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Abstract. It was confirmed, after experimental infection of 24 weaned pigs with different doses
(200,000 and 4 mil.) of Eimeria debliecki oocysts that the developmental cycle of E. debliecki oceurs
in the anterior jejunum and after a high dose of oocysts also in the duodenum and anterior parts
of the middle jejunum. Pathological changes characterized by a light atrophy of the villi, scarcely
dispersed minute erosions of the epithelium in upper parts of the mucosa and an inflammatory
response in the propria of the anterior Jejunum were found in the area of the largest occurrence of
developmental stages of E. debliecki (from 50 cm to 100 cm from the pylorus). An inflammatory
infiltrate in the propria of the anterior jejunum from 3 DPI to 5 DPI contained a conspicuously
large number of plasma cells with Russell bodies. Cellular changes were detected only in enterocytes
with developmental stages of Z. debliecks. Changes of the microvillous zone were observed in in-
fected enterocytes; dilated mitochondria, free ribosomes and an increased number of residual bodies
were found in the cytoplasm of enterocytes. The dagree of the cellular changes of enterocytes was
dependent on the maturity of the developmental stage of B. debliecki. Based on pathological changes
observed by the use of light and electron micro3copy, the coccidium E. debliecks is considered to be
pathogenic for weaned pigs in spite it does not provoke a clinical infection.

Results of coprological examinations of pigs show that the coccidium Himeria
debliecki has cosmopolitan distribution and is the most frequent coccidium of pigs
(Kutzer 1960, Boch et al. 1961, Vetterling 1966a, Romero and Liczano 1971,
Lindsay et al. 1984, Arnastauskiene 1985, Varghese 1986, Horvath and
Nemes 1988).

Opinions on pathogenicity of the coccidium Eimeria debliecki vary. Boch and
Wiesenhutter (1963) have infected 2-7-week-old piglets with 20,000—50,000
oocysts of K. debliecki and in three piglets infected with a dose of 50,000 oocysts
a diarrheal disease have been found. At necropsy, these authors have found catarrhal
inflammatory changes in the middle and posterior jejunum. On the basis of these
results they consider the coccidium . debliecki to be pathogenic. In contrast, Vet-
terling (1966b) in experimental infection of 2-week-old piglets with a dose of
2x 109 oocysts of E. debliecki has not found clinical signs of the disease nor macro-
scopic pathological changes. Lindsay et al. (1987) consider E. debliecki to be a non-
pathogenic species of coccidium which does not cause diarrheal disease in experi-
mental infection of nursing and weaned pigs.

This paper gives results of histopathological and electron-microscopic examination
of the intestine of pigs after experimental infection with the coccidium E. debliecki.

MATERIALS AND METHODS

Experimental animals. A total of 24 weanod pigs 2-3-month-old were experimentally infected. All
woaned pigs were hybrids of Landrace and Large White pig. The pigs were kept in sites in groups
of 4, fed a commercial mixture and water ad libitum. Before the infection pigs were repeatedly
coprologically examined.

Oocysts of Eimeria debliecki. Oocysts of E. debliccks were obtained from spontaneously infected

193



weaned pigs_in the feces of which two species of coceidia were detected: I. debliccki and E. neodebliecls
After 'expenmental infection of two weaned pigs with the mixture of these two coccidia, massive
shedding of oocysts of E. debliecki was found from 6 to 8 day post infection (DPI). Oocysts of £.

neodebliccki were not observed in the feces of the

se weancd pigs before 12 DPT.

Initially, only 16 weaned pigs (from ED 1 to ED 16) were infected with the obtained strain E.
debliecki. From feces of two weaned pigs of this group (ED 6 and ED 7) further ooeysts of E. debliccl:i
were obtained and those were infected to the second group of weancd pigs (fromn ED 17 to ED 24)
Method of experimental infection. Suspension of oocysts of K. debliecki was stored in 2.59 potas:
sium dichromate solution at 4 °C. Sporulated oocysts of E. debliecki used in experimontso\\'cre as
a maximum 2 months old. Before the infection the oocysts were washed repeatedly in PBS and
number of oocysts in an infective dose was determined using Burker's chamber. Pig; were infected

using an esophagus tube.

