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LIST OF INFECTIOUS DISEASE DEFINITIONS

A collection of pathogen particles in the air.

i

The airborne route (also called aerosol transmission) occurs when exhaled
respiratory droplets are small enough to remain suspended in air such that
they can be inhaled into the respiratory system of other people.

The contact route takes place when respiratory droplets are deposited
onto surfaces that are then touched by other people who go on to touch
their mouth, nose or eyes before washing or disinfecting their hands.

The contagious disease that is caused by the pathogen SARS-CoV-2.

Taking off PPE

Putting on PPE

The droplet route of infection involves the transfer of respiratory droplets
from an infected person to the mucous membranes of a subject, i.e.
respiratory droplets land in the mouth, nose or eyes of others.

A disease that belongs to a particular people or country.

Disease that affects a large number of people within a community,
population, or region.

Objects or materials that are likely to carry infectious diseases.

Greater-than-anticipated increase in the number of endemic cases. If not
quickly controlled, an outbreak can become an epidemic.

pm—— L
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a
pathogen that is a strain of coronavirus that causes COVID-19.

T Epidemic that has spread over multiple countries or continents.
IR R fa,fr 1

Action or process of passing infections onto others.
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1. EXECUTIVE

SUMMARY

This report examines international good practice for
infection resilience in the built environment and public
transport. This includes the background for infection
resilience within infrastructure design in the past,

and analyses the key approaches and interventions
incorporated across the globe to reduce transmission
of different types of infections.

Throughout history, health threats and pandemics
have shaped cities and permanently shifted how the
built environment is designed; many health issues
have been reflected in the architecture and urban
planning we experience today. The Black Death

in the 14th Century affected the urban design of
European societies by calling for more and larger
public spaces and Cholera outbreaks in the early 19th
century had a major impact on the management of
waste in the streets of Paris and London. In regard to
building design, Tuberculosis (TB) led to an improved
understanding of germ theory which influenced the
consideration of fresh air and sunlight.

The recent COVID-19 pandemic has highlighted the
necessity to review how we currently design buildings,
such as designing for flexibility and adaptability in all
spaces to cater for future infection peaks. International
standards, such as the WELL Building Standard which
is used in over 120 countries, has been revised to
incorporate indicators around disease transmission
prevention in the introduction of the Health-Safety
Rating demonstrates the re-emergence of infection
resilience concepts within design practice today.

The information for international best practice was
conducted from a combination of literature review,
extraction of practical experience and foresight
techniques. This information collated was verified with
key stakeholders for each building typology to confirm
how measures and guidance were implemented in
practice and to provide relevant case studies. The
research covers 43 countries internationally and
includes representation from Europe, the Americas,
Africa and Asia.
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In order to describe what constitutes “best practice”,
the resilience of what, for whom and for what purpose
are variables which must be defined to provide the
appropriate framing. In this report, it assumed that, in
general terms, the purpose is to maintain, as much as
possible, business continuity, or the regular function

of the infrastructure, while minimising the risk of
transmission of infection between its users. This needs
to consider the prevalent infections of the moment, and
the immediate future.

However, the exact answer to the question above is
different in every case, and therefore the concept of
best practice is much more than a set of discrete
interventions; rather the examples of those who have
fared the best have a set of common approaches
which influenced the decisions taken in regard to the
interventions employed in their specific context. That
contextual setting includes constraints of the situation,
for example the available investment or the flexibility
allowed to make changes to the infrastructure for legal
or operational reasons. These are broadly covered in 3
themes:

+ Taking an “as low as reasonably practicable”
(ALARP) approach, where the risk is lowered as
far as possible by taking the most effective set of
interventions feasible; but there is an acceptance
that a zero-risk scenario is not attainable.
Interventions are selected from a list of “tools in
the mitigation toolbox,”, as described in Chapter 5,
each of which can contribute towards a reduction
in risk, with multiple interventions being employed
at the same time1. This also helps to mitigate
against uncertainty around the relative contribution
of one transmission mechanism over another, as is
common early in an outbreak2 or when planning for
a future, unknown infection.

