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Abstract. Mycobacterium tuberculosis (TB) is a worldwide danger to human health, with the potential to spread to all parts of the body,
including the heart. Tuberculous endocarditis (TBE) is a rare form of tuberculosis that is often associated with miliary TB and the replacement
of an infected prosthetic or native valve. Despite advances in the diagnosis of tuberculosis, extra-pulmonary tuberculosis remains a challenge
due to its difficulty in diagnosis. In most cases, TBE is only detected post-mortem. In order to better manage TBE in the future, there is a
need to accelerate and develop more accurate diagnostic methods. This review paper looks at the literature on TBE from 1970 to 2021. The
diagnosis of TBE is complicated by the fact that the symptoms can vary greatly depending on the individual, and the disease can remain
asymptomatic for long periods of time. The most common symptoms of TBE include fever, fatigue, joint pain, and an irregular heartbeat.
Other symptoms can include chest pain, shortness of breath, and swelling of the extremities. Diagnosis is often made through a combination
of physical examination, laboratory tests, and imaging. Treatment usually involves a combination of antibiotics and surgery. In some cases,
valve replacement may be necessary. It is important to note that the prognosis of TBE is variable and depends on the individual's overall
health, the stage of the disease, and the type of treatment received. Better management of TBE in the future requires acceleration and

evolution of diagnostic methods. In this study, we review the literature on TBE from 1970 to 2021.
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Introduction
Mycobacterium tuberculosis (TB) is a pathogenic

species in the genus Mycobacterium that causes tuberculosis.

This aerobic bacterium is resistant to gram staining due to
the presence of wax on the wall, and for this reason, the Zill
Nelson method is used for its staining. The most important
clinical diagnostic methods for TB include: tuberculin skin
testing, acid-fast staining Zill-Nelson, and chest X-ray [1].
Infection begins mainly through respiration and aerosols in
the lungs.

According to the World Health Organization (WHO) ,
1.4 million people died of tuberculosis in 2012 [2].When
bacteria are engulfed by alveolar macrophages, they cannot
digest the bacteria because the bacteria prevent the fusion of
phagosomes with lysosomes [3]. The bacterium infects
macrophages in the lungs and is then transmitted to the
blood through the lymphatics. Blood transfusions stimulate
CD4 and CD8 Which activate the immune system and then
remove bacteria from the blood. With the stimulation and
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accumulation of immune cells and the formation of
tuberculous granulomas, the center gradually undergo
caseation and only some bacilli remains inactive, leading to
miliary disease [2, 4]. When the infection spreads beyond
the lungs and respiratory system, it can cause infections in
other organs such as the nervous system, bones, and
urogenital tract, which is called extrapulmonary
tuberculosis. The human heart is no exception to this rule
[5]. As we know, the heart wall has four layers and TB can
affect different parts such as the pericardium, epicardium,
myocardium, and endocardium. Tuberculous endocarditis
(TBE) is usually with miliary tuberculosis that Which
occurs when a prosthetic valve is inserted [6]. The term
miliary TB was described in 1700 [7]. Miliary TB is a
diagnostic challenge due to its varied clinical symptoms. It
is a letal type of disseminated TB that results from lympho
hematogeneous diffusion from a TB focus and has been
described as discrete pulmonary opacities, That about 2 mm
in diameter [8-10]. In People with immunocompetence,
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miliary TB rates about 20% of all extra-pulmonary TB
(EPTB) cases [2]. We used "TB endocarditis”, "tuberculosis
endocarditis”,  "tuberculous endocarditis”  keywords,
reviewed the literature on TBE in PubMed and Google
Scholar databases. This study was conducted to collect and
summarize the results of previous research. We hope that
new treatment strategies will be developed to prevent this
infection in the future.

