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Australian vaccine preventable disease epidemiological review series: diphtheria 1999–2019 
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Abstract 
Background 
Diphtheria is rare in Australia, but an increasing number of cases have been notified in recent years. Alongside notifications from 1999 to 2019, we analysed other relevant national data sources to evaluate trends over the past two decades. 
Methods 
Diphtheria notifications (National Notifiable Diseases Surveillance System [NNDSS]), hospitalisations (National Hospital Morbidity Database [NHMD]) and deaths (Australian Bureau of Statistics and the Australian Coordinating Registry) were separately analysed by site of infection, age group, sex, state/territory, Aboriginal and Torres Strait Islander status, and vaccination status. 
Results 
During the study period, eight (0.002 per 100,000 population per year) cases of respiratory diphtheria and 38 (0.008 per 100,000 population per year) cases of cutaneous diphtheria were recorded in the NNDSS, with 45/46 reported in the nine years since 2011. Corynebacterium diphtheriae accounted for 87% of notified cases, who had a median age of 31.5 years (respiratory diphtheria) and 52.5 years (cutaneous diphtheria); no respiratory diphtheria was notified in those under 15 years of age. A majority of the cutaneous diphtheria cases (27/38; 71%) were acquired overseas, as were 3/8 (38%) of the respiratory diphtheria cases. Rates of both presentation types were higher in Aboriginal and Torres Strait Islander people (respiratory: 0.007 per 100,000 population per year; cutaneous: 0.021 per 100,000 population per year) than were rates in the overall population. Queensland had the highest rate of notified respiratory cases (0.007 per 100,000 population per year), and the Northern Territory the highest rate of cutaneous notifications (0.043 per 100,000 population per year). There were 29 hospitalisations with a principal-diagnosis diphtheria code in the NHMD between 2002 and 2018, of which eight were designated as respiratory (0.002 per 100,000 population per year), eight as cutaneous (0.002 per 100,000 population per year), and 13 with an unknown site of infection. Among notified cases, two deaths were reported in unvaccinated people in Queensland. 
Conclusions 
Although diphtheria remains rare in Australia, 45 cases were notified in the years 2011–2019, compared with one case between 1999 and 2010. Robust surveillance remains important to detect all cases. High immunity will need to be maintained across all age groups to prevent outbreaks, and travel and adult booster doses should be encouraged.
Keywords: Diphtheria; disease surveillance; immunisation; epidemiology; vaccine preventable disease 
Introduction 
Globally, diphtheria incidence declined dramatically following the implementation of vaccination programs in the 1940s, with many industrialised countries having largely eliminated the disease by the 1980s.1 However, subsequent outbreaks have occurred, the largest in the Newly Independent States of the former Soviet Union in the 1990s, and in Yemen and Bangladesh from 2017.1–5 Resurgence of diphtheria has been driven by health system disruption and by declines in childhood vaccination coverage, often associated with civil unrest and population movement.1–3,6 
Diphtheria is caused by toxigenic strains of Corynebacterium diphtheriae, C. ulcerans,6 and, very rarely, C. pseudotuberculosis.7,8 The most common clinical presentations are respiratory and cutaneous infection, with subsequent clinical manifestations caused by diphtheria toxin produced by the bacilli.6 Classic respiratory diphtheria is characterised by a sore throat, fever, swelling of the neck, and a membrane that forms over the back of the throat causing difficulty swallowing and breathing.9 The toxin can also cause later cardiac and neurological complications.6 Case fatality rates range from 5% to higher than 20% depending on vaccination status and availability of treatment.6,10,11 Cutaneous diphtheria typically presents as a non-healing ulcerative lesion.9 Toxin-related complications can occur in cutaneous diphtheria, but are rare due to slow absorption of the toxin from skin lesions.12 
Transmission of C. diphtheriae is predominantly from human to human by respiratory droplets or by direct contact with infected lesions.6 Secondary respiratory cases and outbreaks can arise due to transmission from both respiratory and cutaneous cases.12 Widespread immunisation is the principal means of prevention, but control measures, including isolation of cases, contact tracing, and antibiotic chemoprophylaxis of both cases and contacts, are also required.6 C. ulcerans and C. pseudotuberculosis are linked to transmission from animals.13,14 C. ulcerans transmission occurs through contact with respiratory droplets from colonised companion animals, or through direct contact with, or consumption of, unpasteurised milk from colonised livestock.12 C. pseudotuberculosis transmission pathways are less well documented. 
Diphtheria vaccines contain diphtheria toxoid (a chemically inactivated form of the toxin), and are highly effective at preventing symptomatic disease.6 While vaccination does not prevent colonisation or asymptomatic infection,6,14 asymptomatic individuals transmit infection at a reduced rate.6 Diphtheria vaccines are funded under the Australian National Immunisation Program (NIP) as a three-dose primary course at 2, 4, and 6 months of age, with booster doses at 18 months, 4 years, and 11–13 years of age, the latter introduced in 2004. The 18-month combination diphtheria-tetanus-pertussis (acellular) (DTPa) booster was removed from the NIP in 2003 and reintroduced in 2016 as part of efforts to improve pertussis control. Doses of adult diphtheria-tetanus-pertussis (acellular) (dTpa) vaccine for parents and carers of newborn babies, to protect them from pertussis (cocoon strategy), were funded by jurisdictions at varying times between 2008 and 2013, replaced by dTpa vaccination for pregnant women, initially funded by jurisdictions from 2014 and then NIP-funded from 2018.15 
The last detailed review of diphtheria, covering the period from 1991 to 1998, identified 23 notifications for diphtheria in 1991 and 1992 but none between 1993 and 1998.16 In the most recent decade there have been several changes to the national diphtheria case definition, an increase in the number of notified cases, and the first deaths from diphtheria since 1992.17 In this epidemiological review we analyse administrative data on diphtheria in Australia from 1999 to 2019. 
Methods 
Data sources 
Notifications 
The Australian National Notifiable Diseases Surveillance System (NNDSS) was established in 1990 and contains data on more than 50 notifiable diseases.18 Notifications are made to each state or territory health department, and electronic, de-identified notification data are supplied to the Australian Government Department of Health and Aged Care on a daily basis. For this analysis, included data were NNDSS notifications for confirmed or probable diphtheria, as per the case definition in place at the time (Appendix A, Table A.1), with an onset date between 1 January 1999 and 31 December 2019. Where the onset date was not available, the earliest of the specimen date, notification date, or notification received date was used. Where site of infection (respiratory or cutaneous) was recorded as ‘unknown’ in the initial dataset, this was obtained through direct communication with the relevant jurisdiction. 
Hospitalisations 
Hospitalisation data were obtained from the Australian Institute of Health and Welfare (AIHW) National Hospital Morbidity Database (NHMD), which contains line-listed, episode-level records for all hospital admissions in Australian public and private hospitals. Included were any hospitalisations with an admission date between 1 January 2002 and 31 December 2018 (earliest and latest full calendar year of hospitalisation data available) with an International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modifications (ICD-10-AM) principal or additional diagnosis code for diphtheria (A36.0 [pharyngeal diphtheria]; A36.1 [nasopharyngeal diphtheria]; A36.2 [laryngeal diphtheria]; A36.3 [cutaneous diphtheria]; A36.8 [other diphtheria]; or 36.9 [diphtheria, unspecified]). Length of stay was capped at 30 days in the dataset provided by AIHW, so hospitalisations reported with a 30-day length of stay may represent longer hospitalisations. Admission year was not supplied by AIHW where length of stay was greater than 30 days. Where admission year was not available, separation year was used. Counts less than 5 are expressed as a range (1–4) to comply with the data release condition that small counts be suppressed in published reports. 
Mortality 
Mortality data were obtained from the Australian Coordinating Registry (ACR) for deaths from 2006 onwards, and from the Australian Bureau of Statistics (ABS) for deaths prior to 2006. Data included were deaths with diphtheria recorded as an underlying or associated cause (only underlying cause available for ABS data), defined using the ICD-10-AM code A36, from 1 January 2003 (earliest full calendar year of data available) to 31 December 2019. Counts less than 6 are expressed as a range (1–5) to comply with the data release condition that small counts be suppressed in published reports. Deaths were also identified from the ‘separation mode’ field within the NHMD hospitalisation dataset, and from the ‘died’ field in the NNDSS. 
Population estimates 
Mid-year Australian resident population estimates by age and jurisdiction were obtained from the ABS. Aboriginal and Torres Strait Islander population estimates for 2001 to 2019 were taken from the back-cast and projected estimates as provided by the ABS based on the 2016 census. Aboriginal and Torres Strait Islander population estimates for 1999 and 2000 were derived by calculating the average age-specific annual increase in population for the years 2001 to 2006 and deducting this from the 2001 estimated population to provide a 2000 estimate, and then from the 2000 estimate to provide a 1999 estimate. 
Data analyses 
Data were analysed descriptively, including proportions and rates. Variables analysed from the NNDSS dataset included: confirmation status (confirmed/probable); age at onset; sex; Aboriginal and Torres Strait Islander status; year of diagnosis; whether died of the disease; vaccination status; state/territory; and place of acquisition. All variables were assessed for data completeness. The following derived variables were created: age group from onset age; and overseas/local acquisition from place of acquisition. 
Variables analysed from the AIHW hospitalisation dataset included: age; sex; Aboriginal and Torres Strait Islander status; state of residence; admission year; length of stay; separation mode; and principal and additional diagnosis fields. ICD-10-AM codes A36.0, A36.1, and A36.2 were combined for analysis as respiratory diphtheria, and A36.8 and A36.9 were combined as unknown diphtheria (unspecified site). 
Rates were calculated using mid-year ABS population data, or jurisdiction or age-specific ABS population estimates, or Aboriginal and Torres Strait Islander population projections as appropriate, and presented per 100,000 population per year. Summary statistics, including median and interquartile range (IQR), were calculated for age and length of stay. 
Analysis was performed using Microsoft Excel 2010 and Stata 14.2 (Statacorp LLC, College Station, TX, USA). 
Ethics 
This epidemiological review was approved by the Australian Capital Territory (ACT) Human Research Ethics Committee (HREC) (2019/ETH12123) and the Australian National University HREC (2020/162). 
Results 
Notifications 
Secular trends 
A total of 46 notifications for diphtheria were recorded between 1999 and 2019. Of these, 38 (83%) were cutaneous diphtheria and eight (17%) were respiratory diphtheria. Forty-five of the cases (98%) were reported from 2011 onwards, with only one notification of cutaneous diphtheria (2001) between 1999 and 2010 (Figure 1). The average annual notification rate was 0.008 per 100,000 population per year for cutaneous diphtheria and 0.002 per 100,000 population per year for respiratory diphtheria. The rate was higher in the second half of the study period (2010 to 2019): 0.016 per 100,000 population per year for cutaneous diphtheria, and 0.003 per 100,000 population per year for respiratory diphtheria.


