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More from Fergus

Antibiotic resistance: Cameron warns of medical

'dark ages'

David Cameron: "We ére in danger of going back to the dark ages of medicine™
The world could soon be “cast back into the dark ages of medicine” unless
action is taken to tackle the growing threat of resistance to antibiotics, Prime

Minister David Cameron has said.

He has announced a review into why so few anti-microbial drugs have been
introduced in recent years.

Economist Jim O'Neill will lead a panel including experts from science, finance,
industry, and global healith.

It will set out plans for encouraging the development of new antibiotics.
‘Taking the lead'
The prime minister said: "If we fail to act, we are looking at an almost unthinkable

scenario where antibiotics no longer work and we are cast back into the dark ages of
medicine where treatable infections and injuries will kill once again.”

Four killed in Jerusalem
-~ - “p axe attack

HK authorities clear protest site
Terror deaths rose sharply in 2013
Blast at Kabul foreign compound

Charles Manson 'allowed to marry'
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3 They weren't sure I'd \
make it

p High stakes

Will final round' of Iran talks yield
elusive nuclear deal?

f Homeland insecurity

Is there a right way to deal with
jihadists who want to come home?

NATIONAL STRATEGY
FOR COMBATING ANTIBIOTIC-
RESISTANT
BACTERIA

Vision: The United States will work domestically and internationally to prevent, detect,
and control illness and death related to infections caused by antibiotic- resistant
bacteria by implementing measures to mitigate the emergence and spread of antibiotic
resistance and ensuring the continued availability of therapeutics for the treatment of
bacterial infections.

September 2014
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Antibiotic resistance is ancient

Vanessa M. D’Costa"?*, Christine E. King”**, Lindsay Kalan"?, Mariya Morar", Wilson W. L. Sung®, Carsten Schwarz’, '
Duane Froese®, Grant Zazula®, Fabrice Calmels®, Regis Debruyne’, G. Brian Golding®, Hendrik N. Poinar'** & Gerard D. Wright'?

The discovery of antibiotics more than 70 years ago initiated a
period of drug innovation and implementation in human and
animal health and agriculture. These discoveries were tempered
in all cases by the emergence of resistant microbes'?. This history
has been interpreted to mean that antibiotic resistance in patho-
genic bacteria is a modern phenomenon; this view is reinforced by
the fact that collections of microbes that predate the antibiotic era
are highly susceptible to antibiotics’. Here we report targeted
metagenomic analyses of rigorously authenticated ancient DNA
from 30,000-year-old Beringian permafrost sediments and the
identification of a highly diverse collection of genes encoding res-
istance to f-lactam, tetracycline and glycopeptide antibiotics.
Structure and function studies on the complete vancomycin resist-
ance element VanA confirmed its similarity to modern variants.
These results show conclusively that antibiotic resistance is a
natural phenomenon that predates the modern selective pressure
of clinical antibiotic use.

Recent studies of modern environmental and human commensal
microbial genomes have a much larger concentration of antibiotic
resistance genes than has been previously recognized® . In addition,
metagenomic studies have revealed diverse homologues of known
resistance genes broadly distributed across environmental locales.
This widespread dissemination of antibiotic resistance elements is
inconsistent with a hypothesis of contemporary emergence and
instead suggests a richer natural history of resistance’. Indeed,
estimates of the origin of natural product antibiotics range from
2 Gyr to 40 Myr ago’®, suggesting that resistance should be similarly
old. Previous publications claim to have cultured resistant bacteria
from Siberian permafrost (for example ref. 9), but these results remain
contentious (see Supplementary Information).

To determine whether contemporary resistance elements are modern
or whether they originated before our use of antibiotics, we analysed
DNA sequences recovered from Late Pleistocene permafrost sediments.
The samples were collected east of Dawson City, Yukon, at the Bear
Creek (BC) site (Fig. 1); prominent forms of ground ice (ice wedges and
surface icings) are preserved in the exposure, immediately overlain by a
distinctive volcanic ash layer, the Dawson tephra'®!* (Supplementary
Table l and Supplementary Plgs 1and 2). l'he tephra has been dated at
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DNA.

