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Travel is an important risk factor for the acquisition of AMR bacteria

1. ~30% of travelers return with an acquired AMR bacterium

2. Magjor risk factors for acquisition:

-travel destination
—antimicrobial usage

—infectious diseases acquired abroad
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Percentage of isolates with resistance
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Modelled estimates

Resistance rates vary substantially by .
country and territory

Metbhicillin-resistant Staphylococcus
aureus MRSA:

e 60-80% in north Africa and the
Middle East (eg, Iraq and Kuwait)

Modelled estimates

MDR M. tuberculosis:

* 10-30 % in eastern Europe

CHARIT E ‘ Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

Murray, Cet al., The Lancet, Vol. 399, Issue 10325, 629 - 655, 2022



Agenda and objectives

Antimicrobial Resistance in low-income and middle-income countries
Antimicrobial Resistance - actions and strategies

Patient management: Preparation and posttravel considerations in the
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Antimicrobial Resistance in low-
income and middle-income
countries
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Global success in improving health

Life expectancy increased globally

* From 48 years (1950) to 71 years (2017) in men
* From 53 years (1950) to 76 years (2017) in women

Mortality in children < 5 years decreased globally
e 216 deaths /1000 live births (1950) vs.
* 39 deaths /1000 live births (2017)
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GBD 2017 Mortality Collaborators. Lancet. 2018 Nov 10;392(10159):1684-1735. Burstein, R. et al, Nature 574, 353-358 (2019)



Substantial regional variation

90~ GBD super-region
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Main contributors to increase of life expectancy

Life expectancy at birth (years), both sexes

Global average Regional averages
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Antimicrobials are life-saving drugs

11
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Infections due to drug resistant organisms

S’

» Longer illnesses
* Increased mortality

» Prolonged
hospitalizations

 |ncreased costs




Increase of global antibiotic consumption
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DDDs per 1,000 inhabitants per day

Increase of global consumption of reserve antibiotics
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The overuse and misuse of antimicrobials contribute to the

emergence of antimicrobial resistance
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Antibiotic consumption in LMIC

* Many countries lack effective surveillance capacity, but statistical

methods estimate global antibiotic consumption over time B
§ 289 — cumulative antibiotic exposure
» Substantial increase antibiotic consumption over the past 2 decades “" 24 s
* Prescribing practices are reportedly poor, robust antibiotic _f 1:
stewardship programmes are often non-existent ,_ ol
« Often, indications for empirical antibiotic therapy are inappropriate : i

* Children in LMIC receive ~25 antibiotic prescriptions during their first 5
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years of life Age (months)
Estimated age-specific and cumulative antibiotic exposure
- excessive amount that causes harm (e.g. side effects) & increase AMR of children from birth up to age 5 years in LMICs
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Sulis G et al. PLoS Med. 2020 Jun 16;17(6):€1003139. doi: 10.1371/journal.pmed.1003139
Fink G et al. Lancet Infect Dis. 2020 Feb;20(2):179-187. doi: 10.1016/51473-3099(19)30572-9



Antibiotic consumption is increasing worldwide
but limited access is still an issue

Patients in many LMIC are often unable to
access antibiotics because

- Antibiotics not affordable

-Low government funding for health oportoorsay
—»Unreliable supply chains s

20

25
-Poor quality control to deliver it
ClntibiOtiCS tO pCItientS in need Total antibiotic consumption in each country:

inequitable antibiotic consumption between HICs and
LMICs

Leaflet | @ OpenSireetMap contributors, CC-BY-SA
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Browne AJ, Chipeta MG, Haines-Woodhouse G, et al. Lancet Planetary Health 2021



Consequences of limited access to antibiotics in LMIC

* Bacterial infections go untreated

* Increase in morbidity & mortality

* Increase of rates of preventable deaths

 Suboptimal dosing

* Poor pharmaceutical quality

* AMR development and propagation

* Improving access to antibiotics vital to

better health outcomes
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The majority of the world’s antibiotic-treatable
deaths occur in LMIC

Total deaths *
<1,000
10,000
20,000
30,000
40,000
53,296

Mortality rate per 100,000
<10 245.0

No data

1000s of people in LMIC continue to die from

treatable pneumococcal infections

Streptococcus pneumoniae deaths and mortality rates per 100,000 (HIV-negative) children aged 1-59 month:s.
Data from Wahl et al. 2018
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Antimicrobial resistance (AMR):

