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Abstract

Patients in intensive care units (ICUs) are at high risk for healthcare-acquired infections (HAI) due to
the high prevalence of invasive procedures and devices, induced immunosuppression, comorbidity,
frailty and increased age. Over the past decade we have seen a successful reduction in the incidence
of HAI related to invasive procedures and devices. However, the rate of ICU-acquired infections
remains high. Within this context, the ongoing emergence of new pathogens, further complicates
treatment and threatens patient outcomes. Additionally, the SARS-CoV-2 (COVID-19) pandemic
highlighted the challenge that an emerging pathogen provides in adapting prevention measures
regarding both the risk of exposure to caregivers and the need to maintain quality of care. ICU nurses
hold a special place in the prevention and management of HAI as they are involved in basic hygienic
care, steering and implementing quality improvement initiatives, correct microbiological sampling,
and aspects antibiotic stewardship. The emergence of more sensitive microbiological techniques and
our increased knowledge about interactions between critically ill patients and their microbiota are
leading us to rethink how we define HAls and best strategies to diagnose, treat and prevent these
infections in the ICU. This multidisciplinary expert review, focused on the ICU setting, will summarise
the recent epidemiology of ICU-HAI, discuss the place of modern microbiological techniques in their
diagnosis, review operational and epidemiological definitions and redefine the place of several
controversial preventive measures including antimicrobial-impregnated medical devices and
chlorhexidine-impregnated washcloths and catheter dressings and chlorhexidine-based
mouthwashes. Finally, general guidance is suggested that may reduce HAI incidence and especially

outbreaks in ICUs.

Implications for clinical practice

- Despite efforts in prevention, hospital-acquired infection remains an important
source of morbidity and possibly mortality.

- COVID-19 may facilitate secondary infections such as bloodstream infection and
pneumonia assumingly because of higher disease severity and excessive workload

- The proportion of preventable hospital-acquired infection depends on patient
population, adherence to prevention precautions and type of infection, for example,
catheter-related bloodstream infection appears highly avoidable when evidence-
based prevention measures are utilised.

- Chlorhexidine-impregnated washcloths reduce the risk of Gram-positive bacteremia
but their use comes with a warning of increasing resistance against this antiseptic
agent, especially by Gram-negative bacteria. Their use should therefore be reserved
for outbreaks.



- The use of chlorhexidine oral care should be limited to patient groups with an
evidence-based indication given its possible relationship with mortality.



Introduction

Healthcare—associated infections (HAIs) are a major public health burden (WHO 2012). HAIs are
associated with more than 140,000 deaths worldwide each year (WHO 2011). Prevalence surveys in
the United States (US) suggest that 30% of HAIs occur in intensive care units (ICUs) (Magill et al.
2014; CDC 2016). Moreover, HAIs prolong ICU and hospital stays, increase antibiotic consumption
and inflate the costs of care. The occurrence of HAls result from a complex interplay of pathogen
factors (virulence, antibiotic resistance), host factors (comorbidity, acute illness), treatment factors
(invasive devices, antibiotic selection pressure), healthcare processes (staffing, prevention
measures), and even climatological conditions (Myny et al. 2005; Depuydt et al. 2006a; 2006b;
Guzman-Herrador et al. 2016; Blot et al. 2021). Although most pathogens involved are of
endogenous origin, microorganisms can also be acquired from human or environmental sources
during the course of care (Siegel et al. 2007).

ICU nurses have a central role in the prevention and management of HAI as they are involved in basic
hygienic care, clinical observation and monitoring of infection-sensitive body sites (e.g. catheter
insertion sites or surgical wounds) as well as monitoring systemic signs of infection, steering and
implementing quality improvement initiatives, correct microbiological sampling, and aspects of
antibiotic stewardship. Ongoing efforts to prevent infections have led to a significant decrease in
device-associated HAls. However, the burden of HAls is expected to increase in the coming years, as
a result of intensification of care, ageing population, the growing prevalence of severe underlying
diseases in ICU patients and the ongoing spread of multidrug resistant organisms (MDRO) in the
hospital and the community (Dimopoulos et al. 2013; Blot et al. 2019a). In the meantime, the
workforce is impacted by continuous shortage of highly skilled nurses (Anders 2021). In this review, a

panel of experts discusses the recent data on HAl in ICUs.

Changing epidemiology of ICU-acquired infections

Insights in epidemiology and infection dynamics are essential to identify promptly high-risk patients
or potentially threatening situations. Because of the individual and collective consequences of
infection and resistance, a high level of vigilance and compliance with preventive measures is
required by the whole team. However, compared with other ICU clinicians, nurses have the highest
exposure in terms of direct patient contact and are well-placed to ensure precautions are effectively
practiced.

HAI prevalence varies among hospitals and countries (Figure 1). Variations might be related to
patient characteristics, epidemiological features and organizational factors (Rodriguez-Acelas et al.
2017). Patient-level factors include age, comorbidity (especially immunosuppression), illness severity,

duration of hospitalization and exposure to invasive devices and procedures. Beside host factors,
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organizational factors such as heavy workload and work environment are associated with a higher
risk of acquisition of HAl and MDRO (Penoyer 2010; Kelly et al. 2013; Lee et al. 2018; Jansson et al.
2019). Quality of care, by adherence to a care bundle (Rello et al. 2013) and improving environmental
cleaning appear to reduce both the risk of HAl and the risk of MDRO acquisition (Blot 2008; Nseir et
al. 2011).

