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Introduction 

Johansson, T.M.-L., R. Schildt, S. Ali-Yrkko, A. Siitonen and R.L. Maijala: The 
first Salmonella Enteritidis phage type 1 infection of a commercial layer flock in 
Finland. Acta vet. scand. 1996, 37, 471-480. -The first Salmonella Enterzt1d1s phage 
type (PT) I infection m a commercial layer flock of 2700 birds in Fmland occurred m 
1995. All the brrds were ordered to be killed, the eggs to be destroyed and access to the 
layer house was demed m order to prevent spread of the mfection. Nmety one commer
cial layers, 61 replacement pullets and 1062 eggs were collected for the analyses. The 
total infection level of the flock was 8%, concentrated on the 2 older age groups. S. En
terztidis PTl was isolated from hvers (5%), ovanes (2%) and from caeca (3%), ofwlnch 
2 positive samples were detected with pre-ennchment and 3 without pre-ennchment by 
cultivation Rambach agar. Eight% of 105 pooled egg samples were positive, of which 
2 were detected only from contents and 3 only from shells md1cating both ov1ductal and 
faecal contammation routes of eggs. The results support the use of the extended sam
plmg procedure m poultry flocks suspected of human food-borne Salmonella outbreaks 
of mvas1ve serotypes, mcludmg not only faecal but also environmental, organ, blood 
and/or egg samples. 

caeca; livers; ovaries; eggs. 

During the past decade, infection of commer
cial layers with Salmonella Enteritidis and the 
resultant contamination of eggs have caused a 
marked increase in human salmonellosis in 
many countries (Rodrigue et al. 1990). Al
though there are over 30 phage types of S. En
teritidis, only a few of them have been impor
tant in food-borne infections (Humphrey 1994). 
In Western Europe, PT 4 is the most prevalent 
phage type, whereas PT8 is found in North 
America (Khakhria et al. 1991, Mason 1994) 
and PTl e.g. in Poland, Russia and Estonia 
(Hansenson et al. 1992). 

transovarian transmission, leading to the inter
nal contamination of eggs (Humphrey et al. 
1989b ). Several reports on experimental infec
tions oflaying hens by S. Enteritidis, especially 
PT4, have been published, but only a few on 
naturally infected commercial layer flocks 
(Hopper & Mawer 1988, Humphrey et al. 
1989b). Several studies have also been per
formed on the growth, penetration and detec
tion of PT4 in naturally and artificially contam
inated eggs (Humphrey l 989a, Humphrey et al. 
l989b, Humphrey & Whitehead 1993, Schoeni 
et al. 1995). However, no such reports are avail
able for PTl, because it has had only a minor 
role among reported S. Enteritidis infections. 

S. Enteritidis is a so-called invasive serotype for 
poultry. This means that it has the potential for 
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During August-October 1995 a food-borne out
break involving about 150 persons occurred in 
southwestern Finland (unpublished results). 
The causative agent was identified as S. Enterit
idis PTl by the National Public Health Institute 
of Finland. The same phage type had caused at 
least 8 outbreaks from unknown sources involv
ing over 400 people in southwestern Finland 
during the 1990s. In addition to these outbreaks 
only one other S. Enteritidis PTl infection has 
been reported in Finland (unpublished result). 
According to molecular biological analyses all 
the 8 outbreaks were caused by the same PT 1 
strain, which however differed slightly from the 
PTl prevalent in eastern Europe. Epidemiolog
ical studies were indicative of the eggs pro
duced by a poultry farm in southwestern Fin
land. However, despite several faecal samplings 
made in this farm during the 1990s, S. Enteriti
dis could not be isolated. In September 1995 
five commercial layers of the suspect poultry 
farm were killed and examined for Salmonella. 
S. Enteritidis PTl was isolated from one caecal 
sample. This was the first case in which S. En
teritidis PT 1 was detected in a Finnish commer
cial layer flock. 
Immediately after the S. Enteritidis isolation 
the Veterinary and Food Department of the 
Ministry of Agriculture and Forestry ordered 
all the birds to be killed, the eggs to be de
stroyed and access to the layer house to be de
nied in order to prevent spreading of the in
fection. The National Food Administration or
dered the withdrawal and destruction of the 
eggs originating from this layer house and mar
keted to some caterings, bakeries and one retail 
store in 3 surrounding municipalities. 
This work was performed in order to study the 
infection level of S. Enteritidis PTl in this com
mercial layer flock. The different isolation 
methods for Salmonella from caecal contents, 
with or without pre-enrichment and different 
selective plating media, were also studied. 
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Materials and methods 
Birds 
A total of 152 birds out of2700 (5.6%), includ
ing both commercial layers and replacement 
pullets, were autopsied (Table 1 ). The caeca 
were transferred into Petri dishes, ovaries and 
livers into separate stomacher bags. These sam
ples were analysed for Salmonella. 

