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Abstract

Background: Bloodstream infections (BSIs) occur in 20-45% of inpatient autologous and
allogeneic hematopoietic cell transplant (HCT) patients. Daily bathing with the antiseptic
chlorhexidine gluconate (CHG) has been shown to reduce the incidence of BSls in critically ill
patients although very few studies include HCT patients or have evaluated the impact of
compliance on effectiveness.

Methods: We conducted a prospective cohort study with historical controls to assess the impact
of CHG bathing on the rate of BSIs and gut microbiota composition among adults undergoing
inpatient HCT at the Duke University Medical Center. We present one year of data without CHG
bathing (2016) and two years of data when CHG was used on the HCT unit (2017-2018). Because
not all patients adhered to CHG, patients were grouped into four categories by rate of daily CHG
usage: High (>75%), Medium (50-75%), Low (1-49%), and None (0%).

Results: Among 192 patients, univariate trend analysis demonstrated that increased CHG usage
was associated with decreased incidence of clinically-significant BSI, defined as any BSI requiring
treatment by the medical team (High-8% BSI, Medium-15.2%, Low-15.6%, No CHG-30.3%,
p=0.003), laboratory-confirmed BSI (LCBI, p=0.03), central line-associated BSI (CLABSI,
p=0.04), and mucosal barrier injury BSI (MBI-LCBI, p=0.002), Multivariate analysis confirmed a
significant effect of CHG bathing on clinically-significant BSI (p=0.023) and mucosal barrier
injury BSI (MBI-LCBI, p=0.007), without consistently impacting gut microbial diversity. Benefits
of CHG bathing were most pronounced with >75% daily usage, and there were no adverse effects
attributable to CHG.

Conclusions: Adherence to daily CHG bathing significantly decreases the rate of bloodstream
infection following HCT.
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Introduction

Over 20,000 patients undergo hematopoietic cell transplantation (HCT) in the United States
each yearl2, While HCT has great therapeutic potential, intensive chemotherapy
conditioning regimens and variability in time to stem cell engraftment result in a period of
pancytopenia and immunosuppression that increases risk for infection?=>. Bloodstream
infections (BSIs) occur in 20-45% of hospitalized autologous and allogeneic transplant
patients, resulting in prolonged hospitalization and an increased risk of non-relapse
mortality®-11. Many of these infections result from the entry of skin microbial flora into the
bloodstream through a disruption of the skin barrier, such as the commonly-placed central
venous catheter!2,

One method of infection prevention is daily cutaneous application of chlorhexidine
gluconate (CHG), an antiseptic with potent activity against gram-positive and gram-negative
bacterial314. There are mixed data regarding the efficacy of daily CHG bathing in reducing
the rates of vancomycin-resistant Enterococcus (VRE) rectal colonization, Clostridioides
difficile infection, and BSI1215-17 |n some critically-ill populations, CHG has been shown
to reduce skin microbial burden of gram-positive organisms and overall BSI rate 12-14. 18-22,
In a study of non-critically ill patients, the ABATE multicenter trial found that daily CHG
application was not more efficacious than regular bathing in reducing BSls although
subgroup analysis did demonstrate BSI reduction in patients with indwelling medical
devices who used CHG23. Of note, these studies did not measure patient adherence to CHG
application, and thus they could not account for the effect of varying levels of compliance on
clinical outcomes.

Although the HCT population has unique transplant-related characteristics including periods
of profound neutropenia and frequent rash development, few CHG studies include HCT
patients. Moreover, while reported side effects of CHG bathing, such as rash and nerve
irritation, are rare, they carry a greater significance in HCT patients as they could mimic
symptoms of acute graft-versus-host disease (GVHD) of the skin and trigger a change in
medical management24.25,

To better understand the effect of CHG on the rate of BSIs in HCT patients and the influence
of CHG adherence on outcomes, we performed a prospective cohort study of patients
admitted to our institution’s HCT unit while undergoing transplantation (including pre-
transplant conditioning, stem cell infusion, and count recovery). We included patients from a
historical cohort admitted during the year immediately prior to the institution of CHG use
and compared these to patients admitted the two years following the adoption of CHG
bathing in the HCT unit. We also evaluated the rate of new VRE rectal colonization, C.
difficile infection, cutaneous GVHD and potential toxicities such as rash requiring treatment.
In a subset of patients, we evaluated changes in the gut microbiota associated with CHG use.
We hypothesized that CHG would be well-tolerated and that BSI rates would decrease with
CHG use.

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.
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Methods

Study Design

We conducted a prospective cohort study with additional retrospective controls to assess the
impact of daily CHG bathing in reducing the rate of BSIs in HCT patients at the Duke
University Medical Center (DUMC). DUMC is a 957-bed, tertiary teaching hospital in
Durham, NC. The HCT ward contains sixteen beds and cares for patients undergoing
autologous and allogeneic hematopoietic cell transplantation.

