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Abstract

Introduction—Advances in autologous hematopoietic stem cell transplantation (HSCT) over the

past 20 years may have had an impact on the morbidity and mortality associated with infections

post transplant.

Patients and methods—We sought to retrospectively analyze the epidemiology of the first

episode of bacterial, fungal, viral, or parasitic infections 0–30 days post transplant in a cohort of

320 children and adolescents who underwent autologous HSCT in a single institution, between

1990 and 2009 for solid tumors or lymphoma, and in 65 children transplanted for acute leukemia

during the same period.

Results—Infections occurred in 66 (21%) patients with solid tumors or lymphoma. Bacterial

infections occurred in 33 (10%) including bacteremia in 23 (7%), and viral infections in 34 (11%)

patients. Gram-positive bacterial infections were more prevalent than gram-negative bacterial

infections (P = 0.03). Infections caused by fungal or parasitic pathogens were uncommon. The

decade when transplant was performed (1990–1999 vs. 2000–2009) had no impact on the

incidence of bacterial (P = 0.41) or viral (P = 0.47) infection. Between 1990 and 1999, 60 (92%)

children were transplanted for leukemia, and 5 (8%) in the 2000–2009 period (P < 0.0001).

Infections occurred in 32 (49%) patients. Bacterial (P = 0.004), candidal (P = 0.003), and herpes
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simplex viral (P = 0.03) infections were more common in patients transplanted for leukemia. In

patients transplanted for leukemia, 3 deaths occurred attributed to infection, all before 2000.

Conclusion—Changes in epidemiology of infection are likely a result of decline in autologous

transplantation for childhood leukemia in the recent era. Autologous transplantation for solid

tumors or lymphoma was not associated with mortality from early infections at our institution.
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Autologous hematopoietic stem cell transplantation (HSCT) is a well established therapy for

treatment of malignancies and immune disorders. Infections are an important cause of

morbidity from the procedure. Changes in transplantation strategies and improvement in

supportive care over the past 2 decades may have significantly altered the incidence and

pattern of infections in these patients.

Few studies have evaluated the impact of these strategies on infections in both children and

adults undergoing autologous HSCT, focusing on a large population, over a long period of

time. Several small retrospective studies in adults have shown that gram-positive (GP)

bacterial infections outnumber gram-negative (GN) bacterial infections, bacteremia is

detected in up to one-fifth of patients, invasive fungal infections (IFI) are uncommon, and

mortality from autologous transplants ranges from 2% to 4% (1–3). Studies in children are

limited, with relatively small numbers of patients, and have focused on autologous

transplants prior to 2000 (4, 5). We hypothesized that the institution of routine antiviral and

antifungal prophylaxis after 2000 may have significantly altered the incidence and pattern of

infections in these patients.

Patients and methods

This retrospective cohort consisted of 385 patients < 21 years of age, who underwent their

first autologous HSCT over a 20-year period (January 1990 through December 2009) at St.

Jude Children’s Research Hospital (SJCRH). The study was approved by the SJCRH

Institutional Review Board. The mean duration of follow-up for surviving patients was 8.73

(range 0.31–19.91) years.

Microbiologic methods

Microbiologic records were reviewed to identify patients with documented bacterial, fungal,

or viral infections as diagnosed by culture (bacteria, fungi, viruses), fluorescent antibody

testing (viruses and parasites), and polymerase chain reaction (viruses). Infection was

defined as isolation or detection of an organism that was associated with symptoms or

disease, and included viral pathogens detected on pre-emptive screening. Colonization

detected in surveillance cultures and positive blood cultures caused by contamination were

not considered as infections. Two consecutive positive cultures were required for inclusion

of coagulase-negative staphylococci (CONS). Only the first episode of bacterial infection in

a given patient, during the specified time period, was included in the univariate analyses.

Bacterial infections included bacteremia and infections by Clostridium difficile. Only
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infections occurring up to 30 days post transplant were included in the analyses, as the

patient was transferred to the primary service after approximately 30 days in the absence of

complications. The day of onset of infection was defined as the day when the first positive

diagnostic sample was collected. Infection as the primary cause of death was used for

analyses.

