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Abstract
Disseminated neoplasia (DN) is a progressive and lethal condition of bivalves characterized by the 
presence of neoplastic cells in the circulatory system and organs. This leukemia-like disease has 
been reported in association with massive mortalities in different bivalve shellfish. Although the 
factor responsible for causing DN has not been determined, several authors found evidence of a 
retroviral aetiology in other molluscan species. In this work, the possible implication of a retroviral 
agent in the appearance and development of DN in golden carpet shell clam (Venerupis aurea) from 
Galicia, Spain was analysed. A total of 39 clams obtained from a population with DN history were 
included in the study. These samples were analysed by light microscopy (LM), showing that 74.4% 
of them present neoplastic cells. The samples were also analysed using a commercial kit for detection 
and quantification of reverse transcriptase activity (RT). This assay showed positive RT activity in 
82.8% of the analysed samples. In addition, a product enhancer RT (PERT) assay was performed, 
producing similar results. RT activity was not detected in 10 samples from a population without 
DN history, included in the study as a negative control group. As for other species of molluscan 
shellfish, this study suggests the possible implication of a retroviral agent in the appearance and 
development of DN in golden carpet shell clam (V. aurea) from Galicia, although further studies are 
needed to confirm such hypothesis.

Introduction
Disseminated neoplasia (DN) is a progressive 
and lethal condition of bivalves characterized by 
the presence of neoplastic cells. This leukemia-
like disease is characterized by an excessive pro-
liferation of abnormal circulating cells in the cir-
culatory system and organs (Barber, 2004; Elston 
et al., 1992). These abnormal cells are larger, 
anaplastic, less complex (undifferentiated and 
round-shaped), have a larger nucleus, a higher 

nucleus-to-cytoplasm ratio and are mytotically 
more active compared to the normal circulating 
cells, the hemocytes (Poder and Auffret, 1986; 
Elston et al., 1992; Villalba et al., 2001). DN is 
progressive, with neoplastic cells showing rapid 
and invasive growth that, in most cases, results 
in the death of the host (Barber, 1990; Brousseau 
and Baglivo, 1991).
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The disease was first detected in oysters 
(Crassostrea virginica and C. gigas) by Farley 
(1969a). Since then, similar cases have been 
reported worldwide in 15 molluscan species 
including flat oyster (Ostrea edulis), mussels 
(Mytilus edulis, M. galloprovincialis and M. tros-
sulus), so� shell clams (Mya arenaria and M. 
truncata), and macoma clams (Macoma spp.) 
(Balouet et al., 1986; Barber, 2004; Bower et al., 
1994; Ciocan and Sunila, 2005; Elston et al., 
1992; Farley, 1969b; Leavi� et al., 1990; Mix, 
1983; Moore and Elston, 1993; Peters, 1988). In 
Galicia (Spain), this pathological condition has 
been detected in cockles (Cerastoderma edule) 
during the last decade (Carballal et al., 2001; 
Villalba et al., 2001: Ordas and Figueras, 2005; 
Romalde et al., 2007).

The factor responsible for causing DN has not 
been determined, although evidence of a pos-
sible viral aetiology were observed by several 
authors (House et al., 1998; Romalde et al., 2007). 
DN has proven to be transmissible between indi-
viduals in different bivalve species (Collins and 
Mulcahy, 2003; Weinberg et al., 1997) indicating 
that an infective agent may be involved. Infec-
tious retroviruses utilise reverse transcriptase 
(RT), a characteristic enzyme essential for rep-
lication. This enzyme is a retroviral-RNA de-
pendent DNA-polymerase that transcribes the 
viral genomic RNA into a double-stranded DNA 
copy and can be detected by specific assays for 
this activity (Coffin et al., 1997; Pyra et al., 1994). 
Investigations on DN in bivalves suggested the 
presence of RT activity in tissues from neoplastic 
individuals, but not in control samples, rein-
forcing the hypothesis of a potential retroviral 
aetiology of the disorder (House et al., 1998; 
Medina et al., 1993; Romalde et al., 2007).

However, there are several other possible causes 
of RT activity. There are some reagents used in 
the molecular assays that may produce RT-like 
activity such as Taq DNA polymerase and RNase 
inhibitors (Pyra et al., 1994). Some enzymes 
like host DNA polymerase, some other nuclear 
enzymes and polymerase from mitochondria 
may also display RT-like activity (Brorson et 
al., 2002). In addition, it has been described that 
RT-coding genes contained in repeated genomic 
elements called retroelements could be another 
source of non-retroviral RT activity (AboElkhair 
et al., 2009b; Siah et al., 2011).

