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[bookmark: _Toc230260148][bookmark: _Toc232174939][bookmark: _Toc232181737]This review of evidence was undertaken by the Public Health Advisory Section of the Preparedness Branch of the Australian Centre for Disease Control.
[bookmark: _Toc238213776][bookmark: _Toc238216187]Evidence review and recommendations process
[bookmark: _Toc230260152][bookmark: _Toc232174943][bookmark: _Toc232181741]A semi-systematic review of the available evidence was undertaken to develop the Diphtheria CDNA National Guidelines for Public Health Units.
The evidence base underpinning Version 1 of the guidance was reviewed across all sections. This included review of national and international guidelines, technical handbooks and manuals. Targeted literature reviews were also performed to identify new evidence.
This evidence review was conducted by a single staff member in the Australian CDC; searches and screening were not repeated by a second person. The evidence summary was presented to the CDNA Diphtheria Series of National guidance (SoNG) working group, which had the opportunity to provide additional information, feedback on the interpretation of the evidence, and rationale for recommendations.
The findings of these reviews are summarised below by topic.
[bookmark: _Toc238213777][bookmark: _Toc238216188]Public health approach
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Evidence review
The evidence for the public health importance of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted.
Database searches were conducted on the 25 March 2026, using the search terms in the table below.
Database search terms
	Databases
	Search terms

	Pubmed, Ovid Embase, Cochrane library
	Population – human, people, population, community
Exposure – diphtheria, Corynebacterium diphtheriae, C. diphtheriae, Corynebacterium ulcerans, C. ulcerans
Comparator – no comparator terms used
Outcome – epidemiology, surveillance, incidence, prevalence, case fatality
Context – worldwide or Australia



Screening of identified studies was conducted using the following inclusion and exclusion criteria:
	Inclusion criteria
	Publications about toxigenic diphtheria 

	Exclusion criteria
	Publication types out of scope (opinion piece, editorial, commentary, conference abstracts)
Publication not in English
Withdrawn or superseded studies
Incomplete data (ongoing study, no outcomes of interest)



Evidence summary
Respiratory diphtheria is a disease of colder months in temperate zones. In the tropics, seasonal trends are less distinct; inapparent cutaneous and wound diphtheria are much more common. Diphtheria epidemics can occur in susceptible populations (1).
Notifications of Corynebacterium diphtheriae have significantly reduced since the early twentieth century, largely due to vaccination (introduced in 1932) (2). In 2021, the global age-standardised incidence rate (ASIR) (0.19 per 100,000 population, 95% UI: 0.13, 0.27 per 100,000 population) and age-standardised mortality rate (ASMR) (0.06 per 100,000 population, 95% UI: 0.04, 0.08 per 100,000 population) for diphtheria were both very low (3).
Reported case fatality ratios vary across settings, ranging from 29% (4), to as high as 50% in resource-limited settings (5, 6).
In 2021, Across all Global Burden of Disease region, gender, and socio-demographic index categories, they were below 1.20 per 100,000 population (ASIR) and 0.40 per 100,000 population (ASMR). The global age-standardised disability-adjusted life years (DALY) rate was estimated at 4.75 per 100,000 population (95% UI: 3.19–6.82 per 100,000 population). Compared to 1990, diphtheria ASIR, age standardised DALY rate, and ASMR all decreased by at least 85.00% (3).
There was no significant difference between sexes in reported incidence rates. In 2021, global diphtheritic ASIR in males (0.19 per 100,000 population, 95% UI: 0.13, 0.28 per 100,000 population) and females (0.20 per 100,000 population, 95% UI: 0.12, 0.29 per 100,000 population) were very close. Similarly, the age standardised DALY rates in males (4.99 per 100,000 population, 95% UI: 3.27, 7.45 per 100,000 population) and females (4.50 per 100,000 population, 95% UI: 2.87, 6.59 per 100,000 population) were also close (3).
Diphtheria is now more commonly seen in adults than in children in industrialised countries for several reasons (7). Firstly, improved living conditions impacted on the incidence of childhood diphtheria even before vaccines became available. Smaller families and less overcrowding meant that preschool children were not exposed to the same intensity of infection as previous. As a result, many reached adulthood without having been exposed to diphtheria and therefore lacking natural immunity (7). Secondly, the implementation of mass childhood vaccination programs further reduced both the incidence of diphtheria and the circulation of toxigenic C. diphtheriae, so there were fewer opportunities to acquire natural immunity or to boost waning vaccine-induced immunity (7, 8).
Diphtheria remains a disease of significant global public health importance, with large outbreaks occurring where population immunity declines (1), and potential for resurgence through international travel and gaps in vaccination coverage (2, 7, 9).
At the height of the 1921 epidemic, in Australia, there were 23,199 notifications (annual notification rate 426 per 100,000 population). In the decade between 1926 and 1935, there were 4,043 deaths from diphtheria (7). Between 1991 and 1998, 23 cases were notified in Australia, including one fatality. Most (64%) of these cases were aged at least 15 years (range 1-78 years), in contrast to the pre-vaccine era when less than 30% of cases were aged 15 years and older (7). Outbreaks in Australia during the 1990’s were concentrated in under-vaccinated groups with greater disadvantage living in crowded conditions. Higher notification rates were seen amongst Indigenous peoples, with a higher proportion of adult cases (7). A review from 2022 highlighted that 98% of diphtheria notifications in Australia between 1999 and 2019 occurred after 2011 (2).
In 2022, the numbers of notifications of locally acquired diphtheria cases had increased in Queensland, with 4 (0.1 per 100,000 population) respiratory cases and 20 (0.4 per 100,000 population) cutaneous cases. Cases were predominantly reported in North Queensland Indigenous communities with genomic clustering demonstrated (10). In 2022, a study in the Northern Territory showed that of the 41 C. diphtheriae cutaneous isolates tested, none were found to be toxin positive on in-house PCR (2). This study also showed the frequency of C. diphtheriae in wound culture in a tropical setting but rarity in throat carriage (2).
Through 2025 and 2026, locally acquired cases of cutaneous and respiratory diphtheria were detected in Aboriginal and Torres Strait Islander communities across Western Australia (11) and the Northern Territory (12).
The public health management of these infections can be complex, including managing the emergence of antibiotic resistance. The emergence of antimicrobial resistance in C. diphtheriae strains globally is described in the literature (13).
[bookmark: _Toc238216190]Priority populations
Evidence review
The evidence for the priority populations of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted and stakeholder submissions reviewed.
Database searches were conducted on the 16 March 2026, using the search terms in the table below.
Database search terms
	Databases
	Search terms

	Pubmed, Ovid Embase, Cochrane library
	Population – priority population, high risk groups, high risk, vulnerable population, vulnerable, at risk population, at risk
Exposure – diphtheria, Corynebacterium diphtheriae, C. diphtheriae, Corynebacterium ulcerans, C. ulcerans
Comparator – no comparator terms used
Outcome – risk, risk assessment, mortality, case fatality infection risk, fatality risk
Context – worldwide



Screening of identified studies was conducted using the following inclusion and exclusion criteria:
	Inclusion criteria
	Publications about toxigenic diphtheria 

	Exclusion criteria
	Publication types out of scope (opinion piece, editorial, commentary, conference abstracts)
Publication not in English
Withdrawn or superseded studies
Incomplete data (ongoing study, no outcomes of interest)