Peripheral blood samples were collected once weekly, on consecutively transplanted patients

from January 2005 until September 2007 to prospectively screen for cytomegalovirus

(CMV) by quantitative real-time polymerase chain reaction assays during the first 30 days

post transplant, as previously described (6), using an ABI PRISM 7900HT Sequence

Detection system (Applied Biosystems, Foster City, California USA). Screening for

galactomannan was not performed. Only patients with proven fungal infections as defined

by de Pauw et al. (7) were included.

Infection prophylaxis

Patients received prophylaxis against Pneumocystis jirovecii pneumonia with trimethoprim-

sulfamethoxazole. Before the year 2000, patients at risk for herpes simplex virus (HSV) and

varicella zoster virus (VZV) reactivation received acyclovir prophylaxis at the discretion of

the supervising clinician. After January 2000, acyclovir prophylaxis was used routinely for 3

weeks post transplant in HSV-, VZV- or CMV-seropositive patients, and fluconazole was

used routinely in all patients for antifungal prophylaxis up to 30 days post transplant.

Era of transplantation

The population was divided into 2 eras: 1990–1999 with 188 HSCT patients, and 2000–

2009 with 197 HSCT patients. The year 2000 onward represented a boundary for

preferential use of apheresis hematopoietic stem cell product (HPC-A) over bone marrow

(HPC-M) and for routine use of antiviral and antifungal prophylaxis.

Transplantation methods

Transplant-related variables were abstracted from a prospectively collected database that

included patient demographics, underlying diagnosis, remission status, product type, CMV

status, and conditioning regimen.

A total of 141 (37%) patients received carboplatin-based conditioning in combination with

etoposide (81; 21%) or etoposide + melphalan (60; 16%); 161 (42%) patients received

cyclophosphamide-based conditioning with busulfan (70; 18%), topotecan (66; 17%), or

etoposide (25; 7%); and 35 (9%) patients received busulfan and melphalan. The remaining

48 (12%) patients were treated with a combination of different agents. Three (0.8%) patients

received total-body irradiation as part of their conditioning regimen.

All patients had marrow morphologically free of tumor at the time of collection of the HPC-

A product or an unstimulated marrow harvest. Peripheral blood stem cell (PBSC) collection

was performed after routine chemotherapy administration followed by granulocyte colony-

stimulating factor 10 mcg/kg/day until apheresis was completed. Collection goal was ≥

2×106 CD34+ cells/kg for the HPC-A product, and ≥1×108 total nucleated cells/kg for the
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HPC-M product. All stem cell products were stored at –150°C in the vapor phase of liquid

nitrogen using 10% dimethylsulfoxide and a controlled rate freeze program. Granulocyte

colony-stimulating factor was given at 5 mcg/kg/day from either day +1 or day +5,

depending on the protocol, until the absolute neutrophil count was ≥ 2000 cells/µL on 2

successive days. The day of engraftment was defined as the first of 3 consecutive days of

achieving an absolute neutrophil count >500 cells/µL. Seventeen patients with solid tumors

or lymphoma received a CD34+ selected autologous bone marrow graft as described (8).

Twelve patients with solid tumors or lymphoma received high-dose busulfan and melphalan

followed by infusion of a CD133 selected autologous PBSC graft as described (9).

Statistical analysis

The association between infections (bacterial, viral) and the risk factors of interest was first

evaluated using univariate logistic regression. Risk factors evaluated included age at

transplant (0–2 vs. 2–10 vs. >10 years), gender, race, underlying diagnosis (solid tumors vs.

lymphoma), stem cell product type (HPC-A vs. HPC-M), disease status before transplant

(whether or not in complete remission), CMV serostatus (positive vs. negative), era of

transplantation (1990–1999 vs. 2000–2009), and days to engraftment. The analyses for each

type of infection were conducted independently. All factors that were significant at level α=

0.10 in the univariate analyses were included in the multiple logistic regression models.

CMV viremia was excluded from the univariate logistic analyses, as screening was done

only in a subset of patients. The final model reports the results of all factors that remained

significant at the 5% level.

Exact chi-square and Kruskal–Wallis tests were used to determine whether a significant

difference in demographics existed between the 2 eras. Chi-square test was used to test

whether there was a significant difference among GP vs. GN infections. All analyses were

conducted in SAS version 9.2 (SAS Institute, Cary, North Carolina, USA) and StatXact

(Cytel Corporation, Cambridge, Massachusetts, USA) Windows version 8.