Survey of infections of pigs and number of %.

debliccki oocysts in an infective dose are given in

Ta.ble.l. f?igs used for multiplication of E. debliecki oocysts are not included in this table.
Examination of experimental animals, Daily clinical status of health was observed and the feces

were taken for coprological examination in infecte

Table 1. Survey of infections of gilts with the
coccidium Eimeria debliceki

| | ; v oF

‘ i Number of | 1_.1{‘.)&3' of

Pig no. ‘ oocysts in | "1 ;ng after
infective dose infection

4 } (brI1)

I
|
!
!
|
f

ED 1 | 4,106 1
ED 2 | 1. 106 2
ED 3 4. 106 3
ED 4 4.108 4
ED 5 4. 106 5
ED 6 | 4. 106 6
ED 7 4.106 7
ED 8 200.100 3 !
ED 9 200 . 10 4 ,‘
ED 10 200 . 103 5 '
ED 11 200 . 10 6
ED 12 200 . 109 7 |
ED 13 200 108 8
ED 14 200 . 103 9
ED 15 200 . 10° 10
ED 16 200 . 109 11
ED 17 200 . 103 3
ED 18 200 . 100 3
ED 19 200 . 103 4
ED 20 200 . 103 4
ED 21 200 . 103 ’ 5
ED 22 200 . 103 5
ED 23 200 . 105 6
ED 24 200 . 103 J 6

d weaned pigs. Pigs were killed at various intervals

post infection. Days of killing are summarized
in Table 1.

After killing, samples for histological exa-
mination, scanning electron microscopy (SKM)
and transmissive electron microscopy (TEM)
were taken.

(A) Histological examination. Samples for histo-
logical examination were taken immediately
after killing of pig. First of all, sample of th
duodenum was taken, the following samples
were taken from the anterior jejunum 50, 100
and 150 cm from the pylorus. Then, samples
were taken every 100 cm in the caudal direction,
=0 that the ileum close to the ostium ileocecals
was the last taken portion of the small intestine,
From the large intestine samples of the apex
of the cecum, colon from the area of ansa
centralis and rectum were taken. Then, samples
of various organs from abdominal and thoracic
cavity of pigs — the liver, kidney, spleen, me-
senteric lymph-node, pancreas, lung and heart
— wero taken for histological examination. The
samples were fixed in 10%, ncutral formalin.
The material for histological examination was
processed in usual manner with paraffin method.
The histological sections were stained with he-
matoxylin eosin and azure cosin.

(B) Scanning electron microscopy of the inner
surface of the intestine. Samples for SEM were
taken immediately after killing from the same
portions of the intestine as the samples for
histological examination. The material for SEM
wag fixed in 49 buffered paraformaldehyde.
Small strips of fixed intestinal mucosa were
several times washed in distilled water, then,
dehydrated in ascending alcohol series and in
acetone and dried with method of critical point

under carbon dioxide. Samples sputter coated with gold were obscrved in a TESLA BS 30

scanning electron microscope.

(C) Transmissive electron microscopy (TEM) of the intestinal mucosa. After TEM samples of the
duodenum and anterior jejunum of pigs, from ED 17 to ED 24, were taken {from 3 DPI to 6 DPT)
Samples for TEM were fixed in a paraformaldehydeglut.ara,ldehyde fixative (Karnovsky ]965)'
The samples fixed in this way were subsequently fixed in 1 % 0s04 (osmium oxide). Deliydrate(i
samples were mounted in resin. Semithin sections were prepared in a LKB 3 ultramicrotome and
stained with toluidine blue and according to Warmke and Sheu-Ling (1976). From selccted
samples ultrathin sections were made and observed in a Philips EM 420 transmissive electron mi;n-;)-

scope.
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Parasitological examination. Iecal samples of infeeted weaned pigs were examined by flotation in
Sheater’s flotation solution (500 g of sugar. 6.5 g of phenol. 320 ml of water),

At necropsy, scrapings of the intestinal mucosa were taken from individual portions of the intesti-
ne, Giemsa-stained and occenrrence of developmental stages of coceidia was estimated.

