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ABSTRACT The pathology of ulcerative mycosls In naturally affected Atlantlc menhaden BrevoorOa 
tyrannus 1s described. Ulcerative mycosis is a deep g~anulolnatous dermatopath) (aused by in tec t~on 
wlth oomycete fungl. The response to this fungal infection was similar to that described for other 
granulomatous dlseases The posteroventral poltion of the bot1.i was most frequently aftected wlth 67 % 
of all les~ons  observed in this area Lesions appeared to begin as small, focal infections on or near the 
skln surface which rapidly enlarged and often evtended Into adjacent vlscera In man\ fish, this necrotic 
mass of tlssue was sloughed, l eav~ng  a crater-shaped u l c e ~  Only fish 1~1th  small ulcers had dn\ evidence 
of healing, suggesting that t h ~ s  d~sease  may cause hlgh mortalit~es In affected populations 

INTRODUCTION purpose of this artlcle is to provide a detailed descrip- 
tion of the ontogeny of 1 M  lesions from naturally 

Ulcerative mycosis (UM) is a recclntly described der- affected menhaden so that it can be differentiated 
matological dlsease that affects a number of important from other dermatopathies affecting menhaden. 
estuarine fishes along the Atlantic coast of the United 
States. I t  first became a serious problem in about 1984 
when Atlantic niclnhaden Brevoort~a tyrannus were MATERIALS AND METHODS 
observed with deep necrotic ulcers in several 
estuarine systems in North Carolina, including those Atlantic menhaden with skin lesions were collected 
of Pamlico and Albemarle Sounds (Noga & Dykstra primarily from pound nets set on the Pamlico River 
1986). Other species were soon observed with UM from July 1984 through July 1986. Fish were also 
(Noga & Dykstra 19861, and lesions resembling Uh4 obtained from trawl samples collected by the Division 
were soon reported to occur on fish from Chesapeake of Marine Fisheries and local fishermen in the 
Bay (Hargis 1985) and the St Johns River estuary in Albemarle Sound, Pamlico h v e r ,  Neuse River, and 
Florida (Grier & Quintero 1987). Since its appearance New River (N Carolina, USA). 
4 yr ago, UM has continued to cause repeated disease All fish were alive at the time of capture and were 
outbreaks in these estuarine systems. Its continued necropsied on site. Gross appearance and size of the 
presence has prompted increasing concern about the lesions were recorded. For light microscopy, tissues 
impact of the disease on the productivity of the were fixed in either 10 "/o neutral-buffered formalin or 
estuarine fisheries. In Bouin's fluid. Slun, gills, stomach, intestine, pan- 

Ulcerative inycosis is a granulomatous disease creas, liver, spleen, heart, muscle, and brain were 
associated with infection by oomycete fungi. examined. All sections were embedded In paraffin and 
Aphanomyces has been most commonly cultured from stained with hematoxylin and eosin (H & E). Selected 
UM lesions, but Saproleynia has also been isolated tissues were also stained with Gomoll methenamine 
(Dykstra et al. 1986). More than one species in these silver (GMS), periodic acid Schiff (PAS), Giemsa (G) ,  
genera is probably involved. In our initial description Brown and Brenn Gram's stain (B & B), MacCollum- 
of the disease, we provided preliminary information Goodpasture Gram's stain (MG), Fite-Faraco acid-fast 
on the pathology of UM (Noga & Dykstra 1986). The stain (FF) or Mallory's trichrome stain (T).  
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For electron microscopy, tissues were fixed in 
McDowell's and Trump's fixative (McDowell & Trump 
1976), post-fixed in 1 O/O O s 0 4  in 0.1 M phosphate 
buffer, pH 7.2, dehydrated through a graded alcohol 
series, passed through acetone, and embedded in 
Spurr's resin. Sections were cut, stained with 
methanolic uranyl acetate and lead citrate, and 
examined with a transmission electron microscope. 

Lesion size and location were also recorded on a 
randomly selected group of menhaden obtained by 
trawhng in the Pamllco k v e r  in order to document the 
site of the infection on various parts of the body. Lesion 
size and area were calculated by measuring the widest 
and narrowest part of each lesion. Location was then 
recorded on a figure that subdivided the fish into 5 
zones (Ej.g. i j. Anaivr~licdi i d l l d ~ r ~ a ~  ks irlcluded the 
opercular border, the lateral line, and  arbitrarily 
defined distances between various fins. The presence 
of UM was confirmed using skin scrapings; we con- 
sidered the presence of aseptate hyphae to be diag- 
nostic. 

