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ULTRASTRUCTURAL STUDY OF THE EARLY DEVELOPMENT AND LOCALIZATION OF
LOMA SALMONAE IN THE GILLS OF EXPERIMENTALLY INFECTED RAINBOW TROUT
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Department of Pathology and Microbiology, Atlantic Veterinary College, University of Prince Edward Island, Charlottetown, Prince Edward
Island, Canada C1A 4P3. e-mail: speare@upei.ca

ABSTRACT: The early ultrastructural stages lobma salmonaevere studied in the gills of experimentally infected rainbow trout.
No parasitic stages were identibPed during the brst 2 wk of the infection. By weekekpostire (PE), uninucleate and binucleate
meronts were recognized within host cells (no xenomas) associated with thamagilannels of secondary lamellae and lamellar
arteries. An inBammatory reaction was absent. In secondary lamellaggethfesls were isolated from the capillary lumen, and
some were recognized as pillar cells. In lamellar arteries, infected welte localized beneath the endothelium and not in the
lumen. InBammatory reaction and destruction of parasites inside blood cells inntle@ lof secondary lamellae were observed
by week 4 PE. Three hypotheses, i.e., isolation, internalization, and evasion, are gropaseplain the localization of the
infected cells in the gills. It is concluded that meronts are the earliest parstsige observed by week 3 PE, pillar cells are
secondarily infected by phagocytosis of infected cells in the blood, endothelial cajiisoére not infected, and inBammatory
response to the parasite starts by week 4 PE.

Loma salmonaeas a relatively newly described member ofreach the gut via ingestion, they hatch and evert their polar
the Microspora, which are obligate intracellular protozoan pambes, injecting infective sporoplasms directly into target cells,
asites characterized by the production of spores (Canning et ahich may be epithelial cells or leucocytes or both (Weidner,
1986). Although microsporidia infect all 5 classes of vertel970; Canning et al., 1986; Dykova, 1995). What happens next
brates, bPsh are the most common hosts. Infections causedubtil the L. salmonaeparasites reach the gill is still unknown.
the parasiteL. salmonaeare gaining importance in salmonSeveral mechanisms of transportation of microsporidians, via
aquaculture because of their high prevalence and severe nbeucocytes (macrophages), undifferentiated mesenchyme cells,
tality (Magor, 1987; Markey et al., 1994; Bruno et al., 1995and body Ruids (blood), have been suggested (Canning et al.,
Bader et al., 1998). Although all species ©@hcorhynchusare 1986). In addition, it has been proposed that pillar cells may
susceptible to infection with this parasite, Chinook salmon-( act as phagocytic cells within the lamellae and that endothelial
corhynchus tshawytschaare most vulnerable (Kent et al.,macrophages eventually transform into xenomas after the in-
1995). Gills and endothelial cells, in general, are the most irgestion of spores dfomasp. (Hauck, 1984).
portant sites of the infection (Shaw et al., 1998), although otherMost reports of Psh microsporidiosis are limited to histopa-
organs, including the heart, spleen, and kidney, are also affectedlogy or ultrastructural descriptions of the parasite and the
(Hauck, 1984; Kent et al., 1998; Sanchez et al., 2000). tissue reactions generated during the last stages of the disease,

In gills of salmonids,L. salmonaeproduces white cysts, when the xenomas are blled with parasites in all stages of de-
called xenomas, that vary in size depending on the stage of tropment (Dykova and Lom, 1980; Morrison and Sprague,
infection. Results from light-microscopy analysis of parafbPh981a). These details are essential for a correct identibcation
sections indicate that xenomas apparently infect endothelial asfdthe parasite (Morrison and Sprague, 1981b, 1981c, 1983;
pillar cells of the gills (Hauck, 1984; Kent et al., 1998), buBekhti and Bouix, 1985) as well as for a detailed study of the
this has yet to be conbrmed. Experimental infections in rainbaells that are involved in the destruction of spores (Kent et al.,
trout (Oncorhynchus mykiydeld at 14.5 C demonstrated thatt998). However, comprehensive studies of the events that occur
branchial xenomas are detected by week 5 and disappearelyly during the localization of the parasite in the gill and the
week 10 postexposure (PE) (Speare, Beaman et al., 1998)l or cells that harbor the parasite have not been made. The
However, using a polymerase chain reaction (PCR) diagnostiojective of the present research was to examine the ultrastruc-
test, L. salmonaeDNA was detected in heart and gills of ex-tural features of gills from rainbow trout experimentally infect-
perimentally infected rainbow trout as early as day 3 and week with L. salmonaeto explain the possible mechanisms of
2 PE, respectively (Sanchez et al., 2000). Spores are releaséelction in gill lamellae.
by week 7 PE and the tissue reaction generated during this
event includes severe branchitis, with distortion, fusion, and MATERIALS AND METHODS