The most frequent ICU-acquired infections are pneumonia (including ventilator-associated
pneumonia (VAP), surgical site infections (SSl), catheter-related bloodstream infections (CRBSI) and
catheter-associated urinary tract infections (CAUTI) (Vincent et al. 2009; Vogelaers et al. 2010).
Healthcare-acquired pneumonia is the most common and morbid HAI (Walter et al. 2018). In a recent
multicentre international, prospective, observational study in 114 ICUs, the incidence of ventilator-
associated tracheobronchitis and of VAP at baseline were similar (320 [11%; 10.2 of 1000
mechanically ventilated days] and 369 [12%; 8.8 of 1000 mechanically ventilated days], p=0.48)
(Martin-Loeches et al. 2015). Due to the increased use of non-invasive and high-flow ventilation,
recent studies emphasize the importance of non-ventilated hospital-acquired pneumonia (HAP)
found in 4.5/1000 patients-days (Saied et al. 2020).

Healthcare-acquired intra-abdominal infections (postoperative and tertiary peritonitis) account for
up to 65% of all abdominal infections observed in ICU patients (WHO 2012). Intra-abdominal
infections in ICU patients highlight the issue of antibiotic resistance, which appears equally in
community-acquired and in HAI (Blot et al. 2019b; Vogelaers et al. 2021), requiring early source
control and appropriate antimicrobial therapy (Augustin et al. 2010; Blot et al. 2012; De Waele et al.
2014; Blot et al. 2019b). Contrary to HAI global incidence, CRBSI decreased in several countries over
the last decade. Several authors report rates of 1.0/1000 catheter-days or less due to optimized
processes of nursing care and technical innovation (Timsit et al. 2018; Eggimann et al. 2019).
ICU-acquired HAI rates tend to be higher and MDRO more prevalent in low- and middle-income
countries compared to high-income countries (Figure 2), particularly for Gram-negative pathogens
(Sakr et al. 2018; WHO 2011). Currently, carbapenemase-producing Klebsiella pneumoniae (KPCs) are
endemic in Israel, Greece, Italy, Poland, China, Brazil, Argentina and Colombia, and are found in
almost all European countries (Albiger et al. 2015). Similarly, Candida auris is now prevalent in India
and the Middle East and multiple outbreaks have been reported in the US, Europe, Asia and
elsewhere (Satoh et al. 2009; Jeffery-Smith et al. 2018). Infections with MDRO may increase mortality
and length of stay, perhaps because of delays in starting appropriate antibiotics, but this is
controversial (Tabah et al. 2012; Stewardson et al. 2016).

MDRO and Candida isolates are not the only pathogens acquired in ICU. Recent improvements in
detection methods, helped diagnose acquired respiratory viruses in HAP. In a recent study, influenza

(27%) and rhinovirus (27%) were the two most common respiratory viruses isolated from HAP in ICU
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(Loubet et al. 2017). ICUs are a potential high-risk areas for the transmission of such respiratory
viruses (Grund et al. 2010). Finally, due to the presence of multiple risk factors, patients in ICUs are at
higher risk for Clostridium difficile infections with a prevalence of 2% and 11% among diarrheic ICU

patients (Karanika et al. 2016).

Impact of ICU-acquired infections on long-term outcomes

Alterations in innate and adaptive immunity following HAIls persist for a sustained period after clinical
recovery. Such alterations correlate with long-term mortality (Delano and Ward 2016). Patients who
recover from in-hospital sepsis have an increased risk of death for up to two years (Winters et al.
2010).

In a Taiwanese cohort of 3,070 patients with healthcare-acquired Staphylococcus aureus infections,
infection was associated with a 20% increase in one-year mortality (Su et al. 2013). Infection was also
associated with a 2.6% excess risk in dialysis dependence and a 7.3% excess risk of ventilator
dependence at 1 year. These crude proportions are very similar to those observed in a cohort study
from Europe (Stewardson et al. 2016). In 17,536 elderly patients admitted to an ICU, the long-term
impact of central line-associated bloodstream infection (CLABSI) and of VAP were similar to that of
sepsis and pneumonia (Dick et al. 2012). Hospital-acquired sepsis and pneumonia were associated
with an increased one-year risk of death. Pneumonia was also associated with increased healthcare
visits, long-term care admissions, and mortality at five years. Neurology ICU patients are another
group at particularly high risk of health-acquired infections. In a large prospective cohort of ICU
patients with spinal cord injury, the incidence of health-acquired pneumonia/wound infections was
47%, associated with a lower gain in functional motor autonomy at five years and an increased
mortality at 10 years (Kopp et al. 2017). Similarly, post-stroke pneumonia was associated with a 50%

increase in the one-year risk for death among ICU survivors (de Montmollin et al. 2019).

Immunosuppression and ICU-acquired infections

Immunosuppression related to the hospitalization in ICU. Critical illness-related immunosuppression
is common in ICU patients suffering from any acute diseases (Deknuydt et al. 2013; Roquilly et al.
2017). ICU patients have functional alterations of myeloid cells (dendritic cells, monocytes and
macrophages), innate-like lymphocytes (natural killer, natural killer T cells) and of conventional
lymphocytes (T and B cells) (Hotchkiss et al. 2013b). ICU patients with community-acquired
pneumonia or HAP have distinct transcriptional and plasma protein responses (van Vught et al. 2016)
consistent with functional alterations of their immune systems. Additionally, critical illness disrupts
the normal balance between the body’s immunogenic and tolerogenic responses. For example, the

lungs are naturally tolerant of foreign material in order to minimize acute inflammation in response
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to inhaled particles (Roquilly et al. 2019) but this natural tolerance is exacerbated by the immune
dysfunction in critical illness leaving patients particularly susceptible to pneumonia (Figure 3).

Interestingly, the risk of HAP is directly correlated with the severity of patients’ immune alterations
including: (1) the degree of decreased expression of human leukocyte antigen-DR (HLA-DR) on
circulating monocytes (surrogate marker of a decreased antigenic presentation capacity) (Hotchkiss
et al. 2013a); (2) increased production of immunosuppressive cytokines such as IL-10 (Roquilly et al.

