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Public health relevance of non-tuberculous mycobacteria among AFB
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Abstract

Background Sputum smear microscopy for acid fast bacilli (AFB) is used by most public health
programmes to detect tuberculosis. While most AFB in countries endemic for tuberculosis are
Mycobacterium tuberculosis (MTB), some may also be non-tuberculous mycobacteria (NTM). The
inability to differentiate NTM from MTB by sputum smear microscopy may lead to erroneous diagnoses
of tuberculosis, leading in turn to inappropriate therapy.

Methods This was a retrospective study of consecutive sputum samples received from November
2013 to March 2015 in the Department of Microbiology, Bhopal Memorial Hospital & Research
Centre, Bhopal, India. Samples underwent smear microscopy, line probe assay (LPA) for MTB complex,
culture, biochemical tests and LPA for NTM.

Results Of 4095 sputum samples, 2886 were AFB smear positive (70.5%). Of these, MTB complex
was detected in 2611 (90.5%) samples by LPA. Of the remaining 275 samples, 47 grew AFB on culture.
Nine strains belonged to the MTB complex. The remaining 38 (1.3%) were NTM, and could be
speciated in 26 strains; 14 (53.8 %) were M. abscessus; 10 (38.4%) M. intracellulare, one (3.8%) M.
kansasii and one (3.8%) M. fortuitum. The remaining 12 NTM could not be speciated.

Conclusion NTM were present in at least 1.3% of all smear positive samples. It is important for
public health programs to recognize the avoidable burden on logistics, infrastructure and finances caused
by this. Detection and quantification of this burden would help design an appropriate strategy for

optimal tuberculosis control.
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Introduction
Sputum smear microscopy has been the
long-standing primary method for diagnosis of
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pulmonary tuberculosis (TB) in low and middle
income countries, where nearly 95% of TB cases
occur. Hence, it remains an integral part of the
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global strategy for TB control, as well as public
health programs for TB control in these
countries." Diagnosis of pulmonary TB by
sputum smear microscopy involves detection of
acid fast bacilli (AFB) in the smear. While most
of the AFB seen in smears in countries endemic
for tuberculosis are usually Mycobacterium
tuberculosis (MTB), there are other potentially
pathogenic mycobacteria called non-tuberculous
mycobacteria (NTM) which may be present in a
proportion of sputa. These mycobacteria include
Mycobacterium species that are not members of
the MTB complex and that can cause atypical
mycobacterial infections. The inability to
differentiate this group of organisms from MTB
by sputum smear microscopy may lead to an
erroneous diagnosis of tuberculosis in such
patients, leading in turn to
inappropriate/unwarranted therapy. The present
study aims to assess the proportion of NTM in
AFB smear positive sputum samples. This
information would provide some indicators on
the number of patients who may be receiving
inappropriate therapy due to an erroneous
diagnosis of pulmonary tuberculosis based on
AFB smear positivity. It may also unmask a
hitherto unidentified reservoir of these emerging
pathogens.

Methods

Study setting

This was a retrospective study carried out in
the Department of Microbiology, Bhopal
Memorial Hospital &  Research  Centre
(BMHRC), Bhopal, India, on samples received
from November 2013 to March 2015 as a part of
routine, mandated diagnostic workup for
tuberculosis.

Study samples

The sample size included all consecutive
sputum samples from routine presumptive TB
cases that were received at the Department of
Microbiology, BMHRC, Bhopal, for TB
diagnosis and drug sensitivity testing from
November 2013 to March 2015. Ethics approval
was obtained from the Institutional Ethics

Committee (IEC/08/Micro/14 dated 28 March

2014) to carry out this study. The samples were
received from all over the central state of
Madhya Pradesh, India. This study analyzed the
results of culture and molecular tests used for
identification of AFB in the clinical samples.
Samples were collected at peripheral districts in
screw capped containers and were transported
the same day at temperatures between 15°C to
20°C to our laboratory. The temperatures were
checked on receipt of the samples in the
laboratory. All patients from whom samples
were collected were registered with the Revised
National Tuberculosis Control Programme
(RNTCP) of India for diagnosis and treatment
of tuberculosis.