Figure 1: Number of notifications of cutaneous and respiratory diphtheria, 1999–2019, Australiaa
[image: Figure 1 is a stacked column graph, showing number of notifications of respiratory and cutaneous diphtheria for each year in the study period. The x axis shows the year of notification and the y axis shows the count of notifications with the scale ranging from 0 to 12. The figure shows no cases from 1999 to 2010 except one cutaneous case in 2001. Cases of both respiratory and cutaneous occur each year from 2011 to 2019 except 2012, with a peak of 11 cases in 2018, nine of which are cutaneous cases. The majority of cases since 2011 are cutaneous cases.]
a	Data source: National Notifiable Diseases Surveillance System.
Age and sex 
The median age among the eight notified cases of respiratory diphtheria was 31.5 years (range: 21–85 years; IQR: 22.75–50.25); for the 38 cases of cutaneous diphtheria, the median age was 52.5 years (range: 6–83 years; IQR: 25.25–60.0). The highest rate of notifications for respiratory diphtheria was in the 15–24 year age group, and the highest rate for cutaneous diphtheria was in the ≥ 65 age group, followed by the 50–64 year and 15–24 year age groups (Figure 2). Females were over-represented among notified cases of respiratory diphtheria (n = 6; 75%) and males among notified cutaneous diphtheria (n = 27; 71%). 


