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Diphtheria was once a leading cause of childhood 
death globally, but cases worldwide have been 

dramatically reduced over the few past decades by 
mass vaccination campaigns followed by routine 
childhood vaccination (1). More than 22,000 cases 
of diphtheria were reported globally in 2019, com-
pared with >97,000 cases in 1980, although both fi g-
ures are likely to be underestimates (1–3). However, 
progress has been grossly uneven; although high-in-
come countries rarely see cases, low- and middle-in-
come countries (LMICs), where the disease remains 
endemic, frequently grapple with outbreaks (2). 
Annual reported cases have been rising in the past 

decade, increasing by nearly 5 times during 2010–
2019 (Figure 1), likely as a result of improved sur-
veillance and reporting systems, sporadic confl ict-
associated outbreaks, and other global phenomena 
such as vaccine hesitancy and migration. Diphthe-
ria is particularly likely to reemerge in settings of 
confl ict or political turmoil, as a result of crowding, 
inconsistent vaccination, and a lack of public health 
infrastructure to treat cases and stem further spread 
(2). In recent years, several major outbreaks have oc-
curred in fragile settings, including in Haiti, Venezu-
ela, and Yemen and among Rohingya refugees (4–7). 
Vaccination coverage in children has stagnated at 
≈86% since 2010 (2), and pockets of incomplete vac-
cination are present in all countries (3). The effects 
of coronavirus disease (COVID-19) on vaccination, 
case management, and surveillance data quality are 
not yet known but are likely to reduce vaccination 
rates even further.

In Vietnam, during 2004–2019, annual cases of 
diphtheria ranged from 6 to 53 cases and showed 
a clear increasing trend (8). In the fi rst 9 months of 
2020, a large outbreak of 198 cases was reported, 
mostly in the central highlands (8). Although the es-
timated vaccination rate for 3 doses of the combined 
diphtheria, tetanus toxoid, and pertussis vaccine was 
≈96% in 2014, maintaining vaccination coverage in 
mountainous and remote areas remains a challenge 
(9). The national public health program has been fur-
ther disrupted by the COVID-19 pandemic. Several 
vaccination campaigns have been delayed or can-
celled because of restrictions and ongoing public fear 
of COVID-19.

A diagnosis of diphtheria is made on the basis of 
clinical features, pathogen isolation, and presence of 
diphtheria toxin or of the tox gene (10). Severe diph-
theria is usually associated with cardiac and neuro-
logic complications because of the high affi nity of 
diphtheria toxin with theses tissues (11). Antitoxin is 

 Novel Clinical Monitoring 
Approaches for Reemergence of 
Diphtheria Myocarditis, Vietnam

Ho	Quang	Chanh,	Huynh	Trung	Trieu,	Huynh	Ngoc	Thien	Vuong,	
Tran	Kim	Hung,	Tu	Qui	Phan,	James	Campbell,	Caitlin	Pley,	Sophie	Yacoub

282	 Emerging	Infectious	Diseases	•	www.cdc.gov/eid	•	Vol.	28,	No.	2,	February	2022	

SYNOPSIS

Diphtheria	 is	a	 life-threatening,	vaccine-preventable	dis-
ease	 caused	 by	 toxigenic	 Corynebacterium	 bacterial	
species	that	continues	to	cause	substantial	disease	and	
death	 worldwide,	 particularly	 in	 vulnerable	 populations.	
Further	 outbreaks	 of	 vaccine-preventable	 diseases	 are	
forecast	 because	 of	 health	 service	 disruptions	 caused	
by	the	coronavirus	disease	pandemic.	Diphtheria	causes	
a	 spectrum	 of	 clinical	 disease,	 ranging	 from	 cutaneous	
forms	to	severe	respiratory	infections	with	systemic	com-
plications,	 including	cardiac	and	neurologic.	 In	 this	syn-
opsis,	 we	 describe	 a	 case	 of	 oropharyngeal	 diphtheria	
in	a	7-year-old	boy	 in	Vietnam	who	experienced	severe	
myocarditis	 complications.	 We	 also	 review	 the	 cardiac	
complications	of	diphtheria	and	discuss	how	noninvasive	
bedside	imaging	technologies	to	monitor	myocardial	func-
tion	and	hemodynamic	parameters	can	help	improve	the	
management	of	this	neglected	infectious	disease.
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considered the cornerstone of the prevention of se-
vere complications and death and should be readily 
available. However, a global shortage of diphtheria 
antitoxin (DAT) is ongoing, which hinders availabil-
ity in low-resource settings (12). In Vietnam, only a 
few tertiary hospitals have DAT readily available for 
early treatment. In recent years, the advance in non-
invasive bedside monitoring has enabled early detec-
tion of deterioration and more timely intervention, 
which could improve patient outcomes.

In this article, we describe a case referred to our 
department at the Hospital for Tropical Diseases in 
Ho Chi Minh City, Vietnam. After late manifestation 
of severe diphtheria, the case-patient experienced 
toxin-mediated complications, including diphtheria 
myocarditis and neuropathy. We review and discuss 
the cardiac complications of diphtheria, with a par-
ticular focus on how noninvasive bedside imaging 
technologies to monitor myocardial function and he-
modynamic parameters can help improve the man-
agement of this neglected infectious disease. We also 
provide results of a literature search for diphtheria 
myocarditis based on our search strategy and selec-
tion criteria (Appendix, https://wwwnc.cdc.gov/
EID/article/28/2/21-0555-App1.pdf).