Evidence summary
Persons of any age who are unvaccinated or under-vaccinated are at highest risk of respiratory disease (9, 14), particularly if it is more than 10 years since the last dose (9).
A United Kingdom (UK) study demonstrated that the main risk factor for diphtheria cases was being unvaccinated (15), with surveillance in the UK between 2009 and 2017 showing that 67% of cases were inadequately vaccinated (15). Suboptimal diphtheria vaccination status for both toxigenic C. diphtheriae and C. ulcerans infections was also strongly associated with the risk of hospitalisation and death (15). Truelove et al’s systematic review found the case fatality ratio in unvaccinated individuals infected with toxin-producing strains was 29% (4).
While fully vaccinated individuals can still have diphtheria, the cases are usually less severe as seen in the UK surveillance data between 2009 and 2017, where 43% of cases were mostly younger fully vaccinated individuals who presented with mild respiratory or mild cutaneous forms of C. diphtheriae and C. ulcerans (15).
During this period in the UK, C. ulcerans was more commonly seen in older individuals with unknown or partial vaccination history (15). Increased risk of infection from C. ulcerans is more frequently seen in those who have contact with animals, including companion animals (16).
Surveillance in Indonesia in the period from 2010 to 2017 showed the highest number of cases occurred in the 5-9 years age group, followed by 1-4 years, which accounted for 32.5% and 19.1% of overall diphtheria cases in 2017, respectively. The report concluded that this demonstrated routine immunisation coverage had not reached target levels and equal distribution across the regions had not been obtained. The case distribution was also reported among the adults aged 19-40 years, accounting for 19% of overall cases. The authors considered the utility of routine additional doses of diphtheria-containing vaccine in adults (14).
A study examining paediatric infections during wartime identified two distinct groupings of countries based on trends in incidence of diphtheria. The first included those with high incidence of diphtheria, where the majority of cases occurred in unimmunised individuals who were mostly aged under 15 years. The second group included countries with only sporadic diphtheria and usually had better immunisation rates. Cases in this group occurred more often in individuals with partial immunisation, who were often over the age of 15. This study highlights the impact which population-level immunisation status has on the affected population, and that that waning immunity is a risk factor for adults in countries with higher levels of immunisation (17).
Outside of natural exposure, immunity is known to wane over time (1, 18). Seroepidemiological surveys of non-endemic countries have demonstrated seropositivity well below that required for immunity in older age groups (1, 18). A study in Germany showed inadequate immunity to diphtheria in more than 90% of the 400 individuals tested, including 4% who completely lacked immunity (titre < 0.01 IU/ml), a further 20% with minimal protection (titre 0.01-0.1 IU/ml) and the majority (69%) who showed relative protection for less than one year (titre 0.1-1.0 IU/ml). Only 7% exhibited lasting protection for more than five years (titre > 1.1). Newborns and persons over 50 years of age constituted the least protected groups, with significantly lower median antitoxoid titres than the other age groups (p < 0.001). The absence of protective immunity in 7 of the 50 newborns examined (14%) reflects the inadequate protection of women of reproductive age. Children aged 1 to 10 years were the best immunised and protected group. The results suggest that routine booster immunisations of the majority of the adult population would be advisable in view of the ongoing migration from and the visits to high-risk areas (19).
One case series report noted that partial immunity was a possible explanation for the relatively mild presenting symptoms in the index patient (18). Incomplete immunisation was a critical factor identified in another case study, with serious disease and death reported in a child who has not completed the full diphtheria vaccination series. Although vaccines are highly effective at preventing clinical disease, they do not always prevent colonisation. Unvaccinated or partially vaccinated children are at much higher risk of developing severe toxin-mediated illness (20).
When healthcare systems are disrupted and vaccine coverage declines, diphtheria may re-emerge. This has been observed in places like the former Soviet Union in the 1990s, in camps of displaced Myanmar nationals in Bangladesh (5, 21), Yemen, which has been engaged in a civil war since 2014, and Venezuela, whose health system has been in a state of collapse for nearly a decade (17). In East Africa, recurrent outbreaks and sporadic cases have been reported, particularly in settings affected by displacement, malnutrition, and gaps in routine childhood vaccination programs (20). A study from a refugee settlement in Brazil identified other factors such as comorbidity, family history, type of shelter, and unhygienic practices; participants who visited traditional healers and history of surgical operation were significantly associated with having an infectious disease, including diphtheria (22). Refugees are a heterogeneous group with varied medical needs based on the country of origin and country of transit, the length of time as a refugee, and quality of healthcare prior to arrival. All displaced people are at increased risk of vaccine preventable disease (VPD) due to poor vaccine availability and failing public health systems in their country of origin (23).
There is a particular risk for persons travelling to regions with vaccine program disruptions and where diphtheria remains more common (9). To reduce the risk of imported cases of diphtheria in Australia, travellers need to be up-to-date with their vaccinations (7).
Healthcare system disruptions seen during the COVID-19 pandemic have resulted in declines in childhood immunisation coverage which have not yet recovered, leaving many countries susceptible to higher VPD incidences (24). During 2010 to 2019, global coverage with Diphtheria/Pertussis/Tetanus (DTP) combined vaccines remained relatively unchanged: first dose DTP coverage was 89% in 2010 and 90% in 2019. However, the number of zero-dose children decreased by 19%, from 15.8 million children in 2010 to 12.8 million children in 2019 (24). From 2019 to 2023, DTP coverage decreased in countries in every World Bank economic classification. The decline was most notable in low-income countries, where third dose DTP decreased by 7 percentage points (75% in 2019 to 68% in 2023); countries in all other income groups returned to within 1 percentage point of 2019 coverage levels. In 2023, the number of zero-dose children rose again, with 14.5 million children globally who had not received a first dose of DTP (24).
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Evidence review
The evidence for culturally appropriate and safe responses to infectious diseases and outbreaks in Aboriginal and Torres Strait Islander communities were reviewed. National guidelines searches were conducted and stakeholder submissions reviewed.
Database searches were conducted on 23 April 2026, using the search terms in the table below.
Database search terms
	Databases 
	Search terms

	Pubmed, Ovid Embase, Cochrane library
	Population – Aboriginal and Torres Strait Islander
Exposure – disease, infection, outbreak
Comparator – no comparator terms used
Outcome – culturally appropriate, culturally safe, disease response, outbreak response



Screening of identified studies was conducted using the following inclusion and exclusion criteria:
	Inclusion criteria
	Publications about response to infectious diseases 
Publications related to Australia

	Exclusion criteria
	Publication types out of scope (opinion piece, editorial, commentary, conference abstracts)
Publication not in English
Withdrawn or superseded studies
Incomplete data (ongoing study, no outcomes of interest)



