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Introduction

Diphtheria, a contagious disease first recognized
by Hippocrates in the fifth century BCE, is
caused by the Gram-positive bacillus,
Corynebacterium diphtheriae. The word “diph-
theria” comes from the Greek word for leather
and refers to the membrane that develops in the
throat of an infected person. Klebs was the first to
identify the organism (1883) and Loeffler the
first to cultivate the organism (1884). The bacte-
rium has been called the “Klebs-Loeffler” bacil-
lus as a consequence. Roux and Yersin first
demonstrated that the organism produced a toxin
(1888), and von Behring and Kitasato (1890)
demonstrated that administering an “anti-serum”
or “antitoxin,” the antibody-containing serum
produced in animals infected with an attenuated
strain, would prevent mortality. The first success-
ful treatment of a child with diphtheria using the
antitoxin occurred in Germany in 1891. The anti-
toxin was produced in horses and soon became
commercially available. The mortality rate,
which had been 50%, fell dramatically as a con-
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sequence. It became quickly evident, however,
that the antitoxin had to be administered soon
after the onset of symptoms in order to be
effective.

Large scale vaccination programs began after
Ramon and others demonstrated in the 1920s that
diphtheria toxin could be rendered safe for vac-
cination by exposure to heat and formalin, pro-
ducing a “toxoid.” Because of widespread
vaccination since then, diphtheria is rarely seen
in developed countries today although the dis-
ease is still endemic in many developing coun-
tries (e.g., India, Nepal, Bangladesh, and
Myanmar). Modern vaccination schedules
include a 3-dose “primary” vaccine series before
age 1, a fourth dose (“booster”) during the sec-
ond year of life, a fifth dose (booster) in early
childhood (age 4-7 years), and another booster
dose either in adolescence (age 9-15 years) or
early adulthood [1, 2]. Booster doses are also rec-
ommended every 10 years during adulthood.

Bacteriology

Corynebacterium diphtheriae bacilli are Gram-
positive, unencapsulated, non-sporulating, rod-
like organisms with a tendency to club at one or
both ends (Fig. 19.1). The genus name comes
from the Greek “koryne,” or club. Diphtheria
may be either toxigenic (toxin-producing) or
non-toxigenic. Non-toxigenic strains usually
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Fig. 19.1 Stains of Corynebacterium diphtheriae, after
growth on culture media. (a) Gram stain, demonstrating
that it is a Gram-positive bacillus with “clubbed” ends. (b)
Albert’s stain, taken from an 18-h culture. The clubbed

cause a mild form of disease without any major
organ damage. Toxigenic strains produce a
powerful exotoxin that causes severe disease
with both local tissue damage and remote organ
dysfunction. Toxin production only occurs by
bacteria that have been infected (“lysogenized”)
by a virus carrying the tox gene. Production of
the toxin by the bacterium occurs following
depletion of local extracellular iron stores, as
high iron concentrations cause a bacterial sup-
pressor gene to be activated that suppresses toxin
production.

Diphtheria has four biotypes, gravis, interme-
dius, mitis, and belfanti, and any may produce
toxin [3]. Historically, biotype gravis has been
associated with severe illness and a high case
fatality rate while mitis has been associated with
milder disease. However, mortality may occur
from any biotype. In an outbreak of diphtheria in
Krygystan in 1995, the mitis biovar caused two-
thirds of culture-positive cases and over 40% of
the deaths [4].

Corynebacterium diphtheriae will grow on
blood agar plates but it is difficult to detect on
throat cultures without use of special media. The
microbiology laboratory must be alerted to the
possibility of diphtheria when throat cultures are

ends are easily seen. From the U.S. Centers for Disease
Control and Prevention (CDC) Public Health Image
Library, photograph (a) attributed to CDC, Dr. Graham
Heid, 1965, photograph (b) attributed to CDC, 1979

sent, as selective media can be used to detect the
organism. The throat culture swabs must be trans-
ported to the laboratory quickly and media inocu-
lated promptly to optimize growth. Loeffler’s
media will grow the organism rapidly, but the
tellurite-containing Tinsdale media is used more
often. Tinsdale media inhibits normal oral flora
and C. diphtheriae colonies appear black with
brown halos (Fig. 19.2). Once there is growth of
C. diphtheriae, a test for toxin production, such
as the modified Elek test, should be performed.

Rarely, another stain of Corynebacterium, C.
ulcerans, may produce diphtheria toxin and pro-
duce a respiratory illness identical to diphtheria
[5]. Culture methods are similar.

Epidemiology

Humans are the only known reservoir for diph-
theria, and cases are spread by contact with respi-
ratory droplets, exudate from skin lesions, or
fomites [3]. Diphtheria is highly contagious and
patients remain contagious for 48-72 h after
starting antibiotic therapy. In untreated or par-
tially treated respiratory cases, patients may be
contagious for 2-6 weeks. Humans can be
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Fig. 19.2 Culture of
Corynebacterium
diphtheriae growing on
Tinsdale agar. Colonies
are black with brown
haloes. From the

U.S. Centers for Disease
Control and Prevention
(CDC) Public Health
Image Library,
photograph attributed to
Dr. Theo Hawkins, 1979

asymptomatic  carriers  of
non-toxigenic diphtheria strains, and these
chronic carriers may be contagious for 6 months
or more. Immunity in the individual, either natu-
ral or from vaccination, does not prevent asymp-
tomatic carriage. Patients with cutaneous
diphtheria may contribute to the transmission of
diphtheria in a population, as skin lesions are
often chronic and C. diphtheriae may be trans-
mitted by contact with the exudate.

Diphtheria may occur throughout the year
although in temperate climates, the disease
occurs mostly in the colder months. This may be
due to the increased risk of transmission in
crowded indoor conditions.