Planning for adaption, where alterations and
interventions to respond to a changing environment
in future are accepted and planned for within the
initial response. The science of infectious diseases
is constantly being reviewed, and the scientific
makeup of future infectious pathogens is likely

to change, including the characteristics of their

behaviour and infectiousness. This will impact the
necessary response required to reduce transmission
in the built environment, resulting in a need for the
response to adapt accordingly.

Integrating infection resilience within the context of
broader design decision making, recognising that
intervention decisions must be made in balance
with a number of other priorities, some of which

are complementary and some of which may be
contradictory. For example, a large focus in infection
resilience is around improved indoor air quality and,
in many cases, this results in an increase in demand
for mechanical ventilation systems. This is in direct
tension with low-carbon operational design.

Below these principles, are a wide range of specific

interventions which can be taken at different points

within the building lifecycle. Within this report, these
have been defined as:

Short term: Immediate actions and measures

that can be enacted in existing spaces. These are
typically low capital cost and have a minimal impact
on the existing infrastructure.

Medium term: Interventions able to be implemented
within the existing building fabric (e.g. retrofit) but
require more capital expenditure.

Long term: Decisions which require significant
investment or new infrastructure or a change in
common industry practice to achieve.

Within these interventions, the research showed that
they could broadly be categorised into 2 types: those
which are common across all infrastructure types, and
those which are specific to the building use. Those
which were use-agnostic included interventions which
covered the following topics:

Improving indoor air quality through increased
clean air delivery rates, achieved through ventilation,
increased outdoor air intake and use of filtration to
reduce airborne transmission of pathogens between
building users. The manner in which this is achieved
will vary according to the particular context, for
example determining whether the use of natural or
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mechanical ventilation is most appropriate or what
filtration will work within an existing system.

Upgrade of material and surface characteristics for
antimicrobial resistance, plus enhanced cleaning
regimes and sanitation points, to prevent fomite
transmission, where transmission occurs between
building users through contaminated surfaces. This
is particularly key for frequently touched surfaces
such as entry gates, door handles, lift buttons and
countertops.

Alteration of spatial configuration to reduce
occupancy density and promote physical distancing.
The level to which this can be achieved typically
depends on the space function, for example it

may be possible to stagger worker position in an
assembly line but spacing tables in a restaurant may
lead to an uneconomically low number of diners

for the viability of the business. This may also be
something which is only employed during infection
peaks and the design of the space should be flexible
to allow for this during these times but sustain
higher occupancies at other times.

Addressing waterborne transmission through the
reduction of water stagnation and transmission
routes through drainage and wastewater systems.

A number of infections including Legionella and
SARS-1 were demonstrated to be transmitted
through the plumbing systems, typically when
poorly maintained. Designs of water systems

can be upgraded to reduce the risks of infrequent
maintenance and thereby improve resilience, even
during periods of inoccupation of a building.

Designing to improve collective behaviours such as
reducing use of spatially-confined lifts by promoting
stair use and encouraging hand sanitation by placing
handwashing or sanitation facilities within easy
reach of the users.

Use of monitoring software to track occupancy

and air quality, adherence to sanitation schedules
and maintenance, and the use of Al or other smart
technology (1oT) to predict changes, conduct
contact tracing, and enact preventative measures.
This typically requires a high level of investment,
particularly if a Building Management System (BMS)
is not already being used but has been shown to

be effective in improving air quality by producing
the information for better, and at times automated,
management of ventilation systems. It also requires
training for Facilities Management (FM) staff in their
function and use to be effective.
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These interventions typically also relate to common
space types which are present in many buildings
regardless of use, such as vertical transport, hallways
and entrances, small offices or sanitary facilities, as
highlighted in in the diagram.

