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ABSTRACT: An indirect fluorescent antlbody technique (IFAT) has been developed to detect Hematodinium sp. in the haemolymph and tissues of the Norway lobster Nephropsnorvegicus. The IFAT, belng
more sensitive and rellable than prevlously used fleld a n d laboratory diagnostic techniques, detects
both lower-level haemolymph lnfectlons as well as previously undlagnosable tissue ~ n f e c t ~ o nLows.
level haemolymph a n d organ Hematodinium sp ~ n f e c t ~ o nhave
s
been found In apparently unlnfected
lobsters at all times of year, i n c l u d ~ n glate summer and autumn, when the parasite was prevlously
thought to be absent from host lobsters. Currently, IFAT is routinely used for laboratory studies a n d the
calibration of field diagnostic techniques
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INTRODUCTION

Nephrops norvegicus, a common and commercially
important decapod crustacean in Scotland, hosts pathogenic parasitic dinoflagellates of the genus Hematodinlum (Field et al. 1992). Hematodinium spp. and
Hematodinium-like organisms a r e becoming increasingly well known from a variety of crustacean hosts
and geographical locations, often associated with
mortality (Shields 1994). Such infections in N. norvegicus are widespread at certain times of year and the
majority are thought to be fatal (Field et al. 1992).
Infection by Hematodinium sp. in Nephrops norvegicus has previously been diagnosed in the field by
observation of the parasite in the haemolymph via the
transparent cuticle of the pleopods (Field et al. 1992,
Field & Appleton 1995). The reliability and sensitivity
of this method has been evaluated by direct observation of Hematodinium parasites in haemolymph
smears stained with Leishman's stain (Field & Apple'Addressee for repnnt requests.
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ton 1995).The pleopod examination technique has also
been used successfully for the diagnosis of Hematodinium in blue crabs Callinectes sapidus (Messick
1994).
Although pleopod examination provides a simple
field diagnosis requiring little technical support, and
the Leishman's stained smear has provided a more
direct observational confirmation of diagnoses, use of
these methods requires a degree of training. Moreover,
although parasites are easily recognisable in the
majority of haemolymph smears stained with Leishman's stain, experience is required for reliable diagnosis a n d , in cases of very light infection or poorly made
smears, parasites can be hard to recognise or can be
confused with certain classes of host haemocyte. Low
numbers of Hematodinium sp. in haemolymph are
often hard to detect in Leishman's stained smears, a n d
therefore remain 'sub-patent' by current diagnostic
methods. Although both these methods are valid, there
is a need for a better, yet easily conducted, diagnostic
test. Hence, a n indirect fluorescent antibody technique
(IFAT) has been developed. The IFAT can be used on a
routine basis for the detection of Hematodinium sp. not
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only in haemolymph, but also in tissue samples. Since
we have previously suggested that 'latent' tissue infection (Hematodinium sp, being presen.t only in organs)
may precede that of the haemolymph, the ability to
diagnose infections in these tissues would improve the
interpretation of field prevalence data obtained by
haemolymph infection-based diagnostic methods.

MATERIALS AND METHODS
Antibody. A polyclonal antibody was derived from
rabbits immunized with a mixture of vegetative forms
of the infecting organism from in vitro culture (Vickerman et al. 1993). Parasite forms commonly observed in
both haemolymph and tissues (Field P1 Appleton 1995)
from axenic cultures were used. Briefly, the methods
(Harlow & Lane 1988) included the following: washed
pelleted cells from axenic culture were resuspended in
Nephrops norvegicus saline and lysed by 3 cycles of
freeze-thawing. Insoluble material was removed by
mild centrifugation. Between 30 and 300 pg of soluble
protein (dependant upon the cultured parasite form) in
buffered N. norvegicus saline was inoculated with an
equal volume of Freund's complete adjuvant into 6
rabbits at 6 subcutaneous sites. Preirnmunization
control serum was collected from the test rabbits
beforehand. After test bleeds, the 2 rabbits showing
the highest titre responses were selected for further
inoculation. Secondary, tertiary and quaternary inocula were injected with Freund's incomplete adjuvant
every 4 wk, with further test bleeds taken 2 wk after
each inoculation. Rabbits were exsanguinated 4 wk
after the final inoculation, and serum separated from
clotted blood was frozen at -70°C until required.
Indirect fluorescent antibody technique. The IFAT
employed was similar to that described by Marks et
al. (1992) for the diagnosis of Aerococcus viridans in
lobster Homarus americanus haemolymph. The technique was applied initially to fixed smears of cultured
Hernatodinium sp. originally isolated from infected
Nephrops norvegicus, and later to fixed smears of
haemolymph from infected and control lobsters.
Haemolymph samples were withdrawn from the
ventral haemal sinus of lobsters into a syringe containing 2 % form01 saline (33',!1,,)at a ratio of 2.1, allowed to
fix for approximately 15 min and smeared onto clean
glass slides. Culture material was smeared directly
onto slides and fixed in ice cold 70% ethanol for 1 h.
Tissue smears were made by removal of organs from
killed lobsters directly into fixative containing
2% paraformaldehyde and 0.1 % glutaraldehyde, 4 %
sucrose and 3% NaCl in 0.1 M phosphate buffer,
pH 7.4. Tissue samples were rinsed in 0.1 M phosphate
buffer containing 6.5 % sucrose and stored in the same