Results

Patient characteristics

A total of 385 patients underwent an autologous HSCT between 1990 and 2009 at SJCRH,

with 320 of the patients undergoing autologous HSCT for solid tumors or lymphoma.

Demographics and patient characteristics are presented in Table 1. Of the 65 patients who

underwent an autologous HSCT for leukemia, 60 (92%) were in 1990–1999, and 5 (8%)

were in 2000–2009 (P < 0.0001). Of the 65 patients, 64 (98%) were diagnosed with acute

myeloid leukemia (AML) and 1 with acute lymphoblastic leukemia. A comparison of

demographic characteristics for patients with leukemia in the 2 eras was therefore not made.

Of the patients transplanted for solid tumors or lymphoma, significantly more patients were

CMV positive (P = 0.001), received a HPC-A product (P < 0.0001), and engrafted within 28

days (P < 0.0001) in 2000–2009 than in 1990–1999. Patients with leukemia engrafted at a

median time of 27 days compared to 12 days for patients with solid tumors or lymphoma (P

< 0.0001).
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Infections in patients transplanted for solid tumors or lymphoma

Infections were documented in 66 (21%) patients. Bacterial infections occurred in 33 (10%)

patients. The median onset of bacterial infection was 5 days post transplant. GP were more

prevalent than GN infections (P = 0.03; Table 2). No difference in GP/GN infections was

seen between the 2 decades (P = 0.45). However GP infections were more prevalent than

GN infections between 2000 and 2009 (P = 0.02). Patients with a diagnosis of lymphoma

were not at higher risk for bacterial infections, compared with those with solid tumors (P =

0.95). Bacterial infections included bacteremia seen in 23 (7%) patients. GP bacteremia

occurred in 12 patients, and GN bacteremia in 11 patients.

CONS and alpha-hemolytic streptococci (non-pneumococcal) were the most common GP

organisms causing bacteremia in 6 and 3 patients each, respectively. Two patients had

Bacillus species and 1 patient had Staphylococcus aureus bacteremia. Klebsiella species

followed by Escherchia coli were the most common GN organisms causing bacteremia in 5

and 2 patients, respectively. One patient each had Morganella, Proteus, Acenitobacter, and

Enterobacter species bacteremia, respectively. Only 2 patients had >1 bacterial infection.

One patient had infection with Morganella species on day +4 and C. difficile infection on

day +10 post transplant. Another patient had C. difficile infection on day +1 and E. coli

infection on day +6 post transplant. Bacteremia led to hypotension requiring intensive care

unit support in 4 (6%) patients. C. difficile infection was seen in 11 (3%) patients, and

occurred at a median of 6.5 days post HCT. Symptoms resolved in all patients with

metronidazole therapy, with no recurrences.

Candida albicans fungemia with tricuspid valve endocarditis was diagnosed in a patient

with neuroblastoma who responded to antifungal therapy. Aspergillus flavus was isolated

from the lung biopsy of another patient with neuroblastoma on day +7 post transplant; this

patient had complete resolution of the infection after lobectomy and amphotericin B therapy.

Both infections occurred before 2000. The median onset of fungal infection was 11 days

post transplant. No patients had >1 fungal infection in the first 30 days post transplant.

Parasitic infections were uncommon, and detected only before 2000. Two patients had

diarrhea and Giardia species infection 5 and 15 days post transplant, which responded to

therapy.

A total of 34 (11%) patients had viral infections, with a median onset of 10 days post

transplant. HSV was the most common cause of infection, seen in 17 (5%) patients. HSV

was more common in 1990–1999 than in 2000–2009 (P = 0.04). Of the 50 patients who had

surveillance screening for CMV, 6 (2%) patients with solid tumors or lymphoma had

detectable viremia: 2 patients had <1000 copies/mL, 3 had 1000–1500 copies/mL, and 1

patient had 9000 copies/mL. Viremia resolved within 1 month post transplant. Patients with

>1000 copies/mL received therapy with intravenous foscarnet. No patient developed CMV

disease. All patients with respiratory virus infection had only upper respiratory tract

involvement. No patients had >1 viral infection.