Lack of susceptibility of bacteria, fungi, viruses and
parasites to antimicrobial agents.
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GlObCI| bU rden Of AMR Global burden of bacterial antimicrobial resistance in 2019:
a systematic analysis Pubished Online

January 20, 2022
https://doi.org/10.1016/
Antimicrobial Resistance Collaborators* 50140-6736(21)02724-0

AMR requires urgent action from policymakers
and the healthcare community to

1,270,000

863,837

700,660
Glohal deaths in 2019

Attributable HIV/AIDS Breast cancer Malaria
to AMR

Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis, The Lancet, Jan 2022
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Lancet. 2022 Feb 12, Erratum in: Lancet. 2022 Oct 1; PMID: 35065702; PMCID: PMC8841637



AMR: highest burdens in
low-resource settings
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Deaths (rate per 100000 population)

150

Global burden of bacterial antimicrobial resistance in 2019:

a systematic analysis

Antimicrobial Resistance Collaborators*

Published Online
January 20, 2022
https://doi.org/10.1016/
$0140-6736(21)02724-0

GBD super-region Resistance

[ Central Europe, eastern Europe, and central Asia  [J Associated with resistance
[ High income I Attributable to resistance
[ Latin America and Caribbean

I North Africa and Middle East

[ South Asia

Southeast Asia, east Asia, and Oceania
[ Sub-Saharan Africa

GBD region
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Global burden of bacterial antimicrobial resistance
1990-2021: a systematic analysis with forecasts to 2050

GBD 2021 Antimicrobial Resistance Collaborators* www.thelancet.com Published online September 16, 2024

Death rate attributable to AMR, all ages, 2050
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Global deaths could reach 39 million between 2025 and 2050 = 3 deaths / minute

CHARIT E ‘ Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

https://doi.org/10.1016/50140-6736(24)01867-1



https://doi.org/10.1016/S0140-6736(24)01867-1

Antimicrobial Resistance —
actions and strategies
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UN General Assembly High-Level Meeting on antimicrobial resistance 2024

* 26 September 2024: 2" High Level Meeting
on AMR

 Cross-border threat of AMR to global health,
food security, economic development, and
the 2030 Sustainable Development Goals

GOOD HEALTH
AND WELL-BEING




Development of antibiotic resistance

* Natural process

* Genetic changes in pathogens:
mutation or acquisition of resistance
genes

» Spread of AMR: transfer of resistant
organisms and resistance genes
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Antibiotic Targets  Antibiotic Resistance

Cell Wall Fluoroquinolones
p-lactams = Aminoglycosides
Vancomyein B Tetracyclines
B-lactams
Macrolides

DNA/RNA Synthesis

Fluoroquinolones / :r[:l';y.iu

Rifamycins 4 7, ;’e!-r’ac;';l‘ines
Trimethoprim
Sulfonamides

Target Modificatior

Folate Synthesis &
A 2 Fluoroquinolones
Trimethoprim /
Sulf ” Rifamycins
=l Vancomycin
Penicillins
Cell Membrane Protein Synthesis nactivating Enzymes Macrolides
Daptomycin Linezolid f-lactams Aminoglycosides
Tetracyclines Aminoglycosides
Macrolides Macrolides

Aminoglycosides Rifamycins

Antibiotic targets and mechanisms of resistance
Wright, G.D. BMC Biol8, 123 (2010). https://doi.org/10.1186/1741-7007-8-123



What accelerates the emergence and spread of AMR?

e
Antimicrobial
use

Antimicrobial resistance
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Antimicrobial Stewardship Programmes

* Optimize the use of antimicrobials
* Improve patient outcomes

 Reduce AMR, health-care-associated
infections

* Save health-care costs
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ANTIMICROBIAL STEWARDSHIP PROGRAMMES

IN HEALTH-CARE FACILITIES IN LOW- AND

MIDDLE-INCOME COUNTRIES




International collaborative AMS — Hospital partnership Germany — Rwanda

Leadership commitment AMS actions
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Antimicrobial Stewardship

We must all be antimicrobial stewards

Stewardship:

the careful and responsible
management of natural
resources

Using antimicrobials
wisely

We must all be antimicrobial stewards

Antimicrobial
use

Antimicrobial resistance > Mic.:rob.iology guides the.rapy wherever possible
Indications should be evidence based
Narrowest spectrum required
Dosage appropriate to the site and type of infection
Minimise duration of therapy
Ensure monotherapy in most cases
(CHaRITE | e e e et e



