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ABSTRACT: During the winter months, edible crabs Cancer pagurus and velvet swimming crabs
Necora puber from the English Channel can harbour infections by a Hematodinium sp. dinoflagel-
late. This parasite is responsible for a highly pathological condition known as ‘Pink Crab Disease’
(PCD) in the edible crab. In the current study, a high proportion (between 25 and 100 %) of Hemato-
dinium-infected edible and velvet swimming crabs captured from 2 sites in the English Channel also
harboured a systemic infection by a yeast-like organism. This is the first report of such an infection in
crabs. Budding yeast-like cells were observed intracellularly in circulating haemocytes and free in
the host plasma. These cells stained positively with silver and periodic acid-Schiff (PAS) reactions.
Despite an apparent haemocytopoenia in Hematodinium-infected crabs, haemocytic encapsulation
of yeast-like cells was evident, while no such response was observed against Hematodinium sp. plas-
modia. It is hypothesised that Hematodinium infection in these crabs may either increase the likeli-
hood of secondary infections via an indirect suppression of the host immune system, or alternatively,
decrease the likelihood of competitive growth inhibition by stimulating the host immune system to
encapsulate and destroy secondary pathogens. Results are discussed with regard to the likely
identity of the yeast-like organism, and the role of secondary pathogens in the eventual mortality of
Hematodinium-infected hosts.

KEY WORDS: Cancer pagurus - Haemocytes - Hematodinium - Immunosuppression - Necora puber -
Secondary infection - Yeast

Resale or republication not permitted without written consent of the publisher

INTRODUCTION

Edible crabs Cancer pagurus and velvet swimming
crabs Necora puber both support important fisheries
in European waters. C. pagurus captured from vari-
ous sites within the English Channel can harbour
infection by a parasitic dinoflagellate of the genus
Hematodinium (Latrouite et al. 1988) that causes
severe pathological alterations to the organs and
tissues (Stentiford et al. 2002). A similar parasite, also
described infecting N. puber, is suspected of causing
a major collapse of a once lucrative fishery in French
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coastal waters (Wilhelm & Mialhe 1996). Hemato-
dinium-like organisms have also been reported from
several other commercially important crustacean spe-
cies from around the world (Newman & Johnson 1975,
Maclean & Ruddell 1978, Meyers et al. 1987, Field et
al. 1992, Hudson & Lester 1994, Hudson & Shields
1994, Messick 1994, Taylor & Khan 1995, Wilhelm &
Mialhe 1996).

In addition to environmental stressors such as pollu-
tion (Houghton & Matthews 1986, Ross et al. 1996), and
those associated with handling and transportation
(Johnson 1983), pathogens can impose significant bio-
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chemical and physiological stresses upon their hosts
(Thompson 1983). Studies of Hematodinium sp. infec-
tions in decapod crustaceans have shown that during
severe patent infections, the concentration of plasma
haemocyanin and the number of circulating haemo-
cytes are reduced concomitant with increasing para-
site burden (Field et al. 1992, Field & Appleton 1995,
Taylor et al. 1996, Shields & Squyars 2000). The result-
ing hypoxia leads to acidosis of the tissues and an
altered hormonal status of the host (Stentiford et al.
2001). The biochemical composition of the haemo-
lymph and tissues is also altered to reflect the consid-
erable physiological stresses being imposed by the
parasites on their hosts (Stentiford et al. 1999, 2000).
It is expected that under such conditions, the normal
crustacean ‘immune’ processes of wound repair, induc-
tion of the prophenoloxidase system, clotting, phago-
cytosis and encapsulation of foreign material would
be unlikely to occur (Sindermann 1971, Johnson 1980,
Smith & Soderhéll 1986, Smith & Chisholm 1992,
Thornqvist & Soderhall 1997).

A number of studies have reported the occurrence
of secondary bacterial infections in invertebrates,
particularly for virus-infected crustaceans under
aquaculture conditions (Arcier et al. 1999). In such
cases, secondary infections are generally attributed
to immunosuppression induced by the primary
pathogen (Johnson 1983). Secondary infections, some
of which are likely to be caused by opportunistic
pathogens, have also occurred in Hematodinium-
infected hosts. Bacteraemia was reported in the
haemolymph of Hematodinium-infected tanner crabs
Chionoecetes bairdi (Meyers et al. 1987), and bacte-
ria are often found within the fixed phagocytes of the
hepatopancreas of Hematodinium-infected Nephrops
norvegicus (G. D. Stentiford pers. obs.). Other patho-
gens, such as an unidentified ciliate parasite, have
also been reported in Hematodinium-infected crabs
(Meyers et al. 1987).