On multiple logistic regression analysis, the decade when transplant was performed (1990–

1999 vs. 2000–2009) had no impact on the incidence of bacterial (P = 0.41) or viral (P =
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0.47) infection. None of the other variables increased the risk for bacterial or viral

infections. Fungal and parasitic infections were not included in logistic regression analysis,

as they were few in number.

Of the 17 patients who had a CD34+-selected bone marrow graft, 2 (12%) had infections,

with CONS bacteremia and Escherichia coli lower urinary tract infection, respectively. Of

the 12 patients who received a CD133-selected PBSC graft, 7 (58%) had infections, which

included CONS bacteremia in 1 patient, GN bacteremia in 2 patients, CMV reactivation in 2

patients, C. difficile infection in 1 patient, and parainfluenza-3 upper respiratory tract

infection in 1 patient.

Three isolates of alpha-hemolytic Streptococcus were all susceptible to cephalosporins,

vancomycin, aminoglycosides, ciprofloxacin, and clindamycin, and resistant to

trimethoprim-sulfamethoxazole and oxacillin. All gram-negative isolates were susceptible to

cephalosporins, carbapenems, ciprofloxacin, and aminoglycosides, with no change in the 2

eras.

Infections in patients transplanted for leukemia

Infections were documented in 32 (49%) patients with leukemia. Bacterial infections

occurred in 17 (26%) patients (Table 3). One patient had both a GP and a GN infection. GP

were more prevalent than GN infections (P < 0.0001). Bacteremia was seen in 9 (14%)

patients. The median onset of bacterial infections was not significantly different in patients

with solid tumors or lymphoma, and in those with leukemia (P = 0.75). Patients with a

diagnosis of leukemia had a higher risk of bacterial (P = 0.004, odd ratio 2.84, 95%

confidence interval 1.45–5.55), Candida species (P = 0.003), and HSV (P = 0.03) infections

compared to those with solid tumors or lymphoma.

Of the 385 patients in the cohort, 3 (0.7%) died primarily because of infections in the first 30

days post transplant. All were patients transplanted for AML in complete remission before

transplant, and conditioned with busulfan and cyclophosphamide. Causes of death included

sepsis from C. albicans, Klebsiella pneumoniae, and Streptococcus mitis, respectively. No

patients with solid tumors or lymphoma died of infection in the first 30 days post transplant.

Discussion

This study retrospectively evaluated the infectious complications of autologous HSCT

performed over a 20-year period in a cohort of 385 patients, mostly children and adolescents

(84%), with a few infants (9%) and young adults 18 to <21 years of age (7%). The

underlying diagnosis was a solid tumor in 62% and lymphoma in 21% patients. Patients with

a diagnosis of acute leukemia (17%) were mostly transplanted between 1990 and 1999.

GP infections were more prevalent than GN bacterial infections, consistent with a study in

adults with predominantly solid tumors (10) and with another study in adults with solid

tumor, lymphoma, and multiple myeloma (11). Bacteremia occurred in 7% of our patients.

This rate is lower than the 13% (1) to 21% (11) incidence of bacteremia in adult patients

transplanted for breast cancer (1), or solid tumor, lymphoma, and multiple myeloma (11),
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within 1 month post transplant. No differences in the incidence, type, and clinical course of

infection based on underlying disease were seen in the latter study (11).

The incidence of bacteremia after autologous HSCT in our series is similar to the 8%

incidence of bacteremia seen 0–30 days post transplant in a cohort of 759 children who

underwent allogeneic transplantation at SJCRH during the same period (12), emphasizing

the role of neutropenia, mucositis, and gastrointestinal toxicity as important risk factors,

independent of HSCT source. CONS and alpha-hemolytic streptococci were the most

common GP organisms, and Klebsiella species and E. coli were the most common GN

organisms causing bacteremia in both autologous and allogeneic patients at our institution.

Adults transplanted for acute leukemia had a higher probability of infection with a longer

median time to engraftment (13). Higher bacterial infection rates were seen in patients with

leukemia who had significantly delayed engraftment compared with patients with solid

tumors or lymphoma in our study. Although age <18 years has been identified as a risk

factor for streptococcal bacteremia (14), its incidence was only 2% in our series, compared

with 17.5% in adult patients with predominantly solid tumors or lymphoma undergoing

autologous HCT (15). Streptococcus viridans was isolated a median of 6 (range 2–8) days

post transplant (15). The high incidence in adults may have been a result of the use of

prophylactic fluoroquinolones, to which streptococci are usually resistant. None of our

patients received prophylactic antibiotics. This may partly explain the lack of changing

bacterial resistance over the years. The incidence of C. difficile infection in our study was

3% compared with 10% in adults transplanted for breast cancer (1), and 6% in adults

transplanted predominantly for leukemia (16).

