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Abstract

Chlorhexidine gluconate (CHG) is an antiseptic that is widely used in healthcare due to its
excellent safety profile and wide spectrum of activity. Daily bathing with CHG has proven to be
effective in the prevention of healthcare-associated infections and multidrug-resistant pathogen
decolonization. Despite the proven benefits of CHG use, there remain concerns and unanswered
questions about the potential for unintended microbial consequences of routine CHG bathing. This
review aims to explore some of these questions.
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Healthcare-associated infections (HAIS) due to multidrug-resistant organisms (MDROSs) are
associated with high attributable mortality, increased length of stay, and excess healthcare
cost [1, 2]. Colonization with MDROs likely precedes clinical infection [3]. Clinical
evidence has demonstrated the effectiveness of chlorhexidine gluconate (CHG) bathing for
reduction in a patient’s MDRO bioburden and reduction of HAIs [4-11].
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Chlorhexidine gluconate is a cationic biguanide that binds to negatively charged microbial
cell membranes, thereby disrupting their function, leading to potential collapse and
intracellular leakage [12]. It has been used widely in healthcare since its introduction

in the 1950s. This is largely due to its excellent safety profile with only rare cases of
hypersensitivity and anaphylaxis reported [13] and wide spectrum of activity, which includes
gram-positive and gram-negative bacteria and fungi. Notably, it lacks activity against
mycobacteria and bacterial spores [9, 14].

Chlorhexidine gluconate is used in a variety of applications for HAI prevention. These
include routine handwashing, preprocedure skin preparation, indwelling catheter exit-site
care, oral care for prevention of ventilator-associated pneumonia, and whole-body bathing
[10]. A common CHG bathing regimen is to cleanse patients’ skin daily with a liquid or
foam CHG preparation, which can be rinsed off or not, or with no-rinse CHG-impregnated
washcloths. Chlorhexidine gluconate binds to the stratum corneum of the skin, providing an
antimicrobial coating that is replenished with each bath [15]. Due to the above-mentioned
evidence of CHG’s effectiveness in HAI reduction, routine CHG bathing has been
recommended increasingly by professional societies [16]. A 2014 survey of over 4000
National Healthcare Safety Network participating centers found that CHG bathing was used
routinely for MDRO control in approximately 49% of long-term care facilities and 63% of
acute-care facilities [17].

As with many of our tools in the anti-infective armamentarium, widespread use may result
in unintended consequences (Figure 1). The possibility of emergence of resistance to CHG
is of particular concern. Assessment of phenotypic resistance to CHG has remained a
challenge for a number of reasons. There is a lack of consensus regarding susceptibility
definitions, with a variety of testing methods applied in the literature in attempt to

explore this (ie, broth microdilution, agar dilution, time-kill, hard surface carrier tests)

[18]. Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations
(MBCs) have been the most frequently applied in this endeavor. However, MIC/MBC
methods were developed to predict clinical response to systemically administrated
antibiotics, and no standardized definitions of which MIC/MBC breakpoints represent
phenotypic resistance to CHG exist. Moreover, antiseptics such as CHG are applied
topically; thus, it is unclear whether there is clinical relevance to the detection of increased
MICs/MBCs. Studies including more informative microbial comparative definitions that are
generally accepted forms of antiseptic efficacy (eg, exposure-log reduction measures) are
noticeably lacking [19, 20]. Despite the limitations of MIC/MBC methods for assessment
of CHG resistance, many investigators have applied these methods. But in doing so

they have used different quality-control organisms and different conditions for the same
methods. Even when the same species of organisms are tested, MICs and MBCs have varied
significantly and cannot be confidently assessed interchangeably across studies [21]. Given
these uncertainties in testing and the uncertain clinical significance of MIC/MBC levels, we
will avoid the use of the term “resistance* when referring to phenotype. Rather, we will
simply state the presence of increased MICs or MBCs when relevant.

