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Abstract

As one of the neglected diseases, rabies is as a highly fatal viral in-
fection, most prevalent in low- and middle-income regions, which 
produces a substantial health and economic burden. It mainly affects 
the central nervous system causing encephalitis, however extraneu-
ronal involvement has been documented. Cardiac structures may be 
involved and can play a role in the severity of the disease. Most of 
the existing literature comes from case reports and case series where 
cardiac involvement results in myocarditis and cardiac arrhythmias. 
As part of the “Neglected Tropical Diseases and Other Infectious Dis-
eases Involving the Heart” (NET-HEART Project), the objective of 
this article is to review all the information available on the cardiac 
involvement of this disease.
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Introduction

Rabies is a neglected tropical disease caused by the rabies vi-
rus, a single-stranded ribonucleic acid (RNA) virus belonging 

to the Lyssavirus genus. Due to its predominant neurotropism, 
rabies’ main clinical effect is severe encephalitis; however, in-
volvement of other organs such as the eyes, salivary glands, 
and the skin have been reported [1, 2]. Limited reports have 
demonstrated that the virus may have a particular tropism for 
the heart conduction system, leading to a range of cardiovas-
cular complications.

Epidemiology

Human rabies is estimated to produce loss of approximately 3.7 
million disability-adjusted life years (DALYs) and to produce 
economic losses of around $8.6 billion (95% confidence inter-
vals (CIs): 2.9 - 21.5 billion) annually. The most substantial 
economic burden is caused by premature death, followed by 
direct costs of post-exposure prophylaxis [3]. As a neglected 
tropical disease, more than 80% of deaths occur in rural areas of 
resource-poor regions, where the presence of non-immunized 
dogs and the unavailability of post-exposure prophylaxis co-
exist. Although the prompt administration of immunization 
can prevent progression of the disease, there are no effective 
measures to improve its prognosis once clinically established, 
leading to a mortality rate close to 100% [4, 5]. In most parts 
of the world, the principal hosts of rabies virus are mesocar-
nivores such as dogs, foxes, raccoon dogs, and raccoons. Ca-
nine rabies is responsible for 99% of human rabies cases. The 
canine rabies virus is endemic in most countries of Asia and 
Africa; however in Western Europe, North America, Japan, and 
some Latin American countries, it has been eliminated mainly 
by the massive vaccination of dogs (Fig. 1) [6]. Globally, it is 
estimated that human rabies causes approximately 59,000 (95% 
CI: 25 - 159.00) deaths per year, attributable to its fatality rate 
close to 100% [2, 5]. However, these numbers could be even 
higher because of the scarce epidemiologic surveillance in low 
and middle-income countries. Underfunded health care sys-
tems with limited diagnostic capacity and inefficient medical 
and veterinary infrastructure potentially entail less case report-
ing. For example, in countries like India or Pakistan, human ra-
bies is not a mandatory epidemiological notification [7]. Likely 
due its extremely high fatality rate there is little literature about 
cardiac involvement caused by the rabies virus, and most pub-
lications consist of case reports or case series reporting mainly 
myocarditis or ventricular and supraventricular arrhythmias.

The “Neglected Tropical Diseases and other Infectious 
Diseases Involving the Heart” (the NET-Heart Project) is an 
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initiative of the “Emerging Leaders” section of the Interameri-
can Society of Cardiology which aims to expand the knowl-
edge of the cardiovascular (CV) complications in these type 
of diseases, to help to identify barriers and to look for possible 
solutions [8-12].

Methods

We conducted a systematic review of the literature following 
the design and rationale of the NET- Heart Project [8]. Initial-

ly, the databases from PubMed, EMBASE, and LILACS were 
screened to identify articles containing the MESH terms “ra-
bies”, “heart”, “pericarditis”, “arrhythmias”, “blood vessels” 
and “myocarditis” limited to human studies and restricted to 
English. There was no restriction of a year of publication. The 
initial selection was made according to the inclusion criteria: 
randomized clinical trials, case series, observational studies, 
systematic reviews, and case reports. Off-topic articles were 
excluded. Two authors (BA and JPL) reviewed all articles’ ti-
tles and abstracts in a blinded manner. After applying inclu-
sion and exclusion criteria, selecting the potential candidates 

Figure 1. (a) Human deaths from rabies. (b) Death rates per capita (per 100,000 population); countries shaded in grey are free 
from canine rabies (Adapted from: TRS 3rd report, 2017, http://www.who.int/rabies/epidemiology/en/)
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with a Cohen’s Kappa coefficient of 0.51, and resolving the 
common agreement’s discrepancies, 29 articles were included 
were detected to be included in the review: 11 case reports, six 
case series, eight non-systematic reviews, three cohort studies, 
and one uncontrolled clinical trial. From the review of the list 
of references, 11 additional articles of interest were obtained 
(PRISMA flowchart, see Figure 2).