RESULTS 

Lesion distribution 

Menhaden collected ranged from 68 to 188 mm fork 
length (median length 97 mm).  A total of 424 fish with 
UM was collected. All but 16 of these fish had only 1 
lesion. Fifteen fish had 2 lesions and 1 fish had 3 
lesions. While virtually any part of the body could be 
affected, the ventrum, near the anus, was by far the 
most common site for development of a lesion (Fig. 1);  
67 % of all lesions affected this general area (i.e. areas 
N B ,  B, and B/D). Lesions were rarely seen on the head 
or the fins. 

The lesions ranged from 6 to 1250 mm2 in area 
(median = 100 mm2). Although the lesions were not 

Bocly hum her P C ~ C C I ~ I  
Location ot' Lesions o l  Lcsionh 

square and invariably not circumscribed, this is prob- 
ably a conservative estimate of area affected because 
in many lesions, considerable muscle tissue had 
sloughed. 

Lesion development 

S k ~ n  lesions from 47 fish were examlned histologi- 
cally. Complete necropsies were also performed on 20 
fish. Five clinically normal fish obtained from the Pam- 
lico River were used for comparison. Based upon the 
gross and histologic features of all lesions examined, 
we defined a senes of developmental stages for ulcera- 
tive mycosis: 

Early Type I lesion. This stage vcas the smallest 
grossly recognizable lesion: it was relatively uncom- 
mon. This lesion appeared as a flat, red or yellow-red 
area on the skin up to about 5 mm in diameter (Figs. 2A 
and 3A). The inflammatory response consisted primar- 
ily of macrophages with some Iymphocytes and occa- 
sionally eosinophllic granular cells. Staining with GMS 
revealed 7 to 12 pm, aseptate hyphae (Fig. 3B), often 
surrounded by small granulomas (Fig. 3E, F). The fun- 
gal infection appeared to originate in or near a scale 
pocket, and hyphae were most prevalent near the sur- 
face of the skin. Fungal invasion was associated with 
necrosis of skeletal muscle and myophagia (Fig. 3C). 
Multinucleated giant cells were seen in some lesions, 
usually close to eroding scales (Fig. 3D). One of these 
giant cells appeared to be engulfing a hypha. Gram's 
stains for bacteria were negative; FF, G ,  and PAS stains 
did not reveal other pathogens. 

Early Type I1 lesion, Also relatively uncommon, this 
lesion type appeared as a raised, 15 to 20 mm smooth 
mass on the dorsum containing a small central area of 
scale loss. Histologically, there was a small ulcerated 
area in the center of the lesion; the remainder of the 
skin overlying the mass was intact. These lesions had 
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intense granulomatous inflammation with large coa- 
lescing granulomas. One lesion consisted primarily of a 
single, large granuloma with a necrotic core. Some 
congestion, hemorrhage, and esoiniphilic granular 
cells were also present. Fungal hyphae were present, 
but many granulomas had only necrotic, amorphous 
debris (Fig. 3H). 

Advanced. These lesions consisted of open ulcers up 
to 25 mm in diameter that contained white, friable 
material consisting of numerous hyphae interspersed 
within necrotic muscle. The tissue was edematous and 
the necrotic mass often protruded from the body (Fig. 
2C). The fungal hyphae were surrounded by an intense 
granulomatous inflammation with many granulomas. 
Granulomas often had deeply basophilic, necrotic cen- 
ters (Fig. SGj. Some iesions aiso had a IympRocytic 
infiltrate, hemorrhage, congestion and/or eosinophilic 
granular cells. Foreign-body-type multinucleated giant 
cells were seen occasionally. Hyphae often extended 
beyond the zone of inflammation, and isolated muscle 
fiber necrosis (loss of stnations, fragmentation, and 
myophagia) was often present in fibers without associ- 
ated hyphae (Fig. 3C). Ultrastructural examination of 
muscle fibers in various stages of degeneration did not 
reveal viruses or other microbial pathogens. 

Advanced lesions extended deep into the body and 
thus often involved adjacent internal organs. Lesions 
overlying the peritoneal cavity almost invariably 
affected the viscera by extension. Liver, intestine, 
gonads, pancreas, spleen, kidney, and spinal cord 
could all be  infected by hyphae, often with resulting 
inflammatory adhesions. Occasionally, lesions that 
began on one flank extended through the body to the 
other flank. A mycotic fin rot that eroded the caudal fin 
was occasionally seen. Opercular erosion was also 
occasionally seen (Fig. 2F). Gram-negative bacterial 
rods were visible in some lesions; FF and G stains did 
not reveal other pathogens. 

