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Abstract: Bacterial endocarditis represents one of the most frequently acquired cardiac diseases
in adult cattle. Congenital heart diseases as a ventricular septal defect can facilitate bacterial en-
docarditis as a consequence of turbulent blood flow through the defect, causing damage to the
endocardium. We describe a case of mural endocarditis associated with a ventricular septal defect in
an eight-year-old female Holstein Friesian cow. The cow’s history revealed that she had presented
dysorexia and a sudden decrease of milk production in the last 10 days prior to the examination. On
clinical examination, jugular pulses, tachycardia with irregular heart rate and tachypnea with harsh
bronchovesicular sounds were evident. Electrocardiographic examination allowed the diagnosis of
an atrial fibrillation with high ventricular response rate. Transthoracic echocardiography revealed a
large vegetation originating from the endocardium between the tricuspid and pulmonic valves in
the right ventricle outflow. On post-mortem examination, a small muscular septal defect under the
right coronary cusp of the aortic valve and a mural vegetative endocarditis were found. An abscess
in the chondro-costal junction of the third right rib and metastatic pneumonia were also observed.
This case report describes a rare consequence of a small ventricular septal defect that had not been
previously diagnosed in an adult cow.
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1. Introduction

Bacterial endocarditis represents one of the most frequent cardiac diseases in adult
cattle [1–5]. This condition is commonly reported as a consequence of infection of the
endocardial surfaces due to a persistent bacteriemia [1,6]. Bacterial endocarditis occurs
most commonly on the atrioventricular valves and pulmonic valve, and rarely involves
the aortic valve in cattle [7–9]. Occasionally, mural endocardium adjacent to the valves can
also be affected [4,10].

Clinical signs of bacterial endocarditis in cattle are variable and frequently insidious
because heart failure is only present in the advanced stages of the disease [11]. A heart
murmur secondary to valvular insufficiency can be auscultated in cows affected by bacterial
endocarditis [2,10], but similar findings can also be heard in cases of congenital and
acquired heart defects (CHD) [2] or in apparently healthy cows [12].

Congenital heart diseases as ventricular septal defect (VSD) can facilitate bacterial
endocarditis as a consequence of turbulent blood flow through the defect, causing damage
to the endocardium; these changes can facilitate bacterial colonization on the valvular and
mural endothelium [13]. The risk of secondary bacterial endocarditis in patients affected
by VSD is reported in humans, dogs and horses [14–16].

To the authors’ knowledge, endocarditis with a VSD has been reported in cattle only
in one case report, in which the CHD had been previously diagnosed [17]. The aim of this
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case report is to describe the clinical presentation and the electrocardiographic, echocardio-
graphic and post-mortem findings in an adult cow affected by mural endocarditis with a
small VSD that had not been previously diagnosed.

2. Case Presentation

An eight-year-old female Holstein Friesian cow was examined for an arrhythmia
at a dairy farm of Umbria (Central Italy). Ten days prior to the examination, the cow
presented dysorexia and a sudden decreased in milk production. The referring veteri-
narian had revealed hyperthermia (39.5 ◦C) and arrhythmia; therefore, the cow had been
treated with ampicillin/dicloxacillin (5 mL/100 kg, once a day intramuscularly, for 3 days;
Cloxalene plus, Fatro, Ozzano dell’Emilia, Italy) and ketoprofen (3 mL/10 kg, once a
day intramuscularly, for 3 days; Vetketofen, Merial, Assago, Italy). After the medical
treatment, the cow showed weakness, a rectal temperature of 38.7 ◦C, jugular pulses and
pale mucous membranes. Tachycardia with irregular rhythm (150 beats per minute) and
tachypnea (40 breaths per minute) with harsh bronchovesicular sounds and no evidence
of cardiac murmurs were also revealed. Being clinical signs consistent with a cardiac dis-
ease (myocarditis, pericarditis, endocarditis or neoplasm) and congestive heart failure, an
electrocardiogram and echocardiographic examination were performed. The electrocardio-
gram showed an absence of P waves, irregular RR interval, normal QRS morphology and
undulation of the baseline (‘f’ waves). These electrocardiographic findings were suggestive
of atrial fibrillation with high ventricular response rate (Figure 1).
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Figure 1. Electrocardiographic tracing (base-apex lead, paper speed 25 mm/s, amplitude 10 mm/mV).
P waves are absent, the QRS morphology and duration are normal (reference interval for duration
is 70 ms with a range of 50–130 ms) but RR intervals are irregular and f waves with a variable
morphology are present. Heart rate is 159–182 bpm.

