Asian Journal of Research in Animal and Veterinary
Sciences
6(1): 27-34, 2020; Article no.AJRAVS.59001

Comparative Study of Ziehl Neelsen's Technique
and the Fite-Faraco Technique in the
Histopathological Diagnosis of Mycobacteriosis in
Fish
L. A. Romano1*, M. C. Klosterhoff2, A. F. F. de Medeiros1 and V. F. Pedrosa1
1

Laboratory of Immunology and Pathology of Aquatic Organisms, Institute of Oceanography, Federal
University of Rio Grande, Rio Grande, Brazil.
2
Federal University of Pampa, Upper Course of Technology in Aquaculture, Campus Uruguaiana, RS,
Brazil.
Authors’ contributions
This work was carried out in collaboration among all authors. Authors LAR and VFP designed the
study, performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript.
Authors MCK managed the analyses of the study and authors AFFM managed the literature
searches. All authors read and approved the final manuscript.
Article Information
Editor(s):
(1) Dr. Osama Anwer Saeed, University of Anbar, Iraq.
Reviewers:
(1) Marco Antonio Santillan Flores, Lab. Tb Cenid-Sai Inifap, Mexico.
(2) H. S. Sreeshyla, JSS Academy of Higher Education & Research, India.
(3) Chikaodiri Happiness Onuoha, Obafemi Awolowo University, Nigeria.
Complete Peer review History: http://www.sdiarticle4.com/review-history/59001

Original Research Article

Received 09 May 2020
Accepted 14 July 2020
Published 27 July 2020

ABSTRACT
Mycobacteria are widespread in the natural environment, both in terrestrial and aquatic
environments, and some species can be zoonotic. In aquatic organisms, especially in fish and
crustaceans, they are diagnosed with certain frequency. Taking into account that mycobacteria
affecting fish, as well as the species causing leprosy, have less mycolic acid, the authors used the
Fite-Faraco (FF) technique in this work and compared it with the classic Ziehl Neelsen (ZN) staining.
In the Laboratory of Immunology and Pathology of Aquatic Organisms (LIPOA), the authors chose
from their tissue archive tissue material belonging to 10 specimens of fish of different species,
belonging to LIPOA, which were reported cases over a period of 15 years (from 2002 to 2017). The
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specimens had in common the presence of lesions classified as granulomatous inflammation, but
with the ZN technique it was not possible to obtain a definitive diagnosis of mycobacteriosis. The
authors observed that in tissues from fish infected with Mycobacteria, the FF technique was more
useful, since the presence of bacilli can be observed, where previously the ZN technique was used
and no bacilli were observed.
Keywords: Mycolic acids; fish; fite-faraco; histopathology; mycobacteriosis; ziehl neelsen.
The presence of mycolic acids in these bacteria
generates greater resistance to medical
treatment, since they hinder the effective activity
of hydrophobic antibiotics [13]. Additionally, the
mycolic acids allow the bacteria to remain
unharmed inside macrophages, effectively hiding
themselves from the host's immune system
[14,15].

1. INTRODUCTION
Mycobacteriosis is a generic term describing
diseases caused by a group of bacteria known
as mycobacteria, which are widespread in the
natural environment, both in terrestrial and
aquatic environments. A small fraction of
mycobacterial species causes diseases in
animals and humans, turning into a zoonosis
[1,2].

The staining for resistant acid-alcohol bacilli,
developed by Paul Ehrlich, is based on detecting
the presence of mycolic acids for the
identification of Mycobacterium tuberculosis [16].
Similarly, the staining of Ziehl Neelsen (ZN),
which is universally used in tissue samples for
the diagnosis of tuberculosis, is directly related to
the presence of this mycolic acid [17]. Some
species of Mycobacterium such as M. leprae
have less mycolic acid, and since tissue samples
are processed with organic solvents, they can
generate a negative result with Ziehl Neelsen
staining, since these solvents eliminate mycolic
acid from bacilli [18,19]. In the case of
Mycobacterium leprae, techniques have been
implemented that do not use pure organic
solvents such as xylol, adopting mixtures with
vegetable oils, the most common being peanuts.
The most known and effective technique is that
of Fite-Faraco (FF) [20-23].

