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Abstract

Sevéikova Z., A. A. Asheg, L. Kolodzieyski, V. Cigankova, T. Komorovi,
M. Levkut: Heterophilsand Macrophage-Like Cellsin the Caeca of Chicks After Experimental
Infection with Salmonella Enteritidis PT4. ActaVet. Brno 2003, 72: 565-570.

In order to study the interaction between heterophils and monocyte-macrophage system cells
with salmonella, one-day-old White Plymouth Rock chicks were inoculated with 2 x 108 colony
forming unit (CFU) of Salmonella enteritidis phage type 4. Samplesfrom the caecawere taken for
light and electron microscopy study.

Groupsof birdswereeuthanized by cervical dislocation at 6 hours(h) post inoculation and after
3, and 10 days (d) post inoculation. Histological examination at 3 d after infection showed
heterophilic and mononuclear infiltration into the lamina propria mucosae and tela submucosa.
The accumulation of macrophage-like cells accompanied this process at 10 d after infection.
Electron microscopy revealed the presence of heterophils in the lamina propria at 3 d after
infection and their migration between mucosal epithelial cells to intestinal lumen at 10 d after
infection. Some of them were smaller with gap formation between intercellular space and
heterophils. There was a decrease of the number of specific granules inside. Bacteria were not
found within their cytoplasm. Oedema, condensation of chromatin, disruption of nuclear
membrane and degradation of cytoplasmic organelles were seen in macrophage-like cellsin the
lamina propria. Formations of intracellular inclusions with cytoplasmic organelles and bacteria
in various stages of degeneration were also observed in these cells. The cytoplasmic membrane
was not disrupted.

Our results showed that infection of one-day-old chickens with Salmonella enteritidis PT4
caused the interepithelial accumulation of heterophils. The observed morphological changes of
heterophils indicated their degranulation. It seems to be caused by the release of antimicrobial
peptides.

Intracellular changes of monocyte-macrophage system cells without any injury of their
cytoplasmic membrane show their survival of the Salmonella enteritidis PT4 infection. We
suppose the rupture of their cell membranein the later stage and the release of dead material with
bacteria into the surrounding. In this way the monocyte-macrophage system cells serves in this
condition as avehicle and source of later infection.

Salmonella, ultrastructure, heterophils, macrophages

The recent recognition of the importance of chickens infected with Salmonella enteritidis
PT 4 asapotential source of human infection hasled to several studies on the pathogenesis of
the infection in laying hens (Humphrey et a. 1989; Timoney et al. 1989; Chart et d.
1990). Thecrop and the caecum arethemajor sitesof Salmonella colonizationin chickensafter
ora infection (Brownell et a. 1970). The more detailed descriptions of lesions after
experimenta infectionwith Salmonella enteritidisPT4, however, arescarce (Desmith 1999).

Interaction between Salmonella and epithelium triggers the chemotaxis of phagocytic
cellstotheinfection site. Thiscellular responseinvolves both heterophils and macrophages
migrating to the luminal surface where they begin eradication the bacterial pathogen
(Henderson et al. 1999).
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Phagocytic cellsare a critical line of defence against infection. The ability of a pathogen
to survive and even replicate within phagocytic cells is a potential method of evading the
defence mechanisms of the host. A number of pathogens survive within macrophages after
phagocytosis and this contributes to their virulence. Salmonella is one of these pathogens.
It residesin large vacuoles and causes the death of these cells(Lindgren et al. 1996).

Themechanism of Salmonella-induced macrophagelysisisnot clear. Several studieshave
shown that apoptosisis aform of Salmonella-infected macrophage death (Monack et al.
1996; Schwan et al. 2000) but others describes a different form of cell death, very similar
to necrosis (Popiel and Turnbull 1985; Watson 2000; Raupach 2001).

Salmonella enteritidis was shown to interact with avian leukocytes. Histological reports
on experimental Salmonella infection in mammalian and avian models confirmed that
intestinal colonisation by Salmonella initiates an inflammatory response characterised by
infiltration of theinfected siteby PMNSs. Theinteraction of PMNswith salmonellahavebeen
studied in great detail by using mammalian models but only afew studies have evaluated
the ability of avian leukocytesto kill Salmonella (Henderson et al. 1999).

Theaim of thiswork wasto study the histological and el ectron microscopic lesions of the
chicken caecum caused Salmonella enteritidis PT4 infection. The work was focused on the
extension of the knowledge about some aspects of heterophils and monocyte-macrophage
system cells function and interaction with Salmonella enteritidis PT4 agent.

Materialsand M ethods

Chickens

A total of 24 one-day-old White Plymouth Rock chicks were randomly divided into two groups. Group 1
(experimental) contained 18 birds (6 per each experimental time), Group 2 (control) contained 6 chickens. Thebirds
were kept in isolation in floor pens of 1 m? per group on wood shavings that were not changed during the
experiment. The pen waslit continuously. The temperature was maintained at that required for the age of the birds.
Water and feed were available ad libitum.