On January 2, 2017, as part of an initiative of the infection prevention group, all patients on
the HCT unit began receiving once-daily bathing with 2% chlorhexidine-impregnated cloths
beginning on day of admission (Sage Products Inc, Cary, IL). Each CHG bath was recorded
in a nursing flowsheet in the patient’s electronic medical record. Nurses educated patients on
proper CHG bathing technique and performed the bath for patients unable to bathe
themselves. CHG bathing was performed according to the manufacturer’s instructions with a
total of six cloths used to clean the neck, torso, back, groin, arms, and legs6. Patients were
also instructed to clean not only around their central line dressings but also to include the 6
inches of tubing most proximal to their skin. CHG was not applied to the face in order to
avoid mucosal irritation. Standard central line care included a weekly dressing change using
CHG antiseptic every 7 days; all central lines also used a CHG-infused gel pad covering the
line exit site. With the exception of central lines placed at other institutions prior to
transplant, lines for autologous recipients were installed prior to mobilization, within 30
days prior to HCT, and removed before discharging home after engraftment. For allogeneic
recipients, lines were installed the day before admission and removed generally 3 months
after transplant at discharge from the transplant service.

We collected CHG compliance and clinical outcomes data for all patients admitted to the
unit between January 1, 2016 and December 31, 2018 for pre-transplant conditioning, stem
cell infusion, and count recovery. This provides one year of data with no CHG bathing
(2016) and two years of data after CHG bathing was instituted, though with variable
adherence (2017-2018). Clinical practices were consistent throughout this period with the
exception of a transition to the use of levofloxacin instead of ciprofloxacin for antibiotic
prophylaxis and the addition of letermovir for CMV prophylaxis in allogeneic HCT
recipients in the spring of 2018. A small subset of patients with fluoroquinolone allergies
received prophylaxis with other antibiotics, primarily amoxicillin-clavulanate. Otherwise,
standard prophylaxis included a fluoroquinolone starting on the day of admission and
continuing until engraftment and antifungal prophylaxis with fluconazole in autologous
HCT recipients and voriconazole or posaconazole in allogeneic HCT starting on the day of
transplant and continuing through day +75. All patients received Pneumocystis jirovecii
prophylaxis with trimethoprim-sulfamethoxazole during pre-transplant conditioning and
then again on day+30 for a year or until off immunosuppression. Acyclovir was provided for
antiviral prophylaxis on the day of admission for all patients undergoing HCT with the
addition of letermovir on day +5 for CMV IgG+ allogeneic HCT recipients or donors.

Patients were included in this study if they were admitted for pre-transplant conditioning and
inpatient monitoring for allogeneic or autologous HCT. Patients were excluded if they were
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febrile or had a known infection upon admission, or if they were admitted for reasons other
than pre-transplant conditioning, stem cell infusion, or count recovery. Patients were tracked
from admission until unit discharge, transfer to a different unit, or first bloodstream
infection. In the case of transfer, we monitored whether a patient developed an infection
within 48 hours of transfer. All data were abstracted through manual chart review, automated
chart review using the Duke Enterprise Data Unified Content Explorer, or from the Duke
Adult Blood and Marrow Transplant database. This study was approved of as a quality
improvement project and met quality improvement exemption by the Duke University
Health System Institutional Review Board.

Study Outcomes and Definitions

The primary outcome was bloodstream infection (BSI) incidence per day of hospitalization.
Every BSI was characterized as belonging to one or more of the following categories:
laboratory-confirmed bloodstream infection (LCBI), central line-associated bloodstream
infection (CLABSI), mucosal barrier injury laboratory-confirmed bloodstream infection
(MBI-LCBI), or clinically-significant BSI.

Laboratory-confirmed bloodstream infections were determined using 2018 CDC National
Healthcare Safety Network (NHSN) definitions?’. LCBI was defined as infection with a
known pathogen identified in at least one blood culture or as infection with a common
commensal isolated from two or more independently drawn blood specimens with at least
one associated symptom of fever (>38°C), chills, or hypotension. CLABSI was defined as
occurrence of an LCBI when an indwelling catheter was in place or had been removed in the
prior 48 hours2”. MBI-LCBI was defined as an LCBI due to a typically enteric organism
associated with mucosal barrier injury?”.

The variable “clinically-significant BSI” was created by the investigators to include all cases
of BSI that led to medically significant changes in management, such as the initiation of
broad-spectrum antibiotics. This encompassed both laboratory-confirmed BSls and BSlIs
deemed significant by the treatment team but that did not meet CDC/NHSN criteria. For
example, patients that were febrile (>38°C), hypotensive, and treated with antibiotics, but
with only one positive culture of a common skin commensal such as Staphylococcus
epidermidis were deemed to have a clinically-significant BSI. While CLABSI, LCBI, and
MBI-LCBI designations are valuable for hospital epidemiology and infection control
purposes, clinically-significant BSI were defined a priori as an important clinical outcome
impacting clinical practice and the use of medical interventions.

Secondary outcomes included new vancomycin-resistant Enterococcus (VRE) rectal
colonization, days to engraftment, incidence of febrile neutropenia, C. difficile infection, and
rash requiring treatment, such as a drug-related rash or cutaneous GVHD. Methicillin-
resistant Staphylococcus aureus colonization was not reported as this is not routinely
screened on the unit.

