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Abstract

Background—The U.S. National Healthcare Safety Network (NHSN) has provided a definition
of mucosal barrier injury—associated, laboratory-confirmed bloodstream infection (MBI-LCBI) to
improve infection surveillance. To date there is little information about its impact in pediatric
oncology centers in low- to middle-income countries.

Objectives—To determine the impact of the definition on the rate of central line-associated
bloodstream infection (CLABSI) and compare the clinical characteristics of MBI vs. non-MBI
LCBI cases.

Methods—We retrospectively applied the NHSN definition to all CLABSIs recorded at a
pediatric oncology center in Tijuana, Mexico, from January 2011 through December 2014.
CLABSI events were re-classified according to the MBI-LCBI definition. Clinical characteristics
and outcomes of MBI and non-MBI CLABSIs were compared.
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Results—Of 55 CLABSI events, 44% (24/55) qualified as MBI-LCBIs; all were MBI-LCBI
subcategory 1 (intestinal flora pathogens). After the number of MBI-LCBI cases was removed
from the numerator, the CLABSI rate during the study period decreased from 5.72 to 3.22
infections per 1,000 central line days. Patients with MBI-LCBI were significantly younger than
non-MBI-LCBI patients (£=0.029) and had a significantly greater frequency of neutropenia (100%
vs. 39%, P=0.001) and chemotherapy exposure (87% vs. 58%, P=0.020) and significantly longer
median hospitalization (34 vs. 23 days, £=0.008).

Conclusion—A substantial proportion of CLABSI events at our pediatric cancer center met the
MBI-LCBI criteria. Our results support separate monitoring and reporting of MBI and non-MBI- -
LCBIs in low- to middle-income countries to allow accurate detection and tracking of preventable
(non-MBI) bloodstream infections.
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Introduction

Benchmarking of healthcare-associated infections in low- to middle-income countries
(LMICs) is a work in progress. Although data are available about device-associated infection
rates in pediatric intensive care units in LMICs, 12 little is known about rates of infection,
particularly central line-associated bloodstream infection (CLABSI), at pediatric cancer
centers in LMICs.

Bloodstream infections, especially CLABSIs, are a major category of healthcare-associated
infection among pediatric cancer patients.34 In the U.S., data reported to the Centers for
Disease Control and Prevention (CDC)'s National Healthcare Safety Network (NHSN) are
used to assess infection rates, outbreaks, and trends and design quality improvement
initiatives for U.S. healthcare facilities.>"10 However, CLABSI data are likely to differ in
oncology and non-oncology facilities.1212 Higher CLABSI rates at cancer healthcare
facilities can result from more frequent use of central lines and from a population at higher
risk of infection.3

In 2013, the CDC/NHSN introduced a new surveillance definition of mucosal barrier injury-
associated laboratory-confirmed bloodstream infection (MBI-LCBI) to prevent
misclassification of bloodstream infections caused by oral/intestinal microbiota in cancer
patients and improve the comparability of CLABSI rates at cancer and non-cancer centers.13
The MBI-LCBI surveillance definition was revised and improved after testing at 94 cancer
centers in the U.S.1* Recently, an oncology center reported using the MBI-LCBI
surveillance protocol to separately track MBI and non-MBI events to measure the impact of
a CLABSI quality improvement initiative.1®> Because MBI-LCBI cases define a specific at-
risk population, the CDC will continue requiring their tracking and reporting. However,
MBI-LCBI data may be removed from the main bloodstream infection events tracking
metrics by 2016, in which case they will not be included in CLABSI data publicly reported
to the U.S. Centers for Medicare and Medicaid Services.16
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Here we retrospectively reviewed data in the prospective infection surveillance database of a
pediatric cancer center housed at the Hospital General de Tijuana (Hospital Tijuana, Tijuana,
Mexico). We applied the MBI-LCBI definition to (1) determine the impact of separate
reporting of MBI-LCBI cases on CLABSI rates and (2) compare the clinical characteristics
and outcomes of MBI- vs. non-MBI bloodstream infections at our pediatric cancer center
during the past four years.

Study setting

The Hospital Tijuana is the largest public hospital in Northwestern Mexico. It has 197 beds
with a bed occupancy rate of 124% and a 12-day mean length of stay. The pediatric cancer
center comprises a separate 10-bed oncology ward and an ambulatory infusion center
containing 10 beds and 5 reclining chairs.