In addition to these, there were interventions
highlighted by the research which were specifically
addressing the use of that type of infrastructure,

and therefore not typically found in other use

classes. These have been split in line with the UK
Planning Regulation Use Classes, as per the scope

of the research. These cover 5 broad infrastructure
classifications, as noted below, and described in more
detail in Section 2.3:

Industrial (Class B): these are characterised

by very specialist use functions, depending on

the exact nature of the industry involved and
appropriate interventions typically change to reflect
this. Examples of key interventions are linked to
worker placement and management of deliveries
to minimise contact between different groups

of building users. Additionally, increased use of

automation enables an overall reduction the number

of building users within warehouses, decreasing
infection risk.

Residential (Class C): appropriate interventions

Retail Space
M Event Space
Open Plan Offices

O Catering/Canteen Space

B Meeting Rooms

Fmmmm =

Commerical Buildings

Industrial Buildings

Community Buildings

I Delivery Services t""\
I Sanitary Facilities

l Vertical Transport

I Hallways and Concourse

[ small Offices

jm] Assemblxl.iqggj_h/l_gqgfgcﬂturing Halls

Entryways and Reception

High Traffic

High Density

Touch Points

Residential Buildings

-'Spor‘t and Exercise
Transport M Rolling Stock
B Places of Worship

. Healthcare Facilities
Residential Space

Enclosed Space

Aerosol Generating Activities

for these buildings varied between large, multi-
occupant buildings such as hotels or large high-rise
blocks, which typically have more advanced building
systems, such as mechanical ventilation, which can
be adjusted and smaller single dwelling buildings
which do not have an building manager or operator
in the same way. Additionally interventions were
included which allow the multi-use of space which is
required as residential spaces expand to provide use
for multiple functions such as work or school or in
use a isolation spaces.

Commercial (Class E): the COVID-19 pandemic
showed these buildings to be particularly vulnerable
to shutdowns or lockdowns, and key interventions
for this group centre around the ability to maintain

business continuity during infection peaks. These
included design features for user management such
as designing user routes with options for one-way
systems or increased physical distancing which can
be used intermittently as required.

Local Community (Class F): interventions in this
class were typically split between educational
facilities, which have specific requirements around
child users and other public facility buildings. In
schools, interventions included providing covered
outdoor play and learning spaces to reduce

time indoors and consideration of safeguarding
measures.

Transport & Transport-Related Development: The
inherent nature of public transport means that

it is designed to carry a large volume of people,
resulting in greater opportunities for the spread

of infection at key points throughout the journey,
whether it is dwelling on concourses or in waiting
areas, funnelling through gate lines or security
checks, or travelling within high-capacity vehicles.
Interventions are included which respond to these
key transmission points such as contactless entry
and increasing the number of aligning points to
reduce “pinch points” all contribute to mitigation
at these areas. plumbing systems, typically when
poorly maintained. Designs of water systems

can be upgraded to reduce the risks of infrequent
maintenance and thereby improve resilience, even

during periods of inoccupation of a building.

In order to demonstrate how the principles and the
interventions can be brought together in different
environments and contexts, Chapter 6 describes a
range of scenarios that define how different mitigating
measures could be implemented in the decision-
making process.
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2.1 PROJECT PURPOSE

The project aims to examine interventions incorporated into the built
environment or transport system to reduce transmission of infections,
including technological and behavioural changes and the role, if any, of
the policy and regulatory environment to enable intervention.

2.2 PROJECT OBJECTIVES

The specific objectives of the research set by the Royal Academy were:

To develop an understanding of how widespread, internationally,
the concept is of making an environment, such as a building or
transport system, less susceptible to disease transmission, how
that is conceptualised and articulated, and what it is considered to
entail.

To understand what methods exist to create infection resilient
buildings and transport systems internationally.

To identify what constitutes best practice in infection resilient
environments from an international perspective.

To outline emerging challenges and opportunities with significant
potential impact on creating infection resilient environments.