2014) and (3) depletion of the T-lymphocyte repertoire (Venet et al. 2013).

Immunosuppression related to the underlying disease. Oncology and haematology patients often
require ICU admission as a result of infection, treatment toxicity and organ infiltration by underlying
malignancy (Schelenz et al. 2013; Marin et al. 2014; Taplitz et al. 2018). Infectious risk among cancer
patients stems from defects in innate or adaptive immunity, associated either with the malignancy
per se or with cytotoxic effects of treatment (Figure 4)(Talcott et al. 1988). Neutropenia, and
particularly protracted neutropenia (>7 days), is a major risk factor for infection and call for
protective isolation (Freifeld et al. 2011). Other factors may also play an important role (Table
1)(Freifeld et al. 2011; Taplitz et al. 2018). Acute hematological malignancies and myelodysplastic
syndromes have an enhanced infectious risk due to marrow infiltration by malignancy.
Chemotherapy and graft-versus-host disease facilitate opportunistic infection through disruption of
mucosal integrity (Freifeld et al. 2011; Taplitz et al. 2018). Solid tumors are more associated with
local complications, related or not with tumor resection surgery, rather than marrow failure or
cytotoxic effects of the treatment (Table 2) (Talcott et al. 1988; Freifeld et al. 2011; Taplitz et al.
2018). Finally, immunocompromised patients, whatever the cause, require specific measures to

control the risk of HAI (Table 2).

The role of COVID-19 infection in the risk of HAls

COVID-19 has highlighted the challenge of adapting prevention measures to protect caregivers and
patients against exposure while maintaining an optimal quality of care standard (Jansson et al. 2020).
Any healthcare-associated outbreak, whether among clinicians or patients, should prompt for a
route-cause investigation (Mongin et al. 2021; Vuichard-Gysin et al. 2021). Initially, the basis of
prevention lies in the knowledge of the mode of contamination. Certain actions such as aerosol-
generating procedures expose an inherent transmission risk and call for upgraded prevention
measures (Tran et al. 2012; Lormans et al. 2021). Like other respiratory viruses, direct transmission
seems to predominate for SARS-CoV-2, however, surfaces seem to be contaminated in 27 to 45% of

cases with need for specific cleaning (Mendes et al. 2021).



COVID-19 considerably increased the incidence of VAP with a pooled estimated incidence of 45.4%
(95% confidence interval [CI] 37.8-53.2%) (Ippolito et al. 2021). COVID-19 related acute respiratory
distress syndrome (ARDS) is associated with more profound hypoxia than ARDS from other origins
resulting in longer duration of mechanical ventilation and more application of prone positioning,
factors affecting the risk of HAls and CRBSI (Luyt et al. 2020; Razazi et al. 2020; Maes et al. 2021;
Rouzé et al. 2021). COVID-19 amplifies the risk of HAI due to multiple factors: less rigorous use of
standard prevention strategies, disease and therapy-associated immune impairment, prolonged
duration of mechanical ventilation and sedation, more frequent prone ventilation and higher risk for
pulmonary infarction with associated superinfection. ICU overcrowding the use of suboptimal trained
healthcare personnel may have reduced compliance with HAI prevention programs (Reper et al.

2020; Arabi et al. 2021; Reper et al. 2021; Wicky et al. 2021).

Assessing the role of microbiota composition in the risk of HAI

Recent advances in microbiology and metagenomics (i.e., sequencing of all the nucleic acids in a
sample) have led to a better understanding of patients’ microbiota, its changes during an ICU stay,
and how this can affect the probability and nature of ICU-HAIs. Understanding the microbiota of the
skin and oral cavity, especially when it comes to the use of antiseptic agents potentially diminishing
colonization resistance with MDRO, is particularly relevant for nursing practice. Yet, little is known
about the role of commensal skin and oral flora in the dynamics of ICU-HAI.

The gut and lung microbiota have been the most investigated in ICU patients. The gut microbiota
serves as a defense against colonization and persistence of MDRO and helps to prevent infections
(Vollaard and Clasener 1994; Buffie and Pamer 2013; Gosalbes et al. 2016; Caballero et al. 2017; Leo
et al. 2019). The gastrointestinal tract is the primary reservoir for most bacterial pathogens
associated with HAIs (Sommerstein et al. 2019). Rectal colonization with Gram-negative bacteria is an
independent risk factor for both respiratory tract colonization and new Gram-negative infection in
the ICU (Frencken et al. 2018). Indeed, Gram-negative organisms from the gut gain access to the
oropharynx following intubation and rapidly outgrow the commensal members of the oropharynx,
thus increasing risk for VAP (Freedberg et al. 2018; Sommerstein et al. 2019).

Also the lung has a normal microbiota that varies in health and disease. Ventilated patients have less
diversity in lower and upper respiratory tract samples compared to healthy subjects which may

include a risk for pneumonia (Kelly et al. 2016; Langelier et al. 2018; Emonet et al. 2019).

Diagnosis of HAls: evaluating the gap between epidemiological and bedside definitions
The first step in the fight against HAls in the ICU consists of implementing a reliable surveillance

system to track infections and identify the risk factors associated with HAls. Two definitions focused
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on different targets coexist for all HAls, epidemiological definitions for surveillance purposes and
clinical definitions for bedside decision-making. Epidemiological data are devised to inform effective
infection prevention and control programs. They can also be used as stand-alone quality indicators
for benchmarking. Clinical definitions are designed to facilitate rapid and accurate recognition of
HAIs for timely treatment decisions at the bedside. Intelligent information technology may serve as a
meaningful tool to reconcile the expectations and requirements for both definitions and serve the
needs of different users. Such tools could simplify and limit the variability of the surveillance process
and could enhance efficiency in early detection of patients developing HAI. However, viewing the
same entity from different angles may perpetuate the ongoing confusion between surveillance and
clinical diagnosis.