End-stage lesion. These lesions became increasingly 
common as an outbreak subsided. The necrotic core of 
fungus-infected tissue was sloughed, leaving a crater- 
shaped cavity that was surrounded by dark red to 
white, relatively smooth muscle tissue. These lesions 
had a non-swollen (non-edematous) periphery (Fig. 
2D). While many contained large numbers of hyphae, 
some ulcers had primarily a lymphocytic infiltrate 
associated with numerous Gram-negative rods that 
were especially concentrated on the surface of the 
ulcers. Most lesions with heavy bacterial infections had 
large areas of necrotic cell debris. Multinucleated giant 
cells were rarely present. Bone remodeling and osteo- 
blastic activity were seen in some lesions. Some lesions 
had mild fibroplasia. One lesion had many golden- 
colored GMS-positive melanomacrophages, both soli- 
tary and in aggregates. 

Healing lesion. These lesions were relatively uncom- 
mon and small, usually less than 5 mm in diameter. 
They appeared as smooth, nonulcerated areas of tissue 
loss; lesions overlying the peritoneal cavity (the most 
common s ~ t e  of healing lesions) were black due to the 
presence of melanocytes linlng the peritoneum (Fig. 
2E). In these cases, the peritoneal lining was continu- 
ous with the outer body wall. The epidermis was intact 
and mildly hyperplastic; occasional regenerating scales 
were observed. Mild to moderate granulomatous 
inflammation was present; most granulomas had only 
eosinophilic, GMS-positive, amorphous debris (Fig. 
3H). Few hyphae were present. The muscle tissue was 
replaced by fibrous connective tissue and fat; visceral 
adhesions were common. 

Other lesions 

We observed some changes in internal organs; how- 
ever, none appeared to be associated with skin ulcers 
and there were no pathological changes consistently 
seen in all affected fish. Digenea were occasionally 
present in the intestinal lumen. Small isolated 
granulomas were commonly seen in the intestine, 
mesentery, and kidney; these lesions had no fungi 
detectable by GMS. The kidney in some fish had appa- 
rently damaged glomeruli, characterized by the release 
of protein into Bowman's space, and, in 1 fish, by the 
presence of hyaline droplets in the tubular epithelium. 
Some fish had hyperchromatic hepatic foci. Almost all 
fish had mild branchial hyperplasia and, rarely, telan- 
giectasis. The myxosporean Kudoa was frequently seen 
in muscle; this parasite did not induce an inflammatory 
response. All of the 'other' lesions were also seen to the 
same degree in clinically normal fish. 

DISCUSSION 

Our data suggest that UM probably begins as a s h n  
infection that progresses to involve underlying muscle 
and viscera. There was no evidence for a hematogen- 
ous or other method of dissemination throughout the 
body. The consistent presence of fungus in the smallest 
detectable lesions suggests that it plays a prime role in 
initiating the infection. Studies are presently underway 
to determine if experimental infection with the fungus 
can reproduce the disease. 

The anal area was an extremely common site of the 
infection. Richards & Pickering (1978) also found com- 
mon sites for Saprolegnia infechons of wdd brown 
trout; lesions were more commonly located on the 
dorsum in mature males and on the caudal fin in 
mature females. These differences were at least partly 
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attributed to trauma from spawning activity. Menha- 
den are pelagic schooling fish and we have never seen 
them exhibit intraspecific aggression in culture. How- 
ever, damage due to predator attacks or paraslte feed- 
ing cannot be ruled out. Site-specific differences in 
local immunity (goblet cell density, epithelia1 thick- 
ness, etc.) may also be important. Finally, it is possible 
that zoospores (the motile stage generally considered 
the normal means for transmission of Oomycetes) may 
be stimulated to attach in the anal area due to the 
release of nutrients or other chemoattractants from the 
intestinal tract. Fish-pathogenic isolates of Saprolegnia 
have been shown to encyst and germinate in low nu- 
trient concentrations that do not stimulate germination 
in non-pathogenic species (Willoughby et  al. 1983). 
Thus, a low level concentration gradient in this area 
may stimulate differentiation of water-borne spores. 