The incidence of Candida and proven aspergillosis infections in the period 1990–1999 was

1%, similar to the 1% (1) to 2% (11) incidence reported in adults. No cases of IFI occurred

from 2000–2009, in the era of standard antifungal prophylaxis. Furthermore, patients

transplanted for leukemia had significantly more Candida species infections compared with

patients transplanted for solid tumors or lymphoma. Since few patients were transplanted for

leukemia after 2000, this may have contributed significantly to the lack of IFI after this

period.

Only 3 deaths were attributed to infection. All occurred before the year 2000 in patients

transplanted for acute leukemia. No mortality from infection was observed in patients

transplanted for solid tumors or lymphoma. The rarity of transplantation for childhood

leukemia in the recent era contributed significantly to the absent mortality from infection in

this period.

Antiviral prophylaxis with acyclovir reduced HSV disease, although it remained the most

frequently occurring viral infection in the first month post transplant. VZV reactivation was

observed in 1% of children, far lower than the incidence in adults. Older age has been noted

to be a risk factor for herpes zoster in children (17). T-cell receptor rearrangement excision

circles (TRECs) were shown to be significantly higher in patients <19 years of age as

compared with older patients (18). Routine CMV surveillance for autologous transplants
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was discontinued after a low incidence of clinically significant viremia. However, high-risk

symptomatic patients may benefit from CMV monitoring in the autologous setting (19).

Rate of respiratory virus infection was 2% among this cohort, much higher than the 0.4%

observed in a prospective study by Ljungman et al. (20) of respiratory virus infections

among 1154 predominantly adult autologous HCT recipients, over a period of 30 months.

Children are more prone than adults to develop respiratory virus infections, and shed virus

for longer periods of time.

Patients who received CD34+-selected bone marrow grafts did not have a higher incidence

of infection, similar to the experience in adults after autologous HSCT for solid tumors (10).

The risk of infections with CD133-selected PBSC grafts will need to be explored with larger

numbers of patients.

Ours is the largest retrospective study, to our knowledge, on the epidemiology of infections

in children who underwent autologous HSCT over the last 20 years (1990–2009). A

retrospective study of 185 children who underwent autologous HSCT between 1990 and

1998 (4) showed a higher incidence of GN (20; 11%) vs. GP (17; 9%) infections, and of

candidiasis (8; 4%). Another retrospective study in 75 children who underwent autologous

HSCT between 1986 and 1996 identified 6 (8%) cases of proven IFI, including 2 cases each

of Candida and Aspergillus species (5). These studies included smaller numbers of patients;

approximately 15% were diagnosed with leukemia, and highlight the incidence of IFI in

children before 2000, when routine antifungal prophylaxis was not widely prevalent. GP

infections appear to have become more common than GN infections, in the recent era.

Our study had several limitations. The patient population that was studied was

heterogeneous, analyses were retrospective, and prophylaxis differed across the 2 decades.

Only microbiologically documented infections were included. Fungal and parasitic

infections were few in number and could not be analyzed. Only infections 0–30 days post

transplant were studied.

While bacteremias were as prevalent in the autologous and allogeneic transplant settings in

our institution, no significant change in the epidemiology of bacterial infections was noted

in patients with solid tumors or lymphoma who underwent an autologous transplant. GP

were more common than GN bacterial infections. No proven IFI were seen in the recent era.

