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INTRODUCTION

In the last 20 yr of coastal shrimp culture there has
been considerable progress in describing a range of
bacterial diseases (Anderson et al. 1988, Lightner 1988,
Lavilla-Pitogo et al. 1990) and viral diseases (Johnson
1983, Lightner 1985, Lightner & Redman 1990, Owens
et al. 1991, Lightner et al. 1992, Boonyaratpalin et al.
1993, Owens 1993, Takahashi et al. 1994, Flegel et al.
1995, Hasson et al. 1995, Lightner 1996, Spann et al.
1997). Diagnosis usually involves examination of lesions

in a variety of tissues of moribund shrimp (Lightner
1996), but pathologies of the eye are rarely reported.
In one disease, the fungus Fusarium solani can cause
atrophy of eye tissue from the cuticle to the retinal
layer and medulla (Laramore et al. 1977, Colorni 1990,
Giorgetti 1990). However, infections of F. solani are not
restricted to the eye; expansive melanised lesions
caused by F. solani can be found in all appendages
(antennae, pereiopods, uropods and telson) and are
often associated with abrasions and wounds (Solangi
& Lightner 1976, Lightner 1996). This paper reports on
previously undescribed pathologies of the eye of Pe-
naeus monodon.
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ABSTRACT: Lesions were found in the eyes of cultured shrimp Penaeus monodon that displayed
non-specific signs of disease, including lethargy, dark pigmentation, brown gills, empty midgut,
anorexia, white tail muscle, necrosis of uropods and fouled cuticle. Eye lesions were associated with
sexual development in moribund shrimp in at least 1 disease event. Suppurative inflammation, gran-
uloma and malacia were observed in histological examination of the eye and the causative agents
of lesions appear to be Vibrio spp. and a rod-shaped virus (similar to Lymphoid Organ Virus, Gill-
Associated Virus [GAV] and Yellow-Head Virus). Suppurative inflammation was characterised by
edema, infiltration of haemocytes and local sites of abscesses. Eyes with granuloma usually appeared
white in pond-side examinations, and histology showed that fibrous tissue replaced ommatidia, gan-
glia and internal structures of the eye. Malacia of the eye was characterised by necrosis of nervous
tissue, vacuolation and vascular proliferation in the medulla ganglia. Levels of presumptive Vibrio-
naceace were high in moribund specimens and Gram-negative rods were observed in some speci-
mens as free particles in the interstitial fluid and haemolymph in the eye. Transmission electron
microscopy showed that nerve cells in the fasciculated zone (near the basement membrane) con-
tained cytoplasmic vesicles (1 to 3 µm in diameter) with particles (15 to 26 nm in diameter) and rod-
shaped nucleocapsids. The rods were similar to those of GAV and were 130 to 260 nm long, 10 to
16 nm in diameter and had helical symmetry with a screw-like thread (2.4 to 3.5 nm pitch). Also,
unidentified enveloped virions, averaging 74 nm in diameter, were observed in cytoplasmic vesicles
in the fasciculated zone. In conclusion, it is suggested that bacterial and viral infections of the eye
could result in impaired neuroendocrine functions, which may cause a range of clinical signs of dis-
ease.
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The eye is a highly significant structure in shrimp
and crustaceans because it is responsible for vision as
well as secretion of hormones and neurohormones. In
fact the main neurohaemal organ is the sinus gland
complex, which is located within the ganglionic region
of the eye. It regulates either directly or indirectly most
aspects of crustacean metabolism and function (Char-
mantier & Charmantier-Daures 1998). Bern & Haga-
dorn (1965) listed 6 areas of crustacean endocrino-
logy that are regulated by the sinus gland: (1) light-
adaptive responses of retinal pigments, (2) somatic
pigmentation, (3) moulting, regeneration and growth,
(4) reproduction, (5) metabolism, and (6) heart rate.

In view of the importance of the eye, this study inves-
tigated mortalities of Penaeus monodon at Australian
farms and focused on the condition of the eyes of
affected specimens. The investigation aimed to de-
termine the types of lesions that occurred in the eye, to
identify pathogenic organisms in the eye and to con-
sider the association between eye abnormalities and
clinical signs of disease. 

MATERIALS AND METHODS

Study sites. Shrimp mortalities were investigated
at 5 commercial shrimp farms: Farms A, B, D and E
were near Cairns, Queensland (a sub-tropical region,
15.30° S, 145.16° E) and Farm C was on the Clarence
River, NSW (a warm temperate region, 29.26° S,
153.23° E). All farms grew Penaeus monodon that were
purchased from hatcheries, which used wild spawners
caught off-shore from Cairns. DNA probes were not
normally used in the hatcheries to screen for viruses.
Postlarvae (PL, 15 to 20 d) were stocked in earthen
ponds at densities of 20 to 45 m–2. The farms near
Cairns usually grew 2 crops yr–1, while the farm on the
Clarence River grew 1 crop yr–1. Ponds were 1.2 to
1.8 m deep and 4 to 8 aerators were placed around the
periphery of each pond. Ponds varied in size from 0.7
to 1.5 ha, and total areas for each farm ranged from 10
to 40 ha. Imported and local pellets were fed to shrimp
3 to 4 times d–1 and feed trays were used to check on
consumption. Generally the farms harvested 3000 to
6500 kg ha–1 crop–1 and feed conversion ratios (FCRs)
ranged between 1.8 and 2.5 unless disease outbreaks
occurred.

