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IMMOBILISATION OF ANTIGENIC
CARBOHYDRATES TO SUPPORT
DETECTION OF PATHOGENIC
MICROORGANISMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a national phase entry under 35
US.C. § 371 of International Patent Application PCT/
NL2006/000218, filed Apr. 24, 2006, published in English as
International Patent Publication WO 2006/112708 A1 on Oct.
26, 2006, which claims the benefit under 35 U.S.C. § 119 of
European Patent Application Serial No. 05075967.9, filed
Apr. 22, 2005.

TECHNICAL FIELD

[0002] The invention relates to the field of chemistry and
diagnosis, more in particular to diagnosis of current and/or
pastand/or symptomless infections or ofa history ofexposure
to a gram-negative-bacterium (such as an enterobacteriaceae
or alegionella). Even more in particular, the invention relates
to the screening of animals or animal products for the pres-
ence of unwanted/undesired microorganisms. The invention
further relates to a method for screening samples for the
presence of antibodies directed against unwanted/undesired
microorganisms and, preferably, such a method is performed
with the help of a biosensor. The invention also relates to a
method for immobilizing polysaccharides to solid surfaces.
The invention furthermore provides solid surfaces with
immobilized polysaccharides as well as applications of such
surfaces.

BACKGROUND

[0003] Theworld is full of gram-negative bacteria, many of
which are members of the family Enterobacteriaceae. Mem-
bers of this family are found in the gastrointestinal tract of
animals, but many are also free living in soil and water.
Members of the family Enterobacteriaceae have very com-
plex antigenic structures. Moreover, they comprise multiple
antigens that are identified as K-antigens, H-antigens and
O-antigens. The K-antigen is the acidic polysaccharide cap-
sule. The capsule has many functions including evasion from
the immune system of the infected host and adhesion to the
epithelium of the host. The H-antigen is located on the fla-
gella.

[0004] The outer portion of the cell wall in gram-negative
bacteria is chiefly composed of lipopolysaccharides (LPS).
LPS is composed of lipid A, which is buried in the outer
membrane, a short carbohydrate core and optionally a chain
of polysaccharides that is made-up of repeating units. The
O-antigens are located on the polysaccharide. Lipid A is the
toxic constituent of the LPS. As cells lyse, LPS is released,
leading to fever and complement consumption. It also inter-
feres with coagulation and, at high concentrations, eventually
leads to a state of shock.

[0005] As a non-limiting example, one member of the
enterobacteriaceae, Salmonella, will be discussed in more
detail. A large number of the subspecies of the genera of
Salmonella enterica are important pathogenic bacteria for
humans and animals. Besides animals going into a pathologi-
cal episode, animals can be symptomless carriers of the bac-
teria. Contaminated animals can be a source of these patho-
gens threatening public health, for example, through the food
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that these animals produce. As many stakeholders consider
the number of unacceptable food-borne Salmonella infec-
tions, measures have to be taken to contain this pathogen from
entering the food chain.

[0006] Salmonella is of major significance as a pathogenic
microorganism in food-borne infections in humans, causing
mild to severe clinical effects. In The Netherlands, 5% of all
identified cases of gastroenteritis are salmonellosis (Edel et
al., 1993; Hoogenboom Verdegaal et al., 1994). The average
incidence of this infection is 450 cases per 100,000 person
years at risk, which is similar to that in other industrialized
countries (Berends et al., 1998). Despite the 2480 serotypes
identified in the group of S. enterica up to 2001 (Popoff,
2001), only a small number have been involved in human
infections (Grimont et al., 2000). Salmonella typhimurium
plus Salmonella enteritidis represented >75% of all Salmo-
nella isolates from human sources sent to the Dutch National
Salmonella Centre at the RIVM in 2002 (Van Pelt et al.,
2003). This percentage consisted of 51% contributed by con-
tactwith chicken products (poultry 15%; eggs 36%) (Van Pelt
etal., 2003).

[0007] Detection of immunoglobulins in the body fluids of
organisms (serology) is a way to establish a history of expo-
sure of animals and humans to infectious agents. A humoral
response against Salmonella antigens can be detected in
chickens one week post-infection and persists for at least ten
weeks, even if the bird is no longer culture-positive (Holt,
2000). The antigenic determinants of Sal/monella are, as
described above, composed of somatic (O), flagellar (H) and
surface (Vi) antigens (Holt, 2000). Variations in the compo-
sition of antigens correlate with different Salmonella sero-
types.

[0008] Typically, serology is faster than culture-typing of
the disease-causative organism. Fast and specific detection of
potential Salmonella-positive herds and flocks is of impor-
tance in order to take adequate measures in production pro-
cesses. The detection of antibodies in serum and blood
samples from food-producing animals reporting the presence
of zoonotic pathogens is, therefore, of significance. Such
information is then used as the input for risk-assessment and
rational slaughtering of potentially pathogen-contaminated
animals in order to be able to increase food safety, but also to
improve occupational hazards and to reduce spreading of the
pathogens in the environment.

[0009] A number of serological tests have been developed
for the detection of invasive Salmonella species. Among
many such methods, agglutination and FLISA have most
commonly been used (Barrow, 2000). Agglutination tests
have been used successfully to eradicate Salmonella
pullorum from poultry flocks. However, the approach is cum-
bersome, laborious and not suitable for large-scale screening
programs according to modern standards. Several ELISA
procedures, which are considered relatively cheap and fast,
have therefore been developed to detect anti-S. enteritidis and
I-antigen responses inpoultry sera (Barrow et al., 1996;
Thorns et al.,, 1996; de Vries et al., 1998; Barrow, 2000,
Yamane et al., 2000).

[0010] The use of biosensors also promises to be useful,
cheap and rapid in this area of analysis. In addition, the
technique is able to detect multiple analytes of any biomo-
lecular type in a single run. A biosensor is defined as an
analytical device consisting of (i) a re-usable immobilized
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biological ligand that “senses” the analyte, and (ii) a physical
transducer, which translates this phenomenon into an elec-
tronic signal.

[0011] The surface plasmon resonance (SPR) phenomenon
was first recognized in the early 1960s (Kretschmann and
Raether, 1968) and the first SPR biosensors were introduced
in the 1980s (Liedberg et al., 1983). It took until the late 1980s
and early 1990s before the first commercially available SPR-
based biosensor equipment was released on the market. Ini-
tially, this type of biosensor attracted the interest of pharma-
ceutical companies as a secondary tool for both selective and
sensitive in vitro screening of promising novel pharmaceuti-
cal products from combinatorial libraries. It proved to be a
valuable alternative for classic approaches such as ELISA
procedures. Moreover, it offers real-time measurement of the
binding event in contrast to end-point determinations. The
benefits of this analytical approach have also been recognized
by many other life science disciplines, including food sci-
ences (Ivnitski et al., 1999; Medina, 1997). So far, only a few
publications on SPR biosensing have addressed the detection
of pathogenic microorganisms, for example, the use of immo-
bilized Escherichia coli O157:H7 cells to screen the perfor-
mance of anti-£. coli O157:H7 antibodies (Medina et al.,
1997), and the use of these antibodies to detect E. coli O157:
H7 cells (Fratamico et al., 1997).

[0012] InJongerius-Gortemaker et al. (2002), a study to the
suitability of an SPR optical biosensor to detect antibodies in
serum and blood indicating a humoral reaction to invasion
with Salmonella serotypes enteritidis and typhimurium was
initiated. In this study, use was made of immobilized flagellar
antigen fusion proteins. After thorough analysis, it was con-
cluded that the sensitivity and/or the robustness of this system
was not sufficient and, in particular, not for high-throughput
screening of, for example, poultry at the slaughter line in an
abattoir, processing animals at the rate of several thousands
per hour.

DISCLOSURE OF THE INVENTION

[0013] The goal of the present invention is to provide for a
method that has an improved sensitivity and/or an improved
robustness. This goal has been reached by developing a car-
rier with immobilized somatic or so-called O-antigens. As
described, the O-antigens are located on the lipopolysaccha-
rides and the composition of the polysaccharide varies and
corresponds with the serovar of the Salmonella (sub)species.
Every serotype can, amongst others, be described by a num-
ber of O-antigens and are typically coded with a number, such
as 04, 06 or O12. The O-antigens can be found as repeating
units on the polysaccharide part of the LPS. The length of the
polysaccharide also varies and can be between zero (rough
LPS) and more than 50 repeating units (smooth LPS).

[0014] Within the Salmonella-enterica family, different
serogroups can be distinguished; each group comprises at
least one specific O-antigen. The Salmonella serovars of
importance in chicken and pigs are listed with their O-antigen
profile in Table 1. In Denmark, Germany, Greece and The
Netherlands, 39.5% of all Salmonella-positive pigs sampled
at the abattoir were determined as S. typhimurium. Dependent
of country, other important isolates from pigs were S. derby
(17.1%), S. infantis (8.0%), S. panama (5.1%), S. ohio
(4.9%), S. london (4.4%), S. livingstone (3.1%), S. virchow
(2.7%), S. bredeny (2.1%), S. mbandaka (1.1%), S. Branden-
burg (1.0%), S. goldcoast (0.8%).
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[0015] In the case of chickens, 14% of the chickens were
Salmonella-positive at flock level in 2002 in The Netherlands.
The predominant serovar was in that case S. paratyphi B var.
Java. Atthe retail level, a comparable percentage (13.4%) was
foundinthe Netherlands. The most frequent Salmonella sero-
vars isolated from broilers in 14 EU member states were S.
paratyphi Bvar.java (24.7%), S. enteritidis (13.6%), S. infan-
tis (8.0%), S. virchow (6.7%), S. livingstone (5.7%), S. mban-
daka (5.5%), S. typhimurium (5.3%), S. senfienberg (5.0%),
S. hadar (3.7%). S. paratyphi B var. java is dominating, but
this is fully attributable to The Netherlands.

TABLE 1

Some Salmonella serovars considered as important zoonotic agents in
broilers and in pigs listed with their O-antigen profiles (Popoff, 2001)

Salmonella Chicken (C)/ O-antigen

serovar pigs (P) profile serogroup
Brandenburg P 4,[5],12 B
Bredeny P 1,4,12,27 B
Derby P 19,4, [5]%, 12 B
Enteritidis C 1,9,12 D,
Goldcoast C/p 6,8 C,
Infantis C/P 6,7,14 C,
Livingstone P 6,7,14 C,
London P 3,10,[15] E,
Mbandaka P 6,7,14 C,
Meleagridis P 3,10, [15],[15, 34]° E,
Ohio P 6,7,14 C,
Panama P 1,912 D,
Paratyphi B var. Java  C 1,4,[5],12 B
Typhimurium C/P 1,4,[5],12 B
Virchow P 6,7,14 C,

“0O-antigen determined by phage conversion is indicated by underlining
#0-antigens that may be present or absent are indicated in square brackets
“lysogenized by phage €5 [15] and by phage €3, [15, 34]

[0016] In a first embodiment, the invention provides a
method for immobilization of a polysaccharide on a carrier,
comprising contacting the polysaccharide with an oxidizing
agent and a polymer comprising at least two amine and/or
amide groups to obtain a polysaccharide-polymer complex
and coupling the polysaccharide-polymer complex to the car-
rier. The polymer can be any polymer that contains at least
two amine and/or amide groups. At least two amine and/or
amide groups preferably cross-link the polymer to the
polysaccharide and the carrier. To allow for more efficient
coupling it is preferred that the polymer comprises at least
four and, more preferably, at least seven amine or amide
groups. The polymer comprises at least ten building blocks.
Building blocks of a polymer share characteristic reactive
groups that enable elongation of the polymer. A preferred
building block is an amino acid or a functional part, derivative
and/or analogue thereof. In a preferred embodiment, the poly-
mer comprises a protein. A protein comprises at least one
polypeptide chain comprising at least ten amino acids or
functional equivalents thereof. A protein contains at least two
constituents having free amine and/or amide groups. In the
context of the invention, the protein can also be a multimer
comprising at least two polypeptide chains that are covalently
or non-covalently linked to each other. The protein may com-
prise modifications such as those common to biological sys-
tems, such as post-translational glycosylation. The protein
may also be artificially modified or provided with a further
group as long as it has the mentioned amine and/or amide
groups available.
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[0017] 1In a preferred embodiment, the polysaccharide is
derived from a gram-negative bacterium. The sensitivity of
such a prepared carrier is much improved when the
lipopolysaccharide (O-antigen), before the immobilization
on the carrier is oxidized in the presence of a polymer, com-
prises at least two amine and/or amide groups, preferably a
protein. Although we do not wish to be bound by any theory,
it is currently thought that the aldehyde groups that result
from the oxidation of the polysaccharides are capable of
reacting with the amino groups of the protein to form a sub-
stituted imine (Schiff-base binding). Upon injection over an
activated carrier (for example, a sensor chip), the available
aldehyde groups react with hydrazide to form hydrazon. The
following reduction not only stabilizes the covalent binding
between the carrier (for example, a carrier comprising dext-
ran) and the polysaccharide, but also the imine binding
between protein and polysaccharide. As will be explained in
more detail in the experimental part, polysaccharides (O-an-
tigens) of different Salmonella seratypes have been immobi-
lized on a carrier. The prepared carriers were subsequently
subjected to an SPR-analysis with standard sera. The
obtained serological response was used as an indicator for
success of the method. When coupling reactions were per-
formed without the oxidation step, no or almost no significant
response of reference sera could be detected.

[0018] Preferably, the immobilization/coupling of the
polysaccharide-protein complex to a carrier is such that high
sensitivity and/or robustness is obtained. While flagellar anti-
gens denature and lose their antigenicity towards serum anti-
bodies and the sensor chip has to be regenerated for the next
analysis cycle with relatively harsh solvents, the somatic anti-
gens are found to be rather stable towards these regeneration
solvents. In fact, the loss of immobilized O-antigen activity is
believed to be primarily associated with degradation of the
solid surface, namely, gradual loss of the dextran layer
attached to the gold film, to which the antigens are bound. The
method according to the invention results in a carrier that is
more robust compared to a carrier of the prior art.

[0019] Preferably, the invention provides a method for
immobilization of a polysaccharide on a carrier comprising
contacting the polysaccharide with an oxidizing agent and a
protein to obtain a polysaccharide-protein complex and cou-
pling the polysaccharide-protein complex to the carrier,
wherein the polysaccharide is derived from a gram-negative
bacterium and, even more preferably, wherein the polysac-
charide is derived from an enterobacteriaceae. Yet even more
preferably, the polysaccharide is derived from a gram-nega-
tive bacterium that is a human or veterinary or plant pathogen.
Examples of such polysaccharides are polysaccharides
derived from a Salmonella (sub)species. Other examples are
polysaccharides derived from the Escherichia coli species
(forexample, E. coli O157) and the bacterial species outlined
in Table 2.

TABLE 2

Examples of LPS-containing bacteria pathogenic
to human and/or animals.

Bacterial species Mainly found in affecting
Campylobacter coli Swine Humans
Campylobacter jejuni Avian species, dogs Humans
Campylobacter lari Seagull Humans
Escherichia coli 0157 Ruminants Humans
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TABLE 2-continued

Examples of LPS-containing bacteria pathogenic
to human and/or animals.

Bacterial species Mainly found in affecting
Legionella pneumophila Water Humans
Listeria monocytogenes As food process- Humans
contaminant

Salmonella choleraesuis Swine Swine
Salmonella enteritidis Avian species, swine  Humans
Salmonella gallinarum Avian species Chickens
Salmonella goldcoast Swine Humans
Salmonella infantis Chickens Humans
Salmonella livingstone Swine Humans
Salmonella meleagridis Swine Humans
Salmonella pullorum Avian species Chickens
Salmonella typhimurium Avian Humans, horses

Streptococcus suis Swine Swine, humans

Vibrio cholerae (non-O1)  Aquatic animals Humans
Vibrio parahaemolyticus Aquatic animals Humans
Vibrio vulnificus Aquatic animals Humans
Yersinia enterocolitica Swine Humans

[0020] As will be explained in more detail later, a carrier
comprising an immobilized polysaccharide (O-antigen) is
particularly useful in the diagnosis of the mentioned [PS-
containing bacteria.

[0021] The term “polysaccharide” is intended to mean an
entity comprising two or more glycoside-linked monosaccha-
ride units and embraces, amongst others, an oligosaccharide
(two to ten residues) as well as a polysaccharide (more than
ten monosaccharides). The linking may result in linear or
branched polysaccharide. In a preferred embodiment, the
invention provides a method for immobilization of a polysac-
charide on a carrier, comprising contacting the polysaccha-
ride with an oxidizing agent and a protein to obtain a polysac-
charide-protein complex and coupling the polysaccharide-
protein complex to the carrier, wherein the polysaccharide is
alipopolysaccharide (LPS), i.e., a polysaccharide comprising
lipid A. It is clear to a skilled person that the used (lipo)
polysaccharide must comprise at least one antigenic structure
and one group available/suitable for providing a linkage
between the protein and the polysaccharide. More details
with respect to the last item will be provided later on. Hence,
as long as the (lipo)polysaccharide comprises an antigenic
structure and a group suitable for providing a linkage between
the protein and the polysaccharide, an immobilization
method of the invention may be used to obtained a sensitive
and/or robust carrier.

[0022] The LPS is expressed at the cellular exterior and is
part of the bacterial cellular wall. The expression of LPS isnot
under direct genetic control, so that LPS is a pool of different
molecules with varying composition of the lipid A part in
terms of the attached aliphatic chain. Moreover, the bacterial
cell may synthesize rough LPS with either a short carbohy-
drate chain or none at all, or smooth LPS with a mature
carbohydrate chain consisting of more than 50 repeating units
expressing its antigenicity. In addition to this heterogeneity,
within a single LPS molecule, several O-antigen entities,
which are distinctively numbered, may be expressed. An
O-antigen profile is, however, per definition unique for a
Salmonella serogroup. A complete serotyping of a Salmo-
nella also includes the H-antigens as well as the Vi-antigens.

[0023] LPS may be obtained by a variety of methods and
the experimental part describes in more detail the use of a
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trichloric acid extraction (optionally followed by ethanol
extraction and dialysis) according to Staub (1965) for this
purpose. Other examples of suitable extraction methods are
described by Wilkons (1996) and include, but are not
restricted to, extractions with diethylene glycol, dimethyl
sulphoxide, NaCl-diethyl ether (1:2 (v/v)), NaCl-butan-1-ol
(1:1 (v/v)), aqueous EDTA, NaCl-sodium citrate, aqueous
phenol or aqueous phenol-chloroform petroleum.

[0024] The purity of the obtained/used LPS batch is not
considered to be extremely critical. It has been experienced
that the LPS does not have to be completely free of contami-
nants. The specific coupling reaction provides a certain
degree of selectivity. Moreover, as described in the experi-
mental part, the used/obtained LPS (preferably an LPS batch)
is optimized with respect to the amount of protein necessary
for an optimal response. It is clear to a skilled person that the
LPS preferably does not comprise much rough LPS. The
preferred LPS batch essentially comprises smooth LPS.
[0025] Although we do not wish to be bound by any theory,
it is currently thought that the presence of a 2-keto-3-deoxy-
octonic acid (KDO) and/or a glycerol-mannoheptose (Hep)
and/or a GlcNAc in the core of the LPS molecule is needed for
a covalent coupling.

[0026] Although alot of different bacteria are employed by
the term gram-negative bacteria, it is believed that LPS from
all these bacteria are suitable for use in the presently claimed
invention as long as the LPS comprises at least one constitu-
ent with non-conjugated or de-conjugated vicinal hydroxy
groups, preferably in the core region of the LPS molecule. In.
Salmonella, the most likely candidate constituents are KDO
and Hep and GlcNAc residues. The presence or absence of
such a KDO and/or Hep and/or GlcNAc group is indirectly
genetically determined. Although the genetic information
necessary to construct the species-, serotype- or even strain-
specific monosaccharides is present in the corresponding
organism, it depends on the growth circumstances whether
the LPS contains aldehyde-convertible monosaccharides in
the core region.

[0027] Thereare, of course, other sources of LPS also avail-
able, such as buying it commercially.

[0028] Inapreferred embodiment, the invention provides a
method for immobilization of a polysaccharide on a carrier,
comprising contacting the polysaccharide with an oxidizing
agent and a protein to obtain a polysaccharide-protein com-
plex and coupling the polysaccharide-protein complex to the
carrier, wherein the protein is a protein (for example, a serum
protein) with a certain amount of (primary) amines. Prefer-
ably, at least some of these amines are not sterically hindered
and/or are not participating in non-covalent bindings, such as
H-H bridges or dipole-dipole interactions and/or are not pro-
tonated. Such a protein preferably does not have, or hardly
has, any immunogenic properties and, hence, cross-reacting
antibodies directed to the used protein are avoided as much as
possible. Examples of suitable proteins are hemoglobin (Hb),
ovalbumin (Ob), myoglobin (Mb) and serum albumin (SA).
The biosensor responses of different standard sera on immo-
bilized L.PS oxidized in the presence of Hb or Ob or Mb or SA
were determined. Serum albumin, myoglobin and hemoglo-
bin gave the most promising results. In a preferred embodi-
ment, the protein is hemoglobin or myoglobin.

[0029] The necessary protein is obtained commercially or
by (overexpressing) in a suitable expression system or by
isolating it from a suitable source. Hemoglobin has, for
example, been obtained by isolating it from blood. Preferably,
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the used protein batches are as pure as possible, thereby
circumventing as much cross-reaction as possible. It has been
experienced, however, that small amounts of contamination
are allowed without jeopardizing the sensitivity and/or
robustness of the obtained carriers.

[0030] The ratio (lipo)polysaccharide versus protein
depends, amongst others, on the protein used. Experiments
with Hb have shown that concentrations between 15% and
50% (m/m) have resulted in satisfactory results. When the
protein is bovine serum albumin, much lower concentrations,
between 0.7% and 7% (m/m), are used. Some examples: the
optimal Hb concentration for S. /ivingstone LPS is around
50% (m/m) and for S. enteritidis LPS, the optimal Hb con-
centration is 15% (m/m).

[0031] The isolated LPS preparations are preferably oxi-
dized in the presence of a protein facilitated by an oxidizing
agent. In a preferred embodiment, the invention provides a
method for immobilization of a polysaccharide on a carrier,
comprising contacting the polysaccharide with an oxidizing
agent and a protein to obtain a polysaccharide-protein com-
plex and coupling the polysaccharide-protein complex to the
carrier, wherein the oxidizing agent is capable of oxidizing
vicinal diols. Even more preferably, the oxidizing agent pref-
erably oxidizes vicinal diols, at least under controlled condi-
tions. Oxidation of vicinal diols is preferred as this warrants
reliable coupling of vicinal diol-containing polysaccharide to
the matrix. In a preferred embodiment of the invention, the
polysaccharides to be coupled to the matrix contain an anti-
gen that is to be recognized by a member of a binding pair. To
be recognizable, it is preferred that the antigen is left
unchanged, at least in the majority of the polysaccharides that
are being coupled to the carrier. This requires a balance
between the level of oxidation required to obtain efficient
coupling to the matrix and availability of the antigen for
association with the member of the binding pair. The latter
requires that the antigen is left essentially unaffected by the
oxidation, at least in an amount sufficient to be usable in a
diagnostic setting. Oxidation of vicinal diols according to the
present invention warrants the availability of sufficient anti-
gen in recognizable form, while at the same time allowing
efficient coupling of the polysaccharide to the carrier. In a
preferred embodiment, the oxidizing agent comprises (so-
dium) m-periodate. Other periodates, such as potassium
periodate or other salts thereof, are also suitable periodates of
the present invention.

[0032] Periodate oxidation is very suited for enabling pref-
erential oxidation of vicinal diols according to the present
invention. Oxidation of predominantly vicinal diols in a
polysaccharide of the invention can typically be achieved by
incubating the polysaccharide with the periodate at a concen-
tration of between 1 and 10-mM periodate. Other parameters
of the reaction influence both the speed and the type of reac-
tion predominantly performed. One example is incubation
time. When applying very short incubation times, higher than
10 mM periodate can be used.

[0033] Periodate preferably oxidizes vicinal diols, particu-
larly of the more susceptible vicinal diols in the side chains of
the polysaccharide. Thus, as long as so-called “mild” reaction
conditions are chosen, preferably, vicinal diols will be oxi-
dized. When conditions are chosen that also allow other oxi-
dation reactions to occur more often (for instance, because of
depletion of the vicinal diol substrate), the antigen present in
the polysaccharide will be affected significantly. Thus, for the
present invention, a periodate oxidation is said to be mild
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when the mentioned preferred concentrations are used and
when at least 20%, preferably at, least 50%, more preferably
at least 70%, and most preferably about 90% of the antigen is
intact after oxidation. Availability or intactness of the antigen
is preferably measured by means of an ELISA assay using a
standardized antibody. Again, we do not wish to be bound by
any theory, but it is currently thought that periodate will
induce an oxidative disruption of linkages between vicinal
diols especially on carbohydrate moieties, as in, e.g., man-
nose, to yield aldehyde functionalities. This reaction is typi-
cally performed in buffers at a pH range between 4.5 and 5.5
in the dark using a (preferably) freshly prepared 1 to 100 mM
sodium meta-periodate in 0.1 M sodium acetate. Preferably,
the reaction is performed at a concentration of between 1 and
10 mM metaperiodate. The oxidation is performed in the
presence of a protein in the ranges as discussed above.

[0034] The bis-aldehyde compounds, like the oxidized
monosaccharide constituents in the polysaccharide chain of
LPS, may react with any amino group in a protein and may
form a Schiff-base linkage resulting in a substituted imine.
When one or both of the vicinal hydroxyl groups is condensed
in a covalent sugar linkage, the hydroxyl function is lost and
no oxidation occurs. This is the case in many branched and/or
linearly linked oligo- and polysaccharides. In the case of
Salmonella LPS, the inner core structure carries in most cases
an oxidizable Gal, GlcNAc, Hep and/or KDO, but non-reduc-
ing Hep and KDO constituents are most susceptible for oxi-
dation, in particular, at very mild oxidation conditions at
concentrations less than 6 mM meta periodate. Because the
core region is a rather conserved part of LPS from different
Enterobacteriaceae, (lipo)polysaccharides of members of the
Enterobacteriaceae, may be applied in a method of the inven-
tion.

[0035] Periodate will also oxidize, when present, certain
aminoethanol derivatives, such as the hydroxylysine residues
in collagen, as well as methionine (to its sulfoxide) and cer-
tain thiols (usually to disulfides). In addition, N-terminal
serine and threonine residues of peptides and proteins can be
selectively oxidized by periodate to aldehyde groups. These
reactions, however, usually occur at a slower rate than oxida-
tion of vicinal diols and the presence of such groups does not
substantially interfere with a method according to the inven-
tion.

[0036] The invention also provides a method for immobi-
lization of a polysaccharide on a carrier, comprising contact-
ing the polysaccharide with an oxidizing agent and a protein
to obtain a polysaccharide-protein complex and coupling the
polysaccharide-protein complex to the carrier, further com-
prising a step that results in ending/stopping the oxidation
process, for example, by desalting of the polysaccharide-
protein complex. This is, for example, accomplished with the
help of a NAP-5 column. However, the person skilled in the
art is aware that many other methods exist that have the same
effect, for example, adding a reductor or an easily oxidizable
molecule, such as glycerol. Preferably, the way of stopping
the oxidation is that a buffer change is accomplished at the
same time, for example, HPLC, FPLC, dialysis, ion-exchang-
ers, gel electrophoresis or ultrafiltration.

[0037] For storage purposes, the production of evaporated
aliquots, after addition of protein, is also described within the
experimental part. This results in the presence of a large stock
of reproducible material.
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[0038] The invention, therefore, further comprises the
obtained intermediate, i.e., the preparation, in the presence of
protein-oxidized polysaccharide, optionally desalted and
optionally evaporated.

[0039] Preferably, the used carrier is made of an inert, non-
hydrophobic material and the binding of the LPS-protein
complex to the carrier is covalent. Even more preferred, the
carrier has a low protein binding or low biomolecular binding,
for example, a carrier of glass or silica or of a non-hydropho-
bic plastic. In a preferred embodiment, the carrier is in the
form of amicrosphere or bead. Several types of a microsphere
or beads are available to the person skilled in the art. In a
preferred embodiment, the microsphere or bead comprises
polystyrene. A microsphere or beads are particularly pre-
ferred because they can be provided with different antigens
using a method of the invention. A microsphere or beads with
different antigens can be accordingly coded with a different
color. Testing a sample for the presence of an antibody against
an antigen can be done using a collection of the mentioned
microsphere or beads. Binding of the antibody to a particular
type of antigen can now be detected easily by the color code
of the microsphere or bead bound. Binding of the antibody
can be detected in various ways. For instance, a microsphere
or beads containing bound antibody can be extracted from the
sample and measured using a further antibody specific for the
constant region of the antibody. On the other hand, samples
can be directly analyzed, ie., in the absence of further
manipulations by labeling the bound antibody and simulta-
neously detecting the color of the antibody and the color of
the microsphere or bead. Various methods for simultaneous
detection of two or more colors are available to the person
skilled in the art. In the present invention, a “color” is defined
as any type of electromagnetic radiation that can be detected,
be it a typical color revealed, for instance, by reflection of
light, to light emitted as a result of fluorescence or phospho-
rescence.

[0040] Theinvention thus further provides a collection ofat
least two microspheres or beads wherein at least two of at
least two microsphere or beads each comprise a different
antigen of the present invention. In a preferred embodiment,
the antigen comprises O-antigen of Sa/monella. In a particu-
larly preferred embodiment, the antigen is linked to the
microsphere or beads carrier using a method of the invention.
Thus, preferably, at least one of the microsphere or beads
comprises a polysaccharide coating linked to a polysaccha-
ride comprising an antigen to be detected linked to each other
via a polymer comprising at least two amine and/or amide
groups, preferably a protein of the invention, wherein the
linkage polymer (protein) is linked to the polysaccharide
comprising the antigen, via an amine and/or amide group on
the polymer and a periodate-oxidized vicinal diol on the
polysaccharide comprising the antigen.

[0041] Inapreferred embodiment, the invention provides a
method for immobilization of a polysaccharide on a carrier
comprising contacting the polysaccharide with an oxidizing
agent and a protein to obtain a polysaccharide-protein com-
plex and coupling the polysaccharide-protein complex to the
carrier, further comprising activating the surface of the car-
rier. In an even more preferred embodiment, the carrier com-
prises a glass surface coated with gold and even more pre-
ferred, the carrier is modified with a carboxyl donor. A surface
can be activated. Carboxylic acid (COOH) groups (further
referred to as carboxyl groups) are needed on this surface.
Preferably, these COOH groups are provided by a stable
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homogeneous layer of molecules, which may have been
modified for this purpose. These surfaces may exist of, but are
not limited to, carboxylic acid-modified polysaccharides,
alkanes or alkenes, such as polyethylene, attached to, e.g.,
gold, polystyrene or silicon surfaces. Preferably, the carrier
comprises a polysaccharide that acts as a carboxyl donor;
more preferably, a carboxymethylated dextran layer, wherein
the polysaccharide carrier preferably comprises a dextran
layer activated with 1-ethyl-3-(3-dimethylaminopropyl)car-
bodiimide hydrochloride and N-hydroxysuccinimide. The
activation is preferably followed by preparation with carbo-
hydrazine. In the next step, the polysaccharide-protein com-
plex is added to the activated dextran layer. The reactive
aldehyde functionalities react spontaneously with the
hydrazide to hydrazones, which are then reduced to stabilize
the covalent bonds.

[0042] Prior to routine use, the performance of chip-conju-
gated LPS to bind anti-Enterobacterium (for example, Sal-
monella) antibodies is assessed using reference polyclonal
agglutination sera.

[0043] Depending on the analytical/diagnostic question
asked, it is decided whether one or, for example, at least two
different serogroup-representing carbohydrates, preferably
four different serogroup-representing carbohydrates, are
used. In case one is interested in knowing which particular
serogroup is present, multiple (the amount of which is differ-
ent on the particular question asked and on the used appara-
tus) different serogroup-representing carbohydrates are used
and if one just wants to know whether, for example, an animal
is or has been infected by a particular serogroup, a single
serogroup-representing carbohydrate may be oxidized in the
presence of a protein and immobilized on a carrier. The use of
at least two different serogroup-representing carbohydrates
results in a carrier that can be used in a multi-serogroup
analysis. More, preferably at least three and, even more pre-
ferred, at least more than three (for example, four) different
polysaccharides are used. These polysaccharides may be oxi-
dized in the presence of one type of protein or in the presence
of different types of protein. The skilled person is capable of
making any sensible combination. For example, to be able to
detect more than 90% of all Sa/monella infections, sero-
groups B, C and D in chickens and serogroups B, C,Dand E
in pigs should be represented.

[0044] Using one type of serogroup-representing carbohy-
drates is extremely useful if one is interested in the question
whether or not a certain type of bacterium is or was present.
Using multiple different serogroup-representing carbohy-
drates is, for example, useful if one wants to determine
whether an animal is or was infected by any gram-negative
bacteria (for example, enterobacteriaceae).

[0045] Inapreferred embodiment, the invention provides a
method for immobilization of a polysaccharide on a carrier,
comprising contacting the polysaccharide with an oxidizing
agent and a protein to obtain a polysaccharide-protein com-
plex and coupling the polysaccharide-protein complex to the
carrier, wherein the carrier is a biosensor chip. Such a bio-
sensor chip is commercially available (for example, that pro-
duced by Biacore) and, hence, no further information will be
provided.

[0046] In another embodiment, the invention provides a
carrier obtained by the method as described above or a carrier
comprising an immobilized polysaccharide-protein complex
onits surface. In one embodiment of the invention, a carrier of
the invention comprises a polysaccharide coating that is
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linked to a further polysaccharide coating via reductive ami-
nation, wherein the further polysaccharide coating comprises
a protein coupled to the further polysaccharide coating
through oxidation of vicinal diols on the further polysaccha-
ride protein. In a preferred embodiment, the reductive ami-
nation is achieved. In a preferred embodiment, the invention
provides a carrier comprising a polysaccharide coating that is
coupled to a polysaccharide.

[0047] Inyetanother embodiment, the invention provides a
biosensor comprising a carrier according to the invention.
Whether the carrier is obtained by a method according to the
invention can, for example, be determined by extracting the
polysaccharides from the carrier and determining whether
covalently linked protein is present. As already discussed
above, the carrier may also comprise different immobilized
polysaccharides (for example O-antigens) possibly in com-
binations with different types of protein. However, also one
type of protein may be used in the oxidation of different
polysaccharides.

