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INTRODUCTION

In January 2002, severe mortalities of Penaeus van-
namei occurred at approximately 120 d post-stocking
(dps) in one pond at a Colombian shrimp farm, on
the Caribbean coast. During the following grow-
out period from May to June 2002, several ponds ex-
perienced high mortalities at 60 dps, with survival
rates averaging 60%. Individual pond survival rates
ranged from 10 to 90%. Another farm was affected in
the next grow-out cycle in October at approximately
65 dps.

Clinical signs of diagnostic significance included ex-
panded chromatophores and what the farmers referred
to as ‘standing shrimp syndrome’, in which the floating,
dead shrimp appeared to be balancing on their tails,
looking at the sky. Histological examination of David-
son’s-fixed moribund specimens revealed the presence
of severe lesions suggestive of bacterial infection,
which later were determined to be due to a novel Spiro-
plasma sp., pathogenic to Penaeus vannamei.

The genus Spiroplasma (class Mollicutes) has been
previously isolated from the guts and hemolymph of
various insects and ticks (Tully et al. 1982, Williamson
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et al. 1989, 1998, Tully & Whitcomb 1990). These micro-
organisms have also been isolated from the surface of
plants, plant vascular fluids and the insects that feed
on these fluids (Clark et al. 1987, Hackett & Clark
1989). Species of the genus Spiroplasma are wall-less
eubacteria with an internal, membrane-bound cyto-
skeleton. Spiroplasmas are motile, even though they
lack flagella, and are characterized by their helical
morphology (Foissac et al. 1996, 1997, Trachtenberg
1998) Some, but not all, species of spiroplasma are
naturally pathogenic to plants and insects (Tully et
al. 1977, Hackett & Lynn 1985, Barros et al. 2001).

This study presents 2 molecular methods, in situ
hybridization and PCR assays, developed for the detec-
tion of the spiroplasma isolated from Penaeus van-
namei. In addition, infectivity data are presented that
confirm the pathogenicity of this novel microorganism.

MATERIALS AND METHODS

Identification of pathogen. Samples of Penaeus van-
namei from ponds in Colombia suffering from mortali-
ties were either preserved in Davidson’s AFA fixative
(Bell & Lightner 1988) for histopathological examina-
tion and in situ hybridization assays or frozen. Histo-
logical specimens were embedded in ParaPlast Plus
paraffin (Fisher Scientific), sectioned at 4 µm thick-
ness, mounted onto microscope slides, deparaffinized
and stained with Mayer-Bennett’s hematoxylin/eosin
(H&E) phloxin (Lightner 1996). Examination of histo-
logical specimens was performed using standard light
microscopy. Histological terms used in this study fol-
low Bell & Lightner (1988) and shrimp taxonomy is in
accordance with Holthuis (1980). Upon arrival at the
laboratory, frozen samples were maintained at –80°C
for use in infectivity studies and PCR amplification of
the 16S rRNA gene.

Infectivity in Peneaus vannamei and development
of molecular detection methods. Specific pathogen-
free (SPF) juvenile Penaeus vannamei, 5 g average
weight, were injected (0.1 ml) into the third abdominal
segment with a tissue homogenate prepared from
frozen, naturally infected shrimp that originated from
Colombia. Injected shrimp were monitored daily for
moribund specimens and mortalities. Hemolymph was
first drawn from moribund shrimp to be used as the
starting material for culturing the microorganism and
then the shrimp were either preserved in Davidson’s
fixative for histological evaluation and in situ
hybridization assays, or frozen for PCR analysis.
Mortalities were recorded daily.

DNA extraction and amplification of the 16S rRNA
gene. Fifty mg of tissue was sampled from the cephalo-
thoracic region of frozen Penaeus vannamei that origi-

nated from the infectivity study. Attempts were made
to include ventral nerve cord tissue in this sample, as
previous histological analysis performed at our labora-
tory had indicated this to be one of the most severely
affected organs/tissues. Total DNA was extracted from
sampled tissue using the ‘High Pure PCR Template
Preparation Kit’ (Roche Diagnostics), following the
manufacturer’s protocol. One µl of the extracted DNA
was used as the PCR template and amplified with 16S
rRNA ‘universal’ primers according to a previously
published protocol for amplification of the 16S rRNA
gene (Nunan et al. 2003a). The amplified PCR prod-
uct, approximately 1500 bp in length, was run on a
0.8% agarose gel in TBE buffer (tris-borate-EDTA)
with ethidium bromide (0.5 µg ml–1) incorporated into
the gel (Maniatis et al. 1982).