Transthoracic echocardiographic examination was performed using an ultrasound
unit equipped with a multifrequency 1–4 MHz phased-array transducer (MyLabTM Omega,
Esaote, Genova, Italy). A large vegetation originating from the endocardium between the
tricuspid and pulmonic valves in the right ventricle outflow and a mild enlargement of the
right ventricle (diastolic right ventricular internal diameter was 3.5 cm; reference interval:
mean 2.27 ± 0.76 cm, min-max value 0.78–3.2 cm) were observed (Figure 2). No valvular
regurgitation or other turbulent flow were demonstrated by colour-flow Doppler. Clinical,
electrocardiographic and echocardiographic findings were suggestive of mural endocarditis
(typical proliferative aspect) associated with right congestive heart failure. Moreover, an
embolic pneumonia due to thrombi embolized from the vegetative endocarditis lesion into
the pulmonary circulation was suspected.
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Figure 2. Echocardiographic image. Right parasternal short axis view at the heart base showing
a large hyperechoic mural vegetation (*) between tricuspid (TV) and pulmonic (PV) valves in the
right ventricle outflow tract (RVOT). Ao, aorta; e, orientation marker; scale 5–30, depth setting of the
image (cm).

Based on the severity of the clinical signs, electrocardiographic and echocardiographic
findings and prognosis, the owner elected to slaughter the cow. The day after the clinical
evaluation, the cow suddenly died. A field necroscopy was performed. On post-mortem
gross examination, a focal, well demarked 3 × 4 cm abscess was present in the chondro-
costal junction of the third right rib, oozing thick caseous pus on cut surface. Both lungs had
multifocal to coalescing abscesses, yellow to green in colour, with interlobular emphysema.
The heart was moderately enlarged, mostly due to right ventricular enlargement; in the
right ventricular outflow tract, a large (3 × 4 cm), irregular, friable, yellow mass was present,
originating about 2 cm under the pulmonic valve and bulging under the angular leaflet
into the inflow tract (Figure 3). In the left ventricle, a small (3 × 4 mm) muscular septal
defect was evident under the right coronary cusp of the aortic valve, partially covered by a
fibrous edge and clots of fibrin (Figure 3). On cut surface, this small VSD matched with the
large right-sided mass that partially obliterated it, even if a narrow tract was evident using
a probe. The mass was adherent to the inferior aspect of the tricuspidal angular leaflet.
All the other tricuspidal and mitral leaflets were normal. The inspection of the abdominal
viscera was limited to liver and kidneys, and both were normal.

Histologically, the mass was composed of bright eosinophilic amorphous material
(fibrin) in which nuclear debris and multifocal colonies of small coccoid bacteria were
embedded; marginally, the lesion was bordered by a connective tissue ranging from
immature and well vascularized (granulation tissue) to well differentiated fibrous tissue.
All the other tissues examined were unremarkable.

Culture from the abscess and thrombus was performed. Both samples were cultured
on agar plates supplemented with 5% defibrinated sheep blood and MacConkey agar e
Mannitol salt agar (Liofilchem, Teramo, Italy) under aerobic and microaerobic conditions for
24–48 h at 37 ◦C. Phenotypic characterizations were performed by conventional biochemical
assay and the API-Coryne system (Biomérieux, Craponne, France) in accordance with the
manufacturer’s instructions. Trueperella pyogenes was isolated in pure culture.
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Figure 3. Opened heart. (a) Right ventricular view showing a large friable, yellow-to-red mass (arrowhead) adherent to
interventricular septum just under the tricuspidal angular leaflet (asterisk); PV: pulmonary valves. (b) Left ventricular view
showing a small interventricular defect (arrowhead) just below the right coronary aortic leaflet (RCAL); LCAL: left coronary
aortic leaflet; NCAL: non coronary aortic leaflet.