2. TBE: Occurrence and prevalence

Infectious endocarditis (IE) is an infection of the inner
part of the heart endocardium as well as the heart valves,
including the mitral valve, tricuspid valve, aortic valve, and
pulmonary valve, which is caused by bacteria. TBE is not a
common infection and is associated with miliary TB or
occurs after the implantation of an infected prosthetic valve.
Because of the slow growth of bacteria, diagnosis is difficult,
rarely occurs when the patient is alive and often is after
autopsy [11-14]. Beare and et al. reported 16 cases of
cardiac tuberculosis out of 3,500 autopsies. Most patients
had miliary tuberculosis, and involvement was observed in
the pericardium, myocardium, and endocardium. Only one
case was identified by Zill Nelson staining, valve
involvement [15]. Sultan et al. reported a patient with mitral
valve endocarditis that has immunocompetent and is alive.
The mitral valve was replaced with a prosthetic valve. A
number of yellow masses were observed in the right atrium
and vegetation was observed in the mitral valve, but the
culture results were negative. Twenty days after surgery, a
positive TB culture was reported [16].

3. TBE coinfection

According to the WHO in 2010, the incidence of
tuberculosis was 8.8 million, of which 1.1 million (%13)
were HIV positive [17]. The WHO estimates that TB is the
cause of death in% 24 of people living with HIV.
Tuberculosis infection occurs when a susceptible person
inhales particles containing TB (produced by coughing,
sneezing, screaming, or singing in people with pulmonary
or laryngeal tuberculosis). The immune response usually
limits the proliferation of tuberculosis bacilli within 2-12
weeks after infection. However, the bacilli survive for years,
a condition called latent TB infection [17, 18]. In 2002,
Fumagalli et al. reported a case of TBE with AIDS, Had
tachycardia and hepatosplenomegaly [19]. In 2016, a person
with AIDS who was diagnosed with tricuspid valve
endocarditis and tuberculosis at the same time was
identified. The patient was a 37-year-old man with a
previous Epstein abnormality as well as hepatitis C.
Cardiographic  results attributed the diagnosis to
tuberculosis or staphylococcal infection. Later, Vegetation
in the ventricle was seen. Finally, tuberculosis was
confirmed by preparing a smear from sputum and seeing
acid-fast bacilli. With the use of the antibiotics rifampin,
isoniazid, and Ethambutol, the symptoms of TB improved
and there were no acid-fast bacilli in the sputum [20]. A case
of TBE coinfection with acute respiratory distress syndrome
(ARDS) has been described by Nakamura et al. The patient
was a 61-year-old woman who had been hospitalized for
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arthritis mutilans. She had no history of TB infection. By
echocardiography and observation vegetation on mitral
valve, to be suspected of IE. The patient died due to a
deteriorate condition, Granuloma with giant cells in caseous
necrosis was shown after autopsy. Also, Acid-fast bacilli
were seen by Ziehl-Neelsen staining [21]. A case of
endocarditis, with spondylodiscitis by Saboe and et al. has
been reported. The patient had shortness of breath, fever,
and weight loss, and also suffered from back pain and lower
limb weakness. The sputum smear and GeneXpert
MTB/RIF were negative for Acid Fast Bacilli. Results of
transthoracic echocardiography (TTE), a mass at the
posterior mitral leaflet (PML) was shown. Echocardio-
graphy confirmed the presence of vegetation and Magnetic
resonance imaging (MRI) small abscesses. Due to multiple
negative blood cultures, diagnosed blood culture-negative
infective endocarditis (BCNIE). However, with RT-PCR,
the method which revealed MTB DNA in vegetation tissue,
TB infection was confirmed. The authors Considered MTB
as a cause of BCNIE, in endemic areas [22].

4. TBE and Immunocompetence

As we know, TBE is an infection that is usually
associated with miliary tuberculosis and immunodeficiency
[6]. Abbara and colleagues report a 50-year-old man with
TBE who had immunocompetence and no miliary
tuberculosis. He went to the doctor because of weight loss
and fever and had no contact with the person with
tuberculosis. Echocardiography showed that all the valves
of the heart were normal, except for the aortic valve, which
regurgitation had. Sputum smear was positive for Acid-fast
bacilli. By anti TB treatment, the symptoms improved, but
the aortic regurgitation became more severe and a new valve
was replaced. Aortic valve histology showed the presence
of immune cells and epithelioid granulomas [23]. Ward et
al. described a case that had high blood pressure, general
weakness, and bloody sputum. A radiogram showed that the
heart was enlarged and that in the left atrium and ventricle,
miliary tuberculosis was seen. He died ten months later [24].

