production
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It is nearly impossible to totally eradicate vibrios from ponds. Furthermore, since most vibrios are benign and serve useful purposes,
eliminating them opens up niches for other species that may not be benign.

AHPN Inferences Based On Behavior
Of Vibrio Bacteria

Summary:

Vibrio parahaemolyticus, the
pathogen associated with acute
hepatopancreatic necrosis
(AHPN), has both toxic and
benign strains. It inhabits the
stomachs of shrimp in a biofilm,
which protects it from antibiotics
and other treatments. As with V-
cholera, V. parahaemolyticus toler-
ates a range of salinities, pH and
temperatures. Both species read-
ily piggyback on marine plankton
and may be spread by ocean
currents. Virulent V. parahaemo-
lyticus has also been spread by in-
fected broodstock and postlarvae.
The etiologic agent of AHPN

occupies many niches.

Vibrio is a genus of Gram-negative
bacteria that inhabit most aquatic ecosys-
tems, including freshwater. As of late
2013, there are at least 98 recognized
species, with many more candidates.
Vibrios serve critical functions in the
recycling of nutrients, including poly-

meric n-acetylglucosamine, a molecule
commonly known as chitin, the primary
structural component of the exoskeletons
of shrimp and other arthropods.

Most vibrios are benign. Many have
the ability to degrade chitin by the pro-
duction of chitinases and readily attach to
chitinous invertebrates. They are also
often associated with algal and zooplank-
ton species, which provide important
means of transport within aquatic envi-
ronments and contribute to their ecologi-

cal stability.

Disease-Causing Vibrios

Shrimp in the wild, contrasted with
those at most farms, live at lower densi-
ties and can move when needed to envi-
ronments of less stress. Stress is fre-
quently an inherent component of the
farming process.

A relatively small number of vibrios
cause disease in farmed shrimp. Most are
opportunistic pathogens that are able to
cause disease because the host animals are
stressed and impaired in their ability to
fight them off. Only a few are obligate
pathogens that cause disease in healthy
and impaired animals just by being pres-
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ent. The most virulent of these kill
shrimp at very low levels of exposure in
the water or when consumed.

Since vibrios readily exchange genetic
material with each other as well as other
bacterial species, they undergo a constant
process of evolution. Thus, rapid changes
in antibiotic resistance are seen due to the
acquisition of genes encoding for these
traits. Other phenotypic characteristics
can change, as well, including possibly
those observed in the etiologic agent(s) of
acute hepatopancreatic necrosis (AHPN)
or early mortality syndrome in shrimp.

Dr. Donald Lightner and team identi-
fied the AHPN pathogen as a unique strain
of a relatively common bacterium, Vibrio
parahaemolyticus. Lightner determined that
the vibrio may have been infected by a virus
known as a phage, which could cause it to



release a potent toxin.

V. parahaemolyticus is a common
inhabitant of most marine, estuarine and
some freshwater ecosystems. Most strains
are not pathogenic and are harmless to
ingest. However, toxigenic strains of this
bacteria in wild-caught fish are a major
cause of seafood poisoning in many other
countries.

Genomic Taxonomy

The advent of genomic taxonomy has
been instrumental in allowing differentia-
tion among isolates that appear pheno-
typically and biochemically identical by
conventional biochemical testing. Such
characterization must occur, or there is
significant risk of misidentifying some
species. The group of bacteria that are
etiologic agent(s) of AHPN are particu-
larly prone to this.

Even very small differences that are
consistent can be exploited to develop
tools that are critical to the ability to
localize a pathogen and come to a more
complete understanding of where it is in
the environment, from where it comes
and how it might be controlled. Until
these tools are available, care must be
taken in ascribing all cases of AHPN to a
single strain of bacteria — although the
possibility exists that such a strain might
be sufficiently unique to merit becoming
a new vibrio species.

Farmers should appreciate that it is
very difficult, if not possible, to totally
eradicate any group of bacteria. Nor is
this necessarily desirable. As most vibrios
are benign and serve a useful purpose,
eliminating them opens up niches for
other species that may not be benign.

