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Challenges of AMR research based
on One Health approach in Colombia:
a case study of Low and Middle-Income Country
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* Risk Factors of AMR development in Colombia




: NG ROSAV/A
Colombia... e 1

* Population: 50 M

* 1,141,748 km? The most unequal regions in the world v
GINI index measure of inequality PR
* Second largest biodiversity in the world ’
* GDP per capita 2020: 5,334 USD /capita w | ol
* Index Gini 2020: 54.1 ;v“‘;“i‘ %
’%UTHAMERICA \ 4 k
* Urban population 2020: 81.4% } gff AT
* Internal Displaced Population 2021: 5.2M T —

Source: GINI Index (World Bank estimate)

* Immigrated Population 2021: >2 M




Colombian Health System

Population coverage and satisfaction with the availability of quality health care are below the OECD average

Population coverage, eligibility (2019 or nearest year) 75 o 95. ®

Population eligible for core services (% population) a1 98 100
78

Financial protection (2019 or nearest year) [

Expenditure covered by compulsory prepayment 0 @ *— 100

(% total expenditure) 49 74 86

Population coverage, satisfaction (2019 or nearest year) 26

Population satisfied with availability of quality health care 25. ® @ oo

(% population) 47 71 93

* Inequality in health system coverage
* Population in need of health assistance 2021: > 3M

* Defined-daily-dose (DDD) of Carbapenem in Colombia is 20 times higher than in
Europe and North America

* The Health System under pressure to offer similar quality for all sectors of the
population that promote the overuse of Abx.

AGROSAV/A

Corporacién colombiana de investigacién agropecuaria

Public opinion on the healthcare system in Colombia as of 2021

Many people cannot afford good
healthcare

Waiting times to get an appointment with
doctors are too long

The healthcare system is overstretched

Vaccinating against serious infectious
diseases should be compulsory

In my country, information about how to
look after myself is readily available
when | need it

| trust the healthcare system to provide
me with the best treatment

| find it easy to get an appointment with
doctors in my local area

In my country, information about
healthcare services is readily available
when | need it

The healthcare system provides the same
standard of care to everyone

20% 40% 60% 80% 100%

Share of respondents

@ sStrongly/tend to agree @ Strongly/tend to disagree
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Colombian Agri-food Sector

Produccion y acopio de leche en Colombia (litros)
8.5007

 Significant informality in agri-food markets

5.000

7.5001 | 2019 ‘ /
7.000 | l?r'ocluccien (millones Itsl]: 7.184 '-0
* Antibiotic stewardship difficult ¢ 500 /

6.000
5.500
* Examples of resistance profiles- Salmonella 5.000-
4.500
4,000

3.500
— m——-_
m S. Enteritidis n=67 3.0007

=l 2016 ' 2017 ' 2018 ' 2019 ' 2020 ' 2021

100

m S. Typhimuriumn= 20 == Acopio (millones lts) == Produccion (millones lts) |

% NS
u
o

S. Heidelberg n= 72

0 - L J
B c ¢ :
5 g 8 % g .g g é) S. Paratyphi B dT+
%%%g-?%g% n=169
3 5 & = § © g g m Salmonella spp. 0 Georeis
E 20.10-20ng




. AGROSAV/A
Numerous potential AMR Hotspots

JRio Bogotd

C
Corabastos.

(s

Hospital De Kennedy {jospital De Kennedy

lkio Tunjuelito

.
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* General framework of the fight against AMR in Colombia
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Research and innovation play a crucial role
In the Global Action Plan (GAP) in RAM

Improved awareness of AMR and
behaviour change among policy-makers,
farmers, veterinary and health workers,

food industry, general public

Strengthened knowledge and evidence
base used for policy and practice
decisions

Reduced incidence of infection in health
facilities, farms and communities as well
as reduced environmental contamination,due to effective prevention

Optimized use of antimicrobials in
human and animal health, with growth

promotion phased out

Increased R&D on new medicines,
diagnostics, vaccines and other

inventions.
Sustainable investments

on W N
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Increased awareness and understanding

