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Summary

Knowledge on where and how pathogens enter the shrimp’s body is crucial information in the struggle 
to find new ways to combat infectious diseases in shrimp farming. Nevertheless, this primary part of 
pathogenesis research is too often neglected. Here, we relay the story on how the nephrocomplex was 
identified as a major WSSV entry portal along with salinity shock and moulting as necessary conditions 
to establish invasion, and why this is pivotal information relevant to scientists, shrimp farmers and 
practitioners.

Introduction

A profound understanding of disease pathogenesis is one of the most crucial aspects in achieving 
adequate protection against pathogens, be it prophylactic, in management or curative. Without exception, 
all infectious diseases start with the very same thing, i.e. pathogen entry and subsequent access to the 
primary replication site. Thus, knowing where infectious particles enter the animal’s body is crucial 
information. For example, if the entry portal is known, then local defence mechanisms can be studied, 
upregulated or induced (e.g. local immunity-inducing vaccines, probiotics, etc.). Furthermore, this 
information provides hints to potential risk factors, while management strategies can be undertaken 
to cut the chain of transmission (e.g. animal isolation, feed supply, waste management, hygiene, vector 
control, etc.). Finally, when the method of inoculation mimics the actual, natural way of infection, further 
pathogenesis studies can be performed with higher accuracy. Based on the general anatomy of shrimp 
(Young, 1959), we can consider six potential pathogen entry portals: (1) mouth (peroral), (2) anus,  
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(3) nephropore, (4) integumental gland, (5) genital orifices and (6) the entire surface of the body, when 
the exoskeleton is somehow compromised (including eyes, gills, etc.). Note that per ovum infections are 
always retraceable to previous generation(s) of shrimp, where the pathogen first succeeded in infiltrating 
via one of the six aforementioned primary entry portals.

Intrinsic susceptibility of shrimp and first-line defences

Much research on shrimp is based on experiments using intramuscular inoculations. Depending on 
the subject of investigation, bypassing of the natural entry portal by injecting shrimp can potentially 
lead to incomplete, incorrect or sometimes missed conclusions. However, these studies do illustrate that 
shrimp are most susceptible to diseases once the pathogens are inside the body (Escobedo-Bonilla et al., 
2005; Khanobdee et al., 2002; Liu et al., 2004). The moment pathogens reach the hemolymph (very often 
immediately after the first replication cycle in the primary target tissue), pathogens spread quickly and 
readily throughout the body, reaching the secondary target organs. This swiftness results in a rapid onset 
of symptoms and, not infrequently, mortality. Even so, not every cell type or organ is susceptible: each 
pathogen has its own specific set of target cells. White spot syndrome virus (WSSV), for example, is able 
to infect cells of only mesodermal or ectodermal origin, such as the cuticular epithelium and subcuticular 
connective tissue of almost every organ: nephrocomplex (antennal gland), stomach, hepatopancreas, 
gills, cuticular epithelia, heart, lymphoid organ, nervous tissue, some hemocytes, etc. Tubular epithelium 
cells of the gut and hepatopancreas are not infectible by WSSV (endodermal origin; Chang et al., 1996; 
Escobedo-Bonilla et al., 2008; Lo et al., 1997; Wu et al., 2013). In contrast, for example, Taura syndrome 
virus (TSV)’s primary target cells are the cuticular epithelium of mainly foregut, gills, general body cuticle 
epithelium and appendages (Hasson et al., 1999), while Hepatobacter penaei is an intracellular bacterium 
targeting only hepatopancreacytes (Lightner et al., 1992).

