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2. Abstract in English 
 
Background: 
 

Healthcare-associated infections (HAI) are present in every healthcare setting around the world, 
and are a global issue that causes a high degree of mortality, morbidity, and cost.(1–3) 
Healthcare environmental hygiene (HEH) is an often overlooked and understudied field in 
infection prevention. Although hand hygiene is still recognized as the primary vector for HAI, 
HEH is a far more important aspect than is previously accepted; for a variety of reasons. As a 
field it is far more vast and heterogenous than hand hygiene; it comprises any areas associated 
with the healthcare environment including surfaces, sterilization and device reprocessing, air 
control, water control, waste management, laundry. All of these elements and environments have 
a range of products and practices used to clean and disinfect when and where needed. Issues 
affecting the quality of the cleaning and disinfection can stem from or be found in both the 
technical and human aspects of HEH, as well as the systemic and logistical context of healthcare 
facilities and the larger environment. Such issues may include efficacy of the chosen 
interventions, difficulty in quantifying the value HEH brings to a healthcare facility, and the 
training and management of human resources. 
 
The literature in the field of environmental hygiene is still in its nascent stages. Similarly to the 
field of hand hygiene 30 years ago, it’s importance needs to be quantified and analyzed, both in 
terms of its contributions to the global burden of mortality and morbidity as well as in its 
financial burden on health systems.  
 
Objective: 
 

The objective of this work was to begin to assess the role of the healthcare environment in HAIs, 
analyze how to best assess the level and raise the quality of HEH globally, and to begin 
developing a “transposable model” of key components in environmental hygiene that can be 
implemented on a global scale. 
 
Methods: 
 

We first began building up a public-private partnership focused on HEH in 2018. The main 
mission of the “Clean Hospitals” project is to improve patient safety through improved HEH. It 
does this by raising awareness of the importance of HEH, working to improve standards and 
practice on a global level, and conduct academic research needed to address gaps in the field. In 
the context of this project, the first objective was to conduct a systematic review to see whether 
there was enough evidence to be able to claim that improvements in HEH could improve patient 
outcomes. The next element was to work on developing the Healthcare Environmental Hygiene 
Self- assessment Framework (HEHSAF) for healthcare facilities in order to analyze their 
environmental hygiene practices in the context of the World Health Organization (WHO) 
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Multimodal Hand Hygiene Improvement Strategy, and assess which elements in their HEH 
system and practices need improvement. A pilot survey of this tool was conducted in 35 
countries in 2021.   
 
Results: 
 

The building up of the Clean Hospitals project resulted in a partnership with 15 companies active 
in different aspects of HEH. The academic arm of the project is made up of a governing Board 
and an Academic Taskforce, a group of experts from academia in charge of research. We have 
given numerous lectures at international events on HEH and published extensively in the field. 
We have developed a range of workshops and educational activities for our industry partners as 
well. 
 
The systematic review showed that interventions in HEH often reduce HAI among a number of 
microorganisms of interest. It also showed that these interventions are very effective in reducing 
environmental bioburden, and that more and larger high-quality studies are needed in order to 
study the effects of different types of interventions in the healthcare environment.  
 
The HEH international pilot survey reached its goal of having at least four facilities participate 
from each of the World Bank income level countries. Its results demonstrated that almost all 
healthcare facilities across all resource levels have major issues with their HEH programs, and 
that there is a dire need for resources and tools to be developed. The data gathered was then used 
to improve the HEHSAF tool.  
 
Conclusions: 
 

The PhD project is only the beginning of what we are trying to accomplish. We plan to update 
the systematic review every five years to keep up with a rapidly evolving field. the HEHSAF 
tool will be ready for in-depth testing in reference hospitals this year, and hopefully ready for 
global dissemination in 2023. Subsequently, our aim is to develop educational resources around 
the HEHSAF in order to address the need for facility-level guidance to improve HEH worldwide.  
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3. Abstract in French 
 

Contexte : 
 

Les infections liées aux soins de santé (ILS) sont présentes dans tous les établissements de santé 
du monde et constituent un problème mondial qui entraîne un degré élevé de mortalité, de 
morbidité et de coûts. L'hygiène de l'environnement des soins de santé (HEH) est un domaine 
souvent négligé et peu étudié de la prévention des infections. Bien que l'hygiène des mains soit 
toujours reconnue comme le principal vecteur des infections nosocomiales, l'hygiène de 
l'environnement des soins de santé est un domaine bien plus important qu'on ne le pense, et ce 
pour plusieurs raisons. C’est en effet un domaine beaucoup plus vaste et hétérogène que 
l'hygiène des mains ; il comprend tout ce qui est associé à l'environnement des soins de santé, y 
compris les surfaces, la stérilisation et le retraitement des dispositifs, le contrôle de l'air, le 
contrôle de l'eau, la gestion des déchets, le linge. L’ensemble de ces éléments et différents 
environnements sont associés à une large diversité de produits, pratiques et techniques à adapter 
en fonction du besoin et recommandations. Les problèmes affectant la qualité du nettoyage et de 
la désinfection peuvent provenir ou se rencontrer dans les aspects techniques et humains de 
l'HEH, ainsi que dans le contexte systémique et logistique des établissements de santé et de 
l'environnement au sens large. Ces questions peuvent inclure l'efficacité des interventions 
selectionnées, la conscience de leur coût et de leur valeur pour l'établissement de santé, ainsi que 
la formation et la gestion des ressources humaines. 
 