13
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2.3 SCOPE OF THE RESEARCH

Infrastructure Types

The research covers the following infrastructure types,
which reflect specific building types as defined by UK
Planning Regulation. These are:

Table 1: Infrastructure Types within Scope of Research

INFRASTRUCTURE  SPECIFIC USE CLASSES
TYPE
Industrial B2 General industrial
(Class B) B8 Storage or distribution
Residential C1 Hotels
(Class C) C2 Residential institutions
C2A Secure residential institution
C3 Dwelling houses
C4 Houses in multiple occupation
Commercial E(a) Display or retail sale of goods, other than hot food
(ClassE) E(b) Sale of food and drink for consumption
E(c) Provision of financial, professional, or other services
E(d) Indoor sport, recreation or fitness
E(e ) Provision of medical or health services - not attached to consultant or practitioner
E(f) Creche, day nursery or day centre
E(g) Office, research and development, industrial processes
Local F1 Learning and non-residential institutions including
Community (a) Provision of education
(Class F) (b) Display of works of art
(c) Museums
(d) Public libraries or public reading rooms
(e ) Public halls or exhibition halls
(f) Public worship or religious instruction
(g) Law courts
F2 Local community
Transport & 8 (A) Railway or light railway
Transport- 8 (B to C) Dock, pier, harbour, water transport, canal, inland navigation undertakings
Related 8 (F to N) Development surrounding airport

Development

+ 9 (Ato E) Roads, Highways, Toll roads, Tramway and road transport undertakings
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Transmission Types

Infections can be transmitted in a variety of modes or
transmission pathways. Understanding how infectious
pathogens spread is key to improving the infection
resilience aspects within the design of infrastructure.

Key transmission types considered within the research
are:

Table 2: Summary of Primary Transmission Modes Considered within Research (© RAENng)

TRANSMISSION TRANSMISSION OCCURS IN SITUATION OF...
ROUTE
Direct contact Direct body contact with the tissues or fluids of an infected individual.

transmission

Surface (fomite)  Inanimate objects contaminated by an infected individual that then come into contact with
transmission another.

Airborne Transfer of pathogens via very small particles or droplet nuclei. Very small particles may
(aerosol) remain suspended in the air for extended periods.
transmission

Oral (ingestion) Ingestion of pathogens from contaminated food or water.
transmission.

The following transmission modes were identified in
the literature and will be noted along with any trends,
but do not form a significant focus in the research:

Table 3: Summary of Other Transmission Modes which are not the Primary Focus of the Research (© RAENng)

TRANSMISSION TRANSMISSION OCCURS IN SITUATION OF...

ROUTE

Vector-borne Living organisms that transfer pathogenic microorganisms including insects such as
transmission mosquitos.

Zoonosis Diseases transferred from animal to people.

Environmental Soil, water, and vegetation containing infectious organisms transferred to people.

transmission

15
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3. APPROACH AND
METHODOLOGY

3.1 Project
Methodology

The project has been developed over three stages,
using a combination of literature review, extraction
of practical experience and foresight techniques. A
summary of the key activities is as follows:

STAGE 1: LITERATURE REVIEW

The literature review was the starting point for

the research. Its purpose was to provide an initial
background and understanding to the questions

posed within the Project Objectives through review of
academic articles, existing guidelines and frameworks,
and grey literature. Through keyword searches on
Google Scholar and a review of existing relevant
research within Arup and International WELL Building
Institute (IWBI), plus a follow on review of linked
references, a list of 189 documents was compiled

and reviewed. This information has been compiled in
the references which are provided in Appendix B. This
literature review highlighted a range of measures which
have been implemented globally, along with a number
of guidelines produced internationally. The research
covers 43 countries internationally and includes
representation from Europe, the Americas, Africa and
Asia, plus international and regional standards and
guidelines.

It also highlighted sectors or areas where there is

less literature available, indicating where additional
information and focus was required at the stakeholder
engagement stage. The stakeholder workshops were
then be used to fill in any gaps or reveal true gaps that
existed for a specific building type.

