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Abstract

Background: Nontuberculous mycobacteria (NTMs) are common saprophytes found in environmental
niches. These mycobacteria species are not classified as members of the Mycobacterium tuberculosis
complex (MTBC). There are very few data on the isolation and identification of NTM from water sources in
Ghana. The main objective of this study was to isolate and classify NTM infections occurring in various
sources of drinking water that are frequently used by inhabitants of the Central Region of Ghana. Methods:
In total, 45 water samples were collected from river bodies, Ghana Water Company Limited treatment
plants, community taps, wells and boreholes. Conventional acid-fast staining, culture on Lowestein-Jensen
(L-J) slants, the Capilia® TB-Neo assay, PCR and PCR-Restriction Fragment Length Polymorphism (PCR-
RFLP) analysis were also performed. The 360 bp fragment of the rpoB gene was amplified for isolates
characterised as NTM, and the products were individually subjected to digestion with the restriction
endonucleases Mspl and Haelll. Results: Thirty-one (31; 68.9%) of the isolates obtained from the samples
were confirmed by the Capilia TB-Neo assay to be NTM. The rpoB gene was detected in seventeen (17;

54.8%) of the samples. PCR-restriction fragment length polymorphism analysis revealed Mycobacterium

a35
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celatum, Mycobacterium gordonae type II, Mycobacterium simae, Mycobacterium genavense,
Mycobacterium kansasii type V, Mycobacterium kansasii type I, and Mycobacterium phlei in the water
samples. Conclusion: Hopefully, the findings from this study will add to the baseline information on the
occurrence and characterisation of NTMs in various water sources (in the Central Region of Ghana).
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INTRODUCTION

The genus Mycobacterium consists of several species that can be divided into three broad groups:
the Mycobacterium tuberculosis complex (MTBC), Mycobacterium leprae and atypical or nontuberculous
mycobacteria (NTMs) [1]. Nontuberculous mycobacteria (NTM) are mostly found in water bodies, soil,
animals, birds and humans [2, 3, 4]. They can survive across a varied range of temperatures and pH values,
making different water sources, such as treated water, ground water, surface water (particularly from
riverine sources), waste water and recreational water (swimming pools and water bodies adapted for sports),
suitable environments for survival for long periods of time [5, 6]. The most frequently found or isolated
species are M. avium, M. chelonae, M. fortuitum, M. gordonae, M. kansasii, M. abscessus, M. marinum and
M. xenopi [7, 8]. Nontuberculous mycobacteria (NTM) have also been isolated from meat, unpasteurised
milk, and harvested fruits and vegetables [9]. These organisms were formerly not considered clinically
significant until recently when they were found to be implicated in some human infections [10]. As of 2011,
172 different species of NTM had been classified, and the potential pathogenic species were M. avium, M.
intracellulare, M. kansasii, M. xenopi, and M. abscessus, which can cause pulmonary disease [11]. Recent
studies have identified more than 200 species of NTM via genomic data [12, 13, 14].

Infections caused by MTBC and NTM exhibit similar clinical and radiological features.
Additionally, as with all Mycobacteria, both MTBC and NTM are acid-fast bacteria; therefore, it is not
possible to differentiate them through acid-fast microscopy. The discovery of the opportunistic nature of
these bacteria in human infections, particularly in persons with underlying conditions such as immune
dysfunctions such as HIV, has propelled NTM as a mycobacterial threat of great importance for public
health worldwide, especially because of its resistance to conventional antimycobacterial drugs such as anti-
TB drugs [15]. However, developed countries have a well-documented prevalence of NTM disease [16], in
contrast to less developed countries, where only a small amount of data is readily available on the

occurrence of these organisms and their clinical manifestations [17]. Data and knowledge about the
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distribution of NTMs in the environment, particularly in aquatic environments (water distribution systems in
association with biofilm matrices and other aquatic ecosystems), are well known in developed countries
where NTMs have been well established and used to design effective control measures.

In developing countries such as Ghana, there is a paucity of data on the occurrence and distribution
of these organisms. The presence of NTM in human samples has been established, and NTM is gaining
importance as a pathogen of public health interest [13]. The transmission of NTM from human to human is
rare [18], but rather, human diseases are thought to be acquired from environmental sources such as soil,
dust and water. Human infection with NTM through ingestion, inhalation and inoculation has been clearly
attributed to environmental sources [19]. Therefore, isolating and identifying NTM are highly important for
laying the foundation for understanding their epidemiology and for designing and implementing public
health policies to help control and prevent their infection and transmission. Differentiations of strains or
isolates have been performed by employing Restriction Fragment Length Polymorphism (RFLP) to
characterize isolates below species or subspecies levels. The application of molecular biology techniques in
bacterial typing to generate isolate specific genetic fingerprints has proven to be suitable in assessing
epidemiological relatedness of organisms [20]. The main aim of this study was to recover and identify NTM
in water samples obtained from the water supply chain in parts of the Central Region of Ghana using

microbiological and molecular methods.