The number of cases where a represents connection TB
and endocarditis has been recorded is very few. In 1908, by
Meek, two TBE cases were reported. The first was with
symptoms of tuberculosis, as well as an enlarged spleen,
general bronchitis, and heart murmurs. The autopsy results
showed a cavity inside the lung and the presence of several
caseous areas. There was in the mitral valve and aortic valve
small vegetation. In the second case at the fringe of the
mitral valve were, granules, seen after Post-mortem
Examination. Few bacilli was seen throughout the
vegetation [25].

5. Native valve endocarditis

A 70-year-old woman presented with symptoms of fever,
lymphadenopathy, weight loss, and dyspnea. The PPD skin
test and Quantiferon-TB test were positive. By
Echocardiography, a mass in the mitral valve was seen.
Lymphadenopathy biopsy revealed compatibility with the
caseum. The diagnosis was ganglionar tuberculosis with
endocardial and aortic involvement [26].
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TABLE 1
CHARACTERISTICS OF PATIENTS WITH TUBERCULOUS ENDOCARDITIS

Autho Yea Diagnosi Extra-intracardiac  operati AntiTB Referen
Valve Involvement )

r r S involvement on treatment ce
Meek 1908 Histology Aortic / Mitral Miliary TB No Supportive (25).
Ward 1938 Histology Mitral Miliary TB No Supportive (24).
Gilmore 1940 Staining Pulmonary Miliary TB No Supportive (54).
Anyan Staining / . . . .

1976 Aortic / Mitral Miliary TB Yes Unspecified (14).
wu Culture
Wainwr o . N )
inh 1979 Staining Mitral Miliary TB Yes Supportive (59).
19
Soyer 1981 Staining Aortic Unspecified Yes (12 months) (60).
Kannan . . . .
1984 Staining Mitral Unspecified No Supportive (12).
gara
Cope 1990 Staining Aortic Miliary TB No (12 months) (13).
. Staining / . o
Klingler 1998 Mitral Unspecified Yes (12 months) (61).
Culture
Fumaga . . .
i 2002 Culture Tricuspid Miliary TB /HIV No (6 months) (19).
i
Sogabe 2007 Histology Aortic Unspecified Yes (9 months) (62).
Sultan 2010 Culture Mitral Unspecified Yes (12 months) (16).
. . Mitral/ Aortic/ Tricuspid / .
Shaikh 2012 Histology . Foot Gangrene Yes Unspecifed (63).
Native
Nakam Echocardio . . .
2014 Mitral /Aortic ARDS No Supportive (21).
ura graphy
Abbara 2015 TTE Mitral /Aortic - Yes Unspecifed (23).
Staining/PC
Sass 2016 R/ LC- Mitral/ Native valve Unspecified Yes (12 months) (58).
MS/MS
Hangou . . ) Icterus/Lymphadenopathie
2017 TTE Mitral / Aortic / Native Yes (9 months) (26).
che s/ Hepatomegaly
) Echocardio . .
Spurnié¢ 2017 Tricuspid HIV/ HCV No (9 months) (20).
graphy
Liu 2019 IGRAJ NGS Prosthetic Unspecified Yes (2 weeks) (30).
Saboe 2021 TTE Mitral Spondylodiscitis Yes Unspecifed (22).

6. Prosthetic valve endocarditis (PVE)

Prosthetic valve endocarditis is a rare complication that
occurs after surgery or valve replacement and its incidence
rate is 0.3_1.2% and approximately accounts for about 30%
of all cases of IE [27, 28]. Late prosthetic valve endocarditis
is a condition that has been more than a year since the
surgery and replacement of the prosthetic valve [29]. Liu et
al described a patient that was hospitalized nine years after
bental surgery with recurrent fever and weight loss. CT scan
showed an abscess in the aortic valve. The results of the
interferon-gamma release assay (IGRA) and next-
generation sequencing (NGS) were positive . PVE was

confirmed by the positive result of the culture aortic valve
[30]. Table 1 summarized Cases of TBE between the '70s
and 2021.

