AMR & THE ENVIRONMENT
A GLOBAL & ONE HEALTH
SECURITY ISSUE

\WK-DO-7
ks

iV

4 INTER'&"“\

“AQUA STELLA” from Natural Abstractions by artist photographer Marcel Crozet



AMR & THE ENVIRONMENT
A GLOBAL & ONE HEALTH SECURITY ISSUE

Director of Publication & Editor in Chief:
Garance F. Upham

A publication of the AMR Think-Do-Tank, Geneva International
Maison des Associations, Rue des Savoises 15,
1205 Geneva, Switzerland

Obituary : Jacques F. Acar (1931-2020)
What's exciting about a Think Tank?
Section I - The Environment:

From Surveillance to Solutions
AMR & SARS-CoV-2
Benin, China, France, United Kingdom.
Section IT - AMR in Aquaculture. Japan.
Section III - AMR Fungal Infections. Australia.
Section IV - COVID-19 & AMR:

IPC & Airborne Disease Spread. China, Portugal,
Saudi Arabia, Scotland, WHO-EMRO.

Th '-Da-

0obic

Section V - Global Health Security &
Economic Policy Debate. Australia, USA.

Section VI - Improving Care Quality & Access:
From Infections to NCDs.
Botswana-Switzerland-United Kingdom;
United Arab Emirates; Netherlands/Afrique.

Section VII - Conclusions:
One Health Vs Global Health. France.
\ The Scientific Advisory Committee y,

ISSN 2673-9232
www.amrthinkdotank.org
132 pages, glossy paper, A4 format
. . Price: 79 CHF / 69 euros
email: info@amrthinkdotank.org Reduced prices for LMICs - email us



Sa® = e

_'.—T.h——'rﬁ..,.':b.__‘ L T RTE
- = > P ] .'.-_-‘-'-'_"'

INTRODUCTION AND OBITUARY
JACQUES F. ACAR (1931-2020)

30 Antibiotic Resistance in Landfill Systems
Associate Professor Bing LI, Tsinghua
University, China; Renxin ZHAO

5  Jean-Claude MANUGUERRA, PhD,

Head, CIBU, Pasteur Institute, France 34  Microbiological Characterization of
Wastewater in Cholera Endemic Areas in
6  What's exiting about a think tank Benin

The joy of creating an entity with Jacques
Acar and the sorrow upon losing him
Garance F. UPHAM, President, AMR Think-
Do-Tank, Geneva International

Dr Bawa BOYA, Abomey-Calavi University
Cotonou, Benin; Associate Professor
Théodora Angele AHOYO

SECTION II — AMR IN AQUACULTURE
9  Editorial ENVIRONMENT
Dr Arno GERMOND, Vice-President AMR
Think-Do-Tank, Geneva International 44 Persistence of Antibiotic-Resistance Genes
in Aquaculture Environment
Professor Satoru SUZUKI, Ehime

University, Matsuyama, Japan

10 About this edition
Garance F. UPHAM, Editor-in-Chief

SECTION I — THE ENVIRONMENT: FROM  SECTION III — AMR FUNGAL INFECTIONS

SURVEILLANCE TO SOLUTIONS

49 AMR in Fungal Infection: At the
Intersection of Sustainable Agriculture
and Human Health Threats
Professor Justin BEARDSLEY, Marie
Bashir Institute for Infectious Diseases and
Biosecurity, Australia;
Professor David GUEST

12 The Environmental Dimensions of AMR
in Review — Where Have We Been and
What More is Needed
Sian WILLIAMS, Wellcome Trust, United
Kingdom; Timothy JINKS

16 Wastewater-based early warning systems
for COVID-19 SEcTION IV — COVID-19 &« AMR :
Jean-Claude MANUGUERRA, Head CIBU, IPC & AIRBORNE DISEASE SPREAD
Institut Pasteur, Paris, France;

Christophe BATEJAT; India LECLERCQ;
Thomas LABADIE

56 From SARS to MERS-CoV to COVID-19:
Uncovering needs in Infection Prevention
and Control, Broadening the Response
and Building Programmes Based on
WHO Core Components
Dr Maha TALAAT, reg. advisor AMR/IPC,
EMRO, WHO; Dr Bassem ZAYED; Dr Yvan

21 Wastewater Surveillance to Focus More
on Human Pathogens, AMR
Interview, Professor Tong ZHANG, Hong
Kong University, China

HUTIN
24  Tackling Environmental Dimension
of Antibiotic Resistance Genes by 62 Building Preparedness for Pandemics.
Comprehensive Assessment and Source Recommendations. Summary for Policy
Control Makers

Liguan LI, Hong Kong University, China;
Professor Tong ZHANG

Professor Susan ROAF, Edinburgh
University, Scotland

78 The importance of understanding SECTION VI — IMPROVING CARE QUAL-
airborne transmission of SARS-CoV2 and ITY & ACCESS: FROM INFECTIOUS TO NON
efficient measures for controlling airborne COMMUNICABLE DISEASES
pandemics
Professor Jodao F. P. GOMES, ISEL — Lisbon 102 International Collaboration for Affordable
Polytechnic Lisbon, Portugal and Equitable Global Radiotherapy

Treatment

82 The Characteristics of Hospital Air Manjit DOSANJH, CERN, Switzerland; Dr
Dust Resistome Indicate the Necessity to C. Norman COLEMAN, MD, Oxford, UK
Control Airborne Antibiotic Resistance
Genes Spread 106 Epidemiology of Catheter-Associated Uri-
Assistant Professor Yu XIA, Guangdong, nary Tract Infections in a Multispecialty
Univ. China; Assistant Professor Xiang LI; Quaternary-Care Hospital in the Middle East
Dr Yuhui YE Dr Shafi MOHAMMED, Cleveland Clinic,

Abu Dhabi, UAE; Elias TANNOUS, ACICNet;

87 Patient Safety and Infection Prevention Dr Ahmad NUSAIR; Claire NOLAN
& Control are Interdependent: None
Can Work Without Fulfilling the Other, 112 Field Experiments to Reduce Infection
With Particular Emphasis on AMR and Risks for Women Giving Birth in Sub-
COVID-19 Saharan Africa
Dr Abdulelah ALHAWSAWI, Patient Safety Laetitia VAN HAREN, Netherlands
Lead, Kingdom of Saudi Arabia; Mawahib
WANG; Sofia MACEDO SECTION VII — CONCLUSIONS: ONE

HEALTH AND A THINK-DO-TANK

SECTION V — GLOBAL HEALTH SECURITY

& Economic PoLicy DEBATE

94

99

120 One Health is not equivalent to Global
Health

The Uneven Economic Effects of Professor Antoine ANDREMONT, Univ. of

COVID-19 Paris, France
Professor James K. GALBRAITH, Austin
University, Texas, USA 124 Thinking AMR, or the prospect of an

International "One Health" Public Policy

The Sydney Statement on Global Health Léonie VAROBIEFF, lecturer in philosophy

Security
The World Summit on Global Health 126 The AMR THINK-DO-TANK Scientific
Security Advisory Committee

We would especially like to thank : N
Cover : “Aqua Stella”, by Natural Abstraction Photographer, Marcel Crozet, France
Logo AMR Think-Do-Tank : by artist Karen Kabaskalyan, Armenia
Section introduction - Portrait Jacques Acar - Credit: Acar’s family
Table of Content: Alpine Geneva Above the Clouds - Credit: Carine Trioux
Section I, Miro Fountain, Fondation Maeght, France - Credit: Dominique Thierry
Section II, Marine Farm of Noirmoutier - Credit: Hemarina SA, France
Section III, Leaf on wood - Credit Thomas Schwarz
Section IV, Door and Clouds - Credit: Thomas Schwarz
Section V, Autumn Leaves -Credit: Thomas Schwarz
Section VI, Hand Washing Street System - Anonymous, Conakry, Guinea.
Section VII, In the Swiss Grisons, 17th Century Church, Alpes behind Geneva - Credit: Thomas Schwarz
Editors: Arno Germond, PhD, researcher, Japan & France; Garance Upham, Editor in Chief
Design, graphics, layout: Natasha Frank, Jean-Jacques Monot.

The opinions expressed in each article are the sole responsibility of its authors and
do not engage the board of the publication, nor the AMR Think-Do-Tank,; Geneva International.
Debates of ideas are the firewood of a live participatory State.
We believe in diversity and freedom of opinions. /




e |
i g
J
.I'l ot l_—,' j :
i 3
(] i
x -J__
i %
d }‘___
_.-jI
|
g T
=~ e | ‘;
' 1
| !
! -
1 e O i
LL. =

g

s

Obituary : Jacques F. Acar (1931-2020)

For almost 20 years, when the phone rang a single word was enough for me to recognize Jacques
Acar, “Allo!”. His recognizable baritone voice conveyed the warmth of his generosity of heart
and the depth of his thought. It was always a pleasant surprise and often the point of the call
was to find a time to have dinner together. I had the chance to meet him thanks to our activities
within the French Society of Microbiology as part of the organization in Paris of the international
congress bringing together the three divisions of the International Union of Microbiological
Societies (IUMS) entitled “The world of microbes” in the summer of 2002. It was the first time
in decades that the three divisions of the IUMS had held their world congress together, bringing
together bacteriologists, virologists and mycologists. We were both on the organizing commit-
tee. When I first heard him at a meeting of the committee, his voice captured my attention as
well as everyone else’s, and the clarity and correctness of his words impressed me. It was around
this time that I discovered who he was: a great medical microbiologist. His brilliant career was
excellently described in the article published in his memory in the journal Clinical Microbiology
and Infection, of which he was the first editor in chief!"-

Sometime before that congress, we became friends by chance. We ended up on the same plane on
our way to a conference in San Francisco. We met at boarding and talked a lot during the flight
and found out that we were both studying classical Arabic. This was one of our first topics of
non-scientific conversation. The following Christmas, Jacques Acar gave me the CD of Christ-
mas songs sung by Fairouz, which I still listen to from time to time as the winter holiday season
approaches.

We often talked about science and human and veterinary medicine and his way of talking about
bacteriology was fascinating and very informative for the virologist that I am. He had immense
knowledge and a curious and lively mind which also prompted him to take an interest in other
disciplines such as mine. Concerned about the danger of the rise in antimicrobial resistance,
which he was following closely, Jacques Acar had, before others, a “One Health” vision of the
subject encompassing the analysis of this phenomenon both in humans and animals.

We also often talked about other things because his curiosity of mind went beyond science. He
was cultured and had a passion for music and for singing. An opera enthusiast, he was an assid-
uous spectator but also a dedicated practitioner of the lyric art he had a voice for. We also talked
about our personal lives but also about everything and nothing with laughter and good humor
during our friendly dinners. Jacques Acar was full of life and energy despite his advancing age.
His disappearance due to COVID-19 froze the blood of all those who loved and admired him, it
is a great misfortune. My thoughts are with his family. He will never be forgotten.

Professor, Dr. Jean-Claude Manuguerra, Pasteur Institute,

Head, Expertise and Research Unit “Environment and infectious Risks”, Laboratory for Urgent
Response to Biological Threats, and head, OIE (Organisation for Animal Health) Collaborating
Center, the Detection and Identification in Humans of Emerging Animal Pathogens and Devel-
opment of Tools for their Diagnosis.

(1) Cambau, E.; Gutmann, L.; Mainardi, J.-L.; Goldstein, F.; Buu-Hoi, A.; Collatz, E.; Poljak, M.; Kahlmeter, G.;
Phillips, I.; Baquero, F. Jacques F. Acar (1931-2020). Clin. Microbiol. Infect. 2020, 26 (9), 1261-1263.
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30337-2/fulltext
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Garance Upham, left, sitting next to Jacques Acar, during an evening event

of the AGISAR/WHO group to honor Professor Awa Aidara Kane.

_ |[WHAT'S EXCITING|

ABOUT A THINK TANK?

The joy of creating an entity with Jacques Acar and the sorrow upon losing him.

Garance Upham

The joy of creating an entity with Jacques Acar and
the sorrow upon losing him.

Coming and going between old Europe and Amer-
ica: there used to be, in the United States, a lively
mindset allowing a person to switch entirely work,
habits, constrains, with a wish to swim in new wa-
ters. Today, perhaps, decades later, this athletic
way of thinking is more lasting in immigrant youth
to adventurous countries in Asia, Australia. But
Jacques and I had shared that experience of con-
stant back and forth. The late Dr. Jacques Acar had
felt the American call in his young adult years, and
bridging science across the oceans and the seas had
been a thread in his life as a researcher, a clinician,
a maverick builder of scientific societies and var-
ied endeavors, from his co-founding of ISID, the
International Society on Infectious Diseases, or ES-
MID the European Society for Infectious Diseases
and Microbiology, or APUA, the Alliance for the
Prudent Use of Antibiotics, to his key input in AG-
ISAR, the Advisory Group on Integrated Surveil-
lance of Antimicrobial Resistance of the WHO, his

6 - AMR & THE ENVIRONMENT

expertise to the OIE, then the Fleming Fund, or one
of his very last life initiatives in building the AMR
Think-Do-Tank, Geneva International, with us.
Born in Senegal of Lebanese parents, he had a wide
scientific, musical, historical, and medical culture
with an American-like doer attitude, this without
the pettiness of the social ladder climber: he did not
care to assert authority or dominance on others nor
would he choose friends or company based on soci-
ety’s judgment, caste or class.

At 88, Jacques was, more than ever, a remarka-
ble thinker and doer. We had met initially in the
hallways of the RICAI congress in Paris, several
years ago. It was to be the beginning of a fabulous
friendship. I really loved that man, and my hubby,
computer engineer and mathematician, partook
of Jacques’ delight for good company and dislike
for appearances at the expense of real science. In
Paris, Geneva or elsewhere, the three of us had con-
stant hours-long passionate discussions, and him
and I were always sending each other messages on
Whatsapp when not on the telephone.

IN THE TRADITION OF
CHARLES NICOLLE

The great scientist Charles Nicolle used to say: “Je
déteste les expériences pour voir, j'aime les expéri-
ences pour penser”’, (I hate experiments just in case
- for ‘chance’, I love experiments to think). Nicolle,
an early days Pasteur adventurer, had identified the
flea as the carrying agent of the great Typhus epi-
demic in Tunis, not through its bite, but indirectly,
through the flea’s dejection which enters the blood
of the victim when the later scratch! Hence bums,
accustomed to bites, not scratching, were not af-
fected like the thousands of people dying in Tunis at
the time. Acar always reminded me of Nicolle’s in-
vestigative thinking, and of Dr. Charles Mérieux's,
whom I had known well in the 1990s, a diplomat
and a pioneer. Jacques Acar, with his half a century
of work in antibiotic resistance, had warned: be-
ware of too strict guidelines: as a doctor, you may
be justified in prescribing antibiotics to an old per-
son with the viral flu, because the fragility of the
patient would be a frequent terrain for bacterial in-
fection; be wary of not prescribing antibiotics for an

L g
Q: A pioneer in AMR,
your experience goes back over 50 years?

Jacques Acar: I am wary of ‘rabbit hunt’ like
initiatives on AMR. I am of the generation
of Thomas O’Brien, now 88, who was the

first to put together a hospital program for
surveillance of antibiotic resistance in 1970,
and it is with him that we brought concern for
AMR in the World Health Organization.

My master was Yves Chabbert, then Chair for
Bacteriology at the Pasteur Institute, the first
national reference center for AMR in France.
My first encounter with antibiotic resistance
was in 1954 with a 21 years old German
patient who had an endocarditis infection
with Staphylococcus aureus. His infection
was resistant to everything we had at the
time, treated desperately with penicillin and
streptomycin, he died within a few days.

Interview Sept 2016, AMR-Times
read it on : www.AMRThinkDoTank.org

L e

African child with measles: the later viral disease
rarely ever travel unaccompanied by a bacterial in-
fection, he said: Think!

Jacques insisted: antibiotic resistance is constantly
created by biocides, pesticides, chemicals, or met-
als, released into the environment. “Blaming” the
individual patient or the MD or the veterinarian, or
the small farmer, is not a policy. Taking a broader
One Health approach is, yes.

The notion of live experimenting, or doing, or not
just a cloud level set, but also getting your hands in
the mud of day to day living and national or inter-
national policy-making, and looking deep into the
origin and consequences of proposed policies.

— JACQUES ACAR AND COVID-19 —

Jacques Acar died of COVID-19 caught in our be-
loved USA, after a trip for scientific meetings. He
died on March 27th, 2020, upon his return to Paris.
He had written to me on WhatsApp stranded in
America after the US Administration stopped air
traffic with Europe: “I am stuck here, waiting for
news from Air France for my return flight, but I love
walking on the beaches of Rhode Island, it is just a
wonder, I am in no hurry!”, his last words to me. In
these days of COVID-19, I like to quote an African
saying: “When an elderly dies it is as if a library
went up in flame” Jacques was more than a walk-
ing library, encyclopedia of knowledge on AMR,
he was always ready to do somersaults trials in his
understanding, as when struggling with a metagen-
omics congress in Geneva, or to challenge a gov-
ernment official by commenting that France was no
longer training any microbiologist!

Today, 12th months into the pandemic, a US study
shows “2.5 Million Person-Years of Life Have
Been Lost Due to COVID-19 in the United States
alone”. Shamefully it has become frequent to hear
“news” report and authoritative ‘experts’ reporting
that COVID-19 kills “only the elderly”, as if not
significant, a telltale on which fools seize upon to
claim the pandemic is just like seasonal flu, only
affecting the near-dead, and a sort of myth, to re-
fuse masks and confinements. Let us remember
and pay tribute to the first world-known death from
COVID-19: a young adult, only 34 years of age, the
whistle-blower of Wuhan, China: Dr. Li Wenliang,
an ophthalmologist. He died on Feb 7th, 2020, of
COVID-19 caught treating a glaucoma patient a
month earlier. After the fact, he was made a hero.
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Today, like yesterday and the day before, many
young working adults, 45,000 as of December 1rst,
many health care workers, have lost their lives to
COVID-19.

e THE AMR THINK-DO-TANK

A brainstorming think tank is the mixing of widely
different disciplines, ages, backgrounds, and expe-
riences. And what’s rewarding about a “Think Do
Tank”, what does the ‘Do’ signifies? Implementa-
tion Research, as introduced into TDR/WHO by one
of our founding lady scientist, Jane Kengeya-Kay-
ondo. To make it simple: a Deming cycle like Plan-
Do-Check-Act type of research approach.

Jacques Acar thought that in AMR we must first
think of “contagion”, how is it transmitting in hos-
pitals, in public places, or via the Environment?
Wastewaters? In building air flows? Among the
innumerable stories he told me over the years:
the MRSA staphylococci present in a patient open
wound waiting in an ICU hallway for treatment,
and the finding a few days later of that exact same
bug in a hospitalized patient wound in a room open-
ing on that hallway? They had had different carers,
never been in the same room. Acar needed no con-
vincing on pathogens’ travel via air flows. Jacques,
rooted in the Middle East, with a foot in France, and
one in America, embodied the best of the Western
and Arab world. At 88 he was a passionate learner in
economics, interested in understanding how vulture
funds could damage a young antibiotic company. A
great amuser of youth. An original to the core.

Dr. Jacques Acar had agreed to be our scientific
chair, adding that he was leaving all the tedious ad-
ministrative work to me, and so insisted I was to
be president, even as he signed as co-president on
the AMR Think-Do-Tank Statutes at our general as-
sembly in September 2019.

Jacques took people as they were, without prej-
udice. He was neither ever dominating nor apt at
being dominated. He enjoyed my athletic ‘Circus
like’ imagination and did not treat me or view me
as ‘just a woman’, and much less as just a ‘polio’.
Notwithstanding a general vaccine-induced four
limbs paralysis in my first year in life, I had man-
aged to walk, leaving corsets, crutches, braces, and
orthopaedic shoes behind at age 13, just like For-
rest Gump, after a childhood of paralympics like
daily training and some great surgeries in the US
then France, by a historic pioneer in pediatric or-

8 - AMR & THE ENVIRONMENT

thopedics, Pr Merle d’Aubigné, walking well un-
til my 60s. That was among the major difference
of opinion between us, more than being 20 years
apart: I loved sports, swimming, etc. I campaigned
for including physiotherapy in Primary Health Care
even. He hated exercices!

And we both advocated vaccinations for humans
and animals. I had participated in the first meetings
launch and advocacy of TAVI, the early 1990s effort
at supporting R&D for an HIV vaccine.

To be able to walk, with 85% of muscles para-
lyzed, had demanded supple coordination between
the mind’s imagination and the body as a Moshe
Feldenkreis, would grasp. Clearly, I was a wild cir-
cus animal, and remained so, with all the scars and
holes of a survivor, but with an inordinate capacity
for gymnastics of the mind, always searching for
new ideas and trends in science or to pierce easily
deep causes and motivations in policymakers.

Jacques and I had this in common of being seen as
somehow “courageous” (a hateful epithet) for trav-
eling worldwide to scientific meetings just for the
fun for great debates, just for the mind’s athletics.

He was a doctor with a real scientific mind set, al-
ways thinking through issues and challenges, and
further had an extraordinary memory organized by
years: he would say: 1959, yes, such and such took
place, 1971, this drug came on the market, 1972,
this and that happened. A scientific library of over
50 years of world events in medicine, drugs, sci-
ence news, all well organized year by year as if on
a shelf, in his head!

He was fascinating, the most lovable elderly man
I ever encountered and befriended since the death
of Dr Léon Lapeyssonnie or Dr Charles Mérieux,
them too, great storytellers and world citizens, each
a friend whom, after you met them, not once, but
many times, you never could forget.

— THE ATHLETICS OF THE MIND —

Jacques Acar and I loved the brainstorming of ideas,
the athletics of the mind, the search for causality.

COVID-19 killed him,
but our love for him is eternal
and my loss is forever.

EDITORIAL

Dr. Arno Germond

Antimicrobial resistance (AMR) has become one of
the main health threats of our century, and the rise
and the emergence of COVID-19 is likely seen as an
aggravating factor of AMR due to its impact on the
economy, the chain of supplies, and the increased
use of drugs. A hundred AMR-related medical con-
ditions, including cancer care and sepsis, are seen
as a growing threat.

As a response, many institutions are currently pro-
moting the development of novel drugs and vaccines
through massive public investments campaigns and
'market push-pull' programs. However, while new
tests and therapeutics are welcome, humanity will
not eradicate these without emphasizing the much
neglected systemic features of AMR.

To quote Prof. Tong Zhang, top Hong Kong, China
world expert on AMR: “The critical role of the en-
vironment in the dissemination of antibiotic resist-
ance has become more and more obvious”. In the
light of these considerations, an effective course of
action against antimicrobial resistance must go be-
yond a naive arm race opposing innovation in drug
development and fast evolving pathogens.

The AMR Think-Do-Tank has been trying to high-
light the overlooked yet fundamental aspects of
AMR. We believe that addressing the symptomatic
aspects of AMR will not solve the problem. In past
decades, countless number of meetings and billions
of dollars have been invested into the development
of novel drugs, yet despite our ingenuity, no new
class of antibiotic drug has been approved since.
On the other hand, we have seen a huge increase
in the consumption of chemicals and drugs, while
their release into the environment, creating antibi-
otic resistance, is a strong concern which is rarely
addressed by governments and major institutions.

Thus, we strongly believe that “One Health and
Global Health” approachs are to be adopted. Envi-
ronmental issues, urban environment, monitoring
of wastewater, are some of the essential aspects that
we try to highlight, because crucial to prevent the
spread of infectious diseases and resistant bacteria.
Arguably, the airborne spread COVID-19 clearly
acted as a catalyst to address these important issues,
thus we find it pertinent to talk about COVID-19
and AMR together in this edition. TB is an example
of an airborne disease with increased AMR cases,
yet little emphasis on airborne transmission issue.

This book is intended for policy makers to face
and improve preparedness of drug-resistance and
emerging pandemic. It does not pretend to be a con-
sensus overview document - rather we prefer to give
highlights of key out of the box topics, bridging into
ecological, urban, or climate change standpoint,
notably with a central piece on building pandemic
preparedness. As highlighted in this book, “The fun-
damental limitation we face is not lack-of-evidence,
cost or access to technology, but the way the en-
vironment is viewed and prioritized by key actors
across policy and practice communities in both the
public and private sectors.” (Williams and Jinks,
Wellcome Trust).

The AMR-Think-Do-Tank has gathered here world
experts to provide opinion pieces and study cases to
highlight where progress has been made, but also to
identify the remaining gaps. Through this book, you
will find here the most up to date articles addressing
the multidisciplinary aspects of the AMR and
COVID issues, including but not limited to, better
policies, building practices, safety management,
educational policies, training of healthcare staff.
We thank all the contributing authors, and wish you
a good reading.

Arno Germond has a PhD in system biology, he studies microbial systems using
molecular biology, advanced spectral imaging and Al modellisation.

He worked in Japan for 12 years both in enterprises and academic institutions,
including 6 years at RIKEN Laboratories where he led a team on antimicrobials
resistance. Among other awards, Dr. Germond was awarded an Early Career
Award in Biophysics in 2018. In his free time, Dr Germond is interested in solu-
tions to develop resilient cities and societies.

Dr Germond is Vice-President, AMR Think-Do-Tank, Geneva International
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Between the initial concept of a dossier for Pol-
icy Makers coming out of our participation in
EDAR2019, The 5th International Symposium on
the Environmental Dimension of Antibiotic Resist-
ance, in June 2019, in Hong Kong, and today, a se-
ries of extraordinary events have, to say the least,
shaken and overhauled this undertaking, with a tur-
moil of COVID-19 epidemics affecting our private
and social lives, and the core of our project : the
devastating deaths of Dr Acar, aged 88, and that of
Dr Wenglian, aged 34. This edition, publicly an-
nounced by the AMR Think-Do-Tank on Feb 7th,
at our first public event, in Geneva, went through
very tumultuous waters.

EDARS had been chaired and organized by Prof.
Tong Zhang - see articles this issue -- and Prof.
Keiji Fukuda - formerly DG AMR at the WHO.

Feb 7th turned out to be a sad date with the death
of Wuhan whistle-blower, Dr Li Wenglian, the 34
vear old ophthalmologist, contaminated by a pa-
tient, while the WHO-EB began its public briefings
on the coronavirus. A dossier on "Ophthalmology
in AMR & Pandemics" is among our projects.

All but a few of the initial experts solicited were
siphoned into domestic and global emergencies.
Then in September, we were spurred to relaunch
with the prospect of an "in person" World Health
Assembly (WHA) in Geneva's UN headquarters,
privately planned by the WHO in early September.
Yet, the WHA, and the following Executive Board
meetings, became "virtual" as the epidemic struck
back in waves. How to conceive a book for policy
makers when the historical WHA has become a
webinar behind a screen? A catastrophy in health
democracy, compared with the mixing for ten days
with thousands of participants: Ministers of Health,/
MoH's CEOs, Heads of R&D institutes, DG Health,
NGOs, foundations, media, with opportunities for
interactions all day and many evenings?

Hence, here we present a real quick overview for
the busy policy maker with a focus on the all-im-
portant concept of ONE HEALTH, as the pil-
lar of the Environment has been short-changed,
as if an afterthought. To this day products and
stewardship of antibiotic consumption gets the
lion's share of funding, projects and attention.
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ABOUT THIS EDITION
VR ;

Cp— Garance Upham, Editor in Chief & Dr Arno Germond, Editor

In this book, seven broad Sections:

* The crucial role of WASH: Water-Soil-Sanita-
tion-Wastewaters in dealing with COVID-19 as
well as its role in the emergence, spread and con-
trol of AMR, with the Wellcome Trust, the Pasteur
Institute and the Hong Kong University leader-
ship in hosting EDAR 2019.

* Very thorough overviews of two related and much
neglected issues: Aquaculture, with a top world
expert from Japan, and Fungal AMR with an Aus-
tralian leader in this domain.

* A big section on Infection Prevention and Con-
trol, with WHO-EMRO calling for a "culture of
IPC", a message we would like to echo globally.

 And original lengthy architectural building expert
view "Building Resilience to Face Pandemic (and
extreme weather events), and the link with AMR
airborne, with an original analysis of ARGs pres-
ence in hospital AC. A view on IPC and Patient
Safety and a glimpse on overuse of catheters from
a hospital case in the UAE, relevant to better prac-
tices to allow for improved IPC & AMR work.

We are conceptualizing the theme: "Building a
culture of IPC in a One Health AMR"'

* We report on the first World Summit on Global
Health Security attended in Australia in 2019, and
which — with the John Hopkins GHS Index — mo-
tivated our book title. And we open the debate on
economic response, at an important time with a
new US Administration planning on infrastruc-
tural investments. If we take a broad, rapid view
of LMIC, massive WASH investments, not aus-
terity - not debt repayment in Africa - would face
COVIDI19, as well as AMR, avoiding deaths and
disabilities.

* Lastly: among the NCDs, it is cancer which has
the closest link to AMR, hence the STELLA ini-
tiative with Oxford University and CERN; and in
these times of increased mobilization on women,
we have chosen an LMIC field African project
for/with women in pregnancy: "Mambo Jama", as
a glimpse of community approaches to safer care.

THE ENVIRONMENT
FROM SURVEILLANCE
TO SOLUTIONS
WASTEWATERS : KEY TO COVID-19 & AMR

SECTION I



THE ENVIRONMENTAL DIMENSIONS
OF AMR IN REVIEW:
WHERE HAVE WE BEEN
AND WHAT MORE IS NEEDED?

(44 Over the last few years there has been growing concern and mounting evidence that
the environment plays a key, if not yet fully articulated, role in the selection and spread
of antibiotic-resistant microbes. While progress has been made, consideration given to
environmental dimensions in global and national approaches to AMR has not kept sufficient
pace, undermining our collective response to AMR and commitment to One Health.
Previous arguments for raising this sector up have not succeeded.
We urgently need a step change in the way the environment is viewed and approached within
the AMR agenda. Civil society and academia have previously led the way, but we now need
policy and practice communities to take greater ownership and act decisively on this issue.

Sian WILLIAMS, Policy Adviser, Drug-Resistant Infections, Wellcome Trust
Timothy JINKS, Head of Drug-Resistant Infections, Wellcome Trust

A WELLCOME PERSPECTIVE

In 2018, Wellcome co-hosted the ‘International En-
vironmental AMR Forum’ in partnership with the
US Centers for Disease Control and the UK For-
eign Office's Science and Innovation Network. Re-
porting from this meeting and associated working
groups aimed to lay out a comprehensive view of
the existing knowledge base, outstanding questions
and importantly areas readily available for policy
actionV.

This meeting made clear to us that hot spots for en-
vironmental contamination and spread are well de-
fined and extensively investigated by an established
research community. Further, there is clear evidence
that AMR risks stemming from the environment are
heightened by human-generated contamination of
waterways, sewage, soils and crops with antimicro-
bials, antimicrobial resistance genes and pathogens.
While data and knowledge gaps persisted, particu-
larly around the scale of direct impact environmen-
tal sources of AMR present to human health, the
message from the community was clear despite
these gaps, there is sufficient evidence to know en-
vironmental contamination increases AMR risk to
people, and that policymakers and other practition-
ers should take actions now to prevent avoidable
harm. In the time since this meeting, Wellcome has
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explored opportunities to support and advocate for
this sector. We recognise that to successfully reduce
AMR through a One Health approach — as is laid out
in the WHO Global Action Plan on AMR® — there
is a need to more strongly and more quickly bring
understanding about the impact of environmental
dimensions of AMR into broader AMR discussions
and the subsequent design and implementation of
national action plans.