Sequencing and sequence comparison of the 16S
rRNA gene PCR fragment. The PCR reaction mixture
containing the amplified product was eluted using the
QIAquick PCR Purification Kit (Qiagen), following the
manufacturer’s protocol. The eluted DNA concentra-
tion was determined at 260 nm using a BioPhotometer
(Eppendorf). The approximately 1500 bp-long product
was sequenced at the University of Arizona Research
Laboratory DNA Sequencing Facility. The forward
and reverse sequences were aligned and compared to
known 16S rRNA sequences from GenBank.

Culturing the microorganism. Based on the
homologies determined by the GenBank BLAST
search, the unknown pathogenic bacteria was found
to be closely related to the genus Spiroplasma and an
attempt was made to culture the microorganism based
on this tentative classification. Hemolymph, collected
from moribund Penaeus vannamei from the infectivity
study, was filtered through a 0.45 µm Acrodisc
syringe filter (Pall Corporation) and the filtrate was
inoculated into M1D media (Jones et al. 1977, Whit-
comb et al. 1982), supplemented with 2% NaCl. The
inoculated media was incubated at 30°C. Due to the
diminutive size of the spiroplasmas, which cannot be
visualized by standard light microscopy, phenol red
was added to the M1D media and used to indirectly
assess their growth. Phenol red turns from red to
orange to yellow as the bacterial population increases
in size.

Electron microscopy. Sample preparation: Two ml
aliquots of bacterial suspension were collected from
M1D culture flasks that had acquired a translucent
orange discoloration. Portions of 1 ml of bacterial sus-
pension were dispensed into sterile 1.5 ml micro-
centrifuge tubes and the bacteria was pelleted in a
refrigerated microcentrifuge at 3000 × g for 1 min. The
supernatant fluids were transferred into clean micro-
centrifuge tubes and the pellets were resuspended in
50 µl of the same supernatant fluid.
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Transmission electron microscopy: Drops of resus-
pended bacterial pellets were placed on the surface of
a clean piece of parafilm and clean Formvar/carbon-
coated copper grids were floated on the surface of each
drop for 3 min. The grids were then immediately trans-
ferred onto drops of 2% aqueous phosphotungstic acid
(PTA), pH 7.0, and stained for 3 min. Excess stain was
blotted away with a piece of filter paper and the grids
were air-dried for several hours before examination
in a CM12 Philips transmission electron microscope
operated at 80 kV.

Scanning electron microscopy: A drop of resus-
pended bacterial pellets was placed on a poly-L-lysine
coated glass coverslip and allowed to sit at room tem-
perature for 5 min. Following a rinse with PBS, the
sample was fixed in 3% glutaraldehyde in 0.1 M
cacodylate buffer for 1 h at 4°C. The sample was
rinsed in 0.1 M cacodylate buffer and post-fixed in 1%
osmium tetroxide in 0.1 M cacodylate buffer for 1 h at
room temperature. The sample was then rinsed in the
above buffer, dehydrated through a graded series of
ethanols, and dried using hexamethyldisilazane. The
coverslip was mounted on a stub and sputter-coated
with 15 nm gold. The sample was examined on a
Philips XL30 scanning electron microscope.

Selection of spiroplasma-specific PCR primers. Two
oligtonucleotide primers (CSF: 5’ TAG CCG AAC TGA
GAG GTT GA 3’ and CSR 5’ GAT AAC GCT TGC CAC
CTA TG 3’) that amplify a 269 bp fragment were se-
lected from a variable region of the 16S rRNA gene se-
quence. To determine the variable regions of the gene,
deposited Spiroplasma spp. sequence data, available
from GenBank, were evaluated and compared to the
sequence from the shrimp spiroplasma. The computer
software program Primer Designer 4 (Scientific and Ed-
ucation Software) was used to design the primers. The
primers were synthesized by Sigma Genosys.

