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Abstract 
Background 
Toxigenic Corynebacterium ulcerans is an emerging zoonosis globally, causing both cutaneous and respiratory diphtheria-like illness. In Queensland, human infection with toxigenic C. ulcerans is rare, with only three cases reported before October 2015. This case series describes five subsequent cases of toxigenic C. ulcerans in Queensland with links to companion animals. 
Methods 
All data were collected as part of routine public health response, and strains were whole genome sequenced for further characterisation. Household contacts were screened, treated with appropriate antibiotics, and received a diphtheria toxoid-containing vaccine if more than five years had elapsed since their last dose. 
Findings 
No epidemiological or genomic links could be established between any of the five patients, including between the two cases notified from the same locality within eight days of each other. The C. ulcerans strains from Cases Two, Four and Five were closely related to the strains isolated from their respective pets by whole genome sequencing. Domestic dogs were identified as the most likely mode of transmission for Cases One and Three; however, this was unable to be laboratory confirmed, since Case One’s dog was treated with antibiotics before it could be tested, and Case Three’s dog was euthanised and cremated prior to case notification. 
Interpretation 
These are the first reported Australian cases of this emerging zoonosis with links to companion animals. These cases demonstrate the likely transmission route between companion animals and humans, with no evidence of human-to-human transmission. The existing requirement in the Queensland Health Public Health Management Guidelines, of restrictions on cases and some contacts while awaiting swab results, is currently under review. 
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Background 
Toxigenic Corynebacterium ulcerans is an emerging zoonosis globally, causing diphtheria-like illness,1–4 and is notifiable in Queensland for both respiratory and cutaneous infections.5 C. ulcerans infections without the toxin gene detected are not notifiable or followed up in Queensland. Respiratory pseudomembranous disease with toxin production is clinically indistinguishable from toxigenic C. diphtheriae infections and can be fatal.3,6 Cutaneous disease, usually on the extremities, has been described as hard, rolled-edge ulcers with a greyish membrane, and is understood to be more contagious than respiratory infection due to greater environmental contamination.7 Corynebacteriophages carrying the tox gene, consisting of A and B subunits, can theoretically transform non-toxin gene-bearing Corynebacterium spp. into toxigenic strains.8 Transmission to humans was previously typically associated with cattle or raw dairy products but a variety of animals, including domestic animals,1 have now been implicated in transmitting infection to humans.
In Queensland, cases with toxigenic C. ulcerans and their contacts are followed up according to the Diphtheria Queensland Health Guidelines for Public Health Units.9 For cases, this includes treatment with appropriate antibiotics with cutaneous wounds covered; droplet restrictions imposed until throat and nasopharyngeal (NP) swabs are negative for C. ulcerans, or until there has been 72 hours of appropriate antibiotic therapy; and then a diphtheria toxoid containing vaccine (DTCV) during convalescence. Contacts are considered those who have been in contact with the case since the infection was noted, and are household-like or of a sexual nature; have had direct contact with the wound without wearing gloves and a mask; or have had more than 20 hours of close contact if the wound was uncovered. For contacts, throat and NP swabs are taken to exclude colonisation with the organism; treatment with appropriate antibiotics is given as they may be incubating the disease; vaccination with a DTCV is provided if it is more than five years since their last dose; and contacts are restricted from occupations involving contacts with infants aged six months or under, care of the sick, elderly or those dependant on care, and immunosuppressed individuals. 
We present five cases of a rare toxin gene-bearing C. ulcerans infection with likely or proven associations with household pets during 2015–2023 in Queensland, Australia, two of which were notified from the same locality within eight days of each other. While described on other continents, we know of no other documented zoonotic cases in Australia. 
Methods 
All data were collected as part of routine public health response to a notifiable condition. 
Consent for publication with de-identified details was obtained from all cases. Details of the cases and contact tracing were carried out as part of normal follow-up for notifiable diseases in Queensland. West Moreton Ethics Committee Chair advised that, following The Royal Melbourne Hospital guidance, Human Research Ethics Committee Review was not required as the cases had provided written consent, the report did not contain identifying information and publication involved negligible risk to the patients and others who may be affected in Queensland Health. 
Isolates of C. ulcerans were referred to QHFSS for toxin gene testing. The presence of the tox gene was confirmed by previously described methods.10,11 Whole genome sequencing (WGS) was performed on the Illumina NextSeq 500 platform with Nextera XT library preparation (Illumina, CA). Reads were trimmed with Trimmomatic12 and assembled with Spades.13 Sequence data are available in SRA BioProject PRJEB60670. Multi-locus sequence typing (MLST) and toxin type were determined in silico using the C. diphtheriae scheme.14 Core single nucleotide polymorphism (SNP) analysis15 was performed using the Snippy package (v4.3.6) with C. ulcerans strain 0102 (NCBI accession NC_018101.1) as a reference for ST325 and C. ulcerans strain BR-AD22 (NCBI accession NC_015683.1) as a reference for ST514.
Findings 
Case One 
On 8 October 2015, Metro North Public Health Unit (MNPHU) was notified of toxin gene-bearing C. ulcerans isolated from a throat swab of a 37-year-old woman who had a persistent cough of several months’ duration. The cough was productive of yellow sputum though she reported no other symptoms. She described a primary course of DTCV and a booster 20 years before onset. She completed a ten-day course of doxycycline, was isolated at home until completion of clearance swabs and was administered DTCV but not given diphtheria antitoxin because of the mild nature of her illness and the lack of characteristic clinical features of respiratory diphtheria. Two people were identified as household-like close contacts; both had antibiotics prescribed and were given DTCV, and neither tested positive for C. ulcerans on screening swabs. 
The case denied any recent overseas travel, contact with livestock or consumption of unpasteurised milk; however, she lived with a household dog. The dog was noted to have had a weeping leg wound that had been previously treated with antibiotics and wound dressings. After the case’s diagnosis, wound and respiratory swabs were taken from the dog, but C. ulcerans was not cultured from any of these specimens. 
Case Two 
A 53-year-old male with no travel history presented to his general practitioner (GP) on 13 November 2018 with a non-healing lower leg ulcer, sustained after a workplace injury two weeks earlier. He had no respiratory symptoms. Flucloxacillin was commenced, and a swab cultured. On 20 November 2018, toxin gene-bearing C. ulcerans was notified to West Moreton Public Health Unit (WMPHU) and the patient commenced erythromycin and received DTCV. Pre- and post-treatment nasopharyngeal swabs reported only normal flora. Figure 1 shows the patient’s wound post treatment. Three household contacts and the GP who provided wound care received erythromycin prophylaxis; none of their nasopharyngeal swabs isolated Corynebacterium. The GP and one household contact received a DTCV, the other two household contacts were considered up to date. 
The case lived with two dogs, whose mouth swabs tested positive for toxin gene-bearing C. ulcerans which matched the owner’s sample on genome sequencing prior to treatment with erythromycin. Post-treatment swabs from the dogs were negative. Infection control advice was provided to the short-term kennel facility attended by one of the dogs.


