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Nontuberculous mycobacteria (NTM) are the additional opportunistic pathogenic mycobacterial complex groups
that consists of M. avium, M. marinum, M. hemophilum, M. kansasii, M. scrofulaceum, M. gordonae, M. abscessus,
M. fortuitum and M. chelonae. They do not cause TB; however, they can produce pulmonary infections,
lymphadenitis, skin disease, endometritis and disseminated disease. Thus, NTM are denoted by other names such
as environmental mycobacteria or mycobacteria other than tuberculosis (MOTT) and atypical mycobacteria (ATM)
[1-4].

Nontuberculous mycobacteria Diagnostic challenges antimycobacterial agents

| 1. Introduction[I2IE14]

More than 200 different species of NTM have been identified in nature
(https://www.bacterio.net/genus/mycobacterium), and among them; about 95% are environmental bacteria with
maximum existence as saprophytes, opportunistic pathogens or nonpathogenic to humans and animals. NTM
are generally found in the environment, mostly in wet soil, rivers, streams, estuaries, marshland and hospital
settings. They are less pathogenic when compared to tuberculous mycobacteria, however they can cause illness to
immunocompromised or pulmonary infected individuals®. Among NTM pathogens, M. avium complex are the most
significant and recurrent pathogenic organisms that causes pulmonary and extrapulmonary infections. In addition,
M. xenopi, M. kansasii, M. malmoense are the most causative agents for pulmonary infections. Skin and cutaneous
tissue infections are also caused by M. ulcerans and M. marinumlZ. M. abscessus, M. fortuitum, M. chelonae, M.

chimaera are the infectious agents accountable for most soft tissue infections!8l.

| 2. Classification

According to the Runyon classification (Figure 1), mycobacteria have broad categories based on phenotypic
factors including pigmentation and the frequency of bacterial growthl. They are classified as rapidly growing
mycobacteria-RGM (visible colonies appear within seven days) and slow-growing mycobacteria-SGM (visible
colonies appear after seven days). Most pathogenic mycobacteria are associated with the SGM, due to their
virulence and growth rate. The members of the M. chelonae—M. abscessus complex and M. fortuitum complex are
classified under the RGM family (Figure 1). The classification of mycobacteria remains greatly active and is
continually developing, owing to the available technological progressions including sequencing of bacterial isolates.

However, this improvement provides only taxonomy of the evolving novel mycobacteria, and still, their
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documentation remains uncertain and is obligatory to find the potential phenotypic and genetic polymorphisms of

the M. abscessus complex.

Non-tuberculous mycobacteria

Slowly growing mycobacteria (>7 days) | Rapidly growing mycobacteria (<7 days)

Type I: M. konsasii, M. marinum, Type IV: M. chelonae—abscessus complex

True pathogens
M. ulcerans * V. abscessus subsp, abscessus
* M. abscessus subsp. bolletii

Type Il: M. gordonae, M. * M. abscessus subsp. massiliense 2
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Figure 1. Classification of nontuberculous mycobacteria.

RGM, M. chelonei, M. fortuitum and M. abscessus complex are well-renowned pathogens that often occur in
cutaneous infections related to plastic surgery and cosmetic techniques. They appear widely in different pathologic
conditions viz., cellulitis, superficial lymphadenitis, chronic nodular lesions, abscesses, nonhealing ulcers,

verrucous lesions and commonly occur in the subcutaneous tissue and skin22.

M. abscessus is often misidentified as M. chelonae. It is documented that M. chelonae is seldom accountable for
lung diseasellll . In addition, M. chelonae fails to develop in the culture at 37 °C when compared to M. abscessus.
M. chelonae is abundant in aquatic systems that can cause infection in immunocompromised hosts2. Hence, this
inappropriate identification of M. abscessus is highly possible in several pilot trials specifically in pulmonary
contagions, consequently flouting the significance of this mycobacterium. Notably, the augmented occurrence of M.
abscessus in the individual with cystic fibrosis directs that this pathogenic organism has developed progressively to
become widespread in the past decade214, The cultures of M. abscessus grow in less than seven days using
agar medium (the combination of Bactec 12B and Middlebrook 7H10/ 7H11) and the strains of M. chelonae can be
cultivated at 30 °C. Most of the NTM species can grow in the RGM culture medium at 30 °C, and M. xenopi can