Given the above challenges, many have attempted to characterize genotypic markers
associated with increased CHG MICs as a surrogate for phenotype. Despite progress in the
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field of genomic characterization of resistance mechanisms and correlation with phenotypes
[22], this has remained challenging for CHG. Among staphylococci, gacA/B are the genes
most commonly associated with CHG MIC/MBC increases [23]. However, the presence

of these genes does not uniformly correlate with increased MICs or MBCs [24-30]. This
phenotype/genotype inconsistency may be due in part to the ability of the efflux pump
encoded by gacA, but not that encoded by gacB, to utilize CHG as a substrate and the
inability of polymerase chain reaction (PCR) to differentiate between the 2 due to their
genetic sequence similarity [19, 31]. Other genes that have been less clearly associated

with elevated CHG MICs/MBCs include smrgenes [18] and norA/B genes, which also
encode for efflux pumps [30]. However, these associations are weaker than those shown
with gacA/B [32]. Among gram-negative bacteria, genes such as cepA, gacAE, and gacE
that encode for efflux pumps have been associated with an increase in CHG MICs [33].
However, as the majority of studies exploring genes associated with reduced susceptibility to
CHG were performed in Staphylococcus aureus, in the remainder of the review we will refer
to genotypic resistance as the presence of gacA/B unless otherwise stated.

DOES ROUTINE CHLORHEXIDINE GLUCONATE USE LEAD TO
AN INCREASE IN MINIMUM INHIBITORY CONCENTRATIONS OR
CHLORHEXIDINE GLUCONATE ANTISEPTIC-RESISTANCE GENES?

Despite increasing CHG use, methicillin-resistant S. aureus (MRSA) isolates with increased
MICs and/or gacA/B genes have seldom been reported (<1%) from settings in the

United States, where CHG decolonization strategies have been implemented [34-36].
Comparatively, global prevalence of the gacA/B genes in S. aureus isolates has ranged

from 10% to 80% in countries where CHG use—but not necessarily routine CHG bathing
—is standard practice [32, 37-41]. This wide range may stem from baseline difference in
MDROs and differences in study methodology, including study periods.

Whether reduced susceptibility to CHG or the increased prevalence of antiseptic efflux
genes is truly driven by routine use of CHG is yet to be ascertained. Secondary analyses

of clinical trials assessing the efficacy of CHG for HAI reduction or MDRO decolonization
have explored this. In the majority of these, examination of isolates has not demonstrated
significant change in CHG MICs [4, 7, 11, 29] and/or gacA/B gene prevalence [24, 29, 35]
during or after periods of CHG decolonization implementation [4, 11, 29, 35] and/or when
compared with non-CHG control arms [7, 24, 29, 35, 42, 43]. This is exemplified by the
analysis of 3173 isolates across 16 states from the REDUCE-MRSA trial [29]. Of the 3173
isolates, only 2 had elevated CHG MICs, and 5 out of 814 isolates were found to carry
gacA/B, of which only one was identified in the CHG decolonization arm [29].

The abovementioned studies tend to be either multicenter or multiunit cluster-randomized

or crossover studies with a large number of participants in study arms. While results point
towards little or no significant reduction in susceptibility or increase in gacA/B genes among
trial isolates, some limitations must be acknowledged. In some studies, the timing of isolate
collection may have been at the time of patient enroliment and thus these patients would
have had little exposure to CHG interventions. Furthermore, the periods of use and/or
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observation might have been too brief to capture the emergence of reduced susceptibility to
CHG or increase in gacA/B genes.

Observational studies have been conducted to examine CHG susceptibility and/or prevalence
of gacA/B or other efflux pump genes among S. aureus isolates after implementation of
routine CHG bathing or during time periods with ongoing CHG bathing. In these studies,
the time frames in which the authors examined for changes are variable (some going as

far back as the 1920s [30]), as are results. Some did not find any change in CHG MICs

after routine implementation of CHG [44], or identified nonlinear changes in gacA/B genes
over time, despite increasing expansion of CHG bathing [45, 46]. Others found increases

in MICs/MBCs and/or gacA/B gene presence over time or when comparing pre- and post—
CHG era isolates [27, 28, 30, 47]. Zhang et al. [48] found a higher prevalence of gacA/B
among isolates from healthcare workers versus non-healthcare workers (CHG-unexposed
control group), despite similar rates of Staphylococcus spp. carriage. However, changes in
MICs/MBCs did not consistently correlate with changes in gacA/B presence in some of the
aforementioned studies [27, 28, 30, 45]. While MICs/MBCs are imperfect measures of CHG
susceptibility profiling, the above results call into question the significance of the increasing
rates of gacA/B demonstrated.

