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Melréwn pikpoPioroyikig diepedvn-
ong g pnviyyoeyKe@aiiudag and
AI0TEP1a OTA PNPUKACTUKA

A. T'avvéwn-Xtepavou', I1. Todkog),
E. Muoupt(i-Xat(onotvrov’, K. Avatohidring’

IMEPIAHWH. ArepeuviiOnke pikpofiodoyikd n pnviyyoeykepa-
Muba twv pnpukacukdv and hotépia otn Bépera EAAGSa. H 616-
yvwon tng véoou Bacictnke otnv anopévwon tng Listeria
monocytogenes ané eykepdroug Pooerbdv, mpoPdrwv kar arydv.
Efetdonkay 43 extpogég fooeibirv, 310 npoPdiwv kat 976 aryd,
nou Oewprinkav Gnorrteg g veupikig poperig me hotepin-
ong. Oeukég BpéOnkav Svo extpopég Pooerbwv (4,6%), 60 mpo-
Barwv (19,3%) ka1 361 arydrv (36,9%). O1 mpooPePrnpéveg extpo-
(pég arydv ritav otraucukdg nepioodrepeg (P<0,05) and ekeiveg twv
npoPdrwv. Ola ta oteléyn, extég and 6o, anopovardnkav and
eviidika {da ka1 ta nepioodtepa ané avtd toug priveg AexépPpio
kat Iavoudpio. Ané v opownia 141 otedexdv hotépiag Siam-
otdOnke 611 0 opdrunog 4b fitav o emkpatéotepog (81%) ka1 Ppé-
Onxke o€ 6)a 1a yewypagpikd Siapepiopara, dnou Siayvdrotnke n vo-
oog. H qayownia 60 otedeydv Paxtnpiou enérpepe wmv opado-
noinon toug o€ autd nov aviikav otov 1810 opdruno kar Ajoviav
and tov {610 @ayo 1 aub pia oe1pd paywv. O1 opddeg autég Ppé-
Onkav kupiog o€ dpopa yewypapikd Siapepiopata pe eddyloteg
efaipéoeig. To yeyovég autéd Sefyver mBavév tv kovh npoéhevon
WV OTEAEYDV.

Aé§e1g evpempiaong: Aiotepioon, eyképadol pnpUKACUKGDY, 0po-
wia, gayotunia

EIZATQI'H

H Motepimon oty EMAGda avagépetal yia mpdtn
©oQd to 1952 oe mpdPara (Xoiotodovhov kot Tapha-
g 1952) naw to 1973 oe alyeg (Poaryrdmovrog ®o
ouv. 1973) pe ™ pooen g unviyyoeyxegpaiindag. And
tdtE €xovv yivel dudgpopeg uehéteg oxetnd ue ™ véoo

Epeuvnuikn
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Study of microbiological aspects of
meningoencephalitis due to
Listeria spp in ruminants

Giannati-Stefanou A.', Tsakos P2,
Bourtzi-Hatzopoulou E.’, Anatoliotis K.’

ABSTRACT. Microbiological aspects of meningoencephalitis due
to Listeria spp in Northern Greece were studied. The diagnosis
was based on the isolation of Listeria monocytogenes from bovine,
sheep and goats brains. Forty three bovine herds, 310 sheep flocks
and 976 goat herds, suspicious of the neural form of listeriosis,
were examined and 2 (4.6%), 60 (19.3%) and 361 (36.9%) of
them were found positive, respectively. It was ascertained
statistically (P<0.05) that encephalitic listeriosis affects mostly
goats than sheep. All strains, except two, were isolated from adult
animals mostly in December and January. Serotyping of 141
strains showed that serovar 4b was predominant (81%) and was
distributed among all the areas where listeriosis was detected.
Phage typing of 60 strains allowed the clustering of strains, those
belonging to the same serotype and phage lysed by the same
phage or a series of phages. These groups were found mainly in
bordering areas with few exceptions. This fact probably shows the
common origin of these strains.

Key words: listeriosis, ruminant brain, serotyping, phagetyping

INTRODUCTION

The first case of listeriosis in sheep was reported in
Greece in 1952 as meningoencephalitis (Christodoulou
and Tarlatzis 1952). The disease was subsequently
described in goats in 1973 as meningoencephalitis, as
well (Fragopoulos et al. 1973). Several studies have been
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ot rd PUNEURAOTIXA %ot SLartloT®lnre GTL 1 VevQL-
%1] TS LOQPN TEOOPAMEL #VQIWGE TIC OlyES RO AyOTE-
oo ta medPata (lavvdm-Ztepdvov xow ouv. 1987,
1988, Tawvvdmn-Zrepdvov 1990). H voonpdmra otig
wohvouéveg exteoEs nuuaiveton peta&y 0,6-25,8% ue
uéoo 6o to 6% a1 BvnTdTTa TEooeyyitel to 100%
ne u€oo 6o 1o 83,6% (Iavvdrn-Zrepdvov 1990).

Zta fooedr] n Motepimon daryvadotnre, emiong, ue
oMY Unviyyoeyrepalitidog xal amouovaonxe n
Listeria monocytogenes omd Toug 1oooPe PAnuévoug eyne-
@dhovg to 1995 (TNavvdtn-Ztepdvov »ow ouv. 1997).

H vevpuni} nopen g véoou eivat, amtd o 6o ue-
XOU T YVWEITOVUE, 1| EMKRQATEOTEQYN LOQPY] OTNV
EMGda, pe ehdyioteg eEapéosig onporuiog o€ veo-
vEVYNTAL €QLpLAL, EVD OEV OVOPEQOVTOL TEQLITTMOELS
amoPoliic ot L. monocytogenes (Iavvdtn-Ztepdvou
zaL ouv. 1988, T'iovvdrn-Ztegdvov 1990).

Sy maotoa €gevva. dtepeuvnONray uirEofLolo-
YA TO TEQLOTATIRA AMOTEQIMONG, TOU dLaryvdoTNHROV
oto Egyaotijglo Mupofroroyiag tov Kévrpov Kin-
viatpwdv Idpupdtov now tov Kévipov Kmnviatourdv
Epeuvvdv @sooahovixvng og pia mepiodo 31 etddv (1968-
1998). Kataypdgnxrav oe etjola fdon o aolbuds tmv
€0TLAV, 1) YEWYQOPLXY TOVS TTQOEAEVON, TO €(00C Cdhov
oV TEOOPAONxE, N Nhrla Tov now 1) emoyy EEapong
™g vooov. ITepartépm dieveynOnxe 1 ogoturtio now 1
payoturio oteleydv L. monocytogenes va uehetOnune
1 YEOYQUPLXY TQOEAEVON TOV 0QOTUTTMV AL TWV (PO~
yotumwv 141 now 62 oTeAeY®V, AVIIOTOLYA.

