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Nontuberculous mycobacteria (NTM) are environmental opportunistic pathogens of humans and animals that are emerging with a serious public health impact particularly in individuals with Acquired Immunodeficiency Syndromes. Recent scientific evidence is shifting from NTMs being known as traditional environmental organisms to serious pathogenic organisms in both animals and humans. In humans, factors attributable to this rise have been linked mainly to Human Immunodeficiency Virus and Acquired Immunodeficiency Syndrome pandemic. In recent years there has been an increase in multidrug resistant Tuberculosis in Zambia and it is thought that NTMs could possibly be the cause. This study was therefore formulated to review available information on the prevalence of NTM in humans, animals and the environment, species distribution, zoonotic potential and public health importance in Zambia. This review was conducted in accordance with PRISMA guidelines. A literature search was done in PubMed and Google scholar using predefined search terms such as ‘nontuberculous mycobacteria’, ‘atypical mycobacteria’, ‘mycobacteria other than mycobacterium tuberculosis’ and ‘Zambia’, in combination with Boolean operators (AND, OR). This particular systematic review draws findings based on literature search between 2000 and 2020. Through literature search 243 papers were identified, 23 duplicates were identified and removed and 206 articles were excluded as they did not meet the inclusion criteria. The full text of the remaining 14 articles were considered for this review. The overall prevalence of NTM in humans was 24.39%, in water 21.5%, in animals 16.05% of which the prevalence in cattle was 14.81% and Kafue Lechwe 1.23%. Mycobacterium intracellulare was the most common isolated nontuberculous mycobacteria in humans and cattle while Mycobacterium gordonae was the most common in water, and Mycobacterium stomatepiae sp Nov in Kafue Lechwe. Nontuberculous mycobacteria are an emerging public health threat in Zambia both in humans and animals and this calls for the need for molecular information on the zoonotic transmission of nontuberculous mycobacteria. Increased awareness of nontuberculous mycobacteria diseases among clinicians and laboratory personnel is crucial for patient management and an essential step for facilitating the identification of nontuberculous mycobacteria species in laboratories.
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Introduction

Even though members of the Mycobacterium tuberculosis complex (MTC) are responsible for the bulk of the mycobacterial infections worldwide, opportunistic infections due to nontuberculous mycobacteria (NTM) are rapidly increasing, partially as a direct consequence of the immunosuppression due to the HIV/AIDS pandemic (1–3). Mycobacteria are aerobic organism that are non-motile (M. marinum is an exception), non-spore forming, gram-positive straight or slightly curved rods and have a waxy, relatively impermeable cell wall consisting of arabinogalactan and mycolic acid. Their cell wall has a high lipid content which once stained with carbol fuchsin cannot be decolorized by acid alcohol thus their name acid fast bacteria (AFB) (4, 5). The genus mycobacterium contains two major human pathogens: Mycobacterium tuberculosis (MTB) the major cause of tuberculosis (TB) and Mycobacterium leprae the agent causing leprosy. In addition to these two obligate human pathogens, the genus also comprises the nontuberculous mycobacteria (NTM) or Mycobacteria other than Mycobacterium tuberculosis (MOTT) (4, 6). NTMs include both slow growing mycobacteria (SGM) where colony formation requires at least seven days and rapid growing mycobacteria (RGM) forming colonies in less than seven days (1, 7–9).

Nontuberculous mycobacteria are normal inhabitants of a variety of environmental habitats that are shared between humans and animals including natural waters, drinking water distribution systems, biofilms, and soils (1, 10). It is documented that growth of NTMs is stimulated by humic and fulvic acids, which are the principal organic compounds in waters draining from forest soil and acid brown water swamps (11–13). Animals and humans can be infected by opportunistic mycobacteria from the environment via ingestion, inhalation, and dermal contact (1).

Nevertheless, a bit of controversy exists surrounding the real extent of possible human-to-human transmission of NTM. Although not fully elaborated, it is believed that human-to-human transmission is generally uncommon, even though there is evidence of transmission of certain NTM species such as Mycobacterium kansasii and Mycobacterium abscessus (4, 14, 15).