La littérature dans le domaine de l'hygiène environnementale est encore à ses débuts. Tout 
comme le domaine de l'hygiène des mains il y a 30 ans, son importance doit être quantifiée et 
analysée, à la fois en termes de contribution au fardeau mondial de la mortalité et de la 
morbidité, et de charge financière pour les systèmes de santé.  
 
Objectif : 
 

L'objectif de ce travail était de commencer à évaluer le rôle de l'environnement de soins dans les 
IASS, d'analyser la meilleure façon d'évaluer le niveau et d'améliorer la qualité de l'hygiène de 
l'environnement au niveau mondial, et de commencer à développer un "modèle transposable" des 
composants clés de l'hygiène de l'environnement qui pourrait être mis en œuvre à l'échelle 
mondiale. 
 
Méthodes : 
 

Nous avons tout d'abord mis en place un partenariat public-privé axé sur l'HEH en 2018. La 
mission principale du projet "Clean Hospitals" est d'améliorer la sécurité des patients grâce à une 
meilleure HEH. Pour ce faire, il sensibilise à l'importance des HEH, s'efforce d'améliorer les 
normes et les pratiques au niveau mondial et mène les recherches universitaires nécessaires pour 
combler les lacunes dans ce domaine. Dans le contexte de ce projet, le premier objectif était de 
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conduire une revue systématique pour documenter l’existence possible de preuves pour pouvoir 
affirmer que l'amélioration de l'HEH pouvait améliorer la qualité des soins aux patients. L'étape 
suivant à été de travailler sur le développement du Healthcare Environmental Hygiene Self- 
assessment Framework (HEHSAF) pour les établissements de santé afin d'analyser leurs 
pratiques d'hygiène environnementale dans le contexte de la stratégie multimodale de promotion 
de l’hygiène des mains de l'Organisation mondiale de la santé (OMS), et d'évaluer les éléments 
de leur système et de leurs pratiques d'hygiène environnementale qui doivent être améliorés. Une 
enquête pilote de test de cet outil a été menée dans 35 pays en 2021.   
 
Résultats : 
 

La construction du projet Clean Hospitals a donné lieu à un partenariat avec 15 entreprises 
actives dans différents aspects de l'HEH. Le volet académique du projet est constitué d'un conseil 
d'administration et de la Taskforce académique en charge de la recherche. Nous avons donné de 
nombreuses conférences lors d'événements internationaux sur les HEH et publié de nombreux 
articles dans ce domaine. Nous avons également développé une série d'ateliers et d'activités 
éducatives pour nos partenaires industriels. 
 
L'examen systématique a montré que les interventions en matière d'HEH réduisent souvent les 
IAH pour un certain nombre de micro-organismes d'intérêt. Elle a également montré que ces 
interventions sont très efficaces pour réduire la charge biologique environnementale, et que des 
études de qualité plus nombreuses et plus importantes sont nécessaires pour étudier les effets des 
différents types d'interventions dans l'environnement de soins.  
 
L'enquête pilote internationale HEH a atteint son objectif d'obtenir la participation d'au moins 
quatre établissements dans chacun des pays de la Banque mondiale. Ses résultats ont démontré 
que presque tous les établissements de santé, quel que soit leur niveau de ressources, ont des 
problèmes majeurs avec leurs programmes HEH, et qu'il y a un besoin urgent de développer des 
ressources et des outils pour les améliorer. Les données recueillies ont ensuite été utilisées pour 
optimaliser l'outil HEHSAF.  
 
Conclusions : 
 

Le projet de doctorat n'est que le début de ce que nous essayons d'accomplir. Nous prévoyons de 
mettre à jour la revue systématique tous les cinq ans afin de suivre l'évolution du domaine. 
L'outil HEHSAF sera prêt à être testé en profondeur dans des hôpitaux de référence en 2022, et 
nous espérons qu'il sera prêt à être diffusé dans le monde entier en 2023. Par la suite, notre 
objectif est de développer des ressources éducatives autour de l'outil HEHSAF afin de répondre 
au besoin de conseils au niveau des établissements pour améliorer l'HEH dans le monde entier.  
  



Alexandra Peters  Healthcare environmental hygiene 
______________________________________________________________________________ 
 

 
 

12 

Table of Contents  
 

1. Acknowledgments.......................................................................................................... 3 
2. Publications and presentations....................................................................................... 3  

2a. Book Chapter.................................................................................................... 3 
2b. Original research.............................................................................................. 3  
2c. Reviews, editorials and letters ......................................................................... 4 
2d. Other publications............................................................................................ 7 
2e. Lectures at international events.........................................................................7 

3. Abstract in English ........................................................................................................ 8 
4. Abstract in French ........................................................................................................ 10 
5. General introduction..................................................................................................... 13 

5a. A brief history................................................................................................. 14 
5b. Clean Hospitals................................................................................................15  
5c. Objectives....................................................................................................... 15 
5d. Study setting .................................................................................................. 15 
5e. Background of the systematic review............................................................. 15 
5f. Research during COVID-19............................................................................ 16 
5g. The need for standards ................................................................................... 16  
5h. Background of the pilot study......................................................................... 17 
5i. Background of the HEHSAF........................................................................... 17 

