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Cellular Response to
Injury in Penaeid Shrimp

C.T. FONTAINE and D.V. LIGHTNER

ABSTRACT-A review of the cellular response to injury in marine shrimp of
the genus Penaeus is presented. Studies on the inflammatory response of
penaeid shrimp have shown six cell forms that respond to injury. These include
three forms of hemocytes, fibrocytes, phagocytic cells of the loose connective
tissue, and fixed phagocytes lining blood sinuses.

The cellular defense mechanism is dependent upon the activity of the hemo
cytes. One type of hemocyte apparently engages in encapsulating foreign
material while the other two types phagocytize and eliminate foreign or
necrotic material by migrating to the external surface. Later, additional
phagocytosis is accomplished by "fixed" phagocytes in the loose connective
tissue and by cells that line hemolymph sinuses of the heart, gill, and abdo
men.

Collagen-like fibers are typically seen in association with wound healing and
in the process of encapsulation in these animals. The dense network of
collagen-like fibers and fibrocytes develops in close association with earlier
hemocytic encapsulation or deposits. This fibrous tissue is stable, not re
sorbed, and remains as a permanent "scar."

Murphy, 1966; Zein-Eldin and Griffith,
1966; Cook, 1967; Wheeler, 1967;
Zein-Eldin and Griffith, 1967; Aldrich
et aI., 1968; Cook and Murphy, 1968;
Wheeler, 1968; Neal, 1970, 1970b;
Mock and Murphy, 1970; and Lindner
and Cook, 1971). The primary objective
of the Aquaculture Investigation of the
National Marine Fisheries Service,
Galveston Laboratory, Galveston,
Texas, has been to conduct investiga
tions related to the culture of large num
bers of penaeid shrimp. As in any inten
sive culture program, where conditions
are also favorable for rapid proliferation
of pathogenic organisms, one of the
more important areas of consideration
is the problem of disease.

The understanding of disease in any
organism is dependent upon a basic
knowledge of the organism's normal de
fense mechanisms. Cellular defense
reactions have been reviewed in detail
for insects by Salt (1970) and for inver
tebrates other than insects by Bang
(1970) and Sparks (1972). A review of
the literature, however, reveals very lit
tle information on histopathological in
vestigations of marine Crustacea, par
ticularly of the order Decapoda. The
lack of recorded histopathological or
normal histological data on marine
decapod Crustacea is surprising, con
sidering that several genera of this order

INTRODUCTION
Within the past 20 years, the possibil

ity of commercial culture of marine in
vertebrates has gained wide attention
and interest, especially with the marine
decapod Crustacea belonging to the
genus Penaeus. On 20 August 1970
there were approximately 75 organiza
tions in the United States involved in
shrimp culture including federal, state,
institutions, and companies or individu
als. In addition, considerable informa
tion has been published relating to larval
culture, tolerance studies, and pond cul
ture of penaeid shrimp (Johnson and
Fielding, 1956; Fujinaga, 1969; Allen,
1963; Zein-Eldin, 1963; Ewald, 1965;
Zein-Eldin and Aldrich, 1965; Cook and
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Figure 1.-Aphagocytic torm ot hemocyte that has Infiltrated the affected tissue and Ingested torelgn material
(c ~ carmine). From Fontaine and Lightner, 1974. Hematoxylin, 2500x.
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Figure 2.-A large hemocytlc encapsulation. The Innermost cells have become melanized forming a dark
pigmented membrane. From Fontaine and Lightner, 1973. Hematoxylin end eosin, 800x.

1966). One exception was the histologi
cal study on "spontaneous necrosis"
(Rigdon and Baxter, 1970).

Little is known about the humoral de
fenses or responses of penaeid shrimp.
Foreign abiotic material injected into
the abdominal musculature appears to
adhere together to form extracellular
clumps (Fontaine and Lightner, 1974).
The factor in the hemolymph which
causes this agglutination is not known.
It is likely that this apparent humoral
factor functions to localize the foreign
material until cellular responses are ini
tiated.

The subsequent cellular defense
mechanisms in penaeid shrimp are de
pendent upon the activities of at least
six cell forms. These include fibrocytes,
"fixed" phagocytes in the loose con
nective tissue, and "fixed" phagocytic
cells which line blood sinuses in the gill,
heart, and abdominal muscle tissue.