Among observational studies examining nonstaphylococcal bacteria, reports of CHG

MIC increases among organisms causing intravenous catheter—associated bloodstream
infections (mostly vancomycin-resistant Enterococcus [VRE]) [49] or antibiotic-resistant
Acinetobacter baumannii have been reported with implementation of CHG decolonization
protocols [50]. However, the above were single-center studies and included a limited number
of isolates.

While observational data are inconclusive, in vitro experiments exposing bacteria to
subinhibitory concentrations of CHG, hypothesized to simulate residual concentration on
skin after use, have been found to induce increased CHG MICs. This has been demonstrated
among MRSA [37], VRE [51], A. baumannii [52], Pseudomonas spp. [53, 54], and
Kilebsiella pneumoniae [55, 56]. Furthermore, exposure to subinhibitory concentrations of
CHG has been found to induce gacA expression [23].

Despite this evidence, one must keep in mind that CHG is a topical antiseptic agent,

applied directly to the skin, therefore achieving local skin concentrations that are magnitudes
higher than MICs reported (0.25-16 pg/mL vs 10 000-40 000 pug/mL). Hence, the

clinical significance of slightly raised MICs is unclear, especially when compared with

the concentration that is achievable on the skin [57, 58]. Even among multidrug-resistant
gram-negative bacteria that have significantly higher MICs than gram-positive organisms
[21], a CHG skin concentration of 128 ug/mL has been reported to confer a protection
against skin colonization [8].

Notably, achievable skin concentration may vary based on CHG-containing products used,
application techniques, and body site [57-60]. Lower skin CHG concentrations have been
found with use of 4% CHG soap versus 2% CHG-impregnated polyester clothes [57,

60] and among patients when rinsing with water after CHG solution bath (4% CHG in
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warm water) versus without rinsing and preimpregnated CHG cloths [59]. Similarly, lower
concentrations of CHG and higher microbial colony counts were detected in the neck region
compared with other sites [58]. Finally, using a colorimetric assay to determine the CHG
skin concentration, investigators found suboptimal concentrations, which improved with
healthcare staff feedback and re-education [15]. Another group of investigators found a low
MDRO bioburden on skin irrespective of CHG skin concentration [61].

Evidence of isolates with CHG gacA/B genes being clonal as a result of CHG pressure is
limited [62, 63]. A variety of studies from different settings and a plethora of countries show
isolates with gacA/B genes to be of different lineages and of diverse sequence type [25, 27,
28, 32, 35, 37, 45, 46]. The majority of the studies used older typing methods and hence
further genomic studies are needed for confirmation and further resolution [30].

DOES CHLORHEXIDINE GLUCONATE USE LEAD TO ANTIBIOTIC CROSS-
RESISTANCE?

This question is of paramount clinical significance. If decreased CHG susceptibility is
associated with increased antibiotic resistance, then could CHG decolonization strategies
be leading to selection of or increasing rates of healthcare-associated MDROs? This is
especially a concern in situations where suboptimal bathing methods lead to lower than
desired skin concentrations.

It is hypothesized that antibiotic cross-resistance may occur in the presence of gacA/B genes
either by the presence of co-resistance (acquisition of gacA/B plasmids carrying multiple
antimicrobial resistance (AMR) genes [64]) or cross-resistance mechanisms (multi-substrate
efflux pumps [65] or adaptions in membrane permeability) or co-selection of MDROs.