In this work, different direct and indirect tech-
niques were employed to obtain evidence of 
the possible implication of a retroviral agent 
in the appearance and development of DN in 
golden carpet shell clam (Venerupis aurea) from 
Galicia, Spain.

Materials and Methods
Samples
A total of 39 clams, V. aurea, obtained from a 
population with DN history in the subtidal bed, 
O Bohído in Ría de Arousa, Galicia (NW Spain), 
were included in this study. The clams were col-
lected between January and May, 2009. Another 
10 clams from a population without DN history 
from Bueu in Ría de Pontevedra, Galicia, were 
also analysed as negartive controls. Upon arrival 
at the lab, hemolymph samples were collected 
from the anterior adductor muscle sinus and 
kept at -20ºC until use. The clams were then 
dissected to separate mantle, gonad, gill and 
digestive tissues for the subsequent studies.

Histological techniques
Five millimeter thick sections were taken from 
every specimen, fixed in Davidson’s solution 
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and embedded in paraffin as previously de-
scribed (Villalba et al., 2001). The sections were 
stained with Harris’ hematoxylin and eosin 
(Howard et al., 1983) and examined by light 
microscopy (x400 and x1000 magnification) 
using an Olympus BX50 microscope (Olympus, 
Barcelona, Spain). 

Sample preparation for detection of RT 
activity
Dissected tissues and hemolymph from all the 
clams were prepared for detection and quanti-
fication of RT activity by using the RetroSysTM 
RT activity kit (Innovagen, Lund, Sweden) and 
the product-enhanced RT (PERT) assay. For 
the analysis of the tissue samples, 50-100 mg 
of tissue were homogenized in saline solution 
(0.85% NaCl; 1:1w/v) and centrifuged at 12000 
rpm for 5 min to collect the supernatants. Hemo-
lymph samples (500 μl) were centrifuged as 
above. 

Non-radiactive detection and quantification 
of RT activity
RetroSysTM RT activity kit is a commercial kit 
developed for the quantification of retroviral RT 
activity. It is a non-radioactive 96-well microtitre 
plate RT assay, based on the incorporation of 
bromo-deoxyuridine triphosphate (BrdUTP) 
as dNTP during the synthesis of the cDNA 
strand (Ekstrand et al., 1996). The incorporated 
BrdUTP is quantified by a RT product tracer 
(BrdU binding antibody conjugated to alkaline 
phosphatase) by a colorimetric reaction propor-
tional to the RT activity. 

The supernatants were analysed with the kit 
following the manufacturer´s instructions as 
previously described (Romalde et al., 2007). 
Samples were considered positive if absorbance 

values were at least three times higher than the 
internal background. Reproducibility of the 
results was assessed by testing the majority of 
samples in two separate RT assays.

Product-enhanced RT (PERT) assay
The product-enhanced RT (PERT) assay de-
signed by Pyra et al. (1994) was employed 
with modifications described by Romalde et 
al. (2007). This variant utilises hepatitis A virus 
(HAV) RNA and specific primer pair HAV240 
(5’-GGAGAGCCCTGGAAGAAAGA-3´) and 
HAV68 (5´-TCACCGCCGTTTGCCTAG-3´)
(Bosch et al., 2001). The primer pair amplified a 
173 bp fragment within the non encoding 5´end 
of the viral genome (Romalde et al., 2002).

RNA obtained from fetal rhesus kidney cells 
(FRHK-4) (ATCC CRL-1688) infected with HAV 
strain HM.175/18f (ATCC VR-1402) was em-
ployed as template in all RT reactions (20μl final 
volume). Seven microliters of a dilution 1:100 
(v/v) of each sample was added to 13 μl of RT 
mix (10mMTris-HCl, 50mMKCl, 2mM MgCl2, 
400μM dNTPs, 8U de RNasin, 0.3 μM primer 
HAV 240 and 2 μg HAV RNA). Positive controls 
were included in all reactions, consisting of the 
same mix to which 100U of Moloney Murine 
Leukemia virus (M-MLV) RT (Invitrogen, Bar-
celona, Spain) was added. Negative controls 
without any source of RT (no sample or M-MLV 
RT) were also included. Reverse transcription 
was carried out at 45ºC for 1h, followed by an 
inactivation step at 95ºC for 5 min.