The Case-Patient
In July 2020, a 7-year-old boy was brought a provin-
cial hospital in Kon Tum, a highland area of Vietnam, 
for a 2-day history of a high fever, poor appetite, sore 
throat, and a progressively swollen neck. He had no 
unwell contacts, and the boy’s vaccination status was 
unknown. Clinical examination revealed a swollen 
neck and pharyngitis with a thick gray pseudomem-
brane covering the pharynx and tonsils (Figure 2). 
The patient received a diagnosis of suspected pha-
ryngeal diphtheria and was treated with oral eryth-

romycin (50 mg/kg/d) and prednisolone (5 mg/d). 
DAT was unavailable. A throat culture yielded Cory-
nebacterium diphtheriae. An antibiogram was not avail-
able. The Elek test, used to detect the presence of toxi-
genic C. diphtheriae strains, was positive. By day 7 of 
illness, the patient was afebrile and the pseudomem-
brane had resolved. His condition deteriorated on 
day 9 with the onset of chest pain. Cardiac enzymes 
showed a raised creatinine kinase myocardial band of 
60 U/L (reference range 5–25 U/L) and a troponin T 
level of 3,225.9 pg/mL (reference range <14 pg/mL). 
An echocardiogram showed normal left ventricular 
(LV) function and an ejection fraction (EF) of 65.9%. 
Electrocardiography (ECG) was not performed.

The patient was transferred to our hospital on 
day 10 with a diagnosis of diphtheria myocarditis. 
At arrival, he was afebrile, heart rate was 80 beats/
min, blood pressure was 85/55 mm Hg, respiratory 
rate was 24 breaths/min, and oxygen saturation was 
98% on room air. No pseudomembrane was visible. 
Cardiovascular and respiratory examinations were 
unremarkable. A full blood count revealed a mild 
leukocytosis of 17.02 k/UL and a neutrophil percent-
age of 70%. Renal and liver function and coagulation 
tests were with reference ranges, but troponin I was 
elevated (14,313.4 pg/mL [reference range <400 pg/
mL]). An ECG showed sinus arrhythmia, incomplete 
right bundle branch block, and QTc prolongation 
(Figure 3). Cardiac point-of-care ultrasound (PO-
CUS), which was performed early, revealed a mildly 
reduced EF of 57% and a cardiac output of 3.1 L/min. 
The result of a repeat throat swab culture was ster-
ile. Because this patient had poor prognostic factors, 
including presence of a bull neck and cardiac com-
plications, he was given DAT at a dose of 40,000 IU 
despite the late stage of the illness. We continued him 
on oral erythromycin.
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Figure 1.	Global	and	regional	
epidemiologic	trends	in	reported	
cases	of	diphtheria,	1980–2019.	
Cases	shown	are	those	reported	
to	the	World	Health	Organization	
and	the	United	Nations	
Children’s	Fund.	
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On day 11, his blood pressure reduced slightly to 
80/55 mm Hg, and his heart rate was 90 beats/min. 
Although the ECG showed sinus rhythm with QTc 
prolongation (510 ms), POCUS revealed further re-
duction in EF to 50% and cardiac output to 2.5L/min. 
We immediately started an infusion of a low dose (3 
µg/kg/min) of dobutamine. Troponin I had more 
than doubled, to 35,705.5 pg/mL (Figure 4). On day 
14, the boy became more hemodynamically unstable. 
We performed serial POCUS to assess the extent of 
myocardial impairment and guide inotropic support. 
LV function deteriorated substantially, to an EF of 
40% (Figure 4) and cardiac output of 1.54 L/min. ECG 
showed sinus tachycardia and T-wave inversion (Fig-
ure 4). We increased dobutamine to 8 µg/kg/min and 
added noradrenaline (0.1 µg/kg/min). The need for 
inotropic support decreased over the next 5 days, and 
myocardial function improved. His troponin I level 
normalized on day 21.

On day 39, the patient experienced neurologic 
symptoms, including dysphagia, dysphonia, and 
loss of power and sensation in his lower limbs. He 
subsequently had onset of respiratory distress, re-
quiring intubation for mechanical ventilation on day 
47. He gradually recovered and was weaned off the 
ventilator on day 62. After a week of mobilization 

and physiotherapy, he was discharged on day 71. At 
discharge, he still had mild lower limb weakness but 
was otherwise fully mobile. ECG results were unre-
markable, and POCUS showed some residual impair-
ment of LV function (EF of 53% and mild dilation of 
the left ventricle).

At a follow-up appointment 2 weeks later, the 
patient was well, had no cardiac symptoms, and was 
fully mobile. ECG results were unremarkable, and LV 
systolic function had improved to 60% (Figure 5), but 
the left ventricle remained mildly dilated at 4.3 cm.

Diagnosis and Clinical Features of Diphtheria
Corynebacterium spp. are gram-positive, nonmotile 
rods with a club-like morphology and are aerobic 
or facultatively anaerobic (13). The infectious agents 
causing diphtheria are toxigenic strains of C. diph-
theriae and, less commonly, the closely related C. ul-
cerans and C. pseudotuberculosis. The World Health 
Organization laboratory diagnostic criteria require 
either isolation of C. diphtheriae from a clinical speci-
men or a >4-fold rise in antibodies (10). The diagnosis 
should be confirmed by identifying 1 of the 3 species 
and testing for toxigenicity. The species can be iden-
tified with high sensitivity and specificity by using 
matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry. Alternatively, PCR may be 
used to identify the species and the presence of the 
tox gene. Toxigenicity can be confirmed with the Elek 
test. Diphtheria can be transmitted through respirato-
ry droplets or direct physical contact with contagious 
cutaneous lesions (3).