Pathogen susceptibility is determined not only by cell type – species, age and sex are also important. 
Some pathogens have a narrow host range, like TSV, which is known to be limited to certain penaeid 
species like Penaeus vannamei (mostly at early juvenile stages), whereas Penaeus stylirostris is usually 
resistant to TSV infection. On the contrary, the decapod penstylhamaparvovirus 1, formerly known as 
IHHNV, is highly virulent to P. stylirostris, whereas P. vannamei is much less vulnerable (Lightner, 2011; 
Lightner et al., 1983; Pénzes et al., 2020). In turn, it is suspected that WSSV infects all decapod crustacea 
species, including shrimp, prawn, lobsters, crabs and crayfish; both cultivated and wild species are at risk 
(Stentiford et al., 2009). Major economical significant European crustaceans such as Nephrops norvegicus, 
Homarus gammarus, Cancer pagurus and Cancer affinis are also described as highly WSSV susceptible 
(Bateman et al., 2012; Pradeep et al., 2012; Stentiford et al., 2009). Furthermore, other crustaceans (both 
saltwater and freshwater) including Artemia sp., Copepoda (all important food sources in shrimp, crab, 
lobster and fish aquaculture) and the Squilla mantis (mantis shrimp) are also susceptible to the virus. 
Additionally, WSSV has even been found in some insect larvae (Desrina et al., 2013; Pradeep et al., 
2012). Even in non-crustacean species, WSSV had been detected. For a broad enumeration of all sensitive 
species, see the reviews of Escobedo-Bonilla et al. (2008) and Pradeep et al. (2012). Nonetheless, not all 
WSSV-susceptible hosts are equally sensitive to white spot disease. In particular, non-penaeid species 
are considered less likely to succumb to the disease (Stentiford et al., 2009). Macrobrachium rosenbergii 
was reported to be refractive to WSSV infection. Nevertheless, under standardized conditions, it was 
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demonstrated that M. rosenbergii does allow WSSV to replicate and subsequently cause mortality, albeit 
to a lesser extent when compared to the more intensively bred Penaeids. Depending on strain and age 
of the shrimp or prawn, P. vannamei was found to be about 18.6–398 times more susceptible to WSSV 
infection than the freshwater species M. rosenbergii (Corteel et al., 2012; Escobedo-Bonilla et al., 2005).

With so many cell types and species highly susceptible to WSSV and other pathogens, it can almost 
be termed a miracle that shrimp manage to survive. The answer lies in the shrimp’s ability to defend 
itself against pathogens, particularly in its primary defence system located at the potential pathogen entry 
points, with the main function of preventing pathogen entry. The first, most evidently apparent, defence 
system is the shrimp’s exoskeleton. This cuticular layer is not only protective against physical threats but 
is also very effective in fending off other threats such as pathogens and toxins (Corteel et al., 2009; Xiong 
et al., 2017). The cuticula is made of chitin fibres with protein deposits, reinforced by minerals such as 
calcium and magnesium. This combination makes the structure strong and resilient, but also very dense. 
Furthermore, significant parts of the exoskeleton (epicuticle, exocuticle) are formed before the old cuticle is 
shed, ensuring moult cycle-round protection (see chapter on the integument for a more comprehensive and 
detailed description of the exoskeleton). This cuticula not only envelops the entire shrimp’s external body 
(including eyes and gills), but the foregut and hindgut are also completely covered by a non-permeable 
cuticle layer (Thuong et al., 2016b; Young, 1959). In contrast, no cuticle is present to protect the midgut. 
Instead, a non-cellular, slimy matrix of chitin and proteins, called the peritrophic membrane, ensures local 
microbial security (Hegedus et al., 2009). It was experimentally demonstrated that no particles of diameter 
>10 nm were able to pass the peritrophic membrane (Martin et al., 2006). The genital orifices too possess 
cuticular protection. In open-thelycum species, the female thelycum is a modification of the chitinous 
sternal plates of the last two pereopoda. Reception of spermatophores occurs only during inter- or pre-
moult, when the cuticula is at the height of its protective potential. In so-called closed species, the thelycum 
is covered by these sternal plates. The male petasma, responsible for depositing the spermatophores, are 
also a modification of the abdominal appendages, again, covered by a cuticle (Bailey-Brock and Moss, 
1992). It is worth noting that differences in the structure and composition of the exoskeleton or cuticle 
exist, depending on its localization and, thus, does not provide equivalent resistance to noxes. To illustrate, 
the entire surface of the gills is covered in cuticle, although uncalcified, and at the height of the lamellae 
(where oxygen exchange takes place) the layer is only 1 µm thick (Bell and Lightner, 1988; Dall et al., 1990).