7. The appearance of MDR/XDR-TB and facing
challenges

According to the WHO statement in2018, all MDR-TB
cases are not diagnosed and just 51% of people with
confirmed TB were tested for resistance to rifampicin.
Overall estimated about 19 million people have latently
MDR-TB. Diagnosis of MDR-/XDR-TB is based on
universal drug-susceptibility testing (DST) [31, 32]. Today,
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the usage of molecular techniques like sequencing and
nucleic amplification tests (NAATS) is very important in TB
diagnostics. Also XDR-TB is describ as resistance to a
second-line injectable drug and fluoroquinolones [33]. Now,
we are facing MDR/XDR TB cases. Fortunately to date no
study of involving MDR-TBE or XDR-TBE published.
According to the latest WHO Guidelines for DR TB, the
best treatment regimen for patients with MDR TB is the use
of the All-Oral regimen. According to this, the use of group
A drugs, Bedaquiline, Linezolid, and levofloxacin, in
combination with group B drugs, Clofazimine, Cycloserine
or Terizidone can reduce the duration of treatment from
eighteen months to twelve months. A noteworthy point in
the new All-Oral regimen is the elimination of injectable
drugs of the aminoglycoside family. Therefore, the side
effects of Amikacin, Capreomycin, Kanamycin, or
streptomycin are reduced. In addition to the All-Oral
regimen, the suggestion of using a (Bpal) regimen,
Bedaquiline, Pretomanid, and Linezolid has been
considered. The use of Delamanid is still debated and may
be added to group A. Interestingly, according to this
guideline, cases that are resistant to all antibiotics in the
fluoroquinolone family along with one of the group A drugs
are called XDR TB. In the previous guideline, resistance to
injectable Aminoglycoside drugs was considered [34].

8. New treatment strategy

Today, due to the rise of antibiotic resistant strains,
researchers have succeeded in treating human and animal
infections using lytic bacteriophages [35]. Bacteriophage
therapy has been used as a suitable and alternative method
for treating infections such as dysentery, Skin infection, and
pulmonary infection [36]. The usage of lytic bacteriophages
in the treatment of infections associated with the device,
such as urinary catheters, has prevented the spread of drug-
resistant bacteria [37]. Carson et al. reported that the use of
catheters coated with lytic bacteriophages prevented the
biofilm formation by E.coli and Proteus [38]. Studies related
to phage therapy in cardiovascular operation are limited.
Rubalskii et al. in 2020 reported 8 immunosuppressed
patients with MDR E. coli, K. pneumoniae, P. aeruginosa,
E. faecium, and S. aureus, infections after cardiovascular
implant. Usage of phage applied orally, locally, and
inhalation with antibiotics, resulted in the eradication of
infection in seven patients [39]. Aslam et al. used IV
bacteriophage therapy (BT) in a 65-year-old man with non-
ischemic cardiomyopathy who performed the left
ventricular assist device (LVAD) implantation surgery [40].
Mulzer et al. presented a patient with mechanical mitral
valve replacement with fever and inflammation. The result
of CT showed an abscess that was positive for MSSA.
Bacteriophages that were obtained from the Eliava Institute,
every 8 h were applied on the skin in the surgical site. The
patient didn't have other side effects [41].

9. Nontuberculous Mycobacteria (NTM) endocarditis
According to studies, TBE is rare, and not only
tuberculosis can cause endocarditis, but the causative
bacteria are also mostly the rapidly growing mycobacteria
(RGM). There is a remarkable predilection of non-
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tuberculous mycobacteria (NTM) compared to tuberculous
mycobacteria. NTM are divided into four separate groups,
based on Runyon classification [42]. RGM including M.
abscessus, M. chelonae, M. fortuitum, M. chimaera, M.
mageritense can also lead to IE and It is estimated to account
for 68% of the isolates [43-47]. According to a systematic
study by Yuan et al.,, Which described 50 patients with
mycobacterial endocarditis who had symptoms such as
cardiac murmur, fever, and chest pain. The most commonly
affected sites were the aortic valve, mitral, and tricuspid
valves 29.7%, 26.6%, and 10.9%, respectively [48]. The
distribution of mycobacteria was determined based on four
predisposing risk factors that cardiac surgery was associated
with more M. chelonae, M. fortuitum, and M. chimera, and
implants with M. fortuitum [48]. Wallace et al. reported that
the occurrence of mycobacterial endocarditis was 33.3% out
of M. fortuitum and M. chelonae [49]. In the study of Olalla
et al. 15 cases of M. fortuitum and M. chelonae, that were
prosthetic or valve replacement and were performed in 8
patients with mortality [50]. Strabelli et al described 13
patients with M. chelonae endocarditis whit valve
replacement and the mortality rate was including learly and
2 late deaths. In any case, Mycobacterial endocarditis is
dreadful, and (RGM) are predominant pathogens that M.
chelonae is the most common [51].

