UHWERSITA
| DEGLI STUDI

[T1S AperTO

DI TORINO
AperTO - Archivio Istituzionale Open Access dell'Universita di Torino
Mixed mycobacterial infection in an adult koi carp Cyprinus carpio L.
This is the author's manuscript
Original Citation:
Availability:
This version is available http://hdl.handle.net/2318/139014 since 2016-01-07T14:33:58Z

Published version:
DOI:10.1111/jfd.12159
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

23 April 2024



UNIVERSITA DEGLI STUDI DI TORINO

This is the accepted version of the following article: [Journal of Fish Diseases
Volume 37, Issue 8, pages 753—755, August 2014],

which has been published in final form at
[http://onlinelibrary.wiley.com/doi/10.1111/jfd.12159/abstract]



O© 0 9 O U1 » W N P

o o S N e
O 0 N O Ul oD W N R o

SHORT COMMUNICATION

Mixed mycobacterial infection in an adult koi carp Cyprinus carpio L.

L Favaro’, T Scanzio', K Varello', M Caffara?, M Righetti', E Bozzetta’, M Prearo’

! Istituto Zooprofilattico Sperimentale del Piemonte Liguria e Valle d'Aosta, Via Bologna
148, 10154, Torino, Italy

2 Dipartimento di Scienze Mediche Veterinarie, Universita di Bologna, Via Tolara di Sopra
50, 40064, Ozzano dell'Emilia (BO), Italy

Correspondence: marino.prearo@izsto.it

Running head

Mixed mycobacteriosis in a koi carp

Keywords

Cyprinus carpio; koi; Mycobacterium chelonae; Mycobacterium abscessus; PCR-RFLP



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Mycobacteriosis, caused by many different rapidly-growing Mycobacterium spp, affects a
variety of wild and farmed fish (Decostere, Hermans & Haesebrouck 2004). Affected fish
usually show nodular gross lesions in internal organs, anorexia, melanosis and
exophthalmia (Frerichs 1993). Diagnosis is usually based on cultural, histopathological
and, more recently, molecular investigations. Moreover, piscine mycobacteriosis is a minor
zoonosis, causing cutaneous nodular and ulcerative lesions in humans (Wolinsky 1979;
Caputo, Fiorella & Orlando 2010), and currently represents a health risk for both fish
hobbyists and professional fish farmers (Latha 2004). In particular, M. marinum, M.
chelonae and M. abscessus are the species most often associated with human diseases
(Silcox, Good & Floyd 1981; Shih, Hsueh, Lee, Wang, Yang, Kuo & Luh 1997; Brown-
Elliott & Wallace 2002; Haverkort 2003).

The koi or fancy carp Cyprinus carpio L. var. koi, a high value freshwater ornamental fish,
is often associated with infectious diseases resulting in fish mortality (Lin, Mao, Guan, Luo,
Luo & Pan 2012), concerns over environmental impacts (Matsui, Honjo, Kohmatsu, Uchii,
Yonekura & Kawabata2008), and zoonotic risks (Weir, Raji¢, Dutil, Cernicchiaro, Uhland,
Mercier & TuSevljak 2012).

In July 2012 an adult female koi specimen was sent for post-mortem investigations at the
Fish Diseases Laboratory of the Istituto Zooprofilattico Sperimentale del Piemonte, Liguria
e Valle d’Aosta, Turin. It weighed 2.70 Kg and was 51 cm in length.

At necropsy there were four whitish gross lesions suggestive of mycobacteriosis in the
spleen (2 to 4 mm), sharply demarcated form the splenic tissue. Moreover, there were
numerous atypical nodular lesions in the abdominal cavity (5 to 30 mm). These latter
nodules were not well demarcated from surrounding parenchymatous tissues but rather
agglomerated the hepatopancreas, ovaries and intestine in an irregular, beige, soft mass
(Fig. 1). Duplicates of representative lesions were aseptically sampled from the spleen,
ovaries and intestine for histopathological examination, mycobacterial culture and
molecular analyses.

