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15: Is your hospital prepared for the next pandemic?
Kari Solem Aune, COWI, Norway

These two years of pandemic have shown how critical it is to be pre-
pared for unexpected situations. By Stavanger university hospital they 
wanted to see how prepared the new hospital would be for an upcoming 
pandemic (or maybe the new normal).

The work was performed through a huge risk assessment, which inclu-
ded the staff from all departments in the hospital – from the ambulance 
hall, emergency unit, infection, and intensive care units and all the way 
throughout the hospital. Key elements discussed were:
• How to divide into separate loops for infected/not infected patients
• How to handle the spread of infected patients into the hospital units
• How to prepare for cohort isolation in different units
• How to prepare the ventilation systems
• How to prepare the clinical routines
• Cost impact of the items above

This presentation will give an overview of how the work was conduc-
ted, to show how such issues can be dealt with.

16: People as a contamination source in cleanrooms
Bengt Ljungqvist & Berit Reinmüller, Chalmers University of Technology, 
Sweden

Results are presented from studies performed in a test chamber on 
cleanroom garments used, laundered, and sterilized (autoclaved 20 
minutes at 121°C), 50, 60, and 70 times, and garments used, laundered, 
and sterilized with a prolonged autoclave cycle 50 times. The garments 
are used in aseptic production of sterile drugs (Grade B). The source 
strength is described as the mean value of the number per second of air-
borne particles and aerobic CFU, respectively, emitted from one person 
dressed in the clothing system to be evaluated. 

Results are compared to previous presented values of human source 
strengths in cleanrooms. Furthermore, results of the source strength 
values of the studied cleanroom garments in the test chamber have been 
used to calculate theoretical expected mean value concentrations of air-
borne aerobic CFU and particles (≥0.5µm) in cleanrooms with different 
number of people present, and at different airflows (m3/s.). The calcula-
tions assume turbulent mixing of air in the cleanroom. It can be noted 
that the theoretical calculated mean value concentrations of airborne 
aerobic CFU often are below the detection level of traditional measuring 
equipment.

17: Protective efficacy of surgical clothing systems and 
additional clothing components concerning airborne 
CFUs
Bengt Ljungqvist & Berit Reinmüller, Chalmers University of Technology, 
Sweden

The number of airborne bacteria-carrying particles, colony-forming 
units (CFUs) in the operating room is considered as an indicator of the 
risk of infection to the patient undergoing infection prone surgery. To 
reduce surgical site infections, it is desirable to keep the bacteria-carrying 
particles at a low number in the operating room air, especially during ort-
hopedic prosthetic surgery.

The main source of airborne bacteria-carrying particles is the people 
staff, and patient. It is important that the surgical team and all other 
people in the operating room wear functional clothing systems. Here, 
results from measurements studies of the protective efficacy are compa-
red, i.e., source strengths of a clothing system with different additional 
clothing components. The studies were performed during ongoing sur-

 

gery. Results show that the use of disposable hood or textile hood and the 
use of knee-length textile boots have considerable influence of the source 
strength, i.e., microbial air cleanliness in the operating room during 
ongoing surgery.

18: Humidification in healthcare facilities
Robert Traversari, Marcel Loomans1, Karin Kompatscher, Emelieke 
Huisman2, Helianthe Kort2,3 & Wim Maassen3, TNO, Delft, the 
Netherlands, 1Eindhoven University of Technology, the Netherlands, 
2University of Applied Science, the Netherlands & 3Royal Haskoning 
DHV, the Netherlands

Humidification is not a common procedure in many buildings in the 
Netherlands. An important exception are buildings that are used for 
healthcare, especially hospitals. There, e.g. in operating theatres, relative 
humidity (RH) generally is controlled stringently at levels around 50%. 
From an energy point-of-view humidification is an energy-intensive acti-
vity.