HEMOCYTE FUNCTION
IN PHAGOCYTOSIS

Figure 3.-The bases 01 setae with hemocyles Included through which the phagocylea laden with lorelgn or
necrotic material migrate to the external surface, (h = hemocytes). Hematoxylin end eosin, 650x.

are among the most economically
important fishery products in North
America. Prior to 1973, documented
disease studies of penaeid shrimp were
mainly from a parasitological viewpoint
and contained little or no histological
data (Aldrich, 1964; Iversen and Man-

ning, 1959; Iversen and Van Meter,
1964; Kruse', 1959; Baxter, Rigdon,
and Hanna, 1970; and Sprague, 1950,

'Kruse, D. N. A study of the taxonomy, morphol
ogy, incidence and biology of the parasites of the
commercial shrimp. Penaeus aztecus (ves, P.
duorarum Burkenroad, and P. setiferus Linnaeus.
M. S. thesis, Florida State University.
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The hemocytes of penaeid shrimp
typically migrate rapidly to invaded or
injured tissue and, depending on parti
cle size, engulf or encapsulate the ne
crotic or foreign material. Phagocytosis
by hemocytes is accomplished by two
cell forms that infiltrate the invaded tis
sue and ingest foreign or necrotic mate
rial. One form has eosinophilic cyto
plasm and a small basophilic nucleus
(Fig. I). Occasionally, several of these
cells that have phagocytized foreign or
necrotic material will adhere together
forming large multinucleated clumps
that closely resemble the large mul
tinucleated foreign body giant cells of
other animal groups. A second form of
hemocyte is a large macrophage-like
cell that also infiltrates invaded tissue
and exhibits phagocytosis. These cells
possess a large, slightly basophilic nu
cleus with extensive hypochromatic
cytoplasm.

HEMOCYTE FUNCTION
IN ENCAPSULATION

Another function of circulating
hemocytes is the encapsulation of
foreign bodies that are too large for
phagocytosis. It is interesting to note
(Fontaine and Lightner, 1974) that
when carmine particles were injected
into the white shrimp, Penaeus setifer
us, hemocytic encapsulations consisted



Figure 4.-Flxed phagocytes In blood sinuses of heart that have Ingested foreign material (c ' carmine). From
Fontaine and Lightner, 1974. Hematoxylin, 2500x.

Figure 5.-Free and "fixed" phagocyte,ln an abdominal blood sinusoid (f ~ fixed phagocyte, c ~ carmine, h =
free hemocyte, ch .' carmine Ingested by hemocyte). From Fontaine end Lightner, 1974. Hematoxylin, 2500x.

"FIXED" PHAGOCYTES
The hemolymph chambers or sinuses

of the penaeid shrimp are lined with a

HEMOCYTE ELIMINATION
OF FOREIGN MATERIAL

One of the primary sites of elimina
tion of foreign and necrotic material
from the shrimp is the gills, with the
actual elimination probably occurring
with the molting of the gill cuticle.
Within 1 hour after injection of carmine
particles into shrimp, the lumens of the
gill filaments become congested with
the particles that are free in the
hemolymph. Later, the particles are
concentrated into large hemocytic
clumps in the gill lamellae.

Another route of elimination of
hemocytes laden with foreign or necro
tic material appears to be through
cuticular pores at the base of setae on
the appendages (Fig. 3), The connective
tissue and muscle at the base of the
setae become congested with hemo
cytes. Many of these phagocytes have
been seen located between epidermal
cells ofthe cuticle. Necrotic hemocytes
with carmine included have also been
observed on the external surface in
close proximity to or adhering to the
setae. The great numbers of hemocytes
observed in the maxillae, pereiopods,
and pleopods where setae are present
indicate these areas may be principal
sites for eliminating hemocytes laden
wi th necrotic or foreign material.

later stages are lysed, forming a thick,
brown, leathery capsule. These cap
sules are not resorbed and remain as
marks of the foci of encapsulation even
though no recognizable hemocytes re
main.

The intensity of the cellular response
in the process of encapsulation is vari
able. For example, the response to
parasites depends upon the species of
parasite and its location within the
shrimp. The parasitic nematode,
Contraceacum sp., elicits little or no
cellular response from the shrimp no
matter where it is located in the
shrimp's body, while the pleuocercoid
larvae of the cestode, Prochristianella
penaei, is destroyed by encapsulating
hemocytes if located within the
hepatopancreas or muscle. The re
sponse to the larval cestode is much less
intense if located in the hemocoelic
space (Sparks and Fontaine, 1974).

lar to that described for insects by
Grimstone et al. (1967) and Salt (1970)
with hemocytes many cell layers thick
forming the encapsulations, The outer
cells retain a more normal ovaloI'
rounded configuration, while the inner
cells become flattened (Fig. 2) and, in
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of necrotic hemocytes with carmine in
cluded, None of the cells actively en
gaged in the process of encapsulating
these necrotic phagocytes were ob
served to contain carmine particles,

The mechanics of the process of en
capsulation in penaeid shrimp are simi-



than an internal position. In association
with the hemocytic response, large
numbers of fibrocytes infiltrate the area
and form a dense network of collagen
like fibers. It was shown in a subsequent
study (Fontaine and Dyjack, 1973) that
this fibrous tissue is not resorbed, is well
organized, stable, and remains as a
permanent "scar" (Fig. 8).