This paper describes an infection by a yeast-like
organism in Hematodinium-infected Cancer pagurus
and Necora puber captured from various sites within
the English Channel. As such, it is the first description
of a yeast infection in crabs. Histopathological changes
are discussed in relation to the likely opportunistic
nature of this yeast co-infection in Hematodinium-
infected crabs, the possible effects of Hematodinium
on the host immune system, and the role that such sec-
ondary infections may play in the morbidity and mor-
tality of the host. Furthermore, it provides an example
of how opportunistic pathogens can exploit the weak-
ened immune system of crustaceans during stressful
episodes, and may be a useful model for studying the
development and pathogenesis of disease under such
conditions.

MATERIALS AND METHODS

European edible crabs Cancer pagurus and velvet
swimming crabs Necora puber were captured from the
south coast of Guernsey (UK Channel Islands; 49°24' N,
2°32't0 2°43' W) and from Newton's Cove, Weymouth,
UK (50°34'N, 2°22'W), between December 2001 and
February 2002 using conventional baited parlour pots.
Sixteen Hematodinium-infected C. pagurus were sam-
pled from the Guernsey site, while 120 C. pagurus and
120 N. puber, both with unknown status of Hemato-
dinium infection, were sampled from the Weymouth site.

Histopathology. Crabs were anaesthetised by chill-
ing to 4°C for 30 min. The hepatopancreas, heart, gill,
midgut, gonad, body muscle and claw muscle were
removed from apparently healthy crabs and from those
showing signs of Hematodinium sp. infection (Sten-
tiford et al. 2002). Excised samples were placed imme-
diately into Davidson's seawater fixative (Hopwood
1996) for 24 h before transfer to 70 % industrial methy-
lated spirit for transport and storage. All samples were
processed for histological examination within 7 d of
collection using standard protocols. Sections were
stained with haematoxylin and eosin (H&E) and selec-
tively, re-sectioned material was stained with periodic
acid-Schiff (PAS) and Grocott-Gomori silver stains.
All stained sections were analysed by standard light
microscopy and digital images were captured using
the Lucia™ Screen Measurement System (Nikon).

Electron microscopy. Crab tissues excised for histology
were also preserved for electron microscopy. Small blocks
of tissue (2 mm?®) were fixed in 2.5% glutaraldehyde in
0.1 M sodium cacodylate buffer (pH 7.4) and 1.75%
sodium chloride for 2 h at room temperature. Fixed tissue
samples were rinsed in 0.1 M sodium cacodylate buffer
with 1.75 % sodium chloride (pH 7.4) and post-fixed for 1 h
at 4°C in 1% osmium tetroxide, reduced with 1.75%
potassium ferrocyanide in 0.1 M sodium cacodylate buffer.
Specimens were washed in 3 changes of 0.1 M sodium
cacodylate buffer and stained en bloc in 0.5 % aqueous
uranyl acetate for 1 h. Specimens were embedded in
epoxy resin 812 (Agar Scientific-pre-mix kit 812) following
dehydration through a graded acetone series. Thick sec-
tions were stained with Toluidine Blue for viewing with a
light microscope to identify suitable target areas. Ultra
thin sections (70 to 90 nm) of these areas mounted on un-
coated copper grids and stained with uranyl acetate and
Reynolds’ lead citrate (Reynolds 1963) were examined us-
ing a JEOL 1210 transmission electron microscope.

RESULTS

The pathological manifestation of Hematodinium
sp. infection in Cancer pagurus has recently been
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described by Stentiford et al. (2002). Similarly, Wil-
helm & Mialhe (1996) provided a description of
Hematodinium sp. infection of Necora puber. Of the
240 crabs sampled from the Weymouth site, 4 of 120
C. pagurus (3.03%) and 1 of 120 N. puber (0.83 %)
were shown to be infected with Hematodinium sp.
using standard histological techniques as described
below. Among the Hematodinium-infected C. pagu-
rus captured from the Weymouth site, 2 (50%) were
co-infected with a yeast-like organism. The 1 Hema-
todinium-infected N. puber captured from the Wey-
mouth site, was also co-infected with a yeast-like
organism. Among the 16 Hematodinium-infected C.
pagurus sampled from the Guernsey site, 4 (25%)
harboured infection by a yeast-like organism. Only
crabs (of both species) that were infected with
Hematodinium sp. harboured co-infection by the
yeast-like organism.

