumonia (n  =  25), candidemia 
(n = 18), sinusitis (n = 4), and disseminated infection (n = 4) 
(Table 4). Mucorales infections were uncommon (n = 5). Of the 
16 patients with candidemia, there were no cases of dissemi-
nated infection.

Outcomes

Of the entire cohort of 444 patients, 113 (26%) had relapse of 
their underlying disease during the study period and 231 (52%) 
died (Table 6). The median time from transplant to death was 
167 days (range, 5–885). The cause of death was attributed to 
the underlying disease in 102 (44%) patients, to infection in 
49 (21%), and to other or unknown causes in 35%. Transfer 
to an intensive care unit occurred for 162 (36%) of patients, 
and, of those, 122 (75%) ultimately died. Most patients (86%) 
who required mechanical ventilation did not survive. Dialysis 
occurred in 36 (8%) patients, and 25 (69%) of these patients died.

DISCUSSION

We report results from a large prospective, multicenter study 
that examined all infectious complications after allogeneic HCT. 
Infection is a substantial cause of morbidity and mortality and 
was the second most common cause of death after relapse of 
the underlying malignancy. Our study reveals suggests that sev-
eral interventions have been successful in preventing infection 
after HCT. Only 1% of patients developed a CMV infection with 
organ involvement, likely attributable to antiviral prophylaxis. 
Cytomegalovirus pneumonia, which was a major cause of mor-
tality in the era before prophylaxis or early treatment strategies 
[12], was seen in only 1% of our cohort. Likewise, the frequen-
cies of herpes simplex virus, VZV, and human herpes virus-6 
infections were very low, consistent with effective prophylac-
tic strategies, although it should be noted that routine screen-
ing for these infections was not part of the study and that less 
severe infections may have been missed. Pneumocystis jiroveci 
pneumonia was seen in less than 1% of patients and occurred 
only when prophylaxis was not used. There were no cases of 

Table  4. Proven and Probable Invasive Fungal Infections in 444 
Hematopoietic Cell Transplant Recipientsa

Fungal Organisms n (%)

Candida 18 (34)

Aspergillus 17 (32)

Mucorales 7 (13)

Pneumocystis jiroveci 3 (6)

Exophiala 2 (4)

Alternaria 1 (2)

Mixed 3 (6)

Syndrome

 Pneumonia 26 (49)

 Bloodstream infection 18 (34)

 Sinusitis 4 (8)

 Disseminated 4 (8)

 Central nervous system 1 (2)
aFifty-three infections among 48 patients.

Table 5. Viral Infections in 444 Hematopoietic Cell Transplant Recipients 
(n = 187)

Virus N (%)

Cytomegalovirus infection 154 (82)

 Viremia only 148 (96)

 Organ involvementa 6 (4)

Human herpes virus-6 21 (11)

Parainfluenza virus 18 (10)

Varicella zoster virus 13 (7)

Respiratory syncytial virus 13 (7)

Influenza A virus 12 (6)

Epstein-Barr virus 10 (5)

Herpes simplex virus 8 (4)

Adenovirus 6 (3)

Influenza B virus 3 (2)
aOne hepatitis, 1 pneumonia, 4 enteritis.

Table 6.  Outcomes in 444 Hematopoietic Cell Transplant Recipients

Characteristic n (%)

Median time to engraftment, days 12 (0–101)

Graft-versus-host disease requiring treatment 336 (76)

Death 231 (52)

 Death from underlying disease 102 (44)

 Death from infection 49 (21)

Autopsy performed 24 (5)

Autopsy evidence of fungal infection 4 (1)
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toxoplasmosis, nocardiosis, endemic mycoses, or mycobacterial 
infection diagnosed in our cohort, in agreement with low rates 
of these infections reported previously [13–20].

In contrast to lower frequencies of viral and P jiroveci 
infections observed, the rates of bacteremia remain high. 
Most occurred before engraftment. Consistent with previ-
ous studies, Gram-positive bacteremias were more common 
than Gram-negatives, likely due to the association of Gram-
positive organisms with central venous catheters [21–23]. 
Several recent studies suggest that the ratio of Gram-positive 
to Gram-negative bacteremias has been decreasing [23–25]. 
Pseudomonas aeruginosa remains the most common etiology 
of Gram-negative bloodstream infections despite the standard 
use of anti- pseudomonal β-lactam agents as empiric therapy for 
neutropenic fever. Others have variably reported Escherichia coli 
as the most common Gram-negative pathogen [3, 23, 26–28], 
or Pseudomonas [1, 24]. This finding is particularly concerning 
given that the 7-day mortality from Gram-negative bacteremia 
was approximately 50%, which is more than 3-fold higher than 
for Gram-positive bacteremia. We were not able to analyze anti-
microbial resistance patterns to determine what proportion of 
these infections represented failure of empiric therapy.

