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Objectives

1. To understand differences between laboratory 
confirmed bloodstream infections (LCBI) and 
mucosal barrier injury (MBI) LCBI. 

2. To understand characteristics of and risk factors 
for bloodstream infections (BSI) in children 
receiving hematopoietic stem cell transplantation
(HSCT) or chimeric antigen receptor T cell 
therapy.
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Background

• BSI occur in 13-60% of HSCT recipients1,2

• Often due to gram-positive organisms (coagulase-
negative staph and viridans group streptococci)

• Gram negative and vancomycin-resistant 
enterococcal BSI associated with increased 
mortality1, 2

• Usually occurs during the pre-engraftment phase 
but can occur later1,2

2

BSI Risk Factors

• Indwelling catheter
• Allogeneic HSCT3,4

• Mucositis5

• Neutropenia4

Enterococcal BSI:
• Prior empiric therapy w/cephalosporins5

• Pharyngeal enterococcal colonization5
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Outcomes

4

• Septic shock (up to 50%)3

• ICU Transfer
• CVC Removal
• Endocarditis and other infections
• Increased length of stay
• Increased nonrelapse mortality at 1 year2

• Cost between $3,700-$39,000 per infection4,6 and 
more than 2 billion annually in the US  health 
system7

BSI and Nonrelapse Mortality
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Figure 2. NRM in allogeneic stem cell transplant recipients (n=282) who did not develop a BSI, who developed 
1 BSI, or who developed 2 or more BSIs in the first year after stem cell transplant. In: Dandoy CE, Haslam D, 

Lane A, et al. Healthcare burden, risk factors, and outcomes of mucosal barrier injury laboratory-confirmed bloodstream 
infections after stem cell transplantation. Biol Blood Marrow Transplant. 2016;22(9):1671-1677.
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NHSN LCBI Criteria Redefined

• National Healthcare Safety Network (NHSN) reviews 
LCBI data from 4,000 hospitals in the US

• Clinicians concerned for lack of specificity in 
certain populations

• Perhaps all “CLABSIs” do not result from the 
presence of a central line

• Definition needs to include the potential for 
translocation of bacteria through non-intact 
mucosa3

• Specific definition might improve prevention efforts
• Based on literature and expert opinion 
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LCBI Hierarchy & Definitions
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https://www.cdc.gov/nhsn/pdfs/pscmanual/
4psc_clabscurrent.pdf

Organism NOT related to infection at other site.

• LCBI 1
– Any age
– Identified bacterial or fungal 

pathogen not from the common 
commensal list

– From 1 or more blood specimens
• LCBI 2

– Any age
– At least 1 sign/symptom of infection 

(fever >38, chills, hypotension)
– NHSN common commensal identified 

from two or more blood specimens 
on separate occasions 

• LCBI 3
– LCBI 2 criteria but age ≤ 1 year
– Symptoms of infections can include 

apnea, bradycardia, hypothermia

MBI-LCBI Criteria
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https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf

MBI 

LCBI 1

• Patient of any age; meets LCBI 1 criteria
• At least 1 blood specimen
• Only intestinal organisms on the NHSN MBI list

MBI 

LCBI 2

• Patient of any age; meets LCBI 2 criteria
• At least 2 blood specimens
• Only viridans group streptococci or Rothia spp

MBI 

LCBI 3

• Patient ≤ 1 year; meets LCBI 3 criteria
• At least 2 blood specimens
• Only viridans group streptococci or Rothia spp

At least one of the following:
1. Allogeneic HSCT within the past year with one of the following during the hospitalization

a. Grade III or IV GI GVHD
b. Diarrhea ≥ 1L in 24 hr, onset within 7 calendar days before or after positive blood culture

2. Neutropenia (at least 2 separate days of ANC <500 cells/mm3 within 7 calendar days)

AND

Evidence-Based LCBI Prevention

LCBI
• Standardized, pristine 

CVC maintenance 
• Extensive staff and 

caregiver training with 
competancies8

• CVC Bundles9

– Hand hygiene 
– Daily bath or shower
– Approved infection caps
– Cleaning access points

• Oral Care Bundles10

MBI-LCBI
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Effective CLABSI Prevention Strategy
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Figure 2. CLABSI rates according to the level of family training. In:  Lo Vecchio A, Schaffzin JK, 
Ruberto E, et al. Reduced central line infection rates in children with leukemia following 

caregiver training: A quality improvement study. Medicine (Baltimore). 2016;95(25):e3946.