Clinical symptoms typically begin 2–5 days af-
ter nasopharyngeal infection, and can include sore 
throat, malaise, cough, hoarse voice, painful swallow-
ing, bloody nasal discharge, and drooling of saliva 
(14). Fever is frequently mild or absent. A gray-white 
membrane is characteristic, initially covering the ton-
sils then rapidly spreading to the uvula, soft palate, 
and posterior wall of the throat. In severe cases, air-
way obstruction can cause respiratory distress. Sys-
temic disease occurs when diphtheria toxin dissemi-
nates in the bloodstream, leading to toxin-mediated 
damage to the heart, kidneys, and peripheral nerves 
(11). Notably, the heparin-binding epidermal growth 
factor–like growth factor, which is binding site of the 
diphtheria toxin, is expressed abundantly on the cell 
membranes of cardiomyocytes and neurons, enabling 
the toxic effects of diphtheria in these tissues (13). 
Neurologic disease can involve peripheral polyneu-
ropathy and, less frequently, bulbar palsy.

Once the toxin enters the bloodstream, patients 
appear toxic, pale, and lethargic. Myocarditis often 
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Figure 2.	The	thick	pseudomembrane	covering	the	oropharynx	
of	a	7-year-old	boy	at	admission	to	a	local	hospital	before	his	
diphtheria	myocarditis	was	diagnosed,	Vietnam,	2020.
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manifests as life-threatening arrhythmias and can be 
followed by neuritis and paralysis of the limbs, soft 
palate, and diaphragm, which can persist for weeks 
to months. Other known complications include otitis 
media, kidney injury, liver dysfunction, and throm-
bocytopenia (13,15). Diphtheria’s case-fatality rate 
ranges from 5% to 17%, but rates have improved with 
supportive care and DAT (13).

Managing diphtheria includes early use of DAT 
and antibiotics. Mortality rates increase daily with de-
lays in DAT administration, from 4.2% if the disease 
is treated in the first 2 days to 24% by the fifth day of 
illness (12). A global shortage of DAT persists because 
of lower demand, resulting in former DAT manu-
facturers discontinuing production; the shortage is 
rapidly becoming a public health crisis not only in 
LMICs but also in high-income settings (16). Diphthe-
ria can be treated effectively with several antibiotics, 
including penicillins, macrolides, oxacillin, clindamy-
cin, rifampin, and tetracycline (11). The antibiotics of 
choice are erythromycin or penicillin for 14 days (15). 

However, resistance to the empirical antibiotics has 
been reported (17,18). Patients should be isolated for 
>6 days after the administration of antibiotic therapy 
or until 2 negative cultures are obtained.

Appropriate supportive care is also important. 
Tracheotomy is indicated for respiratory distress be-
cause of airway obstruction. Steroids can help reduce 
local inflammation but do not prevent complications 
(19). Patients should still receive primary vaccination 
if unvaccinated or booster vaccinations after recovery 
to provide full future protection (15).

Cardiac Manifestations
Cardiac complications are common and well docu-
mented in diphtheria because of the affinity of the 
diphtheria toxin for cardiac myocytes and the cardi-
ac conduction system (20). Myocarditis is caused by 
diphtheria toxin–induced degradation of actin fila-
ments, leading to impaired contractile function (21). 
In patients who recover, damaged cardiomyocytes 
are eventually replaced with fibrotic tissue, which 
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Figure 3.	Results	of	12-lead	
electrocardiograms	conducted	
on	a	7-year-old	boy	later	
diagnosed	with	diphtheria	
myocarditis,	Vietnam,	2020.	A)	
At	hospital	admission	(day	10	
of	illness),	electrocardiography	
showed	an	incomplete	right	
bundle	branch	block	(RSR)	
in	V1–3	with	QRS	duration	
of	92	ms),	QTc	prolongation	
(519	ms),	and	ST	depression.	
B)	On	day	14	of	illness,	we	
observed	sinus	tachycardia	with	
occasional	supraventricular	
premature	complexes	and	
T-wave	inversion.	C)	On	day	25,	
we	observed	widespread	T-wave	
inversion,	which	persisted	even	
after	clinical	recovery.
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can lead to long-term cardiac sequelae (13). Cardiac 
complications can also occur in patients infected with 
nontoxigenic strains of C. diphtheriae (22,23).

Cardiac involvement in diphtheria is diverse 
but most commonly characterized by myocardial 
dysfunction and arrhythmias and, occasionally, 
pericarditis and endocarditis (24). The presence of 
a bull neck and the amount of pharyngeal pseudo-
membrane at admission are potential risk factors for 
cardiomyopathy (25).

Diphtheria myocarditis occurs in 10%–20% of re-
spiratory diphtheria (13), although this figure is likely 
underestimated because cardiac screening is lacking 
in many endemic settings. Of note, this complication 
almost exclusively occurs in persons who are unvac-
cinated or incompletely vaccinated. Myocarditis usu-
ally manifests at the end of the second week of infec-
tion but in severe infections can manifest earlier (26). 
Diphtheria myocarditis once had a case-fatality rate 
of 60%–70% (27), but recent articles have reported a 
mortality rate ranging from 0% to 80% (24,25,28–40). 
This large discrepancy can be explained by hetero-
geneity of diagnostic criteria and immunization sta-
tus of patients. The utility of modern diagnostic and 
monitoring methods, such as invasive blood pres-
sure monitoring, continuous ECG monitoring, and 
point-of-care echocardiography, could also improve 
diagnosis and management through earlier detection 
of cardiac dysfunction and subclinical rhythm distur-
bances. Long-term sequelae in survivors of diphthe-
ria myocarditis are rare, but sudden cardiac death can 
occur several months after the acute infection, sug-
gesting persistence of a low-grade cardiomyopathy 

(28–30).Ventricular ectopics at admission are predic-
tive of poor outcomes. Tachyarrhythmias and brady-
arrhythmias are common and can last well into re-
covery (28). We summarized the common features of 
diphtheria myocarditis from case series, case reports, 
and observational studies conducted since 1960 (Ap-
pendix Tables 2, 3). 