Vibrio cholerae

The vibrio bacteria that are etiologic
agent(s) of AHPN exhibit characteristics
similar to those of Vibrio cholerae, some
strains of which cause cholera, a serious
life-threatening disease in humans who
drink contaminated water and ingest typ-
ically more than a million bacteria at one
time. Treatment to restore the electrolyte
imbalance along with common antibiotics
to lessen the chances of complications
can easily cure cholera and V. parahaemo-
lyticus tood poisoning.

These rather ubiquitous vibrio patho-
gens act primarily through the guts of
their hosts. Like many other vibrio spe-
cies, they form biofilms. Cholera typically
becomes problematic when drinking
water and sewage systems are not prop-
erly segregated. A parallel in aquaculture
is reusing discharge water with limited

treatment in production. Currents con-
taining discharged waters can carry vec-
tors far and wide.

In the early 1990s, cholera spread
along more than 1,600 km of Peruvian
coast in a very short time, and as it fol-
lowed rivers and streams, much of Latin
America was affected. There is evidence
that the etiologic agent of AHPN may
have been spread similarly.

As with V. cholera, V. parahaemolyticus
tolerates a wide range of salinities, pH,
temperatures and nutrient conditions.
Both species of bacteria readily piggyback
on many potential vectors. For example,
V. cholerae and V. parahaemolyticus are
both commonly associated with many
species of marine plankton. They readily
attach to chitin, the surfaces of algae and
other similar substrates.

Virulent V. parahaemolyticus has been
spread by infected broodstock and postlar-
vae, too, of course. Clearly the etiologic
agent of AHPN occupies many niches.
This could explain how it seems to move
so easily and why eradication and/or con-
trol will not be a simple matter.

Biofilms

Biofilms occur everywhere. Probably
the biofilm most familiar to humans is why
we brush our teeth. They are implicated in
a myriad of disease states and are an effec-
tive mechanism for bacteria to spread.

A biofilm is an assemblage of organ-
isms that have attached to a surface —
such as detritus on shrimp pond bottoms
or, in the case of AHPN, the stomachs of
shrimp. The biofilm protects the bacteria
within from the action of antibiotics and
other bacteria that would seek to occupy
the niche themselves.

In the formation of biofilm, the bac-
teria first attach to the chitinous stomach
and gastric mill surfaces in the shrimp.
The bacteria then form sticky exopoly-
mers that “glue” the bacteria to the sur-
face. As the biofilm subsequently matures
and forms microcolonies, exopolysaccha-
rides protect the bacteria against antibiot-
ics, disinfectants, herbal extracts and
other treatments while still allowing nor-
mal metabolic cell activity. In its final
state, the biofilm begins to detach, and its
cells disperse in the environment as a new

biofilm develops.

AHPN Control

Efforts to control AHPN began long
before its identity was established. What
was probably AHPN was first reported in
China four or so years ago and has spread
to a number of other countries. In the
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Because of the high stocking densities, stress is frequently an inherent component
of the shrimp-farming process.

author’s opinion, this strain of vibrio will

likely spread into those environments that
allow it to dominate at the expense of the
other bacterial species present.

Given the complex nature of the
vibrio taxon, a number of things make
AHPN a less-than-straightforward prob-
lem to address. The pathogen is unusual
in shrimp in terms of how it produces
disease. Further analogies with cholera
are apparent, as 1t appears as a toxin-
based disease process where the bacteria
colonize a limited surface, and the toxin

does the damage. Most other pathogenic
vibrios invade the animal and through
various toxins and their cell wall struc-
tural component, lipopolysaccharides,
overwhelm the ability of the animal to
defend itself, with ensuing decline and
death.

V. parahaemolyticus does not appear to
be invasive in the sense of finding its way
into the hemolymph of animals through
injuries or other mechanisms. This
explains why antibiotics do not stop the
AHPN infection. If the antibiotics are
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not able to come in contact with the
pathogen at sufficient levels to impact it,
then they will not work.

Since the abuse of antibiotics in
shrimp farming has been a point of con-
cern for some years — although there is
room for appropriate use of antibiotics —
this is one example where any use of anti-
biotics would be inappropriate. Further-
more, if the pathogen is present in a
biofilm in the stomach, this can protect it
from the action of many other com-
pounds that could theoretically kill it.
This will pose a serious challenge to those
trying to develop treatment modalities.

Given the complex
nature of the vibrio taxon,
a number of things

make AHPN a less-than-
straightforward problem
to address.



