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Human infections caused by toxigenic corynebacteria occur sporadically across Europe. In this report, we undertook the epide-
miological and molecular characterization of all toxigenic corynebacterium strains isolated in England between January 2007
and December 2013. Epidemiological aspects include case demographics, risk factors, clinical presentation, treatment, and out-
come. Molecular characterization was performed using multilocus sequence typing (MLST) alongside traditional phenotypic
methods. In total, there were 20 cases of toxigenic corynebacteria; 12 (60.0%) were caused by Corynebacterium ulcerans, where
animal contact was the predominant risk factor. The remaining eight (40.0%) were caused by Corynebacterium diphtheriae
strains; six were biovar mitis, which were associated with recent travel abroad. Adults 45 years and older were particularly af-
fected (55.0%; 11/20), and typical symptoms included sore throat and fever. Respiratory diphtheria with the absence of a pharyn-
geal membrane was the most common presentation (50.0%; 10/20). None of the eight C. diphtheriae cases were fully immunized.
Diphtheria antitoxin was issued in two (9.5%) cases; both survived. Two (9.5%) cases died, one due to a C. diphtheriae infection
and one due to C. ulcerans. MLST demonstrated that the majority (87.5%; 7/8) of C. diphtheriae strains represented new se-
quence types (STs). By adapting several primer sequences, the MLST genes in C. ulcerans were also amplified, thereby providing
the basis for extension of the MLST scheme, which is currently restricted to C. diphtheriae. Despite high population immunity,
occasional toxigenic corynebacterium strains are identified in England and continued surveillance is required.

Toxigenic diphtheria can be caused by three Corynebacterium
species, namely, C. diphtheriae, C. ulcerans, and C. pseudotu-

berculosis. Classic respiratory diphtheria is characterized by a gray
throat membrane (“pseudomembrane”) and bull-neck appear-
ance, while cutaneous diphtheria is characterized by chronic, non-
healing ulcers (1, 2). While C. diphtheriae is spread through direct
contact, respiratory droplets, and aerosols from infected individ-
uals, C. ulcerans and C. pseudotuberculosis are less common glob-
ally and are usually associated with farm animal contact and dairy
products (3, 4). Diphtheria toxin can affect the myocardium and
nervous and adrenal tissues, causing paralysis and cardiac failure
(3, 4).

Although diphtheria is still endemic in some parts of the world,
the global incidence of diphtheria has decreased substantially as a
result of the introduction of a highly effective vaccine with in-
creased vaccination coverage. High immunization coverage
across the United Kingdom (since 1991, at least 93% of children
completed the primary course by their second birthday) resulted
in only a few cases of diphtheria being reported over the last de-
cades (5, 6). In 2009, serological surveys indicated that 75% of the
United Kingdom population had at least basic protection against
diphtheria (�0.01 IU/ml), compared to 60% in 1996 (6).

In the United Kingdom, diphtheria is a statutory notifiable
disease, where reporting is based upon clinical and microbiologi-
cal diagnosis. The majority of isolates are nontoxigenic strains
which require no public health action (5, 6); however, toxigenic
strains continue to be isolated occasionally (7), and an under-
standing of the characteristics of patients infected is important to
inform risk assessments and a proportionate public health re-
sponse to individual cases, as well as immunization policy.

Diphtheria is still endemic in many countries and is a poten-
tially resurgent disease, so it is important to maintain the ability to
genotype corynebacteria. Molecular typing has an important role

in public health: The application of appropriate typing methods is
essential not only in outbreak investigations to monitor the evo-
lution and spread of epidemic clones of C. diphtheriae but also in
understanding and predicting epidemics. The selection of an ap-
propriate typing method depends on a number of factors, includ-
ing the scale of the investigation and the financial and technical
resources available. Several typing methods have been applied to
C. diphtheriae genotyping, but many are laborious and time-con-
suming or require expensive equipment. Additionally, their use
may be hindered by limited portability and, in some instances,
poor reproducibility. Multilocus sequence typing (MLST) is able
to circumvent these limitations by directly analyzing nucleotide
information within selected housekeeping genes (8).