Synthesized Findings of Diphtheria Myocarditis 
Derived from the Literature

Laboratory Biomarkers
Laboratory markers predictive of poor outcome in 
diphtheria myocarditis include leukocytosis (>25 × 
109 leukocytes/L [reference range 3.6–11.0 leuko-
cytes]) and elevated aspartate transaminase levels 
(>80 U/L [reference range 8–33 U/L]) (24). Marked 
elevation of cardiac enzymes is also associated with 
fulminant cardiac failure (31). The troponin I level 
likely reflects myocardial damage and the sever-
ity of the disease; however, the association between 
troponin I and mortality rates is still unclear (32). In 
our patient, we observed a lag between troponin I 
levels and EF; as troponin levels began to gradually 
normalize, EF continued to deteriorate for the next 3 
days. Thus, even when active myocardial damage has 
ceased, myocardial function recovery may take more 
time, demonstrating the importance of using POCUS 
in patient monitoring.

ECG Monitoring
ECG abnormalities in diphtheria myocarditis include 
atrioventricular conduction disturbances, bundle 
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Figure 4.	Temporal	changes	in	
troponin	I	levels	and	ejection	
fraction	measurements	during	
the	acute	phase	of	diphtheria	
myocarditis	in	a	7-year-old	
boy,	Vietnam,	2020.	EF,	
ejection	fraction.
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branch block, ST depression, T-wave inversion, or 
some combination (25,33). Prolongation of the QT or 
PR intervals, sinus arrhythmia, ventricular tachycar-
dia, and supraventricular tachycardia have also been 
demonstrated (25,33). Complete heart block is strongly 
associated with severe disease and higher mortality 
rates (25,33). A study recording 24-hour ECGs in se-
vere pediatric diphtheria showed high rates of supra-
ventricular and ventricular ectopic rhythms without 
evidence of heart failure (34). Furthermore, ventricular 
ectopics on admission were predictive of poor out-
comes (28). Tachyarrhythmias and bradyarrhythmias 
are common and can last well into recovery (28). Left 
bundle branch block has been shown to be an indepen-
dent predictor of long-term risk for death (35). Hence, 
continuous ECG monitoring, where available, should 
be applied to capture these changes and preempt ma-
lignant arrhythmias to improve the overall outcome in 
patients with severe diphtheria.

Recent advances in medical sensors and data analy-
sis have helped with early diagnosis and close moni-
toring of patients with critical illness in high-income 
settings and, more recently, low- and middle-income 
settings (36). These devices hold promise for patients 
with neglected infections such as diphtheria because 
of their low cost, noninvasive nature, and potential for 
sharing findings electronically, thereby enabling remote 
monitoring in disease outbreak situations (36–38). An 
example of this approach is being evaluated for use in 
treatment of tetanus by applying machine learning tech-
niques to analyze 24-hour ECG waveforms, detected 
by a novel low-cost wearable patch (37). Continuous 
physiologic monitoring aids in the early detection of 
deterioration and complications, improving the quality 
of care. Noninvasive and low-cost devices for continu-
ous physiologic and ECG monitoring would thus be of 
huge benefit to the clinical management of diphtheria 
myocarditis and should be considered where available.
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Figure 5.	Serial	echocardiographic	recordings	for	7-year-old	boy	later	diagnosed	with	diphtheria	myocarditis,	Vietnam,	2020.	On	day	14	
of	illness,	the	M-mode	left	ventricular	ejection	fraction	decreased	to	40%	(A)	and	the	E/A	ratio	was	>3.5	(B).	At	2-week	follow-up	after	
discharge,	both	left	ventricular	systolic	(C)	and	diastolic	function	(D)	had	recovered.



SYNOPSIS

Echocardiography
Echocardiography is a useful noninvasive tool to as-
sess cardiac function. However, until now, the use of 
echocardiography in the diagnosis and management 
of diphtheria has been limited, partly because of a lack 
of devices and expertise in LMICs. A large knowl-
edge gap regarding echocardiographic findings in 
diphtheria myocarditis exists (32,39,40). Patients with 
severe diphtheria can have no clinical evidence of 
heart failure despite having subtle changes in cardiac 
function and subclinical dysrhythmias. Abnormali-
ties on echocardiography include both systolic and 
diastolic dysfunction, characterized by rapid reduc-
tion in LV EF (24). Other abnormalities visualized 
on echocardiograms are LV dilation, LV wall thick-
ening, pericardial effusion, and mitral and tricuspid 
regurgitation (24,39). Serial myocardial contractility 
assessment using POCUS can identify early cardiac 
decompensation and need for inotropic support. In 
the case of the patient described in this article, the use 
of POCUS helped attending clinicians detect early de-
terioration in cardiac function and guide the use of 
inotropes and fluid resuscitation. Thus, serial cardiac 
POCUS together with ECG monitoring should be ap-
plied to all patients hospitalized with diphtheria be-
cause the manifestations of diphtheria myocarditis 
are variable (39). Improved availability of low-cost 
portable echocardiograms and increasing expertise 
in many intensive-care units in LMICs, in addition 
to wearable ECG monitors, means a comprehensive 
cardiac assessment is now possible and should be ap-
plied to diphtheria patients to enable timely interven-
tions and appropriate support (41).