PCR amplification of spiroplasma-infected tissue
and media culture. DNA, used for the PCR templates,
was extracted (High Pure PCR Template Preparation
Kit) from infected tissues from the original frozen
samples from Colombia, from frozen samples from the
infectivity study, and from the M1D media-grown
culture. The optimized PCR reaction mixture contained
10 mM PCR buffer (Tris-HCl, 50 mM KCl, pH 8.3),
1 mM dNTP each, 20 pmol of each of the 2 primers (CSF
and CSR), 2.5 U AmpliTaq gold polymerase, 2 mM
MgCl2 (Roche Molecular Systems), 100 to 300 ng DNA
template and sterile H2O in a 50 µl volume. The thermal
cycling program comprised an initial denaturing step
for 2 min at 95°C, followed by 35 cycles of annealing for
30 s at 60°C, extension for 30 s at 72°C, denaturation for
30 s at 95°C, ending with 1 cycle at 60°C for 1 min and
72°C for 2 min. The amplified PCR products were held
at 4°C after completion of the run and until processing.

In situ hybridization assay development. Spiroplas-
mas possess a unique membrane protein named spi-
ralin (Foissac et al. 1997). For the development of in situ
hybridization assays, the spiralin gene of the spiro-
plasma organism was targeted. Two published primers
and PCR protocol (Foissac et al. 1997) that have been
used to amplify spiralin genes from Spiroplasma
phoeniceum and S. kunkelii were tested on the ex-
tracted DNA used in the PCR amplifications. The
amplicon generated using the spiralin primers was
481 bp. Extracted DNA from media-grown bacteria was
the DNA template labeled with digoxigenin (DIG)-11
dUTP by PCR using the spiralin-specific primers,
following the manufacturer’s instructions (Genius I Kit,
Roche Diagnostics). This DIG-labeled probe was tested
by in situ hybridization following the protocol of Poulos
et al. (1994). Overnight hybridization with the DIG-
labeled probe was done in a humid chamber at 37°C.

Cloning of spiroplasma and spiralin PCR-amplified
fragments. The 269 and 481 bp PCR-amplified prod-
ucts were eluted from the PCR reaction mixtures using
the QIAquick PCR Purification Kit. The concentrations
of eluted DNA were calculated using a BioPhotometer.
The fragments were ligated with T4 DNA ligase into
the EcoRV site of the pGEM-T Easy Vector System II
(Promega Corporation) and transformed into JM109
competent cells. Following transformation, the bac-
teria were spread onto LB-amp plates that were
pretreated with Xgal (5-bromo-4-chloro-3-indolyl-β-D-
galactoside) and IPTG (isopropyl-1-thio-β-D-galactoside)
(Maniatis et al. 1982). Incubation occurred overnight at
37°C. White colonies were selected and grown in 5 ml
LB-amp broth at 37°C overnight, with shaking. The
following day, cultures were tested directly by pipet-
ting 1 µl of the broth into the PCR reaction mixtures
containing the primers specific for the spiroplasma
developed from either the 16S rRNA or the spiralin
gene and amplified using the optimized cycling pro-
grams. The cloned DNA was either used as the positive
control for the PCR assays or for the PCR template in
the DIG-labeling protocol.

Dilution infectivity studies. M1D media-grown cul-
ture, second passage, was used as the inoculum for the
dilution infectivity studies. One ml of the 5 d, orange-
colored culture was centrifuged at 3000 × g to pellet
the bacteria. The pellet was resuspended in 1 ml 2%
sterile saline. Serial dilutions were made using 2%
sterile saline to 1:1000 000. The inocula tested in the
infectivity studies were undiluted, 1:100. 1:10 000 and
1:100 000. SPF Penaeus vannamei, weighing approxi-
mately 1 g, were obtained from the Oceanic Institute in
Hawaii (Wyban et al. 1992, Pruder et al. 1995). Four
groups of 10 SPF shrimp were each injected into the
third abdominal segment with 50 µl of a different dilu-
tion/inoculum, using a sterile 1 ml syringe fitted with a
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26 gauge needle. The negative control shrimp were
injected with only 2% sterile saline. The 5 experimen-
tal 90 l glass aquaria were maintained at a constant
30°C water temperature using submersible water
heaters. Each aquarium was fitted with a biological fil-
ter and maintained as previously described by Nunan
et al. (2003b). Samples of moribund shrimp were pre-
served in Davidson’s fixative to confirm disease status
by histological examination and in situ hybridization
assays. A negative control shrimp was sampled at the
end of the experiment to confirm the initial SPF status
of the population.