PCR amplification of the cDNA was performed 
using InmolaseTM DNA polymerase (BioLine, 
London, UK). Twenty microliters of the RT 
product was added to 35 μl of the PCR mix 
(10mMTris-HCl, 50mMKCl, 1.5mM MgCl2, 
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400μM dNTPs, 0.1μM primer HAV 240, 0.2μM 
primer HAV 68 and 2.25U InmolaseTM DNA 
polymerase) and incubated for 1 h at 37ºC with 
Rnase A. The amplification program consisted 
of an initial denaturation step at 94ºC 5 min, 40 
cycles of denaturation 94ºC for 60s, annealing 
55ºC for 60s and extension 72ºC for 90s. A final 
extension step at 72ºC for 10 min was added to 
complete the extension of the products. PCR 
products were analysed by electrophoresis on 
1.5% (w/v) agarose (FMC BioProducts, Rock-
land, USA) gels with TAE (0.04M Tris-acetate, 
1mM EDTA) electrophoresis buffer. Amplicons 
were visualized with a UV transilluminator 
a�er ethidium bromide (0.06μg/ml) staining 
and images were captured using a Gel Doc XR+ 
(Bio-Rad, Madrid, Spain).

Results and Discussion
Despite the great number of DN cases reported 
in bivalve shellfish worldwide since the first 
description in 1969, li�le is known about the 
aetiology of the disease. The lack of a marine in-
vertebrate cell culture system and the limitation 
of the microscopy techniques, lead to the use of 
indirect procedures to determine the involve-
ment of a retroviral agent in the development 
of DN (House et al., 1998; Medina et al., 1993). 
With the aim to elucidate a possible retroviral 
aetiology, this study analysed two populations 
of golden carpet shell clam (V. aurea), with and 
without DN history, employing different direct 
(LM) and indirect (detection of RT activity) 
techniques.

Examination of the stained tissue sections by 
LM revealed that 29/39 (74.36%) of the clams 
analysed from the population with DN history 
presented signs of the pathological condition 
(Table 1). Clams were classified according to 

the categories established by Farley (1988). 
Nine clams were classified as heavy neoplas-
tic (presenting an intensive infiltration of neo-
plastic cells in most organs), 10 were classified 
as moderately neoplastic (presenting small 
foci of neoplastic cells in most organs), 10 as 
light neoplastic (with few abnormal cells in 
tissues) and 10 clams did not show presence 
of neoplastic cells. The clams from the popula-
tion without DN history, collected as negative 
controls (10 individuals), were also examined 
by LM. None of these individuals showed DN 
signs (Table 1).

When the 39 clams with DN history were ana-
lysed using the RetroSysTM RT activity kit, RT 
activity was detected in either the tissue or 
hemolymph samples from 24/29 (82.75%) of the 
clams classified as DN positive by LM (Table 
1). Two clams classified as heavy neoplastic, 2 
classified as moderate neoplastic and 1 classified 
as light neoplastic did not show RT activity in 
this assay. From the 10 clams with no presence of 
neoplastic cells by LM, RT activity was detected 
in 6 of them (Table 1). RT levels detected with 
RetroSysTM RT activity kit ranged from 113-
2243.7 pg/mg or pg/ml of tissue or hemolymph 
(Table 1), which according to the manufacturers 
are equivalent to activity of 0.4 to 6 mU/mg of 
the recombinant RT from Boehringer Man-
nheim. Although other authors have found a 
correlation between the reverse transcriptase 
activity from cell-free hemolymph and the level 
of tetraploidy in hemocytes (AboElkhair et al., 
2009a) and in tissues of diseased clams (AboE-
lkhair et al., 2009b), we can not demonstrate a 
good correlation between RT activity levels and 
the degree of neoplasia established by Farley 
(1988) (Table 1).
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In the majority of the cases (79.3%), DN posi-
tive clams by LM also presented evidence of 
RT activity in PERT assay in either tissue or 
hemolymph samples. Amplicons of the expect-
ed size (173 bp) were observed a�er agarose 
gel electrophoresis (Figure 1). The same two 
clams previously designated as showing heavy 
neoplasia that were negative by RetroSysTM RT 
activity kit, did not show RT activity in PERT 
assay. Four clams classified as showing moder-
ated neoplasia and 4 classified as showing light 
neoplasia, although positive by RetroSysTM RT 
activity kit, were negative in PERT assay. RT 
activity was again detected by PERT assay in 
4 clams presenting no signs of DN, being one 
of them negative in the RetroSysTM kit. 

