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Process to infect crustaceans with infectious agents

Technical field of invention

The present invention relates to the field of aquaculture of commercially important crustaceans such
as penaeid shrimp. The present invention discloses a process to infect crustaceans via inoculating
pathogens directly into the external pore of the antennal gland of said crustaceans. This new portal
of entry for pathogens can be used to investigate and/or prevent infection of crustaceans with

pathogens such as white spot syndrome virus.

Background art

During the last decades, aquaculture of crustaceans such as penaeid shrimp has expanded in many
(sub)tropical countries around the world. Since 2010, the yearly production volume of for example
penaeid shrimp has passed 3 million metric tons with a value of more than 12 billion dollars.
However, the intensification of the industry is accompanied by serious infectious diseases, such as
white spot syndrome and Vibrio infections. Up to date, despite many attempts by both academic
research institutes and commercial companies, no effective control measures have been developed
to control diseases in crustacean farms. One of the key problems behind the lack of control
measures, is the fragmentary knowledge on the factors determining the susceptibility of the host to

infection. For example, very little is understood how pathogens manage to enter the host.

With regard to infection with white spot syndrome virus for example, it has become generally
accepted that viral transmission between shrimp can occur via 3 routes: 1) by oral consumption of

infected tissues, 2) via virus-containing water, and possibly 3) vertically from broodstock to offspring.

Several experimental studies (reviewed by Corteel, 2013) demonstrated that feeding of infected
shrimp tissues resulted in infection. However, many authors needed to administer infected tissues in
several feedings, which raises the question whether oral consumption is a major transmission route
under all natural circumstances. Other authors further concluded -under experimental conditions-
that ingestion of infected tissues is more effective in transmitting the virus between shrimp than
immersion in infected water indicating that also contact with infected water is unlikely to be a major
transmission route in nature. Furthermore, it should be noted that all the tissues known to be
susceptible to infection with for example white spot syndrome virus (i.e. tissues of ectodermal or

mesodermal origin) are protected from the out-side world by an impenetrable cuticula.

The antennal gland, which is still poorly described in crustaceans such as penaeid shrimp, is the main

excretory system organ of these animals. The latter system is composed of several parts: a bladder,
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the labyrinth, the coelomosac, the nephridial canal and the nephropore. Similar as for kidneys, the
main functions of the antennal gland are osmo-regulation, acid/base homeostasis and detoxification.
Close to the base of the antennae, the bladder expels urine or nitrogenous waste through an external

pore, also called the nephropore (reviewed by Corteel 2013).

Lin et al. (2000) described that urine production in P. monodon dramatically increased after the

animals were transferred in seawater having a lower salinity.

In shrimp aquaculture industry, farmers often observe an outbreak of white spot syndrome after

heavy rain and a corresponding drop in seawater salinity.

Description of invention

The present invention relates to the surprising finding that Crustaceans can be infected with a
pathogen via inoculating said pathogen directly into the external pore of the antennal gland of said
crustacean. The latter pore has been solely described to expel urine and the antennal glands
connected to said pore are described to control turgor, osmolality and water-ion content within the
crustaceans body. The present invention discloses -as non-limiting and proof-of-concept examples-
that both White Spot Syndrome Virus (WSSV) and Vibrio campbellii, two major pathogens in
shrimp, are easily infecting shrimp upon so-called ‘intra-antennal-gland-bladder’ inoculation (=
inoculation into the external pore of the antennal gland). The present invention further
demonstrates that WSSV can infect shrimp much more easily via an intra-antennal-gland-bladder way
than via oral way or via immersion. For the oral route, 107377 infectious virus is necessary for
infection when virus suspension is directly intubated in the alimentary tract and even 1080-82
infectious virus is necessary when given via feed. In contrast, 101:5-21 infectious virus is sufficient
when virus is directly inoculated in the external pore of the antennal gland. It is hereby important to
note that the latter concentration range is comparable to concentrations that are present
under natural conditions, which indicates that the external pores of said antennal glands

might be the natural ports of entry for pathogens.