Eggs 
A total of 1062 eggs were collected from the 
poultry house during a period of 14 days. Eight 
hundred sixty two of the eggs originated from 
commercial layers and 200 from replacement 
pullets. One thousand of the eggs were stored at 
room temperature (22-24°C) for the first 17 
days (Humphrey & Whitehead 1993) and at 
7.5°C for the last 5 days before analyses of Sal
monella. Additionally, 62 of the eggs of com
mercial layers were stored at 100% relative hu
midity (rh) at 22-24°C for the first 14 days. 
Five hundred thirty one of the eggs had been 
washed by the farmer. The other 531 eggs were 
unwashed and the shells were contaminated 
with faeces. The eggs were candled before mi
crobiological analyses to reveal spoilage and 
cracks. All the eggs had a poor shell quality 
(rough-surfaced, splashed and/or wrinkled) and 
therefore no disinfection was used prior to mi
crobiological analyses. Twelve of the eggs ( 11 
washed and 1 unwashed) stored at 100% rh 
were found to be spoiled and were rejected. 

Pathological analyses 
After killing, the birds were necropsied within 
a few hours and examined for gross lesions. 

Microbiological media and reagents 
The media supplied by LabM (Bury, England) 
were: buffered peptone water (BPW; LAB46), 
Rappaport-Vassiliadis broth (RV; LAB86), bril
liant-green phenol red agar (BGA; LAB34), 
xylose-lysine decarboxylase agar (XLD; 
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Table l. Detection of gross lesions and S Enteritzd1s PTl ma commercial layer flock 

Age Number ofbrrds Egg production Gross lesions Salmonella positive 
Type of b1rds Age group (weeks) m flock 

Commercial layers I 61 500 
Commercial layers II 74 500 
Commercial layers III 88 500 
All layers I-III 61-88 1500 
Replacement pullets 18 and 21 1200 

All birds 2700 

LAB32), triple sugar iron agar (TSI; LAB53) 
and urea agar (LAB130). On.oz (15034) (Onoz 
& Hoffman 1978), bromothymolblue-lactose 
(BROLAC; 1639) and Rambach (7500.0002) 
agars were supplied by Merck (Darmstadt, 
Germany) and slide agar from Orion Diagnos
tica (Espoo, Finland). Ferrous(Il)sulphate 
(FeS04x7H20) was obtained from Merck 
(3965), ANISalmonella test from ANI Biotech 
Oy (Helsinki, Finland) and the Salmonella typ
ing sera from Behringwerke AG (Marburg, 
Germany). 

Microbiological analyses of organ samples 
The microbiological analyses of Salmonella 
from both organ samples and eggs were based 
on the method of the Nordic Committee on 
Food Analysis (Anon. 1991 ). 
The contents of caeca were analysed twice: im
mediately after the birds were autopsied (I iso
lation) and 4 weeks later (II isolation}, after 
storage in a freezer at - l 8°C. Each isolation (I 
and II} was performed with and without pre-en
richment. 
In the pre-enrichment procedure 0.5-1.0 g of 
caecal contents were transferred by a loop into 
BPW (9 ml), which was then incubated at 37°C 
for 24 h. 0.1 ml of this pre-enrichment culture 
was further transferred to RV (IO ml) and was 
incubated at 4 l .5°C for 24 h. Analysis without 
pre-enrichment was performed by enriching a 

sampled (%) (%) (%) 