It is our strong belief that not doing so will not only
undermine our response to AMR, but also global
health security, particularly where many points of
environmental contamination stem from human,
animal or industrial waste streams and can be read-
ily controlled. Despite strong voices from within
the academic and civil society communities, this
vulnerability remains, and the environmental sector
continues to fall behind the human and animal sec-
tors in terms of development and implementation of
AMR-related policies and practices®.

WHERE HAS PROGRESS
BEEN MADE?

Of course, in the last two years we have seen pro-
gress, but results have been mixed®. Connectivity
and interdisciplinarity within the research commu-

nity has grown, collectively generating evidence
that can make a more compelling case for the en-
vironment as a transmission pathway for resistance
and a cross-cutting issue within the AMR agenda.
Case studies show human resistant infections can
stem from environmental sources, and new re-
search is showing us that resistance can emerge in
environmentally-relevant mixtures at lower antibi-
otic concentrations than previously thought®,
Despite this, evidence pointing to the environment
as a reservoir for emergence of resistance is still
often brushed off as circumstantial with limited
concrete implications for human health risk, and
research funding in the environment field remains
relatively low©.

At the same time, it can be said that consideration
for the environment in policy-circles has risen, with
stronger representation of this sector in some na-
tional action plans. However, this remains limited
to high income countries and commitments remain
largely focused upon data generation and research
measures rather than clear policy change. This has
left issues like treatment of hospital waste, farm run
off and community sewage particularly neglected
as remit for clinical practices and water standards
largely sit with national governments. There are ex-
ceptions to this rule; for example, in their revised
AMR action plan launched in 2020, Sweden has
committed to upgrading wastewater treatment tech-
nology to target pharmaceutical residues”.

Initiatives to curb antibiotic manufacturing pollu-
tion have taken for more promising steps. While a
great deal of initial activity has been based on vol-
untary work from the pharmaceutical sector to clean
up practices — particularly the AMR Industry Alli-
ance, a body of 100 life sciences companies and as-
sociations who have launched their own framework
for manufacturing standards to mitigate AMR® —
calls for more formal regulation have been grow-
ing. A handful of countries, including Sweden and
Norway, have piloted inclusion of environmental
criteria in medicine procurement exercises, with in-
dication that wider interest in this kind of approach
is growing®. Most significantly, in early 2020 the
Indian Ministry of Environment, Forest and Cli-
mate Change launched the draft notification ‘En-
vironment Protection Amendment Rules 2020’9,
This proposal marked plans for the first national
standards on antimicrobial levels in pharmaceutical
manufacturing effluent. This is a potentially major
step given the substantial proportion of the global
antibiotic manufacturing industry based in India.

Of course, implementation of a policy of this kind
would require a delicate balance to ensure changes
in the sector do not bar antibiotic manufacturing
from being a viable business, avoiding unintended
consequences on manufacture and supply of key
medicines. However, the approach to this policy re-
mains too unclear as the draft notification has met
with significant opposition — notably from the In-
dian Drug Manufacturers Association — and is yet
to be ratified. Abandonment of this significant pro-
posed policy change, the most ambitious to date on
this topic by any G20 government, would be a huge
blow to the great progress already being made in
this sector.

On a global level, the environmental representation
we had hoped to see more strongly incorporated
in the tripartite has not materialised. Recommen-
dations from the UN Inter-Agency Coordination
Group (IACG) for AMR suggested greater integra-
tion of the UN Environment Programme into tripar-
tite activity was needed to support Member States in
addressing AMR within environmental policy mak-
ing"V. However, the involvement of this group has
been limited and thus so is the mandate for working
on the environmental theme at the highest levels.

WHAT NEXT FOR
ENVIRONMENT AND AMR?

Movement across the environmental dimensions
of AMR is encouraging, but something further is
needed to create the step change necessary to bring
this issue up more strongly alongside human and
animal sectors. Only then can we be assured of a
comprehensive response to AMR and global health
security through a true One Health approach. The
argument that lack of understanding of risk is not
the same as lack of risk and that a precautionary
approach is appropriate has not landed. The funda-
mental limitation we face is not lack-of-evidence,
cost or access to technology, but the way environ-
ment is viewed and prioritised by key actors across
policy and practice communities in both the pub-
lic and private sectors. A change in approach is ur-
gently needed to encourage these groups to support
this issue and take action. Any change must start
with strengthening how evidence is communicated
to decisionmakers. We have evidence and so we
must think further on how this can be translated
into arguments that better engage and encourage
key actors where they are. Systematically bringing
together existing studies to help stakeholders inter-
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pret data could provide significant support, tailor-
ing readouts based on different stakeholder types
to point to clear and relevant actions; noting that
“removal of resistance genes” is not a tangible ac-
tion for the majority of policy-makers. Alternative
communication approaches and frames should also
be explored, especially those that might make a
stronger case for environmental issues in low and
middle-income countries; for example, considering
this as a pollution issue may help generate addi-
tional support from previously untapped sources.

Any shift changes in how we translate evidence for
action must also have a stronger shared understand-
ing of risk at the heart. Communication of risk has
been an ongoing challenge for the environmental
theme, especially as relates to the direct impacts
environmental dimensions of AMR pose to human
health. Quantification of this risk is frequently cited
as a requirement before any action can be taken.

We must be clearer that tracing back complex evo-
lutionary pathways to fully identify the scope and
scale at which environmental sources of AMR lead
to human drug-resistant infections is not feasible.
Having these discussions with stakeholders might
encourage clearer shared expectations of evidence
in this field, and place greater value on the avail-
able circumstantial evidence. Further, engagement
with policy and practice actors could be used to
better define the type of evidence that best informs
the taking of proportionate action. For example,
quantification of the risk of inaction might make a
stronger case for acting under precaution, or eco-
nomic studies to weigh up required investment for
an intervention against benefits that it will bring in
terms of health and wellbeing, AMR related or oth-
erwise. We might then use this understanding of the
evidence-decision making nexus to tailor scientific
approaches accordingly — after

all, if evidence should be used

to inform policy, we should

also think about how policy

needs can inform the research ‘
questions we are asking This

might highlight, for example, L
the need to make stronger use
of transdisciplinary measures,
social sciences or focus on hu-
man health, if this is the key to
unlocking prioritisation of envi-
ronmental issues at the highest

I-14 - AMR & THE ENVIRONMENT

ENVIRONMENT WITHIN
THE AMR SYSTEM

When it comes to the environment there may also
be a compelling case to be made with regard to the
many interfaces this sector has with wider AMR is-
sues across human, animal and crop health. Consid-
eration of environment through a systems lens may
provide an interesting proposition, demonstrating
how relevant interventions could be used as a lever
to realise benefits across AMR and public health
more widely, but also how the environment can end
up as a sink for bad practices and suffer as a result
of unintended consequences.

For example, we are well aware of the potential of
wastewater to act as an early warning system in the
cases of Polio and even COVID-19, so environmen-
tal dimensions have significant scope to be strongly
brought into AMR surveillance and mitigation ef-
forts in a more holistic way. Similarly, it should be
recognised that the most promising actions in the
environmental sector are largely AMR-sensitive
rather than specific, and have scope to have co-ben-
efits for broader development, public health and
environmental health priorities, including many
targets across the Sustainable Development Goals.
While we should all consider individual actions that
might better support the case for action across en-
vironmental dimensions of AMR, success will re-
quire collective efforts and engagements between
academic, civil society, policy and practice com-
munities. Academia and civil society have provided
strong voices thus far, but we must now hand over
the torch and call on policy and practice communi-
ties to take greater ownership and act decisively on
this issue. We should take heart from the progress
made, learn from missed opportunities, and strive
to make the next steps even stronger.
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WASTEWATER-BASED EARLY
WARNING SYSTEMS FOR COVID-19

Abstract

Wastewater-based epidemiology is almost 20 years old. First applied to the assessment of drug use, this
approach has the advantage of not being intrusive, of being anonymous, and of being able to be carried out
continuously. It is also inexpensive. This wastewater-based epidemiology made it possible to determine
locally or regionally which narcotics were used the most and the weekly variations in their consumption
or even the qualitative and quantitative changes over several years of their use.

Very quickly this approach was applied to monitoring antibiotic resistance by detecting resistant bacteria
and also their resistance genes. In the same type of process, many enteric viruses such as enteroviruses,
rotaviruses or noroviruses, all naked viruses, were also found in wastewaters and monitored through their
analysis. Based on protocols developed within the framework of the World Health Organization's polio
eradication program, these viruses could be concentrated and detected, even going as far as sequenc-
ing their genomes. These concentration and detection protocols had to be adapted for enveloped viruses
such as coronaviruses. As SARS-CoV-2 is found in the faeces of infected people, and as the percentage
of presymptomatic or asymptomatic people is high, several teams around the world thought about and
succeeded in detecting this new virus in untreated wastewaters, and this, as for other viruses mentioned
above, several days or even weeks before the appearance of clusters of human clinical cases among the
population concerned by the wastewater treatment plants studied.

(44

Wastewater-based epidemiology is almost 20 years old...
This approach was applied to monitoring antibiotic resistance by detecting resistant
bacteria and also their resistance genes.
As SARS-CoV-2 is found in the faeces of infected people, several teams around the world
thought about and succeeded in detecting it in untreated wastewaters several days or even
weeks before the appearance of clusters of human clinical cases.

29
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Almost 20 years ago, the idea of linking environ-
mental sciences and social sciences in the field
of drug use was born. The aim was to resort to a
non-intrusive approach to monitor the use of these
products by analysing untreated wastewaters in
treatment plants (Daughton, 2001). Anonymous,
collective and population based, this surveillance
has made it possible, and still allows us, to know
the drugs consumed, their relative importance and
the trends in their use. Until then, the monitoring of
drug consumption was assessed through medical or
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criminal statistical data or by sociological surveys,
and this on an intermittent basis. The active mole-
cules of narcotics, or their metabolites, are excreted
in the urine and faeces which are collected via the
sewer system and are found in particular at waste-
water treatment plants. These molecules are stable
enough to be detected long enough (from a few
hours for cocaine to a few days for methampheta-
mine at room temperature) after they are excreted.
This idea of Daughton was applied as early as 2005
to monitor cocaine consumption in Italy in the Po

plain through the analysis of collected wastewaters
by mass spectrometric detection of cocaine and its
main metabolite, benzoylecgonine.

Zuccato and colleagues were thus able to determine
that the average daily consumption was 27 +/- 5
doses of cocaine per 1000 adults, which according
to these authors was much higher than the official
estimates then available (Zuccato et al., 2005).
Since the mid-2010s, the notion of wastewater
based epidemiology has emerged. Improvements in
efficient, more quantitative and inexpensive analyt-
ical techniques, have made it possible to refine data
on the use of drugs such as cocaine.

For example, DNA-directed immobilisation of
aptamer sensors, have detected cocaine concen-
trations as low as 10 nm. By monitoring cocaine
concentrations by this method for 7 consecutive
days, Yang et al. showed that consumption is higher
during weekends than during weekdays (Yang et
al., 2016), demonstrating a trend already shown us-
ing tandem analysis by liquid chromatography and
mass spectroscopy in Germany (Ort et al., 2014).

By monitoring substances in the water of a sewage
treatment plant near Barcelona in Spain for 5 years,
Mastroiani and collaborators were able to determine
that alcohol, cannabis and cocaine were the prod-
ucts most consumed by the population covered by
the study, with an increasing trend during the study
period and that consumption was higher during the
weekend for alcohol, cocaine and methylene-diox-
ymethamphetamine (MDMA) (Mastroianni et al.,
2017).

Recently, such a study in Europe showed regional
differences on the continent: cocaine (in fact its
main metabolite) was in highest quantity in Western
and Southern Europe while in Eastern and in North-
ern Central Europe it was amphetamine, MDMA
and methamphetamine, that were found in greater
quantities (Gonzalez-Marifio et al., 2020). Other
chemical molecules can also be found in wastewa-
ter treatment plants. The massive use of antibiotics
both in human and animal health as well as in agri-
culture has led to their accumulation in the environ-
ment and the selection of antibiotic resistant bacte-
ria (AMR bacteria) and their antibiotic resistance
genes (AMR genes).

While studies on AMRs first focused on the clinical
and epidemiological contexts of their development,
subsequent studies have shown that the emergence

of such resistance in the environment, in particular
in sewage, also plays a very important role. Thus,
many articles report the results of studies of AMR
monitoring in wastewaters from treatment plants.
They were able to identify major trends such as the
spread and increase in resistance to fluoroquinolo-
nes across the European continent between 2002
and 2012 (Hughes, 2014). Other articles in this dos-
sier “AMR & the Environment, a GHS issue”, talk
about it.

Viruses that are secreted from the intestinal tract
of infected humans, such as noroviruses, rotavi-
ruses, polioviruses, Hepatitis A and E viruses are
also commonly detected in wastewaters. Viruses
secreted from infected animals can also be found
in lakes or rivers, like influenza viruses secreted by
infected waterfowls. Once in water, viruses remain
infectious for a certain period until complete inac-
tivation. The detection of inactivated virus in water
remains possible, using DNA amplification tech-
nologies such as PCR (polymerase chain reaction)
that reveals the presence of persistent viral genes,
protected by the virus capsid.

Generally, enveloped viruses that are wrapped in a
lipid membrane (such as the SARS-CoV-2) tend to
persist less in the environment than naked viruses.
Beside the virus structure, the main parameters driv-
ing virus persistence in water are the temperature,
pH and salinity as well as the presence of ultraviolet
radiations from solar light, for review (Pinon & Vi-
alette, 2018). Of interest, it has also been observed
that the presence of sludge has a protective effect
on virus persistence in water. Experimental obser-
vations on influenza viruses, demonstrated that vi-
rus particles could remain infectious up to 12 days
in water at 37°C and more than two years at 4°C
(Dublineau et al., 2011). In some cases, interhuman
transmission of these waterborne viruses can occur,
particularly with highly persistent viruses such as
noroviruses, for review (Pinon & Vialette, 2018). In
some cases, interhuman transmission of these wa-
terborne viruses can occur, particularly with highly
persistent viruses such as noroviruses, for review
(Pinon & Vialette, 2018). As part of the WHO po-
liovirus eradication program, surveillance for acute
flaccid paralysis has been supplemented by test-
ing for polio viruses in sewage treatment plants in
many countries. Moreover, the methods used for
other enteric viruses are those initially developed
and applied for polioviruses. The viruses that have
been monitored in wastewater from sewage treat-
ment plants are: noroviruses, enteroviruses, Aichi
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viruses, parechoviruses, hepatitis A and E viruses,
astroviruses, rotaviruses and adenoviruses. All
these viruses are naked viruses. This surveillance
detected the viruses several days before the first
symptomatic cases in humans requiring medical
consultation.

For example for noroviruses, a study in Sweden
based on collecting samples of untreated waste-
waters every two weeks between January and May
2013, showed that the greatest amount of noro-
viruses was detected in these wastewaters 2 to 3
weeks before most patients were diagnosed with
this infection in Gothenburg (Hellmér et al., 2014).
So this is an approach on which to base an early
warning system.

This type of surveillance can also reveal a silent vi-
ral circulation, that is to say without symptomatic
cases or very few, as has been done in France where
the silent circulation of enterovirus D68, and hep-
atitis A and E viruses has recently been demon-
strated (Bisseux et al., 2018). In addition, this study
indicated that the sequences of the viruses found in
wastewaters are comparable to those obtained from
the viruses in the very small number of patients, es-
tablishing a direct link between the two.

Most protocols include concentration steps of
wastewaters in order to concentrate virus particles.
They have originally been applied to naked vi-
ruses and need to be significantly adapted for en-
veloped viruses such as coronaviruses. It has been
shown that SARS-CoV-2, the causative agent of
COVID-19, can be found in the faeces of patients
with the disease, even after it has disappeared from
their respiratory system.

It has also been shown that traces of this coronavi-

rus have been found in wastewaters from treatment
plants (for review (Foladori et al., 2020)). SARS-
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CoV-2 genome can be detected up to 25 days in
wastewater at 37 ° C, and much longer at 4 ° C.
Furthermore, it is now recognized that a variable
but not insignificant proportion, on average 40 to
45%, of infected persons are presymptomatic or re-
main asymptomatic (Madewell et al., 2020).

Considering these 2 types of data and the experi-
ence gained with other viruses, a number of studies
have looked for SARS-CoV-2 in wastewaters from
sewage treatment plants. Thus Ahmed et al. were
among the first to do so (Ahmed et al., 2020). They
demonstrated the presence of SARS-CoV-2 genome
in untreated waters from a wastewater treatment
plant in Australia twice in 6 days. Using a model
fed by the demographic data of the basin drained by
this station and the quantities of viral genome found
in untreated water, the authors estimated the pres-
ence of 171 to 1,090 infected people in this catch-
ment population. In France, a study of wastewater
collected in the main wastewater treatment plant of
Montpellier 4 days before exiting lockdown and 70
days after, revealed the presence of SARS-CoV-2
genome from mid-June 2020, while the incidence
of new cases did not start to increase until 2 weeks
later (Trottier et al., 2020). It is noteworthy that,
until now, no SARS-CoV-2 contamination from
wastewaters has been reported. In the United States,
the Centers for Disease Control and Prevention and
the US Department of Health and Human Services,
with the collaboration of other federal agencies in
the country, have set up the National Wastewater
Surveillance System for COVID-19. The aim is to
supplement the surveillance of clinical cases con-
firmed by laboratory tests which are either too little
used or not available (CDC, 2020). Thus, the en-
vironmental approach to COVID-19 surveillance
makes it possible to establish an early warning sys-
tem and to monitor outbreaks of SARS-CoV-2 in-
fection, in real time at a low cost.
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WASTEWATER SURVEILLANCE
TO FOCUS MORE ON HUMAN PATHOGENS

Interview, Professor Tong Zhang,

Garance Upham: Among the members of the newly
created US President Biden COVID-19 group, we
noted that Dr Michael Osterholm, Director of the
CIDRAP (Center for Infectious Disease Research
and Policy at Minnesota University) an expert group
on AMR — is doing strong advocacy for wastewa-
ter surveillance, both as an excellent approach to
COVID-19, as well as for AMR, which he sees as
may be a better method than the GLASS model fol-
lowed by many countries with the WHO up to now.
My question to you. Speaking to policymakers who
are not specialists in AMR, could you explain the
benefits of wastewater surveillance for AMR?

Prof. Tong Zhang: What's the benefits of wastewa-
ter testing? To me, I consider wastewater as a col-
lective sample of, say, thousands of people. Hence,
it is a very cost-effective approach to conduct sur-
veillance and prevention for a large group of people.
In Hong Kong, for example, one single plant may
treat wastewater of large groups of people, 100
thousand people or more, so if you take that sew-
age, you have a representative sample and an excel-
lent approach to surveillance.

That is why we should promote wastewater surveil-
lance of AMR and actually not only for the special
case of AMR; but also to focus on human pathogens
surveillance in general, and viruses like COVID-19.

Question: Are you doing COVID-19 surveillance in
China, what are the advantages of doing so?

Prof. Tong Zhang: Yes, we are doing it in Hong
Kong, I am leading a project on that. In general,
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Professor Tong ZHANG Environmental Microbiome Engineering
and Biotechnology Laboratory, Department of Civil Engineering,
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wastewater surveillance allows health authorities
to see the rise in infection rates and anticipate out-
breaks, since there is SARS-CoV2 excretion in fae-
ces before people get sick or just get tested.

Question: Can you tell us what you know in the
USA, or other countries? I recall Senator Di-
ane Feinstein has been campaigning for national
COVID-19 wastewater surveillance.

Prof. Tong Zhang: There are many local or na-
tional programs in countries around the world. To
give but a few examples, there is a £1 million pro-
gram, led by the Centre for Ecology & Hydrology
in the United Kingdom, a $10 million state wide
program in the State of Michigan in the USA, there
is a research project by the US Wisconsin Depart-
ment of Health Services, and in late September the
American Health & Human Services was reported
to want to test 30% of U.S. wastewater for the coro-
navirus as an ‘early warning system’. Then Singa-
pore is testing human poo for coronavirus. And of
course Paris Water (Eau de Paris) has done some of
that. Many localities and countries around the world
have undertaken such surveillance, too numerous
to be listed here. But now it would be good if it
became standard international practice as a way to
help us beat the pandemic. And the more the tools
and funding for this surveillance is in place, the bet-
ter equipped we may be for AMR surveillance.

Question: What about LMIC, some of us campaign-
ing for WASH. WHO Director General Dr Tedros
talked of it on Nov 4?
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Prof. Tong Zhang: Water, Sanitation Hygiene, of-
ten talked of as "WASH" are very important. People
have known the significance of clean water for sev-
eral centuries. In China, back a thousand years ago,
people knew to boil the water before drinking it, us-
ing it for cooking. Even for the average family, not
just rich family, when they travelled, they figured
out that they needed to boil the water each time they
settled, first thing to do!

So I think the basic WASH is very important for the
low and middle income countries (LMICs). Prob-
ably the most cost-effective intervention to stop
diseases and combat pathogens which may be, or
develop to become, antimicrobial resistant.

Question: Would you have a listing of what technol-
ogies are best to use to prevent AMR being released
in wastewater?

Prof. Tong Zhang: I'm not an expert on membrane
technology, but I know it could be applied world-
wide widely everywhere, even in middle income
country, to treat the wastewater. Since most re-
sistance is carried by bacteria, if you can remove
bacteria then you can reduce the potential for gene
transfer.

Question: What do you think are the weaknesses
concerning wastewater surveillance on AMR as
presently ongoing?

Prof. Tong Zhang: We are using molecular tech-
niques, but how can it be connected to phenotype
of resistance from clinical data is weak. We need
a lot more work on that. Most work on wastewater

Examples of press coverage:

is focusing on the microbiome, in it there could be
many environment bacteria which may not be hu-
man pathogens, yet we should focus on the latter, to
have a better surveillance mechanism for all patho-
gens, whether drug-resistant or not.

Addendum:
COVID-19 Surveillance in Hong Kong.

Our work on sewage test is also helping Hong Kong
to face COVID-19, now, especially in recent days,
We tested 300 samples in the 4th wave of
COVID-19 at Hong Kong. The results correlated
very well with the outbreaks in the community.
Recently, the method has been used for tests of in-
dividual buildings. Government issued the manda-
tory test order based on our results for one building
on Dec. 28, while there was no case in that build-
ing, at least four positive cases so far had been
found from the mandatory tests of ~2000 residents.

On Dec. 30, HK Government issued another man-
datory test order to another building based on our
sewage test results when there was no case re-
ported in that building. Up to now, at least one pos-
itive case has being found in this second building.

So far, HK Government only issued these two manda-
tory test orders based on our suggestions and both of
them helped picking out positives cases before clinical
tests.

Here are links about this project and the relevant news.
https://www.hku.hk/press/news_detail 22201.html
https://www.scmp.com/news/hong-kong/health-environ-
ment/article/3115515/hong-kong-fourth-wave-covid-19-
sewage-samples

» www.cranfield.ac.uk/press/news-2020/work-begins-on-uk-system-to-detect-covid-19-in-wastewater

* £1 million programme, led by the UK Centre for Ecology & Hydrology (UKCEH),

* https://www.michiganradio.org/post/state-puts-10-million-surveillance-network-covid-19-wastewater US$ 10 million

* https://www.jsonline.com/story/news/2020/06/18/researchers-attack-covid-19-new-way-tracking-virus-sewage/3191077001/

USS$ 1.25 million

* https://www.cnbc.com/2020/09/25/hhs-wants-to-test-30percent-of-us-wastewater-for-the-coronavirus.html 2020/09/25

Department of Health and Human Services

* https://www.scmp.com/week-asia/health-environment/article/3088466/singapore-checking-peoples-poo-coronavirus

""These discussions between health, water and finance ministers
are among the most important meetings of the year. Investing
in water, sanitation and hygiene is critical to preventing both
pandemics and local outbreaks. Its absence leaves us exposed'

Dr Tedros, on World WASH day, Nov. 4, 2020
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TACKLING ENVIRONMENTAL
DIMENSION OF ANTIBIOTIC RESISTANCE
GENES BY COMPREHENSIVE
ASSESSMENT AND SOURCE CONTROL

Abstract

Antibiotic resistance is creating a crisis in public health, and it has been regarded as a challenge for hu-
manity today. With its large number and diversity of bacteria and their complex interactions, the envi-
ronment alone has been recognized as the single largest reservoir of antibiotic resistance genes (ARGs).
However, strategies to control ARGs pollution in the environment are still in infancy as the environmental
ARG profile remains poorly understood. Given regional differences in antibiotic resistance genes back-
ground and environmental management, it is necessary to perform systematic regional surveillance across
local environments.

The comprehensive local mapping of antibiotic resistance genes will assist in tracking sources of ARG
pollution in the environment and establish a risk assessment framework. This will largely facilitate iden-
tifying strategies that should be prioritized to tackle ARGs at critical control points in local environments.
In the long-term, this will substantially ease health and environmental burden, contributing to sustainable

development regionally and globally.

(914

The critical role of the environment in the dissemination
of antibiotic resistant genes has become more and more obvious.

...the wastewater treatment plant is an ideal environment where enteric and
environmental bacteria mixed intensively. However, big knowledge gaps exist regarding
the environmental dimension of antibiotic resistance, ranging from fundamental research
questions such as transmission across human/animal and environmental interfaces to
local effective control strategies.

29

Dr Liguan LI, Environmental Microbiome Engineering and Biotechnology Laboratory, Depart-
ment of Civil Engineering, The University of Hong Kong, SAR, China.

Professor Tong ZHANG, Environmental Microbiome Engineering and Biotechnology Labora-
tory, Department of Civil Engineering, The University of Hong Kong, Hong Kong, SAR, China.

Antibiotic resistance has become a global health
crisis, threatening effective treatment of common
infections caused by bacterialV. It will become
worse if we do not act immediately to combat its
current epidemic propagation worldwide. Mitiga-
tion of antibiotic resistance thus has become an ur-
gent health challenge for human security, yet only
limited progress has been made, as the environmen-
tal dimension has received less attention in the tri-
partite “One Health” approach: Human Health, An-
imal Health and The Environment. Indeed, research
on antibiotic resistance has now been extended
beyond clinical settings to include relevant envi-
ronment especially those substantially impacted by
human activities like agriculture and sewage sys-
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tem. In the past decades, the rapid development of
high-throughput sequencing has largely been cen-
tral to studies on environmental resistome (i.e., the
collection of antibiotic resistance genes in a given
environment). Studies have revealed the critical role
of the environment in the dissemination of these
genes. For example, soil microbiome, the long rec-
ognized evolutionary origin of antibiotic resistance,
has been proved to be a reservoir of ARGs available
for exchange with human pathogens®. In particular,
multidrug-resistant bacteria retrieved from soil con-
tain ARGs against clinically important antibiotic
classes (like beta-lactams, aminoglycosides and tet-
racyclines), that match with ARGs retrieved from
various human pathogens. A recognized hotspot of

ARG occurrence is the wastewater treatment plant
as it is an ideal environment where enteric and en-
vironmental bacteria mixed intensively. ARGs orig-
inated from human pathogens have been frequently
detected in the activated sludge as revealed in our
recent nine-year longitudinal study®, which high-
lights that wastewater treatment plants are reser-
voirs of ARGs. The critical role of the environment
in ARG dissemination has, therefore, become more
and more obvious.

More importantly, as it is well-recognized that the
health of humans is closely linked to the health of
animals and the environment, a ‘One Health’ ap-
proach has been favored for antibiotic resistance
containment strategies by national and international
agencies, including, explicitly, the environment®>.
However, big knowledge gaps exist regarding the
environmental dimension of antibiotic resistance,
ranging from fundamental research questions such
as transmission across human/animal and environ-
mental interfaces to local effective control strate-
gies.

SYSTEMATIC SURVEILLANCE
OF ARG PROFILE
ACROSS LOCAL ENVIRONMENTS

Combating antibiotic resistance in the environ-
ment first requires a comprehensive understanding
of environmental resistome. Despite the insight-
ful information on antibiotic resistance by clinical
surveillance efforts, there is a dearth of data from
systematic studies of antibiotic resistance in the
environment. The metagenomic approach as a tool
for ARG surveillance in various environments, has
been proposed as a valuable option in a recent ar-
ticle in Science®. One notable example is to apply
metagenomics based surveillance to human sewage
for community surveillance of antibiotic resistance,
since it can generate pooled data for a large popula-
tion, as well as across ARGs and bacteria.

Such surveillance of sewage from 60 countries
have revealed significant differences in abundance
and diversity of ARGs among regions of Eu-
rope, North-America, Oceania, Africa, Asia, and
South-America, strongly correlated with socioeco-
nomic, health and environmental factors'”. The first
trans-Europe ARG surveillance of sewage also re-
vealed that antibiotic use and environmental condi-
tions were important factors related with resistance
persistence and spread in European countries®.
More worrisome, our recent findings on ARGs in
drinking water distribution systems have raised
concern for public health, as the human beings have

direct contact with these systems in daily life®.
Among the samples collected from 25 cities in
China, South Africa, Singapore and the USA, ob-
vious regional variations in ARG load in drinking
water systems exist. Compared with China, a mod-
erate ARG level was observed in samples from Sin-
gapore and the USA. Even in China alone, there are
obvious region-specific ARG profiles.

These results highlight the need to implement local
surveillance and control measures, based on spe-
cific conditions in different geographic regions. It
also highlights the need for local coordinated efforts
by multiple sectors to track and control the spread
of antibiotic resistance, given the unique socioec-
onomic and geographical structure of each region.
These efforts will especially benefit underdevel-
oped countries. For example, researchers charac-
terized the ARG profiles of interlinked samples in
two low-income Latin American communities in El
Salvador and Peru, including hundreds of human
faeces and environmental samples!'?. According to
the unique local socioeconomic situation, they then
specifically assessed the effectiveness of the peo-
ple's excreta management strategies in reducing fae-
cal bacteria and resistance genes in these settings.

Another similar case is in a Cambodian commu-
nity'"), where faecal carriage of Escherichia coli
and Klebsiella pneumoniae harbouring extended
spectrum cephalosporinase genes are common.
Through systematic surveillance, researcher identi-
fied women and young children as high risk groups,
because in their specific community culture, they
have more exposure to animal manure and slaugh-
ter products than others.

SOURCE TRACKING OF ARG
POLLUTION IN THE ENVIRONMENT

The complex ARG profile, revealed by the large-
scale surveillance, raises questions of public con-
cern — where are the sources of ARG pollution and
how to identify them?

Tracking antibiotic resistance in local environments
is essential for source control. However, identify-
ing transmission pathways of ARG pollution can
be confounded by point and diffusion sources, as
well as cross reactivity under complicated envi-
ronmental conditions (Figure 1). The distinct fate
and behaviour of ARGs in different environments
further complicate the problem. Nevertheless, ever
since the discovery of frequent ARG occurrences
in human-related environments, identifying poten-
tial sources has received considerable attention.
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Source tracking of ARG
pollution in the environment

o ~ [ ;
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Figure 1. Quantitative source tracking of ARG pollution in the environment!'?

For example, by coupling the detection frequency
of specific target ARGs with environmental varia-
bles in a particular region, researchers can identify
the ARG distribution patterns that distinguish puta-
tive sources of ARG pollution (e.g., livestock farm)
from a native environment (e.g., river basin).

