
INTRODUCTION
The sapphire damsel, Pomacentrus pavo (Bloch, 1787)

(family Pomacentridae) (known also as the blue damsel-
fish) is a small (maximum of ca. 8 cm for free-ranging
specimens) fish found in tropical and temperate waters
through the world. They are one of the most popular aqua-
ria species in commercial and private operations and are
one of the top ten most traded species which together ac-
count for approximately 36% of the marine fish traded
(Wabnitz et al. 2003).  Besides the neurofibromatosis-like
disease reported in bicolor damselfish, (Schmale and Hens-
ley 1988, Campbell et al. 2001, Schmale et al. 2002) re-
ports on other diseases affecting damselfish are lacking.
Thus, it is important to document diseases as they occur
in this species so that we might use this information to bet-
ter manage them in captivity and perhaps better under-
stand their needs in the wild.

Lipoid liver disease is a serious and often fatal disease
of captive fish that has primarily been studied in rainbow
trout fisheries (Holliman and Southgate 1986).  It also has
been described in the common dab (Begg et al. 2000) and
an African stonefish, (Penrith et al. 1994).  Sequelaes to
lipoid liver disease typically include anemia and immune
suppression that may lead to secondary bacterial infec-
tions (Penrith et al. 1994, Hardy 2001).  Herein we pres-
ent a case of lipoid liver disease in a sapphire damsel.

MATERIALS AND METHODS
A live adult male sapphire damsel from a private col-

lection was examined in March 2006 with a 5 month his-
tory of progressive abdominal distension.  The fish had
been part of the collection for 4 years and was housed in
a 100-L upright hexagonal aquarium along with a yellow
tang, Zebrasoma flavescens (Bennett, 1828).  The fishes
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were fed commercially available dry food, along with
thawed frozen brine shrimp, 1�2 times weekly.  Water
temperature and salinity were maintained at ca. 25°C and
1.025 ppm, respectively.  The damselfish usually measure
ca. 5 cm in total length, 1.5 cm height (at pectoral fins),
and are 8-mm thick (at level of pectoral fins), but the spec-
imen examined, was approximately two times its normal
body size.  Additionally, the fish had a dark and dull skin
color, extended fins and scales, and tended to remain at the
surface and gulp air.  The fish was humanely euthanized,
using 250 mg · L�1 benzocaine hydrochloride, and sub-
jected to a necropsy.  Other than the kidney and heart, the
coelomic tissues were adhered to one another by a gelati-
nous substance and not easily separated without causing
collection artifact that may have interfered with histolog-
ical examination.  Therefore the adhered tissues along
with the remaining cadaver were placed in 10% buffered
formalin and submitted for further processing.

Fixed tissues were routinely processed, paraffin em-
bedded, sectioned, placed on glass slides, stained with he-
matoxylin and eosin, cover slipped, and viewed by light
microscopy.  Tissue sections also were stained with peri-
odic acid-Schiff�s (PAS), modified acid-fast, Pearl�s iron,
Gomori methenamine silver (GMS), acid-fast and Lillie�
Twort, and examined with light microscopy.  These special

stains were chosen to identify polysaccharides, ceroid, he-
mosiderin, fungal agents, acid-fast organisms, and Gram
positive or negative bacteria, respectively.  Additionally,
similarly processed liver from an apparently normal cap-
tive blue damsel fish of unknown sex but similar age serv-
ed as a control for special stains.

RESULTS
Grossly, the lining of the coelomic cavity was brown to

tan and contained a brown gelatinous material (presumed
to be fat) surrounding and adhering the coelomic organs.
The adhered coelomic organs were difficult to separate
(Fig. 1).  The liver was diffusely pale.

Histological examination revealed sheets of adipocy-
tes replacing the hepatic parenchyma and lipid (presump-
tive) degeneration within the remaining hepatocytes (Fig.
2).  Pigmented macrophages were scattered throughout the
liver, mesentery, and occasionally other organs.  Hepato-
cytes and pigmented macrophages stained positive with
modified acid-fast and PAS stain, and variably positive for
Pearl�s iron (Fig. 3).  Additionally, melanomacrophage
centers often displayed positive staining with Pearl�s iron
(Fig. 3D).  Acid-fast, Lillie�Twort and GMS were nega-
tive for acid-fast organisms, bacteria and fungi, respec-
tively.  The abdominal fat and mesentery had coalescing to
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Fig. 1. Macroscopic view of the coelomic cavity of a sapphire damsel, Pomacentrus pavo, presented with nonresolvable abdomi-
nal distension; the coelomic organs were adhered to one another by a fine, gelatinous, clear to brown material



diffuse infiltrates of inflammatory cells (including macro-
phages, lymphocytes, neutrophilic granulocytes, and scat-
tered eosinophilic granulocytes), fine bands of fibrosis,
multifocal pale amorphous eosinophilic matrix (edema),
and fat necrosis (Fig. 4A).  The serosal surfaces of the
internal organs showed minimal to mild expansion by mix-
ed inflammatory cells.  Rarely, myocyte degeneration with
cytoplasmic vacuolation, loss of cross striations, frag-
mentation, and infiltration by mild numbers of inflamma-
tory cells was noted (Fig. 4B).  Scattered granulomas were
present throughout the liver and coelomic cavity.  The
granulomas were often mature with thick concentric bands
of fibrous connective tissue and occasionally were sur-
rounded by aggregates of macrophages containing golden-
brown pigment.  No other significant changes were noted.

