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Solmonello in Poultry flocks and Humans -
S. enterica subspecies enferica serovar
Enteritidis in the history

Salmonellen in Geflügelbestönden und beim lv\enschen -
S. enterica subspecies enterico sercvar Enteitidisin der
Vergangenheit

Wolfgäng Rabsch,Rita Pr:gerr, Peggy Braun,, U rich [4ethner

Aiter mport n9 of breeder ines for ay ng flocks from Canada into th€ former
GDR n 1966 the egg industry n thls counrry was cornp elely isolated fiom
that  n Wenern Germany or  otherWestern European.ounf i  es !nt i l  openi .g
the bord€r n Germany in I 989 Beca!se of th s isolation from orher coLrn
trles, an ana ysis oflhe clonal diversity of so/monelir 15.) Enterirtdis tsolates
org nated f fom humans,chickene and food in rhe former GDR dur n9 rhe
1980s would provid€ a unlque oppoftuniry ro obtain new n5ight inro facroß
rt  dr  nd.  hd ö r r ,9gör6d n ö ( .  . -  p  .  d  .  öp oön I
Whie iso at€s had prevlous y been typed by ihe phage typing scheme of
L. ko and Laszo we applied for the fißt rime the €xiended phage ryptng
lcheme byWard Jor  the r€rrospecr ive analys 5 of the S Enter t id is  sr ra ins.
Furthermore, isoliles of phage ryp€ (PT) 4/6 (Ward / Lalko and Laszo) ftom
different ivenocks were nven gated by r botyptng. A though n rotatthe
PT4l6 dom nated belween 1986 and 1989 npo! f iy ,otherphagetypeshave
prevaied in  the ear  y  1980s dnd fepresented a constderable f racr ion of  iso a
tes !nlil 1989 For insrance, PT8/7 wa5lsolated from ofe larg€ iyer f:rm
(d nrict Ha e) frorn 1988 !nri 1989. During rhat tim€ tn anolherfarm (dtsrricr
Cottb!t only PT8l7 was d€tect€d too. PT4l6 was iso ar€d from ne rher of
these lwo Laying hen farms.The nra ns of PT4l6 co! d be distingLrished by
r botyp ng in l9 dlfferent s!btypes.Th€ stDins from rhe northern farms wer€
d stinct ftom those iso ated in the southern reqlofs.
45 farnrs wh ch were harbo!r ng e ther PT4l6 or PT8l7 had obtained laying
hens trom th€ same sources (breeder ines in Deeßhe m and spreenhagen) ir
is  h ighly  probabe that  5 Enter i t id is  in fedon wa5 acqutred f rom the envi ron
meft al each ind vidua farm.This conclusion is a so supporred by rhe pre
senc€ of different PT4l6 ribotypes in d fferent farrns.The presence ofdiffar€nt
phage types or PT4l6 r botypes at different farm5 of .ying hens suggens
that  in  each case the S.  Enrer t id  s  s t ra ins presenr in  rhe envi ronmeft  were
ab e 1o ent€r  ch icken focks.