Engraftment was defined as the first of three consecutive days with an absolute neutrophil
count (ANC) of greater than 500 cells/pL. Febrile neutropenia was defined as fever (>38°C)
occurring in a patient known to have an ANC less than 500 cells/uL28. C. difficile infection
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was defined as a positive C. difficile PCR in the setting of diarrhea. All pertinent infections
were included from hospital admission to the date of discharge. New VRE rectal
colonization was defined when a patient with a negative VRE rectal swab on admission later
screened positive for VRE6. VRE rectal swabs were performed on all patients during
admission and then once weekly while in the HCT unit. The variable “rash requiring
treatment” included patients prescribed topical corticosteroids or antimicrobials used to treat
rashes.

Because not all patients consistently bathed with CHG, they were grouped into four levels of
adherence: High (>75%), Medium (50-75%), Low (1-49%), and None (0%). CHG
adherence was determined by dividing the number of days a patient received at least one
recorded CHG bath over the total number of days that patient spent in the HCT unit until
discharge from the unit, transfer to another unit, death, or first infection. CHG bathing was
not instituted in the HCT unit until January 2017, therefore, all patients transplanted in 2016
belong to the No CHG group and serve as historical controls. These usage categories were
designated at the start of the study.

Statistical Analysis

Baseline characteristics and clinical outcomes between the four CHG usage groups were
compared via ANOVA for continuous variables, Chi-square test or Cochran-Armitage linear
trend test for categorical variables. Cumulative incidence function curves were generated
based on the incidence of BSI within each category (LCBI, CLABSI, MBI-LCBI, or
clinically-significant BSI) in one of two ways: 1) from transplant day —13 to discharge, or 2)
by hospital day starting from the day of admission until discharge. Both transplant day and
hospital day were used to separately calculate incidence curves because the risk of BSl is a
factor of both the time from transplant and the duration of neutropenia as well as the
duration of hospitalization. Incidence curves were compared via Gray’s Test with discharge,
transfer, and death considered to be competing risks. Multivariate analysis using the Fine-
Grey subdistribution hazard model was conducted to compare time to BSI for each BSI
category, accounting for the effects of CHG usage/adherence, antibiotic prophylaxis
regimen, and type of transplant on BSI incidence. Patients without BSI were censored at
transplant day 30 as almost all uninfected patients had been discharged by then. All patients
were assumed to be uninfected prior to admission if they were admitted after transplant day
-13, and this was confirmed for accuracy via chart review to check for infections from
transplant day —13 to admission date. A significance threshold of 2-sided alpha=0.05 was
used for all analyses. All analyses were conducted using SAS version 9.4 (SAS Institute,
Cary, NC).

Gut Microbiome Analysis

Stool samples from patients were collected as part of a separate institutional review board-
approved biorepository starting from hospital admission to 30 days after transplant. Stools
were grouped into 3 time points (days 0-7, 8-14, and 15-30 relative to transplant) and
aliquots were frozen at —80°C. DNA extraction was performed by bead-beating, isolating
nucleic acids using phenol-chloroform extraction, followed by PCR amplification of the
genomic 16S ribosomal-RNA gene V4-V5 variable region and sequencing on the Illumina
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MiSeq platform as previously described?®. Sequences were quality filtered and OTUs
identified using the ‘dada2’, ‘phangorn’, and ‘DECIPHER’ packages in R. Alpha diversity
was calculated using Shannon diversity and performed with the ‘phyloseq’ package.
Multidimensional scaling using Bray-Curtis distance was utilized to evaluate community-
level taxonomic differences between groups. Mixed effects modeling was implemented with
the ‘Ime4’ and ‘ImerTest” packages, with supplementary Bayesian mixed effects modeling
implemented via the ‘rstanarm’ and ‘rstan’ packages. Linear mixed effects modeling of
Shannon diversity took into account patient demographics, study group, and days relative to
transplant, using patient identity and sample batch as random effects.

Demographic and transplant characteristics were relatively well-matched between
chlorhexidine gluconate usage groups

We evaluated 192 patients hospitalized for pre-transplant conditioning, stem cell infusion,
and count recovery, including 118 (62%) allogeneic transplants and 74 (38%) autologous
transplants (Table 1a). Of these, 25 (13%) had high, 33 (17%) medium, 45 (23%) low, and
89 (46%) no CHG usage. Demographic and transplant characteristics were evenly matched
between the CHG usage groups with the exception that patients in the High CHG usage
group were more likely to receive levofloxacin instead of ciprofloxacin or other antibiotics
for prophylaxis (p=0.003). Allogeneic transplant patients in the Low CHG group tended to
receive T-cell depletion therapy more often than other groups (High CHG 20%, Medium
CHG 16.7%, Low CHG 50%, No CHG 32.7%) although this did not meet the threshold for
significance (p=0.07, Table 1b).