Therefore the present invention relates to a process to infect a crustacean with an infectious agent
comprising:

-collecting said crustacean,
-collecting said infectious agent,
-removing urine via the external pore (nephropore) of the antennal gland of said crustacean, and

-inoculating an amount of said infectious agent into the external pore of the antennal gland of said
crustacean.
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The term ‘Crustacean’ means an animal belonging to the group (or phylum) of arthropods, and
specifically includes such familiar animals as shrimp, prawns, crayfish and crabs. Crustaceans have an
exoskeleton, which they molt to grow. They are distinguished from other groups of arthropods, such
as insects, myriapods and chelicerates, by the possession of biramous (two-parted) limbs, and by the

nauplius form of their larvae.

The present invention specifically relates to a process as described above wherein said crustacean is
a shrimp, a prawn or a crab. More specifically, the present invention relates to a process as described
above wherein said shrimp is a Penaeid shrimp or wherein said prawn is a Palaemonid prawn (which
is sometimes also denominated as a Paleamonid shrimp). Even more specifically, the present
invention relates to a process as described above wherein said Penaeid shrimp is (Lito)penaeus
vannamei, Penaeus monodon, Penaeus indicus or Penaeus chinensis, or wherein said Palaemonid
prawn or shrimp is a Macrobrachium species, or, wherein said crab is a Chinese mitten crab

(Eriocheir sinensis) or mud crab (Scylla serrata).

The term ‘infectious agent’ means a microorganism such as a virus, bacterium, prion, phage or
fungus, that causes disease in crustaceans. Said infectious agent can be isolated from an infected
crustacean and subsequently used to produce a stock of infectious agent as described in
Jiravanichpaisal, Bangyeekhun et al. (2001). The term ‘infectious agent’ particularly relates to the
most prevalent infectious agents in crustaceans such as white spot syndrome virus and Vibrio’s
causing the so-called ‘early mortality syndrome’. Non-limiting examples of said Vibrio’s are Vibrio

parahaemolyticus, Vibrio harveyii, Vibrio anguilarum and Vibrio campbellii.

The term ‘a virus’ means a small infectious agent that replicates only inside the living cells of other
organisms. Viruses can infect all types of life forms, from animals and plants to bacteria and archaea.

Examples are White Spot Syndrome Virus, Taura virus and Gill associated virus.

Hence, the present invention specifically relates to a process as describe above, wherein said virus is

white spot syndrome virus.

The invention further specifically relates to a process as described above, wherein said infectious

agent is a bacterium.

The term ‘a bacterium’ means a member of the kingdom of prokaryotic microorganisms. Typically a
bacterium is a few micrometres in length. Bacteria have a wide range of shapes, ranging from
spheres to rods and spirals. Prokaryotic life further consists of two separate domains, originally called

Eubacteria and Archaebacteria, but now called Bacteria and Archaea.
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The present invention further more specifically relates to a process as describe above, wherein said
bacterium is a bacterium belonging to the genus Vibrio. ‘Vibrio’ is a genus of Gram-negative bacteria
possessing a curved rod shape. Several species of the genus Vibrio can cause foodborne infection,
usually associated with eating undercooked seafood. Vibrio’s are typically found in saltwater, are
facultative anaerobes that test positive for oxidase and do not form spores. All members of the
genus are motile and have polar flagella with sheaths. As indicated above, the present invention

relates in particular to Vibrio’s causing the so-called ‘early mortality syndrome’.

The term ‘a process to infect Crustacean’” means a process in which the infectious agent is
transferred to or inoculated into a host, the host being said crustacean. The host is successfully
infected when the infectious agent starts to multiply in its host. Verification of infection can be done
by assessing mortality of said crustacean, or, by sampling tissue of said crustacean and
demonstrating the presence of infectious agent by indirect immunofluorescence (lIF) as is for

example described by Escobedo-Bonilla et al. (2005), or, by any other way known to a skilled person.