In this report, we examined all toxigenic corynebacteria from
respiratory and cutaneous diphtheria cases isolated in England
between January 2007 and December 2013. The epidemiology of
toxigenic diphtheria in the United Kingdom during 1986 to 2008
has previously been reported, showing the increasing role of C.
ulcerans (5). Here, we provide an update on the current epidemi-
ology of toxigenic diphtheria, including demography, risk factors,
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clinical presentation, diphtheria antitoxin administration, and
outcome. Strains were characterized using traditional phenotypic
methods as well as MLST. We further demonstrated that the C.
diphtheriae housekeeping genes can also be amplified in C. ulcer-
ans using slightly modified primers, thereby providing proof of
concept that the diphtheria MLST scheme can be extended to
incorporate both C. diphtheriae and C. ulcerans.

MATERIALS AND METHODS
Epidemiological and molecular data were collected on toxigenic diphthe-
ria cases reported to Public Health England (PHE), Colindale, London.
Routine surveillance for diphtheria is based on clinical and laboratory
notifications. Under the Infectious Disease (Notification) Act of 1889 and
the updated 2010 regulations, doctors in England have a statutory duty to
notify of all forms of diphtheria diagnosed clinically, including cutaneous
presentations (9). Also under these regulations, laboratories have a duty
to notify of isolates of C. diphtheriae and C. ulcerans. Public Health Eng-
land (PHE) also requests notification of isolates of C. pseudotuberculosis.
Laboratories notify the local Health Protection Teams in PHE Centres,
and all such isolates are referred to the Respiratory and Vaccine Prevent-
able Bacteria Reference Unit (RVPBRU), which is the national reference
laboratory for toxigenicity testing (9). In addition to notifications and
mandatory laboratory reporting, PHE has conducted enhanced surveil-
lance of all toxigenic cases since 1986.

About three-quarters (16/20) of toxigenic C. diphtheriae and C. ulcer-
ans isolates investigated were isolated from throat/nasal swabs or from
wounds/ulcers. Microbiological procedures were conducted according to
the World Health Organization manual for the laboratory diagnosis of
diphtheria (10). Briefly, Gram-positive bacilli consistent with corynebac-
teria were subcultured onto Tinsdale, tellurite, and blood agar medium
and biochemically identified using the API Coryne strip according to the
manufacturer’s instructions (bioMérieux, Durham, NC) (11). All strains
described in this report produced positive toxigenicity results using the
modified Elek test, which was performed according to the work of Engler
et al. (12). The genetic relationship between the C. diphtheriae isolates
from Britain was further characterized using the MLST scheme as de-
scribed by Bolt et al. (8). Briefly, extracted DNA was amplified by PCR
using the corresponding primers (Table 1) for the seven C. diphtheriae
housekeeping genes atpA, dnaE, dnaK, fusA, leuA, odhA, and rpoB. After
amplification, the respective genes were sequenced, and allelic profiles
and sequence type (ST) designations for each studied strain were obtained
by submitting the generated DNA alleles to the PubMLST database cu-
rated by the Pasteur Institute Paris (http://pubmlst.org/cdiphtheriae/). A
novel ST designation was given to all unique allelic profiles, while isolates
with identical profiles belonged to the same ST.

Eleven nontoxigenic C. diphtheriae strains (nine of biovar gravis and
two of biovar mitis) taken from recent isolates were also investigated to
assess whether they have similar allelic profiles compared to the toxigenic
strains or compared with each other.

