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ABSTRACT: The main objective of this investigation was to examine the ultrastructural featfrgills from rainbow trout
experimentally infected withoma salmona¢o determine the morphological events that occur during the late stages of devel-
opment of this parasite. Peripheral distribution of the mature parasites inside round xenashnabserved at weeks 5 and 6
postexposure (PE), but eventually the parasite occupied the entire xenoma. Degenerativevebigmngleserved only in immature
parasites at week 7 PE, and eventually an inBammatory reaction withuéacé@hpltration was directed against mature spores.
Round, Rattened, and irregular shaped xenomas were observed at week 8 PE. The round xenordas sh@se inBammatory
response with disintegration of the xenoma membrane. This event was accompanied lop@fgysiar tubes within the attacked
xenoma and by the simultaneous presence of 2 tubular appendages, the type | and Il tubidesdFtattomas were observed
below the endothelium of gill lamella arteries. The irregular xenomas were locatbé iconnective tissue of the gill Plament
and showed multiple projections occupied by spores. Both Rattened and irregular xenomas sh@wiglence of inBammatory
reaction. An earlier proposed hypothesis is expanded to explainLheaimonads implanted beneath lamellar endothelium and
within Plament connective tissue.

Loma salmonaés a member of the Microsporidia, which arepearance of xenomas (Rodriguez-Tovar et al., 2002). In gill
obligate intracellular microorganisms characterized by the priamellae, infected cells were isolated from the capillary lumen
duction of spores (Canning et al., 1986). Recent molecular stehd were identibPed as pillar cells and blood cells. In lamellar
ies have indicated that microsporidia may be related to fungiteries, infected cells were localized beneath endothelium and
(Keeling and McFadden, 1998; Keeling et al., 2000; Van dsot in the lumen, and at week 4 PE, xenomas were observed
Peer et al., 2000). In the aquaculture industry, microsporidigolated from gill lamella capillaries, from beneath lamellar ar-
are common parasites causing infections in fresh water, estugy endothelium, and from within the interstitial tissue of the
rine, and marine bshes (Dykova, 1992). Microsporidia not olyament (Rodriguez-Tovar et al., 2002). Nevertheless, detailed
occur in salmonids but also in other valuable Psh like RBatPsiirastructural studies of the events that occur during the sub-
carp, and eels, causing diminished Psh growth and reduced gf@quent development of the parasite in the gills (weeks 5D8 PE),
ductivity (Dykova, 1992; Constantine, 1999; Shaw and Kemj; how the infection is perpetuated by autoinfection in the in-
1999).Loma salmonaénfects all species dbncorhynchusbut  fected host, and of how the infected host responds to this par-
chinook salmon @ncorhynchus tshawytschas the species gsjte have not been made. Ultrastructural studies of the inRam-
most affected (Kent et al., 1995). In the gills of infected Pshegatory tissue reaction associated with microsporidia are of
L. salmonaeproduces xenomas, which are small cystic Strugreat interest (Dykova and Lom, 1980; Shaw and Kent, 1999).
tures loaded with the parasite in multiple stages of develofrany of the cells that actively participate in the elimination of
ment. After_ the rupture of xenomas, a severe branchitis is 9&Kores of microsporidia in bshes have been identibed as mac-
erated, which can eventually cause the death of the Psh Byhages, lymphocytes, neutrophils, histiocytes, bPbroblasts, and
asphyxia (Speare et al., 1989; Kent et al., 1995). eosinophilic granular cells (EGCs) (Matthews and Matthews,

The life cycle and the initial stages &f salmonaélill the  19g0. Beknti and Bouix, 1985; Reimschuessel et al., 1987).

point where parasites reach the gills of infected bshes are "th%wever, N 1 [ e T o

PlusCIesilele b Lalo WAL (s Lo el UEE S G L el andc'é\ls can patrticipate in the rupture of the xenomas and in the

situ hybridization tests, it has been possible to track the route . o . .
of this parasite after its ingestion (Sanchez et al., 1999, 200 .zfequent bl =cted

Loma salmonaavas detected in the heart and the gills of ex- N . S .

. . - The objective of the present investigation was to examine the
perimentally infected rainbow trout at 3 days and 2 wk post- tructural feat ¢ qills f inbow trout . i
exposure (PE), respectively (Sanchez et al., 2000). A recé'hhr@ ructural teatures of gilis from rainbow trout experimen

y infected withL. salmonago determine the morphological

ultrastructural study of the initial stages of the parasite in gilfg1 ) .
from infected rainbow trout identiPed uninucleate and binucl(t,-e-"amr_eS that occur du_rlng L Iate_ stages of d_evelopment (_)f this
ate meronts associated with the capillary channels of gill |arasite and to explain the possible mechanisms of autoinfec-

mellae and lamellar arteries inside host cells before the zﬂ?—n'