The term ‘collecting said crustacean’ means sampling a crustacean and putting it into a position so
that it can be easily infected by an infectious agent. This can for example be undertaken by physically
isolating the crustacean in small groups or as individuals and subsequently positioning them so that

the pore at the base of the antennal gland can be easily accessed.

The term ‘collecting said infectious agent ‘ means taking an amount of infectious agent from the
above mentioned stock of infectious agent and diluting this stock to a titer at which a certain
percentage of the exposed crustaceans become infected. Determination of the ‘virus infection titers’
(SIDsg/ml) can be calculated based on the method of Reed and Muench (1938). Escobedo-Bonilla
(2005) describes in detail how the median infection titer of WSSV, as an example of an infectious
agent, can be determined. One shrimp infectious dose with 50% endpoint (SID50) is the amount of
infectious virus that causes an infection in 50% of the exposed crustaceans using a certain inoculation

route.

The terms “the external pore of the antennal gland of said Crustacean” means the external pore of
the antennal gland, also called the nephropore located close to the base of the antenna, which is

used to expel urine or nitrogenous waste from the bladder (Felghauer 1992 and Corteel 2013).

The present invention further specifically relates to a process as described above wherein said
inoculation is undertaken with a catheter or a needle attached to a syringe containing said amount of

infectious agent.
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More specifically, the present invention relates to a process as described above wherein said syringe

is a 0.1 ml syringe attached to a 24G catheter.

The term ‘catheter’ means any device that resembles a thin tube and that can be used to transfer an
amount of infectious agent into the antennal gland of a crustacean via the external pore of the said
antennal gland. A typical ‘catheter’ is a suitable thin plastic tube connected to a syringe containing an
amount of infectious agent. An -non-limiting- example of the latter is a 0.1 ml syringe attached to a

0.64 mm x 19 mm catheter (terumo surflo w-24G) catheter.

The term ‘removing urine’ means that urine is removed from the antennal gland/bladder via the
nephropore. The latter can be undertaken by gently introducing the tip of a catheter in the
nephropore for a few seconds. For example, the tip of a 0.64 mm x 19 mm catheter (terumo surflo w-
24G) can be introduced into the nephropore (about 1mm). The catheter can then be kept stable for

few seconds until the urine fills the catheter.

The present invention further relates to a process to screen for crustaceans which are resistant to an
infectious agent comprising infecting said crustaceans using any of the processes as described above

and determining resistance of said crustaceans to said infection.

Indeed, the methods to infect crustaceans as described above can be used to investigate and/or
determine which species or variety of crustacean is significantly more or less resistant to a particular
pathogen or infectious agent as described above when compared to a related species or variety of
crustacean. As such the methods as described in the present invention can be used to screen or

select for resistant crustaceans.

With the term 'resistance' is meant any natural- or immune-mediated resistance from the
host/crustacean towards an infectious agent so that an infectious agent is not- or less capable to
infect, colonize and/or multiply within said host. 'Resistance' can be determined by the mortality rate

or rate of infection as described above.

Moreover, the present invention relates to a process to screen for compounds modulating resistance
of crustaceans to an infectious agent comprising exposing said crustaceans to said compounds,
infecting said crustaceans using a process as described above and determining resistance of said
crustaceans to infection compared to resistance of crustaceans which are not exposed to said

compounds.

Indeed, the methods to infect crustaceans as described above can be used to investigate and/or

determine if compounds such as particular molecules present in feed, particular drugs, particular

5
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probiotics or certain water pollutants -or a mixture of said compounds- can modulate (= significantly
increase or decrease) resistance of a crustacean to pathogens or to a particular selection of

pathogens. The latter usage may comprise:

- exposing said crustaceans to a range of concentrations of said compounds for a specific period of

time,

-infecting said crustaceans using a process as described above, and

- determining resistance -as defined above- of said crustaceans to infection compared to resistance

of control crustaceans which are not exposed to said compounds.

The present invention will hereby following be illustrated by non-limiting examples.