Diagnosis of Ventilator-Associated Lower Respiratory Tract Infections. Ventilator-associated lower
respiratory tract infections comprises VAP and ventilator-associated tracheobronchitis (Timsit et al.
2017). VAP is universally accepted with defined guidelines for diagnosis and treatment as an infection
of the lung parenchyma that occurred at least 48 hours after the onset of mechanical ventilation.
Ventilator-associated tracheobronchitis represents an intermediate process from colonization to
VAP. Current diagnosis of ventilator-associated tracheobronchitis is based on the absence of chest X-
ray infiltrates and the presence of signs consistent with respiratory inflammation along with at least
one microbiologic criterion. Clinical criteria for ventilator-associated lower respiratory tract
infections are subjective (e.g. radiographic infiltrates) and both clinical and microbiological criteria
correlate poorly with histology leading to high rates of over-diagnosis and overtreatment (Tejerina et
al. 2010; Nussenblatt et al. 2014; Kalil et al. 2016).

Diagnosis of catheter-related bloodstream infections (CRBSI). A definitive diagnosis of CRBSI
requires microbiological confirmation that an intravascular catheter is the source of bacteremia and
ruling out alternative foci of infection (Mermel et al. 2009). This definition puts an emphasis on
specificity, but is complicated to use and requires specialized microbiological testing that is not
universally available. At the bedside, a diagnosis of CRBSI is often marred by uncertainty regarding
whether intravascular lines are the source of infection and the required distinction between
contaminating and infecting skin commensals (Tomlinson et al. 2011; Cherifi et al. 2013). Appropriate
observation of the insertion site by the nurse during catheter maintenance is important as >1 local
sign (either redness, non-purulent or discharge) increases the probability of CRBSI in the first
seven days of catheter maintenance (Buetti et al. 2021).

For surveillance purposes, the US Centers for Disease Control and Prevention’s National Healthcare
Safety Network (CDC-NHSN) proposed the simplified concept of CLABSI (CDC 2019). CLABSI diagnosis

is more readily retrieved from patient charts and is amenable to automated querying but leads to

10



overdiagnosis of the true incidence of CRBSI (CDC 2019; Woeltje et al. 2008; Tomlinson et al. 2011;
Dixon-Woods et al. 2012).

Diagnosis of surgical site infections (SSIs). The CDC-NHSN definitions for SSls (superficial incisional,
deep incisional and organ/space) are the most frequently used in published literature (Horan et al.
1992). Direct nursing observation is pivotal. The criteria for SSI are localized swelling or erythema,
purulent discharge from the surgical wound and organisms isolated from a wound. The WHO stated
that there is no single, objective gold standard test for surgical wound infection (Allegranzi et al.
2016). SSI may also indicate ongoing abdominal sepsis following abdominal surgery (Pusajo et al.
1993). Patients with soft-tissue infections (including SSI) in an ICU are at high risk of misdiagnosis and
underdiagnosis, resulting in a doubling of the in-hospital mortality (Abe et al. 2019). There is no
perfect tool for early diagnosis of SSI in ICU patients. There are limited post-operative SSI prevention
measures that pertain to the ICU. Key measures include discontinuation of surgical prophylaxis, daily

wound inspection and appropriate wound care without exogenous contamination.

Differentiating between colonization and infection

The presence of potentially pathogenic and MDRO in microbiological samples, particularly from non-
sterile body sites, is not proof of infection. The interpretation of a microbiological result will rely on
five factors: (1) the clinical context (signs of infection?), (2) the sampling site (sterile site?), (3) the
microbial species (pathogenic or possible contaminant?), (4) the suspected site of infection
(frequently colonized site?), (5) the sensitivity and specificity of microbial cultures considering prior
exposure to antibiotics, specimen source and microbiological technique. Increased microbiological
sampling without a clearly defined clinical indication may lead to antibiotic overuse (Tambyah and
Maki 2000; Nussenblatt et al. 2014). However, when used judiciously with antibiotic restraint, regular
sampling for microbiological surveillance purposes may offer up-to-date and personalized data to
guide empirical antibiotic prescription (Table 3)(Depuydt et al. 2008; Brusselaers et al. 2013; Zahar et
al. 2019).

Evolving role of the microbiological lab in the diagnosis and follow up of HAIs

Bacteriology laboratories are undergoing dramatic changes. Lab automation enables real-time
reading of culture plates: samples set-up in the morning may have viable results by the afternoon
with an antibiogram available the next morning. Another point of evolution is multiplexed,
automated and fast polymerase chain reaction (PCR) assays. These are now available, and referred to
as “syndromic testing” because they target not only bacteria but also viruses, parasites and fungi
relevant to the context (Ramanan et al. 2018). These tests tend to require minimal hands-on-time

and promise fast turn-around times (Figure 5), allowing for the possibility of point-of-care testing or
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syndromic testing for early identification of HAIs, and early susceptibility results enabling to promptly
administer appropriate antibiotics. Yet, the profusion of targets raises the issue of testing the
“unwanted”. For instance, clinicians must wrestle with how to interpret the presence of viruses when
a bacterial VAP is initially suspected, especially in light of studies associating positive tests for viruses
with poor outcome (Loubet et al. 2017). A close dialogue between intensivists and microbiologists
should accompany the deployment of syndromic tests.