To extend the MLST scheme to include C. ulcerans, we initially at-
tempted to amplify the seven C. ulcerans housekeeping genes with the C.
diphtheriae PCR primers, using a panel of 10 C. ulcerans strains, which
were representative of all of the isolates received from England. Five of the
seven genes (atpA, fusA, leuA, odhA, and rpoB) had highly conserved se-
quences in C. ulcerans and C. diphtheriae, and these genes could also be
amplified in C. ulcerans using the C. diphtheriae primers. However, two
genes (dnaE and dnaK) had more divergent sequences and uniformly
failed to amplify across all C. ulcerans strains. The C. diphtheriae-specific
primer sequences (Table 1) were therefore modified according to the cor-
responding dnaE and dnaK sequences from C. ulcerans (Table 1). These
primers targeted exactly the same genetic regions as in C. diphtheriae. All
genes across the 10 tested C. ulcerans isolates could thereby be amplified
with the primers listed in Table 1, including the modified dnaE and dnaK
primers, and a lowered annealing temperature of 45°C for all seven genes
(all other PCR parameters were as previously described [8]). T
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RESULTS

Clinical and epidemiological data for the 20 toxigenic diphtheria
cases with onset dates between January 2007 and December 2013
are shown in Fig. 1. The number of cases each year ranged from
one to six cases, with a peak in 2008 (Fig. 1A). Eleven of the 20
patients were female (Fig. 1B). Older adults were particularly af-
fected: five patients were �65 years old, six were 45 to 64 years,
two were 25 to 44 years, five were 14 to 24 years, and two were 5 to
14 years (Fig. 1B). Two-fifths (8/20) of all toxigenic diphtheria
infections recorded in England were observed in London. All but
two patients recovered; the case fatality ratio was 10.0% (Fig. 1A).

The 20 toxigenic isolates were taken from throat/nasal swabs,
wounds/ulcers, sputum, blood culture, tissue, or other sources
(Table 2). Twelve toxigenic isolates were identified as C. ulcerans,
and eight were identified as C. diphtheriae (Table 2).

C. diphtheriae. Among the eight cases with laboratory-con-
firmed toxigenic C. diphtheriae infection, the median age at time
of illness was 51 years (range, 7 to 74 years); 4 patients (50%) were
female (Fig. 1B). Vaccination histories were available for six cases:
five were known to have received diphtheria toxoid-containing
vaccines, and one was unimmunized. Seven cases had a recent
history of travel/immigration (Fig. 1C); six had stayed in a country

where diphtheria was endemic. Five were diagnosed with cutane-
ous diphtheria (Fig. 1D), and three respiratory cases presented
with sore throats, one of whom had “classical” diphtheria with a
pseudomembrane. All cases were treated with antibiotics; none
were given diphtheria antitoxin. An unimmunized school-aged
child presented with symptoms consistent with laryngeal diphthe-
ria, although this was not recognized at the time of treatment and
was diagnosed only postmortem.

C. ulcerans. The median age of the 12 cases with laboratory-
confirmed toxigenic C. ulcerans infections was 48 years (range, 10
to 89 years); seven (58.3%) were female (Fig. 1B). Seven cases had
received diphtheria toxoid-containing vaccines; however, none
were fully immunized, two were unimmunized, and immuniza-
tion status was unknown in three cases. Animal contact was the
predominant risk factor for C. ulcerans infection (Fig. 1C), and 11
cases had contact with companion animals (dogs, cats, or rabbits),
three of whom also had contact with farm and/or wild animals.
Three-quarters (9/12) of the cases presented with sore throat and
were diagnosed with respiratory diphtheria, one of whom had a
“classical” presentation with a pseudomembrane (Fig. 1D). Of the
three remaining cases, one presented with a necrotic patch diag-
nosed as cutaneous diphtheria, another presented with a sore

FIG 1 Epidemiological and clinical information for human diphtheria cases recorded in Britain. (A) Annual diphtheria cases October 2006 to December 2013.
(B) Age group and gender of cases. (C) Risk factors for cases. PWID, person who injects drugs. (D) Diagnosis.

Toxigenic Diphtheria Cases in England since 2007
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throat and endocarditis, and one presented with an oozing wound
following surgery (Fig. 1D). All were known to have been treated
with antibiotics. Two cases also received diphtheria antitoxin: one
was a fatal case in an unimmunized adult who had “classical”
respiratory diphtheria with systemic involvement, and the other
had mild respiratory diphtheria without membrane or systemic
involvement. The second fatal case had an unknown immuniza-
tion status and presented with respiratory diphtheria and stridor.