[0048] Whether a carrier and/or chip of the invention is
employed can, for example, be determined with the help of
MALDI-MS, possibly in combination with proteolytic diges-
tion. Such an analysis provides information with respect to
the used protein and polysaccharide. With help of acidic
hydrolysis, the polysaccharide-protein complexes are
released from the carrier. Such an obtained mixture is then
subjected to LC-MS/MS analysis before and after proteolytic
hydrolysis. The obtained complex may also be subjected to a
monosaccharide analysis, for example, GC-MS following
methanolysis and/or Smith degradation, from which it is
determined which type of LPS is used. This information is
furthermore used to determine whether KDO, Hep or other
sugars have been oxidized.

[0049] A carrier of the invention may be used in different
detection systems, for example, optical, thermal, acoustic,
amperometric, magnetic or chemical, and a carrier of the
invention may be used in any biomolecular interaction assay
(BIA) or any affinity assay (AA). As a non-limiting example,
the use of optical detection via Surface Plasmon Resonance is
described in more detail.

[0050] The invention provides a Surface Plasmon Reso-
nance detection system comprising a biosensor as described
above. The gold layer in the sensor chip creates the physical
conditions required for Surface Plasmon Resonance (SPR).
The principle of SPR will be described in the context of
Biacore instruments. They incorporate the SPR phenomenon
to monitor biomolecular interactions in “real-time”” At an
interface between two transparent media of different refrac-
tiveindex, such as glass and water, light coming from the side
of the higher refractive index is partly reflected and partly
refracted. Above acertain critical angle of incidence, no light
is refracted across the interface and total internal reflection
(TTIR) occurs at the metal film-liquid interface. This is where
light travels through an optically dense medium, such as
glass, and is reflected back through that medium at the inter-
face with a less optically dense medium, such as a buffer.
[0051] Although the incident light is totally reflected, the
electromagnetic field component, termed the evanescent
wave, penetrates a distance on the order of one wavelength
into the less optically dense medium. The evanescent wave is
generated at the interface between a glass prism (high refrac-
tive index) and a layer of buffer (lower refractive index). If the
interface between the media of higher and lower refractive
indices is coated with a thin metal film (a fraction of'the light
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wavelength), then the propagation of the evanescent wave
will interact with the electrons on the metal layer. Metals
contain electron clouds at their surface, which can couple
with incident light at certain angles. These electrons are also
known as plasmons, and the passage of the evanescent wave
through the metal layer causes the plasmons to resonate,
forming a quantum mechanical wave known as a surface
plasmon. Therefore, when surface plasmon resonance occurs,
energy from the incident light is lost to the metal film result-
ing in a decrease in the reflected light intensity.

[0052] The resonance phenomenon only occurs at an
acutely defined angle of the incident light. This angle is
dependent on the refractive index of the medium close to the
metal-film surface. Changes in the refractive index of the
buffer solution (e.g., an increase in surface concentration of
solutes), to a distance of about 300 nm from the metal film
surface will, therefore, alter the resonance angle. Continuous
monitoring of this resonance angle allows the quantitation of
changes in refractive index of the buffer solution close to the
metal-film surface. In “real-time”. Biacore, the metal film
properties, wavelength, and refractive index of the glass
(denser medium) are all kept constant and, as a result, SPR
can be used to monitor the refractive index of the aqueous
layer immediately adjacent to the metal (gold) layer.

[0053] Inthe Biacoresystem, the chip is composed of glass,
has four channels and the associated gold layer is covered
with a layer of dextran chemically modified to facilitate
immobilization of ligands, such as antibodies or antigens.
Any changes in mass that occur due to binding of the analyte
with the immobilized antibody on the sensor chip will cause
achange in SPR angle, which is monitored in “real-time” and
quantified as a sensorgram. A mass change of approximately
1 kRU (1,000 RU) corresponds to a mass change in surface
protein concentration of 1 ng/mm?. Typical responses for
surface binding of proteins are of the order of 0.1 to 20 kRU.

[0054] There is no need to label molecules with fluorescent
or radioactive tags, thereby avoiding the possibility that labels
may compromise activity and, moreover, avoiding difficult or
expensive chemistry necessary for labeling.

[0055] The obtained carriers can be used in different types
of analysis, such as bacteriology (direct assay) or serology
(indirect assay).

[0056] An example of a serological assay is a method for
determining the presence of an antibody directed to an anti-
gen of a gram-negative bacteria in a sample, comprising con-
tacting the sample with a carrier or a biosensor as described
above and determining whether the carrier has bound any
antibody (FIG. 1).

[0057] Such a method is, for example, very suitable for
determining the presence of an antibody directed against an
O-antigen and, thus, it is indirectly established whether an
infection is present or whether a recent infection has
occurred. Such a method is, for example, used to screen
slaughter animals for Salmonella or to screen animals for
Salmonella before they are exported abroad. Moreover, the
method is also applied to samples obtained from living (for
example, farm or zoo) animals.

[0058] Examples of samples that can be used in such a
method are tissue samples, body fluid, secretes or excretes
and more detailed examples are blood, blood-derived
samples, tissue, meat juice, milk, egg, fluids from an eye,
saliva or feces. As already outlined, the samples can be
obtained from dead as well as living animals.
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[0059] A method according to the invention is not limited to
a certain immunoglobulin (sub)type but can, in principle, be
every (iso)type immunoglobin, such as (s)IgA |, (s)IgA,, IgD,
IeG,, 1gG,, IgG;, IgG,, IgM, and IgY. Moreover, it may also
be any other antigen-binding material. Preferably, such an
antigen-binding material is a biomarker of a (history) of
infection.

[0060] Such a serological assay is, for example, directed to
one particular serogroup-representing carbohydrate or to dif-
ferent (i.e., multi analyte) serogroup-representing carbohy-
drates and, hence, such a method is, for example, used to
determine the presence or absence of a certain Salmonella
(sub)type.

[0061] An example of a bacteriological assay is a method
for determining the presence of a gram-negative bacterium in
a sample comprising contacting the sample with a predeter-
mined amount of antibodies directed against an antigen of the
bacterium and determining the amount of antibodies not
bound to the bacterium with a carrier or a biosensor as
described above.

[0062] Preferably, the antigen is a serogroup-representing
carbohydrate.
[0063] Optionally, this method further comprises the

removal of non-bound antibodies from the contacted sample
and a predetermined amount of antibodies by, for example,
washing or immuno-magnetic separation procedures, cen-
trifugation or filtering.

[0064] Forthis type of analysis, every type of sample can be
used, such as animal feed, manure, feathers, soil, water for
consumption or sewage water, meat, orange juice, chocolate,
skin, vegetables, etc. Animal samples may be obtained from
living as well as dead animals.

[0065] In this bacteriological assay, a single type of anti-
body, as well as a mixture of at least two different types of
antibodies (directed against different antigens, for example,
two different serogroup-representing carbohydrates), is used.
[0066] Preferably, such serological and bacteriological
assays are performed such that the binding to the carrier or the
biosensor is determined by Plasmon Surface Resonance or
fluorescent microsphere or bead counter.

[0067] The source of the samples is, as already outlined
above, unlimited and may be obtained, for example, from a
human or an animal. Examples of suitable animals are (race)
horses, pigs, poultry (for example, chicken, turkey, quail,
duck, and goose), ruminants (for example, calf or cow, goat,
and sheep). The animals may be farm animals or zoo animals,
as well as free-living animals. Moreover, samples from these
animals may be obtained from living as well as dead animals.
[0068] Inyetanother embodiment, the invention provides a
method for determining the presence of a gram-negative bac-
terium in a sample comprising: contacting the sample with
target bacteria-specific bacteriophages and allowing the bac-
teriophages to infect the sample; removing non-bound and/or
non-invading bacteriophages resulting in a bacteriophage-
infected sample; bringing the bacteriophage-infected sample
into contact with an indicator organism susceptible for the
used bacteriophages; incubate during at least one bacterioph-
age multiplication cycle; recover the bacteriophages to obtain
a bacteriophage-containing sample; and analyze the bacte-
riophage-containing sample with a carrier or a biosensor as
described above.

[0069] Most analytical methods require prior enrichment
and growth in specific media to detect bacteria, including
Salmonella. Usually, sample preparation is very time con-
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suming, relative to the total analysis time. It generally takes
three to five days before the presence of, e.g., Salmonella, can
be confirmed. In many situations, this time for analysis is
unacceptable and hinders trade and indirectly threatens com-
munity health.

[0070] The objective of this part of the invention is devel-
opment of a fast (preferably within 24 hours), cost-effective,
specific, and/or sensitive diagnostic method for the determi-
nation of the presence of microorganisms. For this reason, the
development of a biomolecular interaction assay (BIA) that
exploits the ability of genus- and/or serovar-specific bacte-
riophages to multiply in their “victim” bacteria is aimed. An
increment in number of the target pathogen-specific phage(s)
not only indicates the presence of the target organism but is
also a (semi-)quantitative measure for the content of target
bacteria in the tested sample.

[0071] A schematic overview of the proposed BIA method
is depicted in FIG. 2. A particulate sample is homogenized,
for example, using a Stomacher. Liquid samples are mixed by
vigorous shaking. Analyte cells are then extracted or enriched
by any suitable method and may comprise (a combination of)
selective growth, centrifugation, filtration and/or immuno-
magnetic separation (IMS). Enriched cells are fortified with
target bacteria-specific bacteriophages and incubated for a
few minutes while mixing. Before the multiplication cycle of
the bacteriophage is complete, cells are washed to remove, as
complete as possible, any non-bound and non-invading bac-
teriophages. Following the multiplication cycle of the bacte-
riophage, the sample is brought in contact with an indicator
organism susceptible, i.e., in a life phase that is sensitive for
bacteriophage penetration and intracellular multiplication,
for the used bacteriophage, preferably at the highest possible
concentration (for example, concentrated overnight culture).
The bacteriophage-bacterium suspension is incubated for at
least one bacteriophage multiplication cycle. The phage-in-
fected suspension is then centrifuged or filtered to precipitate/
remove cellular material and to recover multiplied bacte-
riophages. The bacteriophage-containing sample is injected
over an LPS-conjugated biosensor chip (according to the
invention) to retain these particles in the detector for the
generation of analyte-specific biosensor response.

[0072] To gain as much time as possible, the indicator
organism can be kept as a continuous culture in the lab and has
acell density of usually 10° CFU/ml. Such a suspension may
be concentrated to 10*° CFU/ml, as higher cell densities will
increase sensitivity of the proposed method.

[0073] This method can be used to determine a single type
of serovar but in order to detect multiple serovars in one run,
a mix of different bacteriophages and a mixture of possibly
different indicator bacteria may have to be applied.

[0074] Target bacteria-specific  bacteriophages are
described in the prior art and examples are provided in the
experimental part, for example, anti-Salmonella enteritidis
bacteriophages.

[0075] Phages have been described to attach to LPS,
including the phage described in the experimental part for
Salmonella detection. Suitable carriers/chips are carriers/
chips with LPS or with immobilized bacterial surface mol-
ecules (thus including membrane proteins and other biomol-
ecules or a combination thereof). Use of LPS of cell
membrane material will circumvent the generation ofpoly- or
monoclonal antibodies. If attachment of the phages to bacte-
rial biomolecules (LPS) is not satisfactory in the BIA, bio-
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sensor chip-immobilized anti-phage antibodies may have to
be used in a successful BIA to capture bacteriophages from
the probed sample.

[0076] The invention, furthermore, provides a kit with
components suitable for use in any of the described applica-
tions. Depending on the customer’s demand, such a kit com-
prises a ready-for-use carrier/chip obtained by a method
according to the invention. When the customer wants to pre-
pare the carrier himself, the kit will at least comprise (lipo)
polysaccharide fortified/enriched with protein (for example,
hemoglobin or serum albumin) in a predetermined amount,
an amount of oxidizing agent (for example, periodate), and
suitable buffers. Optionally, such a kit comprises means for
desalting, for example, a desalting column. When the cus-
tomer wants to mix (lipo)polysaccharide and protein himself,
these components are delivered separately, together with an
instruction manual. Optionally, such a kit may, furthermore,
comprise positive and/or negative reference sera, a sample
dilution buffer and any necessary instruction manual.

[0077] The methods as described above are particularly
suitable for screening samples on a large-scale basis. [n one of
the earlier (slow) settings, 96 samples were checked within 33
minutes. In a large-scale setting with relatively slow biosen-
sor equipment, 15,000 samples were screened within three
months. This number could have been much higher but,
unfortunately, one of the slaughterhouses stopped participat-
ing.

[0078] Theinvention will be explained in more detail in the
following description, which is not limiting to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] FIG. 1: Schematic representation of one embodi-
ment of the method according to the invention.

[0080] FIG. 2: Schematic outline of the BIA for detection
of bacteria using bacteriophages as indicator organisms. Indi-
cator organisms may be cultured overnight or shorter.
[0081] FIG. 3: Reactivity of Hb-fortified, oxidized LPS
isolated from S. typhimurium (batch $t2003.2) with aggluti-
nation sera in relative arbitrary biosensor responses (RU).
The Hb fortification level of LPS during oxidation is depicted
in the figure. The expected binding of the agglutination sera is
listed in Table 3.

[0082] FIG. 4: ROC curves from Example 2, Experiment 1.
TPF: True-positive fraction; FPF: false-positive fraction.
[0083] FIG.5: ROC curves from Example 2, Experiment 2.
TPF: True-positive fraction; FPF: false-positive fraction.
[0084] FIG. 6: Analysis of prepared beads coated with LPS
from S. enteritidis (reflecting serogroup D), S. goldcoast (re-
flecting serogroup C,), S. livingstone (reflecting serogroup
C)), S. meleagridis (reflecting serogroup E) and S. typhimu-
rium (reflecting serogroup B). The success of the coating and
specificity of the LPS were tested with commercially avail-
able monoclonal antisera against O4 (serogroup B), OS5 (sere-
group B), O7 (serogroup C,), O8 (serogroup C,) and O9
(serogroup D). Responses are expressed in arbitrary units as
median fluorescence index (MFI) at the Y-axis, whereas the
X-axis indicates the type of LPS conjugation of the individual
beads.

[0085] FIG. 7: Analysis of prepared beads coated with LPS
reflecting serogroups B, C,, C, and D. The activity of the
coating was tested with monoclonal antisera against O4
(serogroup B), O5 (serogroup B), O7 (serogroup C,), O8
(serogroup C,) and O9 (serogroup D). Similar to FIG. 6,
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except zoomed in on the lower responses. Notice that
response of anti-O5 is under broken. For details, see legend of
FIG. 6.

[0086] FIG. 8: Comparison of beads coated with two dif-
ferent oxidation batches of oxidized LPS from S. enteritidis
(reflecting serogroup D) and S. goldcoast (reflecting sero-
group C,), S. livingstone (reflecting serogroup C,) and S.
typhimurium (reflecting serogroup B). The coating was tested
with commercially available monoclonal antisera against OS5
(serogroup B), O7 (serogroup C, ), O8 (serogroup C,) and O9
(serogroup D).

[0087] FIG.9: Analysis of meat drip and serum from chick-
ens. Commercially available antisera were used to spike meat
drip and serum. Drip, liquid extract collected from muscle
tissue from a chicken, which was tested as Salmonella-free
using standard ISO methods; Drip+CH-SPF, drip, that was
spiked with serum collected from specific pathogen-free
(SPF) chickens; CH-SPF, serum obtained from specific
pathogen-free (SPF) chickens; DripSPA-PG, drip that was
spiked with antiserum reactive with S. pullorum and S. galli-
narum; SPA-PG, anti-S. pullorum and anti-S. gallinarum
antiserum; DripCHS1, drip that was spiked with chicken
serum that was serologically positive for a S. infantis infec-
tion; CH-Si, chicken serum serologically positive for S. infan-
tis. The X-axis indicate the type of LPS conjugation of the
individual beads. See FIGS. 6, 7 and 8 for more details.
[0088] FIG. 10: Analysis of swine sera spiked with com-
mercially available anti-S. t#yphimurium (yellow-colored
bars) and anti-S. livingstone (cyan-colored bars). In addition,
beads in buffer solution (blue-colored bars) and negative
swine serum (purple-colored bars) were analyzed on beads
that were coated with LPS representing serogroups B, C,, C,
and D.

[0089] FIG. 11: Binding of bacteriophage FO1 to immobi-
lized LPS from S. typhimurium, S. enteritidis, S. goldcoast
and S. livingstone on a Biacore SPR biosensor. PFU, plaque-
forming units.

[0090] FIG. 12: Binding of bacteriophage FO1 to an SPR
biosensor chip coated with S. typhimurium-LPS following
incubation of S. typhimurium, S. enteritidis, S. goldcoast, S.
livingstone with 1.2x10° PFU bacteriophage FO1. Dotted
line indicates the cut off value.

[0091] FIG.13: Incubation of different food pathogens and
spoilage bacteria in the presence of Sa/monella spp.-specific
bacteriophage FO1. During growth, the optical density at A
600 nm as a measure of bacterial growth was monitored.
bl+FO1, blank medium devoid of bacteria supplemented with
bacteriophages exclusively.

[0092] FIG. 14: Incubation of different Salmonella sero-
vars in the presence of Salmonella spp.-specific bacterioph-
age FO1. For more details, see legend of FIG. 13.

[0093] FIG. 15: Incubation of different food pathogens and
spoilage bacteria in the presence of Salmonella spp.-specific
bacteriophage FO1. The number of plaque-forming units
(PFU) was determined following an incubation of five hours.
bl+FO1, blank medium-devoid of bacteria supplemented
with bacteriophages exclusively.

[0094] FIG. 16: Incubation of different Salmonella-sero-
vars in the presence of Salmonella spp.-specific bacterioph-
age FO1. For more details, see legend of FIG. 13. FO1 stock
was not incubated.

[0095] FIG. 17: SPR biosensor-analysis of bacteriophage
FO1 propagated in different Salmonella serovars after con-
centration and dialysis of the viruses. The suspensions were
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serial diluted and analyzed; the final concentrations of con-
centrated/diluted bacteriophages is indicated at the X-axis.
[0096] FIG. 18: Oxidation of carbohydrate moiety. R"and R
indicate the distal and the proximal positions, respectively, in
the carbohydrate chain.

[0097] FIG. 19: Conjugation to a polyamine-containing
molecule (R"), such as a protein.

[0098] FIG. 20: Immobilization to fluorescent beads and
stabilization of chemical bonds.

[0099] FIG. 21: Schematic representation of the procedure
of LPS coupling to beads and analysis of serum.

[0100] FIG. 22a: Examples of Campylobacter-infecting
bacteriophage.

[0101] FIG. 22b6: Examples of Listeria-infecting bacte-
riophages.

[0102] FIG. 22¢: Examples of Salmonella-infecting bacte-
riophages.

[0103] FIG. 22¢: Examples of Salmonella-infecting bacte-
riophages.

[0104] FIG. 23: Counting chamber and technique.

[0105] FIG. 24: Total area of a Biirker-Tiirk counting cham-

ber (A) of 1 mm?, in which B represents the area of ¥is™ of the
total area.

[0106] FIG. 25: Effect of periodate concentration on the
immobilization of LPS of S. enteritidis on a SPR biosensor
chip.

[0107] FIG. 26: Effect of periodate concentration on the

antigenic activity of immobilized LPS of S. enteritidis (batch
Se2002.1). LPS was immobilized to a biosensor chip and
analyzed in a SPR biosensor (FIG. 25). Range tested was 0.2
mM to 1.8 mM sodium periodate. 09, 012, O poly A-S, S.
typhimurium, SE, biosensor response from anti-O9 antisera;
anti-O12 antisera, polyclonal antibody against serogroups A
to S, chicken serum positive for S. fyphimurium and chicken
serum positive for S. enteritidis, respectively.

[0108] FIG. 27: Effect of periodate concentration on the
antigenic activity of immobilized LPS of S. enteritidis (batch
Se2002.1). Range tested was 1.8 mM to 48.6 mM sodium
periodate. For more details, see FIG. 26.

[0109] FIG. 28: Effect of periodate concentration on the
immobilization of LPS of S. goldcoast on a SPR biosensor
chip.

[0110] FIG. 29: Effect of periodate concentration on the

antigenic activity of immobilized LPS of S. goldcoast (batch
Sg2002.1). LPS was immobilized to a biosensor chip and
analyzed in a SPR biosensor (FIG. 28). Range tested was 0.2
mM to 5.4 mM sodium periodate. 06,7, O8, O-poly A-S, S.
livingstone, S. infantis, biosensor response from anti-O6/7
antisera; anti-O8 antisera, polyclonal antibody against sero-
groups A to S, porcine serum positive for S. livingstone and
chicken serum positive for S. infantis, respectively.

[0111] FIG. 30: Effect of periodate concentration on the
immobilization of LPS of S. Livingstone on a SPR biosensor
chip.

[0112] FIG. 31: Effect of periodate concentration on the

antigenic activity of immobilized LPS of S. goldcoast (batch
Sg2002.1). LPS was immobilized to a biosensor chip and
analyzed in a SPR biosensor (FIG. 30). Range tested was 0.2
mM to 5.4 mM sodium periodate. 06,7, O8, O-poly A-S, S.
livingstone, S. infantis, biosensor response from anti-O6/7
antisera; anti-O8 antisera, polyclonal antibody against sero-
groups A to S, porcine serum positive for S. Livingstone and
chicken serum positive for S. infantis, respectively.

[0113] FIG. 32: Schematic presentation of the procedure.
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[0114] FIG. 33: Quality sheet for LPS extraction process.
[0115] FIG. 34: Immobilization of LPS to biosensor sur-
face and stabilization of chemical bonds.

[0116] FIG. 35: Biacore 3000 control software on COM 1.
[0117] FIG. 36: Immobilization wizard.

[0118] FIG. 37: Immobilization test wizard.

[0119] FIG. 38: Logging.

[0120] FIG. 39: Typical sensorgram of immobilization of

oxidized LPS. Report points: 1 baseline; 2 activating EDC/
NHS; 3 carbohydrazide; 4 ethanolamine; 5 Immobilization
LPS Se.

[0121] FIG. 40: Sensorgram of anti Salmonella O-Poly A-S
analyzed on a L.PS-containing CM5 chip.

[0122] FIG. 41: Typical serological responses of agglutina-
tion sera and group-specific Salmonella antisera on a S. gold-
coast LPS—hemoglobin-immobilized CMS5 biosensor chip.
[0123] FIG. 42: Typical serological responses of avian ref-
erence sera (SPF-CH, EIA St, EIA Se, SPA-PG and CH-5i
sera) and swine reference sera (SW-sera) on a S. goldcoast
LPS—hemoglobin-immobilized CMS biosensor chip.
[0124] FIG. 43: Typical baseline responses of a S. gold-
coast LPS—hemoglobin-immobilized CMS5 biosensor chip.

DETAILED DESCRIPTION OF THE INVENTION
Examples
Example 1
1. Materials and Methods

[0125] 1.1 Materials

[0126] 1.1.1 Chemicals

[0127] Amine-coupling kits, consisting of N-hydroxysuc-
cinimide (NHS), 1-ethyl-3-(3-dimethylaminopropyl)car-

bodimide hydrochloride (EDC) and ethanolamine hydro-
chloride—sodium hydroxide pH 8.5 and the running buffer
(HBS-EP), containing 10 mM HEPES, 150 mM sodium
hydrochloride, 3 mM EDTA and 0.005% (v/v) surfactant P20
at pH 7.4, were bought from Biacore AB (Uppsala, Sweden),
which also supplied ready-to-use 10 mM glycine and 50 mM
sodium hydroxide. Ethanol, ethylene glycol, sodium chlo-
ride, sodium hydroxide and trichloroacetic acid (TCA) were
purchased from Merck (Darmstadt, Germany). Carboxym-
ethylated-dextran sodium salt, sodium, cyanoborohydride
and carbohydrazide were obtained from Fluka Chemie
GmbH (Buchs, Switzerland). CHAPS (Plus one) was deliv-
ered by Pharmacia Biotech (Uppsala, Sweden). Sodium
acetate trihydrate and acetic acid were supplied by . T. Baker
(Deventer, The Netherlands). Guanidine hydrochloride was
obtained from Calbiochem (San Diego, Calif., USA). Porcine
hemoglobin (Hb) and myoglobin (Mb), chicken ovalbumin
(Ob; 98% grade V), bovine serum albumin (BSA; 96% Frac-
tion V), sodium periodate, TWEEN®20, TWEEN®80 and
Triton X-100 were acquired from Sigma Chemical Company
(St. Louis, Mo., USA). Water was obtained from of a MILLI-
Q® water purification system-(Millipore, Bedford, Mass.,

USA).
[0128] 1.1.2 Materials
[0129] NAP-5 columns (0.5 ml; Sephadex G-25) were pur-

chased from Amersham Biosciences (Roosendaal, The Neth-
erlands) and were used as described by the producer. CM5
biosensor chips were bought from Biacore AB. Dialysis bag
(Spectra/Por) with a cut-off of 1 kDa was obtained from
Spectrum Laboratories Inc. (Rancho Dominguez, Calif.,
USA).
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[0130] 1.1.3 Anti-Salmonella Antisera

[0131] The following Salmonella monovalent “O” somatic
lapine antisera were used: anti-Q4, anti-O5, anti-06,7, anti-
08, anti-09, anti-010, anti-0O12, and O-PolyE (anti-O3, anti-
010, anti-015, anti-019, and anti-0O34). In addition, Salmo-
nella polyvalent “O” somatic (Poly A-S) rapine antisera (anti-
02, anti-03, anti-O4, anti-O3, anti-06,7, anti-O8, anti-09,
anti-010, anti-O1, anti-O12, anti-O13, anti-O15, anti-O16,
anti-017, anti-O18, anti-019, anti-020, anti-O21, anti-022,
anti-023, anti-028, anti-030, anti-034, anti-O35, anti-038,
anti-040, and anti-O41) was used as well. The sera were
purchased from Pro-Lab Diagnostics (Salmonella Reference
Section of the Central Veterinary Laboratory, Weybridge,
U.K.). Serogroup-specific murine anti-B (anti-O4, O5 and
027), anti-C (anti-O7, O8), anti-D anti-09, 06) and anti-E
(anti-03, 019) monoclonal antibodies were bought from
SIFIN (Berlin, Germany).

[0132] Sera were diluted 1:20 (v/v) in HBS-EP containing
1.0 M sodium chloride, 1% (m/v) carboxymethylated dextran
and 0.05% (v/v) TWEEN®S0, except anti-O5 serum was
diluted 1:200 (v/v) and the anti-serogroup-specific prepara-
tions were diluted 1:100 (v/v) in the same solvent.

[0133]

[0134] All reference sera were obtained from the Dutch
Animal Health Service (Deventer, The Netherlands). The
obtained avian reference sera were reactive with Salmonella
enteritidis (serogroup D)), S. typhimurium (serogroup B), S.
pullorum/gallinarum (serogroup D)) and S. infantis (sero-
group C,), and were further referred to as C-Se, C-St, C-Spg
and C-Si, respectively. These chicken sera were originally
prepared for ELISA analyses as positive references. In addi-
tion, specific pathogen-free chicken serum (further referred to
as C-SPF) was purchased as a negative control reference
sample. These sera were reconstituted from freeze-dried
material by addition of water at a volume indicated by the
manufacturer. C-Se, C-Spg and C-Si were diluted 1:200 (v/v)
in HBS-EP containing 1.0 M sodium chloride, 1.0% (m/v)
carboxymethylated dextran and 0.05% (v/v) TWEEN®SO0,
whereas C-SPF and C-St were diluted 1:50 (v/v) in the same
solution. Likewise, porcine sera from animals challenged
with S. typhimurium and S. livingstone (serogroup C,) were
referenced as P-St and P-8], respectively. In addition, Actino-
bacillus pleuropneumoniae serotype 2-reacting porcine
serum used as control in a complement fixation test, was
exploited as negative control for porcine serum in the Salmo-
nella biosensor assay. The porcine sera were diluted 1:20
(v/v) in HBS-EP containing 1.0 M sodium chloride, 1% (m/v)
carboxymethylated dextran and 0.05% (v/v) TWEEN®R0 as
end concentrations.

[0135] 1.1.5 Salmonella Stock

[0136] The bacteria Salmonella goldcoast (Sg; serogroup
C,), 8. livingstone (S) and S. meleagridis (Sm; serogroupE, )
were obtained from an in-house collection, while S. enteriti-
dis #23 phage type Pt4 (Se), and S. typhimurium X-193 phage
type 507 (St) were kind gifts of F. G. van Zijderveld (Animal
Sciences Group, Lelystad, The Netherlands). The bacteria
were grown in overnight cultures in Nutrient Broth #2 (Ox-
oid, Basingstroke, U.K.). Stocks of Sa/monella strains were
morphologically and biochemically confirmed as Salmonella
and also verified for the presence of the correct, expected
O-antigens by an agglutination reaction of the cells with
specific standard anti-O-antigen antisera (Pro-Lab Diagnos-
tics) as indicated in Table 3 on a glass plate. After addition of

1.1.4 Reference Avian and Porcine Sera
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a half of the original volume with glycerol (Merck), stocks
were stored in portions at -80° C.

TABLE 3
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philized. The lyophilisate was weighed to establish the recov-
ery of LPS. LPS was reconstituted in water to make up an end

O-antigen verification of the Salmonella serovars used for LPS production.
The expected reaction of antisera used for verification by agglutination is given.

Salmonella Agglutination sera

Serovar a-04* a-05 a-06,7 a-08 o-09 0-010 @-012

poly A-S  Poly E

S. enteritidis - - - - + _ +
(09, 012)%

S. goldcoast - - + + - _ _
(06, 8)

S. livingstone - - + - - _ _
(06,7)

S. meleagridis - - - - - + _
(03, 010)

S. typhimurium +
(04, 05,012)

+ -

+ -

+ -

+ +

+ -

2q-04: antibodies reacting with antigen structure coded with O4; in a similar way, the antibodles

against O35, 06, 7, 09, 010 and 012 are indicated.
#0-antigens specific for Salmonella serovar is indicated in brackets.

[0137] 1.2 Methods
[0138] 1.2.1 Extraction of LPS
[0139] Overnight culturesof Sa/monella were prepared by

applying 100 pul from their corresponding stocks on each of
the 120 plates containing brain heart infusion agar (BHIa,
Oxoid). The presence of the expected Salmonella serovar was
confirmed through conventional selective growth, bio- and
immunochemical classification, whenever new stock suspen-
sions were produced. The bacteria were harvested from the
surface of the plates into 1 ml 9 g/1 NaCl (saline) solution per
agar plate using a trigalski spatula. Each plate was washed
twice with 2 ml saline solution. Bacteria were collected in six
centrifugation tubes. Each tube was complemented with 100
ml saline and mixed before centrifugation at 10,000 g and 4°
C. for 15 minutes and supernatant was discarded. This cen-
trifugation step was repeated twice by suspending cells in 75
ml saline wash solution per tube each run.

[0140] Whilekeptonice, pelleted bacteria were suspended
in water at a volume ratio, which was five-fold to the weight
of the bacteria. An equivolume of 0.250 M (Se) or 0.500 M
(Sg, Sl, Smand St) TCA was added to give end concentrations
of 0.12 M and 0.25 M, respectively, followed by continuous
stirring at 4° C. for 3 hours. A lipopolysaccharide (LPS)-
containing supernatant was then acquired at 20,000 g and 4°
C. for 30 minutes. The pH of the supernatant was adjusted to
pH 6.5 with 5 M sodium hydroxide and, when nearing the
aimed pH, with 0.10 M sodium hydroxide. The final volume
of the LPS-containing solution was determined prior to stor-
age at —18° C. for 30 minutes. The solution was diluted with
a double volume of freezing cold absolute ethanol from a
-18° C. storage place, and incubation was continued over-
night at —-4° C. without stirring in a closed, in-house-built
device with circulating cold ethylene glycol/water (1:4, v/v).
An LPS-containing pellet was obtained after centrifugation at
20,000 g and —4° C. for 30 minutes. The particulate material
was suspended in a volume of 0.5 ml water per gram original
bacterial mass weighed at the start of the extraction process.
The suspension was dialyzed in a 1-kDa dialysis bag against
water at 4° C. for two days with regular intermittent refresh-
ment of the water. The bag content was centrifuged at 20,000
g and at 4° C. for 30 minutes, and the supernatant was lyo-

concentration of 5 mg/ml. Dependent of type of LPS and
batch (see also section 1.2.2), a volume of 1 mg/ml porcine
hemoglobin (Hb) was added to a concentration as indicated in
the text. Each batch was portioned into 0.5-mg LPS fractions,
which were dried using a vacuum evaporator and then stored
at5°C.108° C.

[0141] 1.2.2 Optimal Hemoglobin Content

[0142] Protein was added to an LPS preparation prior to its
chemical modification and immobilization to a sensor chip to
acquire high coating levels and high serum-responsive anti-
gens. The optimum Hb content in each LPS batch was estab-
lished by comparison of the responses of immobilized LPS
that was fortified with Hb at different levels, using a panel of
positive and negative reference sera.

[0143] 1.2.3 Oxidation of LPS

[0144] A portion of 0.5 mg hemoglobin-fortified PS was
dissolved in 500 1 100 mM sodium acetate pH 5.5. Following
the addition of 20 pl 50 mM sodium periodate, the solution
was incubated for 40 minutes on ice protected from light. The
oxidation of LPS was quenched and the solution was desalted
by passing 500 pl of the reaction mixture through an NAP-5
cartridge with a gravity-controlled flow. Modified LPS was
eluted with 1 ml 10 mM sodium acetate, pH 4.0. Prior to use,
the cartridge was conditioned thrice with 3 ml 10 mM sodium
acetate, pH 4.0.

[0145] 1.2.4 Immobilization of LPS

[0146] To immobilize the antigens to a sensor chip, the
following handlings were conducted at a flow rate of 5 ul/min-
utes in a Biacore 3000 instrument controlled by Biacore 3000
Control Software (version 3.1.1; Biacore). Immobilization of
oxidized LPS was achieved by execution of the aldehyde-
coupling procedure described in BIA Applications Hand-
book, version AB (1998). Briefly, the dextran layer at the
biosensor chip CM5 was activated with a seven-minute pulse
of a mixture of EDC/NHS available from the amine-coupling
kit. The activation was immediately followed by injection of
5 mM aqueous carbohydrazide for seven minutes as well.
[0147] Deactivation of the excess of reactive groups was
then accomplished with a pulse of 1 M ethanolamine for
seven minutes. Prior to immobilization of the antigen, LPS
was diluted in sodium acetate pH 4.0 in a ratio dependent of
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the Salmonella serovar (see text) and immobilized for 32
minutes. The linkage between dextran-matrix and antigen
was then stabilized by injection of 100 mM sodium
cyanoborohydride dissolved in 10 mM sodium acetate at pH
4 at a flow rate of 2 pl/minute for 20 minutes. A relative
response indicative for a successful LPS immobilization pro-
cedure is 2 kRU for a 62.5 pg/ml LPS solution containing
15% (m/m) protein, and 9 kRU for a 250 pg/ml LPS solution
containing 50% (m/m) protein.