10. Development of diagnosing

In the early 1980s, patients who had TBE were died and
were diagnosed after autopsy [16, 52]. Diagnosed of
patients with TBE evolved with the improvement of
cardiovascular imaging [53]. The trans-esophageal
echocardiography (TEE) method is invasive than the
transthoracic echocardiography (TTE) method and is better
in performance and spatial resolution [52]. Definitive
diagnosis of TBE due to the presence of non-specific
symptoms was difficult [25]. Early studies instead of
describing clinical symptoms of the valvular disease showed
the symptoms of TB such as Fever, weight loss, and lethargy
[16, 54]. Histopathological assays are necessary for a
definitive diagnosis but it is difficult because of the slow
growth of the TB [11, 55]. The GeneXpert MTB/RIF assay
is a rapid test for the diagnosis of extra-pulmonary TB [56].
The real-time polymerase chain reaction (RT PCR) that
shows DNA on vegetation tissue, is more sensitive than
Gene Expert MTB/RIF [56]. In the previous study, RT-PCR
consisted of the 1S6110 insertion element and related to the
detection of MTB complex on the vegetation tissue, was
performed, and confirmed with the pyrosequencing [22].
Next-Generation sequencing (NGS) is a method of
diagnostic that is of interest. NGS can give information from
definite diagnosis and surveillance of MDR-TB. The WHO
recently published guidelines for better interpretation of
genetic information, the use of NGS in population-based
research, and utilization in low-income countries.
Nevertheless, NGS needs rules to facilitate its
implementation in routine diagnoses [57]. The Sass et al.
study presented a 14-month-old patient with disseminated
tuberculosis, tuberculous endocarditis, and intracardiac
tuberculomas. The results of the transthoracic demonstrated
mitral valve vegetations. In this report, liquid
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chromatography-tandem mass spectrometry (LC-MS/MS)
of cardiac mass was performed to evaluate the composition
of tuberculosis endocarditis. More than eighty proteins were
identified in the cardiac vegetation by (LC-MS/MS). Also,
bone marrow biopsy and vegetation PCR were positive for
the M tuberculosis complex [58].

11. Conclusion

TB is a major health challenge. TBE is very rare and it
is given its nonspecific symptoms difficult to clinically
diagnose and also it requires pathology and microbiological
confirmation simultaneously. Rapid diagnosis is very
crucial and decreases the mortality rate of TBE. Both
immunocompromised individuals and immunocompetent
can be infected. Today with the emergence of MDR/XDR
TB cases necessitates the development of new strategies for
treating infections. Using alternative methods such as the
usage of lytic bacteriophages in the face of MDR/XDR TB
and also prosthetic valves coated with lytic bacteriophages
to prevent contamination, are recommended.

Acknowledgements

The authors would like to thank the Department of
Microbiology, Gonabad University of Medical Sciences,
Iran.

Conflict of interest
The authors declare no conflicts of interest.

References

1. Haghdoost M, Nazmi PA, Osquee HO. Diagnostic
value of serum IgG by Eliza to detecting Mycobacterium
tuberculosis. J Res Clin Med 9:29, 2021.

2. Sharma SK, Mohan A, Sharma A. Miliary
tuberculosis: A new look at an old foe. J Clin Tubercul
Mycobact Dis 3:13-2, 2016.

3. Russell DG. Mycobacterium tuberculosis: here today,
and here tomorrow. Nature reviews Mol Cell Biol 2:569-
578, 2001.

4. Van Crevel R, Ottenhoff TH, Van Der Meer JW.
Innate immunity to Mycobacterium tuberculosis. Clin
Microbiol Revs 15:294-309, 2002.