Collection and examination of specimens. During
outbreaks of disease, shrimp were collected by hand
from the edge of ponds and by cast net from deeper
waters. Collection was carried out during daylight
hours; usually between 10:00 and 15:00 h. Shrimp
were initially held in aerated buckets of pond water
and examined for gross abnormalities and signs of dis-
ease. Within 1 h of collection, shrimp were either pre-

served whole (n = 3 to 10 pond–1) or dissected and their
tissues preserved (n = 3 to 10 pond–1). Eyes, hepato-
pancreas, midgut, gills and sections of the cuticle were
routinely preserved in 2.5% glutaraldehyde in phos-
phate buffer (containing NaCl, sucrose) and David-
son’s alcohol formalin acetic acid fixative (Lightner
1996). Standard histological techniques were used for
paraffin embedding and sectioning of shrimp tissue
(p. 4 & 5 in Bell & Lightner 1988). Sections were stained
by standard methods (p. 6 in Bell & Lightner 1988) with
Mayer’s hematoxylin and Phloxine/eosin (H&E) or
Brown and Brenn Gram stain. Slides from weak and
healthy shrimp were examined by light microscopy
and comparisons were made with photomicrographs of
normal shrimp tissue (Nicol & Yan 1982, p. 26–33 in
Bell & Lightner 1988).

To examine eye tissue with a transmission electron
microscope (TEM), samples were fixed in 2.5% glutar-
aldehyde in phosphate buffer (Lightner 1996), stained
with 1% osmium tetroxide and prepared in araldite
blocks using a protocol for marine specimens (Vesk &
Rees 1986). Thin sections (70 to 80 µm) were cut with
a diamond knife, supported on coated copper grids
(200 µm mesh) and stained for 10 min in saturated
solutions of uranyl acetate (50% ethanol) then Rey-
nolds’ lead citrate (Vesk & Rees 1986).

Measurement of pond conditions and bacteriology.
Field instruments were used to measure pH, redox
potential, salinity, temperature, dissolved oxygen, Sec-
chi disk visability, water colour, ammonia and avail-
able phosphate (Smith 1995, 1996a). Water samples
were usually collected as water overflowed from ponds
into the drains, while bottom sediments were collected
5 m from the edge of ponds. Levels of bacteria in water
and sediment were determined by preparing serial
dilutions, inoculating duplicate plates of TCBS agar
(Oxoid) and Marine Agar (Difco) for presumptive
Vibrionaceae and heterotrophic bacteria, respectively,
and counting colonies after 2 to 3 d (Cameron et al.
1988).

Also, levels of bacteria were determined for shrimp
tissue and haemolymph. Tissue samples were pre-
pared from shrimp that had been surface sterilised
with 95% ethanol then sacrificed by rapidly remov-
ing the carapace and anterior region (including the
brain) in one movement. Instruments that had been
cleaned and sterilised in 95% ethanol were used to
remove whole organs (hepatopancreas, eye) and tis-
sues (gills, muscle). The weight of dissected material
was estimated and then the tissue was added to 5 ml
sterile saline (1.2%). A sterilised plastic plunger was
used to homogenise the tissue for 2 min, following
which serial dilutions were prepared. Haemolymph
(0.1 to 0.3 ml) was collected by irrigating the cuticle
with 95% alcohol and inserting a sterile syringe into
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the ventral haemal sinus (Lightner 1996). Levels of
bacteria were determined for tissue samples and
haemolymph by inoculating plates of TCBS agar and
Marine Agar with serial dilutions and counting the
colonies after 2 to 3 d. To classify the major species
of Vibrionaceae present in moribund shrimp, colonies
were randomly selected from TCBS plates that had
fewer than 10 colonies (i.e. highest dilutions). These
isolates were classified according to results of key
diagnostic traits and tests for growth on 18 sources of
organic carbon (Baumann & Schubert 1984, West &
Colwell 1984). Levels of bacteria for tissue samples
are quoted in colony forming units (cfu) per gram
(cfu g–1) and Student’s t-test was used to detect dif-
ferences between results for moribund and healthy
specimens.

Challenge tests. Challenge tests were carried out
to observe the behaviour of moribund shrimp and
test for the presence of pathogens. Shrimp were
challenged by injection of tissue homogenates and
bacterial inocula, as well as by ingestion of diseased
tissue. For tissue homogenates, healthy shrimp were
injected in the tail muscle with diluted tissue sample
(0.25 ml) that had been prepared from the hepato-
pancreas of moribund shrimp (as described in the
section above). Filtered homogenates (0.2 µm) were
used to test for viruses in the hepatopancreatic tis-
sue, while unfiltered homogenates were used to test
for pathogenic bacteria. For bacterial inocula, dilu-
tions were prepared in 1.2% saline from colonies of
presumptive Vibrionaceae that had been freshly iso-
lated on TCBS plates from moribund shrimp (see
‘Measurement of pond conditions and bacteriology’
above). Healthy shrimp were injected in the tail
muscle with 0.25 ml of inoculum. Control shrimp
were injected with 0.25 ml of sterile saline. For in-
gestion, healthy shrimp were fed 2 moribund shrimp
tank–1 d–1.

The tests were performed at farms with shrimp (n = 5
to 9) in aerated 60 l tanks. Shrimp were given minimal
amounts of pellet feed once daily during the test,
except for the challenge by ingestion. The tests were
carried out at ambient temperature (25 to 30°C) using
water from the farm’s intake canal. Tank water was
replaced daily and tests were terminated after 7 d.