Inclusion criteria

The study applied the following inclusion
criteria: 1) sputum samples with a Q score of at
least 1+, and 2) AFB smear positive on
microscopy. Sample quality rating was done by
using the QQ score. Numbers of neutrophils and
squamous epithelial cells were assigned a value
per low-powered field (10x) and the results were
summed up. The potential range for neutrophils
and squamous epithelial cells was O to +3 and -3
to O respectively which resulted in a potential
range of values for the Q score from -3 to +3.°

Exclusion criteria

The study applied the following exclusion
criteria: 1) mislabelled samples, and 2) evidence
of leakage of sputum sample from its container
on receipt of the sample.

Smear microscopy

Sputum samples were screened by fluorescent
microscopy using Auramine O stain and smears
found to be positive were confirmed by light
microscopy using Ziehl-Neelsen’s stain as per the
standard protocols of both staining methods.”*
Sputa were graded for positivity of AFB as per
RNTCP (India) guidelines,™ decontaminated
according to standard RNTCP (India)
guidelines’ and divided into two parts.

Line probe assay for MTB complex

Mycobacterial DNA was extracted from one
part of the decontaminated smear positive
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sputum samples using GenoLyse®, VERI.0
(Hain Lifescience, GmBH, Nehren, Germany)
according to the manufacturer’s guidelines® and
stored at 4°C for a maximum of two days in
order to batch the samples. Line Probe Assay
was carried out using GenoType®
MTBDRplus,VER 2.0 (Hain Lifescience,
GmBH, Nehren, Germany) to look for the
presence of MTB complex as well as drug
resistance to rifampicin and isoniazid, as per
manufacturer’s instructions.®

Culture

Decontaminated samples of those sputum
samples that were found to have no members of
MTB complex were cultured on Loéwenstein-
Jensen (LJ) media as per standard RNTCP
(India) protocol’ and incubated at 37°C for a
maximum of 8 weeks. Any strain of AFB grown
from these samples was put up for biochemical
tests and an rRNA based DNA hybridization
assay (Accuprobe® System; Gen-Probe Inc., San
Diego, CA, USA) to detect the presence of MTB
complex, if any, according to the manufacturer’s
guidelines.’

Line probe assay for NTM

The strains negative for MTB complex were
confirmed as NTM by negative niacin
accumulation test, growth on paranitrobenzoic
acid (PNB) incorporated L] media, positive
catalase test and a negative result of a ribosomal
RNA based DNA hybridization assay for
Mycobacterium
(Accuprobe® System  Gen-Probe Inc., San
Diego, CA, USA). DNA was extracted from
these NTM using GenoLyse®, VER1.0 (Hain
Lifescience, =~ GmBH, Nehren, Germany)
according to the manufacturer’s instructions.
Line probe assay for NTM was carried out using
GenoType® Mycobacterium common
mycobacteria (CM), VER 1.0 (Hain Lifescience,
GmBH, Nehren, Germany) to identify the NTM
as per the manufacturer’s guidelines.

If NTM were detected in a sputum sample, a
request was made to the treatment providers to
organize to send three consecutive sputum
samples from the patient in order to understand

tuberculosis complex

whether there was an NTM infection according
to the established American Thoracic Society
(ATS) criteria.” Smear microscopy, culture and
LPA were then again carried out as described
above.

Treatment outcomes

Details of treatment outcomes
(cured/defaulted/lost to follow
up/dead/ongoing treatment) of those patients in
whom NTM were detected, were collected from
their treatment providers.

A defaulter was a patient whose TB treatment
was interrupted for two or more consecutive
months for any reason. A patient who was lost
to follow up never returned to the programme.

Results

Study samples

Of the 4123 samples received in the
laboratory during the given time period,
evidence for leakage of sputum was seen in 28
sample containers, and these samples were not
processed (Figure 1). There were 4095 sputum
samples processed for tuberculosis workup in
the given time period, out of which 2886
(70.5%) were AFB smear positive while 1209
(29.5%) were AFB smear negative and excluded
from our study.

LPA for MTB complex

Out of all smear positive sputa, MTB
complex was detected in 2611 (90.5%) samples
by LPA using GenoType® MTBDRplus, VER
2.0.