Currently, more than 10% of the total energy used in buildings for 
healthcare is spent on humidification. The basis for an RH of around 
50% is however, unclear. Therefore, we pursued a scoping review to 
find evidence for specific RH thresholds in such facilities. In addition, an 
inventory was made of the current practice in the Netherlands. In the lite-
rature review, references were selected based on keywords. Guidelines 
and current practice were analyzed by referring to existing (inter)national 
guidelines and standards, and by contacting experts from Dutch hospitals 
through a survey and semi-structured interviews. The literature review 
was grouped into four topics: 1) microbes including viruses, 2) medical 
devices, 3) human physiology and 4) perception. No scientific evidence 
was found for the currently generally applied RH set-point of approx 
50%. Some studies suggest a minimum RH of 30% but the evidence 
is weak. A lack of research that addresses more long-term exposure (a 
couple of days) and includes frail subjects, is noted. Following current 
practice related to humidification, it was found that RH requirements are 
strictly followed in all hospitals consulted, some only focusing on the hot 
zones, but in many cases extended to the whole hospital. For humidifica-
tion, steam is mostly applied due to hygienic reasons. Alternatives are 
available but nearly not considered yet. The conclusion, therefore, is that 
there is no solid evidence to support the RH-setpoints as currently app-
lied in the Netherlands. It is merely a code of practice.

19: Risk assessment in unidirectional airflow at different 
air velocities
Bengt Ljungqvist, Johan Nordenadler* & Berit Reinmüller, Chalmers 
University of Technology, Sweden & *Karolinska University Hospital, 
Sweden

Operating rooms for patients undergoing infection prone surgery 
often have unidirectional air flow (UDAF) supply air systems. Many 
UDAF systems installed in Europe have low air velocities i.e., equal to 
or below 0.3m/s, while other UDAF supply air systems have velocities 
about 0.4m/s. The velocities, declared by the supplier, is mostly the 
velocity measured 150 to 300mm below the filter screen. The purpose of 
this presentation is to describe microbial airborne contamination risks at 
different air velocities in UDAF systems without blocking obstacles, such 
as monitors, lamps, etc.

To evaluate contamination risks, the method for Limitation of Risks, 
the LR-Method is used. The LR-Method, which relies upon visualization 
of air movements, particle challenge testing, and calculation of a risk 
factor, presents a fast and reliable way for evaluating microbial safety and 
detection of potential airborne microbial risks. 
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The results show that the convection flows and arm movements from 
a person standing still in the unidirectional airflow system have a great 
impact on the contamination risks at air velocities below 0.4m/s and that 
the air velocity should at least be 0.4m/s to give a “sweeping action” and 
achieve a good protection efficacy.

20: Planning of a sterilization department
Kari Solem Aune, COWI, Norway

The sterilization department in a hospital is more or less the same as 
a factory producing sterile goods. This means, we need to understand 
the sterilizing process to design and construct the right solution for each 
hospital.

There are no common guidelines on European level yet but based on 
the Swedish requirements and Norwegian experience we want to share 
our best practice. This session will focus on the sterilizing process as a 
basis for the demands, the project process and how to design and con-
struct suitable rooms and ventilation system for this purpose.

21: Design considerations for ATMP facilities
Frans Saurwalt, Kropman Contamination Control, the Netherlands

Advanced Therapeutic Medical Products (ATMP) form an increasing 
part of the pharmaceutical market. The Eudralex Vol 4 ATMP-guideline 
deals with their specific requirements. As diverse, as they are they gene-
rally require a flexible and modular approach. Furthermore, logistics on 
product, materials and in process quality control pose requirements on 
routing and layout. This is particularly of importance when autologous 
products are processed. Developing from manual lab procedures the 
expected developments to more closed and automated systems require 
adaptable designs. Based on recent projects and considering the conta-
mination control strategy aspects, design concepts and solutions will be 
presented including layout concepts, flow/pressure cascades including 
GMP and containment.