- MATERIALS AND METHODS
Received 18 October 2002; revised 9 January 2003; accepted 9 Jan-
uary 2003. Animals for the study
* Present address: Facultad de Medicina Veterinaria 'y Zootecna, UNAL,
Ave. Lazaro Cardenas, 4600 Unidad Mederos, Monterrey, N.L., MeodNaive rainbow trout @ncorhynchus mykisspproximately 20 g in
ico CP 64930. weight and 15 cm long were obtained from a certiPed pathogen diseaseb
Department of Biomedical Sciences, Atlantic Veterinary Collegefrfee commercial hatchery located on Prince Edward Island, which has
UPEI, 550 University Avenue, Charlottetown, PEI, C1A 4P3, Canada@ history of infection byL. salmonae The bshes were allocated ran-
a Electron Microscopy Laboratory, Atlantic Veterinary College, UPEidomly to 70-L Pberglass tanks containing water at 18.5 C and with
550 University Avenue, Charlottetown, PEI, C1A 4P3, Canada. photoperiods of 12 hr each of light and darkness. They were allowed
o To whom correspondence should be addressed. to acclimate for 1 wk before the beginning of the study.
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Source of spores EGCs were contributing to the inRBammatory reaction around
Spores were collected according to a method described earlier (Rtlile xenomas. A few spores were observed in the center of the
riguez-Tovar et al., 2002). In brief, gills from rainbow trout preViOUSNnBammatory reaction, apparently engulfed by phagocytes (Fig.
exposed td.. salmonaewere collected 6D8 wk after infection. Theseh_ ). Round and Rattened xenomas were observed at week 8
bsh were lightly anaesthetized with 100 mg/L benzocaine in water . . . .
then examined with a stereomicroscope for the presence of xenomas m- The severity of the 'nBammatory reaction appea}red higher
the gills. Infected bsh were Killed with an overdose of benzocaine, aiiiSome round xenomas, which were surrounded or invaded by
the gills were collected after removing the cartilage. The gill samplésukocytes (Fig. 2A). Flattened xenomas were located under-
were Pnely cut using a razor blade and then placed into a 50-ml conig@lath the endothelium of the lamellae. Mature spores, the main

tube, which was Plled with distilled water to make up a Pnal volu o sy .
of 15 ml. The Pnal concentration of spores in this mixture was adju;?§ rasitic stage observed within this structure, appeared to be

to 1" 10° spores/ml and then refrigerated at 4 C until use (approx’?’-'gneq along the Chela:x giv.ing an appearance of peas in a
mately 1 hr). pod (Fig. 2B). No evidence of inRBammatory response was ob-

served against this structure.
Experimental design and infection of psh

Twenty rainbow trout (each approximately 20 g) were kept in a 7
L bberglass tank at 15 C and deprived of food for 24 hr before exposure

to L. salmonaeThese bPshes were lightly anesthetized with benzocaine,M hol dl lizati f t ks 6 d7
restrained manually, and given a dose of 0.1 ml of infected material orphology and localization of xénomas at weeks & an

(! 1" 10° spores) by oral intubation using tuberculin syringes attachdtE: Because of the absence of signiPcant morphological chang-
to silicon tubes. Then, the bPsh were returned to their tanks and obseresdfrom those observed at week 4 PE (Rodriguez-Tovar et al.,

periodically for any evidence of regurgitation. Another group of 29002), gill samples from week 5 PE were not analyzed using
naive rainbow trout did not receive the treatment and was held in@&\1" wanomas originating from infected pillar cells of the la-
separate tank as negative controls. .
mellae contained meronts and mature spores that were separat-

Samples for high resolution light microscopy (HRLM) and ed by columns of collagen (Fig. 3A). Leukocytes were closely
transmission electron microscopy (TEM) associated with these xenomas and with xenomas in Plament

Gill samples from 5 infected and 5 control Pshes were collected @@nnective tissue, but evidence of cell damage was not ob-
5, 6, 7, and 8 wk PE. The bsh were killed using benzocaine befaterved (Fig. 3B). Xenomas in the Plaments were surrounded by

tissue collection. The presence or absence of xenomas was determ'guwa” of extracellular matrix and covered by attenuated bbro-
by stereomicroscopy. The brst left gill arch from every bsh was rﬁiastlike cells (Fig. 3C). In some xenomas, gaps in the layer of
moved after death and immediately bxed by immersion in vials con- g- ) » gap Yy

taining 2% glutaraldehyde in a 0.1 M phosphate buffer, pH 7.2, 43gbroblastlike cells allowed small areas of the plasmalemma to
osM, for 2 hr at room temperature (24 C). The gills were then cut intee exposed to leukocytes in the Plament connective tissue.

pieces of approximately 1 nirand transferred to fresh buffered 2%gome neutrophils and plasma cells and numerous EGCs were

LD e e e o6 (O ghserved adjacent to the xenoma wall (Fig. 3C).