5. Golden MP, Vikram HR. Extrapulmonary
tuberculosis: an overview. Am Fam Physicians 72:1761-
1768, 2005.

6. Liu A, Nicol E, Hu Y, Coates A. Tuberculous
endocarditis. Int J Cardiol 167:640-645, 2013.

7. Manget J. Sepulchretum sive anatomica practical.
Observation XLVII (3rd Vol). 1700;1.

8. Sharma SK, Mohan A, Sharma A. Challenges in the
diagnosis & treatment of miliary tuberculosis. Indian J
Medical Res 135:703, 2012.

9. Schlossberg D. Tuberculosis and nontuberculous
mycobacterial infections. 6th edn, Washington DC, ASM
press; 2011.

10. Sharma SK, Mohan A, Sharma A, Mitra DK. Miliary
tuberculosis: new insights into an old disease. Lancet
infectious diseases 5:415-430, 2005.

11. Kapoor O, Mascarenhas E, Rananaware M, Gadgil

482

R. Tuberculoma of the heart: report of 9 cases. Am Heart
J 86:334-340, 1973.

12. Kannangara D, Salem F, Rao B, Thadepalli H.
Cardiac tuberculosis: TB of the endocardium. Am J Med Sci
287:45-7, 1984.

13. Cope A, Heber M, Wilkins E. Valvular tuberculous
endocarditis: a case report and review of the literature. J
Infect 1:293-296, 1990.

14. Anyanwu C, Nassau E, Yacoub M. Miliary
tuberculosis following homograft valve replacement.
Thorax 31:101-106, 1976.

15. Beare JM. Some aspects of the pathogenesis of
cardiac tuberculosis. Ulster Med J 16(1):54, 1947.

16. Sultan FAT, Fatimi S, Jamil B, Moustafa SE,
Mookadam F. Tuberculous endocarditis: valvular and right
atrial involvement. Eur J Echocardiogr 11:E13-E, 2010.

17. Eramova I, Matic S. 2 Management of Opportunistic
Infections and General Symptoms of HIV/AIDS. Clinical
Protocol for the WHO European Region. 2006.

18. Organization WH. TB/HIV: A Cinical Manual:
World Health Organization; 2004.

19. Fumagalli J, Bonifacio C, Gulotta H, Shinzato R,
Troncoso A. Bacterial endocarditis: a role for
Mycobacterium tuberculosis? Aids 16:1845-1846, 2002.

20. Spurni¢ AR, Tesi¢ BV, Kosti¢ MB, Jevtovi¢ D.
Association of tuberculosis and tricuspid valve endocarditis
in AIDS patient with Ebstein heart anomaly. J Infect
Develop Countries 11:967-970, 2017.

21. Nakamura Y, Kunii H, Yoshihisa A, Sato A,
Kamioka M, Nakazato K, et al. Tuberculous Endocarditis
Complicated with Acute Respiratory Distress Syndrome: A
Case Report. J Gen Pract 2:2, 2014.

22. Saboe A, Sakasasmita S, Hartantri Y, Maryani E,
Hadar AK, Sudjud RW, et al. A case of endocarditis and
spondylodiscitis  associated ~ with ~ Mycobacterium
tuberculosis. ID Cases 26:e01313, 2021.

23. Abbara A, Newsholme W, Klein JL, Chambers JB.
Tuberculous endocarditis in an immunocompetent host
without miliary tuberculosis. Int J Tubercul Lung Dis
19:1407-1408, 2015.

24. Ward G, Martin N. Tuberculosis of the endocardium
in a case of hypertension. Lancet 232:827-828, 1938.

25. Meek W. Tuberculous endocarditis. SAGE
Publications; 1908.

26. ElI Hangouche AJ, Oukerraj L. Mycobacterium
tuberculosis endocarditis in native valves. Pan Afr Med J
26:194, 2017.

27. Wang A, Athan E, Pappas PA, Fowler VG, Olaison
L, Paré C, et al. Contemporary clinical profile and outcome
of prosthetic valve endocarditis. JAMA 297:1354-1361,
2007.

28. Habib G, Thuny F, Avierinos J-F. Prosthetic valve
endocarditis: current approach and therapeutic options.
Progr Cardiovasc Dis 50:274-281,2008.