The most common bacterial infectious complication was 
C difficile, which occurred in one third of patients. This rate 
is higher than that reported in other inpatient populations. A 
review of US hospital admissions in 2009 found a CDI diagno-
sis in 0.9% of patients [29]. The overall incidence of CDI in the 
United States in 2011 was 7.4 per 10 000 patient days and rep-
resented 12.1% of all healthcare-associated infections [30, 31]. 
Others have similarly reported a higher incidence of CDI in the 
HCT population with incidence rates varying from 4% to 13% 
[32–36]. Clostridium difficile infections most often occurred 
before engraftment, suggesting that neutropenia, more intense 
exposure to antimicrobials and immunosuppression, and trans-
mission in the hospital environment are likely to be important 
risk factors. Another study is underway using this cohort and 
a parallel cohort of lung transplant recipients from OTIP to 
provide more detail on risk factors and outcomes for CDI. The 
association of CDI with GVHD of the gastrointestinal tract has 
been previously reported, and further study is needed in this 
area [32, 36–38].

Respiratory viral infections were more frequent than 
expected, which may be a result of increased access to testing 
in both inpatient and outpatient settings and ease and rapid-
ity of current molecular detection methods. They occurred in 
11% of our cohort, compared with previously reported rates of 
1.8%–4.3% [9, 39, 40]. Approximately half of patients with these 
infections developed pneumonia or disseminated disease. It is 
well known that geographic and seasonal factors are important 
as well as transmission within the hospital environment [4, 5, 
41–47]. Further studies will be important to tease out the effects 
of these factors.

Current antifungal strategies are relatively effective at pre-
venting candidemia, but rates of invasive mold infection remain 
constant [4]. Similar to other reports, the median time to an 
IFI was 142  days, a time when most HCT recipients are out-
patients [4, 5, 45, 48]. Death occurred within 6 weeks of IFI in 
60%, highlighting the need for early diagnosis and improved 
prophylaxis and treatment. There have been several reports of a 
rise in infections with the Mucorales in this population [49–53] 
and an association with the prophylactic use of triazoles such as 
voriconazole, which lack activity against these agents [48, 50]. In 
our cohort, these infections were extremely rare. The difficulty 
in establishing the diagnosis of invasive mold infection in this 
population is well recognized, and it is possible that our rates 
underestimate the true incidence. We found that there were few 
survivors among patients who required mechanical ventilation 
or dialysis after hematopoietic stem cell transplant, in keeping 
with known high mortality rates in patients who require ICU 
admission or have evidence of multiorgan failure [54–57].

Our study has several limitations. We were able to enroll 
only 48% of the transplants that were performed at our centers 
over the study period. Because we did not collect data on 
the nonparticipants, we do not know how representative our 
patients were of the total population. Our study was limited 
by the recognized difficulties in establishing proven infection 
in this population. We did not collect granular data on GVHD 
severity, duration, and treatment. Neutropenia and GVHD 
are well known risk factors for many of the infectious com-
plications after allogeneic HCT. Although we were not able to 
examine these risk factors, we believe that our results provide 
an important snapshot of the incidence of infectious disease 
events after HCT from diverse geographic settings and pro-
spective data collection. In addition, we lacked data on many 
important noninfectious complications that may have influ-
enced the risk for infection. The difficulty in ascertaining the 
cause of death in this population with multiple comorbidities 
and complications is a recognized problem as well. Because we 
lacked detailed data on GVHD, it is possible that some patients 
who died with infection really had GVHD as the cause of 
death. Finally, it should be noted that 95% of our population 
was white, and it is unclear whether rates of infection in our 
centers, which although geographically diverse, are generaliza-
ble to other transplant settings.

CONCLUSIONS

Several important areas for future investigation are highlighted 
by our study. Risk factors for bacteremia and C difficile infec-
tions that occur before engraftment should be examined to 
help inform prophylactic strategies during different stages of 
immune reconstitution post-HCT. Further information on the 
timing and type of environmental exposures that lead to inva-
sive mold infection is needed to prevent these devastating infec-
tions. A more individualized and granular understanding of the 
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state of immunosuppression in an individual patient will allow 
a finer stratification of risk for infection.

Acknowledgments
We thank Debra Wagner from the Centers for Disease Control and 

Prevention.
Disclaimer. The findings and conclusions of this article are those of the 

authors and do not necessarily represent the official position of the Centers 
for Disease Control and Prevention.