Diphtheria occurs globally and remains a
health threat, particularly in developing nations.
The disease is endemic in many developing coun-
tries, primarily due to incomplete childhood vac-
cinations including booster doses. Children have
been the major victims of diphtheria historically
[6]. Several recent series also reported that the
majority of cases (60-85%) occurred in children
ages 0—10 years old [7-9]. In contrast, an out-
break during the 1990s in the New Independent
States of the former Soviet Union included a
large number of adults, with 70% of cases occur-
ring in patients older than 15 [10, 11]. Table 19.1
compares the epidemiology of diphtheria
reported by six representative studies from differ-
ent countries and decades [4, 6-9, 12].

toxigenic  or

""-

Qo'.:.o.

Many adults remain susceptible to diphtheria,
primarily due to waning immunity and failure to
get the recommended booster doses [13]. A study
from the United Kingdom found that only 31% of
adults in 1995 were fully immune (titer >0.1 U/
ml) while 39% lacked any detectable antibodies
(titer <0.01 IU/ml) [14]. Over 50% of adults age
50-59 lacked immunity in that study. A study
from the United States that evaluated immunity
in adults 1988-1994 found that only 30% of
70-year-olds were fully immune [15]. A report
from Brazil in 2003 found that only 31% of adults
age 18-61 had adequate immunity [16].

A decline in vaccination rates in the countries
of the former Soviet Union contributed to the
largest epidemic of diphtheria in the past 50 years.
This epidemic began in 1990 in Russia (Russian
Federation), spread to the Ukraine in 1991, then
to 12 of the 13 remaining New Independent
States (e.g., Baltic states, central Asian nations)
during 1993-1994 [11]. The epidemic peaked in
1995 and ultimately resulted in 157,000 cases
and 5000 deaths [17]. More than 40% of cases
occurred in adults older than 40. The epidemic
was controlled by mass immunizations along
with early detection and management of cases
and close contacts. As a result, new cases in the
affected regions decreased by over 95% between
2000 and 2009, from 1.82 to 0.07 cases per mil-
lion population [18]. By 2009, only Latvia still
had an incidence of over one case per million
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Table 19.1 Clinical and epidemiologic features of respiratory diphtheria

Naiditch Kadirova®  Pantukosit
Study [6] [4] [7] Kole [8] Santos [12] Jain [9]
Country United Kyrgystan  Thailand India Brazil India
States

Years 1940-1950 1995 1996 2009-2011 2010 2011-
2014

Total number of cases 1433 676 31 200 27 180

No. vaccinations NR NR® 16% 15% 4% 54%

Partial vaccination (1-2 NR NR? 65% 10% 59% 21%

doses)

Age < 10 years® 58% 19% 78% 60% 48% < 7 years 85%

old

Age <20 years? 72% 48% 97% 68% 96% 100%

Age 20-40 years 19% 42% 3% 32% > 20 years 4% 0

Age > 40 years 9% 10% 0 15% >30 years 0 0

Presenting features

— Pseudomembrane 97% 76%* 100% NR 93% 100%

— Sore throat NR 69% 90% 74% NR 58%

— Fever NR 79% 100%* 56% NR 98%

— Dysphagia NR 35% 3% 24% NR 90%

— Bull neck 12% 8% 0 16% 52% 34%

— Nasal regurgitation NR NR NR 10% NR NR

— Shortness of breath NR 5% NR 8% NR 35%

— Hoarseness NR 15% 10% 4% NR 13%

— Bleeding NR NR 3% 1% NR 6%

Complications

— Airway compromise NR NR 10% 7% NR NR

— Cardiac 9% 22% 10% 68%* NR 30%

— Neurologic 6% 5% 0 15% 15% 10%

Death 10% 3% 0 2.5% 11% 24%

NR not reported

*Notes: In various studies, age group cut-off points were either <10 years old or <10 years old. In the Kadirova study,
68% of pediatric patients (age 0-19) received <3 doses vaccine, 24% ““pre-membranous” patients may have included
carriers (see the text), rates for some clinical features are based on a graph. In the Pantukosit study, all patients had fever
but 69% of patients had low-grade fever (<38 °C = 100.4 °F). In the Kole study, only 4% of patients had symptomatic

cardiac complications

population, the WHO target incidence, but
Latvia’s rate had fallen dramatically from 111
cases per million in 2000 to 2.67 per million in
2009 [18]. The major age groups affected in the
epidemic were adolescents and adults, many of
whom had been at least partially vaccinated, but
deaths occurred primarily in unvaccinated adults
and infants. Biovar gravis caused 60-80% of
cases overall and 99% of cases in Latvia [18].

In Western Europe and the U.S., rates of diph-
theria have been low in the vaccine era. In the
U.S., widespread vaccination programs that
began in the 1920s led to a dramatic decrease in
the incidence of diphtheria, from 200,000 cases

in 1921 to 0-2 cases annually since 2000. A study
of U.S. cases 1971-1981 found that only 5% of
all U.S. counties reported any cases of non-
cutaneous diphtheria during that decade, nearly
all from western states, and Native Americans
(22.6 cases per million) and children age 14 and
younger (0.8 cases per million) had the highest
rates [19]. The mortality rate in unvaccinated
patients was tenfold higher than in fully vacci-
nated patients (13.4% versus 1.3%). The diphthe-
ria incidence declined over the decade, and there
were only two cases in the U.S. in 1980 (0.01
cases per million population) [19]. The incidence
has decreased even further since then, and only
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two cases of diphtheria have occurred in the U.S.
2004-2015 [20]. This reflects the high U.S. DTP3
(three doses of diphtheria, tetanus, pertussis vac-
cine) vaccination rate [21]. However, vigilance
for diphtheria must be maintained even in coun-
tries with low rates of diphtheria, as imported
cases in visitors and returned travelers may occur.
One such case occurred in Massachusetts in 2004
when a 60-year-old woman of unknown vaccina-
tion status developed a sore throat (positive on
culture for toxigenic C. diphtheriae) following a
trip to a diphtheria-endemic Caribbean island
[22]. A family member who accompanied her on
the trip was found to be a carrier.