RESULTS

Overview and pond-side observations

From 1994 to 1999, a total of 6 disease outbreaks
were investigated at 5 farms during the course of 28
field trips. Microscopic lesions in the eye were com-
mon (>50% of specimens) in 3 incidents at Farms A, B
and C; less prevalent (5 to 10% of specimens) in 2 in-
cidents at Farms D and E; and absent (Septic Hepato-
pancreatitis Syndrome) in the other. Also, in 2 other
disease events that were partially investigated, 1 spec-
imen was collected from each farm and microscopic
eye lesions were found in both cases.

In all ponds that were affected by mass mortalities of
shrimp, the values for biophysical parameters were
within the following ranges: dissolved oxygen, 5.5 to
7.4 mg l–1; pH, 7.5 to 8.9; salinity, 15 to 32 ppt; tem-
perature, 24 to 33°C; and Secchi disc visability,
0.25 to 0.70 m. Nutrient levels were (µg l–1): nitrate,
<40; nitrite, <20; ammonia, <600; phosphate, <800;
and silica, 500 to 4600. Blooms of planktonic species of
the cyanobacteria Oscillatoriales were dominant in
2 disease outbreaks and patches of benthic Oscillatori-
ales were present in the other disease events, though
microalgae were the dominant phytoplankton in those
instances. Levels of presumptive Vibrionaceae in pond
water and sediments are summarised for some disease
events in Table 1. The levels of presumptive Vibrio-
naceae in pond water during these outbreaks were not
significantly different (p > 0.10) from levels previously
reported (3.5 × 104 ± 1.6 × 104 cfu ml–1, n = 131) in a
long-term study of shrimp ponds at these farms (Smith
1995). Similarly, levels in sediments (Table 1) were
within the range previously reported (2×105–5 ×106 cfu
ml–1) for normal ponds at these farms (Smith 1998).

The first indicator of disease problems was a
reduction in feed consumption. Once mortalities
started to occur, feeding rates never recovered to
previous levels. Shrimp mortalities occurred during
the middle to late stage of growout in all incidents,
when the shrimp averaged 15 to 35 g. The largest
shrimp in a pond usually died first. Weak shrimp dis-
played non-specific signs of disease. In the initial
stages they were lethargic and had dark pigmenta-
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Table 1. Levels of presumptive Vibrionaceae in water and sediment from shrimp ponds that had mortalities. Values are given as 
mean and range for the number of ponds tested (n), unless values are not available (na)

Location, year of mortalities Vibrionaceae in water (cfu ml–1) Vibrionaceae in sediment (cfu g–1)

Farm A, 1994 3.0 × 104 (1 × 104 – 6 × 104) (n = 4) na

Farm B, 1995 3.5 × 104 (7 × 102 – 1.3 × 105) (n = 4) 2.0 × 106 (8 × 105 – 7 × 106) (n = 5)

Farm C, 1999 1.5 × 104 (8 × 103 – 3 × 104) (n = 4) 1.2 × 106 (5 × 105 – 9 × 106) (n = 4)



tion, yellow or brownish gills, empty midgut, whitish
tail muscle and necrosis in the tips of the uropods
(tail rot). In the next stage, shrimp had fouled gills,
small white hepatopancreas, barnacles or debris on
the cuticle and dark brown to red pigmentation.
Gills from moribund shrimp were congested mainly
with diatoms (Nitzschia spp., Pleurosigma spp., Navi-
cula spp., though there were also some cyano-
bacteria (Oscillatoria spp.), Leucotrix mucor, sedi-
ment and mucus. Finally, moribund shrimp moved to
the banks of ponds and died. The highest rates of
mortalities occurred when shrimp were due to moult.

In one disease event at Farm C in 1998 a distinguish-
ing feature of the moribund shrimp was that female
shrimp (30 to 57 g) had well-developed green ovaries
and males (>25 g) had large white testes. Over 50
moribund female shrimp were examined and all had
green ovaries. In comparison, more than 50 grossly
healthy shrimp of similar size were caught by cast net
from the same pond and all had translucent thin
ovaries. It should be noted that sexual development
of female Penaeus monodon (<7 mo old) was observed
in one earlier disease event (25 to 55 g shrimp) by the
author. However, histological examination was not car-
ried out.

A range of treatments and management practices
were unsuccessfully used by farmers during these out-
breaks. These included increasing the rate of water
exchange from 5 to 30% d–1, applying antiseptic (ben-
zalkonium chloride), lime, medicated feed (contain-
ing oxytetracycline), formalin, algicide (simerzine), fer-
tiliser (nitram), probiotic bacteria, zeolite and teaseed
cake.

Suppurative inflammation of the eye

Suppurative inflammation of the eye was charac-
terised by edema, infiltration of haemocytes and
localised sites of abscesses. For example, the junction
between the fasciculated zone and the lamina gan-
glionaris in normal eyes is usually narrow (20 µm) and
free of haemocytes. However, in Fig. 1 the junction is
50 to 100 µm wide and infiltrated with eosinophilic
fluid and inflammatory cells. A closer examination of
this region reveals necrotic and pyknotic cells and dis-
organisation of the normal structure of the nerve and
glial fibres of the lamina ganglionaris (Fig. 2). Blood
vessels and lacunae of the lamina ganglionaris were
considerably enlarged and lined with haemocytes.
Abscesses with necrotic and pyknotic cells could be
found in the dioptic region (Fig. 3) and other regions
within the eye. Suppurative inflammation was a com-
mon condition (>50% of moribund shrimp) at Farm A
in 1994 and Farm B in 1995, and a minor condition
(10%) at Farms C, D and E in 1999.

