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Abstract

Diphtheria is caused by a toxigenic bacterium Corynebacterium diphtheriae which remains as one of the
important causes of illness and death among children. Globally, epidemic waves of diphtheria have killed thousands
of children in early 1920s, i.e., before the vaccine era. There are four main biotypes of C. diphtheriae available
namely C.d. Gravis, C.d. Intermedius, C.d. Mitis, and C.d. Belfanti. Globally, the C.d. Intermedius is most often
associated with exotoxin production, although all three strains are capable of producing exotoxin. Diphtheria patients
are usually prescribed for diphtheria antitoxin and antibiotics such as erythromycin/penicillin. Keeping all the
pathogenic information in context, here in the present review we have accumulated all the recent updates on
diphtheria and also presented a timely discussion on diagnosis and vaccination procedure, which might assist future
therapeutics.
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Epidemiology
Diphtheria is caused by a toxigenic bacterium Corynebacterium

diphtheriae which remains as one of the important causes of illness
and death among children. This disease is defined as a respiratory
illness that comprised of pharyngitis, tonsillitis/laryngitis, cervical
lymphadenopathy and an adherent tonsillar or nasopharyngeal
pseudomembrane. Multiplication of C. diphtheriae cells destroy
healthy tissues in the bronchial tract, resulting in thickening of the
tissues that leads to acute respiratory failure. The other common
complications include endocarditis of either native or prosthetic valves,
disseminated intravascular coagulation, renal, endocrine failure and
paralysis of lower limbs. There are four main biotypes of C.
diphtheriae: Gravis, Intermedius, Mitis, and Belfanti. Globally, the
Intermedius is most often associated with exotoxin production,
although all three strains are capable of producing exotoxin.

Globally, epidemic waves of diphtheria have killed thousands of
children in early 1920s, i.e., before the vaccine era. From the beginning
of the 1980s, many developed countries progressed towards the
elimination of diphtheria by implementing the vaccine program. In
1990s, re-emergence of diphtheria has witnessed large scale morbidity
and mortality in the Russian Federation and the Newly Independent
States of the former Soviet Union. Recent outbreaks of respiratory and
cutaneous diphtheria in several countries showed the existence of this
disease and pose a global threat [1-6]. Human displacement
compounds the problem further with increased incidence of diptheria
in Latvia [7] and New Zealand [5].

Historically, toxigenic C. diphtheriae has been associated with
diphtheria in children. Non-toxigenic C. diphtheriae recentely gained
importance as it causes severe pharyngitis and tonsillitis, endocarditis,

septic arthritis, polyneuropathy and osteomyelitis. Recent changes in
the epidemiology of dipthreria include emergence of other toxin-
producing species such as C. ulcerans and C. pseudotuberculosis
associated with respiratory and cutaneous infections [8,9]. In Western
countries, the clinical presentation is differnt from endemic countries
i.e., without the typical diphtheria symptoms. Zoonotic infections
caused by C. ulcerans were reported to be about 60% in England
during 2007-2013 with respiratory diphtheria and the absence of a
pharyngeal membrane [10]. Most of the patients in this study were not
immunized. Circulation of Corynebacterium spp. appears to continue
in some settings, even in populations with more than 80% childhood
immunization rates. An asymptomatic carrier state can exist even
among immune individuals.

Virulence
Diphtheria toxin (DT) is the major virulence factor in C.

diphtheriae. This exotoxin carries A and B subunits, encoded in the tox
gene of the β-corynebacteriophage, which is integrated into the
bacterial chromosome [11]. This mobile temperate bacteriophage may
transform non-toxigenic strains/closely associated species into
toxigenic strains. The lethal dose of DT for humans is about 0.1 μg per
kg of body weight.