Cardiac-Specific Treatment
Current management of diphtheria myocarditis main-
ly relies on supportive treatment aiming to maintain 
normal hemodynamic parameters. Antiarrhythmic 
drugs are usually reserved for sustained tachyar-
rhythmias. Prophylactic treatment of subclinical ar-
rhythmias is not recommended, but further research 
into early administration for certain arrhythmias that 
are at high risk for progression or are associated with 
poor outcomes is warranted (28). Temporary pace-
maker insertion can be used in patients with severe 
diphtheria myocarditis and bradyarrhythmias. The 
success of temporary pacing depends on the degree 
of damage to the conduction system and myocardial 
reserve. One report demonstrated improved survival 
outcomes of patients with diphtheria myocarditis and 
complete heart block (42). However, pacing did not 
improve outcomes in severe cases reported in Chile 
and Thailand (40,43).

Discussion
The findings of our literature review are well re-
flected in the clinical journey of this patient, whose 
vaccination status was unknown. He had swollen 
neck and extensive pseudomembrane, followed by 
onset of myocarditis in the second week (day 9), de-
spite a short period of clinical stability. He did not 
have risk factors for myocarditis, such as leukocy-
tosis and elevated aspartate transaminase, and only 
minor cardiac rhythm disturbances were present, 
suggesting a good prognosis. Because DAT was 
only available in some health facilities in Vietnam, 
the patient only received DAT on day 10, when he 
was admitted to our hospital. Whether the use of 
DAT at such a late time can still alter the progres-
sion of myocarditis is unclear. In the case of this 
patient, myocardial function continued to deterio-
rate after DAT was administered. We demonstrat-
ed that the use of POCUS assisted early detection 
of myocardial function deterioration, whereas the 
ECG findings were not as informative in terms of 
indicating cardiac dysfunction. Moreover, cardiac 
troponin I levels peaked and fell despite the ongo-
ing cardiac impairment, suggesting a time lag be-
tween myocardial cellular damage and functional 
performance. We therefore recommend continuing 
close hemodynamic monitoring until myocardial 
functional recovery can be visualized on echocar-
diographic examination. Continuous monitoring 
using the POCUS and low-cost wearables coupled 
with intelligent technology is now under investiga-
tion in our hospital for treatment of other neglected 
diseases in Vietnam (http://vital.oucru.org). Posi-
tive results should encourage the extrapolation of 
this approach to other LMIC settings.

In conclusion, we report a severe case of diphthe-
ria myocarditis, monitored using serial point-of-care 
echocardiography, enabling the timely management 
of the cardiac complications that ensued, which in-
cluded heart failure and rhythm abnormalities. Serial 
point-of-care echocardiography, where available, to-
gether with serial ECGs and standard-of-care clini-
cal monitoring, should be used in the treatment of 
all hospitalized patients with diphtheria myocarditis 
to enable timely intervention to mitigate severe and 
life-threatening consequences. Noninvasive wear-
able technology might be of benefit for detecting 
early signs of deterioration in diphtheria myocarditis. 
Outbreaks of diphtheria may become more frequent 
in the future because of the ongoing COVID-19 pan-
demic and related health service disruption but also 
because of increased vaccine hesitancy in many coun-
tries. The increasing availability of portable ultra-
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sound and low-cost monitoring devices in Vietnam 
and other LMICs should now mean these methods 
can be used as standard of care in managing diphthe-
ria myocarditis. Access to supplies of DAT, particu-
larly in vulnerable settings, needs to be prioritized, 
and awareness of diphtheria, including its potential 
complications and management, should be raised 
for frontline health workers globally. Finally, full 
diphtheria vaccination provides the best protection 
against all complications of diphtheria.
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Search Methods 

PubMed was searched for published articles from 1 January, 1960, to 14 August 2020 by 

using the following terms: (“Diphtheria”[Mesh).OR “Diphtheria Toxin”[Mesh).OR 

“Corynebacterium diphtheriae” OR “C diphtheriae”) AND (“myocarditis” OR “Heart 

Block”[Mesh).OR “Arrhythmias, Cardiac”[Mesh).OR “Cardiac Conduction System 

Disease”[Mesh).OR “Cardiomyopathies”[Mesh).OR “Ventricular Dysfunction”[Mesh).OR 

“Heart Valve Diseases”[Mesh).OR “Echocardiography”[Mesh]). In addition, references from 

relevant articles were also searched. Articles relevant to the subject matter of the review and 

published in English, French, and German were included. 
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Appendix Table 2. Summary of reported cases with diphtheria myocarditis since 1960 

Reference Year 

Country of 
disease 
origin 

Case 
reported 

Immunization 
status Microbiology Cardiac features Treatment Outcome 

Acute phase 
James and 
Reynolds 

1963 United 
States 

1 (2.5/F) 
 

NA C. diphtheriae 
mitis 

Progressive major conduction 
disturbances; atrial flutter, atrial 

fibrillation. ECG: right bundle branch 
block, 2:1 AV block. Histopathology: 

generalized myocarditis with 
vacuolization degeneration of fibers in 

conduction tissues 

DAT, Penicillin, 
Tracheotomy, Digoxin 

Died 

Class et al. 1965 Peru 1 (13/M) 
 