[0148] 1.2.5 SPR Biosensor Assay

[0149] Optical SPR biosensor assays were performed on a
Biacore 3000 SPR biosensor platform controlled by the same
software as described above. Prior to injection, sera were
diluted in HBS-EP buffer containing 1.0% (m/v) carboxym-
ethylated-dextran sodium salt, 1.0 M sodium chloride and
0.05% (m/v) TWEEN®S80 at a ratio of 1:50 (v/v) or otherwise
as indicated in the text. The mixtures were incubated for at
least two minutes at ambient temperature. Pig sera were
injected for two minutes at 40 pl/minute, whereas bird sera
were injected for two minutes at 5 pl/minute or 20 pl/minute
as indicated.

[0150] Regeneration of the chip to recover the antigenic
activity of the sensor surface was achieved with a 15-second
pulse of 6 mM glycine at pH 2, containing 6 M guanidine
hydrochloride, 0.1% (m/v) CHAPS, and 0.1% (v/v) of each
TWEEN®20, TWEEN®80 and Triton X-100. This was fol-
lowed with a second regeneration step with the running HBS-
EP buffer enriched with 0.05% (m/v) CHAPS (end concen-
tration) for 12 seconds at 100 ul/minute.

[0151] 1.2.6 Monosaccharide Analysis

[0152] Trimethylsilylated, (methyl ester) methyl glyco-
sides were prepared from the glycan samples by methanolysis
(1.0 M methanolic HCI, 24 hours, 85° C.) followed by re-N-
acetylation and trimethylsilylation, and then analyzed by gas
chromatography/mass spectrometry as described (J. P.
Kamerling and I. F. G. Vliegenthari (1989)). The quantitative
analysis was carried out by gas chromatography ona capillary
EC-1 column (30 mx0.32 mm, Alltech) using a Chrompack
CP 9002 gas chromatograph operated with a temperature
program from 140° C. to 240° C. at 4° C./minute, and flame-
ionization detection. The identification of the monosaccha-
ride derivatives was confirmed by gas chromatography/mass
spectrometry on a Fisons Instruments GC 8060/MD 800 sys-
tem (Interscience) equipped with an AT-1 column (30 mlx0.
25 mm, Alltech).

2. Results

[0153] 2.1.LPS Isolation

[0154] For the production of LPS, yields of bacterial cells
and of LPS were compared for agar plate culture and growth
of Salmonella in broth (Table 4). For laboratory technical
reasons, it was decided to harvest bacteria from agar plates,
rather than isolation of the cells from culture flasks. The
results of the isolation of LPS from Se, Sg, SI, Sm and St are
summarized in Tables 5 to 9, respectively. The standardized
isolation of well-defined LPS is determinative for a success-
ful and robust serological assay. To secure assay perfor-
mance, batch-to-batch differences should be kept to a mini-
mum. For this reason, several batches of LPS extracted from
each Se, Sg, Sl, Sm and St were produced. The recovery of
LPS largely depended on the final TCA concentration in the
mixture during extraction of LPS (cf. Table 6 and Table 8),
although this relationship was not completely clear for the
extraction of LPS from St (Table 9). Indeed, no accurate
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optimal TCA concentration could be determined for each
LPS type through the testing of a broad range of TCA con-
centrations. Here, optimal TCA would vield the highest IFS
amounts and give the highest specific serological and lowest
aspecific biosensor responses. In this study, the TCA concen-
tration chosen as “optimal” for LPS extraction from the dif-
ferent Salmonella serotypes was based on the final LPS yields
after dialysis, and were 0.12 M; 0.25 M, 0.25 M, 0.25 M and
0.25 M as end concentrations for Se, Sg, SI, Sm and St,
respectively.

TABLE 4

Recovery of LPS from S. enteritidis cells grown either as a suspension
in a bioreactor containing so-called nutrient broth#2 (broth) or on BHI
agar plates (agar). LPS was isolated using indicated TCA end
coneentrations. The yield of LPS relative to the amount of
isolated cells is indicated in the last column.

LPS

Batch Culture bacteria yield  recovered LPS yield
code method  TCA (M) (g) LPS (mg) (%, m/m)
Se01 Broth 0.25 39 16 0.42
Se02 Broth 0.25 5.0 21 0.41
Se03* Agar 0.25 14 0.2 0.00
Se04a Broth 0.25 34 0.4 0.01
Se04b broth 0.5 34 2 0.06
Se05%* agar 0.5 7.6 2.4 0.03
Se06a agar 0.5 8.8 3.9 0.04
Se06b agar 0.25 7.6 9.5 0.12
Se06¢ agar 0.125 8.9 13 0.14
Se07a agar 0.1 9.1 12 0.13
Se07b agar 0.05 9.2 2.9 0.03
Se07¢ agar 0.025 9.3 4 0.04
Se2003.1  agar 0.125 29 48 0.16
Se2003.2  agar 0.125 17 25 0.15
Se2003.4  agar 0.125 13 5.1 0.04
Se2005.1  agar 0.25 15 18 0.13

*pH of TCA-containing mixture is outlying
**gome matetial was lost during sample work-up process.

TABLE 5

Recovery of Salmonella enteritidis cells grown on BHIa plates.
LPS was isolated using 0.12 M TCA end concentration

(cf. Table 4).
LPS Total bacteria
Batch bacterial Number of perplate  Rec. LPS/cells
(Se) vield (g) BHIa plates (g) (% m/m)
Se2003.1 29.09 9% 0.29 0.16
Se2003.2 17.27 60 0.28 0.15
Se2003.4 13.00 40 032 0.04
Se2005.1 44.5 120 0.37 0.12
Rec, recovered.

TABLE 6

Recovery of Salmonella goldcoast cells grown on BHIa plates. LPS
was extracted using a TCA end concentration as indicated. Rec, recovered.

LPS Total Number of  bacteria Rec.
Batch bacterial BHIa perplate TCA®  LPS/cells
code yield (g) plates (g) (M) (% m/m)
$g2003.1 4039 120 0.34 0.075 0.01
Sg2003.2 35.09 120 0.29 025 0.41
$g2003.3 12.89 40 0.32 0.25 0.36
$g2003.1 46.99 120 0.39 025 0.30%
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TABLE 6-continued

Recovery of Salmonella goldcoast cells grown on BHIa plates. LPS
was extracted using a TCA end concentration as indicated. Rec, recovered.

LPS Total Number of  bacteria Rec.
Batch bacterial BHIa perplate  TCA“ LPS/cells
code yield (g) plates (2) (M) (% m/m)

“end concentration TCA in extraction mixture.
bapproximately a third of the production was lost during work-up.

TABLE 7

Recovery of Salmonella livingstone cells grown on BHIa plates. LPS
was extracted using 0.250 M TCA end concentration

LPS Total Number of bacteria
Batch bacterial RHIa perplate  Rec. LPS/cells
code yield (g) plates (g) (% m/m)
S12003.1 32.89 120 0.27 0.52
S12003.2 13.63 40 0.34 0.51
S12005.1 47.40 120 0.40 0.64
Rec, recovered.

TABLE 8

Recovery of Salmonella meleagridis cells grown on BHIa plates. LPS
was isolated using a TCA end concentration as indicated. Rec, recovered.

LPS Total Number of  bacteria Rec.
Batch bacterial BHIa perplate  TCA®  LPS/cells
code yield (g) plates (g) (M) (% m/m)
Sm2003.1a% 9.10 30 0.30 0.250 0.32
Sm2003.16% 10.13 30 034 0.125 0.19
Sm2003.1¢” 10.00 30 033 0.075 0.06
Sm2003.2% 40.42 120 033 0.075 0.02
Sm2003.3 37.28 138 027 0.250 0.47

“end concentration TCA in extraction mixture.
“batches Sm2003.1 10 2003.2 were combined to a single batch called

Sm2003.1

TABLE 9

Recovery of Salmonella typhimurium cells grown on BHIa plates.

LPS was isolated using 0.250 M TCA end concentration. Rec, recovered.

Total Number of  bacteria Rec.
Batch bacterial BHIa perplate  TCA® LPS/cells
code yield (g) plates® (g) (M) (% m/m)
St2003.1 28.51 69 041 0.125 0.18
$r2003.2° 39.21 120 033 0.250 0.06
$r2003.3% 16.6 56 0.30 0.125 0.09
S$12003.4a° 18.15 60 0.30 0.250 0.18
$t2003.4b* 19.2 60 032 0.125 0.06
St2005.1 46.80 120 0.39 0.250 0.19

“end concentration TCA in extraction mixture;
Fbatches St2003.2 to St2003.4b were combined to a single batch called

St2003.2

[0155]

The monosaccharide composition of isolated LPS

preparations were analyzed to reveal the consistency of the
isolation and purification procedure for LPS from different
Salmonella growths. It must be noted that analyses were
performed on LPS preparations that were ready for oxidation
and, for that reason, fortified with Hb at levels that were
determined most optimal for the LPS batch tested (see
below). For this purpose, GC-FID and GC-MS analyses were
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carried out after methanolysis of the Hb-fortified LPS prepa-
rations (Table 10 through Table 14). These results show that
Hb does not contribute to a significant amount of carbohy-
drates in the final LPS preparation. Analysis of BHIa showed
the exclusive presence of galactose (Gal) and glucose (Glc).
The content of these monosaccharides was 5.6 pg/mg dried.
BHIa. Analyses of the Salmonella LPS preparations demon-
strated the occurrence of Gal, Gle, N-acetyl glucosamine
(GIeNAc), glycero-manno-heptose (Hep), 2-keto-3-deoxy-
octonic acid (KDO), mannose (Man) and rhamnose (Rha;
6-deoxy-mannose) in accordance with their carbohydrate
structures. Their relative occurrence was expressed as amolar
ratio relative to 1.0 Man (as part of the PS region) or relative
to 3.0 Hep (as part of the core region). It should, however, be
noted that the core region contains two or three Hep residues.

[0156] Furthermore, GlcNAc can originate from either
GlcNAc as in the repeating unit of SI LPS, or from glu-
cosamine (GlcN), which occurs as disaccharide in the lipid A
moiety as backbone for the attached lipids. Gal occurs in the
core region, which is conserved in all Salmonella enterica
serovars and in the PS region of Se, Sg, St and Sm as well. In
these cases, the molar ratio of Gal is expected to be in excess
of 1.0 Man, except for Sg in which each repeating unit con-
tains two Man residues. The monosaccharide analyses did not
include the detection of O-acetylated, phosphoryl-ethano-
laminated or phosphorylated constituents, nor that of abequ-
ose (Abe; 3,6-dideoxy-xylohexose) or tyvelose (Tyv; 3,6-
dideoxy-arabinose), which occur in the polysaccharide and
core regions of the isolated LPS types as well.

[0157] Analysis of Se LPS showed the occurrence of Gal,
Man and Rha at a molar ratio of 1.4, 1.0 and 1.2, respectively
in batch Se2003.1, whereas this ratio was 1.1, 1.0 and 0.9,
respectively, in batch Se2003.4 (Table 5). This ratio is in good
compliance with the composition of a repeating unit as [ Tyv-]
Man-Rha-Gal, except the Rha ratio was significantly too high
in batch Se2003.1. The carbohydrate content calculated on
the basis of determined monosaccharides was significantly
higher in batch Se2003 .4, namely 241 pig compared to 123 pg
of batch Se2003.1. Considering the occurrence of two GleN
residues in the lipid A and a single GleNAc residue in the core
region and a single Man residue in each repeating unit, the
number of repeating units was estimated at 19 and 20 in
batches Se2003.1 and Se2003.4, respectively.

[0158] Monosaccharide analysis of oxidized Se2003.1
clearly demonstrates significant differences with the non-
oxidized identical batch (Table 10). In contrast to the two
GIceN residues, it is expected that the non-reducing, terminal
GlcNAc residue is for the greater part oxidized. Alditol
derivatives were not detected by the monosaccharide analysis
applied and a corresponding amount of GleNAc-ol was not
determined. As Gal and Man in the repeating unit are not
susceptible towards periodate oxidation, the molar ratio of
Man in the oxidized batch is normalized to that of Man in the
non-oxidized batch. It should be noted that both Gal residues
in the core region are susceptible towards oxidation and thus
the total Gal ratio 1s affected. Inspection of the molecular
structure of Se LPS suggests that in addition to terminal
GleNAc and core Gal; terminal KDOII-KDOIII disaccharide,
conjugated Hepl and terminal HeplII are susceptible to perio-
date oxidation as well. Indeed, the molar ratios of these
monosaccharide residues suggest the loss of one Hep residue
and approximately 1.6 KDO residues. It should be noted that
KDOIII may not be completely oxidized when this residue is
conjugated with a phosphoryl-ethanolamine group.
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TABLE 10

Monosaccharide analysis of S. enteritidis LPS and of oxidized
S. enteritidis LPS. LPS was fortified with Hb at 15% (m/m). Molar ratios
were determined on the basis of two GleN and one GlcNAc residues
(detected as three GleNAc residues) present in the core and lipid A
regions (referred to as CORE) and on the basis of one Man residue in
the repeating unit (referred to as UNIT). Normalized GleNAc and Man
residues are indicated by underlining. Carbohydrate content was
determined in 0.5 mg LPS preparations, except monosaccharide
analysis was performed on 125 mg oxidized material.

Molar ratio

Batch Se2003.1

Batch Se2003.1 (oxidized) Batch Se2003.4
Monosaccharide CORE UNIT CORE UNIT CORE UNIT
Gal 29.7 14 28.7 1.3 26.3 1.1
Gle 6.3 0.3 7.5 0.4 6.9 0.3
GleNAc 3.0 + 2.2 + 3.0 +
Hep 2.8 + 1.9 + 2.0 +
KDO 3.2 + 1.4 + 2.3 +
Man 216 10 216 10 235 10
Rha 24.8 1.2 24.4 1.1 20.9 0.9
Carbohydrate 123.0 b 241
content (pg)®
Nr of repeating 19 20
units

14
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[0160] Normalization of the number of core residues from
the monosaccharide analysis results of SI LPS (Table 12) was
hampered by the occurrence of GIeNAc in the repeating units
of the PS. When the number of Hep residues was set at 3.0, an
unacceptable overestimation of the number of KDO residues
arose. For that reason, the number of Hep was set at 2.0, but
may need to be modified so that the number of KDO is closer
to 3.0. As the number of Man residues in, each repeating unit
is four, molar ratios were corrected for 4.0 Man residues. On
the basis of a molar ratio of 4:1 of Man/GleNAc in the PS
region, the number of repeating units was calculated on the
basis of the remaining core GIcNAc and Lipid A GlcN resi-
dues. This calculation revealed that the number of repeating
units, in SI was also relatively small, namely eight and ten
units in batch S12003.1 and batch S12003.2, respectively.

TABLE 12

Monosaccharide analysis of LPS isolated from S. livingstone
fortified with Hb at 50% (m/m). Molar ratios were determined on
the basis of two Hep residues present in the core (referred to
as CORE) and on the basis of four Man residues in the repeating
unit (referred to as UNIT). Normalized GleNAc and Man residues
are indicated by underlining. Carbohydrate content was determined
in 0.5 mg L.PS preparations.

“does not include the contribution of Tyv residues;
# Amount of LPS-containing material analyzed was not accurately deter-
mined.

[0159] Compared to Se LPS, monosaccharide analysis of
Sg LPS suggests that LPS structures were smaller as the
number of repeating units was significantly lower (Table 11).
The relative contribution of core Gal to PS Gal is, for that
reason, larger and total molar ratio is found at 1.5. In a similar
way, the molar ratio for Glc is found at 1.3 (batch Sg2003.2)
and 1.5 (batch Sg2003.3), whereas the molar ratio for Rha fits
with the expected structure. Batch Sg2003.2 seems, however,
to contain less terminal HeplIl and terminal K_DOIII and
could, therefore, offer less possibility for immobilization to
the sensor chip.

TABLE 11

Monosaccharide analysis of LPS isolated from S. goldcoast fortified
with Hb at 50% (m/m). Molar ratios were determined on the basis
of two GleN and one GleNAg residues (detected as three GleNAc

residues) present in the core and lipid A regions (referred to as
CORE) and on the basis of two Man residues in the repeating unit
(referred to as UNIT). Normalized GleNAc and Man residues
are indicated by underlining. Carbohydrate content was
determined in 0.5 mg LPS preparations.

Molar ratio

Batch 812003.1 Batch 812003.2

Monosaccharide CORE UNIT CORE UNIT
Gal 335 04 5.1 0.4
Gle 174 1.7 235 1.6
GlcNAc 14.0 1.4 18.7 13
Hep 2.0 0.2 20 0.14
KDO 2.7 0.3 2.7 0.2
Man 40 4.0 57 40
Rha n.d. nd. n.d. nd.
Carbohydrate content 212 239
(ng)
Nr of repeating units 8 10

n.d., not detected.

TABLE 13

Monosaccharide analysis of S. meleagridis LPS. Batches Sm2003.1
and Sm2003.3 were fortified with 50% (m/m) Hb. Molar ratios were
determined on the basis of two GleN and one GleNAe residues
(detected as three GleNAc residues) present in the core and

Molar ratio lipid A regions (referred to as CORE) and on the basis of one
Man residue in the repeating unit (referred to as UNIT). Normalized
Batch Batch GleNAc and Man residues are indicated by underlining.
S2003.2 Sg2003.3 Carbohydrate content was determined in 0.5 mg LPS preparations.
Monosaccharide CORE UNIT CORE UNIT Molar ratio
Gal 153 1.5 14.8 1.5 Batch Batch
Gle 13.5 1.3 14.3 1.5 Sm?2003.1 Sm2003.3
GleNAc 3.0 + 3.0 +
Hep 2.9 + 23 + Monosaccharide CORE UNIT CORE UNIT
KDO 3.0 + 2.8 +
Man 205 2.0 19.2 2.0 Gal 20.4 1.5 224 14
Rha 10.6 1.0 10.2 1.0 Gle 7.9 0.6 4.8 0.3
Carbohydrate content 170 199 GleNAc 3.0 + 3.0 +
(ng)® Hep 2.8 + 29 +
Nr of repeating units 9 8 KDO 2.8 + 29 +
Man 14.2 1.0 154 1.0
“does not include the contribution of Abe residues. Rha 16.1 1.1 17.6 1.2
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TABLE 14-continued

Monosaccharide analysis of S. meleagridis LPS. Batches Sm2003.1
and Sm2003.3 were fortified with 50% (m/m) Hb. Molar ratios were
determined on the basis of two GlcN and one GleNAc residues
(detected as three GlcNAc residues) present in the core and
lipid A regions (referred to as CORE) and on the basis of one
Man residue in the repeating unit (referred to as UNIT). Normalized
GleNAc and Man residues are indicated by underlining.

Carbohydrate content was determined in 0.5 mg LPS preparations.

Molar ratio
Batch Batch
Sm2003.1 Sm2003.3
Monosaccharide CORE  UNIT CORE  UNIT
Carbohydrate content 170 220
(ug)”
Nr of repeating units 12 13

“does not include the contribution of O-acetyl groups, which may be
attached to the repeating Gal residues.

[0161] Monosaccharide analysis of Sm LPS (Table 13)
showed a completely different composition as that for SILPS
in accordance with its molecular structure containing Man-
Rha-Gal repeating units. As described above, the molar ratio
for Gal is more than the expected 1.0 in the repeating unit
partly by the contribution of Gal residues in the core region.
[0162] Likewise, equimolar ratios are expected for Glc,
Man, Rha and Gal as these residues form a repeating unit in St
LPS (Table 14). It should be noted here that abequose is also
part of the repeating unit, but is not in the analysis applied.
Batch-St2003.2, however, contains less oxidizable Hep and
KDO, which may affect the efficacy of the immobilization of
LPS from this preparation. At the other hand, Batch St2003.2
contains much more carbohydrate than batch St2003.1,
namely, 249 pg relative to 154 pg in 0.5 mg LPS, respectively.

TABLE 14

Monosaccharide analysis of S. typhimurium LPS. Batches St2003.1
and St2003.2 were fortified with Hb at 15% (m/m) and 25% (m/m),
respectively. Molar ratios were determined on the basis of two
GleN and one GleNAc residues (detected as three GleNAc
residues) present in the core and lipid A regions (referred to
as CORE) and on the basis of one Man residue in the repeating
unit (referred to as UNIT). Normalized GleNAc and Man residues
are indicated by underlining. Carbohydrate content was
determined in 0.5 mg LPS preparations.

Molar ratio
Batch Batch
$t2003.1 $t2003.2

Monosaccharide CORE UNIT CORE UNIT
Gal 24.7 1.4 24.2 14
Gle 17.0 1.0 16.2 1.0
GleNAc 3.0 + 3.0 +
Hep 2.8 + 2.6 +

Monosaccharide analysis of S. typhimurium 1PS. Batches St2003.1
and $12003.2 were fortified with Hb at 15% (m/m) and 25% (m/m),
respectively. Molar ratios were determined on the basis of two
GleN and one GleNAc residues (detected as three GleNAc
residues) present in the core and lipid A regions (referred to
as CORE) and on the basis of one Man residue in the repeating
unit (referred to as UNIT). Normalized GlcNAc and Man residues
are indicated by underlining. Carbohydrate content was

determined in 0.5 mg LPS preparations.

Molar ratio
Batch Batch
St2003.1 St2003.2
Monosaccharide CORE  UNIT CORE UNIT
KDO 2.7 + 24 +
Man 205 10 19.2 1.0
Rha 19.9 1.1 19.5 1.2
Carbehydrate content 154 249
(ng)*
Nr of repeating units 15 14

“does not include the contribution of (O-acetylated) Abe residues.

[0163] 2.2 Protein-Supported Immobilization of LPS

[0164] Unexpectedly, intact LPS poorly coupled through
its KDO-carboxylic acid function to EDC/NHS-activated
carboxymethylated dextran, and no significant responses of
reference sera were observed. To improve immobilization of
LPS to the sensor chip, LPS was oxidized using sodium
periodate to create reactive aldehyde groups in its carbohy-
drate constituents, which would allow the so-called aldehyde
coupling procedure, i.e., condensation of aldehyde with a
hydrazide function into a hydrazone linkage followed by
reduction to a hydrazide product. Without oxidation, LPS had
indeed little potential to immobilize to a surface of a CMS5
chip coated with carbohydrazide (results not shown).

[0165] Coupling of oxidized LPS, however, gave disap-
pointing reactivity with reference sera, probably as a result of
insufficient immobilization of the antigens. Commercially
acquired phenol-extracted LPS, either intact or detoxified
(i.e,, cleavage of lipid. A), from S. enteritidis gave, low
responses when immobilized after oxidation, namely 187 RU
and 167 RU, respectively. It must be noted, however, that
besides poor coupling, oxidation may have destroyed a part of
the antigenic structures, which may give poor serological
responses.

[0166] The degree of oxidation was investigated by
monosaccharide analysis of Se LPS (Table 10). This analysis
revealed that relative amounts of KDO, Hep and GIcNAc,
which are constituent of the core region and not of the repeat-
ing antigenic units in the PS part, were significantly reduced
compared to non-oxidized Se LPS. Importantly, monosac-
charide residues part of the PS, and thus antigenic structures,
apparently remained intact under the mild oxidation condi-
tions, which were applied.
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Biosensor responses following immobilization and responses of

reference antisera flowed over chip surfaces, which were prepared with oxidized and

non-cxidized Se or St LPS in the presence of 15% (m/m) porcine Hb.

Biosensor response (RU)

Type of Periodate Level

LPS treatment  of immobilization a-04* a-05 a-09 a-012 O-poly A-S
Se No 6515 1 9 6 9 4
St No 4402 2 156 1 5 0
Se yes 4265 =21 =37 202 159
St yes 5950 302 5005 -12 225 137
“anti-serum against indicated O-antigen was tested

TABLE 16

Biosensor responses following immobilization and responses of
reference antisera flowed over chip surfaces, which were prepared with oxidized
St LPS (batch St2003.1) in the presence of 7% (m/m) of the indicated protein.

Biosensor response (RU)

Protein Level of O-poly

added immob* O4 05 09 012 O-polyE A-S C-SPF C-St C-Se C-Si  C-Spg
BSA? 344 nd¢ nd  nd nd n.d. n.d. n.d. nd. nd nd n.d.
BSA 7450 19 216 1 18 4 14 5 18 21 12 42
Hb 3410 319 3874 4 192 3 203 11 151 140 51 762
Mb 815 59 773 3 45 2 47 8 46 34 20 152
Ob 5540 7 926 10 56 12 56 12 47 45 25 177

“level of immobilization;
PBSA was added to oxidized and desalted LPS;

“immobilization of LPS was considered too low for further reference sera analysis.

[0167] To optimize the binding of LPS and consequently
improve detection of binding antibodies from sera, oxidation
of LPS was then executed in the presence of a protein to allow
the formation of protein-LPS complexes through Schiff-base
reactions between proteinaceous amines and aldehyde func-
tions of LPS. Indeed, commercially available TCA extracted
Se LPS, containing considerable amounts of bacterial pro-
teins, gave improved immobilization at 562 RU compared to
phenol-extracted and ion-exchange chromatography-purified
Se LPS at 208 RU.

[0168] Oxidation of LPS was necessary, as mixtures con-
taining non-oxidized LPS and protein show relatively high
immobilization levels but insignificant specific responses
(Table 15). In addition, protein addition was only beneficial
prior to oxidation of LPS, as addition of BSA to oxidized and
desalted St LPS gave acceptable immobilization levels but no
expected serological responses (Table 16). In a similar way,
Hb yielded relatively high immobilization levels but no sero-
logical responses, as expected (results not shown).

[0169] For method improvement purposes, proteins with a
relatively high degree of homology of their primary and sec-
ondary structures between homeothermic vertebrate species
and occurring in serology-suitable matrices were selected for
further investigations. For that reason, the performance of

chicken ovalbumin, porcine hemoglobin, bovine serum albu-
min or porcine myoglobin fortified (7%, m/m) St LPS was
compared (Table 16). Hemoglobin clearly gave the best
improvement of immobilization levels together with the best
expected antigen-antibody reactivity profile. In the presence
of Hb, in particular 012, poly O A-S and C-St reference sera
gave better responses.

[0170] This, experiment was repeated with the addition of
BSA, Hb and Mb at levels indicated in Tables 17 to 20 using
batches Se2005.1, Sg2005.1, S12005.1 and St2005.1. This
time, O4 and OS5 bound to immobilized St LPS as expected
(Table 20). Evaluation of these results summarized in. Tables
16 to 20 revealed that when considering all expected
responses simultaneously per LPS type, the addition of Hb
gave highest specific responses compared to the addition of
BSA and Mb. Furthermore, in most cases, standard deviations
that occurred with Hb as the supportive protein were more
favorable than those for the addition of BSA and Mb. Hemo-
globin was, therefore, selected for further experimentation.
[0171] It was observed that the O-poly A-S antisera prob-
ably contains a low anti-serogroup C, and C, titers, as in the
case of testing immobilized Sg LPS (Table 18) and SI LPS
(Table 19) where relatively low responses are found.



US 2009/0081638 A1
17

TABLE 17

Biosensor responses in response units (RU) following
immobilization and responses of reference antisera flowed over chip surfaces, which were
prepared with Se LPS oxidized in the presence of 15% (m/m) of the indicated protein. Values
were corrected for the C-SPF responses, which are listed as well. Standard deviations are

indicated in brackets (N = 5, except for chicken and swine sera N =4).

Antiserum tested

Immob. O-poly Anti-
protein level® 09 012 A-S serogrcupD  C—Se  C—St  C-Spg P—St  C-SPF
Hb 3403 72(4) 268 (1) 160 (2) 187(3)  197(6) 5S(7) 1753(5) 76(13) 87
Mb 08 474 242(3) 1339 158(4)  167(9) 40(12) 1674(6) 80{16) 107
BSA 4883 31(11) 185(2)  99(16)  126(5)  126(11) 28(30) 1277(4) 68(24) 74

“level of immobilization.

TABLE 18

Biosensor responses in response units (RU) following
immobilization and responses of reference antisera flowed over chip
surfaces, which were prepared with Sg LPS oxidized in the presence of
50% (m/m) of the indicated protein. Values were corrected for the C-SPF
responses, which are listed as well. Standard deviations are indicated in

brackets (N = 3, except for the chicken and swine sera N = 4).

Antiserum tested

Immob. Anti-
protein level* 06,7 08 O-poly A-S  serogroup C P-Sl1 C-SPF
Hb 3542 318 (1) 249 (11) 69 (3) 145 (10) 52(17) -1
Mb 9880 237(1) 211(12) 45 (7) 81 (26) 162 (34) 0
BSA 10344 196 (4) 124 (8) 19 24) 61 (15) 110 (22) -6

“level of immobilization.

TABLE 19

Biosensor responses in response units (RU) following
immobilization and responses of reference antisera flowed over chip
surfaces, which were prepared with SI LPS oxidized in the presence of
50% (m/m) of the indicated protein. Values were corrected for the C-SPF
responses, which are listed as well. Standard deviations are indicated in
brackets (N = 5, except for chicken and swine sera N = 4).

Antiserum tested
Immob. Anti-
protein level® 06,7 O-poly A-S  serogroupC ~ C—Si P-SI  C-SPF
Hb 8180 125 (21) 16 167 (4) 377(12) 46 (7) -17
Mb 10819 97 (24) g 115 (0) 349 (3)  96(26) -24
BSA 11364 24 (5) -33 40 (5) 200(2) 68(20) 76

“level of immobilization

Mar. 26, 2009
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Biosensor responses in response units (RU) following
immobilization and responses of reference antisera flowed over chip surfaces,
which were prepared with St LPS oxidized in the presence of 15% (m/m) of the
indicated protein. Values were corrected for the C-SPF responses, which are
listed as well. Standard deviations are indicated in brackets (N = 5, except

for chicken and swine sera N = 4).

Antiserum tested

Immob. O-poly Anti-
protein level® 04 03 012 A-S serogroup B C—St C-Spg P—St  C-SPF
Hb 3355 419(3) 494(7) 212(2) 107(1) 809(S)  398(14) 619(24) 272(5) 9
Mb W26 353(8) 432(4) 176(8)  80(9) T22(2)  356(0) 532(4) 246(14) 17
BSA 5588 388 (7) 304(7) 158(16) 82(16)  S42(4)  324(24) 324(16) 244(17) 4
“level of immobilization.
[0172] Immobilization levels and expected reactivity of
agglutinationsera with S. enteritidis LPS (batch Se2003.1), S. TABLE 21

goldcoast (batch Sg2003.2), S. livingstone (batch S12003.1),
S. typhimurium (batch St2003.1) and S. meleagridis (Batch-
Sm2003.1) revealed a correlation with relative amount of Hb
added before oxidation (see, for example, FIG. 3). It was also
found that for a Salmonella serovar-specific LPS type, the
optimum Hb concentration was also production batch depen-
dent.

[0173]
antigenic profile using a panel of standard and reference

On guidance of maximum response of the expected

control sera and on guidance of low responses from avian SPF
reference sera, optimum Hb concentration was determined
for each type and for each batch of LPS (Table 21). In the text,
oxidized, hemoglobin-containing LPS preparations are fur-
ther referred to as LPS®*-Hb preparations.

[0174]
lization levels did not correlate with serological responses but
correlated with the amount of Hb that was added.

Tt should be noted that, in any experiment, immobi-

Effect of hemoglobin and LPS concentration on the final
immobilization level of LPS derived from S. enteritidis (Se)
and S. typhimurium (St).

Se LPS St LPS
LPS concentration 10% 15% 10% 15%
(ug/ml) (m'm)Hb*  (mm)Hb  (m/m)Hb  (m/m)Hb
25 9197
62.5° 2194-2065 3173
62.5° 3400-3000
62.5° 8414
62.5° 2374
125 3940-3647
250 3370 10645

“Concentration of Hb relative to LPS
“prepared on separate sensor channels.

[0175] The effect of dilution of Se LPS and St LPS before
oxidation in the presence of 10% (m/m) or 15% (m/m) Hb
relative to LPS, respectively, was investigated (Table 21).
These results did not clearly reveal a correlation between LPS
concentration and coupling level.

TABLE 22

Relationship between immobilization level of LPS®*-Hb and serologic responses of
O-antigen antiserum and avian control sera. Fields for which a serological
response was expected are shaded in a green color and values within the field
are underlined. Control sera were diluted in HBS-EP containing 0.5 M sodium

chloride and 0.5% (m/v) carboxymethylated dextran.

LPS batch immuobilization

control sera (1:20, v/v)

code level (RU)  O-poly A-S C-SPF C-Se C-St C-spg  C-Si
2083 24.9 1225 L 584
‘ 716 14.9 564 201
Se2003.1 450 93 312
202 100 152
8700 272 539
8017 204 50.0
5¢2003.2 6075 291 1935
3793 257 1445
11526 511 69.8
11329 543 74.7
S12003.1 8357 54.8 773
6067 517 730
2831 322 4668
S003.1 543 169 119.9
321 112 64.8
7 121 189
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[0176] 2.3 LPS Stability and Robustness of Immobilization
[0177] Reproducibility and repeatability of the immobili-
zation of LPS and the specific response of reference sera were
tested. The Se, Sg. Sl and St LPS preparations were oxidized
in the presence of their corresponding optimal Hb concentra-
tion, desalted, and then stored in solution at 4° C. in the dark.
Under identical conditions, but accounting with the variabil-
ity generally observed for immobilization of molecules at a
biosensor surface, immobilization levels of oxidized LPS
were either comparable in the cases of the S (5% RSD) and
St (8% RSD) batches or tended to increase in the cases of the
Se (13% RSD) and Sg (8% RSD) batches over two months of
storage (Table 23 through. Table 26). The responses of refer-
ence sera were probed on the prepared biosensor chips as
well. Inspection of these did not reveal a correlation between
immobilization level and specific response. For example,
immobilization levels of Se LPS and Sg LPS may tend to
increase over time; this increase was not reflected in the
response of the binding of serum antibodies to the immobi-
lized antigens. The relative standard deviation varies between
12% and 38%.