6. Methodological Contributions...................................................................................... 17  
6a. Methods Systematic Review........................................................................... 17 
6b. Candidate’s role in the systematic review ...................................................... 18 
6c. Methods: Pilot Survey..................................................................................... 18  
6d. Candidate’s role in the pilot survey................................................................. 19 

8. Publications.................................................................................................................... 20 
8a. Impact of environmental hygiene interventions on healthcare-associated  
      infections and patient colonization: a systematic review................................ 20 
8b. Results of an international pilot survey on healthcare environmental  
      hygiene at the facility level..............................................................................45 

9. The Healthcare Environmental Hygiene Self-assessment Framework......................... 62  
10. General conclusion and perspectives.......................................................................... 77 

10a. General results of the systematic review....................................................... 77 
10b. Potential impact of the systematic review..................................................... 78 
10c. General results of the pilot survey ................................................................ 78 
10d. Key results concerning HEH practices.......................................................... 79 
10e. Potential impact of the pilot survey in HEH.................................................. 81 
10f. Limitations...................................................................................................... 81 
10g. Future development of the HEHSAF............................................................. 81 
10h. Conclusions.................................................................................................... 82 

11. References ................................................................................................................... 84 
 
 
 
 
 



Alexandra Peters  Healthcare environmental hygiene 
______________________________________________________________________________ 
 

 
 

13 

5. General introduction 
 

In order to understand the importance of healthcare environmental hygiene (HEH) for patient 
safety, one must first understand the global burden of healthcare-associated infections (HAIs), 
and the role that the healthcare environment plays in their transmission. The first of these two 
subjects is a bit easier to describe, as there has been a great deal of research in the field in the last 
25 years. 
 
HAIs are present in every healthcare setting around the world, and are a global issue that causes 
a high degree of mortality, morbidity, and cost.(1–3) Patients are a population that are at higher 
risk, either because their health is already compromised, or because they are undergoing invasive 
procedures. Furthermore, the flora of pathogenic microorganisms in healthcare facilities (HCFs) 
is inherently different than in the community. Because HCFs house a highly concentrated 
population of both infectious and vulnerable patients which are often cared for by the same 
group of people, some pathogens spread differently in such environments. 
 
HAIs acquired during HCF stays(4) cause more deaths than malaria, tuberculosis, and AIDS 
combined, and the burden of six common types of HAI is higher than the total burden of 32 of 
the most common major communicable diseases worldwide.(3,5) Beyond mortality, HAIs also 
increase morbidity, prolong hospital stay, and burden healthcare systems financially.(6,7) The 
total annual global cost for five common types of HAI is estimated at $8.3- $11.5 billion.(8) 
Despite their ubiquity, still much is unknown about how to prevent these infections; no single 
HCF in the world can claim to be unaffected by them. Because HAIs are caused by a number of 
different pathogens and can be transmitted to patients in different ways, it can sometimes be 
difficult for HCFs to view them as a single major challenge instead of a number of more minor 
ones. 
 
The role of HEH is an often-overlooked and understudied field in infection prevention, and much 
of the literature in the field of environmental hygiene is still in its nascent stages. Similarly to the 
field of hand hygiene 30 years ago, its importance needs to be quantified and analyzed, both in 
terms of its contributions to the global burden of mortality and morbidity as well as in its 
financial burden on health systems. Although contaminated hands are still recognized as the 
primary vector for HAI, HEH is a far more important aspect than was previously thought; for a 
variety of reasons. As a domain, it is far more vast and heterogenous than hand hygiene, and 
comprises any area associated with the healthcare environment, including those within the 
patient environment. HEH includes cleaning and disinfecting surfaces, sterilization and device 
reprocessing, air control, water control, waste management and laundry. All of these elements 
and environments have a range of products and practices used to clean and disinfect them when 
and where needed. Issues affecting the quality of the cleaning and disinfection can stem from or 
be found in both the technical and human aspects of HEH, as well as the systemic and logistical 
context of the healthcare facilities and the larger environment. Such issues may include efficacy 
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of the chosen interventions, awareness of their cost and value to HCFs, and the training and 
management of human resources. Because of the complexity of HEH, and the inherent 
differences in nosocomial pathogens, understanding how it affects disease transmission presents 
additional challenges. 
 
5a. A brief history: 
 

The perceived role of the healthcare environment in patient safety, has varied both historically 
and geographically. In the absence of scientific evidence for the importance of HEH, guidelines 
were rather varied or nonexistent, and institutions were, in many respects, left mostly to their 
own devices. International guidelines such as the 2004 WHO guidelines for infection prevention 
and control provided only very rudimentary guidance for environmental management, with only 
a few paragraphs devoted to cleaning and disinfection of surfaces in healthcare facilities.(9)  
 
Practices ranged from cleaning patient areas for mostly aesthetic purposes, to continually 
disinfecting environments that were not common vectors of transmission, such as floors in 
common areas of HCFs. In the US in the 1970s and ‘80s, it was generally considered that disease 
transmission to patients from the healthcare environment was insignificant.(10) Around the 
late1990s to mid-2000s, scientists and academics began exploring the role of the hospital 
environment on HAIs, specifically for known environmental pathogens such as Clostridioides 
difficile, vancomycin-resistant enterococci (VRE), norovirus, Pseudomonas aeruginosa, 
Acinetobacter spp. and methicillin-resistant Staphylococcus aureus (MRSA).(11–18) Experts 
began calling for the need for standards for cleaning healthcare facilities and exploring 
standardization and the creation of guidelines for HEH.(19–24) Germany’s Rudolf Schuelke 
Foundation issued a HEH consensus paper in 2013.(25) The CDC began investing actively in 
research in 2015 after the Ebola crisis, focusing on areas such as understanding transmission 
events related to patient room surfaces, measuring cleanliness, improving HEH through looking 
at the process of how it was performed and evaluating emerging technologies.(10)  
 