Worldwide, approximately 5000-8000 cases
of diphtheria have been reported to the WHO
annually over the past decade. Diphtheria is still
endemic in several tropical countries, with the
greatest number of cases reported to the WHO
most recently (2015) from India (2365 cases),
Madagascar (1627 cases), and Lao People’s
Democratic  Republic (194 cases) [21].
Considering the populations of those countries,
the incidence in 2015 was highest in Madagascar
(67 cases per million population), followed by
Loa People’s Democratic Republic (29 cases per
million) and India (1.8 cases per million). The true
incidence of worldwide diphtheria may be higher,
as cases in rural areas may be underreported. The
main cause of the persistence of diphtheria in
developing countries is incomplete childhood vac-
cination including booster vaccinations. However,
significant progress has been made over the past
decade. According to a WHO report, in 2005 only
65% of the population in India and 49% in
Madagascar had received DPT3 but this rate
increased to 87% and 89%, respectively, in 2015
[21]. As a consequence, diphtheria cases in India
and elsewhere are gradually declining [23].

A recent concern has been inadequate immu-
nologic response to vaccination in infants and
children in some countries. Diphtheria-containing
vaccines usually produce protective immunity in
over 90% of children who have received three
doses. However, a recent study found that only
56% of 1100 children in Lao People’s Democratic
Republic had protective diphtheria antibody lev-
els after three doses of vaccine although 90% had

detectable levels [24]. The authors of that study
hypothesized that various factors, such as freez-
ing of the vaccine during transportation (vaccine
should be refrigerated not frozen), inaccurate
record-keeping, suboptimal timing of vaccine
administration, and childhood malnutrition, may
have contributed to the low vaccine response rate.

Pathogenesis

In a susceptible host, C. diphtheriae colonizes the
mucosa of respiratory tract and within the first
few days, toxigenic strains produce a potent exo-
toxin that causes local tissue inflammation and
necrosis resulting in the formation of dense pseu-
domembrane (exudate, inflammatory cells,
necrotic tissue, and organisms). Toxin is also
absorbed into systemic circulation causing dys-
function of various organs (heart, nervous system,
kidneys). The exotoxin has two protein fragments
(A and B), of which the B fragment binds to cell
receptors enabling fragment A to enter the cell
cytosol and inhibit protein synthesis.

Non-toxigenic strains usually cause mild to
moderate pharyngitis and do not form the typical
pseudomembrane. Non-toxigenic strains very
rarely become toxigenic (by lysogenic conver-
sion). Occasionally non-toxigenic strains cause
invasive infections such as bacteremia, endocar-
ditis, mycotic aneurysms, septic arthritis, and
osteomyelitis [25].

Clinical Manifestations
Respiratory Diphtheria

Classic or “Faucial” Diphtheria

This is the most common form of diphtheria, and
symptoms typically begin after an incubation
period of 2-5 days (range 1-10 days). Patients
initially complain of sore throat (approximately
80%), malaise, pain with swallowing, and mild
fever (usually less than 101 °F). In a study from
Thailand, 100% of patients had fever but this was
less than 100.4 °F in nearly 70% of cases [7].
Pharyngeal injection and cervical lymphadenop-
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Fig. 19.3 Faucial diphtheria

athy may be present. After 2-3 days, a bluish-
white membrane develops covering one or both
tonsils. This membrane sometimes extends to the
soft palate, pharynx, or even larynx. The mem-
brane gradually becomes grayish or even black
(in the presence of bleeding) (Fig. 19.3). The
membrane is adherent to the underlying tissues
and attempts to remove it resulting in bleeding.
This extensive pseudomembrane formation along
with tissue edema or associated local bleeding
may result in airway obstruction, which may lead
to wheezing, a choking sensation, or develop-
ment of stridor. The clinical features reported by
several series are noted in Table 19.1.

In an undiagnosed or very severe case, there
may be marked enlargement of cervical lymph
nodes and this, along with soft tissue swelling,
produces a characteristic “bull neck” appearance
(Fig. 19.4). In such cases more toxin is absorbed
into the circulation causing severe prostration,
tachycardia, hypotension, stupor, coma, or even
death despite adequate medical treatment. A bull
neck presentation is associated with a high mor-
tality rate (>50%).

The severity of infection on presentation usu-
ally correlates with the extent of the pseudomem-
brane. In 1954, Naiditch and Bower reported
clinical features of 1433 cases of diphtheria
treated in the 1940s in Los Angeles, California,

Fig. 19.4 “Bull neck” manifestation of diphtheria

and the 61% of cases with tonsillopharyngeal
involvement alone had a mortality of 1.8%, while
cases with extension to other areas (e.g., larynx,
tracheobronchial tree) had a mortality of 24%,
[6]. Bull neck cases had a mortality of 33%.

A pseudomembrane is a major clinical feature
of diphtheria but may be absent in rare cases. A
pseudomembrane was reported as absent in 2.6%
of cases in the Naiditch study but mortality was
still 5% in these patients [6]. In most series, a
pseudomembrane is present in over 95% of diph-
theria cases. However, in diphtheria outbreaks in
which patients with sore throat are routinely
screened for diphtheria, a higher percentage of
cases lack a pseudomembrane. These patients
may represent either diphtheria carriers (sore
throat not due to diphtheria) or “pre-membranous”
diphtheria. In the 1995 Kyrgystan outbreak, 24%
of cases with positive diphtheria cultures pre-
sented without a pseudomembrane, but all
patients with sore throat were screened for diph-
theria during that outbreak so carriers would be
included in that number [4].