[0178] When considering the first three measuring days
(day 0, day 7 or 10, and day 14 or 17) the variance is greatly
reduced from 3.5% to 23% (results not shown). Tables 27 to
30 summarize the repeatability of the method at several
moments over a 12-months period. At each analysis time
point, a fresh aliquot of Hb-fortified LPS was oxidized,
immobilized and analyzed and thus reflects the sum of vari-
ability of several steps.

TABLE 23

Response of agglutination and reference antisera with LPS**-Hb
Se2003.1 prepared at day 0 and stored at 5° C.. to 8° C. The LPS
preparation was immobilized and tested after oxidation at the days
indicated.

19
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TABLE 24

Response of agglutination and reference antisera with LPS**-Hb
Sg2003.2 prepared at day 0 and stored at 5° C.to 8° C..
The LPS preparation was immobilized and tested after oxidation

at the days indicated.

Sg2003.2 oxidized in

Day of immobilization presence of 50% Hb

analysis level (RU) 06,7 (o O-pely A-S

0 7262 668 465 117

7 9972 714 531 110

14 10597 657 566 111

20 11453 857 502 100

28 11866 1085 504 130

59 12002 484 364 58

Average 10525 744 489 104

St. dev. 869 226 77 27

RSD (%) 8 30 16 26

TABLE 25

Response of agglutination and reference antisera with LPS**-Hb
S12003.1 prepared at day O and stored at 5° C. to 8° C..
The LPS preparation was immobilized and tested after oxidation
at the days indicated.

S12003.1 oxidized in

H HH 1 0,
Se2003.1 oxidized in presence of 15% Hb Day of immobilization presence of 50% Hb
Dayof  immobilization 0- C-Spg analysis level RU) 06,7 O-poly A-S
analysis level (RU) 09 012 polyA-S C—Se (1:100) 0 11509 118 84
0 2708 446 302 330 2597 3535 11 i;ié ;23 2431-
10 3007 352 258 252 2205 3726 N .
17 3194 472320 292 2520 3586 2 1582 475 63
31 3642 509 356 340 1486 3727 23 14976 468 7
62 3640 361 223 156 1676 2329 59 14744 202 31
Average 3238 428 292 274 2097 3381 Average 13877 334 62
St. dev. 407 69 52 74 498 594 St. dev. 707 127 17
RSD (%) 13 16 18 27 24 18 RSD (%) 5 38 27
TABLE 26
Response of agglutination and reference antisera with LPS**-Hb
St2003.1 prepared at day 0 and stored at 5° C.. to 8° C. The
LPS preparation was immobilized and tested after oxidation at the
days indicated.
St2003.1 oxidized in presence of 15% Hb
Day of  immobilization O-poly C-Spg
analysis level (RU) 04 05(1:200) 012  A-S C—St  C—Se (1:100)

0 5391 594 540 278 362 441 544 1634

10 4432 463 567 242 273 448 356 1442

17 4473 517 578 250 262 362 396 1294

31 4769 559 582 296 326 440 255 1464

62 4996 442 321 209 196 340 297 983
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TABLE 26-continued

Response of agglutination and reference antisera with LPS**-Hb
St2003.1 prepared at day 0 and stored at 5° C.. to 8° C. The
LPS preparation was immobilized and tested after oxidation at the
days indicated.

St2003.1 oxidized in presence of 15% Hb

Day of  immobilization O-poly C-Spg
analysis level (RU) 04 05(1:22000 012 A-S C—St  C—Se (1:100)
Average 4812 515 518 255 284 406 70 1363
St. dev. 397 64 111 34 64 51 112 244
RSD (%) 8 12 22 13 22 13 30 18
TABLE 27 TABLE 28-continued
Responsels of freshly oxidized Se LPS (batch 562003.1). on indicategi time Responses of freshly oxidized Sg LPS (batch $g2003.2) on indicated
pomt§ (in months/). The LPS was isolated from bacterial cells,l fortified time points (in months). The LPS was isolated from bacterial cells,
with 15% (m/m) Hb, dried and stored at 4° C. to 7° C. until day fortified with 50% (m/m) Hb, dried and stored at 4° C. to 7° C.
of oxidation, immobilization and analysis. until day of oxidation, immobilization and analysis.
Anal-  immobi- $e2003.1 oxidized in presence of 15% Hb $g2003.2 oxidized in
Analysis immobilization presence of 50% Hb
ysis lization O-poly C—Se C-Spg
(menth) level RU) 09 012 A-S  (1:2200,v/v)  (1:100, viv) (month) level (RU) 06,7 o8 O-pely A-S
0 2708 446 302 330 25974 3535 z 9023 639 459 o1
1° 1326 252 165 172 464 1274 : 13152 474 606 119
2 2380 372 262 230 502 1478 3 gggz 2‘2‘2 ;‘gg jg‘g
3 2003 398 208 230 676 1864 é 8870 69; 508 :64
5 2309 144 207 337 534 1539 % 7088 49‘1' T s :81
7 3487 240 44 547 786 2368 : :
9 3721 215 407 576 705 2415
12 1450 78 145 219 159 1272
TABLE 29

“serum was diluted 1:50 (v/v)

b i 1100 |
serum was diluted 1:100 {v/v) Responses of freshly oxidized S1 LPS (batch S12003.1) on indicated

°LPS was diluted at another volume ratio time points (in months). The LPS was isolated from bacterial cells,
fortified with 50% (m/m) Hb, dried and stored at 4° C. to 7° C.

until day of oxidation, immobilization and analysis.
TABLE 28

Analysis immobilization S12003.1

Responses of freshly oxidized Sg LPS (batch Sg2003.2) on indicated
time points (in months). The LPS was isolated from bacterial cells, (month) level (RU) 06,7 O-poly A-S

fortified with 50% {m/m) Hb, dried and stored at 4° C. to 7° C.

until day of oxidation, immobilization and analysis. 0 11509 318 84
1 11442 417 62
Sg2003.2 oxidized in 2 12280 287 55
Analysis immobilization presence of 50% Hb 3 13152 231 65
5 11896 217 159
(month) level (RU) 06,7 08 O-poly A-S 7 11563 271 149
9 10882 298 191
0 7262 668 465 117 12 10138 204 131
1 7428 929 451 100
TABLE 30

Responses of freshly oxidized St LPS (batch $t2003.1) on indicated
time points (in months). The LPS was isolated from bacterial cells, fortified
with 15% (m/m) Hb, dried and stored at4° C. to 7° C. until day of oxidation,
immobilization and analysis.

St2003.1 cxidized in presence of 15% Hb

Analysis  immobilization 05 (1:200, O-poly C-Spg
(month) level (RU} 04 v/v) 012 A C—St  (1:200,v/v)

0 5391 594 540% 279 362 441 16347
1* 3487% 339 470 181 207 352 597
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TABLE 30-continued

Responses of freshly oxidized St LPS (batch St2003.1) on indicated
time points (in months). The LPS was isolated from bacterial cells, fortified
with 15% (m/m) Hb, dried and stered at4° C. to 7° C. until day of oxidation,
immobilization and analysis.

St2003.1 oxidized in presence of 15% Hb

Analysis  immobilization 05 (1:200, O-poly C-Spg
(month) level (RU) 04 v/v) 012  A-S C—St  (1:200,v/v)
2 4623 482 325 257 242 411 612
3 4079 425 608 187 235 982 624
5 6873 359 369 167 302 393 605
7 5410 681 734 334 453 559 837
9 4008 638 664 278 441 524 824

“serum was diluted 1:100 (v/v);

Following oxidation, LPS-containing solution was diluted twice instead of once.

Example 2

SPR Biosensor for Detection of Egg Yolk Antibodies
Reflecting Salmonella Enteritidis Infections ;54

1. Introduction

[0179] Salmonella is one of the major causes of bacterial
gastro-enteritis of humans (Fischer, 2004; van Duynhoven et
al., 2005). In the Netherlands, between 1994-1998, Salmo-
nella enterica serovar enteritidis (S.e.) was the most often
isolated serovar (Pelt et al., 1999). Within this serovar, eggs
and egg products were the most important source of infection.
Despite several control measures, approximately 9% of the
Dutch layer flocks become infected annually. As egg con-
tamination with Salmonella continues to be a threat for public
health, it is important to detect an infection of a flock as soon
as possible by, an adequate surveillance program.

[0180] The current Dutch monitoring system in layer fin-
isher hens is based on serology (Bokkers, 2002). The aim is to
reduce the prevalence of S.e. and S. typhimurium in the layer
sector. Sampling, however, occurs only twice: before and at
the end of the laying period. The current surveillance pro-
gram, therefore, cannot detect all infections of flocks during
the laying period, and farmers cannot “guarantee” that their
products are from Salmonella-free layers.

[0181] Consequently, the surveillance program should be
improved. As an alternative to current serology, testing of
eggs forantibodies could be performed. Egg sampling has the
advantage that it can be performed on egg packing plants, in
a high sampling frequency and with large sample sizes.
[0182] Tests for detection of antibody in eggs have been
developed and used before. The existing tests are often based
on enzyme-linked immunosorbent assays (ELISA) using dif-
ferent (combinations of) antigenic components of Salmonella
spp. (see, for examples, Refs. Gastetal., 2002 and 1997; Skov
et al., 2002; Holt et al., 2000; Desmidt et al., 1996; Sachsen-
weger et al., 1994; Van Zijderveld et al., 1992). Recently, the
possible suitability of biosensors for the detection of humoral
response has been recognized (Bergwerff and van Knapen,
2006, accepted for publication; Bergwerff and van Knapen,
2003; Jongerius-Gortemaker, 2002; Pyrohova et al., 2002;
Vetchaetal., 2002; Lietal., 2002; Liu et al., 2001; Uttenthaler
et al., 1998). A biosensor consists of a re-usable immobilized
biological ligand that “senses” the analyte, and a physical
transducer, which translates this phenomenon into an elec-
tronic signal (Jongerius-Gortemaker et al., 2002). The use of

biosensors promises the possibility of high throughput analy-
ses, and also the detection of multiple serovars or serogroups
within a family of infectious disease agents, or antibodies
against these agents, in a single run. This offers the opportu-
nity to improve surveillance programs, as more samples can
be tested in a higher frequency during the laying period.
[0183] This example evaluates the sensitivity, specificity
and discriminatory capacity of a surface plasmon resonance
(SPR) biosensor (Biacore 3000) antibody detection test in
egg yolk based on the lipopolysaccharide (LPS) of Salmo-
nella enterica serovar enteritidis and compares the results to
those obtained with a g,m flagellin-based commercial ELISA
testkitand a LPS-based commercial ELISA testkit for detec-
tion of egg antibodies by creating and analyzing receiver
operating characteristic (ROC) curves.

2. Materials and Methods

[0184] 2.1 SPR Biosensor Method

[0185] We adapted the surface plasmon resonance (Biacore
3000 by Biacore AB, Uppsala, Sweden) detection method of
serum antibodies against Salmonella enteritidis using LPS-
antigen as developed by Bergwertf et al. (in prep) to egg yolk.
The first adjustment to this method was made in the sample
preparation. After separation of egg yolk and egg white, the
egg yolk was diluted 1:5 (v/v) in 10 mM HEPES buffer at pH
7.4, containing 3 mM EDTA, 0.15 M sodium hydrochloride,
0.005% (v/v) surfactant P20 (Biacore AB, Sweden), and addi-
tional 0.85 M sodium chloride (Merck, Darmstadt, Ger-
many), 1% (m/v) carboxymethylated dextran (Fluka Chemie,
Buchs, Germany) and 0.05% (v/v) TWEEN®80 (Merck,
Germany). It was mixed with glass pearls, centrifuged at
15,000 g at ambient temperature for 25 minutes; the super-
natant was filtrated over a 0.45-um filter (Schleicher &
Schnell, Dassel, Germany).

[0186] A second adaptation was the cleaning of the sensor
chip. Following analysis of each series of 15 egg yolk
samples, a solvent containing 0.5% (w/v) sodium dodecyl
sulphate (Biacore AB, Sweden) was injected to remove
deposited egg yolk components.

[0187] 2.2 Reference Sera and Egg Yolks

[0188] Sera were used as reference in the various tests due
to unavailability of sample stock of well-defined reference
egg yolks. Lyophilized, defined SPF and reference sera origi-
nating from chickens infected with a) S. enteritidis, b) S.
typhimurium, ¢) S. infantis, or d) S. pullorum were obtained



US 2009/0081638 A1

from the Animal Health Service Ltd. (Deventer, Nether-
lands). These sera were prepared from pooled sera. Before
use, lyophilized sera were reconstituted in 1 ml MILLI-Q®.
Additionally, monoclonal mouse anti-Salmonella antibody
anti-group B, -group C, -group D and -group E was used
(Sifin, Berlin, Germany).

[0189] Internal-control egg yolks were used to establish
analytical sensitivity and repeatability of the biosensor assay.
They consisted of a specific pathogen-free (SPF) egg yolk
sample (Animal Health Service Ltd., Netherlands) and a
highly immuno-responsive pre-ovulatory follicle sample
originating from experiment 2 (cf. section 2.4. below).
[0190] 23 ELISA

[0191] Samples were assayed using sandwich enzyme
immunoassay techniques. Two commercially available S.e.
antibody detection kits were used; Flockscreen S.e. Guildhay
(Guildford, England) and FlockChek S.e. IDEXX (West-
brook, Me., USA). The samples were analyzed according to
the company’s procedures.

[0192] The Guildhay S.e. indirect ELISA is based on LPS
as antigen. The wells of microtiter plates were coated with
LPS, 1:500 dilutions of samples were added in mono. Test
results were expressed as an S/P ratio according to the fol-
lowing formula:

(optical density sample — M

optical density negative controls)

S/P=

(optical density positive controls —"

optical density negative controls)

The S/P ratio was interpreted using the following criteria: Egg
yolk:  S/P=0.08=immuno-negative; 0.08<S/P<0.25=im-
muno-suspect; S/PZ0.25=immuno-positive.

[0193] The IDEXX S.e. competitive ELISA is based on
gm flagellar antigen. The wells of microtiter plates were
coated with g,m flagellar antigen, 1:2 dilutions of samples
were added in mono. The results were expressed as $/N ratio
as follows:

optical density sample (2)

SIN

"~ optical density negative controls

The S/N ratio was interpreted using the following criteria:
Fgg vyolk: S/Nz0.75=immuno-negative; 0.75<S/N<0.
59=immune-suspect; S/N=0.59=immuno-positive.

[0194] 2.4 Experiments

[0195] The egg samples used in this study originated from
two infection experiments.

[0196] Experiment 1. Fifteen one-week-old layer hens (Isa
Brown) were housed in negative pressure high-efficiency par-
ticulate air filter (HEPA) isolators with a volume of 1.3 m> and
fitted with a wire floor of 1.1 m?, and applying a 12-hour light
to 12-hour dark photoperiod rhythm. The isolators were ven-
tilated at a rate of approximately 30 m*" hour. During the
growing period, no Salmonella could be cultured from bed-
ding. The chickens were provided with non-medicated feed
and water ad libitum. They were housed, handled and treated
following approval by the institutional animal experimental
committee of the Dutch Animal Health Service Ltd. in accor-
dance with the Dutch regulations on experimental animals.
All hens were inoculated orally once with 1x10® CFU per bird
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in week 20 of the experiment using S. enteritidis CL.344
(Animal Health Service Ltd., Deventer; The Netherlands).
Before and after inoculation, eggs were collected on a daily
basis, but not labeled individually and not dated. The eggs
were stored at ambient temperature for four weeks and sub-
sequently at 4° C. The experiment ended in week 22 and
produced 147 “positive” and 71 “negative” samples.

[0197] Experiment 2. This experiment is described in detail
by Van Eerden et al. (2005, in prep). In short, 128 15-week-
old layer hens (Lohmann Brown, 16 birds, eight replications)
were divided into two groups (eight hens each) and housed
individually in two climate cells, used as isolators, in the same
room, under a 9-hour light and 15-hour dark photoperiod
rhythm. During the growing period until inoculation, no Sal-
monella was cultured from feces. They were provided with
non-medicated feed and water ad libitum. The animal experi-
ment was conducted according to the Guidelines for Animal
Experimentation of Wageningen University and approved by
the Ethical Committee under Reference Number of 2603219.
Each of sixty-four hens (16 birds, four replications) was
inoculated orally once with 1x10® CFU nalidixic acid-resis-
tant S.e. (ASG, Lelystad, the Netherlands) one week after the
experiment started. The other 64 birds were considered unin-
fected controls. Eggs were collected at day 21 and day 28
post-inoculation. Twelve times, the eggs from one climate
cell were collected and pooled after cracking of the shell (cf.
section 2.5 below). Four of the pooled egg samples were taken
from “uninfected” climate cells. Besides the collection of
pooled egg samples, ten egg samples were taken from ten
individual birds, of which seven were uninfected. The egg
yolk and white were mixed and stored at =20° C. The experi-
ment ended four weeks after inoculation. Pre-ovulatory fol-
licles were then harvested from eight uninfected and five
infected individual birds.

[0198] 2.5 Preparation of Hgg Samples

[0199] Eggs from Experiment 1 were prepared in the fol-
lowing manner. To facilitate aseptic preparation, the egg-
shells were disinfected with a 70% (v/v) aqueous ethanol.
Subsequently, the eggs were cracked and the contents were
collected in sterile petri dishes. A volume of 1 ml egg yolk was
collected using a sterile disposable syringe and portioned in
200 ul fractions. FEach fraction was diluted with a buffer
appropriate for either SPR biosensor or ELISA analysis, and
then stored at -20° C.

[0200] Likewise, pooled egg yolk and white and pre-ovu-
latory follicles obtained from Experiment 2 were fraction-
ated, diluted and stored at -20° C.

[0201] 2.6 Evaluation of the SPR Biosensor Method
[0202] 2.6.1 Analytical Sensitivity and Specificity
[0203] To establish the limit of detection of the assay, eight

1:2 (v/v) serial dilutions of a highly immuno-responsive egg
yolk sample and a SPF-negative control sample were ana-
lyzed in triplicate by the SPR biosensor. Analysis of variance
(ANOVA) was performed using SPSS (SPSS for Windows,
Standard Version, 1999) to evaluate differences in SPR bio-
sensor responses obtained after injection of the serially
diluted control samples.

[0204] Reference sera were used to spike a SPF yolk to test
the specificity of the SPR biosensor assay. For this purpose,
eggyolk was spiked with 1) S. enteritidis—(serogroups D), 2)
S. infantis—(serogroups C), 3) S. pullorum—(serogroups D),
and 4) S. typhimurium—(serogroups B) reacting antisera.
These samples were diluted by their volumes, either at a rate
of 1:100 (1, 2 and 3) or at 1:50 (4). Further specificity testing
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was performed by spiking SPF egg yolk with 1:100 (v/v)
diluted mouse monoclonal antibody reacting with Salmo-
nella serogroups B, C, D and E.

[0205] 2.6.2 Repeatability

[0206] The repeatability of the SPR biosensor assay was
assessed by running the highly immuno-responsive egg yolk
sample and the SPF-negative control egg yolk sample twice
on a single day and on three consecutive days (in triplo).
Means, standard deviations (SD) and percent coefficient of
variation (% CV) values were calculated in Excel 2000 (Mi-
crosoft software package).

[0207] 2.6.3 ROC Curves

[0208] Receiver operator characteristic (ROC) curves were
generated using the results from the SPR biosensor and
ELISA analyses to assess the test performances of each assay
(Zweig and Campbell, 1993). Using SPSS, the overall accu-
racy of each assay was calculated from the integrated area
under the curve (AUC), corresponding standard error (SE)
and the probability of the null hypothesis of the true AUC
being 0.5. By use of non-parametric ROC analysis (Metz et
al., 1998), the accuracy of SPR biosensor assay detection of
antibodies against S.e. was compared with the accuracy of the
two ELISAs. The gold standard was the infection status of the
experimental group.

[0209] 2.6.4 Diagnostic Sensitivity and Specificity

[0210] InaROC curve, the true positive rate (sensitivity) is
plotted in function of the false positive rate (100-specificity)
for different cut-off points of a parameter. Each point on the
ROC curve represents a sensitivity/specificity pair corre-
sponding to a particular decision threshold. Thus, the maxi-
mum diagnostic sensitivity at the highest diagnostic specific-
ity for the SPR biosensor assay and the two ELISAs were
calculated using SPSS. For the SPR biosensor test using the
samples from Experiment, the maximum diagnostic specific-
ity at the highest diagnostic sensitivity and the optimal com-
bined diagnostic sensitivity and specificity were also calcu-
lated.

3. Results

[0211] 3.1 Analytical Sensitivity and Specificity

[0212] A 1:640 (v/v) dilution of the highly immuno-re-
sponsive egg yolk sample was, at 50 RU, the highest dilution
tested that differed significantly (P<0.001) from the negative
control.

[0213] The test signal of the SPF egg yolks spiked with S.
enteritidis—(1:100, 145 RU), S. pullorum—(1:100, 1012
RU) or S. typhimurium—(1:50, 58 RU) positive sera were
above the optimized cut-off value of 52 RU (cf. section 3.4.1
below) and considered positive, as was the SPF egg yolk
spiked with mouse anti-Salmonella group D (1:100, 130 RU).
Non-spiked SPF yolk was found to be negative, 1.e., average
response was 30 RU. The yolks spiked with S. infantis—(1:
100, 24 RU) positive serum and mouse antiserum against
Salmonella serogroups B (1:100, 27 RU), C (1:100, 16 RU),
and E (1:100, 15 RU) were also below the cut-off value.
[0214] 3.2 Repeatability

[0215] The coefficient of variation within a single day was
1% for the highly immuno-responsive egg yolk sample and
13% for the negative sample. The coefficient of variation
from day-to-day during three days was 2% for the positive
sample and 17% for the negative sample.
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[0216] 3.3 Threshold Determination
[0217] 3.3.1 ROC Analysis
[0218] ROC analysis was performed on the assay results of

71 and 135 egg yolk samples from uninfected and infected
chickens, respectively, from Experiment 1 (not all tests were
performed on 12 samples from infected chickens). Integrated
areas under ROC curves were 0.892 (SE 0.024, P<0.001) for
the SPR biosensor assay; 0.432 (SE 0.039, P=0.103) for the
IDEXX ELISA and 0.430 (SE 0.039, P=0.096) for the
Guildhay ELISA (Table 31). The ROC curves are depicted in
FIG. 4. The integrated area (AUC), and thus the overall accu-
racy, forthe SPR biosensor assay was significantly larger than
those of the IDEXX (Z=11.5, P<0.001) and Guildhay ELISA
(Z=10.5, P<0.001).

[0219] ROC analysis was also performed for four com-
bined egg white and yolk samples and 15 egg yolk samples
from uninfected chickens, and eight combined egg white and
yolk samples and eight egg yolk samples from infected chick-
ens from Experiment 2. The integrated areas under ROC
curves were 0.811 (SE 0.082, P=0.002) for the SPR biosensor
assay, 0.615 (SE 0.098, P=0.098) for the IDEXX ELISA and
0.870 (SE 0.064, P<0.001) for the Guildhay ELISA (Table 32
and FIG. 5). The AUC of the —SPR biosensor assay was
significantly larger (Z=1.9, P=0.055) than that of the IDEXX
ELISA, but not different from that of the Guildhay ELISA
(Z=-1.0,P=0.322).

[0220] 3.4 Performance Estimates

[0221] 3.4.1 Diagnostic Sensitivity and Specificity Esti-
mates

[0222] With respect to the results of the samples acquired

from Experiment 1, samples from the uninfected population
gave biosensor responses ranging from 6 to 50 RU. The
responses of the samples from the infected population-ranged
from 11 to 3584 RU. Ata cut-off value of 52 RU, 24 out of 135
samples had to be considered immuno-negative.

[0223] A cut-off value of 52 RU yielded the highest pos-
sible diagnostic specificity estimate of 100% (with a 95%
exact confidence interval (CI) of 95% to 100%) and a diag-
nostic sensitivity estimate of 82% (95% CI: 76% to 98%) for
the SPR biosensorassay test. A cut-off value of 10 RU yielded
the highest possible diagnostic sensitivity estimate of 100%
(95% exact CI: 97% to 100%) and a specificity estimate of 1%
(95% CI: 0% to 4%). A cut-off value of 42 RU yielded the
optimal combined diagnostic sensitivity and specificity: 84%
(95% CI: 77% to 90%) and 99% (95% CI: 96% to 100%),
respectively.

[0224] At a cut-off value of ODssy,,,, 0.11, the IDEXX
ELISA had a diagnostic specificity of 100% and a sensitivity
of 1% (95% CT: 0% to 3%). The ODs5,,,,, of the samples from
the uninfected population ranged from 0.174 to 1.377,1.e.,in
excess of the cut-off value at 0.11. Of the positive population,
145 out of 147 samples had to considered immuno-negative at
the chosen cut-off value, namely, corresponding OD.s,, .
ranged from 0.042 to 1.572. The Guildhay ELISA had a
diagnostic specificity of 100% and a sensitivity of 16% (95%
CI: 10% to 22%) at a cut-off value of ODg;,,,,, 0.12. None of
the samples from the uninfected population showed ODys,,,.,
values in excess of 0.12 (0.051 to 0.093). In case of the
positive population, 124 out of 147 samples had to be con-
sidered immuno-negative. The OD of these samples
ranged from 0.048 to 1.471.

[0225] In the case of Experiment 2, a cut-off value of 542
RU yielded the highest possible diagnostic specificity esti-
mate of 100% (95% exact CI: 82% to 100%) and a diagnostic

650nm
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sensitivity estimate of 63% (95% CI: 39% to 86%) for the
SPR biosensor assay test. The samples from the uninfected
population had RU values ranging from 101 to 448. The
infected population values ranged from 117 to 3012 and 6 out
of 16 samples had negative test results. At a cut-off value of
ODs50,,, 0.49, the IDEXX ELISA had a diagnostic specificity
of 100% and a sensitivity 0of 19% (95% CI: 0% to 38%). None
of the samples from the uninfected population had ODss,,,,
values of less than 0.49. The values ranged from 0.537 to
1.621. Of the positive population, 13 out of 16 samples had
negative test results at the chosen cut-off value. The values
ranged from 0.134 to 1.630. The Guildhay ELISA had a
diagnostic specificity of 100% and a sensitivity of 67% (95%
CI: 43% to 91%) at a cut-off value of ODg;5,,,,, 0.14. None of
the samples from the uninfected population had ODys,,,,,
values of more than 0.14. The values ranged from 0.072 to
0.140. Of the positive population, five out of 15 samples had
negative test results (one sample could not be tested). The
values ranged from 0.086 to 2.144.

4. Discussion

[0226] The aim of this study was to quantify the test char-
acteristics of the SPR biosensor for the detection of S. e.
antibodies in eggs. The results showed that the SPR biosensor
assay performed significantly better than the two commer-
cially available ELISAs for samples from Experiment 1. The
combined optimal diagnostic sensitivity and specificity of the
SPR biosensor was 84% (77% to 90%) and 99% (96% to
100%), respectively. Neither the g,m flagellin-based IDEXX
ELISA, nor the LPS-based Guildhay ELISA were able to
detect S.e. infection with a higher combined diagnostic sen-
sitivity and specificity using this test panel. This study indi-
cates that an SPR biosensor assay could be a new and pow-
erful tool for monitoring. Salmonella enterica serovar
enteritidis infections in layer flocks through antibody detec-
tion in eggs.

[0227] The SPR biosensor assay offers the possibility of
detecting infections in a fast and reliable way. The high qual-
ity of the test and the technical and animal welfare advantages
of egg collection are good reasons to explore its use for
screening of populations. In addition, the configuration of the
applied SPR biosensor from Biacore allows the simultaneous
detection of antibodies to multiple Sa/monella serovars in a
single run in a single sensor channel or in separate sensor
channels on the same sensor chip (results not shown). This
couldbe of significance because it is well known that serovars
differ over countries- and over time (see, for example, refs.
Guerin et al., 2005; van Duijnkeren et al., 2002).

[0228] The test evaluation was carried out using eggs from
two experiments that were not carried out specifically for this
test evaluation, possibly influencing test performance. The
“positive” eggs were probably collected at a time point that
humoral response was developing in the exposed chickens.
These “premature” eggs were analyzed and their false-nega-
tive results interfere with the evaluation of the assays. Could
it have been possible to exclude eggs until two weeks post-
infection, the diagnostic sensitivity of each test, ELISA or
SPR biosensor, would have been improved.

[0229] Antibody detection in serum is more sensitive than
in eggs because the appearance of antibodies in eggs is pre-
ceded by the appearance in serum by a week (Gast and Beard,
1991; Sunwoo et al., 1996; Skov et al., 2002). However, flock
sensitivity of tests for antibodies in eggs can be improved by
taking more samples, which is easier when using eggs.
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[0230] The biosensor performance (AUC 0.892) was com-
pared to that of two commercial ELISAs (IDEXX AUC
0.432, Guildhay AUC 0.430). To our knowledge, the IDEXX
ELISA was not validated for eggs, but quantitative data exist
about the test’s performance in comparison to other tests: Van
Zijderveld et al. (1992) evaluated four different ELISAs for
diagnosis of S.e. infections in experimentally infected chick-
ens. They reported a specificity of 100% and a sensitivity of
95% for 127 egg yolks from eggs laid between 13 and 40 days
after infection with S.e. In our evaluation, the IDEXX test did
not perform as well as in the 1992 evaluation. An explanation
could be the different sample selection, as our samples origi-
nated from infection experiments that stopped at two and four
weeks after inoculation, having had less time to develop a
humoral response.

[0231] Shared O-antigens, among members of Salmonella
serogroups B and D are known to limit the specificity of
detecting S.e. using lipopolysaccharide antigens (de Vries et
al., 1998; Baay and Huis in’t Veld, 1993; Hassan et al., 1990).
This is confirmed by our results: the assay could not differ-
entiate between infections with serovars enteritidis, galli-
narum and typhimurium, sharing 09 and O12. As the
zoonotic serovars of the three (S. typhimurium plus S. enter-
itidis) represent 80% of isolates identified by the national
reference laboratories participating in the Enter-net surveil-
lance network between 1998 and 2003 (Fischer et al., 2004),
this finding has limited clinical relevance for the human popu-
lation. The assay did differentiate between SPF egg yolk
spiked with mouse anti-Sal/monella group B (1:100, 27 RU)
and D (1:100, 130 RU). This is not surprising because the LPS
of Salmonella enteritidis has O1, O9 and O12 as somatic
antigens, while the group-specific test reagents contain the
following monoclonal antibodies; anti-Salmorella group B:
Anti-04, 05, 027, anti-Salmonella group D: Anti-O9.
[0232] The cut-off value from Experiment 2 was much
higher than the cut-off from Experiment 1, possibly because
part of our samples consisted of egg white and yolk instead of
egg yolk only.

[0233] For different applications, different cut-off values
may be optimal. Relative costs or undesirability of errors
(false positive/false negative classifications) and the expected
relative proportions of infected and uninfected hens are
important parameters in the determination of the cut-off
value, which affects the diagnostic value of the assay. We
would suggest a cut-off value that minimizes the number of
false positive results, reasoning that frequent, sampling and
testing would be necessary if the assay was to be used in a
surveillance program in the layer population, given the rela-
tively low prevalence of S.e.

[0234] The SPR biosensor technique has successfully
detected egg antibodies to determine experimental infections
in chickens. In future screening programs, the SPR biosensor
could possibly detect different analytes at the same time.

TABLE 31

ROC analysis of the results of samples derived from Experiment 1
analyzed bv SPR biosensor, IDEXX and Guildhay ELISAs.

SPR Guildhay

Characteristic biosensor assay  IDEXX ELISA ELISA

Optimized cut-off 52RU ODs50 1 0.11  ODigs0 12, 0.12
Diagnostic 82 1 16
sensitivity (%)
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TABLE 31-continued

ROC analysis of the results of samples derived from Experiment 1
analyzed by SPR biosensor, IDEXX and Guildhay FLISAs.

SPR Guildhay
Characteristic biosensor assay IDEXX ELISA ELISA
95% CI (%) 76-89 G-3 10-22
Diagnostic 100 100 100
specificity (%)
95% CI* 95-100 95-100 95-100
AUC 0.892 0.432 0.430
95% CI 0.844-0.939 0.356-0.508 0.355-0.506
“Fisher’s exact test

TABLE 32

ROC analysis of the results of samples derived from Experiment 2
analyzed by SPR biosensor, IDEXX and Guildhay ELISAs.

SPR

biosensor Gulidhay
Characteristic assay IDEXX ELISA ELISA
Optimized cutoff 542 RU ODs54 ,, 0.49 OD50 0 0.14
Diagnostic 63 19 67
sensitivity (%)
95% CI 39-86 0-38 43-91
Diagnostic 100 100 100
specificity (%)
95% CI* 82-100 82-100 82-100
AUC 0.811 0.6135 0.870
95% CI 0.649-0.972 0.424-0.806 0.743-0.996
“Fisher’s exact test

Exaniple 3

Direct Detection of Campylobacter spp. Through
Monitoring Bacteriophage Infections Using LPS-
Coated Beads

1. Introduction

[0235] Campylobacter is the most commonly found food-
borne pathogen in developed countries, causing gastroenteri-
tis characterized by watery and/or bloody diarrhea. Campy-
lobacter is associated with Guillain-Barré (GBS), Reiter’s
and hemolytic uremic (HUS) syndromes and reactive arthritis
(FSAJ, 2002; Lake et al., 2003; Tauxe, 2000). In the last 20
years, the infection rate of Campylobacter is still increasing
in many developed countries, maybe due to the improvements
in detection and reporting. In the United States of America,
2,400,000 cases of campylobacteriosis are reported annually
corresponding to approximately 1% of the USA population
(Tauxe, 2000).

[0236] Wild birds and domestic animals are reservoirs for
Campylobacter and shed bacteria to the environment. Poultry
is an important vehicle for Campylobacter infection in
humans. Indeed, strains that were isolated from chickens
could be isolated from patients as well (Coker, 2000).
[0237] Epidemiological studies have shown that consump-
tion and handling of poultry meat should be considered as a
majorrisk forhuman infection with C. jejuni or C. coli (FSAL,
2002). The most consistent risk factor in the United States,
New Zealand and Europe has been consumption or contact
with raw or undercooked poultry, accounting for 10% to 50%
of all cases of campylobacteriosis (Tauxe, 2000). C. jejuni, C.
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coli and C. [ari represent about 90% of human campylobac-
teriosis (Stern and Line, 2000). The infective dose of Campy-
lobacter is considered to be low, ranging from 500-10,000
cells (FSAI 2002).