The COVID-19 pandemic has had an undeniable impact on the awareness of HEH worldwide. 
Although the virus itself is enveloped and quite easy to kill, there was a significant quantity of 
research performed around various aspects of environmental transmission and remanence on 
environmental surfaces.(26–28) Although there are still no universal global guidelines for routine 
environmental cleaning and disinfection in healthcare, a large amount of research has been 
performed in the last few years, as evidenced through the proliferation of reviews on the 
subject.(29–46) As an indicator, a search in PubMed for “environmental cleaning systematic 
review” in early April 2022 resulted in 0 articles before 2001, 11 articles between 2001-2010 
(avg. 1.1 per year), 82 articles between 2011-2019 (avg. 9.1 per year), and 72 since 2020 (avg. 
32.0 per year). National and regional guidelines have also been updated; though the CDC issued 
the new guidelines for low-resource settings in 2019,(47) the bulk of new guidelines including 
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their new core components for HEH,(48) as well as the German(49) and UK guidelines(50) for 
environmental hygiene which were published during the pandemic. 
 
5b. Clean Hospitals 
 

In order to address the urgent need for attention to HEH on both the facility and the global level, 
Prof. Pittet began to design and develop the Clean Hospitals project.(51) Clean Hospitals is a 
public-private partnership that was officially launched at the Healthcare Cleaning Forum at 
Interclean Amsterdam in 2018,(52) and currently includes over 14 industry stakeholders and a 
panel of academic experts. The main mission of the “Clean Hospitals” project is to work across 
disciplines and interest groups in order to improve patient safety through improved HEH. By 
harnessing the collective strengths of academia, industry, HCF, governmental bodies and other 
key stakeholders, the project aims to have a direct impact on HCF staff, the community, and the 
larger natural environment.  
 
In practice, Clean Hospitals both conducts and facilitates research that is still missing in the field, 
using this work to raise industry standards and increase the visibility of HEH globally. Academic 
members also lecture and teach, work to improve standards and practice, and collaborate with 
scientists and industry partners to organize a global day for HEH awareness.  
 
5c. Objectives  
 

The overall objective of the research in this PhD is to improve both the academic understanding 
of the role of HEH in patient safety, and to give hospitals tools to improve their programs and 
practices on the facility level. Ultimately, improvements in HEH will benefit public health by 
lowering rates of healthcare-associated infections, reducing antimicrobial resistance, and 
protecting hospital staff as well as the larger environment. 
 
5d. Study setting 
 

The systematic review was conducted at the University of Geneva Hospitals and Faculty of 
Medicine. The pilot survey was conducted during COVID-19 and was thus virtual, although it 
included data from hospitals in 35 different countries. Before the pandemic, a number of on-site 
visits were conducted to gather HCF ethnographic data on HEH programs. These visits were 
conducted in HCFs in Switzerland, Malaysia, the Netherlands, and Turkey. These visits served to 
gather data for constructing the pilot survey, and subsequently, the HEHSAF tool. 
 
5e. Background of the systematic review 
 

In addition to learning more about the challenges faced by industry, gathering stakeholders into 
working groups, and beginning to study optimal models for HEH, one of the first major projects 
was to compile proof of the role of the healthcare environment in patient safety. If this link was 
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not evident, increasing the support, and ultimately the budget, for HEH would prove difficult. 
The most thorough way to study this was to conduct a systematic review to measure the role of 
interventions in HEH on HAIs and patient colonization. 
 
Until recently, evidence for the role of contaminated surfaces on HAI was virtually nonexistent; 
it is essentially only over the last few years that there are beginning to be major studies and even 
some randomized clinical trials published in major journals.(53–56) A 2004 systematic review 
only found four studies that could be included; most were on floor disinfection, and there was 
insufficient evidence to draw any conclusions.(57) It was imperative to conduct another one, 
especially because a proliferation of other studies and reviews(58–60) being performed in HEH 
indicated that there may be enough evidence to draw different conclusions.  
 
Our systematic review’s eligibility assessment, article inclusion and full analysis was completed 
in 2021. Although this meant that some time elapsed between the search and the publication of 
the article, most new studies that were being conducted were being conducted in an outbreak 
setting due to COVID-19, and would have been excluded from the review.  
 
5f. Research during COVID-19 
 

During the first few waves of the pandemic, the academic research agenda of Clean Hospitals, 
like so many other institutions, was centered around SARS-CoV-2. In the context of the global 
shortage of PPE, our research group’s focus was mainly on the reprocessing of single use 
N95/FFP2 filtering facepiece respirators, with some involvement concerning the health security 
implications of the virus and the importance of aerosol transmission versus other routes of 
transmission.(61–65) Though coincidental, the increased attention that the pandemic generated in 
IPC in general, and in HEH in particular, was timely both for the review and the other research 
project that were planned for the PhD. 
 