The samples were washed in phosphate buffer and then postbxe % . . .
phosphate-buffered 1% osmium tetroxide for 1 hr at room temperature At week 7 PE, round xenomas in the connective tissue of

Subsequently, the samples were dehydrated through a graded seridalaments showed what appeared to be degenerative changes to
ethanol solutions to propylene oxide, inbltrated, and embedded riferonts and sporonts (Fig. 3D). Parasite cell membranes looked
SpurrOs resin. Semithin sections (@b) were cut from 5 gill pieces gjstorted, the RER was disorganized and scattered through the

from every bsh and stained with 1% toluidine blue in 1% sodium tet-

raborate solution for HRLM analysis. Samples containing xenomas (i‘,I;(topIasm, which showed empty spaces. The nuclear membrane

the semithin sections were recut (ultrathin sections, 70090 nm thig@§emed undulated and separated at certain points, and the nu-
for TEM. Sections were retrieved onto uncoated 200-mesh copper supk¥ar material was dissolved. In general, mature spores showed
grids anq contrasted Wit_h uranyl acetate and Iead_ stain (_Satoz 196%).indication of damage or degenerative changes, but some spo-
The sections were examined and photographed using a Hitachi 738065 vacuoles (SPOVs) containing spores appeared dilat-
transmission electron microscope operated at 80 kV. Serial section .
were made from specimens that required additional morphological d6d @nd Plied with what seemed to be the remnants of tubules.
inition. Localization and morphology of xenomas at week 8 PE:
Round xenomas in Plament connective tissue contained leu-
RESULTS kocytes, apparently neutrophils, which had engulfed parasites
(Fig. 4A). Individual or groups of intact and empty spores were
contained in vesicles (phagosomes?) inside the neutrophils
Semithin sections from gills at weeks 5 and 6 PE showedthout any evidence of fusion with lysosomes. Empty spores
xenomas Plled with mature and immature parasites. The locabnsisted of the chitinaceous, electron-lucent endospore (Fig.
ization of the xenomas was similar to that observed in the eap) and remnants of granular material, with a few electron-
development of the parasite (Rodriguez-Tovar et al., 2002)ense membranes and some vesicles. Some of the xenomas lo-
which was associated with the capillary channels. Matuoated in the connective tissue of the Plament showed areas of
spores appeared concentrated in the peripheral region in sdnterruption in the integrity of their plasma membrane (Fig. 4B).
round xenomas located in Plament connective tissue at weékdeed, just small Pbers and vesicles with granules were ob-
5 and 6 PE (Fig. 1A), but by weeks 7 and 8 PE spores occupisetved in these areas. Despite this, spores remained inside the
all the xenomas. InBammatory response was not detected inxxeeaoma and, coincidentally, the areas devoid of the xenoma
specimens observed at week 5 PE, but at week 6 PE a mil@mbrane were adjacent to inBammatory cells. InBammatory
inPltration by leukocytes was observed around some xenomasponse characterized by numerous leukocytes was observed
By week 7 PE, small foci of inBammatory reaction were oladjacent to and inside the xenoma. Many of the leukocytes were
served in the blaments and the basal part of the lamellae (Fagtively ingesting spores. Spores located outside the xenoma
1B). Numerous neutrophils, mononuclear cells, bPbroblasts, andre ingested mainly by macrophages and appeared to be in

HRLM
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Ficure 1. HRLMs of Loma salmonaén gills, weeks 5 and 6 PEA. Spores (arrows) peripherally oriented within a round xenoma in Plament
connective tissue. InBammatory cells (arrowhead) are close to the xeBorB&Cs (arrows), neutrophils (arrowheads), and mononuclear cells
(open arrowhead) adjacent to another round xenoma (not shown) in connective @sguspore engulfed (arrow) by a leukocyte in an area of
inBammatory reaction.

Ficure 2. HRLMs of Loma salmonadn gills, week 8 PEA. A leukocyte (arrow) within a round xenoma phagocytosing spores. The xenoma
wall appears intact. EGCs, and neutrophils (arrowheads) surround the xeBowlagned spores (arrow) within a Battened xenoma associated
with the endothelium (arrowheads) at the base of a lamella. RB€d blood cell.
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Ficure 3. TEMs of Loma salmonaén gills, weeks 6 and 7 PEA. Xenoma originated from a pillar cell containing spores (S) and meronts
(M). Columns of collagen (*) split the xenoma into 2 parts. PMeutrophil; arrowheads basement membran®. Round xenoma in connective
tissue surrounded by inBammatory cells. E&Ceosinophilic granular cells; PMI$ neutrophils; arrowss xenoma wall; S$ spores; Spgb
sporont; M$ meronts.C. Plasma cell (PL) and lymphocytelike cell (LyC) close to a xenoma (Xe. Bbroblastlike cellsD. Round xenoma
in connective tissue with degenerated meronts (M). Spores (S) appear intact. f\rxewoma wall.
