Evidence summary
New South Wales Health and Queensland Health Diphtheria control guidelines both highlight that early consultation and partnership with community leaders and representatives is important when managing diphtheria cases and contacts in Aboriginal and Torres Strait Islander communities. They note that if an outbreak control team is convened, it is recommended to include appropriate Aboriginal and Torres Strait Islander stakeholders (25, 26).
The Aboriginal Health Council of Western Australia in their COVID-19 Response Review note that governments must ensure that authentic partnerships with Aboriginal people and organisations are established both prior to and during health emergencies. Partnerships are necessary at all levels of government (Commonwealth, state and local) and across all stages of emergency management (prevention, preparedness, response and recovery). Partnerships must respect Aboriginal leadership and expertise, and decision-making must be genuinely shared. Decentralised planning and locally-led solutions must be supported (27). Research by Massey et al highlights that communities placed a high value on partnerships and collaborations. The message to government was that through “Collaboration. . . people [are] more likely to take notice” (28).
An evaluation of the Aboriginal Community Controlled Health sector’s COVID-19 initiatives noted that enablers of significant achievements during the pandemic included strong leadership from Aboriginal and Torres Strait Islander people, including Elders, dedication from Aboriginal Community Controlled Health Organisations (ACCHO) staff, strong communication methods that enhanced social capital, and effective collaboration between National Aboriginal Community Controlled Health Organisation (NACCHO), Affiliates, ACCHOs, non-government and government organisations (29). The evaluation highlighted that Aboriginal Community Controlled Health (ACCH) sector demonstrated sovereign governance in pandemic response – mobilising collective knowledge, kinship networks, and cultural leadership to safeguard communities in ways mainstream systems could not. Concluding that participation and engagement with the ACCH sector were crucial to successful, culturally safe responses across Australian communities (29).
Research by Graham et al emphasises that leadership and Eldership need to come from community and findings highlighted the importance of engaging Elders and acknowledging their cultural knowledge and life experience (30). Community-led involvement at all stages of prevention, preparedness, response and recovery activities are key to self-determination. Engaging community panels and embedding Aboriginal and Torres Strait Islander cultural governance structures prior to a response will support self-determination during a response (31). Engaging Community Panels for community-led planning is an evidence-based approach that provides a deeper understanding of how to design and implement response strategies (32, 33).
Embedding Aboriginal and Torres Strait Islander cultural governance in a public health emergency management system will prioritise genuine Aboriginal and Torres Strait Islander engagement in planning, response and recovery (34). Cultural safety also requires health care providers and institutions to recognise their own culture and ameliorate approaches which diminish, demean or disempower the cultural identities and wellbeing of patients (35).
Family, housing and mobility patterns must be considered during preparedness planning and response with Aboriginal and Torres Strait Islander communities. Family is central to all aspects of health in Aboriginal and Torres Strait Islander communities, so family centred approaches to prevention, preparedness, response and recovery are most effective (28, 31).
Governments must ensure that the needs of Aboriginal and Torres Strait Islander people, families and communities (urban, regional and remote) are properly considered and addressed at all stages of health emergency management. Mainstream services during health emergencies must be culturally safe, accessible and prioritised according to need. Pandemic planning must address the social determinants of health—particularly housing (27).
Research also highlights a need for government and organisations to enter into a dialogue with Aboriginal and Torres Strait Islander communities, to discover what communities wanted to know before telling them. Respondents in a study by Massey reported that it was important that authorities listened to what was really meant, and then shared the information needed. One of the local Aboriginal health professionals interviewed described this process as “We don’t educate – we share” (28). Culturally safe information provided to Aboriginal and Torres Strait Islander communities must be informed by Aboriginal and Torres Strait Islander people at state and local levels. This information must consider social determinants and Aboriginal and Torres Strait Islander ways of living, including multi-generational living arrangements and accessibility of health services (31). In another example, Aboriginal participants in a study on HTLV-1 management consistently articulated that they and their communities should be informed of, and can hold, knowledges pertaining to the disease (36).
Participants in a study on COVID-19 commented that equipping First Nations peoples with reliable, timely and accurate information is the most important and achievable action to reduce the spread of infectious diseases among First Nations communities. It is also imperative that First Nations peoples are well-informed about the reasons behind public health actions and directives, which can help facilitate trust with government and health authorities (33). Participants emphasised that information must be communicated in a way that is meaningful, accessible, easy-to-understand, and considers the diversity of First Nations peoples and culture. Participants identified that local networks and trusted community leaders are critical in ensuring the dissemination of health messages (33).
The importance of having local people who are well informed and can advise on what to do in the event of an infectious disease incident is highlighted in Massey et al’s study on pandemic influenza. It was noted that having a local person meant that people in the community would have someone they could trust and could access easily. Study participants commented that they were much less likely to contact someone from another community or area with whom they were not familiar. A local person would need training and support from the health service to meet this need. When asked about who these local contacts should be, most study participants identified Aboriginal health workers and ACCHS staff as the best ‘go to’ people (37). These people are important for “delivering the health message and they do not frighten the community by keeping the message culturally appropriate by being there to translate immediately any misinterpretation” (28).
A need for clear communication with each community was also described in the literature. Information was required in a clear and simple format, while demonstrating respect for the local culture. Specifically, people wanted to know what symptoms of illness they should be alert to and what they should do in the event of these symptoms appearing. Aboriginal and Torres Strait Islander radio programs and newsletters from Aboriginal and Torres Strait Islander organisations with locally made announcements were considered necessary if the messages were to be successful. Written information, such as posters and pamphlets with key messages, was considered helpful but needed to be supported by local people with photos or quotes to illustrate that these messages were supported by local, trusted people (37). To connect effectively, participants advised that the communication needed to be “localised, personalised and humourised”, using established local community networks and local languages. The importance of ensuring that information related to community members using identifying colours, people and logos, was reported. As described by study participants “The more you can localise something the better it is received. Use of local people promotes ownership” and “If you see an ad with Aboriginal person, you can’t wait to see it again” (28).
Participants in Graham et al’s COVID-19 study expressed that positive health messaging (i.e., focusing on what people are able to do, rather than focusing on restrictions) can enhance community self-determinism, growth and empowerment. Emergency responses that strengthen and empower communities can aid recovery from the pandemic. Participants reported that transparent communication between government agencies and communities is essential. They also spoke about the need for holistic support for communities (30).
A paper reviewing the response to HIV notes that successful management of disease is the result of multiple factors. These include early recognition by Indigenous peoples of the potential effect that HIV could have on their communities; the supply of health hardware; the development and implementation of culturally appropriate health promotion messages; the inclusion of dedicated Aboriginal and Torres Strait Islander Sexual Health Workers in communities; and an inclusive policy and partnership approach. Furthermore, the efforts of peak Aboriginal health organizations and their member services, have all contributed to prevention success (38).
The evaluation of the ACCH sector’s COVID-19 initiatives reported that sustainable transformation requires binding, structural inclusion of Aboriginal and Torres Strait Islander co-governance for health responses, rather than being reliant on individual relationships. All levels of government need to contribute towards Priority Reform 1 of Closing the Gap and incorporate structures that automatically involve the ACCH sector in the decision-making, cultural authority and resource control for their respective communities (29). The evaluation affirms the need to centre Aboriginal and Torres Strait Islander sovereignty, self-determination, governance, and knowledges in the health system. The pandemic response demonstrated that when Aboriginal and Torres Strait Islander communities lead responses, resourcing is better targeted, trust is higher, and outcomes improved. Future emergency preparedness must not only include Aboriginal and Torres Strait Islander leadership, but be built upon it (29).
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Evidence review
The evidence for the transmission of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted and stakeholder submissions reviewed.
Database searches were conducted on the 14 April 2026 using the search terms in the table below.
Database search terms
	Databases 
	Search terms

	Pubmed, Ovid Embase, Cochrane library
	Population – human
Exposure – diphtheria, respiratory diphtheria, cutaneous diphtheria
Comparator – no comparator terms used
Outcome – transmission, person-to-person, contact, exposure
Include – case reports, case series, public health investigation, contact investigation
Exclude – review, guideline, editorial, comment, vaccine, post-exposure prophylaxis, PEP, prevalence, incidence, epidemiology



Screening of identified studies was conducted using the following inclusion and exclusion criteria:
	Inclusion criteria
	Publications about toxigenic diphtheria 

	Exclusion criteria
	Publication types out of scope (opinion piece, editorial, commentary, conference abstracts)
Publication not in English
Withdrawn or superseded studies
Incomplete data (ongoing study, no outcomes of interest)