MATERIALS AND METHODS
Study Area

The main sources of potable drinking water in Ghana are designed, supervised and operated by the
Ghana Water Company Limited (GWCL). The majority of the human population in the Central Region of
Ghana accesses drinking water from GWCL supply points for their daily essential needs and activities. A
total of eight (8) treatment plants (headworks) in the region namely, Sekyere Hemang, Brimsu Old, Brimsu
New, Baifikrom, Essakyir, Winneba, Kwanyako Old and Kwanyako New were sampled as well as the
feeder rivers to these plants. These plants use surface water (i.e., from rivers) and then apply conventional

treatment methods (alum flocculation, sedimentation, rapid sand filtration and chlorination) for water
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purification [21]. Treated water from the water distribution chain serves approximately 80% of the

inhabitants of the region [22].
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Sample Collection

This was a cross-sectional study conducted within a five-week period (May to June 2018) from the feeder
sources to the treatment plants, treated water at the GWCL treatment plants, reservoirs, taps in the
community (i.e., point-of-use), community boreholes and open wells, which are being used by inhabitants of
these towns. A total of 45 samples were obtained from thirty-nine (39) sources: twelve (12) from rivers,
sixteen (16) from GWCL treatment plants, four (4) from reservoirs, five (5) from boreholes and two (2)
from wells. Approximately 0.5 L of water was collected into labelled sterile plastic bottles. This sample was
subsequently transported to the Cellular and Clinical Research Centre (CCRC) within the Radiological and
Medical Sciences Research Institute at the Ghana Atomic Energy Commission (GAEC) on ice for analysis
within 48 hours of collection. The parameters of the water samples, such as odour, appearance, colour,
temperature, pH and residual chlorine content, were measured according to the procedures employed by
GWHCL in routine water quality assessments. A Multi-Parameter PCSTestr 35 (Oakton Instruments, Vernon
Hills, IL 60061-USA) was used to measure the temperature and pH of all the samples. The residual chlorine
concentrations were measured with a Hach portable digital colorimeter (DR/820 Hach Company, Loveland,

Colorado, U.S.A.) following the manufacturer’s instructions.
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Identification of strains using phenotypic and genotypic tests

The isolation of strains included macroscopic and microscopic morphological characteristics.
Approximately 200 ml of each water sample was decontaminated using 4% sodium hydroxide (NaOH)
solution and centrifuged (IEC Refrigerated Centrifuge, IEC Centra GP8R, IEC International Equipment
Company, USA) at 3000xg for 20 minutes at room temperature (25-27°C). The pellets were re-dissolved in
sterile double-distilled water. Approximately 100 pL of the suspension was inoculated on slants of
Lowestein-Jensen (LJ) media in replicates. These replicate slants were divided into two groups, incubated at
30°C and 37°C due to suitable environmental conditions, and observed routinely for eight (8) weeks. The
observed slants with growths (visible colonies) were subsequently harvested and subjected to Ziehl-Neelsen
(ZN) staining microscopy to confirm their acid-fastness. Colonies that were identified as AFBs were
selected for categorisation as MTBC or NTM by employing the rapid diagnostic Capilia® TB-Neo assay
(TAUNS Laboratories, Inc., Japan) following the manufacturer’s instructions. All identified NTM isolates

were selected for DNA analysis.

DNA extraction, PCR (rpoB gene amplification) and RFLP
For the extraction of DNA, the simple boiling method was applied and described by [23]. In brief, a loopful
(1 um) of each colony on the LJ medium was suspended in one ml of sterile distilled water. This suspension
was heated in a heating block at 100°C for 20 minutes to lyse the mycobacteria to obtain DNA, which was
subsequently centrifuged at 14000xg for 10 minutes. The supernatant containing DNA was transferred into
a fresh sterile 1.5 ml capped tubes and stored at -20°C until further analysis.

For the identification of NTM, the rpoB gene-based PCR was performed using the primers RPOS5’
(5~ TCAAGGAGAAGCGCTACGA-3’) and RPO3’ (5’-GGATGTTGATCAGGG TCTGC-3’) to amplify a
360 bp fragment (171 bp of variable region and 189 bp of conserved region) in the mycobacterial genome.
Amplification was performed in a 25 pL reaction volume with each reaction mixture containing 15.1 pL
sterilised distilled water, 2.5 pL of 10x reaction buffer, 0.4 pL of MgCly, 0.8 pL of dNTPs, 0.2 pL of 1 unit
Hot Start Taq polymerase, 0.5 pL each of forward and reverse primers and 5 pL of DNA template. The PCR
amplification cycle was performed under the following conditions: 95°C for 5 minutes; 35 cycles of 94°C
for 1 minute, 58°C for 1 minute, and 72°C for 1 minute; and a final extension at 72°C for 7 minutes on a

