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The Global Cost of COVID versus AMR?
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High income Countries

• Respectable taxation systems
• Controllable corruption
• Appropriate funded healthcare

(usually public)
• Decent sanitation
• Clean portable water
• Industrial waste controlled
• Antibiotic stewardship - variable 
• Microbiology support – good
• Democratic governments

Low-Middle income Countries

• Broken taxation system
• Corruption is the norm
• Healthcare systems are invariably 

private (even public hospitals)
• Poor sanitation
• Contaminated portable water
• Industrial waste uncontrolled
• Antibiotic stewardship – poor
• Microbiology support – weak
• Instable governments and war

?

The Two Worlds?



Global Initiatives to tackle 
AMR
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Articles

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 plasmid-
mediated 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.

Funding Ministry of Science and Technology of China, National Natural Science Foundation of China.

Introduction
Antimicrobial resistance is now recognised as one of the most serious global threats to human health in the 21st century. 
There is now evidence of political traction, with 
endorsements of statements by the WHO and US Centers 
for Disease Control and Prevention describing a global 
crisis and an impending catastrophe of a return to the pre-
antibiotic era.1–4 These serious concerns have been catalysed 
by the rapid increase in carbapenemase-producing 
Enterobacteriaceae expressing enzymes such as KPC-2 
(Klebsiella pneumoniae carbapenemase-2) and NDM-1 (New 
Delhi metallo-β-lactamase-1).5,6 For serious infections 
caused by carbapenemase-producing Entero bacteriaceae, 
the treatment options are restricted and invariably rely on 
tigecycline and colistin—either singularly or in 
combination with other antibiotics.7,8 Thus the global 
increase in carbapenemase-producing Enterobacteriaceae 
has resulted in increased use of colistin with the inevitable 
risk of emerging resistance.9 This delicate balance between 
clinical necessity and prevention of resistance is further 

compromised by agricultural use of human antibiotics, 
where some countries have actively used colistin in animal 
production.10

Colistin belongs to the family of polymyxins, cationic 
polypeptides, with broad-spectrum activity against Gram-
negative bacteria, including most species of the family 
Enterobacteriaceae. The two polymyxins currently in 
clinical use are polymyxin B and polymyxin E (colistin), 
which differ only by one aminoacid from each other and 
have comparable biological activity. The mechanism of 
resistance to polymyxins is modification of lipid A, 
resulting in reduction of polymyxin affinity. Until now, all 
reported polymyxin resistance mechanisms are 
chromosomally mediated, and involve modulation of 
two component regulatory systems (eg, pmrAB, phoPQ, 
and its negative regulator mgrB in the case of K pneumoniae) 
leading to modification of lipid A with moieties such as 
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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*

1 By 2030, the global population will be 8.5 billion, placing
2 pressure on international poultry production, of which China
3 is a key producer1. From April 2017, China will implement the
4 withdrawal of colistin as a growth promoter, removing over
5 8,000 tonsQ1 per year from the Chinese farming sector2. To
6 understand the impact of banning colistin and the epidemiology
7 of multi-drug-resistant (MDR) Escherichia coli (using blaNDM
8 and mcr-1 as marker genes), we sampled poultry, dogs,
9 sewage, wild birds and flies. Here, we show that mcr-1, but
10 not blaNDM, is prevalent in hatcheries, but blaNDM quickly con-
11 taminates flocks through dogs, flies and wild birds. We also
12 screened samples directly for resistance genes to understand
13 the true breadth and depth of the environmental and animal
14 resistome. Direct sample testing for blaNDM and mcr-1 in hatch-
15 eries, commercial farms, a slaughterhouse and supermarkets
16 revealed considerably higher levels of positive samples than
17 the blaNDM- and mcr-1-positive E. coli, indicating a substantial
18 segment of unseen resistome—a phenomenon we have
19 termed the ‘phantom resistome’. Whole-genome sequencing
20 identified common blaNDM-positive E. coli shared among
21 farms, flies, dogs and farmers, providing direct evidence of car-
22 bapenem-resistant E. coli transmission and environmental
23 contamination.Q2
24 Antimicrobial resistance is now recognized as one of the most
25 serious global threats to human and animal health. These concerns
26 are exemplified by the rapid increase in carbapenem-resistant
27 Enterobacteriaceae (CRE) expressing enzymes such as KPC-1 and
28 NDM-1 (refs 3, 4). Since the first detection of blaNDM−1 in China
29 in 2011 (ref. 5), the rapid emergence of blaNDM−1-positive CRE
30 has been reported in hospitals in several provinces in China6,7.
31 However, reports of CRE from the farming/animal sector remain
32 rare, particularly carbapenem-resistant Escherichia coli (CREC)8,9.
33 This paucity of reports and the low prevalence of CRE in animals
34 have encouraged suggestions that animals are not a primary
35 source of CRE in humans10.

36For serious infections caused by CRE, treatment options are
37limited and invariably rely on tigecycline and colistin11,12. In 2015
38we reported from China the first identification of plasmid-
39mediated colistin resistance, MCR-1 (ref. 13). So far, mcr-1-positive
40Enterobacteriaceae (MCRPE) have been found in animals, food,
41humans and environments in over 25 countries across four conti-
42nents14,15. Our first report suggested that mcr-1 is likely to have
43occurred first in animals and then spread to humans, but no detailed
44information is available to verify this. Additionally, reports on
45blaNDM in the Chinese poultry sector are rare, as are reports of
46MCRPE possessing blaNDM. We thus carried out an extensive and
47systematic sampling regime in Shandong Province (commercial
48farms, a slaughterhouse, supermarkets, flies, dogs and birds,
49Fig. 1) to understand the epidemiology of CREC and MCRPE
50across the Chinese farming sectors.
51A total of 245 CRE were recovered from 739 (33.2%) collected
52samples, and blaNDM was identified in 161 (21.8%), 55 (7.4%)
53and 29 (3.9%) (E. coli (CREC), Klebsiella pneumoniae and
54Enterobacter cloacae, respectively). No blaKPC was detected, and
5514 CREC were negative for all tested carbapenemase genes
56(Supplementary Table 1). The variants of blaNDM in the 161
57CREC isolates were blaNDM-5 (n = 84), blaNDM-9 (n = 55), blaNDM-1
58(n = 21) and blaNDM-7 (n = 1). Of note, 37 (23.0%) CREC isolates
59were also positive for mcr-1. Direct sample testing (DST) for
60mcr-1 was performed on samples from hatchery farms, chicken
61cloacae, caeca and meat, and extremely high percentages of positive
62samples (85.8–97.0%) were detected (Fig. 2a). However, all 120
63samples collected from two hatcheries were blaNDM-negative and
64no CREC were recovered. Q3DST for blaNDM was compared to the
65isolation of CREC and the following detection rates were found:
66165/330 and 83/330 (50.0 and 25.2%) from commercial farms, 31/50
67and 5/50 (62.0 and 10.0%) from a slaughterhouse and 16/48 and
6814/48 (33.3 and 29.2%) from supermarkets, respectively (Fig. 2a).
69Similarly, DST for mcr-1 was compared to the isolation of
70MCRPE and found at the following rates: 320/330 and 164/330
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Source: The World Health Organization. “Deaths from unsafe water, sanitation, and hygiene.” 
http://www.who.int/heli/risks/water/en/wshmap.pdf.
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