Nasal Diphtheria

Primary nasal diphtheria is a mild form of diph-
theria seen mainly in infants and young children.
Patients present with catarrhal symptoms, unilat-
eral nasal discharge (mostly blood stained), and
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excoriation of nostril. After careful examination,
a grayish-white pseudomembrane is usually seen
on the nasal septum that bleeds on attempts to
dislodge it. Only 1.9% of cases in the 1954 Los
Angeles study had primary nasal diphtheria: 22%
were younger than 12 months old, 44% were
1-5 years old, and none died [6].

Laryngeal or Tracheobronchial

Diphtheria

Isolated primary laryngeal diphtheria is very rare,
comprising 1.4% of diphtheria cases in one study
[6]. Most cases with laryngeal involvement are
due to faucial diphtheria with secondary exten-
sion to the larynx. Cases of primary laryngeal
diphtheria are diagnosed only by an otolaryngol-
ogist when a patient is referred with history of
low grade fever, barking cough, and early devel-
opment of hoarse voice and dyspnea. The main
danger of laryngeal diphtheria is the development
of sudden and early airway obstruction requiring
either urgent endoscopic removal of pseudomem-
brane or tracheotomy, or both.

Tracheobronchial diphtheria occurs as a
downward extension of faucial or laryngeal diph-
theria. In the 1954 Los Angeles study, the tra-
cheobronchial tree was involved in 6.7% of cases
and had a mortality of 67% [6]. Urgent intubation
or tracheostomy, allowing removal of diphtheria
membranes, may be life-saving.

“Malignant” Diphtheria (Diphtheria
Gravis)

This is an older term but still used occasionally
today. Patients with malignant diphtheria present
with high fever, severe sore throat, diffuse swell-
ing of the neck (bull neck), tachycardia, hypoten-
sion, stridor, or cyanosis. The typical patient is
unvaccinated or only partially vaccinated, mal-
nourished, and has a history of presenting late to
clinical care, or of significant delay in the correct
diagnosis of diphtheria. Early myocardial
involvement with advanced conduction abnor-
malities and severe bleeding from local sites con-
tribute to a high mortality (>50%). A 1943 study
by Frobisher reported similar features of malig-
nant diphtheria, emphasizing the sudden onset,
high fever, bull neck, and frequent cardiac toxic-

ity seen in these cases [26]. Frobisher noted that
tonsils are usually very large but that pseudo-
membrane formation may be “slight.”

Complications of Respiratory
Diphtheria

Airway Complications

Airway complications may arise in respiratory
tract diphtheria as a result of local obstruction by
the pseudomembrane or by secondary aspiration
pneumonia. Acute airway obstruction is a
potentially lethal complication and requires
urgent laryngoscopic removal of membrane and/
or tracheostomy. The causes are either extension
or aspiration of pseudomembrane into the larynx,
laryngospasm, edema, or bleeding.

Cardiac Toxicity

Evidence of cardiac toxicity occurs in up to two-
thirds of patients but many cases are subclinical
[27]. A vaccination history does not preclude car-
diac toxicity. In a series from India involving 200
diphtheria cases treated from 2009 to 2011, 75%
of patients had a vaccination history but evidence
of cardiac involvement developed in 68% [8]. In
most of these cases, myocarditis was subclinical
and detected by electrocardiographic screening.
In another study from India involving 180 pediat-
ric patients (ages 0-20 years old), cardiac com-
plications occurred in 30% and were associated
with a 52% mortality [9]. Over half of the patients
in that study lacked immunity.

Diphtheria myocarditis with clinical manifes-
tations is associated with a high mortality (60—
70%). Myocarditis typically develops at the end
of the first week of illness, but may develop
2-3 weeks after onset [28]. Risk factors include
extensive pseudomembrane formation, presence
of a bull neck, and delayed initiation of treatment
[29-31]. Diphtheria toxin is directly cardiotoxic,
causing DNA fragmentation, cytolysis that leads
to hyaline degeneration, and necrosis of the myo-
cardium [32]. The majority of patients with car-
diac involvement from diphtheria remain
asymptomatic and have only electrocardiogram
(ECG) changes and/or elevation of aspartate
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tranaminase (AST). But symptomatic patients
develop shortness of breath, disproportionate
tachycardia, and in severe cases, features of car-
diac failure. The transient nonspecific ECG
abnormalities (e.g., repolarization abnormality,
abnormal Q wave, QTc prolongation, T wave
inversion, ST segment elevation) are frequent but
“sickle-like sagging” of the ST segment is more
specific. First degree heart block may occur and
progress to more severe forms of block, such as
hemiblock, bundle branch block, atrioventricular
(A-V) dissociation, or complete heart block. In a
study from Chile of 167 patients with diphtheria
1976-1986, 27% developed myocarditis includ-
ing 11% with severe forms of heart block [33].
Several patients died within 48 h of pacemaker
insertion due to cardiogenic shock or ventricular
fibrillation. In a more recent study from Vietnam,
21% of the 154 children with diphtheria 1995—
1996 had cardiac involvement: this developed
2-20 days after onset of diphtheria [34]. Mortality
in children with cardiac involvement was 38%,
and ischemic changes and complete heart block
on initial ECG were risk factors for mortality.
The severity of diphtheria myocarditis usually
parallels the elevation of AST so AST levels may
be helpful in monitoring cases [27]. Survivors of
diphtheritic myocarditis eventually recover nor-
mal cardiac function. In the Vietnam study, 15
survivors of myocarditis returned for 1 month
follow-up and all had normal ECGs [34].

