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Within a Corynebacterium diphtheriae ST-574 out-
break comprising mostly migration-associated cases 
since 2022, Germany detected two sub-clusters in 
2025. Among sub-cluster cases with travel informa-
tion (24/26), 22 were acquired autochthonously. One 
of two imported cases came from a Polish voivodeship 
having an additional case. Sub-cluster 1 included 16 
cutaneous cases, sub-cluster 2 included six cutane-
ous and five respiratory cases. One unvaccinated child 
and two older adults died. Of 27 cases, 12 experienced 
homelessness. Strengthened immunisation, improved 
wound care and international surveillance are needed.

In February 2025, whole-genome sequencing (WGS) 
at Germany’s National Conciliary Laboratory for 
Diphtheria (NCLD) identified two sub-clusters of diph-
theria with Corynebacterium diphtheriae belonging to 
the sequence type 574 (ST-574). The two sub-clusters 
had evolved from a larger ST-574 cluster originally 
imported in 2022 [1,2]. Among the cases detected 
in Germany belonging to these two sub-clusters, 13 
of 16 cases in sub-cluster 1 and nine of 10 cases in 
sub-cluster 2 had neither travel nor a migration his-
tory within 21 days before symptom onset, suggesting 
ongoing autochthonous transmission and triggering 
an outbreak investigation. One case in sub-cluster 2 

had been imported to Germany from a voivodeship in 
Poland, where an additional case was identified [3]; 
the isolate of the latter case was subsequently char-
acterised as belonging to sub-cluster 2. Collaboration 
between Polish and German laboratories for diphthe-
ria diagnostics was initiated to uncover genomic links 
between cases in both countries followed by coopera-
tion between German and Polish national public health 
institutes to complete additional epidemiological infor-
mation for the case detected in Poland.

We describe all confirmed ST-574 outbreak cases 
in Germany and Poland between 01 January 2022 
and 03 July 2025, focusing on the two sub-clusters, 
and presenting their epidemiological and genomic 
characteristics.

Outbreak investigation and case definitions
Detection of Corynebacterium spp. bearing a diphthe-
ria toxin gene (tox) and/or producing diphtheria toxin 
(DT) is notifiable according to the German Infection 
Protection Act (IfSG) [4] and the Polish Act on the 
Prevention and Combating of Infections and Infectious 
Diseases in Humans (Dz. U. 2008 Nr 234 poz. 1570) 
[5]. We included all patients reported in Germany and 
Poland between 01 January 2022 and 03 July 2025 with 
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isolates that either produced DT or carried the tox gene 
(non-toxigenic tox-gene bearing, NTTB), irrespective 
of the DT detection via the Elek test [6] or lateral flow 
immunoassay result [7]. Isolates that carry the tox gene 
but do not produce detectable DT in the laboratory 
remain epidemiologically relevant because they can 
regain DT production in vivo and indicate the circula-
tion of tox-positive strains. We matched these isolates 
to all notified cases.

We defined a confirmed case as a patient whose 
C. diphtheriae isolate was identified by matrix-assisted 
laser desorption ionisation-time of flight mass spec-
troscopy (MALDI-TOF MS; MALDI Biotyper; Bruker 
Daltonics, Bremen, Germany) [8], and then assigned 
to ST-574 by multilocus sequence typing (MLST). A 
probable case was any case with a tox-PCR-positive 
isolate that showed sole resistance to trimethoprim/
sulfamethoxazole (cotrimoxazole), which was defined 
according to European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) guidelines [9], a char-
acteristic observed in every ST-574 isolate, or any case 
with C. diphtheriae linked epidemiologically to a con-
firmed case. A suspected case was any newly notified 
C. diphtheriae infection that lacked typing or resist-
ance testing results.

All 125 isolates collected in Germany as well as 
the single Polish isolate, which was entered at the 

library-preparation step, were subjected to WGS. 
Procedures for WGS wetlab workflows, MLST, core 
genome (cg) MLST and minimum spanning tree (MST) 
generation were performed as reported in Berger et 
al. [10]. Additional analyses such as a SNP-phylogeny 
and prediction of resistance and virulence genes are 
described in the Supplementary Material. In addition 
to case information already provided in statutory sur-
veillance, local public health authorities in Germany 
and Poland collected epidemiological data such as 
housing status and substance use. Imported cases 
were defined as cases with travel or migration history 
outside of the country of notification within the 21 days 
(> twice the maximum incubation period) before symp-
tom onset.