Culture on L] media

The remaining 275 (9.5%) samples out of
2886 smear positive samples were cultured on L]
media. Forty seven samples showed growth of
strains of acid fast bacilli on LJ media.
Ribosomal RNA based DNA hybridization assay
for MTB complex (Accuprobe® System) of the
strains from L] media detected MTB complex in
nine strains grown from nine samples
respectively.

www.germs.ro ®* GERMS 7(1) ® March 2017 ¢ page 12



Public health relevance of non-tuberculous mycobacteria - Desikan et al. ® Original article

Total no. of samples received (n=4123)

Smear microscopy
Inclusion criteria:

e Sputum samples with a Q score of at least 1+
*  AFB smear positive on microscopy

Smear negative samples not

Samples excluded

put on LPA (n=1209)

Y

h 4

(n=28)

LPA of only smear positive samples (with
GenoType®MTBDRplus, VER 2.0 for
Myeobacterium tuberculosis complex and
resistance to RIF and INH (n=2886)

Samples positive for MTB

h

(n=2611)

Smear positive samples negative for MTB
complex cultured on L] media. (n=275)

h 4

No growth on LI (n=228) |

v

Samples with growth of AFB on LJ (n=47).
Assay for MTB complex using Accuprobe® System
and biochemical tests (n=47)

Y

» MTB complex present (n=9) |

LPA with GenoType® Mycobacterium
CM, VER 1.0 to speciate NTM (n=38)

Test system could not speciate some

A 4

h 4

NTM due to limited menu (n=12)

NTM speciated (n=26)

o M abscessus (n=14)

o M. intracellulare (n=10)
o M kansasii (n=1)

o M fortuitum (n=1)

Sample quality rating was done by using the Q score, which assessed the numbers of neutrophils (0 to +3) and
squamous epithelial cells (-3 to 0) per low-powered field (10x).

AFB - acid fast bacilli; INH - isoniazid; L] - Léwenstein-Jensen; LPA - line probe assay; MTB - Mycobacterium
tuberculosis; NTM - non-tuberculous mycobacteria; RIF - rifampicin.

Figure 1. Study flow diagram showing samples included in the analysis and test results

The remaining 38 were NTM, as confirmed
by negative niacin accumulation test, growth on
PNB incorporated L] media, positive catalase
test and a negative result of ribosomal RNA

based DNA hybridization assay for MTB
complex (Accuprobe® System).

LPA for NTM

DNA isolates from strains of NTM grown
from the 38 samples were tested by LPA using
GenoType® Mycobacterium CM, VER 1.0. NTM
could be speciated from the DNA isolates of 26
strains. The remaining 12 NTM could not be
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speciated. Out of the 26 DNA isolates that could
be speciated, 14 (53.8%) were identified as M.
abscessus, 10 (38.4%) as M. intracellulare, one
(3.8%) as M. kansasii and one (3.8%) as M.

fortuitum by GenoType® Mycobacterium CM,
VER 1.0 (Table 1).

Table 1. Frequency of NTM species speciated
by GenoType® Mycobacterium CM assay

Non tuberculous Frequency,
mycobacteria species n (%)
M. abscessus 14 (53.8%)
M. intracellulare 10 (38.4%)
M. kansasii 1 (3.8%)
M. fortuitum 1 (3.8%)
Total 26

We could also retrieve demographic data
(gender and age) of all 38 patients whose sputum
samples showed positive NTM growth. The
demographic characteristics of the patients are
given in Table 2. Out of the 38 patients from
whom NTM were isolated, 28 (73.6%) were
males and 10 (26.3%) were females. The
prevalence of NTM isolation increased with age,
ranging from 0% in patients younger than 20
years to 60.5% in patients aged 41-60 years.

Table 2. Demographic characteristics of NTM
positive individuals (n=38)

Characteristic Number (%) of patients
Gender

Males 28 (73.6%)

Females 10 (26.3%)
Age group

<20 years 0 (0%)

21-40 years 10 (26.3%)

41-60 years 23 (60.5%)

>60 years 5(13.1%)
Outcomes

Since MTB complex was detected in 2611
(90.5%) of the AFB smear positive sputum
samples, it is probable that NTM were present in
the remaining 275 (9.5%) samples when all
other variables were accounted for. However,
our testing algorithm (with its inherent
limitations) was able to conclusively determine

that NTMs were present in 38 out of 2886
smear positive sputum samples (1.3%) received
in the laboratory for diagnosis of TB.