Neurologic Toxicity

Neuropathy in diphtheria is due to toxin-mediated
demyelination of nerves and occurs in 5-15% of
cases ([4, 6, 9, 12]). The incidence is directly
related to the severity of local disease; mild disease
rarely produces neuropathy [27, 35], while up to
75% of patients with severe disease may develop
neuropathy. The initial features, which usually
relate to local effects of the toxin, include palatal
paralysis, perioral numbness, and bulbar findings.
Patients complain of numbness in the lips, tongue,
or gums [36]. Paralysis of the soft palate and poste-
rior pharynx may cause regurgitation of swallowed
fluids through the nose [27]. Dysphonia (nasal
voice) and dysphagia occur due to involvement of
the ninth and tenth cranial nerves (bulbar involve-

ment). Involvement of the third cranial nerve may
occur, causing diplopia, ptosis, and anisocoria. The
seventh cranial nerve may be affected and lead to
facial palsy. Involvement of the third and seventh
cranial nerves occurred in 30% and 10% of
patients, respectively, in one series of patients with
neurologic complications of diphtheria [37].

Neurologic involvement usually develops at
the end of the second week of illness but may
occur weeks to months later. Logina and Donaghy
reported clinical features of 50 patients from
Latvia with diphtheria neuropathy [37]. The first
neurologic symptoms were bulbar in 98% of
patients and began a median of 10 days (range
2-50) after onset of respiratory diphtheria. Limb
symptoms also occurred in most (90%) patients,
developing at a median of 37 days (range 12—63)
after onset of diphtheria. Limb symptoms fol-
lowed bulbar symptoms in all but one patient,
and developed as bulbar symptoms were improv-
ing in 30% of cases. Peak severity of neurologic
symptoms occurred at a median of 49 days and
improvement began at a median of 73 days.

Peripheral nerve involvement usually develops
10 days to 3 months later [27]. Weakness begins in
the proximal muscles of the extremities and
extends distally. Rarely the presentation may be as
acute flaccid paralysis, mimicking poliomyelitis.
In many countries (e.g., India) the existing sur-
veillance for acute flaccid paralysis identifies a
small portion of diphtheria cases with neurologi-
cal involvement [35]. Severe motor involvement
may occur and patients may develop either quadri-
paresis or quadriplegia with hypotonia, areflexia,
and rarely diaphragmatic paralysis. This presenta-
tion may mimic acute demyelinating polyradicu-
loneuropathy (Guillain-Barré syndrome),
although the much higher prevalence of bulbar
involvement and the descending pattern indicate
diphtheria polyneuropathy [37]. Peripheral sen-
sory involvement is common. In Logina and
Donaghy’s study, 38% of patients had mild and
46% moderate sensory involvement [37]. The
involvement may be in a stocking-glove pattern.

Various combinations of autonomic distur-
bances (sympathetic and parasympathetic) may
develop and may cause sudden death as a result
of fulminant autonomic dysfunctions.
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Rarely, neurological involvement may be
biphasic, with secondary worsening of bulbar
symptoms occurring after initial recovery [38,
39]. Eventually, however, most patients with
diphtheria neuropathy recover full neurologic
function although recovery may be very slow.
Logina and Donaghy reported that 97% of
patients still had some neurologic symptoms at
one year follow-up, but these symptoms were
mild in nearly all cases (mild numbness, pares-
thesias, or weakness) [37]. Only 6% of patients
required a cane or other walking aids.

Renal and Other Complications

Renal injury usually occurs either from hypoten-
sion or from a toxin-mediated effect on the renal
tubules. The incidence varies from less than 1%
to 16% [6, 9]. Serum sickness occurs in a few
cases following antitoxin therapy and is often
manifested as mild, urticaria-like localized cuta-
neous lesions that persist for a few hours or days.
Bacteremia may occur from toxigenic or non-
toxigenic diphtheria. Diphtheria may also pro-
duce encephalitis.

Cutaneous Diphtheria

Cutaneous diphtheria is usually caused by non-
toxigenic strains but may be caused by toxigenic
strains. This type of diphtheria is more common
than respiratory diphtheria in many developing
countries, but the incidence has decreased follow-
ing socioeconomic improvement in these coun-
tries. Cases may also be seen in developed countries
with a very low incidence of diphtheria. From
1995 to 2000, 17 cases of cutaneous diphtheria
caused by toxigenic strains were detected in the
United Kingdom, and all were imported cases [40].

The disease manifests as a scaling rash or a
nonhealing, ulcerated lesion with an elevated
margin (Fig. 19.5). Epidemiologically, cutaneous
diphtheria is important primarily because of its
role in the spread of diphtheria strains. Cutaneous
diphtheria can be more contagious than the respi-
ratory type. Skin lesions typically follow an indo-
lent course, persisting for weeks to months, and
rarely cause respiratory diphtheria [41, 42].

Fig. 19.5 Cutaneous diphtheria involving the leg. From
the U.S. Centers for Disease Control and Prevention
(CDC), Public Health Image Library

Diagnosis is usually suspected on the basis of
clinical features and epidemiology, particularly if
there is a history of travel to a diphtheria-endemic
regions, and is confirmed by bacterial culture.

Cutaneous diphtheria is treated with erythro-
mycin or penicillin. Antitoxin is not routinely
indicated because toxigenic complications are
rare and most cases are caused by nontoxigenic
strains. Following treatment, lesions usually heal
within 12 weeks but sometimes require more
than a year [13, 25, 43].

Non-respiratory, Non-cutaneous
Diphtheria

Rarely diphtheria may involve other mucous sur-
faces such as the conjunctiva (purulent ulcerative
conjunctivitis) and vulvo-vagina (ulcerative vul-
vovaginitis), or may involve the external auditory
canal (recurrent otitis externa). The incidence of
these manifestations is very rare. The 1433 cases
reported in the 1954 Los Angeles study included
only three cases involving the eye, five involving
the ear, and 1 involving the vagina [6].