3. Discussion

Congenital heart defects are rare in cattle, a prevalence of 0.17% being reported in two
large necropsy studies [18,19]. Most frequently encountered CHD is represented by VSD,
although complex CHD, such as tetralogy of Fallot, transposition of the great vessels and
double outlet right ventricle, are occasionally reported in this species [18,20–24]. In cattle, a
diagnosis of CHD is suspected when clinical signs such as respiratory distress, weakness
and heart murmur are noted [5,11,20,25]. Additionally, a history of failure to thrive and/or
respiratory disease unresponsive to appropriate therapy can be reported [25,26]. Prognosis
in cattle affected by CHD is guarded to poor, being associated with stunted growth and
poor productive performance, as well as sudden death [5,27]. In the cow of this report,
VSD went unnoticed as no clinical signs suggestive of CHF, such as stunted growth, poor
productive performance or a loud heart murmur, were noted. This is not surprising because
cows with minor VSD can remain asymptomatic and have a normal productive life for a
long period [4,25].

Bacterial endocarditis is associated with CHD in humans, dogs and horses [14–16]. The
endocardium can be damaged by turbulent blood flow due to the defect and becomes more
susceptible to bacterial colonization if persistent bacteremia occurs [1,6]. Bacterial endo-
carditis occurs most commonly on the valve leaflets but, occasionally, mural endocardium
adjacent to the valves can also be affected [4,7–10]. In this case report, the pathological
findings suggest that the turbulent blood flow through the VSD, causing damage to the
endocardium, facilitated mural endocarditis, because valvular leaflets were not involved.
As reported in the literature, a primary chronic active source of infection such as mastitis,
metritis, arthritis or liver abscesses is essential to the pathophysiology of the bacterial
endocarditis [1,7,28]. Chronic mastitis, chronic metritis, traumatic reticuloperitonitis, mus-
culoskeletal abscess formation and cellulitis are potential sources of infection [29]. Similarly,
in the cow of this report, bacterial colonization on the mural endothelium could occur as
a consequence of bacteriemia secondary to the costal abscess seen during the necroscopy.
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Although this abscess had been previously unnoticed by the owner, we suppose this to be
secondary to a trauma.

The most common cause of bacterial endocarditis are Trueperella pyogenes and Strep-
tococcus spp. [30]; in this case, Trueperella was cultured by cardiac thrombus and costal
abscess, confirming the embolic pathogenesis of mural endocarditis.

Trueperella pyogenes, previously classified as Arcanobacterium pyogenes and Actinomyces
pyogenes, is a Gram-positive, pleomorphic, non-motile, non-spore-forming rod belonging
to the family Actinomycetaceae. This microorganism is an opportunistic pathogen which
is considered to be part of the mucosal biota of the gastrointestinal, upper respiratory or
urogenital tracts of animals. Trueperella pyogenes infections are most common in cattle,
sheep and pigs, but are also able to cause disease in a large number of animal species
including deer, elephants, chickens, horses, dogs, cats, bison and camels. Trueperella
pyogenes is responsible for purulent infections such as abscesses, metritis, mastitis and
pneumonia, which could cause a reduction in production and reproductive performance
with economic losses in livestock breeding. The clinical course of these infections could be
severe, especially in the case of misdiagnosis or inappropriate antibiotic treatment.

Early clinical signs of bovine bacterial endocarditis are not frequently observed, and
the prognosis is reported to be guarded to poor [3,11]. A heart murmur secondary to
valvular insufficiency can be auscultated in cows affected by endocarditis of the cardiac
valves [2,10]. In the case of this report, no murmur was auscultated because no valvular
insufficiency was present. Moreover, the VSD was partially occluded by the endocardial
vegetation and no murmur can be heard. These clinical findings were confirmed by Doppler
echocardiographic examination.

