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The Two Worlds?

High income Countries

Low-Middle income Countries

• Respectable taxation systems

• Broken taxation system

• Controllable corruption
• Appropriate funded healthcare
(usually public)

?

• Corruption is the norm
• Healthcare systems are invariably
private (even public hospitals)

• Decent sanitation

• Poor sanitation

• Clean portable water

• Contaminated portable water

• Industrial waste controlled

• Industrial waste uncontrolled

• Antibiotic stewardship - variable

• Antibiotic stewardship – poor

• Microbiology support - good

• Microbiology support - weak
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So, where are we?
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What is the pre-an-bio-c Era?
Multi-drug Resistance (MDR)
e.g. NDM-1 (resistance to carbapenems)

Extensively-drug Resistance (XDR)
e.g. MCR-1 (resistance to polymixins/colistin)

Pan-drug Resistance (PDR)

Medical tourism
Naming of NDM-1

FIGURE 1 | Epidemiological features of KPC-producing Klebsiella pneumoniae. (1) USA; (2) Colombia; (3) Brazil; (4) Argentina; (5) Italy; (6) Greece; (7)
Poland;
(8) Israel;
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FIGURE 3 | Epidemiological features of NDM-producing K. pneumoniae. (1) India; (2) Pakistan; (3) Bangladesh; (4) Canada; (5) USA; (6) Colombia; (7) Spain;
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UK Carbapenemase data to 2015 - AMRHAI reference unit

What is the pre-an-bio-c Era?
Multi-drug Resistance
e.g. NDM-1 (resistance to carbapenems)

Extensively-drug Resistance
e.g. MCR-1 (resistance to polymixins/colistin)

Pan-drug Resistance
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Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China:
a microbiological and molecular biological study
Yi-Yun Liu*, Yang Wang*, Timothy R Walsh, Ling-Xian Yi, Rong Zhang, James Spencer, Yohei Doi, Guobao Tian, Baolei Dong, Xianhui Huang,
Lin-Feng Yu, Danxia Gu, Hongwei Ren, Xiaojie Chen, Luchao Lv, Dandan He, Hongwei Zhou, Zisen Liang, Jian-Hua Liu, Jianzhong Shen

Summary

Background Until now, polymyxin resistance has involved chromosomal mutations but has never been reported via
horizontal gene transfer. During a routine surveillance project on antimicrobial resistance in commensal Escherichia
coli from food animals in China, a major increase of colistin resistance was observed. When an E coli strain, SHP45,
possessing colistin resistance that could be transferred to another strain, was isolated from a pig, we conducted
further analysis of possible plasmid-mediated polymyxin resistance. Herein, we report the emergence of the first
plasmid-mediated polymyxin resistance mechanism, MCR-1, in Enterobacteriaceae.
Methods The mcr-1 gene in E coli strain SHP45 was identified by whole plasmid sequencing and subcloning. MCR-1
mechanistic studies were done with sequence comparisons, homology modelling, and electrospray ionisation mass
spectrometry. The prevalence of mcr-1 was investigated in E coli and Klebsiella pneumoniae strains collected from five
provinces between April, 2011, and November, 2014. The ability of MCR-1 to confer polymyxin resistance in vivo was
examined in a murine thigh model.
Findings Polymyxin resistance was shown to be singularly due to the plasmid-mediated mcr-1 gene. The plasmid
carrying mcr-1 was mobilised to an E coli recipient at a frequency of 10–¹ to 10–³ cells per recipient cell by conjugation,
and maintained in K pneumoniae and Pseudomonas aeruginosa. In an in-vivo model, production of MCR-1 negated the
eﬃcacy of colistin. MCR-1 is a member of the phosphoethanolamine transferase enzyme family, with expression in
E coli resulting in the addition of phosphoethanolamine to lipid A. We observed mcr-1 carriage in E coli isolates
collected from 78 (15%) of 523 samples of raw meat and 166 (21%) of 804 animals during 2011–14, and 16 (1%) of
1322 samples from inpatients with infection.
Interpretation The emergence of MCR-1 heralds the breach of the last group of antibiotics, polymyxins, by plasmidmediated resistance. Although currently confined to China, MCR-1 is likely to emulate other global resistance
mechanisms such as NDM-1. Our findings emphasise the urgent need for coordinated global action in the fight
against pan-drug-resistant Gram-negative bacteria.
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The spread of mcr-1 – to date!