grow in the Lowenstein—-Jensen (LJ) medium at 36 °C[L2],

The RGM organism M. abscessus possesses a high level of heterogeneity in the genotype and is capable of rapid
evolution by phage mediated gene transfer8lZl There are three subtypes in the complex of M. abscessus,
namely, M. abscessus, M. bolletii and M. massiliensel®. M. abscessus possesses diverse structures in the cell wall
due to the occurrence or absence of glycopeptidolipids (GPL)&!. Similarly, other NTM species have also shown
structural variations. The colony morphology and GPL arrangements in M. abscessus are normally responsible for
interactions with the host and regulating the environment of biofilm development and intracellular survival, which
results in disease manifestations and clinical outcomes2. The most common point of entry of NTM into the host

occurs via direct invasion including trauma, iatrogenic acquisition or postsurgical infections22. These bacteria can
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invade soft tissues and skin in immunodeficient patients during systemic dissemination[2ll22. Shreds of evidence

show that the possible human transmission of M. abscessus subsp. massiliense may occur among cystic fibrosis
patients(23124],

| 3. Clinical Epidemiology of NTM

The diseases of NTM are often found in developed nations, where the peak occurrence rates was 10.6 cases per
100,000 individuals in 200023, Based on pulmonary research by various experts, the respiratory NTM are
projected to be at least 15 times more common than TB with at least 200,000 cases per year in the U.S.A23, |n
South Korea, the occurrence of NTM infections have been augmented to 39.6 cases/100,000 people in 2016 and
yearly occurrence could be 19.0 cases/100,000 people. An investigation led in Germany described a growing
incidence of NTM in 2009 from 2.3 cases/100,000 people to 3.3 cases/100,000 populace in 201428, Shreds of
evidence associated with the occurrence of the disease of NTM and elevation levels are greater in Europel28, the
United States[27[281291 gnd Japan[2%. The higher rates of NTM infection have been reported in East Asian
inhabitants particularly China, Vietnam, Hawaii, Philippines, Japan and KorealZZ28] | The individuals with NTM in
Japan and the Philippines were at higher risk for M. abscessus infection whereas Vietnam and Korean patients
were often affected by M. fortuitum group infection!ZZ. M. avium complex (MAC) and RGM including M. abscessus
and M. chelonae have been attributed to 85% of pulmonary cases in the United Statesl. Pulmonary diseases are

strongly associated with advanced age and more often in women than men(22,

The NTM diseases are generally caused by M. abscessus, M. fortuitum, MAC and M. chelonae. Among them, M.
abscessus is often found with rising frequency and is most challenging to treat22l. The swiftly increasing NTMs are
normally associated with catheter infections, post-cosmetic surgery of the soft tissue and skin and pulmonary
infections(28. The clinical implications and location of infection of NTM are listed in Table 1. Several investigations
have established that the incidence of NTM diseases are greatly escalating in numerous clinical conditions2133[34]
3] The clinical range of the infections is highly connected based on the entry to the host and host susceptibility
factors and these infections are multisystem and multigenic-based diseases/2l34l, Disseminated NTM infections
typically impact severely immunocompromised patients with primary immunodeficiencies, via inherited or acquired
deficiency of the IL-12-IFN-y pathway, HIV/AIDS, transplant-linked immunosuppression and anti-TNF-a receptor
blockers treatmentl4136],

Table 1. Clinical significance and site of infection of nontuberculous mycobacteria (NTM).

List of NTM Species Clinical Relevance and Possible Site of Infection Reference

Peripheral blood, peritoneal biopsy, pulmonary and (A3 7[38][39YA0]f41]
M. abscessus . [42][43][44][45]
permanent catheter tip.
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M. asiaticum Pulmonary
M. avium Pulmonary
M. celatum Pulmonary
M. chelonae Breast abscesses, blood and peritoneal fluid, pleural fluid
M. flavescens Pulmonary

Ascetic fluid, peritoneal dialysis fluid, pulmonary, lipoid
M. fortuitum pneumonia, mediastinal infection, a myocardial and

abdominal abscess.

M. gastri Pulmonary

M. gordonae Urinary tract and rarely liver biopsies
M. intracellulare Pulmonary and extrapulmonary

M. kansasii Appendiceal abscess

M. lentiflavum Extrapulmonary

M. marinum Wound-elbow and nasal cavity

] Pulmonary infection, sclerotic lesions, maxillary sinus, dural
M. riyadhense _
lesion