With advancement in molecular techniques including whole genome sequencing (WGS), 170 NTM species have been identified with more being added on a regular basis (1, 4, 16–18). Among these recognized NTM species, the most frequent human pathogens are the slow growing Mycobacterium avium complex (MAC), Mycobacterium kansasii and rapidly growing M. absessus complex. Other NTM infections such as M. fortuitum, M. xenopi, M. simiae, M. chelonae and szulgai are less common causes of NTM lung disease. These organisms are capable of causing pulmonary disease, disseminated disease, and localized lesions, among immunocompromised and immunocompetent individuals worldwide. Pulmonary diseases are the most frequently encountered and have been reported to account for up to 94% of cases of NTM associated disease (6, 17, 19–21).

Nontuberculous mycobacteria can exhibit clinical and radiographic features that are similar to those by MTBC (22) especially in persons with cellular immune dysfunction. The clinical signs and symptoms of both NTM and MTB are related to granulomatous inflammation which are quite similar and thus often go unrecognized and cannot be discriminated based on the common identification protocols. Thus NTM infections are easily misdiagnosed as MTB (23, 24). Therefore, there is need for early differential diagnosis of NTM pulmonary disease from pulmonary tuberculosis as the therapeutic regimen of pulmonary NTM differs from that of pulmonary TB. After the culture results there is need for biochemical test or molecular methods to differentiate NTM from MTB. Different molecular methods have been developed for species identification of NTM which include among others the sequencing of 16S rRNA, rpoB gene, hsp65 and 16-23 S rRNA (25).


Diagnostic Criteria for NTM Lung Disease

The clinical relevance of isolated NTM is often unclear but differentiation of true infection from pseudo-infection and establishing the clinical relevance of an NTM isolate is of paramount importance since treatment of NTM disease is time consuming and often complicated (26). Unlike TB, the isolation of NTM in pulmonary specimens does not equate with disease (7). In an effort to standardize the definition of NTM infection, the American Thoracic Society (ATS)/Infectious Diseases Society of America (IDSA) ATS/IDSA formulated and published guidelines on definition of NTM pulmonary disease. On the basis of these guidelines, the diagnosis of NTM pulmonary infection requires the presence of clinical symptoms with appropriate exclusion of other diseases, radiologic abnormalities and microbiological (positive culture from at least two sputum samples, or positive culture from one bronchial wash or lavage (7). These criteria fit best with Mycobacterium avium complex (MAC), M. kansasii, and M. abscessus but researchers have applied it to the diagnosis of other NTM (7, 27). In the clinical laboratory the combination of microbiological and molecular techniques are used for the detection of NTM and this is essential as it enhances the health care of patients.



Global Trends of NTM Prevalence and Incidence

In most countries, NTM pulmonary disease (NTMPD) is not a reportable condition, such that describing the burden, trends and associated risk factors for this condition depends on special studies, surveys and sentinel surveillance efforts (28).

Epidemiological data globally has been showing an increasing trend in NTM, although this has been partially attributed to improvement of microbiological methodologies that have allowed better recovery and identification of NTM. It is also acceptable that there is a genuine increase in incidence augmentation in NTM cases. The reasons for the increase in the incidence and prevalence of NTM are multifactorial and depend on the nature of the host, the pathogen and the pathogen-host interaction (29).

The annual prevalence of NTM pulmonary disease varies across different regions. In North America and Australia, the prevalence ranges from 3.2–9.8 per 100,000, and is generally higher than in Europe. In the United States the prevalence of NTM rose from 2.4 cases/100000 in early 1980s to 15.2 cases/100000 in 2013 (30). Studies in Ontario, Canada demonstrated annual rates of NTM isolation of 14.1 – 22.2/100000 population (31, 32).