TACKLING DRUG-RESISTANT
INFECTIONS GLOBALLY:
FINAL REPORT AND
RECOMMENDATIONS
THE REVIEW ON
ANTIMICROBIAL RESISTANCE
CHAIRED BY JIM O’NEILL
MAY 2016
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“Although the scenario where we do not take action is truly
frightening, with over 10 million people dying every year by
2050 and a cumulative hit to the world economy of 100 trillion
USD, it is sometimes hard to comprehend such large numbers.
But these are not just large forecasted numbers; they represent
the future for many individuals - all of us. Indeed, at least
700,000 people die every year already from drug-resistant
infections. AMR is sometimes compared to a slow motion
car crash: sadly, it is one that has already started”
Jim O’Neil 2015
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So, what are we doing?
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UN Declaration or “testimony”

GLASS

Fleming Fund
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High-level Meeting on Antimicrobial Resistance - General Assembly of the United Nations

"

Welcome to the United Nations
!

23/02/2017 01:29

1/5

English

Navigation

Draft political declaration of the high-level meeting of the
General Assembly on antimicrobial resistance
We, Heads of State and Government and representatives of States and
Governments, meeting at United Nations Headquarters in New York on
21 September 2016, in accordance with General Assembly resolution 70/183, in
which the Assembly decided to hold a high-level meeting in 2016 on antimicrobial
resistance:
1.
Reaffirm that the blueprint for tackling antimicrobial resistance is the
World Health Organization global action plan on antimicrobial resistance 1 and its
five overarching strategic objectives developed by the World Health Organization in
collaboration with, and subsequently adopted by, the Food and Agriculture
Organization of the United Nations and the World Organization for Animal Health;
2.
Also reaffirm that the 2030 Agenda for Sustainable Development 2 offers
a framework to ensure healthy lives, and recall commitments to fight malaria,
HIV/AIDS, tuberculosis, hepatitis, the Ebola virus disease and other communicable
diseases and epidemics, including by addressing growing antimicrobial resistance
and neglected diseases affecting developing countries in particular, while reiterating
that antimicrobial resistance challenges the sustainability and effectiveness of the
public health response to these and other diseases as well as gains in health and
development and the attainment of the 2030 Agenda;

GENERAL
ASSEMBLY OF
THE UNITED
NATIONS

3.
Acknowledge that the resistance of bacterial, viral, parasitic and fungal
microorganisms to antimicrobial medicines that were previously effective for
treatment of infections is mainly due to: the inappropriate use of antimicrobial
medicines in the public health, animal, food, agriculture and aquaculture sectors;
lack of access to health services, including to diagnostics and laboratory capacity;
and antimicrobial residues into soil, crops and water: within the broader context of
antimicrobial resistance, resistance to antibiotics, which are not like other
medicines, including medicines for the treatment of tuberculosis, is the greatest and
most urgent global risk, requiring increased attention and coherence at the
international, national and regional levels;

President of the 71st session
« All Events
This event has passed.

High-level Meeting on Antimicrobial Resistance

4.
Also acknowledge that, due to antimicrobial resistance, many
achievements of the twentieth century are being gravely challenged, in particular:
the reduction in illness and death from infectious diseases achieved through social
and economic development; access to health services and to quality, safe,
efficacious and affordable medicines; hygiene, safe water and sanitation; disease
prevention in community and health-care settings, including immunization; nutrition
and healthy food; improvements in human and veterinary medicine; and the
introduction of new antimicrobial and other medicines;

21 September 2016 @ 10:00 am - 6:00 pm
211

5.
Recognize that the above achievements are now gravely challenged by
antimicrobial resistance, including: the development of resilient health systems and
progress towards the goal of universal health coverage; treatment options for HIV
and sexually transmitted infections, tuberculosis and malaria, as well as other
infections acquired in community and health-care settings; gains in infection
prevention and control in community and health-care settings; advances in
__________________
1
2

16-16108 (E)
http://www.un.org/pga/71/event-latest/high-level-meeting-on-antimicrobial-resistance/
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See World Health Organization, document WHA64/2015/REC/1, annex 3.
Resolution 70/1.
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Will it work?
- “Committees”
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Summary of UN Declaration
1.
2.
3.
4.

Reaffirm WHO blue print on AMR
Reaffirm 2030 framework for healthy lives
Acknowledge AMR and the rout causes of AMR
Acknowledge the negative impact on AMR on well-being and life
expectancy
5. Recognize that universal health coverage will be compromised by AMR
6. Recognize that AMR will effect those most vulnerable e.g. neonates
7. Note the right to a high standard of physical and mental health
8. Note the lack of access to antimicrobials in LMICs
9. Recognize that there are a comprehensive list of “keys” to tackle AMR
10. Policies must align with “One World Health” agenda
11. Recognize a need for broad engagement
12-15. Details of Commitment
25

UN Declaration or “testimony”

GLASS

Fleming Fund
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Manual for Early Implementation

Table 1. Five-year road map for implementation of GLASS
Year

Targets

2015

Prepare manual, set up IT hub and plan support for implementation of GLASS.
Establish a platform for international collaboration with WHO collaborating centres,
national and regional networks and other laboratories and institutions to allow WHO to
support countries in implementing GLASS.
Initiate country enrolment.