In 2007, stakeholders at St. Jude Children's Research Hospital (St. Jude, Memphis, TN,
USA), Rady Children's Hospital (San Diego, CA, USA) and the Hospital Tijuana
implemented a partnership to establish a pediatric oncology program®’ aimed at improving
clinical outcomes and survival of children with cancer in the Mexican State of Baja
California. Several initiatives have been added since the start of the project, including a
robust infection prevention and control program. In 2009, a dedicated infection prevention
and control team, which included a general pediatrician, a dedicated infection preventionist
nurse, and a microbiologist, was added to the pediatric oncology program. A pediatric
infectious disease physician joined the team in 2014.

Since 2011, the infection prevention and control team at the pediatric cancer center has used
the CDC/NHSN surveillance definitions for its internal reporting and prospective infection
surveillance. During monthly mentoring meetings, the team uses the St. Jude
www.curedkids.org teleconference virtual rooms to report and discuss aggregate infection
data with the St. Jude Infectious Disease - International Outreach Program (ID — IOP) team.
These reports include aggregate patient days, central-line days, discharges, etc. Outcome
surveillance includes rates of healthcare-associated infections per 1000 patient days;
CLABSISs per 1000 central-line days; CLABSIs per 1000 central-line days stratified by type
of device; and mortality rates due to infection.

In 2014, 274 inpatient discharges, 41 new cancer diagnoses, and 11 deaths were reported at
the pediatric cancer center. The most common cancer diagnosis was acute leukemia,
followed by lymphoma and central nervous system tumors. Patients were younger than 18
years of age at diagnosis of cancer. Infection was the main cause of treatment-related
morbidity and mortality. This study was approved by the Institutional Review Board of the
Hospital Tijuana. The requirement for informed consent was waived.

Study design

Included in this retrospective cohort study were all CLABSI events documented in the
pediatric cancer center's prospective infection surveillance database between January 1, 2011
and December 31, 2014. CLABSI events were re-classified on the basis of the CDC/NHSN
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2013 definition of MBI-LCBI,18 and associated clinical information was obtained from
patients' medical records.

Training and data collection

All members of the Hospital Tijuana's infection prevention and control team completed the
2010 version of the St. Jude Infection Control Course before this study began.1920 The
course was offered by the ID — 0P and included training on CDC surveillance
methodology.18:21

The local team retrospectively applied the revised 2013 NHSN CLABSI definition to all
study cases to minimize bias due to changes in the CLABSI definitions during the study
years.9 An adapted version of the NHSN primary bloodstream infection case report form?2
was used to classify CLABSI cases as MBI or non-MBI. Variables collected included age at
admission, sex, cancer diagnosis, cancer treatment phase, venous access device removal due
to CLABSI, and death. Data were entered into an Epi Info 7 database (the study database)
by a local team member (DT). Encrypted and de-identified data were forwarded to
collaborating St Jude ID-IOP investigators for analysis.

Definition and analysis of outcome variables

Classification as a CLABSI required that a central venous access device had been in place
for more than 2 calendar days or, in the case of a permanent central line, more than 2 days
had elapsed after first device access on the date of event (date of positive blood culture). If a
central line was removed, only a positive blood culture on the day of removal or the next day
could be defined as a CLABSI event.18 Primary bloodstream infection and MBI-LCBI
required meeting the revised CDC definition criteria.16.18

We calculated the annual rate of CLABSIs and device utilization ratio (DUR) by using the
standardized CDC criteria.18:21 Patient days were defined as the total number of inpatient
days in the oncology unit during a specified time period. Length of stay (LOS) was defined
as the number of days from admission to discharge or death. History of chemotherapy was
defined as having received chemotherapy during the same admission or within the previous
2 weeks.

Validation of data

The adapted NHSN primary bloodstream infection case report form included
microbiological (type of pathogen) and clinical (signs, symptoms, and underlying conditions
such as neutropenia) information.22 We added the absolute neutrophil counts during the 3
calendar days before, the day of, and the 3 calendar days after the event. Information
obtained from the center's prospective infection surveillance database was corroborated by
review of the medical record and documented in the primary bloodstream infection case
report form by the local team. This information was entered into the study database (Epi
Info 7 database) developed to collect all study variables by the St. Jude ID-IOP team.
CLABSIs entered into the study database were reviewed by a member of the St Jude ID-10P
team (MG) to ensure that the CDC/NHSN criteria were met.
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Statistical analysis

Results

Analysis was performed by using SPSS version 19.0 software. The Fisher exact test was
used to compare binary variables, the Pearson chi-square test was used to compare
underlying malignancy type, and the Mann Whitney test was used to compare continuous
variables. Two-sample test of proportions was used to compare rates between adjacent years.
All comparisons were two-sided, and Pvalues < 0.05 were considered statistically
significant.