Figure 2: Rate (per 100,000 population per year) of respiratory and cutaneous diphtheria notifications by age group, Australia, 1999–2019a
[image: Figure 2 is a clustered column graph of the notification rate per 100,000 by age group for cutaneous and respiratory diphtheria. The x axis shows the age group (≤4 years, 5–14 years, 15–24 years, 25–49 years, 50–64 years, and ≥65 years). The y axis shows the notification rate per 100,000 per year, with the scale ranging from 0 to 0.016. The graph shows no notifications among children ≤4 years of age, and no respiratory notifications among children 5–14 years or 50–64 years of age. The rate of cutaneous notifications is highest among the ≥65 years and 50–64 year age groups, followed by 15–24 year age group.]
a	Data source: National Notifiable Diseases Surveillance System.
Organism 
C. diphtheriae accounted for most notifications (40 cases; 87%). The first C. ulcerans case was notified in 2013, with three of the six total C. ulcerans notifications in 2018. Of the 40 C. diphtheriae notifications, six (15%) were respiratory and 34 (85%) were cutaneous infections, and of the six C. ulcerans cases, two (33%) were respiratory and four (67%) were cutaneous. 
Place of acquisition 
The Northern Territory had the highest rate of cutaneous notifications (n = 2; 0.043 per 100,000 population per year), followed by Queensland (n = 26; 0.029 per 100,000 population per year) (Table 1). Queensland accounted for 6/8 (75%) respiratory notifications (0.007 per 100,000 population per year), with one in each of New South Wales and Victoria; 3/8 (38%) were acquired overseas and four of the five locally-acquired cases (80%) occurred in Queensland. The average annual rate for Queensland and the Northern Territory combined was approximately ten times higher than the rate for the other jurisdictions combined, in both the full study period (1999–2019; 0.03 per 100,000 population per year compared to 0.003 per 100,000 population per year) and the second half (2010–2019; 0.054 per 100,000 population per year compared to 0.005 per 100,000 population per year). Of 38 cutaneous diphtheria notifications, infection was acquired overseas in 27 (71%); locally in seven (18%); and unknown in four (11%). All seven local acquisitions and 18/27 (67%) overseas acquisitions were from Queensland, with 12 notified between 2013 and 2016. Of cases acquired in Australia, we were unable to identify which may have been import-linked. Of the 30 notifications where infection was acquired overseas, 21 (70%) were acquired in the Western Pacific Region and nine (30%) in the South East Asia Region. Of the 18 overseas-acquired cutaneous cases in Queensland, countries of acquisition comprised Papua New Guinea (n = 4); Solomon Islands (n = 6); Cambodia (n = 1); Philippines (n = 2); Sri Lanka (n = 1); New Zealand (n = 1); and Vanuatu (n = 3).
Table 1: Number and rate per 100,000 population per year of notified diphtheria cases by site of infection, place of acquisition, and reporting jurisdiction, Australia, 1999–2019a
	Notifying jurisdictionb
	Respiratory diphtheria
	Cutaneous diphtheria

	
	Place of acquisition
	n
	rate
	Place of acquisition
	n
	rate

	
	Overseas
	Local
	
	
	Overseas
	Local
	Unknown
	
	

	
	WPRc
	SEARc
	
	
	
	WPRc
	SEARc
	
	
	
	