Examples

Example 1

Comparison of White Spot Syndrome Virus (WSSV) infectivity in shrimp inoculated via

intramuscular route, via peroral route using intubation or feeding

At present, several routes how shrimp become infected with WSSV have been described. Inoculating
the virus via intramuscular inoculation is very efficient in infecting shrimp, leading to high mortality.
Once the virus starts its replication, the animal seems not to have an immunological reaction to
control infection. Infecting animals via immersion in WSSV-contaminated water is not very efficient
and is mainly possible at molting. Infecting animals via intubation and via feeding has been reported,
but the efficiency with which the animals can become infected has not been assessed. Therefore, we
firstly examined the infectivity of WSSV upon inoculation via intramuscular route, via peroral

intubation and via feeding.

Material and Methods

1. WSSV preparation

1. 1. Preparation of a starting WSSV stock

WSSV Thai-1 used in this study was collected from infected Penaeus monodon in Thailand in 1996
and amplified in crayfish Pacifastacus leniusculus (liravanichpaisal et al., 2001). A homogenate of
WSSV infected crayfish gills kindly donated by P. lJiravanichpaisal and K. Soderhall (Uppsala

University, Sweden) was inoculated in SPF P.vannamei juveniles to produce virus stock. The median
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infectious titer of the stock was 10°° shrimp infectious dose 50% end point (SIDs;) ml™ as determined

by in vivo intramuscular titration (Escobedo-Bonilla et al., 2005).

1. 2. Preparation of different WSSV stocks

The starting WSSV stock (prepared in 1.1) was diluted 107 in phosphate-buffered saline (PBS) pH 7.4
and was intramuscularly injected into SPF P. vannamei juveniles to amplify the virus. Then, moribund
shrimp were collected and confirmed to be WSSV positive by indirect immunoflourescence (lIF).
Shell, hepatopancreas and gut were removed and the remaining bodies were cut longitudinally into
two parts. The left body parts were homogenized at 5000 rpm for 5 minutes using ultra-turrax IKA T
25. Then, the homogenate was further minced by serial passages through needles with a decreasing
diameter (1.2, 0.9 and 0.55 x 20 mm), aliquoted and stored at -70 °C (WSSV stock 1). The right body
parts were cut into very small pieces (squares of 0.5-1mm), mixed and stored at -70 °C (WSSV stock

2).

2. Challenge tests for the comparison of the infectivity of WSSV in shrimp upon inoculation via
intramuscular route, via peroral intubation or via feeding

The aim of this first experiment was to compare the infectivity of WSSV in shrimp upon inoculation
via intramuscular route, via peroral intubation and via natural feeding. Shrimp in inter-molt with a
mean body weight (MBW) of 4.86 + 0.37 g were acclimated individually in a 10 liter-tank and divided
in three groups. Shrimp were starved for 24h prior to inoculation. Twenty shrimp in the first group
were intramuscularly injected with 50mg of a 10-fold serial dilution (10, 107, 10®, 10°; 5 shrimp per
dilution) of WSSV stock 1. Twenty shrimp in the second group were perorally inoculated with 50mg
of a 10-fold serial dilution (10° 10™, 107, 10%; 5 shrimp per dilution) of WSSV stock 1 using a 0,74 x
19 mm - 24G Surflor-W catheter (the 10-fold serial dilution was prepared by mixing 1 part of WSSV
stock with 9 parts of pathogen-free shrimp minced tissue). Thirty shrimp in the third group were
individually fed with 0.5, 5, 50, 100, 250 or 500 mg of WSSV stock 2; 5 shrimp dose). Shrimp were
given 1 meal for the doses of 0.5, 5, 50 and 100 mg, 3 meals for the dose of 250 mg and 5 meals for
the dose of 500 mg. The time interval between two meals was 1h. After inoculation, shrimp were
housed individually and observed for 5 days. Dead and moribund shrimp were collected every 12h
and the experiment was terminated at 120 hpi. Moribund, dead and euthanized surviving shrimp
were processed to control the WSSV infection status by IIF.