5g. The need for standards 
 

From speaking with other colleagues in the field and from my own experience it was clear that 
HEH practices and programs around the world were totally heterogeneous and often severely 
lacking. While visiting hospitals around the world through both Clean Hospitals activities and 
“Train-the-Trainers” activities in hand hygiene,(66) I was often privileged to be able to have in-
depth visits of a number of HCFs’ environmental hygiene programs. Not a single hospital had 
elements that could not be improved, and many had rather suboptimal or dysfunctional programs 
in place. Still, there were positive and surprising elements in every place visited, which 
reinforced my belief that improving HEH worldwide must be a collaborative effort; institutions 
have so much that they can learn from each other, regardless of geographic location or resource 
level. This simultaneous need for standards and collaboration generated the idea of the 
“Transposable Model” for HEH. The model would be generated through extensively studying a 
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number of reference hospitals and visiting a number of others, in order to create a tool for 
implementation that could be used to improve HEH globally, even in the absence of official 
international guidelines and standards. The first part of developing the Transposable Model was 
to develop a tool for HCFs to analyze their HEH programs.  
 
Prof. Pittet’s team had already created a similar tool for hand hygiene implementation. The Hand 
Hygiene Self-Assessment Framework (HHSAF) is based on the WHO multimodal hand hygiene 
promotion strategy,(67) has already been implemented in three global surveys and includes over 
3,200 HCFs.(68–70) We decided to create a similar tool for HEH, also in the context of the 
WHO multimodal strategy and with a focus on a holistic approach to implementation. Like the 
HHSAF, the HEHSAF would be a facility level tool aiming to provide the situational analysis on 
a global scale, regardless of resource level and geographic location. This tool can give HCFs a 
baseline snapshot of their current environment, as well as show progress over time if reused at a 
later date.  
 
5h. Background of the pilot study 
 

In order to further develop the tool and test the applicability and appropriateness of the HEHSAF 
to different geographic, cultural and resource contexts we used a preliminary and unscored 
version of the tool in an international pilot study.(71) Before the pilot survey, there was very 
little data comparing different HEH systems internationally. This online survey was designed to 
provide valuable feedback concerning the content and wording of the pilot study itself. 
Additionally, it aimed to provide qualitative data about practices in and attitudes towards HEH 
around the world.  
 
5i. Background of the HEHSAF 
 

The feedback from the pilot survey was incorporated into the tool, and further developed by the 
Clean Hospitals Academic Taskforce and working group. A preliminary scoring system has been 
developed, and the survey is ready for the next round of in depth testing in partner institutions. 
Though this document is still under development, I have included it after the two published 
articles, as it illustrates the direction in which the project will continue to develop over the 
coming years. 
 
6. Methodological contributions 
 

6a. Methods: Systematic Review(72)  
 

This review analyzed the evidence for the ability of interventions in HEH to prevent HAIs and to 
reduce patient colonization with multidrug-resistant microorganisms (MDROs) and other 
epidemiologically relevant pathogens. Original studies measuring the effect of an HEH 
intervention on HAI or patient colonization published before December 31, 2019 were eligible 
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for inclusion. All types of interventions in HEH were included, unless they were conducted in 
outbreak settings, included hand hygiene interventions, or involved a complete rebuild/ 
renovation of a HCF’s built environment. The primary outcomes were either HAI and/or patient 
colonization, and the secondary outcome was a reduction in environmental bioburden. Studies 
with an English abstract were eligible for inclusion if published in English, German, French, or 
Spanish. 
 
The review was performed according to the Prisma Checklist. Development of the search 
strategy and the literature search was performed in PubMed and Web of Science. Data extraction 
was performed by two authors and a third was consulted if there were any uncertainties. A 
descriptive analysis with a narrative synthesis was performed, as well as additional sub-group 
analyses by type of intervention, type of microorganism and study quality. A quality scoring 
system was developed in order to score studies on their sample size, study design, presence of a 
control, adjustment for confounding factors, as well as issues with reporting and conflicts of 
interest. For the secondary outcome, studies were included if they measured environmental 
bioburden either through cultured environmental samples or adenosine tri-phosphate (ATP) 
sampling.  
 
6b.Candidate’s role in the systematic review 
 

I conceptualized the review together with support from Prof. Pittet. The MeSH terms (medical 
subheadings) and search strategy was developed together with one of my colleagues. I drafted 
the protocol for Prospero,(73) uploaded all the results into the Ryyan review manager and 
performed all deduplication of the results. I screened the titles and abstracts of all retrieved 
articles and read the papers selected for full-text analysis in order to select the studies included in 
the review. A second colleague also screened the abstracts individually and any discretions 
between our results was resolved either through discussion or with the help of a third colleague. 
 
I developed the standardized extraction form and then extracted the relevant data from the 
articles. These data included: study title, authors, year of publication, study design, type of 
intervention, specific intervention, sample size, presence of a control, types of microorganisms 
studied, outcome, whether the intervention method was recommended by the study authors, 
quality score and grade, reduction in bioburden, and any additional comments. Another 
colleague also performed duplicate data extraction with the same standardized extraction form, 
in order to verify that information was not misinterpreted or overlooked. I then synthesized and 
analyzed the results, performed the sub group analyses and wrote the review for publication. 
 