Histopathology of yeast-like infection

The haemal sinuses of the hepatopancreas of co-
infected crabs of both species were congested with
large haemocytic encapsulations, outside of which
were masses of Hematodinium sp. parasitic cells
(Fig. 1). While no obvious host reaction appeared to
be associated with the dinoflagellate, there was a
host reaction associated with large numbers of small,
ovoid yeast-like cells (4.14 + 0.06 x 2.68 + 0.03 pm,
n = 50), some of which appeared to be in a state
of division (budding). These cells stained positively
with both PAS (Fig. 2) and Grocott-Gomori silver
stains (Fig. 3) and were present as free cells (Fig. 4)
and as large masses of free cells, some of which
were apparently budding, in the haemolymph sur-
rounding the hepatopancreatic tubules and in the
sinuses of other organs and tissues (Fig. 5). In addi-
tion to masses of Hematodinium sp. parasitic cells,
haemolymph smears contained large numbers of
free ovoid cells that corresponded to the free-
stages described above. Under phase-contrast
microscopy, these cells appeared refractile and
were easily distinguished from the other cell types
present.

Other histological features detected in infected
crabs included the presence of abundant secretory
packets within the B-cells of the hepatopancreas
tubules (Fig. 6), the appearance of granuloma-like
inflammatory reactions and tubular degeneration
within the hepatopancreas, and similar melanised
encapsulation responses within the gill lamellae and
the connective tissue of the midgut wall (Fig. 7). Fila-
mentous bacteria fouled the external surface of the
gill epithelium of all infected crabs (Fig. 8).

Ultrastructure

Individual and budding yeast-like cells were present
in the haemolymph of the tissue interstices (Fig. 9) as
well as phagocytosed within the haemocytes (Fig. 10).
Yeast-like cells were surrounded by an electron lucent
‘halo’ that separated the cell wall from the surrounding
host material (Fig. 10). This 'halo’ effect may have been
caused by the presence of some unidentified extra-
cellular coating of the yeast-like cell, or alternatively,
due to shrinkage of the material during fixation. The
cell wall consisted of 3 layers; a dark electron dense
layer surrounding the cytoplasm (20 nm), a darker and
thicker electron dense outer layer (30 nm) and a lighter
electron transparent layer (60 nm) separating these
2 layers. Nuclei and mitochondria were identified
within the granular cytoplasm. Cristae were clearly
visible within the mitochondria, especially in mature
cells, which also contained vacuoles and lipid inclu-
sions (Fig. 11).

DISCUSSION

Although Metschnikoff (1884) is considered to have
initiated the discipline of invertebrate pathology with
his studies on the invasion and subsequent phago-
cytosis of yeast-like cells in Daphnia magna (Bang
1983), there have been few subsequent descriptions of
yeast-like infections in crustaceans. To date, yeast
infections in crustaceans have been described from the
Copepoda (Metschnikoff 1884, Pixell-Goodrich 1928,
Unestam 1973, Codreanu & Codreanu-Balcescu 1981),
the Isopoda (Hyniewiecka-Szyfter & Babula 1996,
1997a,b, Hyniewiecka-Szyfter et al. 1994) and prawns
(Colorni & Diamant 1992, Chen et al. 1994, Hsu &
Liu 1994, Lu et al. 1997, 1998, Chen et al. 2001). The
current study provides the first documented descrip-
tion of a yeast-like infection in crabs.