2016

Global Antimicrobial
Resistance Surveillance
System

Start collection of baseline data on human antibacterial-resistant infections from WHO
Member States.
Report on progress in implementation.
Target the participation of 15% of Member States.

2017

Consolidate baseline data collection on human antibacterial-resistant infections from
WHO Member States.
Increase the capacity of the platform to build relations with other AMR surveillance systems (e.g. in animal health, agriculture and use and consumption of antibiotics).

Manual for Early Implementation

Extend Member States participation to 20%.
2018

Report on the global and regional AMREBUB in human health.
Explore the feasibility of case-finding by surveillance of clinical syndromes at selected
surveillance sites.
Extend Member States participation to 30%.

2019

Review lessons learnt from early implementation to inform further development of
GLASS.
Extend Member States participation to 40%.
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Global Antimicrobial Resistance Surveillance System

Manual for Early Implementation

Table 3. 1BUIPHFO–antimicrobial combinationsPOXIJDI(-"44XJMMHBUIFSEBUB
Pathogen
Antibacterial class
Antibacterial agents that may be used for
ASTa,b

2. Surveillance methods

Escherichia coli

2.1 Routine surveillance and case-finding based on routine clinical samples of priority
specimen types
Cases will be found among routine clinical samples by AST of defined specimen types from patients selected for sampling at surveillance sites according to local practice. Basic demographic and epidemiological
information will be collected on each patient and on the population covered to identify their characteristics.
AST results will thus be combined with the patient data that accompany every request for AST (Annex 2)
and related to population data from the surveillance site.

1PMZNZYJOT
1FOJDJMMJOT

The priority specimens and pathogens for AMR surveillance of routine clinical samples are listed in Table 2.

Klebsiella
pneumoniae

Sulfonamides and trimethoprim
FluoroquinoloneT
Third-generation cephalosporins
Fourth-generation cephalosporinT
CarbapenemsD

Acinetobacter
baumannii

Tetracyclines

Table 2. Priority specimens and pathogens for surveillance of AMR
Specimen

Laboratory case definition

Surveillance type and
sampling setting

Priority pathogens for
surveillance

Blood

Isolation of pathogen
from blooda

Selected sites or
national coverage

E. coli

Continuous
Patients in hospital
and JOUIFcommunitZ

Urine

Significant growth in
urine specimenb

Selected sites or
national coverage
Continuous

1PMZNZYJOT

K. pneumoniae
A. baumannii

Staphylococcus
aureus
Streptococcus
pneumoniae

E. coli
K. pneumoniaF

Isolation of Salmonella
spp.c or Shigella spp.
from stools

Selected sites or
national coverage
Continuous

Shigella spp.

Shigella spp.

Patients in hospital
and JOUIFcommunitZ
Urethral and cervical
swabs

Isolation of
/gonorrhoeae

Selected sites or
national coverage

Neisseria
gonorrhoeae

N. gonorrhoeae

Patients in hospital
and JOUIFcommunitZ

b
c

Cefoxitind

Penicillins

Oxacilline
Penicillin G
Co-trimoxazole
Ceftriaxone or cefotaxime
Ciprofloxacin or levofloxacin
Ceftriaxone or cefotaxime and ceftazidime
Imipenem, meropenem, ertapenem or
doripenem
Ciprofloxacin or levofloxacin
Ceftriaxone or cefotaxime and ceftazidime
Azithromycin
Cefixime
Ceftriaxone
Azithromycin
Spectinomycin
Ciprofloxacin
Gentamicin

Third-generation cephalosporins
Fluoroquinolones
Third-generation cephalosporins

Fluoroquinolones
Third-generation cephalosporins
Macrolides
Third-generation cephalosporins
Macrolides
Aminocyclitols
Fluoroquinolones
Aminoglycosides

Continuous

a

Penicillinase-stable beta-lactams

CarbapenemsD

Salmonella spp.

a

"OZQBUIPHFOJTPMBUFEGSPNBCMPPEDVMUVSFNBZCFTJHOJGJDBOUGPSTVSWFJMMBODFMPDBMMZBOEOBUJPOBMMZPOMZUIFQSJPSJUJ[FE
QBUIPHFOTGPSHMPCBMTVSWFJMMBODFBSFMJTUFEIFSF
1VSFDVMUVSFBDDPSEJOHUPMPDBMMBCPSBUPSZQSBDUJDF$BUIFUFSTBNQMFTTIPVMECFFYDMVEFEJGQPTTJCMF
%JBSSIPFBMTVSWFJMMBODFJTGPSOPOUZQIPJETBMNPOFMMBTQFDJFTGPSMPDBMDMJOJDBMQVSQPTFT UZQIPJEBOEQBSBUZQIPJETIPVMECF
JODMVEFE

b
c
d

e

5

8

Co-trimoxazole
Ciprofloxacin or levofloxacin
Ceftriaxone or cefotaxime and ceftazidime
Cefepime
Imipenem, meropenem, ertapenem or
doripenem
Colistin

1PMZNZYJOT

Sulfonamides and trimethoprim
Salmonella spp.