Keywords: Srlmone/d Enter tid s,epidemio ogy, pouLfiy,outbr€ak,
pnage ryp€s, r oolype5
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Nach dem r .porr  dar  Tucht  in  en lür  Legehe.nen a!s Kanada lm lahr  1966
war d le Eerndusrr ie  in  der  ehemai lgen DDR bis zLr  r  Grenzöf fn u ng 1989 von
Wendeutschland und.nder€n wesle! ropäischen Löndern vol  srändlg iso
lef t .Aufgrund d eserz!  anderen Ländern soler ten Si t !a t lon bot  s ich d ie
einz igar t iqe [1ög ichkei t ,e ine Ana yte der  k  onalenVerschied€nart iqkei t  der
5a/mon€l/d (t)-Enrer(is lsolate von Ä4enschen, Hühnern !nd Lebensmitteln
aus der f rüheren DDB dur. l rz l fuhren !nd romit  ne!e ln formaton€nz!r
5-Enter i t id is  Epidemologe2u erhaten.
w;hrefd früher die lsolare nach dern Lysotyp e'Schema nach L. ko und
Lasz o i rntersucht  worden waren,wurden in d e ler  ie t lospekt  ven An. lyse d le
5 E nteritidis Stä mn're nach dem I 999 erwe terte n Schema nac h Wi rd typl'
s ert. Da.über h na!s wurden d € 5tämme des Lysotyps 4/6 mittels B botypl€
u nt,"ßucht. Obwoh der Lysolyp 4/6 {Wa rdllalko a n d Laszlo) vo n 1 986 I 989
im Get  ügel  dom nier te,  kamen andere Lysotypen ln den f rühen 80er Jahren
vor !nd rna.hren e inen qewissen Ante i  b ls1989aus.50w!rdeimKlMC!r-
enberq (Bez rk  Ha le)  von lu 1988 b is  Dezember 1989 derLysotyp 8/7 iso
lert. n dies€r Ze r wurde auch im KIJ\.1 Roggosen (B€zirk Cottbus) n!r der
Lysotyp 8/7 idenLifizert. Lysolyp 4/6 hingegen wurde n d esen be den Lege
hennenbeständ€n während der  ganzen Ze t  n icht  ro le11.  Di€ 5tömme des
Lysotyps 4/6 konnten durch dle nibotypie n l7 veßchiedene Subtypen
unte(eit werden. Die srämme aus den nörd chen Klrv B€rrieben Lrfter
schieden s ch von def  südlchen KIM Berr ieben.  Da n den Leg€hennen
best ;nden,d ie von der  g € iche.  ZLrcht  in le (De€ßheim und Spreenhagen)
stammten,entweder Stiimme des Lysotyps4/6 oder 8/7 vorkämen, musnen
d e 5.  Enler i t id is-  ntekt ionen aus der  enßpre.hend€n Umwel t  der  e lnze nen
Farmen aqu r  €r t  worden sein Diese Sch ussfo gerunq wird a!ch durch das
Vorkornmen von verschledenen F bolypen d€s Lysotyps 4/6 in ve6ch ede-
nen Besränden !nterstützt Aufqrund des Nachw€ises von unreßchied ch€n
Lysotypen ode. Rlbotypen von LT4l6 n veßch €den Legehenn€nbenöndeir
kann verml let  werden,das5 der  E nt raq der  S Enter i l id  s  Stämme ln led€m
Fale a ls  der  Umwe r  in  d e Ben,nde er fo gte.

Schlüsselwörter:Sd/more/id Enter tidis, Ep d€miology, ceflüge , A!sbrüche,
Lysotyp,Ribotyp

lntroduction

In the 1980r public health laboratories in Europe and
the Anericas rcported a dranatic increase in the number
of human Salmorell, erdetca serovar Enteritidis
(S. Enteritidis) infections ßodrigu€ et al., 1990). During
the iime hom 1986 1988 the percenLage of notifiable
Sastrointesthal discases increased to 12 % and s'as the
goup second in importance nexi to the acute respirato-
ry djseases in East Gernany ßasch and Djttmann,
1989).The percentage of S. Enteritidis increased in 1987
b 34 a ot all Salnanella isolates starting wiih 4 % in
1985 over 21 0/o in 1986 (Böhme ei al. l9E9).In cerma
ny, S. Enteritidis became the serovar of Salnordla most
kequenily isolated ftom humans in 1986 and the highest
incidence of human cas€s was reporrcd in 1992 with an
incidence of 242.4 cases/100.000 inhabitants (i'schäpe et
aj., 1999). DurinS this S. EnteriLidis pandenic, thc majo
riiy ot outbreals in Europe and the Americas were baced
back io foods coniaining raw or undercooked chickcn
e$s (Louis et a1.,1988; Cowden et a1.,1989). SuNeillan-
ce perfomed by the Enter net National Referencc Labo
ratodcs since 1993 has shown that S. Enteritidis conti
nues to be the predominant serovar of Sal',ondln in