YAIKA KAT ME®OAOI

Katd mv mepiodo 1968-1998 eEetdomnay cuvoit-
%d 1.329 gyxnépahol, 43 fooeddv, 310 mpofdrwv xo
976 avydv amd wagbueg extpopéc. H eEetalduevn
neEi0d0g Tmwv 31 etddv dLaywEIOTYRE OF TOELS VITOTE-
udoug (avd dexraetia). Ztv mpdty dexnaetio (1968-
1978) eEetdomrav 71 deiypata eyrepdhov tpopdtmv
row 174 awyddv. Ztn devteon dexaetio (1979-1988) eEe-
tdothrov emtd delypata eyre@dlwv Poosdwv, 138
meofdtmv %ot 532 awydv. Znv toity dexraetio (1989-
1998) eEetdotnray 36 delypata eyredainv fooelddv,
101 mweoPdrwv roat 270 arydv. Ou eyréparol wov eEe-
TAOTNROWY TTEOEQYOVTAY ATtd eXTEOPES TS Mamedoviag
%o ™G Opdung, mov BewEriBnxrav Gronteg Motegiw-
ong, ue Paon uévo ) vevpwrr noeer| g vooou. H ex-
MAwon OTa UNEURAOTIRG OUUTTOUATOV EVOELRTIRADV
VEVQIXT|S VOOV, BTG UNVLYYOEYREQPAATIONGS, KUKAL-
%nEG RIVNOELS, OTQOYPT] TNG REPAMIC TEOG (ia raTe¥Ouv-
o1, OLAGEEOLAL, PAEPOQOTTMON RO TTHON TWV WTRDV
TTEQUYIOV, ®OIOELS VITEQILEYEQONS ROl RATATTOONG,
BewEnOnre emaxrig apooun yia TV arootoA tabo-
Aoy1xo¥ VM®OU 0TO £QYOOTIHOLO ®OL T WrEOPLOAOY XY
eE€taon tov Yo AoTéQLaL.

conducted on listeriosis affecting small ruminants and it
has been found that encephalitic listeriosis affects mainly
goats and less sheep (Giannati-Stefanou et al. 1987;
1988; Giannati—Stefanou 1990). The morbidity rate in
affected flocks ranges from 0.6% to 25.8% with an
average of 6% and the case fatality rate approaches 100%
with an average of 83.6% (Giannati-Stefanou 1990).

Listeriosis in bovines was also detected in Greece as
meningoencephalitis in 1995 and L. monocytogenes was
isolated from the affected brains (Giannati-Stefanou et
al. 1997).

The nervous form of the disease in Greece is
predominant, as it results from the previous studies, with
least exceptions of septicemia in newborn kids, but no
case of abortion, due to Listeria spp, was reported
(Giannati-Stefanou et al. 1988; Giannati-Stefanou 1990).

In this research, the incidents of meningoencephalitis
due to Listeria spp in ruminants in Northern Greece
have been studied. These incidents have been diagnosed
in the microbiology laboratory of the Center of
Veterinary Institutes and Veterinary Research Institute
of Thessaloniki from 1968 to 1998. The microbiological
aspects of listeriosis are recorded based on the number
of incidents, their geographical origin, the species of the
affected animals, the age and the season of outbreaks.
Furthermore, the geographical serotype and phage type
distribution of 141 and 62 Listeria monocytogenes strains,
respectively, has been studied.

MATERIALS AND METHODS

During 1968-1998, 1.329 brains were examined in
total, 43 from bovine, 310 from sheep and 976 from
goat herds. The 31-year investigation was divided into
three periods. During the 1st period (1968-1978) 71
sheep and 174 goat brains samples were examined.
During the 2nd period (1979-1988) seven bovine, 138
sheep and 532 goat brain samples were examined.
During the 3rd period (1989-1998) 36 bovine, 101 sheep
and 270 goat brain samples were examined. The
examined brains originated from animals suspicious of
listeriosis, based only on nervous signs and belonged to
herds of Macedonia and Thrace. The signs, suggestive
of nervous system involvement as meningoencephalitis,
circular movements, tendency to direct the head to one
direction, drooling of saliva, eyelid and ear dropping,
crisis of over excitation and depression, suggested that
the pathological material should be sent to the
laboratory and be investigated for listeria.

In all brain samples the same procedure of isolation
was applied. One gr of ground spinal bulb, pons and
parencephalis was cultured in 10 ml of Listeria
Enrichment Broth (Oxford formulation, Oxoid). After
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Ze oha ta delypata eyre@dlmV UNQURACTIRMV
epaguéotxre 1 o dradiracio amoudvmong g A-
otéolag. Zvvolnt moodtnta 1gr Aetotoprarog amd
TOV TEOUN®Y MVELG, T YEQPUOO RO THV TOQEYREPOAL-
da evogBaluiomne oe 10 ml tov gurthovtiotinod Lwpov
Motépouag LEB (Listeria Enrichment Broth, Oxford
formulation, Oxoid). Metd and 48wen emwoon to vit-
%0 0V epThovtiotivol Couot avaxralleQyrdnre oe
LSA (Listeria Selective Agar Base, Oxford formulation,
Oxoid) (Hitchins 1998). Ot vromteg amwolrieg omopo-
vOONHOV 08 auaToUyo AyaQ %ot EEETAOTNRAV WKQO-
oROTLRA. PETA OTTO TN XEWOoN Tovg »atd Gram. 2ty fro-
KNUWEY TowToToNoY Tov axohoUnoE, XONOLUWOTOW-
Onrav oL donuég e oEelddong, ratahdong, GG,
ovpedong, 1 vOEGAUON TG E0ROVAIVIG, 1 TOQOYWYN
0E€wv amd To odxyaEa EUVAGTH, LaviTOAY, QOUVOTH,
awdin wouw ) dorvuy CAMP e Staphylococcus aureus
(Rocourt »ow ovv. 1983, Rocourt 1999, Quinn xau ouv.
2002). H opoloywry tavtomoinon €yive pe ) xoMon
ol dUvouou avtioeot O xat povodivauwy timov 1
nat 4 (Difco) (Seeliger xow Hohne 1979).

Exratév capdvta éva (141) otehéyn L. mono-
cytogenes, TOV asropovaddnray uetaEv 1981-1998, otdh-
Onxrav oto Ivotrtovto Yyiewvig zow Mugofroioyiog
tov [avemomuiov tov Wiirzburg yio wAjon ogotu-
wtio. EEMvra b0 (62) amwd autd ta oteréyn, S0 avydv,
10 mpofdrmwv xow do Pooelddv, otdhOnray emttAéov
oto Ivotitovto [aotép yia payotumio.

H otatiotny avdaivon ANOVA yonowomowBnxe
yloL va, ouyxLBotv avoroyrd ol eotleg MoTeQlwong Tov
drayvaddotyrav: a) peta&l twv etdv 1968-1978, 1979-
1988 »ow 1989-1998 »aw B) ueta&d mpoPdtmy xoL arywyv.

AIIOTEAEXMATA

A6 g 1.329 ext00@Eg UNEURAOTIRMY, TOU eEETA-
OTNXOV G VITOTTTES TS VEVQLXNS LOQPYS THS MOTEQIM-
ong, meooPePinuéves foénrav ot 423 (31,8%). Eudi-
%10TEQA, AT TIS 43 extEOoEEg fooelddv ou eEetdoTy-
xnav, 1pooPePrnuéves Beédnurav ou 2 (4,6%), amd Tig
310 mpopdrmv ot 60 (19,3%) naw amd Tig 976 awydv ot
361 (36,9%).

MetpiOnrav xatd €1og oL gotieg MoteQimong mov
dLoryvadoT RO, TOG0 CUVOAXRA 600 ®au EEXWOLOTA YLOL TLG
EXTOOPES POOELODV, TEOPATMV RO ay®dV (FTivorag 1).

Zra modyta 11 €t (1968-1978) ou eotieg Motepimong
elyav damvpavon uetatd 3-15 etnoime. Mapatneion-
%e Waltepa onpovaxy] avEnon (7-48) ) devtepn de-
roetio 1979-1988, wov frav otaToTinds onuovTinn
(P<0,05) oe ovyroion pe tig eotieg AMoteplmong g
mewtng (P=0,0025) noun toltng dexraetiag 1989-1998
(P=0,0341). Metoku Tov nécov 60ov tov alfpoy Tmv
EOTLAV THG TEMTNS %o TG TEltng dexaetiog dev ma-

48 hours of incubation, the broth culture was plated on
LSA (Listeria Selective Agar Base, Oxford formulation,
Oxoid) (Hitchins 1998). The suspected colonies were
isolated on blood agar and identified applying the
staining (Gram) method, morphological characteristics
and biochemical tests: production of oxidase, catalase,
indole, urease, hydrolysis of aesculin, acid from xylose,
mannitol, rhamnose, raffinose and CAMP test Staphy-
lococcus aureus (Rocourt et al. 1983; Rocourt 1999,
Quinn et al. 2002), as well as serological tests by using
polyvalent antiserum O and monovalent type 1 and 4
(Seeliger and Hohne 1979).