buffer, containing azide, at 4°C until required. Small
pieces of tissue (-1 mm3) were macerated and smeared
onto clean glass sl~des. Tissue and ha.emolymph
smears were then air dricd at room temperature and
incubated in phosphate buffered saline (PBS) (pH 7.2)
with 0.2% Tween 20 and either 3% bovine serum
albumen (BSA) or 10% foetal calf serum for 15 min.
Slides were incubated for 1 h at room temperature with
primary anti-Hematodinium sp, rabbit antibody diluted
to 1:100 with PBS/BSA. Slides were washed with 5
changes of PBS/O.l% BSA for 10 min each and incubated with secondary donkey antirabbit fluorescein
labelled antibody (Scottish Antibody Production Unit)
at a dilution of 1:100 with PBS/BSA plus 10 pg ml-'
4',-6-diamidino-2-phenylindole(DAPI) (Sigma) as
counter stain for l h. Finally, smears were washed
thoroughly with PBS/O.l% BSA for 10 min. Control
slides were exposed to PBS/BSA containing no rabbit
immune serum during the first incubation, or were
incubated in preimmune rabbit serum. Control staining was also performed on smears of haemolymph
containing another protist commonly found in moribund Nephrops norvegicus in captivity, a Paranophrys-like ciliate. Slides were mounted in 10% PBS
in glycerol with 25 mg ml-l 1,4-diazabicyclo-[2.2.2joctane (DABCO) antifadant and examined using phase
contrast and ultraviolet (UV) epifluorescence. Entire
treated slides were examined for the presence of
immunoreactive dinoflagellates under a low power
objective (x10). Upon detection of parasite material,
the relat~veproportions of haemocytes and parasites
were calculated after a total of approximately 400 cells
were counted and identified. A characteristic of Hematodinium spp. is that many individual parasites are
multinucleate, therefore counts were based on the
number of nuclei of parasites or haemocytes stained by
the DAPI nuclear counter stain. Quantitative counts
of parasites from tissue smears were not possible, so
presence or absence of parasite material alone was
recorded.
Collection and maintenance of lobsters. Lobsters
Nephrops norvegicus (25 to 35 mm carapace length)
were caught by bottom trawling around the Isle of
Cumbrae, Clyde Sea Area, Scotland, and maintained
in a closed seawater system at 10°C and 331&., salinity
prior to use in experimental work.
Experimental comparison of diagnostic methods.
Haemolymph samples were obtained from a total of
165 lobsters in spring and summer 1994, and both the
status of Hematodinium sp. infection (Field et al. 1992,
Fleld & Appleton 1995) and moult stage (Aiken 1980)
were determined by pleopod examination. One haemolymph smear from each lobster was immunostained as
described, and one was stained with Leishman's stain
(Field & Appleton 1995). Haemolymph smears were
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examined microscopically to record the presence or
absence of dinoflagellate parasites observed with each
stalning method.
Detection of latent Hematodinium infection using
IFAT. Staining by IFAT was used to determine Tvhether
latent (not detectable in haemolymph by current
diagnostic methods) Hematodjnjun~sp. infections were
present in adult Nephrops norvegicus at different
times of year Previous work showed that detectable
infections were present in N,norvegicus populations
only during spring (Field 1992, Field et a1 1992). However, evidence from pathology a n d in vjvo studies
suggested that latent and/or subpatent infections may
b e present at other times of year (Field & Appleton
1995, unpubl. obs.). Between 11 and 30 individuals
were collected in January, February, March, August,
October and November 1994. Lobsters were selected
at random from trawl samples, but were all diagnosed
as uninfected by pleopod examination. Thereafter,
haemolymph smears were made from each individual. Tissue smears were prepared from samples of
hepatopancreas, midgut, heart and abdominal muscle
removed from lobsters killed by decapitation. Both
haemolymph and tissue smears were iminunostained
and examined for the presence of fluorescing pal-asites.
Despite the range of different fixation methods
used for parasites in culture, haemolymph a n d tissue
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samples, there was no difference in the reliability or
sensitivity of immunostaining (results not shown).