Salmonellainfection
Experimental infection was carried out with Salmonella enteritidis PT4. Bacteria culture and doses were
previously described (A sheg et al. 2001).

Experimental design

Experimental chickswere orally inocul ated with 2-108 CFU/ml of Salmonella enteritidis PT4. Chicks of Group
2 were used as controls and obtained a placebo (1 ml PBS per orally). The birds (n = 6) of the infected group and
two of control groups were euthanized by cervical dislocation 6 hours post inoculation and after 3, and 10 d post
inoculation. During necropsy, sections of caecum and liver were taken aseptically for bacteriological examination
and sectionsfrom the central part of the caecum were taken for histological and el ectron microscopy examinations.

Histopathological examination
Samples from caecum were fixed in 10% phosphate-buffered formaline, paraffin-embedded, sectioned at 5 um,
and stained with haematoxylin and eosin.

Electron microscopy examination

For electron microscopy, small pieces of caecum were immediately immersed in afixative solution consisting
of amixture of 2.5% glutaraldehyde and 2.0% paraformaldehydein 0.1% M cacodylate buffer (pH 7.2). Samples
were postfixedin 0.1% OO, dehydrated by an increasing ethanol series, and embedded in Durcupan. Theultrathin
sections were prepared on an ultramicrotome LKB Nova, mounted on copper grids and contrasted with uranyl
acetate (Watson 1985) and lead citrate (Reynolds 1963). The sections were viewed under an electron
microscope (JOEL: 1200 M X) with an accelerating voltage of 80 KV.

Results

Light microscopy examination
In chicksinfected with Salmonella enteritidis PT4, 6 h after infection hyperaemiaand the
infiltration of heterophils and mononuclear cells in the caecal lamina propria and tela
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submucosa(Plate VI, Fig. 1) was shown. Infiltration by macrophageswas seen at 3and 10
d post inoculation (Plate VI, Fig. 2).

The presence of bacteriawas confirmed by immunohistochemical staining (Asheg etal.
in press). Bacteria that were in close contact with brush border caused degeneration of
microvilli and protruding cytoplasm much like the small “ruffles’. Intestinal luminal
contents contained numerous necrotic heterophils and cellular debris (Plate X, Fig. 3).

Electron microscopy

The entry of bacteriainto the epithelial cells was associated with a series of pathological
changes. Six hours post infection (p.i.) there was the appearance of active Golgi apparatus
and the production of a variety of lysosomal vesicles and secretory granules in epithelial
cells. Shortened microvilli and damage to the microvillous zone with interacting bacteria
were found 6 h after infection (Plate IX, Fig. 4). There was an evagination of the apical
surfacethat appeared to resemble endocytosis. Three daysp.i. the presence of inflammatory
heterophils was also seen in the lamina propria (Plate X, Fig. 5).

The changesfound at 10 d p. i. showed marked heterophilic infiltration between mucosal
epithelial cells (Plate X, Fig. 6). Some heterophils were smaller with the formation of agap
between intercellular space and heterophils (Plate X1, Fig. 7). There was a decrease in the
number of specific granules. Their nucleus, nuclear, and cytoplasmatic membrane were not
changed. Destruction of macrophage-like cells in the lamina propria was observed. There
was also oedemacof cellsand disintegration of the nucleus but without rupture of the nuclear
membrane. Mitochondria and granular endoplasmic reticulum were preserved. The
presence of membrane-bound structure with bacteria inside was found (Plate X1, Fig. 8).
More severe changes accompanying the oedema were also observed in some cells.
Condensation of chromatin was seen with rupture of the nuclear membrane and injury, and
even disappearance of cytoplasmatic organelles (Plate X1, Fig. 9). Theindividual bacteria
and injured cytoplasmic organelles in various stage of degeneration occurred in the
cytoplasm of macrophage-like cellsfree or within membrane-bound vesicles. Disruption of
the cytoplasmic membrane was not seen (Plate X11, Fig. 10).

Discussion

Recently, Salmonella enteritidis has been a considerable threat for public health. Poultry
isregarded as the main reservoir of this pathogen (Roberts 1988; Rodrigue et al. 1990).
In Europe, Salmonella enteritidis PT 4 iswidely present (Desmith 1999).

Light and electron microscopic examinations of intestines from chickens experimentally
infected with various Salmonella species demonstrate similar cellular responses to these
organisms, including theinflux of heterophilsand macrophagesto theluminal surface of the
intestine (Henderson et a. 1999).