Co-trimoxazole
Ciprofloxacin or levofloxacin
Ceftriaxone or cefotaxime and ceftazidime
Cefepime
Imipenem, meropenem, ertapenem or
doripenem
$PMJTUJO
"NQJDJMMJO

Tigecycline or minocycline
Gentamicin and amikacin
Imipenem, meropenem or doripenem
Colistin

Aminoglycosides
CarbapenemsD

S. aureus
S. pneumoniae
Salmonella spQ

Patients in hospital
and JOUIFcommunitZ
Faeces

Sulfonamides and trimethoprim
Fluoroquinolones
Third-generation cephalosporins
Fourth-generation cephalosporinT
Carbapenemsc

The listed substances are priorities for surveillance of resistance in each pathogen, although they may not be first-line options for treatment. One
or more of the drugs listed may be tested.
One or more of the drugs listed may be tested in countries. S, I, R and nominator and denominator data for each shall be reported separately.
Imipenem or meropenem is preferred to represent the group when available.
Cefoxitin is a surrogate for testing susceptibility to oxacillin (methicillin, nafcillin); the AST report to clinicians should state susceptibility or resistance to oxacillin.
Oxacillin is a surrogate for testing reduced susceptibility or resistance to penicillin; the AST report to clinicians should state reduced susceptibility
or resistance to penicillin.
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Figure 1. Schematic view of information flow

Annex 3. Structure for reporting aggregated data by a national surveillance coordinating centre
The tables below illustrate the structure of aggregated data and the level of aggregation of data to be
collected from participating countries. The tables are not to be used as collection forms; other tools
(WHONET application, specification of digital export files from other systems) will be provided for that
purpose.
To save space, not all the priority pathogens and antibiotic combinations are included in the examples, and
only few age groups are shown.
The listed drugs are priorities for surveillance of antibacterial resistance; they may not be options for firstline treatment.

Table A.3.1. Participation in GLASS baseline surveillance

Contact information
Country: ...........................................................................
Total population: ..........................................................
Contact person:........................................................... "MUFSOBUJWFDPOUBDUQFSTPO
Telephone: .....................................................................5FMFQIPOF:...................................................................
E-mail: ..............................................................................&NBJM
Address: .........................................................................."EESFTT

Priority specimen*

a.
b.
c.
d.
e.

14

Core patient information: age, date of birth, gender, specimen type, date of specimen collection, hospital or
community origin, use of antimicrobial agents (see Annex 2).
Structure for reporting aggregated data at country level given in Annex 3.
Priority pathogen-specimen combinations are listed in Tables 2 and 3.
Population information as described in 2.1.1.
National level includes the national surveillance coordinating centre and the national reference laboratories.

*

22

Pathogens*

Bloodstream infections (Table")

E. coli
K. pneumoniae
A. baumannii
S. aureus
S. pneumoniae
Salmonella spQ

Urinary tract infections (Table ")

E. coli
K. pneumoniae

AcutF diarrhoea (Table "4)

Salmonella spQ
Shigella spQ

Gonorrhoea, urethra, cervix
5able")

N. gonorrhoeae

Tick the items included in national surveillance and reported to GLASS

29

Table A.3.2 (continued)
Numbers of patients with susceptible, intermediate and resistant results for each priority pathogen and antibiotic

Species

Antibiotics

Age group (years)
<1

1-4

Female
AST result
E. coli

Co-trimoxazole

E. coli

Fluoroquinolones
R to any agent

E. coli

Ciprofloxacin

E. coli

Levofloxacin

E. coli

Third-generation
cephalosporins
I+R to any agent

E. coli

Ceftriaxone

E. coli

Cefotaxime

E. coli

Ceftazidime

E. coli

Fourth-generation
cephalosporins
Cefepime

E. coli

Carbapenems
I+R to any agent

E. coli

Imipenem

E. coli

Meropenem

E. coli

Ertapenem

E. coli

Doripenem

E. coli

Colistin

E. coli

Ampicillin

Hospital origin
S
I
R

Male
Community origin
S
I
R

Hospital origin
S
I
R

Female
Community origin
S
I
R

Hospital origin
S
I
R

Male
Community origin
S
I
R

Hospital origin
S
I
R

Community origin
S
I
R

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:

No. of
isolates
tested:
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The Fleming Fund –
Country and Regional
Grants
Dr Toby Leslie, Team Leader, Fleming Fund
Mo? MacDonald.

