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Body of Manuscript
Infection with Nontuberculous Mycobacteria (NTM) species
is increasing in prevalence in both endemic and non-endemic
areas.1 Clinically, NTM infections most commonly present as skin
and soft tissue infection, pulmonary disease, lymphadenitis or
disseminated disease2 but may less likely present in locations such
as the eyes, musculoskeletal system or central nervous system
(CNS).3 When the skin and soft tissues are involved, infection
may appear as papules, pustules, plaques, nodules, abscesses,
panniculitis, folliculitis, or lymphangitis. Although frequently
initially indolent, lesions may ulcerate, and may exhibit proximal
lymphangitic spread.4,5 Such varied presentations elicit a broad
differential of chronic infectious and non-infectious diagnoses.5
Chronic, untreated sequelae of cutaneous NTM may be as mild
as pigmentary changes or as severe as nerve palsies, permanent
disfigurement and bacteremia, depending on the integrity of the
host’s immune system.6,7 Accurate diagnosis of NTM is important
to ensure appropriate antibiotic selection.
Although not considered gold standard, histopathologic staining
is a common complementary method employed for diagnosis
of NTM given that culture can take weeks to result, molecular
techniques are not always available in resource-poor areas, and
have variable sensitivity. A recently published article, “Sensitivity of
Fite-Faraco versus auramine-rhodamine in mycobacterial infection,”
addressed the efficacy of these two commonly used stains in the
histopathological diagnosis of Mycobacteria spp. including NTM
and found that of the 53 samples stained positive by auraminerhodamine (AR+), only 52.8% (n=28) were identified as positive by
Fite-Faraco (FF). The effectiveness of FF staining was subclassified
by biopsy location, resulting in a sensitivity level of 57.1 percent
and 68.8 percent in cutaneous and lung tissues, respectively. FF also
demonstrated moderate sensitivity in gastrointestinal and lymph
node tissues with values of less than 50 percent.8

Other notable findings included that, of 17 AR+ samples for
which polymerase chain reaction (PCR) was also performed, only
seven (41.2%) were positive by this method. In contrast, of 19 AR+
samples for which gene probe was performed, 18 (94.7%) were
positive. Of the 53 total AR+ samples included in the study, 8 (42.1%)
were never identified by species, and 17% of diagnoses relied
on histology alone.8 Therefore, there is clearly a need to develop
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diagnostic algorithms for NTM histopathology stains to aid
in accuracy and efficiency of diagnosis.

Herein we discuss the strengths, weaknesses, and
current uses of the four most common acid-fast histologic
stains used for the detection of Mycobacteria, with specific
emphasis on NTM. Although this commentary focuses on
staining for NTM, the existing literature reviewing the
use of these stains for non-tuberculous and non-leprous
Mycobacteria species is currently lacking.9 Because the
same four stains are frequently used for identification of M.
tuberculosis and M. leprae, the authors have included some
references which focus on these species, where existing
literature for the application of these stains in NTM is
absent.

Auramine-Rhodamine

Auramine-Rhodamine (AR) is a combination of the
fluorescent stains Auramine O (AO) and Rhodamine
B (RB). The method consists of the addition of the AR
solution to a slide that has been deparaffinized and placed
in distilled water. Following the addition of AR, the section
is microwaved for 45 seconds and rinsed with tap water.
Potassium permanganate is then added, and the section
is rinsed once more and dehydrated; acid-fast organisms
typically stain red-yellow,10,11 as seen in Fig. 1. AO, an
analogous stain lacking the rhodamine counterpart of AR,
has been cited to have a sensitivity range of 46-85% when
diagnosing NTM, using FNA and excisional biopsy of lymph
tissue respectively.9 One study evaluating the performance
of AO and ZN in 22 patients with clinical histories consistent
with NTM lymphadenitis found that AO staining was
technically easier and had a higher sensitivity and negative
predictive value than ZN.12 AR has been shown to more
sensitive than ZN and FF stains in the detection of M. leprae,
with 100% sensitivity in borderline and indeterminate
tuberculoid leprosies in one study.13 When used to evaluate
M. leprae in 23 skin biopsies that were FF negative but PCR
positive, AR fluorescent fragments were identified in 7
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out of 18 patients.14 In another study evaluating M. leprae
diagnosis using slit skin smears and punch biopsies, the
sensitivity of AO was found to be equal to FF, but superior
ease of detection was noted given the strong fluorescence
of AO stained organisms against the black background.15
Additionally, two studies comparing AR and ZN for the
diagnosis of M. tuberculosis using saliva/sputum samples
and tissue block biopsies, respectively, found that AR was
superior to ZN.16,17 In a separate manuscript, AR was shown
to be equal to or better than Kinyoun staining (KN) for the
detection of Cryptosporidium oocytes (acid-fast), though
the structure of oocyte cell wall differs substantially from
NTM. More importantly, in this study, samples stained with
AR required only 2.5 minutes to read on average, whereas
KN required a significantly longer 6 minutes,18 a function
of the technique needed to examine each stain under the
microscope. Given its wide availability in the US, relative
ease of staining technique, and brief time required for
reading of a sample, AR is the most promising of the stains
discussed here for the evaluation of NTM.