NA C. diphtheriae No clinical symptoms of myocarditis 
ECG: right bundle branch block, ST 

elevation, and QS complexes in V1–3 
lead. AST: 50 IU/L 

DAT, Penicillin 
 

Survived 

Favara and 
Franciosi 

1972 United 
States 

1 (7/M) 
 

No Toxigenic C. 
diphtheriae 

Progressive cardiac arrhythmias. 
ECG: 2:1 AV block 

No DAT, Penicillin, 
Digoxin 

Died 

Matisonn et al. 1976 South Africa 1 (8/M) 
 

NA Negative for C. 
diphtheriae 

Bradycardia and hypotension 
ECG: 2nd degree AV block, complete 
LBBB. Left anterior hemiblock and 
anterior myocardial damage with 

widening QRS complexes 

DAT, Penicillin, 
Tracheostomy, 

Mechanical ventilation, 
Isoprenaline 

Temporary pacemaker 

Survived 

Groundstroem et 
al. 

1996 Russia 1 (43/M) 
 

NA C. diphtheriae No clinical signs of myocarditis. ECG: 
QT prolongation, ST elevation and T 

wave inversion. Echo: Hypokinesia LV 
anterior wall with normal contraction, 

new diastolic dysfunction. Normal 
cardiac function at 5-mo follow-up. 

CK: 1281 U/L 

No DAT, Erythromycin 
 

Survived 

Perles et al. 2000 Israel 1 (4.5/F) 
 

No C. diphtheriae Progressive severe arrhythmias: 
severe bradycardia, ventricular 

tachycardia, leading to cardiogenic 
shock. ECG: Complete AV block 

Normal echocardiogram at admission. 
CK: 94 U/L 

No DAT, Erythromycin, 
Penicillin, Gentamicin, 
Lidocaine, Temporary 

pacemaker, 
Vasopressors, Platelet 

transfusion 

Died 

Lakkireddy et al. 2005 United 
States 

1 (20/F) 
 

NA Negative for C. 
diphtheriae but 

Positive PCR for 
diphtheria toxin 

Tachycardia with summation gallop 
ECG: sinus tachycardia with non-

specific ST-T wave changes. Echo: 
Impaired LV systolic function with 

LVEF of 10%. Normal cardiac function 
at 6-mo follow-up. Troponin I: 48.5 

ng/ml 

DAT, Ampicillin, 
Tracheostomy, Digoxin 

Furosemide, ACE 
inhibitor 

Survived 

Varghese et al. 2013 India 6 cases 
 

3 no, 
2 partial, 

1 unknown 

2/6 with positive 
for C. diphtheriae 

Bradycardia and cardiogenic shock 
(3/6). ECG: Complete heart block, left 

bundle branch block. Echo: Global 
hypokinesia, LV systolic dysfunction 
(EF: 15%–50%), mitral regurgitation 

and tricuspid regurgitation, pericardial 
effusion 

DAT (3/6), Erythromycin, 
Penicillin, Inotropes, 

Temporary pacemaker 

3 died (all 
unimmunized), 

3 survived (1 with 
persistent CHB) 
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Reference Year 

Country of 
disease 
origin 

Case 
reported 

Immunization 
status Microbiology Cardiac features Treatment Outcome 

Washington et al. 2014 Thailand 1 (9/M) 
 

No C. diphtheriae; 
Positive Elek test 

Progressive cardiac arrhythmias. 
ECG abnormalities: ectopic atrial 

rhythm, incomplete RBBB, 
progressing to 3rd degree AV block, 

LBBB. Echo: Severe myocardial 
dysfunction function (EF = 8%), 

tricuspid regurgitation, pericardial 
effusion. CK-MB: 7.6 ng/ml, Troponin 

T = 74 ng/ml, Pro-BNP: 1236 ng/L 

DAT, Penicillin, 
Cefotaxime, Milrinone 

Temporary pacemaker, 
Methylprednisolone, IVIG 

Died 

Skogmar et al. 2018 Sri Lanka 1 (55/M) 
 

Unknown C. diphtheriae 
non-gravis 

No clinical symptoms of myocarditis 
ECG: T-wave inversion and 

ventricular tachycardia 
 

No DAT, Cefotaxime, 
Erythromycin, 
Tracheostomy, 

Mechanical ventilation 

Survived 

Van Damme et al. 2018 Belgium 1 (3/F) 
 

Partial C. diphtheriae Progressive conduction disturbances. 
ECG: 3rd degree AV block. Echo: 

maintained LV systolic function 
(EF = 60%), mitral regurgitation 2/4, 

tricuspid regurgitation 3/4, hyper-
echogenic myocardium 

DAT, Amoxicillin, 
Clindamycin, 

Isoprenaline, Inotropes, 
Temporary pacemaker 

Died 

Chronic phase 
Claman 1962 Germany 1 (36/F) 

 
NA NA Acute diphtheria at age 24 y, with 

myocarditis and bundle branch block 
noted on ECG. She developed 

progressive congestive heart failure 
over 7 y of follow-up with complete AV 

block in ECG 

Low sodium diet, 
Diuretics, Digoxin 

Survived 

Moffat 1972 Germany 1 (46/M) 
 

NA NA Pharyngeal diphtheria with cardiac 
and neurologic complications at the 
age of 20 y. Bradycardia on ECG 
during acute illness. 25 y after the 

acute illness, he developed syncopal 
episodes and a progressive complete 
heart block requiring the insertion of 

permanent cardiac pacemaker. 