Financial support. This work was funded by the Centers for Disease 
Control and Prevention (Atlanta, GA).

Potential conflicts of interest. All authors: No reported conflicts of interest. 
All authors have submitted the ICMJE Form for Disclosure of Potential 

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References
1. Mendes ET, Dulley F, Basso M, et al. Healthcare-associated infection in hemato-

poietic stem cell transplantation patients: risk factors and impact on outcome. Int 
J Infect Dis 2012; 16:e424–8.

2. Ninin E, Milpied N, Moreau P, et al. Longitudinal study of bacterial, viral, and 
fungal infections in adult recipients of bone marrow transplants. Clin Infect Dis 
2001; 33:41–7.

3. Piñana JL, Montesinos P, Martino R, et al. Incidence, risk factors, and outcome of 
bacteremia following autologous hematopoietic stem cell transplantation in 720 
adult patients. Ann Hematol 2014; 93:299–307.

4. Kontoyiannis DP, Marr KA, Park BJ, et  al. Prospective surveillance for inva-
sive fungal infections in hematopoietic stem cell transplant recipients, 2001–
2006: overview of the Transplant-Associated Infection Surveillance Network 
(TRANSNET) database. Clin Infect Dis 2010; 5:1091–100.

5. Neofytos D, Horn D, Anaissie E, et  al. Epidemiology and outcome of invasive 
fungal infection in adult hematopoietic stem cell transplant recipients: analysis of 
Multicenter Prospective Antifungal Therapy (PATH) Alliance registry. Clin Infect 
Dis 2009; 48:265–73.

6. Martín-Peña A, Aguilar-Guisado M, Espigado I, et al. Prospective study of infec-
tious complications in allogeneic hematopoietic stem cell transplant recipients. 
Clin Transplant 2011; 25:468–74.

7. Gil L, Styczynski J, Komarnicki M. Infectious complication in 314 patients after 
high-dose therapy and autologous hematopoietic stem cell transplantation: risk 
factors analysis and outcome. Infection 2007; 35:421–7.

8. Krüger W, Rüssmann B, Kröger N, et al. Early infections in patients undergoing 
bone marrow or blood stem cell transplantation–a 7 year single centre investiga-
tion of 409 cases. Bone Marrow Transplant 1999; 23:589–97.

9. Ljungman P, Ward KN, Crooks BN, et al. Respiratory virus infections after stem 
cell transplantation: a prospective study from the infectious diseases working 
party of the European group for blood and marrow transplantation. Bone Marrow 
Transplant 2001; 28:479–84.

10. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health 
care-associated infection and criteria for specific types of infections in the acute 
care setting. Am J Infect Control 2008; 36:309–32.

11. De Pauw B, Walsh TJ, Donnelly JP, et al. Revised definitions of invasive fungal 
disease from the European Organization for Research and Treatment of Cancer/
Invasive Fungal Infections Cooperative Group and the National Institute of 
Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) consensus 
group. Clin Infect Dis 2008; 46:1813–21.

12. Erard V, Guthrie KA, Seo S, et al. Reduced mortality of cytomegalovirus pneumo-
nia after hematopoietic cell transplantation due to antiviral therapy and changes 
in transplantation practices. Clin Infect Dis 2015; 61:31–9.

13. Mulanovich VE, Ahmed SI, Öztürk T, et al. Toxoplasmosis in allo-SCT patients: 
risk factors and outcomes at a transplantation center with a low incidence. Bone 
Marrow Transplant 2011; 46:273–7.

14. de Medeiros BC, de Medeiros CR, Werner B, et al. Disseminated toxoplasmosis after 
bone marrow transplantation: report of 9 cases. Transpl Infect Dis 2001; 3:24–8.

15. Al-Anazi KA, Al-Jasser AM, Al-Anazi WK. Infections caused by non-tubercu-
lous mycobacteria in recipients of hematopoietic stem cell transplantation. Front 
Oncol 2014; 4:311.

16. Doucette K, Fishman JA. Nontuberculous mycobacterial infection in hemato-
poietic stem cell and solid organ transplant recipients. Clin Infect Dis 2004; 
38:1428–39.

17. Wang HL, Seo YH, LaSala PR, et  al. Nocardiosis in 132 patients with cancer: 
microbiological and clinical analyses. Am J Clin Pathol 2014; 142:513–23.

18. Chaaban S, Wheat LJ, Assi M. Cryptococcal meningitis post autologous stem cell 
transplantation. Transpl Infect Dis 2014; 16:473–6.

19. Glenn TJ, Blair JE, Adams RH. Coccidioidomycosis in hematopoietic stem cell 
transplant recipients. Med Mycol 2005; 43:705–10.