M. scrofulaceum Extrapulmonary
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M. simiae Pulmonary
M. smegmatis Pulmonary
M. szulgai Joints/synovial aspiration
M. terrae Pulmonary
M. xenopi Pulmonary

| 4. Challenges in Diagnosing and Treatment of NTM Diseases

RGM are usually isolated from blood, sputum or tissues for diagnosis and are often misidentified as diphtheroids.
RGM species normally cultivate as routine culture in liquid broth blood culture medium or on solid agars that can
grow quickly within seven days. These strains relatively stain with Gram stain not with Ziehl-Neelsen stain to
demonstrate the acid-fast characteristics. A fresh young culture of RGM may not constantly show branching or
beaded structures and exhibit weakly Gram-positive bacilli, thus misleading the diagnosis and often incorrectly
concluded as diphtheroids48l. NTM in tissue specimens can also be identified based on the molecular method of
determination, which includes, 16S rRNA gene sequencing, PCR analysis and HPLC. The diagnosis of NTM often
fails to recognize the species and subspecies of the different samples from the affected individual. Most NTM
microscopically appears similar to Mycobacterium tuberculosis (MTB), and the colony morphology varies in culture.
The culture difference and microscopic appearance are shown in Figure 2. A total of 16S ribosomal RNA
sequencing aids in individual NTM species identification22. Diagnosis is generally completed by recurrent isolation
accompanied by certain clinical and radiological features. There is no explicit treatment of NTM infections and

therapy depends upon the particular species and its resistance to antibiotics<.

(b)
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Figure 2. NTM and Mycobacterium tuberculosis (MTB) culture and microscopy. (a) NTM grown at 48 h of
incubation in LImedia with typical characteristics of moist, smooth glistening yellow colonies; (b) MTB grown at six
weeks of incubation in LJ media with typical characteristics of rough, buff yellow-colored cauliflower-like colonies;
(c) Long and slender pink-colored acid-fast tuberculous mycobacteria by Ziehl-Neelsen stain (100x). The above

culture images differentiate the NTM and MTB with almost similar microscopical image

The diagnosis of NTM are difficult to confirm using acid-fast microscopy, which is the primary diagnostic tool for TB
in numerous developing nations. As an outcome, most cases of NTM causing pulmonary infections are not
recognized and eventually treated with traditional anti-TB medications. These treatments often fail because NTM
are mostly resistant to anti-TB therapy“8l. Hence, in developed nations, caseloads of 8.6/100,000 total population
and 20.4/100,000 population over 50 years old are typicalld. In developing nations, the occurrence rate and
diagnosis of NTM cannot be observed due to the lack of laboratory arrangement and identification of mycobacteria.
Hence, the escalating rate of pathogenic NTM in developing nations has been greater particularly with the advent
of HIV/AIDS patients. Normally, HIV/AIDS individuals with severe immunosuppression are at high risk of NTM
infections, which often cause localized or disseminated infections2. In addition, the failure of NTM treatment can

frequently occur due to resistance to some of the available antibiotics (Table 2).

Table 2. Various treatment recommendations for NTM[21132],

Mycobacterium Species Established Regimens Additional or Suggested Agents

] rifampin, ethambutol, isoniazid, clarithromycin (azithromycin), ciprofloxacin,
M. avium complex ) o o
streptomycin or amikacin clofazimine

clarithromycin (azithromycin), ciprofloxacin,
M. scrofulaceum S o
clofazimine

M. kansasii rifampin, ethambutol, isoniazid streptomycin, ciprofloxacin, clarithromycin

) rifampin, ethambutol, doxycycline o )
M. marinum ) ] streptomycin, ciprofloxacin
or trimethoprim-sulfamethoxazole

M. xenopi rifampin, ethambutol, isoniazid streptomycin
M. malmoense - clarithromycin (azithromycin), ciprofloxacin,
clofazimine
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o clarithromycin (azithromycin), ciprofloxacin,
M. simiae - o
clofazimine

M. szulgai - streptomycin, ciprofloxacin, clarithromycin

) rifampin, cefoxitin, doxycycline,
M. hemophilum - ] )
trimethoprim-sulfamethoxazole

clofazimine, cefoxitin, imipenem, a cocktail

] amikacin, ciprofloxacin, of azithromycin or clarithromycin,
M. fortuitum . . .
sulfonamides doxycycline, fluoroquinolones,
trimethoprim-sulfamethoxazole
o ) - clofazimine, clarithromycin, a cocktail of
M. abscessus amikacin, streptomycin, cefoxitin ) o ) )
azithromycin, imipenem, clarithromycin,
clofazimine, clarithromycin, doxycycline, a
M. chelonae tobramycin, amikacin cocktail of azithromycin, imipenem,