Two frozen sediment cores (BC1 and BC4), 10cm apart, were
obtained 50cm below the tephra. In accordance with appropriate
protocols™, we monitored contamination introduced during coring
by spraying the drilling equipment and the outer surface of the cores

with high concentrations of Escherichia coli harbouring the gfp (green
fluorescent protein) gene from Aequorea victoria (Supplementary
Information).

After fracturing of the samples (Supplementary Fig. 3), total DNA
was extracted from a series of five subsamples taken along the radius of
each core (Supplementary Information). Quantitative polymerase
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Figure 1 | Stratigraphic profile and location of Bear Creek site. Elevation is
given in metres above base of exposure. Permafrost samples from below
Dawson tephra were dated to about 30 kyr Bp. Preservation of the ice below and
above the sample indicates that the sediments have not thawed since
deposition. Silhouettes represent mammals and birds identified from ancient
DNA sequences that are typical of the regional Late Pleistocene environment.
aDNA, ancient DNA.

FBRAIMMEEREDSH o7



MEICTRBT=6DD 2 DDA E

« BATE HEHEBLTWSERTIRZD)
« MEEL < BIADZE(LT S

« ADSFUWEBEFZFICANTEIS
» MEREZIRT
« MEENBESBEVWESIKT S




ESVPHTMEEIIEZSD?
oXe
0

00 o
RN Mo

Oo 0
X X
ﬁi%l";‘%d)ﬁﬁi% ggg}xi %

MEEHRNS

X @ X
KR w o 0 ® @
O
02 @
14 INILHDIWGE WO TIE5ET B ' ' ‘



ESVPHOTMEEIIBEZS ?

+ NeHEEZUTWBEEREIIRELGE
{EDCTWET

* %ﬁfu&%b‘ﬂﬁﬁh\b"bf)z*t. D %ﬁb
CEFNTH, INEFTOREZERD &

S [CfE

=/

=F¥9 FHERLIEDBHULEY)

« IUWEMMISHDT RINF—I ZHFH
HBURIThIEBZASZEHEHD FEA



ESVHOTMEEIEZS ?

(ES5P->THMERIBENET)
« MERICE>TEIINSIISIEZEXT
i
CEIENBThIZEIEEA
W @adhdtUhFEFtEA

e O O =0
5O 00 Gt 00 6

e B A o Yo - O O
SN OO0 © Oo ©



EABEDMERICESD ?

(MEETERNGZ S TEWITEWNHS)
» MEFEICRS TSNP ITWiHllE

4
» AEHELTWASHlE (FER)

+ ADSFHULWEEFZRDATOIEE
18 B



ZAIMERIEESP>TTES?

r FERIAEHELTVWSDTADRE
THEBRS gLy

4

B WV DETHHERSINEUND THRRZFEEE D
MBZEZESSEINTWNSAIEIZTEFNLETD
MEEICTHIEICENS




 J

E2TNIEVND ?

BEEREZEWVWLAS Z EIFTERL
'AER; . ARG, MEEZEZSEFLL

4

« MEED EITWEKSIC) 95

*

MZ BT NIEHEEREEEWVWL, WE<&EE3DH



MEEZDHIT =R

» UEED DR WERICED R L

» MEREPIHEIICIEDETITH. V1A
IciEMEFTEA

BYA Y 7IWIFICREERINEEEA

o L

©3 AFILIoHITILIOHEE



TA1ILATRI SRERIE
MEEZDOATHRDFEA

BRIV
ZLDBEPIEZK

/ROEH# HEICEZHDEHHB)
(BOfFWVWTWEW) 2K, SR




NMEEZDHIT L

« BRBFICROIEEZDIEGW
» EEIDIBREED ICEITETRD

 BECOCOEHILT 3 L+ EARNRY
B5NELNSE LI

~ B
S

N

....v“\ . j .z:‘:.{ "---A',‘

|




EDV>TMMERERDILD S ?