One hundred forty one (141) strains isolated after
1981 were submitted to the Institute fiir Hygiene und
Mikrobiologie der Universitat Wiirzburg for a complete
serotyping and 62 strains of them, 50 goats, 10 sheep and
two bovine, were sent to the Pasteur Institute for phage
typing.

Anova single factor analysis was used for the
comparison of the mean incidents of listeriosis: a) in
1968-1978, 1979-1988 and 1989-1998 and b) among
sheep and goats.

RESULTS

Four hundred twenty three out of 1.329 (31.8%)
ruminants herds, suspected for the neural form of
listeriosis, were found contaminated by L. mono-
cytogenes. Particularly, two out of 43 (4.6%) bovine
herds suspected for the disease, 60 out of 310 (19.3%)
sheep flocks and 361 out of 976 (36.9%) goat herds
were found contaminated by L. monocytogenes.

The yearly distribution of incidents due to Listeria
spp within the period 1968-1998, as well as the
distribution in relation to the species of animals, is
shown in table 1.

It was observed that the incidence of listeriosis
presented mildly fluctuations (3-15) during the first 11
years (1968-1978), but excess increase (7-48) during
the second decade (1979-1988). This increase is
statistically significant (P<0.05) in comparison with the
first period (P=0.0025), as well as with the third decade
1989-1998 (P=0.0341). No significant difference
(P=0.0893>0.05) was observed in the incidence
between the first and last period (table 1, figure 1).

All isolated strains originated from adult animals
except two of them; one (strain 40/95, table 3b) at which
the microorganism was isolated from the brain of a
four-month lamb, and the other one (strain 43/95, table
3b) from the brain of a calf, one year old.

According to the data of the monthly distribution of
incidents due to Listeria spp within the period of 31
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Iivoxag 1. Evjowa xatayoag twv eonayv Motegimong ot Bépeta EAMGda.

B 0 O C =~ &N N ¢ N O =~ 0 O © = &
Etog O N O~ [~ >~ > > >~ > >~ >~ 0~ 00 0 o
® Do O OO O OO O & O O O O & O
b e e e e e e S o e (e e
Extpopéc ¢ 3 4 4 8 12 8 8 1 5 5 7 6 1 M4
aryiv
Extpogéc | | 4 | 5 2 2 5
wpoPatoy
Extpogéc
Poozidiv
Tivoro 6 3 5 5 8 12 8 8 15 6 10 7 8 13 19

1983

48

S
+ ¥ O~ ® D —~ & Y WO~ ® O
W B B W WX DDA DDDD DR B
R - - - - - - - - - - -
35025 27 16 17 18 16 4 9 1 1 5 12 15 5 36l
3 3 2 6 1 | 6 6 60

[
=

Table 1. The yearly distribution of incidents due to Listeria spp in Northern Greece.

= oo (=) o — o« () == i o o = =4 -— ol
Year g & § 58§ &§ &8 &8 & 858 &§ 8 & & 8 %

Goat ¢ 3 4 4 8 12 8 8 11 5 5 7 6 11 14

herds

Sheep 1 1 4 1 5 w 5

flocks

Bovine

herds

Total 6 3 5 5 8 12 8 8 15 6 10 7 8 13 19

1983

&

48

T - o o~ & o S = & o T v O > ®
® *© %0 »© e w =N = @ =N =y =N =3 =) =N Total
=) a & O - & & & & & & & o o &
35 25 27 16 17 18 16 4 9 1 1 2y 12 15 5 361
3 3 2 6 Rl 1 3 6 6 60
2 2

423

povotdotyre onuavuxi dragpod (P=0,0893>0,05) (sl
voxragl, emdval).

Ou mpooPefinuéves pe ™ vevpry Looen g Al-
0TeQ{MONG EXTQOPES ALYV NTOV OTATIOTIRMS ONUAVTL-
®d mepLoodtepes (P=0,0008<0,05) amd exelves tov
TEOPATMV.

‘Oha ToL 0Tel€n Tov amopovaOnxay TeoiAbay ard
eyrne@dlovg eviihrwv Ldwv, extds and 800 meQLuTe-
oeLs. 2 wla, o vtevhuvog IrEooQYOVIOUOS (OTEAEYOG
40/95, mivomog 3p) amopovadnre amtd eyrépoalo auvou,
nhxrtag 4 unvav xaw oty iy (otéheyog 43/95, miva-
®ag 3f) amd eyr€paro péoyov, nhriog evog €rovg.

‘Onmg duamotddnre awé ™ unviaio ®oToyoagy
TOV E0TLOV MOTEQIMONG, Aapupdvovtag vtdyn GAn T
7eEiodo tov 31 etddv (ewdva 2), 1o 54,6% (231/423) twv
otV AoTteQimong eugaviotue tovg wjveg Agxéu-
Boto »au Iavovdotro.

‘Oha to. otehéym (423) eEetdotTnrnay Ue TS amoutov-
nevee froynuixéc doruuég vou amodeiydnre Gt avi-
®rouv 070 £id0g T L. monocytogenes. H mhjpong ogotu-
wwia tov 141 oteheydv €0eiEe du: 114 (81%) avinouvv
atov 0pdtumo 4b, 15 (11%) otov opdtumo 1/2a, 6 (4%)
otov opdtumo 1/2b, 3 (2%) otov opdtumo 1/2¢ now 3
(2%) ovov opdtumo 4d (mivaxrag 2, ewdva 3). Ztov mi-
voxa 2 QoiveTol ETTAEOV 1] YEWYQUPIXY] TOOEAEVON
TV 000TUTTMV 07t TaL 141 otedéym g L. monocytogenes
OV atopovdBnrav v tepiodo 1981-1998.

300 _
&2000 | '
T ode
0
1968-1978  1979-1988  1989-1998

Ewdva 1. Eotieg Motepimwong otig toeLg vromeuddovg twv 31
ETDV.

Figure 1. Incidents of listeriosis during the three subperiods of
31-year investigation.

years (figure 2), 54.6% (231/423) broke out in
December and January.

All strains responded to the typical biochemical tests
of L. monocytogenes. Serotyping showed that 114 out of
141 strains belonged to serovar 4b (81%), 15 to serovar
1/2a (11%), 6 to serovar 1/2b (4%), 3 to serovar 1/2c
(2%) and 3 to serovar 4d (2%) (table 2, figure 3). The
geographic distribution of the L.monocytogenes serovars
isolated in period 1981-1998 is also shown in table 2.
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Mivaxag 2. Temypapuny TQOEAeVOn TV 0QOTVIWY TG L.
monocytogenes.

Table 2. Distribution of serotype origin of L. monocytogenes.

Nouog Ogdtumog
4b 4d 1/2a 1/2b 1/2¢

Ocooalovinn 57 2 3 1
Xodntdunn 25 1
Kuhnig 5

TMéMa 2

Agdpa 7

2€00¢g 1

Kapdia 1

Edvin <)

Podomn 2
"Epoog
ITeola
KoCdwn
Kaoropua
ToePeva

Tovoho 114 3 15 6 3

_= W = N W

— =N LN

Ta amoteléopata ™g QayoTumiog 62 oteledv, ®o-
Bcdg now 1 avTLoToLK oL TMV 0QGTUTWV [E TOUS (POYGTUITTOUS
TV OTEAEYMDV QUTHV RATOYQAPOVTAL OTOV TTivoxa 3.