The only two structures connected to the outside world, and of which the lumen is not covered by an 
exoskeleton or chitinous layer, are the tegumental glands (Juberthie-Jupeau and Crouau, 1977) and the 
nephrocomplex (antennal gland; De Gryse et al., 2020). The tegumental glands are clusters of cells located 
underneath the epidermal cell layer. The secretion of these glands is collected by a central duct, leading 
towards pores in the shrimp’s outer surface (Felgenhaur, 1991). To what extent the integumental glands 
play a role in shrimp infectious diseases and how, or if, the gland is protected, remain unclear and merit 
future research. Access to the nephrocomplex (antennal gland) is controlled by the nephropore, situated 
at the base of the antennal coxipodite. Scanning electron microscopical images of the nephropore reveal 
a valve-like configuration of the orifice with one valve superimposed over the other, allowing only for 
efflux of fluid while hindering influx (Fig 19.1). Biodynamic experiments demonstrate the efficiency and 
robustness of this defence system (De Gryse et al., 2020).

Lastly, an often forgotten first line of defence is the normal microflora living on or inside the entry 
portals. A healthy, balanced microbiotic community can be very efficient in fending off unwanted 
pathogens (Holt et al., 2020).
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In conclusion, the first lines of defence form an effective, (mostly) mechanical barrier against 
pathogens trying to invade shrimp via the portals of entry, and ultimately make these animals very 
resistant against infections.

Risk factors

All potential entry portals are protected by first-line defence mechanisms. In order to bypass these 
hurdles, certain conditions must be met in order for pathogens to succeed in entering the shrimp and 
reaching the primary replication sites. Conditions or occurrences that compromise these barriers can 
generally be termed risk factors. The identification of risk factors is often very useful information for 
applying management measures to prevent diseases at the farm level; also, it can sometimes lead to 
the identification of the entry portal. Thus, good pathogenesis research should never neglect possible 
risk factors. These conditions or occurrences can be identified through statistics-driven epidemiology 
research, empirical research or sometimes just observational data from shrimp farmers, but should always 
be confirmed with experiments in a controlled environment, to avoid accepting confounded risk factors 
as true risk factors.

Epicuticular damage facilitates the entry and nesting of chitinase-producing pathogens on the 
exocuticle and causing lesions, known as shell disease (Sindermann, 1989). Conditions in which cuticle 
damage occur more often, e.g. higher stocking density and aggression or inferior feed or water quality, 
Vibrio blooms, directly or indirectly leading to a weaker cuticula, can thus be considered potential 
risk factors for shell disease. Other possible risk factors include other organisms (pathogenic or non-
pathogenic), toxins or the administration of antimicrobials, as is often the case with fungal infections 
such as Fusarium which tends to act as opportunistic secondary pathogens. Risk factors can also include 

FIGURE 19.1 Scanning electron microscopy and detail of the nephropore at the antennal coxipodite. The rostral valve (1) 
is superimposed by the caudal valve (2), providing non-return valve-like protection of the nephropore. Biodynamic analysis 
showed that, under normal conditions, only efflux of fluids is possible through the fissure (indicated by the arrowheads). 
Credit: De Gryse et al., 2020.
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conditions leading to a higher infection pressure or inhibition of cellular and molecular immunity, but 
these do not fall within the scope of this chapter.