Training and professional education

Strengthened veterinary services

Monitoring antimicrobial use

Surveillance for AMR —

Research on AMR and antimicrobial use

IPC in human health care

Good animal health and management practices

WASH and immunization

Optimized antimicrobial use and regulation

Legislation and regulations to prevent
environmental contamination

Estimated resource needs and economic case

Coordinated efforts, priorities and incentives

More investment in relevant R&D
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National Action Plan (NAP)

In progress — Initiation date / \

@ El campo Minagricultura I( :A'8 AGROSAV/A
Instituto Colombiano Agropecu  Corporacién colombiana de investigacion agropecuaria

es de todos

Technical Board ol | colud . = INSTITUTO o V. e
@ es de todos Mivsalid . SN:LculgNAL PE In qu!d! I IO
ol

g El conocimiento PR :
@ es de todos MIRCISREIAS ops

@ Organizacion g7z Organizacion
( (',/\ Panamericana 448, Mundial de la Salud
%24 de la Salud o

Embryonic OH approach

(%, @ Laeducacion | wineducacién
es de todos

Low visibility of research activities in NAP K@ Elabiente  minambiente /
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Surveillance & Research Activities

-

* No national strategic agenda yet

SURVEILLANCE
AMR

* Progressive deployment of infrastructure
and new technologies

* Less than 30 research teams involved
* INS, ICA, INVIMA

. . . * Limited participation in international consortiums
* Hospitals and IPS (health service providers) — Private - P P

Public * Few innovation niches
* EPS (Health Management Organizations) — Private * Oportunistic approach
* National Genomic Center — 2022 * Limited financing

* Agrifood and environmental sectors lag behind
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* AMR Research Initiative of Agrosavia-Sanger
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What is Agrosavia? AGROSAV/A
Colombian Institute of Agricultural Research




From 2006 up to now...

Two milestones

2014

2006 2012
ICA - U. Georgia
Resistencia - FENAVI
Antimicrobiana -Agenda
(Porcinos)

-Agenda: -CTA2. Aves
* Res. Antib. -CTA1:
carne cerdo e Salud de
* Serotipos hato
SAL animales * Mercados
-Inocuidad y campesinos
Res. quimicos * Gallinas
en tomate ponedoras
77N\
2010 ( 2013 ) 2016
S

2018-
2022

Proyecto SANGER

Unidad Gendmica

para la vigilancia

e investigacion de
la ReSAM

< Bioinfo

mon.

/

A
“Bk

Marcadores
biolégicos de
exposiciony
efecto a
plaguicidas...
(Tomate-
humanos)

77N\
( 2020 )

N
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2021-
2022

El campo
es de todos

L2

Minagricultura
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Strategic Landscape

. INSTITUTO

NACIONAL DE

MinAgricultura

Ministerio de Agriculiura
y Desarrollo Rural

_. . Y %%6/ . j
Research entities . ore
. . re National Authorities
Agrosavia, Universities

G A

Colombian |n|egrc|ed Program for Antimicrobial Resistance Surveillance|
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National network : Main actors

-C i A)
exito FEnAv:

J
Universidad o
delos Andes

CIMIC

S %ﬁ = m‘_““w UNIVERSIDAD
3 Q Nacional EL BOSQUE
J W i Salud

Colombia
WWW.Iins.gov.co

=

Universidad del Tolima




Pilot Program in the Poultry Chain NCROSAVIA

houses stores

-i/

Farms SIaughter Retail J
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AMRCampylobacter sp.

100
90
80
70
60
50
40
30
20
10

M Cecal Content n=29

m Slaughterhouse Carcass
n=76

|

|

Fenavi
2012-2013

G A

Colombian |n|egrc|ed Program for Antimicrobial Resistance Surveillance|
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The results of AGROSAVIA's research on AMR have contributed to decision-making based on data- Public Policy

| W
: 0 v
. _ s
(%) MINSALUD (%) MINAGRICULTURA ' TODOS PORUN
e Circular No. 000027 of 2017. Prohibition of the use of colistin in S, v icat Georpoice NUEVOPAIS
. . .Su.l‘u N .
the animal industry
) ] . cireuLAR EXTERNA CONUNTAND 00027 e 2017
* Alert - Detection of the optr-A gene in poultry isolates for the 14 A00 2017
first time in the Americas (Linezolid) PARK  GOBERNADORES, ALCALDES, SECRETARIOS DE SALUD DEPARTAMENTALES,