Microbiome11
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Fig. 1 Multiple factors model to understand the dysbiosis of the gut microbiome in childhood cancers. These influencing factors 
include environmental factors, family genetic factors, individual-related factors, and disease- and treatment-related factors. All 
these factors collectively contribute to changes of the diversity and abundance of the gut microbiome. In: Bai J, Behera M, Bruner DW. 
The gut microbiome, symptoms, and targeted interventions in children with cancer: A systematic review. Support Care Cancer. 2018;26(2):427-439.
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Microbiome12

12

Figure 1. Factors Contributing to Gastrointestinal Microbiome-Mediated Infection in Treated Cancer Patients. In: Galloway-Peña, J.,  
Brumlow, C., Samuel Shelburne, S. Impact of the Microbiota on Bacterial Infections during Cancer Treatment. Trends in Microbiology. 

25(12), 992-1004. doi:S0966-842X(17)30151-8 [pii]

Microbiome Changes in HSCT

• Chemotherapy driven dysbiosis (compositional and 
functional imbalance of gut microbiome) in adults 
receiving chemotherapy alone13 

• Loss of bacterial diversity, domination of pathogenic 
bacteria (enterococcus) in allo HSCT14, 15

• Unusual oral mucosal microbiota after HSCT, 
particularly with the use of strong antibiotics (β 
lactam-glycopeptide combination)16

– Staphylococcus spp., Enterococcus spp., was substituted 
for streptococci spp.

– Shown to be involved in pathophysiology of oral mucositis
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BSIs and HSCT at CHLA

• BSIs can result in morbidity and mortality in 
patients receiving HSCT, or CAR T cell therapy.

• The diagnostic criteria for CLABSIs (central line 
associated bloodstream infections) lacks 
specificity in certain patient populations.

14https://www.flickr.com/photos/niaid/16578744517

Retrospective Study
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Prospective Study - Purpose

• To characterize bloodstream infections in 
children undergoing HSCT and CAR T cell 
therapy in real-time.

• To  describe LCBI and MBI-LCBI risk factors in 
children undergoing HSCT and CAR T cell 
therapy. 
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Methods

• Setting: HSCT and Cellular 
Therapy Program at CHLA
• Prospective cohort
• Consecutive enrollment
• Study Period 15 months: 

– 11.1.2017 - 01.31.2019 
• Eligibility

– Children and adolescent 0 to 25 years 
– Cell infusion during study period
– Any diagnosis
– Autologous, allogeneic or CAR T cell therapy
– Any central venous catheter type

17



5/16/19

4

Methods

• Microbiology reports (positive blood cultures) reviewed 
daily

• Clinical data was extracted from the EMR
– Demographic, diagnosis and therapy information
– Laboratory data during the infection window (7 days)
– Outcome data: line removal, PICU transfer, LOS, death 

• Bloodstream infections were classified by NHSN criteria
– LCBI vs MBI-LCBI vs Secondary Infection vs Contaminant 

• Statistical analyses
– Descriptive
– Chi-square 
– Logistic regression 
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Sample Characteristics
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Demographics (N = 130) 
 No BSI 

(N = 94) 
BSI 

(N = 36) 
Child Age (years) - mean (SD) 11.7 (12.9) 7.7 (6.8) 
LOS (days) – mean (SD) 36.4 (25.0) 47.4 (27.5) 
Gender – N (%)   

Male 52 (55) 23 (64) 
Female 42 (45) 13 (36) 

Ethnicity - N (%)   
Non-Hispanic 27 (29) 11 (31) 

Hispanic 28 (30) 17 (47) 
Unknown 39 (41) 8 (22) 

Diagnosis - N (%)   
Malignancy 81 (86) 30 (83) 

Red Cell Disease 8 (9) 3 (8.5)  
Immune Deficiency 5 (5) 3 (8.5) 

Therapy Type – N (%)   
Allogeneic HSCT  39 (41) 17 (47) 
Autologous HSCT 25 (27) 11 (31) 

CAR T Cell Therapy 30 (32) 8 (22) 
Survival – N (%)   

Alive 88 (94) 31 (86) 
Deceased 6 (6) 5 (14) 

SD = standard deviation, LOS = length of stay 
 

p = .078

p = .035

p = .083

Findings

• 130 patients received 166 cell infusions
• Mostly external CVCs (Medcomp, Hickman)
• 51 positive blood cultures

• Majority of patients (n=29, 56%) were receiving TPN 
at time of BSI

• Acute GVHD, TA-TMA, VOD, typhlitis did not increase 
BSI risk

• Mucositis not associated with BSIs (may be related to 
inconsistent assessment or lack of documentation)