30 87 13 0 
28 57 43 18 
33 82 18 18 
91 75 24 12 
61 26 0 0 

152 56 15 7 

loopful (about 0.5 g) of caecal contents in RV 
(IO ml) at 41.5°C for 24 h. In both procedures 
0.1 ml of RV was streaked in the first isolation 
(I) onto BROLAC and On.oz agar plates. In the 
second isolation 4 different selective media 
(BGA, XLD, Onoz: Rambach) were used in 
both procedures, and additionally Orion slide 
agar was also used for the procedure without 
pre-enrichment. The plates were incubated at 
37°C for 24 h. 
All the livers (30-60 g) and ovaries (about 60 g) 
of commercial layers were stomachered in 200 
ml BPW and ovaries (2-6 g) of replacement 
pullets in 50 ml BPW for 30 sec and incubated 
at 37°C for 24 h. O.lml aliquots of these cul
tures were further enriched in RV and streaked 
onto XLD and Onoz media, which were incu
bated at 37°C, XLD for 24 h and Onoz for 
48h. 

Microbiological analyses of eggs 
Ten eggs were pooled together to form 2 sam
ples: contents and shells. This resulted in I05 
pooled samples of contents and I05 pooled 
samples of shells. Sterile disposable gloves 
were used while cracking the eggs and were 
changed between each pooled sample. The eggs 
were broken by cracking the shells against the 
edge of a basket covered with a sterile stom
acher bag, which was changed between each 
pooled sample as well. The contents and shells 
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were each transferred into their own stomacher 
bags. BPW supplemented with ferrous(II)sul
phate (35 mg/I) (Gast 1993) was added into the 
bags to obtain a ratio of 1 : 1 sample to BPW. 
This meant 500 ml BPW for the contents and 
100 ml for the shells (Wray & Davies 1994). 
The samples of the contents were homogenized 
in the stomacher for 30 sec. About 50 ml sam
ples of these suspensions were transferred into 
tubes for most probable number (MPN) analy
ses and were stored in a freezer at-l 8°C. Shells 
were crushed by hand. The pre-enrichment 
broths and RV were incubated as for the organ 
samples. XLD, Onoz and Orion slide agar were 
used for selective plating. 
The MPN procedure performed with the 
pooled samples of egg contents from which S. 
Enteritidis PTI was detected. Three dilutions 
with 5 replicates were analysed, which resulted 
in 5x4 ml, 5x0.4 ml and 5x0.04 ml of undiluted 
contents. Pre-enrichment was performed in 
BPW and enrichment in RV. XLD and Onoz 
were used as solid selective media. 

Corifirmation of Salmonella 
2-4 typical or suspect colonies from each plate 
were confirmed by culturing on TSI and urea 
agars. Pure cultures were made on BROLAC
agar. Presumptive serological confirmation was 
performed with the ANI Salmonella test. The 
positive isolates were serotyped according to 
the Kauffmann-White Scheme. Phage typing 
was performed at the National Public Health In
stitute using the Collindale system (Ward et al. 
1987). 

Results 
Birds 
S. Enteritidis PTl was detected in 11 of 152 
birds (7% ). All of the positive birds were older 
commercial layers and 10 of them were in full 
lay (Table 1 ). S. Enteritidis PTl was detected in 
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7 (5%) liver samples (Table 2). In 3 of these 
birds with positive livers the ovaries were also 
salmonella-positive (2%). In the first isolation 
Salmonella could not be detected in any of the 
caeca. However, in the second isolation the cae
cal samples of 5 birds were found to be salmo
nella-positive (2 birds by the procedure with 
pre-enrichment and 3 birds without pre-enrich
ment), of which one was detected to be liver 
positive as well. The use of Rambach agar re
vealed all the 5 positive caecal samples (Table 
2). 
During necropsy peritonitis, salphingitis, white 
spots in the liver or ovary, necrotic foci in the 
liver, deformed or discoloured ovaries and air
sac infection were detected as gross lesions (Ta
ble 1). Additionally, persistent cystic right ovi
duct was seen in 3%, 32% and 9% of the 
commercial layers of the age groups I, II and 
III, respectively. Leiomyoma of the mesosal
pinx was detected in one hen of the age group 
III. There were no correlations between the per
centage or the type of gross lesions and the per
centage of Salmonella detected in different 
groups of commercial layers. No gross patho
logical changes were observed in the replace
ment pullets. 