[0238] Campylobacter are gram-negative, curve-shaped,
S-shaped, or spiral-shaped bacilli having one or two flagella
at one of the poles and highly motile (Christensen et al.,
2001). Campylobacter grows between 30.5° C. and 45° C. at
an optimum temperature of 42° C. Optimum growth is estab-
lished at 10% carbon dioxide, 5% to 6% oxygen, and 85%
nitrogen (FSAI, 2002).

[0239] Traditional phenotyping methods for determination
of Campylobacter take four to five days and involve pre-
enrichment followed by isolation from selective agar and
confirmation by biochemical test. Due to the perishable
nature of food items and the speed required for analysis of
food products more rapidly, sensitive and specific methods
are needed for cost-effective Campylobacter detection.
[0240] Immunomagnetic separation (IMS) procedures
were used by Waller and Ogata (2000), Che et al. (2001), Yu
et al. (2001), to concentrate C. jejuni from poultry meat
without the pre-enrichment cell culture step. This approach
could retrieve 10* colony forming units (cfu)/g in poultry
meats as detected with atomic force and fluorescence micros-
copy (Yuetal., 2001). IMS can potentially reduce pre-enrich-
ment time of Campylobacter and may overcome the problems
of inhibitors from food sources such as PCR inhibitors
(Benoit andDonahue, 2003). The use of IMS may thus speed
up the enrichment of the analyte.

[0241] This example describes a down-stream detection
method using Campylobacter-specific bacteriophages, i.e.,
small viral organisms that attach to or infect living Campylo-
bacter bacteria. Their attachment or infection is dependent of
the phase of life cycle of the bacterium. Binding to or infec-
tion of Campylobacter may occur in the stationary, log or lag
phase of the bacterium and depends on the phase species as
well. Infection of the bacterium results usually in a high
number of copies of the bacteriophage. Recording this incre-
ment of phages is, therefore, used as an analytical instrument
to trace the presence of Campylobacter in the original sample.
[0242] The aim of this study is to demonstrate the applica-
tion of bacteriophages as specific and sensitive analytical
tools for the detection of Campylobacter in animal products,
such as feces and (poultry) meats.

2. Materials and Methods

[0243] 2.1 Experimental Set-Up

[0244] Following homogenization, e.g., facilitated by
stomachering, IMS will be used to purify and concentrate
Campylobacter from contaminated samples, such as meat
and feces. In a second step, [MS-isolated bacteria will be
incubated with an appropriate strain of bacteriophage. Non-
attaching bacteriophages will be washed from the cell isolate
using the same IMS procedure. Infected and/or bacterioph-
age-carrying IMS-immobilized Campylobacter are then
introduced in a fresh and pure culture of reference Campylo-
bacter that is in a stationary phase. This cell culture is used as
a foreign host to boost the multiplication of the bacterioph-
ages. Following a short culture to allow the bacteria to reach
their log phase, bacteriophages will be harvested by centrifu-
gation. The bacteriophage-containing supernatant will be
incubated with LPS-coated fluorescent beads. Here, the bead
is coated as described in the Example with the LPS isolated
from Campylobacter used as the host organism. The presence
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of bacteriophages bound to the fluorescent beads will be
tested in two ways. Following the addition of and incubation
with anti-bacteriophage antibodies tagged with a fluorescent
label, the amount of fluorescence will correspond with the
concentration of bacteriophages and indirectly with the con-
centration of Campylobacter in the original sample. In an
alternative approach, anti-LPS antibodies containing a fluo-
rescent tag will compete with bacteriophages for binding
places. A decrease of recorded fluorescence compared to a
Campylobacter-free sample will, therefore, indicate a
Campylobacter-positive sample.

[0245] The test will be validated in terms of selectivity and
sensitivity for C. jejuni, C. coli and C. lari in different matri-
ces, including feces, skin and meat from pigs and chickens.
Closely related organisms, such as Arcobacter species, will
be used to test the specificity of the method.

[0246] 2.2 Bacterial and Viral Strains and Culture Condi-
tions
[0247] C. jejuni (ATCC 33291) and C. coli (ATCC 33559)

will be bought from Microbiologics (St. Cloud, USA). The
bacteria will grow in tryptone soya broth (TSB) (Oxoid, CM
129, Hampshire, England) for 24 hours at 42° C., under
microaerophilic atmosphere, which will be generated using a
gas package (BBL, Becton Dickinson, Sparks, USA).
Campylobacter are then plated onto Charcoal-Cefoperazone-
Deoxycholate Agar (mCCDA) (Campylobacter blood-free
selective a gar base (Oxoid, CM 739) with CCDA-selective
supplement (Oxoid, SR155), cefoperazone 32 pg/ml and
amphotericin B 10 pg/ml) and incubated under microaero-
philic atmosphere for 24 to 48 hours at 42° C. One colony of
pure Campylobacter is then transferred to tryptic soya agar
(TSA) (Oxoid, CM131) and will be incubated under
microaerophilic atmosphere for 24 to 48 hours at 42° C. and
will then placed in a refrigerator at 4° C. until use. Campylo-
bacter-infecting bacteriophages NTCC12669, NTCC12670,
NTCC12671, NTCC12672, NTCC12673, NTCC12674,
NTCC12675, NTCC12676, NTCC12677, NTCCI12678,
NTCC12679, NTCC12680, NTCC12681, NTCC12682,
—NTCC12683, and NTCC12684 are acquired from the
National Type Culture Collection (London, United King-

dom).
[0248] 2.3 Sample Preparation
[0249] The pure Campylobacter culture stored at 4° C. will

be subcultured in TSB and incubated under microaerophilic
atmosphere for 24 hours at 42° C. This is the host for expo-
nential growth of the bacteriophage.

[0250] An amount of 25 g of ground chicken fillet will be
suspended in 225 ml of Preston broth (Nutrient broth No. 2
(Oxoid, CM 67), 5% (v/v) lysed horse blood (Oxoid, SR48),
Campylobacter growth supplement (Oxoid, SR232) and
modified Preston. Campylobacter selective supplement (Ox-
oid, SR204)) contained by a stomacher bag. The Preston
broth medium will be prepared according to the manufactur-
er’s instructions. The sample-containing stomacher bag will
be homogenized thoroughly for 90 seconds in a stomacher
(Interscience, St. Nom, France). The entire suspension will
then be incubated under microaerophilic atmosphere at 42°
C. for an appropriate incubation time to allow growth of
Campylobacter.

[0251] 2.4 Immunomagnetic Separation

[0252] After enrichment with Preston broth, the stomacher
bag containing the sample will be placed into the incubation
pot of the IMS machine (Pathatrix™, Microscience, Cam-
bridgeshire, UK). The apparatus is then operated according to
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the instructions of the manufacturer. Briefly, 50 pl of anti-
Campylobacter magnetic beads (Microscience) will be added
to the sample, which is then recirculated for 30 minutes at 37°
C. The magnetically immobilized beads are released, washed
with 100 ml of pre-warmed buffered peptone water (peptone
(Becton Dickinson) 10 mg/ml, sodium chloride (Merck,
Darmstadt, Germany) 5 mg/ml, disodium hydrogen phos-
phate dihydrate (Merck) 4.5 mg/ml, potassium dihydrogen
phosphate (Merck) 1.5 mg/ml adjusted to pH 7.2) and then
drawn to the magnet again. Wash solution was removed leav-
ing a 200 pl suspension for selective growth and bacterioph-
age analyses.

[0253] 2.5 Detection of Bacteriophages

[0254] Campylobacter-carrying IMS beads are contacted
with a small volume of bacterium-specific bacteriophages.
Following a short incubation to allow specific attachment of
the phages to the surface of the targeted bacterium, IMS beads
are washed and sampled to set a reference point in the final
analysis procedure. The rest of the suspension is mixed with
a suspension of fresh Campylobacter species to host the
growing bacteriophage. Following incubation at 42° C., the
suspension is centrifuged and the supernatant will be supple-
mented with a volume of Campylobacter LPS-coated fluo-
rescent beads. Multiplication of the phages is then assessed
following the addition of either fluorescently labeled anti-
bacteriophage antibodies or fluorescently labeled anti-
Campylobacter antibodies. Following an incubation of 15
minutes, the beads are analyzed using, e.g., a BioPlex device
(Bio-Rad) to screen fluorescence immobilized on the beads as
a result of specific binding reactions.

Example 4

Detection of Anti-Salmonella Antibodies in Porcine
Serum and Meat Juice from Chickens Using Fluores-
cent Beads

1. Introduction

[0255] Microorganisms include a wide variety of bacteria,
molds (fungi), parasites and viruses. Pathogenic microorgan-
isms have attracted much attention from the public as con-
sumers of contaminated food and water, which resulted in
family or community outbreaks. As a consequence, the media
and politicians have played their part in increasing consumer
awareness and new legislation is in preparation or already in
force.

[0256] With respect to pathogenic microorganisms, special
attention is drawn to a number of zoonotic diseases, i.e.,
microbes transmissible from animals to human, for the fol-
lowing reasons: 1) most food- and water-borne diseases in
human are zoonotic by nature; 2) many zoonotic agents have
their transmission route through the environment, and 3) both
contamination of food/water and environment are also used
by (bio)terrorists to acquire maximum impact in the society.
[0257] Microbiological hazards can enter food chains at
any point during pre-harvest, production, processing, trans-
port, retailing, domestic storage or meal preparation. From
their introduction on feed or food, highly complex environ-
ments can occur in which the microorganism can elude detec-
tion and inactivation. Efficient international distribution sys-
tems and rapid changes in consumer preferences can facilitate
the swift penetration of pathogens through large populations,
greatly shortening the reaction time available to public health
agencies.
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[0258] Authorities and food producers are convinced that
rapid fast, versatile and selective (diagnostic) assays are
needed for environmental, feed and food monitoring to react
adequately to contaminated links in the food chain. A large
portion of the explored monitoring techniques involved the
use of affinity assay technologies, including biosensor plat-
form.

[0259] Ing,,s, principle, detection of the presence of micro-
organisms can be carried out in two ways: directly or indi-
rectly. In the direct assay, the organism itself is usually
detected with the application of antibodies reacting with (sub)
species- and/or strain-specific antigenic structures. This
immunochemical analysis follows time-consuming sample
preparation through culturing in selective growth media. In
the case of parasite infections, this is not possible and direct
detection involves microscopic inspection of samples. In the
indirect assay, the presence of the microorganism is sug-
gested by the detection of humoral (immunoglobulins) or
cellular (e.g., cytokines) products of an immunological
response of the infected host. In most studies, well-defined
antigens are used to capture the host’s immunoglobulins in
any body fluid (serology). The observed binding then reveals
the nature of an invasive infestation of a pathogen.

[0260] The advantages and disadvantages of indirect and
direct pathogen detection are clear: i) individuals are not
always immunologically responding to an infection; i.e., dif-
ferences between low or high immune responders, ii)
humoral responses are delayed several days or even weeks,
possibly leaving a recent infection unnoticed, iii) serum anti-
bodies can be found where the causative organism is not
detected, as it has been rejected or retracted itself in certain
(non-sampled) tissues, iv) serological investigations are very
fast and offer better possibilities for high-throughput than
direct detection, and v) serologic analysis of serum or plasma
predicts the Salmonella infection status of a flock or herd
better than direct antigen analysis, i.e., classical selective
bacterial culturing.

[0261] In fact, serology outperforms direct, and in most
cases insensitive, detection of tissue parasites, which can only
be carried out by histochemistry or digestion techniques and
microscopy. Significant differences are also apparent in
sample collection and preparation. Bacteria, fungi and
viruses have to be cultured from matrices to facilitate their
detection in enriched solutions, but blood is relatively easily
collected and prepared for analysis. Here, it should be noted,
however, that antibodies cannot only be retrieved from blood,
plasma or serum, but also from muscle (meat juice), milk,
colostrums, cerebrospinal fluid and eggs. In particular, sam-
pling of eggs, meat juice and/or milk is easier and more
cost-effective than the sampling of blood, plasma, serum or
cerebrospinal fluid.

[0262] Diagnostic methods based on serologic analysis of
antibody-containing biological materials are, therefore, sup-
portive in so-called logistic slaughtering of animals. In this
innovative processing approach, evidence-based and reliable
decisions are made on the basis of continuous and intensive
monitoring at the farm level as to whether animals are allowed
to enter a Salmonella-free or a Salmonella-contaminated pro-
cessing infrastructure.

[0263] Among the components of the antigenic structure of
the genus Salmonella, the somatic antigens are important as
an instrument to trace immune response in animals upon an
invasive infection of this organism. Somatic antigens are
located on the polysaccharide part of lipid polysaccharide
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(LPS), which is a constituent of the bacterial cell wall. With
detection of a humoral response with carefully chosen LPS,
the identity of the serogroup of the infecting Salmonella can
be deduced.

[0264] In Denmark, Germany, Greece and The Nether-
lands, 39.5% of all Salmonella-positive pigs sampled at the
abattoir were determined as S. #yphimurium. Dependent of
country, other important isolates from pigs were S. derby
(17.1%), S. infantis (8.0%), S. Panama (5.1%), S. ohio
(4.9%), S. london (4.4%), S. livingstone (3.1%), S. virchow
(2.7%), S. bredeny (2.1%), S. mbandaka (1.1%), S. Branden-
burg (1.0%), S. goldcoast (0.8%).

[0265] In the case of chickens, 14% of the chickens were
Salmonella-positive at flock level in 2002 in The Netherlands.
The predominant serovar was in that case S. paratyphi B var.
Java. Atthe retail level, a comparable percentage (13.4%) was
found in The Netherlands. The most frequent Salmonella
serovars isolated from broilers in 14 EU member states were
S. paratyphi B var. java (24.7%), S. enteritidis (13.6%), S.
infantis (8.0%), S. virchow (6.7%), S. livingstone (5.7%), S.
mbandaka (5.5%), S. typhimurium (5.3%), S. senfienberg
(5.0%), and S. hadar (3.7%). S. paratyphi B var. java is
dominating, but this is fully attributable to The Netherlands.

[0266] In food-producing chickens and swine, the preva-
lently occurring Salmonella serogroups thus belong to groups
B, C and D, and in the case of swine, also E.

[0267] Inthisstudy, anew analytical affinity assay platform
is explored for the indirect detection of Salmonella infection
in pigs and chickens. This technology platform from
Luminex analyzes internally coded beads that can be coated
with different antigens in a single test. Only when both fluo-
rescence of bead and bound analyte pass the detector, a
response will be recorded. This approach is applied to detect
anti-Salmonella antibodies in serum and meat drip.

2. Materials and Methods

[0268] 2.1 Chemicals

[0269] Amine-coupling kits, consisting of N-hydroxysuc-
cinimide (NHS), 1-ethyl-3-(3-dimethlylaminopropyl)carbo-
diimide hydrochloride (EDC) and ethanolamine hydrochlo-
ride-sodium hydroxide pH 8.5 were bought from Biacore AB
(Uppsala, Sweden). Ethanol and trichloroacetic acid (TCA)
were purchased from Merck (Darmstadt, Germany). Sodium
cyanoborohydride and carbohydrazide were obtained from
Fluka Chemie GmbH (Bucks, Switzerland). Porcine hemo-
globin (Hb) was acquired from Sigma Chemical Company
(St. Louis, Mo., USA). Water was obtained from of a MILLI-
Q® water purification system (Millipore, Bedford, Mass.,
USA).

[0270] 2.2 Materials

[0271] NAP-5 columns (0.5 ml; Sephadex G-25) were pur-
chased from Amersham Biosciences and were used as
described by the producer. CM5 biosensor chips were bought
from Biacore AB. Dialysis bag (Spectra/Por) with a cut-off of
1 kDa was obtained from Spectrum Laboratories Inc. (Ran-
cho Dominguez, Calif., USA). Alexa532 was from Molecular
Probes (Leiden, The Netherlands). Goat anti-swine IgG
(H+L) was ordered from Jackson Immunoresearch (West
Grove, Pa., USA). This antibody was conjugated with
Alexa532 using standard labeling procedures.
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[0272] 2.2.1 Anti-Salmonella Antisera

[0273] Salmonella monovalent “O” somatic monoclonal
antisera against 04, 05, 06,, 07, 08, 09, 010 were pur-
chased from Sifin (Berlin, Germany). Antibody solutions
were diluted in 50 mM PBS to their working concentrations.

[0274]

[0275] All reference sera were obtained from the Dutch
Animal Health Service (Deventer, The Netherlands). The
obtained avian reference sera were reactive with Salmonella
enteritidis (serogroup D,), S. typhimurium (serogroup B), S.
pullorum/gallinarum (Spg; serogroup D)) and S. infantis-
(serogroup C, ), and were further referred to as CH-Se, CH-St,
CH-Spg and CH-Si, respectively. These chicken sera were
originally prepared for ELISA analyses as positive refer-
ences. In addition, specific pathogen-free chicken serum (fur-
ther referred to as CH-SPF) was purchased from this organi-
zation as a negative control reference sample. These sera were
reconstitution from freeze-dried material by addition of water
at a volume indicated by the producer. Likewise, porcine sera
from animals challenged with S. fyphimurium and S. living-
stone (serogroup C,) were acquired from GD and were ref-
erenced as P-St and P-S, respectively. In addition, Actinoba-
cillus pleuropneumoniae serotype 2-reacting porcine serum
(GD) used as control in a Complement Fixation Test, was
exploited as negative control for porcine serum in the Sal/mo-
nella biosensor assay.

[0276] 2.3 Methods
[0277] 23.1 Bxtraction of LPS ;55

[0278] Overnight cultures of Salmonella were prepared by
applying 100 pul from their corresponding stocks on each of
the 120 plates containing brain heart infusion agar (BHIa,
Oxoid). The bacteria were harvested from the surface of the
plates into 1 ml 9 g/l NaCl (saline) solution per agar plate
using a trigalski spatula. Each plate was washed twice with 2
ml saline solution. Combined bacteria were centrifuged in six
tubes at 10,000 g and 4° C. for 15 minutes and supernatant
was discarded. This centrifugation step was repeated twice
with 75 ml saline wash solution per tube each run. While kept
on ice, pelleted bacteria were suspended in water at a volume
ratio, which was five-fold to the weight of the bacteria. An
equivolume of 0.250 M (Se) or 0.500 M (Sg, SI, Sm and St)
TCA was added to give end concentrations 00.12 M and 0.25
M, respectively, followed by continuous stirring at 4° C. for
three hours.

[0279] Alipopolysaccharide (LPS)-containing supernatant
was then acquired at 20,000 g and 4° C. for 30 minutes. The
pH of the supernatant was adjusted to pH 6.5 with 5 M sodium
hydroxide and when nearing the aimed pH with 0.10 M
sodium hydroxide. The final volume of the LPS-containing
solution was determined prior to storage at —18° C. for 30
minutes. The solution was diluted with a double volume of
freezing cold absolute ethanol from a —18° C. storage place,
and incubation was continued overnight at —-4° C. without
stirring in a closed, in-house built device with circulating cold
ethylene glycol/water (1:4, v/v). An LPS-containing pellet
was obtained after centrifugation at 20,000 g and —-4° C. for
30 minutes. The particulate material was suspended in a vol-
ume of 0.5 ml water per gram original bacterial mass weighed
at the start of extraction process. The suspension was dialyzed
in a 1-kDa dialysis bag against water at 4° C. for two days
with regular intermittent refreshment of the water. The bag
content was centrifuged at 20,000 g and at 4° C. for 30 min,

2.2.2 Reference Avian and Porcine Sera
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and the supernatant was lyophilized. The lyophilisate was
weighed to establish the recovery of LPS. LPS was reconsti-
tuted in water to make up an end concentration of 5 mg/ml.
Dependent of type of LPS and batch number, a volume of 1
mg/ml porcine hemoglobin (Hb) was added to a concentra-
tion as indicated in the text. Each batch was portioned into
0.5-mg LPS fractions, which were dried using a vacuum
evaporator and then stored at 5° C. to 8° C.

[0280] 2.3.2 Oxidation of LPS, ;,

[0281] A portion of 0.5 Mg hemoglobin-fortified LPS was
dissolved in 500 ul mM sodium acetate pH 5.5. Following the
addition of 20 ul mM sodium periodate (Sigma), the solution
was incubated for 40 minutes on ice protected from light. The
oxidation of LPS was quenched and the solution was desalted
by passing 500 pl of the reaction mixture through a NAP-5
cartridge with a gravity-controlled flow. Modified LPS was
eluted with 1 ml 10 mM sodium acetate, pH 4.0. Prior to use,
the cartridge was conditioned thrice with 3 ml 10 nM sodium
acetate, pH 4.0.

[0282] 23.3 Immobilization of LPS,

[0283] To immobilize the oxidized LPS-antigens to the
beads, the carboxylic groups at the bead surface were acti-
vated with a mixture of EDC/NHS available from the amine-
coupling kit for 20 minutes on a gyro rocker. Following
centrifugation and removal of supernatant, activation was
followed by a reaction with 5 mM aqueous carbohydrazide
for 20 minutes. Beads with modified surface were pelleted
again and upper liquid was discarded before addition of 1 M
ethanolamine and incubation for 20 minutes. Following
another centrifugation step at 14,000 g for 5 minutes, oxi-
dized LPS dissolved in sodium acetate pH 4.0 was added to
allow immobilization for 90 minutes. Following removal of
the supernatant acquired through centrifugation, the linkage
between bead-surface and antigen was stabilized using 100
mM sodium cyanoborohydride dissolved in 10 mM sodium
acetate at pH 4.

[0284] 2.3.4 BioPlex Assay

[0285] Following the warming-up of the bead counter
device, this BioPlex (BioRad, Veenendaal, The Netherlands)
was calibrated according to the instructions of the producer
using a BioPlex calibration kit (BioRad). Samples were
diluted in 50 mM PBS in wells of a microliter plate, which
were then supplemented with 50 pL. 5000 beads/mL. LPS-
coated beads. The antigen-antibody binding was allowed for
30 minutes on a microtiter plate shaker operated at 200 rpm.
Then, 10 pl goat anti-swine IgG (H+L) tagged with
Alexa532 fluorescent labels diluted eight times in 50 mM
PBS were added and incubation was continued for 15 minutes
on the shaker. Beads were then analyzed for their fluores-
cence profiles for 30 seconds on the BioPlex machine.

3. Results and Discussion

[0286] Fluorescent beads were prepared for coating with
LPS from different specific Salmonella serovar sources rep-
resenting serogroups B, Cand D relevant as zoonoses in foods
from chicken and swine. It should be noted that serogroup E,
which is relevant for pork products, is not studied here. Fol-
lowing the immobilization of each type of LPS to individual
beads, which are internally coded, the success of the coating
was assessed using commercially available monoclonal anti-
sera against somatic antigens O4, OS5, 07, 08 and O9. How-
ever, while anti-O5 gave a response of 6398 units, anti-O9
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gave 145 units, whereas the background signal of non-match-
ing antigens-antibodies was less than 91 units in all cases
(FIG. 6). Ina similar way, anti-O4 and anti-O7 gave responses
of 305 units and 174 units, respectively (FIG. 7). These dif-
ferences in responses between commercially available antis-
era preparations were in very good correspondence with
those observed using a surface Plasmon resonance (SPR)
biosensor and reflect differences in antibody titers.

[0287] In a similar way, the activity of identical LPS
batches oxidized on different days were tested using a similar
panel of commercial antisera (FIG. 8). Compared to the other
oxidation batch, responses ranged between 57% and 148%,
which is, susceptible for improvements.

[0288] Different preparations of meat drip, i.e., juice that is
acquired from muscle tissue following a freeze and thaw
cycle, and sera from chickens were analyzed (FIG. 9).
Recorded activities were as expected. Meat drip, serum and a
mixture of meat drip and serum from Salmonella-free chick-
ens gave low abundant fluorescent conjugated beads. In con-
trast, anti-S. pullorum and anti-S. gallinarum should give a
response on serogroups B and D, as it contains antigens O1
and 012, whichit does for drip and serum. S. infantis contains
antigen O6, which is shared by C, and C,. Indeed, this activity
is observed in drip and serum 5.

[0289] Besides chicken serum, prepared swine serum were
tested as well (FIG. 10). Serum from Salmonella-free pigs
gave MFI responses in the range of 110 units (serogroup C,)
to 137 units (serogroup B) and were close to the responses of
beads only incubated with buffer, namely from 94 units (sero-
group D) to 129 units (serogroup C,). As expected, significant
signals were recorded when sera were spiked with anti-S.
typhimurium and S. livingstone antisera, namely 969 units on
serogroup B and 207 units on serogroup C,, respectively. The
spiked sera did not react with non-corresponding antigens
giving responses between 104 MFI units and 131 MFI units.

Example 5

Determination of Anti-Salmonella Antibodies in
Exotic Avian Species Using an SPR Biosensor; .5, 0;

1. Introduction

[0290] 1.1 Aim of Study

[0291] Theaim of this investigation was to explore whether
the developed SPR biosensor technology based on the use of
immobilized selected Salmonella LPS to indirectly detect
Salmonella infections in food-producing animals, is able to
detect such infections in exotic animal species as well.

2. Materials

[0292] Plasma from tocotoucans (Rkamphastos toco) and a
sharp-tailed grouse (Tympanuchus phasianellus), which were
infected with S. typhimurium of different phage-types, were
kindly provided by Dr. W. Schaftenaar and Ing. M. de Boer
(Veterinary Department, Rotterdam Zoo, The Netherlands).
The disease history of these animals is the following.

[0293] From the feces of a Tocotoucan sampled on Mar. 24,
1994, S. typhimurium phagetype 292 was isolated. From
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another feces sample of the same bird, —S. typhimurium
phagetype 352 was isolated on Jun. 28, 1994. On Aug. 24,
1994, plasma was collected from this animal and used for
SPR analysis in this study.

[0294] Blood was collected from a diseased sharp-tailed
grouse on Oct. 28, 1997. The plasma prepared from this blood
was used for analysis in this study. This animal died the next
day. S. typhimurium phagetype 507 was isolated from the
dead bird.

3. Methods

[0295] An SPR biosensor (Biacore 3000) containing a sen-
sor chip of which flow channels were coated with LPS from S.
enteritidis, S. livingstone, S. goldcoast and S. typhimurium,
was operated as described earlier. Plasma samples were
diluted as described for sera in Examples 1 and 2 and ana-
lyzed.

4. Results and Discussion

[0296] The invention was developed in the first place for
application in the food chains to secure the safety of food of
animal origin with respect to Salmonella contaminations.
Nonetheless, the field of applicability was tested with plasma
collected from two exotic avian species, namely a tocotoucan
(R. toco) and a sharp-tailed grouse (T. phasianellus), which
were infected with S. typhimurium as disclosed by classic
microbiological diagnostics (personal communication with
M. de Boer, Blijdorp Zoo, Rotterdam).

[0297] The feces of the tocotoucan was found positive five
and two months before blood was sampled and a humoral
response could develop over a relatively long period of time.
Indeed, the biosensor response was high (Table 33). Com-
pared to blank serum from SPF chickens and to standard
antiserum (anti-serogroups A to S), the reactivity with S.
typhimurium LPS was dramatically high (4185 response units
(RU)). A response was also observed on the channel of .
enteritidis (1220 RU), which was also observed for serum
from chickens exclusively highly infected with S. #yphimu-
rium and 1s in accordance with the presence of somatic anti-
gen 012 in both serovars and thus in serogroups B and D (cf.
Tables 1 and 3). Unexpectedly, a relatively high response was
also observed at the S. goldcoast channel. Tt cannot be
excluded here that this bird was infected with multiple Sai-
monella serovars simultaneously or sequentially with S. fyph-
imurium as the last infection, including a C, infection.

[0298] The plasma of the sharp-tailed grouse was not very
reactive with the different LPS types, but reactivity was in all
cases higher than that of the blank serum and on Sl and St,
LPS was higher than that of the reference antiserum (Table
33). As the bird died rapidly from the infection, a significant
humoral response against the selected antigens was probably
not fully developed and not detected by the biosensor. It
should be noted that serology is, therefore, not very suitable
for diagnosis onan individual level. As evidenced by Swanen-
burg (Utrecht Thesis, Utrecht University, 2000), serology is,
in particular, suitable for assessing the Salmonella status on a
population level.
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TABLE 33

Results of the analysis of plasma collected from a tocotoucan and a
sharp-tailed grouse that were infected with S. typhimurium. The results are
expressed in relative response units. Samples were analyzed thrice.

Flow

channel Immobilization Plasma from
coated with level of probing Serum from Anti- Plasma from  sharp-tailed
LPS from LPS SPF“chickens serogroup B®  tocotoucan grouse
Se 3241 17(3) -3(1)  12200304)  33(1)
Sg 3354 9(4) -8(1) 492(186)  59(9)

sI 5241 6(6) -29(2) 58(12) 89 (8)

St 2755 46 (6) 663(33)  4185(362) T3 (8)

“serum from specific pathogen-free chickens, i.e., blank serum

bcommercially available monoclonal antibody reacting with Salmonella serogroup B.

Example 6

Detection of Bacteriophage Felix O1 (FO1) Through
its Binding to Salmonella LPS Immobilized on an
SPR Biosensor Chip Surface

1. Goal

[0299] To determine the binding of the bacteriophage FO1
to LPS immobilized to the biosensor surface.

2. Approach

[0300] To prove binding of bacteriophage Felix O1 (FOI,
Felix d’Hérelle Reference Centre for Bacterial Viruses,
Laval, Canada) to Salmonella LPS, the bacteriophage was
diluted in HBSEP to obtain a concentration series. These
samples were injected for two minutes on the biosensor to
allow binding to LPS from S. syphimurium, S. enteritidis, S.
goldcoast and S. livingstone, which were each immobilized
separately on an individual flow channel of the sensor chip.

3. Results

[0301] The results are summarized in FIG. 11.

[0302] Although a relatively high concentration of bacte-
riophage was needed to obtain a significant response, it is
evident from this experiment that 10° PFU of FO1 bacterioph-
ages/mL and higher bound to L.PS coupled to the chip surface.

Example 7

Detection of Bacteriophage FO1 Through its Bind-

ing to S. Typhimurium LPS Immobilized on an SPR
Biosensor Following its Incubation with S. Typhinu-
rium, S. Enteritidis, S. Goldcoast and S. Livingstone

1. Goal

[0303] To determine the binding of bacteriophage FO1toa
live culture of Salmonella spp. in HBSEP.

and supernatant was analyzed on the Biacore with a biosensor
chip containing immobilized LPS from S. typhimurium.

3. Results

[0305] Inorder to determine significant responses, a cut-off
value was established by the averaged readings of blank
medium containing no Salmonella but 1.2x10° PFU bacte-
riophage, minus three times standard deviation. Applying this
value disclosed that Salmonella should be present at a con-
centration of at least 6x10® CFU/mL, 3x10° CFU/mL, 4x107
CFU/mL and 3x10* CFU/ml for S. typhimurium, S. enteriti-
dis, S. goldcoast, S. livingstone, respectively, to give a sig-
nificant response (FIG. 12).

4. Discussion

[0306] The absorption rate of bacteriophage FO1 to Salmo-
nella spp. is probably dependent of the accessibility of
N-acetylglucosamine in the core region, the binding site of
FOL (Lindberg, 1977; Lindberg and Holme, 1969, x,,7)-
Long and numerous O-side chains occurring in the polysac-
charide region of the LPS of targeted Salmonellae could,
therefore, impair the binding of FOI to the analyte. It is,
therefore, expected that free bacteriophages will have a vari-
able binding capacity towards. Salmonella strains and that
propagation of the virus will largely depend on the molecular
profile of the exposed LPS.

[0307] When immobilizing LPS-protein complexes at the
surface of a solid carrier for a diagnostic method, as described
in the invention, a dense network of ligands may be formed. In
the presented Biacore analysis, the density of the complex
and the hindrance by the proteins may play a role in the
observed difference in bacteriophage binding to the four LPS
types.

[0308] It should be noted here that, as discussed in the
invention as well, oxidation of monosaccharide constituents
in the core region is expected, including that of the N-acetyl-
glucosamine. The ligand for the bacteriophage is, therefore,
affected and this may influence the sensitivity of the test.

Example 8, 515

Propagation of Bacteriophage FO! in Salmonella and

2 Approach Non-Salmonella Strains

[0304] Different concentrations of cultures of S. typhimu- 1. Goal

rium, S. enteritidis, S. goldcoast, S. livingstone and blank ’

medium were mixed for 5 minutes with 1.2x10° PFU bacte- [0309] The propagation of FOI is not exclusive in Salmo-

riophage. FO1. After incubation, bacteria were spun down

nella spp., but possibly also in non-Salmonella strains (3).
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This study was initiated to investigate the selectivity of the
proliferation of the bacteriophage FO1. For this purpose, a
number of important food non-Salmonella pathogens were
exposed to the FO1 bacteriophage.

2. Methods

[0310] Seven non-Salmonella strains (Listeria monocyto-
genes, Escherichia coli, Pseudomonas aeroginosa, Bacillus
cereus, Citrobacter, Enterococcus feacalis, and Staphylicoc-
cus aureus) and seven Salmonella strains (S. cholerasuis, S.
berta, S. meleagridis, S. Agona, S. pullorum, S. Virchow and
S. enteritidis) were grown in Tripton Soy Broth (Oxoid
CM129).

[0311] At t 0 hours, 1.2x10° PFU of FO1 (end concentra-
tion 1x10° PFU/mI) was added to all cultures. Every hour, a
sample was drawn, and absorbance at A 600 nm (FIGS. 13 and
14), plaque-forming units/ml (FIGS. 15 and 16) and, after
concentration and buffer exchange, binding to immobilized
St-LPS immobilized on a sensor chip surface in a Biacore
biosensor (FIG. 17), were determined.

[0312] Some non-Salmonella bacteria, including L. mono-
cytogenes, P. aeroginosa, E. faecalis and Staph. aureus, did
not show growth in five hours of culture (FIG. 13). These
bacteria were obviously not loaded nor infected by the bac-
teriophage FO1 because the concentration of bacteriophages
did not rise over time and was stationary at 1x105 PFU/ml
(FIG. 15).

[0313] In contrast, all Salmonella serovars, except S. vir-
chow, grew in five hours of incubation (FIG. 14). This S.
virchow strain was probably lysed completely by the prolif-
erating bacteriophages, as a clear increase in the concentra-
tion of bacteriophages can be shown from 1x10° PFU/ml to
1x10'° PFU/ml (FIG. 16). In a similar way, S. berta and S.
meleagridis bacteria showed an increase of bacteriophage
concentration. However, these bacteria, in particular, S. berta,
showed good growth (FIG. 14).