Our observations of UM in the field suggest that the 
disease progresses very rapidly. During outbreaks, 
small lesions were uncommon. Most fish had ulcers 
containing a large amount of edematous, friable tissue 
and hyphae. This necrotic material eventually 
sloughed, producing an end-stage lesion; at this stage, 
the ulcers appeared to stop enlarging. Wet mounts of 
hyphae in these end-stage lesions showed no cytoplas- 
mic streaming; cytoplasmic streaming is characteristic 
of living Oomycetes. Hyphae also exhibited prominent 
Brownian motion, indcating that they were dead. This 
was also commonly observed in advanced lesions. Both 
advanced and end-stage lesions had large numbers of 
bacteria (Noga & Dykstra 1986). While the importance 
of bacteria in initiating UM is uncertain, they may have 
an important influence on the outcome of the disease. 
Bacteria can rapidly outcompete oomycete fungi, espe- 
cially Aphanomyces sp. In vitro studies using menha- 
den muscle tissue explants have shown that an Apha- 
nomyces sp. isolated from menhaden ulcers grows vig- 
orously on sterile muscle tissue but is severely inhibited 
if bacteria are present (Noga & Dykstra unpubl.). Thus, 
once lesions become heavily contaminated with bac- 
teria, the fungi may be  killed and thus lesion develop- 
ment may be arrested. 

Although many fish with end-stage lesions were 
observed, there were very few fish with healing lesions. 
All healing lesions were smaller than the typical ad- 
vanced or end-stage lesions, suggesting that only fish 
with small lesions can survive. Both these findings 
suggest that few fish can recover from UM, even if the 
progress of the disease has been arrested. The consid- 
erable osmotic stress associated with the large ulcers 
probably causes severe fluid imbalance. Richards & 
Pickering (1979) found that Saprolegnia infection of the 
skin was sufficient to cause death due to osmotic shock 
in brown trout Salmo trutta L. The severe organ dam- 
age that is associated with lesions that penetrate into 

the peritonea1 cavity undoubtedly exacerbates this 
stress. The large numbers of bacteria present may also 
contribute to morbidity. We have shown that some fish 
have bacteremias (Noga & Dykstra 1986). Such very 
sick fish may also be more susceptible to predation. 

Muscle damage often extended beyond the site of 
inflammation or fungal growth. This may have been 
due to osmotic damage from exposure of the muscle to 
water; however, this cannot explain why fibers deep 
within the lesion were often affected, while more nor- 
mal fibers were often seen near the surface of the 
lesions. Another possible reason for this damage is the 
release of lytic enzymes or other toxins by the fungi. 
Peduzzi & Bizzozero (1977) suggested that proteolytic 
enzyme activity could allow certain Saprolegnia 
species to convert from a saprophytic form of existence 
to one that feeds on fish tissue. Enzymes and other 
toxins are also commonly present in plant-pathogenic 
fungi (Buttrell 1974). Finally, these fungi may stimulate 
the activation or release of inflammatory mediators 
that, in addition to providing protection against these 
pathogens, may also damage host tissues. Numerous 
non-specific factors, such as C-reactive protein and 
complement, have been shown to be  present in fish 
serum (Ellis 1981). Such factors have the capacity to 
damage host tissues as well as  microbes. 

Fungal granulomas are the hallmark of UM infection, 
being present from the smallest detectable lesion up 
until apparent healing occurs. The stage of lesion 
developn~ent could be inferred from the maturity of the 
granulomas. Typically, granulomas in early lesions 
were small, solid nodules. As lesions enlarged and the 
inflammatory response intensified, many granulomas 
developed necrotic centers; in the most mature stage 
observed (i.e. healing), 'cystic' granulomas containing 
only remnants of mycelia were predominant. This 
chronological sequence of granuloma differentiation 
corresponds to that described previously in granulo- 
matous lesions resulting from experimental (Balouet & 
Baudin-Laurencin 1986) and natural (Agius 1978, 
Majeed at al. 1981) diseases. 

Type I1 early lesions had features of mature lesions. 
These included many granulomas with necrotic or cys- 
tic centers. This suggests that such lesions may repre- 
sent an arrested state of UM development. We suspect 
that lesions normally ulcerate rapidly. This conclusion 
would be  consistent with our clinical findings. Why 
Type I1 early lesions may have an inhibited develop- 
ment is unknown, but the host's immune status may 
be an  important determinant since the fungus is in 
very intimate contact with host tissues during its 
growth. 

The pathogenesis of UM in menhaden is unusual for 
oomycete infections of fish, which typically produce 
superficial, cottony growths on the surface of the skin 
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(Wolke 1975, h c h a r d s  1978). T h e  only other published Resources Research Institute Grant # 70054, the North 
report of a granulomatous oomycete infection in fish is Carolina Department of Administration, and the North 

mycotic granulomatosis (MG), a disease of f reshwater  Division Of Marine Fisheries. 

fish caused by a fungus that has  been  referred to a s  
Aphanomyces piscida (Miyazaki & Egusa 1972, Hatai. 
e t  al.  1984). This  disease is  very similar to UM. It 
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