The result of the literature review was a collated list of
measures which have been employed internationally
across the different sectors. This helped to identify
where there were commonalities across the typologies
which were more generic, and where measures were
specifically employed related to the building use.

Powered by Bing

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Wikipedia

Figure 1: Origin of Country Specific Research Reviewed
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STAGE 2: STAKEHOLDER ENGAGEMENT

The stakeholder consultations phase was designed
with the following key objectives:

Verify key findings from the literature review

Fill gaps in published data through real-world
practices

Signpost to additional relevant documentation
Provide relevant case studies

The stakeholder consultations consisted of Key
Informant Interviews (Klls). These were bilateral
discussions to gain specific information which is held
by a certain individual, potentially where they have
expert knowledge or specific experience relevant to a
specific area of the research subject matter.

These were followed by a series of Participatory
Workshops, one for each building typology. These
were used to gain the opinion of a group of people with
experience designing, using or operating these building
types.

The participant list from the consultations and the
workshop structure is provided in Appendix C.

The consultations strengthened the typology-specific
measures and provided a number of case studies. They
also provided insight on the decision-making process
employed, particularly for COVID-19, by different
sectors, and the various drivers for implementation.

Consultation Summary
5 Workshops
4 Interviews
47 Participants
12 Organisations

Representation from Europe, Africa, Asia and the
Americas

STAGE 3: ANALYSIS

The final stage of the research was to bring together
the findings of the two research streams from Stage

1 and Stage 2, and set the findings in response to

the Project Objectives. It also draws out some of the
challenges or tensions which might be found in the
pursuit of improved infection resilience. Where there
are specific considerations associated to specific
typologies, these are noted in the relevant section.
How the future of infection resilience in the built
environment progresses in light of some of these
challenges is also discussed, bringing in foresight
analysis to the topic, and providing structure to how the
measures may be implemented by decision makers in
the future.
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3.2 Research
Approach

3.2.1 BUILDING ON EXISTING
INTERNATIONAL RESEARCH

In addition to the international body of literature
referenced, as noted in Section 3.1, this paper has
built on the work undertaken by the IWBI in developing
in the Health-Safety Rating. This was created by the
IWBI Task Force on COVID-19 and Other Respiratory
Infections which was convened in April 2020. This task
force was composed of 16 globally acknowledged
thought leaders in the role of co-chairs, and nearly

600 professional and market leaders and experts

— virologists, epidemiologists and public health
professionals, along with real estate professionals,
architects, designers and manufacturers — from more
than 30 countries. This also crowd-sourced thousands
of comments during a 40-day sprint.

3.2.2 DEFINING “BEST” PRACTICE

As much of this research is emerging due to the large
increase in research funding in the last two years

due to the COVID-19 pandemic, it is useful to set out
some definitions of Best Practice. This report includes
practices which fall under the following definitions -
see Table 4.

Much of this emerging research around respiratory
infection transmission will fall into the “promising
practice” category due to the relative youth of the
research, and a changing understanding of the
transmission of COVID-19, as described in Section
4.1.3. However, it is still valuable to include, particularly
when set in the context of an “ALARP” approach as

described in Section 5.1.1. Subsequent research

will likely elevate some of these in the future. Types
of infections whose transmission through the built
environment are more established, such as legionella,
may fall into the more validated or tested practices.
These are typically already incorporated into regulation
or building codes. Where newer research is being
produced, for example around the SARS Cov-2
(COVID-19), due to the need to implement changes
quickly, recommendations based on engineering
judgement are usually peer-reviewed and published by
a Professional Body, such as the American Society of
Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE).

3.2.3 RESILIENCE OF WHAT, FOR WHOM
AND FOR WHAT PURPOSE

It is also important to note that what constitutes “best”
is contingent on the type of infection considered,

who is being protected, and also recognises what

is appropriate and affordable in a given situation.

