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Over the past decades, different mycobacteriosis agents have become important fish
pathogens. The present study describes a different mycobacteriosis in farmed sea
bream (Sparus anrata) caused by Mycobacterium frederiksbergense in Turkey. Affected 15 fish,
weighing 15 to 20 g, showed lethargy, stunted growth, pale skin, dorsal fin necrosis,
and a significant level of mortality (40 %) in fish stocks. Internally, no multifocal white-
colored granulomas in the visceral organs were observed. Inoculation of the visceral
organs onto Lowenstein-Jensen medium and Tryptic Soy Agar (1.5% NaCl) slants
produced only fast-growing (2-3 weeks), orange to yellow-colored, photochromogenic
acid-fast colonies. Ziehl-Nielsen positive bacterial isolates were identified using a
commetcially available line probe assay (Genotype Mycobactetium CM/AS assay) and
with 16S rRNA gene sequencing analysis based on 16S tRNA gene sequencing, fifteen
isolates were identified as Mycobacterium frederiksbergense. Histopathologically, epithelioid
cell granulomas were not observed in any vicseral organs but acid-fast bacteria were
detected in the liver, kidney, spleen, and heart tissue. This study shows that asystemic
mycobacteriosis is observed in sea bream with high mortality.

Key words: Mycobacterium frederiksbergense, sea bream, Genotype Mycobactetium CM/
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INTRODUCTION

Occurrence of systemic fish mycobacteriosis, causing high mortality, has increasingly
been reported in the past decade [1-5]. This is a systemic disease among both wild and
cultured fish species [6,3]. The causative agents of mycobacteriosis most commonly
reported in fish include M. marinun, M. fortuitum and M. chelonae, though other species
including M. shottsii |T], M. psendoshottsii (8], M. gordonae |9), M. montefiorense [10], M.
stomatepiae |11], and M. haemophilum [12] have also been reported. This Mycobacterinm
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species affects a variety of fish such as Atlantic salmonids [13], rabbit fish [14], sea
bass [15,10], sea bream [2,17], turbot [18], cultured striped bass [19], meagre [1,5], and
striped bass [20].

Nontuberculous mycobacteria (NTM), which are slow or rapidly growing, have been
rarely observed as opportunistic infections [21,22]. Mycobacterium frederiksbergense, short
rods or coccoid acid-fast bacteria, [23] are environmentally important, for example in
bioremediation reactions [24] and also have been isolated and identified from alfalfa
plants [22] and striped bass (Morone saxatilis) |25].

Economically, the sea bream is the most important marine fish species cultured in
Turkey. A significant mortality (40%) occurred in diseased sea bream cultured in the
Aegean Sea. Bacteriologic, molecular, and histopatologic analyses demostrated that
Mycobacterium frederiksbergense caused significant mortality in the moribund sea bream.
This paper is the first report of mycobacteriosis caused by M. frederiksbergense in
cultured sea bream.

MATERIAL AND METHODS

Fish Samples

Fifteen affected fish (15-20 g) that generally showed loss of appetite, lethargy, and
emaciation were obtained from a floating marine cage farm located on the coast of
the Aegean Sea in Turkey.

Bacteriology

Samples of kidney, liver, and spleen were streaked onto Tryptic Soy Agar (TSA)
supplemented with 1.5% NaCl and Léwenstein-Jensen (L-]) medium. Plates were
incubated at 24-25 C° for 2 weeks. Physiologic characteristics were determined using
some biochemical tests such as catalase, nitrate reduction, urease activity, hydrolyse
Tween 80, and growth on MacConkey Agar [26].

Molecular Studies

The isolated acid-fast bacteria (n=15) were identified using commercially available line
probe assays, the Genotype CM and AS (HainLife Science, Germany). Isolates on L-]
medium were prepared by suspending a loopful of the bacteria in 1 ml of distilled
water. DNA extraction was performed through sonication for 15 min, followed
by heating to 100 C° for 15 min. Samples were then centrifuged for 2 min and the
supernatant was used for the assay. The GenoType Mycobacterium CM/AS assay was
performed in accordance with the manufacturer’s instructions. Identification of the
isolate was performed by sequencing the 16S rRNA gene according to the classic
method of Kirschner et al. [27].
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Histopathology

Tissue samples from the kidney, liver, spleen, heart, gut, brain, and gills were fixed in
10% buffered formalin and processed for paraffin embedding. Histologic sections (4-
5 um) were stained with hematoxylin-eosin (HE) and Ziehl-Nielsen (ZN) and examined
under light microscopy [28]. In addition, the same protocol was applied for the two
healthy sea breams as the control in the histopathological investigation.