The tissues for histopathology were fixed in 10% neutral-buffered formalin and processed
by standard paraffin wax techniques. Samples were cut into 4+2um sections and stained
with haematoxylin-eosin and Ziehl-Neelsen (ZN) stain. All slides were evaluated
microscopically. Diagnosis of mycobacteriosis was based on the observation of multiple
granulomas associated with acid-fast rods. Granulomas were detected in all the organs
examined (spleen, intestine and ovaries). Granulomas displayed eosinophilic necrotic

central areas surrounded by macrophages, epithelioid cells, lymphocytes and plasma cells
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enclosed by a thin capsule (Fig. 2a-b). Nodules were ZN-positive with mild to moderate
numbers of acid-fast bacilli in the necrotic centres and in macrophages (Fig. 2c).

Samples for mycobacteria culture and molecular analyses were homogenized and
decontaminated by 30 min. immersion in 1.5% cetylpyridinium chloride monohydrate.
Swabs from homogenates were inoculated in both Léwenstein-dJensen slant-
tubes (VWR®) and Stonebrink’s slant-tubes (Microbiol®). Tubes were incubated at
28+2°C and 37+2°C and examined every two days. ZN staining was used for microscopic
examination of all suspected mycobacteria colonies. All swabs from organs were culture-
and ZN-positive. A fragment of ~439 bp of the 65-kDa heat shock protein gene (hsp65) of
the acid-fast isolates was subjected to PCR-restriction fragment length polymorphism
(PCR-RFLP) with BstEll and Haelll enzymes (MBI Fermentas) (Telenti, Marchesi, Balz,
Bally, Bottger & Bodmer 1993). The PCR-RFLP patterns were compared to those reported
by Brunello, Ligozzi, Cristelli, Bonora, Tortoli & Fontana (2001). M. chelonae was identified
from the spleen colonies, and M. abscessus from the intestine and ovaries. Co-infections
were not detected in the same organ. The PCR-RFLP results were further confirmed by
sequencing the hsp65 gene.

Interestingly, although mycobacteriosis has already been reported in various cyprinids
(Astrofsky, Schrenzel, Bullis, Smolowitz & Fox 2000; Decostere et al. 2004) including
Cyprinus carpio L. (Majeed & Gopinath 1983), this report is the first to document infection
with two different pathogenic species (M. chelonae and M. abscessus). The case was
also remarkable for both extension and number of lesions in the viscera.

Because the koi carp can survive under human care for decades (Tamadachi 1990), the
probability of becoming infected with mycobacteria is greater than in other short-living
ornamental cyprinids. For this reason, koi breeders should carefully handle fish showing
suspicious clinical signs such as tachypnoea, loss of appetite or abnormal pigmentation —
especially in aged fish — to avoid the risk of zoonotic infections.

Finally, considering the economical importance of the koi industry, and associated
international trading, these animals have a potential role as vectors in transmitting
mycobacterial organisms from one area to another. The threat of this disease transmission
to native species as a result of ornamental fish introduction has been extensively
discussed by Passantino, Macri, Coluccio, Foti & Marino (2008).

There is no effective cure for mycobacteriosis in fish and there are no vaccines available
(Decostere et al. 2004). Removing infected specimens from environments followed by

disinfection of contaminated surroundings is usually the only reliable means of control of
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the disease (Astrofsky et al. 2000). Therefore, a crucial aspect is to prevent its
dissemination through biosecurity measures. Chinabut (1999) and Zanoni, Florio,
Fioravanti, Rossi & Prearo (2008) also suggested that environmental stress could reduce

fish resistance to mycobacteriosis.

Acknowledgements
The Authors would like to thank Dr. Daniela Florio for her support during the laboratory

analyses.

References

Astrofsky K.M., Schrenzel M.D., Bullis R.A., Smolowitz R.M. & Fox J.G. (2000) Diagnosis
and management of atypical Mycobacterium spp. infections in established laboratory
zebrafish (Brachydanio rerio) facilities. Comparative Medicine 50, 666-672.

Brown-Elliott B.A. & Wallace R.J. Jr. (2002) Clinical and taxonomic status of pathogenic
nonpigmented or late-pigmenting rapidly growing mycobacteria. Clinical Microbiology
Reviews 15, 716-746.

Brunello F., Ligozzi M., Cristelli E., Bonora S., Tortoli E. & Fontana R. (2001) Identification
of 54 mycobacterial species by PCR-Restriction Fragment Length Polymorphism analysis
of the hsp65 gene. Journal of Clinical Microbiology 39, 2799-2806.