In Europe increasing trends of NTM infections have also been observed. England, Wales and Northern Ireland have shown an overall increase in both the number and rate of NTM infection from 0.91/100000 to 7.6/100000 by 2012. This data includes both pulmonary and extra pulmonary specimens and main increase was seen in people over 60 years old (32). In Serbia the annual rate of NTM isolation and NTM pulmonary disease incidence per 100000 changed over 2010 to 2015 from 0.9 to 1.6 and from 0.18 to 0.48 respectively. Both isolation and disease rates increased considerably with age (33). In Madrid Spain the figures are similar showing an increasing trend in NTM isolation from 930 isolates in 2013 to 1012 isolates in 2017 (34).

Asia which has a high prevalence of TB has very few studies on the epidemiology of NTM. However, despite the scarcity of studies done, a few survey data and organized studies have shown a continuous increase in the prevalence of NTM, with Japan having a high burden of NTM than TB (32). Studies of NTM pulmonary disease (NTM PD) from South Korea, Japan, and Taiwan, also suggest similar trends of increasing prevalence. In Korea the annual age – adjusted incidence and prevalence of NTM infection increased rapidly from 1.0 cases/100000 to 17.9 cases/100000 and 1.2/100000 in 2003 to 33.3/100000 population in 2016 respectively (35, 36). Similar trends have been observed in China where the proportion of NTM infections continue to rise from 15.6% in 2013 to 46.1% in 2018 (37).

In Africa and the Middle East, the prevalence of NTM ranges from 4% –15% among suspected TB cases and 18%–20% among suspected multi-drug resistant TB (MDR TB) cases (28, 38).

In sub-Saharan Africa according to systematic review done for the period between January 1, 1940 to October 1, 2016, the prevalence of pulmonary NTM colonization was calculated to be 7.5% (39).

In Zambia, NTMs are slowly becoming recognized as pathogens of major public health significance with the advent of Human Immunodeficiency Virus (HIV) and Acquired Immunodeficiency Syndrome (AIDS) (5).

Zambia is one of the high burden TB countries in the world and in recent years there has been as increase in multi drug resistant TB. Due to the high TB prevalence and increase in MDRTB, there is a concern that NTM infections could be misdiagnosed as TB (40). This is because TB and NTM results are identical microscopically and therefore all positive results are considered as TB and no further tests are carried out to differentiate the two. This study therefore, aims to review the available information on NTM in humans with suspected TB, animals and the environment so as to determine the prevalence, species distribution and assess the zoonotic potential and the public health importance of NTMs in Zambia.




Materials and Methods


Literature Search and Search Strategy

This review was conducted in accordance with PRISMA guidelines (41). The overall aim of this review was to review the available information on the prevalence of NTM in humans with suspected TB, in animals and the environment, the species distribution of NTM in these reservoirs and the zoonotic potential and the public health importance of NTM in Zambia from 2000 to 2020. PubMed and Google scholar were systematically searched for publications on nontuberculous mycobacteria using the following search terms; Prevalence of Nontuberculous mycobacteria, in Zambia, epidemiology of mycobacteria infection, atypical mycobacteria, mycobacteria other than mycobacteria tuberculosis. Boolean operators (AND, OR) were used and our search was limited to articles written in English. The study focused on studies of NTM isolated from humans, animals and the environment such as soil or water in Zambia published between 2000 and 2020. The articles were screened by two independent authors in order to select carefully literature that was eligible for the review.



Selection/Inclusion Criteria

Titles or abstract searches in Google scholar and PubMed identified 243 articles (Figure 1). Abstracts of all the articles were screened and full texts copies of those deemed relevant to the review were obtained.




Figure 1 | Selection criteria for articles used in the review using PRISMA guidelines.



The titles and abstract were reviewed and articles were selected based on the following criteria; English language, conducted in Zambia, cross sectional, case control, case report or prospective studies and published between 2000 to 2020.



Exclusion Criteria

Articles were excluded if they did not report prevalence, if they were clinical trials and if they were not done in Zambia and if they were done before 2000.



Data Extraction

For all relevant articles we extracted the following data using a data extraction sheet. Title, authors, aim of the study, study site, study type, the year the study was done, year published, prevalence of NTM, NTM species isolated, method of NTM species identification, Sample size, type of sample, and Source of sample.