RESULTS

H&E histopathology

Histological examination of Davidson’s-fixed mori-
bund Penaeus vannamei originating from outbreaks in
Colombia revealed the presence of lesions highly sug-
gestive of systemic bacterial infection. Affected shrimp
displayed multifocal, moderate to severe, systemic
inflammatory reactions in the form of hemocytic con-
gestion, coagulation of hemocytes into loose clots,
hemocytic nodule formation, phagocytosis (sometimes
accompanied by melanization) and fibrosis. Among
the affected organs/tissues were ventral nerve cord
(including nerve tracts, ganglia and neurilema), skele-
tal muscle, heart, antennal gland, lymphoid organ,
fibrous connective tissue within the hepatopancreas,
spongy connective tissue around the stomach, gill fila-
ments, and subcutis of carapace and body appendages.

Lesion development seemed to progress as follows:
(1) presence of necrotic cells exhibiting pyknotic
nuclei, (2) migration and congregation of phagocytic
cells within necrotic areas, (3) phagocytosis of necro-
tic cells and debris and/or formation of hemocytic
nodules, (4) melanization of hemocytic nodules, and
(5) fibrocytic inflammation (Fig. 1). In many instances,
necrotic cells displayed cytoplasmic vacuoles of vari-
able size, which appeared to contain a faintly basophilic
material (Fig. 1).

Sequence comparisons

The BLAST search of the sequenced 16S rRNA gene
revealed a 98% match in the homology block with the
organism Spiroplasma citri (Saglio et al. 1973, Weis-
burg et al. 1989; GenBank Accession Nos. M23942 and
X63781). A 97% homology block match was eluci-
dated with S. poulsonii (Weisburg et al. 1989, Wil-
liamson et al. 1999; GenBank Accession Nos. M24483
and AJ579919). The homology of the sequences was a

preliminary indication that the bacteria isolated from
the infected Penaeus vannamei was closely related to
Spiroplasma spp.

Culturing the organism

Hemolymph samples were drawn from moribund
shrimp from the initial infectivity study, whereby
frozen infected carcasses, originating from Colombia,
were used to prepare the inoculum to be injected. On
Day 9 post injection, 700 µl of hemolymph was added
to 1 ml of M1D media (supplemented with 2% NaCl),
filtered (0.45 µm), and added to 4 ml M1D media. The
culture was incubated at 30°C, and 6 d following inoc-
ulation of the media, the phenol red color indicator
had changed from red to orange. One ml of the cul-
ture was transferred into 4 ml of fresh media for the
first passage. Additional 1 ml aliquots were frozen at
–80°C for future reconstitution. Transmission electron
microscopy (TEM) was used to determine if the spiro-
plasma had grown in the inoculated media. The cul-
ture was passaged 10 times, with TEM analysis con-
firming the integrity of the spiroplasma cells prior to
freezing or lyophilizing. Both frozen and lyophilized
cultures were reconstituted into M1D media to con-
firm viability.

Transmission electron microscopy

Transmission and scanning electron microscopy
(TEM and SEM) analysis of bacteria confirmed their
pleomorphic nature. Filaments of variable length and
width, many of them clearly helical, were observed
(Fig. 2). Many of the filamentous forms also displayed
vesicular blebs very similar to those previously de-
scribed from Spiroplasma citri (Razin et al. 1973).

PCR amplification with specific primers derived from
the 16S rRNA gene sequence

DNA extracted from the media-grown spiroplasma
culture was amplified by PCR using both the ‘univer-
sal’ bacterial primers and the primers specific to the
spiroplasma. To further test the specificity of these
primers, DNA for PCR templates was extracted from
several common, culturable, marine Vibrio species
originating from Ecuador, Mexico, Madagascar and
the USA (specifically, Texas, Arizona, Hawaii and
Louisiana). Additional DNA from media-cultured bac-
teria that were tested by the PCR format included
Aeromonas sp. and Pseudomonas sp. (Louisiana). DNA
that was extracted from shrimp tissues infected with

258



Nunan et al.: Detection of a novel spiroplasma pathogenic to Penaeus vannamei

the shrimp pathogen, a rickettsia-like organism caus-
ing necrotizing hepatopancreatitis (NHP) (Frelier et
al. 1992, Loy et al. 1996), was also tested in this format
to confirm specificity of the PCR primers. When the
‘universal’ bacterial primer set was used, PCR amplifi-
cation of approximately 1500 bp amplicons occurred in
all samples tested, with the exception of the negative
control. When the spiroplasma-specific primer pair was
used in the optimized PCR assay, the DNA extracted
from the cultured spiroplasma was the only sample to
generate an amplicon of the expected size (269 bp)
(Fig. 3).