In this report, it assumed that, in general terms, the
purpose is to maintain, as much as possible, business
continuity or the regular function of the infrastructure,
while minimising the risk of transmission of infection
between its users to the prevalent infections of the
moment and the immediate future.

Table 4: Types of Best Practice (adapted from: U.S. Department of Health and Human Services)?

Research A strategy or intervention that has the highest degree of proven effectiveness supported by
Validated Best objective and comprehensive research and evaluation.

Practice

Field Tested

Best Practice

A strategy or intervention that has been shown to work effectively and produce successful
outcomes, and is supported to some degree by subjective and objective data sources.

Promising

A strategy or intervention that has worked within one, or a type of, infrastructure and shows

Practice promise during its early stages for becoming a best practice with long-term sustainable
impact. A promising practice must have some objective basis for claiming effectiveness
and must have the potential for replication more widely in similar infrastructure types.
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3.2.4 DETERMINATION AND
CATEGORISATION OF MEASURES

The potential mitigation measures, or interventions,
presented in Chapter 5 have been derived from the
literature review and from the consultations. As this

is a large and dynamic field and research is emerging,

it is not possible to say that the list of measures is
exhaustive. However, a review has been undertaken
against built-environment related measures from

the taxonomies developed within databases of Non-
Pharmaceutical Intervention (NPIs), also known as
Public Health and Social Measures (PHSMs) where
available, although these were only relevant for COVID-19
measures. This included the Complexity Science Hub
COVID-19 Control Strategies List (CCCSL) dataset* which
includes data on interventions from 34 countries, and
the global WHO PHSM dataset®. Secondary data sources
from other research collating interventions have also
been used as reference for completeness.

To address the issue of appropriateness and
affordability, the research presents, and distinguishes
between, inventions which are “Short term”, which are
those which are easy to implement, low cost and require
minimal material inventions to the built environment
fabric; those which are “Medium term” and able to

be implemented within an existing building fabric;

and “Long term” where significant investment or new
infrastructure would be required to achieve these.

Retail Space
M Event Space

. [ ]
Short term

Immediate actions and measures that can
be enacted in existing spaces

L} N

Medium term

Able to be implemented within the existing
building fabric (e.g. retrofit)

Long term

Requires significant investment or new
infrastructure

Figure 2: Interventions over the Building Lifecycle

3.2.5 APPLICABILITY OF INTERVENTIONS

There are some methods which are likely to apply to
many different infrastructure types, including those
which relate to common space types which are present
in many buildings regardless of use, such as vertical
transport, hallways and entrances, small offices or
sanitary facilities, as shown in Figure 3.
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4. CONTEXT

4.1.1 BACKGROUND TO THE USE OF
THE BUILT ENVIRONMENT TO REDUCE
INFECTION TRANSMISSION

Throughout history, pandemics have shaped cities
and permanently shifted how the built environment

is designed. Many health issues have been reflected
in the architecture and urban planning we experience
today. This dates to the Roman Empire when rampant
disease in military camps led to the installation of
aqueducts, public baths and division of water and
sanitation systems®. However, these solutions were
not applied worldwide following the fall of the Roman
Empire.

The Black Death in the 14th century affected the urban
design of European societies by calling for the opening
of more, and larger, public spaces, which provide a
greater opportunity to connect with nature and reduce
the feeling of isolation. Cholera outbreaks in London
and Paris in the early 19th century had a major impact
on the management of waste in the streets and led

to the introduction of mains sewage systems which
safely separated wastewater from clean water supply.

Around the same time, Tuberculosis (TB) was rife in
the US, and estimated to have caused over 25% of
deaths in New York City between 1810 and 1815”. By
the end of the century, germ theory had become better
understood and the recommended care was primarily
environmental — fresh air and sunlight. The design of
TB sanatoriums therefore started to focus on these,
with a key feature of a New York centre built in 1885
being a glass enclosed deck known as a “cure porch”,
and many facilities incorporating large flat roofs for
sunbathing.

