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ntroduction and Purpose: The epidemiology and resistance mechanisms of
arbapenem, tigecycline and colistin resistant Enterobacteriaceae isolated from the
rivate health sector in Durban, South Africa (SA) were analyzed by whole genome
equencing (WGS).

ethods: Forty-seven Enterobacteriaceae clinical isolates with reduced
usceptibility to carbapenems were collected between October 2012 and Augus
013 from in-patients at ten hospitals in Durban. Micro-broth dilution, Modifie
odge’s test (MHT), disc synergy, Vitek Il and Carba NP tests were used to identi

arbapenem resistant and carbapenemase producing strains. Real-time multiple
CR was used to determine the presence of blagys.sg-like, blagpc, blagy, blagy,
lagpy, Dlayys blalye and blaypy.;. The isolates were subjected to WGS (lllumin

iseq) with 300bp libraries prepared from genomic DNA. The raw reads wer
ssembled with MIRA and SPADES and annotated with ResFinder (Center fo
enomic Epidemiology) [2], ARG-ANNOT [3], RAST [4] and PGAP to identify all th
ntibiotic resistance genes in the isolates (Bioproject number PRINA287968). Th
LST of the isolates were determined with MLST 1.8 serve
https://cge.cbs.dtu.dk/services/MLST/). RAST, ISFinder (http://-is.biotoul.fr/), BRI

5] and BLASTn were used to determine the genetic environment of th
arbapenemase genes. BLASTn multiple alignment was used to identify mutation
n tigecycline and colistin resistance determining genes by aligning the sequences o
he genes from resistant and susceptible isolates.

esults: The isolates comprised of K. pneumoniae (n=21), S. marcescens (n=12),
. cloacae (n=11), Citrobacter freundii (n=2), Escherichia coli (n=1) and Klebsiell
xytoca (n=1). K. pneumoniae sequence types were predominantly ST101 (n=14),
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Table 1: Minimum inhibitory concentrations of selected B-lactam and non-B-lactam antibiotics against the individual Enterobacteriaceae isolates

Isolate, ST Minimum inhibitory concentrations (MIC), mg/L"
AMP AMC CXM FOX?2 CAZ CTX CPM ETP MEM AMI GEN CIP NFT SXT TGC CST
K. pneumoniae
D(UNN_S4), ST101 =32 =32 =64 =64 =64 =64 16 4 =16 =64 =16 1 128 =20 =8 =16
18_S10, ST101 =32 =32 =64 =64 =64 =64 =64 =8 4 =64 =16 4 128 =20 =8 =16
29_S13, ST2017 =32 =32 =64 =64 =64 =64 16 4 4 =64 =16 =4 32 =320 =8 =16
35_S17, ST101 =32 =32 =64 =64 =64 =64 =64 =8 4 =64 =16 =4 64 =320 =8 =16
S. marcescens
L (UNN_S12), SA1 =32 =32 =64 =64 =64 =64 =64 =8 =16 =64 =16 =16 128 =20 =8 =16
K (UNN47_S11), SA1 =32 =32 =64 =64 =64 =64 =64 =8 =16 =64 =16 =4 128 =320 =8 =16
45_S21, SA1 =32 =32 =64 =64 =64 =64 16 4 =16 =64 =16 2 128 =320 =8 =16
68_S34, SA1 =32 =32 =64 =64 =64 =64 =64 =8 =16 =64 =16 =4 128 =320 =8 =16
E. cloacae
F (UNN42_S6), ST121 =32 =32 =64 =64 =64 =64 16 =8 =16 =64 =16 2 128 =20 =8 =16
65_S32, ST436 =32 =32 =64 =64 =64 =64 16 4 =16 =64 =16 2 128 =20 =8 =16
E. coli
710_S4, ST167 =32 =32 =64 =64 =64 =64 16 4 =16 =64 =16 1 64 =20 =8 =16
C. freundii
48 S23, ST63 =32 =32 =64 =64 =64 =64 16 =8 =16 =64 =16 =4 32 =320 =8 =0.5
K. oxytoca
69_S35, ST170 =32 =32 =64 =64 =64 =64 16 4 =16 =64 =16 1 128 =20 2 =16