Fite-Faraco

Fite-Faraco (FF) is an inexpensive and commonly used
stain in the detection of M. leprae in histopathological
sections. FF, ZN and KN stains, to be discussed below,
are all viewed under light microscopy and classified as
carbol-fuchsin stains, a method designed to penetrate the
mycolic acid-rich cell walls of mycobacterial organisms.19
The staining process of FF consists of deparaffinizing each
section with a xylene-peanut oil mixture. Each section
is then stained into a carbol fuchsin solution for at least
twenty minutes prior to methylene blue counter staining;20
typical appearance can be seen in Fig. 2. Previous literature
describing the use and effectiveness of FF in NTM diagnosis
is largely lacking, a gap which is partially filled by Snyder et
al. in the article being commented upon.8 Its use has been
documented to visualize M. ulcerans in skin samples.21 One
study that evaluated FF, ZN and PCR for skin punch biopsies
of M. leprae concluded that FF had a greater sensitivity
than ZN, and had the best sensitivity when combined with

.

Figure 1: Auramine-Rhodamine stain

Figure 2: Fite-Faraco stain
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PCR.22 In another study examining biopsies of the palatine
tonsils and adenoids in suspected M. leprae, FF performed
rather poorly, but was tested only on a small portion of the
total specimen blocks.23 However, FF remains a cheap and
valuable method in detecting AFB when other methods
cannot be executed.

Ziehl-Neelsen

Ziehl-Neelsen (ZN), often referred to as modified
acid fast stain, is commonly used in detecting pulmonary
tuberculosis, and has been variably documented for
detection of NTM. The staining procedure consists of
deparaffinizing sections through xylene and rinsing
with absolute alcohol and distilled water. Sections are
then stained with carbol fuchsin solution for at least ten
minutes and heat applied, then subsequently rinsed in
water. After adding carbol fuchsin, sections are decolorized
with acid alcohol until the hue appears pale-pink, as
seen in Fig. 3. Following decolorization, sections are
washed with water, and counter stained with methylene
blue. To complete the process, slides are dehydrated
with alcohol and cleared with xylene.20,24 It should be
noted that safety concerns exist for laboratory workers
in the form of exposure to phenol, which is produced
during the heating process.25 In one retrospective study
that reviewed FNA specimens in confirmed M. fortuitum
cervical lymphadenitis in patients with AIDS, AO, KN and
ZN performed relatively similarly, with sensitivities of
36%, 43% and 33% respectively.26 In one report, ZN was
successfully used to identify M. fortuitum from a vegetation
in the setting of infective endocarditis.27 This method is
historically less effective in staining leprosy and other NTM,
compared to tuberculosis, due to its inefficient absorption
profiles for acid and alcohol, but it can be used as a general
method to decrease background staining of sputum with
vigorous decolorization.26

Kinyoun

Kinyoun (KN) is commonly used for the detection of
acid-fast bacilli. Whereas the ZN staining technique involves
heating the sample in order to enhance stain penetration of

Figure 3: Ziehl-Neelsen stain
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the cell wall, KN is a “cold staining” method, which relies on
a higher concentration of carbol-fuchsin stain, rather than
heat, to adequately penetrate the cell wall.28 KN staining
is performed by applying the carbol-fuchsin solution for
one hour at room temperature, applying 1% acid alcohol
until the tissue sample is pale pink, and counterstaining
with a methylene blue solution, resulting in a bright
red appearance of the acid-fast organisms, with a light
blue background,20 as seen in Fig. 4. While KN staining is
relatively easy from a technical perspective, one major
drawback of the modified KN technique is that it requires
24 hours for completion, limiting the possibility of rapid
diagnosis.29 KN has been used to detect a variety of acid-fast
organisms30 but, to date, is only variably used or reported
in the detection of NTM.31,32 However, its use and accuracy
have been well reported in its application to tuberculosis
diagnostics, with KN documented to be inferior to ZN33,32
and AO34 for the purpose of detecting tuberculosis in
sputum samples, while another study found that the
modified KN stain was comparable to ZN, with a 99.5%
agreement rate.25 Yet, these studies have not frequently
relied on methods of direct comparison between stains,
emphasizing the need for future research into the efficacy
of KN, especially as applied to NTM.
In summary, from the available literature, AR is the
preferred stain of choice for mycobacterial infection
diagnosis via histopathology, but FF may be a reasonable
alternative in resource-poor environments without access
to fluorescence microscopy.35,36 There is not enough
information regarding the use of AR or KN in NTM
specifically to make recommendations regarding their
use. The staining methods discussed above do have other
limitations beyond their ability to detect NTM. A summary
of the available sensitivities of each stain is provided in
Table 1. NTM histology is not species-specific and is typically
characterized by a suppurative, granulomatous reaction and
necrosis with stellate abscesses and draining sinus tracts.15
Of note, NTM histology in immunocompromised individuals
may be cryptic secondary to improper cutaneous immune