PCR machine (BIO RAD PTC0220, Bio-Rad Laboratories, Inc., USA). The amplified PCR products were
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resolved by electrophoresis for 1 hour on a 1.5% SeaKem LE agarose gel (Lonza, Rockland, ME, USA)
stained with ethidium bromide in a 1x TBE buffer (Tris base, boric acid, EDTA: pH 8.3; Sigma—Aldrich,
Inc., USA) at 80 mV and 70 mA using a horizontal gel electrophoresis apparatus (Minicell Primo EC135).
The DNA fragments were visualized with an Alpha DigiDoc Ease FC software system coupled to an
Olympus digital camera (Model AT126 D) from Alpha Innotech Corp., USA. Band sizes were determined
by mapping with positive controls and a standard 100-base pair DNA ladder (Metabion GmbH, Germany).
The amplified PCR products (360 bp products) were selected and digested with the restriction
endonucleases Mspl and Haelll (New England Biolabs, Inc., USA) as described previously (21) following
the manufacturer’s instructions. The digestion was carried out for 2 hours at 37°C. Mspl digestion was
stopped by the addition of 5 pL of (6X) loading buffer, while Haelll digestion was stopped by inactivation
at 80°C for 20 minutes. The digested products were resolved on a 4% SeaKem LE Agarose gel (Lonza,
Rockland, ME, USA) for analysis. Resolved fragments were analysed by the inclusion of positive and
negative controls and molecular size markers (50bp and 100bp ladders). Species were identified upon
comparison with an algorithm constructed by [24] for NTM species identification.

RESULTS AND DISCUSSION

Table 1: Chemical / Physical and Molecular parameters

Culture on Molecular

Physical parameters LJ media Analysis
Source of Samples (n=45) (n=45)
Visible
Appearance Odour Colour Colonies rpoB gene
30°C  37°C 30°C 37°C
GWCL Treatment
Plants Clear Odourless Colourless 127 127 9.1 10
GWCL Resevoirs Clear Odourless Colourless 5.4 3.6 182 20
Sample
Source Earthy and Pale
Categories  River Sources Turbid fishy yellow/brown 145 109 182 20
Community Taps Clear Odourless Colourless 18.1 164 36.3 40
Boreholes/Wells Clear Odourless Colourless 7.3 54 182 10
General Characteristics
pH range Residual Chlorine (mg/L) Temp. (°C)
49-82 01-22 24.8 - 35.0
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Molecular analysis results

PCR-RFLP is one of the PCR-based techniques used for strain typing that focuses on studying the
polymorphisms in one or a few genes for identification and differentiation. A gene is amplified, followed by
restriction enzyme treatment of the PCR products and size separation of the resulting fragments. A total of
11 and 10 isolates realised after culture at 30°C and 37°C, respectively, were categorised as NTM by the
Capilia® Neo-TB test for the two replicates. For the group of isolates obtained after culture, the rpoB gene
was successfully amplified. The genetic variations (insertions, deletions, recombination, etc.) within the
gene or locus in the restriction enzyme recognition sequence sites, are easily detected by agarose gel

electrophoresis [25, 26, 27]. Figure 2 shows the resulting bands after PCR was run for eight samples.

Figure 2: A representative electropherogram of amplicons obtained from samples after PCR of the rpoB gene.

Amplified products of the rpoB gene were separately subjected to digestion with the restriction

endonucleases Haelll and Mspl.
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Figure 3: RFLP of PCR products with Haelll restriction enzyme run on 4% agarose gel (AGE).
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Figure 4: RFLP of PCR products with Mspl restriction enzyme run on 4% agarose gel (AGE).

Undoubtedly, the clinical importance of NTM in public health has grown considerably in the last few
decades [28, 29]. Water, in general, has been documented as one of the major sources of NTM infection, as
well as birds, animals and soil [2, 3], but it is not the only source [30]. Nontuberculous Mycobacteria have
also been isolated from meat, fish, dairy products (especially unpasteurised milk), fruits and vegetables [9].

They are normally found in natural environments.
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Many pathogenic and potentially pathogenic NTMs are found in water sources, especially drinking
water. Its isolation from portable water dates back to the early 1900s with the identification of several
species, such as M. kansasii, M. lentiflavum, M. avium, and M. intracellulare, which are associated with
human disease [31, 32, 33]. Further studies have expanded the list to include the Mycobacterium avium
complex, Mycobacterium gordonae, Mycobacterium kansasii, Mycobacterium fortuitum, Mycobacterium
simiae, Mycobacterium senegalense, Mycobacterium chelonae and Mycobacterium xenopii [30, 34, 35].
Nontuberculous mycobacteria (NTMs), which contaminate water distribution systems, are generally known
to cause nosocomial infections in hospitals [36]. Mycobacterium gordonae, M. chelonae and M. simiae have
been identified in dental cooling and spray syringe handpiece water samples [37].