Even more complex will be the emergence of clinical metagenomics. This refers to the sequencing of
the nucleic acids present in a clinical sample in order to identify pathogens and to infer their
susceptibility to antimicrobials (Chiu and Miller 2019). Metagenomic sequencing identifies many
more bacteria than conventional cultures where microbiologists only report the most-likely
pathogens. Those unreported bacteria, as well as the host’s response, could be of help to improve
the diagnosis of lower respiratory tract infections. Metagenomic sequencing combined with
machine-learning tools providing (1) the most likely pathogenic bacteria, (2) the diversity of the
surrounding bacterial community and (3) the host’s response (via the transcriptome) can accurately

predict the occurrence of pneumonia (Langelier et al. 2018).

Viruses in samples: pathogens or passengers?

The detection of viruses via molecular methods when HAls are suspected is common. However,
determining their clinical significance is challenging. Because of immunoparalysis following the initial
pro-inflammatory response to aggression, latent viruses such as Herpesviridae may reactivate in ICU
patients (Hotchkiss et al. 2013a). Herpes simplex virus, cytomegalovirus but also Epstein-Barr virus
are frequently recovered in lung or blood of ICU patients (up to 50%), and their recovery is associated
with increased morbidity and mortality (Luyt et al. 2007; Limaye et al. 2008; Coisel et al. 2012; Libert
et al. 2015; Ong et al. 2017; Li et al. 2018). The exact significance of these reactivations is debated.
These viruses may have true pathogenicity and cause organ damage thereby having a direct role in
the morbidity and mortality observed with their reactivation. However, they also may be bystanders
with reactivation being only secondary to disease severity. The question remains unanswered as data
regarding a potential advantage of antiviral treatment are inconclusive. Respiratory viruses
(rhinovirus, influenza, adenovirus and others) have recently been implicated in HAls in ventilated or
non-ventilated patients (Vincent et al. 2009; Nseir et al. 2011; Loubet et al. 2017; Shorr et al. 2017).
The presence of viruses in HAP requiring ventilation is associated with poor outcomes (Grund et al.
2010). Cross-transmission of respiratory viruses such as influenza is now well identified by PCR and
may be responsible for 10% of ICU admissions for influenza (Alvarez-Lerma et al. 2017) and for a
growing number of episodes of severe respiratory distress, particularly in hospitalized

immunocompromised patients. However, their global impact on morbidity and mortality is unknown.

12



Preventability of HAIs in ICU

Most experts agree that large proportions of device-related infections can be prevented with the use
of evidence-based recommendations and prevention bundles succeeding to optimize provider
adherence (Blot et al. 2014; van der Kooi et al. 2018; Labeau 2020). A first systematic review covering
1990-2002 evaluated the proportion of HAls that are potentially preventable HAI per multi-modal
intervention studies (Harbarth et al. 2003). An evaluation of 30 reports suggested that great potential
exists to decrease HAI rates, from a minimum reduction effect of 10% to a maximum effect of 70%,
depending on the setting, study design, baseline infection rates and type of infection. The most
important reduction effect was identified for CRBSI. In 2011, a second systematic review argued that
as many as 65%—70% of cases of CLABSI and CAUTI and 55% of cases of VAP and SSI may be
preventable with current evidence-based strategies, estimates that caused some debate (Umscheid
et al. 2011). More recently, a systematic review (Schreiber et al. 2018) of studies published between
2005 and 2016 yielded somewhat lower proportions of preventable infections. None of the
mentioned systematic reviews stratified their analyses by type of microorganisms; thus, there is
ongoing uncertainty about the potential to prevent exogenous cross-infection by different MDROs.
Educational programs for healthcare workers imbedded in a comprehensive quality improvement
program are the cornerstone for any prevention approach (Figure 6). Regarding device-associated
infections, particular attention should be given on reducing exposure and dwell time of invasive
devices (Buetti and Timsit 2019) and their necessity must be daily evaluated (Vazquez Guillamet and

Kollef 2018).

Should we use active antiseptic/antibiotic compounds for preventing HAIs?

Numerous studies have correlated the occurrence of HAIs to prior colonization and in some
situations to the overgrowth of endogenous pathogenic bacteria (Johanson et al. 1979; Blot et al.
2005; Brusselaers et al. 2012; Frencken et al. 2018).

The use of antiseptics (mainly chlorhexidine) and antibiotics for preventing HAI in ICU has shown a
potential benefit, despite concerns about increasing rates of bacterial resistance. Several studies
have addressed the interest of cutaneous, digestive and oro-pharyngeal decolonization in reducing
the risk of HAI in ICU and have highlighted that rational use of these interventions in specific

contexts can be helpful if thoughtfully implemented.

The role of chlorhexidine gluconate for HAI prevention in ICU
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Chlorhexidine gluconate (CHG) has broad antimicrobial action and prolonged residual effect. It is
available as pre-packaged CHG-impregnated washcloths, as antiseptic soaps or solutions and
mouthwashes.

CHG washcloths significantly reduce Gram-positive bacteremia, but not Gram-negative bacteremia
(Afonso et al. 2016; Eggimann et al. 2019). Their use is associated with an increased risk of infections
caused by bacteria with reduced susceptibility to CHG. No clinical consequences have been noted to
date (Afonso et al. 2016) but the implementation of CHG-based universal skin decolonization
warrants careful consideration. There is a need for trials exploring the safety, cost-efficiency, and
impact of the systematic washcloth use for patients at high-risk for Gram-negative infections (Dray
et al. 2019). Given the threat of growing CHG-resistance, the use of CHG-impregnated washcloths
may be reserved for controlling outbreaks rather than in daily routine.

Both CHG-impregnated sponges and CHG—gel dressings have been used for the care of indwelling
intravascular devices and have resulted in an up to a 60% decrease in the risk of intravascular
infections, including CRBSI (Timsit et al. 2009; 2012; Ullman et al. 2016; Eggimann et al. 2019). Their
use has been recommended in high-risk adult patients when the risk of infection remains high
despite the application of an appropriate catheter care bundle.