29. Nataloni M, Pergolini M, Rescigno G, Mocchegiani
R. Prosthetic valve endocarditis. J Cardiovasc Med 11:869-
83, 2010.

30. Liu Q, Jin J, Shao L, Weng S, Zhou J, Li F, et al.
Late prosthetic valve endocarditis with Mycobacterium

Am J Exp Clin Res, Vol. 10, No. 1, 2023

http://www.ajecr.org



http://www.ajecr.org/

tuberculosis after the Bentall procedure. Ann Clin
Microbiol Antimicrobials 18:1-5, 2019.

31. Cabibbe AM, Sotgiu G, lzco S, Migliori GB.
Genotypic and phenotypic M. tuberculosis resistance:
Guiding clinicians to prescribe the correct regimens. Eur
Respir J 50:1702292, 2017.

32. Miotto P, Tessema B, Tagliani E, Chindelevitch L,
Starks AM, Emerson C, et al. A standardised method for
interpreting the association between mutations and
phenotypic drug resistance in Mycobacterium tuberculosis.
Eur Respiry J 50:1701354, 2017.

33. Migliori GB, Tiberi S, Zumla A, Petersen E,
Chakaya JM, Wejse C, et al. MDR/XDR-TB management
of patients and contacts: Challenges facing the new decade.
The 2020 clinical update by the global tuberculosis network.
Int J Infect Dis 92:S15-S25, 2020.

34. Organization WH. WHO operational handbook on
tuberculosis: module 4: treatment: drug-resistant tuberculo-
sis treatment. 2020.

35. Doss J, Culbertson K, Hahn D, Camacho J, Barekzi
N. A review of phage therapy against bacterial pathogens of
aquatic and terrestrial organisms. Viruses 9:50, 2017.

36. Sulakvelidze A, Alavidze Z, Morris Jr JG.
Bacteriophage therapy. Antimicrobial Agents Chemother
45:649-659, 2001.

37. Amalaradjou MAR, Venkitanarayanan K. Role of
bacterial biofilms in catheter-associated urinary tract
infections (CAUTI) and strategies for their control. Recent
Advan Urinary Tract Infect 10:1-32, 2013.

38. Carson L, Gorman SP, Gilmore BF. The use of
lytic bacteriophages in the prevention and eradication of
biofilms of Proteus mirabilis and Escherichia coli. FEMS
Immunol Med Microbiol 59:447-55, 2010.

39. Rubalskii E, Ruemke S, Salmoukas C, Boyle EC,
Warnecke G, Tudorache I, et al. Bacteriophage therapy for
critical infections related to cardiothoracic surgery.
Antibiotics 9:232, 2020.

40. Aslam S, Pretorius V, Lehman SM, Morales S,
Schooley RT. Novel bacteriophage therapy for treatment of
left ventricular assist device infection. J Heart Lung
Transplant 38:475-476, 2019.

41. Mulzer J, Trampuz A, Potapov EV. Treatment of
chronic left ventricular assist device infection with local
application of bacteriophages. Eur J Cardio-Thorac Surg
57:1003-1004, 2020.

42. Runyon EH. Anonymous mycobacteria in
pulmonary disease. 1959.

43. Matos ED, Santana MA, Santana MCd, Mamede P,
Bezerra BdL, Pando ED, et al. Nontuberculosis
mycobacteria at a multiresistant tuberculosis reference
center in Bahia: clinical epidemiological aspects. Brazilian
J Infect Dis 8:296-304, 2004.

44. Tsai W-C, Hsieh H-C, Su H-M, Lu P-L, Lin T-H,
Sheu S-H, et al. Mycobacterium abscessus endocarditis: a
case report and literature review. Kaohsiung J Med Sci
24:481-486, 2008.

45. Rumisek JD, Albus RA, Clarke JS. Late
Mycobacterium chelonei bioprosthetic valve endocarditis:
activation of implanted contaminant? Ann Thorac Surg
39:277-279, 1985.

483

46. Sacco KA, Burton MC. Persistent immune
thrombocytopenia heralds the diagnosis of Mycobacterium
chimaera prosthetic valve endocarditis. ID Cases 7:1-3,
2017.