To 87% (54/62) tov oteheyayv Tg L. monocytogenes
TUTOTTOON®E e VAV 1] TEQLOOGTEQOVS (PAYOUS, EVE,
6mwg damiotdvetal ond tov wivaxa 3, 1o 13% (8/62)
TV oTehe v dev Miovtay and Toug dtabéauovg, othv
€0guvd nag, ayoug.

H yewypapuwi| xotavouy ota woardve 62 otehe-
X1 TOV 0QOTUITWY KoL TWV ROWVDV OUAdmV QaySTumtmy
ota yewyoapwd diapepiopato g Maxedoviog ot
™e Opdung amewmoviCovian otoug xdotes 4 »ou 5, avil-
otowya (ewmdveg 4 & 5).

YYZHTHXH

Ou pohvopuéveg extoés emPePaddnxay pe v
€QYQOTHOLAXY ®OALEQYELO ROL aropudvwon g L.
monocytogenes. EmmA€ov, 10 23% tov TEQLOTATIRMV
uetaEd 1986-1997 drayvdotnre ®oL LOTOAOYIRA OTA
ool edNULOAOYIRNG LEAETNE TWV VEVQLXMY VOO)-
udrwv oty EAMada (Leontides »ow ovv. 1999).

H epgpdvion tmv meQuoodTeQmv E0TLAOV THG VEVQLRNG
HoE®NG TS AoTeQimaong ratd T devten dexaetia el
vau 00oxroro va eEnynoel. Me fdon v emdnuiohoyt-
21| €ova, 1 vooog mbavdg va ogelletal o ouvdva-
OUS TOADV OTRECOYOVAOV TAQAYSVIMV, WS AoyN-
UES ROLOWKES OUVONRES, ®OMT] TOLGTNTO TQOPYC TO YEL-
wava, dLatQoPures adayEg, ®anég ouvOreS EvoTOv-
MOP0U, ROTAVAA®OY EVOLQWUEVNS TEOPNS, AANG %ol
oe molhovg dlhovg moedyovteg, oL omolol dev elval
duvaTtév va teoadLopLoToUV ETOXQLPMC, Aol ardun
dev €yxouv dLevrovioTel 0to GUVOLS TOUG OL TTOQAYOVTES

County Serotype
4b 4d 1/2a 1/2b 1/2¢

Thessaloniki 57 2
Halkidiki 25 1
Kilkis
Pella
Drama
Serres
Kavala
Xanthi
Rodopi 2
Evros
Picria
Kozani
Kastoria
Grevena

Tovolro 114 3 15 6 3

1

W = = N WD
_ =W =N W W

_ =R WY

140
120
100
80
60
40
20

Eotieg

JFMAMIJ JASOND
Mnveg

Ewdva 2. Mnviaia xatayooi tmv e0tidv Motepimong oty
eptodo twv 31 etdv.

Figure 2. Monthly distribution of listeriosis incidents during
the 31 year period.

11% 4% 2%

81%

Ewdva 3. [Tocoonaia avaloyio ogdtummy g L. monocytogenes.

Figure 3. Percentages of isolated serotypes of L. monocytogenes.
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IMivexag 3a. Avtixn dpdon Twv pdywv ota aropovmOévta oteléym g L. monocytogenes 1ov 0Q0Tumov 4b.

Table 3a. Lytic action of the phages of isolated strains of L. monocytogenes of serogroup 4b.

Xréheyogs  Eidog Ldov Ogotumor Paystumor
Strain Animal Serotype Phage types
S-Ilgdpara,
G-Aiyeg,
B-Booewon
Sheep,
Goat,
Bovine
10/84 G 4b 2425
11/84 G 4b 2425
18/84 G 4b 2425
19/84 G 4b 2425
38/84 G 4b 2425
257/91 G 4b 2425
508/91 G 4b 2425
2/92 G 4b 2425
29/93 G 4b 2425 3274 2671
32/93 S 4b 2425 3274 2671
64/84 G 4b 2389 2425 47 108 312
69/84 G 4b 2389 2425 47 108 312
70/84 G 4b 2389 2425 47 108 312
505/91 G 4b 2389 2425 3274 2671 47 108 340
16a/92 G 4b 2389 2425 3274 2671 47 108 340
16b/92 G 4b 2389 2425 3274 2671 47 108 340
14a/93 G 4b 2389 2425 3274 2671 47 108 340
36/93 S 4b 2389 2425 3274 2671 47 108 340
40/93 S 4b 2389 2425 3274 2671 47 108 340
12/94 S 4b 2389 2425 3274 2671 47 108 340
18/94 S 4b 2389 2425 3274 2671 47 108 340
24/95 G 4b 2389 2425 3274 2671 47 108 340
511/91 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312
1/92 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312
6/92 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312
14/94 S 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312
3/96 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312
22b/96 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 108 340 312

o enneedovy v eppdvion g véoov (McLauchlin
%o ovv. 1986, Johnson »aw ovv. 1996, Rocourt xou Bille
1997, Nightingale xou ouvv. 2004). ITagduoa onpavtix
AUENON TV ®QEOVOUATWV AOTEQIMONG TOQATEYONX1E
oy Ayyhia, 6mov 0 0QLOUGS TOV TEQLOTATIRMDV 0T
meopata avEnOnxe amd 53 to 1976 oe mepLoodTEQM
o 230 1o 1983 (Low nou Linklater 1985). Emwonuav-
Bnxre 6tLm Extoon TS Moteplmong €xel olhdEeL pooen
a6 TO UEUOVOUEVA TEQLOTATIXA 08 ORAdKA #QOU-
opora otig exteo®és (Low xaw Renton 1985, Low »aou
Donachie 1997). Me petopévn v mo0oinym evolpo-
nowog omd To wEdRata xaw tig atyeg oty EAGda, 6mwg
oVt TEOXVATEL UG TO LOTOQKG TOV UOAVOUEVOV
EXTQOPMV AL TNV EUTELQOL HaLS, 1 AVENON TV RQOU-
oudrwv dev urrtoel va opeihetar oto evolpmuoa. H exti-

The results of the phage typing of 62 strains and the
correspondence between the serovars and phagovars
are shown on table 3.

According to the data of our investigation presented
in table 3, 87% (54/62) of L. monocytogenes strains were
phage typed by one or more phages, while 13% (8/62)
were non typable.

The geographic distribution of the above serovars
and the common groups of phage types in the counties
of Macedonia and Thrace are represented in figures 3
and 4, respectively.

DISCUSSION
The infected herds have been detected in the
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Iivoxag 3p. Avtnii dpdon twv pdywv ota amopovwbévia atehéyn g L. monocytogenes twv opdtummy 4b, 1/2 a, 1/2b, 1/2 c.

Table 3b. Lytic action of the phages of isolated strains of L. monocytogenes of serogroups 4b, 1/2a, 1/2b & 1/2 c.