	New South Wales
	0
	0
	1
	1
	0.001
	2
	0
	0
	2
	4
	0.003

	Northern Territory
	0
	0
	0
	0
	—
	0
	2
	0
	0
	2
	0.043

	Queensland
	1
	1
	4
	6
	0.007
	17
	1
	7
	1
	26
	0.029

	South Australia
	0
	0
	0
	0
	—
	1
	1
	0
	0
	2
	0.006

	Victoria
	0
	1
	0
	1
	0.001
	0
	2
	0
	1
	3
	0.003

	Western Australia
	0
	0
	0
	0
	—
	0
	1
	0
	0
	1
	0.002

	Total
	1
	2
	5
	8
	0.002
	20
	7
	7
	4
	38
	0.008


a	Data source: National Notifiable Diseases Surveillance System.
b	No cases were reported in the Australian Capital Territory or Tasmania.
c	WPR: Western Pacific Region; SEAR: South East Asia Region.
Aboriginal and Torres Strait Islander status 
Of the eight respiratory diphtheria notifications, one (13%) was reported to be in an Aboriginal and Torres Strait Islander person (in Queensland); six (75%) were reported in non-Indigenous people; with one (13%) for which Indigenous status was not recorded. Of 38 cutaneous diphtheria notifications, three (8%) were reported to be in Aboriginal and Torres Strait Islander people (two in Queensland and one in Victoria); 32 (84%) in non-Indigenous people; and three (8%) for which Indigenous status was not recorded. The rate of respiratory and cutaneous notifications in Aboriginal and Torres Strait Islander people was 0.007 (3.9 times higher than the overall population rate) and 0.021 per 100,000 population per year (2.5 times higher than the overall population rate), respectively. 
Vaccination status 
Among the 4/8 respiratory notifications with a recorded vaccination history, one had four doses recorded, one had one dose recorded, and two were unvaccinated, both of whom died of the disease. Among 25 cutaneous notifications with a known vaccination history, five (20%) were unvaccinated and 20 had recorded doses (five with 4–5 doses, 15 with 1–2 doses). All six cases (any site of infection) reported as having 4–5 previous doses of diphtheria-containing vaccine were younger than 25 years of age. 
Hospitalisations 
From 2002–2018, there were 327 hospitalisations with diphtheria listed as a diagnosis but only 29 (9%; 0.008 per 100,000 per year) with diphtheria recorded as the principal diagnosis. Of these 29, eight (28%; 0.002 per 100,000 population per year) were respiratory; eight (28%; 0.002 per 100,000 population per year) were cutaneous; and 13 (45%; 0.003 per 100,000 population per year) were unknown. The median length of stay for diphtheria (principal diagnosis) was 3 days (IQR: 1–6: respiratory 2 days [IQR: 1.8–4), cutaneous 4 days [IQR: 2.5–5.25]). Of the 29 principal-diagnosis hospitalisations, 13 (45%) occurred in years with no notifications, including all three hospitalisations from the Northern Territory. 
Of the 298 hospitalisations with diphtheria as an additional diagnosis, 133 (45%) were in the Northern Territory, and 198 (66%) were cutaneous. Common principal diagnoses among these 298 hospitalisations included endocarditis (n = 25) and skin infection-related codes, such as cellulitis, ulcers, and wound infections (n = 50). 
Deaths 
There were 1–5 deaths recorded in the ACR causes of death data with diphtheria as the underlying or an associated cause of death between 2006 and 2019, and no related deaths recorded in the ABS data between 2003 and 2005. There were five deaths recorded in hospitalisations coded as due to diphtheria (one principal and four additional diagnosis) in the AIHW data, and two deaths recorded in notified cases in the NNDSS. These individuals may overlap across datasets. 
The two deaths reported in the NNDSS both occurred in Queensland and were acquired in Australia; both were in the 20–29 years age group and were unvaccinated. 
Discussion 
Both respiratory and cutaneous diphtheria remain rare in Australia, with an average annual incidence of notified cases of 0.002 per 100,000 population per year for respiratory diphtheria and 0.008 per 100,000 population per year for cutaneous diphtheria from 1999 to 2019. In the last detailed review of diphtheria, there were no cases reported between 1993 and 1998.16 In this review, there was one case reported in the NNDSS between 1999 and 2010, with 37 cutaneous cases and eight respiratory cases occurring since 2011, and two deaths. Both deaths reported in the NNDSS were in unvaccinated young adults in Queensland who acquired infection locally, with the 2011 death occurring in a close contact of a partially-vaccinated case who acquired infection in Papua New Guinea,19 while the source of infection for the 2018 death has not been documented. Notification rates in Aboriginal and Torres Strait Islander peoples, although 2–4 times higher than the overall population, were low. 
Both cutaneous and respiratory diphtheria occurred mostly among adults in Australia, with no cases of respiratory diphtheria reported in children aged < 15 years between 1999 and 2019. This absence of respiratory cases in children reflects the high coverage achieved by the childhood immunisation program in Australia. This is particularly evident over the last two decades, with coverage (4 doses of DTPa at 24 months of age) above 90% since 2000.20,21 This shift in respiratory diphtheria epidemiology away from childhood was already present in the previous review period (1991–1998)16 and is consistent with findings in other high-coverage countries.3,22,23 Both the 1997–1998 and 2007 Australian national serosurveys found high immunity in children, decreasing to approximately 60% in adults aged 50 years or older, suggesting that almost half of older adults may be susceptible to diphtheria.24,25 The occurrence of respiratory diphtheria predominantly in adults over our study period is likely due to a combination of waning post-vaccination immunity in adulthood6,24–26 and lower historical childhood immunisation coverage, which was estimated at 59–75% in the 1970s and 1980s.27,28 A single booster dose of diphtheria-containing vaccine is recommended for adults at 50 years of age (introduced in 2000, replacing previous recommendation for a booster dose every 10 years) and again at 65 years of age. If travelling overseas, a booster is recommended if more than 10 years has passed since the most recent dose (or five years for high-risk travel), introduced in 2013 to address concerns about waning immunity.15,26 Ascertaining diphtheria immunisation status pre-travel remains important, with the majority of cutaneous cases and a third of respiratory cases acquired overseas. 