Figure 1: Left lower leg ulcer of Case Two, four weeks after initial swab collection which was positive for toxigenic C. ulcerans and two weeks after completing 14 days of erythromycin treatment
[image: Figure1 shows a left lower leg ulcer of Case Two which has still not completely healed even though it is four weeks after initial swab collection (positive for toxigenic C ulcerans) and two weeks after completing 14 days of erythromycin treatment]
Case Three 
A 44-year-old female with type 2 diabetes mellitus and no travel history presented to her GP on 19 November 2018 with a week of painful discharge from a non-healing toe amputation wound from three years previously. She had no respiratory symptoms. The wound was dressed, and its swab cultured. On 28 November 2018, toxin gene-bearing C. ulcerans was notified to WMPHU. The patient commenced erythromycin prophylaxis and received DTCV. Pre- and post-treatment nasopharyngeal swabs did not isolate C. ulcerans. The wound healed post treatment (Figure 2). All five household and household-like or intimate contacts identified were asymptomatic, received erythromycin prophylaxis and were offered DTCV with nasopharyngeal and throat swabs culture negative.
A healthy cat in the household did not have C. ulcerans isolated from nasopharyngeal swabs. A household dog with an offensive-smelling ear discharge was euthanised and cremated two weeks before the case developed symptoms. Another immunocompromised human contact of this dog was negative for C. ulcerans from nasopharyngeal swabs. 