[0314] Inthe contextof the invention, the binding of propa-
gated bacteriophages to the sensor surface is of greatest inter-
est. For this purpose, bacteriophages propagated in Salmo-
nella were concentrated, dialyzed and serially diluted before
SPR biosensor analysis (FIG. 17). Unexpectedly, comparable
bacteriophage concentrations gave dramatic different biosen-
sor responses. Most probably, phages were lost, in particular
during the concentration and dialysis step, during the sample
preparation. Nevertheless, the preparations of bacterioph-
ages, which have shown propagation (cf. FIG. 16), clearly
gave higher responses than the blank sample, which con-
tained the starting concentration of bacteriophages only.

3. Conclusion

[0315] These experiments showed that bacteriophages can
be used as an analytical tool to detect the presence of Salmo-
nella in samples and that Salmonella LPS immobilized to a
solid surface can be used to probe the increment of the bac-
teriophages as a result of propagation of the virus in the host
bacteria following a short incubation period.

Example 9

Immobilization of Salmonella-derived LPS onto
fluorescent beads (Luminex) and Detection of Anti-
bodies Reporting a Current or Past Salmonella Infec-
tion in Various Biolopical Samples, 4513

[0316] WARNING AND SAFETY PRECAUTIONS:
Lipid polysaccharides are potent immunogens, which can
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bring sensitive persons into a septic shock upon intake or
inhalation. Precautions should be made to prevent contact
with this biochemical.

[0317] Sodium periodate is an oxidizing agent and may
cause explosions when brought into contact with strong
reducing agents.

[0318] The procedure utilizes sodium cyanoborohydride.
The procedure should, therefore, be carried out with precau-
tions as with, for example, hand gloves and a mask. Use this
chemical substance only in a chemical fume hood. The mate-
rial is very toxic to aquatic organisms and may cause long-
term adverse effect in the aquatic environment. The material
and solution waste should be disposed of as hazardous waste.

1. Introduction

[0319] Among the components of the antigenic structure of
the genus Salmonella, the somatic antigens are important as
an instrument to trace immune response in animals upon an
invasive infection of this microorganism. Somatic antigens
are located on the polysaccharide part of lipid polysaccharide
(LPS), which is a constituent of the bacterial cell wall. After
extraction and isolation of LPS from carefully chosen Salmo-
nella serotypes (cf. SOP CHEMIE/A21, 5, .1), antigen-con-
taining LPS is coupled covalently to beads, which are inter-
nally coded by a specific mixture of fluorescent material. The
exploited technology platform from Luminex can identify-up
to 100 differently internally coded beads in a single test. A
single species of beads can be immobilized with a mixture of
different LPS-reflecting serogroups, or different species of
beads can be each immobilized with LPS reflecting a single
specific serogroup or serovar of the pathogenic microorgan-
ism. The LPS-containing beads are incubated with body-
derived materials, such as blood, plasma, serum, meat drip/
juice, egg yolk, milk, etc., to enable anti-Salmonella
antibody-antigen binding. The specific binding is detected
following a second incubation with fluorescently tagged anti-
immunoglobulin antibodies in a device simultaneously ana-
lyzing the emission wavelengths of excitated beads and
tagged antibodies. Only when both fluorescence of bead and
antibody are detected simultaneously, a response to a specific
bead species will be recorded.

[0320] This SOP describes the method for oxidation,
immobilization of LPS onto beads (Luminex ) and an assay to
assess the quality produced.

2. Scope and Field of Application

[0321] To analyze biological fluids, such as serum samples
from chicken and pigs, for the presence of anti-Salmonella
antibodies reacting with O3, 04, 05, 06, 07, 08, 09, 010
and O12 somatic antigens reflecting a history of or current
infection of Salmonella from serogroups B, C, D and E.

3. References

[0322] Extraction and isolation of lipopolysaccharides
from Salmonella spp.; Immobilization of Sa/monella-derived
LPS onto a biosensor chip (Biacore) and detection of serum
antibodies reporting a current or past Salmonella infection;
optimalization of protein addition to LPS for immobilization
and detection of serum antibodies; see Example 1.

4. Definitions

[0323] c=concentration in % (m/v), % (v/v), mol/l or
mmol/l as indicated.
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5. List of Abbreviations

[0324] 5.1 EDC, 1-ethyl-3-(3-dimethylaminopropyl) Car-
bodiimide Hydrochloride

[0325] 5.2 LPS, Lipopolysaccharides
[0326] 5.3 NaCl, Sodium Chloride

[0327] 5.4 NaOH, Sodium Hydroxide
[0328] 5.5 NHS, N-Hydroxysuccinimide
[0329] 5.6 PBS, Phosphate-Buffered Saline
[0330] 5.7 Se, Salmonella enteritidis
[0331] 5.8 Sg, Salmonella goldcoast
[0332] 5.9 Sl, Salmonella Livingstone
[0333] 5.10 Sm, Salmonella meleagridis
[0334] 5.11 SOP, Standard Operating Procedure
[0335] 5.12 St, Salmonella typhimurium
[0336] 5.13 TCA, Trichloric Acetic Acid

6. Principle

[0337] LPS is oxidized in the presence of a protein facili-
tated by sodium periodate. The LPS-protein solution is
desalted using a NAP-5 column. After activation of the car-
boxylic acid groups at the surface of the beads with the aid of
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride (EDC), N-hydroxysuccinimide (NHS) followed by a
reaction with carbohydrazide, desalted oxidized L.PS-protein
complex is immobilized to the solid phase of the beads.
Bound LPS is then stabilized with sodium cyanoborohydride.
Prior to routine use, the performance of bead-conjugated LPS
to bind anti-Salmonella antibodies is assessed using a panel
of reference monoclonal agglutination sera.

7. Reactions

[0338] 7.1 Oxidation of Carbohydrate Moiety

[0339] Periodate will induce an oxidative disruption of
linkages between vicinal cisdiols on, in particular, carbohy-
drate moieties, as in, e.g., mannose, to yield aldehyde func-
tionalities, see FIG. 18. This reaction is typically performed
in buffers at a pH range between 4.5 and 5.5 in the dark using
a freshly prepared 10 to 100 mM sodium meta-periodate in
0.1 M sodium acetate.

[0340] NOTE 1: The positions of conjugations indicated in
FIG. 18, to link up the depicted monosaccharide with other
monosaccharide residues ina polysaccharide, asin, e.g., LPS,
are just given here as an example. R' and R indicate the distal
and the proximal positions, respectively, in the carbohydrate
chain. The oxidation of hydroxyl groups into aldehydes may
repeat itself within the polysaccharide chain in each
monosaccharide constituent containing susceptible vicinal
diols.

[0341] NOTE 2: Periodate will also oxidize, when present,
certain f-aminoethanol derivates, such as the hydroxylysine
residues in collagen, as well as methionine (to its sulfoxide)
and certain thiols (usually to disulfides). In addition, N-ter-
minal serine and threonine residues of peptides and proteins
can be selectively oxidized by periodate to aldehyde groups.
These reactions, however, usually occur at a slower rate than
oxidation of vicinal diols.

[0342] 7.2 Conjugation to Protein

[0343] Oxidation is performed in the presence of a protein.
The bis-aldehyde compounds, such as the oxidized monosac-
charide constituents in the polysaccharide chain of LPS here,
may react with any amino group in a protein and may form a
Schiff-based linkage resulting in a substituted imine. See
FIG. 19.
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[0344] NOTE: The substituted imine is stabilized while the
complex is attached to the bead surface, by a reduction facili-
tated by cyanoborohydride. This type of reaction scheme is
known as a reductive amination.

[0345] 7.3 Immobilization to Fluorescent Beads

[0346] The carboxylic acid-labeled beads are activated
using N-ethyl-N'-(3-dimethyl aminopropyl)-carbodiimide
hydrochloride (EDC) and N-hydroxysuccinimide (NHS).
The activation is followed by a reaction with carbohydrazine.
The reactive aldehyde functionalities react spontaneously
with the hydrazide to hydrazones, which are then reduced to
stabilize the covalent bonds. See FIG. 20.

[0347] NOTE: The protein (R") carries multiple —NH,
groups and can, therefore, be conjugated with multiple oxi-
dized LPS entities. On the other hand, the polysaccharide part
in LPS may carry multiple free aldehyde groups in a single
molecule. These aldehyde groups may be, for a part or com-
pletely, captured by the hydrazide layer on the beads. The net
result may be a very stable complex network of protein-LPS
covalently linked to the bead surface.

8. Reagents and Materials

[0348] In the complete procedure, only reagents of recog-
nized analytical grade and only distilled water or water of
equivalent purity are used, unless stated otherwise. Reference
to a company is for information and identification only and
does not imply a recommendation unless so stated.
[0349] 8.1 Chemicals

[0350] 8.1.1 Acetic acid (J. T. Baker, Deventer, The

Netherlands)

[0351] 8.1.2 Amine coupling kit (Biacore AB, Uppsala,

Sweden) consisting of:

[0352] 8.1.2.1 Vial containing 115 mg N-hydroxysuc-
cinimide (NHS)

[0353] 8.1.2.2 Vial containing 750 mg 1-ethyl-3-(3-
dimethlylaminopropyl) carbodiimide hydrochloride
(EDC)

[0354] 8.1.2.3 Vial containing 10.5 ml, c=1 mol/,
ethanolamine hydrochloride—sodium hydroxide pH
8.5

[0355] 8.1.3 Bio-Plex Calibration kit

Veenendaal, the Netherlands)

[0356] 8.1.4 Carbohydrazide, CN,H.O (Fluka Chemie

GmbH, Buchs, Switzerland)

(Bio-Rad,

[0357] 8.1.5 Carboxymethyl-dextran sodium salt
(Fluka)
[0358] 8.1.6 Potassium  dihydrogen  phosphate

(KH,PQO,) (Merck, Darmstadt, Germany)

[0359] 8.1.7 Proclin 150 (Supleco, Bellefonte, Pa., USA)
[0360] 8.1.8. Monoclonal anti-Sa/monella O-antigens:
[0361] 8.1.8.1 anti-O4 (SIFIN, Berlin Germany)
[0362] 8.1.8.2 anti-O5 (SIFIN)
[0363] 8.1.8.3 anti-O6, (SIFIN)
[0364] 8.1.8.4 anti-O7 (SIFIN)
[0365] 8.1.8.5 anti-O8 (SIFIN)
[0366] 8.1.8.6 anti-O9 (SIFIN)
[0367] 8.1.8.7 anti-O10 (SIFIN)
[0368] 8.1.9 Salmonella LPS, in-house isolated LPS by

TCA extraction (SOP CHEMIE/A21) prepared from the
Salmonella bacteria serovars enteriditis (Se), goldcoast
(Sg), livingstone (S1), meleagridis (Sm) and typhimu-
rium (St) with protein (SOP CHEMIE/A23)

[0369] 8.1.10 Sheep anti-mouse Ig-PE (Chemicon,
Boronia, Victoria, Australia)
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[0370] 8.1.11 Sodium acetate trihydrate (J. T. Baker,
Phillipsburgh, N.J., USA)

[0371] 8.1.12 Sodium chloride (Merck)

[0372] 8.1.13 Sodium cyanoborohydride (NaCNBH,)
(Fluka)

[0373] 8.1.14 di-Sodium  hydrogen  phosphate
(Na,HPO,) (Merck)

[0374] 8.1.15Sodium hydroxide, c=50 mmol/1 (Biacore)

[0375] 8.1.16 Sodium m-periodate (NalO,) (Sigma-Al-

drich, Zwijndrecht, the Netherlands)

[0376] 8.1.17 Water is obtained from a MILLI-Q® water
purification system

[0377] 8.2. Solutions

[0378] 8.2.1 Acetic acid solution, ¢=0.1 g/ml: Dilute 1 ml
acetic acid (8.1.1) with 9 ml water.

[0379] 8.2.2 Acetate buffer solution, ¢=10 mmol/l, pH
4.0: dissolve 0.272 g sodium acetate trihydrate (8.1.11)
in 180 ml water and adjust to pH 4.0 with acetic acid
(8.1.1) and make up to 200 ml with water. This buffer is
stable for approximately six months.

[0380] 8.2.3 Acetate buffer solution, c=1.0 mol/l, pH 5.5:
dissolve 13.6 g sodium acetate trihydrate (8.1.11) in 90
ml water and adjust to pH 5.5 with acetic acid. (8.1.1)
and make up to 100 m] with water. This buffer is stable
for approximately six months.

[0381] 8.2.4 Acetate buffer solution, C=100 mmol/l, pH
5.5: dilute 1.0 ml acetate bluffer solution, c=1.0 mol/1
(8.2.3) with 9.0 ml water.

[0382] 8.2.5 Carbohydrazide solution, ¢c=100 pmmol/l:
dissolve 9.0 mg carbohydrazide (8.1.4) in 1000 ul water.

[0383] 8.2.6 Carbohydrazide solution, ¢=5 mmol/l:
dilute 10 ul carbohydrazide solution (8.2.5) with 190 pl
water. Prepare just before use.

[0384] 8.2.7 EDC-solution: reconstitute EDC (8.1.2.2.)
in 10.0 ml water.

[0385] 8.2.7.1 Fractionate 100-ul aliquots of this solu-
tion (8.2.7) in polypropylene tube (9.15). Store at
-18° C. or at lower temperature. The aliquots are
stable for two months. Before use: thaw frozen ali-
quots and agitate them gently to ensure homogeneous
solutions.

[0386] 8.2.8 Ethanolamine solution: Pipette 200 pl ¢=1
mol/] ethanolamine solution (8.1.2.3) in a polypropy-
lene tube (9.15).

[0387] 8.2.9 NHS-solution: reconstitute NHS (8.1.2.1)
in 10.0 ml water.

[0388] 8.2.9.1 Fractionate 100-ul aliquots of this solu-
tion (8.2.9) in polypropylene tube (9.15). Store at
-18° C. or at lower temperature. The aliquots are
stable for two months. Before use: thaw frozen ali-
quots and agitate them gently to ensure homogeneous
solutions.

[0389] 8.2.10PBS (5.6), ¢ 100 mmol/l, pH 7.2: dissolve
67.9 g sodium chloride

[0390] (8.1.12), 14.7 g di-sodium hydrogen phosphate
(8.1.14) and 4.3 g potassium dihydrogen phosphate (8.1.
6)in 1 L water (8.1.17).

[0391] 8.2.11PBS, ¢=10 mmol/1, pH 7.2: dilute 100 mL
ten times concentrated PBS (8.2.10) in 1 L water (8.1.
17).

[0392] 8.2.12 Anti-mouse Ig-PE, prediluted: dilute fluo-
rescent conjugate five times by mixing 40 pl anti-mouse
Ig-PE (O) with 160 pl PBS (8.2.11).
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[0393] 8.2.13 Sodium cyanoborohydride, c=1.00 mol/l:
dissolve 62.8 mg sodium cyanoborohydride (8.1.13) in
1000 pl 10 mM acetate solution pH 4.0 (8.2.2).

[0394] 8.2.14 Sodium cyanoborohydride, ¢c=100 mmol/
1: dilute 180 pl sodium cyanoborohydride solution (8.2.
13) with 1620 pl acetate solution, c=10 mmol/l, pH 4.0
(8.2.2). Prepare just before use.

[0395] 8.2.15 Sodium hydroxide, ¢=5 mmol/l: Dilute
400 pl sodium hydroxide, C=50 mmol/1 (8.1.15) with
3.6 ml water in glass vial (9.10).

[0396] 8.2.16 Sodium m-periodate solution, ¢=100
mmol/l: Add to 214 mg sodium m-periodate (8.1.16)
10.0 ml water (8.1.17).

[0397] 8.2.17 Sodium m-periodate “ready to use™
Pipette 100 ul of sodium m-periodate solution, ¢=100
mmol/l (8.2.16) in a 1.4 ml polypropylene tube (9.14)
and dry with a centrifugal evaporator (9.4).

[0398] 8.2.18 Sodium periodate solution, c=50 mmol/I:
Dissolve sodium periodate “ready to use” (8.2.17) in
200 pl acetate solution, ¢c=100 mmol/l pH 5.5 (8.2.4).
Prepare just before use.

[0399] 8.3 Standard Monoclonal Reference Solution

[0400] 8.3.1 Concentrated monoclonal Salmonella anti-
05 (8.1.8.2): dilute 5 pl anti-OS5 ten times by adding 45
w PBS, ¢=10 mmol/l, pH 7.2 (8.2.11).

[0401] 8.3.2 Monoclonal Salmonella anti-O5: 7.5 pl
anti-O5 (8.3.1) ten times diluted by addition of 67.5 pl
PBS, ¢=10 mmol/l, pH 7.2 (8.2.11).

[0402] 8.3.3 Monoclonal anti-Salmonella O-antigens
(8.1.8): dilute 7.5 pl of each monoclonal (8.1.8.1, 8.1.8.
3, 8.1.84, 8.1.8.5, 8.1.8.6, 8.1.8.7) with 67.5 ul PBS
(8.2.11) in a microtiter plate (9.20).

[0403] 8.3.4 Thrice diluted monoclonal antibodies: add
25 I monoclonal antibody solution (8.3.2 and 8.3.3) to
50 ul PBS, ¢=10 mmol/l, pH 7.2 (8.2.11) in wells of the
same microtiter plate (8.3.3).

[0404] 8.3.5 Repeat step 8.3.4 twice to obtain 9 and 27
times diluted antibodies in fresh wells of the microtiter
plate in the case of anti-O4, anti-06, anti-O7, anti-O8,
anti-O9 and anti-O10. In the case of anti-O5, these dilu-
tion factors were 90 and 270 times, respectively.

[0405] 8.3.6 Remove 25 pl from the highest dilution
(8.3.5).

[0406] 8.3.7 The antibody solutions are now ready for
use.

[0407] NOTE: The final dilution factors are 100, 300, 900
and 2700 times in the case of anti-O5, whereas in the other
cases, antibodies were finally diluted 10,30, 90 and 270 times
compared to the original preparation (8.1.8).

[0408] 8.4 Auxiliary Materials

[0409] 8.4.1 NAP-5 column (0.5 ml, Sephadex G-25,
Amersham Biosciences).

[0410] 8.4.2 COOH-Beads (5.6 um COOH micro-
spheres) numbers 24, 25, 26, 27 and 28 mixed in 0.01%
aqueous merthiolate at 1.25x10” beads/mL-(BioRad).

9. Equipment and Apparatus

[0411] Reference to a company is for information and iden-
tification only and does not imply a recommendation unless
so stated. Equivalent equipment and apparatuses may be as
appropriate as well.
[0412] 9.1 Analytical balance (type AE 240, Mettler,
Zurich, Switzerland)
[0413] 9.2 BioPlex 200 (Bio-Rad)
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[0414] 9.3 Biirker-Ttirk counting chamber (MainitB. V.,
Wormer, The Netherlands)

[0415] 9.4 Centrifugal evaporator (Jouan, Saint-Her-
blain, France)

[0416] 9.5 Finn pipette, 5-40 ul (Labsystems Oy, Hels-
inki, Finland)

[0417] 9.6 Finn pipette, 40-200 pl (Labsystems Oy)
[0418] 9.7 Finn pipette, 200-1000 pl (Labsystems Oy)
[0419] 9.8 Finn pipette, 1-5 ml (Labsystems Oy)
[0420] 9.9 Glass collection tube, 5 ml, stoppered (Renes,

Zeist, The Netherlands)

[0421] 9.10 Glass vial diameter 16 mm (Sarstedt B. V.,
Etten-Leur, the Netherlands)

[0422] 9.11 Gyro rocker SSL3 (Stuart, Barloworld Sci-
entific Ltd. Stone, Staffordshire, United Kingdom)

[0423] 9.12 Microscope Axiovert 25 (Zeiss, Sliedrecht,
the Netherlands)

[0424] 9.13 Microscope glass cover slides (Chance
Propper Ltd., Smethwick, Warley, England)

[0425] 9.14 Mini shaker with microtiter cup head (MS 1,
Janke & Kunkel, Staufen, Germany)

[0426] 9.15 Polypropylene, tube, diameter 7 mm, with
shap caps (Biacore)

[0427] 9.16 Polypropylene tube, 1.4 ml (Micronic,
Lelystad, The Netherlands)

[0428] 9.17 pH meter (type pH 537, WTW, Weilheim,
Germany)
[0429] 9.18 Sonification bath, Branson 2200 (Branson

Ultrasonics B.V., Soest, The Netherlands)

[0430] 9.19 Vacuum manifold, to run several NAP-5 col-
umns simultaneously (type SPE-12G, with PTFE stop-
cock(s), J. T. Baker)

[0431] 9.20 V-bottomed microtiter polystyrene plate,
96-well format (Greiner Bio-one GmbH, Fricken-
hausen, Germany)

[0432] 9.21 Vortex-mixer (KS-1, Janke & Kunkel)
10. Software
[0433] The BioPlex apparatus is operated with Bio-Plex

Manager software 4.1.

11. Procedure

[0434] 11.1 Oxidation and Desalting of LPS Solution
[0435] SAFETY PRECAUTION: Lipid polysaccharides
are potent immunogens, which can bring sensitive persons
into a septic shock upon intake or inhalation. Precautions
should be made to prevent contact with this biochemical.
[0436] Sodium periodate is an oxidizing agent and may
cause explosions when brought into contact with strong
reducing agents.
[0437] The procedure utilizes sodium cyanoborohydride.
The procedure should, therefore, be carried out with precau-
tions, such as using hand gloves and a mask. Use this sub-
stance only in a chemical fume hood. The material is very
toxic to aquatic organisms and may cause long-term adverse
effects in the aquatic environment. The material and solution
waste should be disposed, of as hazardous waste.
[0438] 11.1.1 Oxidation
[0439] 11.1.1.1 Add 500 pl acetate buffer, c=100 mmol/l,
pH 5.5 (8.2.4) to dry LPS (8.1.9; see safety precaution).
[0440] 11.1.1.2 Vortex (9.21) the solution (11.1.1.1) and
sonicate (9.18) for 20 minutes and observe the reconsti-
tution process so that all LPS is dissolved.

34
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[0441] 11.1.1.3 Add 20 pl periodate solution, ¢=50
mmol/l (8.2.18) to the LPS solution (11.1.1.2).

[0442] 11.1.1.4 Vortex (10.21) the solution (11.1.1-3).

[0443] 11.1.1.5 Incubate on ice for 40 minutes protected
from light.

[0444] 11.1.1.6 Quench oxidation by desalting the solu-
tion (11.1.1.4) as described in 11.1.2.

[0445] 11.1.2 Desalting

[0446] 11.1.2.1 Place NAP-5 column(s) (8.4.1) on mani-
fold (9.19).

[0447] 11.1.2.2 Condition the column(s) (11.1.2.1) by
passing three 3-ml portions of acetate buffer, c=10
mmol/l, pH 4.0 (8.2.2) over the column bed on a flow
generated by gravity only. Allow the buffer to enter the
gel bed completely.

[0448] 11.1.2.3 Pipette 0.5 ml oxidized LPS solution
(11.1.1.5) on the column. Allow the sample to enter the
gel bed completely. The flow-through is not collected.

[0449] 11.1.2.4 Elute oxidized LPS with 1 ml acetate
buffer, c=10 mmol/l, pH 4.0 (8.2.2). Collect eluate in a
5-ml glass tube (9.9).

[0450] 11.1.2.5 Vortex (9.21) the solution (11.1.2.4) for
ten seconds and add 2 ulL Proclin 150 (8.1.7).

[0451] 11.1.2.6 When not immediately used (11.1.2.5)
store samples at 4° C. to 7° C.

[0452] 11.1.2.7 Prior to immobilization, the LPS-con-
taining solution (11.1.2.5) that can be used for different
matrix and species applications is diluted as indicated in
the following Tables 34 and 35.

TABLE 34

Amount of LPS solution used to immobilize beads for detection of
antibodies to Salmonella O-antigens in swine sera.

LPS stock solution
(11.1.2.6) inpl

LPS type
(8.1.9)

Added volume of acetate buffer,
pH 4.0 (8.2.2) inpl

Se 225
Sg
Sl

Sm

St

TABLE 35

Amount of LPS solution used for the immobilization to fluorescent
beads for detection of antibodies in chicken sera reacting
with Salmonella O-antigens.

LPS stock solution
(11.1.2.6) inpl

LPS type
(8.1.9)

Added volume of acetate buffer,
pH 4.0 (8.2.2) in pl

150
150
150
150
150

150
150
150
150
150

Se
Sg
Sl
Sm
St

[0453] 11.2 Immobilization of LPS to Beads

[0454] 11.2.1 Beads (8.4.2) are vortex-mixed for mini-
mally one minute.

[0455] 11.2.2 Transfer a portion of 300 ILL beads (11.2.
1) into a fresh container (9.16).

[0456] 11.2.3 Centrifuge at 14,000 g for five minutes.

[0457] 11.2.4 Remove supernatant carefully from the
beads using a 200 pl pipette (9.6).
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[0458] 11.2.5 Leave a small amount of solution (10 pl)
in the vial and mix the beads in the remaining solution on
avortex (9.21).

[0459] 11.2.6 Thaw two portions of 100 ul EDC (8.2.7.
D).

[0460] 11.2.7 Thaw two portions of 100 ul NHS solution
(8.2.9.1).

[0461] 11.2.8 Mix 180 pul of EDC (11.2.6) and 1801 of
NHS (11.2.7).

[0462] 11.2.9 Transfer 300 ul, EDC/NHS mix (11.2.8) to
the beads (11.2.4) and suspend rigorously using a
pipette.

[0463] 11.2.10 Facilitate reaction on a gyro rocker (9.11)
for 20 minutes.

[0464] 11.2.11 Centrifuge at 14,000 g for five minutes.

[0465] 11.2.12 Carefully remove supernatant from
beads, leave a small volume (ca. 10 uL) on top of pellet
and suspend beads using vortex mixer (9.21).

[0466] 11.2.13 Add 300 ulL 5 mM carbohydrazide solu-
tion (8.2.6) to the beads (11.2.12) and suspend, rigor-
ously using a pipette.

[0467] 11.2.14 Facilitate reaction on a gyro rocker (9.11)
for 20 minutes.

[0468] 11.2.15 Centrifuge at 14,000 g for five minutes,
remove supernatant from beads, leave a small volume
(ca. 10 pL) on top of pellet and suspend beads using
vortex mixer (9.21).

[0469] 11.2.16 Add 300 uL. 1 M ethanolamine solution
(8.2.8) to the beads (11.2.15) and suspend rigorously
using a pipette.

[0470] 11.2.17 Facilitate reaction on a gyro rocker (9.11)
for 20 minutes.

[0471] 11.2.18 Centrifuge at 14,000 g for five minutes,
remove supernatant from beads, leave a small volume
(ca. 10 pL) on top of pellet and suspend beads using
vortex mixer (9.21).

[0472] 11.2.19 Add 300 pL diluted oxidized LPS in
sodium acetate, ¢c=10 mmol/l, pH 4.0 (11.1.2.7) and
suspend rigorously using a pipette.

[0473] 11.2.20 Allow reaction on a gyro rocker (9.11) for
90 minutes.

[0474] 11.2.21 Centrifuge at 14,000 g for five minutes,
remove supernatant from beads, leave a small volume
(ca. 10 pL) on top of pellet and suspend beads using
vortex mixer (9.21).

[0475] 11.2.22 Add 300 pL cyanoborohydride solution,
¢=100 mmol/1 (8.2.14) and suspend rigorously using a
pipette.

[0476] 11.2.23 Facilitate reaction on a gyro rocker (9.11)
for 60 minutes.

[0477] 11.2.24 Centrifuge at 14,000 g for five minutes
and carefully remove supernatant from beads, leave a
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[0483] 11.2.28.2 Dilute by adding 24 pl. PBS, c=10
mmol/l, pH 7.2 (8.2.11) and mix.

[0484] 11.2.28.3 The external supports of a Biirker-
Turk (9.3) counting chamber are to be moistened with
Milli-Q® water (8.1.17) and the cover glass (9.13) is
gently pushed onto the counting chamber from the
front.

[0485] 11.2.28.4 Fill a pipette with 20 pl bead solution
(11.2.28.2), gently form a drop at the tip of the pipette.

[0486] 11.2.28.5 This drop (11.2.28.4) is to be placed
between the cover glass and the counting chamber.

[0487] 11.2.28.6 As aresult of the capillary effect, the
gap between the cover glass and the chamber base fills
up. Before the bead solution can overflow at the edges
of the chamber section, the tip of the pipette-must be
removed. If any air bubbles are visible or if the liquid
has overflowed over the edges and into the grooves,
the chamber must be cleaned and feeding must be
repeated.

[0488] 1.1.2.28.7 Place the filled counting chamber
under a microscope (9.12) and magnify the image
with a 10x object.

[0489] 11.2.28.8 The count should be started at the top
left-hand corner and follow the direction shown by the
arrow (FIG. 23, lower panel). Counting may be
enhanced with the microscopes illumination reduced.

[0490] 11.2.28.9 Count the number of beads in 16
squares (FIG. 23, upper panel) inside the thick lined
area (see FIG. 24).

[0491] 11.2.28.10 Notes on counting:

[0492] 11.2.28.10.1 Use reduced microscope illu-
mination for all chambers.

[0493] 11.2.28.10.2 The difference of the counter
cells in the large squares and the group squares
must not exceed ten cells.

[0494] 11.2.28.10.3 Double checks must be per-
formed for all cell counts. After counting the two
counting nets, the bottom counting net is to be
counted in the same way as a check. When doing
this, it is to be ensured that the chamber has not
dried out. This can be prevented by filling the bot-
tom chamber only shortly before the count and the
counting after the sedimentation time.

[0495] 11.2.28.10.4 The difference between the
totals of the counts for the two counting nets must
not exceed ten cells. The average value of the
counts is then used in the calculation formula or
multiplied by the corresponding factor.

[0496] 11.2.28.11 Multiply the counted number (11.
2.28.9) with the dilution factor (25x) divided by
counted area (1 mm?) multiplied with chamber depth
to calculate the concentration of beads per ml.

small volume (ca. 10 L) on top of pellet and suspend (0497  11.3 Detection of Anti-Salmonella Antibodies
beads using vortex mixer (9.19). [0498] Note: Ensure that all solvent and reagent reservoirs
[0478] 11.2.25 Add 300 uL PBS (8.2.11). contain sufficient volume for complete method run before
[0479] 11.2.26 Add 1 ML Proclin 150 (917) and mix initjating the assay.
suspension. [0499] 11.3.1 Make the BioPlex apparatus (9.2) opera-
[0480] 11.2.27 The beads are ready for testing Salmo- tional by a 30-minute laser warming up step, followed
nella antibodies in biological materials. by a start up and calibration procedure with appropriate
[0481] 1.1.2.28 Counting of LPS coupled beads. calibration solvents (8.1.3) according to the quick guide.
[0482] 11.2.28.1 Vortex LPS coupled beads suspen- [0500] 1.3.2 Mix and dilute LPS-coated beads (11.2.26)
sions (11.2.25) and transfer 1 uL.in a fresh 1-mL tube with PBS, ¢=10 mmol/l, pH 7.2 (8.2.11) so that the
(9.15). concentration of each bead equals 5000 per ml.
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[0501] 11.3.3 Transfer 50 pl. bead mix (11.3.2) into a
microtiter plate already filled with diluted monoclonal
anti-O-antigens (8.3.7).

[0502] 11.3.4 Incubate for 30 minutes on a microtiter
plate shaker (9.14).

[0503] 11.3.5 Add 10 pL five times diluted anti-mouse
Ig-PE (8.2.12).

[0504] 11.3.6 Incubate for 15 minutes on a microtiter
plate shaker (9.14).

[0505] 11.3.7 Note in logging sample wells and their
contents.
[0506] 11.3.8 Place plate in BioPlex (9.2), set maximal

counting time to 120 seconds and count at least 50 beads
per LPS group.

[0507] 11.3.9 Activate software program to count fluo-
rescence of beads, which had captured (fluorescent)
antibodies.

[0508] For aschematic representation of the procedure, see
FIG. 21.
[0509] Typical responses of Salmonella monoclonal anti-

bodies are presented in Table 36.

TABLE 36

Typical responses of reference sera incubated with LPS-coated beads
and a secondary fluorescent antibody providing the signal.

LPS B LPS C, LPS C, LPS D
anti-O4 305 76 95 88
anti-05 6398 78 91 79
anti-07 86 174 91 98
anti-08 90 86 1668 91
anti-09 82 81 82 145
Example 10

1. Mild Periodate Oxidation

[0510] The success of the final binding of anti-Salmonella
antibodies, and thus the screening of invasive infections in the
animal, is much dependent of the oxidation of the monosac-
charide constituents of the polysaccharide part of LPS, and
the oligosaccharide part of the core region of LPS. It can be
deduced from the described structures for the different sero-
types of, e.g., Salmonella, that oxidation may lead to a break-
down of the antigenic structures, which are, in particular, part
of the polysaccharide part of LPS.

[0511] Whereas the oxidation of hexitols occurs rapidly,
parynosides, which are predominantly occurring in Salmo-
nella LPS, need a higher periodate concentration to facilitate
the oxidation in the same time. Pyranosides, which possess
a-erythro-hydroxyl groups, such as in arabino, galacto or
manno configurations like in Salmonella spp. LPS, are more
easily oxidized than a-threo-hydroxyl groups, such as in xylo
or gluco variants. It should be realized that while the ring is
opened and aldehyde functions for attachment of, e.g., pro-
tein, molecules are created, a-hydroxy carbonyl compounds
also may be created, which may oxidize again if periodate is
still present. It is, therefore, that non-conjugated monosac-
charides, which are thus not part of an oligo- or polysaccha-
ride, are completely destroyed by a periodate oxidation to
formic acid and formaldehyde at sufficient high concentra-
tions of the oxidizer. At relatively high concentrations of
periodate, 1,3-diketones and also di-axial diols can be oxi-
dized.
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[0512] A breakdown or oxidation reaction, more than only
the creation of aldehyde groups, would, therefore, lead to a
failure to detect an infection in a sample of biological mate-
rial, despite a good coupling reaction to a solid phase sup-
ported by the presence of a polyamine-containing molecule,
such as a protein. In other words, a mild periodate reaction is
needed to leave the antigenic structure intact, but just enough
to enable a coupling between protein and thus solid phase.

2. Result

[0513] LPS from Se, Sg, Sl and St was oxidized for 40
minutes at pH 5.5 using a range of sodium m-periodate con-
centrations. Following oxidation, LPS was coupled to a bio-
sensor surface and immobilization efficiency and antigenic
activities was monitored.

[0514] From FIG. 25, it is obvious that a higher oxidation
grade of LPS from S. enteritidis gave rise to a corresponding
higher coating level at the biosensor chip. However, despite
the higher immobilization levels, the response from the anti-
body probing decreases as demonstrated in FIGS. 26 and 27.
For this LPS type, an optimum periodate concentration of 1.8
mM was determined.