Evidence summary
Corynebacterium diphtheriae
Respiratory diphtheria
C. diphtheriae transmission occurs person-to-person via respiratory droplets or direct contact with respiratory secretions (4, 8, 39-41).
Both symptomatic and asymptomatic individuals can transmit diphtheria, although it is estimated that asymptomatic carriers cause 76% (95% CrI, 59%–87%) fewer infections than symptomatic cases over the course of carriage (4).
Cutaneous diphtheria
Due to prolonged bacterial shedding, cutaneous diphtheria plays a role in transmission to susceptible persons, via contact with the wound exudate or contaminated fomites (4, 8, 42).
As humans are assumed to be the sole reservoir of C. diphtheriae, cutaneous diphtheria likely plays an important role in transmission during interepidemic periods (4). In tropical countries, cutaneous diphtheria lesions may act as reservoirs of infection (43).
Cutaneous transmission has been reported in an adult male in New Zealand who developed a cutaneous infection after being tattooed in Samoa and an 11-year-old household contact with no travel history, who also developed cutaneous diphtheria caused by C. diphtheriae (44).
Transmission from cutaneous lesions can cause respiratory disease in cases and contacts (42, 43, 45). The first documented transmission of toxigenic C. diphtheriae in the UK for over 30 years occurred in the East of England in 2017, when a contact of a case with cutaneous C. diphtheriae infection who had recently returned from Africa, but had not herself travelled, developed a mild respiratory diphtheria infection (46).
Corynebacterium ulcerans
Toxigenic C. ulcerans infections were previously associated with consumption of raw dairy products but have become more recently associated with contact with companion animals, including cats and dogs (47-53). In a review of 62 cases of C. ulcerans in the UK between 1986 and 2008, 7 of 59 (12%) C. ulcerans cases were recorded as having consumed raw milk or dairy products, with one of these also having had contact with cattle (47). Infection with C. ulcerans after contact with sheep (54) and pigs (55) has also been reported. Additionally, cases of possible human-to-human transmission of C. ulcerans have been reported in Germany and the UK (47, 49).
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Evidence review
The evidence for the infectious agent and clinical condition of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted and stakeholder submissions reviewed.
Evidence summary
Pathogen
Diphtheria is a disease caused primarily by toxigenic Corynebacterium diphtheriae bacteria, a non-sporing, non-encapsulated, and non-motile gram-positive bacillus. Toxigenicity occurs when the bacillus becomes infected with a specific virus (corynebacteriophage) which carries the gene for the toxin (tox gene). The potent exotoxin is the major virulence mechanism leading to human disease (1, 4, 8, 9, 43, 47).
Four biovars of C. diphtheriae can be distinguished by colonial morphology and biochemical characteristics: gravis, intermedius, mitis, and belfanti (1, 56, 57). 
Corynebacterium ulcerans and, rarely, Corynebacterium pseudotuberculosis bacteria can also carry the phage and cause toxigenic diphtheria. They are predominantly animal pathogens but cause human disease as zoonotic infections (8, 9, 43, 56). There are many (at least 115) other species of corynebacteria including C. pseudodiptheriticum, which are not able to carry the toxin gene and are thus unable to cause diphtheria (56). Nontoxigenic strains occasionally cause disease of varying severity, particularly in vulnerable populations. These do not meet the definition of diphtheria (1, 8).
Reservoir
Humans are assumed to be the main reservoir of C. diphtheriae (1, 4, 42) carrying diphtheria in the pharynx or nose (58). Horses, cattle and domestic cats are thought to be possible, less common, reservoirs (42).
C. ulcerans has a wide host range and has been isolated from domestic, wild and captive animals (47, 59).
Incubation period
The incubation period for respiratory diphtheria is usually 2 to 5 days (1) but may be longer, with duration of up to 10 days reported (60).
Other estimates from a systematic review by Truelove et al suggest that the median time from infection to prodromal symptom onset for respiratory disease is 1.4 days (95% credible interval [CrI],1.0–1.9) (4).
Infectious period
Asymptomatic carriage of toxigenic corynebacteria may occur during the incubation period of diphtheria, during convalescence, or for an unknown duration in healthy people. Patients convalescing from diphtheria may harbour corynebacteria in the pharynx or nose for many weeks (58). A systematic review found that untreated individuals remain colonised for an average of 18.5 days (95% CrI, 17.7–19.4 days), with 5% remaining colonised longer than 48 days (95% CrI, 46–51 days) (4). There was no statistical evidence for different colonisation times between symptomatic and asymptomatic infections, absent treatment (difference in Watanabe-Akaike information criterion, −3.4 [95% confidence interval [CI], −10.0 to 3.3]) (4).
Asymptomatic cases cause 76% fewer cases than symptomatic cases and appropriate vaccination with diphtheria toxoid vaccine reduces transmission by 60% (4).
Patients receiving antibiotic treatment were found to clear C. diphtheriae respiratory colonisation within 5.2 days (95% CrI, 4.4–6.1 days) of initiating treatment on average, reducing the average duration of infectiousness by as much as 2 weeks (4).
Clinical features
Clinical features are due to a toxin-mediated illness where the toxin causes local tissue necrosis. The disease presents as two main forms—respiratory and cutaneous diphtheria (9).
Respiratory diphtheria
Cases of asymptomatic or mild respiratory infection (without a pseudomembrane) are more common in vaccinated persons as the vaccine is protective against the effects of the toxin (9). Many colonised individuals never develop symptoms with 31% (95% CrI, 18%–55%) of infections in unvaccinated individuals being asymptomatic (4).
Nasal diphtheria, usually mild and chronic, is marked by unilateral or bilateral nasal discharge, which is initially clear and later becomes bloody (1).
Onset is often gradual, with symptoms of low-grade fever, sore throat and malaise (8, 42).
Primary respiratory diphtheria most commonly affects the tonsils and pharynx (4, 42), where toxin-mediated local tissue necrosis leads to the development of isolated white or grey spots appear which extend and coalesce to form a confluent, sharply demarcated pseudomembrane (9, 42). This thickens, darkens, may extend into the lower airway (8), and can cause airway obstruction and severe systemic disease (1).
An estimated 80% of untreated symptomatic cases progress to membranous diphtheria 2–3 days after symptom onset (4).
In moderate to severe cases of respiratory diphtheria, the throat may be moderately to severely sore with enlarged and tender cervical lymph nodes and together with marked swelling of the neck, can give rise to a characteristic "bull neck" appearance (1, 61, 62).
Cutaneous diphtheria
The lesions of cutaneous diphtheria are variable, usually appear on limbs, particularly legs and are typically chronic (63). They often starting as vesicles and quickly form small, clearly demarcated and sometimes multiple, ulcers that may be difficult to distinguish from impetigo (1, 9, 64). The ulcers can be covered with a grey-white necrotic slough or membrane (9).
Cutaneous diphtheria lesions are often associated with infected insect bites (63), and are frequently coinfected with pathogens such as S. aureus and S. pyogenes (44, 63, 65-67).
Complications and outcomes
Respiratory diphtheria
Dislodging the pseudomembrane, mechanically or as the disease progresses, may cause profuse bleeding, asphyxiation and death. Progression to death from asphyxia due to airway obstruction within 1–2 weeks after symptom onset is responsible for 60%–65% of deaths and is associated with laryngeal infection (4).
Toxic cardiomyopathy may occur 7–14 days after the onset of respiratory symptoms (1, 4) in up to 10%–25% of patients and is responsible for 20%–25% of deaths (4).
Neurological disorders, such as hypoesthesia, polyneuropathy (that can mimic Guillain-Barre syndrome) (1), and cranial neuropathies, develop weeks to months later and occur in 20%–25% of untreated cases and are responsible for up to 15% of deaths (4).
The case fatality rate of respiratory diphtheria is estimate to be 5–10%, even with appropriate treatment (1, 9). A systematic review by Truelove et al estimated the case fatality ratio for untreated, never-vaccinated cases is 29.0% (95% credible interval [CrI], 28.8%–29.2%). Vaccination and treatment substantially reduce the case fatality ratio (4).
Other studies found that the case fatality ratios in resource-limited settings are highly variable but, in some outbreaks, can be as high as 50% (5, 6). 
Children aged <5 years are more likely to die from symptomatic infection than adults >20 years of age (relative risk [RR], 1.5 [95% CrI,1.4–1.6]), whereas children 5–19 years of age are less likely to die from infection than adults aged >20 years (RR, 0.8 [95% CrI, 0.8–0.9]) (4)
Cutaneous diphtheria
Systemic toxic manifestations are uncommon among immunised persons. Skin lesions absorb toxin slowly and can induce high levels of antibodies that produce natural immunisation (9, 63).
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Infectious period
Importance of outcome
There is importance in defining the infectious period, as it directly informs contact tracing timeframes and public health management decisions. However, the available evidence base is limited, and the distinction between a 7-day and 10-day infectious period is not well supported by data.
Resource use
A consistent 7-day approach, including for cases with unclear onset such as long-standing wounds (using 7-days prior to swab), was considered to reduce complexity and workload for cases and public health units.
Acceptability
High acceptability of the 7-day approach was reported. This timeframe was indicated to already be in use in practice and considered to be reasonable and familiar.
Feasibility
A 7-day infectious period was considered to be highly feasible in practice. Shorter, clearly defined timeframes support more reliable case recall and more manageable contact tracing processes.
It was recognised that the chosen approach is primarily pragmatic rather than evidence-driven, balancing epidemiological considerations with operational needs.
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Evidence review
The evidence for case management of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted.
Evidence summary
Treatment
Antibiotics
Antibiotic treatment is not a substitute for antitoxin treatment if indicated (68), but it will work to eliminate C. diphtheriae, halt toxin production, and reduce communicability (1). A systematic review by Truelove et al found that patients receiving antibiotic treatment cleared C. diphtheriae respiratory colonisation within 5.2 days (95% CrI, 4.4–6.1 days) of initiating treatment on average, reducing the average duration of infectiousness by as much as 2 weeks (4).