RESULTS

Clinical Findings

Fifteen moribund sea breams exhibited external clinical signs that included extreme
emaciation (¥) pale skin, loss of scales, and dorsal and pectoral fins necrosis (Figure
1a), saddleback lesions (Figure 1b). Internally, the moribund fish showed a pale liver,
enlargement of the spleen, and yellow gelatinous fluid in the intestine (Figure 2b).

Figure 1. Emaciation (¥), pale skin, loss of scales, dorsal fin necrosis (arrowed) (a); saddleback
lesion (*), pale liver and gill necrosis (b)

Bacteriological Findings

After the two-week incubation period, only yellow to orange pigmented colonies were
observed both on L-] medium (Figure 2a) and also on TSA (Figure 2b). Smooth,
photochromogenic colonies were examined for acid-fastness and Gram staining. The
ZN stained bacterial smear from these colonies revealed acid-fast and short rod or
coccoid-shaped bacteria (Figure 2c). There was also a positive reaction for catalase

and nitrate reduction; the test for urease was negative and there was no growth on
MacConkey Agar (MCA).

b i i
Figure 2. Yellow-orange pigmented colonies on Lowenstein-Jensen slants (a); on TSA (b);
acid-fast bacterium from L-] slant (c)
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Molecular Studies Findings

The Genotype CM yielded bands on position 1, 2, 3, and 10 (Figure 3a), resulting in
Mycobacterium species, and Genotype AS test bands were detected at position 1, 2, 3,
and 12 (Figure 3b), again yielding Mycobacterium species. According to these results, all
mycobacterial isolates were not identified to the species level with Genotype AS and
CM Kkits.

Figure 3. The results of GenoType Mycobacterium, CM (1,2,3, and10th band) (a); AS (1,2,3,
and 12th band) (b)

{

Figure 4. Histopathological section of the kidney (a), spleen (b), liver (c), and heart mucle
(d) stanining with HE
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Gene sequencing with 16S rRNA revealed that the fifteen isolates were M.
[frederiksbergense. This result was derived from the National Center for Biotechnology
Information (NCBI) blast database (accession number LN613126; Benedek et al.). The
sequence obtained in this study is defined as GenBank accession number MF431727.

Histopathological Findings

The epithelioid cell granulomas were not observed in any visceral organs (4a,b,c,d),
but acid-fast bacteria were observed in the kidney (Figure 5a), spleen (5b), liver (5¢),
and heart tissue (5d).

B E N ] SR WV RS g ;df'- 1

Figure 5. Pink colored, acid-fast bacteria in the kidney (a), spleen (b), liver (c) and heart tissue
(d) section stanining with ZN (arrowed)

DISCUSSION

Since the first description of mycobactetiosis in carp in 1897, mycobacteriosis has
become the most common chronic disease of fish. Although the causative agents of
mycobacteriosis such as M. marinum, M. fortuitum and M. chelonae have been commonly
reported from a wide range of diseased fish in the recent years, a new species of
mycobacteria related to NTM such as M. shottsii 7], M. psendoshottsii |8, M. gordonae 9],
M. montefiorense [10], M. stomatepiae |11], and M. baemophilum [12] have been reported
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in both cultured and wild fish species. In Turkey, only one Mycobacterium species, M.
marinum, has been reported from diseased sea bass [16], meagre [1, 5], as well as sea
bream [2]. There were no reports about any other mycobacteriosis agents isolated
from diseased cultured and wild fish species.

The clinical signs of mycobacteriosis in fish have been reported to be unspecific [3].
In the present study, the clinical findings were similar to those previously desctibed by
Colorni et al. [29], Rhodes et al. [30], and Swanson et al. [31]. However, confusingly,
external saddleback lessions were observed, different from the ones described in these
publications.

For the presumptive diagnosis of mycobacteriosis, macroscopic grayish-white miliary
granulomas were not observed on the visceral organs as described in previous
reports [3,32,33]. For this reason, our diagnosis was solely based on the culture of
causative microorganisms from the kidney, spleen, and liver of affected sea bream
using selective L-] and TSA medium. However, phenotypic characteristics such as
photochromogenic yellow to orange-pigmented colonies, a shorter incubation period
(2-3 weeks), and conventional methods such as catalase, nitrate reduction, urease were
not sufficient for the identification of the isolates. Also, colony formation and color
of the isolates were very similar to those of M. marinum, as described in previous
reports [3,5,18,20,34]. The most important differentation between our isolates and
M. marinum was the incubation period because the isolates in the present study had a
shorter incubation period compated with the incubation period of M. marinum.