At necropsy of pigs, routine bacteriological examination of organs of abdominal and thoracic
tavity was carriod out which exeluded speeific bacterial pathogens of pigs.
Control animals. Tn the same way as experimentally infected pigs, 4 control pigs were examined.
As control animals hybrids of Landrace and Large White pig 78-day-old were used.,

RESULTS

In the course of experimental infection with the coccidium E. debliecki in compa-
rison with control animals no changes of clinical status of infected pigs were observed.
Only from 3 DPI to 6 DPI increased content of mucus was observed in the formed
feces of pigs infected with high doses of E. debliecki 0ocysts.

Macroscopic changes

From 4 DPI to 5 DPT the wall of the anterior jejunum was slightly thickened,
mucosa was reddish and edematous. Regional lvmph nodes were slightly increased
and edematous.

Histopathological changes and changes of the inner surface of the intestine in SEM

At the first two days post infection no pathological changes were found in the
intestine. The following day post infection (3 DPI) in pigs infected with high doses
of oocysts (4 x 109) meronts were observed in epithelium of the anterior jejunum
and proximal part of the middle jejunum (Pl. 1, Fig. 1). In the lamina propria of the
same portions of the intestine a discrete inflammatory infiltrate with numerous
eosinophils and plasma cells, which contained highly accumulated eosinophilic
droplets was observed. Changes of the inner surface of the anterior jejunum did not
occur at that time post infection.

At 4 DPI in the anterior jejunum and proximal part of the middle jejunum, focal
invasion of epithelium with meronts was observed with maximum of changes from
50 to 100 cm from the pylorus. These meronts were found near tips of slightly atro-
phied villi, epithelium with developmental stages of the coccidium underwent meta.-
plasia (Pl. 1, Figs. 2, 3). The Jamina propria of the anterior jejunum was edematous,
hyperemic, permeated with inflammatory infiltrate which contained lymphocytes,
neutrophils, eosinophils and macrophages. Apparently numerous were plasma cells.
Some plasma cells possessed capacious, slightly eosinophilic cytoplasm and pyknotic
nuclei near the periphery. In the cytoplasm of other plasma cells densely accumulated
Russell bodies consisting of homogeneous eosinophilic droplets (Pl. IV, Fig. 1).
In some plasma cells bodies were so accumulated that plasma cells became mulber-
ry-shaped. Russell bodies were more frequent in the lamina propria of the middle
and basal portion of mucosa. During examination of the inner surface of the intestine
at 4 DPI slight villous atrophy was observed in the anterior jejunum; at the tips
of villi and mucosal folds, scarce distributed minute erosions were found. In the la-
mina propria inflammatory infiltrate of the same character as at 4 DPT was observed.

During examination of the inner surface of the intestine slight villous atrophy
with minute erosions distributed at villous tips was found in the anterior jejunum
(P). II, Fig. 1). Absorptive cells at tips of villi and mucosal folds were often pleo-
morphous, hemispherically vaulted with changes in the microvillous area. Often
release of cocysts from the epithelium was observed.

The following day post infection (6 DPI) sporadic erosions scarce distributed at

195



the tips of villi of the anterior jejunum and inflammatory infiltrate of the same cha.-
racter as at ¢ DPI were observed. In enterocytes of the anterior jejunum stages of
gametogony were present (Pl. I, Fig. 4) During examination of the inner surface of
the intestine unapparent villous atrophy persisted and locally fusions of villi were
obse.ved. In contrast to 5 DPI, less epithelial erosions occurred at villous tips. In the
duodenal mucosa release of E. debliecki oocysts was apparent (Pl. 11, Fig. 2).