The experiment was repeated once.
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Results (Table 1)

Intramuscular inoculation route

Experiment 1 - Among the groups of shrimp injected with WSSV stock 1, diluted 10 to 10°, 5 out of
5 shrimp in the 10 dilution group, 4 out of 5 shrimp in the 107 group and 1 out of 5 shrimp in the 10"
8 group died between 36 and 84 hpi. All the other shrimp in the 107, 10® and 10° groups survived
until the end of the experiment.

Experiment 2 - In the second experiment, the number of dead animals in the different dilution
groups was the same.

Inoculation via peroral intubation

Experiment 1 - Of shrimp orally inoculated with WSSV stock 1, diluted 10°to 102, 2 out of 5 shrimp in
the dilution of 10° died. The other shrimp in the 10° group and all shrimp in the

107, 107 and 107 groups survived until the end of the experiment.

Experiment 2 - 3 out of 5 shrimp in the 10° group died between 48 and 72 hpi. All other shrimp
survived until the end of the experiment.

Inoculation via feeding

Experiment 1 - Among the groups of 5 shrimp, fed 0.5, 5, 50, 100, 250 or 500mg of WSSV infected
tissue, 0, 1, 0, 1, 2 and 3 out of 5 shrimp died, respectively.

Experiment 2 - In this experiment, 0, 0, 1, 2, 3 and 4 deaths out of 5 shrimp were recorded, in the 0.5,
5, 50, 100, 250 or 500mg groups, respectively. The other shrimp survived until the end of the
experiment.

In all experiments, IIF analysis revealed that all dead animals were WSSV positive while the other
shrimp that survived until the end of the experiment at 120hpi were WSSV negative.

The virus infectivity titers determined upon intramuscular injection, peroral intubation and via
feeding were 10%%, 10™" and 10%°SIDy, g™, respectively, for the first replicate and 10%%, 10*° and 10%®

SIDs, g for the second replicate.

Table 1. Mortality in shrimp inoculated via intramuscular injection, peroral intubation and via feeding
and infection status of dead, moribund and euthanized animals. Virus titers were calculated using the

method of Reed and Muench.
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Experi- Inoculation Dilution No. of No. of mortality at different time points (hpi) Infection | Virus
ment route of WSSV shrimp status titer
Ne 24 |36 |48 | 60 |72 | 84 | 96 | 120| Total by IIF SIDso/g
1 Intra-muscular 10° 5 2 2 1 5 5 10*®
107 5 1 1 1 1 4 4
10® 5 1 1 1
107 5 0 0
Peroral intubatior| 10° 5 1 1 2/5 2/5 10"
10" 5 0/5 0/5
107 5 0/5 0/5
10° 5 0/5 0/5
Feeding 0.5 5 0/5 0/5 10%¢
5 5 1 1/5 1/5
50 5 0/5 0/5
100 5 1 1/5 1/5
250 5 1 1 2/5 2/5
500 5 3 3/5 3/5
2 Intra-muscular 10° 5 1 3 1 5/5 5/5 10%®
107 5 1 2 1 4/5 4/5
10® 5 1 1/5 1/5
107 5 0/5 0/5
Peroral intubatior] 10° 5 2 1 3/5 3/5 10"
10" 5 0/5 0/5
107 5 0/5 0/5
10° 5 0/5 0/5
Feeding 0.5 5 0/5 0/5 10°®
5 5 0/5 0/5
50 5 1 1/5 1/5
100 5 2 2/5 2/5
250 5 2 1 3/5 3/5
500 5 1 2 1 a/5 a/5

This experiment demonstrates that shrimp can be infected via oral route but that this is totally not

efficient. 10

7.3-7.7

infectious virus is necessary to get an infection via intubation and even 10

infectious virus is necessary to get an infection via oral route using contaminated feed.

