Whole-genome sequencing reveals potential spread of Clostridium difficile between
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Background

Clostridium difficile is a spore-forming anaerobe bacterium that is a well-known cause of infectious diarrhoea in hospitalised patients. Since 2003, there has been a
change in the global epidemiology of C. difficile infection (CDI)!. Strains of hypervirulent C. difficile have emerged and spread throughout North America and Europe,
causing significant morbidity and mortality!. Currently, the global incidence of previously rare community-associated CDI (CA-CDI) has also risen to as high as 41%?.

Reports of C. difficile being isolated from production animals, retail meats, vegetables and the environment in Europe and North America have raised concerns
regarding foodborne and environmental transmission of C. difficile3.

In previous studies, we found C. difficile in 30% of root vegetables? 27% of compost (unpublished data) and 59% of lawn> samples. Many of the isolated ribotypes
(RTs) were also common in production animals and humans in Australia, such as RT 014 and RT 056 (Figure 1). The isolation of indistinguishable RTs suggests possible
foodborne and environmental transmission, however, in Australia the assessment of genetic overlap has been limited to low resolution genotyping tools such as
analysis of the 16S — 23S rRNA intergenic spacer region. In this study, to detect evidence of potential transmission routes, whole-genome sequencing (WGS) and high
resolution core genome phylogenetics were performed on a collection of C. difficile RT 056 from WA of human, food and environmental origins.

Materials and methods

WGS and core genome single-nucleotide variant (SNV) analysis were performed on 29 C. difficile RT 056 of human (n = 21), food (n = 4) and environmental (n = 4) origins. Genomic DNA was extracted
using lysing matrix B (MP Biomedicals) and the QuickGene DNA tissue kit S (Kurabo). Multiplex paired-end (PE) genome libraries were constructed using standard Nextera XT protocols (lllumina Inc.) and

sequencing was performed on a MiSeq platform (lllumina) that generated 250 reads. WGS data was assembled and annotated as previously described®. In silico multilocus sequence typing (MLST),
phylogenetic analysis, comparison of SNVs and agar dilution were performed as described®.

Results and discussion

Table 1 Antimicrobial susceptibility of 29 C. difficile RT 056.

C. difficile in humans C. difficile in cattle and calves C. difficile in vegetables
Breakpointst MIC range MIC50 MIC90 GM Resistance  Non-resistance L
0 \\ 051 QX145
Agent S | R (mg/L) (mg/L)  (mg/L)  (mg/L) % (n) % (n) s
Fidaxomicin . . >1 0.002 - 0.12 0.03 0.06 0.03 0 (0) 100 (29)
Vancomycin <2 . >2 1-2 2 2 1.86 0(0) 100 (29) 127 ?: :;;
Metronidazole <2 - >2 0.12-0.5 0.25 0.25 0.26 0 (0) 100 (29) N 12t e ~ -
Rifaximin - - > 32 0.002-0.008  0.004 0.004 0.004 0(0) 100 (29) "'*‘."537 f g;‘;:f
Clindamycin <2 4 >8 0.12->32 4 8 4.41 51.7 (15) 48.3 (14) // | e oxom % N ox o
Erythromycin - - >8 0.5->256 1 2 1.45 10.3 (3) 89.7 (26) P P I " 386 101 QX545
Amoxicillin/clavulanate <4 8 > 16 0.25-0.5 0.5 0.5 0.45 0 (0) 100 (29) 002
Moxifloxacin A 28 1-2 2 2 1.86 0(0) 100 (29) C. difficile in sheep and lamb C. difficile in compost
Meropenem 8 > 16 2-4 4 4 3.23 0 (0) 100 (29)
Tetracycline <4 8 >16 0.06-0.5 0.25 0.5 0.21 0 (0) 100 (29) 57 lox s
t Breakpoints are recommended by EUCAST!’ and CLSI*8. __ Others | oy —_— Others
MLST v = N -
014020 %‘ 101 e,
* All 29 C. difficile RT 056 belong to sequence type 34 within clade 1. - R A S
ANTIMICROBIAL RESISTANCE o N e K - e
. e 244 017 R o C. difficile in piglets il

s* Of the 29 sequenced isolates, only a single human isolate (WAO0707) was carrying
an antimicrobial resistance (AMR) gene (ermB).
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» Summary antimicrobial susceptibility data are presented in Table 1. e 4

 All isolates were fully susceptible to the first-line treatment agents (fidaxomicin, ox 1o
vancomycin and metronidazole). L _ Others i )

< In vitro antimicrobial susceptibility profiles were largely in agreement with the Qs -
results of resistance gene profiling. Figure 1 Molecular epidemiology of C. difficile in Australia.