From 7 DPI to 11 DPI, in comparison with control animals, no differences were
observed during histological examination nor during examination of the inner surface
of the intestine.

Pathological changes observed in the intestine after infection with the coccidium

E. deblieck: were identical both at high and low doses. At high doses of oocysts
(4X 109) pathological changes were observed already at 3 DPI and affected larger
part of the small intestine. From 4 DPT to 5 DPI pathological changes reached after
high doses of oocysts of K. debliecki the anterior jejunum, followed in the cranial
direction to the duodenum and in the caudal direction to anterior parts of the middle
jejunum.
Transmission electron microscopy. The ultrastructural study was concentrated on
cellular changes of enterocytes in the region infected with the coccidium E. debliecki
and on plasma cells in an inflammatory infiltiate in the lamina propria of the anterior
jejunum from 4 DPI to 5 DPIL. Cellular changes of enterocytes with developmental
stages of E. debliecki were of various level. We observed nonsignificant cellular
changes to necrobiosis of enterocytes in dependence on the age of the developmental
stage of the coccidium.

Conspicuous changes in the microvillous zone were observed especially in entero-
cytes with mature stages of merogony or gametogony. Microvilli of these enterocytes
were shortened, irregular, often forming groups of fused microvilli (Pl. ITI, Figs. 1, 2).
Dilated mitochondria observed in the cytoplasm of infected enterocytes were loca-
lized particularly in apical part of enterocyte. Dilated vesicles of Golgi apparatus
and free ribosomes were found supranuclearly. A great number of residual bodies
was found in infected enterocytes (Pl. ITI, Fig. 3). The nuclei of enterocytes with
the mature developmental stage of the coccidium . debliecki was usually retracted
into the apical part of enterocyte. In comparison with the nuclei of noninfected
enterocytes, these nuclei of enterocytes were larger, spherical with smaller electron
density of chromatin. Cellular changes were observed only in enterocytes with deve-
lopmental stages of E. debliecksi.

The cytoplasm of plasma cells of the inflammatory infiltrate contained abundant
rough endoplasmic reticulum, Golgi apparatus and sporadic mitochondria (PL IV,
Fig. 2). Cisternae of the rough endoplasmic reticulum of the plasma cells were often
spherically dilated, filled with electron-dense, finely granulated material (PL. IV,
Fig. 3). Dilated cisternae of the rough endoplasmic reticulum were demarcated in
some plasma cells with numerous ribosomes, in other cells endoplasmic reticulum
was affected by necrobiosis and finely granular electron-dense material formed
continuous strata.

Results of parasitological examination

Prepatent period of all experimentally infected pigs neglecting the number of
oocysts in an infective dose was from 5.5 to 6 days. Maximum number of E. debliecki
oocysts was passed through the feces of the pigs from 6 DPI to 7 DPI. The patent
period was 5 days; oocysts of B. debliecki were fully sporulated after incubation at
22°C in 2.5 %, pottassium dichromate solution after 9 days.
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Examination of smears of the intestinal mucosa confirmea results of the histolo-
gical examination. Developmental stages of E. debliecki were found in mucosal smears
of the duodenum, anterior jejunum and proximal part of the middle jejunum.

DISCUSSION

The results of Vetterling (1966b) who found out that the developmental ecycle
of E. debliecki takes place in the anterior jejunum, were confirmed in this paper.
Similarly, to the results of Vetterling (1966b), it was detected that the extent
of infection depends on the number of E. deblieck: oocysts in an infective dose and
that during the developmental cycle the displacement of the occurrence of deve-
lopmental stages in the small intestine in the caudal direction can be observed. Tt was
also found that at high doses of oocysts (4 millions of oocysts) the occurrence of
developmental stages of E. debliecki together with its pathological changes is higher
than in a lower number of vocysts in an infective dose (200 000 oocysts). Pathological
changes even in large numbers of oocysts in an infective dose are restricted only to
the epithelial barrier of upper parts of the mucosa where focal erosions of epithelial
cells without larger necrosis of deeper layers of mucosa take place. Atrophy of the
villi 1s slight during the infection with coccidia E. debliccki and no gross changes in
the whole architecture of the intestinal mucosa take place. Moderate pathological
changes of the intestinal mucosa did not influence the clinical state of experimentally
infected pigs.