22: Ventilation solutions for healthcare patient rooms to 
control respiratory infections
Anni Luoto, Granlund Oy, Finland

During the Covid-19 pandemic, more attention has been paid to heal-
thy indoor conditions and safety, as air is the main route of transmission 
of the Sars-Cov-2 virus. The airborne spread of the virus highlights the 
importance of a ventilation strategy, as well as the development of new 
ventilation solutions. Current studies have shown that sufficient ventila-
tion reduces potential exposure to the virus. The aim of the study is to 
optimize the location of ventilation terminals in a typical hospital emer-
gency reception room.

The study compares different computational fluid simulation models 
implemented in the room, where the location of the exhaust air device 
has been changed in different cases. The research methods of the work 
are computational fluid simulation (CFD), literature research and com-
parison of ventilation solutions with the using Choosing by Advantages 
method (CBA).

23: Ventilation solutions enhancing Health Care 
Worker’s safety in isolation rooms
Kim Hagström & Ismo Grönvall, Halton OY, Finland

According to recent studies, there is a high risk for HCWs to be expo-
sed to microbes exhaled by patients especially, while they are conducting 
their work close to patient. Current ventilation solutions that are used in 
Isolation rooms are not designed to address this challenge. With high air-
flows rates that are used in isolation rooms, ventilation airflow can reduce 
the average microbial concentrations in the room, but they are not able 

to affect the Health Care Worker’s (HCW’s) exposure to patients’ out-
breath close to patients. These may lead to substantially higher exposure 
levels compared to general room air conditions.

The performance requirements for isolation rooms have been consi-
dered from 1st principles in standardisation work at CEN TC156 WG18. 
The defined verification requirements for ventilation systems aim to 
account both for general and local exposure risks. Also, sustainable ope-
ration must be considered when room is used for other patients without 
isolation need.

A new dynamic protective flow ventilation approach has been develo-
ped for isolation rooms allowing different operation modes for isolated 
and normal patient needs. Its performance has been verified according 
to principles emphasized in CEN working draft including also thermal 
comfort.

24: Surface hygiene in hospital environment
Leila Kakko, Tampere University of Applied Sciences, Finland

The cleanliness and clean surfaces in hospital environment must be 
self-evident, but sampling of surface hygiene has more relevant during 
the COVID-19 pandemic. Surfaces are always contaminated with dirt, 
dust, microbes, and condensed matter. Therefore, cleaning has a long 
history. The criteria for what we want to obtain by cleaning differ. The 
level can be acceptable perception both visual and tactile, hygienic and 
health concerns, and prevention of surface degradation. To keep clean is 
to reduce any pathway ultimately transporting mass into the surface layer. 
There are only two methods for removing dust and dirt that has been 
introduced into the indoor environment: ventilation and cleaning. The 
current COVID-19 situation challenges and highlights the importance of 
hygiene and cleaning expertise and skills in all operation environments. 
In Tampere we collect surface and air samples from the hospital environ-
ment, e.g., from the premises of the units that treat COVID-19 patients 
and from other facilities of the hospital. The samples were analyzed in the 
Virology Laboratory at the University of Tampere. In the presentation I 
will show some of the results.

25: Cleaning and disinfection: Regulatory requirements 
and expectations including GMP Annex 1 draft
Matthew Cokely, Ecolab, UK

Cleaning and disinfection processes are often undervalued. This pre-
sentation reviews the regulatory requirements and ’best practice’ recom-
mendations for cleaning and disinfection of controlled manufacturing 
areas. The pertinent regulations are considered.

The regulatory guidance relating to cleaning and disinfection in the 
draft EudraLex Vol.4 Annex 1, version 12 (v.12) issued in February 
2020 and potentially the final version is examined. This presentation 
gives a summary of the history of these publications and revisions to date, 
and discusses the relevance of the revision to the international state mem-
bers of PIC/s.

Finally, the presentation considers the regulations specifically relating 
to cleaning, disinfection, documentation and records, cleaning equip-
ment, in-house preparation of detergents and disinfectants, residues, 
validation, rotation, transfer disinfection, validation, and training of 
cleanroom personnel. Recommendations for best practice are provided.