In wider building design outside of healthcare facilities,
similar design features increasing air and light were
also being implemented. Early 20th-century New York
City schools were constructed with C- and H-shaped
floor plans, large built-in ventilation shafts, and
operable transoms in the corridors, to encourage cross-
ventilation®. They also installed floor drains to facilitate
the cleaning of bathrooms?®.

Following the SARS outbreak in Hong Kong in 2003,
the Government of Hong Kong Special Administrative
Region (HKSAR) set up a “Team Clean Commission”'®
to learn lessons from Amoy Gardens, a residential

development where more than 300 cases were
recorded (see case study below). The Commission
made several policy recommendations covering both
planning and design. These included that outdoor

air circulation should be factored into future design
practices and that planners should consider the city’s
air circulation capacity and its relationship with the
city’s development densities and building layouts.

As noted in the case study, the primary transmission
method was determined to be through the drainage.
In response the Buildings Department of the HKSAR
Government issued a new Practice Note for Authorised
Persons with a new W-trap design to prevent the
drying of the water seal in the floor U trap. In addition,
two important building and urban design guidelines
were promulgated. The first was the Air Ventilation
Assessment (AVA) Technical Circular and the other
was a new chapter on city-building ventilation
principles in the Hong Kong Planning Standard and
Guidelines (HKPSG)'®. While these measures have
influenced design of new infrastructure in Hong Kong
since then, these design features do not appear to
have permeated into American and European building
codes.
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Figure 4: Example of an H-Plan School Design, New York City early

20th Century "
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BUILT ENVIRONMENT - CASE STUDY

SPREAD OF SARS-1 IN AMOY
GARDENS, HONG KONG °'

Overview

In March 2003, an outbreak of the SARS Influenza

hit a residential block in Kowloon Bay in Hong Kong.
Research into the spread of the disease within the
block identified that it spread initially via the toilet of

a flat on the 16th floor from an infected person who
visited on the 14 March. By 15 April there were 321
cases of SARS in Amoy Gardens, accounting for 18% of
the cases in Hong Kong.

Studies undertaken after the outbreak suggested

that the plumbing and ventilation systems interacted
to transmit the virus throughout the block. The WHO
environmental team determined through odour
detection and smoke tests that aerosolised infected
particles from the sanitation systems were drawn up
through the floor drains with dry U-traps, assisted by
the negative pressure caused by the bathroom fans.
These were then transmitted through re-entrant spaces
to other flats.
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More recently, infection prevention guidance for
buildings has focussed on the HVAC (heating
ventilation and air conditioning) space. Prior to the
COVID-19 pandemic, ASHRAE'?, the WHO™, the Facility
Guideline Institute (FGI)'* and others had published
guidance on the role of ventilation in infection
prevention, primarily in healthcare facilities.

Research published in the US in 2013 used probabilistic
methods to model relative risk of influenza infection
in an office environment, using epidemiological

data such as droplet size from studies in healthcare
facilities, combined with a Wells-Riley model for risk.
The equation was modified to account for removal

of infectious particles by air recirculating through
different standards of filters using ASHRAE Standard
52.2. The study showed decreasing relative risk with
increasing levels of HVAC filtration (MERV 4-16 then
HEPA), and that MERV 13-16 produced the greatest
risk reductions at a lower operational cost than the
equivalent outdoor air ventilation. Medium efficiency
filters (MERV 7-11) were less expensive to operate but
appeared less effective in the reduction of disease
transmission.™