In aquatic organisms, especially in fish and
crustaceans, mycobacteria are diagnosed with
certain frequency [3,4].
The genus Mycobacterium contains many
species of bacteria that cause diseases in
animals, most incidences of mycobacterial
diseases in fish occur by M. marinum, M.
fortuitum and M. chelonae. Among them, M.
marinum has been reported in tropical freshwater
and marine fish, and M. fortuitum in tropical or
temperate water fish. M. chelonae has been
associated with diseases in Pacific Salmon [5]. A
recently described mycobacterial species,
Mycobacterium shottsii, is the type most
commonly
associated
with
the
current
mycobacterial outbreak in Morone saxatilis in
Chesapeake Bay in the United States of America
[6].

Taking into account that the mycobacteria that
affect fish, also as the species that causes
leprosy, have less amount of mycolic acid, the
authors used in this work the technique of FF
according to Luna [24], and compared it with the
classic ZN staining. The authors observed that in
tissues from fish infected with Mycobacterium,
the FF technique was more useful, since the
presence of bacilli can be observed, where
previously the ZN technique was used and its
result was negative.

In
humans,
tuberculosis
produced
by
Mycobacterium tuberculosis and leprosy caused
by Mycobacterium leprae are the global
diseases, old in time and still produced today by
this genus of bacteria [7,8]. In addition, in
humans, a number of infections called "atypical"
or non-tuberculous mycobacterial infections can
be found, which are those produced by
mycobacteria that affect other species of
animals, including those affecting fish [9,10].

We studied granulomatous lesions in different
organs of 10 fish of different species and
observed two types of granulomas: in four fish,
the authors observed granulomas similar to
human tuberculosis and tuberculoid leprosy, and
in six fish, non-specific "foreign body" type
granulomas. All granulomatous lesions were

Mycolic acids are broad fatty acids found in the
cell walls of mycobacteria. The presence of these
mycolic acids on the cell wall is a distinct
morphological trait of these bacteria. Mycolic
acids were first isolated [11] from the M.
tuberculosis extract [12].
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negative with the ZN technique, and the FF
technique was applied in the same tissues, and
of the 10 samples corresponding to the
specimens restudied, six were positive with the
FF technique, thus establishing the diagnosis of
mycobacteriosis. The main objective of this work
is to recommend the use of the FF technique
when a mycobacteriosis is suspected in fish
since the ZN technique can give false negative
results.

found in four cases; and caseous necrosis was
observed in isolated foci. Abundant peripheral
lymphocytes were also observed in these
granulomas. In six of the granulomas reviewed,
the histological pattern was different from that of
human tuberculosis and leprosy.
The giant cells were not the Langhans type, but
the observed nuclei were distributed irregularly
throughout the cytoplasm ("foreign body" type
cells). In granulomas, epithelial or Virchow's cells
were also observed. No necrosis was observed,
but few lymphocytes were found at the periphery
of the lesion. Isolated eosinophilic cells were
seen (Figs. 1 and 2).

2. MATERIALS AND METHODS
The authors have chosen from their tissue
archive tissue material belonging to 10 fish of
different species. These cases were reported
over a period of 15 years (from 2002 to 2017).
The tissues of all specimens were stained with
H-E. These specimens had in common lesions
classified as granulomatous inflammation;
however, no mycobaterium was identified with
the ZN technique, which made it impossible to
make a definitive diagnosis of mycobacteriosis.
The histological preparations were separated to
be reviewed and the presence of granulomatous
lesions was confirmed in all cases.

Mycobacterium with the ZN technique was not
observed in any of the 10 granulomatous lesions,
but when the same tissues were submitted to the
FF technique, of the 10 negative with ZN, six
were positive with FF, and several mycobacteria
were observed (Table 1) (Figs. 3 and 4).

4. DISCUSSION
The cell wall of mycobacteria has a high
concentration of lipids that make them waxy,
hydrophobic and impermeable to routine stains
such as Gram staining. They are also acidalcohol resistant, which makes it necessary to
use special techniques to observe them [25].