20. Haydoura S, Wallentine J, Lopansri B, et al. Disseminated histoplasmosis in allo-
geneic bone marrow transplant: a diagnosis not to be missed. Transpl Infect Dis 
2014; 16:822–6.

21. Almyroudis NG, Fuller A, Jakubowski A, et al. Pre- and post-engraftment blood-
stream infection rates and associated mortality in allogeneic hematopoietic stem 
cell transplant recipients. Transpl Infect Dis 2005; 7:11–7.

22. Poutsiaka DD, Price LL, Ucuzian A, et al. Blood stream infection after hematopoi-
etic stem cell transplantation is associated with increased mortality. Bone Marrow 
Transplant 2007; 40:63–70.

23. Mikulska M, Del Bono V, Raiola AM, et al. Blood stream infections in allogeneic 
hematopoietic stem cell transplant recipients: reemergence of Gram-negative rods 
and increasing antibiotic resistance. Biol Blood Marrow Transplant 2009; 15:47–53.

24. Oliveira AL, de Souza M, Carvalho-Dias VM, et al. Epidemiology of bacteremia and 
factors associated with multi-drug-resistant Gram-negative bacteremia in hemato-
poietic stem cell transplant recipients. Bone Marrow Transplant 2007; 39:775–81.

25. Collin BA, Leather HL, Wingard JR, Ramphal R. Evolution, incidence, and sus-
ceptibility of bacterial bloodstream isolates from 519 bone marrow transplant 
patients. Clin Infect Dis 2001; 33:947–53.

26. Mikulska M, Del Bono V, Bruzzi P, et al. Mortality after bloodstream infections in 
allogeneic haematopoietic stem cell transplant (HSCT) recipients. Infection 2012; 
40:271–8.

27. Blennow O, Ljungman P, Sparrelid E, et al. Incidence, risk factors, and outcome 
of bloodstream infections during the pre-engraftment phase in 521 allogeneic 
hematopoietic stem cell transplantations. Transpl Infect Dis 2014; 16:106–14.

28. Hakki M, Limaye AP, Kim HW, et al. Invasive Pseudomonas aeruginosa infections: 
high rate of recurrence and mortality after hematopoietic cell transplantation. 
Bone Marrow Transplant 2007; 39:687–93.

29. Lucado J, Gould C, Elixhauser A. Clostridium difficile infections (CDI) in hos-
pital stays, 2009. HCUP statistical brief no. 124. Rockville, MD: US Department 
of Health and Human Services, Agency for Healthcare Research and Quality; 
Available at http://www.hcup-us.ahrq.gov/reports/statbriefs/sb124.pdf.

30. Centers for Disease Control and Prevention (CDC). Vitals signs: preventing 
Clostridium difficile infections. MMWR Morb Mortal Wkly Rep 2012; 61:157–62.

31. Magill SS, Edwards JR, Bamberg W, et al. Multistate point-prevalence survey of 
health care-associated infections. N Engl J Med 2014; 370:1198–208.

32. Guddati AK, Kumar G, Ahmed S, et al. Incidence and outcomes of Clostridium dif-
ficile-associated disease in hematopoietic cell transplant recipients. Int J Hematol 
2014; 99:758–65.

33. Kamboj M, Son C, Cantu S, et al. Hospital-onset Clostridium difficile infection 
rates in persons with cancer or hematopoietic stem cell transplant: a C3IC net-
work report. Infect Control Hosp Epidemiol 2012; 33:1162–5.

34. Alonso CD, Treadway SB, Hanna DB, et  al. Epidemiology and outcomes of 
Clostridium difficile infections in hematopoietic stem cell transplant recipients. 
Clin Infect Dis 2012; 54:1053–63.

35. Trifilio SM, Pi J, Mehta J. Changing epidemiology of Clostridium difficile-asso-
ciated disease during stem cell transplantation. Biol Blood Marrow Transplant 
2013; 19:405–9.

36. Willems L, Porcher R, Lafaurie M, et al. Clostridium difficile infection after allo-
geneic hematopoietic stem cell transplantation: incidence, risk factors, and out-
come. Biol Blood Marrow Transplant 2012; 18:1295–301.

37. Chakrabarti S, Lees A, Jones SG, Milligan DW. Clostridium difficile infection 
in allogeneic stem cell transplant recipients is associated with severe graft-ver-
sus-host disease and non-relapse mortality. Bone Marrow Transplant 2000; 
26:871–6.

38. Callejas-Díaz A, Gea-Banacloche JC. Clostridium difficile: deleterious impact 
on hematopoietic stem cell transplantation. Curr Hematol Malig Rep 2014; 
9:85–90.