[0515] In a similar way, the effects of oxidation on the
immobilization and antigenic activity of LPS from S. gold-
coast were tested (FIGS. 28 and 29). An identical optimum
for the sodium periodate concentration was found at 1.8 mM.
Similar results were obtained for S. /ivingstone (FIGS. 30 and
31). An optimum of 1.8 mM m-periodate was found here as
well.

Example 11

Extraction of Lipopolysaccharides from Salmonella
Spp-

[0516] WARNING AND SAFETY PRECAUTIONS: Sai-
monella spp., which are used in this extraction method to
obtain lipopolysaccharides (LPS), belong to risk class 2
microorganisms. Risk class 2 microorganisms are described
as follows: they can induce illnesses like diarrhea and fever,
but spreading of the disease is improbable and there are
effective prophylaxes or treatment possible. When working
with live bacteria, the procedure should, therefore, be carried
out with precautions like disinfecting equipment and hands
with 70% ethanol. The waste of: living Salmonella spp.
should be destroyed or disposed of by autoclavation or as
biohazard waste, respectively.

[0517] LPS compounds are highly pyrogenic and can cause
fever. To avoid intake, treat aqueous solutions of LPS with
care and wear a mask when working with solid material. If
any of these compounds enters the bloodstream, immediately
seek medical attention.

1. Introduction

[0518] Salmonella is a gram-negative bacterium, and its
outer membrane consists of various antigenic structures,
including flagella, outer membrane proteins and
Lipopolysaccharides (LPS). The molecule of LPS consists of
aso-called lipid A part, which is embedded in the leaflet of the
outer membrane, a core region and polysaccharide. The core
region is composed of two or three heptoses and two or three
residues of eight-carbon, negatively charged monosaccha-
rides KDO. The core region links lipid A to the polysaccha-
rides, which is also known as the O-side chain. This O-side
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chain is highly variable with respect to its length and compo-
sition between strains, but also within a strain influenced by
growth conditions of the Salmonella. Despite variation, anti-
genic structures coded in the PS are unique for a certain
Salmonella serovar. In fact, antigenic structures O3, O4,
06/7,08,09, 010 and O12 represent approximately 90% of
known Salmonella serovars occurring on porcine products, in
particular, Dutch abattoirs.

[0519] To detect a humoral response to O-antigens as an
indication of an exposure of farm animals to Salmonella, LPS
can be used to probe the binding of raised antibodies to these
biomolecules. For this purpose, LPS from S. typhimurium
(04, 05, 012), S. enteritidis (09, 012), S. livingstone (06/
07), S. goldcoast (06, O8) and S. meleagridis (03, 010) can
be extracted.

[0520] An in-house extraction is paramount because LPS
from only a limited number of Salmonella serovars is com-
mercially available. Furthermore, in-house production can
secure a continuous availability of LPS types for a successful
antibody detection assay. The in-house extraction method
described here for this purpose is based on a protocol
described by Staub (0). Trichloroacetic acid (TCA) extracts
LPS containing 1% to 10% protein contamination. This prod-
uct is suitable for covalent immobilization of LPS to a car-
boxymethylated dextran layer coated on a gold metal surface
of a biosensor chip (see SOP CHEMIE/A22 (Example 12)).
This chip immobilized with LPS, in combination with a Bia-
core optical SPR biosensor system, can be used to trace
Salmonella-1.PS antibodies in sera, also known as serology.

2. Scope and Field of Application

[0521] This method describes the extraction of LPS from
several Salmonella serovars with the use of trichloric acetic
acid. Extracted LPS is suitable for modifications to facilitate
its immobilization on a carboxymethylated dextran surface.

3. References

[0522] Staub, A. M., Methods in Carbohydrate Chemistry,
5,92 (1965)
[0523] SOP Chemie/A22: Immobilization of Salmonella-

derived LPS onto a biosensor chip (Biacore) and detection of
serum antibodies reporting a current or past Salmonella infec-
tion (Example 12).

[0524] SOP Chemie/A23: Optimalization protein addition
to LPS for immobilization and detection of serum antibodies
(Example 13).

4. Definitions

[0525] c=concentration in % (m/v), % (v/v), mol/l or
mmol/l as indicated.

5. List of Abbreviations

[0526] 5.1 BGA: Brilliant Green agar
[0527] 5.2 BHI: Brain Heart Infusion
[0528] 5.3 BHIa: Brain Heart Infusion agar
[0529] 5.4 LPS: Lipopolysaccharides
[0530] 5.5 NB: Nutrient broth

[0531] 5.6 NaCl: Sodium chloride

[0532] 5.7 NaOH: Sodium hydroxide
[0533] 5.8 TCA: Trichloric acetic acid
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6. Principle

[0534] Lipopolysaccharides (LPS) are produced by the
extraction of Salmonella with the aid of trichloricacetic acid
(TCA). Salmonella is cultured on and then collected from
Brain Heart Infusion agar plates. After several washing steps
with asaline solution and several centrifugation steps, TCA is
added. The acidified suspension is incubated at a low tem-
perature for three hours to solubilize LPS from bacterial cells.
The suspension is centrifuged to remove cellular material and
the pH is neutralized. L.PS is then partly purified and concen-
trated by ethanol precipitation at low temperature. Finally,
salts and ethanol are removed by dialysis, and remaining
particles in the retained LPS-containing solution are spun
down by centrifugation. The supernatant is lyophilized and
weighed to determine the recovery of produced LPS.

7. Reagents and Materials

[0535] During the procedure, unless stated otherwise, use
only reagents of recognized analytical grade and only dis-
tilled water or water of equivalent purity. Reference to a
company is for information and identification only and does
not imply a recommendation unless so stated.
[0536] 7.1 Chemicals
[0537] 7.1.1 Brilliant Green Agar (Oxoid, Basingstroke,
England, CM329)

[0538] 7.1.2 Brain Heart Infusion (Oxoid, CM225)
[0539] 7.1.3 BrainHeart-Infusion Agar (Oxoid, CM375)
[0540] 7.1.4 Ethanol, absolute (Merck, Darmstad, Ger-

many, 1.00983.2500)

[0541] 7.1.5 Glycerol 87% (Merck, 1.04091.1000)
[0542] 7.1.6 Nutrient Broth No. 2 (Oxoid, 67)

[0543] 7.1.7 Sodium chloride (Merck, 1.06404.1000)
[0544] 7.1.8 Sodium hydroxide (Merck, 1.06498.1000)
[0545] 7.1.9 Ethyleen glycol (Merck, 9621.2500))
[0546] 7.1.10 Trichloroacetic acid (Merck,

1.00807.0250)
[0547] 7.1.11 water was obtained from the MILLI-Q®
purification system (9.24)
[0548] 7.2 Salmonella Agglutination Sera
[0549] 7.2.1 anti-O4 (Pro-Lab Diagnostics, Salmonella
reference section of the Central Veterinary Laboratory,
Weybridge, Great Britain)

[0550] 7.2.2 anti-O5 (Pro-Lab Diagnostics)

[0551] 7.2.3 anti-06,7 (Pro-Lab Diagnostics)

[0552] 7.2.4 anti-O8 (Pro-Lab Diagnostics)

[0553] 7.2.5 anti-O9 (Pro-Lab Diagnostics)

[0554] 7.2.6 anti-O12 (Pro-Lab Diagnostics)

[0555] 7.2.7 anti-O-Poly A-S (antisera to groups A

through S) (Pro-Lab Diagnostics)

[0556] 7.2.8 anti-O-Poly E (antisera to factors 03, 010,
015, 019, 034) (Pro-Lab Diagnostics)

[0557] 7.3 Bacterial Strains

[0558] 7.3.1 Salmonella enteritidis (#23, phage type 1
strain RIVM, The Netherlands; 90-16-706)

[0559] 7.3.2 Salmonella goldcoast (Division’s working
bank, Utrecht University, The Netherlands)

[0560] 7.3.3 Salmonella livingstone (Division’s working
bank)

[0561] 7.3.4 Salmonella meleagridis (Division’s work-
ing bank)

[0562] 7.3.5 Salmonella typhimurium X-193 (ASG,
Lelystad)
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[0563] 7.4 Reagents

[0564] Unless stated otherwise, all prepared media can be
stored for three months at 2° C. to 8° C.

[0565] After dispensation of agar media in petri dishes, the
plates are cooled at room temperature. After hardening of
agar, the plates are inverted and dried at room temperature for
two to three days on the tabletop.

[0566] 7.4.1 Brilliant Green agar (BGA) plates: Suspend
52 g of BGA (7.1.1) in 1.0 1 water (7.1.11). Boil to
dissolve the medium completely. Mix well and dispend
15 ml portions in petri dishes (8.29).

[0567] 7.4.2 Brain Heart Infusion (BHI) broth: Dissolve
37 g of BHI broth (7.1.2) in 1.0 1 water (7.1.11). Mix
well, distribute into final containers and sterilize by
autoclaving at 121° C. for 15 minutes.

[0568] 7.4.3 Brain Heart Infusion Agar (BHIa): Suspend
47 g BHI agar (7.1.3) in 1.0 1 water (7.1.11). Boil to
dissolve the medium completely. Mix well and dispend
15 ml portions in petri dishes (8.29).

[0569] 7.4.4 Cooling solution: Mix 1.0 1 ethylene glycol
(7.1.9) with 3 1 water

[0570] 7.4.5 Cold ethanol: Store 11ethanol (7.1.4) o/nin
a freezer (-18° C.) (8.17).

[0571] 7.4.6 Glycerol 87% sterile: Autoclave S0ml glyc-
erol (7.1.5) at 121° C. for 15 minutes.

[0572] 7.4.7 Nutrient broth (NB): Dissolve 25 g NB (7.1.
6)in 1.01water (7.1.11). Mix well, distribute into 100 ml
flasks and sterilize by autoclaving at 121° C. for 15
minutes.

[0573] 7.4.8 Saline (c=-0.9% (m/v)): Dissolve 9 g
sodium chloride (NaCl) (7.1.7) in 1.0 1 water: (7.1.11).
Before use, cool the saline overnight in a refrigerator.

[0574] 7.4.9 Trichloroacetic acid (TCA) solution, c¢=0.
25 mol/I: Dissolve 40.8 g TCA (7.1.10) in 1.0 1 water
(7.1.11).

[0575] 7.4.10 Trichloroacetic acid (TCA) solution, c¢=0.
50 mol/l: Dissolve 81.7 g TCA (7.1.10) in 1.0 1 water
(7.1.11).

[0576] 7.4.11 Sodium hydroxide (NaOH) solution,
¢=5.0mol/1: Dissolve 40 g NaOH (7.1.8) in 200 ml water
(7.1.11).

[0577] 7.4.12 Sodium hydroxide (NaOH) solution, c=0.
10 mol/l: Dilute 1.0 ml, ¢=5 mol/l NaOH (7.4.1.1) in
49.0 ml water (7.1.11).

8. Equipment and Apparatus

[0578] Referenceto a company is for information and iden-
tification only and does not imply a recommendation unless
so stated. Equivalent equipment and apparatuses may be
appropriate as well.

[0579] 8.1 Analytical balance (type AE240, Mettler, Ziir-
ich, Switzerland), weighing range 0 to 40 g (SOP CHE-
MIE/011)

[0580] 8.2 Balance (type MC1 LC2000P, Sartorius
Instrumenten. BV, Nieuwegein, The Netherlands)

[0581] 8.3 High speed centrifuge (T-124 Centrikon,
Kontron, Zurich, Switzerland)

[0582] 8.4 Superspeed centrifuge (RC-5B, Sorvall,
Newton, Conn., USA)

[0583] 8.5 Centrifugal polypropylene tubes, for Cen-
trikon 290 ml (253483, Beun de Ronde, Abcoude, The
Netherlands)

[0584] 8.6 Centrifugal tubes for rotor SM-24, Sorvall
(Sorvall)
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[0585] 8.7 Conical tubes (50 ml) (Cellstar 210261,
Greiner Bio-One, Alphen a/d Rijn, The Netherlands)
[0586] 8.8 Conical tubes (15 ml) (Cellstar 188271,

Greiner Bio-One)
[0587] 8.9 Cryogenic tubes (1.8 ml) (Cryo’s 122261,
Greiner Bio-One)

[0588] 8.10 Dialysis Membrane clamps (Part#CB-1050,
Cellu Sep, Membrane Filtration Products Inc., Seguin,
Tex., USA)

[0589] 8.11 Spectra/Por dialysis tubing MWCO 1000
(Spectrum Laboratories Inc., Rancho Dominguez,
Calif., USA)

[0590] 8.12 Finn pipette, 200 to 1000 pl. (Labsystems
Oy, Helsinki, Finland)

[0591] 8.13 Finn pipette, 40 to 200 pul (Labsystems Oy,
Helsinki, Finland)

[0592] 8.14 Finn pipette, 5 to 40 pl (Labsystems Oy,
Helsinki, Finland)

[0593] 8.15 Freeze dry apparatus (7570001, Labconco
Corporation, Kansas City, Mo., USA)

[0594] 8.16 Freezer -18° C., freeze range between —16°
C.to -25° C. (Elbanton, Kerkdriel, The Netherlands)

[0595] 8.17 Freezer -80° C. (U57085 Classic, New
Brunschwick Scientific BV, Nijmegen, The Nether-
lands)

[0596] 8.18 Glass beaker, 151 (Schott-Duran, Omnilabo
International BV, Breda, The Netherlands)

[0597] 8.19 Glass slides (AA00000102E, Menzel-Gla-
ser, Braunschweig, Germany)
[0598] 8.20 Ice salt bath: mix approximately 150 g NaCl

(8.1.7) with 3 lice crunch after addition of 150 ml of tap
water

[0599] 8.21 Home made —4° C. incubator (measured
temperature of contact liquid to ethanol precipitating
LPS extract (10.3.37), approximately 1° C.)

[0600] 8.21.1 Circulation chiller; set temperature —4°
C. (WK230, Lauda, Lauda-Kénigshofen, Germany)

[0601] 8.21.2 Central cooling core PROTEAN II
(165-1806, BioRad Laboratories BV, Veenendaal,
The Netherlands)

[0602] 8.21.3 Polystyrene box & fitting plastic irner
bowl

[0603] 8.21.3.1 Whole system (9.22.1, 9.22.2) was filled
with cooling solution (8.4.4)

[0604] 8.22 Magnetic stirrer (EM3300T, LaboTech B.V,,
Ochten, The Netherlands)

[0605] 8.23 MILLI-Q® water purification system (Mil-
lipore, Bedford, Ma, USA)

[0606] 8.24 pH meter (type pH 537, WTW. Weilheim,
Germany)

[0607] 8.25 Refrigerator (Elbanton)
[0608] 8.26 Rotor Centrikon (A6.14, Kontron)
[0609] 8.27 Rotor Sorvall (SM-24, Sorvall)

[0610] 8.28 Spatula, Drigalski glass (408014, Omnilabo
International BV)

[0611] 8.29 Petri dishes (633102, Greiner Bio-One)

[0612] 8.30 Powerpette plus (Jencons, Bedfordshire,
England)

[0613] 8.31 Vortex-mixer (KS-1, Janke & Kunkel,
Staufen, Germany)
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9. Procedure

[0614] 9.1 Preparation of stock culture

[0615] 9.1.1 Make an isolate of Salmonella (7.3) by
spreading one colony, or the content of an inoculation
loop onto a BGA plate (7.4.1).

[0616] 9.1.2 Incubate the plate (9.1.1) overnightat 37° C.

[0617] 9.1.3. A single colony is picked from the plate
(9.1.2) with an inoculation loop and suspended in 100 ml
NB (7.4.7).

[0618] 9.1.4 Incubate overnight at 37° C.

[0619] 9.1.5 Add 50 ml glycerol (7.4.5) to 100 ml cul-
tured NB medium (9.1.4).

[0620] 9.1.6 Aliquot culture/glycerol mixture (9.1.5)
into eleven 14 ml (8.9) (volume of 12.5 ml) and twelve
1.5 ml (8.10) (volume of 1 ml) sterile tubes.

[0621] 9.1.7 One of the 1.5 ml tubes is marked as stan-
dard bank. The contents of this tube will oily be used to
prepare more aliquots of 1 and 12.5 ml via the method
here described (9.1).

[0622] 9.1.8 Quickly freeze the aliquots at -80° C. (9.1.
6) and store until use.

[0623] 9.2 Determination of Salmonella Isolate Purity by
Agglutination

[0624] 9.2.1 Pipette 25 pl (8.15) sterile saline (7.4.8)
onto a glass slide (8.20).

[0625] 9.2.2 Suspend one colony from the plate-cultured
Salmonella (9.1.2) in the saline (7.4.8).

[0626] 9.2.3 Add a single drop of agglutination serum
(7.2) using the facilitated container drop system.

[0627] 9.2.4 Mix sera and suspension by gently tilting
the slide back and forth for two minutes.

[0628] 9.2.5 Determine agglutination by looking for
aggregation formation in front of a black background.

[0629] 9.2.6 Disclose the identity of Salmonella strain by
comparing the results of aggregation with Table 37.

[0630] 9.2.7 When the identity of the cultured strain dif-
fers from predicted aggregation in Table 37, it can be
concluded that the tested culture was not (exclusively)
composed of the expected Salmonella serotype. In such
case, a new stock culture has to be prepared.

[0631] 9.3 Extraction Method

[0632] 9.3.1 Prepare 120 BHI agar plates (7.4.3).

[0633] 9.3.2 Thaw a 12.5 ml tube with Salmonella stock
culture (9.1.8).

[0634] 9.3.3. Spread 100 pl (8.14) stock culture (9.1.8)
on each plate (9.3.1) with a spatula (8.29).

[0635] 9.3.4 Incubate overnight at 37° C.

[0636] 9.3.5 Fill a 15 1 container (8.19) with 10 1 water
(7.1.11), and cool to 4° C. to 8° C. in a refrigerator (8.26)
until further use.

[0637] 9.3.6 Weigh (8.3) six empty centrifugation tubes
(8.6) and note their weight on the quality sheet (see FIG.
32).

[0638] 9.3.7 Put Milli-Q® (7.1.11) and TCA (7.4.9,7 4.
10) containers in prepared ice salt bath (8.21).

[0639] 9.3.8. Take twenty plates (9.3.4) overnight incu-
bated plates and add 1 ml of saline to each plate.

[0640] 9.3.9 Harvest the bacteria by lightly scraping
(making round movements) a Drigalski spatula (8.29)
over the agar, making a suspension of the bacteria in
saline.

[0641] 9.3.10 Collect the suspension in one of the six
pre-weighed centrifugation tubes (9.3.6).
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[0642] 9.3.11 Wash each plate (9.3.9) twice with 2 ml
saline (7.4.8) solution.

[0643] 9.3.12 Combine the suspensions (9.3.11) with the
contents of the centrifugation tube (9.3.10).

[0644] 9.3.13 Repeat steps 9.3.8 through 9.3.12 five
times for the remaining plates (9.3.4).

[0645] 9.3.14 Add 100 mlsaline (7.4.8) to each centrifu-
gation tube.

[0646] 9.3.15 Tare the tubes (9.3.14).

[0647] 9.3.16 Centrifuge for 15 minutes at 10,000xg and
4°C.(84,8.27).

[0648] 9.3.17 Decant the supernatant in a waste con-
tainer.

[0649] 9.3.18 Suspend each bacterial pellet in 10 ml
saline (7.4.8) until a smooth suspension is formed.

[0650] 9.3.19 Add75 ml saline (7.4.8) to each centrifuge
tube.

[0651] 9.3.20 Repeat steps 9.3.14 to 9.3.19 once.

[0652] 9.3.21 Repeat steps 9.3.15 t0 9.3.17 once.

[0653] 9.3.22 Weigh (8.3) the tubes with bacterial pellet
(9.3.21) and note weigh results on the quality sheet (see
FIG. 32).

[0654] 9.3.23 Determine the mass (=m) of the deposited
bacteria by subtracting the weight of the empty (9.3.6)
with that of the cell-containing tubes (9.3.22).

[0655] 9.3.24 Suspend the bacterial pellets (9.3.22) with
x ml (for determination x, see Table 38) of water (7.1.11)
by repeatedly drawing in and washing with a 10 ml
pipette (8.31).

[0656] 9.3.25 Combine the suspensions of two centrifu-
gation tubes in one tube.

[0657] 9.3.26 Repeat 9.3.25 for the remaining centrifu-
gation tubes.

[0658] 9.3.27 Add x ml of y M TCA (7.4.10) (see Table
38 for values x and y).

[0659] 9.3.28 Insert stirring rods in each of the suspen-
sions (9.3.27).

[0660] 9.3.29 Stir the suspensions (9.3.28) for three
hours at 4° C. on a magnetic stirrer (8.23).

[0661] 9.3.30 Remove the stirring rods.

[0662] 9.3.31 Centrifuge the suspensions for 30 minutes
at 20,000xg and 4° C. (8.5, 8.28).

[0663] 9.3.32 Collect the supernatants of the centrifuga-
tion tubes in a S00-ml beaker.

[0664] 9.3.33 Adjust the pH of the supernatant with 5 M
NaOH (7.4.11) and 0.10 M NaCH (7.4.12) to pH 6.5.
[0665] 9.3.34 Determine the volume (v) of the pH

adjusted supernatant (9.3.33).

[0666] 9.3.35. Cool the supernatant to freezing point by
putting the filled flasks (9.3.34) in a -18° C. freezer
(8.17) for 30 minutes.

[0667] 9.3.36 Add 2* eml (for values of e, see Table 38)
freeze-cold ethanol (7.4.5).

[0668] 9.3.37 Cool the solution overnight at -4° C.
(8.21).

[0669] 9.3.38 Dispense the solution in six centrifuge
tubes (8.6).

[0670] 9.3.39 Centrifuge the solution for 30 minutes at
20,000xg and -4° C. (8.4, 8.27).

[0671] 9.3.40 Cut three parts (each 1.0 cm of length)
from the dialysis tube (8.12).

[0672] 9.3.41 Wash the dialysis tubes (9.3.40) briefly
with water (7.1.11) and keep them wet in water (7.1.11)
until further use.
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[0673] 9.3.42 Clip a membrane clamp (8.11) at one end [0692] NOTE: Handle lyophilized, LPS product carefully,

of the dialysis tube (9.3.41), leaving 1 cm tubing free. as its electrostatic characteristics may easily make it ait-
[0674] 9.3.43 Decant the supernatant (9.3.39) in a waste borne.

bottle. [0693] NOTE: LPS is a well-known toxin, which when
[0675] 9.3.44 Remove the remaining supernatant from inhaled or swallowed may induce clinical effects in humans.

the centrifuge tubes with the help of a pipette (8.13). Safety measures, such as masks, should be strictly followed to
[0676] 9.3.45 Add one ml of water (7.1.11) to each cen- prevent any intoxication.

trifuge tube (9.3.44). [0694] 9.3.61 Weigh lyophilized LPS-holding container
[0677] 9.3.46 Suspend the pellets by drawing in and (9.3.60) on an analytical balance (8.2) and note the

washing out with a one-ml pipette (8.13). resulting mass on the quality sheet (see FIG. 32).
[0678] 9.3.47 Fill one of the prepared dialysis bags (9.3. [0695] 8.3.62 Calculate the yield of LPS: (weight LS

42) with the re-suspended pellets (9.3.46) of two centri- (9.3.61)-weight container (9.3.57))/total mass wet cells

fuge tubes. (9.3.23)*100%.
[0679] 9.3.48 Wash each of the tubes with (z—1)/6 ml (for [0696] 8.3.63 Store lyophilized LPS powder in a closed

the value of z, see Table 38) water (7.1.11) and combine container at 4° C. until further use.

the wash with the contents of the dialysis bag (9.3.47). [0697] An overview of the procedure is depicted in FIG. 33.

TABLE 37

Check board for agglutination readings to disclose the identity of the
present bacteria in terms of Salmonella species and Salmonella serovar.

Agglutination sera

04 05 06,7 08 09 012 polyA-S polyE
Salmorella strain (82.1) (822) (823) (824 (825 (826) (827 (828
S. enteritidis (7.3.1) - - - - + -
S. goldcoast (7.3.2) - - + + - - ¥ _
S. livingstone (71.3.3) - - + - - - ¥ _
S. meleagridis (1.34) - - - - - - ¥ +
S. typhimurium (8.3.4) + - - - ¥ -

Legend:
+ = Aggregation formation, agglutination positive
- = No aggregation formation, agglutination negative

[0680] 9.3.49 Clip another clamp (7.10) on top of the

filled dialysis tube (9.3.48) leaving a small air bubble TABLE 38
between solution and clamp.
Conversion table to determine volumes of water (x), TCA (x),
[0681] . 9.3.50 Rf?peat the steps 9.3.42 to 9.3.49 for the ethanol (¢) and TCA concentration (y) for extraction and
remaining Centrlfuge tubes. precipitation, and volume of water (z) for dialysis procedures
[0682] 9.3.51 Place the three filled dialysis tubes in pre- t(; iSOlat? and purify E%Sﬂfrg;l Sfillmonella- Tgetters ,
cooled water (9.3:5) at4° C. noted: m relers to mass .3.23), whereas v refers to p
adjusted supernatant volume (10.3.34).
[0683] 9.3.52 Incubate by dialyzing the contents of the
tubes (9.3.51) for two days under continuous gentle Extraction
stirring conditions at 4° C. on a magnetic stirrer (8.23). < ml water
[0684] 9.3.53 Refresh the dialysate at least twice, by (7.1.11) Dialysis
exchanging the water with 7 1 fresh, precooled water &H;igAml Preclipglatml; zml
e ml ethano water
(7.1.1D). o ) Strain (7.49,74.10)  yMTCA (74.5) (7111
[0685] 9.3.54 Collect the contents of the dialysis tubes in
a 50-ml container (88) S. enteritidis x=m*5 0.25(7.4.9) e=2%v z=
- ) S. goldcoast 0.5 (7.4.10) 0.1
[0686] 9.3.55 Divide the collected volume (9.3.54) in S%?vi;;.iine 0.5 (7.4.10) ’
centrifuge tubes (8.7). S. Meleagridis ne.y.
[0687] 93.56 Centrifuge the tubes for 20,000xg for 30 - 22Hmurin 0507410
minutes at 4° C. (8.5). n.e.y.: not established yet.
[0688] 9.3.57 Weigh an empty 50-ml container (8.8) on
an analytic balance (8.2) (without cap) and note its Example 12

weight on the quality sheet (see FIG. 32).

[0689] 9.3.58 Collect the supernatant (9.3.56) in pre- Immobilization of Salmonella-Derived LPS Onto a

Biosensor Chip (Biacore) and Detection of Serum

weighed container (9.3.57). Antibodies Reporting a Current or Past Salmonella
[0690] 9.3.59 Freeze the supernatants in an -80° C. Infection
freezer (7.15). [0698] WARNING AND SAFETY PRECAUTIONS:

[0691] 9.3.60 Lyophilize (7.15) the frozen supernatants Lipid polysaccharides are potent immunogens, which can
(9.3.59) until a dry white crystal structure is observed. bring sensitive persons into a septic shock upon intake or
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inhalation. Precautions should be made to prevent contact
with this biochemical.

[0699] Sodium periodate is an oxidizing agent and may
cause explosions when brought in contact with strong reduc-
ing agents.

[0700] The procedure utilizes sodium cyanoborohydride.
The procedure should, therefore, be carried out with precau-
tions by using, for example, hand gloves and a mask. Use this
chemical substance only in a chemical fume hood. The mate-
rial is very toxic to aquatic organisms and may cause long-
term adverse effects in the aquatic environment. The material
and solution waste should be disposed of as hazardous waste.

1. Introduction

[0701] Among the components of the antigenic structure of
the genus Salmonella, the somatic antigens are important as
an instrument to trace immune response in animals upon an
invasive infection of this organism. Somatic antigens are
located on the polysaccharide part of lipid polysaccharide
(LPS), which is a constituent of the bacterial cell wall. After
extraction and isolation of carefully chosen LPS (see SOP
CHEMIE/A21 (Example 11)), antigen-containing LPS is
coupled covalently to a biosensor chip surface to serologi-
cally monitor samples for the presence of anti-Salmorella
antibodies through their binding to the immobilized antigen-
containing L.PS on the chip surface (see SOP CHEMIE/A23
(Example 13)). This SOP describes the method for oxidation,
immobilization of LPS onto the biosensor chip (BIACORE)
and the analysis of antibodies in sera.

2. Scope and Field of Application

[0702] To analyze serum samples from chicken for the
presence of anti-Salmonella antibodies reacting with 04, OS5,
06, 07,08, 09 and O12 somatic antigens.

3. References

[0703] Concentration Analysis Handbook, Version AA,
December 2001, Biacore AB, Uppsala, Sweden.

[0704] BlAapplications Handbook, version AB (reprinted
1998), Biacore http://www.jp.amershambiosciences.com/
tech_support/manual/pdf/dnapuri/52207400afpdf.

[0705] SOP Chemie/A21: Extraction of lipopolysaccha-
rides from Salmonella spp. (Example 11).

[0706] SOP Chemie/A23: Optimalization of protein addi-
tion to LS for immobilization and detection of serum anti-
bodies (Example 13).

4. Definitions

[0707] c=concentration in % (m/v), % (v/v), mol/l or
mmol/l as indicated.

5. List of Abbreviations

[0708] 5.1 EDC: N-ethyl-N'-(3-dimethyl aminopropyl)-
carbodiimide hydrochloride

[0709] 5.2 NHS: N-hydroxysuccinimide

[0710] 5.3 LPS Se: from the Salmonella bacteria serovars
enteriditis

[0711] 5.4 LPS Sg: from the Salmonella bacteria serovars
goldcoast

[0712] 5.5. PS SI: from the Salmonella bacteria serovars
livingstone
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[0713] 5.6 LPS Sm: from the Sa/monella bacteria serovars
meleagridis

[0714] 5.7 LPS St: from the Salmonella bacteria serovars
typhimurium

6. Principle

[0715] LPS is oxidized in the presence of a protein facili-
tated by sodium periodate. The LPS-protein solution is
desalted using a NAP-5 column. The LPS-protein complex is
immobilized on a CM5-chip after activation of the carboxym-
ethyl dextran layer-on abiosensor chip with the aid of 1 -ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(EDC) and N-hydroxysuccinimide (NHS) and carbohy-
drazide. Bound LPS is then stabilized with sodium
cyanoborohydride. Prior to routine use, the performance of
biosensor chip-conjugated LPS to bind anti-Salmonella anti-
bodies is assessed using a panel of reference polyclonal
agglutination sera.

7. Reactions

[0716] 7.1. Oxidation of Carbohydrate Moiety

[0717] Periodate will induce an oxidative disruption of
linkages between vicinal diols on, in particular, carbohydrate
moieties as in, e.g., mannose, to yield aldehyde functional-
ities. This reaction is typically performed in buffers at a pH
range between 4.5 and 5.5 in the dark using a freshly prepared
10 to 100 mM sodium meta-periodate in 0.1 M sodium
acetate (FIG. 18).

[0718] NOTE 1. The positions of conjugations indicated in
this scheme, to link up this monosaccharide within a polysac-
charide as, e.g., LPS, are just examples. R' and R indicate the
distal and the proximal positions, respectively, in the carbo-
hydrate chain. The oxidation into aldehydes may repeat itself
within the polysaccharide chain in each monosaccharide con-
stituent containing vicinal diols.

[0719] NOTE 2. Periodate will also oxidize, when present,
certain f-aminoethanol derivatives such as the hydroxylysine
residues in collagen, as well as methionine (to its sulfoxide)
and certain thiols (usually to disulfides). In addition, N-ter-
minal serine and threonine residues of peptides, and proteins
can be selectively oxidized by periodate to aldehyde groups.
These reactions, however, usually occur at a slower rate than
oxidation of vicinal diols.

[0720] 7.2. Conjugation to Protein

[0721] Oxidation is performed in the presence of a protein.
The bis-aldehyde compounds, like the oxidized monosaccha-
ride constituents in the polysaccharide chain of L.PS here
above, may react with any amino group in a protein and may
form a Schiff-based linkage resulting in a substituted imine
(FIG.19).

[0722] NOTE. The substituted imine is stabilized while the
complex is attached to the dextran surface by a reduction
facilitated by the cyanoborchydride (reductive animation).
[0723] 7.3. Immobilization to Sensor Surface

[0724] The sensorchip-located carboxymethylated dextran
layer is activated by N-ethyl-N'-(3-dimethyl aminopropyl)-
carbodiimide hydrochloride (EDC) and N-hydroxysuccinim-
ide (NHS). The activation is followed by preparation with
carbohydrazine. The reactive aldehyde functionalities react
spontaneously with the hydrazide to hydrazones, which are
then reduced to stabilize the covalent bonds (FIG. 34).
[0725] NOTE. The protein R" carries multiple —NH,—
groups and can, therefore, be conjugated with multiple oxi-
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dized LPS entities. On the other hand, the polysaccharide part
in LPS may carry multiple free aldehyde groups in a single
molecule. These aldehyde groups may be, for a part or com-
pletely, captured by the hydrazide-dextran layer. The net
result may be a very stable complex network of protein-L.PS-
dextran on the surface.

8. Reagents and Materials

[0726] In the complete procedure, only reagents of recog-
nized analytical grade and only distilled water or water of
equivalent purity are used, unless stated otherwise. Reference
to a company is for information and identification only and
does not imply a recommendation unless so stated.

[0727] 8.1. Chemicals

[0728] 8.1.1 Acetic acid (J. T. Baker, Deventer, The
Netherlands)

[0729] 8.1.2 Amine coupling kit (Biacore AB, Uppsala,
Sweden) consisting of:

[0730] 8.1.2.1Vial containing 115 mg N-hydroxysuc-
cinimide (NHS)

[0731] 8.1.2.2 Vial containing 750 mg 1-ethyl-3-(3-
dimethlylaminopropyl) carbodiimide hydrochloride
(EDC).