Western Europe.ln Cermany, S. Entedtidis accounted for
s5.4 % and 60.6 % of Snlnonela serovars isolated from
humars in 1997 and 2001 respectively. In 2005, the
National Reference C€nter for Sahmnelld and other
Enteric Pathogens ]n Wemigcrode identificd 49 S. Entcr'
itidis outbreaks in G€rmany (Aronlmous, 2006).
S. Enteriiidis phaSe tl?ing has proven to be a valuable
toolfor outbre:l< anallsis and for following the spread of
ndividual clones during the curent cpidcmic. Analysis
of epidemic isolates by phage typing demonsirated that
pha8e t!"e 0rI) 4 was r€sponsible for the dramatic
increase of human S. Enteritidis cases durnlg the 1980s
in several Western European countries. Based on these
obseFaiions it has bccn pioposed that the S. Enteriiidis
epidemic in ELrope was tiggered by the cmcrgence ofa
morc virulent clone, represented by epidemjc lT4 isola-
tes. Däta from the EntcPnet Salnoaella daiabasc indica
te a recent decline in th€ prevalence of PT4 in Europe.In
1998, PT4 causcd 6l E % of the 21,630 reported human
Sdlrrorclia Eni€itidis caserwhereas ln 2003 the shde of
PT4 decljned to 32.1 % ofthe registered 8,794 Salrn'dl-
ld Enteritidis cases. During that timc thc number of
Lluman S. Ent€ritidis isolates belonging to other phagc
r \ t  - .  i r , ,  - " a . . d  o n ! t  J b  )  f c , h ^  . t  " t . . - ' 0 , r .
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h this study a reinvcsijgation of S. Enteriridis
'  " i  '  o l  r l  .  o ' i b i  .  \ o . o . d t u u  l .  , o e . " g o , n
the fo.mer Eastem pari of Gernany (GDR, cerman
. - n o .  r l . p p b . ) h h  ,  i - o  o u  o g "
deiailcd infonnation on wäys of infection, spr€ad and
e . " o l . \  " r  o r ' o " . , i .  o h d g .  r , ? . ,  o  l l  i  r . p . ,

Mater ia l  and Methods

Strains
3.815 S. Eni.r i r id is +mins were_phagc L}?ed during

.,",,...,.::'":::l:,:':::1" il".i.1i'J,:t*:lt""l::,i^ä)i:il"iä:.tfl;:":::
cratic Republic, GDR) from 1986:1989 (Tab. t). A 
ihese S. Enteritjdis strains, reinvestigar€d in thls study,
were isolätcd fronr chickery eggs, food and human
beings. A total of 41 srrains belonging to PT4b/6 from

TABLE 2: Retrospectioe e*rni albn af difkrenl a tbreak stniß outbreaks wefe investigated to establish the stability
b,,/ thuge tltping uithin a u ique oltbteakaftü 15 yenls o/stordge. ofphage tping after storäge for ls years, because the
sourcer) | outbreäkt T i n e o t  N u m b . r  p h d g e t y p €  i o a l " r _ n  o r e o  o ' l  D o r ' F - A o  r ' I U "  d n d  r e -

Pra@ ourbrcör i orparienr wä;/Latko cltltured on Endo Agar plates. Ihe orighäl serolosicaL
monrh /year  { ,ä ib  .ndrä5 / to  r  t . ,  i f i  ,  o r  o  L ,o  no   E  r  v i t l  d1 t ,  ra l .  an" t t l

:!:9jE+=- i !!q . ]L I 4bl6 sefa was confinncd before investigaiion. Furrhermore,

f f i  8dr"o bv ' , . - ,  pirq

f ̂ arE 1 . Pe rce ntage oJ Sßttnotk:lld klt.ritidis phagt
tlfes it1 Eastetft Getnany betlDecn 19s6 ontl1g8g).

JABLE a. Occtrrence of difkrcnl S. E tetjtidis pT 4/6 libot1.lpcs

" l * : ; :  
IB . i l i : ! , : : : :  

- he ,ou inpp r r r .np ' . , 8o rs . tn r -  
ro ,w , . f c , ro rmpd

. i " f f i . . o | d 9 _ | | ' e 1 J o | n g $ l . n ' . W " | d t " | N o | n o | " " / -
f f i ; ;  " " S .  l 4 r  p  d s p  y p ,  a  o , o , o n p  r o  \ ' \ d d  ä n d  o

rcco,ding to lr n .nd Laszlo (Laszto ci al., 1985;
Rabscb 1996; Ward et a1.,1984.