In situ hybridization assays using the digoxigenin
(DIG)-labeled spiralin clone

The specificity of the DIG-labeled spiralin probe was
validated by testing several bacteria-infected David-
son’s-preserved samples by the in situ hybridization for-
mat. These samples included a rickettsia-like bacterium
(RLB) originating from Madagascar (Nunan et al. 2003a),
the causative agent for NHP (Frelier et al. 1992), a rick-
ettsial organism from Penaeus monodon cultured in
Malaysia (Anderson et al. 1987), and Vibrio sp. (Univer-
sity of Arizona; origin Mexico). A positive hybridization
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Fig. 1. Penaeus vannamei. Histopathological findings from clinical samples originated from shrimp farms with spiroplasma outbreaks. (A)
Necrotic spongy connective tissue cells, displaying pyknotic nucleus (arrows). (B) Necrotic spongy connective tissue cell in process of being
engulfed by a phagocyte (arrow). (C) Agglomerated phagocytic cells, either surrounding or ingesting necrotic cells between heart-muscle
fibers, arrows point to examples of necrotic cells with cytoplasmic vacuoles of variable size whose contents appear to be faintly basophilic. 
(D) Phagocytosis of necrotic cells and formation of hemocytic nodules between skeletal muscle fibers; arrows point to examples of melanized

hemocytic nodules. Hematoxylin/eosin-phloxin stain. Scale bars = 10 µm
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signal, visualized as a blue/black precipitate associated
with the cellular changes caused by the spiroplasma
infection, was seen in both naturally and experimen-
tally infected specimens. The DIG-labeled probe failed
to hybridize with the SPF sample and with any of the
shrimp infected with other types of bacteria.

A positive reaction to the DIG-labeled spiralin probe
(i.e. deposition of a dark blue/black precipitate) was
observed within the following tissues/organs: ventral

nerve cord (including nerve tracts, ganglia and neuri-
lema), skeletal muscle, heart, antennal gland, lymphoid
organ, fibrous connective tissue within the hepatopan-
creas, spongy connective tissue around the stomach,
gill filaments, and subcutis of carapace and body
appendages. The positive reaction to the probe could
also be observed within the cytoplasm of cells in
the affected organs/tissues, and also diffusely near
necrotic foci (Fig. 4).
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Fig. 2. Transmission (TEM) and scanning (SEM) electron microscopy of bacteria from inoculated media. (A,B) TEM of negatively
stained bacterial preparations showing their filamentous morphology as well as presence of vesicular blebs (arrows); (C,D) SEM 

microphotographs showing examples of helical forms. Scale bars: A = 0.5 µm; B = 1.0 µm; C, D = 2.0 µm

Fig. 3. Electrophoretic patterns in a 1% agarose gel using (A) bacterial 16S rRNA primers and (B) spiroplasma-specific primers.
Geographical origins of bacterial isolates are given in parentheses: Lane 1 = 1 kb marker; Lane 2 = Vibrio parahaemolyticus
(Ecuador); Lane 3 = V. parahaemolyticus (Texas, USA); Lane 4 = Vibrio sp. (Mexico); Lane 5 = Vibrio sp. (Madagascar); Lane 6 =
V. parahaemolyticus (Arizona, USA); Lane 7 = Vibrio sp. (Texas, USA); Lane 8 = V. vulnificus (Hawaii, USA); Lane 9 = V. algi-
nolyticus (Madagascar); Lane 10 = Aeromonas sp. (Louisiana, USA); Lane 11 = V. fluvialis (Arizona, USA); Lane 12 =
Pseudomonas sp. (Louisiana, USA); Lane 13 = necrotizing hepatopancreatitis (Texas, USA); Lane 14 = shrimp spiroplasma, 

positive control (Colombia); Lane 15 = negative specific pathogen-free control (Hawaii, USA)
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Dilution infectivity studies