In patients with suspected or confirmed diphtheria, the World Health Organization (WHO) recommends using macrolide antibiotics (azithromycin, erythromycin) in preference to penicillin antibiotics (69). Recent evidence suggests that there is increasing resistance to penicillins and less resistance to macrolide antibiotics. This evidence is largely informed by one randomised clinical trial (n=86) which compared penicillin (benzylpenicillin followed by penicillin V) with erythromycin for the treatment of diphtheria (69).
Macrolide antibiotics include azithromycin and erythromycin. Parenteral administration of macrolide antibiotics is possible. However, it is typically indicated where oral administration is not possible, such as when patient is unable to swallow oral medications. The choice of macrolide will be based on availability and feasibility (69).
In scenarios where macrolide antibiotics are not available and susceptibility testing demonstrates sensitivity to penicillin. Penicillin can be given orally or parentally (intravenous or intramuscular). Parenteral administration is used primarily to achieve adequate tissue concentrations, especially in patients with severe disease (69).
UK guidance recommends that for severe disease, intravenous benzylpenicillin sodium at the maximum appropriate dose should be combined with a macrolide. In patients who are extremely systemically unwell, consider a third agent such as IV vancomycin or linezolid until susceptibility results are available (68).
WHO guidance notes that the use of macrolides, compared with penicillins, probably does not affect mortality or rate of serious side-effects, but that erythromycin may increase the rate of gastrointestinal side-effects. The treatment effect of macrolide antibiotics, compared with penicillin antibiotics, is very uncertain for the outcomes of rate of myocarditis, hospitalisation, need for airway intervention, new cases of diphtheria, or treatment failure. However, the point estimate of treatment failure favours macrolides over penicillins (69). Antimicrobial susceptibility testing is vital to ensure the ongoing appropriate use of antibiotics (69).
Diphtheria antitoxin (DAT)
The most effective treatment of severe cases of diphtheria involves the prompt administration of diphtheria antitoxin (DAT), which binds to and neutralises circulating toxin which has not yet bound to tissue (70). Clearance of the organism should also be achieved with appropriate antibiotics.
A systematic review by Truelove et al found that in cases of respiratory diphtheria, postinfection administration of DAT reduced mortality by 76% (RR, 0.24 [95% CrI, 0.22–0.28]). However, because antitoxin only neutralises circulating toxin, not intracellular toxin, its effectiveness depends on prompt administration relative to symptom onset. It was estimated that the probability of mortality increases daily, from 4.2% (95% CrI, 2.5%−7.1%) if administered within 24-48 hours, to 24% if administered on day 5 or later, approximately doubling with each day of delay. It was not clear at what point the delay negated any benefit (4).
In most cutaneous infections, large-scale toxin absorption is unlikely and therefore the risk of giving DAT is usually considered to be substantially greater than any benefit. Nevertheless, if the ulcer in cutaneous diphtheria infection were sufficiently large (e.g., more than 2cm2) and especially if it were membranous, then DAT would be justified (71).
DAT was first produced in the late 19th century and is still produced using serum from horses hyperimmunised with diphtheria toxoid (69, 72). Due to the potential for immediate allergic reactions to infusions of DAT, some manufacturers have recommended sensitivity testing, an incremental exposure of the patient to small doses of DAT during a period of observation. If no adverse events are noted, the full dose is given. If there is evidence of a reaction to DAT, desensitisation using progressive administration of escalating doses can be performed in an effort to enable allergic patients to receive treatment (69). In patients with suspected or confirmed diphtheria, WHO recommends not performing routine sensitivity testing prior to administration of DAT (69). The evidence on routine sensitivity testing before DAT is from single-arm interventions reporting rates of adverse events related to antitoxin use. In a systematic review conducted by WHO, the decision analysis undertaken by the methods incorporated evidence from 14 single-arm studies, and provided moderate certainty evidence that routine sensitivity testing increases mortality (69).
Mortality was modelled at 12.5% without DAT, and 3% with DAT, by applying the relative risk ratio of 0.24 (69). Key assumptions were that: 1) incomplete administration of DAT had no clinical benefit; 2) complete administration of DAT is attained in 95% of cases where given with concurrent antihistamine and corticosteroid administration; 3) Serious adverse events (SAE) associated with DAT occur at 3% (anaphylaxis); 4) Serious adverse events associated with DAT administration have trivial (zero) mortality (73).
Early treatment may reduce overall DAT usage by avoiding the higher doses required once disease has progressed (69).
Steroids and antihistamines have been used in some outbreak settings, the largest of which reported very low rates of adverse events (3% with no deaths). However, indirect evidence from antitoxin administration in other diseases treated (snake bite), did not find significant difference in reduction of adverse events when antihistamines were given (74). Pre-medication should not delay administration of DAT, and where they are considered, standard doses for antihistamines can be used (69).
Due to the risk of allergic reaction, WHO recommend that DAT should be administered in a monitored setting. Clinical settings should have trained staff, emergency medicines, equipment and protocols available to manage anaphylaxis or other serious adverse events. This includes:
monitoring equipment: pulse oximeter, blood pressure monitoring, thermometer
emergency medicines: adrenaline (1:1000), salbutamol, intravenous antihistamine (e.g. chlorphenamine), corticosteroid (e.g. prednisolone, hydrocortisone), intravenous fluid (Ringer’s lactate or 0.9% w/v saline), oxygen supply and delivery devices
emergency equipment: age-appropriate equipment for airway management and suction, oxygenation (bag valve mask and oxygen), and cardiovascular support (intravenous cannulae and giving sets) (69).
Vaccination
Patients should be vaccinated (with the age-appropriate formulation) in the convalescent phase of their disease as clinical infection may not induce adequate immunity (9).
Exclusion and restrictions
UK guidelines recommend that if the case is well and not hospitalised, they should be advised to restrict contact with others for the first 6 days of an appropriate course of antibiotics. Clearance swabs should be obtained 24- and 48-hours after completion of antibiotics to ensure elimination of carriage. In the rare event that the case remains positive following completion of the recommended antibiotic course, further advice on additional treatment should be sought from an infectious diseases specialist (68).
Isolate possible cases who are in hospital (or other community healthcare settings) and dress cutaneous lesions. Possible cases who are well at home should be advised to restrict contact with those outside their immediate household until further microbiological results are obtained (68).
Infection prevention and control
All health and care workers’ vaccines should be up to date with an age-appropriate diphtheria toxoid-containing vaccine, including booster doses (75).
Cases with respiratory infection should be managed with standard, contact and droplet precautions. Droplet and contact precautions should remain until two negative nasopharyngeal and throat cultures taken at least 24 hours apart and more than 24 hours after the cessation of appropriate antimicrobial therapy are obtained (56, 76, 77).
Cases with cutaneous diphtheria should be managed with standard and contact precautions. Precautions in place until all wounds are clinically improving and can be covered by an occlusive waterproof dressing or have healed, and 72 hours of appropriate antimicrobial therapy has been completed (76).
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Diphtheria antitoxin (DAT)
Importance of the outcome
The WHO guidelines, outline that there is very low certainty on the impact of different DAT dosing regimens on mortality. However, it was noted that the current standard of care using escalating dosing regimens is well established in clinical practice globally (69, 72, 78) and that clear guidance was needed to enable timely administration of DAT.
Resource use
DAT supply in Australia and worldwide is limited and dosing is partly constrained by availability. This supports optimised and careful use, including consideration of lower dosing in the context of constrained supply.
Acceptability
While dosing ranges provide flexibility, they may make clinical decision-making more difficult, particularly for clinicians with limited experience managing diphtheria. As a result, it was preferred to use the upper dosing limits to provide clarity, with the option to use lower doses in the context of limited supply.
Feasibility
Dosing ranges may be difficult to operationalise in practice, particularly where clinician experience with diphtheria is limited. Specifying upper dosing limits was considered more feasible to support clear and timely decision-making, while allowing flexibility to use lower doses where DAT availability is constrained and clinical circumstances permit.
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Evidence review
The evidence for contact management of diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted.
Evidence summary
Chemoprophylaxis
Antibiotics are also used to prevent the development of diphtheria in close contacts of infectious patients; WHO recommendations on this topic are under development (69).
The UK recommend that as the risk of infection is directly related to the closeness and duration of contact, prophylaxis is required if the contact:
is with a case or known carrier in a household type setting
has been directly exposed to large particle droplets or secretions (following the same principles of meningococcal disease)
has been exposed to an undressed wound of a cutaneous case (68).