Due to the broad WSSV host range, many risk factors are related to the presence of non-symptomatic 
virus carriers such as holes in the fences of farms and nets, not filtering pumped water or direct usage 
of unprocessed seawater (see Tendencia et al. (2011) for a list of articles). Close proximity to the sea 
(Mohan et al., 2008), use of commercial and fresh feed (Chou et al., 1998; Corsin et al., 2001) and sharing 
of pond water (Tendencia et al., 2011) are also risk factors, although related more to WSSV gaining 
entry to pond water than into shrimp. Increased stocking density is also linked to WSSV outbreaks 
(Tendencia et al., 2011) and can be interpreted in two ways: more shrimp/m³ water means more infectable 
and infected shrimp which, in turn, leads to higher virus titres in the pond water and thus to a higher 
infection pressure. High stocking density also leads to increased cannibalism (eating of infected tissue), 
aggressiveness (cuticle damage, stress) and an increased need to establish social dominance (higher 
urination frequency) (Breithaupt and Atema, 2000; Katoh et al., 2008).

Corteel et al. (2009) performed an interesting series of experiments with the goal of assessing moulting 
stage as a possible risk factor for WSSV. No influence on shrimp susceptibility and mortality was observed 
when WSSV was injected in shrimp at different moulting stages, meaning that no intrinsic variations exist 
in sensitivity towards the virus over the different stages. This finding indicated that although immunity 
parameters can vary according to moulting stage (Liu et al., 2004), the shrimp immune response towards 
this particular virus remains constant throughout the different stages of the moulting cycle. A different 
story emerged when the waterborne route was investigated. In an attempt to rule out unwanted cuticle 
damage caused by hard tank walls as a confounding factor, shrimp were immersed in plastic bags 
containing WSSV. Post-moult shrimp (stages A and B) were found to be more frequently infected by 
WSSV than inter- and pre-moult animals (stages C, D1 and D2) during the immersion challenge in 
polyethylene bags. When one pleiopod was severed, even more shrimp in post-moult stages were infected, 
whereas shrimp in stages C, D1 and D2 remained uninfected. These series of experiments indicate that, 
during moulting, first-line defences of entry portals are compromised rather than the shrimp innate 
immunity. Cuticle damage proved to be of partial effect, but only if the moulting stage had already exerted 
its effects. A separate study investigating the role of moulting in WSSV infection found 0% mortality when 
WSSV immersion challenge occurred during pre-moult stages – 53.3% during ecdysis and 26.7% during 
post-moult (Thuong et al., 2016a).

Another potential risk factor that warranted deeper investigation was the effect of salinity and, more 
precisely, the transition from one salinity to another. Observations have been made by shrimp farmers 
that WSSV outbreaks could often be linked to heavy rainfall and after pond water was changed. Large 
volumes of fresh water could cause a sudden drop in salinity in open-air ponds. Water mismanagement 
could hypothetically result in similar consequences. Experiments mimicking these acute salinity changes 
indeed found significant effects on WSSV infection rates. Shrimp acclimatized at 35 g/l were transferred 
to lower salinities while exposed to WSSV. When salinity was reduced to 10 g/l and lower, the animals 
became infected with WSSV (Thuong et al., 2016a). Reduction in immunity parameters has also been 
observed during salinity shock, as well as reactivation in latent WSSV-infected shrimp (Liu et al., 
2006). The following questions can be posed: does a salinity shock make shrimp more susceptible to 
WSSV infection because the immune system is put under stress, or because the first lines of defence are 
compromised or possibly a combination of both? For instance, it has been demonstrated that shrimp 
urinate more frequently to regulate their body volume following exposure to lower salinity (Lin et al., 

The Shrimp-NEW.indb   475The Shrimp-NEW.indb   475 25/01/2022   12:3725/01/2022   12:37



476   THE SHRIMP BOOK II

2000). Every time shrimp urinate, the nephropore valves are opened and could potentially provide a 
portal for pathogen entry (De Gryse et al., 2020).