Patients admitted the transplant unit demonstrate increasing chlorhexidine gluconate
adherence over time

In order to assess CHG usage, we documented CHG adherence for each patient throughout
their hospitalization on the HCT unit from January 2016 to December 2018 (Figure 1). CHG
compliance gradually increased over time starting from January 2017 when CHG bathing
began. By 2018, all patients were using CHG during their stay in the HCT unit with varying
degrees of adherence. For example, in Quarter 4 of 2018, a total of 13 patients in the study
were transplanted in the HCT unit: one patient received CHG for more than 50% of their
admission whereas twelve received CHG baths during >75% of their days on the unit.

Increased chlorhexidine gluconate adherence is associated with decreased incidence of

BSI

In our study, we hypothesized that higher levels of CHG adherence would lead to decreased
BSI incidence. Univariate analysis demonstrates that increased CHG usage was significantly
associated with decreased incidence of clinically-significant BSI (p=0.003), LCBI (p=0.03),
CLABSI (p=0.04), and MBI-LCBI (p=0.002) with the most significant reductions in BSI
incidence seen in the High CHG usage group (Table 2). Only 2 (8%) patients with High
CHG usage developed a clinically-significant BSI whereas this was seen in 27 (30.3%)
patients that did not receive CHG. No High CHG usage patients developed an MBI-LCBI
whereas 16 (18%) of those in the No CHG group developed an MBI-LCBI.

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.
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Cumulative incidence function curves showing BSI incidence relative to transplant day
demonstrate that the risk of acquiring a clinically-significantly BSI was dose-dependent: BSI
risk was lowest for patients in the High CHG group (Figure 2) and increased with decreasing
CHG usage (p=0.02). High CHG usage was also associated with a lower risk of MBI-LCBI
(p=0.03). Though a similar trend was seen for time to LCBI and CLABSI, these
comparisons were not statistically significant. These results were replicated using BSI
incidence relative to the day of hospitalization (Supplementary Figure S1). Of note, BSIs
were observed prior to transplant in 2 patients in the NO CHG group (Figure 2). Although
the existence of BSIs before Day 0 is unusual, these patients were already neutropenic from
their disease or prior therapy. In order to determine whether the 2016 cohort differed from
the 2017-2018 cohort, we evaluated only patients transplanted after January 2017, after
CHG use was instituted, and observed similar results (Supplementary Figure S2). We also
compared BSI risk among allogeneic and autologous HCT recipients and found that results
were also replicated for allogeneic but not autologous transplantation (Supplementary
Figures S3 and S4). Although, BSI risk did not differ between CHG usage groups for
autologous HCT recipients, the High CHG group had the lowest rate of BSIs with
significance likely limited by sample size.

We used multivariate analyses in order to compare time to BSI for each BSI category,
accounting for the effects of CHG usage, antibiotic prophylaxis regimen (ciprofloxacin vs.
levofloxacin vs. other), and type of transplant (allogeneic vs. autologous) on BSI incidence.
We conducted separate analysis based on both time relative to transplant day and time
relative to hospital day. For all BSI categories, antibiotic prophylaxis was not shown to
significantly affect time to BSI (Table 3 and Supplementary Table S1). Relative to transplant
day, CHG usage significantly affected time to clinically-significant BSI (p=0.023) and MBI-
LCBI (p=0.007) but not for other BSI categories (Table 3). This finding was replicated when
time to infection was based on hospital day (Table S1).

Gram-positive organisms were responsible for the majority of clinically-significant
bloodstream infections in all CHG usage groups (Table 4). Viridans streptococci (9 out of 27
infections, 33.3%) and coagulase-negative staphylococci (8 out of 27 infections, 29.6%)
were the causal organism in the majority of BSIs in the No CHG usage group. Only two
other coagulase-negative staphylococci infections were identified, both for patients in the
Low CHG group (2 out of 7 infections, 28.6%). No viridans streptococci infections were
noted in any patients using CHG.

Chlorhexidine gluconate use is safe and well-tolerated

In order to determine whether CHG was safe and well-tolerated, we first investigated the
incidence of rash for each CHG usage group. No significant difference was found in the
incidence of rashes requiring treatment between CHG usage groups (Table 5). While the
High CHG group had a higher incidence of rash compared to the other groups (56% vs.
32.6-39.4% in the other groups) this was not statistically significant (p=0.20). In all patients,
the most common identifiable cause for rash was noted to be a medication reaction unrelated
to CHG use, and these rashes resolved after withholding the offending drug (Table 6).
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Importantly, the medical team treating the patients did not attribute any rash among the
study patients to CHG usage.

In addition to the incidence of rash, we examined the associations between CHG usage and
other clinical outcomes including VRE colonization, time to stem cell engraftment, febrile
neutropenia, and C. difficile infection (Table 5). Among patients who had negative VRE
rectal swabs on admission, there was a significant trend toward lower incidence of new VRE
colonization with increasing CHG usage (High 13.6%, Medium 3.1%, Low 19.1%, None
25.3%, p=0.02). No significant difference was found between CHG usage groups and
median days to stem cell engraftment, incidence of febrile neutropenia, or C. difficile
infection (Table 5).