8.0-8.2




10

15

20

25

30

WO 2016/150931 PCT/EP2016/056196

Example 2: The antennal gland is the main entry port for White Spot Syndrome Virus in shrimp
Susceptibility of shrimp to WSSV infection upon antennal gland inoculation

WSSV has a lot of problems to infect shrimp via peroral route. In the past, it was also shown that it is
also extremely difficult to infect shrimp via immersion. These findings are in strong contrast with the
situation in the field -when WSSV outbreaks occur- as only a fast and efficient transmission can
explain these natural, explosive outbreaks. The present invention relates to finding a natural port of
entry. Example 2 looks at the susceptibility of shrimp to WSSV infection via antennal gland
inoculation and compares it with intramuscular injection.

Material and Methods

Thirty-five shrimp (20.4 + 3.3 g) in inter-molt were divided into 2 groups. Shrimp in the first group
were injected intramuscularly with 5pl of a10-fold serial dilution (10™ to 10”) of a WSSV stock (Thai-
1; 10%°SIDs, mlI™). Shrimp in the second group were inoculated with 5um of a 10-fold of serial dilution
(102 to 10°) of the same WSSV stock into the bladder of the antennal gland, with 5 shrimp per
dilution. The intra-antennal-gland-bladder inoculation has been standardized. In brief, shrimp were
wrapped in tissue paper and put ventral side up under a stereomicroscope. First, urine was removed
from the bladder after gently introducing the tip (Imm) of a 0.64 mm x19 mm catheter (terumo
surflo w-24G) in the nephropore. The catheter was kept stable for few seconds until the urine fully
filled the catheter. Afterwards, the catheter was removed and replaced with a new 0.64 mm x19 mm
catheter (terumo surflo w-24G) connected with a 1ml syringe, filled with virus. Five microliter of virus
was injected by gently pressure on the plunger of the syringe. After inoculation, shrimp were placed
individually in 10-liter tanks, filled with artificial seawater at a salinity of 35 g I, with constant
aeration and at a temperature of 27+1°C. Shrimp were fed twice daily with commercial pelleted feed
at 3% of body weight. Moribund and dead shrimp were collected every 12 h and the experiment was
terminated at 120 hpi. Shrimp samples were processed for detection of WSSV infection using IIF. The
experiment was done in triplicate. Virus infectivity titers of the WSSV stock in P. vannamei was
assessed in shrimp by intramuscular injection or intra-antennal-gland-bladder inoculation.

Results (Table 2)

In the three experiments, the virus titers (SID50/ml) upon intramuscular inoculation were: 10,
10%%” and 10®*® SIDso/ml and upon intra-antennal-gland-bladder inoculation: 107, 10°% and 107*°
SIDso/ml. This means that for infecting a shrimp in the three experiments one needs only 10*7°, 10%%

and 10> infectious virus, respectively, to infect a shrimp via the intra-antennal-bladder route.

10
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Table 2:
Experiment Inoculation Dilution No. of Number of dead animals at ... hpi Infection Virus
No. route of WSSV shrimp titer
24 |36 |48 [ 60 | 72 | 84 [ 96 | 120 | Total | status-IIF | SIDsoml®
1 Intra- 10 5 3 1 1 5/5 5/5 10%*’
muscular 10° 5 2 2 4/5 4/5
10”7 5 0/5 0/5
Intra- 107 5 2 2 1 5/5 5/5 10%%
antennal- 10" 5 1 2 1 a/5 a/5
gland- 10° 5 1 1 2/5 2/5
bladder 10° 5 0/5 0/5
2 Intra- 10° 5 3 2 5/5 5/5 10%¢’
muscular 10° 5 1 2 1 a/5 a/5
107 5 0/5 0/5
Intra- 10° 5 3 2 5/5 5/5 10°%
antennal- 10" 5 1 1 1 3/5 3/5
gland- 10° 5 1 1/5 1/5
bladder 10° 5 0/5 0/5
3 Intra- 10° 5 3 1 1 5/5 5/5 10%%
muscular 10° 5 2 1 1 1 5/5 5/5
10”7 5 0/5 0/5
Intra- 107 5 2 2 1 5/5 5/5
107.30
antennal-
10" 5 2 1 1 4/5 4/5
gland-
10° 5 2 1 3/5 3/5
bladder
10° 5 0/5 0/5

Examples 1 and 2 clearly demonstrate that the antennal gland is a major portal of entry of WSSV in

shrimp; the intestinal tract is a minor portal of entry.