Data Analysis

Data was entered in Microsoft office excel and analysed using python 3.8 for mac. Descriptive data such as prevalence was presented using descriptive statistics such as proportion, percentage, mean, median and mode. Data was nonparametric so the Kruskal-Wallis test was used to determine the difference in prevalence between provinces and sources of specimens.




Results


Literature Search

The search procedure and results are shown in Figure 1. Through literature search 243 papers were identified within international databases, PubMed and Google scholar. Among them, 23 duplicates were identified and removed. However 206 articles were excluded as they did not meet the inclusion criteria.The full text of the 14 remaining articles were revised and were considered appropriate for the purpose of this systematic review. Of these 1/14 (7.14%) is focusing on humans and water (42), 1/14 (7.14%) was done in humans, cattle and Kafue Lechwe (5) and another one is a case report 1/14 (7.14%) (43), one is a pilot study 1/14 (7.14%) (44) and one a case control study 1/14 (7.14%) (44). The remaining 9/14 (64.29%) are all cross section study focusing on NTM in humans (20, 45–53).

The study shows that the main specimens collected were sputum samples 10/14 studies (71.43%), one was a combination of sputum samples and brochoalveolar lavage, one was done on stored or archived isolates, one on a combination of stool samples, internal lavage and biopsy of the descending colon and lastly one was done on gastric lavage. Fourteen (14) studies were done on adults and only one was done in children (Table 1).


Table 1 | Overview of studies on NTM in humans, water and animals in Zambia.




The results of the current study show that various methods were used to determine the prevalence and species distribution of NTM and the most commonly used method for species identification were molecular methods such as sequencing of 16s rRNA followed by Genotype CM/AS® assay and only one study used biochemical tests to identify the species (Table 1).



Prevalence of NTM in Humans, Cattle, Kafue Lechwe and Water in Zambia

The overall prevalence of NTM in humans was 24.39% while in water 21.5% (Table 2), in animals 16.05% of which cattle 14.81% and Kafue Lechwe 1.23% (Table 1).


Table 2 | Prevalence of NTM in humans in Zambia.



During analysis we divided Zambia into regions according to provinces namely Southern, Lusaka, Eastern, Western and Muchinga. The prevalence of NTM in humans varied according to regions and ranged from 4.95% for Lusaka province to 71.5% for Eastern province (Table 2). We carried out the Kruskal-Wallis test to examine the differences between provinces, type of specimen, source of specimen and the prevalence of NTM. Our results showed that there was no difference between the sources of specimens that is humans, animals and water (H-statistic: 0.6, P = 0.741) while according to provinces no significant difference was also found (H-statistic: 3.9, P = 0.421).



Species Distribution of NTM in Humans, Cattle, Kafue Lechwe and Water in Zambia

As shown in Table 3, the studies included in this review reported a wide range of NTM species. According to the 14 articles included in the study, 12/14 (85.71%) of the studies identified the NTM to species level while 2/14 (14.28%) did not speciate. During the study period 2000 to 2020 under review, 30 NTM species were isolated from humans, 12 from water, 2 from cattle and 1 from wildlife (Kafue Lechwe).


Table 3 | Nontuberculous mycobacteria species isolated from humans, livestock, wildlife and water in Zambia.



The most commonly isolated NTM in humans was MAC particularly M. intracellulare, followed by M. lentiflavum while in water the most commonly isolated NTM species was M. gordonae followed by M.fortuitum while in cattle M. intracellulare was the most isolated NTM followed by M. fortuitum. Mycobacterium stomatopae sp.nov was the only specie isolated from Kafue Lechwe (Table 3).




Discussion

This systematic review aimed at investigating the prevalent NTM in humans, animals and the environment. Additionally, it sought to determine NTM species distribution in these reservoir hosts and the zoonotic potential of NTM in Zambia among studies done from 2000 to 2020.