Our fifteen isolates were Gram-positive, non-spore forming, acid-fast and non-motile.
They were short rod-shaped or coccid. The isolates produced catalase and were
positive for nitrate reductase but negative for urease. It was able to hydrolyse Tween
80 but did not grow on MacConkey agar. These results are similar to the biochemical
results of M. frederiksbergense |24] but these biocehmical results were not sufficient for
the identification of the acid-fast bacteria.

In this study, no epithelioid cell granulomas were observed in any viseral organs but
acid-fast bacteria were demostrated in the liver, kidney, spleen, and heart tissue by
ZN stain. The primary pathologic lesion associated with mycobacteriosis is classic
granulomatous inflammation [3,33] yet it has been reported that M. shottsii and M.
gordonae rarely produce epithelioid cell granulomas [35] as in this study. Also, Yanong et
al., [36] reported severe systemic mycobacteriosis without typical granuloma formation
in the moribound frogfish (Antennarius striatus).

Mycobacterium species have been identified to the species level using Genotype
Mycobacterium AS and CM assays in previous reports [1,37-40]. However, Timur
et al. [5] reported that M. marinum species isolated from meagre were identified as
M. wlcerans according to AS assay. In the present study, these molecular assays were
insufficient to identify our isolates, because our isolates were only identifed as
Mycobacterium species according to both AS assay and CM assay. Consequently, we
used another molecular technique to identify our isolates. Sequencing of 16S rRNA

396



Urku e al.: Mycobacteriosis in farmed sea bream (Sparus aurata) caused by Mycobacterium frederiksbergense in Turkey

has been used for the differentiation and classification of Mycobacterium species [24], so
our isolates were identified using this method. According to this molecular method,
isolates were identified as M. frederiksbergense. The sequence obtained in this study is
defined as GenBank accession number MF431727.

M. frederifesbergense species are phylogenetically closely related to Mycobacterium
diernhofers, Mycobacterium neoaurum, and Mycobacterium hodleri. Members of this group of
mycobacteria are able to degrade polycyclic hydrocarbons [24] and are thus considered
to be highly adapted to environmental niches. But they are capable of fish infection
as described in previous reports [25]. Also Talaat et al. [41] reported that M. smegmatis,
non-pathogenic mycobacterium species, has been shown to be pathogenic in fish.
These result indicates that enviromental isolates such as M. frederiksbergense may play
a role in mycobacterial disease of fish. In conclusion, this study represents the first
report of M. frederiksbergense isolation and identification from moribund sea bream in
the Aegean Sea.
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MIKOBAKTERIOZA KOD ORADE IZ UZGOJA (SPARUS AURATA)
1ZAZVANA SA MYCOBACTERIUM FREDERIKSBERGENESE U
TURSKO]

URKU Cigdem, GENC Gonca Erkose, WITTWER Franziska, ERTURAN Zayre,
PFYFFER Gaby

U proteklih nekoliko dekada, razli¢ite vrste mikobakterija su postale znacajni patogeni
riba. Studija opisuje razli¢ite mikobakterioze kod orada u vuzgoju (Sparus anrata), izaz-
vane sa Mycobacterinm frederiksbergenese u Turskoj. Petnaest inficiranih riba, tezine 15 do
20 grama, pokazivale su znakove letargije, zaostajanja u rastu, bledilo koze, nekroze
dorzalnog peraja kao i znacajan nivo mortaliteta (40%) u ukupnoj populaciji riba. Pri-
likom obdukcije, nisu uocene multifokalne belo obojene granulomatozne promene
u visceralnim organima. Inokulacijom uzoraka iz visceralnih organa u Léwenstein-
Jensen hranljivi medijum kao i Tryptic soja agar (1,5% NaCl) kosi agar, dovelo je do
brzog rasta (u roku od 2 do 3 nedelje), narandzasto do zuto obojenih, fotohromo-
genih acidorezistentnih kolonija. Izolovane bakterije su mogle da se oboje specijal-
nom metodom bojenja tj. bile su Ziehl-Nielsen pozitivne. Koris§¢enjem komercijanih
dijagnostickih kitova (Genotype Mycobacterium CM/AS metoda) uz sekvencioniranje
168 rRNK na osnovu sekvencioniranja 16S tRNK gena, identifikovani su izolati My-
cobacterium frederifsbergenese. Histopatoloski, granulomi nisu uoceni ni u jednom viscer-
alnom organu, medutim acidorezistentne bakterije su dokazane u tkivu jetre, bubrega,
slezine i sr¢anom misi¢u. Ova studija ukazuje na asimptomatske mikobakterioze kod
orade koje su pracene visokim stepenom mortaliteta.

400




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