Cardiac pacemaker, 
Lidocaine 

 

Survived 

Gerlis et al. 1975 United 
Kingdom 

1 (39/F) 
 

NA NA Acute diphtheria at the age of 2 y with 
myocarditis and heart block on ECG 
as well as neurologic complications. 
At the age of 15 y, she developed 
signs of heart failure and complete 

heart block on ECG. Sudden cardiac 
death at the age of 32 y. 

Periodic follow-up, No 
treatment 

Died 

ACE inhibitor: angiotensin-converting-enzymes inhibitor; AST: aspartate aminotransferase; CHB: complete heart block; CK: creatinine kinase; CK-MB: creatinine kinase – myocardial band; DAT: diphtheria 
antitoxin; ECG: Electrocardiogram, F: Female; IVIG: intravenous immunoglobulin; LBBB: left bundle branch block; LVEF: left ventricular ejection fraction; M: Male; NA: not applicable; Pro-BNP: pro-B type 
natriuretic peptide; RBBB: right bundle branch block. 
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Appendix Table 3. Summary of clinical studies of diphtheria myocarditis since 1960 

Reference Year 

Country of 
disease 
origin 

Diphtheria 
myocarditis 

cases* 
Mortality rate % 
(deaths/ total) Main findings Comments 

Choremis et 
al. 

1962 Greece 19 (acute 
phase) 10 
(chronic) 

31.5 (6/19) An increase in AST and ALT levels occurred along with the 
onset of ECG changes in diphtheria myocarditis. AST levels 
were higher and increased more consistently than ALT levels 

Study of 49 children with diphtheria in 1961 
admitted to a local hospital aiming to find 

prognostic factors 
Ledbetter et 
al. 

1964 United 
States 

47 31.9 (15/47) Patients with prolonged PR interval and primary T-wave 
changes had good prognosis, those with intraventricular block 

and complete bundle branch block and complete A-V block 
had poor prognosis. Pathological findings included -Extensive 

myocardial disease, hemorrhage and interstitial edema of 
myocardium in patients who experienced major conduction 

disturbances and died early. 

Study of 229 children with diphtheria 
between 1954–1960 admitted to a local 
hospital aiming to find prognostic factors 
and relate ECG changes with clinical and 

pathologic findings. 

Tahernia 1969 Iran 21 47.6 (10/21) AST and ALT levels had good correlation with the severity of 
ECG abnormalities in patients with diphtheria myocarditis, and 

the degree of ECG abnormalities correlated well with the 
clinical status. Serial transaminase measurements and ECGs 

could be used as diagnostic and prognostic factors 

Study of 46 children with diphtheria 
between 1964–1967 admitted to a local 

hospital aiming to find prognostic factors. 

Wahab et al. 1973 Indonesia 47 0 (0/47) The selected cases, had higher socio-economic status and 
had subclinical myocarditis with very mild ECG abnormalities 

changes, such as sinus tachycardia, PR prolongation, ST 
depression with or without T wave changes. 

Study of 92 children with diphtheria during 
1970–1971 admitted to a local hospital 

aiming to explore the prognosis of patients 
with diphtheria myocarditis. 

Kazemi et al. 1973 Iran 11 Not given All diphtheria patients had delayed conduction velocity of 
median, ulnar, and common peroneal nerves. More profound 

delays in conduction velocities were seen in those with cardiac 
involvement. 

Study of 30 children with diphtheria 
between 1969–1971 admitted to 2 hospitals 

aiming to explore the peripheral nerve 
conduction in diphtheria 

Ismail et al. 1976 Indonesia 34 17.6 (6/34) Good correlation between AST levels and the severity of ECG 
abnormalities in diphtheria patients. 

 

Study of 91 children with diphtheria 
between 1973–1974 admitted to a single 
hospital aiming to find prognostic factors. 

Prasodo et 
al. 

1976 Indonesia 331 27.4 (92/331) Congestive heart failure, characterized by hepatic enlargement 
+- epigastric pain, and dyspnea, noted in 50% of patients with 

severe ECG changes including AV block, RBBB and LBBB 
and only in 5% of those with ST depression or T-wave 

changes. Digitalis treatment did not improve fatal outcome in 
patients with congestive heart failure. 

Study of 331 diphtheria patients with 
abnormal ECGs from 1969–1974 admitted 

to a single hospital, aiming to evaluate 
incidence, characteristics and outcome of 

heart failure in diphtheria myocarditis 

Stockins et 
al. 

1994 Chile 46 45.8 (11/24 
bradyarrhythmias

) 

Intraventricular conduction, and 3rd degree AV block were 
markers of severe myocardial damage and patients with 

carried a poor prognosis. Those with sinus bradycardia and AV 
dissociation had a better prognosis. Ventricular pacing did not 

improve survival in cases with 3rd degree AV block. 

Study of 167 diphtheria patients between 
1976–1986 admitted to a hospital to 

evaluate the prognosis of brady arrhythmias 
and assess the results of ventricular pacing 

in those with 3rd degree AV block 
Bethell et al. 1995 Vietnam 15 33.3 (5/15) All patients with severe diphtheria had subclinical ECG 

abnormalities, particularly high rates of supraventricular and 
ventricular ectopy, on 24-h recordings during hospitalization 

and were observed until discharge. The number of ventricular 
ectopics at the time of presentation was associated with fatal 
outcome (>2 VE at admission predicted fatal outcome with 

100% sensitivity and 100% specificity) 

Study of 15 patients with severe diphtheria 
between 1991–1992 admitted to intensive 

care in 1 hospital 

Loukoushkin
a et al. 