Gut microbiota composition was similar between CHG usage groups

Given the association between CHG use and MBI-LCBI infections noted above, we
investigated whether CHG use impacted gut microbial diversity and composition using 205
stool samples from 105 patients who had separately consented to our biorepository (N=37
stool samples in group 1, N=44 in group 2, N=55 in group 3, N=69 in group 4). Shannon
diversity was measured for each sample and compared between CHG usage groups at each
time point (Figure 3) using linear mixed models (Supplementary Tables S2 and S3).
Although the High CHG group demonstrated higher diversity at days 15-30 compared to
group 4 (p=0.032), no consistent differences in gut microbial diversity were observed
between CHG usage groups (Figure 3 and Supplementary Tables S2 and S3).

In order to investigate whether CHG use impacted gut microbiome taxonomic composition,
we performed Bray-Curtis non-metric multidimensional scaling (NMDS), dividing patients
into two groups based on higher (High and Medium CHG) and lower (Low and No CHG)
CHG use (Figure 4). An evaluation of the bacterial family in highest relative abundance
within each sample (Figure 4) demonstrates a tendency for members of the Enterococcaceae
family to dominate gut microbial composition in patients who used CHG less frequently,
with domination defined by abundance relative to other taxa and not by absolute threshold.
This finding is in line with new VRE rectal colonization and VRE bacteremia (Table 4)
occurring more frequently in patients with decreased CHG use as noted above. In contrast,
the Enterobacteriaceae family to which most gram-negative enteric pathogens belong
appears to be rarely dominant relative to other taxa, irrespective of CHG use (Figure 4).

Discussion

In our cohort of adults undergoing HCT, adherence to daily CHG bathing was associated
with significantly lower incidence of clinically-significant bloodstream infection, LCBI,
CLABSI, MBI-LCBI, and new VRE rectal colonization. Additionally, in those who
underwent CHG bathing, there were no reports of rash requiring treatment attributable to
CHG use and no association with C. difficile infection. Significant effects of CHG bathing
were also seen when comparing cumulative incidence function curves examining time to
BSI, specifically for clinically-significant BSI and MBI-LCBI. Multivariate analyses
comparing time to BSI for each BSI category similarly demonstrated a significant effect of
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CHG on clinically-significant BSI and MBI-LCBI. The strongest impact of CHG on BSI
incidence was seen with >75% adherence.

This reduction in bloodstream infection was driven by a decrease in coagulase-negative
staphylococcus (CoNS) BSI and mucosal barrier injury-associated organisms. CHG bathing
has been shown to reduce CoNS skin colonization, and this is thought to drive the decreased
incidence of CoNS bacteremial2.19:30_ Our results demonstrate a reduction in CONS BSI
from 30% of total BSIs in the No CHG usage cohort to 0% in the Medium and High CHG
usage cohorts (Table 4).

We believe the surprising statistically significant reduction in MBI-LCBI observed with
increased CHG use may be due in part to the assumption that MBI-LCBI organisms are
always found in the gut, when in reality they may be originating from the environment and
causing infection through the skin or nares in some hospitalized patients. Our study
highlights the imperfect nature of the MBI classification system, e.g. CHG use could reduce
general environmental exposure to Candlida and other similarly classified organisms found in
both the gut and the environment. In addition, topical CHG may have distant effects on the
oral and gastrointestinal (GI) mucosa through a “gut-skin” axis, mediated by the immune
system. A “gut-skin” axis mediated by immune and neural regulation is known to exist
between the microbial communities of both regions, and disruption of the skin microbiota
can affect local and systemic immune responses31-33. In our study, BSls due to viridans
streptococci, an oral and Gl commensal bacteria, were only observed in patients that did not
receive CHG. Viridans streptococci are known to translocate into the bloodstream in HCT
patients with prior chemotherapy-induced Gl mucosal damage34. The reduction of viridans
streptococci infections and significant reduction of MBI-LCBI observed with CHG usage
might suggest an interaction between the topical application of CHG and the dynamics of
the immune system, GI mucosa, and gut microbiota. One may argue, however, that those
patients who did not receive CHG baths were also those who received ciprofloxacin instead
of levofloxacin in 2016, prior to the change in prophylaxis practices. While levofloxacin
does have more streptococcal coverage than ciprofloxacin, this reduction in viridians
streptococcal infection was observed in patients regardless of antibiotic prophylaxis regimen
(data not shown).

Two published studies have analyzed CHG application in HCT patients. Mendes, et a/.
performed a single-institution pre-post study in Brazil and found a reduction of VRE
colonization and VRE infection after the introduction of CHG bathing without a
corresponding decrease in the rate of all-cause hospital-acquired infection3®. Although the
Mendes, et al. study did not find a reduction in BSI incidence, it spanned a nine-year period
in which treatment algorithms, patient populations, and microorganism patterns might have
changed. Furthermore, they did not account for varying levels of CHG adherence. Similarly,
our study found that increased CHG usage led to a significant reduction in VRE rectal
colonization and a trend towards lower rates of observed VRE BSls (Table 4). We also
observed differences in gut microbial composition between patients based on CHG use, with
more frequent Enterococcaceae dominance found in those patients who used CHG less
often. While CHG use was not associated with consistent changes in gut microbial diversity
or dominance of gram-negative enteric pathogens in this study, it may serve to potentially
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decrease Enterococcaceae and VRE dominance in the gut. This finding will require further
evaluation in larger prospective randomized studies however, given that stools were obtained
from a smaller subset of patients in a retrospective manner.