Xréheyos Eidog Cdov Ogdtvmor Paystumor
Strain Animal Serotype Phage types

S-Ilgdpara,

G-Aiyeg,

B-Booewdn

Sheep,

Goat,

Bovine
39/95 G 1/2a 1967 10 43
40/95 S 1/2a 1967 10 43
26/95 G 1/2a 1967 575 1652 12029 10 43
22a/96 G 1/2a 1967 575 1652 12029 10 43
14/96 G 1/2b 10 43
17/96 G 1/2b 10 43
27/96 G 1/2b 10 43
42/95 B 1/2¢ 4477
43/95 B 1/2¢ 4477
14/84 G 4b 1444 1317 2761 52 108 312 340
22/84 G 1/2b 575
24/84 G 4b 2425 1327 108 340
26/84 G 4b 2389 47 108 340
44/84 G 4b 2671
51/84 G 1/2a 1967 43
520/84 G 4b 247 3152 1444 1317 2671 108 340
547/84 S 1/2¢ 12029
778/84 G 4b 340
17/92 G 4b 2425 340
18/92 G 4b 3274 52 108 340
38/92 G 4b 1444 1317 108 312
84/92 G 4b 1317 108 312
13/93 S 4b 2389 3552 1444 1317 3274 2671 47 52 107 108 340 312
60/94 G 4b 3552 1444 1317 3274 2671 52 108 340 312
15/95 G 4b 2389 3552 2425 1444 1317 3274 2671 47 52 107 108 340 312
28/96 G 1/2b 4477 10 43
23/84 G 4b “OyL Tumomoinon amd payovg

Not typable

37/84 G 4b >>
42/84 G 4b >>
47/84 G 4b >>
74/84 S 4b >>
910/84 G 4b >>
14b/93 G 4b >>
2/96 G 4b >>

unom Spwg avty dev wropet vo aglohoyndel apot dev
VLAY OUV OTOLYEDL TTOV VaL 0pOQOUV OTHY OTTOUGVWON)
oV axtneiov amd To evolpmua ®a UAALOTA 08 ETTAQ-
%1 aolOUo BeTivav eXTEOQWV. AvtiBeta, ovpupwva ue
otoyeta g dieBvoic PLiloyoapios, Ta TeQLOciTEQM
®npovopato Aotepinong oyetitovral amodederyuéva
ue Vv mEdolyn evopwuatog (Barlow 1983,
Wilesmith xouw Gitter 1986, Gitter xo ovv. 1986, Takai
xor ovv. 1990, Vazquez-Boland xav ouvv. 1992,
Wiedmann xau cuv. 1994).

laboratory by isolation of L. monocytogenes. A part of
these (23%) in 1986-1997 had also been detected
histologically, within the scope of a neurological disease
survey in Greece (Leontides et al. 1999).

The excess increase of incidences due to Listeria spp
during the second decade is difficult to be explained.
According to the epidemiology of listeriosis, the disease
is probably due to a combination of stress factors, as bad
weather, bad quality of feeds in winter, dietary changes,
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Ewova 4. Aeomopd twv opdtummv ot Bopewa EAMGda (Moaxredovia xow ©pdxn).
Figure 4. Distribution of the main serotypes in Northern Greece (Macedonia and Thrace).

Amé to ovvoho TV pwohvouévaov ue L. mono-
cytogenes EXTQOQMOV 1 GUVTOLTTLRY TAELOYN QI OVREL
0€ EXTOOWES ALYV %L OxOAOVOOUV exelVES TV TQO-
Bdtwv. Avtd gaivetal otov mivaxo 1, otov omoio o
aQLOUSS TV TEOOPEPANUEVOV EXTQOPMV ALYV VITE-
pelye ndBe yodvo amd exelvov twv mEofdtmwv
(1968-1998), extéc amd ta €t 1978, 1993, 1994 xou
1998. H peyariteon svarodnoio tov arydv ot L.
monocytogenes oe ox€on e ta tedfata g B. EALG-
dag emiPeParddBnre naw otatiotxd (P=0,0008<0,05),
XONOLUOTOLMVTOS T OTOLXE(D TOV OPOQOVOAY GTOV
0LBUO TV TEOOPEPANUEVWV EXTQOPEV CLLYWDV RO TTQO-
Batmv yia #dBe €rog g €pevvdc pag. To (duo maa-
™ENON e naw o€ TEONYOUUEVES UELETES PaS, OTLS OTTO(-
€C TO TOCOOTS TOV UOAUOUEVMV EXTQOPHDV LYWV O
oyxéon ue exeivo Twv mpofdrmv frav 95,5% (lavva-
™m—Zte@dvou xou ovv. 1987) now 74,2% (Lavvatn—=te-
pdvov 1990). Avtibeta, oe dhheg ueréteg, emonpaive-
T GTL TA XQOUOUALTAL OTLS EXTQOPES TV TEOdT™V €l-
val ouyvotepa and tov arydv (Buxton xou Fraser
1977). Zwqv Ayyhia €xer avapepBel petad 1971-1982
QUENON TV ®QOVOUATMY MOTEQIWONE 0T TEOPTOL ®au
duanvpdvoels ota Booeld], aAhd ravEvo ®QOUoUa 0TS

poor housing conditions, consumption of silage and
many other factors that cannot be determined until now
(McLauchlin et al. 1986; Johnson et al. 1996, Rocourt
and Bille 1997, Nightingale et al. 2004). In United
Kingdom a similar rise in the listeriosis outbreaks was
observed, where the incidents in sheep have increased
from 53 in 1976 to more than 230 in 1983 (Low and
Linklater 1985). It was noted that the extent of the
listeriosis pattern has changed from isolated cases to
larger flock outbreaks (Low and Renton 1985; Low and
Donachie 1997). Because of the reduced consumption
of silage by sheep and goats in Greece, as it results from
the history of infected herds, as well as our experience,
the increase of incidents may not be due to the silage.
This estimation cannot be evaluated, because there are
not any data related to the isolation of Listeria from the
silage of contaminated herds. On the contrary, most
outbreaks in other countries are associated evidently
with the ingestion of silage (Barlow 1983; Wilesmith
and Gitter 1986; Gitter et al. 1986; Takai et al. 1990;
Vazquez-Boland et al. 1992; Wiedmann et al. 1994).

The majority of suspected cases of listeriosis and
the respective incidences were goat herds followed by
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FFUROM BULGARIA

ALBANI)

Zopuporo ®ayoéTumor
Symbol Phagetypes

2425

2425, 3274, 2671

2389, 2425, 47, 108, 312

2389, 2425, 3274, 2671, 47, 108, 340

2389, 3552, 2425, 1444, 1317, 3274, 2671, 47, 52, 108, 340, 312

1967, 10, 43

1967, 575, 1652, 12029, 10, 43

10, 43

4477

CIERRIGIDIACAUE

Ewdva 5. Aleomogd tmv (poyGTummy ®at Tov aviiotoymv opdturmy ot Bopewa EAada (Maxredovia row ©pdxn).
Figure 5. Distribution of common phage types and respective serotypes in Northern Greece (Macedonia and Thrace).

alyes (Fenlon 1985). Ztig HITA 1 Awoteplwon dev me- sheep flocks. This is shown in Table 1 in which goat
ovypdgetor ovyvd ong alyes (Johnson »aw ouv. 1996) outnumber sheep every year (1968-1998), except the
%O O€ TOMES TEQUTTMOELS TTOU avapEovtal dieBvg years 1978, 1993, 1994 and 1998. The greater suscepti-
1 véoog aivetal vo elval o ovyvy oto tedfato ar’ bility to L. monocytogenes in goats than in sheep of
ot otg alyeg (MacDonald »aw ovv. 1972, Nilsson »o Northern Greece country was demonstrated statistically
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Soderlund 1974, Wilesmith xau Gitter 1986).

‘O00ov apoEd 0T TEQLOTATIXA TNG VEVQIXHS UOQ-
@1ig g Moteplmong otig eEetalioneves extpopés foo-
eV Mtay 08 0000t WOAS 4,6%, ndtL Tov (owg dt-
®aLOMOYEL TO YEYOVOg Gt 1 MoTeQimon ota Pooeld
avayvmeiotnxe Yo medt) @oed oty EAdda oyetind
mpoogata (lNavvam—-Ztepdvou xow ovv. 1997).