Physiopathology and Clinical Presentation of 
Rabies

The rabies virus enters through wounds caused by an infected 
animal or by direct contact of the animal’s saliva with a hu-
man’s oral or eye mucosa. After that, the virus replicates in the 

muscular tissue, and the virions are retrogradely transported in 
vesicles by rapid transport through peripheral nerve motor ax-
ons before penetrating the central nervous system (CNS) and 
developing into encephalitis (Fig. 3). The typical clinical stages 
of rabies are characterized by an incubation period that usually 
lasts between 1 and 2 months after contact with the infected 
animal followed by a prodrome lasting 1 to 10 days. During 
the prodromal phase the patient may exhibit non-specific symp-
toms, including fatigue, loss of appetite, headache, insomnia, 
anxiety, irritability, myalgias, visual or olfactory hallucinations, 
and fever. Often a progressive and intense local reaction that 
begins at the bite site and gradually expands and involves the 
limb in a non-root pattern, or the face on the ipsilateral side 
occurs during the early phases of the disease. The prodromal 
phase is followed by an acute neurologic phase which can man-

Figure 2. PRISMA flow diagram demonstrating search strategy used. PRISMA: Preferred Reporting Items for Systematic Re-
views and Meta-Analyses.
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ifest as encephalic rabies (80%) or paralytic rabies (20%).

Diagnosis of Rabies

Rabies can be diagnosed by laboratory studies or post-mortem 
on autopsy (Table 1). Resource limitations in health systems 
where human rabies virus is endemic result in the diagnosis of-
ten being made based purely on clinical findings with no labo-
ratory testing carried out to confirm the infection. Diagnostic 
tests that can be used to confirm rabies virus infection ante-
mortem in humans involve one, or a combination of: 1) viral 
antigen detection; 2) detection of neutralizing antibodies to the 
rabies virus; 3) viral RNA detection or 4) virus isolation [13].

Cardiac Involvement in Rabies

Ante-mortem clinical evidence for cardiac involvement in 
rabies

Cardiac involvement in rabies was first described in 1962 in a 
patient who developed non-specific electrocardiographic abnor-
malities of the ST-T segment before dying from refractory cardi-
ovascular collapse [14]. A broad range of rabies cardiovascular 
clinical presentations has been described and are outlined in Ta-
ble 2 [15-25]. Due to the predilection rabies virus for myocardial 
cells and the conduction system, cardiovascular symptoms origi-
nate from the development of myocarditis and arrhythmias. Park 
et al reported the first case of myocarditis presenting with an ST-

elevation acute coronary syndrome. The patient presented with 
shortness of breath and upper limb paresthesias; the electrogram 
showed persistent ST-segment elevation, autonomic instability 
with Mobitz type II atrioventricular block, asystole, and a forth-
right elevation of cardiac biomarkers [15]. Typical symptoms of 
myocarditis such as chest pain, hypotension, and signs of heart 
failure have been reported [14-18, 26]. Boukas et al reported a 
case where an echocardiogram showed progressive dilatation, 
increased thickness, and irregularities of the coronary arteries 
suggesting a vasculitis process [27]. Arrhythmias are thought 
to be triggered by conduction system involvement, but the dis-
ease’s oxygenation disturbances also potentiate their onset [19]. 
Several types of arrhythmias have been reported in rabies and 
are shown in Table 2 [15-25]. When cardiac involvement is pre-
sent, electrocardiogram findings may mimic an acute coronary 
syndrome, including complete left bundle branch block, diffuse 
ST-segment depression, T-wave inversion, or even ST-segment 
elevation [15, 18, 25]. The most frequent electrocardiographic 
finding is sinus tachycardia, but atrial flutter, persistent atrial 
premature and ventricular complexes, and complete heart block 
have also been described [16, 20, 21].

Post-mortem pathology evidence for cardiac involvement 
in rabies

In post-mortem studies, the rabies virus antigen has been de-
tected in different human tissues, including the heart [22, 23, 
28]. Cardiac involvement begins when the rabies virus en-
ters the myocardial cells and affects the conduction system 
through centrifugal dissemination, being detectable in the car-

Figure 3. Mechanism of rabies infection.
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diac ganglia on the fifth day of the disease. The incidence of 
histopathological lesions is variable since a cardiac biopsy is 
not often performed to confirm cardiovascular disease [24]. 
Of the few studies that have been conducted, myocarditis and 
the presence of viral inclusion bodies in the myocardium have 
been described in patients who died from human rabies [17, 
18, 27, 28]. Duenas et al evaluated 17 patients with rabies who 
underwent a myocardial biopsy, and the virus was isolated in 
10 patients (58%). Of those, two revealed only focal lympho-
cytic infiltration limited to the interstitium, with the remaining 

subjects not demonstrating any significant pathological lesions 
[25]. Araujo et al confirmed focal interstitial myocarditis in 
43.5% of 23 human rabies cases [22]. Additional viral involve-
ment of the conduction system has been described [14, 24].