MLST analyses. While the clinical and public health manage-
ment methods are identical for all toxigenic strains of C. diphthe-
riae, four biovars can generally be distinguished biochemically:
gravis, intermedius, mitis, and belfanti. Biovar mitis (75.0%; 6/8)
was the most prevalent C. diphtheriae strain; the remaining two
strains belonged to biovar gravis. One C. pseudotuberculosis strain
was recorded (5) but was later classified as an atypical C. ulcerans
strain as confirmed by real-time PCR (RT-PCR), and rpoB gene
sequencing (data not shown). This strain was further confirmed as
C. ulcerans using matrix-assisted laser deionization–time of flight
(MALDI-TOF) analysis (Bruker MALDI Biotyper Microflex, Bio-
typer software, sample pretreatment by extraction with formic
acid [70%] and acetonitrile [ACN], both SR Taxonomy and
Bruker Taxonomy library used for sample run). Interestingly,
some of the biochemical results for this specimen, which was iso-
lated from the patient’s aortic root vegetation, were atypical for C.
ulcerans (API Coryne results were trehalose and glycogen nega-
tive, which are characteristic of C. pseudotuberculosis).

MLST demonstrated that the large majority of C. diphtheriae
isolates represented new STs (Table 2). One strain of biovar gravis,
isolated in 2010, was shown to represent ST 10, identical with a
strain previously isolated in England in 1993 (8). No associations
were observed between ST and epidemiological characteristics.
Eleven nontoxigenic C. diphtheriae isolates were included as ref-
erence strains. The nontoxigenic strains also had allelic profiles
and STs similar to those of each other. Unlike the findings for the
toxigenic C. diphtheriae strains, sequence analysis revealed two
pairs of identical STs, ST 276 and ST 282. However, all of the
nontoxigenic reference strains differed from toxigenic strains
(Table 2).

In addition to the C. diphtheriae strains described above, pre-
liminary MLST analysis of 10 representative toxigenic C. ulcerans
strains was performed. By modifying the dnaE and dnaK primers,
the seven MLST genes could be amplified in C. ulcerans. A se-
quence comparison revealed two distinct clusters; four isolates
were designated ST 288 and three isolates were ST 287 (Table 2).
There was no direct epidemiological link apparent between the
patients in either cluster; there was at least 6 months between each
case and no known contact between the cases or their companion
animals. Sequence comparison also showed that several strains
differed by only a few alleles (Table 2). There were no significant
associations between ST and epidemiological or clinical charac-
teristics. It should be noted that the listed allele types and STs for
C. ulcerans are currently provisional, i.e., the identified C. ulcerans

TABLE 2 Clinical characteristics and MLST profiles for toxigenic and nontoxigenic C. diphtheriae and C. ulcerans isolates, 2007 to 2014a