Kartd ) dudprera autig g uehétng magotnonom-
%e EMUTAEOV OTL 1] VOOOG OTTAVLO TEOOPAALEL TOL VEaQd
Coa. AlommotdBnze pévo oe €vav apuve niriag 4 pnvav
%ot Eva Léoyo nriag evog €toug. Oa oy orempuo va
dtevxroviotel GtL AMlya amd To VEVQOAOYLRA TTEQLOTATL-
%A ov ueheTBnrav apogovoay o vead Laa, dedo-
uévou ot elvar mBave autd va elivol QoEelg Tov ex-
Miavouy to véonua agydtepa. Emriong, elvar mbave
va exdNAdvouy AMoTteQiwon pe xdmora A pooey. e
GAAES WOES AVAPEQOVTOL KATTOLES TEQUITDOELS ETTL-
CooTiog TS VEVELRNG WOQWIIC TS ALOTEQIWONS O€ VEQL-
04 unEuraotird, ahhd Taedha AuTd 1 VEVELXY LOQYN
™mc eEaxohovBel va Bempeltal voog Tmv evijrmy xu-
olwg unovraotway. 2t Bovlyopla €ywav peléteg
OTH UNVLYYOEYREPAATLON amtd MOTEQLOL %O TTEQLYQG-
e 1 v600g netakl 1977 vaw 1983 o 420 auvoig nhi-
®lag peta&t 10 nuepdv rouw €L unvadv. H Aotégua amo-
novawOnre oe 56 amd tovg 76 eyrePAMOVS VERQWV
opvayy (Burdarov zaw Savova—-Burdarova 1987). 2
STl Loy vAOOTRAY TEQLOTATIXA ALOTEQIMONG HE Ov-
UITTAOUOTA unviyyoeyre@ahitidag oe auvovg mévie
efdonddwv. Svyrerouéva, TEooPANONRav evvéa
auvol amd Toug 240, yweig avaloyo CUUTTHOUATO 0T
eviilna tpdfara g extooric. H mpoondBeia ovoye-
TLOWPOU TNG VOOOU L€ TO EVOIQWUA ATEPN cEVNTLXY ®ow
1 V600¢g elrAteTal GTL EUPOVIOTNRE PE QUTIHV T LOQYY
eEautiog oTEEcOYSVMV TTapaydvTwy tov EAafay xdoa
ot ouyrexQuuévn epiodo. O eEouetind nEvog YEL-
UAVAGS ElYE MG CUVETELD T UELMON TOCO THS YOAAKTO-
TOQAYWYNS TV TEOPATIVOV 600 ROl TNG TEOOANYNG
VYOS TOOPNS aTT6 TOUS OUVOUS, OANG TOUTOXQOVO KOl
™V CUENUEVY ROTOVAAWOT EVOLOMOUATOS, LE ATOTENE-
opa ™V adtoun ahhayi] TS SLaTEOHS TV auvdv
(Wardrope »ow Macleod 1983).

ITepuoodtepa delypata woforoyrol vAroU mEo-
OXOWOTNROV O0TO €QYAOTHELWO UeTa&EV Noeupoiov xau
Magtiov xau 0 peyolitepog aplBuds 1o AeréupoLo xou
Tavoudro, odld omoadixd 1 ortdvia Tovg dAhovug o~
oLvoug xau Bevovg wijves. Autd amordinpe pia €vro-
V1] ETOYRATNTO OTO. XQOVOUATA TG VEVQIXIG LOQPHS
™¢ Motepimong oty B. EMGda, dmtwg eEGhhou €xel
maotnonBel row awd dhhoug gpevvité (Johnson xou
ouv. 1996, Buxton xaw Fraser 1977).

H ogoturtio twv oteheydv g L. monocytogenes €0¢l-
Ee 6t 10 92% avire otoug opdtumoug 4b o 1/2a. O

(P=0.0008<0.05). This finding has been confirmed in
our previous studies as well, in which the percentage of
the infected goat herds in relation to the sheep flocks
was 95.5% (Giannati-Stefanou et al. 1987) and 74.2%
(Giannati-Stefanou 1990). On the contrary, in other
countries the incidents in sheep flocks are more
common than in goat herds (Buxton and Fraser 1977).
In Great Britain an increase of incidents in sheep and
a fluctuation in bovine, but no incident in goats has
been reported in 1971-1982 (Fenlon 1985). Listeriosis
is rarely described in goats in the United States
(Johnson et al. 1996) and in many outbreaks described
world-widely the disease is more common in sheep than
in goats (MacDonald et al. 1972; Nilsson and Soderlund
1974; Wilesmith and Gitter 1986).

Regarding the incidence of listeriosis in the
examined bovine herds it was only 4.6%, since listeriosis
in bovine was detected in Greece recently (Giannati—
Stefanou et al. 1997).

In this study, it was also noted that the disease rarely
has been observed in young animals. It infected only a
four-month lamb and a one year old calf. According to
the data of this investigation few neural cases refer to
young animals, as it is possible that there are carriers that
develop the disease later or they may develop listeriosis
in another form. In other countries, serious epidemics
occur in young ruminants, however, the neural form of
listeriosis continues to affect mainly adult ruminants. In
Bulgaria studies were conducted on meningoencephalitis
due to Listeria spp and the disease was detected from
1977 till 1983 in 420 lambs aged between 10 days and 6
months. The infection was confirmed by isolating
Listeria from the brain of 56 out of 76 dead lambs.
(Burdarov and Savova—Burdarova 1987). In Scotland
the outbreak of listeria meningoencephalitis in young
lambs occurred in five-week old lambs. More
specifically, nine out of 240 lambs were affected. No
case of listeriosis occurred in ewes. Repeated attempts
for the isolation of L. monocytogenes from silage proved
negative. The incidence of clinical disease tended to
occur in this form, which was possibly caused by stress
factors during that particular period. The winter was
severe and the cold weather may have caused a sudden
decrease in the ewes’ milk production. This, in turn, may
have led lambs to decreased fluid intake and ingestion of
larger silage quantities, leading to a sudden dietary
change (Wardrope and Macleod 1983).

More pathological samples have been submitted to
the laboratory from November to March, the maximum
being in December and January, but occasionally or
rarely during the other months of spring and summer.
This revealed a strong seasonality in the outbreak of the
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000tuog 4b oty €peuvd pog oy O ETHQEATEOTEQOS
(81%) ota wrEd unELrAoTIXG, OOV JLOYVHOOTNRE 1)
VELEUXY HOEPT TS MoTepimong. Autdg o opdTumog eEa-
mhdveton omtd ™ Avtry Moxedovia wg ) Ogdxn ko
avevploretal oe Ghoug Toug vopots te B. EAAAdas and
TOVG OTO(OVG TTROEQYOVTOL TAL ATTOUOVMOEVTA OTELEYN.
ZTOVG TEQLOOOTEQOVG ETTIONS VOUOUS CUVOVTATOL O 0Q0-
tumog 1/2a, eve oL vTéhoLToL 0QTUTTOL E(VALL OTTAVLOL.

>t0 Néto Miootor twv HITA, »atdmv emdnuio-
hoywiig aEloddynong, diapdvnre Gt 0 09dTVITOS 4 Guv-
déeTon TOM) oUYVA e T VEVELXY] LORET] TNE AOTEQTM-
ong ota wxed pneuxaotizd (Johnson xon ovv. 1996).
Zmv Ovyyopia, oL Ralovich xaw ouv. (1986) €delEav otu
0 0p6TUTOS 1/2 Tty 0 ®VEIOEYOS 0T OTEAEYN TTOV OTTO-
novdvovtow amtd ta Loa. Zmv Ayyiic to 67% tov ote-
Aeydv ad meopata avixre otov ogdtumo 1/2 xau to
22% otov opdtumo 4 (Audurier zow ouv. 1986) now og
uto aAAn perét 1o 64,5% and 76 megLotatind Alote-
olwong avixe otov opdtumo 1/2a xwow uévo to 18,4%
atov ogdtumo 4b (Low xou ovv. 1993).