This finding may have implications for empiric antifungal therapy. Antiviral prophylaxis

reduced HSV infections in this population. Infection-related mortality was absent in the

recent era, with the rarity of autologous HSCT for pediatric AML. Autologous

transplantation for solid tumors or lymphoma was not associated with mortality caused by

infections at our institution.
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Table 1

Demographics and characteristics of pediatric patients with solid tumors and lymphoma who underwent an

autologous HSCT at SJCRH between 1990 and 2009

Characteristic 1990–1999
n=128

2000–2009
n=192

1990–2009
n=320

P-value

Mean age in years 9.0 8.3 8.6 0.80

  0–<2 9 (7) 16 (8) 25 (8)

  2– <10 68 (53) 108 (56) 176 (55)

  >10 51 (40) 68 (35) 119 (37)

Males 85 (66) 115 (60) 200 (63) 0.29

Race 0.41

  White 102 (80) 145 (76) 247 (77)

  AA 23 (18) 37 (19) 60 (19)

  Others 3 (2) 10 (5) 13 (4)

Diagnosis 0.69

Solid tumor 98 (77) 143 (74) 241 (75)

  NB 62 (48) 88 (46) 150 (47)

  EWS 3 (2) 19 (10) 22 (7)

  RMS 6 (5) 1 (1) 7 (2)

  Others 27 (21) 34 (18) 61 (1)

  Pineoblastoma 0 (0) 1 (1) 1 (<1)

Lymphoma 30 (23) 49 (26) 79 (25)

  HD 12 (9) 35 (18) 47 (15)

  NHL 18 (14) 14 (7) 32 (10)

Disease status 1.00

  Remission 50 (39) 74 (39) 124 (39)

  Non-remission1 78 (61) 118 (61) 196 (61)

Product type <0.0001

  HPC-A 30 (23) 133 (69) 163 (51)

  HPC-M 98 (77) 59 (31) 157 (49)

CMV status 0.001

  Positive 50 (39) 115 (60) 165 (52)

  Negative 72 (56) 77 (40) 149 (47)

  NA 6 (5) 0 (0) 6 (2)

Time to engraftment2 <0.0001

  Within 28 days 101 (79) 185 (96) 286 (89)

  After 28 days 24 (19) 7 (4) 31 (10)

Data are no. (%) of patients, unless otherwise indicated

1
Includes patients with very good partial response, partial response to chemotherapy, stable, and progressive disease.

2
Three patients failed to engraft 1990–1999.
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HSCT, hematopoietic stem cell transplantation; SJCRH, St. Jude Children’s Research Hospital; AA, African-American; NB, neuroblastoma; EWS,
Ewing’s sarcoma; RMS, rhabdomyosarcoma; HD, Hodgkin’s disease; NHL, non-Hodgkin’s lymphoma; HPC-A/M, human progenitor cells-
apheresis/-marrow; CMV, cytomegalovirus; NA, not available.
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Table 2

Infections in patients with solid tumors (ST)/lymphoma and leukemia post autologous hematopoietic stem cell

transplantation

ST/Lymphoma Leukemia

Infection 1990–1999
n=128

2000–2009
n=192

1990–2009
n=320

1990–2009
n=65

Bacterial infections1,2

GP infections 7 (5) 17 (9) 24 (8) 15 (23)

GN infections 5 (4) 6 (3) 11 (3) 3 (5)

Bacteremia 7 (5) 16 (8) 23 (7) 8 (12)

Clostridium difficile 5 (4) 6 (3) 11 (3) 9 (14)

Fungal infections

Candida 1 (1) 0 (0) 1 (<1) 4 (6)

Aspergillosis 1 (1) 0 (0) 1 (<1) 1 (2)

Viral infections3

HSV 10 (8) 7 (4) 17 (5) 9 (14)

HHV-6 0 (0) 2 (1) 2 (1) 0 (0)

VZV 1 (1) 1 (1) 2 (1) 3 (5)

PIV 2 (2) 2 (1) 4 (1) 0 (0)

RSV 0 (0) 3 (2) 3 (1) 1 (2)

Influenza 0 (0) 0 (0) 0 (0) 1 (2)

Parasitic infections

Parasites 2 (2) 0 (0) 2 (1) 1 (2)

Data are no. (%) of patients, unless otherwise indicated.

1
Gram-positive (GP) and gram-negative (GN) infections included bacteremia. GP infections included C. difficile infections.

2
Two solid tumor/lymphoma patients had both GP and GN infections, and were counted twice, once for each infection.

3
Cytomegalovirus (CMV) viremia was excluded from this table, as screening was done only in a subset of patients.

HSV, herpes simplex virus; HHV-6, human herpesvirus-6; VZV, varicella zoster virus; PIV, parainfluenza virus; RSV, respiratory syncytial virus.
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