Programme Funding
The Fleming Fund
£265m up to
2020/21

Surveillance
protocol and
plaHorm

Grants to
mulClaterals
WHO, FAO, OIE

Portfolio of
country and
regional
grants

Fleming
Fellows

Mo( MacDonald

Independent
Evaluation

ITAD

Fleming Fund
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Core Principles
• A One Health approach to human and animal health and AMR in
agriculture and the environment.
• In country ownership.
• A view to sustainability.
• Alignment of ac>vi>es and systems – from naConal to regional
to internaConal.
At the heart of the programme will be commitments to evaluaCon,
conCnued improvement and value for money.
Fleming Fund
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The Roadmap:

Gov

UNGA /
GHSA /
Global

Dev Partners

Others

DH FF

Academia
GAP

NAP

Fleming Fund Country
Grants
Country assessment
Proposal Development
Grant-making

Country
Ownership
Nat’l AMR C’6ee:
One Health group
M o Finance

Surveillance
Be(er Surveillance
Improved Stewardship
Improved Treatment
Avert Economic and Social
Burden of AMR

Human Health

Animal Health

AMU / DQ

Environment

LSHTM Protocol

Capacity Building
Lab
Infrastructure

Human
Resources
Fleming Fellowship
Scheme
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National Action Plan to Contain Antimicrobial Resistance (2016-2020)

14/11/2016 01:53

National Action Plan to Contain Antimicrobial Resistance (20162020)
(en.nhfpc.gov.cn)
Updated: 2016-08-26

What does a NAP
look like?

To promote the management of antibacterial agents and containment of bacterial resistance, and to protect the public health and guarantee
harmonious economic and social development, the National Action Plan to Contain Antimicrobial Resistance was prepared.

I Introduction

China is one of the major countries for the production and use of antibacterial agents. Antibacterial agents are widely used in healthcare and animal
husbandry. It plays a significant role in treating infections and saving patient lives, preventing and treating animal diseases, improving farming
efficiency, and guaranteeing public health security. However, antimicrobial resistance has become increasingly prominent due to insufficient research
and development capacity of new antimicrobials, sales of antimicrobials without prescriptions in pharmacies, irrational use of antibacterial agents in
medical and food animal sectors, non-compliant waste emissions of pharmaceutical enterprises, as well as lack of public awareness toward rational
use of antimicrobials. Bacterial resistance ultimately affects human health, but the cause of bacterial resistance and consequences are beyond the
health sector. Antimicrobial resistance brings increasing biosecurity threats, worsens environmental pollution, constrains economic development and
other adverse effects to human society, thus, there is an urgent need to strengthen multi-sectoral and multi-domain collaborative planning to jointly
cope with this issue.

II The Goals of the National Action Plan

In order to deal with the challenge of antimicrobial resistance, the National Action Plan aims to establish comprehensive management strategies and
measures on the national level for the overall implementation of strengthening the supervision of antimicrobial research and development, production,
circulation, use and environmental protection, promoting advocacy and education, and international exchanges and cooperation. The following goals
will be achieved by 2020:

1.To launch 1-2 new initiative antibacterial agents and 5-10 new diagnostic instruments and reagents.

2.The proportion of sales with prescription of antibacterial agents in retail pharmacies will be basically realized in whole country with full-coverage. The
proportion of sales with veterinary prescription of antibacterial agents in animal sector will be realized in 50% in Provinces (autonomous regions and
municipalities).

3.To optimize the surveillance networks of antibacterial agents consumption and antimicrobial resistance in both healthcare and food animal sectors; to
set up reference laboratories of antimicrobial resistance and bacterial strain banks; to establish evaluation system for antimicrobials use and
antimicrobial resistance control in healthcare system and animal husbandry.

4.To establish the antimicrobial stewardship program in secondary- and tertiary-level hospitals. To effectively control the increasing trend of the main
antimicrobial-resistant bacteria in healthcare system.

5.The antimicrobials shared by humans and animals or easily producing cross-resistance should be gradually withdrawn from the market of animal
growth promoters. To effectively control the increasing trend of the main animal origin antimicrobial-resistant bacteria.

6.To develop and implement educational efforts to ensure that medical staff, veterinarians and animal producers receive information and training of
rational use of antibacterial agents. To implement education and training about rational use of antibacterial agents in primary and secondary schools.
To set up publicity week of the rational use of antimicrobials.

http://en.nhfpc.gov.cn/2016-08/26/c_70276.htm
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Conflicting factors!