O Low #aw ovv. (1992) Bempotv 6t otehéyn g L.
monocytogenes 0Qdtumov 1/2a pe oyeddv idro 1 Tavtd-
ONUo TEOYIA, TOU TEOXVITEL OIS PACUATOPWTOWUE-
TONON, EUTAEXOVTOL O€ JLOPOQETIHG. TEQLOTATIXA AL-
oteplmong ae mpdPata, evd ateréyn Tov opdtumov 4b
ue oyedOV (010 TEOPIA (ITd NAEXTEOPOENOY OYETICOVTOL
ue emmdnxy veoo oe avBommovs oe dLUPOQETIRES Ye-
wypaprd mepLoygs (Bibb naw ouv. 1990).

Ze 6T agoed 0T QoyoTUTTiaL, ftay duvaty 1 TuITo-
moinon oto 87% Twv oteley V. ZT0L OTEAEYH TWV OUd-
dmV Tov 0p6TVTTOU 4 RO TOV 0EGTUITOV 1/2 tay duvaty
1 Tumosoinon oto 83,6% now oto 100% twv otelex v,
avtiotorya. Zuyreivovtag TOUg QAySTUITOUS TMWV OTEAE-
YOV, oot EOnxay opddes amd 2-9 otehéyn Tov (di-
ov opdtumov. Ta otehéyn g ndbe opnddag AMiovrov
oo tov (010 @dyo 1 ard wia oelpd Eaymy. Anuove-
YiBnxe, howtdv, uia owmhouoppio otig ouddes. Aev Ee-
yoolav ta otehéyn wéoa og vdbe oudda, ahhd Eeyd-
owlav amd opdda og opdda. Ta adiagogomointo ote-
Aéxm uiag Tétolag opnddag TEOEQYOVTAY OITO EXTQOPES
TEOPATMV %o owydv. Aexraemtd oteléyn Aoviay and
dLapoeTrolc neTaEl Tovg Pdyous, evd uévo ot 8
(13%) dev otadnxre duvorn 1 TVTOTOMN 0T TOUS 0TS KA~
moLov o7td Toug daBéouovg pdyous. To medAnua tmv
un AvBEviov amd pdyoug otehexdv eival ovyve ro
amoteet aduvapio Tg Avortumiag, Grwg TEORVITTEL KO
omd ta evpnuata AV uehetdy. ‘Otay eEetdotray 96
otehéyn L. monocytogenes, Tov aropovadnray amd ve-
%200 ROTOTOVAQ TEOOAQMV TTvoopayeiwv g loma-
viag, TO TOCOOTO TV U AVBEVTOV amd Qdyous OTele-
v oviiBe oto 44,8%. Ta avrtiotolyo wooootd oto
rhwvind detypara xupaivovron petoly 14,8-48% nou oto

neural form of listeriosis in Northern Greece, as it has
also been noted by other researchers (Johnson et al.
1996; Buxton and Fraser 1977).

Serotyping of L. monocytogenes strains showed that
92% belong to serotype 4b and 1/2a. In our study,
serotype 4b predominates (81%) in small ruminants,
where the neural form of the disease was diagnosed.
This serotype spreads from Western Macedonia to
Thrace and is found in all counties of Northern Greece
where the strains were isolated. Serotype 1/2a is met in
several counties of Northern Greece, while the rest of
the serovars are rare.

In South Missouri, USA, serotype 4 is most
frequently associated with encephalitic listeriosis in
small ruminants, as it results from an epidemiologic
evaluation (Johnson et al. 1996). In Hungary, Ralovich
et al. (1986) suggested that serovar 1/2 was the
predominant strain isolated in animals. In Great Britain
67% of strains from sheep belonged to serovar 1/2 and
22% to serovar 4 (Audurier et al. 1986) and in another
study 64.5% of 76 cases of listeriosis belonged to serovar
1/2 and 18.4% to serovar 4b (Low et al. 1993).

Low et al. (1992) consider that the strains of L.
monocytogens of 1/2a serotype with almost the same or
identical profile, resulting from spectrophotometry, are
involved in different listeriosis outbreaks in sheep, while
strains of serotype 4b with almost the same profile with
electrophoresis are related to an epidemic disease in
humans in different geographical areas (Bibb et al. 1990).

Concerning phage typing, 87% of the totally
submitted strains were typeable. A percentage of 83.6 of
serogroup 4 strains and 100% of serogroup 1/2 strains
were typeable. Comparing the phage types of the strains,
groups of 2 — 9 strains of the same serotype were
observed. The strains of each group were phage lysed by
the same phage or a series of phages. The strains did not
distinguish among each other in each group, but from
group to group. The undifferentiated strains of such a
group originated from sheep and goats. Seventeen
strains were phaged by different phages, while eight
strains (13%) were non typeable by any of the available
phages. The problem of non-typeable strains with
phages is often and consists of a weakness of lysitype, as
it results from the findings and of other studies. When
96 L. monocytogenes strains, isolated from chicken
carcasses from four different slaughterhouses from
Spain, were examined, the percentage of non-typeable
strains was 44.8%. The respective percentage of
typeability in clinical samples ranged between 14.8%
and 48% and from food samples between 0% and
85.7% (Capita et al. 2002). In order to compare these
results with ours we must take into account that the
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delyuoro toogipwy uetaEl 0-85,7% (Capita xaw ovv.
2002). T va ovyrpivouue ta evEruoTe TOV dAADY
EQEVVNTAV e TO drd pag meémel va Adfiovpe vrdym 6t
600 7o peydAog elvor 0 aQBUGS TV PAY®VY TG00 [E-
yahitego Oa elval ko 1o Tocootd Turortoinong. To mwo-
000T0, AoUTOV, PTtoEel va avELDEL (LE T XONOLUOTOM O
me6obeTwV @dywv. Emumhéov, €xel duaitepn onuaoio
AL 1] YEWYQOPLXY TROEAEVON TV OTEAEYWV. Elval Ao-
Yo naBe ywea va €xel T durt] ™S OELRd QAywV HOTE
VoL ETUTUYYAVETOL HOLL UEYAATTEQO TOGOOTS AVGLTUTTIOLS.

A6 ™) (oQToYedEnon THS YEmYQApLNg BEong Twv
oUadOTOLNUEVOV OTEAEY MV TTOV AVoVTay amtd €vav 1
TEQLOOGTEQOVS ROLVOUG PAYOUS SLOUTLOTWVETOL OTL TE-
TOlEC OUAdES Polorovtal og YeELTovIiroUg vouoUs, Srwg
Kukxic, @eooahovinng nor Xohudwmic | Apdpag xa
EdvOng. Autd umogel va eEnynBei evnoha amd ) e-
vyain mbavétnra petonivions Cdov petaEd duogwv
vouov (aryogomwinaoieg, »owol témol Béoxrnong), To
omoia, elte wg Poels elte wg polvouéva, HeTapéQovy
70 0TEAEYOG ATTd TOV Eval VOIS OTOV AALO 1] ardun wito-
el va vdeyet ®own sy uéAvvong.