6c. Methods: Pilot Survey(71) 
 

The pilot survey was conducted online and was sent to 743 HCFs from a database of 18,443 
HCFs around the world that had participated in at least one of the HHSAF surveys.(69,74,75) It 
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remained open from April 16th - June 30th, 2021. A self-selecting survey approach was used, and 
all types of HCFs were included. We sent several rounds of invitations to ensure that we had 
participation from at least four HCFs from each of the four income levels as defined by the 
World Bank.(76)  
 
The content of the 39 question survey was hosted on the SurveyHero® platform and constructed 
around the five elements of the WHO multimodal hand hygiene promotion strategy, including: 
system change, training and education, monitoring and feedback, workplace reminders and 
institutional safety climate.(67) In addition to this data, the survey also included a number of 
questions about respondent characteristics, facility characteristics, and appropriateness of the 
survey including hospital name, location, and number of beds. The survey was only in English, 
and Google Translate was used for any translation necessary in the free text responses. Only the 
smallest and largest HCFs from Croatia’s participants were included in the subset analysis by 
income level, because of the disproportionately high number of participants from that country. 
 
Surveys in which individual responses were omitted were included for analysis, and if a HCF 
completed the survey more than once, only the most recent version was retained. All quantitative 
data gathered from completed survey questionnaires were both included in the analysis and 
stratified by income level. The analysis was performed using OpenEpi. 
 
6d. Candidate’s role in the pilot survey 
 

I conceptualized the project with support from Prof. Pittet. I developed the study design for the 
survey, and did the background research to decide what to include and how to include it. Content 
development was primarily my work, with some feedback from the Clean Hospitals working 
group and other colleagues. Data collection was automated by SurveyHero®, but data cleaning 
and analysis was primarily my work with help from a junior colleague. I wrote the paper. 

 
8.Publications   
 

8a.Impact of environmental hygiene interventions on healthcare-associated infections and 
patient colonization: a systematic review (See pages 20-42) 
 
8b.Results of an international pilot survey on healthcare environmental hygiene at the  facility 
level (See pages 43-59) 
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*Recommended by the study authors, aUVC ultraviolet-C light, bMDR multidrug resistant, cMRSA multidrug-resistant S. aures; dHAI Healthcare-associated infections; 
 eICU Intensive Care Unit; fVRE vancomycin-resistant enterococci, gIPC infection prevention and control, hHEPA high efficiency particulate air (filter) 
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9. The Healthcare Environmental Hygiene Self-assessment Framework  
 

Shaded questions indicate elements that will NOT be scored. 
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10. General conclusion and perspectives  
 

The main conclusions which can be drawn from the research conducted are the following: 
 

• Different types of interventions in the healthcare environment can reduce HAIs 
and patient colonization 
 

• More high-quality studies are needed to explore the scope and extent of the 
impact of HEH interventions in increasing patient safety 

 

• It is likely that almost all HCFs have room to significantly improve their HEH 
programs. 

 

• Having ample access to resources does not automatically translate into high 
quality HEH programs.  

 
10a. General results of the systematic review(72) 
 

Nine-hundred and fifty-two records were assessed after deduplication, and 44 studies were 
included for full text analysis. A total of 26 articles were included in the review. The majority of 
studies demonstrated a reduction of patient colonization or HAI. The included studies tested 
either mechanical interventions (n=8), chemical interventions (n=7), human factors interventions 
(n=3), or bundled interventions (n=8). All of the studies that examined HAI only did so in 
patients, not HCWs. Two studies were published before the year 1990, and the remaining studies 
were published after 2013.  
 
The studies looked at clinically relevant microorganisms; 81% (21/26) analyzed either S. aureus, 
VRE and/or C. difficile. The effect of interventions on Gram negative bacteria were assessed in 
seven studies. Eighty-eight percent of studies (23/26) reported a decrease of MDRO-colonization 
or HAI for at least one of the microorganisms tested, and 58% (15/26) reported a significant 
decrease of MDRO-colonization or HAI for all of the microorganisms tested.  
 
(72)Forty-two percent (11/26) of the studies were of good quality according to the scoring 
system. Eighty-one percent (21/26) of study interventions were recommended by the authors. 
Still, studies with high-quality designs were comparatively rare; of the 26 total studies, only five 
were RCTs and only six used a true control. Sixty-five percent (17/26) had before and after study 
designs. Studies were often not powered adequately to measure statistically significant 
reductions in colonization and/or HAI, and further high-quality studies are needed. 
 
Concerning the secondary outcome, half (13/26) of the studies included in the review measured 
the impact of HEH interventions on environmental bioburden. All of these studies demonstrated 
a reduction in bioburden following the HEH intervention. Fifty-four percent (7/13) of the studies 
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demonstrated bioburden reductions were directly correlated with a significant reduction in 
colonization/HAI for at least one of the microorganisms of tested. 
 
10.b Potential impact of the systematic review 
 

The systematic review on the role of HEH interventions of HAI and patient colonization was 
important for showing the current state of the literature and level of evidence that we have for 
recommending environmental interventions to improve patient safety. This was crucial in serving 
as a basis for the work being conducted by the Clean Hospitals project. In order to improve how 
HCFs around the world perform their HEH, it is imperative to prove that doing so will save lives 
and reduce costs. The review also allowed us to identify which types of interventions seemed 
promising, but need more evidence. Just a few years ago, it would have been almost impossible 
to imagine that multicenter randomized controlled trials would be conducted in HEH, and 
subsequently published in top international journals.(53,55)  It is to be expected that over the 
next few years an increasing number of scientifically rigorous studies in HEH will be performed, 
and that the field will continue to develop.  
 