Eggs 
Eight (8%) of 105 pooled egg samples were sal
monella-positive (Table 3). Of these 6 origi
nated from commercial layers and 2 from re
placement pullets. 1\vo of the positive samples 
were positive only in contents. All the shell pos
itive samples of washed eggs (3) were also pos
itive in contents, whereas none of the shell pos
itive samples of unwashed eggs (3) were 
contents positive. All the pooled samples of the 
eggs stored at 100% humidity were negative. 
The cell densities of the positive contents varied 
from <2.5 to <25 MPN/egg in 2 samples and 
from 2.5 to 25, from 150 to 1500 and from 450 
to 4500 MPN/egg in the other 3 samples de-
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Table 2. Isolat10n of S Enteritidis PTl from organ samples of commerc1al layers (l-91) and replacement pullets (92-152). 

Number Liver Ovanes Caecal contents, Caecal contents, second tsolation 
first 1solanon 

BPW&RV BPW&RV BPW&RV RV BPW&RV RV 
XLD&O XLD&O BR&O BR&O BGA XLD b R BGA XLD 0 R 0 

I + + 
2 + + 
3 + + 
4 + 
5 + 
6 + 
7 + + + + + + 
8 + + + 
9 + + + 

10 + 
11 + 
12-91 
92-152 

BPW = pre-ennchment in buffered peptone water, RV= ennchment m Rappaport-Vassihadis medmm, BR= bromthymolblue-lactose, 
BGA = bnlliant-green phenol red agar, XLD = xylose-lysme decarboxylase agar, 0 = Onoz agar, R = Rambach agar, 0 = Orion shde 
agar, + = detected, - = not detected. 

pending on the numbers of positive eggs in 
pooled samples. 
Both XLD and Orion slide agar detected all the 
11 positive samples of the 210 pooled samples 
of contents and shells. Onoz gave 1 false nega
tive. If typical reactions in the tests with TSI, 
urea and BROLAC and agglutination in the 
ANltest but a negative result by serotyping is 
counted as false positive, XLD gave 6, Onoz 1 
and Orion slide agar no false positives. 

Discussion 
In the present study the infection level of the 
commercial layer flock by S. Enteritidis 
PT 1 was low (7%) compared to that in a case de
scribed by Hopper & Mawer (1988), who re
ported 26% of the birds of a commercial layer 
flock to be positive for S. Enteritidis PT4. This 
may due to differences in the infection or in the 
phage type. However, the sampling rate was 

higher in the present work (152 birds out of 
2700) than in the study of Hopper & Mawer ( 50 
birds out of 60000) (1988). They also studied 
birds, which had died after infection, whereas 
in the present work Salmonella was detected 
from freshly killed birds. Poppe (1994) re
ported infection levels of 1.3% and 16% in 2 
flocks infected with S. Enteritidis PT 13. Signif
icant differences between S. Enteritidis strains, 
isolates or phage types in intestinal coloniza
tion, faecal shedding and invasion to internal 
organs and isolation frequences have been re
ported. These varying results may also be due 
to the differences in detection and inoculation 
methods, doses or ages of birds (Gast 1994). 
All of the salmonella-positive birds (11) origi
nated from the 2 older age groups. This con
forms with the study of Humphrey et al. 
(199la}, in which prolonged faecal carriage of 
S. Enteritidis PT4 was observed in older (52 
weeks old) specific pathogen free (SPF) White 
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Table 3. Detection of S. Enteritid1s PTI m eggs. 