Entry portals of WSSV

In the quest to determine how shrimp were becoming infected with the then newly discovered WSSV, 
several experimental studies found that feeding of WSSV-containing food to shrimp effectively resulted 
in transmission of the virus (Chang et al., 1996; Rajendran et al., 1999; Wang et al., 1998). These and 
subsequent studies led to the conclusion that shrimp were perorally infected with WSSV and, thus, the 
entry portal was somewhere along the digestive tract. Overlooking the fact that the tubular epithelial cells 
of the digestive system are refractive for WSSV infection, the presence of a chitinous protective barrier 
layer and an intact microbiome (see section “Intrinsic susceptibility of shrimp”), the gut as the primary 
entry portal became the leading consensus. Another way in which scientists managed to experimentally 
infect shrimp (beside intramuscularly) was by water immersion (Chou et al., 1995; Corteel et al., 2009; 
Kanchanaphum et al., 1998; Witteveldt et al., 2004, 2006). It is important to note that these studies were 
not performed under the most strictly controlled conditions – even viral titrations of inocula were often 
not performed. The efficiency of these types of infection was low and sometimes difficult to reproduce 
(Corteel et al., 2009; Laramore, 2007; Perez et al., 2005). Transovarial infection has also been described 
(Lo et al., 1997), but this kind of transmission must have originated from ancestor shrimp that became 
infected through one of the six potential primary entry portals. Based on these observations, together 
with identification of the risk factors (e.g. salinity shock, moulting and high population density, see 
section “Risk factors”), several (titration) experiments were conducted in an attempt to identify the 
WSSV entry portal.

First, in order to rule out cuticle damage, damage was made to the shrimp’s general exoskeleton with 
surgical drills, argon lasers and sandpaper before immersing the shrimp in WSSV-containing seawater, 
but to no avail – shrimp did not become infected (unpublished data). Outer cuticular damage as facilitator 
to WSSV invasion is thus ruled out. However, internal damage to chitinous structures such as to the 
peritrophic membrane was not.

Previous experiments have irrefutably shown that moulting stage influences WSSV entry. During the 
moulting stage, endogenous chitinases are released that can potentially alter the protective capabilities 
of the cuticula or peritrophic membrane sufficiently to allow for WSSV entry (Proespraiwong et al., 
2010; Tan et al., 2000). This would explain why feeding of WSSV-contaminated feed to shrimp results, 
although with low efficiency, in WSSV-positive shrimp (most peroral inoculation studies did not account 
for moulting stage). In insects it was shown that inhibition of this peritrophic membrane led to a higher 
susceptibility to several pathogens (Rao et al., 2004; Wang and Granados, 2000); and, in shrimp, Vibrio 
parahaemolyticus and Vibrio harveyi were shown to use bacterial chitinases to destroy and penetrate the 
peritrophic membrane in order to colonize the midgut, causing diseases such as acute hepatopancreatic 
necrosis (Martin et al., 2004; Tran et al., 2013). Moreover, the midgut was previously suggested as a 
potential entry portal for WSSV by several authors (Arts et al., 2007; Di Leonardo et al., 2005). Thuong 
et al. (2016b) investigated whether a compromised peritrophic membrane could indeed facilitate WSSV 
entry at the top of the midgut. They used saltwater to gently flush out the peritrophic membrane before 
performing titration experiments (Figure 19.2). However, the authors did not retrieve data supporting 
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their claim that removal of this structure significantly facilitates WSSV entry and that the midgut is an 
entry portal for WSSV. Of course, the tubular epithelia of the midgut are not receptive to WSSV and, 
together with the basal membrane, provide an effective barrier against WSSV colonization of shrimp even 
when the peritrophic membrane is compromised. The method of Thuong et al. (2016b) could, however, 
be useful to test the entry of several other shrimp pathogens via the midgut.