Climo, et al. also examined CHG use in patients undergoing HCT12. The majority of those
enrolled in the study were from a medical or surgical intensive care unit, however, and no
subset analysis of HCT patients was presented. In both studies investigating CHG use in
HCT recipients, any patient admitted to the HCT unit was enrolled. In contrast, our study
was limited to only those who were admitted for conditioning and transplant, as this was the
time in which patients are most vulnerable to infection. As a result, we have compelling
evidence that patients admitted to the hospital for allogeneic or autologous stem cell
transplantation benefit from daily application of CHG and that CHG use is safe and well-
tolerated. Although we found a decreased incidence of BSI without an increase in rashes or
C. difficile infection, these findings will need to be validated at other centers to confirm
benefit.

Prior studies analyzing CHG compliance in the hospital suggest that the biggest barrier to
daily CHG bathing adherence is a lack of knowledge by patients and providers regarding the
effectiveness of CHG and that education and workflow improvements, such as standardized
bathing procedures, checklists, and electronic medical record documentation increase CHG
compliance36-40. This was observed in our HCT unit (Figure 1), as CHG bathing adherence
increased over time as nurses educated fellow providers and patients about the effectiveness
of CHG by sharing preliminary BSI data from the unit. We believe that similar measures to
increase CHG use will allow other hospitals to effectively adopt CHG as a daily strategy for
decreasing BSI incidence.

Our study is limited by the single center design and use of historical controls. Additionally,
we did not determine whether CHG use increased the incidence of infections from multi-
drug resistant organisms. We benefit, however, in being the first to investigate the impact of
adherence on clinical outcomes, and to include only patients admitted for transplantation.
Future analysis of the skin and gut microbiota during the peri-transplant period will help
determine the effect of CHG on skin microbial composition and the potential interaction
with the gut microbiome. These findings support the incorporation of daily CHG bathing
into the care regimen for hospitalized adults undergoing HCT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. CHG baths are associated with decreased bloodstream infections in HCT
recipients.

. Benefits of CHG baths were most pronounced in patients with more than 75%
usage.

. CHG use was well-tolerated and not associated with an increase in adverse
effects.

. CHG use did not significantly alter gut microbiota diversity.
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Figure 1. Chlorhexidine gluconate bathing adherence over time.
The percentage of patients belonging to each CHG group by quarter is shown here. The first

quarter of each year starts in January. Patients were assigned to a quarter by their date of
admission to the HCT unit. CHG compliance increased starting from the initiation of CHG

bathing in January 2017.
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Figure 2. Cumulative incidence of bloodstream infections based on days relative to transplant.
Cumulative incidence curves are plotted for clinically-significant BSIs (A, Gray’s Test

p=0.02), LCBI (B, Gray’s Test p=0.18), CLABSI (C, Gray’s Test p=0.20), and MBI-LCBI
(D, Gray’s Test p=0.03). Transplant day 0 corresponds to the day of stem cell infusion.
Patients with greater CHG adherence experienced significantly reduced incidence of
clinically significant BSI and MBI-LCBI.
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Figure 3. Shannon diversity of the gut microbiome across chlorhexidine gluconate usage groups
and stool collection time points.

Stool samples were obtained for a subset of patients in the study (n=105 patients, 205
samples) and subjected to 16S rRNA gene sequencing. CHG usage groups are designated by
number (High CHG=1, Medium CHG=2, Low CHG=3, No CHG=4). Group 1 (High CHG)
diversity was higher at days 15-30 compared to Group 4 (p=0.032) although Shannon
diversity was not consistently different between patients based on CHG usage.
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Figure 4. Bray-Curtis non-metric multidimensional scaling comparing community-level

taxonomic composition between patients with higher and lower levels of chlorhexidine gluconate

use.

Bray-Curtis non-metric multidimensional scaling was performed to examine community
level differences in taxonomic composition between patients grouped by CHG usage at the
family level. Dots represent single stool samples and are colored based on the most abundant
microbial family relative to other families. Groups 1 and 2 represent High and Medium CHG

usage groups respectively, groups 3 and 4 refer to Low and No CHG usage groups. In

patients with lower CHG use (groups 3 and 4, right), domination relative to other taxa was
observed more frequently for members of the Enterococcaceae family (in green) compared
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to patients with higher CHG usage (groups 1 and 2, left). In contrast, no differences in the
frequency of Enterobacteriaceae dominance were observed based on CHG usage.
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Demographics and baseline characteristics by chlorhexidine gluconate usage