39

+ Customer support available 24/7/365!
+ 30 days money back Guarantee!
+ Many payment options: Visa,
MasterCard, eCheck, Amex, Wire transfer
etc.

-buy online meropenem without a prescription overnight shipping
-online consultation meropenem all us regions
-meropenem non rx fedex overnight free
-cheap meropenem in edinburgh
-cash on deliver meropenem overnight delivery no prescription
-buy cheap generic meropenem without prescription
-buy meropenem online cash on delivery
-next day meropenem prices in u.s
-low prices meropenem injection
-meropenem without rx overnight shipping
-meropenem cheap overnight fedex
-meropenem free consultation fedex overnight delivery
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Baseline Sociodemographic characterisitics of patients presenting to a tertiary care hospital
in Karachi Pakistan by NDM status
NDM+= 234

NDM- =1240

Overcrowding(N%)
P-value (all based
<2.5/room
2.5-5/room
on chi square test
>5/room
except for age
based on
Type of housing(N%)
independent
Kutcha
sample t-test)
Pakka

Age(mean±SD in years)

34.9±16.3

34.5±18.5

0.7

Gender(N%)
Male
Female

104(48)
138(57)

625(48.3)
668(51.7)

0.1

Income class(N%)
Low
Middle-High

210(86.8)
22(9.1)

1143(91.1)
111(8.9)

Education(N%)
No or primary
Secondary
Tertiary

174(76.7)
52(22.9)
1(0.4)

849(68.3)
383(30.8)
11(0.9)

Admitting ward(N%)
Male
Female
Mixed
Paediatric
ICU

93(39.9)
127(54.5)
1(0.5)
5(2.2)
7(3)

540(43.4)
558(44.9)
27(2.2)
57(4.6)
61(4.9)

0.8

0.04

0.02

History of travel in
past year(N%)
Yes
No

74(31)
165(69)

391(30.5)
891(69.5)

Antibiotic use(N%)
Yes
No
Unsure

11(4.8)
159(69.7)
58(25.4)

49(4)
874(71.6)
297(24.3)

Household, water and sanitation characterisitics of patients presenting to a tertiary care
hospital in Karachi, Pakistan by NDM status

0.9

0.8

0.7
50(22.9)
125(57.3)
43(19.7)

285(23.5)
719(59.3)
219(17.2)

9(3.8)
231(96.3)

20(1.6)
1249(98.4)

Drinking water(N%)
Municipal
Vendor
Well
Other

192(79.3)
20(8.3)
22(9.1)
3(1.2)

1078(83.2)
126(9.8)
67(5.2)
8(0.6)

Duration of
running water in
hours per day(N%)
Not connected
≤4 hours
5-12 hours
>12hours

24(10.2)
118(50)
59(25)
35(14.8)

112(8.8)
699(55)
342(26.9)
117(55.2)

Duration of
running water in
days/week(N%)
Once a week or less
2 to 3
4 to 7

91(38.7)
78(33.2)
66(28.1)

501(39.9)
445(35.5)
307(24.5)

Stagnant water
near home(N%)
Yes
No

62(26.2)
175(73.8)

287(22.4)
996(77.6)

Wastepile near home(N%)
Yes
78(32.8)
No
168(67.2)

375(29.5)
895(72.5)

Toilet
Sit down with flush
Squat with flush
Pit Latrine

0.02

0.08

0.05

0.5

0.2

49(20.5)
182(76.2)
8(3.3)

0.3

454(35.5)
800(62.6)
23(1.8)