New cuts were made in these fabrics, then they
were stained with FF for resistant acid-alcohol
bacilli. To perform the FF staining, the sections
were dewaxed with two 12-minute exchanges in
a solution composed of two parts xylol and onepart peanut oil; they were stained with fuchsin
carbol for 30 minutes, washed with running
water, bleached with 5% sulfuric acid
differentiated into 25% ethanol, and then washed
again in running water. Slides were contrasted
with Harris hematoxylin were dried and finally
assembled with Balsam from Canada.

Mycobacterial cell walls contain mycolic acids.
These are ß-hydroxycarboxylic acids with chain
lengths of up to 90 carbon atoms. The integrity of
these acids is related to the carbon chain length
of the mycolic acid [26].
The histopathological findings of cases of
mycobacteria in fish reported in the literature
vary. Some authors consider that granulomas
found in fish are substantially different from those
observed in tuberculosis and deny the presence
of Langhans giant cells, characteristic of
mammalian tuberculosis granuloma [27,28].
Other authors have demonstrated granulomas
similar to human tuberculosis and tuberculoid
leprosy, with caseous necrosis, Langhans giant
cells, epithelial cells, and abundant lymphocytes,
which are related to cell-mediated immunity
during the histopathogenesis of mycobacteriumgenerated lesions [29-31]. The authors found
granulomas similar to those of tuberculosis and
human leprosy in four of the 10 tissues reviewed,
while in six cases they found granulomas
different from those classically referred to in
tuberculosis.

3. RESULTS
The review of the tissues belonging to the
studied fish showed granulomatous lesions in the
10 cases. The typical granulomatous lesion
described mainly in tuberculosis is composed of
a necrotic center (caseous necrosis), surrounded
by multinucleated giant cells with nuclei arranged
in horseshoes (Langhans cells), vacuolated
macrophages (epithelial or Virchow cells) and
outside a crown of abundant lymphocytes.
Four of the granulomas found in the 10 fish
species studied were similar to those described
in human tuberculosis and leprosy. Langhans
giant cells with horseshoe nuclei were observed;
vacuolated cells, epithelioid or Virchow's, were
29
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Fig. 1. Granuloma similar to those observed in human tuberculosis with Langhans (L) cells,
focal necrosis (N) and Virchow's epitheliolated cells (arrows). H-E, Bar: 50 µ

Fig. 2. Non-TB granuloma, with giant foreign body cell, isolated necrosis (N) and abundant
lymphocytes (arrow). H-E. Bar: 50 µ
30
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Table 1. Species and tissues studied with H-E, Ziehl-Neelsen and fite-faraco
Species
Paralichthys orbignyanus
Elacatinus Figaro
Australoheros facetus
Oncorhynchus mykiss
Danio rerio
Xiphophorus hellieri
Lebiste reticulatus
Oreochromis niloticus
Carasius auratus
Salmo trutta

TS
Liver
Whole body
Spleen
Spleen and liver
Whole body
Whole body
Whole body
Spleen and liver
Liver
Kidney

GL
PR
PR
PR
PR
PR
PR
PR
PR
PR
PR

GT
TG
NTG
NTG
NTG
TG
NTG
TG
NTG
TG
NTG

ZN
N
N
N
N
N
N
N
N
N
N

FF
P
P
P
N
P
N
P
N
P
N

* TS: Tissue studied; GL: Granulomatous lesion; PR: Present; GT: Granuloma type; TG: Tuberculous-like
granuloma; NTG: Nontuberculous granuloma; ZN: Ziehl-Neelsen; FF: Fite-Faraco; P: Positive; N: Negative

Fig. 3. Acid fast bacilus fite-faraco positive can be observed. Bar: 10 µ
The results show that the FF technique for the
diagnosis of mycobacteriosis in fish tissues is
more reliable, as it provided positive results in
cases where ZN was negative. Some authors
show that this high positivity with the FF
technique can be attributed to the improvement
and precision of the method, which reveals a
higher number of bacilli. It is possible that,
compared with the routine ZN procedure, the
latter is more advantageous for finding leprosy
bacilli
and
atypical
or
non-tubercular
mycobacteria in sections of infected tissues.