Besides moulting, abrupt changes in saline water concentration have been demonstrated to be a very 
potent risk factor for WSSV infection. During salinity shock, the opening and closing of the nephropore 
valve system can potentially provide brief windows of opportunity for pathogen entry (see section “Risk 
factors”). To test the potential of the nephrocomplex (antennal gland) as an entry portal, titrations with 
WSSV and Vibrio campbelli were performed comparing intramuscular injection to peroral and intra-
antennal (intra-bladder, through the nephropore) inoculation (Figure 19.3). Not surprisingly, shrimp 
were most sensitive to WSSV when injected intramuscularly, but only 56 and 62 times more virus and 
V. campbelli, respectively, was needed when inoculated through the nephropore (intra-bladder). In 
contrast, when infection of shrimp was attempted perorally, 28.8 x 106 and >109 times more WSSV and 
V. campbelli, respectively, was needed in comparison to intra-bladder inoculation, meaning that far less 
virus or bacteria is needed to infect shrimp when the pathogen enters through the nephropore than when 
it does so via the mouth, but only little more than when injected directly into the shrimp body. Infections 
were confirmed by indirect immunofluorescence (IIF) (De Gryse et al., 2020).

Due to the lack of inner cuticle lining, the role of the nephrocomplex (antennal gland) during a drop 
in salinity and in the above-mentioned titrations, the nephropore is now considered a prime suspect as a 
major entry portal for viruses and bacteria. To confirm natural entry of WSSV via the nephropore during 
the occurrence of acute salinity drop, a WSSV immersion challenge experiment was set up. Shrimp were 
transferred from 35 g/l saline water to 5 g/l saltwater containing WSSV for 5 hours, after which they 
were transferred back to 35 g/l seawater. Every 12 hours, urine and hemolymph samples from the same 

FIGURE 19.2 Flushing of the peritrophic membrane (PM) did not facilitate entry of WSSV. BM, basal membrane; S2 and 
S4, cross-sections of the midgut at the height of abdominal segments 2 and 4, respectively. Scale 100µm. Credit: adapted 
from Thuong et al. (2016b).
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FIGURE 19.3 Demonstration of intra-bladder 
inoculation (26-gauge, purple catheter). 
Results showed that 28.8 × 106 less WSSV 
and 109 less V. campbelli was needed to 
infect shrimp via intra-bladder inoculation 
compared to peroral.

FIGURE 19.4 WSSV immersion challenge to identify the nephropore as the primary entry portal during salinity shock. 
The presence of WSSV in urine (black) versus hemolymph (white) at different time points post infection. Credit: De Gryse 
et al. (2020).
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animals were collected and checked with qPCR for the presence of WSSV. At 12 hours post infection, 
WSSV DNA copies were retrieved from shrimp urine while the hemolymph remained mostly negative. 
At 24 hours post infection, all hemolymph samples tested positive (Figure 19.4). This provides strong 
evidence that WSSV enters the nephropore during salinity shock, effectively infecting the nephrocomplex 
(antennal gland) before spreading to the rest of the shrimp’s susceptible organ body via the hemolymph. 
Moreover, viral replication curves were demonstrated in urine and (later) hemolymph, indicating 
primary replication. An ex vivo experiment was set up to investigate potential particle entry during the 
process of urination. The excised nephropore was mounted on a luer-tip syringe and mictio was simulated 
by pressing the plunger, while the nephropore was inside a container with fluorescent beads (1.0 and  
0.2 µm³). Beads were then retrieved from inside the syringe. This demonstrated that, at the end of the 
mictio process, a window exists in which particles of a size comparable to all viruses and some bacteria 
succeed in entering the unprotected lumen of the nephrocomplex (antennal gland). This experiment 
provides the final definitive proof that the nephropore is indeed a key entry portal for WSSV, V. campbelli 
and, quite possibly, other pathogens as well (De Gryse et al., 2020).

Using micro magnetic resonance imaging, a link between moulting and the volume within the 
nephrocomplex was established. In short, after ecdysis, the nephrocomplex stores a large volume of urine 
which is gradually replaced by new tissue. Thus, shrimp in post-moult have to frequently urinate small 
quantities of fluid in order to make room for new muscle and organ mass. Previously, this chapter has 
established that the mictio process poses opportunities for pathogen entry. These data could provide an 
explanation for the increased susceptibility of shrimp to WSSV during post-moult (Corteel et al., 2009; 
De Gryse et al., 2020).