Number of Type of birds Washmg 
pooled samples 

Commercial layers No 53 
Commercial layers Yes 32 
Replacement pullets Yes 20 

Total 105 

Leghorn compared to younger birds (20 
weeks old). The earlier studies of Humphrey et 
al. (1989a) with commercial laying flocks con
taining birds of different age groups also sup
port this result. 
Because of the pooling, the exact contamina
tion level of eggs cannot be determined, but it 
lies within the range 0.8-8%. Various infection 
levels of S. Enteritidis PT4, such as 1.1%of451 
eggs, 10.3% of68 eggs and 1.9% of 1952 eggs 
(from shells and contents) laid by naturally in
fected flocks have been reported (Humphrey et 
al. 1989b, 1991b). 
Two of the salmonella-positive pooled egg sam
ples were detected only from the contents 
(0.2-2%). This conforms with the results of 
large-scale studies with naturally infected com
mercial laying flocks (Humphrey et al. 199lb). 
These studies showed that on average 0.6% of 
eggs from S. Enteritidis positive flocks have 
salmonella-positive contents. Humphrey et al. 
(1989b) studied naturally infected birds and re
ported that the production of contents-positive 
eggs per bird was constant (approximately 1.5-
2. 0% ). This conforms with the results of the 
present study, in which S. Enteritidis PTI was 
detected from 11 commercial layers. If all the 
10 of these birds which were in full lay would 
have laid one egg per day, a total of 140 eggs 
would have been produced during 14 days. 1.5-
2.0% would give 2-3 contents-positive eggs 
In fact, 2 pooled samples of contents were pos
itive and one pooled sample was positive from 
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S enterit1d1s PT! detected m Salmonella 
Contents Shells Contents and shells positive 

1 3 0 8% 
1 0 1 6% 
0 0 2 10% 

2 3 3 8% 

both contents and shells of commercial layers. 
In the present study the MPN-values (<2.5-<25 
MPN/egg and 450-4500 MPN/egg) of the 2 
contents-positive egg samples of3-5 weeks age 
indicate that the contamination site might have 
been albumen, which in the case of intact eggs 
usually means infection in the upper oviduct 
(Humphrey et al. 1991 b ). Oviducts were not an
alysed, but the number of positive samples of 
ovaries (5/152) reflects the infection of repro
ductive tissues. 
The number of egg samples positive in both 
contents and shells (0.3-3%) was high com
pared to the result of Humphrey et al. (1991b). 
They detected only one egg out of 38 positives 
to be positive in both contents and shells, and 
concluded that there is no association between 
shell and contents contamination of intact shell 
eggs naturally contaminated with S. Enteritidis 
(Humphrey 1994). However, Schoeni et al. 
(1995) showed for artificially contaminated 
eggs that S. Enteritidis added to sterilized 
faeces on the shell surface penetrated the shell 
in 3 days at 25°C. In the present study the eggs 
were of poor shell quality, faecally contami
nated and stored at 2 different temperatures for 
a total of 21 days. Furthermore, the 3 pooled 
egg samples which were both contents- and 
shell-positive, originated from a group of eggs 
washed by the farmer. According to Moats 
(1978) washing enhances the penetration of 
faecal material into the eggs. On this basis the 
faecal contamination route might be suspected 
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in the case of these 3 pooled egg samples, pos
itive in both contents and shells. 
Two samples of pooled eggs originating from 
replacement pullets were detected as positive, 
although S. Enteritidis PTl could not be iso
lated from the organs of replacement pullets. 
This result conforms with the studies of Hum
phrey et al. (199la, 1989a), who detected that 
18-20 weeks old birds, artificially contaminated 
by S. Enteritidis PT4, layed contaminated eggs 
(positive either in shells or contents) although 
faecal carriage was not detected and the birds 
were largely clinically unaffected. They could 
not isolate Salmonella from organ samples 
when the birds were killed. These observations 
indicate that the eggs of replacement pullets 
might be contaminated either by reproductive 
tissues or by faeces, although Salmonella was 
not detected from the flock possibly because of 
the low infection level. In the present study, al
though these positive egg samples were positive 
in both shells and contents, the faecal contami
nation route was more probable. Furthermore 
the 3 pooled egg samples from commercial 
layers which were positive only in shells mdi
cated the faecal contamination route, which 
was confirmed by the 5 caecal samples detected 
to be positive. 
In our study the caeca were analysed twice and 
in both isolations not only by direct enrichment 
in RV but also using pre-enrichment. However, 
the first isolation with 2 selective plating media 
failed to reveal the 5 positives, which were de
tected in the second isolation using 2 proce
dures with 4-5 selective plating media. Two of 
the 5 positive results, which were obtained by 
pre-enrichment, were based on one typical col
ony on Rambach agar plates. This indicates that 
the numbers of salmonella in caeca were low 
and that the organisms were probably unevenly 
distributed in the contents. Therefore special at
tention must be paid to the sampling method. 
The whole caecum must be cut open and the 

