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SUMMARY

A collaborative exercise, supervised by the World Health Organisation, was set up to compare
ELISAs used for the serological detection of Salmonella enteritica serotype Enteritidis in
chickens. The aim was to ascertain how far agreement could be reached on the interpretation
of optical density readings for high titre, intermediate titre and low titre sera. Two sets of sera
were sent to 14 participants. The first set compared high, medium and low titre sera raised in
specified-pathogen-free and commercial broiler breeder chickens. The second set comprised 20
sera of different antibody titres raised in commercial birds reared under laboratory conditions
and sent blind. Both indirect and double-antibody sandwich blocking ELISAs were used with a
number of different detecting antigens. With a few exceptions good agreement was reached on
the interpretation of results obtained from high and low titre sera from the optical density
obtained with a single serum dilution. Differences were observed in the interpretation of
medium titre sera. The results suggested that most ELISAs produce reasonably comparable
results and that practical problems may arise from interpretation of the results mainly as a
result of the choice of the criteria used for differentiating sera obtained from infected and
uninfected chickens. These problems are discussed.
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INTRODUCTION

In many countries Salmonella enterica serotype Enteri-
tidis has replaced S. Typhimurium as the predominant
serotype in both human disease and in poultry [1].
Bacteriological methods are generally required by
national and international legislation for monitoring
procedures to provide epidemiological evidence from
which control measures might be devised [2, 3]. The
desire for detailed and rapidly obtainable information
on the infection status of flocks has led to the
independent development in several countries of
ELISAs for the detection of circulating specific IgG
whose production is induced by invasive serotypes
such as S. Enteritidis, S. Typhimurium, S. Galli-
narum, S. Pullorum and S. arizonae (for review see
[4]). The advantages of the ELISA over other
serological assays in coping with large numbers of
samples of either serum or egg yolk together with
miniaturization, mechanization and the availability of
high quality reagents has led to the extensive use of
this system.

European Union legislation [3] allows for the use of
serological methods for screening purposes provided
that the method chosen is able to provide similar
guarantees of success produced by hatchery investi-
gations. Bacteriological confirmation of infection is
required nevertheless. ELISAs are already in use in a
number of countries for this purpose, particularly in
the Netherlands, where they are an integral part of the
51. Enteritidis control programme, and in the UK. In
such countries ELISAs have generated a great deal of
useful information on infection frequencies within
and between flocks.

As a result of successful standardisation of ELISA
procedures for brucellosis [5, 6], the World Health
Organisation (WHO) recognized the value of such
assays in monitoring salmonella infections in both
poultry and cattle. Since different ELISAs had already
been developed, largely independently, it was sugges-
ted at recent meetings of the WHO working group on
salmonella immunization in animals that a standard-
ization process should be instigated, at the very least
to enable different groups working in this area to
agree on the interpretation of results obtained by
assaying standard sera. An interlaboratory trial was
therefore set up to assess the performance of different
ELISAs using a bank of sera of known antibody
status raised in chickens against 5. Enteritidis. The
aim was not to compare such assays with other
procedures such as immunoblotting or micro-

antiglobulin [4] but rather to assess whether standard-
ization procedures might be necessary and if so how
this might be done.

MATERIALS AND METHODS

Trial laboratories

A number of laboratories were contacted which had
developed assays and were using them either for
research purposes or for screening poultry flocks for
invasive Salmonella serotypes.

ELISAs

Amongst the different laboratories taking part two
main types of assay were used, details of which have
been published elsewhere (see below). Although
details will not be presented in detail here, a summary
of the stages of the different ELISAs is shown in Table
1. An indirect ELISA, comprising antigen-coated
plates, for the detection of IgG in serum or yolk was
used by a number of groups. A variety of detecting
antigens have been used including lipopolysaccharide
LPS [7-9], whole flagella [10], recombinant flagellin
protein containing the serotype specific flagellin
fragment [11], SEF14 fimbrial antigen [12], outer
membrane proteins [13] and disrupted whole bacterial
cell proteins [7]. In the present study several partici-
pants' assays used LPS preparations. Flagella antigen
was used by participants C.S., J.H.V., P.M.D.,
P.H./R.P. and F.V.Z., outer membrane protein by
F. S. and K. N. and SEF14 fimbrial antigen by C. T. In
addition, G. S. used whole-bacterial-cell protein anti-
gen, repeating some of the tests with LPS. The other
basic method used, the double antibody sandwich
(DAS), ELISA, uses plates coated with monoclonal
antibody, followed by a pure or crude antigen
preparation. Test samples are then applied either
followed by a conjugate (CT) or by a conjugated
monoclonal antibody which will not bind if the
sample contains specific antibodies [14]. Various
preparations, such as 1M mineral acid, 0-5 M NaOH
or 1/20-1/50 diluted dishwashing detergent, were
used to stop the reaction. In some cases nothing was
used and the plate was read immediately.