Epidemiological findings and case 
characteristics
We identified 126 confirmed (Germany 125, Poland 1) 
and four probable cases (all in Germany). Two waves 
of cases respectively occurred in autumn/winter 2022 
and 2023 and were followed by scattered case notifica-
tions in 2024 and 2025 (2022: 54; 2023: 49; 2024: 19; 
2025: 4 cases; Figure 1).

Of 126 confirmed cases, 113 (90%) were male, the 
median age was 19 years, and 101 (80%) cases were 
imported. Cutaneous diphtheria was most common 
and observed in 110 cases (87%) (Table 1). Respiratory 

Figure 1
Number of diphtheria ST-574 confirmed cases in Germany (n = 125) and Poland (n = 1) by federal state or voivodeship, 
manifestation and clinical outcome, 01 January 2022–03 July 2025
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cases appeared to proportionally increase between 
2022 and 2025, with two of 54 cases in 2022, four of 
19 cases in 2024 and one of four cases in 2025. In 
2023, no respiratory case was reported. Three deaths 
occurred (case-fatality ratio 2.4% overall with 3 fatal 
cases among 7 cases with respiratory manifestation). 
Vaccination status was unknown for 89 (71%) cases 
(Table 1).

Sub-cluster 1 (≤ 8 allelic differences;  ≤ 17 SNPs; 16 
cases from June 2023 to May 2025) comprised 12 male 
cases, three female cases and one for which sex was 
unknown (Table 1). The median age in this sub-cluster 
was 45 years and among the 16 cases, 13 cases were 
autochthonous in Germany. All 16 cases in the sub-
cluster presented as cutaneous diphtheria with nine 
isolates being NTTB (2023:1/4; 2024: 5/9; 2025:3/3). 
Twelve of the sub-cluster 1 cases were primarily con-
centrated in central Germany near Frankfurt am Main, 
Hesse (further referred to as Frankfurt), with 11 notified 
in Hesse and one in Rhineland-Palatinate. The remain-
ing four cases were notified in four different federal 
states (Baden-Württemberg, Bavaria, Brandenburg 

and North Rhine-Westphalia). Of these four, three 
cases reported having been to Frankfurt, Hesse, in the 
21 days before disease onset: one person travelled to 
Frankfurt to consume drugs, another was working in 
Frankfurt and a third travelled through Frankfurt cen-
tral station. Among all sub-cluster 1 cases, 12 in total 
reported either living or staying/travelling in Frankfurt. 
Six individuals were experiencing homelessness, with 
three of them using emergency shelters. Four cases 
including one case not living in Frankfurt had contact 
with people using or selling drugs around Frankfurt 
central station. One case was classified as imported 
from outside of Europe with reported travel to a north-
ern African country for a few days within the 21 days 
before symptom onset. For two cases how diphtheria 
was acquired was unknown (Table 2).

Sub-cluster 2 (≤ 8 allelic differences;  ≤ 12 SNPs; 11 
cases from January 2024 to January 2025) comprised 
eight cases of male sex and three cases of female 
sex. The median age in the sub-cluster was 45 years 
and among all cases reported in this sub-cluster, nine 
cases were autochthonous in Germany and notified 

Table 1
Characteristics of diphtheria ST-574 confirmed cases in Germany (n = 125) and Poland (n = 1) by sub-cluster, 01 January 
2022–03 July 2025

Characteristics
Imported non-sub-cluster

(99 cases)
Sub-cluster 1
(16 cases)a

Sub-cluster 2
(11 cases)a

Total
(126 cases)

Numberb %a Numberb,c Numberb,c Numberb %b

Diagnostics
Only tox PCR positive 2 2 9 0 11 9
PCR and Elek test positive 97 98 7 11 115 91
Age
Median age in years (Q1–Q3) 18 (16–21) 45 (39–55) 58 (48–64) 19 (17–27)
Administrative sex and gender
Female 0 0 3 3 6 5
Male 93 94 12 8 113 90
Gender-diverse 1 1 0 0 1 1
Unknown 5 5 1 0 6 5
Manifestation
Respiratory diphtheria 2 2 0 5 7 6
Cutaneous diphtheria 88 89 16 6 110 87
Unknown 9 9 0 0 9 7
Severity
Hospitalised 25 25 8 11 44 35
Median hospital stay in days (Q1–Q3) 5 (0–8) 1 (0–6.5) 1 (0–12) 2 (0–8)
Death due to disease 0 0 0 3 3 2
Vaccination status
Vaccination unknown 69 70 11 9 89 71
Unvaccinated 20 20 2 1 23 18
Vaccinated (ever, at least once) 10 10 3 1 14 11