DISCUSSION
Both the gross and light microscopic changes seen in

this case are consistent with lipoid liver disease (ceroido-
sis), steatitis and peritonitis (serositis and mesenteritis).
Granulomas are a common response to numerous insults
in fish, including bacterial infections, parasite migration,
and foreign- or otherwise irritating substances (such as
leakage of secretory material).  Further, granulomas have
been associated with steatitis in fish (Herman and Kircheis
1985).  In this damselfish, the granulomas were mostly
advanced, displaying concentric fibrosis suggesting past
insults and therefore, it remains unknown if they devel-
oped around ceroid/iron containing macrophages or were
due to past infections, parasites or foreign substances.  Si-
milarly, melanomacrophages are a common finding in
most fishes, but those staining positive for ceroid or iron in
this fish were possibly the result of the lipoid liver disease.

Lipoid liver disease is diagnosed histologically by the
presence of hepatic lipoid infiltration, the presence of ce-
roid-containing macrophages, myocyte degeneration, and
hemolysis manifested as increased iron deposits in hepa-
tocytes and pigmented macrophages (Hardy 2001).  The
latter effect (hemolysis) results from the toxic effect of
lipid auto-oxidation products (free radicals, peroxide alde-
hydes and ketones) on the renal hematopoietic tissues and
erythrocytes (Hardy 2001).  These histological changes
were consistent with what was observed in the damselfish
in this case, excepting that renal hematopoietic necrosis
was not seen.  Presentation of this disease may vary depen-
ding on stage of the disease and contributing factors (e.g.,
type of auto-oxidation product produced) to the disease
(Tacon 1996, Holliman and Southgate 1986, Hardy 2001).
Lipoid liver disease, steatitis and myocyte degeneration
may be attributed to vitamin E deficiency, such as may
occur following ingestion of rancid feed (Smith 1979,
Holliman and Southgate 1986, Tacon 1996).  Other possi-
ble factors leading to vitamin E deficiency in ocean dwel-
ling organisms may include chronic stress or other oxida-
tive stress (Sakai et al. 1998, Berntssen et al. 2003, Welker
and Congleton 2004, Goodwin 2006).  Vitamin E is an an-
tioxidant that helps prevent peroxidation of adipose tissue
(Comporti 1993).  In rainbow trout, it has been shown that
increasing the amount of α-tocopherol (vitamin E) in the
diet can prevent lipoid liver disease, demonstrating that
proper diet is essential to prevent this disease (Smith
1979).  Although fresh (thawed frozen) food items were
part of the normal husbandry regime of the damselfish in
this case presentation, vitamin E supplementation was not.
Further, failure to remove uneaten thawed frozen food or
improper storage of frozen food may have resulted in ran-
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Fig. 2. Microscopic views of livers from 2 sapphire damsel, Pomacentrus pavo; (A) liver of the damselfish with lipoid liver dis-
ease; (B) liver from an apparently normal damselfish shown for comparison



cidity, which could have led to vitamin E deficiency.  We
suggest that vitamin E deficiency may have served as the
etiology for the lipoid liver disease and steatitis in this
damselfish.

CONCLUSION
This case demonstrates that lipoid liver disease and

steatitis can affect sapphire damsel and should be consid-
ered in cases of abdominal distension in captive animals.

This serves as information that can be added to the pauci-
ty of data currently available for this popular reef fish.
Understanding the diseases and nutritional needs of this
and other reef fish is vital to better understand the needs
of both captive individuals and free-ranging species.
Further, better management of captive individuals will de-
crease the demand for additional collection of free-ranging
individuals and hopefully aid in the conservation of reef
species.
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Fig. 3. Microscopic views of special staining of tissues from a sapphire damsel, Pomacentrus pavo, with lipoid liver disease; (A)
Pearl�s iron staining of a melanomacrophage center in the spleen; inset shows lack of similar staining in a melanomacrophage
center from the spleen of an apparently normal damselfish for comparison; positive staining for Pearl�s iron (B), periodic acid
Schiff�s (C), and modified acid-fast (D) was observed in the liver of the fish with lipoid liver disease
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