How can we be antimicrobial stewards?
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Clinical Infectious Diseases

L
BIDBA,

Infectious Diseases Society of America 2024 Guidance on
the Treatment of Antimicrobial-Resistant Gram-Negative
Infections

Pranita D. Tamma," Emily L. Heil. Julie Ann Justo,” Amy J. Mathers," Michael J. Satlin,® and Robert A. Banomo®

"Department of Pediatrics, Johns Hopkins University School of Medicine, Baltimare, Maryland, USA; “Department of Practice, Sciences, and Health-Outoomes Research, University of Maryland

School of Pharmacy, Baltimore, Maryland, USA; “Department of Pharmacy, Dartmouth Hitcheock Medical Center, Lebanon, New Hampshire, USA; *Departments of Medicine and Pathology, University
of Virginia, Charlottesville, Virginia, USA; *Department of Medicing. Weill Comell Medicine, New York, New York, USA: and "Medical Service and Center for Antimicrobial Resistance and

Epidemiology, Louis Stokes Cleveland Veterans Affairs Medical Center, University Hospitals Cleveland Medical Center and Departments of Medicine, Pharmacology, Molecular Biology, and
Microbiology, Case Westem Reserve University, Cleveland, Ohio, USA

African Antibiotic
Treatment Guidelines

for Common Bacterial
Infections and Syndromes

Contents lists available at ScienceDirect

Clinical Microbiology and Infection

; First Edition
ELSEVIER journal homepage: www.clinicalmicrobiologyandinfection.com 2021
Published by
Guidelines Africa Centres for Disease Control and Prevention

Center for Disease Dynamics, Economics & Policy
European society of clinical microbiology and infectious diseases
guidelines for antimicrobial stewardship in emergency departments
(endorsed by European association of hospital pharmacists)

Teske Schoffelen > ™!, Cihan Papan ** !, Elena Carrara °, Khalid Eljaaly ®7, Mical Paul %,
Emma Keuleyan 9.10 Alejandro Martin Qulros ') Nathan Pelffer-Smadja 123,14

Carlos Palos '°, Larissa May '®, Michael Pulia "/, BOJana Beovic '®, Eric Batard '* 2"
Fredrik Resman 2!, Marlies Hulscher 22, Jeroen Schouten 2%, on behalf of the ESCMID
Study Group for Antimicrobial Stewardship (ESGAP)

@I-IARITE ‘

Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

The WHO AWa
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Web Annex. Infographics

PRIMARY HEALTH CARE HOSPITAL FACILITY
Bronchitis Sepsis & septic shock

Acute otitis media Sepsis in children

Pharyngitis Sepsis in neonates

Acute sinusitis Bacterial meningitis

Oral and dental infections Community-acquired

pneumonia

Localized acute bacterial
lymphadenitis. Hospital-acquired

Conjunctivitis pneumania

Acute cholecystitis &

Keratitis Pyogenic liver abscess

Periorbital cellulitis Acute appendicitis

Trachoma Acute diverticulitis

Community-acquired

pheumonia Clostridioides difficile

infection (CDI)
Upper urinary tract infection

Exacerbation of chronic
obstructive pulmonary
disease Acute bacterial osteomyelitis|
Septic arthritis

Necrotizing fasciitis

Acute infectious
diarrhoea/gastroenteritis

Enteric fever -
Pyomyositis

Impetigo / Erysipelas /

Cellulitis Febrile neutropenia

Surgical prophylazis
RESERVE ANTIBIOTICS

Burn wound-related
infections

Wound and bite-related
infections

Cefiderocol
Ceftazidime+avibactam

Chlamydial urogenital

infection Fosfomycin

Gonococeal infaction Linezolid
: Syphilis. Meropenem-+vaborbactam
: Plazomicin

Trichomeniasis
Polymyxin B and calistin

Lower urinary tract nfection  ¢*¥OE 1S

&‘@‘$ World Health

Wy Organization



Antimicrobial Resistance —
individuals travelling
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How does antibiotic resistance spread?

© Animals may be treated with antibiotics
and they can therefore carry antibiotic-
resistant bacteria. & Vegetables may be
contaminated with antibiotic-resistant
bacteria from animal manure used as
fertilizer. © Antibiotic-resistant bacteria
can spread to humans through food and
direct contact with animals.