39. Chemaly RF, Ghosh S, Bodey GP, et al. Respiratory viral infections in adults with 
hematologic malignancies and human stem cell transplantation recipients: a ret-
rospective study at a major cancer center. Medicine (Baltimore) 2006; 85:278–87.

40. Hassan IA, Chopra R, Swindell R, Mutton KJ. Respiratory viral infections after 
bone marrow/peripheral stem-cell transplantation: the Christie hospital experi-
ence. Bone Marrow Transplant 2003; 32:73–7.

41. Corzo-León DE, Satlin MJ, Soave R, et al. Epidemiology and outcomes of invasive 
fungal infections in allogeneic haematopoietic stem cell transplant recipients in 
the era of antifungal prophylaxis: a single-centre study with focus on emerging 
pathogens. Mycoses 2015; 58:325–36.

42. Li L, Wang J, Zhang W, et al. Risk factors for invasive mold infections following 
allogeneic hematopoietic stem cell transplantation: a single center study of 190 
recipients. Scand J Infect Dis 2012; 44:100–7.

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb124.pdf


Infections After Hematopoietic Cell Transplant • OFID • 7

43. Bow EJ. Invasive fungal infection in haematopoietic stem cell transplant recip-
ients: epidemiology from the transplant physician’s viewpoint. Mycopathologia 
2009; 168:283–97.

44. Garcia-Vidal C, Upton A, Kirby KA, Marr KA. Epidemiology of invasive mold 
infections in allogeneic stem cell transplant recipients: biological risk factors 
for infection according to time after transplantation. Clin Infect Dis 2008; 
47:1041–50.

45. Post MJ, Lass-Floerl C, Gastl G, Nachbaur D. Invasive fungal infections in allo-
geneic and autologous stem cell transplant recipients: a single-center study of 166 
transplanted patients. Transpl Infect Dis 2007; 9:189–95.

46. Pagano L, Caira M, Nosari A, et  al. Fungal infections in recipients of hemato-
poietic stem cell transplants: results of the SEIFEM B-2004 study–Sorveglianza 
epidemiologica infezioni fungine nelle emopatie maligne. Clin Infect Dis 2007; 
45:1161–70.

47. Liu YC, Chien SH, Fan NW, et  al. Incidence and risk factors of probable and 
proven invasive fungal infection in adult patients receiving allogeneic hematopoi-
etic stem cell transplantation. J Microbiol Immunol Infect 2016; 49:567–74.

48. Kontoyiannis DP, Lionakis MS, Lewis RE, et  al. 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 2005; 191:1350–60.

49. Vazquez JA, Miceli MH, Alangaden G. Invasive fungal infections in transplant 
recipients. Ther Adv Infect Dis 2013; 1:85–105.

50. Lanternier F, Sun HY, Ribaud P, et al. Mucormycosis in organ and stem cell trans-
plant recipients. Clin Infect Dis 2012; 54:1629–36.

51. Trifilio SM, Bennett CL, Yarnold PR, et  al. Breakthrough zygomycosis after 
voriconazole administration among patients with hematologic malignancies who 
receive hematopoietic stem-cell transplants or intensive chemotherapy. Bone 
Marrow Transplant 2007; 39:425–9.

52. Nucci M, Marr KA. Emerging fungal diseases. Clin Infect Dis 2005; 41:521–6.
53. Xhaard A, Lanternier F, Porcher R, et al. Mucormycosis after allogeneic haemato-

poietic stem cell transplantation: a French Multicentre Cohort Study (2003-2008). 
Clin Microbiol Infect 2012; 18:E396–400.

54. Hill QA, Kelly RJ, Patalappa C, et  al. Survival of patients with hematological 
malignancy admitted to the intensive care unit: prognostic factors and outcome 
compared to unselected medical intensive care unit admissions, a parallel group 
study. Leuk Lymphoma 2012; 53:282–8.

55. Hamalainen S, Kuittinen T, Matinlauri I, et al. Severe sepsis in autologous stem 
cell transplant recipients: microbiological aetiology, risk factors and outcome. 
Scand J Infect Dis 2009; 41:14–20.

56. Agarwal S, O’Donoghue S, Gowardman J, et al. Intensive care unit experience of 
haemopoietic stem cell transplant patients. Intern Med J 2012; 42:748–54.

57. Soubani AO, Kseibi E, Bander JJ, et  al. Outcome and prognostic factors of 
hematopoietic stem cell transplantation recipients admitted to a medical ICU. 
Chest 2004; 126:1604–11.