RESULTS

Evaluation of Hematodinium antibody a n d the IFAT
Staining of Hematodinjun~ s p , in haemolymph
smears by IFAT showed good antibody specificity for
the parasite (Fig 1 ) .Host haemocytes were unreactive
whilst background staining and autofluorescence were
low in haemolymph smears. Although there was no
binding of the antibody to host cells in tissue smears
(Fig. 2), there was a degree of autofluorescence, especially in the hepatopancreas. This autofluorescence
was minimised by ensuring thorough maceration of
samples. All controls tested gave negative results, the
rabbit antibody showed no affinity for host haemocytes
or ciliates a n d there was no non-specific binding of the
secondary donkey antirabbit antibody.

Comparison of diagnostic methods
The accuracy of pleopod diagnosis of Nenlatodinium
sp. infection compared with 2 methods of haemolymph
examination is shown in Table 1. This assessment is

Fig. l Light micrographs showing s p e c ~ f ~labelling
c
of Hematodjnil~msp. parasites by IFAT in a fixed Nephrops norvegicus
haernolymph smear ( a ) under phase contrast illumination, ( b ) under UV epifluorescence, showing DAPI nuclear counter s t a ~ n ,
( c ) under UV epifluorescence, showing labelling of Henlatod~niumsp. with fluorescent antibody whlle haemocytes remaln
unlabelled. Arrows: Hematodinium sp. parasites. Scale bars = 20 pm
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haemolymph smears revealed 34 individuals were
harbouring Hernatodinium sp. in t h e ~ rhaemolymph
(20.6%) Immunostaining detected 37 (22.4 %) individuals within the sample that were ~nfected,12 more
than by pleopod and 3 more than by Leishman's stain.
Three individuals were diagnosed as infected by
immunostaining alone. No infected lobsters diagnosed
by pleopod examination were classified as being uninfected by other methods. All misdiagnoses by pleopod
examination and Leishman's staining were made in
lobsters initially staged as uninfected by pleopod examlnation but subsequently found to be infected by
immunostaining or both smear examination methods.
Those subpatent infections detected by immunostaining but undetected by Leishman's stain showed
the lowest proportions of parasites to haemocytes,
ranging from 0.3 to 1.7% (1 parasite: 383 haemocytes,
and 6:346 respectively). The lotvest proportion detected by Leishman's stain was 2.4 % (9:366).

Detection of latent Hematodinium sp.
infection by immunostaining
Fig. 2. Light micrograph shobv~nga fluorescently labelled
Hematodinium sp. p a r a s ~ t e next to unlabelled abdominal
muscle in a fixed Nephrops norvegicus tissue smear. m: abdominal muscle; arrow: parasite. Scale bar = 20 pm

Throughout the year, lobsters diagnosed as uninfected by pleopod examination were, in fact, harbouring subpatent or latent Hematodinium sp. infection
detectable by IFAT (Table 2). Lobsters that contained
based on the parallel examination of both sexes of
parasites only in the tissues (latent infection), with no
detectable haemolymph infections, were found at all
lobsters by all 3 methods. Of those lobsters examtimes of year. During most of the year, some lobsters
ined, 25 (15.1%) were diagnosed as infected by pleowere infected with parasites in both the tissues and
pod examination. Examination of Leishman's stained
haemolymph. Parasite numbers were
low in all haemolymph infections
Table 1. Comparison of the accuracy of pleopod diagnosis of Hematodinium sp,
found in this part of the study.
infection w ~ t h2 methods of haemolymph staining
In all cases of tissue infection where
haemolymph infection also occurred,
Diagnostic method
parasites in the tissues were abundant
Pleopod
Leishman's stain
Immunostaining
and represented all tissue forms so far
described (Field et al. 1992, Field &
Appleton 1995). Well-established net' X , prevalence
15.1
20.6
22.4
work syncytia were often observed in
Table 2. Results of fluorescent antibody survey for prepatent Hematodinium sp. infection of Nephrops norvegicus between
January and November 1994. Hp: hepatopancreas
Month
January
February
hlarch
August
October
November