Another example of fibrocyte
infiltration occurs in the replacement of
tissues damaged by the injection of tur
pentine (Fontaine et al., In press). At 50
days post-injection, large fibrous cysts
had been formed at the site of injection
by infiltrating hemocytes and fibrocytes
(Fig. 9). Heart tissue damaged by the
circulating turpentine had been
infiltrated by hemocytes and fibrocytes
by 240 h post-injection and collagen-like
fibers and cellular encapsulations had
appeared (Fig. 10). In another study
where a strip of polyvinyl chloride was
inserted into the abdominal muscula
ture of the white shrimp, P. setiferus 2 ,

fibrocytes infiltrated and formed a thick
fibrous capsule around the primary
hemocytic enc::msulation (Fig. II).

'vnpublished study, "An electron microscopic
study of capsule formation in penaeid shrimp," on
file at the Galveston Laboratory, Gulf Coastal
Fisheries Center, NMFS, Galveston, TX 77550.

Figure 7.-A large basophilic cell In tile subcuticular loose connective tl..ue 01 the cephalotho,ax with
Ingested foreign material (c = carmlna). From Fonta/ne and Lightner, 1974. Hematoxylin, 2500x.

c

layer as basal support. The involuting
epidermis then forms a chitinous layer
similar in appearance to the normal ex
ternal cuticle, thereby effectively rel
egating the pin to an external rather

Figure 6.-A "fixed" phagocyte In a gill filament that has Ingested foreign material (c ~ carmine). From
Fontaine and Lightner, 1974. Hematoxylin, 2500x.

FIBROCYTES

network of "fixed" phagocytic cells.
"Fixed" phagocytes containing in
gested foreign material have been ob
served in the heart (Fig. 4), abdomen
(Fig. 5), and the lumen of the gill
filaments (Fig. 6). This system of
"fixed" phagocytic cells is very similar
to that described in insects and may be
analogous to the reticuloendothelium of
vertebrates (Wigglesworth, 1970).
Other fixed phagocytes are the large
basophilic cells of the subcuticular
loose connective tissue, particularly in
the posterio-dorsal portion of the
cephalothorax (Fig. 7). These "fixed"
phagocytic cells are apparently long
lived. Fontaine and Lightner (1974) ob
served carmine included in phagosomes
in these fixed cells 672 hr after injection.
This system of fixed phagocytic cells
thus accounts for the slow clearance
rate of injected stains from penaeid
shrimp (Neal, 1969).

In penaeid shrimp wounded with a
Petersen disk tag pin (Fontaine and
Lightner, J973), hemocytes infiltrate
the area and wall off the pin, forming a
dense, brown, leathery membrane.
Later, the epidermis involutes into the
wound, using the brown pigmented
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Figure 8.-The wound repair processes 30 days post-tagging with the Petersen disk tag (b ~ melanized
membrane, C = cuticle, let = loose connective tissue, e = epidermis, bn --'-- brown nodule, and f '- fibrous
tissue). From Fontaine and Dyjak, 1973. Hematoxylin and eosin, 250x.

Figure 9.-The Inflammatory response In Penaeus samaruo to turpentine Injected Into the abdominal muscu
lature. Tha response consists of hemocytes and flbrocytes forming a thick matrix of fibrous tl98ue around the
affec1ed area (arrows). From Fontaine et al., In press. Hematoxylin and 8Osln, 40x.

'Unpublished data.
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Figure 11.-The cellular response to an internal PVC tag Inserted in the abdominal musculature 01 the white
shrimp, P.sefl'erus. The flbrocytes have formed a fibrous capsule around the primary hemocytlc encapsula
tion (arrow). I = plastic Insert, h ~ hemocytes. Hematoxylin and eosin, 200x.

Figure 10.-The cellular response in the heart of P .setiferus damaged by turpentine. The response consists of
hemocytlc encapsulation (arrows) and many collagen-like fibers and flbrocytes (F). From Fontaine et al., In
press. Hematoxylin and eosin. 60x.
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