cefoxitin, clarithromycin, fluoroquinolones

In addition, using these chemical agents produce various complications including, diarrhea, headache, renal failure
and colitis. Mycobacteriosis is an acute/chronic, systemic, granulomatous disease caused by NTM, which is
extremely challenging in selecting effective antimicrobial therapy based on the antimicrobial resistance®3l. The
RGM involves individualized treatment according to the outcomes found in vitro vulnerability tests for cefoxitin,
amikacin, clarithromycin, sulfamethoxazole, ciprofloxacin, imipenem and doxycycline4. The M. fortuitum and M.
chelonae are members of M. abscessus complex and M. massiliense, M. abscessus and M. bolletii are
subspecies, which are the chief NTM related to cutaneous tissue involvement®3l. All these mycobacteria are
regularly found with several skin lesions, however M. fortuitum is often found in a sole lesion[28l. The susceptibility
to antimicrobials generally depends upon the individual species. M. abscessus complex is likely to be vulnerable to
the cocktail of amikacin, azithromycin, imipenem and cefoxitin, since, it is known that clarithromycin resistance due

to the occurrence of the erm41 genel58l,

In vivo study demonstrates that NTM isolates show resistance to azithromycin or clarithromycin®837, Azithromycin
is normally the desired antibiotic for M. abscessus infections, while azithromycin or clarithromycin is highly efficient

in the cases of M. massiliensel2822 M. fortuitum, M. abscessus and M. chelonae are resistant to all of the existing
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anti-TB agentsiABEIET n1. fortuitum is highly susceptible to amikacin, trimethoprim-sulfamethoxazole,
azithromycin or clarithromycin, fluoroquinolones and doxycycline. M. chelonae is also often susceptible to
azithromycin or clarithromycin, tobramycin, fluoroquinolones and cefoxitin®¥ . The guideline of the therapy
recommends performing susceptibility testing of NTM to enhance the option of a cocktail of the antimycobacterial
drug relates clinically in vivo trials to antimicrobial treatment for various species of NTM. From the microbiologic
perspective, heterogeneity of NTM needs sophisticated and rapid laboratory techniques. Since the present
pharmacological treatment of NTM diseases are tricky, and often fails to scope the long-term removal of
pathogens. Moreover, it is obligatory to hunt novel agents or treatment and dosage regimens for effective treatment

of these NTM diseases, specifically serious in immunocompromised individuals.

Hence, it is necessary to find alternative remedial regimens. One of the alternative resources is traditional
medicinal plants or their derivatives, which are well-known for their therapeutic properties. Most of the researchers
have a positive approach toward natural products due to their natural origin and low noxious with fewer side
effects[BIB8IE[60I61][62][63][64][65][66] A trial of anti-Mycobacterial effects of these medicinal plants, particularly those

that are conventionally used for pulmonary infections is significant.

Natural products as a source of medicine are potentially valuable due to their natural origin and low toxicity with
lesser side effects. Medicinal herbs with the traditional practice of crude extracts or active principles have been
widely used for treating and averting human illnesses for many centuries. These ethnopharmacological techniques
have been reinforced to yield bioactive compounds that support to improve modern medicine as beneficial tools&7
[68][691[70] Bjpactive compounds often contribute a noteworthy function in drug finding by helping as a novel drug of
interest and templates for synthetic agentsZ2Z2l73] Copious investigations have established that natural bioactive
compounds have possible antimycobacterial activities2EAI4IZS [2 60,74,75]. The single-handed practice of
bioactive compounds or cocktails with classical antibiotics signifies a greater alternative treatment. Additionally, the
cocktails of those antimicrobial agents often require only a minor amount. Therefore, this smaller amount may
provide less toxicity to the host, ensuring great lenience to the antibacterial drugs. Grounded on the existing

information, there has been inadequate literature regarding antimycobacterial phytocompoundsZ8IZAZEI79],

| 5. Conclusions

NTM have developed into significant bacterial pathogens for both animals and humans. In particular, the concern is
the high level of antimicrobial resistance displayed by these organisms, which complicates treatment and possible
effective outcomes. The state of the existing antimycobacterial agents and their hitches is relatively serious. In
developing nations, the incidence rate and diagnosis of NTM have often not been noticed as a deficiency of
laboratory settings and mycobacteria identification. The escalating rate of pathogenic NTM in developing nations is
significantly greater in HIV/AIDS patients, which leads to high levels of morbidity and mortality globally.
Furthermore, there are restrictions evident by antimycobacterial drugs: the lower bactericidal ability, multidrug
usage, high resistance and toxicity and organ damage. Hence, it is imperative to find new drugs as alternative
therapies in which flavonoids are promising to be safe for usage, endowed with abundant pharmacological roles

that are potentially active against NTM. Several flavonoids have been used in connotation with their
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antimycobacterial activities and can be potential and cost-effective. They have possible antimycobacterial effects

at minor quantities by themselves or in synergistic combinations.
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