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Health &
Welfare
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white shrimp
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Results show reduction in Vibrio bacteria, improved
survival
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Sustainable aquaculture development requires disease prevention strategies. Within the last twenty
years, the global shrimp industry has suffered from great economic losses due to viral, bacterial and
fungal diseases caused by pathogens such as white spot disease virus (WSSV), Taura syndrome virus
(TSV), Vibrio parahaemolyticus and Vibrio harveyi. Understanding the interaction of shrimp immunity,
diet and environment is critical to the successful implementation of strategies to ameliorate the effect
of these pathogens.

Beginning in approximately 2009, a new, emerging disease called Early Mortality Syndrome or EMS –
more descriptively called Acute Hepatopancreatic Necrosis Disease or AHPND – began to cause
signi�cant production losses in southern China. As has been the case with other epizootic shrimp
diseases, EMS was causing serious production losses in affected areas and is also impacting
employment, social welfare, and international markets.

An example of the typical pathology of the hepatopancreas of AHPND infected shrimp can be seen in
Fig. 1.

The study showed that the functional diet Lorica reduced Vibrio
bacteria in vitro and promoted survival of juvenile shrimp, and can be
a valid alternative to antibiotics.

Fig. 1: Images from L. vannamei hepatopancreas showing
morphological tissue variations characteristic from AHPND
pathology. (A) Histomorphology from non-infected shrimp showing
normal hepatopancreas (HP) tubules with distinct R- (resorptive), B-
(blisterlike), F- (�brillar) and E-cells (embryonic). (B) Histopathology of
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Experimental setup
Skretting Aquaculture Research Centre (ARC) undertook a series of experiments to investigate if its
functional diet Lorica could reduce the mortality associated with the disease. These experiments
included in vitro, in vivo and also �eld trials. Candidate functional ingredients were screened in vitro for
anti-bacterial activity against V. parahaemolyticus and V. harveyi. After potential ingredients were
identi�ed, both the singular ingredients and their combinations were tested in vivo at the University of
Arizona Aquaculture Pathology Lab (Tucson, Arizona USA) to a standardized protocol.

Triplicate tanks of 1-gram shrimp were either fed control-based diets (not including functional
ingredients) or the functional diets for a period of 21 days prior to challenge with AHPND-causing V.
parahaemolyticus. The challenge was either per os, by the soaking of feed, or immersion whereby a
bacterial suspension was added directly to the tank containing the shrimp.

Results
The results showed a mortality of 96 percent in the control fed group, whereas in the group fed Lorica’s
functional ingredients the mortality was approximately 50 percent. This represents a relative percent
survival increase of 48 percent (Fig. 2). Note that there was mortality in the Lorica fed group, so it is
clear that all animals in all tanks were infected, which was con�rmed by histological scoring of the
hepatopancreas (HP).

HP, showing typical lesions of AHPND: progressive degeneration of
the HP tubule epithelial cells, accompanied by a decrease of R, B and
F-cells followed by a marked reduction of mitotic activity in E-cells and
inter-tubular hemocytic in�ltration (arrows); (C) necrotic sloughing
(SL) of the HP tubule epithelial cells into the lumens and the remnants
of HP tubules surrounded by hemocytic in�ltrates. This last with no R,
B or F-cells and some epithelial cells presenting prominent
karyomegaly (enlarged nuclei). Histological sections were stained with
H&E. Scale bars = 150 μm.
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In order to con�rm if the results were reproducible, an independent test at the AquaMekong ShrimpVet
Lab in Vietnam under similar testing conditions (21 days feeding pre-challenge; control and functional
diet: 4 replicate tanks per treatment group) was conducted.

These results showed the mean mortality for Lorica peaked at 46 percent, whereas the control reached
a mean mortality of 70 percent, at eight days post infection. This represents a relative percent survival
increase of 34 percent (Fig. 3). While the effect was not as large as that seen at the University of
Arizona, it did nevertheless reduce mortality, and again the survival curve displays some mortality that
plateaus, so we knew the diet was being effective in stopping the disease. The infection was con�rmed
in this experiment by the use of histology; these results also demonstrated that the animals fed Lorica
were able to recover quickly after the infection. In short, Lorica not only shielded the animals but also
supported them during the infection.

Skretting ARC then con�rmed the appropriate feeding protocol, both feeding period prior to challenge
and the optimum feeding frequency. As shrimp do not have an immunological memory, and the fact
that the diet is both bacteriostatic and reduces toxin production, means that the diet must be present
within the animal to be active. Thus, the feeding frequency – a minimum of 4 meals per day – is
required to maintain e�cacy of the diet. During �eld trials optimum growth was seen to be at six meals
per day or more. Thus, our company recommends that the feed is fed at least six times per day.

Field trial results from Skretting Ecuador showed the bene�cial effect of diets on survival and,
subsequently, pond productivity. At the end of the production cycle, in an intensive system (32 per
square meter), a difference of more than 25 percent survival was found among the Lorica treatment
and the control. When the yield is analyzed in terms of pounds per hectare per day (Fig. 4), an increase

Fig. 2: Survival time course of L. vannamei fed one of test (Lorica) and
control diets and challenged with V. parahaemolyticus at the
University of Arizona.

Fig. 3: Survival time course of L. vannamei shrimp fed either the
functional diet (Lorica) or a control base diet, while challenged with V.
parahaemolyticus at AquaMekong ShrimpVet Lab.
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greater than 60 percent is observed as a consequence of the greater survival and the higher rate of
growth (Fig. 5). The growth was higher for the group of shrimp fed with Lorica, followed by the feed
with other additives and greater difference with the control.

Perspectives
We have demonstrated the e�cacy of the functional diet Lorica in laboratory trials as well as �eld
trials. The functional ingredients are proven to reduce Vibrio bacteria in vitro, and promote survival
during in vivo challenge trials at two independent research facilities. The laboratory results were further

Fig. 4: Survival of L. vannamei fed a control diet or test (Lorica) diet in
ponds under commercial conditions in Guayas province, Ecuador
(October 2016).

Fig. 5: Pond productivity (lbs./ha/day) of L. vannamei fed a control
diet or test (Lorica) diet in ponds under commercial conditions in
Guayas province, Ecuador (October 2016).
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corroborated by �eld trials that showed Lorica improved both survival and ultimately pond productivity.
The use of Lorica is a valid alternative to the use of antibiotics, particularly considering that these
compounds do not require time of withdrawal before the harvest, nor do they cause resistance in the
pathogenic bacteria present in the culture system.
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