In addition to close contacts, risk assessment of healthcare workers (HCW) who should be considered for prophylaxis is recommended. The risk assessment will depend on the presentation of diphtheria in the index case, which body sites were positive on swabbing, and what personal protective equipment (PPE) the HCW wore while attending the case. As a minimum, HCW attending to a case (possible, probable or confirmed) of diphtheria should wear disposable gloves and aprons for wound care and depending on the situation either a fluid repellent surgical face mask or a FFP3 mask for any aerosol generating procedures (68). For respiratory cases, HCW who have given mouth to mouth resuscitation to or intubated the index case (without appropriate PPE) would normally be considered as close contacts (68).
Individual risk assessment can be performed if no gloves were worn during wound assessment but there was likely no splash or droplet contamination and prompt hand washing occurred, then prophylaxis may not be indicated (68).
Regarding the administration of chemoprophylaxis, Heymann recommends chemoprophylaxis for all close contacts, regardless of immunisation status. Contacts who do not receive prophylaxis should be monitored for 7 days and treated as diphtheria if symptoms develop (1).
Choice of antibiotics and dosing regimen should take into account antibiotic sensitivities, clinical tolerance and nature of contact with the case (26). Check sensitivities of the isolate before recommending antibiotic prophylaxis and seek the advice of an infectious diseases physician if sensitivities are pending or conflict with recommended antibiotics. Alternative antibiotics may be recommended (25, 26). If the case’s isolate is resistant to the antibiotics commenced by the contact, the contact will need to restart with a course of appropriate antibiotics (25).
In 1997, following 2 reports of cases of membranous pharyngitis caused by toxigenic C. ulcerans, the US Centers for Disease Control and Prevention recommended that people exposed to the index case should be treated along similar lines to cases exposed to toxigenic C. diphtheriae. This was later revised in 2011 to advise vaccination of unimmunised contacts rather than provision of prophylactic antibiotics. This advice was given because there was inadequate information about human-to-human transmission of this organism (79, 80).
In the UK, because possible person-to-person transmission of toxigenic C. ulcerans has been observed (47), chemoprophylaxis of contacts of a case, from whom isolation of a toxigenic strain has been confirmed, is recommended.
Vaccination
Diphtheria vaccination records of all contacts of each case should be reviewed. Unvaccinated contacts should receive a full course of diphtheria toxoid-containing vaccine and under-vaccinated contacts should receive the doses needed to complete their vaccination series (81).
Heymann recommends that previously immunised contacts should receive an additional dose of diphtheria toxoid if more than 5 years have elapsed since their last dose, and in non-immunised contacts, a primary series should be initiated (1).
UK guidelines recommend that for those who are not appropriately immunised, a diphtheria-containing dose should be given immediately, and the schedule completed according to the guidelines available on vaccination of individuals with uncertain or incomplete immunisation status (68). Additionally for those who are appropriately immunised for age, close contacts of confirmed or probable diphtheria cases and asymptomatic carriers should be immunised with a diphtheria-toxoid containing vaccine, unless a diphtheria-toxoid containing vaccine has been given within the previous 12 months (82).
Exclusions and restrictions
International guidance recommends that close contacts of confirmed or probable cases of diphtheria and close contacts of asymptomatic carriers who work in the following high-risk occupations should be excluded from work and started on chemoprophylaxis:
health and care workers (68)
those who work with unimmunised children (1, 68)
those involved in milk production (for C. ulcerans) (1, 68).
All contacts should have a nose and a throat swab taken prior to the start of antibiotics. If the initial culture is negative, they can go back to work (1, 26) while completing the course (68). In cases where the initial culture is positive for C. ulcerans, C. diphtheriae, or C. pseudotuberculosis they must remain excluded from work until the toxigenicity result is known (68).
Nationally, Queensland Health and New South Wales Health guidelines recommend that high-risk contacts of C. diphtheriae should minimise interaction with the following people vulnerable to diphtheria and start on chemoprophylaxis:
infants aged 6 months and under (25, 26)
care of the sick, elderly, and those requiring dependent care (25, 26)
immunosuppressed individuals (25, 26).
In the household this requires avoidance and in work situations this requires exclusion from the workplace (26).
These restrictions apply until 72 hours of an appropriate course of antibiotics have been completed OR until cultures from the nose, throat and wounds are proved to be negative for toxigenic diphtheria bacilli, whichever is shorter (25, 26).
Healthcare workers who have cared for a case of either respiratory or cutaneous diphtheria without appropriate precautions should be excluded from patient care or work until negative nasopharyngeal and throat swabs are returned (25, 26). If the healthcare worker is unable to remain excluded from the workplace, additional precautions may be needed according to local infection control policies (such as wearing a surgical mask) (25).
The Northern Territory recommends that high-risk community and health worker contacts of respiratory diphtheria are to be excluded from school, work and community until ≥3 days of appropriate antibiotics are completed, or clearance swabs are negative and contact remains asymptomatic (83). High-risk community and health worker contacts of cutaneous diphtheria are to avoid contact with the following at-risk populations:
infants aged 6 months and under
care of the sick, elderly, and those requiring dependent care
immunosuppressed individuals
These restrictions apply until ≥3 days of appropriate antibiotics are completed, or clearance swabs are negative and contact remains asymptomatic (84).
There are no exclusion requirements for medium risk contacts unless any high-risk features present (83, 84).
Exclusion of asymptomatic contacts of C. ulcerans is generally not required (26).
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Contact definitions
Importance of the outcome
Those with direct close contact (e.g., household-like contacts) are considered to be at highest risk of developing diphtheria and priority is placed on being able to identify and manage those at highest risk of developing disease.
Resource use
The follow-up of contacts at moderate risk was considered and with little evidence that they are at increased risk compared to low-risk groups, the decision was made to focus resources on high-risk contacts. Contact tracing and interventions in broadly exposed groups (e.g., shared spaces without direct contact) may generate substantial workload with limited yield. Swabbing of asymptomatic contacts, particularly in low-risk groups, may place strain on laboratory capacity and is questioned in terms of cost-benefit. Resource allocation should prioritise high risk contacts and symptomatic individuals, especially during outbreaks.
Acceptability
A two-tiered approach (high vs low risk) is deemed more acceptable to public health practitioners, as complex multi category systems are difficult to apply consistently. Reducing unnecessary follow up of low yield groups helps avoid operational burden and stakeholder confusion. Flexibility to adapt to local context (e.g. via expert advisory input) was considered important and acceptable.
Feasibility
The feasibility of distinguishing multiple risk categories (high, medium, low) was considered and was determined to be operationally challenging and difficult to justify in practice. Some areas reported difficulty consistently applying even high-risk interventions (e.g. swabbing), particularly in large or resource constrained settings. A binary high-low framework was determined to be more feasible, with clear definitions based on close, household like exposure.
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Evidence review
The evidence for the role of vaccination for diphtheria was reviewed. National and international guidelines, technical handbook and manual searches were conducted and stakeholder submissions reviewed.
Evidence summary
The effective control for diphtheria is widespread active immunisation with diphtheria toxoid (1), to reduce the risk of toxigenic carriage translating into severe disease (2). Immunisation should be initiated in infancy with a formulation containing diphtheria toxoid, tetanus toxoid and either diphtheria/tetanus and acellular pertussis vaccine (DTaP) or diphtheria/tetanus and whole-cell pertussis vaccine (DTwP) (1).
Diphtheria toxoid vaccine protects against symptomatic disease by stimulating production of antitoxin antibodies. One meta-analysis by Truelove et al, found that full vaccination (≥3 doses) with DTP vaccine is 87% (95% CrI, 68%–97%) effective against symptomatic respiratory disease, whereas incomplete vaccination (1–2 doses) is 71% (95% CrI,17%−92%) effective (4). The authors noted that previous studies have found that vaccine effectiveness increases by dose, reaching 99% with 5 doses (4). Truelove et al found that among those who developed symptomatic respiratory disease, prior history of diphtheria toxoid vaccine reduced the risk of severe disease and death. Vaccination with ≥3 doses was 81% (95% CrI, 74%–86%) effective in preventing severe disease and 93% (95% CrI, 90%–96%) effective in preventing death. Incomplete vaccination was 47% (95% CrI, 23%–63%) effective against severe disease and 68% (95% CrI, 56%–77%) effective in preventing death (4).
Diphtheria toxoid vaccine does not prevent colonisation with toxigenic C. diphtheriae (4). However, it is estimated to reduce transmission by 60% (95% CrI, 51%–68%), likely through reduced symptomatic shedding (4).
Vaccination is highly effective at preventing symptomatic disease (>87% with 3 doses), yet has no effect on preventing infection, and while those with asymptomatic infections still transmit, they do so at only 24% the rate of symptomatic cases (4).
Truelove et al also found that widespread use of antibiotics may also play a role in maintaining herd immunity through accelerated clearance of colonisation, and, thus reduced secondary cases (4).
Education measures are important to inform the public, particularly those living with or caring for young children, of the hazards of diphtheria and the need for immunisation (1).
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Evidence review
The evidence for the management of diphtheria outbreaks was reviewed. National and international guidelines, technical handbook and manual searches were conducted and stakeholder submissions reviewed.
Database searches were conducted on the 27 March 2026, using the search terms in the table below.
Database search terms
	Databases 
	Search terms