Still this work is far from complete. Realistically, there is still relatively little evidence for 
individual environmental interventions. The most commonly studied intervention concerned 
UVC disinfection, and there were only six studies total. Training/education and automated 
gaseous hydrogen peroxide were implemented in three studies total, and any other interventions 
or bundles were implemented in 2 studies or less. Additionally, most of the studies were still of 
lower quality and often not powered to show significant outcomes to the interventions. Having 
performed the review will allow people to situate their own research in the context of what has 
been done, and hopefully encourage them to continue developing the field in an increasingly 
evidence-based direction.  
 
10c. General results of the pilot survey(71) 
 

Fifty-one HCFs from 35 countries responded to the survey. Thirty three countries only had a 
single HCF respond; the Democratic Republic of Congo had two responses, and Croatia had 16. 
Although the survey was only sent to two Croatian HCFs, the disproportionately high response 
rate from Croatia stems from one of them sharing the survey among hospitals that were not 
initially contacted. Only 36 of the HCFs that were initially contacted for the survey completed it, 
resulting in a response rate of 4.8% (36/743).   
 
Forty two of the 51 questionnaires were completed; nine had missing answers, mainly for 
questions concerning HCF characteristics, system change, and work culture. The majority of 
HCFs surveyed (28/51, 55%) had between 100 and 500 beds. Distribution by the income level of 
the HCFs’ countries was the following: 37% (13/35) from high-income countries, 26% (9/35) 
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from upper-middle income countries, 14% (5/35) from lower-middle income countries, and 23% 
(8/35) from low-income countries. 
 
Ninety six percent (47/49) of survey respondents made decisions with regards to how their HCF 
was cleaned, 64% (23/36) had over ten years of experience and almost half (23/51, 45%) were 
able to make budget decisions regarding their facility’s HEH program. These results indicated 
that the survey reached the intended target population. Fourteen percent (2/14) of respondents 
from LIC and 55% (10/18) from HIC felt that the budget allocated for cleaning and disinfection 
was adequate in their facility. 
 
Almost all HCFs showed in their answers that there were major issues with their environmental 
hygiene programs These results were not impacted by the income level of the country in which 
the HCF was located. Though issues related to resources are obviously more of a challenge in 
low-resource environments, it is fallacious to assume that the availability of resources is 
sufficient for implementing a high-quality HEH program. 
 
10d. Key results concerning HEH practices: 
 

• 98% (50/51) of HCFs were found to be lacking in one or more of the five components of 
the multimodal strategy.  
 

• Products and supplies for HEH were always available in 67% (33/49) of HCFs. 
 

• 52% (26/50) of HCFs reported that HEH protocols were based on best practice and 
updated regularly, while 14% (7/50) reported that they were not based on best practice  or 
were not available at all. 

 

• 70% (35/50) of HCFs adapted all their HEH protocols to different risk zones. 
 

• Only one HCF (1/50) did not report using any type of disinfectant. 
 

• Mops and buckets for cleaning floors were still used in most HCFs; only 4% (2/50) 
reported exclusively using bucket-less mopping systems. 

 

• 61% (14/23) of facilities in higher-income countries used larger cleaning machines or 
automated disinfection devices while only 7% (1/14) of HCFs in lower’ income countries 
did. 

 

• In HCFs that had the equipment for sterilization, 16% (8/49) could still not perform 
adequate sterilization because the equipment was not in good working order. 

 

• 82% of respondents from higher-income countries had access to both heat and chemical 
sterilization equipment; 28% (4/14) from lower-income countries did. 

 

• 88% (44/50) of HCFs separated normal waste from medical or hazardous waste.  
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• Only 43% (10/23) of respondents in higher-income countries recycled; 7% (1/14) in 
lower-income countries did. 
 

• 22% (11/50) of HCFs reported having an open dump site nearby. 
 

• 18% (9/50) of institutions had machines to shred and sterilize waste but only higher-
income countries were using them.  

 

• 70% (35/50) of HCFs had access to some kind of air filtration system when needed. 
 

• 82% (41/50) of HCFs surveyed had clean water, and 56% (28/50) had water filters 
available when needed.  

 

• 95% (22/23) of respondents in higher-income countries had a ventilation system, but only 
half (7/14) from lower-income countries did. This difference was even more marked 
concerning the implementation of HEPA filtration systems; 87% (20/23) vs. 21% (3/14), 
respectively. 

 

• 30% (7/23) of HCFs higher-income countries respondents outsourced their environmental 
services (EVS) staff, while this practice did not occur in HCFs in lower-income 
countries. 

 

• Only 30% (7/23) of HCFs in higher-income countries and 7% (1/14) in lower-income 
countries indicated that EVS staff received comprehensive formal training.  

 

• 6% (3/50) of respondents reported that they did not know what type of training EVS staff 
received; 4% (2/50) reported that the facility or management did not provide any training 
at all.  

 

• 75% (36/48) of HCFs did not provide their EVS staff access to any certification 
programs. The same proportion of institutions did not make it possible for EVS staff to 
advance into management roles. 

 

• 87% (42/48) of HCFs monitored staff performance, and 60% (29/48) of HCFs gave 
immediate feedback at the individual level.  

 

• 49% (23/47) of HCFs had EVS managers on-site less than once per week or not at all. 
 

• 18% (9/49) did not use any workplace reminders, including the minimum required safety 
posters or instructions. 

 

• EVS and nursing staff had no formal meetings in 24% (12/50) of HCFs.  
 