Patients and events

Forty-nine children experienced 61 CLABSI events during the study period. Six of these
events were excluded, as they did not meet the 2013 CLABSI criteria. Therefore, 55
CLABSI events in 49 patients were included in this study. Table 1 lists the annual totals and
CLABSI rates. Overall CLABSI rates were significantly reduced (P=<0.001) due largely to
the significant reduction of non-MBI-LCBI rates (P=<0.001). This reduction was observed
solely between 2011 and 2012. Reduction in MBI-LCBI rates were not found to reach
statistical significance (P=0.079).

Impact of the MBI-LCBI criteria on CLABSI rates

Forty-four percent (24/55) of CLABSI events qualified as MBI-LCBIs. All met the CDC
criteria for MBI-LCBI subcategory 1 (intestinal flora). No cases of MBI-LCBI subcategory
2 (oral flora) or subcategory 3 (oral flora, patient < 1 year of age) were observed.
Neutropenia (absolute neutrophil count <500 cells/mm3) was the underlying condition in
100% of the MBI-LCBI cases. Removal of the number of MBI-LCBI events from the
numerator reduced the overall CLABSI rate by nearly half (5.72 vs. 3.22 events per 1000
central line days). The effect on annual rates was similar (Figure 1).

Comparison of clinical characteristics and outcomes of MBI- vs. non-MBI-LCBI cases

Despite some similarities, the MBI-LCBI and non-MBI-LCBI cases differed significantly in
median age (patients with MBI-LCBI were younger, £=0.029), frequency of neutropenia
(100% vs. 39%, respectively, P=0.001), and history of chemotherapy during the same
admission or within the previous 2 weeks (87% vs. 58%, £=0.020). As a clinical outcome,
median LOS was significantly greater in MBI-LCBI cases (34 days vs. 23 days, £=0.008).
We found no significant difference between the groups in either the rate of mortality during
the admission or the rate of removal of the central line (Table 2). The organisms most
commonly isolated from blood were Klebsiella pneumoniae (29%), Escherichia coli (25%),
and Enterococcus faecium (12.5 %) in patients with MBI-LCBI and Staphylococcus
epidermidis (19%), Acinetobacter baumannii (13%), and Staphylococcus aureus (13%) in
patients with non-MBI LCBI (Table 3).

Discussion

Here we have described the impact of the MBI-LCBI surveillance protocol on CLABSI rates
at a pediatric cancer center in a general hospital in Tijuana, Mexico. Our results demonstrate
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the significance of applying these surveillance criteria in pediatric cancer centers in LMICs.
A substantial proportion of CLABSI events in our patients met the criteria for association
with mucosal barrier injury. Importantly, separate tracking of MBI and non-MBI cases
revealed the number of preventable central line-associated bloodstream infections, i.e., those
not associated with mucosal barrier injury. These cases would not have been differentiated
by the previous bloodstream infection surveillance definition.23 Separate tracking also
reduced the chance that the overall reduction of CLABSI rates between 2011 and 2012
(Table 1) would be misinterpreted. Because both MBI-LCBI and non-MBI-LCBI rates
declined during this period, evidence-based strategies implemented in the pediatric cancer
center in 2011 could have been misunderstood as effective against both types of infection.
However, only the reduction of non-MBI-LCBI rates was statistically significant. This
reduction of preventable LCBI rates was the result of a policy that improved line
maintenance by limiting the use of less well trained “float” nurses in the pediatric oncology
center, providing central line maintenance by trained nurses, and establishing mentoring and
active surveillance of CLABSI. However, these strategies may not have reduced the
translocation of intestinal microbiota. Finally, presenting the MBI and non-MBI rates
separately helped to build the credibility of the local team and confirm the effectiveness of
their efforts.