• Mortality rate = 8.5%

20

Findings
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Organisms
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Isolates Frequency 
Streptococcus Mitis/Oralis** 9 
Enterococcus faecalis** 4 
Staphylococcus epidermidis 4 
Streptococcus viridans 4 
Pseudomonas  4 
E.coli** 4 
Klebsiella pneumoniae** 2 
Enterobacter cloacae complex** 2 
Stenotrophomonas maltophilia** 2 
Micrococcus luteus 2 
Staphylococcus aureus 2 
Moraxella catarrhalis 2 
Enterococcus faecium (VRE), raffinosus 2 
Streptococcus canis 1 
Lactobacillus species 1 
Gram pos other (brevibacterium, nocardiopsis) 3 
Gram neg other (acinetobacter, leptotrichia) 3 

Total 51 
 

** indicates MBI-LCBI organism

Infections by Therapy Type

23
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Clinical Outcomes

• One patient (2%) met criteria for septic shock 
(required inotropic meds within 48hr of culture)

• One patient (2%) went to ICU (also with CRS)
• Six patients (12%) had CVC removed within 7 days
• Increased LOS in patient with BSI
• No difference in overall survival based on BSI
• Strep mitis/oralis was most commonly isolated 

24

Streptococcus Mitis/Oralis

• Predominant in human 
oropharynx

• Endocarditis, cellulitis, 
acute respiratory distress 
syndrome

• Common cause of infection 
in patients with cancer

• Predominance of 
pathogenic strains in 
patients with neutropenia –
most likely to translocate12

25

http://www.bacteriainphotos.com/streptococcus_mitis.html

Conclusions

• MBI-LCBIs account for a significant number of BSIs in 
patients undergoing HSCT or CAR T cell therapy. 

• Patients receiving CAR T cell therapy are at risk for 
BSIs.

• BSI is associated with longer LOS (and decreased 
overall survival, although not in this cohort).

• Mucositis and TPN administration may be associated 
with MBI-LCBI (even in non-neutropenic, and non-
allogeneic HSCT patients). 
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Future Research

• Larger cohort replication study
– Further explore multivariate models

• Oral and intestinal microbiome studies

• MBI-LCBI prevention strategies
– Oral care 
– Enteral nutrition
– Probiotics, xylitol, other agents
– Fecal transplants
– Antibiotic exposures

27

Probiotics

• Commensal bacteria prevent 
overgrowth of pathogens

• Pathogenic colonization 
caused by host or 
environmental factors

• Pathogenic domination 
caused by antibiotics

• Probiotics can restore 
commensal populations 

28

Figure 1. Fluctuations in intestinal microbial diversity reflect 
host and environmental factors. In: Docampo, M., Auletta, J., 
Jenq, R. Emerging Influence of the Intestinal Microbiota during 
Allogeneic Stem Cell Transplantation: Control the Gut and the 
Body will Follow. Biol Blood Marrow Transplant. 21(8), 1360-

1366. doi:10.1016/j.bbmt.2015.02.016 [doi]

Xylitol

• Non-fermentable polysaccharide 
• Shown to inhibit bacterial growth and 

community development
• Decreases salivary counts of strep and candida 

species
– MBI-LCBIs are often attributable to these organisms

• Reduce plaque accumulation, gingival 
inflammation and dental caries in children

29
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Xylitol

• Xylitol has not been sufficiently studied in children with 
cancer receiving chemotherapy
– Two published studied of small cohorts 
– Xylitol did not impact the development of severe 

mucositis but reduced mild to moderate mucositis in 
children receiving chemotherapy

• One study (abstract at TCT meetings) of 37 children 
undergoing HSCT showed decrease in mucositis, dental 
disease, and MBI-LCBIs in children who received xylitol 
compared to controls
– Opportunity for improvement in study design:  more allo

patients in control group

30

Randomized Controlled Trial Concept
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• Xylitol wipes: over-the 
counter, flavored

• Regulated by the FDA as 
a food

• Safety demonstrated in 
infants, toddlers

• Diarrhea in high doses 
(10-20 grams of xylitol)

Randomized Controlled Trial Design

32

Children with cancer receiving 
chemotherapy (with mucositis causing 
agents), autologous or allogeneic HSCT

Standard oral care Standard oral care
+ 

Xylitol BID

Randomization

Assessment pre-therapy, day +7, +14, +21

RCT Outcomes

• Clinical Endpoints: mucositis, LCBI rates
• Symptoms: Memorial Symptom Assessment Scale 

(presence, severity, frequency, distress)
– Spanish version
– Parent proxy

• Oral Microbiome: Shotgun sequencing to determine 
relative presence of organisms, diversity, function  

• Stratified analysis by therapy type (chemo vs 
autologous HSCT vs allogeneic HSCT)
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Thank You!

* Anna Pasquarella, RN, BSN, CPHON
* Michelle Garcia, MSN, cPNP
* Julia Linesch, RN, BSN

Division of Hematology, Oncology 
and Blood & Marrow Transplantation

Institute for Nursing and 
Interprofessional Research

Children’s Hospital Los Angeles
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Questions?
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