Treatment

As mentioned above, most cases of rabies occur in poverty and 
rural contexts. Initial management often takes place in prima-

Table 2.  Summary of Studies Mentioning Cardiac Complications of Rabies

Study (year) Type of study N Main findings
Pathak et al, 2014 [23] Case report 1 Bodies of Negri in the cardiac vagus nerve, myocarditis, 

dysautonomia with episodes of bradycardia
Hattwick et al, 1972 [19] Case report 1 1st case of recovery, supraventricular and ventricular arrhythmias
Park et al, 2019 [15] Case report 1 ECG with ST elevation + positive biomarkers, myocarditis, 2nd 

degree AV block, presented as coronary syndrome
Duenas et al, 1973 [25] Cases series 17 Myocarditis in 10 patients
De Morais et al, 1985 [24] Case report 1 Myocarditis
Ross et al, 1962 [18] Case report 1 Myocarditis and nonspecific abnormalities of ST-T
Araujo et al, 1971 [22] Cases series 23 Myocarditis in 16 patients
Cheetham et al, 1970 [17] Cases series 2 Inflammation of the three layers of heart
Bhatt et al, 1974 [16] Case report 1 Heart failure, nonspecific ST-T abnormalities, bradyarrhythmias
Venkat Raman et al, 1988 [20] Case report 1 Bradyarrhythmias, complete left bundle branch block
Cohen et al, 1976 [21] Case report 1 Arrhythmias (atrial fibrillation, atrial flutter, supraventricular extrasystoles, 

ventricular extrasystoles, 2nd degree AV block, complete AV block)

Table 1.  Diagnostic Tests for Rabies

Ante-mortem
  Conventional RT-PCR
    Target: viral nucleic acid
    Advantages: rapid, high sensitivity and specificity, amplicons can be used for genetic characterization
    Disadvantages: requires specialist equipment, potential for contamination
  Fluorescent antibody virus neutralization (FAVN) and rapid fluorescent focus inhibition test (RFFIT)
    Target: virus-neutralizing antibodies
    Advantages: useful for assessment after vaccination
    Disadvantages: long turnaround time, incompatible with ante-mortem confirmation of diagnosis, as antibodies are usually detected 

after the onset of clinical signs, requires specialist containment and operator expertise
Post-mortem
  Fluorescent antibody test (FAT)
    Target: virus antigen
    Advantages: rapid, high sensitivity and specificity
    Disadvantages: expensive conjugate, requires an ultraviolet light microscope
  Rabies tissue culture isolation test (RTCIT)
    Target: live virus
    Advantages: enables propagation of virus for characterization
    Disadvantages: requires specialist facilities and operator expertise, long turnaround time
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ry care centers where limited resources for basic wound-care 
and post-exposure prophylaxis (PEP) are common [4]. Rabies 
treatment revolves around adequate wound care, PEP that in-
cludes passive and active immunization, and supportive treat-
ment in an overt case of rabies. The exposure risk assessment 
and the decision to administer PEP should be based on World 
Health Organization (WHO) guidelines [2]. PEP may include 
administration of the rabies vaccine and/or administration of 
immunoglobulins derived from hyperimmunized human or 
horse plasma. Once clinical rabies is established administra-
tion of rabies immune globulin is no longer recommended as 
these immunoglobulins do not cross the blood-brain barrier. It 
is important to clarify that there is no effective curative treat-
ment against rabies once clinical signs have appeared. Most 
patients will die, so the treatment should have a palliative ap-
proach to administer deep sedation and avoid intubation or 
life-support measures. A combination of sedation and analge-
sia by opioids and benzodiazepines is useful to treat agitation 
and muscle spasms, while haloperidol is recommended to treat 
restlessness, agitation, hallucinations, and aggressiveness. In 
the case of excessive salivation, anticholinergics such as sco-
polamine are useful. The treatment of rabies’ cardiovascular 
complications does not differ from its standard of care; gener-
ally, the treatment is supportive. If the most important chal-
lenge for the clinician is treating circulatory dysfunction, then 
vasoactive agents are the first line of treatment. In the case of 
suspicion of myocarditis, supportive treatment should be car-
ried out, and when heart failure symptoms or deterioration of 
the ejection fraction occurs, patients should receive the stand-
ard of care. In the presence of arrhythmias, conventional an-
tiarrhythmics such as amiodarone may be started. In the case 
of bradyarrhythmias, treatment with atropine and/or isoproter-
enol has been described, as well as placement of a temporary 
pacemaker.

Conclusions

Rabies continues to be a neglected disease and a public health 
challenge in low and middle-income countries where public 
health policies, poor surveillance, underreporting, misdiagno-
sis, and lack of coordination among all sectors involved, lead 
to an underestimation of the disease burden. There is evidence 
from both ante-mortem clinical and post-mortem pathological 
sources that rabies can affect the heart, where it can cause my-
ocarditis, arrhythmias or less frequently conduction disorders 
(heart block); however this evidence comes primarily from 
case reports and case series. As the mortality rate of clinically 
established rabies is virtually 100%, cardiac involvement does 
not substantially affect the trajectory of the disease. Treatment 
for cardiac complications of rabies does not differ from treat-
ment of those without the disease and care is primarily sup-
portive in nature.
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