¢ While 15/29 (51.7%) isolates displayed phenotypic resistance against clindamycin, Data from previous human’-3, animal'*1, food* and environmental® studies.

all but WA0707 had a MIC of only 8 mg/L.
% Two isolates (WA3223 and WA3461) showed phenotypic resistance to

— WA3461: Human-CDI, WA, Jul-14 (CAl)

¢ WA3613: Human-CDI, WA, Sep-14 (HAI HCFO)

erythromycin (MIC = 128 mg/L) with no known AMR gene. This is consistent with e WA1554: Human-CDI, WA, Sep-12 (HAI HCFO)
increased reports of ermB-negative C. difficile resistance to macrolide-lincosamide- A e WA1703: Human-CDI, WA, Nov-12 (CAI)
streptogramin B from Europe and North America. | ¢ WA2942: Human-CDI, WA, Jan-14 (CA)

e WA3095: Human-CDI, WA, Apr-14 (HAI HCFO)
— PW12757: Human-CDI, WA, Aug-15 (UNK)

CORE GENOME PHYLOGENETICS R B
** Three clonal groups (CGs) were identified, whereby strains differ by < 2 SNVs ® WA1589: Human-CDI, WA, Sep-12 (HAI HCFO)

(Figu re Z) —e WA1091: Human-CDI, WA, Mar-12 (CAl)
—% WA0959: Human-CDI, WA, Feb-12 (HAI HCFO) Clonal group I
| FI040: Food-POT, WA, Aug-15
e WA3219: Human-CDI, WA, May-14 (CAl)

%* CGs Il and lll include clusters of human and food/compost strains.
¢ 19% of human strains showed a clonal relationship with one or more

Clonal group II

food/compost strains. ———e WA1487: Human-CDI, WA, Aug-12 (HAI HCFO) Clonal group III
¢ CG | comprised of two human isolates collected 2-year apart (Sep-12 — Sep-14). ® ENV035: Lawn, WA, May-16
Both were HA-CDI cases but originated from different hospitals, 13.0 km apart. * ENOOT7: Vet-CLN, WA, 2007

—e WA3282: Human-CDI, WA, May-14 (CAl)

¢ CG Il comprised of two human and one food (organic potato) isolates collected
over 2.5-year period (Feb-12 — Aug-15).

—e WA1932: Human-CDI, WA, Jan-13 (CAl)
e WA3223: Human-CDI, WA, May-14 (CAI)

** CG Il comprised of two human, two compost and one food (organic potato) e FI020: Food-POT, WA, Apr-15
isolates collected over a 3-year period (Jan-13 — Dec-15). ——=e WA0707: Human-CDI, WA, Dec-11 (HAI HCFO)
% Half of the human isolates within CGs Il and Ill were classified as CA-CDI with no ® PW13018: Human-CDI, WA, Aug-15 (UNK)
® WAQ732: Human-CDI, WA, Nov-11 (CAl)
recent healthcare exposure but were very closely-related.

® WA1647: Human-CDI, WA, Oct-12 (HAI HCFO)
* The occurrence of closely-related (< 2 SNVs) human, food and environmental e FI043: Food-POT, WA, Oct-15

strains, collected 2 — 3 years apart, strongly suggest that over an extended period e WA2779: Human-CDI, WA, Dec-13 (CAI)
of time there has been frequent long-range transmission of C. difficile RT 056 from —* WA1945: Human-CDI, WA, Jan-13 (HAI HCFO)
. Cl015: C -SC, WA, Dec-15
food and the environment to humans. —I ompost =
. . . Cl014: Compost-SM, WA, Dec-15
** The food and/or environmental isolates in CGs Il and Ill were collected 2 — 3 years
after the corresponding human isolates. This could infer directionality but it is
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important to note that food and environmental C. difficile are generally assumed to
be in spore form, during which evolution is effectively suspended in time. o s peaaen e | S s

** This study demonstrate multiple clonal populations of human and B oL IR c R o |
food/environmental C. difficile strains in WA, indicative of a recent shared e wemearaiers mEEE el
common ancestry and supports the hypothesis of foodborne and R | AR e - ¢ T
environmental transmission of C. difficile. N om0 mm

** Performing WGS and high resolution core genome phylogenetics on a R
arger collection of human, animal, food and environmental isolates would b e
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SNV distances between strains.
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