Prevalence of NTM in Humans in Zambia

Our results show that the prevalence of NTM in humans varied from province to province with the highest being reported in Eastern Province (71.50%) and the lowest in Lusaka (4.95%) (Table 2). The reasons which could have led to increased prevalence in Eastern province could be as a result of increased levels of immunosuppression as one of the studies done there comprised of chronically ill patients whose immune system was already suppressed (44) the other reason for high prevalence of NTM in Eastern Province could be due to the high number of studies done there compared to other provinces. However, despite the observed differences in prevalence the difference was not statistically significant using Kruskal-Wallis test.

The overall National prevalence for our review was found to be 24.39%, This high prevalence of NTM in the review demonstrates that NTM is a public health threat in Zambia (20). The reason for the high prevalence could be as a result of increased national TB prevalence as Zambia is among the 30 high burden TB countries in the world (40). The other reason could be increased proportion of immune-compromised individuals such as those who have HIV/AIDS, those on chemotherapy or steroid treatments (45). Studies have shown that previous TB treatment or present history of TB is a known factor that may increase incidence of NTM infection (54), other factors include pre-existing pulmonary disease, chronic obstructive pulmonary disease, diabetes, HIV/AIDS, steroids, and malignancy (54, 55). This high prevalence agrees with the study by Farnia and his colleagues (56) whose results showed that Zambia was the second country with the highest prevalence of NTM (1337/8304; 16.10%) in Africa, the first one being South Africa with (6457/8304; 77.75%), then Uganda (109/8304; 1.31%), and Kenya (104/8304; 1.25%).

The proportion of NTM in the current study is similar to the study done by Huang et al. (37) and Yoon et al. (57) in China and South Korea respectively who estimated an increase in proportion from 15.6% in 2013 to 46.1% in 2018 and from 9.4% in 2009 to 35.1% in 2016 respectively. The prevalence of this review study is higher than what was found by Bonnet and his colleagues (58) in Tanzania whose prevalence of NTM isolation was 10.8% and of disease 0.9% in patients with presumptive TB.

In many African countries due to lack of laboratory infrastructure for culture and NTM identification, many patients with NTMs are missed because the first line diagnostic tool for the diagnosis of TB is GeneXpert test. If the patient is co-infected (MTB and NTM) at diagnosis they are only presumptively classified as having pulmonary TB and are therefore, treated only for MTB while NTM infection is missed. The downside of this are the reported treatment failure rates which are then further misclassified simply as MDR-TB. This misclassification of relapse and treatment failure as MDR-TB elicits unnecessary use of second line drugs which are expensive and toxic to the body, while recent reports suggest that NTM are responsible for such cases (32). The high prevalence of HIV has led to the interest in NTM, given their potential to cause pulmonary and disseminated diseases. Therefore, detection and identification of NTM species and determination of their susceptibility profiles is necessary for infection control and for the determination of epidemiology and treatment strategies (20, 59).



Species Identification of NTM in Humans in Zambia

Different NTM species have been isolated in Zambia with the overall most common isolated being MAC particularly M. intracellulare, followed by M. lentiflavum and M. avium (Table 3). MAC is the overall common NTM species isolated in all continents and is frequently associated with disease (60). Of the MAC species, M. intracellulare and M. avium are the most frequent pathogenic members of the complex responsible for more than 60% of NTM infected patients (61). In our study among the MAC, M. intracellulare was the most common species 30.77% (88/286) compared to M. avium 7.34% (21/286).

The high prevalence of M.intracellulare is of concern in this setting given a high HIV prevalence and the ability of M.intracellure to cause pulmonary and extrapulmonary TB in such individuals (62). M. intracellulare maybe the cause of severe lung, lymphatic node, skin and bone or joint disease infection as well as bacteremia (63). Studies show that of the two (M. intracellulare and M. avium), M. intracellulare exhibit a severe presentation at diagnosis with a more unfavorable prognosis. It is also reported to be less responsive to chemotherapy (64, 65). Therefore species differentiation between M. avium and M.intracellulare may have a prognostic and therapeutic implication (63, 66).