. HEENS < VWBERRBTBOET

ol

AT &
n NEDEMR(BZENTIEBYFEA)

 EEPEROFIVEEDNIRE

n Ak, AR BERFVDITHIDHLT




E2TNIEVND ?

« TTMEEHIZLL WD EZ BT, MEE%
BE5&5BEZ UG
» ZHIRNEEEHESESDIFFENTIH



E2TNIEVND ?

JREANITHOVELY = EIE |

%%?h»c:"-"/u

MTEE O %0

xE

To

AN,
2

5o

FELy =» BULNOTYI A, ELICILEA

FT LR




E2TNIEVND ?

s /R IEMEE I BERICENLENESEE S

LTLET

s BRCAPIREDHREZEAMICLTLET

s KRBT IRT LA OhNE

DREZLFET

_olEEIIERmE

n FEIEICIETEE AL DML NG EEH

LTHS



TR EERUAAICHEWNWET

+» MEEOERBERDTFNIETIEEW
» RENDERAVIFFD LD S

AibeA et onsE (JxE DERa BRXE

|

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
HEE

1 HREAH S 255 L OB EONR

IEE - BH EY Y XFT 17 55:179 (2009) &K D



ANILA

RENDHENEFIA,. ANOFIABMICDORHS The Wall Street Journal

v 6o FIDNE D Al A
""XC;.J
By TENNILLE TRACY B (%8) ig FXCMm ;%?189
-

MOK!

Click to play

ERAT ol RiE ATy R

UsD / JPY 116.669 116.673 0.4pips
EUR/JPY  145.496 145.502 0.6pips

GBR/JPY  182.595 182.607 1.2pips

EUR/USD  1.24708 1.24711  0.3pips

FDAIZ2B. $1"H2 ERRADKEDOERBN THEESN TV IHENBEDOMO2000ENS12EXTD ﬁ
HT16%IBII LIz &RXR LT Getty Images mﬁfﬂ'iA SOReE
(D22 h2] KBTHBEOERRERRB(FDA)Z2H. 4B EERBOREN ?""“"CEL_Lﬂ:’éﬁU’éFXCMIZ‘

OERENTIRFGENTULSINENE ER) OEN2009FENS12EXTORIT A429— {\./7 e S 1=E
16%IEMUIEERELR. NDDEFILTRHELTVE T,

COBFE. FEMEOLBERERE, TNICHORAREEEEL @R
<BBR(THEENTI TS, FU—o7oh&(11A188) HKIKM?

NEVEDOFIREEE U T2011EE12FED2FER(TIBX 1z, FDADFFET TR, & KBBZ K>y FLAsh : MORIAIZPIVOTO) £ (85500
DAEMTSWIEMUI=EENT S, WEATISIIREN

11TA178(B)G8 L YA (28EARART)

KRRtz 59— (CDC)ICKD &, FAIMMEEDORRIEIZKE TEBEF20054(C
iz L/\ 253000A73‘§Et L/t(/‘% f USD/CHF 72 =h)\73)rZ2 11.17.2014




TR EERUAAICHEWNWET

ZDHEANTIHEEZZEIR « 18jE

- '.": R 2Tt P = AN 7
n RAZ7545187F2
n NFEEBEDFBRERM

Xﬂa""'
XESNENVEFERYRAENS

-
———

4 = o

ZYJ



k. MEEE......

» ZLE. BRBEMCEAETZREISR
WODOTEEDEZETIOHET SUEIDD
FEA
x FPAIE, BICF>TWRIDH S

» SRIMEE TR NIEMERBZBDFTT




] B R HFE 2 B < 1T ...

'EELGHE) ZESIELGL
« FELL SHL
« B DBEIELRIE
(« MEEDRIR-EEZRF I
FREHE) MEEZFEDEWL)
« TEDEEREICE (TR0
« BIRIATWBR Z & (REHZRD)

*




CERRERD#HSICIVWEHLUI