hyperplasia of secondary blaments (Speare, Daley et al., 1998), population and maintenance in the laboratory

The life cycle and initial stages di. salmonaein Psh are Naive rainbow trout @. mykis}, approximately 20 g in weight and
unknown until the parasites reach the gills of infected bsh (Sal S cm long were used for )tlhiS experiment. Aﬁ' the bsh came from a

chez et al., 2000). For microsporidia in general, Pndings rgsrtibed specibc pathogen disease-free commercial hatchery on Prince
garding the route of infection reveal that after mature spore&dward Island, with no history of previous infection hy salmonae
Fish with any sign of injury to their bodies were not used. The selected
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* Department of Anatomy and Physiology, Atlantic Veterinary CollegeS
University of Prince Edward Island, 550 University Avenue, Char-
lottetown, Prince Edward Island, Canada C1A 4P3. Tissue withL. salmonaewas collected from infected rainbow trout
Graduate Studies & Research, Atlantic Veterinary College, Universityat had been experimentally infected 6D8 wk before use. The bsh were
of Prince Edward Island, 550 University Avenue, Charlottetowrightly anesthetized with benzocaine as previously described (Speare,
Prince Edward Island, Canada C1A 4P3. Arsenault et al., 1998) and were examined with stereomicroscopy for

ource of spores
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the presence of xenomas in the gills. Gills were collected and cartila@ammatory response characterized by the presence of leuco-
was removed; the remaining gill tissue was minced using a razor bla : ; _
The minced tissue, approximately 5 g, was then placed into a 50-%3“95' B e s 4P

tube and distilled water added to a bnal volume of 15 ml. Collectdfared FO be in the 'Iumen, associated W'th_ 2 dgnse material
tissue was refrigerated at 4 C until use (approximately 1 hr). Aliquot€sembling a clot (Fig. 2B). Numerous eosinophilic granular
of 0.5 ml were diluted 1:100 in distilled water, and spores were estiells (EGC), mainly localized in the adventitia of the central
mated in a hemocytometer. The concentration of the Pnal inoculum Wasnous sinus (CVS), were commonly observed at weeks 3 (Fig.
adjusted to ' 10 spores/ml. .

1B) and 4 PE, but not in controls.

Infection of bPsh

A group of 20 naive rainbow trout (approximately 20 g in weight TEM

and 15 cm long) were kept in a tank, and food was witheld for 24 kr .
before inoculation. The bsh were lightly anesthetized with benzocai eorphmm:‘]y of the parasite at week 3 PE

to avoid any sudden movement that could interfere with the inoculation. o . S
A dose of 0.1 ml¢ 1" 10 spores) of infected material was given to The only parasitic stage recognizable at this time was the

each bsh by oral intubation via tuberculin syringes attached to silicB}eront. All meronts were observed as uninucleate or binucleate
tubes. The bPsh were returned to the tank and allowed to recover. Thetracellular structures up to 8$m in diameter (Fig. 3ADC).
were observed periodically for any signs of regurgitation. A group ofhe parasite cell membrane had a wavy appearance and was in
20 naive Psh did not receive the treatment and were held in anot@gsse contact with the surrounding host cell membrane. Meronts
tank as negative controls. . . . . .
were sometimes localized in the peripheral region of the host

Preparation of samples for high resolution light microscopy and cytoplasm (Fig. 3B).
transmission electron microscopy The nuclear envelope of the parasite had the typical double