Current high-throughput sequencing provides a
promising approach for efficient source tracking!'?.
However, this approach, as a tool for identifying
sources of ARG contamination, remains largely
unexplored, despite a few large scale surveillances
of ARG load in a diversity of environments by
metagenomic studies!>!9,

In fact, the distinctive combinations of, potentially,
thousands of genetic markers in different environ-
ments revealed by metagenomic analysis have a
great potential for source discrimination. The major
challenge for routine application of such big-data
based source-tracking tools is the lack of a robust
automated and statistical classification approach.
Machine-learning algorithm has been recognized as
an efficient tool for pattern recognition in this big-
data era. Regarding its potential in source tracking
of ARG pollution, the algorithm can use compre-
hensive ARG profiling of various source environ-
ments to train models to distinguish ARG patterns of
different source types. The recently developed clas-

1-26 - AMR & THE ENVIRONMENT

sification algorithms — RandomForest and Source-
Tracker, have been successfully applied for micro-
bial source tracking. In particular, unlike traditional
source tracking, SourceTracker can model a sample
with input from different sources rather than assume
the entire sample from a single source!'?. Realizing
great potential of the tool, we conducted rigorous
analysis to evaluate performance of SourceTracker
in quantifying source contribution for environmen-
tal ARG pollution'®. We validated the application
of SourceTracker for samples with different anthro-
pogenic impacts, including regional sediment sam-
ples with significant gradients of human activity.

Such a combination of metagenomic ARG profiling
with cutting-edge machine-learning algorithm in
source tracking will facilitate development of novel
strategies in tackling the current widespread ARG
contamination in the environment. In one recent
example, researchers successfully applied the tool
to understand the impact of stormwater runoff on
ARG load in urban watersheds, as the ARG abun-
dance was significantly higher in urban stream than
in base flow during wet weather!”. They charac-
terized the ARG profile of related environmental
compartments under wet weather conditions, and
employed SourceTracker to quantify their contri-
butions to the ARG load in an urban stream. They
estimated storm drain outfall water as the biggest

contribution (>80%) of the high ARG load in the
urban stream under wet weather. In addition, similar
analysis on street sweepings revealed wash-off from
streets as the main contributor of ARGs (>90%) in
storm drain outfall water.

RISK ASSESSMENT OF ARGS IN THE
ENVIRONMENT - MOBILITY
POTENTIAL AND HOST RANGE

Accurate ARG source tracking will provide the ba-
sis for downstream efficient source management.
Management decisions for ARG containment in the
source environment need to consider control pri-
ority for target ARGs, since ARGs pose different
risk level for human health. Compared with ARGs
strictly maintained in specific environmental bacte-
ria, the ARGs with high mobility potential and broad
host range should be targeted as high risk ARGs.

Mobile genetic elements, including plasmids, trans-
posons and integrons, as well as integrative and
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conjugative elements, are efficient vectors to trans-
fer ARGs among bacteria.

In fact, multiple ARGs can be located on the same
mobile genetic element, largely facilitating ARG
transfer even between distant taxonomic lineages.
Moreover, in environment like the wastewater treat-
ment plant and agricultural settings, the presence of
antibiotics and other co-selection factors can form
a persistent selection pressure for ARGs and their
associated mobile genetic elements. In addition to
mobility potential, those ARGs with host prefer-
ence for human pathogens should also be regarded
as high risk ARGs.

Human activities have created processes like sew-
age treatment and manure compost, with high
chance of ARG transfer between environmental
and pathogenic bacteria. Therefore, evaluating the
risk of ARG dissemination requires a comprehen-
sive understanding of ARGs' mobility potential and
host range.

b C Figure 2.

ARGs carrying patho-
gens across the waste-
water treatment plant
compartments®?.

a) The phylogenetic
composition and
relative abundance
of the ARG-carrying
pathogens.

b) The diversity and
relative abundance of
the ARGs (bold in the
left panel).
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Previous studies have attempted to reveal the genetic
contexts (including the genetic feature of mobility
and hosts) of the ARGs with various approaches,
including isolation, PCR and high-throughput se-
quencing.

Although the bias associated to the culture or PCR
based methods can be circumvented by current se-
quencing techniques, deciphering genetic context
of the ARG-carrying elements still remains a great
challenge.

The frequent repetitive sequences flanking ARGs
usually hamper effective assembly of their genetic
context. Nevertheless, genetic co-occurrence pat-
tern embedded in metagenomic datasets have been
utilized by researchers as the indirect way to track
ARGs and their associated genetic features.

We have successfully applied the statistical tool in
disentangling ARG host and mobility in various
environment like the wastewater treatment plant,
agriculture and drinking water®'®!), In addition,
third-generation sequencing technologies provide
a great opportunity to directly link the ARGs and
their flanking regions. For example, PacBio and
Nanopore sequencing can generate long reads
which can span most repetitive sequences. In the
most recent work®”, we reported the first pipeline
based on Nanopore and Illuminat sequencing for
rapidly retrieving genetic context of target ARGs,
especially for examining ARGs carried by human
pathogens along the wastewater treatment process.
The results showed that most of the ARGs detected

in all compartments of the wastewater treatment
plants were carried by plasmids. A broad spec-
trum of ARGs carried by plasmids was persistent
across the wastewater treatment plants. Host track-
ing showed ARG-carrying bacteria covering broad
phylogenetic range, which were still detected in the
wastewater treatment plant's effluent (Figure 2).
These findings highlights the high risk of ARG dis-
semination through the wastewater treatment plant
discharge into the receiving environment.

Overall, it is apparent that the environment is a large
ARG reservoir with a risk for potential dissemina-
tion to human pathogens.

In recent years, several international and national
governments have announced strategic plan for
combating antibiotic resistance within a ‘One
Health’ framework. For example, the government
of Hong Kong has committed to manage antibiotic
resistance in the ‘Strategy and Action Plan on Anti-
microbial Resistance 2017-2022°CD,

In parallel with the knowledge developed in humans
and animals, comprehension of the environmental
antibiotic resistance is urgently needed. As dis-
cussed above, we suggest to first perform rigorous
regional surveillance of ARG profiles to understand
the overall distribution. Based on the surveillance
data, the transmission pathways and critical control
sources can thus be deciphered. Coupled with risk
assessment, management strategies can be properly
developed to realize efficient control of antibiotic
resistance.

Dr Liguan LI is a postdoc in Environmental Microbiome Engineering and

Professor Tong ZHANG is Professor, Environmental Microbiome Engineer-
ing and Biotechnology Laboratory in the Department of Civil Engineering
at The University of Hong Kong. Professor Zhang obtained his PhD. degree
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ANTIBIOTIC RESISTANCE
IN LANDFILL SYSTEMS

Abstract

Landfill systems are important reservoirs for antibiotic resistance genes and antibiotic resistant bacteria.
The previous studies on antibiotic resistance in landfill systems were mainly conducted by the researchers
from China, USA, Singapore, Japan, Korea, Thailand and Nigeria. The genes conferring resistance to
sulfonamide, macrolide-lincosamide-streptogramin, aminoglycoside, beta-lactam, fluoroquinolone, tetra-
cycline and multidrug were the most frequently detected and abundant antibiotic resistance genes types in
landfill samples. Escherichia coli was selected as a model strain to investigate the antibiotic resistant bac-
teria in landfill systems and it was commonly multiple antibiotic resistant. However, information on the
antibiotic resistant bacteria from landfills is still limited. Both culture-dependent and culture-independent
methods should be employed simultaneously to reveal the occurrence characteristics of antibiotic resistant
bacteria in landfill systems. Many factors may affect the occurrence and spread of antibiotic resistance
genes in landfills, including the composition and properties of municipal solid waste, antibiotics, heavy
metals, operational conditions of landfill, mobile genetic elements, etc. The ecological and health risks of
antibiotic resistance released from landfill systems need to be assessed in future studies.

(44

Landfill systems are important reservoirs for antibiotic resistance genes and antibiotic
resistant bacteria. However, information on the antibiotic resistant bacteria from landfills
is still limited. Both culture-dependent and culture-independent methods should be
employed simultaneously to reveal the occurrence characteristics of antibiotic resistant
bacteria in landfill systems.
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1. LANDFILL SYSTEMS ARE recipient environments and result in serious risk on
IMPORTANT RESERVOIRS OF ARGS ecosystem safety and human health.
Polymerase chain reaction (PCR)-based and

Landfill is considered as a potential repository of an-
tibiotics for receiving unwanted and unused drugs,
illegal clinical wastes, pet feces, sludge, used baby
diapers and toilet papers from clinics, hospitals and
households (Eggen et al., 2010). As a consequence,
the selection pressures exerted by the presence of
antibiotic residuals and other contaminants in the
municipal solid waste (MSW) may promote the
development and dissemination of antibiotic resist-
ance genes (ARGs) and antibiotic resistant bacteria
(ARB) in the disposal systems and landfill leachate.
Then, the ARGs in the leachate can transfer to the
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high-throughput sequencing-based metagenomics
analysis methods have been used to characterize
the ARG profiles in the landfill sites. The occur-
rence of diverse and abundant ARGs in landfills
indicates that landfill and landfill leachate are im-
portant reservoirs of ARGs. Valuable insights have
been gained by PCR-based approaches to inves-
tigate a few groups of ARGs in landfill leachate.
However, these studies only covered a limited num-
ber of well-studied ARG types, mainly including
the resistance genes of sulfonamide, tetracycline,
beta-lactam and fluoroquinolone.

For example, a study from central China showed
a high abundance of sulfonamide resistance genes
in landfill samples (Song et al., 2016), while be-
ta-lactam and fluoroquinolone resistance genes
were prevalent in landfill samples from Shanghai
(You et al., 2018). The PCR-based approaches pro-
vided a mere snapshot of the ARG profiles in land-
fills. Using metagenomic analysis approach, Zhao
et al. (2018) provided a comprehensive insight of
the ARGs occurring in landfill leachate from differ-
ent cities in China. A total of 526 ARG subtypes
belonging to 21 ARG types were identified and the
genes conferring resistance to sulfonamide, mac-
rolide-lincosamide-streptogramin, aminoglycoside,
multidrug and tetracycline were the most abundant
in the 19 leachate samples from 12 cities, highlight-
ing that landfill leachate is an important reservoir
of ARGs. In addition, Zhao et al. (2018) found that
the ARG abundances in landfill leachate were sig-
nificantly higher than those in sediments, rivers,
activated sludge and anaerobic digestion sludge
from sewage treatment plants. The differences in
the abundance and composition between landfill
leachate and other environmental samples may be
associated with the complex formation process and
unusual physico-chemical properties of the lea-
chate, which could result in significantly different
microbial community structures (Kochling et al.,
2015).

The ARGs in landfills may transfer by conjugation,
transformation, and transduction into the environ-
mental or pathogenic bacteria through the horizon-
tal gene transfer (HGT) mechanism, promoting the
prevalence of ARB in landfill systems and other
linked environments. To obtain knowledge for fu-
ture evaluation and control of potential health risks
posed by the disposal of MSW, the occurrence and
patterns of ARB in landfill systems have been in-
vestigated mainly by culture-dependent methods.
When the MSW is dumped into a landfill, the en-
teric bacteria including Escherichia coli originated
from the fecal-contaminated wastes can expose to
many types of antibiotics. In addition, E. coli may
interchange their antibiotic resistant properties dur-
ing a long incubation period inside the landfills.

Therefore, previous studies mostly focused on the
antibiotic resistance of E. coli. Threedeach et al.
(2012) showed that the E. coli isolates from land-
fill leachate highly resisted to tetracycline and ce-
phalothin. High organic loading rate and limited
oxygen condition promoted high prevalence of
multiple antibiotic resistant E. coli. Tetracycline,

chloramphenicol and sulfamethoxazole were anti-
biotics which E. coli could develop resistance to un-
der less oxygen available condition (Threedeach et
al., 2016). However, information of the ARB from
landfills is still limited. Both culture-dependent and
culture-independent methods should be employed
simultaneously to reveal the occurrence character-
istics of ARB in landfill systems.

2. INFLUENCING FACTORS
OF ARGS IN LANDFILLS

Due to the highly heterogeneous nature and the
complex transformation processes of MSW in land-
fill systems, many factors may affect the occurrence
and spread of ARGs in landfills, including mo-
bile genetic elements (MGEs), antibiotics, heavy
metals, other physico-chemical parameters (pH,
moisture, conductivity, TOC, COD, BODS5, DOC,
TN, NH3-N, NO3—/NO2—N, TP, PO43—, SO42-,
Cl-, etc.) and the characteristics associated with
landfills. Among these factors, some studies have
shown that MGEs are the determining factors con-
tributing to the occurrence of ARGs in landfills. For
example, Yu et al. (2016) found that all the three
detectable sul genes significantly correlated to the
genetic markers of integrons, plasmids and trans-
posons, implying the HGT of ARGs facilitated by
various MGEs might take place in the landfill en-
vironment. Wang et al. (2021) reported the positive
correlations between ARGs and Intl1 in landfill lea-
chate, suggesting that the variation of ARGs might
be mediated by Intl1 and the HGT of ARGs might
frequently occur in leachate.

Generally, the abundant and diverse ARG types
were associated with the antibiotics used exten-
sively as human or veterinary medicine. ARGs may
enter into landfills directly or develop over time in
the presence of antibiotic residues in MSW, thus
possibly causing the prevalence of ARGs in landfill
leachate. Su et al. (2017) observed the abundance of
sulfonamide resistance genes (sull and sul2) were
in accord with the antibiotic levels in the leachate.
Yu et al. (2016) reported that most studied antibiot-
ics were positively correlated to the ARGs, and high
levels of antibiotics forced severe selection pressure
in the closed landfill environment.

However, previous studies also suggested that the
direct selection pressure of antibiotics in landfills
was not a key factor shaping the ARG profiles.

Although antibiotics in the leachate had relatively
high concentrations, no significant correlations
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were found between most target antibiotics and
their corresponding ARGs in landfill leachate (Zhao
et al., 2018). The types and levels of ARGs and an-
tibiotics did not depend on each other owing to dif-
ferent environmental fate and transport mechanisms
of antibiotics and ARGs in the leachate (Wu et al.,
2015, Yi et al., 2017). The fate of antibiotics tends
to rely on hydrolysis, sorption, desorption, and
chemical/biological degradation processes, while
the fate of ARGs is likely to rely on bacterial host
type (Wuetal., 2015, Yietal., 2017). Therefore, the
relationship between ARGs and the antibiotic con-
centrations is very complex and the enrichment of
ARGs may not be only contributed by the antibiotic
selection pressure.

During the lifespan of a landfill, the hydrology, op-
eration conditions of landfill (e.g. drainage rate and
disposal rate), the amount, composition and prop-
erties of MSW may change continuously (Kjeldsen
et al., 2002). All these factors can affect leachate
quantity, leachate quality, the microbial community
and ARGs in the leachate. et al. (2018) revealed the
negative correlations between water quality param-
eters (TN, NH3-N, TP, COD, TOC and EC) and
the abundance of ARGs in landfill leachate. Yu et
al. (2016) found that the carbon-related parameters
(COD, BODS5 and DOC) held a decreasing ten-
dency with the landfill age and were significantly
negatively correlated to the ARGs.

In addition, Song et al. (2016) found the abundance
of sull and teto were positively correlated with
moisture content in MSW. Physico-chemical condi-
tions within the refuse correlated to ARGs and this
suggested that environmental factors might impact
the distribution of ARGs in landfilling systems.
Further, the presence of the heavy metals can drive
the spread of ARGs in landfills in the long run. It
is known that heavy metal and antibiotic resistance
are frequently linked in the same MGEs, therefore
long-standing co-selection pressure imposed by
metal might increase the dissemination of ARGs
among leachate (Wu et al., 2015).

The landfill leachate characteristics can be affected
by various factors, such as landfill age, waste type
and composition, landfill design, rainfall, climate,
and decomposition degree (Reshadi et al., 2020).
Among these factors, the landfill age is considered
as a determinant factor influencing the leachate
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composition and thus can exert a powerful influence
on the concentrations of antibiotics and heavy met-
als, as well as the ARGs in the leachate. Zhao et al.
(2018) reported that landfill age was positively cor-
related with the total abundance of ARGs in landfill
leachate. Yi et al. (2017) noted that old landfill site
served as important reservoir of ARGs.

However, Wang et al. (2015) reported that the abun-
dance of sull in landfill leachate was negatively
correlated to the landfill ages, suggesting that the
ARGs decreased along time addition. Regardless
of whether present in living or dead cells, ARGs,
which could move between microbes via HGT,
can survive in the landfills for years without the
presence of their live hosts even after the selective
pressure responsible for their formation has been
removed (Song et al., 2016, Yu et al., 2016). There-
fore, landfill age can exert a powerful influence on
the abundance of ARGs in disposal systems and the
leachate. Overall, the differences of ARG behavior
and fate in different landfills could be attributed to
various factors, such as refuse type, landfill age,
landfilling patterns, climate conditions and physi-
co-chemical properties of each landfill site.

Although the environmental factors play important
roles in the presence of ARGs, it is noteworthy that
microbes are the hosts of ARGs. It is well known
that environmental conditions closely link to the
variations of microbial community structure, which
is considered to be an important factor promoting
the enhancement and spread of ARGs (Novo et al.,
2013). Previous studies have suggested that ARG
profiles are significantly correlated with microbial
community composition (Su et al., 2017; Zhao et
al., 2018). This indicated that microbial community
composition may be the determining factor of ARG
compositions in landfills.

3. CONCLUSIONS

In summary, landfill systems and landfill leachate
are important sources of antibiotic resistance. The
occurrence of ARGs in landfills may be affected by
various factors including physical, chemical and
biological factors. The ecological and health risks
of antibiotic resistance released from landfill sys-
tems need to be assessed in future studies and more
effective management strategies are required to be
implemented.
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MICROBIOLOGICAL CHARACTERIZATION
OF WASTEWATERS
IN CHOLERA ENDEMIC AREAS OF BENIN

Abstract

Wastewater discharged into the environment without treatment is a danger to human health in general and
especially in poor countries, as it is responsible for the high mortality of children from diarrheal diseases.
This wastewater is a prime site for the transmission of antibiotic resistance genes. In Benin, even geo-
graphically limited analyses show high rates of resistance to common drugs against cholera, Escherichia
coli and Salmonella spp. Our work suggests that: 1) fighting antibiotic resistance would require serious
efforts to invest in infrastructure to recycle human and animal waste and to develop access to clean water
in Benin, and 2) efforts for better antibiotic management at the individual, hospital or farm level may have
little effectiveness without first treating the environment, where bacteria transfer resistance genes.

Water management is also one of the necessary bases for the implementation of infection control in health
care facilities, protecting both caregivers and patients from the spread of COVID-19 as well as of antimi-
crobial resistant infections.

The impact of water and sanitation on diarrheal diseases and overuse of antibiotics has been well analyzed
by Jim O'Neill's AMR Review in the UK, in work that has been authoritative worldwide.

(44

Benin continues to be an endemic zone for typhoid fever and cholera due to the non
application of the national hygiene and sanitation policy. Epidemics occur there
every year. The areas at risk are typically peri-urban slums that lack basic sanitation
infrastructure and where drinking water supply and sanitation conditions cannot be
ensured. Sustainable water, sanitation and hygiene programs must be carried out as a
priority in regularly affected communities.
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INTRODUCTION Water-borne diseases have been responsible for

vast epidemics of dysentery, typhoid fever, cholera

Water can be an important means of spreading di-
arrheal diseases when contaminated with patho-
gens. According to the World Health Organization
(WHO), about 90% of children who die each year
from diarrhea contract it due to poor water quality
and poor hygiene and sanitation conditions”. Lack
of sanitation is a major cause of morbidity and a
threat to human and animal health®?.

According to the WHO®, 80% of the diseases af-
fecting the world's population are linked to water
pollution.
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and others according to George and Servais®; with
high mortality among populations in resource-lim-
ited countries. Vulnerable and deprived populations
in disadvantaged neighborhoods are the most af-
fected®. These diseases are most often transmitted
by fecal-oral route, either through consumption of
food contaminated by water, or through bathing
or contact with recreational waters®. Wastewaters
from cities in Benin are discharged without prior
treatment into gutters that also carry rainwater run-
off to river beds.

This wastewater is also used by local residents, es-
pecially for irrigation of market gardens?”. It is in
this context that we wanted to search for pathogenic
bacteria linked to peri-faecal matter in the endemic
areas of cholera in Benin.

MATERIALS AND METHODS

The study was carried out in the cholera endemic
areas of Benin from June to August 2020. Waste-
water samples were collected in the communes of:
Abomey-Calavi, Dassa-Zoumé, Djougou, Cotonou,
Porto-Novo, S6-Ava, Parakou, Seme-Kpodji.
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Figure 1: Map of Benin showing the sampled areas marked with red dots.
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1.1. Microbiological Sampling and Analysis

Water samples were collected in 500ml borosili-
cate flasks with strings following the techniques
described by Rodier®. The vials intended for bac-
teriological analysis were sterilized at 121°C for 20

Images: Photos of water taken in Cotonou by B. Boya

min in an autoclave. The collected water samples
were then stored at 4°C in a cooler and transported
to the laboratory for analysis. A total of 160 water
samples were taken, with 20 samples per commune.
The pH of the samples is measured with an elec-
tronic pH meter (Hanna's HI 96107 instruments).

(a) Tokpa

(b) Ladji.
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(c) Ahouansori

(d) Djidjé

The fecal hazard indicator bacteria Escherichia
coli, Salmonella and Vibrio were tested on the sites.
Serotyping of Vibrio cholerae strains was per-
formed by slide agglutination test with anti-O1 and
0139 sera. Multiplex PCR was used to differentiate
between Vibrio cholera

1.2. Antibiotic susceptibility of strains isolated
from wastewater samples

The antibiogram was performed with nine (9) an-
tibiotic discs: Amoxicillin/Clavulanic Acid (AMC,

30pug), Oxytetracycline (OT, 30pg), Sulfameth-
oxazole-trimethoprim (SXT, 25/ug), Ceftazidime
(CAZ, 30pg), Gentamicin (G, 10pg), Doxycycline
(DOX, 30ug), Erythromycin (E, 15ug); Ofloxacin
(OFX : 10p g) and Ceftriaxone (CTR, 30 pg).

The results were read and interpreted according to

the criteria of the Antibiogram Committee of the
French Society of Microbiology 2019.
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RESULTS Amoxicillin/Clavulanic Acide (AMC, 30ug), Oxytétracycline (OT, 30ug), Sulfaméthoxazole-trimethoprime (SXT,
25ug), Ceftazidime (CAZ, 30ug), Gentamicine (G, 10ug), Doxycycline (DOX, 30ug), Erythromycine (E, 15 pg),

Ofloxacin (OFL, 10ug), Ceftriaxone (CTX, 30ug)

2.3.3. Antibiotic resistance of Salmonella spp
strains isolated from wastewater
2.1. Physico-chemical parameter

The resistance of isolated Salmonella spp strains
Average pH values range from 6.11+0.03 to 7.52+0.  varies with antibiotics. All strains showed 100% re- 120
Average temperature values range from 27.85+0.1 sistance to Amoxicillin + clavulanic acid, Ceftazi-

2
F
to 32.91+1.7°C. dine, Sulfamethoxazole-trimethoprim 75.86% to £ 100 - E =
Doxycycline. Figure 4 shows the results. S | B = =
2.2. Microbiological quality of household waste- = 30 1 = = % = — = —
water. DISCUSSION TS E B | E B B &
S04 = = E E B E .
= = =] = E = = = E E Resistant
Table 1 presents the set of microbial strains isolated Nowadays wastewaters are frequently reused, either Ny = = = = = = =
from the wastewater samples. Out of 160 wastewater for various purposes or for groundwater recharge. "‘.5' ] % % % % % % %
samples analyzed, 210 micro-organisms were isolated.  Water can therefore act as a vector for potentially £ 20 E BE E E E = E
dangerous microbiological agents such as Salmo- 5 1= = E = B = = E
Isolated bacteria | Number | Percentage nella spp, Vibrio cholerae and Escherichia coli®. E o LEE BE B = = = = = =
N) (%) The control and mo.nltorlng pf water quallty, espe- CAZ CRX G E OFL AMC SXT OT DO
Vibrio cholorae 54 2571 cially wast;wate;rs, is becoming esseptlal( ), Antibioi
The bacteriological analyses we carried out on run- nibiofics
Other Vibrio 22 10.47 off water from cholera endemic areas in Benin re- Figure 2: Antibiotic resistance of Vibrio cholerae strains isolated from waste water
vealed a significant variation in the microbial load
Salmonella spp 58 27.62 of the bacteria studied. Open defecation is still a 120 1
Escherichia coli 51 248 common practice among the populations in the = |
study area and confirms the existence of the fecal - 100 _ - = = =
Other micro-organisms 25 11.90 threat. Benin continues to be an endemic zone for .-l: g g g g g =
typhoid fever and cholera due to the non-applica- T~ 807 = = = = = =
Total 210 100.00 tion of the national hygiene and sanitation policy. '% Lt g g = = = =
Epidemics occur there every year. The areas at w8 60 = = = = = = = = Resistant
Table 1: Main micro-organisms isolated from wastewa-  rigk are typically peri-urban slums that lack basic = L'E £ = = = = = = esistan
ter®®. Antibiotic resistance of microbial strains isolated  ganitation infrastructure and where drinking water 2" 01 = = = = = = Sensitive
from waste water supply and sanitation conditions cannot be ensured. & = = = = = = =
Sustainable water, sanitation and hygiene programs 5 204 = = = = = = =
must be carried out as a priority in regularly affected “ = = _ = =] =] = =]
communities. 0 —= = = = = = = =
2.3.1 Antibiotic resistance of Vibrio cholerae CAZ CRX G OFL aAMC SXT  OT DO
strains isolated from wastewater The 75% doxycycline resistance of Vibrio cholerae Antibiotics
strains is a cause for concern. This situation could Figure 3: Resistance of isolated Escherichia coli strains to antibiotics.

All strains showed resistance to Amoxicillin +
clavulanic acid, Ceftazidime and Oxytetracycline.
Resistance to Sulfamethoxazole-trimethoprim and
doxyxycline was 75.86%.

Figure 2 shows the results.

2.3.2. Antibiotic resistance of Escherichia coli
strains isolated from wastewater

All strains isolated showed resistance to Amoxicil-
lin + clavulanic acid, Ceftazidime and Oxytetracy-
cline. Resistance to Sulfamethoxazole-trimethop-
rim is 75.86% and 88% to Doxycycline.

Figure 3 shows the results.
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be the probable result of the current protocol that
proposes doxycycline chemoprophylaxis adminis-
tered to all accompanying patients and health per-
sonnel, for whom there were no contraindications
in Benin, Makoutodé et al'®. Resistance to Tri-
methoprim/sulfamethoxazole is 75.86% for envi-
ronmental strains; this molecule is often prescribed
in the treatment of gastroenteritis and in chemo
prophylaxis in HIV-infected persons. According to
Opintan et al.!", in Ghana, genotypic characteriza-
tion of Vibrio cholerae revealed an SXT transposon
and a class 29 integron.

These results show that this antibiotic should no
longer be used in the treatment of cholera. Indeed,
taking this drug would contribute to the selection
and dissemination of emerging resistant strains
in the population. In addition, the use of sulfona-

sensitivity of salmonelle spp
strains (%)

Figure 4: Antibiotic resistance of Salmonella spp strains isolated from water.
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mide-based molecules in the treatment of malaria
could be the cause of cross-resistance!'?. This high
resistance to doxycycline and Trimethoprim/sul-
famethoxazole is also found in Salmonella spp and
Escherichia coli. Bacteria can develop resistance
to antibiotics, which share similar genetic struc-
tures!'¥. Although they do not present a direct ther-
apeutic challenge, these acquisitions of resistance
may be problematic given the ability of Vibrio to
share their genetic information‘'?.

In the environment or in the digestive tract, these re-
sistances can be transmitted to bacteria with which
they are in contact and make the treatment of infec-
tions by other bacteria more difficult!?.

CONCLUSION

The results obtained in this study indicate that
stormwater wastewater is heavily polluted with mi-
croorganisms that are indicators of fecal contami-
nation. This pollution is remarkable at the collector
level. These results showed a diversity and distribu-
tion of strains of Vibrio cholerae, Salmonella spp
and Escherichia in the study areas. The proportion
of multi-resistant bacteria resistant to commonly
prescribed antibiotics is high and cause for concern.
Sanitation and the extension of hygiene measures
around these water points to prevent recurrent epi-
demiological episodes in the city, especially during
rainy seasons, should be promoted.
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| PERSISTENCE OF |
ANTIBIOTIC-RESISTANCE GENES
IN AQUACULTURE ENVIRONMENT

Abstract
Bacteria become antibiotic-resistant by acquisition of antibiotic-resistance genes. Aquaculture is one of
the hot-spots of antibiotic use, making it a place where antibiotic-resistance genes are developed and se-
lected. These genes can be transferred to various bacteria and spread further into the aquatic environment.

The resistance genes found in humans and animals could also be detected in aquaculture environment,
suggesting transfer of the resistance genes among terrestrial and aquatic bacteria. And it has recently been
shown that aquatic commensal bacteria possess unique resistance genes. We should consider that the or-
igins of resistance genes, and consequent exposure risk, not only concern pathogenic/terrestrial bacteria,
but also aquatic bacteria. To decrease exposure risk to the resistance genes, we should pay attention to

aquatic environment, aquatic substances, and humans in aquaculture.

uce healthy and safe aquaculture products, control of feeding amount
of pollution in fishing grounds are essentially needed as well as approp
ration of antibiotics. These strategies decrease diseases in fish, and then
reduction in the use of antibiotics.

Professor Satoru Suzuki, Center for Marine Environmental Studies, Ehime University,

Matsuyama, Japan

Aquaculture systems differ from country to country.
Freshwater pond aquaculture is the main system in
inland areas of China, Eastern Europe and North
America, whereas net-pen marine aquaculture is
frequently carried out in Norway, Chile and Japan.
In any case, antibiotics are still frequently used, re-
sulting in the direct spread of antibiotic compounds
into rivers and sea. Thus, as expected, aquaculture
is among the sources of contamination of natural
waters with antibiotics, which entails the develop-
ment of antibiotic resistant bacteria and antibiot-
ic-resistance genes (Cabello et al., 2013).

In case of freshwater, human and animal enteric
bacteria contaminate aquaculture water and survive
there for a long time, becoming a source of resist-
ance gene exposure for humans (Antunes, et al.,
2018; Klase, et al., 2019). Various resistance genes,
and mobile genetic elements that can transfer resist-
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ance genes to other cells, are detected in biofilms on
the surface of river beds and pipelines (Balcazar et
al., 2015).

The viscous biofilm substances are reservoirs of re-
sistance genes in aquaculture facilities. Biofilms are
generally main hot spots of cell-to-cell horizontal
gene transfer in aquatic environments (Abe et al.,
2020).

Tropical Asian countries have been historically
practicing integrated aquaculture-agriculture farm-
ing system, where livestock manure is directly
transported to fish ponds and to vegetable and rice
fields. The manure contributes to the eutrophication
of pond water, enhancing phytoplankton growth.
This is good recycling farming practice; yet the
heavy use of antibiotics in livestock develops anti-
biotic resistance in enteric bacteria and water bacte-

ria. Therefore such farming sites are a potential or-
igin of antibiotic-resistance genes; in other words,
it is a “risk incubating environment” or “bazaar of
resistance genes” (Suzuki and Hoa, 2012).

The resistant bacteria and the resistance genes ini-
tially arise in the intestinal tract of animals as a re-
sult of exposure to high concentrations of various
antibiotics.