Yr Organism Age (yr) Sex Type of sample Allelic profile ST

2007 C. ulcerans 54 Male Throat swab 20-19-11-47-43-37-7 287
2007 C. ulcerans 54 Female Throat swab 20-6-11-47-43-37-17 288
2008 C. ulcerans 42 Male Other
2008 C. ulcerans 17 Female Throat swab 20-6-11-47-43-37-17 288
2008 C. ulcerans 20 Male Throat swab 20-25-11-11-43-37-17 289
2008 C. diphtheriae biovar mitis 7 Female Other (lavage) 2-12-4-1-41-23-2 266
2008 C. diphtheriae biovar mitis 16 Male Throat swab 3-2-3-6-41-8-2 267
2008 C. ulcerans 89 Female Throat swab 20-6-11-47-43-37-17 288
2009 C. ulcerans 30 Male Throat swab 20-19-11-42-41-35-17 286
2009 C. ulcerans 82 Female Other (blood) 20-30-72-42-29-35-17 285
2009 C. diphtheriae biovar mitis 74 Male Skin swab 13-4-8-44-3-23-13 261
2010 C. diphtheriae biovar gravis 15 Female Throat swab 5-2-7-1-3-5-8 10
2010 C. ulcerans 19 Female Throat swab
2010 C. diphtheriae biovar mitis 57 Female Skin swab 3-8-28-16-3-23-2 262
2011 C. ulcerans 59 Female Other (sputum) 20-6-11-47-43-37-17 288
2011 C. ulcerans 67 Female Other (tissue) 20-19-11-47-43-37-7 287
2012 C. ulcerans 10 Male Throat swab 20-19-11-47-43-37-7 287
2013 C. diphtheriae biovar mitis 65 Male Skin swab 4-10-3-1-3-23-27 263
2013 C. diphtheriae biovar mitis 48 Female Skin swab 30-23-63-25-3-23-28 265
2013 C. diphtheriae biovar mitis 54 Male Skin swab 2-4-8-19-3-23-9 264
2006 Nontoxigenic C. diphtheriae biovar gravis 19 Male Skin swab 3-1-72-4-43-23-5 276
2007 Nontoxigenic C. diphtheriae biovar gravis 2-4-72-1-43-23-5 277
2007 Nontoxigenic C. diphtheriae biovar gravis 11-1-53-4-43-23-24 278
2014 Nontoxigenic C. diphtheriae biovar gravis 19 Female Skin swab 3-1-72-4-43-37-32 279
2014 Nontoxigenic C. diphtheriae biovar gravis 19 Male Skin swab 3-1-72-4-43-23-5 276
2014 Nontoxigenic C. diphtheriae biovar gravis 19 Female Skin swab 3-1-72-4-43-23-32 281
2014 Nontoxigenic C. diphtheriae biovar gravis 30 Male Skin swab 3-1-72-4-43-40-32 280
2014 Nontoxigenic C. diphtheriae biovar gravis 24 Female 3-1-72-4-43-40-5 282
2014 Nontoxigenic C. diphtheriae biovar mitis 56 Female Skin swab 2-10-72-4-43-23-2 283
2014 Nontoxigenic C. diphtheriae biovar mitis 29 Male Skin swab 2-4-72-1-19-40-5 284
2014 Nontoxigenic C. diphtheriae biovar gravis 14 Female Other (tissue) 3-1-72-4-43-40-5 282
a All STs were novel, with the exception of ST 10 (bold).
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STs are currently included in the C. diphtheriae database but
might eventually be part of a separate database specific for C.
ulcerans.

DISCUSSION

Diphtheria vaccination is extremely effective, and high vaccina-
tion coverage across the United Kingdom resulted in only a few
cases of diphtheria being reported over the last 2 decades. The
current vaccine coverage for the routine childhood vaccination
program has been maintained at around 95% for the last 2 de-
cades, so the majority of cases in the United Kingdom present as
mild infections either in partially immunized individuals or occa-
sionally in adults who have been fully immunized but have waning
immunity. According to serological surveillance studies, the pro-
portion of individuals susceptible to diphtheria infections re-
mains high, even in vaccinated populations (6, 13). Our study
showed that a total of 20 diphtheria cases occurred in England
between January 2007 and December 2013. All but two patients
recovered. Two cases received diphtheria antitoxin, which is a
relatively scarce equine polyclonal antibody preparation that neu-
tralizes the bacterial toxin before it binds to tissue (14).

The main risk factor for C. diphtheriae infection was travel or
contact with travelers returning from an area of endemicity (5, 7).
In contrast, the main risk factor for acquiring C. ulcerans infection
was animal contact. Toxigenic C. ulcerans infections are fre-
quently acquired from companion animals, including dogs and
cats (15). The epidemiology of diphtheria in England is consistent
with that in the earlier study by Wagner et al. (5), with more
toxigenic isolates of C. ulcerans than C. diphtheriae infection. Spo-
radic importations of toxigenic C. diphtheriae cases and indige-
nous C. ulcerans infections emphasize the need to maintain rou-
tine vaccination coverage at or above 95%, as recommended by
WHO.