Figure 4: Kinyoun stain
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Table 1: Overall attributes and known sensitivities of AR, FF, ZN and KN for non-leprous NTM detection in histopathology smears, organized
by tissue type

Auramine-Rhodamine
Fite-Faraco
Ziehl-Neelsen
Kinyoun

Overall Attributes
Fluorescent; most ease of viewing15
Carbol-Fuchsin
Carbol-Fuchsin; Requires heat; Safety
concerns25
Carbol-Fuchsin; Cold stain

Tissue Type
Sputa
GI
*
*
*
<50%8

Skin
*
57.1%8

Lung
*
58.8%8

FNA/Lymph
36%26-85%9
<50%8-

*

*

*

*

33%26

*

*

*

*

43%26

*No existing literature documenting sensitivity of stain in tissue type

response, and yet, pre-stain microorganism viability has
been found to be irrelevant for staining quality in AR, ZN,
and KN.37

Beyond the histopathology methods discussed above,
culture and PCR remain as gold standard for diagnosis of
NTM infections. However, culture can require weeks to
allow for colony growth, and in Snyder et al., culture was
found to be positive only 75% of the time in cases of NTM
infection proven via other methods.8 Therefore, various
reflexive molecular techniques may be used in conjunction
with culture for rapid species detection and subsequent
identification,38 with methods including PCR, gene probe,
DNA sequencing, high-performance liquid chromatography
(HPLC), and MALDI-TOF mass spectrometry. PCR uses
a short, single-stranded DNA primer that allows for
amplification of a specific DNA sequence, through the
process of denaturing, annealing and extending. The
resulting amplified sequence can then be further analyzed
for species-specific polymorphisms that can be detected by
additional methods, such as gel electrophoresis. Similarly,
gene probe is a targeted nucleic acid hybridization tool
that uses single stranded DNA or RNA for complementary
binding in order to target specific genes for amplification.
DNA sequencing, whether whole-exome or whole-genome,
involves the determination of the nucleic acid sequence of a
species’ DNA, which allows for comparison and speciation
of subsequent samples. HPLC utilizes molecular analysis
of proteins through the passage of a pressurized sample
through an absorbent column, resulting in identification,
via a detector, of unique molecular signatures specific
to bacterium. MALDI-TOF utilizes extracted ribosomal
proteins which are ionized, becoming electrically charged
and vaporized, and separated by their mass-to-charge ratio,
allowing for identification of molecular components.39 Each
of these diagnostic technologies can be employed to detect
and speciate NTM in various settings.
Overall, literature regarding the efficacy of the four
stains discussed above is lacking, specifically concerning
their use for NTM detection. This should constitute an
area of further research, as histopathologic staining
remains one of several diagnostic tools for clinically elusive
NTM infections, despite the more recent development of
numerous molecular tools. Perhaps the most convincing

argument for further stain characterization lies in the
fact that once histopathologic diagnosis of NTM is made,
treatment can begin sooner, while awaiting concomitant
molecular testing results for speciation purposes. Once
NTM is speciated, treatment can be adjusted as appropriate.
Overall, literature regarding the efficacy of the four stains
discussed above is lacking, specifically concerning their use
for NTM detection. This should constitute an area of further
research, as histopathologic staining remains one of several
diagnostic tools for clinically elusive NTM infections, despite
the more recent development of numerous molecular tools.
Perhaps the most convincing argument for further stain
characterization lies in the fact that once histopathologic
diagnosis of NTM is made, treatment can begin sooner,
while awaiting concomitant molecular testing results for
speciation purposes. Once NTM is speciated, treatment can
be adjusted as appropriate.
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