Ribotyp ing

DNA isolation was performed according to"Standard
procedures in Molecular Biology" (Ausubel er ar.,
1997). DNA was diSested with the rcstriction enzymes
PslI and Spll and ftaciionated by electrophoresis
(Liebana et al., 2002). DNA fiagments wcre transfer
red to a positively charged nylon menbrane (Boehrin
8er) by vacuun blotting as rccomnended by the sup
plier (Phalmäcia) and fixed to the membnne bycross
linking (GS Gene Linkci', Bio Rad). The digoriSe-
nin 11 dUIP labelled C-DNA probe was synthesized
ftom 165 and 23S ribosonäl RN fron E. coli using
AMV reverce tränscriptase and the labeling was car
ried out äcco.ding to the Boehringer prorocol. Thc
.lesignation of ribotypes was made arbitrafily by lane
numbering, the most frequent type was givcn number'1. Untjl now strains of PT a/6 can be subtyped in
19 diffcrcnt ribotlpes. ln this siudy I ribotpes were

Results

The Salnorelli? Entediidis strains which wcrc collected
bciween 1986-1989 fron outbrcaks by difterent
hunan and verer'naty institutes were sent ro the
\ ,  i " r d l  p .  I . r e 1 , " ,  a - r  c  r o r  p h a 6 -  y p r r g  ,  r - r s \
tigate thc epideniological context. Thc doninanl
phage typ€ ot Salrxorrlla Enterjtidis isoiated from

Phage typing

1936 , r9a7 I r9a3 19a9
7t  i  Bo2 5a .3

|^BLE 3, Accurrence of differctt S. Enteriti(lis pT 4/6 ribotlpes
itt outbreak and rssocirtedfaad in fatnü Eastdn cenrut y.
Ribotype I  Ye. r  lNumber  I  Humanodg in  I  A$o. ia t€d
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human b€ingr different aninal speclet food or envi-
ronment in Eastern cermany was PT 6 (Lalko/Laszlo)
but other phage q?es as I'I8 and pT1 were atso
detected. The percenta€es of these difierenr pnaSe
i}?es are presented in Tablc 1. Since 1993 besiae the
phage tping scheme from Lalko/Laszlo we arso useo
thc i}Ping scheme developed by LirdaWard.A retro
spectivc examination of different outbreak strains,
sl- i rh werF or In,  ly i .o lar"d .  or d i tcrFnr "8or-
in ihe former cDR, after storage of rhe cultures f;. 15
/ e " r . r . v . l  h p - n i  o  n ' i y o t  p h a e e  V D e . o  5 r l r r o
,p//r  Lnrer i l  d,  .  - t rdjr- .  In d o,rb'eol  . r  , '  , .  at t  . r ," ," ,
fron hunan and food of the sin8le outbFak had ihc
ideniical phage type (l'able 2). Furthemore, using the
Ward phage tlping set a differentiation between pT4
and PT4b outbrcaks was possibLc. By using the exten
ded phaSe tping schene we colid identify rhrcc drs
tricts (KlM Hcrmsdorf, KIM Bernau and KIM Stor
kow) wher€ S. Enierilidis PT4b occu ed jn hlrnans
and chickens. In other disirjcts (KlM Neubuckow
KIM Wanderslcben and KIM Neukirchen) the ctassic
PT4/6 dominated. The large ouibreaks in th€ diskicts
Effurt, Dresden and ß€rlin in October 1986 were cau
sed by shäins isolated Fom salmon hening pastry
delivered to these rcgions, ali isolates beLong to pl4i6.
In 1989, isolates of S. Enteritidis PT 1/1 were fte
quenuy tound in the distdct Magdcburg and the KIM
Möckern €is. 3)

Using ribott?ing PT4/6 isolates ftom different sour-
ces could be furthcr differentiated. We applied the
subtping method by PslJI/Sphl double digcsr ro
S. Enteritidis PI4/6 isolates. The reinvestigation of
S. Enteritidis phage t}?e 4/6 strains 6om human out
breaks and associated food could be grouped byibo-
tplng in ditferent subLpes (Table 3). Furihermore the
isolates from different veterinary institutes sent ro the
National Reference Ccntef belonged io different ribo,
twes as well. The strains tsom the northem farms
ßaIM Neubuckow andVEC Dlemitz) were distinßis-
hed fron ihos€ isolated in the southern cDR, e g
KIM Wandersieben and KIM Neuknchen (Tabte 4).
Three strains of PT4/6 lsolated hom an egg (ICM
\Vdrder" ,  ber) bF or 8 to rrborype < " rort  er egg . .o.
lat€ (KIM Neubuckow) to ribotype 11and one human
derived strain (HI Errur!) to riboiype 3.

Discussion
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FIGURE 1t Donina l Salmonella clo es in thefotner Eastetn
GerMny since 1994 the Neue B ndcskender a d Berlin (PT =
phage tvpe; DT = delinitiüe lype).