Sera

Two sets of sera were used.
The first set was prepared by oral inoculation of a

group of five 3-week-old specified-pathogen-free
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(SPF) Light Sussex chickens, housed at the Institute
for Animal Health, Compton, UK, under conditions
described previously [15] with O3ml of a 10 ml
nutrient broth culture of S. Enteritidis P125589 (phage
type 4, [9]) which had been incubated for 18 h at 37 °C
with shaking and which contained c. 109 cfu/ml.
These chickens were then placed in the same pen as 25
uninfected SPF chickens. All the chickens were bled
every week for 7 weeks and then every second week
until sufficient sera had been obtained.

This set also included sera obtained from a
commercial company which had screened sera from
customers, some of whose birds had shown bac-
teriological evidence of S. Enteritidis infection.

The second set was obtained by hatching com-
mercial broiler breeder eggs from a flock free of S.
Enteritidis, S. Typhimurium, S. Gallinarum and S.
Pullorum. They were hatched and reared under SPF
conditions using commercial food. They were infected
and bled in the same way as the first group of Light
Sussex chickens.

Sera were titrated using an indirect ELISA with S.
Enteritidis LPS as antigen [7] and were stored frozen.
They were sent to the participants containing either
0-02% w/v sodium azide (first set) or 0-02% w/v
sodium merthiolate (second set) as preservative.

Protocol of trial

The trial comprised two stages. In the first, 3 strong
positive, 3 weak positive and 3 negative sera from SPF
chickens were distributed to participants. In addition,
2 strong positive and 3 negative sera obtained from
commercial chickens were sent, in view of reports that
sera from uninfected commercial chickens give higher
titres than SPF birds [10, 16]. The sera were tested in
the participants' laboratories using their own ELISA,
run in triplicate on 3 different days (9 times in total).
The results were reported as 9 individual optical
density values (OD) with the blank already subtracted,
together with the mean and standard deviation and
the OD values of the positive and negative control
sera in routine use.

In the second stage 20 chicken sera were sent to all
laboratories and run blind in triplicate. The results
and their interpretation (positive or negative) of the
results were then returned.

Bacteriological data were not collected since this
was not a field trial to assess the sensitivity of assays
in comparison with culture.

RESULTS

Stage one

The results presented in Table 2 are the arithmetic
mean of the nine results from each laboratory. In
addition, the optical density values obtained for the
standard positive and negative sera are shown
together with the standard deviation. It must be noted
that competitive blocking ELISAs (column FVZ) give
low OD values for high titre sera and high values for
low titre sera.

In general, most of the assays behaved in a similar
manner such that sera identified as high titre gave high
OD values and medium and low titre sera gave
intermediate and low values. Three participants
(H.V.H., R.D. and F.V.Z.) found that the medium
titre sera gave similar values to the high titre sera. This
was also the case with K.N. who also recorded high
values with the commercial low titre sera, higher than
the values obtained by P. M.D. and C.S. for the
higher titre sera. Whether this relates to the use by
C.S. and P.M.D. of flagellar antigen is unclear. G.S.
found that one of the commercial low titre sera
produced a high OD with a sonicated salmonella
antigen. Other results supplied by this participant
showed that this was eliminated by using LPS as
detecting antigen.

The positive control sera used by the participants
produced high OD values with two exceptions (M.G.,
P.M.D.) and the negative control sera gave very low
readings with one exception (K.N.). There was
considerable variation in the standard deviations
obtained by the different participants with greater
variation seen with the assays of P. B., C.W. and F.S.
and negligible variation seen with the assay of P. M.D.

Stage two

Although the sera were sent blind they have been
arranged in Table 3 in order of decreasing titre. With
the exception of the KN and CT assays the extent of
correlation between the results produced by the
different participants was again high. There was a
smaller gradation between high and low OD values in
one set of results (KN) and one participant (HVH)
produced much higher values generally although a
strong gradation from high to low titres was demon-
strated. This participant was using assay conditions
for optimum sensitivity.

The optical densities from Table 3 were interpreted
by the participants and these are shown in Table 4.
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Table 4. Participants' own interpretation of the data in Table 3

Interpretation of absorbances by the following participants

C.W. H.v.H. M.G. P.B. R.D. G.S. C.S. J.H.V. P.H./R.P. F.S. K.N. F.V.Z. C.T.