Next, horizontal gene transfer occurs among var-
ious bacteria in the environment surrounding the
farm. The resistance genes persist and spread among
environmental bacteria through acquisition and re-
combination, Finally, the resistance genes move to
other environments via water use and food supply.
Freshwater pond aquaculture is closely connecting
agriculture, food and human daily life.

The situation in marine aquaculture is different
from that in freshwater. Microflora in seawater is
quite different from freshwater in terms of category
and physiology, considering that most of commen-
sal bacteria in seawater are non-culturable or yet-

to-be cultured. Human enteric and pathogenic bac-
teria cannot survive in the sea due to the properties
of the seawater environment; low temperature, low
organic matter concentration, high salt concentra-
tion and so on.

Although researches on antibiotic-resistant bacteria
started in the 1950’ in Salmonella, the first evidence
of multi-drug resistance plasmid was reported in
fish pathogenic bacteria from Japanese marine aq-
uaculture (Aoki, et al., 1971), which plasmid then
evolved with time through various countries and
various bacteria including human enteric bacteria
(Fricke, et al., 2009). This suggests that transfer-
able plasmids are transported even among marine
and terrestrial environments. The fact also suggests
horizontal gene transfer and circulation of the re-
sistance genes among diverse microbes in a wide
variety of environments.

Most researches on antibiotic resistance, in the
early age of marine aquaculture, were performed
for isolated fish pathogens. Recent metagenomic
approaches have been revealing distribution pro-

ﬂquatic environments

Products,
contact
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Figure 1

Suspected exposure route of antibiotic resistant bacteria and antibiotic resistance genes with focus on aquatic en-
vironments. Black arrow, inflow; grey arrow, contact and white arrow, intake/contact. (Modified from Gebreyes et

al., 2017)
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files of resistance genes among all microbial com-
munities including non-culturable bacteria. This is
what is called “resistome” analysis. Sulfonamides
and tetracyclines have been used worldwide in ma-
rine aquaculture, providing a selective pressure for
bacteria in fish intestines and seawater. Especially,
tetracyclines are still frequently used worldwide,
and tetracycline-resistance genes, namely tet, per-
sist for long time in sediment beneath the aquacul-
ture fishing ground (Tamminen, et al., 2011).

The fish feces contribute in supplying resistance
genes into the sediment (Muziasari, et al., 2017).
The occurrence profiles of tet in aquaculture sea-
water differ among countries (Suzuki, et al., 2019).

The sulfonamide resistance genes, namely sul, are
also detected in a variety of water environments. It
follows that the resistance genes with a long history,
such as tet and sul, disseminate and persist in fresh-
water and marine environment. Sul3 is a rare sul
gene in human clinical care, but it is reported to be
abundant in marine non-culturable bacterial com-
munity (Suzuki et al., 2013). Recent report showed
that new sul4 was found in river originating from
Chloroflexi (Razavi et al., 2017) which belongs to
an ancient division including various marine bac-
teria.

These facts remind us that marine bacterial com-
munities possess novel or unknown antibiotic-re-
sistance genes of marine origin. If the marine-or-
igin resistance genes are accompanied by mobile
genetic elements, these might invade the human
environment via aquaculture products or workers.
The resistance genes movement between food an-
imals and farmers is known, with common enteric
bacteria present in both.

Environments

On the other hand, it is known that the bacterial
flora in human and fish/seawater are quite different.
However, distribution of common transferable re-
sistance genes in marine bacteria and human bac-
teria suggests that humans and marine environment
are interlinked. Some pathogens are common in
fish and humans (Heuer et al., 2009). This should
be the basis of the “One Health” concept, that is,
human-animal-environment are linked even in the
marine environment.

We have published strategies to reduce resistance
gene-inflow to the environment (Pruden et al.,
2013). In addition to that, we should pay attention
to the opposite gene-flow route from the sea to hu-
man and animal environments. We can propose sus-
pected gene-flow routes as shown in Fig. 1 with a
focus on aquaculture activity.

The marine environment is usually an oligotrophic
condition for the bacteria associated to fish or hu-
man body. The conjugative horizontal gene transfer
is suppressed in oligotrophic condition; however,
addition of organic matters restored the conjugative
gene transfer (Goodman et al., 1993; Kohyama and
Suzuki, 2019). Artificial food is spread into aquacul-
ture site and the fish defecate, giving much organic
matters to the environment. Aquaculture environ-
ment plays a role, not only a reservoir of antibiot-
ic-resistance genes, but also at the stage of horizon-
tal gene transfer, if conditions are appropriate.

In order to produce healthy and safe aquaculture
products, control of feeding amount and preven-
tion of pollution in fishing grounds are essentially
needed as well as appropriate administration of an-
tibiotics. These strategies decrease diseases in fish,
and then leads to reduction in the use of antibiotic.

Satoru Suzuki, PhD. Professor of Microbiology, Center for Marine Environmen-
tal Studies, Ehime University, Matsuyama, Japan
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AMR IN FUNGAL INFECTIONS:
|AT THE INTERSECTION OF |
| SUSTAINABLE AGRICULTURE

AND HUMAN HEALTH THREATS

Abstract
Fungi are major pathogens of humans, animals, and plants. Controlling fungal pathogens is of major im-
portance for both human health and food security. There are very few antifungal agents available, and the
same ones are frequently used in both human health and agriculture, which has led to the rapid emergence
of resistant fungal pathogens. In this article we consider the role of agricultural chemical use and misuse
in driving drug resistance in human pathogens, taking the emergence of azole-resistant Aspergillus in the

rice-farming Mekong region of Vietnam as an example.

so few fungicide modes of action is that when a fungal disease develo,
one fungicide, all other fungicides which share the same mode of acti
are also at risk.

for Crop and Disease Management, Department of Environment & Agriculture, Curti

Dr Justin Beardsley Marie Bashir Institute for Infectious Diseases and Biosecurity,

University of Sydney, Australia

Prof David Guest, Sydney Institute of Agriculture, University of Australia

FUNGI ARE IMPORTANT HUMAN
PATHOGENS, AND RESISTANCE IS
AN EMERGING PROBLEM —

The principal ecological role of fungi is decom-
posing the planet’s organic waste and freeing nu-
trients into the environment to be utilised by other
organisms. Fungi have always coexisted with other
organisms and are also increasingly recognized as
an important component of our own internal envi-
ronment, with the right mix of fungi in a ‘mycobi-
ome’ playing a role in gut and skin health. A few
are pathogens, causing disease of humans, animals
and plants. As animals, our closest evolutionary rel-
atives are fungi, with whom genetics are far more
similar than we are with plants, bacteria or viruses.

III-50 - AMR & THE ENVIRONMENT

As pathogens, fungi are described as ‘hidden kill-
ers’. They have the capacity to emerge rapidly and
bring about extinction level events, as demonstrated
by chytrid infection of amphibians® which emerged
from the Korean peninsula within the last century
and devastated global frog populations.

In plants, fungal diseases such as Fusarium wilt of
bananas, stem rust of wheat, and blast of rice have
the capacity to destroy staple crops and seriously
undermine food security’®. Humans are not exempt
— indeed, fungal diseases are amongst the biggest
threats to human health. They cause over 1.6 mil-
lion deaths annually (similar to the number of tu-
berculosis deaths, and over 3 times the deaths from
malaria)®, most frequently striking people with ex-

isting health problems, such as cancer, chronic lung
disease, tuberculosis, HIV, diabetes, or those taking
immune-suppressants including steroids. Many of
these invasive, high mortality diseases® are caused
by the fungal pathogens Candida spp and Aspergillus

Spp.

The genetic similarity between humans and fungi
make it very difficult to develop effective and safe
antimicrobials for fungal infections, since what is
toxic to one is often also toxic to the other. As a
result, the anti-fungal armamentarium is small, with
only four classes of drugs that target fungi availa-
ble for use in human and animal medicine and plant
disease management. However, the very reason
fungi have so successfully evolved and adapted to
diverse and changing environments, their unusually
flexible genetics, also enables them to rapidly over-
come these drugs. The lack of options makes the
emergence of ‘superbugs’ from the fungal world es-
pecially alarming.

There have been numerous reports illustrating the
rapid emergence of intractable fungal pathogens.
Most recently, Candida auris caused global panic.
This previously unknown yeast, from the group of
fungi that causes thrush, was first grown from an ear
swab taken from a patient in Japan in 2009.

In the decade since, it has appeared on five conti-
nents, causing often-fatal infections in critically

ill patients™. It can be resistant to all four major
classes of anti-fungal drug, making treatment diffi-
cult, and is so tenacious that contaminated hospitals
have had to close down to get rid of it. Although it
tends not to infect healthy people, those who are
sick for other reasons, or require surgery, are at risk.
So much so that the American Centre for Disease
Control and Prevention (CDC), the European Cen-
tre for Disease Control (ECDC) and Public Health
England (PHE) have all issued public health alerts.

Another largely ignored fungus, Aspergillus fumig-
atus, has also gained notoriety over the past ten
years. This organism thrives in warm dark places
where it decomposes organic matter, such as in com-
post heaps. However, its spores, once inhaled, pro-
liferate inside our bodies under the right conditions
(such as weakened immunity, or lungs damaged by
disease, smoking, or pollution). This leads to dis-
ease ranging from isolated fungal balls through to
invasive disease with case fatality rates up to 70%®:

A. fumigatus has historically been susceptible to
a class of anti-fungals called azoles. These drugs,
which target the fungal cell-membrane, are cheap,
potent, and non-toxic and are one of the main medi-
cal, as well as agricultural, weapons against fungi®.
However, the utility of these vital drugs in treating
Aspergillus is threatened by the development of
antimicrobial resistance (AMR). For the major-
ity of patients globally, azoles are the only avail-

Prevalence of azole resistant A. fumigatus (environment)
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able therapy, and resistance leads to worse clinical
outcomes®. Unlike Candida auris, we understand
what is driving the emergence of resistant A. fumig-
atus: the widespread use of azoles in agriculture.

AGRICULTURAL PRACTISES
HAVE AN IMPACT ON
HUMAN PATHOGENS

Azoles are not only relied upon by doctors to treat
patients, but by farmers who need to protect their
crops and livestock. Azoles are amongst the most
highly used pesticides globally, from the tulip
growers of the Netherlands to rice farmers of the
Mekong, and have become vital to food security.
The role of agricultural azoles causing resistant
Aspergillus infections in humans was first raised
in 2009 by researchers in the Netherlands” where
approximately 12% of environmental A. fumigatus
isolates were found to be resistant, likely driven by
high azole usage in the tulip industry.

Subsequently, researchers in several other coun-
tries have discovered rates of resistance typically
between 10-25% (and higher in intensive azole use
areas e.g. 33% in an Indian tea-garden). Our soon
to be published data show average resistance rates
across a range environmental niches in the Mekong
region of Vietnam at unprecedented levels of 50%.

In Vietnam, farmers use azoles heavily in rice,
fruit, and shrimp farming. Azoles are amongst the
top selling pesticides in the country®. The use of
agricultural chemicals is poorly regulated in Viet-
nam where farmers apply their anti-fungals with-
out adequate disease diagnostic or technical advice
and no knowledge of the mode of action, leading
to widespread inappropriate use of the chemicals.
This uninformed and indiscriminate deployment of
azoles appears to be pushing Aspergillus to develop
resistance.

Our data show high rates of resistance in areas
azoles are used intensively (such as rice farms),
and low rates in uncontaminated wetland regions.
Vietnam does not conduct any surveillance for re-
sistance in clinical isolates of Aspergillus, but it is
well-established that strains that cause infection in
people originate from their environments. The risk
for the farmers of the Mekong is that despite never
having taken anti-fungal drugs, they will present
with infections already resistant to azoles.
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The remaining drug choices are toxic, expensive,
and often need to be given intravenously. For this
particular population, many of whom have recov-
ered from tuberculosis and are thus at risk from As-
pergillus infection, alternative treatments are prac-
tically unavailable.

BALANCING FOOD SECURITY
AND HUMAN HEALTH

While the use of antibacterials in agriculture is re-
stricted because the risks of AMR in human path-
ogens are recognised in research and by major
research funders, AMR in fungal pathogens is fre-
quently neglected"). The use of near identical agents
to control disease in agriculture and healthcare calls
for a multi-disciplinary response that can address
the whole One Health triad at the same time. This
One Health approach, thus far, has also been lack-
ing. Anti-fungals in general, and azoles in particu-
lar, contribute significantly to food security. Grow-
ing global populations make increasing demands on
the agricultural sector, with loss of plants, harvests,
or animals becoming increasingly unaffordable®!?,

In this setting, agricultural azole use will expand,
adding further selective pressure on to human path-
ogens. This effect is likely to be especially acute in
areas such as the Mekong Delta where regulation of
agrichemicals is weak, profit margins are slight, and
the land is farmed intensively. It is critical that our
food security needs are carefully balanced against
the health risks of anti-fungal AMR in important
human pathogens.

Given the very high burden of disease caused by
fungi and our limited anti-fungal armamentarium,
urgent attention must be given to the development
of' new and distinctive classes of anti-fungals for ag-
ricultural and medical use. We must conduct more
surveillance for resistance, especially in areas such
as the Mekong Delta.

We need to make sure we are stewarding our re-
sources in the best possible way, by ensuring that
agricultural azoles are being used only as required,
and that regulations on use are enforced. Achieving
this balance will require a co-ordinated One Health
approach and considerable government and indus-
try commitment.

Dr Justin Beardsley, Marie Bashir Institute for Infectious Diseases and Biosecu-
rity, University of Sydney, Australia. is an infectious disease physician and clini-
cal researcher focussed on fungal infections. He was previously based in Ho Chi
Minh City at the Oxford University Clinical Research Unit, where he developed
a research programme investigating cryptococcal meningitis, and examining the
role of Aspergillus infection in long-term tuberculosis mortality. During this work
he identified unprecedented levels of anti-fungal drug resistance in environmen-
tal isolates of Aspergillus, which threatens to undermine international treatment
guidelines.

Prof David Guest, Sydney Institute of Agriculture, University of Australia is a
professor of Plant Pathology and Development Agriculture. He has worked with
farmers extensively throughout Southeast Asia and the Pacific region, and as a
result has a deep understanding of agricultural practises and food security in the
region. He is committed to OneHealth research, and currently leads a major pro-
ject in Papua New Guinea which aims to improve the livelihoods of cocoa farmers
by investigating the constraints on their productivity through a One Health prism.
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IFROM SARS TO MERS TO COVID-19|
| UNCOVERING NEEDS |
IN INFECTION PREVENTION AND CONTROL,

BROADENING THE RESPONSE AND BUILDING PROGRAMMES
BASED ON WHO CORE COMPONENTS

Abstract
In this article, we review how outbreaks of respiratory disease associated with coronaviruses (including
SARS, MERS, and SARS-COV-2) led to realizations for the need of Infection Prevention and Control
(IPC) Programmes. We describe the status of IPC programmes in the WHO Eastern Mediterranean Region
(EMR), the critical role of IPC programmes for global, regional, and national preparedness and response
to emerging threats. We finally highlight the WHO IPC response in the region and outline a way forward

to build on this opportunity to implement future strong IPC programmes.
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PROGRESS IN IPC WERE ALWAYS
ROOTED IN EMERGING CHALLENGES

IPC is a discipline and a scientific approach to
prevent harm caused by infections to patients and
health workers. While health systems have an eth-
ical duty to “do not harm” when patients receive
medical care, IPC has never been a natural function
of health systems like other preventive and curative
interventions. Most progress in IPC resulted from
lessons learned the hard way In Vienna in 1847, Ig-
naz Semmelweis struggled to get his contemporar-
ies to understand that the failure to wash hands was
the cause of septicaemia in women who had just de-
livered”. While global infectious disease epidemics
and pandemics pose a major risk to global health
security and socio-economic stability, they also
advanced IPC. In the late 1980s, the concern that
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HIV could be spread through microscopic quanti-
ties of blood in health care setting or in the commu-
nity led to the concept of universal precautions®.
The concept of universal precautions referred to
the idea that anyone could be potentially infected
with HIV and that a set of precautions had to be
applied universally, to everyone, and in all settings,
including in the community. Universal precautions
then expanded in scope to lead to the concept of
standard precautions®, a baseline set of measures to
prevent the transmission of pathogens for everyone
in health care setting. At the end of the 20th century,
IPC improved in high income countries.

In lower and middle income (LMIC) countries, ini-
tiatives for IPC started later and usually, with a more
restricted scope. In 1999, WHO launched the safe
injection global network to address transmission of
bloodborne pathogens through unsafe injections®.

In 2005, WHO launched a hand hygiene initiative®,
including guidelines® and campaigns®.

IPC has now become particularly urgent in LMIC
countries given the expansion of universal health
coverage. Since the 2000, several outbreaks and
epidemics were amplified in the health sector (e.g.,
SARS, pandemic influenza HIN1, MERS-CoV).
These were wake-up calls to political and public
health leaders around the world®”. The interna-
tional health regulations (IHR) made explicit refer-
ence to IPC, but implementation in LMIC remained
limited. In 2014, the outbreak of Ebola in West
Africa was the strongest warning. It pointed to the
implications of a possible failure to contain trans-
mission, not only in the community in Africa but
also in health care setting of high-income countries
where the virus was introduced®'", From 2015, the
Sustainable Development Goals (SDG) provided
another framework to underline the importance of
IPC as a strong contributor to the achievement of
the health-related UN’s SDG including quality uni-
versal health coverage.

IPC being a cross-cutting discipline, it also helps
effective implementation of major global health pri-
orities, including the IHR, antimicrobial resistance
(AMR), patient and health worker safety, and inte-
grated people-centered care. At the beginning of the
2000s, intense use of antimicrobial agents and their
spread in health care settings and communities led
to the emergence of more multidrug resistant path-
ogens. This drew the attention to the importance of
strengthening the culture of IPC and implementing
effective IPC programmes to reduce the prevalence
and spread of resistant infections in hospitals. In
2015, WHO developed a broader guidance on IPC
with the core components that addressed the need
to invest in real [PC improvements through IPC ca-
pacity building, continuous resources and dedicated
funding?. While there was a progressive increase
in awareness and more technical guidance availa-
ble, few LMICs made substantial progress towards
establishing comprehensive IPC programmes.

HOW SARS-COV-2 DIFFERED FROM
THE PREVIOUS RESPIRATORY
VIRUSES’ OUTBREAKS?
SARS and the Middle East respiratory syndrome
coronavirus (MERS-CoV’)

The SARS epidemic in 2003 provided lessons for
the importance of good infection control measures

in the prevention of nosocomial infections. It was
characterized by super spreading events, which ac-
counted for 71% of SARS cases in Hong Kong and
Singapore.

The MERS-CoV in 2013 was effectively transmit-
ted within healthcare facilities, where major break-
down in IPC procedures had occurred. It caused
multiple large healthcare-associated infections and
outbreaks, where infections among healthcare work-
ers ranged from 18% in South Korea to 31% in the
Kingdom of Saudi Arabia*!>. The emergence of
these pathogens showed how limited or non-exist-
ent IPC programmes, combined with an inadequate
water supply, poor sanitation, and a weak hygiene
infrastructure in health facilities could threaten
global health security and how health facilities
could become locations for outbreak amplification
among staff and patients and transmission back to
the community. SARS and MERS-CoV were highly
lethal (high case fatality ratio) and a high proportion
of case patients were healthcare workers. However,
the transmissibility outside of health care facilities
was relatively low. This allowed a more focus con-
trol that lead to containment. The threat of MERS-
CoV in the middle East helped building better [PC
in health care facilities in Gulf countries including
the Kingdom of Saudi Arabia.

COVID-19

In 2019, the emergence of a respiratory illness
linked to a novel coronavirus (SARS-COV-2) rep-
resented a test of the global capacity to detect and
manage emerging disease threats. COVID-19 was
less lethal (lower-case fatality ratio) but its trans-
missibility outside of health care facilities was
higher. As a result, health care workers account for
a lower proportion of case-patients ranging from
7% in the EMR up to 14% primarily from Euro-
pean and American countries, where transmission
of infections was contributed mainly to community
rather than healthcare.

This made it more difficult to control, prevent and
contain. Widespread transmission outside of health
care facilities led to the emergence of the need to
implement IPC at the community level. Commu-
nities acceptance of these new measures varied
around the world, with a few public debates around
various effective measure like mask use.
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WHO RESOURCES,
— INCLUDING IPC GUIDELINES:

In November 2016, WHO published guidelines on
core components of infection prevention and con-
trol programmes at the national and acute health
care facility levels. These were the first interna-
tional evidence-based guidelines. They established
a foundation for WHO strategies to prevent current
and future threats from emerging infectious dis-
cases!'®. The guidelines defined a set of important
IPC core components (6 at national and 8 at facil-
ity level) to help plan, organize and implement an
effective IPC programme. These core components
and their elements, should be implemented in line
with the priorities of the IPC programme and re-
sources available, and adapted to both national and
healthcare facility levels. Along with the guidelines,
WHO also published toolkits for implementation of
the core components'” and guidelines on minimum
IPC requirements'®. These can facilitate the step-
wise implementation of the WHO core components,
where IPC is limited or non-existent. Minimum IPC
requirements are standards that should be in place
at both national and health facility levels to provide
minimum protection and safety to patients, health-
care workers, and visitors.

Today, WHO aims at achieving the I[PC minimum
requirements everywhere while developing more
robust and comprehensive IPC programmes where
possible.

THE SITUATION OF IPC IN EMR
AT THE TIME THAT COVID STRUCK

In 2019, EMRO surveyed the region to assess the
national IPC programmes using the WHO IPCAT?2
tool”. The main purpose of the IPCAT2 tool is to
identify strengths and weaknesses to plan for im-
provement and develop targeted annual IPC action
plans. The tool assesses the six main core compo-
nents of IPC and provides a score for each of the
components. Data were collected through personal
interviews with the national IPC leads or their rep-
resentatives.

The capacities of [PC within countries in the EMR
was limited. Only 13 out of 22 (60%) of countries
had the national appropriate IPC governance. Nine
countries (41%) had developed national IPC guide-
lines within the last 5 years, 7 (31.8%) countries
had active IPC education programmes, and 6 coun-
tries (27.3%) had either multimodal strategies or na-
tional IPC monitoring plans. IPC programmes were
stronger in high income countries and in countries
that had stronger health systems (Figure 1).

The region continues to score low on several indi-
cators, including unsafe health care injections®”.
Major challenges in several countries, leading to
transmission of resistant pathogens such as XDR
typhoid®", and outbreaks of HIV in health care set-
ting®?.
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Figure 1: Average IPC core components scores by health system classification score in countries of the Eastern

Mediterranean Region, 2019
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WHO EMRO RESPONSE
TO THE IPC CHALLENGES
DURING COVID-19

Coordination

Even before a first case of COVID-19 was reported
in EMR, in January 2020, the WHO regional office
established an incident management support team
(IMST) to coordinate and steer the response to
COVID-19 by bringing together regional partners.
It consists of eight pillars or workstreams. IPC was
one of the sub-pillars under the health operations
and technical expertise. The IPC team in the IMST
led the response in 22 countries of the region where
they disseminated up-to-date WHO IPC guidance,
reviewed national [PC documents, and provided
continuous IPC training courses to raise the capaci-
ties of hospital IPC teams and staff engaged in clin-
ical care®.

Country support

Throughout the response, we have seen dramatic
improvements in the IPC capacities over the short
time to provide an immediate response. Examples
include countries that assessed their IPC capaci-
ties, assigned national IPC groups to coordinate the
response, updated WHO IPC guidance to reflect
their context and capacities, provided intensive IPC
training to frontline health workers, and ensured
availability of needed IPC supplies. These country
efforts constitute important first steps that need to
be followed by further efforts to institutionalize IPC
and strengthen health systems in the future.

IPC supply chain management
during COVID-19:

In both high and low resource settings, the pandemic
disrupted supply chains and depleted stocks, includ-
ing medical supplies, IPC supplies, and equipment.
This catapulted the eighth core component of IPC
(built environment, materials, and equipment for
IPC) to the headlines in the popular press and so-
cial media. Purchases made in the context of panic
and irrational use of PPE depleted supplies of N95
respirators. These shortages could have potentially
devastating consequences on the management of
multidrug-resistant TB in LMIC.

Governments should give clear guidance on the use
of PPE and act promptly to secure adequate supplies
and stocks of essential PPE to prevent shortages in
the context of the COVID-19 response. Regional
production of medical supplies on all continents
may reduce the risks of shortages of PPE at crucial
times'.

BUILDING ON THE MOMENTUM
e CREATED BY COVID-19 ———

Despite the initial dramatic situations, the
COVID-19 pandemic led to positive development
in the field of IPC. Several countries in the region
took important initial steps towards establishing
and sustaining IPC programmes. In May 2020, Pa-
kistan published its first national IPC guidelines®.
In October 2020, Afghanistan formulated a request
for assistance to WHO to build a sustainable [PC
programme. Iraq updated their national IPC gov-
ernance mechanisms to ensure effective future im-
plementation of IPC. We now need to respond to the
demand that was created. Implementation of IPC
against COVID-19 represents a lasting contribution
to prevent the spread of AMR infections now and
for the coming years. We urge countries to take de-
cisive and visible political commitment, including
IPC policy development and enforcement, fostering
and promoting IPC as a quality indicator, and en-
suring availability of both human and infrastructure
resources. Countries should develop comprehen-
sive strong legal foundations for IPC to promote
safe health care services, patient safety and quality
universal health coverage that are relevant to health
workers and patients at every single health-care en-
counter.

WHO, Africa CDC, and other international
partners are working on a model public health
law and legal framework that will guide and un-
derpin the operations of IPC within LMIC.

This will capture the key pieces that were miss-
ing in the puzzle so far, including accountability
mechanisms, resources requirements, leadership
structure, monitoring and evaluation framework.
Success in this field would be a substantial contri-
bution to WHO’s three billions and the sustainable
development goals as strong health systems that in-
clude solid IPC programmes are the best defense to
prevent outbreaks from becoming epidemics.
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BUILDING PREPAREDNESS
| FOR PANDEMICS |

Abstract
On July 9th 2020 the World Health Organization (WHO) admitted that COVID-19 is being spread by
aerosols as well as by touch and droplets. A letter published by 239 international experts three days before
pointed to the incontrovertible evidence of COVID-19 transmission pathways in buildings, and proposed
that an effective way to reduce the viral load in spaces was to purge the air in them via open windows.
While scientific evidence abounds on the spread of COVID-19 by aerosols in buildings, advice on reduc-
ing, or preventing, cross infections between people and spaces indoors is limited, and highlights a glaring
flaw in many modern buildings: that their windows cannot be effectively opened. The shift over the last
decades away from conditioning buildings with natural ventilation, and radiant heating and cooling sys-
tems, towards the use of mechanical circulating pumped air systems for heating, cooling and ventilation
exposes building occupants to streams of moving air which has been shown in some cases to be the me-
dium for the transmission of COVID-19 in infected aerosols, with morbidity and mortality impacts.
Indoor Air Quality Standards are now largely written by the Heating, Ventilating and Air-conditioning
(HVAC) profession, and their colleagues in an industry which is normally paid according to the amount
of equipment it installs in a building. Many national and international regulations, standards and rating
schemes require increasing amounts of equipment to be installed in them to meet the rising Standards.
The case is made here that a major risk exists to the resilience of our built environment arising from the
excessive influence, and proven affiliation bias, of the HVAC profession on standards, policies and policy
makers. The paper calls for Big Picture thinking for ways to make the built environment more resilient to
the impacts of viral spread by aerosols during epidemics.

Recommendations are made for effective actions for national and city authorities, planners and designers
to better protect populations from this and future pandemics.

ver the last decades away from natural ventilation, ... towards the use of
circulating pumped air systems for heating, cooling and ventilation ex;
occupants to streams of moving air which has been shown to be the me
the transmission of COVID-19 in infected aerosols...

Recommendations are made for effective actions

Susan Roaf, Emeritus Professor of Architectural Engineering, Heriot Watt University, Edinburgh,
Scotland, UK

panel of thirty-five experts that vets emerging ev-
idence has discussed airborne transmission on at
least four occasions, and that the WHO was work-
ing with aero-biologists and engineers to discuss
emerging evidence and develop better ventilation
guidelines®.

So why did this globally influential panel who had
known about the aerosol spread of the virus al-
most since SARS-CoV-2 identification, continue to
deny aerosol spread then? Virus spread by aerosols
have been previously well proven in robust stud-
ies. SARS-CoV-1 spread aerially in 2003 in Hong
Kong’s Prince of Wales Hospital®, in health care
facilities in Toronto and in aircraft. Many other
pathogens spread readily as pathogen including
Norwalk-like viruses, and Influenza A/H5N1 and
tuberculosis, that has been convincingly shown to
result in far fewer cross infections in older, spacious
hospital wards with high ceilings and large open-
able windows on more than one wall, than in me-
chanically ventilated wards®.

The WHO maintained that in the face of the evi-
dence they had adopted a ‘precautionary’ stance,
and steadfastly pushed back against the idea that
there is a significant threat of the coronavirus be-
ing transmitted by aerosols. The WHO claimed the
virus spreads mainly by touching contaminated sur-
faces and via droplets bigger than aerosols gener-
ated by coughing, sneezing and talking.

Droplet particles are >5-10um in diameter are called
respiratory droplets. When they are <Sum in diam-
eter, they are referred to as droplet nuclei and are
liable to spread as aerosols. The WHO’s main line
of proposed defence against COVID-19 was then
via spatial distancing, face masks, and hand wash-

ing to mitigate against droplet spread, with the use
medical masks where high viral loads are.

Many other researchers are increasingly thinking
that infection control guidelines should be urgently
re-evaluated to account for the predominance of
small particle infectious aerosols generated in hos-
pital patients, even in the absence of aerosol-gener-
ating procedures. Healthcare facilities are adopting
appropriate PPE protective devices for different
spaces, shifting from surgical masks to filtering
face-piece respirators to powered air-purifying res-
pirators, as necessary in spaces with high aerosol
viral loads. They call for the recognition of aerosol
transmission of SARS-CoV-2 that could lead to and
inform the use of enhanced dilution and directional
ventilation, and other environmental control op-
tions including air disinfection systems, to reduce
and prevent patient and health care worker morbid-
ity and mortality.

The question is WHY did the WHO continue to
play down the role of aerosol spread of infections,
including SARS-CoV-2? Why do international and
national building regulations and standards so often
turn a blind eye to this issue?

OPEN THE WINDOWS __
TO DUMP THE VIRAL LOAD

In the 6th of July letter was a strong plea for the
WHO to take seriously the spread of COVID-19 via
aerosols with the scientists stressing that an afforda-
ble and effective way to reduce aerosol spread is to
purge the air containing those aerosols from rooms
was by simply opening the windows as shown in
Figure 1.

Two hundred thirty-nine scientists from 32 coun-
tries signed a letter in the Journal of Clinical In-
fectious Diseases on the 6th July 2020 saying that
COVID-19 is not only spread by touch and droplets
sprayed from the mouth and nose but via a third
route, aerosols, in which the virus attaches to fine
particles floating in the air, and spreads much fur-
ther".

The World Health Organization (WHO) conceded
three days later that the virus could indeed infect

IV-62 - AMR & THE ENVIRONMENT

people over far greater distances in lighter aerosol
particles. It was forced to admit as much by the
growing evidence that aerosols had played a role in
COVID-19 outbreaks in restaurants, choirs, buses,
cruise ships, meat processing plants, hospitals, call
centres, via sewage systems, and in a growing num-
ber of other building related examples.