Echocardiography is a safe and non-invasive imaging technique that can be useful
to confirm or rule out the presence of cardiac disease in cattle [5,25,26]. Moreover, this
diagnostic tool is readily available and can be performed in veterinary hospitals as well as
in farms. In the cow of this report, echocardiography allowed us to obtain the presumptive
diagnosis of mural endocarditis at the farm, although the presence of a small VSD was not
observed. The authors believe that the failing in the echocardiographic diagnosis of VSD
was due to the absence of an evident blood flow thought the defect. B-dimensional echocar-
diography can fail in the visualization of small VSD, and the turbulent flow visualized
using the Doppler modality can be useful for a diagnosis in vitam.

Electrocardiographic examination is routinely performed by a simple base apex lead
system in cattle and is mainly used for the assessment of arrhythmias [5]. In the cow of this
report, an arrhythmia was detected at the physical examination, and the electrocardiogram
performed in farm allowed the diagnosis of an atrial fibrillation. Atrial fibrillation has
been frequently reported in large animals, such as horses; however, few reports of its
occurrence in cattle are present in the literature. A variety of cardiac diseases, such as
valvular endocarditis [31–33] or traumatic pericarditis [32,33], have been reported as the
cause of atrial fibrillation in cattle.

To the authors’ knowledge, endocarditis associated with a VSD in adult cows has
been previously reported only in one case report [17]. The authors of this report described
a case of vegetative endocarditis involving an aortic cusp, the tricuspid valve, and the
endocardial site of a subaortic perimembranous VSD, previously diagnosed. This cow also
showed a disseminated intra vascular coagulopathy and lameness secondary to arterial
thromboembolism [17]. In our case report, the VSD was localized in the subaortic region,
but the vegetative endocarditis lesions extended in the right ventricle outflow tract. The
embolic pneumonia found at the necroscopy could have been due to thrombi shed from the
vegetative endocarditis lesions in the right ventricle outflow tract which, once embolized
into the pulmonary circulation, became lodged in the distal arteries of the lungs. This
is already reported in animals affected by valvular endocarditis, in which fragments of
these lesions can embolize in musculoskeletal system, lungs, spleen or liver [28]. Infective
endocarditis frequently results in embolization, leading to metastatic infection and organ
infarction [28].
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4. Conclusions

This case report describes a rare consequence of a small VSD that had not been previ-
ously diagnosed in an adult cow. Vegetative endocarditis superimposed on VSD resulted in
pulmonary embolization and metastatic pneumonia. The clinical and pathological findings
presented in this report suggest that VSD can predispose to mural endocarditis and should
be considered in cows affected by this commonly acquired cardiac disease with a primary
chronic and active source of infection.

Author Contributions: Investigation, D.C., M.C.M., P.B., F.P., N.V. and E.L.; writing—original draft,
D.C., M.C.M. and E.L.; writing—review and editing, D.C., M.C.M., P.B., F.P., N.V. and E.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because, being a case report derived from clinical practice, all medical procedures and post-mortem
examination were performed after obtaining written consent from the owner.

Informed Consent Statement: Informed consent was obtained from the owner of the cow involved
in the study.

Data Availability Statement: The data presented in this study are available in the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Andrews, A.H.; Williams, B.M. Bacterial conditions. In Bovine Medicine Diseases and Husbandry of Cattle, 2nd ed.; Andrews, A.H.,

Blowey, R.W., Boyd, H., Eddy, R.G., Eds.; Blackwell: Oxford, UK, 2004; pp. 726–782.
2. Bexiga, R.; Mateus, A.; Philbey, A.W.; Ellis, K.; Barrett, D.C.; Mellor, D.J. Clinicopathological presentation of cardiac disease in

cattle and its impact on decision making. Vet. Rec. 2008, 162, 575–580. [CrossRef]
3. Buczinski, S.; Francoz, D.; Fecteau, G.; Difruscia, R. A study of heart diseases without clinical signs of heart failure in 47 cattle.

Can. Vet. J. 2010, 51, 1239–1246. [PubMed]
4. Buczinski, S.; Francoz, D.; Fecteau, G.; Difruscia, R. Heart disease in cattle with clinical signs of heart failure: 59 cases. Can. Vet. J.