) Humans sometimes receive antibiotics

% prescribed to treat infections. However,
n anj f ‘“\\‘\ bacteria develop resistance to antibiot
imal fa as a natural, adaptive reaction. Antibio

resistant bacteria can then spread
treated patient to other persons.

) pread to
clean hands or
. © patients who
rying iotic-resistant
bacteria will ultimately be sent home, and
can spread these resistant bacteria to
other persons.

-resistant bacteria.
not in contact with healthcare,

( CHARIT E | Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office
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Intercontinental travel contributes to the global spread of AMR

Intestinal colonization with extended-spectrum beta-lactamase producing
Enterobacterales (ESBL-PE) during long distance travel: A cohort study in a
German travel clinic (2016-2017) Travel Medicine and Infectious Disease 33 (2020)
Lynn Meurs™™"", Felix S. Lempp“', Norman Lippmann’, Henning Trawinski‘, Arne C. Rodloff”,

Matthias Eckardt™”, Anja Klingeberg”, Tim Eckmanns”, Jan Walter”, Christoph Liibbert“’, Rai
Study group (Muna Abu Sin, Esther-Maria Antao, Michael Behnke, Jutta Bleidorn,

Risk factor analysis for ESBL-PE colonization upon return from long distance
travel, Germany 2016-2017, n = 230.

Risk factors n Adjusted OR*
Age < 20 years 11 1.8 (0.3-10)
20-29 years 66 4.8 (1.9-12)
30-49 years 75 1.6 (0.7-4.0)
=50 years 78 Ref.
Accommodation Hotel 107 4.4 (1.6-12)
Private 32 3.8 (1.2-12)
Other tourist accommodation 58 Ref.
(e.g. hostel, camping or guest
house)
Missing/multiple” 33 2.3(0.6-8)
Destination Eastern, Yes 34 4.6 (1.9-11)
Southern or Western  No 196  Ref.
Asia
Diarrhoea during travel Yes 83 1.7 (0.9-3.5)
No 146  Ref.
Antibiotics during travel Yes 18 0.9 (0.2-3.4)
No 212 Ref.

53/230 (23%) that were ESBL
negative before travelling,
returned positive
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The NEW ENGLAND JOURNAL of MEDICINE

M ENGL | MED 38214 NEJM.ORG

APRIL 2, 2020

Acquisition of Antibiotic-Resistant Bacteria
by U.S. International Travelers

Patient
No.

22

Age

yr
29
68

299

59
55

34

24
56

66

58

85
27

55
54

43

Sex

Female

Fermnale

Male
Male

Female

Female

Female

Male

Female
Male
Male

Female

Male

Female

Male
Female
Male
Female
Female
Male

Fernale

Fernale

Trip
Duration

no. of days
14
20

19

19

10

10

23

45
25

14
39

Destination

Thailand

Kenya,
Tanzania

Vietnam

Thailand,
Cambodia,

Vietnam

Vietnam

Peru

Singapore,
Cambodia

Hong Kong,
Vietnam

Japan, Vietnam
Liberia
Peru
Peru

Vietnam, Laos,
Cambodia

Rwanda,
Tanzania

Peru
Nigeria
Peru
Peru
Peru
Peru

Hong Kong,
Vietnam,
Cambodia,
Thailand,
Singapore

India

Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

Diarrhea
during Tripf

Antibiotic Use
during Trip

No

Ciprofloxacin

No

Azithromycin

MNo

Ciprofloxacin

No
No

No
No
No
No
No

No

No
Azithromycin
No
No
Azithromycin
Ciprofloxacin

Doxycycline

No

Type of Antibiotic Resistance

Phenotype} Resistance Genesf
MCRE mer-3.1, mer-1.1
MCRE mer-1.1
MCRE mer-1.1

mer-3.1, bla g .55
mer-3.1, blary g ss

ESBL-MCRE (2)

MCRE (2) mer-1.1;
mer-1.1
MCRE mer-1.1
MCRE mer-1.1
MCRE mer-1.1
MCRE mer-1.1
MCRE mer-1.1 variant
ESBL-MCRE micr-1.1, blac g e ss
MCRE mer-1.1
MCRE (2); mer-1.1;
ESBL-MCRE mer-1.1;
mer-1.1, blacry g
MCRE mer-1.1
ESBL-MCRE mcr-1.1, blocry e ss
MCRE mer-1.1
ESBL-MCRE mcr-1.1, blac iy s
MCRE mer-1.1
MCRE mer-1
MCRE mer-1
CP-CRE blayow s. Placrsas
CP-CRE biay o s, Pl8cr s