sections is not easily achieved. Some authors
have demonstrated the usefulness of FF in the
histopathological diagnosis of non-tuberculous
Mycobacterium [32,33]. The authors Reja et al.
[34] evaluated the diagnosis of Mycobacterium
leprae, using comparative Polymerase Chain
Reaction (PCR), ZN and FF. These authors
demonstrated that for ZN, staining the sensitivity
was 59.9%; for FF, the sensitivity was 74.6%;
and
for
PCR,
the
sensitivity
was
87.8%, concluding that the combination of
staining with FF and the PCR technique
provides a rapid and definitive diagnosis in
most of the suspected cases of non-TB
mycobacteria.

Satisfactory demonstration of resistant acidalcohol bacilli in paraffin-embedded tissue
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Fig. 4. Tissue sample, exactly similar and same thickness to that of Fig. 3, Ziehl-Neelse
negative, Mycobacterium not observed. Bar: 10
FF staining for non-TB Mycobacterium, including
that of human leprosy, is related to the fact that
the cell wall of mycobacteria has a waxy
substance composed of mycolic acids. These are
hydroxyl carboxylic acids with chain lengths of up
to 90 carbon atoms. The acid strength property is
related to the carbon chain length of the mycolic
acid. Non-TB mycobacteria, including that of
human leprosy and strains affecting fish, have
fewer mycolic acids [35]. Dewaxing with the
peanut oil / xylene blend helps to protect the
most delicate waxy layer from mycobacteria and
the residual oil in the sections helps to prevent
contraction of this layer. Non-TB Mycobacterium
is more easily bleached than TB bacillus and
differentiation must be carefully controlled by
eliminating alcohol from the hydration and
dehydration stages and using 5% sulfuric acid as
a bleach in place of the alcoholic solution. Since
Harris hematoxylin is used as a contrast in FF
staining, the nuclei and bacilli are clearly
observed in the cytoplasm. A weak residual red
color in the tissues is especially important, and
sections that do not present this may not be
reliable for diagnosis, so cells and tissue
structures are clearly identified when using FF
[36,37].

The phytate-pharmaceutical method of dewaxing
sections with a mixture of "light" oil and xylene
has been modified using "extra-heavy" mineral
oil, discoloration with 3% sulphuric acid and
counter-coloration with 0.1% methylene blue.
The modified technique Fite-Faraco is the
method of choice to stain such organisms.
According to Parisot and Decker [38], the ZiehlNeelsen method has been shown to be
unsatisfactory for staining resistant acid-alcohol
organisms in sections of fish tissue. With the
Fite-Faraco method, by dewaxing sections with a
mixture of vegetable oil and xylol, the lipid layer
of the cell membrane is preserved and therefore
the authors consider this method to be of choice
for staining these organisms.

5. CONCLUSION
The conclusion is that, histopathologically, nonTB mycobacteria, including those affecting fish,
produce indistinctly granulomas similar to those
of human tuberculosis and tuberculoid leprosy,
and granulomas with patterns different from the
previous ones. The non-tuberculous or atypical
mycobacteria have less and more unstable
mycolic acid and tissues when treated with
organic solvents almost disappear; therefore, the
ZN technique is often negative. On the other
hand, the FF technique also uses organic

The Ziehl-Neelsen method has been shown to be
unsatisfactory
for
staining
acid-resistant
organisms in sections of salmonid fish tissue.
32
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solvents such as xylol, but because it is mixed
with peanut oil, it conserves membrane lipids
such as mycolic acid. We believe that it is
necessary to use the FF technique when a
mycobacteriosis is suspected in fish since the ZN
technique can give false negative results.

ACKNOWLEDGEMENTS

7.

This study was supported by the research funds
from MCT/CNPq- Project #301245/2016-09
MCT/CNPq/CT- Agronegocio/MPA Public Notice
036/2009 Project #308013/2009-3, Coordenação
de Aperfeiçoamento de Pessoal de Nível
Superior (CAPES), and Ministério da Pesca e
Aquicultura (MPA).

8.

9.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

10.
no

competing

REFERENCES
1.

2.

3.

4.

5.

6.

11.