Granuloma of the eye

Granuloma was found in eyes that usually appeared
white in pond-side examinations and those eyes often
had a melanised region on the cuticle. This type of
pathology occurred in 2 to 5% of moribund shrimp at
Farms A in 1994, B in 1995 and C in 1999. It was char-
acterised by replacement of ommatidia, ganglia and
internal structures of the eye with eosinophilic fibrous
tissue containing melanised nodules of haemocytes,
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Fig. 1. Penaeus monodon.
Infiltration of haemocytes
in the lamina ganglio-
naris (LG) and the fascic-
ulated zone of a badly
affected eye. Edema and
haemocytes can be seen
in the LG, cell rind nuclei
(CRN) of the LG, the
junction (J) between the
lamina ganglionaris and
the fasciculated zone (FZ).
H&E stain, 172×, scale 

bar = 10 µm
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pyknotic cells, inflammatory cells and melanised lay-
ers of haemocytes beneath the cuticle (Fig. 4).

Malacia of the eye

Malacia was observed in 1 to 2% of moribund
shrimp at Farms A, B and C, and it was characterised
by necrosis of nervous tissue, vacuolation and vascular
proliferation in the medulla ganglia (Fig. 5). Examina-

tion of the necrotic nervous tissue revealed multi-
nucleate giant cells. Remnants of cells could also be
observed; they were pale and open with chromatin
clumps, which suggests they were dead macrophages
of the nervous system (Fig. 6). Examination of the optic
nerve revealed oligodendroglial cells that were hyper-
trophied. Also, scattered throughout the distal end of
the optic nerve were spaces containing rounded cells
with small nuclei, which appeared to be examples of
Wallerian degeneration of nerve fibres.
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Fig. 2. Penaeus monodon.
Necrosis and pyknosis of
cell rind nuclei (CRN) of
the lamina ganglionaris
(LG). The region of the
CRN of the LG is infil-
trated with pyknotic (P)
and necrotic haemocytes
and eosinophilic intersti-
tual fluid. The neuropil
(NLG) of the LG normally
consists of nerve and glial
fibres running horizon-
tally and vertically, but
here they are disorgan-
ised. H&E stain, 340×, 

scale bar = 10 µm

Fig. 3. Penaeus monodon.
Infiltration of haemocytes
and a focal abscess in the
dioptic region of the eye.
Relatively normal crystal-
line tracts (CT), crystalline
cones and cone cells (CC)
can be seen surround-
ing a focal abscess (A)
of pyknotic and necrotic
haemocytes. There is no
melanised layer of haemo-
cytes beneath the cuticle
(C). H&E stain, 86×, scale 

bar = 10 µm
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Bacteriology of shrimp

In H&E sections of some eyes there were pale, ba-
sophilic, small, rod-shaped bacteria that were typical of
Vibrio spp. They were present as free particles in the in-
terstitial fluid and haemolymph as well as in clusters
within tissues. In some cases the haemolymph and ede-
ma contained vacuoles that were lined with Gram-neg-
ative bacteria (Fig. 7). Histological examinations of the
cuticle, gills and hepatopancreas of specimens collected
during disease events at Farm A in 1994 and Farm C in

1999 also revealed cases of granuloma, melanised cuti-
cles and bacteria as free particles in the lacunae of gills.

Levels of presumptive Vibrionaceae were generally
10 to 100 times higher (p < 0.01) in tissues of moribund
shrimp than in the corresponding tissues of healthy
shrimp (Table 2). The highest levels of presumptive
Vibrionaceae were measured in the hepatopancreas of
moribund shrimp (Table 2). The gills of moribund
shrimp also had high levels of presumptive Vibriona-
ceae, but this result may have been boosted by Vibrio
spp. in the extensive external fouling. Average levels
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Fig. 4. Penaeus monodon.
Advanced granuloma of
the eye. Beneath the cuti-
cle is a layer of melanised
haemocytes (LMH) and
amongst remnant struc-
tures of the crystalline
tracts (CT) are nodules of
haemocytes (N). Pyknotic
cells (P) and eosinophilic
haemocytes (E) are pre-
sent within the eosino-
philic fibrous tissue. The
space between the mela-
nised layer of the cuticle
(C) and the underlying
tissue is an artefact. H&E
stain, 172×, scale bar = 

10 µm

Fig. 5. Penaeus monodon.
A lesion, which contains
necrotic nerve tissue and
vacuoles (V), is located
near neurosecretory cells
(NC) of the organ of Han-
ström. An edema contain-
ing inflammatory haemo-
cytes (IH) surrounds the
necrotic nerve tissue. H&E
stain, 86×, scale bar = 

10 µmNC

VIH

EP

CT

N

LMH
C
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of heterotrophic bacteria in 11 diseased shrimp at
Farm C in 1999 were 2.2 × 105 cfu g–1 in uropods, 2.1 ×
103 cfu ml–1 in haemolymph, and 3.6 × 103 cfu g–1 in
eyes. These levels were not significantly different (p <
0.10) from the levels of presumptive Vibrionaceae in
the same tissues (Table 2), indicating that most of the
culturable bacteria in the 3 types of tissues were Vibrio
spp. The most common bacterium isolated on TCBS
agar from tissues of moribund shrimp was V. harveyi,
accounting for 29.6% of isolates (Fig. 8). Some 51%
of isolates were either V. harveyi or V. vulnificus.