Yeast-infected crabs (Cancer pagurus and Necora
puber) were all found to be co-infected with the
dinoflagellate parasite Hematodinium sp., previously
described as causing ‘Pink Crab Disease’' (PCD) in C.
pagurus from the English Channel (Stentiford et al.
2002) and similar Hematodinium sp. infections in
numerous other crustacean species worldwide (New-
man & Johnson 1975, Maclean & Ruddell 1978, Meyers
et al. 1987, Field et al. 1992, Hudson & Lester 1994,
Hudson & Shields 1994, Messick 1994, Taylor & Khan
1995, Wilhelm & Mialhe 1996). Since no crabs were
observed to be infected only by the yeast-like organ-
ism, we suggest that it is an opportunistic pathogen,
possibly exploiting the weakened immune system of
the host crab, a feature known to accompany Hemato-
dinium sp. infections in numerous crustacean species
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Figs 1 to 8 Hematodinium sp. infecting crab. Fig. 1. Hepatopancreas of Cancer pagurus infected with Hematodinium sp. and a
yeast-like organism. Tubules with normal lumens (Tlu) were surrounded by masses of Hematodinium sp. cells (H). Inflammatory
(encapsulation) reactions were seen only in relation to yeast cells (arrows) and caused blockage of haemal sinuses. H&E stain,
scale bar = 200 pm. Fig. 2. Haemal sinus of C. pagurus infected with Hematodinium sp. and a yeast-like organism. Haemocytes
(long arrow) form encapsulations around yeast cells, some of which were in the process of budding (short arrows). No host
reaction was associated with Hematodinium sp. cells (H). PAS stain, scale bar = 50 pm. Fig. 3. Haemocytic encapsulation response
to yeast-like cells, some of which are in the process of budding (arrows). Grocott-Gomori silver stain, scale bar = 25 pm.
Fig. 4. Gill lamellae of Necora puber infected with Hematodinium sp. and a yeast-like organism. Free stages of the yeast (arrow)
and Hematodinium sp. plasmodia (H) were seen in the haemolymph. Bacterial growth was common on the outer surface of the
gill. PAS stain, scale bar = 25 pm. Fig. 5. Haemal sinus of C. pagurus infected with Hematodinium sp. and a yeast-like organism.
Note the mass of yeast-like cells (and occasional Hematodinium sp. plasmodia) within the vessel (arrow) and the presence of
Hematodinium sp. cells and free yeast cells in the haemal sinus. Normal tubule epithelial cells (Tep). PAS stain, scale bar = 50 pm.
Fig. 6. Hepatopancreas of C. pagurus infected with Hematodinium sp. and a yeast-like organism. Tubule epithelium (Tep) and
lumen (Tlu) appear normal, though secretory packets were frequent within B-cell vacuoles (arrow). Free yeast-like cells (Y) and
Hematodinium sp. plasmodia (H) are present in the haemal sinuses. H&E stain, scale bar = 100 pm. Fig. 7. Large granuloma in
the gut wall of N. puber infected with Hematodinium sp. and a yeast-like organism. Free plasmodial stages of Hematodinium sp.
can be seen outwith the granuloma. H&E stain, scale bar = 50 pm. Fig. 8. Gill lamellae showing epibiotic growth of filamentous
bacteria. PAS stain, scale bar = 25 pm

-
-

(Meyers et al. 1987, Field et al. 1992, Field & Appleton
1995, Shields & Squyars 2000, Stentiford et al. 2002).
The pathology accompanying co-infection was
severe, with congestion of the haemal sinuses by
masses of Hematodinium sp. plasmodia and yeast-like
cells. Haemocytopoenia has been observed in numer-

ous coelozoic bacterial and protistan infections of crus-
taceans (Johnson 1983). Accordingly, previous studies
on Hematodinium-infected hosts have shown a marked
reduction in the circulating haemocyte count concomi-
tant with an increasing parasite burden (Field et al.
1992, Field & Appleton 1995, Shields & Squyars 2000).

Figs. 9 to 11. Hematodinium sp. infecting Cancer pagurus.
Fig. 9. Budding yeast-like cell in the haemolymph of a crab
also infected with Hematodinium sp. Transfer electron micro-
scope, scale bar = 1 nm. Fig. 10. Yeast-like cells phagocytosed
within a host haemocyte. Yeast cells were surrounded by an
electron-lucent ‘'halo’ that separated the yeast cell wall from
the surrounding host material. Transfer electron microscope,
scale bar = 1 pm. Fig. 11. Mature yeast-like cell in the
haemolymph. The cell wall consisted of 3 layers; a dark elec-
tron-dense layer surrounding the cytoplasm (20 nm), a darker
and thicker electron-dense outer layer (30 nm), and an elec-
tron lucent layer (60 nm) separating the 2. Nuclei, mitochon- -
dria, vacuoles and lipid inclusions were visible in the granular
cytoplasm. Transfer electron microscope, scale bar = 1 pm
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In the current study, while free haemocytes were not
common in the haemolymph of co-infected crabs, and
no apparent inflammatory responses were directed
towards Hematodinium sp. cells, large encapsulation
responses were associated with the yeast-like cells
(Pixell-Goodrich 1928). Yeast cells were also observed
within the cytoplasm of free haemocytes. Granuloma-
like lesions similar to those described by Sparks (1980)
were also present, particularly in the connective tissue
surrounding the midgut. These features suggest that
the remaining immune function in these hosts was not
directed towards the Hematodinium parasites but
against the yeast-like cells. It is plausible that the crab-
host immune system does not recognise the Hemato-
dinium sp. cell wall as non-self. Numerous studies
have shown that the prophenoloxidase system in crus-
taceans can be initiated by microbial cell wall compo-
nents, such as f3 1,3-glucans in fungi and lipopolysac-
charides and peptidoglycans in Gram-negative and
Gram-positive bacteria, respectively (Thorngvist &
Soderhall 1997). It appears likely that the immune sys-
tem of Hematodinium-infected hosts may still be able
to respond to secondary pathogens, such as the yeast-
like organisms, that express suitable stimulatory mole-
cules in their cell walls. This host non-recognition of
Hematodinium sp. infections is likely to play a key role
in the pathogenesis of this disease, and may help to
explain the abundance and rapid proliferation of
Hematodinium cells within the haemolymph of
infected hosts (Newman & Johnson 1975, Maclean &
Ruddell 1978, Meyers et al. 1987, Field et al. 1992,
Hudson & Lester 1994, Hudson & Shields 1994, Mes-
sick 1994, Taylor & Khan 1995, Wilhelm & Mialhe
1996, Stentiford et al. 2002).