Queensland reported the highest rate of respiratory notifications and the second-highest rate of cutaneous notifications. As cutaneous diphtheria occurs mostly in the tropics,29,30 the Queensland climate may contribute, with all seven local acquisitions of cutaneous diphtheria over the study period occurring in Queensland. Other reasons for higher case numbers in Queensland may include travel patterns, better ascertainment of cases through clinical diagnosis, and more complete notification. Due to changes to the national surveillance case definition, cutaneous diphtheria cases were not required to be notified to NNDSS from 2013 to 2016. However, Queensland did not incorporate these changes in its local case definition, notifying 12 cutaneous cases over this period. Although the Northern Territory reported the highest rate of cutaneous notifications, this corresponds to only two cases. The Northern Territory also recorded the highest rate of hospitalisations during the study period. As the diphtheria ICD-10-AM codes do not distinguish between toxigenic and non-toxigenic disease, this is likely a reflection of the burden of non-toxigenic diphtheria, which remains endemic in Central Australia.31 Non-toxigenic diphtheria, while not notifiable in Australia, is emerging as a cause of substantial infections internationally, including persistent sore throats, endocarditis, septic arthritis, and cutaneous infections.32,33 Non-toxigenic strains can acquire the toxin gene if lysogenised by a bacteriophage.14 
Vaccination status was unknown for half of the respiratory notifications; two cases, representing half of those with a known status, were unvaccinated and died of the disease. Of the two-thirds of cutaneous cases with known vaccination status, the proportion that had received at least four doses and the proportion unvaccinated were the same (one-fifth), reflecting the limited effectiveness of vaccination in preventing wound colonisation. Wounds are also often co-infected with other pathogens, such as Staphylococcus aureus, so it may be unclear whether Corynebacterium detected is the causative organism or only commensal.12,29,34 Nevertheless, as in respiratory cases, appropriate prophylactic antibiotics remain important for contacts of cutaneous cases, along with catch-up vaccination if required, to prevent transmission. 
Similarly to Australia, increases in diphtheria cases have been documented in Belgium since 2010,34 and in the UK since 2015.13 Internationally, C. ulcerans is playing an increasing role in the burden of diphtheria in highly vaccinated populations,7,8,11,35 becoming the dominant organism in the UK since the 1990s due to locally-acquired C. ulcerans cases associated with exposure to domestic animals.11,13 In Australia, C. diphtheriae still accounted for 85% of notified cases from 1999 to 2019. C. ulcerans was added to Australia’s case definition in 2004, but no cases were notified until 2013. Vaccination appears to be effective against C. ulcerans toxin; however, concerns have been raised that the greater diversification of the toxin gene in C. ulcerans, compared to C. diphtheriae, could lead to decreased effectiveness of the vaccine over time.36 C. pseudotuberculosis has been made notifiable in some European countries to better characterise disease caused by this organism.7,8 
While there have been several changes to the Australian surveillance case definition between 1999 and 2019, there were few cases during the period with the broadest case definition (2004 to 2012). During this time, two out of the three notified respiratory cases were asymptomatic carriers,17,37,38 with the national case definition changed in 2013 to require the presence of clinical symptoms. This suggests that the minor re-emergence of respiratory notifications in the years following was unlikely to be due to case definition changes. The increased number of notified cases seen since 2011 largely comprised cutaneous cases. Although cutaneous diphtheria was notifiable from 2004 to 2012, it is unclear to what extent cases were routinely notified. The case definition was changed in 2017 to specifically include cutaneous presentations, which may have encouraged notification and may account for some of the increase in cutaneous cases since 2011. 
Ascertaining diphtheria immunisation status pre-travel remains important, particularly if travelling to a high-risk area,26,39 with the majority of cutaneous cases and a third of respiratory cases in our study acquired overseas. Since 2000, the South East Asia region has reported the highest number of diphtheria cases each year out of all World Health Organization regions, with India, Nepal, and Indonesia collectively reporting 96–99% of South East Asia cases.3 Only 30% of cases in our study acquired infection in South East Asia, with the remaining 70% acquired in the Western Pacific region where diphtheria also remains endemic in many countries;39,40 however, comparison and interpretation of distribution patterns is difficult due to the small number of cases involved. 
There are several limitations to this study. Notification data are generally not considered to be representative of all cases in the population, but the sensitivity of notification datasets may be better for rare and serious conditions such as respiratory diphtheria. Notification data were incomplete for a number of fields, including Aboriginal and Torres Strait Islander status and vaccination status, and recorded vaccinations in notified cases may not reflect complete vaccination history, particularly for vaccinations received prior to the introduction of the Australian Childhood Immunisation Register in 1996. Completeness of vaccination status should improve over time as vaccination data for more birth cohorts are captured in the Australian Immunisation Register. Public health unit staff following up diphtheria notifications should ensure other important fields such as Aboriginal and Torres Strait Islander status, site of infection, and death are completed, to optimise accuracy of data on this rare but important condition. The number of hospitalisations for diphtheria is disproportionately high compared to the number of notifications. This is likely due to a lack of specificity in diphtheria ICD-10-AM codes and may also be due, in part, to errors in coding, which are more common for rare diseases.41 Additionally, hospitalisation data are episode-level records and may include multiple records for individual cases transferred between hospitals or readmitted. This, in combination with a large proportion of hospitalisations with an unknown site of infection, limited our ability to describe severe disease due to toxigenic respiratory and cutaneous diphtheria. There were also discrepancies in the numbers and details of deaths across datasets. 
In summary, despite an increase in cases over the past decade, diphtheria remains rare in Australia. It is, however, important to maintain high levels of vaccination coverage. In particular, pre-travel booster vaccination should continue to be encouraged, in line with recommendations in the Australian Immunisation Handbook.26
Author details 
Noni E Winkler1,2 
Aditi Dey1,3 
Helen E Quinn1,3 
Davoud Pourmarzi2 
Stephen Lambert1 
Peter McIntyre1,3 
Frank Beard1,3 
1. The National Centre for Immunisation Research and Surveillance (NCIRS) 
2. The Australian National University, College of Health and Medicine, National Centre for Epidemiology and Population Health 
3. The University of Sydney, Faculty of Medicine and Health 
Corresponding author 
Noni Winkler BN, MPHTM 
MAE Scholar | National Centre for Immunisation Research and Surveillance (NCIRS)
Telephone: +61438247774
Email: Noni.Winkler@health.nsw.gov.au


