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Moradigaravand et al., Microbial Genomics 2018;4
DOI 10.1099/mgen.0.000162
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Genomic survey of Clostridium difficile reservoirs in the East of
England implicates environmental contamination of wastewater
treatment plants by clinical lineages

Danesh Moradigaravand,’* Theodore Gouliouris,? Catherine Ludden,® Sandra Reuter,* Dorota Jamrozy," Beth Blane,?

Plamena Naydenova,2 Kim Judge,1 Sani H. Aliyu,2 Nazreen F. Hadjirin,2 Mark A. Holmes,? Estée Torok,2
Nicholas M. Brown,? Julian Parkhill' and Sharon Peacock?

Abstract

There is growing evidence that patients with Clostridiumdifficile-associated diarrhoea often acquire their infecting strain
before hospital admission. Wastewater is known to be a potential source of surface water that is contaminated with
C. difficile spores. Here, we describe a study that used genome sequencing to compare C. difficile isolated from multiple
wastewater treatment plants across the East of England and from patients with clinical disease at a major hospital in the
same region. We confirmed that C. difficile from 65 patients were highly diverse and that most cases were not linked to other
active cases in the hospital. In total, 186 C. difficile isolates were isolated from effluent water obtained from 18 municipal
treatment plants at the point of release into the environment. Whole genome comparisons of clinical and environmental
isolates demonstrated highly related populations, and confirmed extensive release of toxigenic C. difficile into surface waters.
An analysis based on multilocus sequence types (STs) identified 19 distinct STs in the clinical collection and 38 STs in the
wastewater collection, with 13 of 44 STs common to both clinical and wastewater collections. Furthermore, we identified five
pairs of highly similar isolates (<2 SNPs different in the core genome) in clinical and wastewater collections. Strategies to
control community acquisition should consider the need for bacterial control of treated wastewater.
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B -THI(BhE) M&ESX |-C. perfringens enterotoxin (CPE)
- Binary enterotoxin of C. perfringens (BEC)

Yonogi S et al. et al. Infect Inmun. 2014 Jun 82(6):2390-9.
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plasmid species strain conjugative [conjugation| Transfer frequency
name (kb) P ability locus (transconjugants/donor cells)

T . PANY i ‘¥ g _ — P = o~ LS 1
'pCW3  Clostridium perfringens CW92 EEmEL Teplocus  ~10° Hﬁﬁy_‘a RSFAS
: (47) CPEEEZFZI—F |
'pCP13  Clostridium perfringens 13 -+ 1 EMEAETSRIEA
. Pcplocus  ~10 R/ /I AR
| (54) (2019) i BECEEFEI—K |
plP404 ~  Clostridium perfringens SM101, I S
BP6K-N5
pCS1-1  Paeniclostridium ATCC9714 -5__ T
(Clostridium) sordellii * sesleets | U0l
pCLL Clostridium botulinum  Eklund 17B N unnamed 10°5~10"7

[l ocP13

pCLL
I 100 % identity

[ 50 % identity

pCP13 Pcp locus 25 % identity

(69%) (21%) (20%) (18%) (48%)  (16%) pepDA — ~~ pcsi-
NS pCP13, pCS1-1, pCLL, pCW3 = = 100 % identity
VY
007 OO A 54310 bp = 50 % identity
& Q(§& &c%’qg‘{@%&@é FELEEE & & e 56— QL i e 0. .
. pcp 25 % identity
POWS Top locus and ona egion - e - S )1 e s -
Pcp locus

pCW3

[l 100 % identity
50 % identity
25 % identity

B Pcp locus

[l Features

Thomas D. et al., Plasmid 2019;102
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Transfer frequency
(transconjugants/
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E)4C%\§V3 C. perfringens CW92 N Tep locus ~10"
CP13 C. perfringens 13 -— + -1
F54) P g (28; 9) Pcplocus ~10
Tcp locus o .
o uw 5 ! _'% -; %
g8 Tt & g
T s 88
R Y R 2 29 eature legen
1IS1470-likeBi-cpe pcrrases Db SHab S HDIIHE IO mIHHE = Top o
=) Gene/CDS

70 480 bp

«! PPN <o

= Insertion sequences
Virulence genes

BLASTn identity

100% 71%
1IS1151&!-cpe PCPF5603 <+ e e 4 Normal
75 268 bp c © 5 < (CEQ  3ETOL Ly Inverte
2 Q b= b3 $x$|303a3;:3
£ 2 & 3 IS8 nIFTRRE
< - 2 R 1=5 - i
< c 8 Q9 I H
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2 . : =+
< —
“ =9~ Tcp locus

Kiu et al., Microbial Genomics 2019;5
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No. FLEFEH HobbsZ Jll ET ETR{EZFDRE
1 200846 A NT CPE plasmid (IS7151%!-cpe)
2 200846 A NT CPE plasmid (IS7151%!-cpe)
3 20084104 NT CPE plasmid (IS1151%4-cpe)
4 200948H uT
5 2010%1AH uT
6 201046 H uT CPE chromosome
7 2010%E12A4 uT CPE chromosome
8 2012%12R8 Ut CPE chromosome )
9 20134%7H uT CPE plasmid (IS7151%!-cpe)
10 201445H 12 CPE chromosome
11 201445H 3,13 CPE chromosome
12 201646 H 4 CPE chromosome
13 20162104 uT CPE plasmid (IS7151%!-cpe)
14 20174%5H4 uT CPE plasmid (IS7151%!-cpe)
15 201745H 3 CPE chromosome
16 201845H uT CPE chromosome
17 201948 H uT CPE chromosome
18 2020%1H uT CPE chromosome
19 202145H uT CPE chromosome
20 202145H uT CPE chromosome
21 20212104 uT CPE plasmid (IS7151%!-cpe)
22 202244 A NT CPE chromosome

| B%E10E/MTIE
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