CHG oral care is widespread in ICUs for intubated patients albeit that its value for reducing
pneumonia risk is only been proven in cardiosurgical patients (Labeau et al. 2011; Klompas et al.
2014). Its use has been recently challenged. Firstly, a 2% CHG mouthwash appeared a trigger for
(reversible) oral mucositis in 9.8% of patients (Plantinga et al. 2016). Secondly, recent meta-analyses
suggested that oral CHG increased the risk of death (Klompas et al. 2014; Price et al. 2014).
Additionally, a large hospital-wide observational cohort study showed that CHG oral care was
associated with increased mortality (Deschepper et al. 2018). In a large cohort of ICU patients from
186 hospitals, CHG oral care was also found to be an independent risk factor for sepsis and death
(Parreco et al. 2020). It has been hypothesized that eradicating the oral microbiome with use of oral
antiseptics results in a state of defective nitric oxide bio-availability thereby putting patients at risk
for life-threatening complications such as ischaemic heart events and sepsis (Blot 2021). If this
hypothesis proves sound the deleterious effect would be valid for all antiseptic mouthwash solutions
and not exclusively those based on CHG. While awaiting more insights it seems wise to limit the use
of CHG mouthwash for evidence-based indications. Moreover, a recent study demonstrated that
omitting CHG mouthwashes from the oral care routine does not impact ICU mortality while

improving oral health scores (Dale et al. 2021).

Is there any role for anti-infective impregnated materials?
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Anti-infective impregnated materials have been proposed to prevent VAP, CRBSI, and CAUTI. A
meta-analysis of 27 randomized controlled clinical trials evaluating the clinical effectiveness of
central venous catheters treated with anti-infective agents reported a significant reduction in CRBSI
in comparison to uncoated catheters (Hockenhull et al. 2009). Antimicrobial-impregnated catheters
seem particularly appropriate when the background rate of CRBSI is high despite adherence to a

comprehensive infection prevention bundle strategy (Timsit et al. 2018).

The role of selective digestive and oral decontamination (SDD and SOD)

A recent meta-analysis based on studies performed in settings with a low prevalence of antibiotic
resistance, concluded that SOD and SDD with intravenous antimicrobials was associated with lower
mortality rates, fewer HAls, and less carriage of MDROs (Wittekamp et al. 2018; 2020). These results
appear to only apply in settings with low baseline levels of MDROs. The use of SOD and SDD without
intravenous antimicrobials was not associated with decreases in neither the rate of bacteremia due
to MDRO nor 28-day ICU mortality in countries where the prevalence of MDRO was higher
(Wittekamp et al. 2018).

The use of anti-infective agents to prevent infection requires a careful benefit-risk assessment both
for the patient and the community. Figure 7 offers a benefit risk assessment in comparison to

prevention and control program considered as the gold standard in infection control.

Is there any risk related to the environment?

The hospital environment facilitates the transmission of several pathogens such as VRE, MRSA, C
difficile, Acinetobacter spp., and viruses (Mitchell et al. 2015). Several studies suggested an increased
risk of acquisition when patients were hospitalized in a room previously occupied by a patient known
to be colonized or infected with these bacterial pathogens (Dancer 2014). Surfaces are frequently
contaminated and contribute for bacteria cross-transmission and patient colonization/infection.
Several factors are associated with a higher risk of hand contamination such as: positive
environmental cultures, time spent in a room, physical examination and contact with the ventilator.
ICUs should be considered as high-risk environments. Therefore, the bio-cleaning must be rigorously
performed in routine practice, must include a detergent and disinfection phases, and be carried out
at least daily. Quaternary ammonium and bleach are the most commonly used products for

environmental cleaning. However, for C. difficile, only bleach is effective to control the risk.

Conclusion.
HAIs in ICU remain a cause of high mortality and morbidity, and prevention became a core measure

in the hospitals. Patients’ advanced age, comorbidities, and immunocompromised status explain the
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perpetuation in increases of ICU-acquired HAls in some centers. While “Zero-HAI” is not achievable,
our objective should be to reach the lowest thresholds described in the literature. Additionally, the
high prevalence of MDROs perpetuates the worldwide persistence of HAls. Their decrease requires
further implementation of prevention bundles coupled with antimicrobial stewardship programs.

Growing knowledge about microbiotas will probably make it possible in the future to introduce new
types of preventive measures. These measures could be based on respecting commensal flora
(Hamilton and Behal 2020), the administration of better defined probiotics, or the manipulation of
microbiotas (Young 2016). New diagnostic tools will help us to better identify infected patients. They
will however,require rigorous evaluation before being implemented. Finally, decontamination and
decolonization strategies will probably have to be limited to high-risk populations to minimize
selection for antiseptic-resistant infections. The future of prevention in ICUs will probably be based

on our ability to adapt policies and emerging technologies to specific risk profiles.
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Glossary

CDC-NHNC: Centers of Disease Control and Prevention’s National Health Safety Network
CHG: chlorhexidine gluconate

CLABSI: central line-associated bloodstream infection
CRBSI: catheter related bloodstream infection

HAI: hospital-acquired infection

HAP: hospital-acquired pneumonia

ICU: intensive care unit

KPC: carbapenemase-producing Klebsiella pneumoniae
MDRO: multidrug resistant organism

MRSA: methicillin-resistant Staphylococcus aureus
PCR: polymerase chain reaction

SDD: selective digestive decontamination

SOD: selective oral decontamination

SSI: surgical site infection

VAP: ventilator-associated pneumonia
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Table 1: Factors that contribute to the development of healthcare-acquired infection in patients with solid
tumors and hematologic malignancies (adapted from Deknuydt et al. 2013; van Vucht et al. 2016; Roquilly et
al. 2019)

