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Antibiotic resistance: a 21st century nightmare

Attributable mortality: 50%
Mortality risk ratio: 3.3 

Infect Control Hosp Epidemiol 2009

Carbapenem-resistant EnterobacteriaceaeESBL Enterobacteriaceae

ESR

Relative risk of death with ESBL 
bacteraemia: 1.85

J Antimicrob Chemo 2007





10.4 million new cases of tuberculosis and 1.4 million deaths in 2015

Multidrug resistant (MDR): ~480,000 cases + 250,000 deaths 

Extensively drug resistant (XDR): ~9.5% of MDR cases

Treatment success

Susceptible TB - 83%

MDR-TB – 52%

XDR-TB – 28%

WHO: Global tuberculosis report 2016



“The problem is so serious that 
it threatens the achievements of 

modern medicine. A post-
antibiotic era— in which 

common infections and minor 
injuries can kill—is a very real 

possibility for the 21st century.” 



“We estimate that by 2050, 
10 million lives a year and a 
cumulative 100 trillion USD 
of economic output are at 
risk due to the rise of drug-
resistant infections if we do 
not find proactive solutions 
now to slow down the rise 

of drug resistance. Even 
today, 700,000 people die of 

resistant infections every 
year.”
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1987

Changes in sequencing technology

1970s

2007

2014/5
Sanger 

sequencing

Short read, massively parallel sequencing
(Illumina)

Long read sequencing
(Oxford Nanopore)

Sanger F et al. PNAS 1977;74:5463-7
Strauss et al, Anal Biochem. 1986;154:353-60



4 million base-pairs

$1,000,000
18 months

$150
1-2 days

Pace of change in sequencing technology

Size

Cost (2001)
Time (2001)

Cost (2018)
Time (2018)

3 billion base-pairs

$4,100,000,000
10 years

$1,500
1-10 days
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Molecular typing

• Identify phylogenetic 
relationships to identify 
clusters/outbreaks

• Hospital
• Community

Sophie Roussel, Anses, Maisons- Alfort; France

• Traditional methods lack 
resolution and accuracy



Listeriosis
• Listeria monocytogenes
• Foodborne-illness

• US: 19% of deaths from foodborne-
illness

• Outbreaks
• Difficult to solve: 

• Often small
• Long incubation period
• High mortality

• Only a small proportion of cases 
linked to recognised outbreaks

• Molecular subtyping allows 
identification of clusters

• PFGE lacks discriminatory ability



Kwong et al. J Clin Microbiol 2016;54:333–342.



WGS detects more clusters sooner and 
solves more outbreaks

Jackson et al. Clin Infect Dis 2016:63(3):380-6



Enteric fever in 
Myanmar

• Salmonella enterica serovar
Typhi and Paratyphi A-C

• 53% serovar Typhi 
• 47% serovar Paratyphi A

• Common in Myanmar
• 498 per 100,000 persons

• Universally ciprofloxacin 
resistant

• Genetic basis of resistance?
• Phylogenetic relationship?

Unpublished data

Cipro MIC 0.5-1µg/mL
gyrA: Ser83Phe

Cipro MIC 8µg/mL
gyrA: Ser83Phe
parC: Ser80Ile

• 4.3.1 (H58) clade 
Core genome SNP alignment



• Cause of neonatal 
bacteraemia

• 40 of 127 (31.5%) 
CoNS blood culture 
isolates Jan 2007 -
July 2016

• Colonisation: 28.5% 
of neonates become 
colonised 

• Closely related PFGE 
pattern

• Phylogenetic 
relationship?

Carter, Ussher et al. Antimicrob. Agents Chemother. doi:10.1128/AAC.00898-18

NICU-associated 
Staphylococcus capitis

Core genome SNP alignment



High level of conservation amongst the 
international NICU-associated S. capitis isolates

Carter, Ussher et al. Antimicrob. Agents Chemother. doi:10.1128/AAC.00898-18

embp associated with 
biofilm production

mecA encodes resistance 
to b-lactam antibiotics



Increasing prevalence of ESBL-producing 
E. coli in Otago and New Zealand
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Urine ESBL E. coli - Otago

E. coli
Spread of a resistant clone?

Spread of a mobile genetic element?
Multiple introductions?



Multiple different strains of E. coli 
encoding different CTX-M variants

ST131

Core genome SNP alignment

51% contain 1 of 4 mobile genetic elements*

* Defined by combination of ESBL gene and insertion sequences

Whole genome sequencing of 67 E. coli from Otago from 2/2015-2/2016



Phylogenetic relatedness of ST131 
isolates

1 SNP

11 SNPs

Core genome SNP alignment

Evidence of:
• Spread of common mobile genetic elements
• Spread of resistant clones
• Repeated introductions

What is the reservoir of resistance and the 
source of transmission?
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Aung et al Infect Dis 2017

Treatment of MDR-TB in Myanmar: 
resistance to 2nd-line drugs associated 
with poor outcomes

Dr Htin Lin Aung



Aung et al 2018 unpublished data

Dr Htin Lin Aung
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South African listeriosis 
outbreak 2017/8

1060 cases
216 deaths

Ready-to-eat processed meat 
products manufactured at Enterprise 
Foods’ Polokwane production facility

Department of Health, RSA. Listeriosis outbreak situation report – 26/07/2018



PLoS ONE 2012;7(6): e37818

Amsel’s
crit

eria

Nugent sc
ore 

Increased diversity in vaginal microbiome in bacterial vaginosis

Taxonomic composition

16S rRNA sequencing: 
Who’s there?



Shotgun metagenomics
• 14-year-old with severe combined 

immunodeficiency 
• Presented 3 times with fever and headache
• Advanced to intractable seizures
• Routine diagnostic workup inconclusive
• MRI - encephalitis-like condition
• Shotgun metagenomics on CSF and serum

• 48 hours
• CSF: 475 of 3,063,784 reads (0.016%) 

matched Leptospira borgpetersenii
• PCR and serology confirmed 

neuroleptospirosis diagnosis
• Treated with intravenous penicillin
• Improved and discharged





direct samples contain highly
variable amounts of 
mycobacterial cells mixed with 
other bacterial and human 
cells,
with the latter accounting for 
up to 99.9% of the DNA 

Twenty-one of
39 samples have 12 depth and 
recover 90% of the genome, and 
14/39 samples
have 3 depth and recover 12% of the 
genome. The



In conclusion, diagnostic and surveillance 
information can now be obtained directly
from patient specimens in 16/44 h with the 
Illumina MiniSeq and MiSeq platforms, a
considerable step forward. In addition, the 
ONT sequencing platform may offer the

Votintseva AA, Bradley P, Pankhurst
L, del Ojo Elias C, Loose M, Nilgiriwala K,
Chatterjee A, Smith EG, Sanderson N, Walker
TM, Morgan MR, Wyllie DH, Walker AS, Peto
TEA, Crook DW, Iqbal Z. 2017. Same-day
diagnostic and surveillance data for
tuberculosis via whole-genome sequencing
of direct respiratory samples. J Clin Microbiol
55:1285–1298





Transmission









Comput Struct Biotechnol J 2018

Library sequencing
Analysis

Library sequencing
Analysis



Aung et al 2018 unpublished data



https://era7bioinformatics.com/en/page.cfm?id=510

Illumina assembly Illumina + Nanopore assembly

311 contigs 1 chromosome and 3 plasmids
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