Page 22

Transplant

High (>75%) Medium (50-75%0) Low (<50%) None (0%) 1
N=25 = N=45 N=89 P-value
Median Age (IQR) 56 (47 - 59) 58 (52 - 63) 58 (48 - 62) 54 (45 - 62) 0.26
Gender, Female 11 (44%) 13 (39.4%) 19 (42.2%) 34 (38.2%) 0.94
Race 0.41
White 17 (68%) 18 (54.5%) 30 (66.7%) 65 (73%)
Black 7 (28%) 13 (39.4%) 12 (26.7%) 23 (25.8%)
Other 1 (4%) 2 (6.1%) 3 (6.7%) 1 (1.1%)
Hispanic 0 (0%) 1 (3%) 2 (4.4%) 1 (1.1%) 0.45
Disease 0.42
Leukemia 6 (24%) 10 (30.3%) 16 (35.6%) 29 (32.6%)
Lymphoma 8 (32%) 17 (51.5%) 16 (35.6%) 43 (48.3%)
MDSZ 7 (28%) 4(12.1%) 8 (17.8%) 12 (13.5%)
Other 4 (16%) 2 (6.1%) 5 (11.1%) 5 (5.6%)
Disease Status 0.79
First Complete Remission 7 (28%) 12 (36.4%) 16 (35.6%) 33(37.1%)
Second or Greater CR3 1 (4%) 5 (15.2%) 5(11.1%) 9 (10.1%)
Partial Remission 5 (20%) 7 (21.2%) 7 (15.6%) 23 (25.8%)
Stable 8 (32%) 6 (18.2%) 11 (24.4%) 13 (14.6%)
Other 4 (16%) 3(9.1%) 6 (13.3%) 11 (12.4%)
(Dlgys)from Diagnosis to Transplant 237 (166 - 835) 288 (170 - 652) 325.5 (152.5 - 1302.5) 252 (170 - 764) 0.20
Days from CR1 to Transplant (IQR) 35 (7 -78) 20 (17 - 23) 23 (17 - 36) 17 (12 - 27)
Transplant Type 0.75
Allogeneic 15 (60%) 18 (54.5%) 30 (66.7%) 55 (61.8%)
Karnofsky Performance Status 0.17
80 or below 13 (52%) 11 (33.3%) 26 (57.8%) 40 (44.9%)
90-100 12 (48%) 22 (66.7%) 19 (42.2%) 49 (55.1%)
ICU Transfer 2 (8%) 3(9.1%) 4 (8.9%) 9 (10.1%) 0.99
Hospitalization Days (IQR) 23 (17-27) 22 (17 - 30) 25(19-31) 25(19-32) 0.54
WEBCs on Admission (10R) 49(33-6.2) 3.8(3.1-5) 42(21-57) 49(3.7-6.7) 0.33
ALC on Admission” (IQR) 2250 (1250 - 2318) | 3246 (3246 - 3246) 1039 (428 - 1634) | 799 (700.5 - 1374) 0.24
Antibiotic Prophylaxis 0.0003
Ciprofloxacin 13 (52%) 20 (60.6%) 32 (71.1%) 68 (76.4%)
Levofloxacin 12 (48%) 10 (30.3%) 9 (20%) 7 (7.9%)
Other® 0 (0%) 3(9.1%) 4 (8.9%) 14 (15.7%)
Any Infection 30 Days Prior to 3 (12%) 1 (3%) 3(6.7%) 8 (9%) 0.59
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JP—vaIues obtained via ANOVA or chi-square test.
ZMDS: Myelodysplastic Syndrome.

SCR: Complete Remission.

4WBC: White blood cell.

5ALC: Absolute lymphocyte count.

60ther: Non-fluoroquinolone antibiotic prophylaxis.
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Table 1b.

Allogeneic-specific baseline characteristics

Page 24

High (>75%) | Medium (50-75%) | Low (<50%) | None (0%) 1
N=15 N=18 N=30 N=55 P-value
Stem Cell Source 0.12
Peripheral Blood 9 (60%) 15 (83.3%) 24 (80%) 36 (65.5%)
Bone Marrow 4 (26.7%) 0 (0%) 5 (16.7%) 7 (12.7%)
Umbilical Cord Blood 2 (13.3%) 3(16.7%) 1(3.3%) 12 (21.8%)
HLA Matching/ Donor Type 0.25
MRD2 5 (33.3%) 6 (33.3%) 16 (53.3%) 14 (25.5%)
MUD3 8 (53.3%) 8 (44.4%) 10 (33.3%) 24 (43.6%)
MMRD4 0 (0%) 1(5.6%) 3 (10%) 5(9.1%)
Mismatched UCB5 2 (13.3%) 3(16.7%) 1 (3.3%) 12 (21.8%)
Myeloablative Conditioning 14 (93.3%) 17 (94.4%) 28 (93.3%) 53 (96.4%) 0.92
0, 0, 0, 0,
T-Cell Serotherapy6 3 (20%) 3(16.7%) 15 (50%) 18 (32.7%) 0.07
GVHD7ProphyIaxis 0.72
CNI/MMF‘g 4 (26.7%) 3(16.7%) 2 (6.7%) 12 (21.8%)
CNI /MTXg 10 (66.7%) 14 (77.8%) 23 (76.7%) 36 (65.5%)
PTCyw 1(6.7%) 1(5.6%) 3 (10%) 5(9.1%)
Other 0 (0%) 0 (0%) 2 (6.7%) 2 (3.6%)

'ZP—vaIues obtained via chi-square test.

ZMUD: Matched Unrelated Donor.

