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Crucial to minimize risk spread of EHP/EHP-like pathogens

Pacific white shrimp (Penaeus vannamei) from a Latin-American country
and displaying WFS symptoms.

The White Feces Syndrome (WFS) refers to the presence of floating white fecal string in ponds rearing shrimp (Penaeus
monodon & P vannamei) in Southeast Asian countries. The syndrome is found to be associated with several problems at
the farm level, including shrimp growth retardation, size disparities, reduced feeding and chronic mortalities.
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In countries where WFS has been reported, other enteric pathogens that also affect the hepatopancreas of shrimp have
been reported as well. These include the microsporidian Enterocytozoon hepatopenaei (EHP), acute hepatopancreatic
necrosis disease causing Vibrio parahaemolyticus (VpAHPND) and Septic Hepatopancreatic Necrosis (SHPN) caused by
Vibrio sp. Fig. 1 shows Southeast Asian countries where WFS and other enteric diseases have been reported.
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Fig 1: Distribution of enteric diseases including White Feces Syndrome
(WFS), EHP, AHPND and SHPN in Southeast Asian countries.

EHP, an intracellular microsporidian that replicates within the cytoplasm of the affected tubule epithelial cells in the
hepatopancreas, is an emerging pathogen that affects mainly cultured shrimp P vannamei in several Southeast Asian
countries, including Indonesia, Vietnam, China, Thailand, India and Malaysia. The main clinical signs of EHP-infected
shrimp are growth retardation, which leads to an increased variability in size. In a more advanced stage, EHP-infected
shrimp typically display soft shells, lethargy, reduced feed intake and empty midgut. Histology of infected tissues reveals
several developmental stages, including plasmodium and spore stages.

Several publications have attributed the cause of WFS to different etiologies, including Vibriocholera, gregarine-like
organisms, Bacilloplasma sp. and Phascolarctobacterium sp. It has also been proposed that EHP is not the causative
agent of WFS. Based on these discrepancies related to WFS, we conducted a systematic study to determine any potential
relationship between WFS and enteric pathogens including EHP, in two different regions of the world where EHP has been
reported.

The first part of the work was carried out in an Asian country with a history of EHP and WFS. Samples were collected from

grow-out ponds, one displaying WFS and another where shrimp did not display WFS. Hepatopancreas and fecal string
samples were collected and analyzed by histology and gPCR for EHP.
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Fig. 2: Samples of shrimp displaying WFS (upper left); white
discoloration of a removed gastrointestinal tract is observed (right); Wet
mounts of hepatopancreas displaying WFS reveals the severe deformity
and melanization of hepatopancreas tubules affected and the absence
of R cells (bottom left).

Hepatopancreas tissue from shrimp from each grow-out pond was individually analyzed by quantitative PCR (qPCR). Fig. 3
shows results of EHP loads in animals from ponds experiencing WFS vs. no WFS. The lower the Cycle threshold (Ct)

value), the higher the EHP load in a sample.
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Fig. 3: Real-time PCR for EHP in shrimp displaying WFS (N=10) vs.
shrimp displaying no WFS symptoms (N=10).
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There is a clear difference in the EHP copy number between the two groups of animals. The average copy number in the
WFS group was 4x107 copies per ul of DNA vs. 1x10° copies per ul DNA in ponds without WFS, which is more than 2 logs
difference. This indicates that shrimp with WFS could be potentially more infectious of EHP than shrimp without WFS. The
gPCR on the fecal strings of the same shrimp show similar results; i.e., shrimp displaying WFS presented a higher copy
number of EHP in fecal strings than fecal strings of shrimp without WFS.

Later on, in the same EHP-endemic area, we determined the EHP copy number in samples from ponds with three different
histories: ponds with no history of WFS; ponds displaying WFS; and ponds with a history of WFS. Fig. 4 shows the EHP
copy number in animals from three different ponds.
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Fig. 4: EHP copy number in hepatopancreas tissue of shrimp originating
from ponds with no history of WFS, ponds experiencing WFS and ponds
with a history of WFS.

Once again, we found similar results to those obtained in the first experiment. The EHP copy number was higher in shrimp
from ponds experiencing WFS (about 1x107 copies), followed by ponds with a history of EHP (about 4x10* copies) and
ponds where WFS was not present nor any clinical sign of diseases were observed (about 4x102 copies).

WFS in the Americas

In the Western hemisphere, in 2016 we reported the presence of EHP and EHP-like pathogens in farmed shrimp. EHP-
infected shrimp exhibited similar clinical signs to those displayed in Southeast Asian countries, including reduced feeding,
severely retarded growth and size disparity. Two years later, we described the first case of WFS in areas where we
previously reported the presence of EHP-infected Penaeus vannamei cultured in Latin America. The white fecal strings and
the shrimp displaying white feces along the gastrointestinal tract are similar to those found in some Southeast Asian
countries where WFS is present in EHP endemic regions.

Shrimp displaying WFS were analyzed by both H&E and PCR in order to determine the etiological agent associated to this
pathology. The results of PCR and H&E are shown in Fig. 5.
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Fig. 5: Confirmation of EHP in Penaeus vannamei shrimp experiencing
WES in Latin America. PCR was performed to amplify the spore wall
protein gene (SWP) (left) and H&E of parallel samples is shown in the
right panel (20X).

The histopathology of shrimp displaying WFS reveals the presence of plasmodium and spore stages typical of EHP (Fig.
5b). Samples examined by nested PCR to amplify the spore wall protein gene (SWP) confirmed the presence of EHP.

Role of SHPN in WFS

In both Southeast Asia and in Latin America where WFS has been reported, EHP is not the only pathogen associated with

Fig. 6: Example of lesions of Septic Hepatopancreatic Necrosis (SHPN)
in hepatopancreas of P. vannamei(10X) from a pond experiencing WFS.

SHPN is a bacterial disease caused primarily by Vibrio spp., either pathogenic or opportunistic Vibrio spp. The
opportunistic Vibrio are always in the hepatopancreas; however, when a primary enteric pathogen causes lesions in the
hepatopancreas, these opportunistic Vibrio spp. get an entry to colonize the affected hepatopancreas and causing SHPN.
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Fig. 7. Combination of a primary enteric pathogen, opportunistic Vibrio spp, and possibly unknown
environmental factor(s) can cause WFS in EHP-endemic regions.

As Fig. 7 shows, and based on our analysis, we found an association among WFS, EHP and SHPN in grow-out ponds,
which suggest that WFS is a possible physiological response in shrimp affected by a combination of enteric pathogens
and possibly unknown environmental factor(s).

The finding of WFS in farmed shrimp in the Western Hemisphere is important, because it could be used as a predictor of
the presence of EHP. In addition, it will help to elucidate the strong association between an EHP/EHP-like agent with the
occurrence of white feces. As infection with EHP at early stages does not exhibit obvious clinical signs, shrimp cultured
within the region should be monitored closely for the presence of EHP and white feces.

Perspectives
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From our study, there is a strong association between White Feces Syndrome (WFS) and EHP in EHP-endemic regions.
EHP in combination with other enteric pathogens (including SHPN) and a possible unknown factor(s) can cause White
Feces Syndrome.

In EHP-endemic areas, shrimp displaying clinical signs of White Feces Syndrome indicate a very active EHP infection
process in grow-out ponds. The White Feces Syndrome in the Americas shrimp industry could be a mirror of what
happened in Southeast Asia 15 years ago, where EHP occurred sporadically but has now become one of the major
sanitary risk factors for the shrimp industry in this region. Biosecurity strategies must be in place to minimize the risk of
EHP/EHP-like pathogen spread in the Americas.
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