The correlation between CHG MICs and antibiotic resistance has been demonstrated in a
variety of both gram-positive and gram-negative bacteria [21]. Among the gram-negative
bacteria, the strongest correlation was seen with carbapenems and fluoroquinolones [21,
66]. Among gram-positive bacteria, this correlation was variable among the antibiotics
tested [21]. However, higher CHG MBCs have been demonstrated in MRSA versus
methicillin-susceptible S. aureus[23]. In a crossover trial evaluating the effect of

CHG handwashing on AMR patterns of nurses’ hand flora, there was a significant
increase in Staphylococcus epidermidis isolates resistant to oxacillin and gentamicin and
Staphylococcus warneriisolates resistant to rifampin [67]. However, no accompanying
analysis of CHG susceptibility or gacA/B gene presence was performed [67].

The correlation between gacA/B presence and antibiotic resistance has also been explored.
Studies comparing isolates with and without gacA/B have found higher rates of antibiotic
resistance in the presence of gacA/B[25, 45, 48, 62]—in particular, fluoroquinolone
resistance [24, 47, 48]. However, these findings have not been universally reproduced [35]
and assessment of other resistance determinants such as norA has not been accounted for
[24].
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Examination of in vitro subinhibitory exposure of CHG and the emergence of cross-
resistance between CHG and antibiotics has similarly been explored [37]. Upregulation of
liaX'YZand van operon genes was seen among VRE isolates with CHG exposure leading
to daptomycin nonsusceptibility [51]. Similar exposures in Pseudomonas stutzeriled to
variable increases in resistance to polymyxin B, gentamicin, nalidixic acid, erythromycin,
and ampicillin [53]. Among K. pneumoniae, conflicting results of upregulation of efflux
pumps (cepA, acrA, and kdeA) with exposure to CHG have been reported [33, 56].
However, cross-resistance to colistin with CHG exposure has been demonstrated [68].
Whole-genome sequencing of these strains revealed upregulation of pmrD and pmrK; which
was hypothesized to be secondary to mutations in the regulator gene p/0PQ [68]. Similar
findings were observed on analysis of K. pneumoniae carbapenemase (KPC)-producing K.
pneumoniae outbreak isolates that occurred in the setting of routine CHG bathing [69].

While these findings are not conclusive, they are suggestive of a link between genetic
correlates of reduced CHG susceptibility genes and antibiotic resistance. However, the
question of causation versus correlation is unanswered and requires further study. This
unanswered question should not shift the focus from ongoing stewardship interventions that
have tried and true impact on antibiotic-resistance rates.

DO INCREASED CHLORHEXIDINE GLUCONATE MINIMUM INHIBITORY
CONCENTRATIONS LEAD TO DECOLONIZATION FAILURE OR ADVERSE
CLINICAL OUTCOMES?

Reports of decolonization failure in the setting of increased reduced CHG susceptibility or
gacA/B genes are limited. Only a few cases exist in the literature despite widespread CHG
use in healthcare for over 50 years [38, 70, 71].

Investigators in Switzerland found gacA/B gene presence was significantly higher among
patients who failed decolonization for MRSA (5 days of nasal mupirocin and 7 days of

CHG bathing). On multivariable analysis, decolonization failure was associated with gacA/B
in combination with low-level mupirocin resistance; gacA/B alone was not associated with
decolonization failure [71]. Moreover, low-level mupirocin resistance has been previously
linked to decolonization failure [10]. In a UK intensive care unit (ICU), adoption of a
CHG-based antiseptic protocol (among other sequential interventions) led to continued
transmission of gacA/B-containing isolates (some with increased CHG MBCs), while
transmission of MRSA strains that did not carry gacA/B decreased. The authors deduced
that the use of routine CHG may have led to the selection of this “outbreak” strain. However,
this conclusion is in contrast to other studies in which typing of isolates from settings with
high CHG use found no evidence of clonal selection [25, 27, 28, 32, 35, 37, 45, 46]. In an
outbreak of 6 genetically related KPC-producing K. pneumoniae isolates in an ICU where
patients had been routinely bathed with CHG, some of the isolates were found to have
increased CHG MBCs. However, not all patients involved in the outbreak were washed
regularly with CHG [69]. Moreover, CHG efficacy for decolonization of gram-negative
bacteria remains controversial [8] and multidrug-resistant K. pneumoniae ST258 isolates
may have de novo raised CHG MICs prior to exposure [56], illustrating this sequence

Clin Infect Dis. Author manuscript; available in PMC 2021 September 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Babiker et al.