Fandinho FCO, Grinsztejn B, Veloso VG,
Lourenço MCS, Werneck-Barroso E, João
E, Nogueira SA, Fonseca LS. Diagnosis of
disseminated
mycobacterial
infection:
Testing a simple and inexpensive method
for use in developing countries. Bulletin of
the World Health Organization. 1997;75(4):
361-366.
Decostere A, Hermans K, Haesebrouck F.
Piscine mycobacteriosis: A literature
review covering the agent and the disease
it causes in fish and humans. Veterinary
Microbiology. 2004;99:59-166.
Romano LA, Sampaio LA, Tesser MB.
Micobacteriose
por
Mycobacterium
marinum em "linguado" Paralichthys
orbignyanus e
em "barber
goby"
Elacatinus
figaro:
Diagnóstico
histopatológico e
imuno-histoquímico.
Pesquisa Veterinária Brasileira. 2012;32:
254-258.
Pedrosa VF, Wasielesky W, Klosterhoff
MC, Romano LA, Lara GR. Micobacteriose
em camarão branco do Pacífico,
Litopenaeus vannamei. Boletim do Instituto
de Pesca. 2017;43:291-296.
Jacobs JM, Stine CB, Baya AM, Kent ML.
A review of mycobacteriosis in marine fish.
Journal of Fish Diseases. 2009;32:119130.
Gauthier DT, Reece KS, Xiao J, Rhodes
MW, Kator HI, Latour RJ, Bonzek CF,

12.

13.

14.

15.

16.

17.

18.

33

Hoenig JM, Vogelbein WK. Quantitative
PCR
assay
for
Mycobacterium
pseudoshottsii and Mycobacterium shottsii
and application to environmental samples
and fishes from the Chesapeake Bay.
Applied and Environmental Microbiology.
2010;76(18):6171-6179.
Dye C, Scheele S, Dolin P, Pathania V,
Raviglione MC. Global burden of
tuberculosis:
Estimated
incidence,
prevalence, and mortality by country.
JAMA. 1999;282:677-86.
World Health Organization. Leprosy.
Weekly
Epidemiological
Record.
2011;36:389-400.
Falkinham
JO.
Nontuberculous
mycobacteria in the environment. Clinics in
Chest Medicine. 2002;23:520-551.
Yoon HJ, Choi HY, Ki M. Nontuberculosis
mycobacterial infections at a specialized
tuberculosis treatment centre in the
Republic of Korea. BMC Infectious
Diseases. 2017;17:432.
Stodola FH, Lesuk A, Anderson RJ. The
chemistry of the lipids of tubercle bacilli:
Liv. the isolation and properties of mycolic
acid. Journal of Biological Chemistry.
1938;126:505-513.
Campbell IM, Naworal J. Composition of
the saturated and monounsaturated fatty
acids of Mycobacterium phlei. Journal of
Lipid Research. 1969;10:593-598.
Lampart PA. Cellular impermeability and
uptake of biocides and antibiotics in Grampositive bacteria and mycobacteria.
Journal of Applied Microbiology. 2002;92:
46S-54S.
Barry CE, Lee RE, Mdluli K, Sampson AE,
Schroeder BG, Slayden RA, Yuan Y.
Mycolic acids: Structure, biosynthesis and
physiological functions. Progress in Lipid
Research. 1998;37(2-3):143-179.
Marrakchi H, Lanéelle MA, Daffé M.
Mycolic acids: Structures, biosynthesis,
and beyond. Chemistry & Biology.
2014;21(1):67-85.
Silverstein AM. Paul Ehrlich's receptor
immunology: The magnificent obsession.
San Diego and London: Academic Press;
2002.
Bancroft J, Stevens A. Theory and practice
of histological techniques. 2nd ed. NY:
Churchill Livingstone; 1982.
Rees RFW, Yong DB. The microbiology of
leprosy. In: Hastings RC, editor. Leprosy
2th ed. Edinbugh: Churchil Livingstone;
1994.

Romano et al.; AJRAVS, 6(1): 27-34, 2020; Article no.AJRAVS.59001

19.