Figure 2: Wound from previous right great toe amputation of Case Three: (A) before debridement, (B) after debridement, and (C) after completion of erythromycin treatment
[image: Wound from previous right great toe amputation of Case two: a) before debridement b) after debridement and c) after completion of erythromycin treatment. 
][image: ][image: ]
Case Four 
A 22-year-old female presented to her local GP in September 2020 after a burn injury at home. The initial injury was described as light pink covering the dorsal surface of the right foot. Five days later there was change in colour and increase in slough, with infection confirmed by a wound swab revealing heavy growth of Staphylococcus aureus and Corynebacterium ulcerans, with moderate growth of Streptococcus sp. The C. ulcerans isolate was toxin gene positive and notified to MNPHU. Interview revealed no history of overseas travel, and no contact with raw animal products or animals other than a household dog. The case reported no direct wound contact with the dog and kept the wound covered other than for showers, although dog hair was reported to be common in the environment. One household contact was identified, who was well and was up to date with vaccinations. Antibiotics were organised for both case and household contact and the case was provided with a booster DTCV. Infectious Disease specialist advice was sought due to penicillin resistance of the C. ulcerans isolate, resulting in switching from flucloxacillin to doxycycline for treatment. The wound completely healed within days of commencing doxycycline. Nose and throat swabs of the case and contact did not have Corynebacterium isolated. 
The dog was asymptomatic with no visible skin infections; however, nose swabs were positive for C. ulcerans, with toxin gene polymerase chain reaction (PCR) also positive. On advice from Biosecurity Queensland veterinarians, the dog was treated with doxycycline for 14 days. After another 14 days the dog was re-swabbed but showed persistent nasal carriage of C. ulcerans. Despite being advised of the risks, the case declined further treatment or swabbing of the dog. Advice was provided to the case regarding cleaning the home to minimise exposure to potential environmental contamination. 
Case Five 
An 85-year-old female was admitted to hospital on 27 January 2023 with a non-healing wound on her right knee after a fall while visiting an island off the Queensland coast in November 2022. The wound accumulated fluid and was drained under sterile conditions by her GP two days after the fall, but the wound continued to discharge. She had no respiratory symptoms. She commenced clindamycin on admission after a swab was taken. Toxin gene-bearing C. ulcerans was notified to Sunshine Coast Public Health Unit on 3 February 2023. Antibiotics had been changed to vancomycin several days before notification because of concerns about multi-resistant Staphylococcus aureus. Culture found a C. ulcerans resistant to penicillin and clindamycin, with sensitivity to vancomycin, tetracycline, and erythromycin. A nasal swab performed after the receipt of four days of intravenous vancomycin did not detect C. ulcerans. The throat swabs of close contacts were negative for Corynebacterium. They received erythromycin with their DTCV status considered up to date. 
There were four companion animals (two dogs and two cats) in the household. All four had pharyngeal throat swabs taken that were positive for toxin gene-bearing C. ulcerans, with the same antimicrobial sensitivities detected in the sample obtained from the case. All animals received a course of erythromycin, but no clearance swabs were performed. 
Laboratory findings 
Table 1 shows the number of C. ulcerans isolates referred to QHFSS for toxin gene testing and the number and percentage positive for the toxin gene over the years of this case series (January 2015 – February 2023). Some of these referred isolates may come from cases outside Queensland. The toxin gene was detected in approximately 45% of isolates; but as identification of an isolate as C. ulcerans relies on the information provided by the submitting laboratory, the proportion of C. ulcerans carrying the toxin gene may actually be lower. 
MLST analysis showed that the isolates of human cases and their respective animals were the same typing where animal samples were available. Cases One, Three and Four were sequence type (ST) 325, as was Case Four’s dog, with the other human cases and their respective animals ST514 (Table 2). With no epidemiological links, spatial or temporal association, these strains were unsurprisingly distantly related via higher resolution core SNP analysis (Figure 3). Figure 3A and 3B show separate phylogenetic trees built using core SNP analysis for the cases and their pets, together with the previously sequenced strains. ST325 and ST514 isolates were analysed separately due to there being a large genetic distance between these two STs. Core SNP typing showed the strains from cases and their pets were more closely related to each other than to the other cases as demonstrated by the long branch lengths between cases in Figure 3, and the relatively short branch lengths between cases and their pets. 
Analysis of the full length of the tox genes revealed Cases One, Three and Four to have the same toxin gene sequence as C. ulcerans strain 0102 (Genbank accession AP012284), whereas the toxin gene sequence for Cases Two and Five varied from this sequence by one amino acid and were identical to C. ulcerans strain FRC58 (Genbank accession CP011913).
Table 1: Number of C. ulcerans isolates referred to QHFSS, and percentage with toxin gene detected, January 2015 – February 2023 
	Year
	Total C. ulcerans isolates referred
	Toxin gene detected
Number (%)

	2015
	4
	3 (75)

	2016
	1
	0 (0)

	2017
	2
	1 (50)

	2018
	8
	3 (38)

	2019
	0
	0 (0)

	2020
	8
	3 (38)

	2021
	3
	2 (67)

	2022
	1
	0 (0)

	2023 (to February)
	2
	1 (50)

	Total
	29
	13 (45)





Table 2: Case details and laboratory typing 
	Case
	Year
	Patient strain
	Companion animal strains
	MLST