The developmental cycle of E. debliecki was observed in upper parts of mucosa
of the anterior jejunum from 4 DPI to 5 DPI post infection with 4 millions of oocysts;
developmental stages also occurred in the duodenum and anterior parts of the middle
jejunum. Most abundant pathological changes occurred regularly in the anterior
jejunum from 50 to 100 cm from the pylorus.

Cellular changes were found only in enterocytes infected with the developmental
stage of E. debliecki. Changes in the microvillous zone were observed in infected
enterocytes. Dilated mitochondria, free ribosomes and increased number of residual
bodies were observed in the cytoplasm. Nuclei of infected enterocytes were spherical
with smaller electron density than the nuclei of noninfected enterocytes. The degree
of cellular changes of enterocytes dopended on maturity of the developmental stage
of the coccidium. More apparent cellular changes were observed in enterocytes with
mature developmental stages of E. debliecki. Ultrastructural changes of enterocytes
post infection with the coccidium E. nieschulzi were described by Sheppard (1974).
She mentions similar ultrastructural changes of enterocytes as we observed but
she describes them in the area of the occurrence of developmental stages of the
coccidium E. nieschulzi also in noninfected enterocytes.

An inflammatory infiltrate with conspicuously abundant eosinophils and plasma
cells with Russell bodies was observed in the lamina propria during the whole period
of the occurrence of pathological changes in the epithelium.

Russell bodies occurred in the form of numerous, spherical, often densely accumu-
lated or locally fusing structures in the cytoplasm of plasma cells or in accumulations
of spherical mulberry-shaped formations without nucleus or with a pyknotic nucleus
near the periphery. Russcll bodies were acidophilic in hematoxylin and eosin and
werc readily visible in azure eosin.

It was confirmed that electron-dense material in xpherically dilated cisterns of
the rugged endoplasmic reticulum of plasma cells forms a morphological basis of
Russell bodies in a fine structure. Immunoglobulins were found in the content of
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dilated cisterns of the rugged endoplasmic reticulum of plasma cells (Smith ot al.
1972, Shiner 1983).

Visualization of immunoglobulin in a changed tissue is rare in the light microscopy.
Eosinophilic material in the close vicinity of infectious agent called aftor the shape
of peripheral structures asteroidal, actinomycetomatous or star-shaped bodies
represents one of the expression of visualization of immunoglobulins in the histolo-
gical picture. These are found during some mycotic infections of man and animals
(Lurie 1963). Hoeppli (1932 — cit. Lurie 1963) described asteroidal material
in the vicinity of bilharzial eggs. An evidence of the substance of these bodies during
myecotic infections as the product of antigen-antibody reaction was given by Lurie
and Still (1969), Proks et al. (1972) and Miiller et al. (1977).

Russell bodies repre<ent a different form of the expression of local accumulation
of immunoglobulin in inflammatory infiltrate in the region of pathogenic effect of
the causative agent. In contrast to asteroidal bodies an apparent linkage on the
cytoplasm of plasma cells was observed and the release of immunoglobulin from
cisterns of the rugged endoplasmic reticulum takes place only after its large accumu-
lation followed with nacrobiosis of plasma cells.

Smith et al. (1972) mention that the cytoplasm of plasma cells in animals often
contains hyalin sphercs named Russell bodies. However, descriptions of Russell
bodies in inflammatory infiltrate during particular infections of animals are given
rarely. Dobberstein and Hemmert-Halswick (1928 — cit. Nieberle and
Cohrs 1970) found Russell bodies in a tissue changed by inflammation during perni-
clous catarrhal bovine fever (coryza gangrenosa bovum). [n Czechoslovakia, these
were described in plasma cells of pseudomembranous inflammation during the dy-
sentery of pigs (Vitovec and Viadik 1976).