Results from this review are consistent with other studies in which MAC particularly M. intracellulare was the most common isolated species in Tanzania, South Africa, Nigeria, South Korea and China (1, 24, 32, 37, 60, 67) and inconsistent with Bonnet et al. (58) were the common species isolated were M. fortuitum and M. abscessus (RGM) and M. intracellulare, M. gordonae and M. scrofulaceum (SGM). In Tanzania different results were found with M. gordonae, and M. interjectum 6 (16.7%) being the most isolated species (68). In Africa Mycobacterium kansasii (636/8304; 7.65%), Mycobacterium intracellulare (2278/8304; 7.43%), Mycobacterium avium (611/8304; 7.35%), and Mycobacterium avium complex (517/8304; 6.22%) were the most frequent species among different countries (56).

Many rarely isolated NTM were also identified in this study for example M. gilvum 1/286 (0.35%), M. interjectum, M. peregrinum 1/286 (0.35%), M. moriokaense 1/286 (0.35%), M. kumamotonense 2/286 (0.70%) and M. genavense 1/286 (0.35%). The total percentage of the rarely isolated NTMs was 5/286 (1.75%) of all the species isolated in humans compared to MAC which accounted for 111/286 (38.81%). Although some of these species have been isolated in other parts of the world from pulmonary samples, it is currently unclear what role they play in the etiology of pulmonary disease in Africa (39) while MAC are the common causes of NTM pulmonary disease.



Nontuberculous Mycobacteria in Animals in Zambia

Our results show that nontuberculous mycobacteria have been isolated from animals that is cattle carcasses showing tubercle-like lesions at meat inspection in Namwala district of Southern province of Zambia with a prevalence of 14.81% (12/81) and also from Kafue Lechwe showing tubercle-like lesions with a prevalence of 1.23% (1/81). These findings suggest the role of NTMs in causing lesions in animalss (69) and should further be evaluated on a large scale.

The species identified included M. intracellulare (8/12), and M. fortuitum (4/12) in cattle with M. intracellulare being the most common. These species have also been isolated in most of African countries in cattle tissues, faecal matter and cow dung (1, 62, 70–72). The isolation of these potentially pathogenic species in cattle poses high risk to humans as these species are able to cause infections in immunocompromised individuals such as those with HIV/AIDS. This is because in selected parts of developing countries such as Uganda, Zimbabwe and Zambia, humans live in close contact with cattle and this poses a high risk of zoonotic transmission (1, 72). Knowing that potentially pathogenic organisms are present in cattle is important for identifying control measures for human and animal populations.

In Kafue Lechwe the species isolated was M. stomatepiae sp Nov. this specie is known to cause diseases in fish (73) and the isolation of this species in Kafue Lechwe can be attributed to the way of life of the Kafue Lechwe which graze in water of 50cm and possibly contracted the species from the water and soil in the Kafue river possibly contaminated by infected fish (5). Different species have been isolated in wildlife in different countries, Katale et al. (62) isolated M. intracellulare and M. lentiflavum in Buffalo, Thompson gazelle and warthog. In Japan Mycolicibacterium peregrinum, Mycolicibacterium fortuitum, Mycolicibacterium septicum, and Mycolicibacterium thermoresistibile, and the eight SGM were Mycobacterium paraense, Mycolicibacterium sarupensis, Mycolicibacter virginiensis, and Mycobacterium nebraskense were isolated from different wildlife which were >99% similar to strains isolated from humans indicating a possibility of wildlife being reservoir of NTM. In South Africa NTM were isolated from African Buffalo and different other wildlife (74, 75).

These findings of isolation of NTMs in livestock and wildlife in Zambia confirms that domestic animals and wildlife are permanent reservoirs of mycobacteria infections and therefore poses a serious threat to the control and elimination programs of mycobacterial infections.