Page 7

type’s evolution to adapt to the hospital environment [72]. Furthermore, while selection

of resistance may occur occasionally at a patient level, the likelihood of subsequent cross-
transmission (across bacterial genera or patients) is what determines whether such resistance
becomes prevalent and hence problematic [73].

Whether the presence of increased CHG MICs and/or gacA/B gene presence affects
treatment outcomes is unknown. Data on this topic are limited to 3 studies from the same
pediatric center that is the site of a long-term prospective S. aureus surveillance study. These
studies comparing clinical characteristics and outcomes among patients infected with gacA/
B-containing MRSA isolates compared with gacA/B-negative isolates have demonstrated
increased central-line use and bacteremia in the gacA/B group. This is likely reflective of the
use of CHG in central-line care. There was no difference in mortality between groups [45,
47, 74]. In a careful case study, Johnson et al. [70] reported on a recurrent MRSA infection
in a soldier participating in a prospective cluster-randomized trial aimed at preventing skin
and soft tissue infections (SSTIs). Despite the patient receiving weekly CHG bathing he
developed a second MRSA skin and soft tissue infection. The patient’s first clinical isolate
was gacA/B negative. The second clinical isolate was positive for gacA, which was carried
on a large uncharacterized plasmid, and had a slight increase in CHG MIC (0.3-0.8 pg/mL)
as well as fluoroquinolone resistance. While the authors concluded that selection of this
second strain was secondary to CHG use, whole-genome sequencing revealed more than

140 single-nucleotide polymorphisms difference between the 2 isolates, suggesting that the 2
isolates were genetically distinct [70]. No information on underlying risk factors leading to
reacquisition of MRSA was provided in the report.

DOES CHLORHEXIDINE GLUCONATE RESULT IN ALTERATION OF THE
HEALTH-ASSOCIATED SKIN MICROBIOME?

Frequent washing/bathing with soap or antiseptic products can lead to skin drying and
irritation and to subsequent microbial community shifts [75, 76]. This skin damage is
mediated through denaturation of stratum corneum proteins, changes in intercellular lipids
(either depletion or reorganization of lipid moieties), decreased corneocyte cohesion, and
decreased stratum corneum water-binding capacity [76, 77]. In a crossover design study
that compared daily bathing of ICU patients with soap and water versus 2% no-rinse
CHG-impregnated cloths, more patients had deterioration in skin condition during the soap
and water period than during the CHG period [11]. With daily CHG bathing, patients’ skin
microbial richness and diversity have been found to decrease sequentially with repeated
application of CHG [78]. Hospitalized patients bathed with CHG were found to have
decreased richness and diversity when compared with controls and/or compared with pre-
CHG bathing sampling [78, 79]. Another study suggested that this effect might be limited
and that changes in relative abundance are site specific and hence likely dependent on
CHG concentration [80]. These studies have been mostly conducted among hospitalized
patients, who are likely to have aberrant skin microbiome compared with healthy community
patients [79, 80]. In contrast, among community-dwelling patients, richness and diversity
did not change significantly with repeated application of CHG [78]. The above studies
were limited in sample size and design, and more research and monitoring are required

Clin Infect Dis. Author manuscript; available in PMC 2021 September 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Babiker et al.

Page 8

to investigate the potential collateral impact to the health-associated microbiota caused by
CHG bathing. However, these may be challenging to conduct. Other investigators have
found that despite the proven antibacterial effects of CHG, bathing was associated with little
change in bacterial community structures. Further investigation demonstrated that CHG may
bind bacterial DNA released from lysed bacteria to the skin. This may render estimates of
shifts in bacterial community by 16S sequencing difficult to evaluate [81].