Lahiri R, Randhawa B, Krahenbuhl J.
Microbes and Infection. 2005;7:776Application of a viability-staining method
788.
for Mycobacterium leprae derived from the 30. Cooper AM. Cell-mediated immune
athymic (nu/nu) mouse foot pad. Journal of
responses in tuberculosis. Annual Review
Medical Microbiology. 2005;54:235-242.
of Immunology. 2009;27:393-422.
20. Fite GL. Staining of acid-fast bacilli in 31. Roberts RJ. The immunology of teleost. In:
paraffin sections. American Journal of
Fish Pathology. 4th ed. London: WileyPathology. 1938;14:491-507.
Blackwell; 2012.
21. Fite GL. Fuchsin-formaldehyde method of 32. Emmanuel FX, Seagar AL, Doig C, Rayner
staining acid-fast bacilli in paraffin
A, Claxton P, Laurenson I. Human and
sections. Journal of Laboratory and Clinical
animal infections with Mycobacterium
Medicine. 1940;25:743-744.
microti, Scotland. Emerging Infectious
22. Fite GL, Chambre PJ, Turner MH.
Diseases. 2007;13:1924-1927.
Procedure for demonstrating lepra bacilli in 33. Barth SA, Menge C, Hillemann D, Lauda
paraffin sections. Archives of Pathology.
A, Pfleghaar S. Tuberculosis in a pet ferret
1947;43:624-625.
(Mustela putorius furo). Tierarztl Prax Ausg
23. Faraco J. Bacilos de Hansen e cortes de
K Kleintiere Heimtiere. 2020;48:50-55.
parafina: Método complementar para 34. Reja AH, Biswas N, Biswas S, Dasgupta
pesquisa de bacilos de Hansen em cortes
S, Chowdhury IH, Banerjee S, Chakraborty
de material incluído em parafina. Revista
T, Dutta PK, Bhattacharya B. Fite-Faraco
Brasileira Leprologia. 1938;6:177-180.
staining in combination with multiplex
24. Luna LG. Manual of histologic staining
polymerase chain reaction: A new
methods of the armed forces institute of
approach to leprosy diagnosis. Indian
pathology. 3th ed. Nova York: McGrawJournal of Dermatology, Venereology and
Hill; 1968.
Leprology. 2013;79:693-700.
25. Akhtar M, Al Mana H. Pathology of 35. Duffey PS, Guthertz LS. Mycobacterium
tuberculosis. In: Madkour MM, editor.
avium and Mycobacterium intracellulare
Tuberculosis. Heidelberg, Berlin: Springer;
chromatotypes defined by curvilinear
2004.
gradient HPLC of mycolic acids. FEMS
26. Brennan PJ, Nakaido H. The envelope of
Microbiology Letters. 1992;74:27-36.
mycobacteria.
Annual
Review
of 36. Lillie RD, Fullmer HM. Histopathologic
Bioochemistry. 1995;64:29-63.
Technic and Practical Histochemistry. 3th
27. Sutherland PL. A tuberculosis-like disease
ed. New York: McGraw-Hill Book Co;
in a salt water fish (halibut) associated with
1976.
the presence of an acid fast tubercle-like 37. Woods GL, Walker DH. Detection of
bacillus. The Journal of Pathology and
infection or infectious agents by the use of
Bacteriology. 1922;25:31-5.
cytologic and histologic stains. Clinical
28. Nigrelli RF, Vogel H. Spontaneous
Microbiology Reviews. 1996;9: 382-404.
tuberculosis in fishes and in other cold- 38. Parisot TJ, Decker AH. A Comparative
blooded vertebrates with special reference
Study of the Causative Agent of a
to Mycobacterium fortuitum from fish and
Mycobacterial disease of salmonid fishes.
human lesions. Zoologica N.Y. 1963;48:
I. A of staining characteristics of the fish
130-143.
disease with human tuberculosis in
29. Grotzke JE, Lewinsohn DM. Role of
sections stained by the fite-faraco and
CD8(þ) T lymphocytes in control of
ziehl-neelsen Methods. American Review
Mycobacterium
tuberculosis
infection.
of Respiratory Disease. 1960;81:60-67.
_________________________________________________________________________________
© 2020 Romano et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/59001

34