Caputo V., Fiorella S. & Orlando E. (2010) Sporotrichoid cases of Mycobacterium marinum
skin Infection. Clinical Medicine Insights: Dermatology 3, 25-29.

Chinabut S. (1999) Mycobacteriosis and nocardiosis. In: Fish Diseases and Disorders —
Viral, Bacterial and Fungal Infections (ed. by P.T.K. Woo & D.W. Bruno), pp. 319-340.
CAB International Publishing, Wallingford, UK.

Decostere A., Hermans K. & Haesebrouck F. (2004) Piscine mycobacteriosis: a literature
review covering the agent and the disease it causes in fish and humans. Veterinary
Microbiology 99, 159-166.

Frerichs G.N. (1993) Mycobacteriosis: nocardiosis. In: Bacterial Diseases of Fish (ed. by V.
Inglis, R.J. Roberts & N.R. Bromage). Blackwell Scientific Publications, London, pp. 219-
235.

Haverkort F. (2003) National atypical mycobacteria survey, 2000. Clinical Dermatology
lllustrated 27, 180—-189.

Latha M.M. (2004) Ecophysiology of nontuberculous mycobacteria in marine aquaculture

ponds. PhD dissertation (Register No. 2031), Cochin University of Science and

4



122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

Technology, Kerala, India, 162 pp. http://dyuthi.cusat.ac.in/purl/3011. Downloaded on 20
March 2013.

Lin S.M., Mao S., Guan Y., Luo L., Luo L. & Pan Y. (2012) Effects of dietary chitosan
oligosaccharides and Bacillus coagulans on the growth, innate immunity and resistance of
koi (Cyprinus carpio koi). Aquaculture 342-343, 36-41.

Majeed S.K. & Gopinath C. (1983) Cutaneous tuberculosis in the carp, Cyprinus carpio L.
Journal of Fish Diseases 6(3), 313-316.

Matsui K., Honjo M., Kohmatsu Y., Uchii K., Yonekura R. & Kawabata Z. (2008) Detection
and significance of koi herpesvirus (KHV) in freshwater environments. Freshwater Biology
53, 1262-1272.

Passantino A., Macri D., Coluccio P., Foti F. & Marino F. (2008) Importation of
mycobacteriosis with ornamental fish: medico-legal implications. Travel Medicine and
Infectious Diseases 6, 240-244.

Shih J.Y., Hsueh P.R., Lee L.N., Wang H.C., Yang P.C., Kou S.H. & Luh, K.T. (1997)
Nontuberculous mycobacteria isolates: clinical significance and disease spectrum. Journal
of the Formosan Medical Association 96, 621-627.

Silcox V.A., Good R.C. & Floyd M.M. (1981) Identification of clinically significant
Mycobacterium fortuitum complex isolates. Journal of Clinical Microbiology 14, 686-691.
Tamadachi M. (1990) The Cult of the Koi. TFH Publications Inc., Neptune City, NJ, 191 pp.
Telenti A., Marchesi F., Balz M., Bally F., Bottger E.C. & Bodmer T. (1993) Rapid
identification of mycobacteria to the species level by polymerase chain reaction and
restriction enzyme analysis. Journal of Clinical Microbiology 31(2), 175-178.

Weir M., Raji¢ A., Dutil L., Cernicchiaro N., Uhland F.C., Mercier B. & TuSevljak N. (2012)
Zoonotic bacteria, antimicrobial use and antimicrobial resistance in ornamental fish: a
systematic review of the existing research and survey of aquaculture-allied professionals.
Epidemiology and Infection 140(2), 192-206.

Wolinsky E. (1979) Nontuberculous mycobacteria and associated diseases. American
Review of Respiratory Disease 119, 107-159.

Zanoni R.G., Florio D., Fioravanti M.L., Rossi M. & Prearo M. (2008) Occurrence of

Mycobacterium spp. in ornamental fish in Italy. Journal of Fish Diseases 31, 433—441.



153
154
155
156
157
158
159
160
161

Figure legends
Figure 1

Viscera of the koi carp showing numerous variably sized off-white nodules.

Figure 2
Granulomatous lesions with a central eosinophilic area of necrosis surrounded by
inflammatory cells and enclosed by a thin capsule in spleen (a) and ovary (b) (H&E, bar =
100 um). (c) Spleen: Acid fast bacilli within the necrotic core of the granuloma (ZN, bar =
10 pm).
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