Histological examinations suggest there are 3 main
points of entry to the eye for bacteria. The eye is well
supplied with haemal sinuses and lacunae, so in sys-
temic vibriosis, entry would be from the haemolymph.
Local sites of infections could occur from bacteria
entering through abrasions of the cuticle. Another
entry point is the margin around the dioptic portion of
the eye. This margin is responsible for expansion dur-
ing new growth, and it is noticeable in longitudinal
sections of the eye as the ventral and dorsal junc-
tions between the crystalline tracts and the eyestalk. In
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Fig. 6. Penaeus monodon.
Malacia of the medulla
interna. Necrotic nerve
tissue contains vacuoles
(V), multinucleate cells
(MNC) and melanin de-
posits (MEL). An edema
containing inflammatory
cells surrounded the nec-
rotic nerve tissue. H&E
stain, 172×, scale bar = 

10 µm

Fig. 7. Gram-negative
bacteria (GNB) in eyes of
moribund shrimp. GNB
are free particles in hae-
molymph and interstitial
fluid as well as lining vac-
uoles (V) in the fascicu-
lated zone. Hypertrophied
(H) and condensed pyk-
notic (P) nuclei are also
present. Gram stain, 340×,

scale bar = 10 µm

H
GNB

P

V

VMNC
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healthy shrimp, the ventral junction often had mela-
nised patches and some inflammatory cells. In some
moribund shrimp, the junctions were expanded and in-
filtrated with haemocytes and bacteria. In those cases
the dorsal and ventral haemal sinuses of the eyestalk
were enlarged and lined with haemocytes.

At Farm A in 1994, challenge tests showed that when
6 healthy shrimp were fed diseased shrimp, no mortal-
ity occurred during the experiment (7 d). When a total
of 15 healthy shrimp were injected with dilutions of
Vibrio isolates from diseased shrimp, 100% mortality
occurred at 2.5 × 105 cfu g–1 within 15 min, 33% mor-
tality occurred in 24 h at 2.5 × 104 cfu g–1, and no mor-
tality at higher dilutions. The LD50 value was estimated
at 3 × 104 cfu g–1 of shrimp. Injection of a total of
12 shrimp with diluted homogenates from the hepato-
pancreas of moribund shrimp caused 50% mortality
with an inoculum of 5 × 105 cfu per 20 g shrimp (i.e.
2.5 × 104 cfu g–1 tissue). When filtered homogenate
from hepatopancreas of moribund shrimp was injected
into 6 healthy individuals, no mortality occurred in
7 d. In the tank of control shrimp (n = 6), 1 mortality
occurred during the experiment.

At Farm B in 1995 when 7 healthy shrimp were fed
diseased shrimp, there was no mortality within 7 d.
When 4 healthy shrimp were injected with filtered
homogenate from pulverised hepatopancreas of mori-
bund shrimp, no mortality occurred in 7 d. No mortality
occurred in controls (n = 7).

Evidence for viral disease of the eye

In a search for viruses, the study focused on a disease
event at Farm C in which sexual development was
found in moribund shrimp in 1998 (described in ‘Over-
view and pond-side observations’). Histopathology of
the eyes of moribund shrimp revealed distended ves-
sels and edema in the lamina ganglionaris and fascicu-
lated zone. Lesions could be observed in the fascicu-
lated zone, retinular cells and crystalline tracts. In the
early stages, inflammatory cells infiltrated the fascicu-
lated zone and travelled through the basement mem-
brane, which normally forms a barrier to haemolymph
and haemocytes (Johnson 1980). Closer examination of
the region around the basement membrane revealed
pyknotic cells and degenerating and necrotic inflam-
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Table 2. Levels of presumptive Vibrionaceae in tissues and organs of Penaeus monodon during disease events. The mean and
range are given for the number of tissue samples tested (n) and levels of bacteria are expressed as colony forming units (cfu) per
gram (cfu g–1) for tissue and cfu ml–1 for haemolymph. The detection limit (DL) was 10 cfu ml–1 for haemolymph and 5 × 102 cfu g–1

for other tissues.

Location, year of mortalities Tissue or organ Vibrio level in moribund shrimp Vibrio level in healthy shrimp

Farm A, 1994 Hepatopancreas 8 × 106 (106 – 2 × 107) (n = 6) 8 × 105 (2 × 105 – 106) (n = 2)
Gills 3 × 105 (4 × 104 – 9 × 105) (n = 6) All <DL (n = 2)
Muscle 5 × 104 (6 × 103 – 8 × 104) (n = 6) 5 × 102 (DL – 103) (n = 2)

Farm C, 1999 Uropods 105 (3 × 104 – 7 × 105) (n = 11) 2 × 103 (DL – 4 × 103) (n = 3)
Haemolymph 103 (DL – 3 × 103) (n = 11) All <DL (n = 3)
Eye 5 × 104 (103 – 2 × 105) (n = 11) All <DL (n = 3)

Fig. 8. Relative frequency of strains of Vibrionaceae (Vibrio
spp.) (n = 176) isolated from tissue of moribund shrimp with 
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matory cells (Fig. 9). Some inflammatory haemocytes
were eosinophilic and others were basophilic. Some
nuclei in the fasciculated zone were hypertrophied
and either pale or slightly eosinophilic. Breakdown
in the structure of rhabdoms was observed and in-
flammatory cells were found in the crystalline tracts
(Fig. 10). At later stages of the disease, damage to the
fasciculated zone, retinular cells and crystalline tracts
became more extensive. This was also the dominant
type of lesion at Farm C in 1999 and similar lesions
were observed in about 10% of specimens from the

outbreaks at the other farms (spanning the period 1994
to 1999).

