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White spot disease (WSD) is caused by white spot
syndrome virus (WSSV), which is a bacilliform,
non-occluded, enveloped, double-stranded (ds)
DNA virus and belongs to the family Nimaviridae
and genus Whispovirus (Vlak er al. 2005). In
recent years, intensive studies on the virus have
been made, particularly with respect to its organi-
zation, morphogenesis, pathology and pathogene-
sis (Escobedo-Bonilla er @/ 2008). Shrimps, like
other invertebrates, lack a true adaptive immune
system but have developed effective mechanisms
for detecting and eliminating pathogens, which
depend primarily on innate immune system (Lo-
ker et al. 2004). Haemocytes constitute the first
line of internal defence against invading microor-
ganisms. They are crucial in the immune
responses of crustaceans and are capable of cell

agglutination, phagocytosis, encapsulation, nodule
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formation and mediation of cytotoxicity (Soder-
hall 1999; Johansson et al. 2000). These cells are
also involved in synthesis, storage, activation and
discharge of pro-enzymes and substrates of the
clotting, and prophenoloxidase (proPO) cascades.
Apoptosis has been proposed as the main antiviral
mechanisms in invertebrates (Rhee, Kim & Park
2002). A comprehensive of shrimp
humoral responses, binding between shrimp and

review

viral structural proteins and intracellular responses
was conducted by Flegel & Sritunyalucksana
(2011). In recent years, much information has
been generated on the immune response genes
and proteins involved in WSSV pathogenesis
(Maningas et al. 2008). Under experimental con-
ditions, there are reports of shrimp innate
immune responses in terms of dramatic decline in
circular haemocytes, changes in haemocyte struc-
ture and failure of hemolymph clotting in
response to WSSV (Sahul Hameed ez al. 2006;
Arts er al. 2007). In the present study, we report
on innate defence responses in Penacus monodon
(Fabricius) with clinical WSD in a semi-intensive
culture system. This study was a part of a larger
epidemiological study on WSD carried out in the
shrimp farms of Karnataka, West coast of India
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(Thakur er al. 2002; Turnbull et a/. 2005; Sahoo
et al. 2010).

During this longitudinal observational study,
data related to pond preparation, water quality,
stocking of post-larvae, shrimps at middle of cul-
ture (6 week after stocking) and at harvest were
collected directly by the research team. The study
aimed at collecting and analysing a total of 100
shrimp samples per pond. This sampling method
allowed the estimation of the prevalence of any
disease characteristics in the shrimp population
with 95% confidence and 10% precision. During
the middle of the culture period at 6-week post-
stocking, (100/pond)
randomly collected from a total of 68 ponds. We
further randomly selected 40 ponds of these 68
ponds for the analyses. In each pond, the sample

Penaeus monodon were

was grouped into 10 subsamples of 10 shrimps
each and preserved in 10% phosphate-buffered
formalin. One subsample (containing 10 shrimps)
was randomly selected from each pond, leading to
a total number of 400 shrimps. Longitudinally
bisected cephalothoracic portion of each shrimp
was used for histological processing and diagnosis.
The samples were processed for histopathology
following standard protocol outlined by Lightner
(1996). A minimum of three good sections of
5 pum thickness per shrimp were stained in hae-
matoxylin and eosin (H&E). The stained sections
were examined for evidences of WSSV inclusions
and classified as light, moderate and severe level
of clinical WSD by standard severity grading
method (Lightner 1996). In addition, the presence
of chronic inflammatory lesions (CIL) in the form
of haemocytic nodules, typical of bacterial infec-
tion, was examined. Data analysis was conducted
by considering individual shrimp as statistical
units. Data were analysed by 2 x 2 contingency
tables Yates-corrected chi-square test. A P-value of
0.05 or lower was considered as significant. All
2 x 2 tables were tested using Epi Info 7.0 (Cen-
tre for Disease Control and Prevention, USA/
World Health Organization, Atlanta).

Distinct pathological features of WSD were
observed in 40 of 400 shrimps. Of the 40, innate
responses in the form of haemocytes aggregation
were observed in 10 shrimps with light WSD and
hemolymph clots in eight shrimps with moderate
WSD (Figs 1 & 2). Hemolymph clots with asso-
ciated haemocytes were extensive in the muscle
cells of rostrum, pleopods and periopods with
conspicuous eosinophilic viral inclusions. Cells
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Figure 1 Penaeus monodon, longitudinal section of pleopod of
a WSD shrimp showing considerable haemocytes aggregation
(arrow) (H&E, 200x).

Figure 2 Penaeus monodon, longitudinal section of rostrum of
a WSD shrimp showing conspicuous haemolymph clots
(arrow) and muscle cells with eosinophilic intranuclear inclu-
sions (arrow head) (H&E, 400x).

with basophilic intranuclear inclusions and cells
devoid of nucleus were noticed in shrimps with
severe WSD (Fig. 3 and Table 1). However, four
shrimps negative for WSD by histopathology
showed innate responses in the form of haemo-
cytes aggregations. Statistical analysis showed a
high significant association between the shrimps
with clinical WSD and shrimps showing innate
responses (P = 0.0000000000) (Table 2).