References 
1. Galazka AM, Robertson SE, Oblapenko GP. Resurgence of diphtheria. Eur J Epidemiol. 1995;11(1):95–105. doi: https://doi.org/10.1007/BF01719954. 
2. Dureab F, Müller O, Jahn A. Resurgence of diphtheria in Yemen due to population movement. J Travel Med. 2018;25(1). doi: https://doi.org/10.1093/jtm/tay094. 
3. Clarke KEN, MacNeil A, Hadler S, Scott C, Tiwari TSP, Cherian T. Global epidemiology of diphtheria, 2000–2017. Emerg Infect Dis. 2019;25(10):1834–42. doi: https://doi.org/10.3201/eid2510.190271. 
4. Polonsky JA, Ivey M, Mazhar MKA, Rahman Z, le Polain de Waroux O, Karo B et al. Epidemiological, clinical, and public health response characteristics of a large outbreak of diphtheria among the Rohingya population in Cox’s Bazar, Bangladesh, 2017 to 2019: a retrospective study. PLoS Med. 2021;18(4):e1003587. doi: https://doi.org/10.1371/journal.pmed.1003587. 
5. Badell E, Alharazi A, Criscuolo A, Almoayed KAA, Lefrancq N, Bouchez V et al. Ongoing diphtheria outbreak in Yemen: a cross-sectional and genomic epidemiology study. Lancet Microbe. 2021. doi: https://doi.org/10.1016/S2666-5247(21)00094-X. 
6. Truelove SA, Keegan LT, Moss WJ, Chaisson LH, Macher E, Azman AS et al. Clinical and epidemiological aspects of diphtheria: a systematic review and pooled analysis. Clin Infect Dis. 2020;71(1):89–97. doi: https://doi.org/10.1093/cid/ciz808. 
7. Bonmarin I, Guiso N, Le Flèche-Matéos A, Patey O, Patrick AD, Levy-Bruhl D. Diphtheria: a zoonotic disease in France? Vaccine. 2009;27(31):4196–200. doi: https://doi.org/10.1016/j.vaccine.2009.04.048. 
8. Diphtheria Guidelines Working Group. Public health control and management of diphtheria (in England and Wales): 2015 Guidelines. London: United Kingdom Government, Public Health England; March 2015. Available from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/774753/Diphtheria_Guidelines_Final.pdf. 
9. Hadfield TL, McEvoy P, Polotsky Y, Tzinserling VA, Yakovlev AA. The pathology of diphtheria. J Infect Dis. 2000;181(Suppl 1):S116–20. doi: https://doi.org/10.1086/315551. 
10. Dittmann S, Wharton M, Vitek C, Ciotti M, Galazka A, Guichard S et al. Successful control of epidemic diphtheria in the states of the former Union of Soviet Socialist Republics: lessons learned. J Infect Dis. 2000;181(Suppl 1):S10–22. doi: https://doi.org/10.1086/315534. 
11. Wagner KS, White JM, Crowcroft NS, De Martin S, Mann G, Efstratiou A. Diphtheria in the United Kingdom, 1986-2008: the increasing role of Corynebacterium ulcerans. Epidemiol Infect. 2010;138(11):1519–30. doi: https://doi.org/10.1017/S0950268810001895. 
12. de Benoist AC, White JM, Efstratiou A, Kelly C, Mann G, Nazareth B et al. Imported cutaneous diphtheria, United Kingdom. Emerg Infect Dis. 2004;10(3):511–3. 
13. Gower CM, Scobie A, Fry NK, Litt DJ, Cameron JC, Chand MA et al. The changing epidemiology of diphtheria in the United Kingdom, 2009 to 2017. Euro Surveill. 2020;25(11):1900462. doi: https://doi.org/10.2807/1560-7917.ES.2020.25.11.1900462. 
14. Sharma NC, Efstratiou A, Mokrousov I, Mutreja A, Das B, Ramamurthy T. Diphtheria. Nat Rev Dis Primers. 2019;5(1):81. doi: https://doi.org/10.1038/s41572-019-0131-y. 
15. National Centre for Immunisation Research and Surveillance (NCIRS). Significant events in diphtheria, tetanus and pertussis vaccination practice in Australia. Sydney: NCIRS; July 2019. Available from: http://ncirs.org.au/sites/default/files/2019-07/Diphtheria-tetanus-pertussis-history-July-2019.pdf. 
16. Gidding HF, Burgess MA, Gilbert GL. Diphtheria in Australia, recent trends and future prevention strategies. Commun Dis Intell. 2000;24(6):165–7. 
17. Dey A, Wang H, Beard F, Macartney K, McIntyre P. Summary of national surveillance data on vaccine preventable diseases in Australia, 2012–2015. Commun Dis Intell (2018). 2019;43. doi: https://doi.org/10.33321/cdi.2019.43.58. 
18. Australian Government Department of Health. Introduction to the National Notifiable Diseases Surveillance System. [Internet.] Canberra: Australian Government Department of Health; 9 June 2015. Available from: https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-nndssintro.htm. 
19. Queensland Health. Vaccine preventable and invasive diseases in Queensland: 1 Jan – 31 Dec 2018. Brisbane: Queensland Government, Queensland Health; 2019. Available from https://www.health.qld.gov.au/__data/assets/pdf_file/0024/832443/vpd-quarterly-surveillance-2018.pdf. 
20. Brotherton J, McIntyre P, Puech M, Wang H, Gidding H, Hull B et al. Vaccine preventable diseases and vaccination coverage in Australia 2001 to 2002. Commun Dis Intell Q Rep. 2004;28(Suppl 2):vii–S116. 
21. Hull B, Hendry A, Dey A, Macartney K, Beard F. Immunisation coverage annual report 2019. Commun Dis Intell (2018). 2021;45. doi: https://doi.org/10.33321/cdi.2020.45.18. 
22. Edmunds WJ, Pebody RG, Aggerback H, Baron S, Berbers G, Conyn-van Spaendonck MA et al. The sero-epidemiology of diphtheria in Western Europe. ESEN Project. European Sero-Epidemiology Network. Epidemiol Infect. 2000;125(1):113–25. doi: https://doi.org/10.1017/s0950268899004161. 