Q: quartile.
a Sub-cluster 1 comprises 16 cases including 13 autochthonous in Germany, one imported from outside of Europe and two for which the 

country of infection is unknown; sub-cluster 2 comprises 11 cases including nine autochthonous in Germany, one autochthonous in Poland, 
and one imported to Germany from Poland.

b The content of the cells corresponds to what is described in the column heading, unless this is otherwise specified by a row heading.
c Percentages are not presented when the total number of cases is less than 60.
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there, and one case was autochthonous in Poland and 
notified in Poland. Among the 10 sub-cluster 2 cases 
notified in Germany, one was imported from Poland. 
Of the total 11 cases belonging to sub-cluster 2, six 
cutaneous diphtheria cases were reported, all among 
people experiencing homelessness. Five of them were 
notified in Berlin and one in the Polish voivodeship of 
Wielkopolskie (Table 2). Five cases presented with res-
piratory diphtheria. Four of these were notified across 
three German federal states (Brandenburg, Saxony 
and Rhineland-Palatinate), two of them in the same 
household, while one additional case of respiratory 
diphtheria was imported from Poland. Of cases with 
respiratory diphtheria, three were fatal: a school-aged 
child, and two adults, both over 65 years-old, including 
a care-home resident, and a care worker, who travelled 
from the Polish voivodeship Wielkopolskie where the 
other cutaneous case had been notified. No epidemio-
logical link between fatal cases could be established. 
While the child was unvaccinated, the vaccination sta-
tus for the two fatal adult cases was unknown.

Genome sequencing, resistance markers 
and phylogeny
The genomic sequences assigned to ST-574 by MLST 
were included in the cgMLST-based MST (Figure 2) as 
well as in a maximum likelihood (ML) SNP-based phy-
logeny, with the ML tree depicted in the Supplementary 
Figure in the Supplementary Material. The cgMLST-
based MST shows the two sub-clusters branching off 
from the main node which primarily consists of iso-
late genomes of the 2022 outbreak, (Figure 2; blue 
and purple colours). The SNP-based ML tree con-
firms the evolving two sub-clusters (Supplementary 
Figure). Seven ST-574 genomes recently reported from 
Switzerland were also included as they comprised two 
autochthonous cases similar to those observed cases 
in Germany [11]: five from asylum seekers (2022) and 
two from senior residents (2023). These genomes were 
not epidemiologically related to the two German sub-
clusters but closely phylogenetically related or clonal 
to isolates obtained from newly-arriving migrants in 
Germany in 2022 and 2023.

All isolates of the ST-574 cluster show a uniform resist-
ance profile including a sole characteristic, which is anti-
microbial resistance to trimethoprim/sulfamethoxazole 

Table 2
Epidemiological case characteristics of sub-clusters of diphtheria ST-574 confirmed cases in Germany and Poland, June 
2023–January 2025 (n = 27)

Characteristics
Sub-cluster 1

(16 cases)
Sub-cluster 2

(11 cases)
Number of cases Number of cases

Year of notification
2023 4 0
2024 9 10
2025 3 1
Acquisition
Autochthonous in Germany 13 9
	 Staying in or travelling to or through Frankfurt am Main, Hesse 12 0
Autochthonous in Poland 0 1
Imported 1a 1b

Unknown 2 0
Housing
Experiencing homelessness 6 6
	 Shelter for people in homelessness 3 0
	 No reported use of shelter for people in homelessness 1 5
	 Unknown 2 1
Not experiencing homelessness 8 5
Unknown housing status 2 0
Substance abuse
Reported substance use or alcohol abuse 10 2
	 Reported use of drugs 7 1
	 Reported use of alcohol (n) 3 1
No reported substance or alcohol abuse (n) 0 0
Unknown (n) 6 9

a Imported from outside of Europe (North Africa).
b Imported from Poland into Germany.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2025.30.33.2500539&domain=pdf&date_stamp=2025-08-21