Benchmark rates of bloodstream infections based on the revised CDC surveillance protocol
at pediatric cancer centers are not yet available. Our overall CLABSI rate, including MBI
and non-MBI LCBI, was 5.72/1000 CL days, similar to the pooled rate of 6.07/1000 CL
days in pediatric intensive care units in LMICs.2 However, annual rates of CLABSI differed
after removal of MBI-LCBIs from the total (3.22/1,000 vs. 5.72/1,000 CL days). Moreover,
our device use ratio (0.99) differed from the pooled mean reported in LMIC pediatric
intensive care units (0.5),2 suggesting the likelihood of a greater number of CLABSI among
our patients.?! Benchmarks for LMICs that categorize central venous access device
utilization ratios for oncology by type of device should be derived by using CDC methods.24
Because access to temporary and permanent central lines may vary in developing countries
depending on availability of supplies, the use of CDC methods would allow comparison of
CLABSI rates among institutions with similar DURs by type of central line (temporary or
permanent).

Neutropenia was the MBI underlying condition in all of our MBI-LCBI cases, as our center
does not offer allogeneic hematopoietic stem cell transplantation. A previous study in adult
hematology/oncology and stem cell transplant settings has also reported MBI-LCBI events
to be associated mainly with neutropenia but without a significant difference in the
frequency of neutropenia in MBI-LCBI vs. non-MBI-LCBI cases.1> However, we found a
statistically significant difference in the frequency of neutropenia between MBI and non-
MBI LCBI events in pediatric cancer patients. Additional studies in pediatric cancer centers
in LMIC that offer allogeneic hematopoietic stem cell transplantation would help to
determine whether the absence of transplantation at our center may explain this difference.

We found that patients with MBI-LCBI had a significantly greater median length of stay.
This finding differs from those of a similar study in adult oncology patients in high-income
countries.15 The difference may be attributable to other risk factors identified as statistically
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significant in our study but not in the similar adult study. We found that patients with MBI-
LCBI had more often received chemotherapy during the same admission or during the
previous 2 weeks; this factor may have contributed to the length of stay in our patients.
Moreover, social factors such as illiteracy, poverty, and distance from the cancer center
(longer travel time) may prevent early discharge among pediatric cancer patients in LMICs.

The types of microorganisms isolated in our MBI-LCBI cases differed from those reported
in neutropenic pediatric oncology patients experiencing similar events in high-income
countries.3 We found more gram-negative than gram-positive pathogens. While the U.S.
Hematology-oncology CLABSI Collaborative Project (a network of more than 36 pediatric
oncology centers) reported viridans streptococci in 14% of CLABSI events in neutropenic
patients, 3 we observed none. This difference may be attributable to patient characteristics
and the use of different chemotherapy regimens. Van der Velden et al. compared
myeloablative vs. non-myeloablative conditioning regimens. Bacteremia due predominantly
to oral viridans streptococci and coagulase-negative staphylcocci was found in as many as
85% of patients after intensive myeloablative versus none among patients receiving non-
myeloablative conditioning regimens.2> Our study did not include patients undergoing
transplantion, and information about specific chemotherapy regimens was not collected.

Importantly, most CLABSI events meeting the criteria for MBI-LCBI appeared to be related
to chemoterapy, whose hematopoietic toxicity is not likely to be altered by CLABSI quality
improvement interventions. Therefore, such interventions will affect mainly the rate of non-
MBI cases. Future studies should seek to identify interventions that reduce the likelihood of
MBI-LCBI events, which were significantly associated with a longer length of stay. Further,
the relation between specific chemotherapy protocols and MBI-LCBI in LMICs should be
studied. Implementation of a standardized CLABSI surveillance protocol that includes the
MBI-LCBI criteria could expedite benchmarking efforts of pediatric oncology networks and
identify additional quality improvement opportunities in LMICs.

Our study had several limitations. The sample size of our study group was relatively small,
and because it was conducted at a single center it cannot represent pediatric cancer patients
in all LMICs. Moreover, we were not able to control for confounding factors, such as
severity of illness and LOS prior to CLABSI onset, which would have independently
contributed to the post-CLABSI length of stay and risk of mortality. A future prospective
study, with a larger sample size and multicenter participation, must be conducted to address
this limitation.

In summary, we noted a decrease in overall CLABSI rates when MBI-LCBI cases were
considered separately. Our findings not only identified significant differences between MBI
and non-MBI LCBI cases in our pediatric cancer patients but will also encourage infection
control professionals in LMICs to implement the MBI-LCBI surveillance protocol at
pediatric cancer centers. Finally, our findings demonstrate the usefulness of implementing
the MBI-LCBI surveillance protocol in LMICs, especially when a well-equipped
microbiology laboratory and a dedicated infection prevention and control team are available.
Twinning initiatives such as that between St. Jude, Rady Children's Hospital, and Hospital
Tijuana help to establish infection control and prevention programs and prospective infection
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surveillance activities which are essential for quality healthcare delivery in pediatric cancer
centers in LMICs. Sustaining such efforts in the long-term requires the buy-in and support of
the institution hosting the pediatric cancer center.
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Highlights
e Forty-four percent of CLABSI events met the NHSN criteria for MBI-LCBI

e Removal of MBI-LCBI events from the numerator nearly halved the CLABSI
rate.