In the face of the strongly worded plea by this group
of leading international scientists to change course,
a WHO representative claimed that the WHO’s
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Figure 1. This Figure sent with the COVID letter of the 6th July shows clearly that by opening a window to let the
virus escape the amount of it in a rooms can be reduced leading to lower cross-infections risks (Source: 1).

AMR & THE ENVIRONMENT - IV-63




Architects appear to be increasingly realising that
simply opening windows may be both beneficial for
health reasons and occupant comfort indoors.

In Japan the Architectural profession even recom-
mends opening the windows while keeping the
air-conditioning on, even in public buildings like
schools in summer®. Engineers are also beginning
to admit that a sensible means of reducing viral load
in a space may be to simply open the windows. Pol-
iticians like Angela Merkel in Germany are asking
everyone to throw open the windows of buildings
periodically to reduce the viral load in spaces, es-
pecially in homes and schools. That is fine if the
windows actually do open.

Building Regulations in the UK, for instance, do
not promote the need for opening windows, result-
ing in many buildings being constructed without
them, including hospitals. Architects often appear
to have forgotten how to design windows for either
ventilation, pollution and infection reduction or to
provide the thermal, emotional and sensual delight
of a cooling breeze on the skin on a warm day, or
the relief of clean, fresh air pouring into a stuffy
room derived simply from opening a window®. The
result is a generation that includes many buildings
that are simply not Prepared for Pandemics.

HOW IS SARS-COV-2 ACTUALLY
SPREAD IN BUILDINGS?

SARS-CoV-2 is released directly into the air, via
breathing of COVID-19 patients, as well as by
touch and through defecation. The SARS-CoV-2
breath emission rates are affected by many factors,
such as disease stage, patient activity, and possibly
age, with the highest level of the virus emitted on
the breath during the earlier stages of COVID-19
in a patient. Breath emissions of the virus appear
not to be steady, but are emitted rather sporadically,
which may be related to metabolic activity in the
body, changes in environmental conditions around
a patient or for other reasons. This Chinese study
showed that SARS-CoV-2 can spread by asymp-
tomatic patients, who may not cough or sneeze to
generate respiratory droplets, but transmit the vi-
rus via the fine aerosol route. Breath samples taken
from two patients were positive for coronavirus
RNA, but surface swabs from their cell phones,
hands, and toilets were negative. Viral RNA was
also detected on an air ventilation duct below an-
other patient's bed”.
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It is now well accepted that SARS-CoV-2 can sur-
vive for at least three hours in airborne aerosols,
and for days on various surfaces, based on a robust
laboratory study®. Studies have detected exhaled
virus up to 4m to 8m away from a source patient
putting in question the current division of exhaled
spread paths into droplets and aerosols®.

Among the 242 surface swabs quoted in the Chinese
study, viral RNA was found most often on toilet
bowls (16.7%); floors (12.5%); patient hands, pil-
lowcases, mobile phones, and computer keyboards
(4.0%); and surfaces that healthcare staff touched
(2.6%). But only two of twenty-two mobile phone
surface samples tested positive for viral RNA, and
all object handles were negative. Evidence is grow-
ing that touch may not be the main route of infec-
tion for SARS-CoV-2.

In toilets high viral loads reported indicated that
exhaled virus combining with virus aerosolisation
from the toilet and sewage systems proved to be
major routes of infection during the SARs outbreak
of 2003 in Hong Kong!'?.

A recent meta-analysis looked at the effectiveness
of hygiene interventions in preventing or reduc-
ing the spread of illnesses from respiratory viruses
showed that hand-washing policies only led to a
16% reduction in acute respiratory across 52 eli-
gible trial studies'). This, and other studies men-
tioned here, do not chime with those who claim that
surface contacts are likely to be the most significant
transmission route.

SARS-COV-2 SPREAD BY AIR-
CONDITIONING AND MECHANICAL
VENTILATION SYSTEMS

Engineers have claimed that the transmission of the
virus depends on both the amount of virus present,
and the duration and method of exposure. This only
partly explains viral spread in rooms. An early case
of the SARS-CoV-2 spread in a windowless restau-
rant visited the 23rd of January in a restaurant in
Guangzhou, China, ten people fell ill after eating
lunch in a fifth floor restaurant, infected by the virus
in aerosols spread from an air-conditioner. How-
ever a key point in this early confirmed example
was that those infected by people on the adjacent
table were sitting down wind of the air stream from
the air-conditioner in the space, some far more than
2m away from the source person'?.

Figure 2. Direct and Dump Across
and Out: A clear lesson from the
Guangzhou restaurant case was that
the direction of the air flow is crit-

Uninfected
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Figure 2 is a very simple representation of an ex-
tremely complex event that is brilliantly presented
by Li et. Al. in their referenced paper and video on
the subject. That simplicity is deliberate because it
reflects a ‘no-brainer’ message, if you have opening
windows that are open, viral load can be dumped
out of them by well-directed air streams resulting
in fewer people getting infected. If you are placing
people in an airstream that is re-circulating virus
laden air more people will get infected. The direc-
tion of the airflow can be critical, as can the load it
carries. Increasing the speed of the air emanating
from the vent of an air-conditioner may carry the
virus in it even further, over a matter of seconds. Yet
directionality is not stressed in much advice given
to reduce spread indoors.

Air streams can be turbulent in spaces, wildly af-
fected by simple actions like door opening, or wav-
ing sheets during bed making wards. Theoretical
studies can convincingly demonstrate directions of
flow in models, but in reality the placing of a chair,
people or piece of equipment in the space can cause
unpredicted reactions in the air movements. Path-
ways of an airborne virus can get into many nooks
and crannies including behind face masks of work-
ers, like those in food packing plants who stand in
long production lines with cold air blown over them
from one worker to the other.
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rapidly, for instance via windows.
(Source: Roaf).
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A paper published in June 2020 clearly demon-
strated the permeation of COVID-19 through
air-conditioning ducts in a hospital in Oregon'?.
The study demonstrated the presence of viral RNA
in air handlers raising the possibility that viral par-
ticles can enter and travel within the air handling
system of a hospital, from room return air and back
into supply air ducts, despite being passed through
high efficiency MERV-15 filters.

These findings were reinforced during a recent aer-
osol borne outbreak in a Dutch nursing home. Sev-
enteen (81%) residents from one ward with a recy-
cling air ventilator, and two air conditioners were
diagnosed with COVID-19 and subsequently seven-
teen (50%) healthcare workers (HCWs) of the same
ward also tested positive. By contrast, all tests of
the one hundred and six HCWs and ninety-five res-
idents in the six other wards with mechanical fresh
air ventilation only were negative. CoV-2 RNA was
detected in dust present on the mesh of the living
room air conditioners of the ward, and in the block
filters of the ventilation cabinets. The authors of the
study called for others to take into account the pos-
sibility of such fatal aerosol transmission in health-
care facilities, and other buildings where ventilation
systems recirculate unfiltered inside air'¥.
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On the 9th July 2020 the admission that aerosols
provide a significant pathway for viral spread came
from the WHO, who subsequently gave advice on
ways to reduce viral loads in buildings, including
by simply open windows as recommended in the
6th July letter.

— SUPER SPREADERS - RSAND KS__

In late February when the US had less than 20 known
cases, the drug company Biogen held its annual
conference in Boston, from which at least 97 peo-
ple who attended the conference of 200 people, or
lived with an attendee, were infected. Around then
in Daegu, South Korea, just one woman, dubbed
Patient 31, generated more than 5,000 known cases
in a ‘megachurch cluster’ that has been graphi-
cally, brilliantly presented by Reuters. But very
often those infected fail to pass on the virus or do
so to very few people. Researchers in New Zealand
looked at more than half the confirmed cases in the
country and found a staggering 277 separate intro-
ductions into the country from abroad in the early
months, but only 19 percent of introductions led to
more than one additional case.

These findings impact the understanding, and cal-
culations of the spread of the virus. A large Indian
study of over 500,000 cases demonstrated that
spread comes not just in ‘slow transmission’ from
one to a second person, who then takes two days
to become infected. In reality one person can in-
fect 10, 100 or even 5000 people during one single
event, as in the Korean example.

The spread of the virus in populations is typically
described and projected using its RO value, the
basic reproductive number of a pathogen, a meas-
ure of its contagiousness on average, based on the
thinking that it will be passed from one person to
the next. But SARS-CoV-2 often spreads stochasti-
cally in cascading superspreading events, in which
new infections caused by a super spreader are more
likely to be highly infectious, which exposes new
persons to high viral loads"”.

This pattern of cluster spread is possibly better de-
scribed not as a function of R, but by its K value, its
dispersion rate, reflecting whether a virus spreads
in a steady manner, or in big bursts caused by one
person infecting many, all at once. At this point it
is clear that SARS-CoV-2 is an overdispersed path-
ogen, meaning that it tends to spread in clusters.
To keep tabs on infection spread, it makes sense to
backwards trace from an event to understand its his-
tory and the conditions in which superspreading oc-
curs, than to merely contact trace forwards to warn
of its future spread.

In Korea and Japan a group of elite contact tracers
do just this in order to help understand and control
its spread. How does this affect building design? Ja-
pan now takes a cluster busting approach to define
the conditions in which superspreading events oc-
cur and based on them now focusses on solutions
related to the ventilation of spaces in cluster source
locations. Japanese are told to avoid places where
the three C’s come together: Crowds; Closed spaces
and Close contact!®,

Figure 3. Image from the graphic of the Boston, Biogen superspreading event
(Source: https://vis.sciencemag.org/covid-clusters/?te=1&nl=coronavrus-briefing&emc=edit_cb 20201030).
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WHAT ADVICE IS OUT THERE
TO STOP COVID-19 SPREAD
IN BUILDINGS?

Medical experts tend to recommend hand washing,
protective clothing, the use of tissues when sneez-
ing or coughing, cleaning surfaces, spatial distanc-
ing, limiting lift occupants, and using face masks in
public spaces to reduce SARS-CoV-2 spread.

Heating, Ventilating and Cooling (HVAC) engi-
neers almost universally suggest the need to install
expensive, high-efficiency, front end, particulate air
(HEPA) and UV filters for HVAC systems, despite
the fact neither have been demonstrated to univer-
sally prevent cross-infection, and several authori-
ties warn that their use can produce a false sense of
security. In practice, in the HVAC systems of build-
ings, with their often dusty and difficult to reach
ducts, have been shown to contain and transmit
COVID-19, with evidence from outlets vents and
surfaces. Related concerns are not dealt with in the
related advice.

The main means engineers promote to reduce the
viral load around occupants are to:

a) increase the distance between them, and

b) improve ‘ventilation’ in spaces which is taken
typically to mean increasing air speeds in the spaces,
which may, potentially, simply infect more people
further from the source person or duct.

Architects, are often poorly trained in issues of In-
door Air Quality (IAQ) and natural ventilation and
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in the UK will probably turn to an engineer for
advice. Some mention the importance of simply
opening windows. In Japan where the designing
professions work more closely together, architects
have offered sensible on COVID-19 infection in
homes. Since 2003 a Building Standards Law made
a 24 hour ventilation system obligatory but these
are known not to provide sufficient ventilation rates
to lower viral loads indoors so they recommend
keeping doors and windows open too to flush out
pollution and pathogens, including in public build-
ings like schools while the air-conditioning is on, a
common practice throughout Japan®. This is only
possible of course, for buildings with opening win-
dows.

On the 29th October 2020 the WHO put out a video
explaining how important natural ventilation of
spaces via window opening is to purge room air,
even in some polluted situations. It asked that au-
thorities take on board the urgent need to deal with
outdoor pollution if COVID-19 is to be dealt with
effectively via affordable natural ventilation®. The
video was weak in its ambitions and delivery which
is surprising since that organisation has produced
an excellent Guide to Natural ventilation in Health
Care Settings, freely available on-line'®.

Given that every home on earth now might be con-
sidered a Health Care Setting, this useful guide
might serve to inform the design of many differ-
ent building types in future. None of the available
advice reinforces the key messages about the use
of natural or mechanical measures to Direct and
Dump air via open windows, either Across spaces
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Figure 4. Direct and Dump Up and Out. Thermal buoyancy was traditionally used to remove aerosol borne patho-
gens away from patients in hospitals and could still be, requiring higher floor to ceiling heights, combined with high

and low level window openings'”.
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Figure 5. The Queen Elizabeth hospital in Glasgow opened in 2015, with no opening windows and serious ongoing

nosocomial infection problems.

using air pressure, or Upwards using the buoyancy
of warm air.

BRITTLE BUILDING SYNDROME:
BUILDINGS WITHOUT
OPENING WINDOWS

The £842 million Queen Elizabeth University Hos-
pital in Glasgow (Figure 5) was opened in 2015
without opening windows and has subsequently
suffered from various HVAC related deaths sourced
to airborne pathogens. The Scottish government
held an enquiry into whether the building was fit
for purpose, less than four years after it opened'?.
Of course it was not designed to be Prepared for a
Pandemic. Patients are assured, however, that they
can all have ‘access to an i-pad if they want to talk
to their relatives’.

The sheer madness of designing a hospital without
opening windows must now be clear to the Scot-
tish Government, and even more so for all in our
profoundly unpredictable world. The many costs
of wrong design choices are becoming desperately
clear to many:

* People will litigate against venues that in-
fect them. A Multi-million dollar settlement
was paid out by SOM architects for poorly
designed condominium complex in Califor-
nia with inadequate ventilation to prevent se-
rious overheating indoors®”.Ventilation sys-
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tems that provide insufficient ventilation or
contaminated pathways are equally liable to
such actions. Buildings like the Dutch Nursing
Home in which many died, or the QE2 hos-
pitals, where a child who died unnecessarily
from a pathogenic infection transmitted from
pigeon shit on the roof via a ventilation duct.

Climate weather events and trends causing
power outages and flooding have already led to
horrendous tragedies like the abandoned patients
in the blacked-out, flooded hospitals of New
Orleans during Hurricane Katrina, or the unin-
habitable apartment towers of flooded Manhat-
tan, without opening windows or power that be-
came putrid when still occupied for day without
opening windows. That tragedy led to the plea
by the New York Urban Green Council for at
least 25% opening windows in all residences in
Manhattan, in the wake of Hurricane Sandy®".

Unreliable power supply systems have led to
ever increasing regional and national power sys-
tem failures that design engineers trivialise be-
cause they have put contingency planning like
24 to 48 hours power back up systems. This au-
thor pleaded with WRM Engineers in the 1980s
not to put in fixed windows in the new BASRA
teaching hospital, and was met with such argu-
ments. Months and years of blackouts ensued
across Southern Iraq as a result of wars in the
region. People are blindsided by what they can-
not imagine.

HOW DID IT COME TO THIS?
- THE EMPEROR HAS NO CLOTHES -

Traditional hospitals were built with high ceilings
and large windows to ensure the removal of infec-
tious pathogens away from patients, and to reduce
cross infection rates. Every year modern hospitals
become more highly serviced and more expensive
to run, taking valuable finance away from paying
front line medical staff, to pay for ever more me-
chanical servicing in buildings. Their architecture
is pared back, with smaller rooms, with lower ceil-
ings, fixed windows that don’t open, to make them
cheaper to build but more likely to become toxic
sources of cross-contagion. Many modern hospitals
and schools are now built in the UK under Public
Private Finance Schemes, under which the develop-
ers are liable for the running and maintenance costs
of the estate for 20-25 years, and many are designed
to operate most successfully within that time win-
dow. Who pays when the hospital is sued for noso-
comial infection deaths?

It is time to be honest. This cannot go on as we
head into a hotter, more unpredictable and pandem-
ic-riven future. It is time to say that The Emperor of
Building Regulation and Standards has No Clothes.

Indoor Air Quality and Comfort Standards have
over the last half century been hijacked by the
Heating, Ventilating and Air Conditioning (HVAC),
through a political system of patronage, lobbying,
and the scientific blindsiding of politicians.

Most modern building developments are
typically built to be fast in construction
and profitable. They are shaped by four
key drivers:

1. What Building Regulations require

2. What the Planners consider to be vis-
ually acceptable

3. What building developers want

4. The limitations imposed by the almost
universal use of building design simula-
tion design tools tend to steer users away
from naturally ventilated designs, or the
use of thermal storage in buildings.

Only one single page in the 64 page UK Building
Regulations on Ventilation even mentions win-
dows®), with nothing included on natural ventila-
tion for night-time cooling, over-heating mitigation,
emergency ventilation during power blackouts, or
reduction of indoor contaminants and pathogens.
The regulations suggest opening windows might be
useful in purging room air, of what is not said. In the
UK the Building Regulations Advisory Committee,
is convened by the Technical Policy Division of the
Ministry of Housing, Communities and Local Gov-
ernment and chaired by the technical Director of the
Chartered Institute of Building Service Engineers
(CIBSE), with no architects, planners, health pro-
fessional on it amongst its remaining cohort of fire
engineers and developers.

In the USA air quality regulations are now writ-
ten as the ASHRAE (American Society for Heat-
ing Refrigeration and Air-conditioning Engineers)
Standards, after the profession that drafts them.
They were originally developed there by the Na-
tional Bureau of Standards, founded in 1901, and as
late as the 1970s and 1980s they were overseen and
advised by balanced panels of experts, including
physiologists, architects, scientists, engineers and
manufacturers.

The interests of the Air-Conditioning industry per-
meate the green building movements around the
world, as has happened with the US LEED rating
scheme for ‘green buildings; which was co-devel-
oped by the Director of Environmental Marketing at
the Carrier air-conditioning company. Under LEED
it was mandatory to have a central AC system to
be eligible for Platinum status, and precluded gain-
ing points for the natural ventilation of buildings by
simply opening windows®.

The story of how American buildings Standard and
Regulations were sub-subsumed by the HVAC in-
dustry has been well told elsewhere in books by
Ackerman and Cooper, and the spread of this in-
fluence has been perpetrated via the International
Standards Committees to national regulations
across the world.

The extent to which this situation cannot be allowed
to continue might be measure in COVID-19 deaths
in poorly, and at times dangerously, ventilated
spaces across the planet.
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AFFILIATION BIAS
IN THE REGULATORY SYSTEM

HVAC engineers have always been, and continue to
be almost universally, paid according to the amount
of HVAC equipment that goes into a building, pro-
viding a clear and positive incentive to put more in.
Ever since engineers started writing the rules, regu-
lations and standards for buildings more machines
have been required to be installed in them to com-
ply, be they commercial, public or domestic build-
ings leading to higher energy consumption, and sig-
nificantly greater carbon emissions from them®.
Competing systems like the use of natural venti-
lation via opening windows for purging of room
air and also comfort cooling have been effectively
side-lined by many HVAC regulators.

Many architects today are poorly educated on is-
sues of building performance, having passed re-
sponsibility for it to engineers from the late 20th
century onwards, and themselves been often side-
lined in the design process regarding build-
ing performance®. This may explain why
UK architects, for instance, typically earn
much less than HVAC engineers, brick-lay-
ers, plumbers and even scaffolders.

An exhaustive study of the public com-
mentary in the California environmental
tobacco smoke risk assessment and Wash-
ington and Maryland indoor air regulations
in the 1990s found evidence of systemic bi-
ases in the use of the process by critics and
supporters of regulations using different
criteria to evaluate the scientific evidence.
It was found that various interests socially
constructed evidence to support their pre-
defined positions. At one point the tobacco
industry suggested that ventilation is a very
good control measure for environmen-
tal tobacco smoke, referencing ASHRAE
Standard 62-1989, just as the HVAC indus-
try is now promoting higher airflow rates to
reduce viral load in spaces, despite the fact
that most systems in larger buildings may
simply be working with recirculated air so
further forcing infections on a wider range
of people®.

Those promoting the harmlessness of pas-
sive smoking indoors used industry-spon-
sored symposium proceedings, or peer re-
viewed journal articles of lower quality to
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support their criticisms of the science of those who
did not support their views. The study confirmed
the findings of previous research that the attitudes
of experts were influenced by affiliation bias and
recommended that their data and the sources of re-
search controversies should be independently in-
vestigated. Above all they highlighted risks arising
from the different interest groups using different
criteria to evaluate the research evidence and the
dangers of not fully disclosing the special interests
of the determination process, including those from
corporate, public health and environmental groups.
What was of paramount importance was that the
policy and risk assessment process was strictly con-
trolled to eliminate influence of such affiliation bias
and that the problem must be seen as a body of evi-
dence as a whole, rather focus on the minutiae of in-
dividual studies. Questions need to be asked. Who
was on the WHO expert’s committee that continued
to deny that COVID-19 is spread by aerosols and
might they have knowingly, or unwittingly, suffered
from affiliation bias?

2 World Health

See Reference (18)

POOR SCIENCE CLOSES WINDOWS

A large number of profound flaws in the appar-
ently robust IAQ science are used to keep windows
closed, including:

1. Flawed methodologies used to minimise com-
fort zones to preclude natural ventilation. The
use of flawed steady state methods to calculate
the narrow thermal comfort limits that oblige de-
signers to install mechanical HVAC into build-
ings to provide comfort are widely used®. A
far wider range of adaptive indoor temperatures
are perfectly safe and acceptable, and promoted
through building regulations in many countries
now including The Netherlands and Brazil®.

2. Building Classifications to promote AC.
That more narrowly controlled temperatures in
‘higher class’ buildings (more expensive and
more HVAC in them) are promoted as benefi-
cial to health is based on a fallacy exploded by
physiologists in recent years who demonstrated
that varying temperatures help keep the venous
systems of the body more active and healthy©?.

3. Carbon dioxide is used as a proxy for either In-
door Air Quality or levels of pollution in a room
or to inform the control of ventilation systems.
CO2 is not a pollutant, as is presented by many
HVAC professionals. In 1858 Max von Petten-
kofer suggested 1000ppm as being a maximum
threshold for unhealthy levels of the gas and this
figure has become enshrined into architectural
and engineering health guides over the last cen-
tury. CO2 levels in many of our own bedrooms
will exceed 1000ppm every night, and the Por-
tuguese have been found to be perfectly happy
to be working daily in offices with CO2 levels
of 1000 to over 3000ppm®©Y. The cross infec-
tion of a ward in the recent Dutch case study
showed that the use of CO2 as a proxy led to
more infections as the ‘efficient” AC / Ventila-
tion system was set to change from re-cycled
air to fresh outdoor air when it recorded CO2
above 1000ppm. The patients were elderly,
shallow breathers, so that level was never ex-
ceeded so the virus rich environment kept get-
ting richer till nearly all in it became infected'®.

4. Low airspeeds required to preclude natu-
ral ventilation. The low airspeeds that are in-
cluded in regulations are carefully designed
to preclude the fresh, and gusty conditions of-

POOR SCIENCE
CLOSES WINDOWS

. Flawed methodologies used to min-
imise comfort zones to preclude
natural ventilation.

. Building Classifications to promote
AC.

. Carbon dioxide used as a proxy

. Low airspeeds required to preclude
natural ventilation.

. Productivity enhanced at the lower
temperatures as provided by AC
systems?

. Sick Building Syndrome (SBS)
study neglected.

ten produced by opening a window, despite
the fact that for cooling people in hot weather
gusty air-streams are often more effective.

. Productivity enhanced at the lower temper-

atures as provided by AC systems? The shaky
research produced to back up this, and many
similar productivity assumptions, was high-
lighted recently is a letter signed by ten inter-
national experts in the field who were deeply
concerned by the weak science of the type that
underpins related regulations®?. They expressed
their surprise at how far scientists are prepared
to generalise from such a small, north European
study in a highly contrived laboratory setting to
general advice for people working in very differ-
ent climates and countries. It is those that pro-
mote such shaky science that are to be found in
the regulation and standards generating rooms
that ask a very high entry fee to be part or, usu-
ally paid for by interested industrial partners.

. Sick Building Syndrome (SBS) does not attract

industry much funding nowadays as it has long
been known that SBS symptom prevalence is
significantly higher in air-conditioned buildings
than in buildings with simple mechanical venti-
lation and no humidification®?.
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e MICROBES AND MODELS

Buildings are wickedly complex. There is no such
thing as a single comfort temperature for every-
one. The microbial ecological phenomena in every
single building, including importantly its moisture
content, is different from all others and will result in
different health outcomes for similar exposures to a
pathogen®¥.People within buildings all behave dif-
ferently as shown in a study of a hundred homes in
Scotland, each with its own distinct microbiologi-
cal character, in both species and number of culti-
vable microbes. But commonalities exist as in the
Scottish example above, and the strongest signal
reported there was that homes that reported open-
ing windows more often were strongly associated
with lower numbers of Gram-negative organisms at
indoor sites®.

When modelling buildings it is important to un-
derstand that selected examples cannot be used to
provide general solutions. Some basic principles
can be extrapolated from modelling exercises, for
example quoted research above demonstrates that
perhaps the most effective, affordable method to re-
duce viral load in a space is generally is via the use
of natural ventilation systems to dump viral loads
from spaces in buildings to reduce morbidity and
mortality of occupants while providing a comfort-
able and healthy environments. Using this finding
we can begin to develop ways to improve the Pre-
paredness of our Buildings for future Pandemics.

THE NEED FOR BIG PICTURE
— THINKING ON VENTILATION

‘We are ruled by ideas and very little else... But
the rule of ideas is only powerful in a world that
does not change. Ideas are inherently conserva-
tive. They yield not to attack of other ideas... but
to the massive onslaught of circumstances with
which they cannot contend’®.

John Maynard Keynes sheds light on where we
stand today, losing a battle against COVID-19 in
the midst of the massive onslaught of a pandemic
’s circumstances, in a rapidly heating world. Build-
ing regulations are developed reactively after great
plagues or fires or floods. Now is the time to re-
write our building regulations that were based on
20th century assumptions that are already visibly
dated. We need to envisage Step Changes now in
building design and servicing to ensure that we are
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much better prepared for our different future, than
we were when SARS-CoV-2 hit us just nine months
ago. Tools to measure, understand and model the
complex systems involved in the multi-dimensional
issues around sustainability or resilience, realisti-
cally, do not exist. The experts we hear in the media
often dwell on risk, avoiding the more problematic
issues around uncertainty:

‘Risk is where we know what the possible out-
comes are and can estimate their probabilities.
Uncertainty is about where we are unsure of the
probabilities of particular outcomes. This is im-
portant because there is too often a tendency to
‘close down’ towards risk. Pretending to know
the probabilities. Yet this is often not realistic in
practice, as models and estimates are confounded
by uncertainties. In cases where systems are com-
plex, interacting and non-linear, a narrow risk-
based approach is inappropriate®?.

We are surrounded by people selling us certitudes
from modelled studies. It is these certitudes that
have created an urban and built environments, with
their fixed windows and over-mechanised buildings
that are extremely unprepared for pandemics, heat-
waves, flooding, extreme weather events, power
grid and other infrastructural failures. Too often
apparently comprehensive modelling exercises fail
because of affiliation biases that nudge the assump-
tions underlying them in this way or that, to pro-
mote the selling of this product or that. People are
convincingly sold highly calculated Turkeys, like
the purchasers of homes in an award winning Sus-
tainable Community in the Arizona desert that was
hailed by all as leading edge and a perfect home for
eco-worriers, except that it had no water rights for
that area®®. One conveniently omitted variable and
the calculations collapse. Lessons abound from the
historic failures of such simple, and more complex
societies in which complexity itself can cause fail-
ure. Placing systems in a straitjackets of constancy
can cause fragilities to evolve that can destroy
whole ecosystems®. To cope with this, and future
pandemics, we have to evolve rapidly to survive.

The daily changes in the trajectories of cases of the
SARS-CoV-2 pandemic emphasise the limitations
of modelling for all to see and understand. Reality
often pivots on the turbulence caused by a butter-
fly’s wings, or the words or actions of an influencer.
Herein also lie huge opportunities, as Ayres pointed
out in his book on Turning Points, that simple quan-
tifiable models are not be adequate to identify tim-
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ings, and other attributes of turning points, but that:
naive intelligence and intuition may be the best tool
for coping with a very complex and non-determin-
istic future“?. With that proposal in mind the final
section of this paper includes my recommendations.

A key lesson to take that forward is: what really
matters is the PROCESS of making change happen.
Building resilience and preparedness is a ‘Super
Wicked’ problem, riddled with barriers to the evo-
lution of the system imposed by those with vested
interests in retaining the status quo of a non-evolv-
ing system. In 2009 Lazarus proposed that: 7o be
successful over the long term, climate change legis-
lation will need to include institutional design fea-
tures that significantly insulate programmatic im-
plementation from the undue influence of powerful
political and economic interests propelled by short-
term concerns“V.

The ''RECOMMENDATIONS FOR PREPARING
THE BuiLT ENVIRONMENT FOR PANDEMICS
— SUMMARY FOR PoLICY MAKERS'' (see next
page) may not happen overnight, but are essential
if we are to ensure that brittle, unprepared build-
ings do not increasingly kill their occupants, as they
have been shown to do in some of the cases pre-

Figure 6.
Google aerial
view of a Ber-
lin building
block, in a city
where urban
ordinances en-
sured that the
depth of build-
ing footprints
enable natural
ventilation
and daylight-
ing of most
internal spaces
(Source:
Googlemaps).
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sented above. These actions will not be cheap and
the prospect of changing the Status Quo here will
be horrific for many whose influence at the heart of
government has been so effective in steering the su-
per-tanker of development for the last half century.
But the cost of not acting now will be much higher.
Many of our modern building are so totally depend-
ent on installed HVAC systems that when they do
go wrong, they can financially break companies. In
2003 Hilton Hawaii reopened the once mould-rid-
den air-conditioning system in a single building,
the Kalia Tower, that cost US$55 million in repairs
and lost revenue over 14 months“?. This hints at
the scale of the financial implications of acting, and
not acting. What if the next pandemic is even more
easily spread by aerosols? Abandoned hospitals and
Health Care Facilities?

The good news is that increasing reliance on natural
ventilation in buildings will not only reduce viral
loads, and consequently cross-infections in them,
but also reduce their energy running costs, mainte-
nance costs, overheating in them, and importantly
COz2 emissions from them. Whole life cycle cost-
ings can prudently underpin financial calculations
when developing a new generation of regulations.
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RECOMMENDATIONS FOR PREPARING
THE BUILT ENVIRONMENT FOR PANDEMICS

SUMMARY FOR POLICY MAKERS
by Prof. Susan Roaf

1. Nationally. Establish a national, multi-disciplinary task force of independent experts to review
all building regulations with a view to reframing them to enhance the resilience and preparedness
of the built environment in the face of future pandemics and climate change. All members must
transparently declare affiliations and conflicts of interest.

2. Urban scale. Reduce urban pollution so that people can safely open windows for ventilation,
comfort cooling and to purge pathogen loads.

3. Urban scale. Amend Planning Laws to ensure building footprints are narrow enough to enable all
habitable rooms to have opening windows and natural light, as was enshrined in the Berlin town
planning statues and has resulted today in that city being capable of being naturally ventilated.

4. Urban scale. Undertake wind-scaping studies of cities to prevent or remove buildings that block
natural airways through the city, flushing out heat and pathogens.

safe environment, while socially distancing, during extreme heat waves or pandemics.

25% of all building windows are openable and all habitable rooms can be naturally ventilated.

7. Buildings. Legislate for the universal adoption of Adaptive Thermal Comfort Standards for
building that allow for the natural ventilation of buildings.

8. Buildings. Instigate a building classification system that promotes naturally ventilated and mixed
mode buildings before fully air-conditioned ones.