A total of 3 eyes from 3 moribund shrimp were ex-
amined by TEM and neither inclusion bodies nor occlu-
sion bodies were found in the nuclei of cells in the
lamina ganglionaris, fasciculated zone or retinular cells.
However in all eyes, interesting cytoplasmic vesicles
(Fig. 11) were observed in the distal portion of the fasci-
culated zone. This region of the eye contains pigment
granules and is proximal to the basement membrane.
Vesicles had diameters of 1 to 3 µm (range) and they
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Fig. 9. Penaeus monodon.
Lesions in the region of
the basement membrane
(BM). Three sites of break-
down in BM can be seen
(arrows). In the fascicu-
lated zone (FZ) there is
an immediate area of
pyknotic cells (P) and
hypertrophied nuclei (H),
as well as infiltration of
eosinophilic (E) and ba-
sophilic (B) haemocytes.
Damage to the structure
of the rhabdoms (R) is
starting to occur. H&E
stain, 340×, scale bar = 

10 µm

Fig. 10. Penaeus monodon.
Infiltration of haemocytes
in the crystalline tracts.
After crossing the base-
ment membrane (BM), ba-
sophilic haemocytes (B)
move between rhabdoms
(R) and progress along
crystalline tracts (CT) of
the eye. Nuclei of retinu-
lar cells (RET) can be
seen. H&E stain, 340×, 

scale bar = 10 µm
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contained particles, which averaged 18 nm in diameter
(range = 15 to 26 nm). Tubular structures, which resem-
bled rod-shaped nucleocapsids could be seen within
the vesicles at higher magnifications (Fig. 12). The rods
averaged 190 nm in length (range = 130 to 260 nm) and
13 nm in diameter (range = 10 to 16 nm) and they were
distinguished by cross-banding (or a screw-like thread)
along their entire length (Fig. 12), which is suggestive
of nucleocapsids with helical symmetry. The average
distance between threads (pitch) was 3.1 nm (range =
2.4 to 3.5 nm). Close examination of TEM micrographs

suggested that many of the particles may
be cross-sections of rod-shaped nucleo-
capsids, though ribosomes and/or neu-
rosecretory particles could have been
present as well. Also, transverse sections
of particles, which appeared to be en-
veloped virions, were observed in cyto-
plasmic vesicles in the fasciculated zone
(Fig. 13). These unidentified enveloped
virions averaged 74 nm in diameter
(range = 50 to 96 nm), were spherical or
oval in shape and had a nucleocapsid
which appeared to have a banded ap-
pearance. In comparison, examination
by TEM of 3 eyes from grossly healthy
shrimp from Farm D failed to show simi-
lar vesicles, rod-shaped nucleocapsids
or enveloped virions.

TEM indicated that the rod-shaped
nucleocapsids were in the primary optic
nerve fibres of the fasciculated zone
(Figs. 11 & 12) and this region corre-
sponds to the location of lesions re-
vealed in histopathology (Figs. 9 & 10).
The primary optic nerve fibres run from
the retinular cells through the basement
membrane to the nerve cells of the lam-
ina ganglionaris. Histological examina-
tion of this region in blue crab Call-
inectes sapidus (p. 140 in Johnson 1980)
and Penaeus monodon (Nicol & Yan
1982) shows that primary optic nerve
fibres are axons of the retinular cells
and contain pigment granules, which
measure 0.12 to 0.40 µm in diameter.
Similar pigment granules were ob-
served in cells that contained rod-
shaped nucleocapsids (Fig. 11), and this
finding supports the conclusion that the
cells were primary optic nerve fibres.
The enveloped virions were in unidenti-
fied cells in the fasciculated zone.

DISCUSSION

Limitations of the study

There were a number of limitations that impacted on
the study. Field trips took place every 6 to 10 wk and
disease events that occurred between field trips or at
other farms could not be investigated. Also, since the
early outbreaks, farmers usually harvest whenever
disease problems are first noticed rather than seek
assistance or attempt any treatments. These factors
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Fig. 11. TEM of vesicles within nerve cells of the fasciculated zone of the eye of
moribund shrimp. Cells with vesicles (VES) are located in the fasciculated zone
proximal to the basement membrane. The cells contain pigment granules (PG);
this is consistent with primary optic nerve fibres of the retinular proximal pig-
ment. The vesicles are 3 µm in diameter and contain particles (PAR) 20 nm in
diameter. Some particles also appear to be free in the cytoplasm; however this 

may be an artefact. Magnification 14 520×, scale bar = 100 nm
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have made it difficult to evaluate the prevalence of the
problem. Further, the hypotheses and the focus of the
investigation evolved over a number of years, leaving
gaps in the study. For example, TEM was not per-
formed on specimens collected in early events. Also,
challenge tests were limited to 7 d and Spann et al.
(1997) showed that mortalities in transmission trials
often do not start to occur until 8 d after injection.

The eye was found to be a difficult organ to examine
by histology or TEM because it consists of many layers of
varying hardness and it is enclosed by a relatively hard,

impervious cuticle. Histological sections
were easily fragmented and difficulty
was encountered during infiltration of
specimens with araldite resin for TEM.
These problems are consistent with re-
ports of shrinkage and inadequate pene-
tration of fixative in other studies of the
eyes of crustaceans and Penaeus mon-
odon (p. 134 in Johnson 1980, Nicol &
Yan 1982).