47. McMullen AR, Mattar C, Kirmani N, Burnham C-
AD. Brown-pigmented Mycobacterium mageritense as a
cause of prosthetic valve endocarditis and bloodstream
infection. J Clin Microbiol 53:2777-2780, 2015.

48. Yuan S-M. Mycobacterial endocarditis: a
comprehensive review. Brazilian J Cardiovas Surg 30:93-
103, 2015.

49. Wallace Jr RJ, Swenson JM, Silcox VA, Good RC,
Tschen JA, Stone MS. Spectrum of disease due to rapidly
growing mycobacteria. Rev Infect Dis 5:657-679, 1983.

50. Olalla J, Pombo M, Aguado J, Rodriguez E,
Palenque E, Costa J, et al. Mycobacterium fortuitum
complex endocarditis—case report and literature review.
Clin Microbiol Infect 8:125-129, 2002.

51. Strabelli T, Siciliano RF, Castelli JB, Demarchi L,
Ledo SC, Viana-Niero C, et al. Mycobacterium chelonae
valve endocarditis resulting from contaminated biological
prostheses. J Infect 60:467-473, 2010.

52. Baddour LM, Wilson WR, Bayer AS, Fowler Jr
VG, Bolger AF, Levison ME, et al. Infective endocarditis:
diagnosis, antimicrobial therapy, and management of
complications: a statement for healthcare professionals from
the Committee on Rheumatic Fever, Endocarditis, and
Kawasaki Disease, Council on Cardiovascular Disease in
the Young, and the Councils on Clinical Cardiology, Stroke,
and Cardiovascular Surgery and Anesthesia, American
Heart Association: endorsed by the Infectious Diseases
Society of America. Circulation 111:€394-e434, 2005.

53. Baker R. Tuberculous endocarditis. Arch Pathol
19:626, 1935.

54. Gilmore Jr HR. Tuberculosis involving the
pulmonary valve. Am J Pathol 16:229, 1940.

55. Yamane H, Fujiwara T, Doko S, Inada H, Nogami
A, Masaki H, et al. Two cases of miliary tuberculosis
following prosthetic valve replacement. Kokyu to Junkan
Respirat Circul 37:803-805, 1989.

56. Ramirez-Lapausa M, Menéndez-Saldafia A,
Noguerado-Asensio A. Tuberculosis extrapulmonar, una
revision. Revista Espafiola Sanidad Penitenciaria 17:3-11,
2015.

57. Organization WH. The use of next-generation
sequencing technologies for the detection of mutations
associated with drug resistance in Mycobacterium
tuberculosis complex: technical guide. World Health
Organization; 2018.

58. Sass LA, Ziemba KJ, Heiser EA, Mauriello CT,
Werner AL, Aguiar MA, et al. A 1-year-old with
mycobacterium  tuberculosis endocarditis with  mass
spectrometry analysis of cardiac vegetation composition. J
Ped Infect Dis Soci 5:85-88, 2016.

59. Wainwright J. Tuberculous endocarditis-a report
of 2 cases. South Afr Med J 56:731-733, 1979.

60. Soyer R, Brunet A, Chevallier B, Leroy J, Morere
M, Redonnet M. Tuberculous aortic insufficiency: report of
a case with successful surgical treatment. J Thorac
Cardiovas Surg 82:254-256, 1981.

Am J Exp Clin Res, Vol. 10, No. 1, 2023

http://www.ajecr.org



http://www.ajecr.org/

61. Klingler K, Brandli O, Doerfler M, Schluger N,
Rom W. Valvular endocarditis due to Mycobacterium
tuberculosis [Case Study]. The International Journal of
Tubercul Lung Dis 2:435-437, 1998.

62. Sogabe O, Ohya T. A case of tuberculous

484

endocarditis with acute aortic valve insufficiency and
annular subvalvular left ventricular aneurysm. Gen Thorac
Cardiovasc Surg 55:61-64, 2007.

63. Shaikh Q, Mahmood F. Triple valve endocarditis
by mycobacterium tuberculosis. A case report. BMC Infect
Dis 12:1-3, 2012.

Am J Exp Clin Res, Vol. 10, No. 1, 2023

http://www.ajecr.org



http://www.ajecr.org/