43

<0.0001
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Comprehensive resistome analysis reveals the
prevalence of NDM and MCR-1 in Chinese
poultry production
Yang Wang1†, Rongmin Zhang1†, Jiyun Li1, Zuowei Wu2, Wenjuan Yin1, Stefan Schwarz3,4,
Jonathan M. Tyrrell5, Yongjun Zheng6, Shaolin Wang1, Zhangqi Shen1, Zhihai Liu7, Jianye Liu7,
Lei Lei7, Mei Li5,7, Qidi Zhang8, Congming Wu1, Qijing Zhang2, Yongning Wu9,
Timothy R. Walsh5* and Jianzhong Shen1*
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By 2030, the global population will be 8.5 billion, placing
pressure on international poultry production, of which China
is a key producer1. From April 2017, China will implement the
withdrawal of colistin as a growth promoter, removing over
8,000 tons per year from the Chinese farming sector2. To
understand the impact of banning colistin and the epidemiology
of multi-drug-resistant (MDR) Escherichia coli (using blaNDM
and mcr-1 as marker genes), we sampled poultry, dogs,
sewage, wild birds and ﬂies. Here, we show that mcr-1, but
not blaNDM , is prevalent in hatcheries, but blaNDM quickly contaminates ﬂocks through dogs, ﬂies and wild birds. We also
screened samples directly for resistance genes to understand
the true breadth and depth of the environmental and animal
resistome. Direct sample testing for blaNDM and mcr-1 in hatcheries, commercial farms, a slaughterhouse and supermarkets
revealed considerably higher levels of positive samples than
the blaNDM- and mcr-1-positive E. coli, indicating a substantial
segment of unseen resistome—a phenomenon we have
termed the ‘phantom resistome’. Whole-genome sequencing
identiﬁed common blaNDM-positive E. coli shared among
farms, ﬂies, dogs and farmers, providing direct evidence of carbapenem-resistant E. coli transmission and environmental
contamination.
Antimicrobial resistance is now recognized as one of the most
serious global threats to human and animal health. These concerns
are exempliﬁed by the rapid increase in carbapenem-resistant
Enterobacteriaceae (CRE) expressing enzymes such as KPC-1 and
NDM-1 (refs 3, 4). Since the ﬁrst detection of blaNDM−1 in China
in 2011 (ref. 5), the rapid emergence of blaNDM−1-positive CRE
has been reported in hospitals in several provinces in China6,7.
However, reports of CRE from the farming/animal sector remain
rare, particularly carbapenem-resistant Escherichia coli (CREC)8,9.
This paucity of reports and the low prevalence of CRE in animals
have encouraged suggestions that animals are not a primary
source of CRE in humans10.

For serious infections caused by CRE, treatment options are
limited and invariably rely on tigecycline and colistin11,12. In 2015
we reported from China the ﬁrst identiﬁcation of plasmidmediated colistin resistance, MCR-1 (ref. 13). So far, mcr-1-positive
Enterobacteriaceae (MCRPE) have been found in animals, food,
humans and environments in over 25 countries across four continents14,15. Our ﬁrst report suggested that mcr-1 is likely to have
occurred ﬁrst in animals and then spread to humans, but no detailed
information is available to verify this. Additionally, reports on
blaNDM in the Chinese poultry sector are rare, as are reports of
MCRPE possessing blaNDM. We thus carried out an extensive and
systematic sampling regime in Shandong Province (commercial
farms, a slaughterhouse, supermarkets, ﬂies, dogs and birds,
Fig. 1) to understand the epidemiology of CREC and MCRPE
across the Chinese farming sectors.
A total of 245 CRE were recovered from 739 (33.2%) collected
samples, and blaNDM was identiﬁed in 161 (21.8%), 55 (7.4%)
and 29 (3.9%) (E. coli (CREC), Klebsiella pneumoniae and
Enterobacter cloacae, respectively). No blaKPC was detected, and
14 CREC were negative for all tested carbapenemase genes
(Supplementary Table 1). The variants of blaNDM in the 161
CREC isolates were blaNDM-5 (n = 84), blaNDM-9 (n = 55), blaNDM-1
(n = 21) and blaNDM-7 (n = 1). Of note, 37 (23.0%) CREC isolates
were also positive for mcr-1. Direct sample testing (DST) for
mcr-1 was performed on samples from hatchery farms, chicken
cloacae, caeca and meat, and extremely high percentages of positive
samples (85.8–97.0%) were detected (Fig. 2a). However, all 120
samples collected from two hatcheries were blaNDM-negative and
no CREC were recovered. DST for blaNDM was compared to the
isolation of CREC and the following detection rates were found:
165/330 and 83/330 (50.0 and 25.2%) from commercial farms, 31/50
and 5/50 (62.0 and 10.0%) from a slaughterhouse and 16/48 and
14/48 (33.3 and 29.2%) from supermarkets, respectively (Fig. 2a).
Similarly, DST for mcr-1 was compared to the isolation of
MCRPE and found at the following rates: 320/330 and 164/330
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“Phantom Resistome” (Nature Microbiology – in press)

:NDM(Strains)
:NDM(Samples)
:MCR(Strains)
:MCR(Samples)

100.0%

320/330
45/50

90.0%

42/48

103/120

80.0%
70.0%
31/50

60.0%

164/330
165/330

50.0%

22/50
45/120

40.0%

16/48

30.0%

14/48

83/330

12/48

20.0%
5/50

10.0%
0.0%

0/120

0/120
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MMWR Morb Mortal Wkly Rep 2016; 65: 215–16.