sample of 0.5-1.0 g collected from the whole 
area in order to ensure detection. 
One purpose of this study was to compare the 
isolation methods of Salmonella with and with
out pre-enrichment for analyses of caeca. The 
infection level of the flock was low and there
fore conclusions cannot be made on the super
iority of either of the procedures. It might be 
supposed that faeces of sick animals are heavily 
contaminated and then Salmonella is easily iso
lated without pre-enrichment, but it is not nec
essarily so in the case of carriers without symp
toms. 
Caeca of poultry are rich in Proteus species, 
which interfere with the detection of Salmo
nella. The correct choice of solid selective me
dia is therefore very important. BROLAC could 
not be used because of swarming of Proteus, 
and BGA promotes the growth of Salmonella
like colonies which prove to be negative in bio
chemical confirmation. Rambach agar detected 
all the positive caecal samples and was the only 
medium which detected the 2 positives found 
by pre-enrichment. This medium also prevents 
the swarming of Proteus as efficiently as Onoz. 
Rambach has proved to be successful in the de
tection of Salmonella species other than S. Ty
phi also in other studies (Garrick & Smith 1994, 
Mana.ft & Sommer 1992). Onoz has been 
widely used for both faecal samples and foods 
in Finland for many years (Johansson & Hirn 
1992, Hirn et al. 1992) and it performed well in 
the analyses of eggs, as did XLD and Orion 
slide agar. It is rather selective and rarely gives 
false positive results. Orion slide agar was in 
the shape of a slide and therefore the surface 
available for spreading an inoculum was too 
small to obtain separate colonies, which de
creases its performance. In the future when it is 
available as plates, its performance could be re
evaluated. However, it detected all the positive 
egg samples, with no false negatives or posi
tives. 
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The surveillance for Salmonella of commercial 
layer and broiler flocks is usually based on the 
analysis of faecal samples. However, faecal 
sampling had failed to detect S. Enteritidis PTI 
infection in this layer flock despite efforts made 
over several years. Neither did the first isolation 
detect Salmonella in the caeca of 152 freshly 
killed birds. These difficulties can partly be ex
plained by the low level of infection of the 
birds. Additionally, faecal shedding may be 
normally absent and evoked in some cases e.g. 
by stress (Shivaprasad et al. 1990). Therefore 
these results indicate the need for extended 
sampling procedures in poultry flocks to survey 
the risk for human food-borne Salmonella in
fections. These samples should not only include 
faecal samples but also environmental, organ 
and/or blood samples. The collection of eggs 
for several weeks and the study of pooled egg 
samples could be a practical sampling method 
for suspected flocks of commercial layers. 
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Sammanfattning 
Den forsta Salmonella Ententldis fagityp 1 mfektio
nen i ett kommersiellt iiggproducerande honshus i 
Fm/and. 

Det forsta finliindska Salmonella Enteritidis fag1typ 
(PT 1) mfektionsutbrottet 1 en kommersiell iiggprodu
cerande hOnsflock med 2700 raglar har forekomm1t 
och studerades. Alla raglar slaktades, iiggen forstor
des och tilltriide till farm en forbj Ods for att undv1ka 
spridandet av mfektionen. 91 iiggproducerande ho
nor, 61 unghonor och 1062 iigg samlades for analy
senng. Det totala mfekt1onsstadiet 1 flocken var 8% 
koncentrerat I de 2 aldsta aldersgruppema. s Enten
tidis PT l 1soledares friin lever ( 5% ), iiggstockar (2%) 
och caecum (3%). Av de pos1tlva caecum proven 
pavisades 2 med preannkning och 3 utan preannk
mng pa Rambach-agar. 8% av 105 samlade iiggprov 
var pos1tiva av vilka 2 upptiicktes endast 1 mnehiillet 
och 3 1 skalen vilket mdicerar bade ov1ductal och fe
kal kontammenng av iiggen. Resultaten stOder an
viindandet av en utv1dgad provtagnmgsprocedur 1 fjii
derfaflockar som m1sstiinks for humana hvsmedel
buma Salmonella utbrott, bestiiende mte enbart av 
faecesprov utan iiven prov friin m!IJo, organ, blod 
och/eller iigg. 
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