Consequences for pathogenesis, farming and research

It has been demonstrated that shrimp would be highly vulnerable to various pathogens if the various entry 
portals were not efficiently shielded by first-line defences. These defences are generally provided by some 
form of chitinous structure such as the exoskeleton, peritrophic membrane or nephropore valves. These 
barriers not only make shrimp hard to infect, they also impede the search for pathogen entry portals as 
well. In order for these pathogens to reach the entry points, certain occurrences or conditions capable of 
compromising these defences, called risk factors, must be present. Concerning WSSV, shrimp that are 
in post-moulting stages endure harsh salinity shocks or are stocked in high densities are most at risk of 
contracting this devastating disease. It was demonstrated that these risk factors led to higher urination 
frequency and thus to greater opportunities for WSSV entry via the nephropore into the nephrocomplex, 
where primary replication occurs.

Previously, most researchers believed that shrimp were infected with WSSV perorally. This was based 
on early reports of feeding WSSV-contaminated feed to shrimp, leading to WSSV-infected animals. 
However, to the best of the authors’ knowledge, no accounts exist reporting on WSSV entry via the 
digestive tract. Furthermore, removal of the peritrophic membrane did not augment the susceptibility 
of shrimp to WSSV: high viral titres are required to attain WSSV infection through feeding. The contrast 
here to WSSV entry after immersion via the nephropore could not be higher: intra-bladder inoculation 
is highly efficient, with proof via qPCR and IIF that primary WSSV replication in the bladder epithelium 
exists, and particle entry during the urination process has been demonstrated. Peroral inoculation 
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or a feeding challenge could quite effectively lead to a de facto immersion challenge. Shrimp eat very 
violently, shredding big chunks of feed with their claws and disseminating viral particles throughout 
the surrounding water. It is worth noting that the nephropores are located very close to the mouth. 
Besides, when WSSV-containing feed enters the mouth, it is possible that it undergoes a serial passaging 
of digestive steps, during which WSSV is liberated from it. Consequently, individual WSSV virions could 
exit the shrimp via the anus or from the degrading bolus, ready to infect shrimp via the nephropore. This 
does not, however, completely exclude the possibility of WSSV entry via the digestive tract given that 
certain conditions are met. More research is needed. Figure 19.5 shows a hypothetical model of WSSV 
infection via immersion versus feeding.

With regard to management, these findings on WSSV pathogenesis provide ample opportunities 
for direct action at the managemental level concerning biosecurity. First, monitoring of salinity levels 
and maintaining those levels should be, if not already, a major priority for shrimp farmers. Keeping 
the salinity up to standard and avoiding sudden fluctuations can be achieved by frequent automated 
measurements of pond salinity and by avoiding the addition of large volumes of fresh water to the 
pond (direct rainfall, indirect rainfall, cleaning water, refreshing the pond water, etc.). Next, avoiding 
aggression and the need to establish social dominance could be helpful. Besides the other effects of 
stress, feeding at multiple places in the pond as opposed to one central point will reduce fighting and 
dominant behaviour during the feeding process and thus provide fewer opportunities for WSSV entry. 

FIGURE 19.5 Hypothetical model of WSSV infection by immersion or feeding.
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However, although hardly practical in regard to intensive shrimp farming, one must consider the benefits 
of adding some type of sand-like soil or other obstacles in which shrimp can hide and escape aggression 
or other social events, especially during and after the moulting process. Nevertheless, such sand-like soil 
must be bacteriologically justified and thus it should be possible to clean or regularly replace this soil. 
Finally, considerations should be made to artificial selection in breeding shrimp to create new generations 
with optimal growth per moulting cycle, so fewer moulting cycles are required to obtain a similar  
harvesting weight.

Conclusion

This chapter shows that, with the correct approach and sufficient effort, detection of the entry portal of 
shrimp pathogens is feasible and is favoured over merely establishing infection protocols. The information 
given provides insight into the pathogenesis and, consequently, potential managemental measures or 
other strategies to tackle all types of shrimp diseases.
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