DISTRITALES Y MUNICIPALES O QUIENES HAGAN SUS VECES, DIRECTORES DE
SALUD PUBLICA, COORDINADORES DE VIGILANCA EN SALUD PUBLICA,
TR T . COORDINADORES DE LABORATORIOS DE SALUD PUBLICA DISTRITALES Y

* Senzibilitation of the agricultural sector DEPARTAMENTALES, ENTIDADES ADMINISTRADORAS DE PLANES DE BENEFICIOS,
~ INSTITUCIONES PRESTADORAS DE SERVICIOS DE SALUD, LABORATORIOS

FARMACEUTICOS  VETERINARIOS, IMPORTADORES DE MEDICAMENTOS

* Development of international networking (AGISAR, PULSENET) it B g o S i
DE: MINISTRO DE SALUD Y PROTECCION SOCIAL

MINISTRO DE AGRICULTURA Y DESARROLLO TERRITORIAL

DIRECTORA GENERAL DEL INSTITUTO NACIONAL DE SALUD -INS-

GERENTE GENERAL DEL INSTITUTO COLOMBIANO AGROPECUARIO -ICA-
DIRECTOR DEL INSTITUTO NACIONAL DE VIGILANCIA DE MEDICAMENTOS Y
ALIMENTOS -INVIMA-

DIRECTOR EJECUTIVO DE LA CORPORACION COLOMBIANA DE INVESTIGACION
AGROPECUARIA -CORPOICA-

ASUNTO: INTENSIFICACION DE LAS ACCIONES DE VIGILANCIA EN SALUD PUBLICA,
VIGILANCIA SANITARIA, PREVENCION Y CONTROL DE LA TRANSMISION DE CEPAS
BACTERIANAS GRAM NEGATIVAS, CON RESISTENCIA A COLISTINA EN COLOMBIA




. AGROSAV/A
“NIHR-UK -Global Health Research Unit on

Genomic Surveillance of Antimicrobial Resistance”

Objective: Intelligent global surveillance of pathogenic bacteria using whole genome sequencing through appropriate
testing and analysis, at sentinel surveillance sites located in strategically relevant countries.

™ UNIVERSITY
&% or IBADAN

Scope

1. Specialized human resource

2. Acquisition of state-of-the-art
equipment

3. Workflow implementation for WGS

- End-to-end Laboratory

- Computational capacity for
bioinformatic analysis

4. Validated bioinformatic procedures

5. GOLD Certification in Good Financial

Practices

@® Centre for Genomic h I I IR National Institute
. :.. mml lger Pathogen Surveillance I | for Health Research

1’200.242 GBP



Highlighted results

Scope- Technical results

1. Sequencing and analysis of zoonotic bacteria and ESKAPE: ~4,000

* Massive collection of high-resolution information 506 Gb of information

2. Knowledge results

* Detection of high-risk clones, emerging variants, and identification of

endemic clones

* Description of RAM mechanisms

* Dissemination of AMR genes important in public health and veterinary

L] o
m e d I C I n e Clinical Infectious Diseases Ky A [
AIDSA |

Good Financial Grant Practice: A Tool for Developing
ng Institutional Financial and Grant

s -
X ¢ pacity in Global Health
Whole-genome sequencing as part of © [k oo . i Lbviomr oo i foctous Diseases
national and international surveillance .
programmes for antimicrobial
resistance: a roadmap

of grant funding across global health organizations pr
that funds are used in the most effctive way to impre Syyryeillance
ment Goal 3, “Ensure healthy lives and promote well

Aard (AR 14511 s tha warlds firct and e

NIHR Global Health Research Unit on Genomic Surveillance of AMR

SUPPLEMENT ARTICLE

Overcoming Data Bottlenecks in Genomic Pathogen e o

Clinical Infectious Diseases

SUPPLEMENT ARTICLE

Integrating Scalable Genome Sequencing Into
Microbiology Laboratories for Routine Antimicrobial
Resistance Surveillance

‘emanda Valencia,’ Marietta L Lagrada, Polle Krystle V. Macaranas, Geetha Nagarai,*
1EINQ
“‘IDbA = hlvma H -

s o be complemented v
using phenotypic

seillance. Sur
ach does lite for

sl o Ayorinde 0. Afolayan,' Johan Fabian Benal? June M. Gayeta, el
- Carlos. ' Ravik