2010, 51, 1123–1129. [PubMed]
5. Buczinski, S.; Rezakhani, A.; Boerboom, D. Heart disease in cattle: Diagnosis, therapeutic approaches and prognosis. Vet. J. 2010,

184, 258–263. [CrossRef] [PubMed]
6. Bayer, A.S.; Scheld, W.M. Endocarditis and intravascular infections. In Mandell, Douglas and Bennett’s. In Principles and Practice

of Infectious Diseases, 5th ed.; Mandell, G.L., Bennett, J.E., Dolin, R., Eds.; Churchill Livingstone: Philadelphia, PA, USA, 2000;
pp. 857–902.

7. Button, C. Conditions of the pericardium, myocardium, and endocardium. In Current Veterinary Therapy, Food Animal Practice,
2nd ed.; Howard, J.L., Ed.; Saunders: Philadelphia, PA, USA, 1986; pp. 692–699.

8. Cabana, E.M.; Kelly, W.R.; Daniel, R.C.; O’boyle, D. A case of bovine valvular endocarditis caused by Corynebacterium pseudodiph-
theriticum. Vet. Rec. 1990, 126, 41–42. [PubMed]

9. Radostits, O.M.; Gay, C.C.; Blood, D.C.; Hinchcliff, K.W. Diseases of the cardiovascular system. In Veterinary Medicine. A Textbook
of the Diseases of Cattle, Sheep, Pigs, Goats and Horses, 10th ed.; Radostits, O., Gay, C., Hinchcliff, K., Constable, P., Eds.; Elsevier
Saunders: London, UK, 2007; pp. 399–438.

10. Healy, A.M. Endocarditis in cattle: A review of 22 cases. Ir. Vet. J. 1996, 49, 43–48.
11. Reef, V.B.; Mcguirk, S.M. Diseases of the cardiovascular system. In Large Animal Internal Medicine, 3rd ed.; Smith, B.P., Ed.; Mosby:

St. Louis, MO, USA, 2002; pp. 443–478.
12. Rezakhani, A.; Zarifi, M. Auscultatory findings of cardiac murmurs in clinically healthy cattle. Onl. J. Vet. Res. 2007, 11, 62–66.
13. Werdan, K.; Dietz, S.; Löffler, B.; Niemann, S.; Bushnaq, H.; Silber, R.E.; Peters, G.; Müller-Werdan, U. Mechanisms of infective

endocarditis: Pathogen-host interaction and risk states. Nat. Rev. Cardiol. 2014, 11, 35–50. [CrossRef]
14. Gabriel, H.M.; Heger, M.; Innerhofer, P.; Zehetgruber, M.; Mundigler, G.; Wimmer, M.; Maurer, G.; Baumgartner, H. Long-term

outcome of patients with ventricular septal defect considered not to require surgical closure during childhood. J. Am. Coll. Cardiol.
2002, 39, 1066–1071. [CrossRef]

15. Roehlich, W.F.; Wlaschitz, S.; Riedelberger, K.; Reef, V.B. Tricuspid valve endocarditis in a horse with a ventricular septal defect.
Equine Vet. Educ. 2006, 18, 172–176. [CrossRef]

16. Winter, R.L.; Gordon, S.G.; Zhang, S.; Hariu, C.D.; Miller, M.W. Mural endocarditis caused by Corynebacterium mustelae in a dog
with a VSD. J. Am. Anim. Hosp. Assoc. 2014, 50, 366–372. [CrossRef] [PubMed]

http://doi.org/10.1136/vr.162.18.575
http://www.ncbi.nlm.nih.gov/pubmed/21286323
http://www.ncbi.nlm.nih.gov/pubmed/21197204
http://doi.org/10.1016/j.tvjl.2009.05.005
http://www.ncbi.nlm.nih.gov/pubmed/19734077
http://www.ncbi.nlm.nih.gov/pubmed/2301113
http://doi.org/10.1038/nrcardio.2013.174
http://doi.org/10.1016/S0735-1097(02)01706-0
http://doi.org/10.1111/j.2042-3292.2006.tb00439.x
http://doi.org/10.5326/JAAHA-MS-6016
http://www.ncbi.nlm.nih.gov/pubmed/25028438


Vet. Sci. 2021, 8, 318 7 of 7

17. Sherwin, V.; Baiker, K.; Wapenaar, W. Consequences of endocarditis in an adult cow with a ventricular septal defect. Vet. Rec.
Case Rep. 2015, 3, e000234. [CrossRef]

18. van Nie, C.J. Congenital malformations of the heart in cattle and swine. A survey of a collection. Acta Morphol. Neerl. Scand. 1966,
6, 387–393.