Samples from 5 infected and 5 control bsh were collected at weéi@sembfa”e arranggment. with irregular boundarles. A large nu-
1D4 PE. All the bsh were killed using benzocaine, before the tisstlgolus was prominent in some meronts (Fig. 3ADC). A few
collection. The brst gill arch from the left side of every bsh was reneronts contained a dense spindle plaque localized in a small
moved immediately after death and bPxed by immersion in 2% 9|Ut?lfoncavity of the nuclear envelope (Fig. 3C, D). Microtubules

aldehyde in a 0.1 M phosphate buffer, pH 7.2, for 2 hr at room tem: .. . . _
perature (24 C). Each gill was cut into small pieces appmximatelyrpgdlated from this structure toward condensed chromatin, sug

mme and then transferred to fresh buffered 2% glutaraldehyde for £€sting that parasite division was occurring inside the host cell
hr at 4 C. (Fig. 3D). Ribosomes and cisternae of rough endoplasmic re-

The samples were washed in phosphate buffer and then postPxegldalum (RER) were scattered throughout the cytoplasm of the

phosphate-buffered 1% osmium tetroxide for 1 hr at room temperatu eront (Fia. 3D). The Golgi apparatus consisted of a series of
Subsequently, the samples were dehydrated through a graded S?%ﬁ'e?ene((j S%'CS O)I: veSiCIeSg PP

from ethanol to propylene oxide, inbltrated, and embedded in Spu
resin. Semi-thin sections (0$5m) were cut from 5 gill pieces from each
Psh and stained with 1% toluidine blue in 1% sodium tetraborate Sgtorphology of the parasite at week 4 PE
lution for high resolution light-microscopical (HRLM) analysis. Sam-

ples containing the parasite in the semi-thin sections were recut (ultraBecause infected cells exhibited parasites in all stages of de-

thin sections 7090 nm thick) for transmission electron microsco . .
(TEM). Sections were retrieved onto copper super grids (200 mesh) aen)é opment, including spores, these structures could now be

contrasted with uranyl acetate and SatoOs lead stain (Sato, 1968).CANed xenomas. Typical meronts were identiPed within the xe-
sections were examined and photographed using a Hitachi H7000 sda@mas. Sporogony was recognized by the presence of sporonts.
ning transmission electron microscope operated at 75 kV. Serial sectiditte sporonts showed a separation of their irregular membranes
for further analysis were made to conPrm the individuality of the pagqm the cell membrane of the host: an electron-dense coat was
asite (uninucleate or binucleate) and the localization of the infected C?h. . ’
ound on the parasite surface, and abundant membranous or-
ganelles were observed in their cytoplasm (Fig. 4A). Transition
RESULTS . .
to sporoblasts was not recognized in any of the samples. Mature
HRLM spores within parasitophorous vacuoles (PV) showed coiled po-
) ) ) ) o _ _lar tubes (Fig. 4B). The polaroplast was localized immediately
No paraSIteS were |dent|bed n tO|UIdIne blue Sta|ned Sect|%§sterior to the anterior dense polar sac and was formed by
from weeks 1 and 2 PE. Gill tissue from exposed Psh w@gttened sacs and vesicles. A single nucleus was situated in the
comparable to that observed in the control groups. Parasiifddle portion of the spore. Typical small tubules were ob-
structures were recognized as translucent regions within the g¥rved within the PV surrounding the spores (Fig. 4B).
toplasm of cells (Fig. 1A) in samples collected at week 3 PE.
_Infe_cted cells were identibed in 2 sites of the glIIZ i.e, the Ca'R/IorphoIogy and localization of the infected cell at week
illaries of secondary lamellae and lamellar arteries (Fig. 1B§'PE
In secondary lamellae, infected cells were rounded or ovoid in
shape and appeared in close proximity to pillar cells. In some,In capillary channels, infected cells appeared to be complete-
parasites were peripherally distributed within the host cell cyy isolated from the capillary lumen. The large nucleus exhib-
toplasm. Infected cells in lamellar arteries appeared to be in fited a prominent nucleolus and dispersed chromatin (Fig. 3A,
lumen as free elements blled with parasites (Fig. 1B). InRam}. The cytoplasm was Plled with mitochondria (Fig. 3A), ri-
matory cells were absent. bosomes, and RER, some of which showed a dilated lumen.
Semi-thin sections from week 4 PE contained several xenbhe cuboidal shaped infected cells were bounded on 2 opposing
mas Plled with mature spores and immature parasites (merosiges by the basement membrane associated with the pavement
associated with the capillary channels of secondary lamellagithelium (Fig. 3A). The remaining 2 sides were separated
(Fig. 2A). Some xenomas were accompanied by a discrete frem the capillary lumen by Ranges of pillar cells (Fig. 5A).
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Ficure 1. HRLMs of the parasité.oma salmonaén gills, week 3 PEA. Meronts (arrows) within a host cell that is apparently free in the
lumen (L) of a secondary lamella. #i host cell nucleus; P& pillar cell; RBC# red blood cell; Ep# epithelial cell.B. Intracellular meronts
associated with secondary lamellae (arrow) and lamellar artery (arrowhe&a@)# Eeosinophilic granular cells.