Data from this study suggest that the coccidium E. debliecki is pathogenic for
weaned pigs because it develops pathological changes in the anterior jejunum. The
pathological changes are minute even at high infective doses (4x106) and conti-
nuous damage of mucosal epithelial barrier does not oceur and probably from these
reasons the infection has a subeclinical course. The conclusion of Lindsay et al.
(1987) that E. debliecki does not cause diarrhea in weaned piglets, was confirmed.
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HDATOCEHHOCTL ZIMERI DEBLIECRI (DOUWES, 1921)
HITATO TOTHSL HA YV ILTPACTPYRTYPHOM YPOBHE
Y DRCIEPUMEHTAIBHO 3APAKEHHBIX CBUHI

M. Burosen u B. oyae:ta

Pesoye. I3 HacTosicA PaboTe MOKA3AHO, YTO MOCTE HKCMEPUMCHTAIRHOIO 3apameHna 24 no-
POCAT PazuuHBIMUL J{o3aM3 0oWneT [limeria debliecki (200 000 1 4 MILTUIOHR) MUK PASBHTIA
E. debliechi mpoTeracT B 1ePCHEH YarTY CIOHA, TPH BLICOROH ;03¢ OOLMCT TAWKe B ;|BeH{INATH-
MICPCTHOR KHIIKC H IIePEIHCH MACTIN ¢ PC,IHCIO CIORA. B 30He MAaRCHUMAILHOIO CKOIIEHHSL I poMe-
RYTOUHBIX cTacytil [ debliecki (ot 90 go 100 ¢M HEge NHAOPHYECKON YACTH IKENYAKA) MEL
ODHAPYHILTH MATOTOIHUCCKHE H3MEHCHNA, [IA ROTOPLX XADAKTCPHU HCBLIPAMKEHHAS aTpoust
KPHIT, PEMRHC MCILRHC (CPCRTH MHTE.NII B BCPXHIX JIOHN ¢JINBICTOH 1 BOCHATHTCIBHLIT
OTBCT B ¢O0CTBCHIVI ILTacTuHKe (lamina propria) nepeefl wacti coHa. BocuatuTeTsHblil
HHGWILTPAT B Lumina propria nepe;iHeil 9acTa cloHa B mepHoA ¢ 3-10 10 5-H jieHk Oc e 3apa-
wenusa (JT13) coepKaT 3aMeTHO BLIFOKOE KOMYCETRO TLTARMATHUCE KHX KICTOK ¢ TeIhIaMi
Paceena. HaseHeHns H.ICTOR 06]!:1[)}'}1{(‘”1;1 TOILKO B DQATCPOITTTAX COJLCDHANTHX TR/ P A3BHTITH
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L. debliecki. 1 nu(pmulpou:mﬂmx DHCEPOLIITAX OOHAPYHCULL H3MCHCIHMA B goge MAKPOBILLTH,
B IHTOINIABME IHTEPOLBTOB 00APYKCHLL VTOJUMEHNLE MUTOXOR DI, CBofGoaHbe PHGOCOMEI
J MOBALIUICHHOC KOMUCCTBO OCTATOYHLX Tedcil CTeleHh KICTOMHRX USMCHeHull HHTCPOUHTOR
KOPPCINPOBAZ ¢0 3PENOCTLIO cTa, fHil #IBHCHHOIO ki . deblivelil. 112 Ocpope natorornuec-
KLX H3MCHCHHIT, OOHAPYKEHHLIX ¢ HOMOILRIO CBCTOBOIE H AJICRTPOIHON MIEKDOC KON 11PEAT0TA-
raesM, MTo Jo. deblicchi sSBUSIOTCH KORIWLHCH HATOICHHOI [WGL HOPOCHT, XOTH v yuX He BLIAHLIBACT

KJAMHUYeCKIL BblPAKECHHOIO 3200, ICBAHMSI.
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