Finally, the crustacean eye is a com-
plex, dynamic organ that undergoes con-
siderable changes. For example, during
the moult cycle of Metapenaeus sp.
changes can be observed in the size and
composition of neurosecretory cells in
the ganglia, the sinus gland and sensory
pore of the X-organ (Dall 1965). Also,
retinal pigment granules of the retinu-
lar cells move very rapidly, so that dur-
ing light-adaptation, rhabdoms become
completely enveloped by retinal pig-
ment in 4 min (Nicol & Yan 1982). To
minimise the possibility of misinterpret-
ing normal changes in the eye, histo-
logical examinations were performed
on eyes of grossly healthy shrimp from
all farms during the study.

Aetiology and epidemiology of 
eye disease

Histopathology revealed a range of le-
sions that were characterised by disor-
ganisation and damage to the nervous
tissue and dioptic region of the eye. The
investigation identified a rod-shaped
virus, which was similar to Gill-Associ-
ated Virus (GAV), and an unidentified
enveloped virion as possible aetiological
agents in one of the disease outbreaks
(at Farm C). Vibriosis in eyes and other
tissues during that event may have been

caused by an opportunistic infection. However, gaps in
the data make it difficult to be conclusive about the ae-
tiological agents in the other disease events.

In one disease event at Farm A, the level of pre-
sumptive Vibrionaceae in moribund shrimp was high,
at around 104 cfu g–1 (Table 2), and challenge tests at
Farms A and B showed that these doses caused mor-
talities when healthy shrimp were injected with Vibrio
isolates from moribund shrimp. Filtrates caused no mor-
talities when injected. These results tend to indicate
that the shrimp were suffering from systemic vibriosis.

169

Fig. 12. TEM of vesicle showing particles and rod-shaped structures. High
magnification TEM showing particles (PAR) and rods (ROD) within vesicles of
primary optic nerve fibres. The rods have helical symmetry and are suggestive
of rod-shaped nucleocapsids. In this section the particles are 15 to 26 nm in di-
ameter, and rods are 155 to 207 nm long, 15 nm in diameter and have a pitch
(distance between threads) of 3.2 nm. Thin section, magnification 110 000×, 

scale bar = 40 nm

ROD

PAR
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The signs of systemic vibriosis are non-specific and in-
clude shrimp resting at the side of ponds, lethargy, loss
of appetite, discolouration, necrotic cuticles and abnor-
mal moulting (p. 152 in Chanratchakool et al. 1998).
Many of those non-specific signs are consistent with the
pond-side observations described here. Also, some of
the most common species involved in vibriosis are re-
ported to beV. vulnificus andV. harveyi (Lightner 1996)
and those species were predominant in the results in
Fig. 8. Vibriosis is usually characterised by nodules of
melanised haemocytes and this was observed in gra-
muloma (Fig. 4). However, Gram-negative rods were
observed in eye lesions as free particles (Fig. 7) and
some species of Vibrio may be primary pathogens,

capable of producing toxins and causing
mortalities at low doses (Harris 1995). So
it is also possible that some eye lesions
and mortalities may have been caused
by virulent species of Vibrio.

The rod-shaped virus that was iden-
tified with TEM (Fig. 12) is similar to
Yellow-Head Virus (YHV), Lymphoid
Organ Virus (LOV) and Gill Associated
Virus (GAV). The latter 2 viruses have
been found in Penaeus monodon in Aus-
tralian farms (Spann et al. 1997), while
YHV has not been found in Australia.
The genomes of GAV and LOV are very
similar (Spann pers. comm.) and they are
considered to be variants of YHV (p. 26 in
AQIS 1998). Like those 3 viruses, the eye
virus has helical nucleocapsids, is located
in the cytoplasm and is found in vesicles.
The nucleocapsids are approximately of
the same length for these viruses; how-
ever, there are some differences in other
dimensions. The nucleocapsids are 16
to 18 nm wide for GAV and LOV and
15 nm for YHV, while the nucleocapsids
found in the eye were 13 nm wide. Those
differences may have resulted from vari-
ations in sample preparation and mea-
surements. However, the separation of
threads (pitch) was 7 nm in GAV (Spann
et al. 1997) and 3.2 nm in the eye virus.
This finding could indicate that the rod-
shaped virus found in the eye is a variant
of the other viruses. The genome of the
rod-shaped virus of the eye needs to be
investigated so that its phylogenetic re-
lationship to these viruses can be deter-
mined.

Penaeus monodon with GAV show
signs that include red colouration, foul-
ing of the cuticle, lethargy and loss of

appetite (Spann et al. 1997). Those are similar to the
signs reported here. However, Spann et al. (1997) did
not report on the condition of eyes of moribund shrimp.
With respect to other related diseases at Australian
farms, Mid-Crop Mortality Syndrome is mainly due to
GAV (Owens pers. comm.) though it could also be
caused by Spawner-Isolated Mortality Virus (p. 61 of
Annexe, AQIS 1998) and may have a multiple viral
aetiology. Spawner-Isolated Mortality Virus is a small
(20 nm), parvo-like virus (Fraser & Owens 1996,
Owens 1997) that causes mortalities in hatcheries and
early stages of growout in Australia.

The spread of viral diseases is a major concern for
the shrimp farming industry (AQIS 1998). In Australia,
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Fig. 13. TEM of enveloped particles (EP) in the proximal region of the fascicu-
lated zone. EP were located in the fasciculated zone near cells with rod-shaped
particles. In this section EP are 52 to 78 nm in diameter. Thin section, magni-

fication 40 480×, scale bar = 100 nm

EP
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spawners are obtained from wild stock in northern
Australia, and spawners, as well as PL, are transported
throughout Australia. This practice has significant
implications for the introduction and distribution of
viral diseases. The occurrence of similar disease out-
breaks at Farms C, D and E in 1999 could be due to the
introduction of viral disease from infected batches of
PL. The transmission of disease within a pond could
occur by cannibalism, since the eye is one of the first
organs consumed during cannibalism. The disease
could be spread from affected ponds to other ponds
within the farm or to nearby farms by contaminated
bird faeces, vectors and inappropriate management
practices.