FtcvBE 2. Otganisatiat oJ the e$ ptoductiofl in lhe

Jatnet Eastetll Getnany 1986-1989.

the number ofhuman S. Enteritidis cases was monito
red between 1973 and 1982 by a Nalional SuNeillan-
c€ Progranne (Zenhales Uberwachungsprogramm
SalnaneLla, ZUPSAL\,[). Although S. Enteritidis cau
sed only a relatively small number ot outbreaks in
Western Germany during the 1970s, rnost of ihcm
could be linked to foods containing ra$/ or undercoo-
ked chicken cggs (Rabsch et al., 2001). ln the district
f  - f u r l  r q  . u . \ e r '  L o \  a r n  C . r n  d r y .  L r w  ' g  r .  r . d  .
of salmonellosis was recorded between 1986 and
1987, which r,,'as caüsed by S. Enteritidis in 70 % of all
human cases and associated with thc conslrmplion of
eggs or ra!1' css products (Ullnann and Scholtze,
1989). Complex control mcasures in ihe egg produc
tlonwere initiated to mininize hüman infection (Mul-
Ler and Körbei, 1991). Infected breeder flocks were
identified to be the pdmary source of vertical Sal o
,ell, t.ansmission io the progeny This route is fotlo
wed by horizontal ofien self maintaining infcction
cycles in ihe flocks. Environmental SahnofleLla otga
nisms may älso enter such cycles (Heider 1989).

I .  o l n 8 4  \  L a e - i  d , " J s i .  " r p d o n t ) s p l r o i
. d  l y  . o  n  h u n d n -  , 1  r  p  . o r r ö r  L D R  T h p r p  s d  d
briel incrcase in the incidence of human S. Enteritidis
cases in 1972, which was traced back io thc consump
, r o  u f  o  r d m . .  " . d  b e p r  r o r  , " r \ e s  , " r . y , n 8  h "
organism.This sporadic increase ofS. Enieritidjs cases
attracLed little aitention since it was ov€rshadowed by
a morc dramatic increase in hüman infections with
S. enterica snbsp. efltetica serovar TFhimurium phage
t}?c DT204 thai could be also linked to cattl€ (Rabsch
et ä1., 2001). By 1973 S. Enteritidis had disappeared
again fron ihe epidemiological landscape and conti
nued to be jsolated only rarely from hunan beings in
Eastern Gernany until 1984 (f-i8. 1).

However, therc is evidence that S. Enteritidis beca
ine associated with chicken cggs before the 1980s in
Wcstcfn Cermany. For instance, in Western Germany

! *
*

€ " ^
3

Derivery of .hi.k dr{dy ro rhe rayinq
tlo.k colledives (t(ombinat IndunrielJe
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FtGURE 3. Distriblltion of .lifercnt S. Enterititjis ph|ge types in
F,rsterr Getnany ftun 1986 1989 (q89 = Aprit/1989i pT4/6 =
4 Wird schetne/ IßLko and Laszlo schene).

We decided to reinvestigate the S. Ente.jtidjs strains
isolated two decad€s ago jn thc cDR, bccalrse the
poultry industry in this counrry i.lcalty lends itsetf to
an analysis of the S. Enteritidis epidemjc fo. the foilo-

I .AJ.r  orepder ie  .or  dv i . l l  to .  .  ,d  bFpr |  ,po l
ted fron Caiada in 1966 tlie e'gg industli, in ihe CDR
wd, r  ,mf  er"h r .o l " r "  f ioa ha  

 

\4e.  prr  I  . rn ,  y
or other Wcstern European countries uniil op€ning of
thc borders to Westem Gennany jn 1989. This ctosed
sysrem represents an umque opporrunity to invesiigate
the ongin ofthe S. Enredtidis epjdemic.

2. In the former cDR 16.4 million inhabiianrs tiv€cl in
ls regional districts. The laying hen poprLlation in this
counhl composed of 24.4 mjllion btdr thus reprcsen
I  n 8  

_  o r g F '  n p l e ' t  o - e o o . m o l o g r  "  n u d i e , .
r  I  or  d .pr  ' r r l  br" . , ] inb Ia n (spreF r .  sc rpd

Be- i r ,  I  r  .  , . I  ,  here d" i  ;cred o .  -h ro r : .  t . ,  . , ,
hen faJns ßombinat Indusrrielle Mast Kh,o. Th;
l<no\m iracLe routes of chickens enabled us to anatyse
whether S Enteriiidis was inrfoduced at the tayer farms
locally or by acquting infected birds from ihe c€ntral
breedns fafm (Fis. 2).