Due to its wide spectrum of action, it is conceivable that CHG may disrupt the balance of
health-associated microbiota on the skin, an important component of colonization resistance
to MDROs [82]. While culture-based studies have shown an overall reduction in microbial
density [58], metagenomics allows us to examine this with added power, sensitivity, and
resolution.

CHLORHEXIDINE GLUCONATE AND CANDIDA AURIS

Candida auris is a recently emerged nosocomial multidrug-resistant yeast that can cause
invasive infections, colonize human skin for long periods, and persist in the dry, inanimate
hospital environment. The efficacy of CHG in reducing the bioburden of C. aurison
patients’ skin remains to be seen. Chlorhexidine gluconate has activity against planktonic
and sessile C. auris forms [83]. However, CHG activity seems to be significantly lower than
that seen with C. albicans and the effect is dependent on concentration of CHG [84]. Also,
CHG MICs are higher among C. auristhan most Candida species [85].

Some have reported ongoing outbreaks despite the use of CHG for decolonization. In a
neurosciences ICU outbreak linked to reusable equipment, the mean duration of C. auris
colonization was 2—3 months. This was despite all patients in the unit undergoing routine
CHG bathing with 2% CHG washcloths [86]. Likewise, residents of a skilled nursing facility
in Chicago were found to have persistent C. auris colonization over extended time periods
despite routine CHG bathing [87]. And in a reportedly ongoing outbreak of C. auris, patients
underwent twice-daily CHG bathing and use of central-line CHG-impregnated protective
disks, which did not abate the outbreak [88]. Re-colonization from the environment or

other colonized patients has been postulated to explain these findings versus persistent skin
colonization [89].

CONCLUSIONS

The preponderance of evidence suggests that the likelihood of clinically relevant reductions
in bacterial susceptibility to CHG resulting from topical applications of CHG is very low,
and hence should not be a barrier to its use on patients where evidence of effectiveness

of CHG in preventing HAIs is great. This review highlighted gaps in knowledge about

the consequences of routine CHG bathing that require continued investigation. Critically, a
consensus on testing methodology and/or determination of clinically relevant measurement
of CHG effect is needed, after which periodic phenotypic surveillance among different
taxa can be performed; genome-wide association studies may be useful to identify genomic
correlates of reduced susceptibility to CHG or to antibiotics. Although investigators should
continue to monitor and explore the possible unintended clinical consequences, this should
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not impede the implementation of CHG bathing in settings where it has been demonstrated
to confer benefit.
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Figure 1.
Potential unintended consequences of routine CHG bathing. Despite the proven benefits

of CHG use, there remains concerns and unanswered questions on the potential for
unintended microbial consequences of routine CHG bathing. These include 1) increase in
MIC and/or AMR genes 2) emergence of antibiotic cross-resistance 3) decolonization failure
4) alteration of skin microbiome. To date there is minimal evidence for any of these adverse
events. Figure created with Biorender.com. Abbreviations: CHG, chlorhexidine gluconate,
MRSA, methicillin-resistant, Staphylococcus aureus.

Clin Infect Dis. Author manuscript; available in PMC 2021 September 10.


https://Biorender.com

	Abstract
	DOES ROUTINE CHLORHEXIDINE GLUCONATE USE LEAD TO AN INCREASE IN MINIMUM INHIBITORY CONCENTRATIONS OR CHLORHEXIDINE GLUCONATE ANTISEPTIC–RESISTANCE GENES?
	DOES CHLORHEXIDINE GLUCONATE USE LEAD TO ANTIBIOTIC CROSS-RESISTANCE?
	DO INCREASED CHLORHEXIDINE GLUCONATE MINIMUM INHIBITORY CONCENTRATIONS LEAD TO DECOLONIZATION FAILURE OR ADVERSE CLINICAL OUTCOMES?
	DOES CHLORHEXIDINE GLUCONATE RESULT IN ALTERATION OF THE HEALTH-ASSOCIATED SKIN MICROBIOME?
	CHLORHEXIDINE GLUCONATE AND CANDIDA AURIS
	CONCLUSIONS
	References
	Figure 1.