	Pubmed, Ovid Embase, Cochrane library
	Population – human
Exposure – Diphtheria, Corynebacterium diphtheriae, C. diphtheriae, Corynebacterium ulcerans, C. ulcerans
Comparator – no comparator terms used
Outcome – disease outbreaks AND investigation, response, control, management
Exclude – Reviews, Editorials, Comments



Screening of identified studies was conducted using the following inclusion and exclusion criteria:
	Inclusion criteria
	Publications about toxigenic diphtheria 

	Exclusion criteria
	Publication types out of scope (opinion piece, editorial, commentary, conference abstracts)
Publication not in English
Withdrawn or superseded studies
Incomplete data (ongoing study, no outcomes of interest)



Evidence summary
Respiratory diphtheria
An outbreak of diphtheria as defined in the ‘Field guide for preparedness and response to diphtheria outbreaks in the Western Pacific Region’ is two or more locally acquired respiratory cases linked in time and place (85).
Outbreaks of respiratory diphtheria ranging in size from less than 10 cases in small settings to country-wide outbreaks of >5,000 cases per year have been reported since the introduction of diphtheria vaccination (5, 14, 86-106).
Historically, outbreaks have occurred across the world with outbreaks reported in the UK in the 1950’s (92), the United States in the 1970s (103), and China in the 1980’s (93). Throughout the 1990’s, outbreaks of respiratory diphtheria occurred across the former Union of Soviet Republics (90, 91, 94-96, 100, 102, 104, 106-109), with >5,000 cases seen in some countries per year at its peak (102).
During these outbreaks, control measures across these countries included a range of interventions including:
treating cases (90)
screening of people with tonsilitis/pharyngitis for diphtheria (90, 95)
isolating people with severe pharyngitis (95)
identifying close contacts (90, 95, 104)
testing close contacts (90, 95)
treating close contacts(96)
vaccinating contacts (104)
treating carriers (90)
introducing quarantine measures in institutions or workplaces in cases of exposure (95)
screening for diphtheria before admission to institutional settings (95)
changing childhood immunisation schedules (96, 106)
modifying list of contraindications for vaccination (96)
conducting routine childhood immunisation programs (91, 95, 100, 104)
conducting targeted childhood immunisation programs (96, 100, 102)
introducing booster doses for adults (90, 109)
conducting targeted adult immunisation programs for adult occupational cohorts (94, 95, 102, 109)
conducting mass immunisation programs for adults (90, 91, 95, 96, 100, 102, 104, 107).
An important lesson learned from the epidemic of diphtheria in the former Union of Soviet Republics is that an immunity gap in adults coupled with large numbers of susceptible children creates the potential for an extensive epidemic (102, 109). In the early years of the epidemic, investigation and control efforts centred on individual cases failed to control the spread of diphtheria until immunisation campaigns closed the population immunity gap (95, 102, 109). The success of the WHO/UNICEF strategy of “one dose for all” in the former Union of Soviet Republics and Baltic States demonstrates that successful control strategies must raise immunity among all age groups to high levels (109). By the end of 1996, ≥95% of children were reported to be fully immunised (95, 100) and coverage of between 83-88% in adults, with at least one dose of diphtheria vaccine (94, 95, 102, 104). This rapid one-dose strategy was appropriate in the former Union of Soviet Republics and will be appropriate in other populations where the majority of the population has been immunologically primed (109).
The risk of spread of outbreaks to other countries was also present, with recommendations given during this outbreak that travellers to these regions ensure they are fully vaccinated and recommendations given to neighbouring countries to review population vaccination status and immunity (110).
Spread of outbreaks across countries has also been seen throughout the world in outbreaks in refugee or asylum seeker populations (5). Asylum seekers are particularly at risk of infectious diseases because of their generally low vaccination coverage, lack of hygienic conditions during travel, and crowded living conditions in refugee camps (111).
An outbreak of respiratory diphtheria was reported in refugee camps in Bangladesh. In this outbreak, contact tracing was undertaken, with close contacts of all probable and confirmed cases identified during case investigation targeted for vaccination, treatment, and follow-up over the course of prophylactic antibiotic treatment. Chemoprophylaxis was initially given for seven days with follow-up on days 0, 3 and 7. This was changed to three days of chemoprophylaxis mid-outbreak, with follow-up on day 0 and 3. Due to concerns with compliance this later changed to chemoprophylaxis provided by contact tracers on visits on day 0, 1 and 2. Mass vaccination of pregnant women and children aged 6 weeks to 14 years was undertaken with one booster dose administered if documented evidence of having completed the primary vaccination schedule was available. Otherwise, 3 doses were administered, with at least 4 weeks interval between doses. It is noted that there may be a need for earlier launching of the mass vaccination campaign with an expanded (older) target age group, given a quarter of the cases were ages 15-29 years during this outbreak and its continuation despite the mass vaccination campaign (5). The authors identified that enhanced detection and isolation of new cases by active case finding using community health workers, and more effective contact tracing, with possibly a greater proportion of contacts vaccinated and provided with prophylactic antibiotics, might have brought the epidemic to an earlier end (5).
Outbreaks in Indonesia have affected multiple islands. These outbreaks were due to the accumulation of vulnerable groups to diphtheria, as these groups had received no vaccination or incomplete immunisation (87). Three important strategies were utilised to manage this outbreak; immunising children aged 1-19 years, early detection and proper handling of diphtheria cases, and identification of appropriate diphtheria contact or carrier management procedures (14). Evaluation of these outbreaks demonstrated that the majority of cases recorded towards the end of this outbreak included children who were not immunised, were not reached by the immunisation program, or had a history of incomplete immunisation. People older than 19 years of age accounted for 24% of the cases (97).
Outbreaks as a result of decreased immunity in the community can be seen worldwide with sporadic outbreaks reported in South Africa (89) and Somalia (105). In South Africa, outbreak management focused on active case finding, contact tracing, chemoprophylaxis and immunisation of close contacts and suspected cases (89), alongside targeted vaccination programs of local community groups (89). In Somalia 79% of cases were in children under 15, and 87% had no vaccination history (105). This was due to an immunity gap with large susceptible cohorts, especially children aged 5–15 years who were born during periods of extremely low coverage and who never received booster doses. These groups then formed the backbone of the outbreak. The focus of control was on immunisation of children 5–14 years (105).