Host recognition of the yeast-like cells also suggests
that despite a reduction in the circulating haemocyte
count in Hematodinium-infected crabs, the ability for
host production and release of haemocytes in response
to other pathogens may not be compromised and
indeed may even be stimulated. A similar hypothesis
has been associated with Hematodinium infection in
Nephrops norvegicus whereby heavily infected host
lobsters had enlarged haemopoietic tissues with ele-
vated numbers of differentiating cells, mitotic figures
and stem cell activity (Field & Appleton 1995). It was
further hypothesized that while infection led to in-
creased haemopoietic activity, any increase in haemo-
cyte cell number was likely to have been negated by
the increased presence of haemocytic nodules in
these animals. While haemocytic nodules have been
reported in the tissues of Hematodinium sp.-infected
C. pagurus, it has not been shown whether these nod-
ules were associated with plasmodia of the Hemato-
dinium sp. parasite or to some other unidentified
pathogen (Stentiford et al. 2002). It may be possible to

eliminate Hematodinium sp. parasites as the cause of
these encapsulation responses by demonstrating the
absence of haemocytic nodules in severely infected
crabs. As such, it is possible that Hematodinium infec-
tion may even stimulate the immune system of infected
hosts, thereby ensuring that secondary pathogens,
which may ultimately compete with the primary
pathogen for host resources, are encapsulated and
destroyed. Additional challenge studies using a suit-
able secondary pathogen, coupled with detailed histo-
logical analysis of host tissues, may elucidate the
precise relationship between the Hematodinium spp.
parasites and the immune system of their hosts.

Because all material used in the current study was
fixed prior to the discovery of the yeast-like co-infec-
tion, it was impossible to culture and identify the yeast
species responsible for the infection in Cancer pagurus
and Necora puber. Previous studies have identified a
number of yeasts that infect crustaceans, including
Metschnikowia (Metschnikoff 1884, Unestam 1973,
Codreanu & Codreanu-Balcescu 1981), Cryptococcus
(Pixell-Goodrich 1928, Spencer et al. 1964, Unestam
1973, Hyniewiecka-Szyfter et al. 1994, Hyniewiecka-
Szyfter & Babula 1996, 1997a,b); Candida, Pichia,
Endomyces (Lu et al. 1998) and Debaryomyces (Hsu &
Liu 1994). Also, numerous species of yeast have been
isolated from fresh raw seafood products. Of these spe-
cies, Candida lipolytica, Trichosporon pullulans and
T. cutaneum, all having proteolytic activities, have
been isolated post mortem from tissues of C. pagurus
(Kobatake et al. 1992). Whether these species are
native inhabitants of the tissues and haemolymph of C.
pagurus, or instead are post mortem artefact, remains
to be shown. However, it is feasible that under condi-
tions of host immunosuppression (such as that caused
by primary disease or by environmental factors), prolif-
eration of native yeast species may produce oppor-
tunistic infections in their hosts. When such species
have proteolytic or toxic capacities, at least some part
of the pathological manifestation associated with the
primary disease may otherwise be due to these oppor-
tunists. Molecular identification (Fell 1993, Lu et al.
1997) and culture techniques are required to elucidate
the identity of the yeast-like organisms detected in C.
pagurus and N. puber from the English Channel and
to provide material for transmission studies to deter-
mine the susceptibility of compromised and non-
compromised hosts.
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