11
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Example 3: The antennal gland is a main entry port for Vibrio in shrimp

In Example 2 it was shown that White Spot Syndrome Virus can easily infect shrimp via the
antennal gland. Example 3 evaluates if Vibrio campbellii (LMG21363), an important shrimp

bacterial pathogen, can also use this portal of entry.

Material and Methods

Bacteria

Rifampicin-resistant bacterial strains Vibrio campbellii (LMG21363) was obtained from the
Laboratory of ARC. From the bacterial stock, 20 ul was aseptically inoculated to 20 ml MB
(concentration of rifampicin 100 mg/L). It was incubated for 12 hours at 27°C in a shaker at
90 rotations per minute (rpm). After 12 hours, 20 pl of the Vibrio campbellii (LMG21363) was
subcultured by inoculating it into 20 ml of fresh MB (concentration of rifampicin 100 mg/L)
and incubated for another 14 hours under the same conditions. After 14 hours, 10ml
bacteria culture was collected and transferred to 15 ml tubes and centrifuged at 2000xg for
10 minutes. Then, the supernatant was discarded and the pellet was resuspended twice with
10 ml of FASW and centrifuged at 2000xg for 10 minutes and the pellet was finally re-
suspended in 500 pl FASW and vortexed until homogenized well. The suspension was diluted
100 times and the optical density was determined through spectrophotometer at an
absorbance of 600 nm. Based on the following formula the concentration of bacteria was
calculated:

CFU/ml=(10x0D600-1) x10®

A bacterial stock was made with an estimated titer of 10 cfu/ml

Animal inoculations

Serial dilutions (107, 10, 10 and 10™) of the Vibrio campbellii (LMG21363) stock were
made in FASW. Then, these dilutions were used to determine the lethal titer with 50%
endpoint (LDs, ml™) in P. vannamei by intramuscular, peroral and antennal gland
inoculation. For intramuscular injection, each dilution (102, 10° and 10™) was injected
intramuscularly in each of 5 shrimp in a volume of 100 pl. For the per os inoculation, each
dilution (10°, 10" and 107%) was intubated in each of 5 shrimp in an inoculation volume of
100 pl per animal. For the antennal gland inoculation, each dilution (10°%, 10" and 10?) was

inoculated in each of 5 shrimp in a volume of 10 ul per animal. All inoculations were
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performed with a 25-gauge needle (Terumo) mounted on an accurate syringe (P/N:
81001/00, 1710 LT, 100 pl, Hamilton Bonaduz). After inoculation, shrimp were placed in

their individual 10l aquarium for 5 days. Dead animals were collected every 6h

Sample analysis and counting of bacterial density.

Dead and surviving shrimp after the end of experiment were washed once with 70% alcohol
and twice with FASW. Afterwards, they were homogenized in FASW with a stomacher, serial
diluted, and plated on MA with 100 mg/L rifampicin (MAR). The plates were incubated at
28°C for 24 h. For Vibrio enumeration of water samples, 10-fold serial dilutions of the

samples were made in FASW, and then plated on MAR.

Results (Table 3)

The lethal titers in shrimp inoculated via intramuscular route were: 10+ 10**7 10%%®
LDso/ml for the three experiments. Inoculation via peroral route did not result in death.
Inoculaton via antennal gland was “successful” as it led to mortality in shrimp. Inoculation
via the antennal gland resulted in lethal titers of 10%°°, 10*°°, 10%*? LDso/ml. This shows that
bacteria can invade the shrimp’s body when it is successful in entering the antennal gland.
Compared with the intramuscular route, 10*%° 10" 10™®® times more bacteria are

necessary to kill a shrimp.