9. Buildings. Instigate a modal shift in heating and cooling away from air-driven HVAC systems
that promote pathogen transmission between spaces and people, toward radiant systems where
pathogens can be removed by wiping surfaces, and un-reachable and un-cleanable ducts are
minimised, or eliminated, in systems.

10. Buildings. Increase floor to ceiling heights in hospitals and schools to enable effective buoyancy-
driven displacement ventilation to exhaust lighter aerosols from high level windows / openings.
Lower walls surfaces can be disinfected of larger droplets by wiping.

11. Buildings. Provision for shading, security and insect screens and ease of occupant usability of
windows to be required at the design stage.

12. Buildings. Health and care facilities should provide separate, safe, patient/visitor meeting spaces
outwith the naturally ventilated rooms and wards, or develop systems whereby windows can be

closed for ‘through the window’ encounters during Lockdowns.

13. Buildings. Make natural ventilation training mandatory for all architects and engineers.

14. Transport. Install opening windows in all public transport including buses, trains and trams for
use either to reduce pathogen loads by providing good cross ventilation en route.

5. Urban scale. Create climate refuges across the city where people can get outdoors into a thermally

6. Buildings. Change National and Local Building Regulations and Guidelines to ensure that at least
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THE IMPORTANCE OF UNDERSTANDING

AIRBORNE TRANSMISSION

1 OF SARS-COV-2 |

Abstract

AND EFFICIENT MEASURES
FOR CONTROLLING AIRBORNE
PANDEMICS

This paper discusses on the evidence of the transmission of the SARS-CoV-2 virus of COVID-19 through
air, which appears regulated by mechanisms occurring explosively, and at long distance, as well as on the
protective measures that should be considered in order to prevent further transmission. Nevertheless, some
uncertainties still exist regarding travelling distances, which call for validation exercises on the models
used to derive protective measures. Therefore, we are currently developing an experimental study in order
to effectively assess safe distances from potentially affected individuals.

ission of the virus of COVID-19 through air is regulated by mechanism
are similar to measles, thus occurring explosively and at long distance,
tion exercises on the models used to derive protective measures are und.

Joao F. P. Gomes, PhD, Professor Chemical Engineering, Dept. of Chemical Engineering, ISEL

— Lisbon Polytechnic, Lisboa, Portugal

The transmission of the SARS-CoV-2, the virus
of COVID-19 disease through air is regulated by
mechanisms which are similar to measles, thus
occurring explosively and at long distance. There-
fore, it is important to notice the role of exposure
by inhalation of virus present in micro droplets in
short to medium range, from some meters to the
dimensions of a room. However, the potential for
long range transmission is currently, uncertain, and
this has been the cause for adopting preventive con-
tainment measures. The main characteristics and
mechanisms leading to the generation of respira-
tory micro droplets®”, survival of virus within mi-
cro droplets®, transportation of microdroplets and
its human exposure®, as well as the aerodynamic
fluxes transporting micro droplets in indoor envi-
ronments®, are already understood. The current
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perception that micro respiratory droplets bigger
than Sum, are deposited within 1m from the human
emitter are, in fact, incorrect. Considering typical
air velocities, a droplet of that size is able to travel
for more than 10m, which is, usually, more than the
typical size of rooms, and yet it has also to decay
from a height of 1.5m: a droplet this size should
have a dimension of, at least, 50um, in order to fall
within a circle of Im around a person. Thus, the ac-
tual regulations from national health bodies, based
on hand washing and observation of social distanc-
ing could be insufficient, as airborne droplets could
travel to long distances and stay in the air while
the virus is still active. This problem is particularly
important in indoor environments with low venti-
lation and is aggravated in situations of high occu-
pancy and for long exposures. Several studies have

demonstrated that the virus is released during respi-
ration, talking, coughing and sneezing, thus result-
ing in the release of micro droplets small enough
to stay in the air and, thus constitute on infection
risk for distances between 1 and 2m away from in-
fected individuals®. Naturally, micro-droplets are
more concentrated in the low distance range and are
related to non-symptomatic transmission®. Other
studies have shown that airborne transmission is the
most probable cause to explain the observed social
infection pattern”, whereas the virus of COVID-19
behaves as previously described, and therefore the
risk is quite high in indoor environments, mainly
those having high occupancy and low ventilation.
Thus, the safety measures to be adopted so as to
mitigate the airborne transmission comprise:

a) to provide enough efficient ventilation (supply-
ing clean outside air, minimizing air recircu-
lation), particularly in public building, indoor
environments, schools, hospitals, health centres
and nursing homes;

b) complement general ventilation with systems
controlling airborne infection such as local ex-
haustion, air filtration through UV lights;

¢) avoid overcrowding, particularly in public trans-
port systems and public buildings, and maintain
social distancing;

d) use of masks in indoor environments and even in
overcrowded outdoor environments.

Thus, it is of paramount importance to be able to
preview accurately of time and falling distances in
indoor environments, which can be done by numer-
ical simulation of dispersion. Although this is not
a trivial problem, studies such as this, for very fine
particles, started to be done from 1970 following
the Chernobyl accident, whereas the decay of very
fine particles was studied as the decay of radioac-
tive species.

Previous epidemic surges of infectious corona vi-
rus, such as SARS and MERS, lead to the develop-
ment of computational models®, mainly based on
fluid mechanic principles, in order to estimate the
permanence of airborne droplets emitted from the
human respiratory system, thus considering turbu-
lent dispersion which can be treated by 3D discreti-
zation of finite elements. The COVID-19 pandemic
has led to the development of several new models
trying to describe this situation, in order to allow
the estimation of safety distance from infected in-

dividuals. Nevertheless, no mathematical model is
able to accurately preview the real situation if it has
not been validated. The reliability of each model
will be dependent from the imposed boundary con-
ditions as well as input data, where the uncertainty
is high as there are several factors involved some of
them interdependent®. Validation is an unavoida-
ble task, where the reliability of the obtained output
cannot be assessed.

Currently, avoiding the validation of such models,
has been adopted as the urge to estimate safety dis-
tances'”, but does not constitute the acceptance of
results generated by models. It is already known
that the SARS-CoV-2 virus has a size ranging from
80 to 140nm‘'" and is able to be transmitted through
airborne micro droplets expelled by human individ-
uals while breathing, talking, coughing or sneezing.
It is also known that both virus and micro droplets
can condensate in nuclei such as airborne ultrafine
particles'.

Thus, if the distribution of ultrafine particles result-
ing from a release event in the vicinity of a human
individual in known, it will be possible to know the
evolution of the transmission cloud of the SARS-
CoV-2 virus. By knowing the distribution of ultraf-
ine particles, in terms of size, number and concen-
tration, it will be possible to estimate accurately,
distances from which the previous parameters are
small enough to define safety distances from the in-
dividual who emitted the virus.

It should be noted that this approach is in accord-
ance with the recommendations issued by standard
committee CEN/TC264/W32 and the Cost Action
17136 — Indoor Air Pollution Network, both com-
mittees where the author is an active member.

Also, together with his research team he has been
involved in monitoring ultrafine particles in outdoor
environments'¥, indoor environments and occupa-
tional, and developed a methodology consisting in
determination of the number, size distribution, mor-
phology and concentration (measured as the lung
deposited surface area, use the ICRP model, vali-
dated by ACGIH, which is based in radioactivity
dispersion'¥. This is the basis of the rationale of a
research project, currently underway, based on field
measurements that will be complemented with the
analysis of collected ultrafine particles using elec-
tronic microscopy such as SEM, TEM and chem-
ical composition by EDS and the assessment of
heath impact in exposed individuals"'®. Therefore,
using these specific monitoring equipment and the

AMR & THE ENVIRONMENT - IV-79



previously developed methodology, it will be possi-
ble to achieve the mapping of the cloud of ultrafine
particles in an indoor environment from a human
individual.

This methodology has been used, previously, with
success, to estimate “safe” and “critical” regions in
occupational environments!®.

This study will follow the same methodology, by
monitoring ultrafine particles in indoor atmospheres
which are the condensation nuclei for SARS-CoV-2
the virus of COVID-19, allowing to identify areas
as “safe”, “contaminated” or “susceptible of con-
tamination”, from human sources, as well as the
safety distances from human individuals, with and

without protective masks.
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Figure 1. Distribution of respiratory microdroplets in an
indoor environment with (a) inadequate ventilation and
(b) adequate ventilation.
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THIS RESEARCH PROJECT
COMPRISES:

I) Mapping of clean indoor environments in
what concerns concentration and size dis-
tribution of ultrafine particles: using NSAM
and SMPS analysers, the mapping of concen-
trations and particles size distribution in a clean
environment that will be considered ground
Zero;

II) Mapping of the evolution of the cloud of ul-
trafine particles in indoor environments from a
simulated human emitting source: again using
NSAM and SMPS analysers, the mapping of
concentrations and particle size distribution
previously characterized will be performed
from a simulated human being. Tests will be
repeated until a stabilized concentration could
be attained, for situations with and without
mask and, also, for different ventilation condi-
tions. Ultrafine particles will also be collected
by NAS analyser for further characterisation
using electronic microscopy;

IIT) Data treatment: analysis and discussion of re-
sults previously obtained and, thus, the deter-
mination of zones having equal concentration
and size of ultrafine particles;

IV) Model development: development of a simple
numerical model describing the evolution of the
transmission cloud of the virus of COVID-19
disease and validation of models previously
developed on this subject.

Finally, the dissemination of project results will be
made by the publication of the experimental results
obtained within the development of the project,
and its main conclusions in scientific peer-referred
international journals, as we believe these conclu-
sions are of utmost significance thus contributing to
avoid the spread of the COVID-19 pandemic.

Jodo Gomes was awarded a BSc, PhD and Habilitation in Chemical Engi-
neering, from the Technical University of Lisbon, and is a full Professor of
Chemical Engineering at ISEL — Lisbon Polytechnic, since 2006. Previously
he was a research assistant in the Centre Chemical Processes at the Technical
University of Lisbon, a research fellow at National Laboratories for Engineer-
ing and at the R&D Department of ISQ, a Portuguese inspection company
where he was also Deputy Director, managing the Environmental Division.
He lectured at the Technical University of Lisbon, Lusofona University and
Atlantica University. His main research interests are Clean Processes, Air
Pollution, Nanoparticles and Nanotoxicology.
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| THE CHARACTERISTICS OF |_
HOSPITAL AIR DUST RESISTOME [

INDICATE THE NECESSITY TO CONTROL

| AIRBORNE ARG SPREAD |

Abstract
In hospitals, the potential for airborne dissemination of antibiotic resistance genes, via air-conditioning
systems, has not been under extensive scrutiny. Our research shows the importance of proper systems
and surveillance, as air-conditioners can develop resistome, accumulate pathogens and disseminate them
across rooms and notably in the outpatient hall.

In our newly published research (Chemical Engineering Journal 406 (2021) 1268541, Figure 1), we de-
veloped a metagenomic-based method to study the transmission of antibiotic resistance genes (ARGs) via
the air route in a hospital indoor environment. Besides metagenomic sequencing, we also applied micro-
bial cultivation, PCR, and Nanopore whole genome sequencing to confirm the accuracy of data analyses
in our method. Overall, the main findings support 1) plasmid-mediated ARG transfer can occur frequently
among departments via air spreading; 2) hospital managers should pay attention to Staphylococcus, Mi-
crococcus, Streptococcus, and Enterococcus, etc., and the eukaryotic resistances might be an overlook in
the Hospital setting.

)f effort has been made towards learning how micro-organisms colonize
e in the hospital's indoor environment, however, little is known about th
ossible indoor air transmission route for antibiotic resistance genes.

Metagenomic research ... indicated the hospital air-conditioning sys
form resistome, and accumulate pathogens which are then disseminat
notably in outpatient waiting rooms.

Yu Xia, PhD, Assistant Professor, Southern University of Science and Technology, Guangdong,
China;

Xiang Li, PhD, Research Assistant Professor, Southern University of Science and Technology,
Guangdong, China;

Yuhui Ye, MD, Chief Physician, Shenzhen Hospital of Peking University, Guangdong, China

LITTLE IS KNOWN ABOUT effort have been made towards learning how microor-
THE HOSPITAL INDOOR AIR ganisms colonize and migrate in the hospital's indoor
SPREAD OF ARGS environment, and researchers have already identified

the dominant hospital-associated pathogens (HAPs)

Humans are closely tethered to the indoor environ-
ments, and they have become the most intimate eco-
system for humans nowadays. Lax et al. performed lots
of indoor micro-ecology related sequencing work®?,
and they revealed that human microbiota can influence
indoor microbial communities and also be shaped by
a built-in environment. Because hospital-acquired in-
fections, HAISs, are being considered as the main rea-
son for patients’deaths®, the hospital micro-ecology
research is drawing more attention. Currently, lots of
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and summarized their putative routes of transmissions,
however, little is known about the possible indoor air
ARG transmission route.

SAMPLING AND
METAGENOMIC-BASED METHOD

As shown in Figure 1 (abstract art), both the Illumina
metagenomic sequencing and ONT bacterial whole
genome sequencing were included in our metagenom-

Chemical Engineering Journal 406 (2021) 126854
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Figure 1. A metagenomic-based method to study hospital air dust resistome (Chemical Engineering Journal 406

(2021) 126854 1).

ic-based approach. According to the hospital cleaning
practice, windows are closed in summer but are reg-
ularly open during winter seasons due to the climate
characteristics in Shenzhen city. Therefore, we per-
formed sample collections in summer and winter, re-
spectively.

We chose the Outpatient hall, the Ophthalmology, and
the Pediatrics department as sampling locations, and
the corresponding air dust samples were collected. In
brief, we firstly collected the air-conditioner strainers
and washed the dirt into the sterilized autoclavable
containers using sterilized ddH20O. Thereafter, the “wa
ter samples” were filtered immediately using 0.22pum-
sized filters. The filters were then used for DNA ex-
traction.

Lastly, we used the Illumina HiseqXten-PE150 plat-
form to perform metagenomics sequencing, and the
bacterial whole genomes were sequenced using the
GridION X5 platform (Nanopore sequencing technol-
ogy) on R9.4 flowcell for 48 hours. In our data analysis

approach, we applied ARGs-OAP v2.0 to characterize
and quantify ARGs®. Besides, the sequencing reads
were assembled using CLC Genomics Workbench
12 (Qiagen Bioinformatics, USA) according to differ-
ent department clusters. We then predicted open read
frames (ORFs) in each assembly by MetaGeneMark®
software and applied Diamond to match these ORFs
to the RefSeq protein database. MEGANS5® was used
to parse the Diamond outputs, and the corresponding
taxonomic annotations were used to search the ARG
carrying bacteria.

AIR DUST RESISTOME
CHARACTERISTICS

The Pediatrics summer sampling had 167 ARG detec-
tions, followed by 144 in the Outpatient hall, and only
42 in the Ophthalmology department. However, the
Pediatrics winter had 384 ARG detections followed by
the Ophthalmology and the Outpatient hall with 357
and 344, respectively.
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Moreover, we detected 86 ARGs in winter but only
11 occurred in summer. The average normalized ARG
concentration in summer was 0.0000257, 0.000761,
and 0.000132 copies per 16S rRNA gene for the Out-
patient hall, the Pediatrics, and the Ophthalmology,
respectively; and the corresponding values changed to
0.000522, 0.000536, and 0.000524 in winter.

Overall, the air dust resistome exhibited an average of
0.00042 copies per 16S rRNA gene, which was less
than the wastewater influent samples. Acinetobacter,
Bacteroides, Escherichia, and Staphylococcus ARG
carriers were mainly found at the Outpatient hall, but
Spirochaeta, Xanthobacter, Pseudomonas, Pseudoal-
teromonas, and Legionella carried ARGs at the Oph-
thalmology and the Pediatrics department (Figure 2).
Notably, Pseudomonas exhibited the most abundant
aminoglycoside resistome at the Ophthalmology win-
ter sample, and the Outpatient hall summer exhibited
the highest tetracycline abundance. Our findings were
consistent with some other studies since Pseudomonas
was found to be the most frequently detected airborne
bacteria in Taiwan ICUs?”, and the researchers from
Iran concluded the beta-lactam resistant Acinetobacter
and Staphylococcus were dominantly present in the
hospital indoor air(®).

PLASMID-MEDIATED
ARG TRANSFER

Unlike statistical association network method®, we
focused on an evidence-based strategy to establish net-
work edges (Figure 2). Our evidence-based method
applied strict cutoffs (over 99% similarity cutoff). In
summary, Micrococcus, Streptococcus, Staphylococ-
cus, and Enterococcus were identified in the Outpa-
tient hall, showing the largest ARG genotype sharings.
Notably, Staphylococcus carried 14 ARG genotypes,
and the Ophthalmology and the Pediatrics departments
exhibited fewer genera. In our study site, we found the
ARGs against Aminoglycoside, bacitracin, -lactam,
chloramphenicol, macrolide, lincosamide, and strepto-
gramin (MLS), multidrug, tetracycline, etc. aadD, CE,
tetK, tetA, tetZ, and norA were the most commonly
shared ARG genotypes among different departments.
We have confirmed that the sharing of Staphylococcus
tetK among different departments indeed happened
using Nanopore sequencing technology. Additionally,
plasmid-mediated CE transfer was observed between
Staphylococcus and Corynebacterium in the Outpatient
hall. Using our method, we successfully assembled 5
bacterial genomes, and we have noticed plasmid frag-
ments, indicating plasmid transferring is highly possi-

ble. As shown in Figure 2, the movement of Staphy-
lococcus saprophyticus plasmid among departments
might be important for ARG and HAP transfer patterns
in the studied hospital.

NOTICES OF BEST MANAGEMENT
— PRACTICE TO ALLEVIATE
ARG POLLUTION IN HOSPITAL

Some research groups modeled the microorganism
concentrations with human occupancy, visiting pa-
tients among departments, indoor temperature, etc.>’,
but the results only showed weak correlations. Since
our study site is highly compacted and intensively used
every day, this “weak correlation” may still cause big
problems in our case. Besides, as discovered by Kotay
et al.'?, the splashed droplets in washing sinks could
lead to the ARG transmission in the hospital. There-

fore, we believe that determining cleaning strategies
based on specific bacterial carriers and applying appro-
priate cleaning management practices are essential to
controlling ARG transmissions.

Meanwhile, some other practices, such as establish-
ing anteroom inside of patients’ rooms seem to work
greatly'). Researchers also recommended providing
positive air pressure to reduce pathogenic transmis-
sions as they found humidity and outdoor air frac-
tions had strong temporal patterns and strong corre-
lations between rooms, which was also confirmed in
this study. Notably, we have also detected almost the
same amount of eukaryotic resistances in the studied
hospital; however, the cleaning experts barely take spe-
cial actions to inhibit eukaryotes. Therefore, the over-
looked eukaryotic resistance should arise our concerns
and a deeper understanding of eukaryotic resistance is
much needed'?.
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Figure 2 ARG genotype sharing network®”. The ARGs that are drawn outsides of the departments represent the
potential ARGs shared by airborne spreading (blue and yellow encode the ARGs that are identified under different

airflow conditions).
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| PATIENT SAFETY & IPC ARE |
INTERDEPENDENT: NONE CAN WORK
WITHOUT FULFILLING THE OTHER,
(WITH PARTICULAR EMPHASIS ON AMR AND COVID-19)

Abstract
Patient Safety is defined as the absence of preventable harm during care provision and the reduction of
risk associated to harm to a minimum leve'. Infection Prevention and Control (IPC) is defined as the sci-
entific approach and practical solution designed to prevent harm caused by infection to patients and health
workers®. In other words, while Patient Safety focuses on the elimination of ALL preventable harms in
healthcare, IPC focuses on the elimination of a specific preventable harm in healthcare, which is infection
caused by healthcare practices, commonly named Healthcare Associated Infections (HAISs).

Patient safety is a significant challenge for healthcare systems globally. While, over the past 20 years, High
Income Countries (HICs) and Low and Middle-Income Countries (LMICs), have put in place efforts to
reduce patient harm, the problem persists, with harm being inflicted and lives continuing to be lost. Unsafe
practices that harm patients lead to 64 million disability-adjusted life years (DALYSs) lost and are one of
the ten leading causes of death and disability globally®#>. This is more than the lives lost due to Tuber-
culosis and Malaria combined.

In addition to the negative medical consequences of unsafe care, there is also a significant economic im-
pact on countries. The overall estimate is that, on average, 15% of the cost of health care expenditure and
activity is attributed to harm across OECD countries®.

While unsafe care is a global challenge for all healthcare systems, the problem is more pronounced in
LMICs, where it is estimated that 2.6 million patients die each year due to unsafe care and approximately
75% of all global DALY's are lost due to preventable harm®.

st two decades, there has been a major progress in our understandings
three challenges, namely: Patient Safety, Infection Prevention and Co
, and AMR. It is safe to say that a major proportion has been bridged i
wledge gap on Patient Safety, IPC, and AMR. Unfortunately, the same
said about the implementation gap of these conditions.

Dr Abdulelah Alhawsawi, Director General, Saudi Patient Safety Center, Kingdom of Saudi Ara-
bia, and Executive Committee Member, Global Sepsis Alliance

Mawahib Wang, Chief Nursing Officer, Health Services Ministry of Defense, Riyadh, KSA
Sofia Macedo, Manager for Capacity Building, Saudi Patient Safety Center, Riyadh, KSA ——

Unsafe care covers a number of areas: healthcare ciated Infections, HAIs, in particular, are responsi-
associated infections (HAIs), medication errors, ad- ble for the harm of hundreds of millions of patients
verse drug reactions, surgical errors, diagnostic er- worldwide every year® as a result of defective In-
rors, venous thrombo-embolism, pressure injuries, fection Prevention Control, IPC, practices during
and patient falls to name a few. Health Care Asso- the delivery of healthcare. It is estimated that, in
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Europe alone, more than 2.6 million new cases of
HAISs occur every year with a cumulative burden in
DALYs being estimated to be higher than all other
reported 32 communicable diseases®'?.

Due to the magnitude and significance of HAIs,
the World Health Organization’s 1st Global Patient
Safety Challenge in 2005 was introduced to address
a major IPC cornerstone, namely Hand Hygiene:
"The 5 HH Moments". The theme of the global
patient safety challenge was: “Clean Care is Safer
Care”. This important initiative also helped intro-
duce the World Hand Hygiene Day which is cele-
brated every year on May 5Sth.

AMR is another major public health concern that
is linked to both patient safety and IPC. Almost
100 years after Sir Alexander Fleming discovered
Penicillin (1928) in London, many microbes have
evolved to develop resistance to antimicrobial treat-
ments. Currently, around 700,000 thousand people
die annually from AMR"Y. According to a review
conducted by a committee chaired by Jim O’Neill,
it is estimated that, unless a major intervention is
made to address this growing challenge, AMR will
claim the lives of 10 million people annually by the
year 2050. This will, potentially, translate in a re-
duction of 2% to 3.5% in Gross Domestic Product
(GDP) costing the world up to 100 trillion USD!?.
Over the past two decades, there has been a major
progress in our understandings of the above three
challenges, namely: Patient Safety, IPC, and AMR.
It is safe to say that a major proportion has been
bridged in the knowledge gap on Patient Safety,
IPC, and AMR.

Unfortunately, the same cannot be said about the
implementation gap of these conditions. While we,
for the most part, know what to do (Knowledge Gap
is bridged), we seem to have difficulties in doing it
(Implementation Gap). The global efforts to reduce
the burden of patient harm have not achieved con-
siderable change and safety measures implemented
by high income countries have had limited impact
or have not been shaped for successful implementa-
tion worldwide". The numbers speak louder than
words regarding this state of affairs:

» Unsafe care claims the lives of approximately 5
million people, (more than the 3.6 million lives
lost due no-access to care) with consequently 224
million years of life lost (YLL); these figures re-
late to LMICs alone?.

* AMR will claim the lives of 10 million patients
annually by the year 2050.
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» Sepsis claims 11 million lives annually (attrib-
uted to both poor IPC and AMR)

* Hand hygiene compliance rate is around 40 —
50%. This poor compliance is shocking given the
fact that the number one cause of HAIs is poor
compliance with Hand Hygiene.

If we want to bridge the implementation gap, we
have to address the following five obstacles:

1- Healthcare Safety Culture:

When compared to High Reliability Organizations
(HRO) industries such as aviation, nuclear, oil and
gas, the healthcare industry presents itself with a
great room for improvement regarding the assur-
ance of a safety culture. Few years ago, these in-
dustries were not as safe as they are today. Having
gone through safety related watershed moments,
they have learnt valuable lessons and safety was
transformed and today there is roughly 1 in a mil-
lion chance of a person being harmed while travel-
ling by an airplane compared to a 1 in 300 chance
of a patient being harmed while receiving health
care®'¥, HRO industries have transformed their
safety culture through leadership commitment and
integrating safety in their day-to-day activities.

These are organizations that consistently accom-
plish its goals while operating in a complex en-
vironment where accidents might be expected to
occur frequently but manages to avoid or seeks to
minimize catastrophes. Industries with a perceived
higher risk such as the aviation and nuclear indus-
tries have a much better safety record than health
care!!,

One of the biggest and consistent outcomes of HRO
1s SAFETY. While industries like aviation, nuclear,
oil and gas, managed to become HROs, healthcare
continues to struggle and falls behind these indus-
tries when it comes to safety! One does not need to
look far to realize the safety challenges that both
patients and healthcare workers are facing on a reg-
ular basis, especially nowadays during a pandemic
like COVID-19.

If we are to transform safety culture in health-
care and move it, as a system, closer to becoming
an HRO, we have to move away from addressing
safety of patients and healthcare workers, sep-
arately, and start dealing with them as ‘two sides
of the same coin’. Knowing that the strengthening
and resilience of healthcare systems, are paramount
to achieving the Sustained Development Goal

(SDG®), the only way we can succeed in reach-
ing meaningful Universal Health Coverage (UHC)
and SDG® is through introducing a new concept of
safety, namely: Healthcare Safety that includes the
following:

* Patient Safety

« HCW Safety

* Healthcare Facility Safety

2- Information Asymmetry:

In healthcare, there is a major gap between the
knowledge and information that healthcare provid-
ers have compared to patients and their family. Such
information asymmetry is potentially problematic
and would negatively impact quality, safety, and
patient experience, while at the same time increases
cost.

The most impactful solution that closes this gap is
the meaningful and practical empowerment strate-
gies for patients and their families towards a sus-
tainable person-centered approach to healthcare
provision.

3- Lack of Resilience:

While the implementation of human factors engi-
neering (HFE) and ergonomics in healthcare is still
sporadic, HRO industries have integrated HFE in
their entire processes and activities which created
resilience, efficiency, as well as transformed safety.

4- Lack of Global Advocacy:

While Patient Safety, IPC, and AMR are very im-
portant public health challenges, the understanding
of these conditions by the public and society in gen-
eral is still weak. This is clear when one compares
the level of public awareness towards the above
global health concerns and the level of awareness
and advocacy towards global climate change.

The only way to improve the public awareness
about these important global public health problems
is through a robust global advocacy. These issues
have to move from being the concern of few inter-
ested researchers and experts into the mainstream
of both public, clinicians, and global societal and
political forces.

5- Lack of Collective Learning and Sharing:

One of the major challenges in ensuring patient
safety is the absence of a global platform for re-
porting and learning from adverse events. Indus-
tries like aviation and nuclear have robust reporting
and learning practices where the overall industry
benefits from the safety alerts generated from any
part of the world. For healthcare to be able to have

such collective learning platform, we need to be
speaking the same language. It is time to have a
standardized taxonomy for adverse events similar
to the standardized taxonomy for diseases namely,
International Classification of Diseases (ICD). Such
classification can be named International Classifi-
cation of Adverse Events (ICAE) which could be
introduced and endorsed by the WHO, the same
way ICD was endorsed.

Another major challenge in healthcare, which is
part of the reason behind writing this book, is the
silos and fragmentation that characterize not only
the practice of patient safety but the healthcare in-
dustry overall.

The authors hope that by now, one agrees that Pa-
tient Safety, IPC, Sepsis, and AMR are facets of
the same complex multi-faceted healthcare system.
While Patient Safety is the absence of ALL harm,
and IPC is the absence of HAIs harm, in some part
caused by AMR, we still refer to them as three sep-
arate entities. In most organizations, Patient Safety
and IPC have two siloed different departments, and
may or may not report to the same person in the
C-suite. To add more silos and complexity, even a
closely related issues like Sepsis and AMR are also
addressed separately by, most of the time, two dif-
ferent departments.

Moreover, since nurses and midwives account for
nearly 50% of global health workforce!'?, invest-
ment in training this segment can cut cost and safe
lives. The WHO stated in its 2020 report that nurses
and midwives are critical for infection prevention
and control, and increased nurse staffing levels and
education in skill-mix teams correlate with reduced
adverse events to hospitalized patients, including
catheter-associated urinary infections, bloodstream
infections, and ventilator-associated pneumonia®,
All of these HAIs have high rate of morbidity and
mortality and cost healthcare organizations millions
of dollars every year. Many of these can be pre-
vented or reduced by training nurses and midwives
on best practices and proper hand hygiene, consid-
ering that poor hand hygiene is responsible for 40%
of infections transmitted in hospitals!”.

Lessons like the ones learned from the Massachu-
setts Nursing Home Project need to be utilized in
coming up with new guidelines and policies to im-
prove delivery of healthcare and IPC practices in
nursing homes. Just like other parts of the United
States Massachusetts nursing homes were hit hard
with COVID-19 and many residents lost their lives.
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In response, a $130 million fund was allocated by
Governor Charles Baker to fund new measures and
protocols to do mandatory testing of all residents
and staff and implement a 28-point infection con-
trol list!"®. This was also supported by comprehen-
sive training and education of nursing home’s staff
across the state. The result was successful control
of the wide spread of COVID-19 in nursing homes

in the state. This approach if replicated in all other
nursing homes around the world can prevent spread
of infections in the future. If we want to transform
healthcare and achieve the Quadruple Aim: Bet-
ter Health, Better Care, Lower Cost, and Satisfied
Healthcare Workers, it is time that we break down
the silos in healthcare and redesign our care deliv-
ery processes in an agile and efficient way.
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COVID-19 TODAY & AMR TOMORROW :
ECONOMIC IMPACT & POLICY
GLOBAL HEALTH SECURITY

SECTION V




THE UNEVEN ECONOMIC EFFECTS
OF COVID-19
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If this argument is correct, it follows that the economic consequences of COVID-19

are likely to remain most severe in the most advanced, post-industrial, financialized

countries of the world, notably the US and the UK, while economic recovery inAsia
proceeds along lines that are far closer to normal

b

James K. Galbraith, Lloyd M. Bentsen Jr. Chair in Government/Business Relations and Profes-
sor of Government, The University of Texas, Austin, USA

COVID-19 is an equal-opportunity threat for all of
humanity, yet its economic effects are curiously un-
even, and in ways that may seem surprising at first.
Europe (including the UK) and the United States
have been hit hard, with second waves surging in
parts of both continents, and with deep and so far
intractable economic recessions. China, Korea, Vi-
etnam, and Taiwan have the epidemic under con-
trol, with life returning largely to normal, even in
Wuhan, the original epicenter of the outbreak. Al-
though evidence is spottier, some of the world's
poorer countries seem to have fared better than
some of the wealthiest, though not as well as those
in the middle-income strata of eastern Asia.