The possible triggers for outbreaks of vibriosis or
viral disease were investigated but the findings are
inconclusive. Possible environmental factors include
heavy metals, cyanobacterial toxins, bacterial toxins,
H2S, biophysical stresses (low levels of dissolved oxy-
gen that may cause hypoxia) and biochemical stresses
(high levels of ammonia). These triggers may be ex-
acerbated by nutrient deficiencies and mechanical
trauma (abrasion to cuticle). The study found that val-
ues for biophysical and biochemical parameters were
not unusual for water in shrimp ponds at these farms
(Smith 1995) and they were within ranges that are
considered appropriate for successful culture of shrimp
(p. 71 in Chanratchakool et al. 1998). However, other
factors could not be discounted as triggers for disease
outbreaks. For example, blooms of planktonic and
benthic species of Oscillatoriales were present during
disease events and their toxicity at these farms has
already been reported (Smith 1996b). Further experi-
mentation of environmental triggers for shrimp dis-
eases is required.

Association between eye lesions and
clinical signs of disease

The eye is a critical endocrine organ that controls
most of the physiological and developmental processes
of shrimp (Cooke & Sullivan 1982, Charmantier &
Charmantier-Daures 1998). Hence, it is reasonable to
assume that even small lesions in the eye are likely to
produce significant problems, which may be mani-
fested in signs of disease such as abnormal moulting,
pigmentation or sexual development. The pathological
effects of agents such as Vibrio spp., and the 2 viruses
reported here in nerves of the eye, may be highly vari-
able, depending on the site of infection, the action of
the agent, the response of the immune system and the
preferred tissue of the infecting agent. In support of
this hypothesis, it is noted that Infectious Hypodermal
and Hematopoietic Necrosis (IHHN) causes damage to

peripheral nerves and ganglia of the eye (Table 3.1.1 in
Lightner 1996). Given the importance of the eye to
crustacean metabolism and function, it is interesting
that there have been few other reports on diseases of
the eye in shrimp. This study found that apart from
granuloma and cuticle necrosis, lesions of the eye were
not apparent in pond-side examination and this may
have caused eye lesions to be overlooked. It is sug-
gested that the eye should be included in routine ex-
amination for microscopic lesions in moribund shrimp.

The rod-shaped nucleocapsids, and possibly the en-
veloped virions, appear to cause damage to the pri-
mary optic nerve fibres that run from the retinular cells
through the basement membrane to the nerve cells of
the lamina ganglionaris. It is probable that this damage
could cause partial or severe blindness, resulting in
alterations to photo-sensitive neurosecretions from the
eye. In some respects the neurosecretions of an in-
fected eye may be equivalent to that of a shrimp in the
semi-darkness of deepwater, or of a shrimp after eye-
stalk ablation. It is hypothesised that the neurosecre-
tions from such an eye may be comparable to those
that cause sexual development in healthy shrimp in
deep oceanic water.

Sexual maturation of shrimp appears to be a sign
that has not been reported as being associated with
GAV or other penaeid viral diseases. Transmission
studies are planned which could elucidate the relation-
ship between the virus and sexual development. If a
relationship can be demonstrated, it may be possible to
use the virus in electrophysiological and endocrine
studies of the eye. Those studies could improve our
understanding of sexual development in Penaeus
monodon and could assist in developing better prac-
tices for sexual maturation. That work would be impor-
tant because the investigation of sexual maturation in
captive broodstock has been given high priority in a
recent report on key areas of research for the shrimp
farming industry (Smith & Phillips 1999).

CONCLUSION

This study reveals that eye lesions appear to be rela-
tively common and widespread in Penaeus monodon
in Australia; they were found in shrimp farms in 2 geo-
graphic regions (sub-tropical and warm temperate—
separated by 2500 km) and during different seasons
(from 1994 to 1999). Histological examination of eyes
of moribund shrimp revealed a range of lesions that
have been broadly described as suppurative inflam-
mation, granuloma, malacia and necrosis of the optic
nerve fibres. The pathologies caused severe disorgan-
isation and loss of structure within the nervous tissue
and dioptic region of the eye. The pathologies appear
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to be manifestations of different types of eye disease.
In one disease event in 1998, a rod-shaped nucleo-
capsid with helical symmetry, similar to GAV, and an
unidentified enveloped virus were found in lesions in
the primary optic nerve fibre of the eye. Relatively
high levels of pathogenic Vibrio spp. were measured
in eyes of moribund shrimp.

Because the eye is a major neuro-endocrine organ in
Penaeus monodon, eye lesions may cause a range of
signs of disease, which include abnormal pigmenta-
tion, less frequent moulting and sexual development. It
is suggested that the eye should be included in routine
histological examination because eye lesions are usu-
ally not apparent in visual examination. Studies of the
rod-shaped virus of the eye would be helpful in deter-
mining its phylogenetic relationship to GAV. Also,
transmission trials may assist in improving our under-
standing of the effect of eye lesions on disease. Finally,
the study indicated that the practice of distributing PL
appears to be a major cause of the spread of viral dis-
eases in Australia.
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