Shrimp samples were collected at 6-week post-
stocking to understand the WSD status during
the middle of the crop cycle and their possible
effect in disease outbreak (Sahoo et 2l 2010). Of
the 400 shrimps examined, 40 shrimps were
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Figure 3 Penaeus monodon, muscle cells of a WSD shrimp
showing basophilic intranuclear inclusions (arrow) and cells

devoid of nucleus (arrow head) (H&E, 400x).

Table 1 Category of white spot disease (WSD) shrimps, Pena-
eus monodon, and innate responses at individual level

Response (Innate)

Level of WSD With Without
Light 10 11
Moderate 8 5
Severe 0 6

Table 2 Association between shrimp innate responses and
WSD status at individual shrimp level; P probability value at
95% CI (P < 0.05) (Epi Info 7)

WSD

status
Shrimp innate responses + — Statistics
+ 18 4 P = 0.0000000000
- 22 356

positive for clinical WSD with light, moderate or
severe level of the disease. Although there were no
evidences of CIL in the representative shrimps
associated  with  bacterial infection, innate
responses in the form of haemocytes aggregation
towards the cuticular cell layer were observed in
shrimps with light WSD. It is well known that
cuticular epithelium, connective tissues and hae-
matopoietic tissues are the target sites of WSSV
(Wongteerasupaya et al. 1995). van de Braak ez al.
(2002) documented that during WSSV infection,
there is a strong decline in free circulating haemo-
cytes. It is believed that these haemocytes leave
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the circulation and migrate towards virus-infected
cells. As we observed haemocytes aggregation only
in shrimps with light WSD, it is possible that
such an innate response may be one of the
primary responses to the WSSV-infected cells.
Furthermore, hemolymph clots in the spongy con-
nective tissues of rostrum and periopods associated
with haemocytes and particularly with eosinophilic
viral inclusions in shrimp is quite interesting. The
clotting reactions in crustacean are medicated by
transglutaminase (T'Gase) (Wang eral 2001),
Ca2"-dependent These
enzymes are capable of forming covalent bonds
between the side chains of free lysine and gluta-
mine residues of clotting protein. In shrimps, the
level of TGase in both haemocytes and lymphoid
organs dramatically decreases at the late stages of
WSSV infection, which may account for the fail-
ure of clotting reaction (Liu ez /. 2007). In our
study, the pathological tissues show clots in the
moderate level of infected cells with eosinophilic
On the other hand, in

severe WSD shrimps, cells devoid of nucleus and

which are enzymes.

virus inclusion bodies.

cells with developed basophilic intranuclear inclu-
sions bodies were observed. The early phases of
WSSV inclusions are eosinophilic and later change
to fully developed basophilic intranuclear inclu-
sion bodies (Lightner 1996). Hence, we hypothe-
size that the clotting mechanism may occur only
during the early to moderate level of WSSV infec-
tion, and not in the severe cases. Although our
data are consistent with the hypothesis that the
clotting is strongly associated with early stage of
WSSV infection, we cannot completely rule out
the possibility that the observed innate responses
may have been a preliminary host response to
tissue damage caused by WSSV or low level of
secondary pathogens. In either case, the differen-
tial immune responses observed during various
stages of WSD progression in this epidemiologi-
cal study are quite intriguing. Clotting has been
most studied in freshwater crayfish and horseshoe
crab, and it is observed that hemolymph of
horseshoe crab is extremely sensitive to minute
amount of bacterial lipopolysaccharides that
results in coagulin (Tanaka & Iwanaga 1993). It
is known that clotting cascade provides a dual
action, that is, clotting and production of anti-
microbial substances against invading agents
(Theopold et al. 2004), and can proceed inde-
pendently of melanization (Scherfer er al. 2004).
We hypothesize that the hemolymph clots that
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are mainly restricted to connective tissues of
appendages may further progress to melanin for-
mation after rostrum or antennal cut.

In the present study, while investigating the
WSD status in shrimps during the middle of cul-
ture period, a strong association between innate
defence responses in the form of haemocytes
aggregation and hemolymph clots was observed in
the light of moderate clinical WSD shrimps.
Although there are reports of haemocytes migra-
WSSV-infected cells as an
immune response in shrimp, hemolymph clots

tion towards the

with eosinophilic viral inclusion bodies in connec-
tive tissues as an innate response is interesting and
of first record. As molecular information on clot-
ting mechanism in shrimp to WSSV is limited,
our pathological results particularly at the early
and moderate stages of WSSV infection would
secure a greater molecular understanding of these
processes during the infection.
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