Currently, very little data exist on the NTM species present, especially in water distribution systems,
in Ghana. A study by [38] conducted in Ghana indicated that the prevalence and epidemiology of NTMs are
largely unknown, while [39] focused on the isolation of NTM from smear—positive pulmonary TB cases in
selected health facilities. No reported data on NTM isolated from direct water drinking sources have been
reported. Most research on NTM has focused on its presence in human samples and water in the hospital
environment. Some studies have failed to isolate and identify NTM from drinking water due to the isolation
methods applied [40].

Suthienkul et al. analysed V. parahaemolyticus and the TDH and TRH genes of 137 V.
parahaemolyticus using PCR-RFLP which indicated that TDH can divide into 5 types while TRH 4 types
after digestion with restriction enzyme Hind 111 [41]. Klich et al. differentiated two related species A. flavus
and A. oryzae using PCR-RFLP and stated their phylogenetic relationships [42]. The main techniques
employed in this study were LJ culture (figure 1), the Capilia TB-Neo assay, the PCR restriction fragment
length polymorphism (PCR-RFLP) with the rpoB gene (figure 2) and the restriction enzymes Mspl (figure
4) and Haelll (figure 3) for identification. The results obtained indicated that 38/45 (84.4%) of the samples
had grown on LJ media. Of the isolates harvested from LJ slants, 31/38 (81.6%) were acid-fast, and all were
confirmed to be NTM by the Capilia® TB-Neo assay. Of the 45 samples examined, 31/45 (68.9%) contained
acid-fast bacilli according to ZN staining. This study revealed a high isolation rate of NTM from borehole
water sources, similar to the findings of previous studies [43] in Zambia. This can be attributed to the high
levels of organic matter in the boreholes, which encourages an increase in mycobacterial flora [30, 36]. The

percentage of NTM isolated from community tap water after treatment was the lowest in their study but the
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second highest in our study. This could be ascribed to old rusty pipes that have accumulated biofilms in the
transmission line, as inferred or stated by [44] that, in Germany, 90% of biofilm samples from pipes of
various water distribution systems contained mycobacteria, signifying the presence of mycobacterial
biofilms in piping systems. The low mycobacterial isolation rate from water samples obtained from treated
plants could be due to the lethal effect of chlorine during the treatment process.

Our study revealed the presence of M. scrofulaceum, M. gordonae, M. genavense, M. celatum, M.
kansasii and M. simiae, which have been described as causing pulmonary or disseminated disease in
immunocompromised patients in some studies [45, 46, 47]. Other studies isolated M. kansasii, M. simiae
and M. gordonae, which are implicated in human disease and are capable of causing clinically significant
diseases in both immune-competent and immune-compromised individuals [48, 49]. However, M. gordonae
isolated from such sources has a limited need for nutrients and high tolerance for chlorine and is 330 times
more resistant to chlorine than is Escherichia coli [5]. The prevalence of NTM isolated from drinking water
sources in Australia, France, Germany and South America ranged from 57% - 72%, respectively [30, 44,
50], but our study recorded 82%. A previous study [51] indicated that 98% of mycobacteria can be cultured
once from faucets in the U.S., while this study recorded an 84% growth rate.

These studies have demonstrated that drinking water and its supply networks are common habitats
for NTM, as stated by [52, 53]. The presence of these mycobacteria is a public health concern. Large
numbers of NTM in the environment can cause serious outbreaks of pulmonary disease and disseminated
disease with localised lesions, particularly in immunocompromised individuals, such as those with
HIV/AIDS and persons receiving chemotherapy for neoplastic disease or steroid treatment [29, 54].
Individuals at high risk of NTM infection are those with a previous or present history of TB treatment, pre-
existing pulmonary disease, chronic obstructive pulmonary disease, diabetes, or malignancy [28, 55].
CONCLUSION
This study highlights the emergence of NTM as a major public health threat in the public health sector in
parts of the Central Region of Ghana through the isolation of NTM from different drinking water sources
within the Cape Coast Municipality. Knowledge and management of NTM infection are major challenges
because of a lack of data and information. The preliminary findings of this study will help construct data
and information for further inquiry into the nature of NTM in the environment, particularly aquatic

ecosystems. It is recommended that a wider study be conducted to increase the identification of many
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additional NTM species and determine their distribution within aquatic ecosystems. Additional molecular
studies are required to provide clearer genetic insight into NTM species isolated from water sources in

Ghana.
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