1998 Russia 64 14.1 (9/64) Rapid development of cardiac failure with a variety of 
conduction disturbances seen in ECG. Echocardiograms 

Study of 122 children with diphtheria 
between1992–1996, admitted to one 



 

Page 6 of 7 

Reference Year 

Country of 
disease 
origin 

Diphtheria 
myocarditis 

cases* 
Mortality rate % 
(deaths/ total) Main findings Comments 

showed LV dilatation, depressed LV function. 
Hypermyoglobinaemia (>2000 ng/ml) and an increased 
LDH1/LDH2 (>1) ratio were prognostic markers for the 

development of myocarditis and poor prognosis. 

hospital, aiming to describe diphtheria 
myocarditis 

 

Havaldar et 
al. 

2000 India 16 50 (8/16) Fatal outcome was associated with extension of membrane 
formation to two or more sites, total leukocyte counts of 

>25,000 cells/mm3 and AST levels of >80 IU/L 

Study of 97 children with diphtheria 
between1989–1995 admitted to a hospital 

aiming to investigate predictors of mortality. 
Kneen et al. 2004 Vietnam 32 

 
37.5 (12/32) 13 patients had myocarditis at admission, and 19 developed 

myocardidits during the admission. The combination of 
pseudomembrane score of >2 and bull neck could predict the 

development of diphtheria cardiomyopathy. 24-h ECG 
recordings on admission can improve the prediction of 

diphtheria cardiomyopathy. Fatal outcome was best predicted 
by the combination of myocarditis on admission, a 

pseudomembrance score of >2, elevated AST level (>47 IU/L). 

Study of 154 children with diphtheria 
between 1995–1996 admitted to a hospital 

investigating diagnostic and prognostic 
factors 

Kole et al. 2012 India 70 2.6 (2/70) ECG changes were often subclinical and included T-wave 
inversion in sinus tachycardia, ST segment depression, AV 

block, right bundle branch block, multiple atrial ectopics, and 
sinus bradycardia. AST levels were elevated consistently in 

patients with features of cardiac failure. 

Study of 100 diphtheria cases between 
2010–2011 admitted to a hospital aiming to 

describe diphtheria myocarditis 

Samdani et 
al. 

2018 India 60 25 (15/60) ECG changes included sinus tachycardia, T-wave inversion, 
ST segment depression, RBBB and multiple atrial ectopics. 

CK-MB level more than >4.3 ng/ml, myoglobulin levels of more 
than 107 ng/ml, and Troponin T >0.4ng/ml were associated 

mortality 

Study of 158 diphtheria patients admitted to 
a hospital over 3 y aiming to find predictors 

of outcomes 

Thisyakorn 
et al. 

1984 Thailand 17 Not given 31 patients were randomly assigned to take oral prednisolone 
(2mg/kg/day) for 2 weeks, 35 did not receive any intervention. 

No significant difference in frequency of ECG changes and 
neuritis between the two groups. Steroid therapy had no 

beneficial effect in the prevention or treatment of diphtheria 
myocarditis and neuritis 

A randomized trial of 66 patients with 
confirmed diphtheria between1980–1982 
investigating the efficacy of corticosteroid 

therapy on preventing myocarditis and 
neuritis. 

Ramos et al. 1984 Brazil 111 Not given 
 

73 were treated with carnitine supplement (100mg/kg/day) for 
4 d, 59 received standard of care. Patients given Carnitine 

therapy had a decreased incidence of heart failure (p = 
0.0475), of pacemaker implants (p = 0.0256), and mortality (p 

= 0.013). 

A randomized trial of 132 diphtheria 
patients over 1 y, admitted to a hospital 

investigating the effect of carnitine therapy 
in diphtheria myocarditis 

Dung et al. 2002 Vietnam 32 78.1 (25/32) Insertion of temporary cardiac pacemaker was associated with 
74% reduction in mortality of children and adolescents with 
diphtheria myocarditis and severe conduction defects. The 
need for inotropic support after pacemaker insertion was a 

poor prognostic sign. Echocardiographic abnormalities were 
dyskinesia of the intraventricular septum, dilated left ventricle, 

reduced ejection fraction, reduced cardiac index. 

Study of 32 children and adolescents with 
diphtheria myocarditis and severe 

conduction abnormalities admitted to PICU 
treated with pacemaker insertion between 
1992–1995 to investigate outcomes in this 

population 

Celik et al. 2006 Turkey 32 26-mo mortality 
37.5 

(12/32) 

32 patients were followed up for an average of 16.3 mo (10.3 – 
26.8) after hospital discharge. Those with LBBB and T-wave 
inversion at hospital discharge had lower survival rates that 

Long term follow-up study of 32 patients 
with diphtheria myocarditis between 1991–

1996 investigating long-term cardiac 
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Reference Year 

Country of 
disease 
origin 

Diphtheria 
myocarditis 

cases* 
Mortality rate % 
(deaths/ total) Main findings Comments 

those without ECG changes. Left bundle branch block was an 
independent predictor of long-term mortality. 

mortality and prognostic value of ECG after 
hospital discharge 

ALT: alanine aminotransferase; AST: aspartate aminotransferase; AV: atrioventricular; CK-MB: creatinine kinase-myocardial band; ECG: electrocardiogram; LBBB: left bundle branch block; LDH: lactate 
dehydrogenase; RBBB: right bundle branch block. *The diagnostic criteria of diphtheria myocarditis are varying among the included studies. 

 