Diagnosis

Diphtheria is diagnosed on the basis of the clini-
cal presentation, with confirmation by culture of
the organism. Treatment with antitoxin and anti-
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biotics should not be delayed in a suspected case
of respiratory diphtheria, because urgent therapy
is necessary to avoid fatal complications.
Cultures may require 72 h or more to turn posi-
tive, and fail to grow in some cases (e.g., prior
antibiotic therapy). In developed countries, early
diagnosis may be difficult because of atypical
presentations and because the disease is very
rare. Routine laboratory tests are usually nonspe-
cific and the white blood count is usually only
moderately elevated. A checklist may be helpful
for physicians who rarely see cases of diphtheria
(Table 19.2) [44].

An accurate bacteriological diagnosis is cru-
cial for therapy and epidemiological purposes. A
culture should be obtained from the nose and
throat, including beneath the membrane if possi-
ble. Culture swabs must be transported to the
microbiology laboratory quickly for prompt
inoculation on appropriate media. The laboratory
should be alerted about the possibility of diphthe-
ria and the need for special media. The throat
swabs should be inoculated on both tellurite
media such as Tinsdale agar (for selective growth
of C. diphtheriae) and blood agar (for routine
throat culture). In cases of prior antibiotic ther-
apy, the culture may be negative and in such
cases, a positive polymerase chain reaction (diph-
theria tox gene) or isolation of the organism from
close contacts is helpful for diagnosis. Once C.
diphtheriae bacilli are isolated, they must be
tested for toxin production either by polymerase
chain reaction assay or Elek’s immunoprecipita-
tion test [45].

The differential diagnosis of diphtheria
includes other causes of acute pharyngitis (see
Chap. 17). Table 19.3 lists some of the features of
various types of pharyngitis and tonsillitis. The
distinctive feature of diphtheria is the pseudo-
membrane, although this may be missing or
patchy in some patients with early diphtheria.

It is worth noting that Corynebacterium
ulcerans, a species usually associated with ani-
mal infections, may produce diphtheria toxin
and cause a disease in humans identical to that
caused by C. diphtheriae. Any throat culture
that grows C. ulcerans should be tested for toxin
production [46].

Table 19.2 Checklist for assessing a patient with sus-
pected diphtheria

Yes/
Symptom or event no
Pharyngitis, naso-pharyngitis,
tonsillitis, laryngitis, tracheitis, or
a combination of these. Absent or
low-grade fever
Grayish, adherent
pseudomembrane present
Membrane bleeds if manipulated
Suspect case above plus 1 or
more of the following
e Stridor
e Bull neck (cervical edema)
* Toxic circulatory collapse
* Acute renal insufficiency
e Submucosal or subcutaneous
peterchiae
*  Myocarditis
e Death
Recently returned (<2 weeks)
from travel to area with endemic
diphtheria?
Recent contact (<2 weeks) with
confirmed diphtheria case or
carrier?
Recent contact (<2 weeks) with
visitor from area with endemic
diphtheria?
Recent contact with dairy or farm
animals?
Immunization status: never
immunized or incompletely
immunized, or not up-to-date
with booster vaccinations
containing diphtheria vaccine
(e.g., any DTaP/DT/Tdap/Td shot
within the past 10 years?)
Positive culture of C. diphtheriae
(or C. ulcerans) AND positive
Elek Test OR positive PCR for
tox gene (positive for subunit A
and B)

Adapted from the Centers for Disease Control and
Prevention [44]

1. Suspect
case

2. Probable
case

3. Laboratory
confirmed
case

Treatment of Respiratory
Diphtheria

In a suspected case of diphtheria, the patient
should be assessed carefully with special atten-
tion to airway patency and any cardiovascular
instability (hypotension or conduction abnor-
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Table 19.3 The differential diagnosis of respiratory diphtheria

Infection®
Diphtheria

Bacterial
pharyngitis (see
Chap. 17)

Infectious
mononucleosis (see
Chap. 17)

Acute epiglottis

Acute peritonsillar
abscess (see Chap.
17)

Oropharyngeal and/
or esophageal
candidiasis

Vincent’s angina

Microbiology*
Corynebacterium diphtheria

Group A Streptococcus, Group
C/G Streptococcus,
Fusobacterium necrophorum,
others (see Chap. 17)

Epstein-Barr virus

Hemophilus influenzae type b,
Group A or C Streptococcus,
Streptococcus pneumoniae
Normal oral flora, Group A
Streptococcus, Fusobacterium
necrophorum

Candida albicans, other
Candida species

Borrelia vincentii and Bacillus
fusiformis

Clinical features®

Sore throat, adherent pseudomembrane on tonsils and/or
pharynx that bleeds with attempts at removal, low-grade
fever, pain or difficulty swallowing, bull neck

Sore throat, tonsillopharyngeal erythema and edema, exudate
may be present but no pseudomembrane; fever may be
present, tender anterior cervical lymphadenopathy. In Group
A streptococcal pharyngitis, a rash (scarletiniform) or red
tongue papillae (strawberry tongue) may be present

Sore throat, tonsillopharyngeal erythema, cervical
lymphadenopathy; in some cases, generalized maculopapular
skin rash, palatal petechiae; positive heterophile antibody test
usually but may be negative in early cases

Severe sore throat, dysphagia, muffled voice, pain on gentle
palpation over larynx; swollen epiglottis on endoscopic
examination

Sore throat, severe on one side, Trismus may be present,
unilateral swelling and redness of peritonsillar area,
asymmetry of soft palate, contralateral shifting of uvula

Sore throat (may be mild), creamy white spots or patches on
tongue or mucous membranes, pain with swallowing; patient
usually immunosuppressed (thrush is common in healthy
infants, however)

Severe throat pain but mostly localized in the gums, gum
necrosis with occasional bleeding, cervical lymphadenopathy

Acute Aerobes (e.g., Staphylococcus
retropharyngeal aureus, Group A

abscess (see Chap.  Streptococcus, Haemophilus
27) influenzae) plus anaerobes

“Not all-inclusive

mality). The patient should be referred urgently
to a hospital where specialists are available (e.g.,
infectious disease physicians, otolaryngologists,
cardiologists, and anesthesiologists), along with
a skilled nursing staff and the facility for barrier
nursing care. Most importantly, diphtheria anti-
toxin must be obtained on an emergency basis
and administered as soon as possible.