All 38 patients with NTM in their sputa had
received anti-TB therapy (ATT) as per national
RNTCP (India) guidelines,” based on the
presence of AFB in their sputa. Of them, only
12 (31.6%) were cured as per RNTCP (India)
guidelines.” Six (15.8%) patients died; 13
(34.2%) were lost to follow up; one (2.6%)
defaulted; and six (15.8%) were still on standard
treatment (Table 3). During the same period in
this region, among patients diagnosed with
tuberculosis, 86% were cured, 4% died, 1%
failed treatment and 5% defaulted."

Table 3. Outcome details of patients whose
samples were positive for NTM (n=38)

Outcome details Frequency, n (%)

Cured 12 (31.6%)
Died 6 (15.8%)
Lost to follow up 13 (34.2%)

Defaulted 1(2.6%)
Still on treatment 6 (15.8%)

Of all the patients in whom NTM were
detected, three consecutive sputum samples were
received from only two patients. In one patient,
NTM was not grown on culture in the three
consecutive samples. The other patient had
already been cured before the samples were sent
to us.

Discussion

In our study, out of 2886 AFB smear positive
sputum samples, MTB complex was detected in
2611 (90.5%) samples. Of the remaining 275
samples, 47 grew AFB on culture, of which 9
strains belonged to the MTB complex. The
remaining 38 (1.3%) were NTM, and species
identification could be done only in 26 strains.
Out of 26 DNA isolates, 53.8% were M. abscessus,
38.4% M. intracellulare, 3.8% M. kansasii and
3.8% M. fortuitum.

The current scenario
In 2013, an estimated nine million people
worldwide developed TB, of whom 1.5 million
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died from the disease.'" India is the second most
populous country in the world, and one fourth of
the global incident TB cases occur in India
annually. There were 619,923 new smear
positives in 2013, with a treatment failure rate of
2%." This would mean that 12,398 new smear
positive patients failed treatment in 2013. The
reasons for treatment failures are many, but one
reason could be an erroneous diagnosis of TB
due to dependence on only smear microscopy for
initial diagnosis of the disease. This could be due,
in part, to the presence of NTM in sputum
samples, and the fact that smear microscopy is

not an effective tool to differentiate between
NTM and MTB.

Dependency on smear microscopy and the
risk of inappropriate therapy

In many developing countries, particularly
among those that have the largest burden of TB,
sputum smear microscopy still remains the only
bacteriologic basis for diagnosis of TB in primary
health care centers. As a consequence, despite
recent advances in rapid diagnostics, smear
microscopy is possibly the only method by which
diagnosis and treatment can be accessed in these
areas.

The public health program in India also
depends mainly on sputum AFB smear positivity
for diagnosis and treatment of TB, and our
results indicate that at least 1.3% of AFB smear
positive patients are at risk of receiving
inappropriate diagnosis and therapy. The latest
available national figures state that the annual
detection of AFB smear positive sputum samples
in India is 928,190 (data for 2013)." Assuming
that 1.3% of 928,190 are falsely diagnosed as
having infection with MTB while they have NTM
instead, this would mean that there are
approximately 12,000 such patients annually.
Even though this proportion of patients may not
be significant, the fact still remains that a large
number of patients may be at risk of receiving
inappropriate diagnosis and therapy.

NTM in clinical samples
There has been increased isolation of NTM
causing mycobacterial diseases.”'* In a previous

study from India, NTM were obtained in 8.6% of

sputum specimens.” A recent study reported
1.9% culture confirmed cases of NTM in routine
clinical samples, that were misdiagnosed and
treated as TB. The authors stated that inefficient
screening plus suboptimal diagnostic procedures
in primary health care facilities may lead to
unrealistic detection of TB cases.'® Active case
finding activities may detect even more cases.

The most common species of NTM in our
samples was M. abscessus. This is in contrast with
results from a study in North India, which found
that M. fortuitum and M. intracellulare were the
most common isolates.'” This indicates that the
distribution of NTM species varies by geographic
area.’ M. intracellulare and M. kansasii are
generally associated with pulmonary symptoms,
lymphadenitis and disseminated infections. M.
abscessus and M. fortuitum are usually associated
with cutaneous infections but are also unusual
causative agents for pulmonary disease and
lymphadenitis.’