5www.eurosurveillance.org

2

2

1

3

1
1

1
1
1

1
1

1

1

1

1

1

1
1

1

2

2

1

2
2

2
2

11
1

1
1

1
2

2
1

1
3

1
1
1

1
2

1

1 1
1
1

1

3

1

1

2

1

1

4 4

3

1

3 3 3

1

2

4

1

1

2

1

3

3

1

2
4

4

2
KL2129
KL2257
KL2337
KL2412
KL2465
KL2582
KL2809
KL2834
KL2866
KL2900

SRR33371488

KL2219

KL2141

KL2387

KL2249

KL2338
KL2340

KL2070

KL2130

KL2315

KL2447

KL2445

KL2603KL2348A
KL2357
KL2413
KL2607

KL2645

KL2461

KL2248
KL2314
KL2359
KL2396

SRR33371487

KL2303 KL2505

SRR33371482

KL2187

KL2345
KL2394
KL2402

KL2362

KL2862
KL2880
KL2923
KL2937
KL2941

KL2947a
KL2971
KL3011
KL3069
KL3140

KL2864

KL2351

KL2417

KL2463

KL2202
KL2225

SRR33371483

KL2354
KL2355
KL2392

KL2168
KL2319
KL2328
KL2353

KL2306

KL2311

KL2293

KL2391

KL2236
KL2282
KL2540

KL2802
KL2887
KL2928

KL2837

KL2252
KL2467
KL2833
KL2835
KL2867
KL2879
KL2885
KL2888
KL2916
KL2940
KL3032

SRR33371480
SRR33371481

KL2253

KL2411

KL2899

KL2980

KL2574

KL3485
KL3714

KL3599 KL2738

KL3454A

KL3154

KL3629

KL2771

KL2878
KL2968

KL2996a

KL3313

KL3562

KL3202

KL3319
KL3612

KL2458

KL2272

KL2951KL2891g
KL2289

KL2267
KL2301
KL2304

SRR33371484

KL2435

KL2476
KL2490

KL2386
KL2395

KL3270
P2122

KL3144

KL3195

KL3247

KL3499
KL3607

KL3502

KL3488

KL3493

KL3630

Germany, sub-cluster 2, 2024

Germany, sub-cluster 2, 2025

Germany, sub-cluster 1, 2023

Germany, sub-cluster 1, 2024

Germany, sub-cluster 1, 2025

Germany, migration-associated, 2022

Germany, migration-associated, 2023

Germany, migration-associated, 2024

Poland, sub-cluster 2, 2024

Switzeland (Urwyler et al.)a, low risk patients, 2023

Switzerland (Urwyler et al.)a, migration-associated, 2022

Figure 2
Minimum spanning tree based on core genome multilocus sequence typing analysis of ST-574 C. diphtheriae isolates, 
2022–2025 (n = 133), from Germany (n = 125), Poland (n = 1) and Switzerland (n = 7)

Samples are colour-coded based on combined geographic, sub-cluster and date of detection characteristics of respective cases, and these 
include 99 isolates of newly-arriving migrants and 27 isolates belonging to either of two sub-clusters identified in the current study: sub-
cluster 1 is in blue and sub-cluster 2 is in purple (Germany) and pink (Poland).
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(cotrimoxazole). They also show a uniform genetic 
profile of detected resistance and virulence genes, as 
detailed in the Supplementary information on resist-
ance and virulence gene prediction. In addition, for the 
nine NTTB isolates detected in sub-cluster 1, lack of DT 
production, determined by Elek test, could be geneti-
cally proven by a 11–150 nt truncation of the tox-gene 
at the 5’ end, in conjunction with a directly adjacent 
insertion (IS1132 [12]) to the truncated site.

Discussion
Since 2022, an outbreak caused by C. diphtheriae 
ST-574 has emerged in Germany following detection 
among newly-arriving migrants, often seeking asy-
lum [1,2]. Despite no known secondary spread at first, 
we now observe two separate transmission events 
within Germany indicating ongoing autochthonous 
transmission.

Noteworthy, besides newly-arriving migrants, addi-
tional vulnerable groups are affected, i.e. people 
experiencing homelessness, individuals who are using 
drugs, older adults, and unvaccinated individuals. 
Importantly, three fatalities due to respiratory diphthe-
ria occurred within the last 12 months, whereas no fatal 
cases with respiratory diphtheria with C. diphtheriae 
had been recorded in Germany since the beginning of 
mandatory reporting in 2001.