Mortalities of the experimentally infected (4 groups
of 10 each) SPF Penaeus vannamei began with 6 mor-
talities 2 d post injection (d.p.i.) using the undiluted
inoculum, and continued until the 4 remaining shrimp
died at 3 d.p.i. The 1:100 inoculum caused the onset of
mortalities at 4 d.p.i., when 3 shrimp died; 5 additional
mortalities occurred at 5 d.p.i., with the final 2 shrimp
succumbing to the bacterial infection at 6 d.p.i. The
next dilution tested, 1:10 000, caused mortalities to
begin at 7 d.p.i., when 5 shrimp died; at 8 d.p.i., 4 addi-

tional shrimp died, and at 10 d.p.i. the last surviving
shrimp died. The last dilution examined (1:1000 000)
caused mortalities to begin at 7 d.p.i., when 1 mortality
occurred; at 8 d.p.i., an additional single mortality was
observed. The remaining shrimp died at 14 d.p.i. (2
mortalities), 15 d.p.i. (3 mortalities), 17 d.p.i. (2 mortal-
ities), followed by the final shrimp dying at 18 d.p.i.
(Fig. 5). No mortalities of the SPF negative control
group that had been injected with sterile 2% saline
occurred during the 18 d experiment. Moribund sam-
ples from the 4 experimental tanks were preserved in
Davidson’s fixative for histology and in situ gene-probe
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Fig. 4. Examples of positive reaction to spiralin DIG-labeled gene probe after in situ hybridization assay (ISH). (A) Positive ISH
reaction, as indicated by deposition of a dark-blue or black precipitate within gill filament; arrows point to examples of a diffuse
positive reaction amongst cell debris. (B) Positive ISH reaction within cytoplasmic vesicles of cell undergoing necrosis (arrow).
(C) Intense positive ISH reaction within the lymphoid organ; strongest reaction is observed within fibrous connective tissue cells,
less intense reaction within cytoplasm of sheath cells. (D) Positive ISH reaction within cytoplasm of spermatogonial cells (arrow),

highly suggestive of possibility for vertical transmission. Bismark Brown counterstain. Scale bars = 20 µm
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analysis (Fig. 4). All the experimentally infected speci-
mens examined displayed moderate to severe spiro-
plasma infection. Histological evaluation and in situ
hybridization assays confirmed the spiroplasma dis-
ease status of the experimentally infected shrimp. A
survivor from the negative control tank was also
sampled. This sample served to confirm the initial SPF
status of the population tested and also acted as the
negative control for the in situ hybridization assays.

DISCUSSION

The severity and type of lesions found during the his-
tological analysis of clinical specimens of Penaeus van-
namei that originated from affected Colombian farms
were, from the beginning, suggestive of severe bac-
terial infection. The inflammatory response observed
in these shrimp was highly reminiscent of that which
appears as a result of systemic Vibrio sp. infections (i.e.
seagull syndrome; Mohney et al. 1994), the difference
being that no individual bacterial rods or bacterial
microcolonies were evident in the vicinity of necrotic
and/or inflammatory lesions, as is typically observed
in systemic vibriosis. Possibly, this disease may have
been previously misdiagnosed or escaped detection
due to lack of adequate diagnostic methods.

The development of molecular-based assays for this
putative spiroplasma organism has proven useful in
differentiating it from other systemic bacterial diseases
of shrimp. The development of the PCR assay was con-
tingent upon the DNA sequence from the 16S rRNA
gene. The spiralin gene may have been another option
for PCR primer design, but unfortunately when the
spiralin gene sequence was analyzed, no optimal pri-

mers within the 481 bp sequence were found; hence the
16S rRNA gene sequence had to be used for selection of
PCR primers. Once the PCR protocol was optimized for
the use of these primers, the specificity was demon-
strated by testing extracted DNA from other marine
bacteria commonly pathogenic to shrimp, including the
causative bacterium of NHP, Pseudomonas sp., Aero-
monas sp. and several Vibrio spp. No amplification oc-
curred in any of the bacterial isolates tested, with the
exception of the spiroplasma, thus demonstrating the
specificity of the assay.