Outbreaks in communities such as the outbreak in the Wujal Wujal community in East Cape York have been managed through the use of contact tracing and management, community engagement and opportunistic vaccination in the community clinic. A week-long mass vaccination of people 14 years and older was then undertaken for anyone who had not had an immunisation in the previous year, increasing the coverage rate to 88% of the community who had a vaccination in the last 10 years. No further cases were identified in this community in the following 22 months (112).
In other situations of sporadic cases or small outbreaks, such as in the UK (98, 101), Thailand (99) and Malaysia (88), control measures all included active case finding (88, 98, 99, 101), contact tracing (88, 98, 99, 101), chemoprophylaxis (88, 98, 99, 101), monitoring and immunisation of high risk contacts (88, 98, 99, 101), with hospital staff excluded from work until they had received negative swab results (98) and medium risk contacts offered immunisation if >12 months since last immunisation and provided education on signs and symptoms (98).
Management of diphtheria in a hospital emergency department was reviewed during an outbreak in Indonesia, with measures being taken to vaccinate all hospital staff who may be exposed, screening patients during triage and identifying those at high-risk of disease. Isolation of suspected cases and use of set diagnostic packs containing one surgical mask with a face shield, a pair of non-sterile gloves, three cotton buds, one disposable apron, two disposable wooden tongue depressors, and a biohazard plastic bag, improved infection control procedures and facilitated the improvement of diagnostic processes in the setting (86). This study highlights the importance of personal protective equipment (PPE) and isolation in reducing risk in healthcare settings.
A systematic review on respiratory diphtheria by Truelove et al reports that while vaccine is estimated to reduce transmission by 60% (95% CrI, 51%–68%), the effectiveness of vaccination for outbreak response is limited by the time required to deploy vaccine and develop immunity. Vaccinated individuals can also still become colonised and transmit; consequently, vaccination alone can only interrupt transmission in 27% of outbreak settings, making isolation and antibiotics essential (4).
Truelove et al note that to be most effective in controlling outbreaks, measures must either interrupt transmission earlier among symptomatic individuals or also target asymptomatic individuals (4). In a fully vaccinated population, antibiotic treatment of 25% of symptomatic cases an average of 5 days after fever onset can interrupt transmission when R0 < 2.4 (35% of estimated outbreak settings). Improving antibiotic treatment to 50% of cases within 2 days interrupts transmission when R0 < 2.6 (48% of settings), and with 90% treated within 1 day, transmission is interrupted when R0 < 2.9 (70% of settings) (4).
In fully susceptible populations, containment requires immediate isolation of 68% (95% CrI, 50%–84%) of symptomatic cases (isolation immediately halts transmission, unlike antibiotics). Contact tracing with isolation or antibiotic prophylaxis of contacts would be similarly effective, depending on the capture rate. Alternatively, instead of a targeted approach, a novel approach that includes random, mass administration of antibiotics would interrupt transmission in all but the most extreme settings, with relatively low coverage (median required coverage of 27% [95% CrI, −69% to 95%]) (4).
Truelove et al conclude that full vaccination coverage is only sufficient to interrupt transmission in 27% of outbreak settings. However, this improves to 70% with rapid antibiotic treatment of 90% of symptomatic cases. Efforts that target cases earlier and target asymptomatic carriers demonstrate even greater effectiveness, with lower required coverage, including contact tracing, isolation, and antibiotic prophylaxis, and should be essential tools in routine outbreaks response. They also posit that mass administration of antibiotics, particularly azithromycin, which reaches both symptomatic and asymptomatic individuals, could be effective for diphtheria control. This could be particularly effective if coupled with other mass healthcare activities such as vaccination.(4).
Cutaneous diphtheria
Spread of outbreaks of cutaneous diphtheria across countries has also been seen throughout the world in refugee or asylum seeker populations (5, 23, 111, 113, 114). Outbreaks of cutaneous diphtheria have been reported in these settings in New Zealand (23) and in multiple setting in Europe (111, 113, 114).
In New Zealand, cases identified in a refugee resettlement centre were treated and isolated until two clearance swabs had been received. Contact tracing was undertaken with high and medium risk contacts undergoing testing of throat, nasopharynx and wound swabs, followed by chemoprophylaxis and offered immunisation. Any suspected cases were monitored daily until swab clearance was received. Low risk contacts were offered immunisation (23). Staff involved in the outbreak were provided vaccination if they had not been vaccinated in the previous 5 years. Additionally high-risk contacts were monitored daily for symptoms for 7 days, skin lesions were covered and assessed by public health nurses daily and education on transmission and cleaning was provided to contacts and staff (23).
In Europe, outbreaks have been reported across Belgium (111), Germany (113) and Switzerland (114), with human-to human transmission reported within these populations (113) and genetic sequencing revealing genetically related clusters across the countries (113).
In Belgium, the investigation and management of the outbreak in a population of unsheltered asylum seekers required adjustments to case finding, contact tracing and treatment procedures. Isolation and contact tracing of cases was not possible, with test and treat centres utilised and suspected cases being treated and having any wounds covered while awaiting confirmation. Chemoprophylaxis was provided to all suspected cases, any identified contacts with pharyngeal carriage, and to all minors living close to a confirmed case. Antimicrobial treatment was reduced to three days to increase compliance. Testing of clearance was not undertaken. Any identified close contacts with pharyngeal carriage confirmed were also treated. Vaccination centres were opened and mobile vaccination campaigns were utilised to vaccinate asylum seekers and staff. While these measures reduced the incidence, the identification of three respiratory cases in the following year suggests the presence of continued undetected transmission (111).
In Switzerland, a reported outbreak was managed through mass screening, treatment and immunisation of residents on floors with confirmed cases. Isolation and treatment of identified respiratory carriers was also undertaken. After the initial mass throat screening, a targeted case-finding approach was implemented and targeted vaccination was expanded to mass vaccination of all residents; vaccination was rarely included as a management component in close contacts and cases (114).
Spread of diphtheria through travel was identified as the cause of detection of cases of cutaneous diphtheria in the UK in 2002 (63). Management of this detection of diphtheria involved active case finding through testing of nose and throat swabs of contacts, followed by chemoprophylaxis and immunisation as appropriate. School aged people in this cluster were also excluded from school until treatment was complete and two negative swabs were received 24 hours apart (63).
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