3MRD: Matched Related Donor.

4MMRD: Mismatched Related Donor.

5UCB: Umbilical Cord Blood.

6T—Cel| Serotherapy: Alemtuzumab or Anti-Thymocyte Globulin.
7GVHD: Graft-Versus-Host Disease.

3CNI/MMF: Calcineurin Inhibitor/ Mycophenolate mofetil.
gCNI/MTX: Calcineurin Inhibitor/ Methotrexate.

wPTCy: Post-transplant Cyclophosphamide.
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Table 2.

Incidence of hospital-acquired bloodstream infections by chlorhexidine gluconate usage

High (>75%) | Medium (50-75%) | Low (<50%) | None (0%) 1
N=25 = N=45 N=89 P-value

- A 2

Clinically-Significant BSI
No. of Infections (%) 2 (8%) 5 (15.2%) 7 (15.6%) 27 (30.3%) 0.003
Incidence Rate (n0./1000 patient-days) 3.58 6.44 6.67 12.70

LCBI3
No. of Infections (%) 1 (4%) 5 (15.2%) 6 (13.3%) 20 (22.5%) 0.03
Incidence Rate (n0./1000 patient-days) 1.79 6.44 5.72 9.28

cLassi?
No. of Infections (%) 1 (4%) 5 (15.2%) 6 (13.3%) 19 (21.3%) 0.040
Incidence Rate (n0./1000 patient-days) 1.79 6.44 5.72 9.30

MBI—LCBI5
No. of Infections (%) 0 (0%) 1 (3%) 4 (8.9%) 16 (18%) 0.002
Incidence Rate (n0./1000 patient-days) 0.00 1.29 3.81 7.81

1 . . . .
P-values obtained via the Cochran-Armitage linear trend test.

ZCIinicaIIy-Significant BSI: clinically-significant bloodstream infection.

3LCBI: laboratory-confirmed bloodstream infection.

4 . . . .
CLABSI: central line-associated bloodstream infection.

5

MBI-LCBI: mucosal barrier injury laboratory-confirmed bloodstream infection.
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Table 3.

Multivariate analysis of time to bloodstream infection via a transplant day-based model

Variable by Category of BSI p-valuel
Clinically-Significant BSI
CHG 0.023
Donor Typez 0.014
Antibiotic Prophylaxi53 0.062
LCBI
CHG 0.101
Donor Typez 0.044
Antibiotic Prophylaxi53 0.109
CLABSI
CHG 0.131
Donor Typez 0.058
Antibiotic Prophylaxi53 0.096
MBI-LCBI
CHG 0.007
DonorTypeZ 0.011
Antibiotic Prophylaxis3 0.059

P-values obtained via multivariate analysis using the Fine-Grey sub-distributional hazard regression model analyzing time to infection from
transplant day —13. Discharge, transfer, and death are considered competing risks, and CHG is treated as a continuous variable.

2 .
Donor Type: Allogeneic vs. Autologous Transplant.

3Antibi0tic Prophylaxis Regimen: Ciprofloxacin vs. Levofloxacin vs. Other.
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Table 4.

Pathogens found in clinically-significant bloodstream infections

High (>75%) | Medium (50-75%) | Low (<50%) | None (0%6)
N=25 = N=45 N=89

Total # BSI 2 5 7 27
Methicillin-Sensitive Staphylococcus aureus 1 1 1
Methicillin-Resistant Staphylococcus aureus 2

Coagulase-negative Staphylococci 2 8
Viridans Streptococci 9
Vancomycin-Resistant Enterococcus 2 3
Escherichia 1 1 1
Enterobacter 2
Candida 2
Polymicrobial 1 1 1

Other 1 1
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Table 5.

Additional clinical outcomes by chlorhexidine gluconate usage

High (>75%) | Medium (50-75%) | Low (<50%) | None (0%0) 1
N=25 = N=45 N=89 P-value
Median Days to Engraftment (IQR) | 14.5 (12 - 19) 13 (12 - 16) 14 (12 - 18) 13 (12-19) 0.21
Febrile Neutropenia, no. (%) 16 (64%) 26 (78.8%) 31(68.9%) | 64 (71.9%) 0.64
C. difficile Infection, no. (%) 3 (12%) 3(9.1%) 6 (13.3%) 7 (7.9%) 0.42
Rash Requiring Treatment, no. (%) 14 (56%) 13 (39.4%) 16 (35.6%) 29 (32.6%) 0.20

P-values obtained via the ordinal t-test for continuous variables or the Cochran-Armitage linear trend test for categorical variables.
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Table 6.

Causes of rash in patients receiving chlorhexidine gluconate

High (>75%) Medium (50-75%) Low (<50%)
N=25 N=33 N=45

Total No. Rash 14 (56%) 13 (39.4%) 16 (35.6%0)
Medication-Related 4 3 2
Engraftment Syndrome 1 3 1
Folliculitis 2 2 3
Dermatitis 0 1 1
GVHD! 0 1 1
Infection 0 1 1
Other 4 0 0
Unexplained 3 2 7

GVHD: Graft-versus-Host Disease
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