China bans colistin as a feed additive for animals
Last year, the first mobile mechanism of colistin resistance,
termed MCR-1, was reported in China.1 Subsequently,
MCR-1 has been reported in more than 30 countries or
regions, spanning four continents.2–4 Jianzhong Shen
and colleagues,5 in a retrospective study, reported that
MCR-1 was present in Escherichia coli as far back as the
mid-1980s, and suggested that the use of colistin in
animal feed has probably accelerated the dissemination
of MCR-1 in animals and, subsequently, human beings.
The predominance of MCR-1 on farms and in livestock,
compared with in normal human flora and hospital
infections, supports this theory (unpublished data).
Previous reporting of antibiotic resistance mechanisms, such as NDM-1, has, rightly or wrongly, caused
international consternation.6 We have engaged with
the Chinese Government to forewarn them of the international interest in MCR-1 and any subsequent criticism
of China’s status quo on the use of colisitin in animal
feeds. In early November, 2015, Shen and colleagues
drafted a report for the Bureau of Veterinary Medicine,
Ministry of Agriculture, to present data on MCR-1, and
suggested that the risk assessment of colisitin used
in animal feeds should be commenced immediately.
The Ministry of Agriculture gave this report serious
consideration, and responded positively by hosting two
assessment meetings regarding the use of colistin as an
animal feed additive. During this period, one of us (TRW)
met with oﬃcials from both the China National Center
for Food Safety Risk Assessment, Ministry of Heath, and
the China Institute of Veterinary Drug Control, Ministry
of Agriculture, to discuss and exchange ideas on the risks
and impact of MCR-1 on both colistin use in animals, and
human beings in China. On July 26, the formal Ministry of
Agriculture announcement (number 2428) regarding the
cessation of colistin as a growth promoter (feed additive)
1102

in animals was released, and the mandate in the revised
document regarding colsitin use for disease treatment
will be put into eﬀect from Nov 1, 2016. This seminal
event will lead to withdrawal of more than 8000 tonnes
of colistin as a growth promoter from the Chinese
veterinary sector, which will be replaced by other nonhuman antibiotics supplemented by traditional Chinese
medicines.7
This unprecedented action has been comparatively
swift and its implementation is unequivocally anticipated
to be immediate and absolute, and will be supported
by constant governmental monitoring. This example
of a top-down approach is in vivid contrast to other
countries’ approaches to tackling antibiotic resistance,
for which governmental support is at best negligible,
if not completely absent, as in the case of the Chennai
Declaration.8
In light of the rapid international reporting of MCR-1,
in June, 2016, the European Medicines Agency (EMA) reevaluated their advice on the use of colistin in European
veterinary practices and forwarded a position paper.9
However, although we welcome further discussion on the
use of colistin, our data on human carriage and infections
is contrary to the EMA’s value of 1 for vertical transmission
of resistance genes (unpublished).1 Equally, our data on
the coexistence of NDM-1 and MCR-1 is at odds with the
value of 1 for coselection of resistance (unpublished).
Therefore, we hope that the EMA will deliberate further
on these criteria and upgrade both from 1 to 3. To permit
the use of colistin for the treatment of individual animals
might seem ethically prudent, but the temptation to
abuse this ethos for metaphylactic purposes might
prove too much in some countries.10–12 The EMA report
clearly indicates that Italy, Spain, and Portugal need
drastic reductions in colistin use to meet their new
www.thelancet.com/infection Vol 16 October 2016
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Fig 1. ‘Average Microbial Resistance’ against ‘An7bio7c Use.’

Collignon P, Athukorala Pc, Senanayake S, Khan F (2015) Antimicrobial Resistance: The Major Contribution of Poor Governance and Corruption to This Growing
Problem. PLoS ONE 10(3): e0116746. doi:10.1371/journal.pone.0116746
http://127.0.0.1:8081/plosone/article?id=info:doi/10.1371/journal.pone.0116746

Fig 2. ‘Average Microbial Resistance’ against ‘Control of Corrup7on.’

Collignon P, Athukorala Pc, Senanayake S, Khan F (2015) Antimicrobial Resistance: The Major Contribution of Poor Governance and Corruption to This Growing
Problem. PLoS ONE 10(3): e0116746. doi:10.1371/journal.pone.0116746
http://127.0.0.1:8081/plosone/article?id=info:doi/10.1371/journal.pone.0116746
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http://databank.worldbank.org/data/download/site-content/wdi/maps/maps-wdi-2016-sec-1-poverty.pdf

Fiji

Electricity supply: 2015

The Two Worlds?

High income Countries

Low-Middle income Countries

• Respectable taxation systems

• Broken taxation system

• Controllable corruption
• Appropriate funded healthcare
(usually public)

?

• Corruption is the norm
• Healthcare systems are invariably
private (even public hospitals)

• Decent sanitation

• Poor sanitation

• Clean portable water

• Contaminated portable water

• Industrial waste controlled

• Industrial waste uncontrolled

• Antibiotic stewardship - variable

• Antibiotic stewardship – poor

• Microbiology support - good

• Microbiology support - weak
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