	One
	2015
	C1
	None available
	ST325

	Two
	2018
	C2
	C2 Dog 1
C2 Dog2
	ST514

	Three
	2018
	C3
	None available
	ST325

	Four
	2020
	C4
	C4 Dog sample 1
C4 Dog sample 2
	ST325

	Five
	2023
	C5
	C5 Cat 1
C5 Cat 2
C5 Dog 1
C5 Dog 2
	ST514


Figure 3: Phylogenetic maximum likelihood tree built using SNP typing of (A) ST325 and (B) ST514 C. ulcerans isolatesa
[image: Figure 3: Phylogenetic tree of  human and companion animal isolates: A. ST325 tree shows human Case Four and two samples from Case Four’s dog as closely clustered on the tree while those of human Case One and Case Three (no companion animal samples) with long and different branch lengths from Case Four. B. ST514 tree shows Case Two and their two dogs’ isolates closely clustered while Case Five and their four animals’ samples closely clustered but remote from the Case Two cluster.
]
a	Isolates from the two ST groups were analysed separately to aid in visualisation of the branch lengths on the trees. Related isolates have labels in the same colour and the colour of the circles indicates the source of the isolate (human or animal) as indicated in the legend. Labels indicate cases as detailed in Table 2. Branch length represents genetic distance as indicated in the scale bars.
Discussion 
No secondary or co-primary cases were identified among household contacts of these five cases. Consistent with guidelines in other jurisdictions, previous Queensland guidelines advocated for the same isolation and quarantine restrictions for cases and contacts of toxigenic C. ulcerans as for toxigenic C. diphtheriae. The rationale for these restrictions was application of the precautionary principle in the context of uncertainty around whether transmission of C. ulcerans was purely zoonotic. The possibility of human-to-human transmission of C. ulcerans has previously been raised, although reports of these rare instances speculate whether other identified cases have been co-primary or secondary infections.1,16 Likely transmission of C. ulcerans among rhesus macaques has also been reported.17 In contrast to the spread of C. diphtheriae, the authors are not aware of any clearly described transmission of C. ulcerans between humans. Management of cases and contacts with prolonged periods of restriction therefore appears unwarranted. Findings of this case series support a move away from quarantine/exclusion of close contacts in the most recent Queensland diphtheria guidelines.9 Principles of caution are still maintained in the guidelines, particularly in relation to ascertainment of co-primary cases through respiratory screening (as well as detecting the theoretical possibility of secondary cases) together with vaccination and clearance antibiotic administration. 
Worldwide, reports of toxigenic C. ulcerans detections are increasing, although it is possible that the relatively recent introduction of matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry has enabled the increase in the number of isolates undergoing testing for tox genes, rather than a true increase in disease incidence.1,6,18 In Queensland, however, toxigenic C. ulcerans is still a rare disease, with a total of just nine cases notified between 2005 and 2023. 
Though there are no proven links from Cases One and Three to domestic pets, there is considerable circumstantial evidence to implicate these transmission links: both pets had discharges from a wound or ear, but the first had been treated with antibiotics and the other was cremated before swabbing for C. ulcerans could be done. 
The other cases have convincing evidence of transmission, though the direction of transmission is unknown. Case two appears to be the first reported proven instance of transmission between dogs and a human with cutaneous diphtheria disease in Australia. 
Interestingly, ST325 was the sequence type identified for the toxin gene positive C. ulcerans isolates from Cases One, Three and Four, and from Case Four’s dog. This ST has been previously reported as a potentially zoonotic ST isolated from both symptomatic and asymptomatic humans and companion animals in Europe.19,20 Cases Two and Five and their pets were identified to be positive for toxin gene-bearing C. ulcerans ST514. This ST has also been previously reported as being present within a human case and corresponding contact animal.21 This highlights the ongoing need for appropriate sampling of companion animals and molecular typing to continue to expand understanding around risk of zoonotic transmission and association with particular genotypes. 
Cases Two and Three clustered temporally and geographically, but there were no epidemiological links and isolates were of different sequence types. 
The co-operation between human and veterinary health practitioners to safeguard human health via a One Health approach was an important aspect of these investigations. Although toxigenic C. ulcerans carriage is not notifiable to veterinary authorities in Queensland, support from Biosecurity Queensland was necessary to eradicate colonisation from the dogs. 
As toxigenic C. ulcerans has caused respiratory diphtheria and toxin-mediated disease, this report also serves as a reminder for the need to maintain high coverage rates of diphtheria vaccination to ensure this emerging zoonosis does not result in future diphtheria fatalities. 
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