All suspected diphtheria cases should be iso-
lated immediately in the emergency department
and hospital and treated with droplet precautions
and contact precautions. Of note, the CDC rec-
ommends only droplet precautions for respira-
tory diphtheria [47], although it notes that fomite
transmission is possible. Therefore, it seems pru-
dent to use both droplet and contact precautions
until the patient is no longer contagious (two
negative cultures obtained 24 h apart).

Patients should be evaluated promptly, includ-
ing evaluation for severity of symptoms, overall

Fever (often high), sore throat, pain with swallowing,
retropharyngeal bulge, neck stiffness

clinical status, vital signs, and development of
any stridor. A throat swab should be collected,
from the pseudomembrane if possible, by a phy-
sician or other trained healthcare professional.
The throat swab should be sent without delay to
the laboratory for stains (Gram stain and Albert’s
stain) plus culture (routine blood agar plus spe-
cialized media for C. diphtheriae such as
Loeffler’s slant and/or Tinsdale agar). The labo-
ratory should be alerted about the potential case
of diphtheria.

Treatment with diphtheria antitoxin and anti-
biotics should be started immediately in cases
that are clinically compatible with diphtheria,
without waiting for results of cultures. All
patients should be monitored closely for the
development of any respiratory or cardiac com-
plication. Severe cases having a toxic appear-
ance require continuous monitoring, and may
require resuscitative measures (e.g., tracheos-
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tomy or temporary cardiac pacing). In cases
with airway compromise, immediate action
should be taken (e.g., tracheostomy, intubation,
clearing of pseudomembrane endoscopically by
an otolaryngologist).

Diphtheria Antitoxin

Diphtheria antitoxin, the mainstay of therapy, is a
specific agent used to neutralize unbound toxin,
thus preventing further progression of organ
damage (Fig. 19.6). Since the antitoxin is pre-
pared from horse serum, every patient must be
first tested for hypersensitivity by a skin test.
Patients with positive or equivocal skin tests will
require a desensitization protocol to receive the
antitoxin safely. A skin test protocol is listed in
the CDC website [48]. Informed consent is man-
datory (parents or legal guardian in cases of
minors), unless the patient cannot give consent,
no next-of-kin or legal guardian is available, the
illness is life-threatening and therapy with anti-
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Fig. 19.6 Diphtheria antitoxin

toxin cannot be delayed [48]. The physician
should enquire about an atopic history (asthma,
allergic rhinitis, urticaria), or allergy to horse
serum: the CDC recommends using a desensiti-
zation protocol for these patients as well, regard-
less of the result of the skin test [48]. A negative
skin test does not always preclude the chance of a
severe allergic reaction. In addition, patients who
have received antihistamines within the previous
24 h or more (depending on the antihistamine)
may have falsely negative skin test results. The
CDC notes that “possibly other drugs such as tri-
cyclic antidepressants” may interfere with the
skin test [48]. The recommended desensitization
protocol may vary by manufacturer; the protocol
recommended by the CDC involves administer-
ing an increasing dose of dilute antitoxin every
15 min over a 3-h period, beginning with 0.1 ml
of a 1:1000 dilution [48]. Trained personnel and
necessary medications and equipment (e.g., epi-
nephrine, intubation kit) should be readily avail-
able to treat any severe allergic reactions such as
anaphylaxis.

The recommended dose of antitoxin depends
mainly on the time elapsed since the onset of the
first symptoms of diphtheria, sites of involve-
ment, and the presence or absence of a bull neck.
The recommended doses are:

e Systemic disease manifestations of three or
more days’ duration, or patients with bull
neck: 80,000-100,000 units

e Nasopharyngeal disease: 40,000-60,000 units

e Pharyngeal or laryngeal disease of two days
duration: 20,000—40,000 units

The dose of antitoxin is the same for all the
ages. Antitoxin must be warmed to 32-34 °C
before administration [48]. The preferred route is
intravenous but intramuscular route may be used
only in mild to moderate cases. The dose of anti-
toxin should be mixed with 250-500 ml of nor-
mal saline and infused over 2—4 h. Pregnancy is
not a contraindication to antitoxin administra-
tion. Repeat doses of antitoxin are not recom-
mended because of serious allergic reactions as a
result of antibody formation. The possible
adverse reactions following antitoxin administra-
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tion include anaphylactic reactions, febrile reac-
tions, serum sickness (skin rash, arthralgia,
angioedema), and injection site pain.

Antibiotics

Antibiotics are necessary to kill the organism,
limiting further toxin production that will hasten
early recovery and also reduce spreading the
disease to others. Procaine penicillin G is the
preferred antibiotic and should be administered
for a period of 14 days. In cases of penicillin
allergy, erythromycin is given for the same dura-
tion. The doses recommended by the CDC are:
procaine penicillin G daily, intramuscularly
(300,000 units every 12 h for those weighing
10 kg or less, and 600,000 units every 12 h for
those weighing more than 10 kg) for 14 days, or
erythromycin orally or by injection (40 mg/kg/
day; maximum, 2 g/day) for 14 days [20]. The
disease usually becomes non-contagious 48 h
following antibiotic therapy, but for epidemio-
logical purposes, two consecutive negative cul-
tures (24 h apart) are required to demonstrate
elimination of the organism.