Over the past 2 years, due to the COVID-19 pandemic,
guidance on the impact of ventilation on infection
transmission for all indoor spaces has been published
by organisations globally such as the Society of
Heating, Air-Conditioning and Sanitary Engineers of
Japan (SHASE)'¢, Australian Health Protection Principal
Committee (AHPPC)", the Architectural Society of
China, the Chinese Association of Refrigeration’®

and the European Centre for Disease Prevention and
Control™. This is reflective of a wider recognition of
disease transmission within the built environment as
an important design criteria. A further illustration of
this increased focus can be seen in a statistic from the
International Well Building Institute (IWBI). In February
2020 there were approximately 500-million square feet
of buildings registered and certified under the WELL
Building Standard (WELL). By mid-March 2022 this had
increased to over 3.15 billion square feet, representing
an increase of over six fold in certified spaces globally.
The standard continues to become more widespread,
currently enrolling nearly 5.7 million square feet of
space every day. The introduction of the Health-
Safety Rating also demonstrated a shift from criteria
which measure healthy buildings, to ones which also
incorporate disease transmission prevention.

This is an important shift, as there are a host of
specific mitigation measures in building design that
have been used in healthcare facilities for decades
to control infectious diseases and help hospitals
stay operational and safe, but are not necessarily
applicable for wider infrastructure. An example of

23

this is negative pressurisation, where isolation rooms
are negatively pressurised to prevent the spread of
infectious particles to adjacent rooms?. These are not
generally either cost effective or useful in more general
situations in which the infected person is not identified,
and therefore not separated from other building users.

A study which reviewed research done on coronavirus
outbreaks in indoor environments over the past 20
years showed that of studies which were done prior to
COVID-19, 7 out of 8 studies were done in a hospital
setting but of the 6 carried out looking at transmission
of SARS-Cov-2, all were in non-healthcare settings,
including ships, restaurants and workplaces?®' (note this

INFECTION RESILIENT ENVIRONMENTS

review was published in August 2020).

In addition to the built environment playing a role
in spreading disease, in some specific cases it can

“create” diseases®. The bacteria Legionella that causes

Legionnaires disease was discovered in 197622 and
found to be primarily transmitted through the heating
and cooling systems of buildings?. To date research
into Legionella has been published by at least 19
countries worldwide including France, Japan, Israel
and Singapore®. Key mitigation measures to reduce
the risk of Legionella growth and spread which can
be implemented by building designers, owners and
managers are typically included in building regulation
or other legislation (such as Health and Safety Laws).
Regulation covering mitigation of Legionella applies
in Europe, China, USA, New Zealand, Australia, Russia,
Dubai and Singapore, with South American countries
typically referencing the US Standard, ASHRAE 188. A
key gap appears to be in Africa, where legislation only
applies in South Africa.

It is important to consider the distinction between
infectious risks that remain as a constant endemic
threat in the context of the built environment such
as Legionnaires Disease, against the requirement
for preparation for novel infectious risks of future
pandemics.

Credit: Asian Development Bank

4.1.2 PUBLIC HEALTH STRATEGIES
GLOBALLY

In the wake of SARS and MERS, many Asian countries
put more pandemic preparedness planning in place,
but these were typically focussed on wider public
health measures, rather than specifically on building
interventions.

For example, since 2003, Singapore has implemented
a number of measures to strengthen their capacity

to respond to public health crises, including building
capacity in infection disease research and diagnostics;
building the National Centre for Infectious Diseases,
the National Public Health Laboratory, and more
biosafety level 3 laboratories; and investing in building
expertise in infectious disease clinical research.

In addition, capacity building in the health system
was undertaken, including expanding the number of
negative pressure isolation beds, stockpiling of PPE

and training staff in its correct use. There were also a
number of institutional measures implemented, such
as the establishment of formal platforms for multi-
Ministry and cross-agency coordination®,

Similarly, South Korea had a “National Crisis
Management System” in place which allowed them
to issue a “Blue Alert Level” and establish a joint
response system as soon as they had one suspected
case in early January 2020%" Use of Al technologies
also played a role in their strategy following the MERS
outbreak in 2015.

The use of innovative technologies also featured

in China’s response to the COVID-19 pandemic. For
example: Al was used in the medical screening of
more than 93% of Shanghai residents to enhance the
speed of decision making, Baidu big data was used
in China to identify clusters of infected people and a
combination of 5G and drone technology was used