A v dAAn peold Pognurav now opddeg otehe-
YOV Tov Aovtan amd ®owols pdyous xoL foloxovion
o€ TTOAD ATOUARQUOUEVOUS UETAED TOVS VOROUS, OTTMS
"EPoo naw Kidxic 1] "Efoo raw Oecoaroving | Xaixni-
St} (awdotaon 400 Km). Avtd eivan dvoroho vo eEn-
ynOel nouw motetovue OtL pwopel va elval €vag and
TOVG TOALOUG AGYOUC Yot TOUGS 0TT0I0VE 1) ETTLONUOAOY O
™g Motegiwong dev Bewpeitan amdiuta SLEVRQLVIOUE-
vn (McLauchlin xow ovv. 1986, McLauchlin 1987,
Nightingale xow ovv. 2004). Emuthéov, foéfnrav nou
ouddES OTEAEYWV EVIOTLOUEVES OE EVOL LOVO VOGS, GItmg
Poddmne 1 Apduog 1 Xairiduwmiig, ymelc va €xouy me-
doeL Ta OVVOQO TOV VOUOU.

e 0TL oA OTH QOYOTUITC, TWV OTEAEY DV TV dU0
Booeddv paivetor 6Tl ToL OTEAEYN CUTA AVIjHOVY OTOV
0pdtumo 1/2¢ xou Abovion 0mtd tov (dLo gdyo (4477). Av-
6 eEnyeltan, Gmmg mEORVITTEL na AT TEONYOUUEV
€ogvva (Mavvam—Ztegdvou »ar ovv. 1997), amd to
veyovog 6t oL 8o povadeg fooeldmv amd Tig omoieg
amopovadnxre n L. monocytogenes oloxoviav oe due-
o1 YELTV{OoN %Ol OVIRAY OE OUYYEVEIS RTNVOTOAPOUG.
"Hrav duvar, Aoy, 1 petddoon tou (dLov oteréyovg
ot ™) o opndda oty dky. Ta do otehéyn Oev Exovv
raplo oxéon pue omolodnrote dAAo otéheyog ®dOe o-
€hevong (Booedots, mpoPdrov 1 alyas) »oL To pova-
w6 otéheyog (No 547/84) mov avijxel otov (Do 0pd-
tumo (1/2¢) ue autd €yer teheimg duopoetind Avtrd
@dopo. [Tapauével, AoV, TO EQUTNIO OYETIRA UE TV
TEOELEVON TWV OTEAEYMV AT TaL 0ol LOAUVONHaY
ta fooewdi]. H meproyij wov Lovoay ta poivouéva fo-
oeld elvan amopovwuévy oty 0pooeld tg Poddmmce.

larger the number of phages, the larger the percentage
of phage typeable strains is. The percentage may be
increased by the use of additional phages. In addition,
the geographical origin of the strains is very important.
It is logical that each country is interested in having its
own set of phages, in order to achieve higher
percentages of typeability.

Mapping the geographic location of the groups with
common phage typed strains revealed the presence of
those groups in bordering counties, such as in Kilkis,
Thessaloniki and Halkidiki or Drama and Xanthi. This
is possibly due to the movements of animals to
neighboring counties (purchase, common pastures)
leading to the transmission of strains by carriers or
infected animals from one county to the other or may
represent a common source of contamination.

On the other hand, some groups of strains were
found in counties far from each other, as Evros and
Kilkis or Evros and Thessaloniki or Halkidiki (distance
of about 400 Km). This is difficult to explain and it is
believed that it can be one of the several reasons for
which epidemiology of listeriosis is not completely
clarified (McLauchlin et al. 1986; McLauchlin 1987;
Nightingale et al. 2004). Furthermore, single groups
were found within the border of only one county, such
as Rodopi or Drama or Halkidiki.

Concerning the two bovine strains, these belong to
serotype 1/2c and are phage lysed by the same phage
(4477). This is explained, as it results from a previous
study (Giannati—Stefanou et al. 1997), by the fact that the
two herds, from which the above strains have been
isolated, were neighboring and their owners were
relatives, so they could transmit the microorganism from
one herd to the other and vice versa. These strains are
absolutely different from any other strains of any species
and the only strain (No 547/84) that belongs to the same
serotype (1/2c) is phage lysed by a completely different
phage. Therefore, the question concerning the origin of
the strains from which the bovines were infected remains.
The region, where the infected bovine herds lived, is
isolated on the mountain chain of Rodopi. This land
topology constitutes a barrier for the passage of strains
from other neighboring counties. But the mountain chain
of Rodopi borders to Bulgaria, thereby it is possible that
the bovine strain, that has not been detected elsewhere
in Northern Greece, originates from Bulgaria.

Concerning the rare serotype 1/2b, phage typing
showed that three out of the five strains were undiffe-
rentiated, while two differed. All of them originate from
Halkidiki, except one (No022/84) that was isolated in
the nearby county of Kavala.

Another observation which results from serotyping
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H diaudopwon tov £ddpoug amotéheoe pQaryud YLoL T
dtodo oteheydv amd Ghhovg Suopovg vouovs. Eival,
AoLtév, TBavS To oTéAEY0S Amd TO 0TT0l0 LOATVON ROV
Ta fo0oELd 0T OUYREXQLUEVY TTEQLOYY ®OL TO OTO(0
dev dwamotdBnre wovBevd alkot oty B. EMAdda, va
TEOEYETAL OTTS T YeLToviny Bovlyapia, ue Ty omolo
ouvopeveL 1) 0000elRd Tg Poddmne.

¢ 6TL opod 0To omdvio 0pdtumto 1/2b, and ta. mé-
VIO OTEAEYT TTOV VROV OTOV 0QGTUITO QUTES 1) (OLYOTU-
mtio €de1Ee Ot tatelo dev Egxwoilovy uetakl tovg, eva
ta dvo draépouy. TTpogpyovral Sha amd alyeg Tov vo-
wot Xahniduriic, extoc amo éva (No 22/84) mtov amopo-
vaOnre ad T oxeTd xovuvi| tegroxn s Kapdiag.

AMM pio TaQATHENOM TOV TTQOXUITEL ATt TV 0QO-
TuTTia »ow T Qoryoturtia elvan 3Tl uoa oty dLa EXTEO-
@ awydv Peébnray dragopeTvd oteléyn Tov (dLov
opdtumov (22a/96, 22b/96) naw diha wov dapgQovv
%O OTOV 0QOTUTO %ot 0T0 parydtumo (14a/93, 14b/93).
Avopogetinol 0pdtumoL péoa otV (L eXTEOWT| €x0UV
dramotmOel exiong xow amd dhhovg epevvntés (Low
%o ovv. 1993, Gudmundsdottir zou ouv. 2004).

To cvuméQaoua s AUTHY TNV TOLUXOVTOETI] LEAE-
™ elvan 6L pio épevva oe Pdbog Bewpeitan amapaitn-
T YL SAOVE TOVG TUQAYOVTES TTOU TRONABETOVY, DOTE
T 2QOUVOUATO TS VOTOU VO WtoQotv &yl uévo va eEn-
ynBovv €& ohoxAjpov, alhd ®VEIWS VO OVTLUETWITL-
OTOUV RO VO OITTOTQATOVY.

Evyogiotieg

210 onueio avtd Ba Béhaue va evAQLOTHOOVUE TO
Ivonrtotto Yyiewric nau Mirgofrohoyiag tov [ovemi-
omulov tov Wiirzburg yuat tv ogotuzia »ow to Ivoti-
touto Pasteur yia ™) @ayotusio tov oteheyxdv thg L.
monocytogenes. a

and phage typing is that different strains with the same
serotype (22a/96, 22b/96) and others that differed both
in sero type and phage type (14a/93, 14b/93) were
detected at a goat herd. Similarly, different serotypes
were found in the same flock by other researchers (Low
et al. 1993, Gudmundsdottir et al. 2004).

Conclusively, it is believed that a research in depth
is necessary for all predisposing factors, so that the
outbreaks of the disease are not only to be explained in
whole, but mainly must be treated and prevented.
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