19. Hagio, M.; Murakami, T.; Tateyama, S.; Otsuka, H.; Hamana, K.; Shimobepu, I. Congenital heart in disease in cattle. Bull. Fac.
Agric. Miyazaki Univ. 1985, 32, 233–249.

20. Gopal, T.; Leipold, H.W.; Dennis, S.M. Congenital cardiac defects in calves. Am. J. Vet. Res. 1986, 47, 1120–1121. [PubMed]
21. Ohwada, K.; Murakami, T. Morphologies of 469 cases of congenital heart diseases in cattle. J. Jap. Vet. Med. Assoc. 2000, 53,

205–209. [CrossRef]
22. West, H.J. Congenital anomalies of the bovine heart. Br. Vet. J. 1988, 144, 123–130. [CrossRef]
23. Sandusky, G.E.; Smith, C.W. Congenital cardiac anomalies in calves. Vet. Rec. 1981, 108, 163–165. [CrossRef] [PubMed]
24. Caivano, D.; Marchesi, M.C.; Boni, P.; Venanzi, N.; Angeli, G.; Porciello, F.; Lepri, E. Double-Outlet Right Ventricle in a Chianina

Calf. Animals 2021, 11, 318. [CrossRef]
25. Buczinski, S.; Fecteau, G.; DiFruscia, R. Ventricular septal defects in cattle: A retrospective study of 25 cases. Can. Vet. J. 2006, 47,

246–252.
26. Mitchell, K.J.; Schwarzwald, C.C. Echocardiography for the Assessment of Congenital Heart Defects in Calves. Vet. Clin. N. Am.

Food Anim. Pract. 2016, 32, 37–54. [CrossRef] [PubMed]
27. Suzuki, K.; Uchida, E.; Schober, K.E.; Niehaus, A.; Rings, M.D.; Lakritz, J. Cardiac troponin I in calves with congenital heart

disease. J. Vet. Intern. Med. 2012, 26, 1056–1060. [CrossRef]
28. Post, K.W.; Rushton, S.D.; Billington, S.J. Valvular endocarditis associated with Helcococcus ovis infection in a bovine. J. Vet. Diagn.

Invest. 2003, 15, 473–475. [CrossRef]
29. Power, H.T.; Rebhun, W.C. Bacterial endocarditis in adult dairy cattle. J. Am. Vet. Med. Assoc. 1983, 182, 806–808. [PubMed]
30. Buczinski, S.; Tsuka, T.; Tharwat, M. The diagnostic criteria used in bovine bacterial endocarditis: A meta-analysis of 460

published cases from 1973 to 2011. Vet. J. 2012, 193, 349–357. [CrossRef]
31. Brightling, P.; Townsend, H.G.G. Atrial fibrillation in ten cows. Can. Vet. J. 1983, 24, 331–334.
32. Levy, M.; Deroth, L. Atrial fibrillation in cattle. Agri. Pract. 1983, 4, 25–33.
33. Surborg, H. Elektrokardiographischer Beitrag zu den Herzrhythmusstörungen des Rindes. Dtsch. Tierärztl. Wochenschr. 1979, 86,

343–348. (In German)

http://doi.org/10.1136/vetreccr-2015-000234
http://www.ncbi.nlm.nih.gov/pubmed/3717736
http://doi.org/10.12935/jvma1951.53.205
http://doi.org/10.1016/0007-1935(88)90044-9
http://doi.org/10.1136/vr.108.8.163
http://www.ncbi.nlm.nih.gov/pubmed/7210447
http://doi.org/10.3390/ani11020318
http://doi.org/10.1016/j.cvfa.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26922111
http://doi.org/10.1111/j.1939-1676.2012.00953.x
http://doi.org/10.1177/104063870301500513
http://www.ncbi.nlm.nih.gov/pubmed/6343319
http://doi.org/10.1016/j.tvjl.2012.02.012

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