What accounts for this pattern? Simple ideological
differences cannot, as some of the Asian countries
are ostensibly socialist, others ostensibly capitalist,
some ostensibly democratic and others not, and all
of them in practice a blend of models that defy easy
ideological characterization. And while it is tempt-
ing in a political season to lay the blame in the US
and UK on defective national leadership, in fact
both countries have competent public agencies and,
in the US case, state and local governments that
held lead responsibility for public health and that
could and did take matters into their own hands.

But in any event, the economic consequences of
the pandemic were and are only in part a result of
qualities or defects in the immediate approach to
public health. They must also depend on the resil-
ience of the economies — just when you drop a vase,
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whether it breaks depends partly on how far it falls,
and partly on what the vase is made of. And here we
run into an economic question.

For most economists, the underlying economies are
essentially alike: they all have businesses, house-
holds, governments, producers and consumers, and
the textbook models that apply to them are essen-
tially universal. There are two major mainstream
variations on this view:

* the neoclassical or neoliberal view of the econ-
omy as a self-regulating structure, which sees the
pandemic as a shock that will be reversed by nat-
ural processes of self-stabilization once the virus
is controlled. This view, which is very much that
of the incumbent administration in the United
States, appears to be shared by the ordo-liberal
factions still dominant in Europe. It accepts that
the pandemic will continue for a time, is prepared
to tolerate it so long as health care facilities are
not overwhelmed by an influx of severe cases,
and counts on the belief that in due course a ther-
apy or a vaccine will become available. When
that happens, in this view, the economic prob-
lems will resolve on their own, as people will
return quickly to their past patterns of consumer
behavior, and ultimately business investment.

* The neo-Keynesian view, which differs from the
neoliberal in only one significant respect, namely
a belief that rigid wages and prices (or asym-
metries of information) ordinarily prevent the

market adjustments that would otherwise occur.
Thus a failure of prices and wages to adjust to
lower levels of demand risks a prolonged reces-
sion. But in this view the problem can be resolved
by infusions of cash, known as “stimulus,” meas-
ures that “prime the pump” or “kick-start the en-
gine” of renewed prosperity. “Give them money
and they will spend” is the neo-Keynesian mantra.
Among many things the neo-Keynesians share
with the neoliberals is a belief in the unlimited
desire of consumers for more goods and services,
and a failure to distinguish, as ordinary consum-
ers invariably do, between what is necessary and
what can be forgone without major loss. Neither
school has ever absorbed the reality of the afflu-
ent society, nor has it understood the role played
by debt and credit in the finances of the modern
Western (and especially American) middle class.

My argument starts from a proposition in classical
economics, well stated by Adam Smith, that a large
market entails a division of labor. In an integrated
world economy, countries and regions are differ-
entiated from each other, hold differing positions
in a hierarchy of production and wealth, and they
occasionally struggle with each other to climb to a
higher position — or to avoid sinking to a lower one.
This structural differentiation is the key to under-
standing why COVID-19 has a different economic
effect in different places. I will try here to sketch the
contrast especially between Asia, on one side, and
the United States, United Kingdom and Europe on
the other.

Taking the case of the United States, we observe
that over 50 years the country has evolved from a
dominant industrial and manufacturing power to
an economy with a dual structure. On one side the
leading sectors are technology and finance; on the
other, American employers are a vast complex of
service providers, a sector where real wages are
maintained by cheap imports, the strong dollar,
and quality advances in consumer goods, and by an
elastic supply of credit to cover the costs of higher
education, housing and health care.

Further, as a consequence of having been the
world's leading affluent society on a continent with
abundant land, American families tend to be house-
rich; they live in their own spaces, with kitchens,
bathrooms and backyards complete.

Each of these elements of the US position has

proved a serious economic disadvantage in the face
of the pandemic.

* The global market for advanced capital goods
has declined nearly to the point of collapse, and
national policies cannot revive it. Aircraft are a
leading example: they will be built only so long
as they can be sold, and airlines will buy them
only when they need to, which is not the case so
long as travellers world-wide have chosen not to
fly. In the oil industry, the US has a high-cost do-
mestic sector whose fate rests on the world price;
national policy is again helpless if new wells can-
not be dug at a profit. Commercial construction
will not revive while office buildings and malls
are empty. These factors all feed back on to the
health of the banks, though how and when the fi-
nancial strains will be exposed is anyone's guess.

» The US services sector provides, to an amazing
degree, the pleasures and diversions of a wealthy
society, in restaurants, bars, spas, coffee-houses,
resorts, casinos, music festivals, gyms, nail and
hair salons, massage therapists and tattoo artists
— activities that animate economic life but are in
no way essential. And yet, when they collapse
they take with them the incomes that are essential
to the economic machine, for it is the spending
on other services of those who provide services
that makes the merry-go-round turn. But public
health and economic anxiety can and have
brought the merry-go-round to a halt. To protect
their health and their homes, middle-income
Americans retreat to the relative safety of their
homes, leaving the working poor, who live in
close quarters and work in essential sectors such
as food distribution and health care, to shoulder
the brunt of the infections.

* And the third problem is that when incomes fail,
debt contracts continue to apply, so that Ameri-
cans are exposed to evictions, foreclosures, liqui-
dations, utility stoppages and their neighborhood
effects, notably blight and declining property
values, which compound difficulties even for the
solvent. The problem of debts can be deferred,
through forbearance on evictions and foreclo-
sures. But eventually it will have to be faced,
somehow, and the entire structure of American
wealth-holding, based as it is on private credit
and private debt, will come into question when
that happens.
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THE BROAD CONTRAST
WITH THE ASIAN ECONOMIES
CAN BE SEEN
ON ALL THREE ISSUES

* In China, Korea, Vietnam, or Taiwan and else-
where in Asia with the partial exception of Japan,
the economic center of gravity lies in the man-
ufacture of consumers' goods, from shoes and
clothing to appliances and electronics — for which
demand is far more stable, more closely related
to national income, and amenable to being sup-
ported by Keynesian measures of economic stim-
ulus at the national level.

* In Asia the urban population lives mainly in
apartments, in close quarters. And while this is
a disadvantage from the standpoint of contagion,
it also means that the service economy is more
essential to daily life, and therefore more resil-
ient when the public health issues are largely re-
solved. Asians cannot so easily retreat, as most
Americans and many Europeans can, to the safe
haven of a detached private home.

* Finally, deep and chronic indebtedness is less
common, and less likely to lead to foreclosures
and evictions, for social policy reasons. Further
there is a strong urge in Asian society to save for
education and health care, so these sectors are
also substantially less financialized, and one does
not read of an impending crisis of bankruptcies
among the ordinary middle classes of China or
Vietnam.

For these reasons, while the Asian societies faced a
potential public health disaster that required a dra-
conian — and so far, largely effective — immediate
response, once the virus was controlled economic
activity could and did return quite quickly to levels
approaching previous norms.

As for Europe, it would appear, the continent occu-
pies an intermediate position on each count. It has
a balance of capital and consumer goods industries,
a culture of service provision that is relatively ro-
bust, and a degree of household financialization and
detached-home suburbanization between the Asian
and the American levels.
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So while Europe (taken as a whole) has suffered
from problems akin to those in America in dealing
with the pandemic proper, namely decayed public
health investment, shortages of protective equip-
ment and a citizenry with varying willingness to co-
operate with official mandates, one may reasonably
expect that in due course the European economic
revival will be somewhere between the Asian re-
bound and the American depression.

If this argument is correct, it follows that the eco-
nomic consequences of COVID-19 are likely to
remain most severe in the most advanced, post-in-
dustrial, financialized countries of the world, nota-
bly the US and the UK, while economic recovery
in Asia proceeds along lines that are far closer to
normal.

Correspondingly, effective policy in the advanced
countries will require far more radical measures
than political discourse presently contemplates. In
particular, the advanced industries, energy sector
and construction will all need to be restructured and
reoriented to public purpose, in the manner of the
New Deal (or the proposed Green New Deal), to
deal with urgent needs including energy transfor-
mation, the redesign of urban living and climate
change. Service industries will likewise require a
new economic model, largely cooperative and non-
profit, to ensure that a private services sector can
continue in existence under a general retrenchment
of private purchasing power.

A public job guarantee will be necessary to reduce,
and ultimately eliminate, the anxieties and excess
savings propensities associated with fear of mass
unemployment. And — perhaps most difficult and
sure to provoke conflict — debts will need to be writ-
ten off and the financial sector reorganized to suit.

Of course none of these measures are likely. Indeed
the need for them has not yet been acknowledged
by any influential voices in public discourse. So
the prognosis for the advanced, globalized and fi-
nancialized economies of the Anglosphere is poor,
while that for Europe is uncertain.

It is therefore most likely, at the present time, that
the economic result of the pandemic will accelerate
the transfer of global economic leadership from the
West to the rising powerhouses of Asia.
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In June 2019, over 800 members of the global health security community gathered
in Sydney, Australia, to participate in the first International Scientific Conference
on Global Health Security. Participants came from over 65 countries, representing
academia, local, national and international governmental and non-governmefital
organizations, public and animal health and security professionals, and thefprivate
sector, all committed to advancing global health security. As a product of this
conference, we present “The Sydney Statement on Global Health Security.”

%29

Addressing global health security threats should
Global health security is a state of freedom be guided by the following set of principles:
from the scourge of infectious disease, ir-
respective of origin or source. It is achieved 1. Global health security interventions must strive

through the policies, programmes, and activ-
ities taken to prevent, detect, respond to, and
recover from biological threats. There are nu-
merous challenges that pose significant risk to
global health security, including a wide array
of pathogens that present an existing and on-
going threat to both individual and collective
health, antimicrobial resistance (AMR) and
the emergence of currently untreatable in-
fections, the potential for deliberate use of a
biological weapon, and the synthesis of erad-
icated or novel pathogens. The complexity
of addressing these challenges is amplified
by a multitude of contextual factors. These
threats know no borders and have global con-
sequences requiring more effective collective
action.

to be inclusive, equitable, and data driven.

. A minimum level of disease prevention, detec-

tion, and response capabilities are critical for
all countries, as epidemics anywhere threaten
the health of everyone. Achieving global health
security is also intricately linked with efforts
to achieve universal health coverage, efforts to
strengthen other vital aspects of broader health
and security systems, and the Sustainable Devel-
opment Goals.

. Governments must cooperate programmatically,

organizationally and financially to foster compli-
ance with the International Health Regulations
and other associated legal and regulatory agree-
ments to ensure effective global governance of
public health emergencies, and in so doing, en-
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courage international organisations and NGOs to
maintain the integrity of international norms, re-
spect for human rights, and social justice. Trans-
parent discussion, sharing, and measurement
of global health security capacities is vital for
achieving this goal.

. Achieving global health security requires indi-
vidual, group, and systems decision making and
activities that strengthens capacity across all lev-
els of societal interaction and disciplines. Mak-
ing the world a healthier, more equitable, and
safer place requires action and engagement from
all, including the philanthropic, public and the
private sector.

. Global health security must embrace a One
Health approach, not only to prevent and re-
spond to disease, but also to protect ecosystems
that underpin human, animal, and environmental
health. All relevant sectors must be meaning-
fully involved and engaged, including heath, ag-
riculture, environmental, security, and other vital
components.

6. Countries with higher capacity to respond to ad-

verse public health events have a moral and eth-
ical duty to work in partnership with those with
lower capacity to strengthen their capabilities in
a sustainable manner.

. International partners and national governments

must commit to sustainable, comprehensive
funding mechanisms to support global health
security. Long-term strategic thinking for global
health security must be supported by a diverse,
inclusive community of practice, committed
to providing the best evidence possible to in-
form transparent decision making. Achieving
global health security requires commitment to
the above principles, and the institutional ar-
rangements that advance them globally, to re-
duce infectious disease threats, including local
empowerment, capacity building, data and ben-
efits sharing, transparency, and accountability.
Stronger health systems, Universal Health Cov-
erage, and Health-In-All-Policies, from the local
to the global levels are all dependent upon and
supportive of global health security.
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INTERNATIONAL COLLABORATION
_ IFORAFFORDABLE AND EQUITABLE [_
GLOBAL RADIOTHERAPY TREATMENT

echnologies to Extend Lives with Linear Accelerators. STELLA,
multidisciplinary effort that will produce a comprehensive medical
ear accelerator-based RT treatment system for transformative treatment
ents with cancer in Low and Middle Income Countries and underserve
High Income Countries, while providing access to education and traj
to support building a sustainable workforce.

Manyjit Dosanjh, PhD, European Organization for Nuclear Research (CERN), Switzerland, and
University of Oxford, UK, STELLA's Project Leader, and member ICEC Cancer.

C. Norman Coleman, MD, DSc (h.c.) FASTRO, FASCO, FACP, FACR Senior Medical Advisor,
ICEC (https://www.iceccancer.org), Former Professor and Chair of Radiation Oncology, Harvard

Medical School, USA

The annual global incidence of cancer is projected
to rise in 2040 to 27.5 million cases (16.3 million
deaths) with 70% occurring in LMICs where there
is a severe shortfall in the availability of radiother-
apy (RT) - an essential component of overall cura-
tive and palliative cancer care. Though over 50% of
individuals diagnosed with cancer benefit from RT,
access 1s often poor to non-existent in LMICs. Sig-
nificant disparities exist between high and low-in-
come settings, with 11.4 machines per million pa-
tients in North America versus 0.05 machines per
million patients in Sub-Saharan Africa. Further,
there are no machines in nearly forty countries
worldwide, mostly in low-income countries, 27 of
these are in Africa.

In recognition of this extreme shortfall of radiother-
apy capacity in LMICs, the International Cancer
Expert Corps (ICEC) sponsored, and the European
Organization for Nuclear Research (CERN) hosted
a workshop at CERN, in November 2016, to define
the design characteristics of a novel medical linear
accelerator (linac) for challenging environments.
https://indico.cern.ch/event/560969/overview.

Three other workshops have followed involving
medical and technical experts from CERN, the In-
ternational Cancer Expert Corps (ICEC) and, since
2017, the UK Science and Technology Facilities
Council (STFC) as well as representatives from
ODA countries. This multidisciplinary collaboration
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has brought together world class specialists ranging
from accelerator physicists, medical physicists, ra-
diobiologists, radiation oncologists and radiother-
apy technologists to the representatives from ODA
countries in order to understand the challenges they
face in delivering radiotherapy in those regions and
to develop innovative solutions, especially for our
partners across Africa. The 4th Conference to co-
ordinate efforts to design and develop an affordable
and robust yet technically sophisticated linear ac-
celerator-based radiation therapy treatment (RTT)
system was held in Gaborone, Botswana on March
20-22, 2019. hitps://indico.cern.ch/event/767986/overview.

This enables a significant number of physicians,
physicists and staff from Sub-Sahara Africa and
other LMIC:s to attend, present their reports and in-
teract with the scientists working with them in their
own region of the world thereby generating a sense
of a global community working toward a common
goal.

Smart Technologies to Extend Lives with Linear
Accelerators (STELLA), is a multidisciplinary
effort that will produce a comprehensive medical
linear accelerator-based RT treatment system for
transformative treatment of patients with cancer in
LMICs and underserved areas in (HICs), while pro-
viding access to education and training to support
building a sustainable workforce.
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Map showing the variation in RT capacity across Africa that is especially pronounced in the Sub-Saharan
region where most of the countries do not have RT machines

Dr Simeon Aruah, Abuja, Nigeria

Manjit Dosanjh with Taofeeq Ige at a workshop on radi-

ation therapy treatment systems in Gaborone, Botswana. . ]
©2019 Manjit Dosanjh
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Ideas on how to overcome the challenges from the grass-roots

| There is need to save
I many of LMICs from
ﬂ | the scourge of cancer
which ENLIGHT s

The cancer scourge can be
“tamed” with eoncerted
eommitments and efforts J

L‘F & from all the role players

comprahansive cancer \

care can be made possible

through collaborations and |
" sclontific innovations  § §
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to radiotherapy with shared equipment

Norman Coleman and Dr. Surbhi Grover discuss future plans for mentorship and innovative technology in
Botswana.
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Fourth workshop group photo in front of Avani Gaborone Hotel, March 2019 (all photos M. Dosanjh)

Manjit Dosanjh is the Project Leader for STELLA (Smart Technologies to Extend
Lives with Linear Accelerators), honorary CERN Staff, the particle physics labora-
tory in Geneva, Switzerland and Visiting Professor at the University of Oxford. She
holds a PhD in Biochemical Engineering from the UK and her professional efforts
in the fields of biology and the medical applications of physics span more than 30
years, during which she has held positions in various academic and research insti-
tutions in Europe and the U.S., including the Massachusetts Institute of Technol-
ogy, the Lawrence Berkeley National Laboratory at the University of California,
the European Commission Joint Research Centre in Italy. Dosanjh joined CERN in
1999 where she has worked to apply technologies originally developed for particle
physics to the domain of life sciences, aiming to translate and transfer knowledge
about physics to society at large. She is also actively involved in helping non-profit
health, science education and gender related organisations in Geneva.

Dr. Coleman is board certified in internal medicine, medical and radiation on-
cology. Following 7 years as a faculty member at Stanford he was Professor/
Chairman of the Harvard Medical School Department of Radiation Oncology
(1985-99). His work in ICEC is an Official Outside activity from his position
as Associate Director of the NCI Radiation Research Program and Senior Med-
ical Advisor in the Office of the Assistant Secretary for Preparedness and Re-
sponse, DHHS, focused on radiological/nuclear disaster response. For this and
for his work in Japan during the 2011 multiple disaster he received the 2011
Samuel J. Heyman, Service to America Homeland Security Medal. With a ca-
reer-long interest in community outreach to the medically underserved, at NCI he
helped conceptualize the Cancer Disparities Research Partnership program which
demonstrated the success of mentoring in building cancer research programs in
underserved regions. which illustrated the critical importance of sustainability
and the need for NGO’s.
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EPIDEMIOLOGY OF CATHETER-

] ASSOCIATED |
URINARY TRACT INFECTIONS
IN AMIDDLE EAST HOSPITAL

Catheter-Associated Urinary Tract Infection (CAUTI)
are often caused by antibiotic resistant bacteria,

e the importance of further research on epidemiology and prevention.

of acquiring a CAUTI increases each day the urinary catheter remain

In most cases, these urinary catheters are placed for inappropriate rea,
and clinicians are often unaware that their patients have cathete,
Effectively preventing CAUTI is part of Patient Safety agains

Dr Shafi Mohammed, Director and co-Chair, Cleveland Clinic Infection Control Committee,

Abu Dhabi, United Arab Emirates

Elias Tannous, MBA, Director, Arab Countries Infection Control Network, ACICNet, and Infec-
tion Control Specialist, Cleveland Clinic, Abu Dhabi, UAE

Dr Ahmad Nusair, Chair, the Infection Control Committee and Program Director of the Internal
Medicine Residency, Cleveland Clinic, Abu Dhabi, UAE

Claire Nolan, nurse, Infection Control Department - Cleveland Clinic Abu Dhabi, United Arab

Emirates

INTRODUCTION

Urinary tract infections (UT]Is) are the fifth common
type of healthcare-associated infections (HAISs) ac-
count for more than 9.5% HAIs reported in acute
care hospitals (Magill et al, 2018).

Studies have shown that between 12 — 16% of hos-
pitalized patients may receive short-term indwell-
ing urinary catheters during their hospitalization,
with about two third being inserted in intensive care
patients (McGuckin, 2012; Lo et al, 2014).

The most frequent complication associated with
CAUTI are prostatitis, epididymitis and orchitis in
males, whereas others include cystitis, pyelonephri-
tis, blood stream infections, endocarditis, vertebral
osteomyelitis, septic arthritis, endophthalmitis and
meningitis. Undoubtedly, these complications can
cause discomfort to the patient, adding additional
length of stay, costs and mortality (Scott, 2009). In
the US, CAUTI claims an estimated 13,000 deaths
annually (Kleven et al, 2007).
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The risk of acquiring a catheter associated urinary
tract infection (CAUTI) increases by 3 -7% for each
day the urinary catheter remains in situ (NHSN,
2019). In most cases, these urinary catheters are
placed for inappropriate reasons and clinicians are
often unaware that their patients have catheters,
leading to prolonged and unnecessary use and sub-
sequent risk of infections (Munasinghe et al, 2001;
Jain et al, 1995).

Reported rates of CAUTI among inpatients vary
substantially. In the USA, the CAUTI rate in 2012
as reported to the National Healthcare Safety Sys-
tem (NHSN) was 0.5 -5.3/1,000 urinary catheter
days on adult inpatient units and 1.2 — 5.0/1,000
urinary catheter days in the intensive care units
(NHSN, 2019). Although morbidity and mortal-
ity from CAUTI is considered to be relatively low
compared to other HAIs, the burden of urinary
catheter use leads to a large cumulative incident of
infections with resulting infectious complications
and deaths (NHSN, 2019). On the other hand, while

fewer than 5% of bacteriuric cases develop bacter-
emia, CAUTI is the leading cause of secondary no-
socomial bloodstream infections and accounts for
about 17% of hospital-acquired bacteremia with an
associated mortality of approximately 10% (Saint,
2000). Evidence from epidemiological studies have
shown that an estimated 17% to 69% of CAUTI
may be preventable with recommended infection
control measures; which translates up to 380,000
infections and 9000 deaths related to CAUTI per
year could be prevented (CDC CAUTI guidelines).

The primary objective of this study is to determine
incidence of CAUTI amongst patients admitted in
the tertiary 364 beds hospital in the United Arab
Emirates (UAE), identify the indications for the
urinary catheters, understand pathogens causing
CAUTI, appropriateness of antibiotics used to treat
these cases and mortality related to CAUTIL.

METHODS

Settings

This study was conducted from January 2019 until
June 2020 amongst patients admitted into a mul-
tispecialty quaternary-care Joint Commission inter-
national accredited hospital in the UAE - a facility
with licensed 364 beds. Of these, 72 beds are inten-
sive care units’ beds and 288 acute care beds. The
hospital provides specialized care to adults Emiratis
and expat population. Patients included were all in-
patient who meet the definitions for Catheter Asso-
ciated Urinary Tract Infections (CAUTIs).

Definitions

We used NHSN definitions as written, where
CAUTI is defined as a UTI where an indwelling
urinary catheter was in place for more than 2 con-
secutive days in an inpatient location on the date of
event, with day of device placement being Day 1,
and an indwelling urinary catheter was in place on
the date of event or the day before.

UTI definitions include at least one of the follow-
ing signs or symptoms: fever (>38.0°C), suprapubic
tenderness, costovertebral angle pain or tenderness,
urinary urgency, urinary frequency, and dysuria.

As per our hospital policy, indications for insertion
or keeping urinary catheters were (a) undergoing
a selected surgery (b) monitoring urine output (c)
management of urinary retention or obstruction (d)
assistance in sacral pressure healing, and (e) end of
life support.

Data Collection

In our facility surveillance data is collected pro-
spectively, is patient based and active. For this
study, data was retrospectively collected from three
electronic systems.

For the numerator we use EPIC as the electronic
medical record (EMR) system; microbiology data
is collected form Sunquest laboratory system, and
RL infection software is used to perform infection
control surveillance. For the denominator data for
urinary catheter days is collected electronically
through integration between EPIC and RL infec-
tion software. Data collected were: patient age, sex,
presence of urinary catheter, indications for inser-
tion or keeping urinary catheter, urinary culture,
urinalysis, signs and symptoms, antibiotic prescrip-
tions and deaths where CAUTI is mentioned as a
cause.

Both numerators and denominators are validated
through a vigorous internal process.

Statistical analysis

Descriptive statistics we performed to show rates,
percentages, means, standard deviations and medi-
ans.

CAUTI rate per 1000 urinary catheter days was cal-
culated using the following formula: No. of CAU-
TIs/No of Catheter Days *1000.

Device Utilization Ratio was calculated using the
following formula: No. of Urinary Catheter Days/
No. of Patient Days.

RESULTS

Demographic Data

During the study period, 12 patients developed
CAUTIL. Of these, 11 (92%) were male and only 1
(8%) was female, and the median age was 64 years
(Table 1).

Case # Age Gender
75
84
48
66
60
97
76
40
80
62
51
36
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Incidence of CAUTI

The overall incidence of CAUTI varied from 0.45
to 1.1 CAUTI/1,000 urinary catheter days. There
was a difference of incidence of CAUTI between in-

tensive care units and acute care units where about
two-third of cases were reported in the latter. In
addition, the overall device utilization ratio ranged
from 0.22 to 0.30, with a median of 0.22 (Table 2
and graph 1).

No o Urinary Catheter . Device
cA U]f"l rc:z")ays CAUTI rate 95% CI Patient days Utilization Ratio

Jan-19 1 1,735 0.6 0-17 6,833 0.1
Feb-19 0 1,666 0.0 B 6,478 0.1
Mar-19 1 1,831 0.6 0-16 6,752 0.1
Apr-19 1 1,752 0.6 0-17 6,581 0.11
May-19 1 2,004 0.5 0-15 6,271 0.14
Jun-19 0 1,935 0.0 _ 6,324 0.12
Jul-19 1 2,208 0.5 0-13 6,982 0.12
Aug-19 2 1,978 1.0 0-2.4 6,355 0.12
Sep-19 2 1,818 1.1 0-2.6 6,780 0.1
Oct-19 2 2,241 0.9 0-21 7,146 0.13
Nov-19 0 1,960 0.0 _ 6,575 0.13
Dec-19 0 1,775 0.0 _ 5,956 0.11
Jan-20 1 1,863 0.5 0-16 6,145 0.11
Feb-20 0 1,823 0.0 -~ 6,488 0.11
Mar-20 0 1,925 0.0 _ 6,735 0.11
Apr-20 0 1,695 0.0 _ 6,693 0.11
May-20 0 2,634 0.0 _ 7,014 0.17
Jun-20 0 2,084 0.0 _ 6,091 0.14

Total 12 34,927 0.3 1.5-5.4 118,199 0.12

Table 2
CAUTI rate
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Indications for insertion
and retaining urinary catheters

During the study period, we observed disparities in
reasons for insertion and retaining urinary catheters.

Indications

strict measurement of fluids
urinary retention

genitourinary surgery or procedures
prolonged immobilizations

Receiving diuretics

Others

Table3 1o@

VI-108 - AMR & THE ENVIRONMENT

We reported 52% of urinary catheters were inserted
and kept for strict measurement of fluids, 22% for
urinary retention, 9% for genitourinary surgery or
procedures, 8% for prolonged immobilizations, 5%
receiving diuretics and 4% others (Table 3).

n %
1847 52
780 22
307
294
178 5
136 4
3542 100

pneumonia (3 episodes, 25%), other gram negative
uropathogens (Enterobacter aerogenes and Entero-
The Enterobacteriacae was the most common group  bacter cloacae, 2 episodes) and gram-positive bac-
of uropathogens (9 episodes, 75%) consisting of teria (Enterococcus faecalis, 1 episode).
Escherichia coli (6 episodes, 50%), Klebsiella

Uropathogens

UROPATHOGENS

FAECALIS; 1; 8%

ENTEROBACTER
CLOACAE; 1;8%

E. COLI; 6; 50%
K. PHEUMOMNIAE;
3;25%
Mortality indications but we assumed that some of these uri-

nary catheters were inserted and kept without valid
Of the 12 patients with CAUTI, there were no reasons. Our assumptions are supported by evidence
CAUTI-related death reported from the study sub- from several studies that shows most of urinary
jects. All patients were successfully treated with the catheters are placed for inappropriate reasons and
appropriate antibiotics. clinicians are often unaware that their patients have
catheters, leading to prolonged and unnecessary use
and subsequent risk of infections (Munasinghe et
al, 2001; Jain et al, 1995). In addition, a national
In our study, we report the incidence rate of CAUTI survey study of the US national acute hospitals on
ranging from 0.45 to 1.1/1,000 urinary catheter urinary catheter use showed that nearly half of uri-
days which is below the incidence rate of CAUTI in nary catheters were inserted for incontinence and
medical or medical/surgical inpatients reported to more than a third were inserted for patient/family
the NHSN in 2008 (3.1 to 7.4/1,000 urinary cathe- request (Todd et al, 2014).
ter days (Edward et al, 2009). Conversely, although
some studies reported higher incidence of CAUTI Furthermore, the most three frequent uropathogens
in ICU than in non-ICU patients (Lewis et al, 2013), isolated in our study were Escherichia coli (50%)
in our study we reported higher incidents of CAUTI and Klebsiella pneumoniae (25%). We did not in-
in non-ICU(rate/1,000 catheter days) than in ICU clude CAUTI caused by candida as these are ex-
patients. cluded in the NHSN definition for CAUTI. Simi-
Our study supported the evidence that CAUTI oc- larly, E coli (21.4%) was the most reported to the
curs in all hospitalized patients with urinary cathe- CDC’s NHSN followed by Candida spp (21.0%),
ters and therefore prevention strategies should be FEnterococcus spp (14.9%), Pseudomonas aerugi-
for both ICU and non-ICU settings (Hidron, et al nosa (10%), Klebsiella pneumonia (7.7%), and En-
2008). terobacter (4.1%). In our study we did not include
The most common indications for insertion and CAUTI caused by Candida spp as these are ex-
keeping urinary catheter we found from our study cluded in the current NHSN definition for CAUTIL.
for both ICU and non-ICU patients was strict meas- Curiously, the reason why Klebsiella pneumonia
urement of fluids (52%), urinary retention (22%), was more common than Enterococcus spp and
genitourinary surgery/procedure (9%) and pro- Pseudomonas aeruginosa remains unclear. How-
longed immobilization (8%). We did not perform ever, the reason for high incidents of CAUTI caused
further analysis to validate appropriateness of these by Enterobacteriaceae (e.g. E coli, Klebsiella pneu-

DISCUSSION
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monia) is that usually bacteria from this family en-
ter the bladder through extraluminal migration from
rectum colonizing the patient’s perineum given the
physiological proximity between the urethral and
rectum (Tambyah PA et al, 1999).

Moreover, we did not find CAUTI to be associated
with mortality in both ICU and non-ICU patients in
our study. We did not measure the effect of CAUTI

in length of stay. In the same vein, a systematic re-
view conducted to measure relationship between
CAUTI and mortality in ICU patients show no re-
lationship (Chant et al, 2011). Although an overall
morbidity and mortality from CAUTI is considered
to be relatively low compared to other HAIs, the
burden of urinary catheter use leads to a large cu-
mulative incidence of infections with resulting in-
fectious complications and deaths (NHSN, 2019).

for APIC UAE Chapter.

Elias Tannous, MBA, BSN, CIC

Infection Control professional with extensive IC experience. He has been heavily
involved in major infection control activities, projects and programs, this includes
commissioning of new facilities, developing surveillance programs and evaluating
IC programs. In addition, he coordinated and facilitated loads of IC educational
activities. He is the founder of the Arab Countries Infection control Network (AC-
ICN), serves as a board member on several Infection Control entities, and in 2020,
he was appointed as an international ambassador for infection control, a program
by the Society of Health Care Epidemiologist of America (SHEA). He currently
serves as a Senior Infection Control Practitioner at in Cleveland Clinic Abu Dhabi.