Isolates should be tested for susceptibility.
Reduced susceptibility to penicillin for both toxi-
genic and non-toxigenic strains has been reported
[12, 49].

Monitoring

All diphtheria patients need close monitoring with
respect to any abnormalities in pulse (rate,
rhythm), changes in blood pressure (hypotension),
respiratory rate, development of stridor or cyano-
sis, any bleeding, or serum sickness-like illness.

Specialists’ consultations are required in cer-
tain emergency situations and these must be
available around the clock in the referral
hospital.

e ENT specialist: in difficult cases for airway
protection, for the removal of a pseudomem-
brane endoscopically. Tracheostomy may be
required.

e Cardiologist: in cases of advanced cardiac
conduction abnormality due to severe myocar-
ditis requiring temporary pacing.

* Pulmonologist and anesthesiologist: in cases
of severe laryngeal obstruction by a pseudo-
membrane with associated aspiration pneumo-
nia and cyanosis. Intubation may be required.

» Infectious disease specialist: in cases of atypi-
cal presentation of diphtheria or any unusual
disease complications.

Follow-Up Vaccination

Respiratory diphtheria does not produce immu-
nity and patients should be vaccinated against
diphtheria as appropriate for their age.

Management of Close Contacts
and Carriers

All household contacts require a throat swab for
culture and should receive chemoprophylaxis
regardless of age or immunization status.
Confirmation of eradication of carriage state fol-
lowing treatment is necessary for those found to be
culture positive [3]. Chemoprophylaxis of house-
hold contacts should be with either oral erythro-
mycin (40 mg/kg per day for children and 1 g per
day for adults) for 7-10 days, or if compliance is
uncertain, with a dose of intramuscular benzathine
penicillin (600,000 units for children under age 6
and 1.2 million units for patients age 6 and older)
[20]. In addition, all contacts require close supervi-
sion and should be treated with antitoxin at the ear-
liest signs of illness. Carriers require treatment
with the same antibiotics as contacts, and should
also be kept under strict surveillance for any signs
of the disease. Both contacts and carriers should be
vaccinated as appropriate for their age.

Prognosis

The case fatality rate of diphtheria has been
unchanged for several decades, remaining at
5-10% in most series. The mortality rate may be
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higher (60-90%) in unvaccinated or partially
vaccinated patients, patients with clinical evi-
dence of myocardial involvement, age less than
5 years or above 40 years, and those who received
the antitoxin very late. Patients with bull neck are
also at higher risk of death. The most important
predictors for mortality are the time interval of
antitoxin administration from the onset of first
respiratory symptom and vaccination status of
the affected individuals.

Prevention

The only way to control diphtheria effectively is
through immunization. The goal should be to
immunize all infants before they lose their mater-
nal antibody, and then give booster doses to
enhance and maintain immunity. Diphtheria vac-
cine has been combined with pertussis and teta-
nus vaccines since the 1940s as DTP. Pertussis
vaccines are now designated as “whole cell” (the
original vaccine) or “acellular” (introduced in the
1980s) so the combination may be written as
DTwP (whole cell pertussis) or DTaP (acellular
pertussis), although the WHO uses DTP to desig-
nate either. Acellular pertussis-containing vac-
cines are preferred by most countries and are the
only pertussis-containing vaccines recommended
in patients age 7 years and older [1].

There are pediatric formulations, DTaP and
DT, given to infants and children younger than 7,
and “adult” formulations, Tdap and Td, given to
patients age 7 and older. The pediatric formula-
tions contain a similar amount of tetanus toxoid
as the adult formulations but several times as
much diphtheria toxoid. Adults and all children
age 7 and older, including those who missed the
usual vaccine schedule, should be prescribed the
adult formulations. Diphtheria toxoid is highly
efficacious and the protective antibody (>0.1 TU
of anti-toxin/mL) is produced in more than 95%
of cases following complete vaccination.
Immunosuppression is not a contraindication to
vaccination, although it may reduce the immune
response to vaccination. Pregnancy is also not a
contraindication.

The World Health Organization (WHO) rec-
ommends that all children receive a 3-dose “pri-
mary” series of DTP before age 1 (starting as
early as 6 weeks old), a 4th DTP dose (“booster’)
at age 12-23 months, and Td booster doses at
ages 4-7 years and ages 9-15 years [1]. The
Centers for Disease Control and Prevention
(CDC) recommends five doses of DTaP given at
ages 2 months, 4 months, 6 months, 12—15 months,
and 4-6 years [2]. Adults age 19 and older should
receive booster doses of Td every 10 years.
Recommendations for interrupted or delayed vac-
cinations are given in the WHO and CDC web-
sites [1, 2]. Diphtheria toxoid-containing vaccines
should be stored in the refrigerator (at 2—8 °C) but
should not be frozen; most manufacturers state
that frozen vaccines should be discarded.

Conclusion

Diphtheria is still with us and causes a high mor-
tality, despite the availability of an effective vac-
cine. The main cause of the persistence of
diphtheria is inadequate immunization coverage,
including booster shots, in developing countries.
In developed countries, where the disease is very
rare, diphtheria must be considered in the differ-
ential diagnosis of patients presenting with mem-
branous pharyngitis, especially if there is a
history of recent travel to an endemic country or
recent close contact with such a traveler. Early
diagnosis, effective therapy, and close monitor-
ing are all essential to reducing mortality.
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