• Concerning communication on the work floor, 16% (8/50) of respondents reported that 
EVS staff and nursing staff did not speak the same language. 

 

• Upward communication with direct superiors was possible in only 25% (12/48) of HCFs. 
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10e. Potential impact of the pilot survey in HEH 
 

It was encouraging to see that out of the 26 studies, seven were bundled interventions. From both 
the global implementation of hand hygiene in healthcare and other work done in infection 
prevention (IPC), specifically on central line-associated bloodstream infections, surgical site 
infections, ventilator-associated pneumonia, and urinary tract infections, it is increasingly clear 
that infection prevention needs to be multimodal in nature, and take into account numerous 
technical, human and institutional elements in order to be successful.(77–80)  
 
The survey proved very useful in improving and developing the subsequent versions of the 
HEHSAF. Although a sample size of 51 HCFs is tiny in a global context, the fact that all but one 
showed major issues or dysfunction in their HEH programs is quite indicative of a serious global 
problem, especially when taking into account the fact that the HCFs that participated were 
selected from a group of facilities with past participation in IPC activities at the international 
level. 
 
10f. Limitations  
Though efforts were made to make both the review and the pilot survey as comprehensive as 
possible with the available time and resources, there are of course a number of limitations that 
should be taken into account. The systematic review was limited because it only looked at two 
databases, and did not take any of the grey literature into account. No doubt there are numerous 
HCFs that implement changes in their HEH programs where the effects of those changes might 
have correlated with a reduction in HAI or patient colonization.  
 
The pilot survey was limited because it was far too small of a sample size to draw any 
meaningful conclusions about practices in different geographical areas. Because it was an 
exploratory study, there was no mechanism to ensure that primary/ secondary/ tertiary care 
centers or private/ public HCFs were represented evenly. The HCFs that responded were likely 
better at IPC than others, as they had already participated in at least one of the global surveys. 
Croatia was majorly overrepresented because the survey was shared at an event, creating 
challenges for analysis. 
 
Overall, developing tools that cover a broad scope and are meant to be able to be applied 
universally is challenging as some granularity will inevitably be lost, and some elements will be 
more relevant for some participants than others. 
 
10g. Future development of the HEHSAF 
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Our aim for the HEHSAF is to implement it as a cross-sectional survey using an online survey 
platform. It will be open to any acute health care facility globally and participation will be 
voluntary. A scoring system is currently being developed by the Clean Hospitals Academic 
Taskforce. The HEHSAF will then be validated in some of our partner hospitals around the 
world.  
 
This work could be followed by broad dissemination of the HEHSAF, as well as monitoring and 
evaluation in order to document progress and inform efforts moving forward. Ideally, an iteration 
of the HEHSAF could serve as one of the WHO’s self-assessment tools, much like the HHSAF 
for hand hygiene(81) or the Infection Prevention and Control Assessment Framework (IPCAF) 
for the IPC core components.79 Expanding these tools to include HEH would offer a more 
complete toolkit for facilities to improve their IPC, and help to reduce antimicrobial resistance, 
and fight HAIs. If this occurs, then it could be conceivable that the HEHSAF could be included 
in future versions of the WHO Global Survey.(82,83) In order to be useful in such a survey the 
HEHSAF tool first needs to be validated and tested extensively. In parallel, recommendations 
and further tools would need to be developed for HCFs to improve on the individual elements in 
the self-assessment framework that are challenging for them. Without the building of these 
additional tools, the HEHSAF will be limited to informing HCFs of their weaknesses instead of 
accompanying them towards improvement. Such additional tools will likely take numerous years 
to research and develop as well.  
 
Once the HEHSAF is sufficiently established, next steps could be to develop more specific self- 
assessment tools and their associated information/ training resources for specific environments. 
Although the HEHSAF covers all the main areas of HEH, it is concentrated mainly on surface 
cleaning and disinfection; it remains far more general for specific fields such as sterilization and 
device reprocessing, air control, and water control. These fields are more specialized, and many 
smaller HCFs may not have in-house experts in all of those domains. Therefore, developing and 
providing the aforementioned assessment frameworks and resources could be useful tools to 
support HCFs in improving their current practices.  
 
10h. Conclusions 
 

IPC is facing an increasing number of challenges; a growing, aging population, continued 
barriers to HCFs obtaining adequate resources, and antimicrobial resistance mean that more 
individuals are at-risk for contracting HAIs than ever before. Increasing the focus on the 
underdeveloped areas in IPC such as environmental hygiene is crucial for the future of patient 
safety and for the sustainability of healthcare systems and the environment; all of which are 
elements that connect into the larger vision of the UN sustainable development goals.(84)  
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Through my work with Prof. Pittet’s team and the Clean Hospitals project over these last years, I 
am happy to be able to say that I have been able to contribute in some small way to the continued 
goals of IPC and patient safety. The work completed for my PhD is only the beginning of this 
project, and I look forward to continuing my research and advocacy in and for HEH. It is my 
hope that HCFs will realize the importance of the role of the healthcare environment in patient 
safety and commit to improving their HEH programs. COVID-19 pandemic brought 
unprecedented global awareness to IPC and HEH, and it is crucial that the momentum and 
interest generated will continue. Hopefully future work in HEH will not only be concentrated on 
finding new technologies that kill pathogens more safely and effectively, but also on 
implementing these technologies in a context where the human and institutional factors of 
practices and implementation are approached systemically and holistically. 
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