Heterophils are considered to be the avian counterpart to mammalian neutrophilsin their
action as tissue macrophages and their importance in the host defence against bacterial
infection (Henderson et al. 1999). They are critical effector cellsin the innate defence of
the host against Salmonellaeinfections. Heterophilsappear to control bothinitial salmonella
infections and subsequent disease pathogenesis (K ogut et al. 1999).

The infection of one-day-old White Plymouth Rock chicks with 2 x 10® CFU of
Salmonella enteritidis PT4 in our experiment was accompanied by marked heterophil
infiltration. Although many heterophils migrated towards the lamina propria and the
intestinal lumen, bacteria were not observed intracellularly within the heterophils. This
observation indicates the ability of heterophilsto kill Salmonella organisms by releasing of
antimicrobial peptides.
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Five bactericidal peptides (chicken heterophil peptides CHP1 and CHP2; turkey
heterophil peptides THP1, 2 and 3) were purified from avian heterophil granules. All
peptides were cationic and rich in cysteine, arginine and lysine. Both chicken peptides and
THP1 shared sequence homology at 22 residues and a cystein motif, which was similar to
that of bovine beta-defensins (Evans et a. 1994). The beta-defensins found in heterophil
granules can kill awide variety of bacterial pathogens and are a major component of the
heterophil antimicrobial arsenal (Harmon 1998).

Inthiswork therewasagap seen in the surroundings of some heterophils, which indicated
adecrease in the size of these cells. This morphological appearance supported by marked
reduction in the number of specific granulesindicates heterophil degranulation. It seemsto
be caused by release of antimicrobial peptides. This assumption correlates with the study
where the evaluation of heterophilsfor in vitro microbicidal activity against selected avian
pathogens was done. The ability of these peptides at 16 mass unit (mu) g/ml concentration
was proved in the reduction of Bordetella avium, Escherichia coli, and Salmonella
enteritidissurvival (Evans et a. 1995).

After penetration of the intestinal epithelium, Peyer’s patches are the first line that
Salmonella are confronted with. The very early interactions between the host and microbe
determinethethree possible outcomes: first, whether the phagocyte functionsasthe effector
and kills the ingested organisms, second whether the bacteria induce cell death of the
phagocyte, and third whether the microorganisms adapt to the hostile environment and turn
the phagocyte into their host cell to establish infection (Raupach and Kaufman 2001).

In this work, there were observed cells of different shapes and sizes than epithelial ones
in the lamina propria. They wereidentified as macrophage-like cells.

Invasion of macrophagesby Sal monella typhi muriumthrough aspecific pathway associated
with membrane ruffling signals the mammalian cell to undergo programmed cell death or
apoptosis (Monack 1996). But some of the evidence that bacteria-induced cell death is due
to apoptosisiscontroversia (Watson 2000). In our study there were remnants of condensed
chromatin and intact cytoplasmic membrane but no morphology typical of apoptosis was
found. Thisindicates other mechanism of injury of the infected cells. Our data correlate with
the results of Salmonella infection of macrophages with the formation of TUNEL -positive
cells, but it was not determined that the TUNEL -positive cells were apoptotic. There was an
absenceof typical apoptotic morphol gy alsoin bovineaveolar macrophagesandimmortalized
J774.2 macrophage-like cells after Salmonella enterica infection (Watson et a. 2000).

Oedema of macrophage-like cells, condensation of chromatin, disruption of nuclear
membrane and degradation of cytoplasmic organelles, formationsof intracellular inclusions
with cytoplasmic organelles and bacteriain various stages of degeneration indicate severe
injury of these cells. It has to be noted that there were no changes in the plasma membrane
of these cells. Neither vacuolisation, for apoptosis typical budding phenomena, nor its
rupture was found. Thereis evidence if thereis the persistence of the plasma membranein
injured cells, it providesthe scaffold for migration, positioning, and attachment of new cells
during recovery (Cheville 1982). In our case, Salmonella enteritidis PT4 caused only
intracellular to necrosis resemble injury of macrophage-like cells. There was no complete
lysis of these cells. It is known that free bacteria or macrophages infected bacteriamoveto
other organs and cause the generalisation of the process. (Henderson et a. 1999). On the
basis of these factswe supposethat there will bean ability of these cellsto moveandinlater
stages underwent the rupture. After release of the dead material with bacteria into the
surrounding these cells serve as a source of later infection.

Finally the experimental infection of one-day-old chickens by Salmonella enteritidis PT4
induced an inflammation of chicken caecum with the antimicrobial activity of accumulated
heterophils, phagocyting and non-lethal injury of monocyte-macrophage system cells.
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Stiidium heterofilov a buniek monocytarno-makrofagového systému
v slepych vakoch kurciat po experimentalnej infekcii Salmonella enteritidis PT4

Vyskyt, funkcia a interakcia heterofilnych granulocytov a buniek monocytirno-
makrofigového systému boli Studované v slepych vakoch jednodiovych kurciat po
experimentalnej infekcii 2 x 108 cfu Salmonella enteritidis(SE) PT4.