AM.A S and

sihi

Researct h Uniton' CE":I'A““ ‘The global spread of antimicrobial resistance (AMR)

and lack of novel reatments have been '+ Aot resance M) s bo decred 2.

public by WHO. Joba

public health emergency by WHO. &

The greatestimpact of AMR s experienced in S liteee s e S
esource-poa setings, because of lack of access 1o o e et i o A ks 8

for
il tesitance: 2
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SUM(Number of Records)
Je)
1
i 200
400
- ® 3 600
) 800
1,069
2 (]
Organism

I Acinetobacter

. P E.coli

M Kiebsiella
@‘ N. gonorrhoeae
%‘ ¢ M Non-Typhoidal Salmonella
- Other Enterobacteriaceae
. Pseudomonas

Q e [ S. aureus

M s. pneumoniae
° L4 b S. TyphifParatyphi

. M V. cholerae

[

Ecuador

Regional distribution of sequenced isolates.




Complexity of Genomic Epidemiology of AGROSAV/A
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[

Carbapenem-Resistant Klebsiella pneumoniae Isolates in
Colombia

Carbapenamase genes
identified in 389 of 425 CRKP isolates

blakpc in 294 isolates
* blaypnm in 63 isolates
* blay,y in 20 isolates

e co-production of ,.kpc:nom IN 11 isolate

KPC-2 (n=126)

KPC-3 (n=168) B VIM-2 (n=13)
VIM-4 (n=6)

BN VIM-24 (n=1)

* co-production of blakpc.yimin 1 isolate

NDM-1 (n=60)
NDM-9 (n=3)

No carbapenemase
KPC-2+NDM-1 (n=9)

00 nrnne

Departaments without isolates in survillance KPC-3+NDM-1 (n=2)
Departaments with isolates in survillance BN KPC-3+VIM-24 (n=1)
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A

Installed and Validated Capacities
‘ s

Laboratorio de Genética Molecular
MiSeq System

[

HEPA Module

Laboratorio de Microbiologia Pecuaria
Vitek 2 Compact

Laboratorio de Microbiologia Pecuaria
MinION Mk1C

Departamento de Tecnologias de Informacion
Servidor 188 RAM—44TB
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* Colombian Strategic AMR Research Agenda
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C. AGROSAV/A
ANCIRAM Initiative e s st s

FGROSAVI

COLOMBIAN NATIONAL AGENDA OF INVESTIGATION
AND INNOVATION IN ANTIMICROBIAL RESISTANCE ANCIRAM

(Azenda Nacionz! Colombiana de Investizacion & Innovacion en Resistencia Anti Microbiana)

BASED ON THE ONE HEA LTH A PROA CH COLOMBIAN NATIONALAGENDA OF INVESTIGATION AND INNOVATION IN ANTIMICROBIAL

RESISTANCE BASED ON THE ONE HEALTH APROACH

TWOFOLD 2022 OBJECTIVE

. Defining the priority topics of RAM investigation on which the Colombian actors involved in RAM agree to
work in a collaborative manner.

i Botto m - u p a p p roa c h . Designing a network centric organization (hub-and-spoke type or similar) to foster the collaborative efforts

and to attract and focus the required resources for the prioritized topics

* One Health Framework S o L

ANCIRAM uses a bottom-up approach and the One Health conceptual framework. The GAP (Global Action Plan on
Antimicrobial Resistance) and the international strategic agenda of Joint Programming Initiative on AMR (JPIAMR)
are proposedto the Colombian actors as basis to elaborate the priority topics specifics to Colombia. The national
agenda and the design of the network centric organization are collaboratively developed through workshops opened

* GAP and Strategic Research Agenda of JPIAMR

SEAMLESS OPERATIONS

i con nection With Quadripa rtite I nitiative (WHO/FAO/OI E/U N EP) ANCIRAM is operated in 2022 by a 4 people team of AGROSAVIA, financed within a contract of MINAGRO. An

Advisory Board open to all the Colombian actors in RAM meets monthly to review progress, to address questions of
the project team and to provide general guidance.