Diagnosis and Treatment
Diagnosis of diphtheria is often based on the appearance of typical

throat infection with confirmation by microbiological culture. For
confirmation, throat swabs from suspected cases will be tested by
culture methods. Generally, treatment has been made without
anticipating the culture results. Until now, there are no rapid
diagnostic tests for the detection C. diphtheriae. Early diagnosis will
help in the implementation of control measures and clear guidelines
are needed to assist clinicians in managing clinical diphtheria. Several
other exiting methods in the detection of pathogenic bacteria such as
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matrix assisted laser desorption ionization-time of flight mass
spectrometry will enhance the confirmation of diphtheria in a very
short duration. Polymerase chain reaction (PCR) or the real-time PCR
has been used for the detection of toxin encoding genes (toxA and
toxB).

Diphtheria patients should be treated with diphtheria antitoxin and
antibiotics such as erythromycin/penicillin. Since this disease spreads
through the air and personal contacts, patients should be kept in
isolated ward/place. Penicillin is widely recommended as the first-line
drug for the prophylaxis against and treatment of C. diphtheriae.
Penicillin-resistant cutaneous C. diphtheriae has been reported [12].
Epidemic C. diphtheriae strains from Brazil and Algeria has shown
reduced susceptibility to penicillin G [2,13]. Emergence of penicillin
resistance C. diphtheriae has been reported from UK and India [12].
Antibiotic-induced biofilm formation might also be a factor to the
variable success of antimicrobial therapy for C. diphtheriae infections
[14]. Diphtheria can be effectively treated with antitoxin (DAT,
20000-100000 Units) made from horses. Diphtheria antitoxin reduces
the progression of the disease by binding DT that has not yet attached
to the body's cells. But the antitoxin does not neutralize the toxin if it
bound to tissues. DAT may cause adverse event, i.e., anaphylaxis.

Vaccination
Diphtheria toxoid vaccine is available in combination with tetanus

toxoid or with tetanus and pertussis antigens (DTP). More recently,
this pentavalent vaccine has been supplemented with hepatitis B
surface antigen and Haemophilus influenzae type B. For pediatric use,
these combination vaccines are used in a 3-dose vaccination series
starting from 6 weeks of age with a minimum interval of 4 weeks
between doses, then a booster dose at age 15–18 months [15]. In
diphtheria endemic countries, about 31% of the <10 years age group
who had received three doses of DTP vaccine were found to be
infected by diphtheria [16].

There is an urgent need for improving childhood immunisation
coverage in low and middle-income countries. Implementation of
seroepidemiology and use of bio-markers are not only helping in
understanding of the ongoing infection status and in monitoring the
effectiveness of vaccination programs. Vaccine-acquired immunity
tends to wane with ageing, hence, booster doses are recommended to
fully protect adolescents [17]. Maternal immunization has been
debated as it helps not only for the pregnant woman, but also for the
developing fetus and young infant [18]. Antibody levels for diphtheria
decline with aging and hence it is important that vaccine
administration should be emphasized for the protection of young adult
and elderly people also, not limited to children [19-22]. Moreover, the
benefits of adolescent immunization are more than the risks [23].

Molecular studies
Genomic studies have shown several recombination events in tox

gene and pilus gene clusters that have driven diversification of C.
diphtheriae strains [10]. The currently circulating non-toxigenic C.
diphtheriae strains therefore represent a potential source for the
emergence of toxigenic C. diphtheriae in the United Kingdom [24].
Whole genome sequence of C. diphtheriae provided evidence of the
recent acquisition of additional pathogenicity factors such as iron-
uptake systems, adhesions and fimbrial proteins [25]. Recent outbreaks
associated C. diphtheriae strains were found to belong new sequence
types [9,6].

Integrated surveillance is needed to outline current trends in the
epidemiological profiles of diphtheria. Strengthening of routine
immunization with DPT vaccine as well as diagnostic capacity is
important. The investigation should also focus on the levels of
immunity in children, adolescents and adults [26].

Conclusion
Epidemic waves of diphtheria killed thousands of children in early

1920s. However, when diphtheria anti-toxin was available, the
mortality and morbidity came down sharply. Diphtheria toxoid vaccine
changed the situation. Now-a-days clinicians see cases of diphtheria
rarely and hence may overlook and miss the diagnosis. With the
upsurge of cases in adults, this disease should be kept in mind as a
differential diagnosis whenever the clinician sees a case of sore throat.
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