Nontuberculous Mycobacteria in Water

Nontuberculous mycobacteria are widely distributed in the natural and artificial environment and are commonly isolated from water and soil and studies suggest that natural water or drinking water are the principal sources of human and animal contamination (76). Our study shows that NTMs have been isolated in Namwala district of Zambia with a prevalence rate/isolation rate of 32/149 (21.5%) among the water samples collected from common water drinking points such as taps, boreholes, rivers, wells and streams/rivers. The majority of NTMs were isolated from borehole water sources 17(53.1%) followed by river 9 (28.1%), stream 3 (9.4%), dam 2 (6.3%), and tap 1 (3.1%) water sources. These findings are similar with other studies in which NTMs have been isolated in water with different proportions of isolation (1, 77–79).

Among the 32 NTM species isolated in our study, 23 were characterized to species levels, the most common species isolated was M. gordonae 5 (21.7%), other mycobacteria isolated included M. senegalense, M. peregrinum, M. gilvum, M. avium and M. fortuitum, M. kumamotonense, M. simiae, M. flavescens, M. housetonense, M. smegmatis, M. parafinicum (42).

M gordonae (the tap water bacillus) has been reported to be responsible for infections including skin and soft tissues infections, lung disease and liver and peritoneal infections. It is the most common mycobacterium isolated in hospital waters based on studies done recently (77, 80).

Different NTM species have been isolated in different localities, Moradi and his friends (79) isolated NTM in hospital waters with M. lentiflavum being the most commonly isolated followed by M. gordonae and M. paragordonae. Velayati et al. (81) isolated NTM in water and soil samples with M. fortuitum 93/282 (32.4%) being the most isolated followed by M. chelonae 38/282 (13.4%) while Crago et al. (78) isolated two species M. gordonae 88/183 and M. avium 34/183 in hospital water distribution system.

Soil and natural open water sources are known to contain mycobacteria and play a key role as sources of human and animal infection (82). Like other developing countries, the communities and their animals in Zambia pastoral ecosystems face challenges with safe drinking water. They rely mainly on untreated water from open natural water sources as valley tanks, dams, streams and swamps for drinking and household use. These limited water sources are shared among humans, livestock and wildlife. Water high in organic matter or animal dejections enhances the growth of environmental mycobacteria and such water is a source of human infection (1, 83).



Public Health Importance and Zoonotic Potential of NTM

In Zambia according to a study by Chanda-Kapata et al. (20), the high prevalence of NTM found among symptomatic participants in the population based study demonstrate that NTM is a public health problem. Despite this knowledge, data on the prevalence of human NTM in Zambia is limited, species distribution is also not known as the only national study done did not do species identification (20) and the source of human infection in Zambia is not clear as human to human transmission is uncommon (4, 14). Epidemiological studies suggest that natural or drinking water are the principal sources of human and animal contamination (76). This could be partly confirmed by Monde and her colleagues (42) who isolated similar species from water and humans in Namwala district of Zambia though studies need to be done at a larger scale to validate this. This is true in other countries as well as according to a study done by Marshall et al. (84) in Australia between 2001 and 2008 to investigate the relationship between genotype and geographical similarities between M. lentiflavum isolates from patients and drinking water which found that environmental colonies of M. lentiflavum were close to the strains that were isolated from patients. This suggests that drinking water can be the source of human infection for M. lentiflavum. Therefore prevention of public health risk of NTM in Zambia should take into account water treatment before it is accessed for domestic consumption (42). This is because in many parts of Zambia there is enough degree of overlap and interaction between humans, wildlife and the environment, increasing the potential for animal and human based contamination of natural water sources and transmission of NTM to livestock. These in turn act as reservoirs of NTM which has the potential to spill to the human population through consumption of meat and unpasteurized milk (32).

The isolation of NTMs from livestock raises a number of questions relating to the role of livestock as a source of human infections since human to human transmission of NTM is unknown (15). The isolation of M. intracellulare from both cattle and humans in Namwala district, a district which is in the Southern province of Zambia, a province known to have a high population of cattle raises the need for molecular analysis to further check the strains of NTM circulating in humans and animals to confirm the possibility of zoonotic transmission of NTM from animals to humans (5, 85). This is because NTMs can be transmitted to humans through consumption of meat and unpasteurized milk (32). This is a great challenge because the practice of consumption of raw milk and sour milk is common among cattle farmers in most Zambian communities (5). This, therefore, poses a health risk in the event that the milk is drawn from infected animals. Studies are therefore needed to confirm the zoonotic transmission as well as the genetic diversity of NTMs in cattle, environment and humans in Zambia.