In general, a good correlation between both 
methods for detection of RT activity was ob-
served in the 39 clams with DN history. Thus, 

88.2% of the analysed tissue and hemolymph 
samples (172/195 subsamples) showed RT activ-
ity in both assays, 11.3% (22/195 subsamples) 
were positive only by RetroSysTM kit and 0.5% 
(1/195 subsamples) were positive by PERT 
and negative by RetroSysTM kit. The negative 
results observed with both detection methods 
(RetroSysTM RT activity kit and PERT assay) in 
individuals demonstrating neoplasia by LM 
can be explained by the presence of inhibitors 
for reverse transcriptase (both in kit and PERT) 
or polymerase (in PERT). On the other hand, 
none of the 10 clams collected as negative con-
trols (from the population without DN history) 
presented RT activity either with RetroSysTM RT 
activity kit or in PERT assay.

When considering all the findings reported in 
this study, it is plausible that a retroviral aeti-
ology is responsible for the DN in the golden 

Table 1. Classification of the samples by DN signals (LM), and detection of RT activity by RetroSysTM RT 
activity kit and PERT assay.

Site 
geographical 
location

History 
of DN

DN signals 
(LMa)

No. of 
samples

Detection of RT activity
RT activity range
(pg/mg or pg/ml)RetroSysTM RT kit 

(No. +ve/total)
PERT assay (No. 

+ve/total)

Bohido (Ría  
de Arousa) Yes b

Heavy 9 7/9 7/9 1616.1-113

Moderate 10 8/10 6/10 969.2-63.5

Light 10 9/10 6/10 2243.7-32.2

No sign 10 6/10 4/10 981- 56

Bueu (Ría de 
Pontevedra) No c No sign 10 0/10 0/10 0

a Categories assigned on the basis of signs observed by light microscopy according to Farley (1988).
b High prevalence of DN in population.
c No prevalence of DN in population.
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carpet shell clam (V. aurea). However, it has 
been hypothesized in previous studies with 
M. arenaria (AboElkhair et al., 2009a,b) that the 
detection of RT activity in samples negative for 
haemic neoplasia could be indicative of the pres-
ence of an endogenous reverse transcriptase, 
associated with a wide range of biological proc-
esses. Furthermore, the activation of such en-
dogenous retroelements present in the genome 
would play a crucial role in the development of 
the disease, discarding the retroviral aetiology 
(Siah et al., 2011). Similar results were obtained 
in the present work for the DN-negative clams 
obtained from the population with DN history, 
which may support such hypothesis. However, 
that was not the case for the DN-negative clams 
from the population without DN history, in 
which no RT activity was detected by any of the 
methods utilized. This finding seems to indicate 
that basal levels of RT activity in truly healthy 
clams can be undetectable. It is important to note 
that none of the works with M. arenaria analysed 
clam populations without haemic neoplasia 
history. The inclusion of such populations in 
future studies may be critical to fully support 

the proposed hypothesis.

In summary, this work shows the presence and 
putative role of RT activity in the development 
of DN in golden carpet shell clam (V. aurea) 
from Galicia. However, a lack of conclusive 
results to confirm either of the possible hy-
potheses; retroviral aetiology or activation of 
endogenous retroelements exists. Therefore, the 
development of further experimental studies, 
especially investigating the transmission of 
the disease, in order to clarify the aetiological 
agent is required. 
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Figure 1. RT activity detection in golden carpet shell clam by PERT assay. Lanes 1 and 9, Mass Ladder (PCR 
Marker, 50-2000 bp, Sigma); lanes 2 to 8 and 10 to 13, samples positive for LM showing different degrees of 
RT activity: (lanes 2-5 light neoplasia; lanes 6-8 moderate neoplasia; lanes 10-13 heavy neoplasia); Lane 14, 
negative control (no RT source); Lane 15, negative control (no RNA). Lane 16, positive control (M-MLV RT).
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