5% in 412 travelers acquired bacteria
with mobile colistin resistance (mcr)
gene (primarily community-
associated)

Conclusion:

* raise awareness in returning high-
risk travelers, about possible AMR
bacteria colonization in the weeks
after travel

» effective prevention of spread
basic hand hygiene



Prevention and reduction of travel-related infections due to AMR bacteria
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PLoS ONE 11(7): e0159863. doi:10.1371/journal.pone.0159863



Vaccines play a role in preventing AMR
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VACCINES

!
O

PROTECT INDIVIDUALS

Prevent vaccinees from getting sick

7 N

PREVENT COMPLICATIONS SAFEGUARD COMMUNITIES

Reduce the incidence of Decrease transmission
' secondary infections @ through herd immunity

DECREASE INFECTIONS

Caused by both resistant and
non-resistant pathogens

!

DECREASE ANTIBIOTIC USE
Diseases prevented by vaccination do not require
antibiotic treatment

{

SUPPRESS RESISTANCE EVOLUTION
Decrease exposure of pathogens residing in and on
the body to antibiotics that select for resistance

v N\
&,w /e

DECREASE MORE EFFECTIVE ANTIBIOTICS
INDIVIDUAL RISK Current antibiotics can
and transmission of be used for a lot longer;
resistant pathogens less need to develop new
antibiotics
- Department of Infectious Diseases, Respiratory Medicine and Critical Care
CHARITE il hio Charité. Chief ical Offi
Antimicrobial Stewardship Charité, Chief Medical Office World Health

o

rganization




Prevention and reduction of travel-related infections due to AMR bacteria

f  Safe food choices Less enteric pathogen exposures among
» travelers, including AMR bacteria in food (e.g.

mcr), and water (e.g. Campylobacter spp., E. col;,
* Ensure safe drinking water Salmonella spp., Shigella spp. with AMR)

* Good hand hygiene

* Might be ineffective

* Avoid antibiotics for self-
E
»

treatment without » * Risks of side effects
prescription » Disruption of microbiota

* Promotion of resistant organisms

 If admitted to health care

2
m facility abroad*, choose » * Reduce risk for pathogen transmission
one with IPC programme

@H ARIT E ‘ Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

*Medical tourism

PLoS ONE 11(7): e0159863. doi:10.1371/journa |.pone.0159863



Posttravel considerations

* Be aware of the risk to international travelers for acquiring AMR organisms
* Travel history

TR
—identify effective treatments for infections

-ensure infection control interventions to prevent spread of AMR (e.g.
Carbapenem-resistant enterobacterales (CRE), Candida auris)

@H ARIT E ‘ Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

Pereira RT, Malone CM, Flaherty GT. Aesthetic journeys: a review of cosmetic surgery tourism. J Travel Med. 2018 Jun 1;25(1)



Care of individuals who have become ill during travel or who are living “abroad”

Four moments of antibiotic decision making

Antibiotic
treatment

I~ -->-- E ->-¢-
®

m

Bacterial infection? Probable pathogen? Right indication? Treatment duration?
Viral infection? Empirical treatment? Right antibiotic(s)?
Colonization? Severe disease? IV-to-oral switch?
Inflammation? Comorbidities? Microbiology results?
Microbiology testing? Allergy?
@H ARIT E ‘ Department of Infectious Diseases, Respiratory Medicine and Critical Care
Antimicrobial Stewardship Charité, Chief Medical Office

Antimicrobial stewardship programmes in health-care facilities in low- and middle-income countries. A WHO practical toolkit © World Health Organization 2019



Antibiotic Resistance, data visualization tools

Resistance of Escherichia coli to Resistance of Escherichia coli to
Fluoroquinolones Cephalosporins (3rd gen)

% Resistant % Resistant
(invasive isolates) 7 i (invasive isolates)
: ) 100

100 o =P

Center for Disease Dynamics, Economics & Policy (cddep.org) © Natural Earth Center for Disease Dynamics, Economics & Policy (cddep.org) © Natural Earth
( CHARIT E ‘ Dep.curfcmenjc of Infectiou§ Disecus.es’, Res.pircutor\./ Medic.ine and Critical Care Further resources: https://epi-net.eu/
Antimicrobial Stewardship Charité, Chief Medical Office CDC Yellow Book 2024


https://epi-net.eu/
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Thank you for your attention!
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