Titre Indirect ELISA using, as antigen
Serum against
no. LPS LPS LPS LPS LPS LPS WCP Fla

DAS ELISA
using

Fla Fla OMP Fla SEF14

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

51200
51200
25600
6400
6400
6400
6400
3200
1600
1600
1600
1600
1600
800
800
800
800
400
400
400

- + ±
±
±
+

±

±
+

See Table 2 for LPS, Fla, OMP, SEF14.
For key to participants see Table 1.

There was again no problem in interpreting the OD
values of the high titre sera whereas a mixture of
positive, weak positive and negative interpretations
were obtained with the intermediate titre group. Most
of the negatives were found in the low titre group. The
interpretations of four participants (P.B., R.D., F.S.
and C.W.) were very similar. Some participants
(M.G., K.N., G.S., C.T., F.V.Z.) interpreted at least
one low titre serum with a value as high as some of the
highest titre sera.

DISCUSSION

The results from the first part of this comparative
evaluation showed that, by and large, a good
correlation was obtainable between the OD values
and IgG titre of the sera when tested in different
laboratories with different assays. A similar degree of
correlation has been found in a joint exercise to
compare ELISAs for the serological detection of S.
Dublin infection in cattle, also supervised by WHO
[17]. The main problems arising from this exercise lay

in the high OD values obtained by some participants
with the intermediate titre sera. Since these had been
obtained from chickens which had been infected with
S. Enteritidis and the IgG titres in these sera were so
much higher than those of the low titre sera this
problem may not be intractable.

Because of this a greater number of intermediate
and low titre sera were included in the second part of
the exercise. Although in a small number of cases this
problem re-occurred, for low titre sera most assays
produced OD values considerably lower than those
for the intermediate titre sera. Despite this, a number
of participants interpreted these results as positive.
The extensive use of these assays in the field should be
questioned until such problems have been resolved. In
most cases these discrepancies of interpretation are
the results of different criteria used in determining cut-
off OD values above which a reading is considered
positive. In practice most of these assays would
therefore be expected to produce similar results and
thus the major problem is one of the choice of a cut-
off value. This is of considerable significance to the
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practical use of ELISAs for serological screening of
poultry flocks for S. Enteritidis and other invasive
serotypes. Absolute unanimity in interpretation of
low titre sera is more important than the same for high
titre sera because when used as a flock test the decision
to regard a flock as serologically positive may rest on
a small number of sera which produce OD values just
above the cut-off value. A possible way of overcoming
this problem could be to use, as a criterion, the
presence of individual sera in a flock sample which
contain very high titre antibodies and which therefore
should produce high optical densities, well above the
cut-off usually obtained from sera from uninfected
birds. This has been discussed at length elsewhere
[18, 19]. This does not negate the value of positive
control sera which should anyway be included. One
interpretation of the discrepancies in the actual values
is that the temporal antibody response to antigens
other than LPS and flagellin, such as SEF14 and
OMPs, may be different. The generation of infor-
mation on these points from experimental infections
would assist in the interpretation of individual assays.

One weakness of this comparative exercise is that
sera were produced and titrated by one of the
participants using one assay. Sera produced by
another laboratory may have produced different
results through, amongst other things, choice of test
or antigen. This does not, however, appear to be a
major problem since a number of quite different
assays compared produced consistent results.

Another problem raised by a recent workshop on
ELISAs for salmonella in poultry [19] was one of
specificity in using LPS-based ELISAs for group B
and D Salmonella serotypes. Mild periodate treatment
of group D LPS has been shown to remove the cross-
reacting 12 epitope, allowing increased specificity for
S. Enteritidis and other serotypes such as S. Gallina-
rum and S. Pullorum [20]. For screening for S.
Enteritidis only, SEF14 antigen [12] may be used,
since this is found only in this and one or two other
rare serotypes such as S. Moscow and S. Blegdam.
Research into the use of other antigens such as flagella
which are already incorporated into several of the
ELISAs in this study is continuing [11]. Flagella were
used because of the potentially greater antigenic
diversity although cross reactions may occur. Cloning
the serotype-specific fragment away from the con-
served N- and C-terminal parts may allow greater
specificity for a number of serotypes and enable
relatively large amounts of antigen to be produced
[21]. The use of combinations of detecting antigens to

enhance specificity has yet to be studied in sufficient
detail.

In a similar comparative exercise the WHO were
able to recommend a standardized procedure for the
use of ELISA for the serological detection of
brucellosis in cattle and a number of other hosts
including man [5, 6]. With the present assays for
salmonella already in extensive use it is uncertain
whether standardization can be taken to similar
lengths. Rather than reach a point where an exact
protocol is recommended it might be more appro-
priate for official testing to be carried out by assays
which have been approved by standardisation against
a set of sera similar to that used here. This work could
be organized by an international organization such as
the WHO or European Union.
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