Because ofthe findings in orher counrrier we assumed
that an analysis of ihc clonal diversity of S. Enterjtidis
rsoLates originated hom humans, chickens and food jn
the forner CDR during the 198ijs would pFvide an uni,

Berl. Münch.Tierärztl. Wochenschr I 20, Hefi 7/8,l28-333 (2007)

FtcttRE 4t Diffelent tibotvpes (Ps /SphI) patten
o.f S. E t?ritidis.

ql'e opportunity io obtair new insight into factors ihat
may have triggered the S. Entcitidis epidenic. ünrile
sol .  r "  \ "d or ,  r  "  \  oepr  t \oFc or  I  I  p  oge twi  I'  r " r  " o i r .  o  r r d  i  a , z  o  * ;  " p p  i " d  o r ' , n - .  . .  ' , r
the extended phage tping scheme by Ward which was
introduced in our lab in 1999 forrehospecrive analysis of
these stlains. Differentphage i}?es (PT6, PT1, PTZ sche,
me Lälko and i,aszlo) of S. Enterjtidis, isolatcd from a
1, .  rB f lo . i  q  \4 ' r  o"r . l "ben.  I  u inSL ro i  lu lp
1988-Ir y 1989 could be differentiated (I-udwjg änd CaI
.^q laq2) T1 l : ld\ ng flo r | . rr er r deae F. d, e8g
, o d  I .  o l  o r  ä r v . v i d " ( F o t c l t u . .  s i S a \ w " r p o b . .

ved (MnLler and Körbeq lqqr)
Alihough in toial the WaJd phage ry?e 4/6 doninated

between 1986 and 1989 in poultry other phage t}?es
prcvailed ln thc earlySOs andrepresenteda considcrabl€
traction of isolates until 1989. Large outbrealc in the dis-
tricts ErturL Dresden and Berlin were caused by strains
t}?ed as S. Enteriiidjs PI4l6. Some of these ouibreaks
v e - . . j u . d b y . "  n o n . 1 ,  r , a r p " . F v i r , f  /  e 6 r .  a
rccl cases jnvolved in October 1986 (Lrllmann and
Scholize, 1989) Fruthcrmore, PT8/7 wäs isolated 6om
Lhe far-m Gutenberg, district Lialle and rhe füm Roggo-
sen, district Coitbus between luly 1988 and December
1989 (Fig.3) PT4/6 was isolated Fon neiiher of ihesc

Using ribot}?ing PI4/6 isolates tsom different sources
could be iurther dificrenijat€d. W€ applied the subt,?ing
meihod by Pstlstlf double digcsi Lo S. Enteitidis pT4/6
isolates 0"anderas and Mendoz4 1998; Liebana et ai.,
2001; Clifford et al., 2003). The strains of phage g?e
f  a r  'o l - ld  b,  o i rELihe 'b \  b ry?,rb in  . .  aqou-
d ' l lprer  r  .ubry?F- l l rs  d)  f l^p .  a i r -  bor  .he norr l . - r  '
fafms (KlM Neuburkow) werc distjnct liom those ßora-
ted in ihe southcrD CD& e. gKlM Nelrkirchen (Iabte 3).

As farms which were harbourins PT4/6, PT4b/6 or
PT8/7 eithcr, had obtained laying hens Fon tne säme
sources (breeder lhes jn Dccrsheim and Spreenhagen) jt
is highly probabie that the S. Entcritidis infection was
acauired liom the envnonnent at each individuat fäJm.
This corlclusion is also supporrcd by the presence ofdif
terent PT4/6 ribotl,pes in diverse fams.The Dresence of
d i r r '  .  h"g,  rvp. .  6  p l r  o  f ibo\" - .  ; r  d i  r " rFf ,
l " r  n .  o  " v i  I  l e r  -  g g e . ' ,  t l , r t  i '  p - c h . ä . . t  .  ) .
Enteritidis sträi.s present in the cnvironment (i.e. in
rodent or vcrtebrate popularions) were able to enter chi

We thank Heidem.rie Cartermanr! Vera Trure, änd
Susannc Kulbe for iheir skjttui assjslance in phagc
i]?ing and Barbara Knilppel tor dboi}?jng.
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