1 EUCAST resistant breakpoints are used throughout except for cefoxitin. MICs above this value indicate that the bacterial strain is resistant to the antibiotic:
AMP=Ampicillin (R >8mg/L); AMC=Amoxicillin-clavulanic acid (R>8mg/L); CXM=Cefuroxime (R>8mg/L); FOX=Cefoxitin (R=32 ); CAZ=Ceftazidime (R>4mg/L);
CTX=Cefotaxime (R>2); CPM=Cefepime (R>4); ETP=Ertapenem (R>1); MEM=Meropenem (R>8); AMI=Amikacin (R>16); GEN=Gentamicin (=>4); CIP=Ciprofloxacin

(R>1); NFT=Nitrofurantoin (R>64);

SXT=Sulphamethoxazole-trimethoprim (R>4); TGC=Tigecycline (R>2);CST= Colistin (R>2)

2 There is ho EUCAST breakpoint for cefoxitin, hence the CLSI breakpoint was used for cefoxitin.

ollowed by ST2017 (n=3) and single ST14, ST1478, ST2016 and ST323 strainsConclusion: Multi-drug resistant blaysy.,- and/or blages.s-expressing clinical Enterobacteriaceae isolates are present in private hospitals in Durban, South

hilst 10 of the S. marcescens strains were of the same clone (SA1) and from th
ame hospital ward. The E. cloacae strains were multi-clonal. Blaggs.s was foun
nly in K. pneumoniae ST101, but blaypy.; Was identified in almost all the sequenc
ypes of K. pneumoniae, E. cloacae, S. marcescens, C. freundii, E. coli and K.

frica, causing clonal and multi-clonal outbreaks. An unprecedented multi-clonal NDM-1 outbreak in K. pneumoniae ST101 and S. marcescens SA1 clone is
eported, linked to pNDM-HK-like and pRJF866-like plasmids. Colistin and tigecycline resistant Enterobacteriaceae co-expressing B-lactamase, arr, fosA, rmtC,
nd gnr genes are present in South Africa and is indicative of our failing antibiotic reserves, notably those used in combination therapy for carbapenem-resistant

xytoca. Blages.s Was found mainly on class 1 integrons associated with pCHE-Anfections.

eferences:

ike-plasmids (Fig.1A) while blaygy., was borne on Tn3-like transposons linked t

NDM-HK-like plasmids (Fig.1B). Mutations in genes mediating resistance t

olistin, mgrB, phoP, phoQ, pmrAB and pmrHFIJKLM as well as in genes mediatin

esistance to tigecycline, acrABCR-TolC, marABCR, soxS/R, rob, ramAR and rarA,
ere observed. Most isolates were pandrug resistant (Table 1)

Figure 1B: BLAST comparison of the blgus.s positive K. pneumonige isolates (UNM39_53, UNN4D_54 UNN4&_510,12_S5, 32_515 53_527 and 13_356) using
pMDM-HE [GenBank no. HO451074) a5 a reference plasmid. [A Tn3-like structure homologous to the comesponding structure of plasmid pNDM-HE was

present in all isolates, but the remaining plasmid DMA was not present in the isolates.)
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direct sequence alignment with pCHE-A, are marked in the figure.

Figure 1A: BLAST comparisons performed by BRIG. The wgs of the blages.s K. pneumoniae isolates
(15_S8, 18_S10, 34_S16,35_S17,36_518, 38_S19, 52_536) were compared to pCHE-A (EU266532) as
reference plasmid. (All of plasmid encoded DNA sequence was present in the isolates, and for most,
the plasmid sequence circularized.) Insertion site of a aac(6°)Ib gene detected in all the isolates by
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