Claire Nolan, MSN-IC, BSN 1

Claire Nolan completed her nursing degree in University College Dublin and her
Masters in Nursing specializing in Infection Prevention and Control in Royal Col-
lege of Surgeons Ireland. She has worked in Ireland and Australia before emigrat-
ing to Abu Dhabi where she works as a Senior Infection Control Practitioner in

Cleveland Clinic Abu Dhabi.
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Shafi Mohammed, DNP, MPH, BSN

Shafi serves as a director of infection control and a co-chair of Cleveland Clinic
Abu Dhabi Infection Control Committee. He holds a doctorate from Case Western
Reserve University, Ohio (USA) and a Master degree in Public Health from Ox-
ford Brookes (UK). Previously, he served as Head of Infection Control Services
in primary health care facilities for the National Health Services in the UK, and
a managing director of Fleming Healthcare Ltd (UK) He is a fellow of the Royal
Society of Public Health (UK), a member of Association of Professionals in Infec-
tion Control and Epidemiologists (APIC) and a member of the Board of Directors

Ahmad Nusair, MD, FACP, FID SA, FSHEA

Dr. Nusair graduated from Jordan University of Science and Technology and com-
pleted his residency training in Internal Medicine at Western Reserve Care Sys-
tem, Ohio. He also completed his Fellowship in Infectious Diseases at Creighton
University and University of Nebraska Medical Center in 2007 and his fellowship
training in Critical Care Medicine at Mayo Clinic, Minnesota. Currently Dr. Nu-
sair chairs the Infection Control Committee at Cleveland Clinic Abu Dhabi and is
currently the Program Director for the Internal Medicine Residency.
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FIELD EXPERIMENTS AGAINST RISKS
FOR WOMEN GIVING BIRTH
| IN SUB-SAHARAN AFRICA [

“Field experiments to reduce coronavirus / AMR infection risks for women giving birth
in Sub-Saharan Africa, and to reduce gender bias in health care”.

Abstract
The JamboMama! programme seeks to reduce maternal mortality and morbidity by improving the com-
munication between health seeker and health provider, increasing knowledge about pregnancy and recog-
nising danger signs, and reducing the three deadly decision-making delays that can cost or maim lives of
mothers and babies. We refer to the delay in seeking qualified, modern trained help, the delay in accessing
the right place of care, and the delay in getting the care needed once arrived. Further research and multi-
disciplinary discussion are required to adjust this project’s assumptions. Not only at the international level,

but right where it hurts and where it matters: where women give birth in under serviced areas.

Laetitia van Haren, Cultural Anthropologist, Rijksuniversiteit Utrecht,The Netherlands

This policy paper makes some suggestions based
on the limited field experience we have by now de-
veloped with our JamboMama! programme. This
programme seeks to reduce maternal mortality and
morbidity by improving the communication be-
tween health seeker and health provider, increas-
ing knowledge about pregnancy and recognising
danger signs, and reducing the three deadly deci-
sion-making delays that can cost or maim lives of
mothers and babies. We refer to the delay in seeking
qualified, modern trained help, the delay in access-
ing the right place of care, and the delay in getting
the care needed once arrived. Further research and
multidisciplinary discussion are required to adjust
this project’s assumptions. Not only at the interna-
tional level, but right where it hurts and where it
matters: where women give birth in underserviced
areas. In homesteads, clinics and rural hospitals,
discussions between women and men, in commu-
nities, between first line health workers, horizontal
and vertical from the homestead to the district hos-
pital where emergency obstetrical care is available
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‘A (Smart Access to Health for All) program using the JamboMama!
ication tools seeks to combat the risks of infections acuired in health car,
ing AMR and COVID-19 infectious diseases, as well as to improve wo
rights and safety during pregnancy and in maternity care, at all level,

and back. That entry level horizontal and vertical
discussion and collaboration is not facilitated at this
point. The facilitation ought to start at best at the re-
gional level towards the ministerial level and back,
with horizontal discussions at both ends.

The regional level is expected to know what the
district level needs. The district level is expected to
know what the homestead level needs. But is there

a dialogue? Would the dialogue and discussion to-
wards safer, more effective, more respectful and
efficient maternal and newborn care become more
fruitful with a customised IT tool supporting facili-
tation? This is what SAHFA (Smart Access to Health
for All) tries to explore by creating tools that can fill
that gap. These tools will also help with the discus-
sion about COVID-19 prevention and containment
and in general help to analyze and find local, af-
fordable solutions to prevention and containment
of all infections, from banal ones to complicated
ones. From those that still respond perfectly well to
cleaning and “light” disinfection (bleach, vinegar,
bicarbonate of soda, alcohol and iodine based), to
disinfection that requires more aggressive means;
the infections (parasitical, viral, microbial, fungal)
that require special pharmaceutical products but
which still have a pharmaceutical enemy that can
overcome them. And finally, the infections that have
become antimicrobial resistant (AMR), or do not
yet have any treatment as the coronavirus SARS-
CoV2. Let us first help the entry level health care
sector directed by district level authorities to get a
grip on those infections that are still preventable at
low cost, with simple means, and a basic level of
health literacy.

Underserviced. This implies the quality is low and
the quantity is insufficient - of virtually everything
- except for the number of women needing better
quality of care, including protection from infec-
tion risk - not only from germs and viruses that
have become AMR, or do not have treatment, as
COVID-19, but even from those that can be con-
trolled with classical hygiene, disinfection and ster-
ilisation. Underserviced means inadequate quality
and quantity of trained staff, of materials and medi-
cation, of knowledge and communication. The lack
of hygiene is among the shortages.

Means are insufficient where even clean drinking
water is a rarity, yes water itself is in short supply.
The same goes for soap, for clean towels, and so
further. Sterilisation of operating theatre material
and protective clothing of the surgical staff is never-
theless often well taken care of even in rural hospi-
tals in low resource settings. I found that often there
is one person solely responsible for the whole pro-
cess (sometimes assisted, but often single handed)
and this person takes great pride in doing the job
right, even if the means are inadequate by modern
standards.

But overcrowding, with different women, too
quickly one after another, or even sometimes
simultaneously, using the same bed during
labour and the same delivery room and the
same delivery bed used for one woman after
another without proper cleaning, let alone
disinfection in between the patients, leads
to perinatal and nosocomial infections that
could be prevented. In rural health facilities
of any size, infection risk from microbes and
viruses that are not multi-drug resistant is
still high.

In the framework of the JamboMama! pro-
ject we have written a few fact sheets for ru-
ral health workers to make antenatal con-
sultations safer and to share information
with women on how they can keep them-
selves and their unborn babies safe from
COVID-19.

For our project’s objective the COVID-19 acted
more as a wake-up call about the importance of
proper hygiene for pregnant, parturient and postpar-
tum women in general. It reminds us that we must
make sure our JamboMama! app raises awareness

—
"
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in a concrete and practical manner as to how to im-
prove personal, family, community and antenatal
clinic hygiene to avoid preventable infection".

Are we reducing gender bias at the same time?
Yes! We do so by emphasising it, for we seek to
empower women, giving priority to them learning
about pregnancy and how to use a smartphone. We
encourage them getting help from their children or
younger sisters and brothers. There is no other way
to overcome the gender bias that gives pregnant
women a low status than to give them extra help to
overcome the health challenges linked to their fe-
male reproductive function at the root the gender
bias. How? By compensating with extra care and
self-improvement for the risks directly linked to
their female sex based vulnerabilities.

We at SAHFA recognise that is due to women’s low
status that excess maternal mortality perseveres,
of which 10% is due to infections incurred dur-
ing pregnancy, at childbirth or during postpartum.
But this 10% figure is for sub-Saharan Africa as a
whole. Zooming in on hospitals and dispensaries
in underserviced and overpopulated areas we will
find much higher rates of infection. A nurse told me
that in the paediatric ward of the hospital where he
works, infections affecting mothers and babies and
picked up during delivery or right after are frequent,
with sometimes serious consequences, from disa-
bilities to death for either or both. These infections
are due to poor hygiene, to low allocation of means
and efforts to hygiene, again acerbated by the gen-
eral indifference with which the huge mortality and
morbidity risks of mother and child are viewed in
too many places in the world. This is changing, but
not fast enough and not widely enough. Precisely
because women and children have such a low sta-
tus, because they depend on the benevolence of oth-
ers, life threatening negligence can persist.

The protection of your life, your health and your
well-being is a matter of entitlement. Benevolence
helps claim, not replace entitlement. In global sta-
tistics for maternal death in sub-Saharan Africa, in-
fections count for only 3% of all maternal deaths,
though WHO puts the figure at 10%. The disparities
in SSA are such that either figure lumps together
figures close to EU standards and those well be-
low the national average. The biggest threat for the
mother remains HIV (and other STDs) at present. In
other words, a virus that is very difficult to control
because it is resistant to many low-cost broad spec-
trum antiviral drugs.
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To this omnipresent risk we have to add COVID-19
now. Not much is known in remote areas of Tanza-
nia such as the area where we introduced our Jam-
boMama! for Safe Motherhood programme, only
that is doesn’t seem to be spreading much in remote
and underserviced districts yet.

So we continue to view the COVID-19 threat in the
area we target as a wake-up call to infection preven-
tion. What action do we propose then, based on our
limited field experience with the JamboMama! con-
cept and app, born out of much wider and vaster in-
direct knowledge? The author’s input in the ground
level debate and reflection is based on 50 years of
“free” desktop and anthropological field experience.
“Free” refers to socio-cultural and medical anthro-
pology experience unrelated to the JamboMama!
pilot, now fed into the objective of reducing ma-
ternal and infant mortality and morbidity from all
causes, including preventable infections.

SAHFA'’s proposed policy is to strengthen local col-
laborative action based on shared understanding of
the issues at stake, shared agreement on the need to
tackle them and an emotional and normative frame-
work that includes those most marginalized and
recognises pregnant women and their to-be-born,
newly born and older infants as human beings with
full rights to protection to the measure they need it.
So if they need more care than your average healthy
young or older male, they have a right to that more
and better. And all stakeholders must agree that this
is not unfair. It ensues that low level health and
social welfare decision makers, including or even
most importantly the men among them and men
in general, have to be willing contributors, partici-
pants and facilitators of the process, and be willing
to let it travel up via the regional to the ministe-
rial level. We as global health activists should give
them a hand through knowledge sharing and advo-

cacy with projects that help them carry out what
they collectively propose and agree to. We try to
tackle the communication gap between health seek-
ers and health providers. More effective communi-
cation around the dangers of pregnancy and how to
make a pregnancy safer and happier for mother and
child (and therefore for the whole family and the
community) must include lessons in hygiene.

COVID-19 has made us aware of that. Personal,
family, community and rural health facility hy-
giene. We should discuss the steps that can be
taken. Starting with the simple, affordable steps that
demand more of a discipline and behaviour change
than money. We cannot escape behaviour change,
no amount of money can do it for us in ways that
allow us to remain in the slumber and sloth we are
used to and feel comfortable with. This “we” in-
cludes all of us as human beings. JamboMama! is
also a wake-up call at the local level. The measures
to combat infection around pregnancy and child-
birth include better hygiene, (the simple measures
discussed on page 1), such as social (and practical)
distancing and handwashing. They include better
toilet and respiratory hygiene and discuss ways to
achieve it at home, and in the dispensary and hos-
pital.

The distancing is served by better spread of the
parturient mothers over various health facilities by
better referral. Better referral is possible if the Jam-
boMama! app is used in the maternal care system
connecting the different levels of obstetrical care
available and their distance towards the patient
(through the near-me function). It also involves set-
ting up separate centres, on the premises of bigger
hospitals to avoid contamination and by building
birthing centres closer to the villages where women
live. Those centres should have a qualified midwife
available and on call 24/7. well trained in labour
management, who is given the means to implement

the rules of hygiene required in obstetrical care.
One step closer to the actual homesteads and one
step further in avoiding peri, intral and postanatal
nosocomial and opportunistic infections is to have
a team of midwives with one or two obstetrical
surgeons among them who can go by motorcycle
ambulance to certain spots created for that purpose
where they can fold out a treatment tent that the mo-
torcycle ambulance provides.

This does not take care of the infections that the
mothers themselves may have and that reveal them-
selves at birth, such as HIV, tetanus, malaria, TBC.
But most of these infections will have been de-
tected well before, as the mother is registered with
the JamboMama! app. The medical background of
that app and the regular “Vital Info Updates” it asks
from the registered mom (to be done with a qual-
ified health provider to do the check-ups and help
fill out the answers correctly) requests the mom to
have herself tested for these infections and to re-
port other issues she may have (e.g., disabilities,
cardio-vascular disease, etc.). The roving midwives
can therefore bring and prepare for the cases they
will meet that day including the 15% unpredictable
life threatening surprises. But for those irrepressible
obstetrical emergencies the JamboMama! birthing
centres are connected with the level 3 hospital that
has an operating theatre where c-sections can be
done and all the supplies for obstetrical emergencies
are present, including for correct disinfection, ster-
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ilisation and combating multi-drug resistant germs,
viruses and fungi. The JamboMama! app helps
build the capacity of community members to learn
about good practices and expectations upon visiting
a healthcare provider, so there is natural pressure
on the health care facilities to perform better, in-
cluding in matters of hygiene. For nothing abhors
pregnant women who must give birth more than to
have to lie in a dirty environment with the touch,
feel and smell other women’s private bodily excre-
tions. Asked why they loved a certain dispensary
so much for giving birth, they answered that they
got a clean delivery bed, could go and have a nice
warm shower after the birth and could lie resting in
a clean bed with their new baby until someone came
to pick them up and bring them home.

The hygienic conditions were the first they men-
tioned. Of course, the extreme gentleness and cour-
tesy of the staff also weighed heavily, but it was
striking that the possibility to shower afterwards
and to give birth in a clean environment came first,
before the meal and all the rest.

My second point is an emotional one. The mother’s
human right to dignity and hygiene should put a halt
to the building of massive delivery rooms where
several women have to deliver in full view and
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hearing of each other. Women loathe this. Young
girls are terrified, mature women feel vilified. Even
supportive fathers cannot attend the birth of their
child.

If farmers make sure a cow that needs to calve has
a quiet, dimly lit clean and PRIVATE corner to do
this, why don’t women, human mothers, have the
right to privacy and kindness? Why must they be
sacrificed to efficiency with increased risk for the
spread of infections?

Therefore, in current times of an infectious crisis
such as COVID-19, but also for other epidemics
that may occur, a district could have trained mid-
wives (men and women) who drive a motor ambu-
lance that can be unfolded like a tent where a woman
could give birth safely and in dignity, supervised by
a trained midwife equipped with what is needed for
a vaginal delivery with eventually use of vacuum
extractor and episiotomy.

Caesareans would have to be taken care of in a
proper theatre, but those birthing centres would be
in contact with the nearest level 3 hospital where
maternity-related emergencies can be brought to.
This can be done through the JamboMama! app or
any other smartphone and cellphone based alarm
system that connects a web of level 1 and 2 dispen-
saries with a health centre and hospital where cae-
sareans can be done, where there is blood plasma
available and oxygen. The better spread of the ob-
stetrical burden would mean lower infection risk.
But the fact that service use is better spread means
there is time between patients to disinfect and ster-
ilise correctly.

These entry-level efforts need guidance and sup-
port from the higher levels connected to the top,
and directly from international expertise given in
solidarity, not for profit. Only then can the locally
responsible key persons, from the mothers and
their communities to the first line antenatal clinic
attendants to the midwives and medical authorities
truly grasp what giving birth in dignity means. For
mother and child to survive in the best health na-
ture gave them is a right that we must collectively
ensure and whose fulfilment should neither be seen
as a moneymaker, nor as an act of charity. Women’s
survival has no price. It must be achieved together
by joint efforts, including in the combating of in-
fections whether banal, specific, nosocomial, ante,
intra or postnatal. Let us start where it hurts! The
actors are ready!
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ONE HEALTH IS NOT EQUIVALENT TO
GLOBAL HEALTH

Abstract

The concepts of Global Health, One Health, and Solidarity are often used separately when discussing
emerging diseases and how we can control them. The current COVID-19 pandemic profoundly influenced
these discussions. Here, we explore why articulating these three concepts might significantly increase our

effectiveness against current and future pandemics.

6

COVID-19 as a Game-Changer
Putting Solidarity at the Cross-Road of the Global Health and One Health Concepts
a necessary positioning against current and future emerging diseases

%29

Antoine Andremont, MD, PhD., Emeritus professor, University of Paris, France,

Participant, Global AMR R&D Hub, Germany

COVID-19 is a game-changer and an incentive to
change the way we think health matters.

The COVID-19 epidemic which disrupts life and
economies worldwide is a game-changer in the
manner we encompass health. Before it occurred
most experts and most decision-makers had the
idea, which indeed was rather well supported by
facts, that although health was a topic of major im-
portance which needed continuous efforts and in-
creased spending, the threats that it imposed to hu-
mankind were somewhat addressed by the systems
and organizations that we had put in place.

Even if only in part, things were more or less con-
tained. Global malnutrition was receding, historical
epidemics were behind us, and even for HIV/AIDS
some hope was emerging. According to UNAIDS,
around two-thirds of the 38 millions human beings
living with HIV had access to treatment in 2019.
The last recent threats of emerging viral diseases,
including Ebola, SARS, MERS, had been con-
trolled with or without available vaccines or highly
effective drugs.

Only antimicrobial resistance (AMR) was still fully
out of control and appeared little susceptible to the
classical control measures that we had developed.
The idea among experts was that it was because its
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genesis was of a somewhat different nature than
that of classical infectious diseases. It appeared to
be very much linked to the global impact of human
civilization and behaviors which culminated in the
so-called globalization process.

Global Health, One Health, and Solidarity, each
on their own path. Three concepts developed
fairly independently over the last decade among
circles that have dealt with the topic of Health in a
global manner.

GLOBAL HEALTH

The first one is the concept of Global Health.

Global Health hypothesized that no country, no
group of humans, is isolated when health is con-
cerned. What happens in any place on earth in a cer-
tain group of people may, and often will, influence
what happens in other groups. In the pre-modern
era, when people were not moving much from their
usual place of living, many diseases had much less
chance to move around and spread. The risk of dis-
semination of pathogenic microbes has increased
over time in parallel with travel and interconnec-
tions at the surface of the globe. In a way, Global
Health is an extension to a specific field or niche of
the Global Village concept, which the Canadian the-

orist Marshall McLuhan popularized in the sixties.
He was then speaking of the media and describing
the world as tied together into a single globalized
marketplace and village.

Indeed, even if infectious diseases are at the fore-
front of today's concerns, the Global Health con-
cept is not restricted to infectious diseases. For in-
stance, the massive epidemic of obesity and of its
related metabolic consequences that we observe in
most parts of the world is closely linked to the dis-
semination of dietary and cultural habits that have
originated in the Western world and particularly in
North America. Certainly, the media of the "global
village" have been here of major importance to
drive this real pandemic.

Global Health takes all that into account and tries
to elaborate on strategies and politics that aim to
deliver global solutions that can be applied every-
where, even if local adaptations have often to be
added.

There is another facet of globalism that should not
be forgotten when health is considered: an interven-
tion focused on a specific disease can have conse-
quences on others. For instance, mass azithromycin
administration, recommended by the World Health
Organization (WHO) to eradicate both trachoma
and yaws, could have the general effect of reducing
overall mortality by 13.5% in under-5 childhood.
This also reduces certain gut bacteria, including
known pathogens. However, at the same time, it
can be selecting for antibiotic resistance with seri-
ous long-term consequences'”.

Another example of globalism is observed right
now during the COVID epidemic. The WHO has
newly emphasized the need to integrate the culture
of Infection Prevention and Control (IPC) into the
basic function of health systems globally in order
to control outbreaks of COVID-19 today®. As a re-
sult, IPC has probably never been more emphasized
in health centers and implementation would result
in a welcomed decrease of AMR infections.

ONE HEALTH

The second concept is that of One Health which is
indeed very different. One Health is not a geograph-
ical concept. It is a transectorial one: the health of
humans is not independent of that of animals and
even of that of the environment.

One Health in practice results from the collabora-
tive efforts of multiple disciplines working locally,
nationally, and globally, to attain optimal health for
people, animals, and our environment. Even if, in
the end, the health of humans is the most impor-

tant to preserve, the One Health concept recognizes
that this cannot be achieved without taking care of
the health of the living components of the two other
sectors, 1.e. the animals and the environment.
Indeed, the recognition that environmental factors
can impact human health can be traced as far back
as Hippocrates. Nevertheless, it was only early in
the 20th century that it was well established that
a number of human diseases originate in animals.
Then, the concept of zoonosis emerged.

However, the One Health concept per se is junior
with regards to the Global Health one. It really
gained momentum only at the turn of the millen-
nium. It was then linked, notably, to the emergence
of the antibiotic crisis linked itself to antibiotic over-
use in humans, animals, and agriculture generating
the fear that untreatable bacterial infections would
jeopardize the progress of medicine in humans®.
The One Health Initiative Task Force was estab-
lished in 2006 by the American Veterinary Medi-
cal Association; the WHO Advisory Group on In-
tegrated Surveillance of Antimicrobial Resistance
(AGISAR) was created in 2008 and lasted 10 years.
In April 2010, a Tripartite concept note announced
collaboration between the WHO, the OIE, the FAO
for sharing responsibilities and coordinating global
activities to address health risks at the animal-hu-
man-ecosystems interfaces. This tripartite organiza-
tion, a secretariat of which has been established in
2012, has been very important in the definition of
the means to fight antimicrobial resistance. Today
the UN Environment Program, UNEP, is also "on
board" of what is called the "Tripartite Plus" organ-
ization and a formal relationship between the four
organizations is being explored.

Recently, with the development of the COVID-19
epidemic, One Health has appeared as a key con-
cept to explain the emergence of new diseases due
to animal microbes. It is now clear that the concept
has to be put forward in any attempts to elaborate
prospective measures to protect the future from
such catastrophes.

SOLIDARITY

The third concept that is important for us today is
that of Solidarity. It is very different in nature. Of-
ten, it is presented as an obligation for high-income
countries to alleviate the burden that many diseases
impose on low and middle-income ones. The term
is not coming from the Health domain but from
that of human and social sciences, having been put
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forwards, for instance, in the late 19th century by
Emile Durkheim in his theory of the development
of societies™®.

Concerning Health, Solidarity has emerged at about
the same time as Henri Dunant created the Red-
Cross to help wounded soldiers of any faction or
country at war®.

However, more recently, it is certainly the action
of the so-called "French Doctors" during the Bia-
fra Independence® and the subsequent creation of
the "Doctors without Borders" organization under
the leadership of Bernard Kouchner, soon followed
by others, which put the concept of international
solidarity for Health at the forefront of progress.
During the last decades, we have observed a myriad
of initiatives both from the public and the private
sectors, aiming at the relief of the pains and suffer-
ing from infectious diseases, which were based on
the solidarity of the high-income countries towards
low or middle-income ones. Public initiatives such
as UNITAID and the Global Fund to Fight AIDS,
Tuberculosis and Malaria, charities such as the Bill
and Melinda Gates or the Mérieux foundations can
be cited, among many others.

During the current COVID-19 pandemic, solidarity
has been shown, for instance, with the launch April
2020 of the Access to COVID-19 Tools Acceler-
ator (ATC-A) initiative. ACT-A defines itself as a
ground-breaking global collaboration to accelerate
development, production, and equitable access to
COVID-19 tests, treatments, and vaccines"”.

In April 2020 also, at a virtual summit of the Group
of 20, world leaders agreed to pause debt payments
of the poor countries. But it may turn out that these
efforts are not fully effective and it has been sug-
gested that the World Bank and the International
Monetary Fund might have failed to translate their
concern into meaningful support®?,

STRUCTURING THE CONCEPTS
TOGETHER TO INCREASE
THEIR EFFICACY

It may be obvious that each of the three concepts
described above is extremely powerful to drive hy-
pothesis on the origin and solutions for the control
of emerging diseases.

Currently however they are used mostly inde-
pendently one from another. The difficulties that we
experience to control the current COVID-19 pan-
demic might suggest that a better approach could/
should be implemented.
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We would like to point out here that these difficul-
ties, or at least part of them, could be due to a lack
of structuring of the efforts deployed in the use of
the One Health, Global Health and Solidarity con-
cepts. This proposed approach would be based on
a better articulation of these three concepts, which
might not currently be enough interconnected. It
can be observed that people using each of them
have a tendency to work in silos. Also, there can be,
sometimes, some confusion as to the borders that
limit each of the concepts, particularly with regards
to the differences between One Health and Global
Health. Many people do not have a clear idea of
what really differentiates them when, in fact, Global
Health and One Health are not on parallel tracks
when emerging diseases are concerned.

Take for instance AMR: genes or bacteria, that are
the bulk of the problem, navigate easily between
the human, the animal, and the environmental sec-
tors, sometimes back and forth. Evidently, a typi-
cal One Health problem. However, these bacteria
and genes can also navigate geographically all over
the world with humans that are often asymptomatic
carriers of these bacteria and genes in their intesti-
nal microbiota. The same is true for food producing
animals and products. Thus, also a typical Global
Health problem. Now, a key factor is that the cross-
road of these various flows often occurs in low and
middle-income countries where antibiotic usage is
poorly regulated, while the food industry export
local products to high-income ones. The low and
middle-income countries have no way to stop these
processes by themselves. So to control the problem
of AMR it is also at this crossroad that we have to
apply Solidarity, the third of the three concepts de-
scribed above.

The same reasoning could be applied to the emer-
gence of viral diseases even if the place where
Global Health and One Health concepts cross each
other may change with each disease. For instance,
for diseases that originate from wild animals, Sol-
idarity has probably to be applied to the control of
the very beginning of the process of viral transmis-
sion from the wild animals to humans or domes-
ticated species. The reasoning can also be applied
for non-infectious pandemics such as obesity that
we discussed previously. In that case, the cross be-
tween one health (fat animals and fat humans are
usually living closely...) and Global Health (the
obesity pandemic originated in High-income coun-
tries before spreading with occidental culture and
food habits) and thus, in that case, solidarity to

protect the whole planet should be applied in those
countries where the problem originated.

BY NO MEANS A GLOBAL SOLUTION,
JUST A PRACTICAL TOOL
FOR ACTION

These short lines of thinking must not be taken as
a global solution to solve each and every question
concerning One Health, Global Health or Solidar-
ity. That would be highly presumptuous and, even
more importantly, obviously false.

Indeed, assistance programs have also to focus on
other key points, such as, among others, the devel-
opment of health systems, education, training, and
social services.

However, it has, we believe, two merits. First, it
will help to destroy silos in which too often special-
ists are enclosed. Second, it will focus the attention
of decision-makers on the specificity that exists for
each and every health question and, thus, it might
help them in their tasks.

I would say the method has to be taken just as, when
cooking, one uses basic principles to mix oily and
watery components, or sweet and salted ones to end
up with digest, nutritive and tasty food!

In that sense "Putting Solidarity at the cross-road
of the Global and One Health concepts" might con-
tribute significantly to increase the efficiency and
efficacy of the budgets that we can devote to the
sustainable prevention and control of emerging dis-
eases.

Antoine Andremont, MD, PhD, is currently scientific adviser at the Minister of

Hospital in Paris.

Health of France, notably participating in the Global AMR R&D Hub (a German
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retired from the University of Paris Medical School where he was Professor of
Microbiology and Head of the Bacteriology Laboratory from Bichat University
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which initiated the One Health approach in the field of antimicrobial resistance.
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resistance emerges in the intestinal microbiota during antibiotic treatments, and,
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THINKING ANTIBIOTIC RESISTANCE
OR THE PROSPECT OF AN
INTERNATIONAL "ONE HEALTH"
PUBLIC POLICY

Abstract

Our logistic approach to the phenomenon of antibioresistance ‘antibiotic stewardship’, though effective,
shows limitations as not only is it insufficient, it also distracts us from unresolved issues. The standardisa-
tion of international health policies - dangerously flirting with sanitary colonialism, the blaming of the dif-
ferent parties, the inadequacies of the health practitioner's traditional role, are so many factors that hinder
our capacity to implement the nonetheless universally welcomed One Health approach. The emblematic
case of antibioresistance must incite questioning not solely on technical, but on ethical matters, as encour-

aged microbiologist Jacques Fouad Acar. An homage to these reflections.

(44

Jacques Fouad Acar, a famed French microbiologist, specialised in infectious
diseases and in the antibioresistance phenomenon, insisted on the need to rethink
this ideological tendency of uniformisation, legitimised by supposedly scientific and
rationalist arguments, that in fact shelters a form of sanitary colonialism
from which we absolutely must extract ourselves.

29

Léonie Varobieff, Consultant, lecturer and expert in philosophy, PhD candidate in Philosophy,

Université Jean Moulin, Lyon, France

Adapting to the antibioresistance phenomenon,
through prevention measures as well as through
deep changes in our practice of healthcare, consti-
tutes an orientation in international public health
policies that seems to be unanimous.

At the same time, the ‘One Health’ project had been
endorsed as an international common goal by the
World Health Organization (WHO), health institu-
tions and actors of the health sector.

To this day, however, many questions remain un-
solved that hinder the implementation of such
measures; antibioresistance thus becoming an ideal
opportunity to evaluate our ability to concretely
approach health in its global essence, heeding the
interdependency of the Living.

Among the many questions to be addressed, the one
pertaining to the imposed standardisation of health-
care practices and policies appears crucial. Jacque
Fouad Acar, a famous French microbiologist, spe-
cialised in infectious diseases and in the antibiore-
sistance phenomenon, insisted on the need to re-
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think this ideological tendency of uniformisation,
legitimised by supposedly scientific and rationalist
arguments, that in fact shelters a form of sanitary
colonialism from which we absolutely must extract
ourselves.

Furthermore, if we intend to act effectively in the
face of antibioresistance, which weakens our public
health system, our starting point must be one that
considers the existing state of things, rather than an
aggressive attitude towards bacteria -which is most
commonly adopted amongst health actors.

In many regards, the “struggle” led by medical sci-
entists against infectious bacteria gives them the
aura of virtuous conquerors, driven by their will to
protect their patients or vulnerable animals from the
malfeasance of pathogenic bacteria. But, as such,
this Manichean representation no longer holds in
our current ecological situation, which completely
disregards this romantic sanitary chivalry, and in-
stead reminds us of the necessity to build a general-
ised, harmonised relationship to healthcare.

Less heroic, more cautious, the health practitioner
of our day finds himself in a different role, which
we must now define together, with at least two pre-
cautionary measures.

Firstly, let us consider that the practitioner’s re-
sponsibility must not be intensified, but broadened.
Hence we will restrain from placing more pressure
on the various actors of the medical body, focusing
instead on a qualitative approach of healthcare.
Indeed the practitioner, no longer confined to the in-
terpersonal aspect of his practice (the doctor/patient
or veterinarian/animal relationship) within a short
timespan, should consider his practice in a global
and durable perspective.

If the matter of caregivers’ new responsibilities is a
pressing one, it is precisely because of the responsi-
bility they have been made to bear hitherto.

There lies the second - and no less important - point
that requires caution, to which again the emblem-
atic case of the phenomenon of antibiotic resistance
testifies. As Jacques Fouad Acar pointed out with
emphasis, here is another pitfall in the analysis of
our helplessness in facing antibioresistance : the un-
called for search for scapegoats.

Misuse of antibiotics should not be construed as
the sole cause of the adaptation of bacteria to their
surroundings. In the microbiologist's words: ‘Medi-
cine does not point fingers at anyone!” Whether they

sity, France
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If public health policies aiming at a standardisation
of medical practices allow more coherence from a
strategic viewpoint, they omit the irreducible diver-
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The ambitious international project ‘One Health’,
which generates sincere emulation, depends pre-
cisely on our approach to subjects such as the phe-
nomenon of antibiotic resistance, at the meeting
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invisible spectrum of the Living, and a holistic ap-
proach to healthcare.
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A Research and Implementation Think-Do-Tank on AMR, it brings together a global
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"It ain't what you don't know that gets you in trouble. It's what you know for sure, that just ain't so." Mark Twain
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