Histologickym vySetrenim bola 3 deil po infekcii (dpi) preukdzand mononukledrna
infiltrdcia a pritomnost heterofilnych granulocytov v lamina propria mucosae a v tela
submucosa. Proces bol na 10. dpi doprevddzany pritomnostou buniek monocytirno-
makrofigového systému.

Elektron-mikroskopické vySetrenie potvrdilo na 3 di pritomnost heterofilnych granulo-
cytov v lamina propria mucosae a na 10 dpi ich migraciu medzi epitelidlne bunky. Niektoré
z heterofilov boli menSie, bolo pozorované formovanie ,.halé zény* v ich okoli a redukcia
poctu Specifickych grandl v ich cytoplazme. Pritomnost baktérii zistena nebola.

Edém, kondenzéicia chromatinu, ruptira jadrovej membrany, deStrukcia cytoplazma-
tickych organel, ako aj formovanie intracelularnych bunkovych inklazii a pritomnost
baktérii v roznom Stadiu deStrukcie boli pozorované v bunkdch monocytarno-makro-
fagového systému v lamina propria mucosae. Cytoplazmatickd membrana vSak poruseni
nebola.

Nase vysledky poukazuju na to, Ze infekcia jednodiovych kurciat Salmonella enteritidis
PT4 vyvolala v slepych vakoch akumuliciu heterofilnych granulocytov. Morfologické
zmeny, ktoré boli na nich pozorované poukazuji na ich degranuliciu, ¢o moZe byt
zapricinené vylucovanim antimikrobidlnych peptidov.

Intraceluldarne zmeny buniek monocytarno-makrofagového systému bez poSkodenia ich
cytoplazmatickej membrany nepoukazuji na smrt tychto buniek ako nésledok expe-
rimentalnej infekcie Salmonella enteritidis PT4. V neskorSich Stadidch infekcie dojde
pravdepodobne k ruptire cytoplazmatickej membrany a k uvolneniu ich obsahu do okolitého
prostredia. Bunky monocytarno-makrofagového systému sa tak stand zdrojom pre Sirenie sa
infekéného procesu aj do statnych organov, v dosledku coho dochddza k generalizacii procesu.
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Fig. 1. Six hours after infection there is hyperemia and infiltration of heterophils and mononuclear cellsin
caecal telasubmucosaand laminapropria. HE, x 20 (bar 2 pm).

Fig. 2. Ten days after infection a marked infiltration of macrophages (arrow) was observed. HE, x 40
(bar 5 pm)



Plate IX

Fig. 3. Three days after infection the intestinal luminal contents with numerous necrotic heterophils and
cellular debris was found. The degeneration of microvillous zone with its typical ruffles was also seen
(arrows). HE, x 10 (bar 10 pm)

Fig. 4. Transmission electron micrograph of caecal microvilli and lumen in experimental chicken 6 hours
after infection. Arrow shows the damage of microvillous zone with interacting bacteria. There was
evagination of apical surface (x 18 200)



Fig. 5. Transmission electron micrograph of caecal lamina propria in experimental chicken 3 days after
infection. Arrows show the presence of inflammatory heterophilsin thislayer (x 2 800)

Fig. 6. Transmission electron micrograph of caecal epithelia layer in experimental chicken 10 days after
infection. There is marked heterophilic infiltration between mucosal epithelia cells (x 1 600)



Plate X1

Fig. 7. Transmission electron micrograph
of caecal epithelial layer in experimental
chicken 10 days after infection. Arrow
shows the smaller heterophil with the
decreasing of the number of specific
granulesinside, with the gap formation in
| surrounding of cell. The nucleus, nuclear
and cytoplasmic membrane were not
changed (x 4 200)

Fig. 8. Transmission electron mi crograph of injured macrophagellke cell in experimental chicken 10 days
after infection. Thereisan oedema (1), disintegration of nucleus but without the nuclear membrane rupture
(arrow). Mitochondria (2), granular endoplasmic reticulum (3) and cytoplasmic membrane (4) were
preserved. The presence of membrane bound structure with bacteriainside wasfound (arrowhead) (x 4 200)



Plate XII

Fig. 9. Transmission electron micrograph of macrophage-like cell in experimental chicken 10 days after
infection. Some cells showed more severe changes accompanying oedema. There was condensation of
chromatin (arrow) with rupture of nuclear membrane and injury, even disappearance of cytoplasmic
organelles (x 10 000)
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Fig. 10. Transmission electron micrograph of macrophage-like cell in experimental chicken 10 days after
infection. There areindividual bacteria and injured cytoplasmic organellesin various stage of degeneration
free (1) or within membrane-bound vesicles (2). Disruption of cytoplasmic membrane was not seen (arrow)
(x 8000).