Risk factor Comments

Neutropenia Chemotherapy, radiation therapy, bone marrow infiltration by malignant
cells, adverse effects of concomitant medications (e.g., ganciclovir,
cotrimoxazole)

Disruption of anatomic Chemotherapy (mucositis), radiation therapy, graft versus host disease
barriers (e.g., skin, mucosal (GVHD), urinary catheters, central venous catheters, long term venous access
surfaces) devices (port-a-cath or Hickman catheters), percutaneous endoscopic

gastrostomy tubes, stenting (e.g.., tracheal or bronchial, biliary etc.), other
surgical/diagnostic procedures, fistula formation (e.g., broncho-pleural or
trachea-oesophageal)
Obstruction due to primary or  Respiratory: post-obstructive pneumonia, pleural effusion, lung abscess,
metastatic tumor or lymph empyema
node block Biliary tract: ascending cholangitis, hepatic and pancreatic abscess
Abdominal cavity and intestines: obstruction, necrosis, perforation, ileus,
peritonitis, haemorrhage, fistula formation, abscesses
Urinary tract: ureteral obstruction, hematuria, urinary tract infections, renal
or prostatic abscess
Prosthetic devices and Surgical procedures: surgical site infections, anastomosis leakages, wound
procedures dehiscence, abscess formation
Shunts: disseminated infection (bacteremia) shunt-related infections such as
meningitis/ventriculitis
Prosthetic devices (stents, catheters and drains, vascular grafts): infected
prosthesis, osteomyelitis and/or septic arthritis, local abscess formation,
fistula formation, rupture, hepato-biliary infections, complicated urinary tract
infections, disseminated infection, endocarditis or endarteritis
Miscellaneous factors Age, co-morbidities (diabetes mellitus, chronic obstructive pulmonary
disease, uremia, etc.), poor nutritional status, dietary restrictions, loss of gag
reflex
Multiple antibiotic exposures and multiple hospitalizations leading to
colonization by multidrug-resistant pathogens, disruption of the microbiome
Corticosteroid systemic use
Presence of immunomodulating viruses (i.e. Epstein Barr Virus,
Cytomegalovirus, Human Immunodeficiency Virus, etc.)
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Table 2: Antimicrobial Prophylaxis for Adult Patients With Cancer-Related Immunosuppression: 2019 recommendations by ASCO and IDSA (adapted from

Taplitz et al. 2018)

Type of prophylaxis

Population

Recommendation

Strength of

Period of prophylaxis

Antibacterial

Antifungal Patients at high risk of febrile ~ Oral triazole or parenteral echinocandin; a  Evidence quality: During expected neutropenia
neutropenia or profound, mold-active triazole when the risk of intermediate; Strength of
protracted neutropenial? 4 invasive aspergillosis is >6% ° recommendation: moderate
Patients with GVHD
Antifungal Patients receiving Prophylaxis with oral trimethoprim- Evidence quality: high; Until myeloid reconstitution or engraftment after
chemotherapy regimens sulfamethoxazole or alternatives ( suchas  Strength of recommendation: ~ stem-cell transplantation, particularly during post-
associated with >3.5% risk for ~ dapsone, aerosolized pentamidine, or strong engraftment severe immunosuppression
pneumonia from atovaquone in case of hypersensitivity to
Pneumocystis jirovecii sulfonamides or cotrimoxazole intolerance
Antiviral HSV-seropositive patients Antiviral prophylaxis with a nucleoside Evidence quality: high; Until recovery of the WBC count or resolution of
undergoing HSCT or leukemia  analog (eg, acyclovir) Strength of recommendation:  mucositis, whichever occurs later; duration can be
induction therapy strong extended for persons with frequent recurrent HSV
infections or those with GVHD, or can be continued as
VZV prophylaxis for up to 1 year
Antiviral Patients at substantial risk of ~ Treatment with a nucleoside reverse Evidence quality:
reactivation of HBV infection®  transcription inhibitor (eg, entecavir or intermediate; Strength of
tenofovir) recommendation: moderate
Antiviral All persons treated with Inactivated influenza vaccine (patients, Evidence quality: Annual immunization is recommended
chemotherapy for malignancy  household contacts and health care intermediate; Strength of Optimal timing of vaccination for patients being
and their family and providers) recommendation: moderate treated for cancer is not established, but serologic
household contacts’ responses may be best between chemotherapy cycles
(>7 days after the last treatment or >2 weeks before
initiation of chemotherapy)
In HSCT recipients better response if vaccinated >6
months after transplantation
Antiviral Immunosuppressed adult The ASCO Expert Panel also supports other  Evidence quality:

Patients at high risk of febrile
neutropenia or profound,
protracted neutropenial?

oncology patients

Fluoroquinolone as prophylaxis however
serious concerns exist (see foot note)3

vaccination recommendations for
immunosuppressed adult oncology
patients that are contained within the
IDSA guideline for vaccination of the

recommendation
Evidence quality: high;

Strength of recommendation:

moderate

intermediate; Strength of
recommendation: moderate

During expected neutropenia
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immunosuppressed host?