FIGURE 2. Loma salmona@arasites in gills, week 4 PRA. Xenoma (*) with several parasitic stages including spores (arrow) associated with
the endothelium of a secondary lamella (arrowhead). RBf&d blood cells; L# lumen.B. Spores (arrows) embedded in a dense material (*)
in a secondary lamella.

The lumina of the capillaries were blled with a dense Rocculetiaichondria and contained some lysosomes. The large nucleus
plasma containing a few membrane-bound structures (Fig. 5M)as irregular shaped. The infected cell was covered by endo-
A pillar cell, identibed by the cytoplasm rich in microblathelium, which was slightly bulging into the lumen of the blood
ments and the columns of collagen Pbrils surrounding the maiaessel. Morphologically, the parasite was recognized as an in-
body of the cell, was infected with a single large meront (Figact meront with no evidence of degradation. EGCs were ob-
5B). No evidence of degeneration of the meront within the piserved commonly both in the adventitia of the CVS and la-

lar cell cytoplasm was observed, and no inBammatory cefizellar arteries of the infected gills (Fig. 5C).
were observed.
An infected cell, which in HRLM was associated with a laMorphology and localization of the infected cell at week
mellar artery (Fig. 1B) was clearly resolved as being situatédPE
beneath the endothelium and not in the lumen (Fig. 5C). Thelnside the xenoma, numerous host cell mitochondria and di-
cytoplasm of the infected cell was rich in ribosomes and miated RER were common. Similar to that seen at week 3 PE,
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Ficure 3. TEMs of Loma salmonagarasites in gills at week 3 PR. Detail of a portion of Figure 1A. Infected host cell (IHC) in close
association with the basement membrane (arrows) and with the Ranges of adjdaemiefid (arrowheads). Efp epithelial cell; L# capillary
lumen; N# host cell nucleus; N# parasite nucleolus; RB& red blood cell B. Intracellular meronts (M) distributed in the periphery of a host
cell cytoplasm. Ept epithelial cell; N# hypertrophic host cell nucleu€. Intracellular meronts showing evidence of cell division (*). Meronts
have irregular nuclear envelopes (arrows)# Lcapillary lumen; N# host cell nucleus; RBGt red blood cell.D. Higher magnibcation of a
portion of Figure 3C, showing a meront nucleus with a spindle plaque (large arrow), microtubules (arrovdr@hdljpmosomes (small arrows).
RER# cisternae of RER; RB& Red Blood Cell.

FIGurRe 4. TEMs of Loma salmonagarasites in gills at week 4 PR. Sporonts (Sp) characterized by an electron-dense coat (arrBws).
Mature spores (S) within a sporophorous vacuole (PV). Arréwsibules.
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Ficure 5. TEMs of Loma salmonagarasites in gills at week 3 PR. Higher magnibcation of a region from Figure 3A showing dense
material in the lumen (L) of a secondary lamella and membranous bound structures (*).=tirmeillar cell (arrows) cover the infected
host cell (IHC). PC# pillar cell nucleus.B. Infected pillar cell (IPC) containing a large meront (M). Columns of collagen (arrows) are
distinguished on both sides of the main cell body#Nnucleus of the IPCC. An infected cell with intracellular meront (M) is localized
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