23. McQuillan GM, Kruszon-Moran D, Deforest A, Chu SY, Wharton M. Serologic immunity to diphtheria and tetanus in the United States. Ann Intern Med. 2002;136(9):660–6. doi: https://doi.org/10.7326/0003-4819-136-9-200205070-00008. 
24. Gidding HF, Backhouse JL, Burgess MA, Gilbert GL. Immunity to diphtheria and tetanus in Australia: a national serosurvey. Med J Aust. 2005;183(6):301–4. doi: https://doi.org/10.5694/j.1326-5377.2005.tb07059.x. 
25. Lu X, Quinn HE, Menzies RI, Hueston L, Gilbert L, McIntyre PB. Diphtheria immunity in Australia: should we be concerned? Infect Disord Drug Targets. 2020;20(3):323–9. doi: https://doi.org/10.2174/1871526518666181011114834. 
26. Australian Immunisation Handbook. Diphtheria. [Internet.] Canberra: Australian Government Department of Health; 23 April 2019. [Accessed on 27 June 2019.] Available from: https://immunisationhandbook.health.gov.au/vaccine-preventable-diseases/diphtheria. 
27. Australian Bureau of Statistics. Childrens immunisation survey, Australia, November 1983. Canberra: Australia Bureau of Statistics; 1984. Available from https://catalogue.nla.gov.au/Record/1620836. 
28. Australia Bureau of Statistics. Australian health survey, 1977–78. Sabin and triple antigen vaccination (persons aged 2 to 5 years). Canberra: Australian Bureau of Statistics; 1980. Available from https://catalogue.nla.gov.au/Record/66427. 
29. Lim KH, Boon M. Cutaneous diphtheria in a returned traveller. J Paediatr Child Health. 2019;55(3):358–61. doi: https://doi.org/10.1111/jpc.14245. 
30. Tiwari TSP, Wharton M. 19 – Diphtheria toxoid. In Plotkin SA, Orenstein WA, Offit PA, Edwards KM, eds. Plotkin’s Vaccines (7th edition). Amsterdam: Elsevier, 2018;261–75.e7. Available from: http://www.sciencedirect.com/science/article/pii/B9780323357616000195. 
31. Gordon CL, Fagan P, Hennessy J, Baird R. Characterization of Corynebacterium diphtheriae isolates from infected skin lesions in the Northern Territory of Australia. J Clin Microbiol. 2011;49(11):3960–2. doi: https://doi.org/10.1128/JCM.05038-11. 
32. Mishra B, Dignan RJ, Hughes CF, Hendel N. Corynebacterium diphtheriae endocarditis—surgery for some but not all! Asian Cardiovasc Thorac Ann. 2005;13(2):119–26. doi: https://doi.org/10.1177/021849230501300205. 
33. Hoskisson PA. Microbe Profile: Corynebacterium diphtheriae – an old foe always ready to seize opportunity. Microbiology (Reading). 2018;164(6):865–7. doi: https://doi.org/10.1099/mic.0.000627. 
34. Martini H, Soetens O, Litt D, Fry NK, Detemmerman L, Wybo I et al. Diphtheria in Belgium: 2010-2017. J Med Microbiol. 2019;68(10):1517–25. doi: https://doi.org/10.1099/jmm.0.001039. 
35. Both L, Collins S, de Zoysa A, White J, Mandal S, Efstratiou A. Molecular and epidemiological review of toxigenic diphtheria infections in England between 2007 and 2013. J Clin Microbiol. 2015;53(2):567–72. doi: https://doi.org/10.1128/JCM.03398-14. 
36. Otsuji K, Fukuda K, Ogawa M, Saito M. Mutation and diversity of diphtheria toxin in Corynebacterium ulcerans. Emerg Infect Dis. 2019;25(11):2122–3. doi: https://doi.org/10.3201/eid2511.181455. 
37. NNDSS Annual Report Writing Group. Australia’s notifiable disease status, 2011: annual report of the National Notifiable Diseases Surveillance System. Commun Dis Intell Q Rep. 2013;37(4):E313–93. 
38. Dey A, Knox S, Wang H, Beard FH, McIntyre PB. Summary of national surveillance data on vaccine preventable diseases in Australia, 2008-2011. Commun Dis Intell Q Rep. 2016;40(Suppl):S1–70. 
39. Tiwari TSP, Acosta A. Diphtheria. [Internet.] Atlanta: Centers for Disease Control and Prevention; 2019. [Accessed on 7 March 2022.] Available from: https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases/diphtheria. 
40. Queensland Health. Diphtheria: Queensland Health Guidelines for Public Health Units. [Internet.] Brisbane: Queensland Government, Queensland Health; June 2019. [Accessed on 7 March 2022.] Available from: https://www.health.qld.gov.au/cdcg/index/diphtheria. 
41. Chiu C, Dey A, Wang H, Menzies R, Deeks S, Mahajan D et al. Vaccine preventable diseases in Australia, 2005 to 2007. Commun Dis Intell Q Rep. 2010;34(Supp):S1–167. 
42. Menzies R, Turnour C, Chiu C, McIntyre P. Vaccine preventable diseases and vaccination coverage in Aboriginal and Torres Strait Islander people, Australia 2003 to 2006. Commun Dis Intell Q Rep. 2008;32(Suppl):S2–67. 
43. Australian Government Department of Health. Revised surveillance case definitions: Chlamydia; diphtheria; hepatitis E; pertussis. Commun Dis Intell Q Rep. 2013;37(2):E189–92. 
44. Australian Government Department of Health. Diphtheria case definition. [Internet.] Canberra: Australian Government Department of Health; 17 January 2017. [Accessed on 11 June 2019.] Available from: https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-casedefs-cd_dipth.htm.