Additional precautions All health care workers Health care workers should comply with Evidence quality: Not applicable
to reduce the risk for hand hygiene and respiratory intermediate; Strength of
aerosol-and direct or hygiene/cough etiquette guidelines recommendation: strong

indirect contact-based
transmission of

pathogenic
microorganisms
Additional Outpatients with neutropenia  Outpatients with neutropenia from cancer  Evidence quality: Not applicable
recommended from cancer therapy therapy should avoid prolonged contact intermediate; Strength of
precautions with environments that contain high recommendation: strong
concentrations of airborne fungal spores’

Precautions no longer Footwear exchange, Evidence of clinical benefit is lacking for Evidence quality: strong; Not applicable
recommended protected environments, air these interventions, therefore they are no  Strength of recommendation:

filtration, respiratory or longer recommended strong

surgical masks, neutropenic
diet, or nutritional
supplements
1. Patients with AML/MDS or HSCT treated with myeloablative conditioning regimens, or during treatment of GVHD. Antibiotic prophylaxis is not routinely recommended for patients with solid tumors
2. Antibacterial and antifungal prophylaxis would generally not be indicated when CSF prophylaxis effectively reduces the depth and duration of neutropenia
3. On November 15 2018, EMA finalised a review of serious, disabling and potentially permanent side effects with quinolone and fluoroquinolone antibiotics given by mouth, injection or inhalation. Among other
restrictions recommended for this drug class, the committee stated that they should not be used for preventing traveller’s diarrhoea or recurring lower urinary tract infections or in the treatment of mild or moderate
bacterial infections unless other antibacterial medicines commonly recommended for these infections cannot be used.
The authors of the current review express their serious concerns on the potential use of quinolones as antibacterial chemoprophylaxis in neutropenic patients
https://www.ema.europa.eu/en/medicines/human/referrals/quinolone-fluoroquinolone-containing-medicinal-products
4. Grade Il or IV mucositis entails a great risk for invasive candidiasis
5. Patients with AML/MDS or during treatment of GVHD
6. Those with 220 mg prednisone equivalents daily for > 1 month or those on the basis of purine analogs
7. Live viral vaccines should not be administered during immunosuppression period
8. Construction and demolition sites, intensive exposure to soil through gardening or digging, or household renovation

AML/MDS; acute myeloid leukemia/myelodysplastic syndrome, ASCO; American Society of Clinical Oncology, CSF; colony stimulating factor, GVHD; Graft versus host disease, HSV; Herpes simplex virus, HBV; Hepatitis B
virus, HSCT; Hematopoietic stem-cell transplantation, IDSA; Infectious Diseases Society of America, VZV; varicella-zoster virus.
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Table 3: Arguments pro and against systematic bacteriological samples in ICU patients

PRO
Surrogate for lack of diagnostic cultures

CON
Not representative for focus of infection

Immediately available microbiological information as
compared to new diagnostic cultures (take 48-72h
turnaround time)

Outdated information if rapidly changing microbiome

Increased emphasis on antibiotic therapy covering all likely
pathogens

Increased emphasis on antibiotic therapy selectively
covering causative pathogens

Allows quick antibiotic response to emerging resistance

Leads to unnecessarily antibiotic escalation
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Figure 3 — A reappraisal of the immunological effects of ICU acquired immunosuppression
on respiratory defenses against pathogens

Normal response of Dendritic cell during primary pneumonia (left panel), and after
immunosuppression-induced pneumonia (middle and right panel). The stimulation of
dendritic cells activated by pathogen-associated molecular patterns (Act DCs) induces the
production of inflammatory cytokines (such as Interleukin-12) which stimulate NK cells
(innate-like lymphocyte) and prime naive CD4 T cells to fight against bacteria. During sepsis-
induced immunosuppression (middle and right panels), bacterial clearance is decreased as
compared to what is observed during “normal response” to pneumonia. (middle) Early after
the first hit (sepsis, severe trauma) causing ICU-acquired immunosuppression, DCs are
paralyzed (Par DC) and unable to respond to subsequent pathogens. Par DC also fail to
produce cytokines and to prime new CD4 T cells or NK cells. (right) Lately, newly formed DCs
locally acquire a tolerogenic phenotype (Tol. DCs). Upon stimulation by pathogens, Tol-DCs
do not activate NK cells but induce the local accumulation of Treg cells that maintain an
immunosuppressive milieu.
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Figure 4 — Immune response alterations in cancer patients (ECDC 2018; Smith et al. 2015;
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Figure 6 — Global rules for hospital-acquired infection prevention programs in the ICU
HAI, hospital-acquired infection

MDR, multidrug resistance

HCWs, healthcare workers

Education awareness: must target all healthcare workers, including support staff (e.g.
logistics, cleaning). Infection preventionists and nurse-practitioners can bridge
communication between various stakeholders and fine-tune educational materials to target
specific groups.

Multimodal strategies: (1) reducing exposure and duration of invasive procedures, the need
for invasive procedures must be evaluated on a daily basis. (2) Development and application
of multimodal evidence-based prevention measures. Implementation within a care bundle
or checklist is positively associated with adherence.

Implementation process: During the implementation period, infection preventionists and/or

nurse-practitioners must provide continual bedside education and support, and trigger a
culture of accountability. Determinants and prevention measures for HAls as well as
outcomes need to be monitored with close feedback to unit leaders and bedside personnel
to fuel constant quality improvement. These include reports on compliance with
recommendations (adherence rates) and correlation with HAI rates (outcomes). Feedback is
crucial to fine-tune prevention programs and to optimize the motivation of stakeholders.
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Figure 7 — Individual benefits and collective risks of active prevention measures in ICU-
hospital-acquired infections

Figure legend. Rational use active antiseptic/antibiotic compounds for preventing
nosocomial infections.

Right upper quadrant: Prerequisites: prevention and control of multidrug resistant
organisms (MDRO) spread, hand hygiene, and surveillance of nosocomial infections are
prerequisites. If unobserved, any attempts in implementing prevention strategies using
antiseptics or antibiotics will be futile.

Right lower quadrant: To consider in high risk patients or when the risk of infection remains
high despite the implementation of the prerequisites.

Left upper quadrant: To consider when the prevalence of MDRO is low or if the evidence of
spread of infections caused by MDRO is low

Left lower quadrant: Not to consider until further available data.
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