For the development of the DIG-labeled probe,
the spiralin gene of the spiroplasma was targeted in
an attempt to ensure the specificity of the in situ
hybridization assay. Traditionally, Spiroplasma spp.
have not been recognized as shrimp pathogens or even
as commensals; thus the risk of a spiralin DIG-labeled
probe cross-reacting with similar Spiroplasma spp.
genomes in the shrimp, although possible, was mini-
mal. The development of the probe was based on the
PCR primers and protocol developed by Foissac et al.
(1997), which amplify a 1 kb fragment of the spiralin
genes of S. phoeniceum and S. kunkelii. Using the PCR
primers designed by Foissac et al. (1997) and DNA ex-
tracted from the M1D media-cultured bacteria from this
study as a template, a 481 bp product was generated.
Even though this PCR amplicon was less than half the
expected size, the fragment was DIG-labeled and
tested by the in situ hybridization assay format. Paraffin
sections from both naturally and experimentally in-
fected shrimp were successfully subjected to this assay.
A positive reaction to the probe was observed within all
of those tissues/organs where conventional H&E
analysis had previously suggested the presence of the
causative agent. The DIG-labeled probe did not pro-
duce a reaction against other shrimp specimens in-
fected with various pathogens (i.e. 2 RLB isolates or
marine Vibrio spp.), confirming the specificity.

The infectivity experiments served 2 purposes in this
study. The first goal was to confirm that this spiro-
plasma was indeed the cause of the lesions and mortal-
ities observed in clinical specimens, and the second to
test the pathogenicity of the microorganism. However,
since purified bacteria are essential for these experi-
ments, the spiroplasma had to be first isolated. Being a
novel pathogen in shrimp, no specific information was
available on how to isolate and culture a spiroplasma
of marine origin. Our research proved useful in deter-
mining that the same M1D media formulated for Spiro-
plasma spp. of insect and plant origin could be used
for isolation and culture with minimal modification
(i.e. supplementation with 2% NaCl). Once the micro-
organism was successfully grown in vitro, we pro-
ceeded with the demonstration of the cause of the
disease and with the pathogenicity studies. The results
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of the dilution infectivity experiment show that this
new spiroplasma is highly pathogenic to Penaeus van-
namei. Even at the highest dilution of the microorgan-
ism (1:1000 000), a 100% mortality was reached at
18 d.p.i.; 100% was also observed in the tanks with
shrimp inoculated with more concentrated dilutions,
but took less time. In the negative control tank, in
which the shrimp were injected with sterile saline only,
there was 100% survival of the experimental shrimp.
The confirmation that the shrimp from the dilution
infectivity study had actually died of spiroplasma
infection was accomplished by conventional H&E
histology coupled to in situ hybridization with the
DIG-labeled spiralin probe. The lesions presented
by the shrimp in the infectivity study demonstrated
that this spiroplasma was indeed the causative agent
of the lesions observed in diseased shrimp originating
from the outbreaks in Colombia.

From a shrimp-culture perspective, stocking densi-
ties and good pond management, which includes a
long drying period between growth cycles, have re-
duced the negative effect of these disease outbreaks at
shrimp farms in Colombia and have helped increase
the yields in ponds where this microorganism has been
detected by PCR testing. Until present, this micro-
organism has not been identified in ponds with sal-
inities above 20 ppt. Mortalities usually follow stress
situations brought on by low oxygen levels.

Based on our results, this bacteria may be tentatively
characterized as a spiroplasma. Its size and morpho-
logy, as revealed by TEM and SEM, and its 16S rRNA
gene sequence strongly support this contention.

Further studies are needed to properly classify and
name this microorganism. Beyond culturing the bac-
teria, morphological characterization and genome
analysis, additional serological and biochemical tests
need to be conducted. Additional studies will have
to include determination of sterol requirements for
growth, and testing biochemical and biological proper-
ties, including glucose fermentation and hydrolysis of
arginine and urea (Aluotto et al. 1970). Serological
tests, using antisera produced in rabbits, are also a
necessary criteria for determining metabolism inhibi-
tion and for deformation tests (Williamson et al. 1979).
Once these additional tests have been performed, this
novel spiroplasma could be officially recognized as
part of a genus that so far includes only representatives
found associated with plants and insects.
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