More than 160 NTM species have been
identified worldwide.” At least 42 species are
known to be associated with infections.”® They
have been detected in soil and water samples.”'
Infection with NTM, when it occurs, is thought
to be due to exposure to these environmental
sources.” In developing countries, pulmonary
symptoms suggestive of mycobacterial disease are
almost universally considered to be caused by
MTB.” As clinical and radiographic features of
NTM infections are similar to MTB infection,**
NTM positive smears could also be misclassified
as MTB and receive conventional ATT, which is
inappropriate.

An increased number of NTM may be
reported due to contamination of specimen
during collection, contamination of reagents used
in specimen processing,”*® or contamination of
medical tools.” Therefore, patients testing positive
for NTM should be closely assessed to ascertain
the clinical significance of the laboratory result.
Identification of true infection by NTM is very
important, particularly because treatment of
NTM disease is different and often complicated.
ATS established a clear set of criteria to allow
diagnosis of pulmonary NTM infection and to
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differentiate true infection from colonization or
contamination.”*’

One study showed that the presence of NTM
in patients with chronic TB substantially
impacted clinical management.”® The study found
NTM infection in 11/61 (18%) of chronic TB
cases, and all were either on treatment for MDR-
TB, or eligible for MDR-TB treatment. However,
there is no information as to whether MDR was
detected. Some TB patients had co-infection with
NTM. The authors suggested that the presence of
NTM in sputa may lead to misdiagnosis of MDR
and, potentially, inappropriate treatment of the
presumed MDR cases, while emphasizing the
need to consider NTM when dealing with
putative TB treatment failure. In our study, of the
38 patients who had NTM in their sputa, only 12
(31.6%) were cured with ATT and six (15.8%)
were still on treatment. The remaining patients
had defaulted or had died, none of which are
favorable outcomes. The patients who were lost
to follow up may have improved without
treatment because smear positivity may have been
due to colonization with NTM, and not
infection.

The current need

While difficulties with active case finding,
contact tracing problems and socioeconomic
issues are problems that our TB control program
needs to tackle, lack of access to appropriate
diagnostic testing is also one obstacle to achieving
optimal outcomes. The cost of providing this
access is nominal, when compared to the cost of
inappropriate treatment. The availability of
appropriate diagnostic testing would reduce
suboptimal management of patients. Public
health programs require the resources to generate
appropriate diagnostic algorithms based on their
country’s needs.”®

The limitation of our study algorithm was that
it could only attempt to look for NTM in 47
strains of mycobacterial species which were
isolated on culture out of 275 samples that did
not have MTB complex. It is possible that there
may have been non-viable NTM in many of the
remaining samples that could have been detected
by DNA sequencing. Also, we used GenoType®
Mjycobacterium common mycobacteria assay (Hain

Lifescience, GmBH, Nehren, Germany) that
could identify and speciate only 26 NTM strains
of the 38 NTM that were isolated. We could not
identify the remaining 12 NTM species. It is
possible that we could have identified these 12
species had we used an additional line probe
assay, for example the GenoType® Mycobacterium

common mycobacteria/additional species
(CM/AS) assay (Hain Lifescience, GmBH,
Nehren, Germany). Financial  constrains

prevented us from carrying out additional line
probe assay and DNA sequencing. Another
limitation of our study was our failed attempt to
obtain three consecutive sputum samples from
patients whose samples came positive for NTM.

Conclusions

The presence of NTM in routine diagnostic
smear positive sputum samples can interfere
with appropriate diagnosis and control of TB.
The public health program in India depends
mainly on sputum AFB smear positivity for
diagnosis and treatment of TB. Our results show
that many patients may be at risk of receiving
inappropriate therapy due to the ineffectiveness
of the standard of care smear microscopy test in
identifying NTM. This highlights the necessity of
a cheaper, easier, more sensitive and specific TB
screening algorithm for effective disease control.
It is important for public health programs to
recognize the avoidable burden on logistics,
infrastructure and finances caused by this.
Initiatives to detect and quantify this burden
would go a long way towards designing an
appropriate strategy for optimal TB control.
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