We observed here that older generations in particular are at
higher risk of contracting diphtheria. This confirms previous ob-
servations, e.g., it has recently been estimated that 70 to 75% of
those aged 50 to 60 years old across the United Kingdom show
inadequate protection levels (5). Another study in 2009 (6) further
confirmed the risk for older generations, as the age group with the
largest proportion of individuals susceptible to diphtheria and
tetanus was �70 years (�32% susceptible). Clinicians could the-
oretically use routine consultations as opportunities to check the
immunization status of elderly patients who may not have re-
ceived diphtheria immunizations during childhood and of adult
patients born before 1980 who would not have been offered a
routine booster dose of diphtheria toxoid-containing vaccine at
school-leaving age (introduced in 1995), although this of course
has major cost implications and might not be feasible. However,
the opportunity to ensure that patients are up to date with the
recommended doses of diphtheria toxoid-containing vaccine
should not be missed at pretravel consultations, particularly when
travelers are going to countries where diphtheria is endemic.

All toxigenic strains were characterized using traditional phe-
notypic methods and MLST. All but one of the C. diphtheriae
isolates represented new STs, but a single toxigenic isolate com-
prising biovar gravis was identified as ST 10, identical with a strain
previously isolated in the United Kingdom in 1993 (8). While it is
possible that this strain may have circulated in England over the
last 2 decades, it is more likely that these cases were due to im-

ported infections which originated from an area where C. diphthe-
riae, and ST 10, is endemic.

The 11 nontoxigenic C. diphtheriae reference strains were
shown to differ from the circulating toxigenic strains by several
alleles. However, sequence analysis identified similarities between
the nontoxigenic isolates, and two pairs of identical strains were
observed, ST 276 and ST 282.

Furthermore, our preliminary MLST analysis for 10 C. ulcerans
strains from England identified two clusters of patients with the
same ST, ST 287 and ST 288, although there was no epidemiolog-
ical link identified between these patients. Sequence comparison
also demonstrated that most of the C. ulcerans strains had similar
allelic profiles. While there were differences in the STs provision-
ally assigned to the C. ulcerans strains, several strains showed dif-
ferences only in a few alleles. This might indicate that these strains
are related, which would suggest that the C. ulcerans strains circu-
lating in England are highly conserved. However, it should be
emphasized that the allele types and STs assigned to C. ulcerans are
only provisional. Further investigation of toxigenic C. ulcerans
strains from England and elsewhere will shed light on how closely
these strains are related.

The lack of statistical association between ST and clinical or
demographic characteristics of the case is unsurprising given the
comparatively small number of cases and the number of distinct
STs identified. However, with the continued analysis of toxigenic
Corynebacterium isolates, associations may become apparent.

Due to the occurrence of diphtheria in countries of endemicity
and in countries with broad immunization coverage, typing tools
for diphtheria surveillance are of great importance. While several
typing techniques for C. diphtheriae have previously been devel-
oped, their use may frequently be hindered by limited reproduc-
ibility and subjective analysis, e.g., by visual inspection of gel band
patterns. Recently, a comparison of the different typing tech-
niques was performed (16), and ribotyping was shown to be the
most discriminative method, allowing identification of 86 distinct
ribotype patterns and cluster isolates associated with outbreaks in
the former Soviet Union. However, ribotyping depends very
much upon the use of a rigid standardized method, and without
this, there might be difficulties in reproducibility. MLST overcomes
some problems observed with ribotyping, previously considered the
gold standard, by directly indexing nucleotide variation within sev-
eral core metabolic genes, thereby providing high-resolution data
appropriate for evolutionary and epidemiological investigations
(17, 18). The extended MLST scheme incorporating both C. diph-
theriae and C. ulcerans provides a valuable tool for monitoring and
characterizing circulating strains in the United Kingdom and
abroad.
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