Appendix A 
Table A.1: Changes to the diphtheria national surveillance case definition
	Year
	Case definition
	Main changes

	199142
	Isolation of toxigenic C. diphtheriae and one of the following:
pharyngitis and/or laryngitis (with or without membrane)
OR
toxic (cardiac or neurological) symptoms
	N/A
Cutaneous diphtheria notifiable only with toxic symptoms.

	200442
	Confirmed case
Isolation of toxigenic C. diphtheriae or toxigenic C. ulcerans.
Probable case
Isolation of C. diphtheriae or C. ulcerans (toxin production unknown) and one of the following presentations as clinical evidence:
pharyngitis and/or laryngitis (with or without membrane) or toxic (cardiac or neurological) symptoms
OR
Clinical evidence as above and an epidemiological link to a confirmed case
	Inclusion of C. ulcerans in confirmed case definition.
Does not require clinical evidence/symptoms to be a confirmed case.
Inclusion of a probable case definition.
Cutaneous diphtheria notifiable.

	201343
	Confirmed case
Isolation of toxigenic C. diphtheriae or toxigenic C. ulcerans AND clinical evidence
Probable case
Isolation of C. diphtheriae or C. ulcerans (toxin production unknown) and clinical evidence
OR
Clinical evidence and an epidemiological link to a confirmed case
Clinical evidence:
pharyngitis and/or laryngitis (with or without membrane) or toxic (cardiac or neurological) symptoms
	Requires clinical evidence to be a confirmed case.
Cutaneous diphtheria notifiable only with toxic symptoms.

	201744
	Confirmed case
Isolation of toxigenic C. diphtheriae or toxigenic C. ulcerans from upper respiratory tract infection
OR
skin lesion
Probable case
Isolation of C. diphtheriae or C. ulcerans from a respiratory tract specimen (toxin production unknown)
AND
Upper respiratory tract infection with an adherent membrane of the nose, pharynx, tonsils or larynx
OR
Upper respiratory tract infection with an adherent membrane of the nose, pharynx, tonsils or larynx
AND
Epidemiological link to a confirmed case
	Specific inclusion of skin lesion in confirmed case definition.
Cutaneous diphtheria notifiable.


a	Data source: National Notifiable Diseases Surveillance System.
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