13



5

WO 2016/150931 PCT/EP2016/056196

Table 3: Lethal titers of a V. campbellii stock in P. vannamej by different routes of
inoculation.

Experiment 1

Treatment Dilution | Mortality Time of death (hpi) Average | Resulting
rate Shl | Sh2 | Sh3 | Sh4 | Sh5 | time of | lethal titer
% dead (LDsg/ml)
shrimp
(hpi)
Intramuscular 102 100 6| 6|6|61|6 6 10*'°
injection
107 60 6 12 | 12 | - - 10
10 - - - - -
Per os 10° - - - - -
inoculation <
10 - - - - -
107 - - - - -
Antennal 10° 60 12 [ 12| 18] - - 14 10
inoculation o 10 B B . . . B
107 - - - - -

Experiment 2

Treatment Dilution
Mortality Time of death (hpi) Average | Resulting
rate time of | lethal titer
Sh1 | Sh2 | Sh3 | Sh4 | Sh5 dgad (LDso/ml)
shrimp
(hpi)
Intramuscular 107 100 6 | 6|6 12]12 8.4 107
injection 10~ 80 6 | 6 | 12|12 | - 9
107 - - - -
Per os 10° - - - - -
inoculation 107 - - - - -
107 - - - - -
Antennal 10° 60 6 | 6 |12 - - 8 10%°
inoculation 107" 40 211271 - _ _
107 - - - - -
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Experiment 3

Treatment Dilution | Mortality Time of death (hpi) Average | Resulting
rate Shl | Sh2 | Sh3 | Sh4 | Sh5 | time of | lethal titer
dead (LDso/ml)
shrimp
(hpi)
Intramuscular 10> 100 6 | 6161616 6 10
injection
107 60 6 6 12 - - 8
10
Per os 10° - - - - -
inoculation :
107 - - - - -
107 - - - - -
Antennal 10° 60 6 |6 [12] -1 - 8 10"
inoculation o 20 B - - - - B
107 - - - - -

From example 3 it is clear that Vibrio easily colonizes and kills the animals upon intra-

antennal inoculation.
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Claims

1. A process to infect a crustacean with an infectious agent comprising:

-collecting said crustacean,

-collecting said infectious agent,

-removing urine via the external pore of the antennal gland of said crustacean, and

-inoculating an amount of said infectious agent into the external pore of the antennal gland of said
crustacean.

2. A process according to claim 1 wherein said inoculation is undertaken with a catheter or plastic
tube attached to a syringe containing said amount of infectious agent.

3. A process according to claim 2 wherein said syringe a 0.1 ml syringe attached to a 24G catheter.
4. A process according to any of claims 1-3, wherein said crustacean is a shrimp, prawn or crab.

5. A process according to claim 5 wherein said shrimp is Penaeus vannamei, Penaeus monodon,
Penaeus indicus or Penaeus chinensis.

6. A process according to claim 5 wherein said prawn is a Macrobrachium species.

7. A process according to any of claims 1-6, wherein said infectious agent is a virus.

8. A process according to claim 7, wherein said virus is white spot syndrome virus.

9. A process according to any of claims 1-6, wherein said infectious agent is a bacterium.

10. A process according to claim 9, wherein said bacterium is a bacterium belonging to the genus

Vibrio.

11. A process according to claim 10, wherein said bacterium is a bacterium causing early mortality

syndrome.

12. A process to screen for crustaceans which are resistant to an infectious agent comprising
infecting said crustaceans using a process according to any of claims 1-11 and determining resistance

of said crustaceans to said infection.

13. A process to screen for compounds modulating resistance of crustaceans to an infectious agent
comprising exposing said crustaceans to said compounds, infecting said crustaceans using a process
according to any of claims 1-11 and determining resistance of said crustaceans to infection

compared to resistance of crustaceans which are not exposed to said compounds.
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