«  Patients with MBI-LCBI were significantly younger than those with non-MBI-
LCBI.

»  Patients with MBI-LCBI had significantly longer median hospitalization.

e The CDC/NHSN MBI-LCBI surveillance protocol can be implemented in
LMICs.

Am J Infect Control. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Torres et al.

CLABSI rate per 1000 central line days

Page 11

12.00

10.00
8.00

6.00

41111

2011 2012 2013 2014 4-year period

Figure 1.
Annual rates of central line—associated bloodstream infection before (black) and after (grey)

removal of number of cases of mucosal barrier injury—associated bloodstream infections
from the total.
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Table 2
Characteristics and outcomes of mucosal barrier injury—associated vs. non-mucosal

barrier injury—associated laboratory-confirmed bloodstream infections

MBI-LCBI (n=24) No. (%)  Non-MBI (n=31) No. (%)  pyalued

Demographic and clinical characteristics

Male sex 10 (42) 16 (52) 0.588
Age (years) 11.5 (1-18) 7(0-18) 0.029
Primary disease type 0.403
Leukemia 18 (75) 20 (64)
Lymphoma 2 (8) 1(3)
Solid Tumor 4 (17) 8 (26)
Other 0 2(7)
Neutropenia within 3 days before or after 24 (100) 12 (39) <0.001

CLABSI event?

Mucositis 6 (25) 3(10) 0.157

Typhlitis 5 (21) 1(3) 0.075

Chemotherapy during same admission 21 (87) 18 (58) 0.020
Clinical outcomes

Length of stay, median (range) 34 (8-108) 23(6-57) 0.008

Death during same hospitalization 6 (25) 1(3) 0.035

Line removed owing to CLABSI 16 (67) 22(71) 0.775

CLABSI= central line-associated bloodstream infection, MBI= mucosal barrier injury, LCBI=laboratory-confirmed bloodstream infection.

a, . . . . . . . . .
2-sided Pvalues calculated by using Fisher exact test (binary variables), Pearson chi-square test (primary disease type), or Mann-Whitney test
(continuous variables).

bAbsqute neutrophil count <500/mm3 within 3 days before or after event.
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Organisms isolated from blood in mucosal barrier injury—associated and non-mucosal

barrier injury—associated, laboratory-confirmed bloodstream infections

Organism isolated

All CLABSI n=55

MBI-LCBI" n=24

Non-MBI-LCBI n=31

no. (%) rank no. (%) no. (%)
Klebsiella pneumoniae 8 (14.5) 1, tie 7(29) 1(3)
Escherichia coli 8(14.5) 1, tie 6 (25) 2 (6)
Candida species 6(11) 2, tie 3(12.5) 3(10)
Staphylococcus epidermidis 6(11) 2, tie 0 6 (19)
Enterobacter cloacae 5(9) 3 2(8) 3(3)
Acinetobacter baumannii A7) 4, tie 0 4(13)
Staphylococcus aureus 4(7) 4, tie 0 4(13)
Enterococcus faecium 3(5) 5, tie 3(12.5) 0
Pseudomonas aeruginosa 3(5) 5, tie 0 3(10)
Enterococcus faecalis 1(2) 6, tie 1(4) 0
Enterococcus galllinarum 1(2) 6, tie 1(4) 0
Kilebsiella oxytoca 1(2) 6, tie 1(4) 0
Streptococcus pneumoniae 1(2) 6, tie 0 1(3)
Bacillus sp 1(2) 6, tie 0 1(3)
Staphylococcus sp 1(2) 6, tie 0 1(3)
Enterobacter aerogenes 1(2) 6, tie 0 1(3)
Citrobacter freundii 1(2) 6, tie 0 1(3)

CLABSI= central line—associated bloodstream infection, MBI= mucosal barrier injury, LCBI=laboratory-confirmed bloodstream infection.

MBI-LCBI events met the criteria of the CDC's National Healthcare Safety Network.
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