* Network Centric Organization

CONTACT: PILAR DONADO, Ph.D. AGROSAVIA
Ridongdo®garosavia co

Tel/WhatsApp/FaceTime: 313366 0458

FETR riversidod 4o

B osmow UNIVERSIDAD m\lnur'hl.\ﬂdr R
L4 RO T R iNTioouia | ELBOsQUEN Ulos '\“d?fﬁ et arie Rosario;
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ANCIRAM Initiative

GLOBAL ACTION PLAN AMR 2015 (WHO,FAO, OIE)
(5 objectives)

l |

OBJECTIVE 2 OBJECTIVE 5
Strengthened knowledge and evidence Increased R&D on new medicines,diagnostics, vaccines and other
base used for policy and practice decisions inventions.

l l
I l T l

SURVEILLANCE RESEARCH INNOVATION POLITICS

National Agenda

& WGS RAM

B < n




ANCIRAM Initiative

Pre-selected Research Themes

Innovation

* Find new antimicrobials and targets
* Develop alternatives for antimicrobials
* Improve the efficacy of new and existing diagnostic tools to more

effectively distinguish between infections, and/or detect
antimicrobial susceptibility

* Improve the use of rapid diagnostics in appropriate One Health
settings

AGROSAV/A
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Research

Unravel the complex dynamics of selection and transmission of
antimicrobial resistance

Identify factors responsible for the persistence and spread of
resistant organisms and resistance elements

Determine and model the contribution of contamination sources,
environmental reservoirs and exposure routes on the emergence
and spread of AMR




C. AGROSAV/A
ANCIRAM Initiative e s st s

Challenges

* Change RAM research specialists into strategic contributors

* Foster a collaborative approach between groups who are used
to compete for limited resources

* Financing of research activities
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* Four concluding remarks
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Four Concluding Remarks = e

Concluding Remark 1:

In Colombia like in others LMICs, exist specific risks for AMR
development due to challenges on health systems, informality
in agri-food markets and lack of infrastructures

—A
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Four Concluding Remarks = e

Concluding Remark 2:

In Colombia like in others LMICs, the One Health Approach is
highly relevant since livestock production systems generate

much greater contact between humans, animals and the natural
environment than in HICs.
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Four Concluding Remarks = e

Concluding Remark 3:

In Colombia like in others LMICs, genetic approaches for mapping
transmission across the One Health continuum are indispensable

tools that need to be developed in a coordinated way at national
levels and in collaboration with international organizations.
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Four Concluding Remarks = e

Concluding Remark 4:

In Colombia like in others LMICs, AMR development is a complex
problem with characteristics of nonlinearity, emergence, positive and
negative feedback and adaptation, which requires a customization of
One Health research implementation including more bottom-up
approach and specific innovation routes.
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namre _ REVIEW ARTICLE
mICI'OblOlogy https://doi.org/10.1038/541564-022-01124-w

[ ".} Check for updates

A bottom-up view of antimicrobial resistance
transmission in developing countries

Odion O. lIkhimiukor®1, Erkison Ewomazino Odih'?, Pilar Donado-Godoy? and Iruka N. Okeke &

Antimicrobial resistance (AMR) is tracked most closely in clinical settings and high-income countries. However, resistant
organisms thrive globally and are transmitted to and from healthy humans, animals and the environment, particularly in
many low- and middle-income settings. The overall public health and clinical significance of these transmission opportunities
remain to be completely clarified. There is thus considerable global interest in promoting a One Health view of AMR to enable
a more realistic understanding of its ecology. In reality, AMR surveillance outside hospitals remains insufficient and it has
been very challenging to convincingly document transmission at the interfaces between clinical specimens and other niches.
In this Review, we describe AMR and its transmission in low- and middle-income-country settings, emphasizing high-risk
transmission points such as urban settings and food-animal handling. In urban and food production settings, top-down and
infrastructure-dependent interventions against AMR that require strong regulatory oversight are less likely to curtail transmis-
sion when used alone and should be combined with bottom-up AMR-containment approaches. We observe that the power of
genomics to expose transmission channels and hotspots is largely unharnessed, and that existing and upcoming technological
innovations need to be exploited towards containing AMR in low- and middle-income settings.
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