All 16 infections in sub-cluster 1 were cutaneous, while 
sub-cluster 2 included five respiratory cases, three of 
which were fatal, underlining the potential severity of 
diphtheria. The first autochthonous diphtheria case 
in a person experiencing homelessness in Frankfurt 
detected in February 2023, described by Haller et al. 
[13], showed severe dual respiratory and cutaneous 
symptoms. The case met our case definition of a sus-
pected outbreak case since no typing results were avail-
able but was not described in more detail as we only 
described confirmed outbreak cases. Nevertheless, it 
serves as a reminder that double manifestations can 
occur.

For all cases except two [10], the transmission chain 
remains unclear. As multiple cases in both sub-clus-
ters were reported in the same or neighbouring federal 
states with partial temporal overlap, this suggests uni-
dentified transmissions. In sub-cluster 2, most cases 
with respiratory disease died, which could indicate 
that many milder cases of diphtheria are not being 
detected. Such undetected spread may, e.g. occur in 
vaccinated individuals with only mild or no symptoms, 
leaving cases in vulnerable groups as warning sign of 
wider silent circulation of the pathogen. Awareness in 
and around Frankfurt was likely higher after first detec-
tions and subsequent outbreak investigation in 2023 
[13,14]. This highlights the importance of collaborat-
ing with low-threshold services to improve access to 
diagnostics, vaccination and wound care. Interestingly, 
NTTB cases ST-574 in sub-cluster 1 appear to increase 
over time which is in line with the documentation of 

NTTB cases among people experiencing homelessness 
[15].

Cases of ST-574, mostly among newly-arriving 
migrants, had also been reported in other Western 
European countries including Belgium, Switzerland, 
and the United Kingdom in 2022 [16-18]. While Germany 
reported most cases, cases linked to Poland suggest 
wider spread within Europe [3]. In contrast, cases from 
Switzerland seem to represent secondary cases fol-
lowing importations [3,11]. A Rapid Risk Assessment 
recently published by the European Centre for Disease 
Prevention and Control (ECDC) in 2025, also points 
to a broader circulation of ST-574 across Europe [19]. 
However, it remains unclear whether autochthonous 
sub-clusters are unique to ST-574 or could also form in 
other STs detected during the 2022 outbreak.

The three respiratory diphtheria deaths involved an 
unvaccinated child and two older adults with unknown 
vaccination status. Overall, the presence of the 
NTTB isolates and the homogenous profile of typical 
C. diphtheriae resistance and virulence gene patterns 
throughout the ST-574 cluster does not indicate signs 
of increased virulence. Rather, factors such as insuffi-
cient or waning immunity, co-morbidities, and delayed 
care may have contributed to severe outcomes.

Some limitations of the current study were that vacci-
nation records were often missing, and details on vul-
nerabilities (e.g. housing, substance use) were difficult 
to obtain, thus risk factors and immunity gaps remain 
unclear. Further, contact tracing was not possible in a 
majority of cases likely leading to an under-detection 
of secondary cases and epidemiological links. While 
cases with ST-574 have been reported from other 
European countries since 2022, aside from the included 
isolates from Germany, Poland, and Switzerland, no 
sequence data from other European countries were 
available.

Conclusion and recommendations
The rise in ST-574 respiratory diphtheria, associated 
fatalities, and emergence of two separate clusters in 
Germany with mostly autochthonous cases, indicate 
that the situation may have shifted from sporadic 
importations of diphtheria to increased circulation of 
the pathogen with ongoing autochthonous transmis-
sion. Our findings suggest that countries that observed 
imported diphtheria cases since 2022 may be suscep-
tible to secondary outbreaks. This investigation dem-
onstrates the value of systematic WGS, active case 
finding, and international collaboration to uncover 
ongoing local transmission and link cases across bor-
ders. To prevent further cases and deaths, it is crucial 
to strengthen routine immunisation and close immu-
nity gaps, particularly in vulnerable groups. Protecting 
these groups requires targeted outreach and close 
collaboration with low-threshold services so that eve-
ryone, everywhere has access to diagnostics, wound 
care, and vaccination.
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Data availability
Whole genome sequencing (WGS) data are available under 
BioProject IDs PRJNA898270, PRJNA1176523, PRJNA1139060, 
PRJNA1197751, PRJNA1123191 at https://www.ncbi.nlm.nih.
gov/bioproject. Detailed accession numbers are given in the 
Supplemental Table.
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