Management and Treatment of NTM

Diseases caused by NTM are emerging in many settings with an increased number of patients needing treatment. The management of NTM infections is mainly by drug therapy, surgery or both. However, drug used to treat NTM disease are often expensive; the course is lengthy and treatment is often correlated with drug related toxicities (7, 86, 87). Outcome of treatment is poor and likely related to high levels of natural antibiotic resistance in NTM.

The treatment regimens varies according to species and the major difference being between slow versus rapid growing mycobacteria (7, 88, 89). For most SGM, the treatment regimens include rifampicin (rifapentine or rifabutin), ethambutol and a macrolide (azithromycin or clarithromycin), administered for 18 to 24 months, amikacin or streptomycin added in the initial 3 to 6 months in cases of severe disease. For RGM, regimens are based on in vitro drug susceptibility testing (DST) results (7, 87, 90).

The treatment of pulmonary NTM infection is difficult and entails multiple antibiotics and an extended treatment course (91). Cure rates of NTM PD differ according to species ranging from 30 to 50% in M. abscessus to 50 to 70% in MAC and 80 t0 90% in M. malmoense and M. kansasii (87).

For the treatment of NTM to be effective, the pathogenic strains circulating in a given area should be known especially in a setting were species identification of NTM is difficult and also were the prevalence of AFB positive is high which leads to misdiagnosing of NTM as TB (24). In Zambia, despite studies showing a high burden of NTM (20), there is need to investigate the drug susceptibility test (DST) profile of the NTM of clinical significance as according to ATS guideline the treatment of rapid growing NTM should be based on the DST results (7). Therefore, the management of NTM relies solely on knowing which species are common in the different parts of Zambia as culture is not done in most of the hospitals and the species distribution of NTM differ according to geographic location. Through this knowledge only will it be possible to develop appropriate intervention strategies including prevention and control of NTM in Zambia.




Limitations

Given our findings, it is important to note that this review has also some limitations, first we did not describe much regarding global epidemiology and this article may not be of particular interest to researchers outside Zambia. However, this study was intended to serve as a local epidemiologic reference for physicians and scientists in Zambia. Secondly, we only searched two recognized electronic databases and only included articles written in English, making it possible to leave out studies or publications that may be relevant to this review. Thirdly, to calculate the prevalence, percentages from different studies were used. However, studies had different sample sizes and this may have affected our calculated prevalence. Lastly the species distribution reported in this study may not be a true reflection of the species distribution in Zambia as the only national study done did not do species identification.



Conclusion and Recommendation

This review has shown that NTM is an emerging public health threat in Zambia as seen from the high prevalence of NTM in humans, water and animals. M. intracellulare was the most common isolated NTM in humans and cattle, M. gordonae in water, and M. stomatepiae sp Nov in Kafue Lechwe. The review has also identified knowledge gaps in the management of NTM in Zambia. Molecular information on the zoonotic transmission of NTM in Zambia is lacking and also the DST profile as well as the genes conferring drug resistant to NTM is unknown. We therefore recommend increased awareness of NTM diseases among clinicians and laboratory personnel as this is crucial for clinical management of NTM diseases and an essential step for facilitating the identification of NTM species in laboratories. Studies on NTM should be done nationwide so that species distribution of NTM in Zambia can be known, and the genetic diversity or gene analysis of NTM strains isolated from humans, animals and the environment should be investigated. This is in order to determine the probable source of human NTM infections in Zambia, as this is cardinal for the management of patients. Studies should also be done focusing on the whole genome sequencing of NTM in Zambia so as to determine the genes conferring drug resistant because this is important for the treatment of NTM disease in Zambia.
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