Number infected
Haernolymph and tissues
Tissues

Total infected/sample size

Infected tissues
Muscle, midgut. Hp
Heart
Midgut
HP
Muscle
Midgut, Hp

F ~ e l d& Appleton: Diagnosis technique for H e m a t o d ~ n l u si ~p .~~nfectionof Norlvay lobster

Fig. 3. Light micrograph showing fluorescently labelled multinucleate network-like
parasite syncytiurn in a
fixed hepatopancreas
smear from Nephrops
norveglcus. Scale bar =
20 urn

abdominal muscle and hepatopancreas smears (Fig. 3).
The observation of this form in the hepatopancreas
increased the known range of tissue sites harbouring
network parasites, previously known only within
abdominal skeletal muscle and myocardial muscle
(Field & Appleton 1995). In all cases of tissue infection
where no haemolymph infection occurred (latent)
parasite abundance was lower.

DISCUSSION

The IFAT method described shows good specificity
for Hematodjnium sp. infecting the haemolymph and
tissues of Nephrops norvegjcus. The lack of crossreactivity of the antibody with host tissues or other
commonly observed protistans makes this method suitable and effective for the identification of Hematodinium sp. infection in both the haemolymph and
tissues of infected lobsters. It is possible to identify
dinoflagellate parasites while scanning slides at relatively low magnifications, unlike the detailed examination required of Leishman's stained smears. Although
IFAT is only slightly more sensitive for detecting
low-level infections than Leishman's staining (0.3% a s
opposed to 2.4%), its unequivocal diagnosis and its
relatively simple methodology make it the most reliable diagnostic method available. Pleopod examination remains the most suitable field method for disease
diagnosis, but IFAT may be used to calibrate infection
prevalence estimates made in the field. This calibra-

tion may be particularly useful in the identification of
Hematodinium sp. infections in previously unexamined or uninfected stocks. Furthel-more, IFAT could be
used to identify Hematodinlum-like infections in new
host species as well as from new geographical locations, though the affinity of this antibody for related or
similar Hematodinium spp. from other crustaceans
must be assessed first.
Use of IFAT for Hernatodinium spp. from other host
species represents a practical and potentially more
sensitive detection and diagnostic method than those
in current use. The benefits over pleopod examination
and Leishman's stained smear examination will probably apply to the routine modified pleopod examination
method used by Messick (1994) in blue crabs Callinectes sapidus and haemolymph examination methods
of Meyers e t al. (1987) in Chionoecetes bairdi.
The discovery of subpatent Hematodinium sp. infections in the haemolymph and latent infections in the
tissues of apparently uninfected Nephrops norveyicus
has other implications for surveys of infection prevalence which are made using the pleopod examination
method. This initial, small-scale study has shown the
number of subpatent and latent infections to be relatively constant throughout the year, irrespective of the
number of patent infections observed. However, a
larger-scale investigation would elucidate any possible
seasonality of subpatent and/or latent infections. The
presence of Hematodinium sp. parasites in the tissues
of lobsters which showed no haemolymph infection
appears to support the original hypothesis of Field &
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Appleton (1995) that invasion of various organs occurs
soon after acquisition of infection, before patent haemolymph infections are detectable. The presence of subpatent and latenl dinoflayellate infections at times of
year when the parasite was previously thought to be
absent from host lobsters suggests a long latency and
development period for infection, and that infection
acquisition in one year leads to disease patency in the
next or even later. Slow rates of parasite growth in vivo
support this assertion (Field & Appleton unpubl. obs.).
We now employ IFAT on a routine basis for both
laboratory diagnosis and confirmation of field prevalence surveys made by pleopod examination.
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