[0732] 8.1.2.3 Vial containing 10.5 ml, c=1 mol/l,
ethanolamine hydrochloride—sodium hydroxide pH
8.5

[0733] 8.1.3 CHAPS (Plus one, Pharmacia Biotech,
Uppsala, Sweden)

[0734] 8.1.4 Carbohydrazide, CN,H,O (Fluka Chemie
GmbH, Buchs, Switzerland)

[0735] 8.1.5 Carboxymethyl-dextran
(Fluka)

[0736] 8.1.6 Glycine, ¢=10 mmol/l pH 1.5 (Biacore)

[0737] 8.1.7 Guanidine hydrochloride (Calbiochem, San
Diego, Calif., USA)

[0738] 8.1.8 HBS-EP buffer (Biacore) containing
HEPES buffer, c=10mmol/l, pH 7.4, sodium hydrochlo-
ride, ¢=150 mmol/l, EDTA., ¢c=3 mmol/l and surfactant
P20, ¢=0.005% (v/v)

[0739] 8.1.9 Salmonella-anti-group-specific,
clonal test reagents:

[0740] 8.1.9.1 anti-Salmonella gr. B (SIFIN, Berlin,
Germany), contains mAb Anti-O4, O5, 027

[0741] 8.1.9.2 anti-Salmonrella gr. C (SIFIN), contains
mAb Anti-O7, O8

[0742] 8.1.9.3 anti-Salmonella gr. D (SIFIN), contains
mAb Anti-O9, Vi

[0743] 8.1.9.4 anti-Salmonella gr. E (SIFIN), contains
mAb Anti-O3, 019

sodium  salt

mono-

[0744] 8.1.10 Salmonella monovalent “O” somatic anti-
sera:
[0745] 8.1.10.1 anti-O4 (Pro-Lab Diagnostics, Salmo-

nella reference section of the Central Veterinary

Laboratory, Weybridge, Great Britain)
[0746] 8.1.10.2 anti-O5 (Pro-Lab Diagnostics)
[0747] 8.1.10.3 anti-O6,7 (Pro-Lab Diagnostics)
[0748] 8.1.10.4 anti-O8 (Pro-Lab Diagnostics)
[0749] 8.1.10.5 anti-O9 (Pro-Lab Diagnostics)
[0750] 8.1.10.6 anti-O10 (Pro-Lab Diagnostics)
[0751] 8.1.10.7 anti-O12 (Pro-Lab Diagnostics)
[0752] 8.1.10.8 anti-O19 (Pro-Lab Diagnostics)
[0753] 8.1.10.9 anti-O-Poly E (03, 010, O15, 019,

034; Pro-Lab Diagnostics)
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[0754] 8.1.11 Salmonella polyvalent “O” somatic antis-
era:
[0755] 8.1.11.1 anti-O-Poly A-S (02, 03, 04, O3,

06,7,08, 09,010,011, 012,013, 015, 016, 017,
018, 019, 020, 021, 022, 023, 028, 030, 034,
035, 038, 040, O41; Pro-Lab Diagnostics)

[0756] 8.1.12 Salmonella LPS, in-house, isolated LPS
by TCA extraction (SOP CHEMIE/A21 (Example 11))
prepared from the Sa/monella bacteria serovars enteridi-
tis (Se), goldcoast (Sg), livingstone (Si), meleagridis
(Sm) and typhimurium (St) with protein (SOP CHEMIE/
A23, Example 13).

[0757] 8.1.12.1.1 Aliquots of 0.5 mg LPS are stored at
+4° C. or at lower temperature

[0758] 8.1.13 Avian reference sera
[0759] 8.1.13.1 SPF-CH, SPF serum referred to as

negative control serum (Animal Health Service Ltd.
(GD), Deventer, The Netherlands)

[0760] 8.1.13.2 EIA-SE, Salmonella enteritidis-posi-
tive control serum from chicken for use in ELISA
(GD)

[0761] 8.1.13.3 EIA-ST, Salmonella typhimurium-
positive control serum from chicken for use in ELISA
(GD)

[0762] 8.1.13.4 SPA-PG, Sa/monella pullorum-posi-
tive control serum from chicken for use in ELISA
(GD)

[0763] 8.1.13.5 CH-SI, Salmonella infantis-positive
control serum from chicken for use in ELISA (GD)

[0764] 8.1.14 Sodium acetate trihydrate (J. T. Baker,
Phillipsburgh, N.J., USA)

[0765] 8.1.15 Sodium chloride (Merck, Darmstadt, Ger-
many)

[0766] 8.1.16 Sodium cyanoborohydride (NaCNBH,)
(Fluka)

[0767] 8.1.17 Sodium hydroxide, c=50 mmol/1 (Biacore)

[0768] 8.1.18 Sodium periodate (Sigma Chemical
Comyp., St. Louis, Mo., USA)

[0769] NOTE: This chemical is light-sensitive. Store this
material protected from light.

[0770] 8.1.19 Triton X-100 (Sigma)

[0771] 8.1.20 TWEEN®20 (Sigma)

[0772] 8.1.21 TWEEN®SO (Sigma)

[0773] 8.1.22 Water is obtained from a MILLI-Q® water
purification system (MilliQplus)

[0774] 8.2. Solutions

[0775] 8.2.1 Acetic acid solution, ¢=0.1 g/ml: Dilute 1 ml
acetic acid (8.2) with 9 ml water.

[0776] 8.2.2 Acetate buffer solution, c=10 mmol/l, pH
4.0: dissolve 0.272 g sodium acetate trihydrate (8.2.14)
in 180 ml water and adjust to pH 4.0 with acetic acid
(8.3.1) and make up to 200 ml with water. This buffer is
stable for approximately six months.

[0777] 8.2.3 Acetate buffer solution, c=1.0 mol/, pH 5.5:
dissolve 13.6 g sodium acetate trihydrate (8.2.14) in 90
ml water and adjust to pH 5.5 with acetic acid (8.3.1) and
make up to 100 ml with water. This buffer is stable for
approximately six months.

[0778] 8.2.4 Acetate buffer solution, ¢c=100 mmol/l, pH
5.5: dilute 1.0 ml acetate buffer solution, c=1.0 mol/l
(8.3.3) with 9.0 ml water.

[0779] 8.2.5 Carbohydrazide solution, c=100 mmol/l:
dissolve 9.0 mg carbohydrazide (8.2.4) in 1000 ul water.
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[0780] 8.2.6 Carbohydrazide solution, ¢=5 mmol/l:
dilute 10 ul carbohydrazide solution (8.3.5) with 190 pl
water. Prepare just before use.

[0781] 8.2.7 CHAPS solution, ¢=0.05% (m/v): dissolve
0.02 g (8.2.3) in 40 ml HBS-EP (8.2.8).

[0782] 8.2.8 Detergents solution, ¢=0.3% (m/v): dis-
solve 0.3 g of CHAPS (8.2.3), 0.3 g TWEEN®20 (8.2.
21), 0.3 g TWEEN®S80 (8.2.22) and 0.3 g Triton X-100
(8.2.20) in 100 ml water.

[0783] 8.2.9 EDC-solution: reconstitute EDC (8.1.2.2)
in 10.0 ml water.

[0784] 8.2.9.1 Fractions of 100 ul of this solution (8.3.
9) are stored in polypropylene tube (9.12) at -18° C.
or at lower temperature. The aliquots are stable for
two months.

[0785] 8.2.9.2 Before use: thaw frozen aliquots and
agitate them gently to ensure homogeneous solutions.

[0786] 8.2.10 Ethanolamine solution: pipette 200 pl c=1
mol/l ethanolamine solution (8.1.2.3) in a polypropy-
lene tube (9.12).

[0787] 8.2.11 Guanidine solution, ¢=6 mol/l: dissolve
17.18 g guanidine hydrochloride (8.2.7) in 10 ml deter-
gents solution (8.3.8) and adjust volume to 30 ml with
glycine buffer solution (8.2.6). This solution is stable for
approximately three months.

[0788] 8.2.12 NHS-solution: reconstitute NHS (8.1.2.1)
in 10.0 ml water.

[0789] 8.2.12.1 Fractionate 100-ul aliquots of this
solution (8.3.12) in polypropylene tube (9.12). Store
at —=18° C. or at lower temperature. The aliquots are
stable for two months.

[0790] 8.2.12.2 Before use: thaw frozen aliquots and
agitate them gently to ensure homogeneous solutions.

[0791] 8.2.13 Sample dilution buffer: dissolve 2 g car-
boxymethyl-dextran sodium salt (8.2.5), 9.97 g sodium
chloride (8.2.15) and 0.1 g TWEEN®80 (8.2.22) in 200
ml HBS-EP (8.2.8).

[0792] 8.2.14 Sodium cyanoborohydride, ¢=100 mol/l:
dissolve 62.8 mg sodium cyanoborohydride (8.2.16) in
1000 pl acetate solution pH 4.0 (8.3.2).

[0793] 8.2.15 Sodium cyanoborohydride, c=100 mmol/
I: dilute 20 ul sodium cyanoborohydride solution (8.3.
14) with 180 pl acetate solution, c=10 mmol/l, pH 4.0
(8.3.2). Prepare just before use.

[0794] 8.2.16Sodium hydroxide, ¢=5 mmol/l: dilute 400
wl sodium hydroxide, ¢=50 mmol/1 (8.2.17) with 3.6 ml
water in glass vial (9.10).

[0795] 8.2.17 Sodium periodate solution, c=100 mmol/l:
add to 214 mg sodium periodate (8.2.18) 10.0 m] water.

[0796] 8.2.18 Sodium periodate “ready to use™: pipette
100 pl of sodium periodate solution, ¢ 100 mmol/1 (8.3.
17)ina 1.4 ml polypropylene tube (9.13) and dry with a
centrifugal evaporator (8.4).

[0797] 8.2.19 Sodium periodate solution, ¢=50 mmol/l:
dissolve sodium periodate “ready to use” (8.3.18) in 200
ul acetate solution, ¢c=100 mmol/l pH 5.5 (8.3.4). Pre-
pare just before use.

[0798] 8.3 Standard Reference Solution

[0799] 8.3.1 Salmonella anti-O-sera. Dilute 20 ul of each
serum (8.2.10 and 8.2.11) in 380 pl sample dilution
buffer (8.3.13) in a microtiter plate (9.18) with the
exception of anti-O5 serum: 2 pl of this serum (8.2.10.2)
is diluted in 400 pl sample dilution buffer (8.3.13).
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[0800] 83.2 Salmonella anti-group-specific  test
reagents: dilute 4 ul of each serum (8.2.9.1, 8.2.9.2,
8.2.9.3 and 8.2.94) in 395 ul sample dilution buffer
(8.3.13).

[0801] 8.3.3 Avian reference sera: dilute 6 pl sera (8.2.
13.1 and 8.2.13.3) in 295 pl sample dilution buffer (8.3.
13) in a microtiter plate (9.18) and dilute 3 pl sera (8.2.
13.2 and 8.2.13.4) in 295 ul sample dilution buffer (8.3.
13).

[0802] 8.3.4 Shake (9.11). Prepare just before use.

[0803] 8.4 Auxiliary Materials
[0804] 8.4.1 NAP-5 column (0.5 ml, Sephadex G-25,

Amersham Biosciences).
[0805] 8.4.2 CMS chips (Biacore).

9. Equipment and Apparatus

[0806] 9.1 Reference to a company is for information and
identification only and does not imply a recommendation
unless so stated. Equivalent equipment and apparatuses may
be as appropriate as well.

[0807] 9.2 Analytical balance (type AE 240, Mettler, Zur-
ich, Switzerland)

[0808] 9.3 Biacore 3000 (Biacore)

[0809] 9.4 Centrifugal evaporator (Jouan, Saint-Herblain,
France)

[0810] 9.5 Finn pipette, 5 to 40 pl (Labsystems Oy, Hels-
iniki, Finland)

[0811] 9.6 Finn pipette, 40 to 200 ul (Labsystems Oy)
[0812] 9.7 Finn pipette, 200 to 1000 ul (Labsystems Oy)
[0813] 9.8 Finn pipette, 1 to 5 ml (Labsystems Oy)

[0814] 9.9 Glass collection tube, 5 ml, stoppered (Renes,
Zeist, The Netherlands)

[0815] 9.10 Glass vial diameter 16 mm (Biacore)

[0816] 9.11 Mini shaker with microtiter cup head (MS 1,
Janke & Kunkel, Staufen, Germany)

[0817] 9.12 Polypropylene tube, diameter 7 mm, with snap
caps (Biacore)

[0818] 9.13 Polypropylene tube, 1.4 ml (Micronic, Lelys-
tad, The Netherlands)

[0819] 9.14 pH meter (type pH 537, WIW, Weilheim, Ger-
many)

[0820] 9.15 Sonification bath, Branson 2200 (Branson
Ultrasonics B.V., Soest, The Netherlands)

[0821] 9.16 Syringe Filter 0.45 um diameter 25 mm (Gel-
man Sciences, Ann Arbor, Mich., USA)

[0822] 9.17 Vacuum manifold, to run several NAP-5 col-
umns simultaneously (type SPE-12G, with PTFE stopcock
(s), J. T. Baker).

[0823] 9.18 V-bottomed microtiter polystyrene plate,
96-well format (Greiner Bio-one GmbH, Frickenhausen,
Germany)

[0824] 9.19 Vortex-mixer (KS-1, Janke & Kunkel)

10. Software

[0825] The biosensor apparatus is operated with Biacore
3000 control software 4.1 (1999-2003).

11. Procedure

[0826] 11.1 Oxidation and Desalting of LPS Solution
[0827] SAFETY PRECAUTION: Lipid polysaccharides
are potent immunogens, which can bring sensitive persons
into a septic shock upon intake or inhalation. Precautions
should be made to prevent contact with this biochemical.
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[0828] Sodium periodate is an oxidizing agent and may
cause explosions when brought in contact with strong reduc-
ing agents.

[0829] The procedure utilizes sodium cyanoborohydride.
The procedure should therefore be carried out with precau-
tions, such as using hand gloves and a mask. Use this sub-
stance only in a chemical fume hood. The material is very
toxic to aquatic organisms and may cause long-term adverse
effect in the aquatic environment. The material and solution
waste should be disposed of as hazardous waste.

[0830] 11.1.1 Oxidation

[0831] 11.1.1.1 Add 500 pl acetate buffer pH 5.5 (8.3.4)
to the LPS (8.2.12) (see safety precaution).

[0832] 11.1.1.2 Vortex (9.19) thoroughly until the pellet
is dissolved.

[0833] 1.1.11.3 Sonicate (9.15) the solution for 10 min-
utes and judge the solution for its clearance.

[0834] 11.1.1.4 When clearance is not satisfactory, con-
tinue sonication until a clear (convalescent) solution is
obtained.

[0835] 11.1.1.5 Add 20 pul periodate solution (8.3.19) to the
LPS solution (11.1.2.4).

[0836] 11.1.1.6 Vortex (9.19) the solution (11.1.2.5).

[0837] 11.1.1.7 Incubate on ice for 40 minutes protected
from light.

[0838] 11.1.1.8 Quench oxidation by desalting the solu-

tion (11.1.2.6) as described in 11.1.3.
[0839] 11.1.2 Desalting

[0840] 11.1.2.1 Place NAP-5 column(s) (8.5.1) on mani-
fold (9.17).

[0841] 11.1.2.2 Condition the column(s) (11.1.3.1) by
passing three 3-ml portions of acetate buffer (8.3.2) over
the column bed on a flow generated by gravity only.
Allow the buffer to enter the gel bed completely.

[0842] 1.1.2.3 Pipette 0.5 ml oxidized LPS solution (11.
1.2.8) on the column. Allow the sample to enter the gel
bed completely.

[0843] 11.1.2.4 Elute oxidized LPS with 1 ml of acetate
buffer (8.3.2). Collect eluate in a 5-ml glass tube (9.9).

[0844] 11.1.2.5 Vortex (9.19) the solution (11.1.3.4) for
10 seconds.

[0845] 11.1.2.6 When not immediately used (11.1.3.5),
store samples at 4° C. to 7° C.

[0846] 11.1.2.7 Prior to immobilization, the LPS-con-
taining solution is diluted as indicated in the following
Table 39.
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[0850] 11.2.1 Preparation
[0851] 11.2.1.1 Thaw a portion of EDC (8.3.9.1).
[0852] 11.2.1.2 Thaw a portion of NHS solution (8.3.12.
1)

[0853] 11.2.1.3 Place the rack Thermo A in the right rack
position (R2) and the Reagent rack in the middle (RR).

[0854] 11.2.1.4 Command: Dock a CMS5 chip (8.5.2) and
prime with HBS-EP-buffer (8.2.8).

[0855] 11.2.1.5 Place EDC solution (11.2.1.1) in posi-
tion R2A1.
[0856] 11.2.1.6 Place the NHS solution (11.2.1.2) in

position R2A2.

[0857] 11.2.1.7 Place an empty tube (9.12) in position
R2A3.

[0858] 11.2.1.8 Place the carbohydrazide solution (8.2.
6) in position R2A4.

[0859] 11.2.1.9 Place the ethanolamine solution (8.2.10)
in position R2AS.

[0860] 11.2.1.10 Place the solution with oxidized LPS

(11.1.2.7) in position R2A6.
[0861] 11.2.1.11 Place the cyanoborohydride solution
(8.2.15) in position R2A7.
[0862] 11.2.1.12 Place the 6 M guanidine solution (8.2.
11) in glass vial (9.10) in position RR2.
[0863] 11.2.1.13 Place the CHAPS solution (8.2.7) in
glass vial (9.10) in position RR4.
[0864] PRECAUTION: Place a disposable tube under the
waste outlet of the instrument to collect used cyanoborohy-
dride solution. The solution waste should be disposed of as
hazardous waste.

[0865] 11.2.2 Immobilization of the CMS5 chip
[0866] 11.2.3File (see FIG. 35.)—>New application wizard
[0867] 11.2.3.1 Open Template—Search for file: Wizard

immobilization (see FIG. 36).

[0868] 11.2.3.2 Fill in: Notebook (see FIG. 38).
[0869] 11.2.3.3 Run, next and start.
[0870] 11.2.3.4 Note: To see which instructions are inthe

wizard, do Edit instead of Run.
[0871] 11.2.4 Save the sensorgrarm. The resulting files are
saved with the default extension “.blr.”’

[0872] 11.2.5 The chip is ready for testing Salmonella anti-
bodies in sera.
[0873] Note: The immobilization levels obtained should

approach the levels as indicated in Table 40. Otherwise, con-
sider the immobilization due to oxidation failure.

TABLE 40

TABLE 39 Typical immobilization levels of Ips.
LPS spp ul stock solution End volume (ul) make with Immobilization level in
(8.2.12) (11.1.3.6) acetate buffer, pH 4.0 (8.3.2) LPS spp RU (Standard deviation)!
Se 25 200 Se 2365 (939)
Sg 100 200 Sg 8609 (1969)
Sl 100 200 SI 10933 (2135)
St 100 200 St 4836 (1023)
Sm 12.5 200

[0874] 11.3 Detection of Anti-Salmonella Antibodies
[0847] 11.2 Immobilization [0875] Note: Ensure that all solvent and reagent reservoirs

[0848] NOTE: Ensure that all solvent and reagent reser-
voirs contain sufficient volume to run the method completely
before initiating the assay set.

[0849] NOTE: Words written in italic refer to software
commands and menus, etc., operating Biacore 3000.

contain sufficient volume for complete method run of refer-
ence sera before initiating the assay set.

[0876] 11.3.1 Make the Biacore operational with an appro-
priate CM5 chip.

[0877] 11.3.2File (see FIG. 36)—New application wizard.
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[0878] 11.3.2.1 Open Template—Search for file: Wizard
control chip immobilization (see FIG. 37).

[0879] 11.3.2.2 Fill in: Notebook (see FIG. 38).
[0880] 11.3.2.3 Run, next and start.
[0881] 11.3.2.4 Note: To see which instructions are in the

wizard, do Edit instead of Run.
[0882] 11.3.3 Save the sensorgram. The result files are
saved with the default extension “.blr”
[0883] Typical sensorgram for immobilization of LPS is
depicted in FIG. 39, while a typical sensorgram for the analy-
sis of an antiserum is depicted in FIG. 40. Typical responses
are listed in Table 41.

TABLE 41
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[0889] SOP CHEMIE/A22: Immobilization of Salmo-
nella-derived LPS onto a biosensor chip (BIACORE) and
detection of serum antibodies reporting a current or past
Salmonella infection (version 3; Example 12).

4. List of Abbreviations

Typical responses of Salmonella antibodies sera.

Anti Salmonella sera

LPSspp O4 O35 06,7 08 09 012

O-poly E O-poly A-S

[0890] 4.1 LPS: Lipopolysaccharides
[0891] 4.2 SOP: Standard Operating Procedure
[0892] 4.3 NaAc: sodium acetate buffer
[0893] 4.4 Hb: Hemoglobin
[0894] 4.5 mQ: Milli-Q® water
Sample

dilution buffer

Se 9 -1 10 4 240 243 2 296 -8
Sg 4 -7 606 453 -1 23 4 194 -3
St 4 -3 263 -1 2 2 5 105 -8
St 460 326 16 5 5 224 6 287 -5
Example 13 5. Principle
Optimalization of Protein Addition to LPS for [0895] In SOP Chemie/A21 (Example 11), the production
Immobilization and Detection of Serum Antibodies of Salhmonella Spp. lipopolysaccharides (LPS) is described.
[0884] WARNING AND SAFETY PRECAUTIONS: Extracted LPS is used as a ligand in an analytical analysis

Lipopolysaccharides (S) are highly pyrogenic and can cause
fever. To avoid intake, treat aqueous solutions of LPS with
care and wear a mask when working with solid material. If
any of these compounds enters the bloodstream, directly seek
medical attention.

1. Introduction

[0885] Recentstudies indicate that when protein is added to
LPS before oxidation, the immobilization to a carboxymethy-
lated dextrane gold layer is made possible and, in some cases,
is improved. Following, serological responses are also made
possible and are improved. The optimum of serological
responses depends on the percentage of protein added to LPS.
[0886] This protein effect can be obtained by addition of
hemoglobin. Hemoglobin is a naturally occurring protein
which can be found in all warm-blooded vertebrates. There-
fore, cross-reacting anti-hemoglobin antibodies in sera are
not expected.

2. Scope and Field of Application

[0887] This method describes the addition of an amount of
hemoglobin to lipopolysaccharides (LPS) produced through
trichloric acid extraction (see SOP Chemie/A21: Extraction
and isolation of Lipopolysaccharides (Example 11)). The
optimal hemoglobin percentage is defined as a reaction mix-
ture giving high immobilization levels in combination with
maximum serological reaction of positive control sera. Fur-
thermore, the production and storage of LPS reaction mix-
tures, ready to be used, for immobilization on sensor chips is
described.

3. References

[0888] SOP Cheraie/A21: Extraction and isolation of
Lipopolysaccharides (version 3; Example 11).

performed on a Biacore 3000 system to detect anti-Salmo-
nrella antibodies in sera derived from pigs and chicken (see
SOP CHEMIE/A22 (Example 12)). To improve immobiliza-
tion of LPS, hemoglobin is added before oxidation. To pro-
duce a large stock of material to give reproducible immobi-
lization levels, serological data and method performance,
LPS is fortified with hemoglobin, divided in aliquots and
dried before storage at 4° C. To immobilize a chip, one of the
aliquots is batch-wise oxidized and immobilized.

6. Reagents and Materials

[0896] During the procedure, unless otherwise stated, use
only reagents of recognized analytical grade and only dis-
tilled water or water of equivalent purity. Reference to a
company is for information and identification only and does
not imply a recommendation unless so stated.
[0897] 6.1 Chemicals
[0898] 6.1.1 Acetic acid (J. T. Baker, Deventer, The
Netherlands)
[0899] 6.1.2 Hemoglobin, porcine (Sigma-Aldrich,
Zwijndrecht, The Netherlands)
[0900] 6.1.3 Milli-Q® water (0)
[0901] 6.1.4 Sodium acetate trihydrate (J. T. Baker, Phil-
lipsburgh, N.J., USA)
[0902] 6.2 Salmonella Agglutination Sera
[0903] 6.2.1 anti-O4 (Pro-Lab Diagnostics, Salmonella
reference section of the Central Veterinary Laboratory,
Weybridge, United Kingdom)

[0904] 6.2.2 anti-O5 (Pro-Lab Diagnostics)
[0905] 6.2.3 anti-06,7 (Pro-Lab Diagnostics)
[0906] 6.2.4 anti-O8 (Pro-Lab Diagnostics)
[0907] 6.2.5 anti-O9 (Pro-Lab Diagnostics)
[0908] 6.2.6 anti-O10 (Pro-Lab Diagnostics)
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[0909] 6.2.7 anti-O12 (Pro-Lab Diagnostics)
[0910] 6.2.8 anti-O19 (Pro-Lab Diagnostics)
[0911] 6.2.9 anti-O-Poly A-S (antisera to groups A
through S) (Pro-Lab Diagnostics)
[0912] 6.2.10anti-O-Poly E (antisera to factors O3, 010,
015, 019, 034) (Pro-Lab Diagnostics)
[0913] 6.3 Group-Specific Salmonella Antisera
[0914] 6.3.1 Enteroclon anti-Salmonella group B (Sifin,
Berlin, Germany)
[0915] 6.3.2 Enteroclon anti-Salmonella group C (Sifin)
[0916] 6.3.3 Enteroclon anti-Sa/monella group D (Sifin)
[0917] 6.3.4 Enteroclon anti-Salmonella group E (Sifin)
[0918] 6.4 Avian Reference Sera
[0919] 6.4.1 SPF-CH, specific pathogen-free-(SPF-)
negative control serum (Animal Health Service Ltd.
(GD), Deventer, The Netherlands)
[0920] 6.4.2 EIA-SE, chicken Salmonella enteritidis-
positive control for use in ELISA (GD)
[0921] 6.4.3 EIA-ST, chicken Salmonella typhimurium-
positive control for use in ELISA (GD)
[0922] 6.4.4 SPA-PG, chicken Salmonella pullorum-
positive control for use in ELISA (GD)
[0923] .4.5 CH-SI, chicken Salmonella infantis-positive
control for use in ELISA (GD)
[0924] 6.5 Swine Reference Sera
[0925] 6.5.1 Sw-Liv,swine Salmonella livingstone-posi-
tive control serum in ELISA (GD)
[0926] 6.5.2 Sw-Typ, swine Salmonella typhimurium-
positive control serum in ELISA (GD)
[0927] 6.5.3 Sw-APP, swine Actirobaccilus Pleurop-
neumoniae-positive control serum in ELISA (GD)
[0928] 6.6 Lipopolysaccharides
[0929] Lipopolysaccharides (LPS) are extracted, lyo-
philized and stored as described in SOP Cheznie/A21 (Ex-
ample 11).
[0930]
[0931]
[0932]
[0933]
[0934]

6.6.1 Salmonella enteritidis LPS
6.6.2 Salmonella goldcoast LPS
6.6.3 Salmonella livingstone LPS
6.6.4 Salmonella meleagridis 1L.PS
6.6.5 Salmonella typhimurium LPS
[0935] 6.7 Reagents
[0936] 6.7.1 Acetate buffer solution, c=10 mmol/l, pH
4.0: dissolve 0.272 g sodium acetate trihydrate (6.1.4) in
180 ml MQ (6.1.3) and adjust to pH 4.0 with acetic acid
(6.1.1) and make up to 200 mL with mQ (6.1.3). This
buffer is stable for approximately six months at 4° C.
[0937] 6.7.2 Acetate buffer solution, c=1.0 mol/l, pH 5.5:
dissolve 13.6 g sodium acetate trihydrate (6.1.4) in 90 ml
MQ (6.1.3) and adjust to pH 5.5 with acetic acid (6.1.1)
and make up to 100 ml with mQ (6.1.3). This buffer is
stable for approximately six months at 4° C.
[0938] 6.7.3 Hemoglobin stock solution, 5 mg/ml: Dis-
solve 5 mg hemoglobin (6.1.2) in 1 ml mQ (6.1.3).
[0939] 6.8 Auxiliary Materials
[0940] 6.8.1 CMS5 chips (Biacore AB, Uppsala, Swe-
den).

7. Equipment and Apparatus

[0941] Reference to acompany is for information and iden-
tification only and does not imply a recommendation unless
so stated. Equivalent equipment and apparatuses may be
appropriate as well.
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[0942]
France)
[0943] 7.2 Biacore 3000 (Biacore)

[0944] 7.3 Finn pipette, 40-200 pl (Labsystems Oy, Hels-
inki, Finland)

[0945] 7.4 Glass collection tube, 5 ml, 12x75 mm with stop
(Renes, Zeist, The Netherlands)

[0946] 7.5 Milli-Q® installation (Millipore, Bedford,
Mass., USA)

[0947] 7.6 Sonification bath, Branson 2200 (Branson
Ultrasonics, Soest, The Netherlands)

[0948] 7.7 Vortex-mixer (KS-1, Janke & Kunkel, Staufen,
Germany)

7.1 Centrifugal evaporator (Jouan, Saint-Herblain,

8. Procedure

[0949] 8.1 Production of Stock Solution of Lipopolysac-
charides
[0950] 8.1.1 Collect the produced LPS (see SOP Che-

mie/A21 (Example 11)) from the refrigerator and let it
acclimatize to room temperature.

[0951] 8.1.2Retrievethe weight of produced LPS (8.1.1)
in the tube from the quality data sheet (see SOP Chemie/
A21 (Example 11)).

[0952] 8.1.3 Calculate the volume of mQ to be added to
LPS using Formula 1 (10.1).

[0953] 8.1.4 Add the calculated volume of mQ (8.1.3) to
the LPS tube (8.1.2) (end-concentration LPS: 5 mg/ml).

[0954] 8.1.5 Vortex thoroughly until all powder is dis-
solved.

[0955] 8.1.6 Sonicate (7.6) the solution for 10 minutes
and judge the solution for its clearance.

[0956] 8.1.7 When clearance (8.1.6) is not satisfactory,
continue sonication (7.6) until a clear (convalescent)
solution is obtained.

[0957] 8.2 Addition of Hemoglobin

[0958] 8.2.1 Prepare four (one for each flow channel)
LPS solution (8.17) dilutions in sodium acetate buffer
with variable hemoglobin contents as described in Table
42 (9) in a glass tube (7.4).

[0959] 8.2.2 The choice of relative hemoglobin starting
amounts added to each newly prepared LPS extraction
batch are given in Table 43 (9).

[0960] 8.2.3 Fill up to a total volume of 500 pl with mQ
(6.1.3) as described in Table 42 (9).

[0961] 8.3 Oxidation and Desalting (see SOP Chemie/A22;
Chapter 10.1 (Example 12)

[0962] 8.3.1 Start oxidation from point 11.1.1.2.

[0963] 8.4 Immobilization (see SOP Chemie/A22, Chapter
10.2 (Example 12)

[0964] NOTE: Immobilize oxidized LPS fortified with four
different relative amounts of hemoglobin (8.3) on one CM5
chip (6.8.1) so each flow channel represents a different rela-
tive amount.

[0965] 8.5 Detection of Anti-Salmonella Antibodies (see
SOP Chemie/A22, Chapter 10.3 (Example 12))

[0966] 8.6 Determination of Optimal Hemoglobin Percent-
age
[0967] 8.6.1 Calculate the mean and standard deviation

of the five relative responses of each of the agglutination
sera listed in (6.2) and the group-specific Salmonella
antisera listed in (6.3) per flow channel.

[0968] 8.6.2 Create a clustered column graph with, on
the x-axis, the names of the agglutination and group-
specific Salmonella antisera and, on the v-axis, the mean
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of the relative response units for all the different relative
amounts of hemoglobin (8.6.1) (see, for example, FIG.
41).

[0969] 8.6.3 Calculate the mean and standard deviation
of the four relative responses of each of the avian refer-
ence control sera listed in (6.4) and the swine reference
sera listed in (6.5) per flow channel.

[0970] 8.6.4 Create a clustered column graph with, on
the x-axis, the names of the avian control and the swine
control sera and, on the y-axis, the mean of the relative
response units for all the different percentages of hemo-
globin (8.6.3) (see, for example, FIG. 42).

[0971] 8.6.5 Add Y-error bars to both clustered graphs
(8.6.2, 8.6.4) by using the standard deviation values for
each x-axis column (see, for example, FIG. 41 or 42).

[0972] 8.6.6 Copy the calculated means of the selected
positive expected sera (see Tables 44 to 46 (9)) and the
negative SPF chicken sera of all measured relative
hemoglobin amounts in a new table (see, for an example,
Table 47 (9).

[0973] 8.6.7 Subtract the responses of SPF chicken sera
(8.6.6) from the responses of the expected positive sera
(8.6.6) (see, for an example, Table 48 (9)).

[0974] 8.6.8 Determine the highest response per positive
serum per relative hemoglobin amount and give this a
value of 10 (see, for an example, Table 49 (9)).

[0975] 8.6.9 Calculate for the rest of the flow channels
the relative values by using Formula 2a (10.2) (see, for
an example, Table 49 (9)).

[0976] 8.6.10 Calculate the sum of all relative values per
hemoglobin percentage (see, for an example, Table 49
).

[0977] 8.6.11 The optimal hemoglobin percentage (for

the four percentages compared) is determined by the

highest sum score in the four flow channel/hemoglobin

percentages.

[0978] 8.6.12 When the optimal relative hemoglobin
amounts (8.6.11) is the highest or lowest hemoglobin
amounts compared, steps 8.2 to 8.6.11 have to be
repeated with the following conditions.

[0979] 8.6.12.1 Inthe case where the lowest hemoglo-
bin amounts for Sg, Sm and S1 (20%) is the most
optimal, the amounts of 20% and 30% are repeated in
addition to 0% and 10% hemoglobin.

[0980] 8.6.12.2 In the case where the highest relative
hemoglobin amounts for Se and St is most optimal,
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the amounts 20% and 30% are repeated in addition to
40% and 50% hemoglobin.

[0981] 8.6.12.3 In the case where the highest relative
hemoglobin amounts for Sg, Sm and Sl is most opti-
mal, the percentages 40% and 50% are repeated in
addition to 60% and 70% hemoglobin.

[0982] 8.6.13 An optimum of hemoglobin percentage is
reached:

[0983] 8.6.13.1 When the sum of relative values (8.6.
8) per four compared relative hemoglobin amounts
has the highest value.

[0984] 8.6.13.2 Inthe range of compared hemoglobin
where the highest value is detected, a higher and a
lower level of hemoglobin addition is also deter-
mined.

[0985] 8.7 Preparation of Hemoglobin Added Vacuum,
Dried LPS Stock

[0986] 8.7.1 The volume of the remaining 5 mg/ml LPS
solution after determination of optimal hemoglobin
amount is calculated by subtracting tube weight plus
LPS solution (8.1.7) by the initial empty tube weight
read from the quality data sheet (see SOP Chemie/A21
(Example 11).

[0987] 8.7.2 The amount of remaining LPS in calculated
using Formula 3 (10.3).

[0988] 8.7.3 Calculate the amount of hemoglobin to be
added to LPS using Formula 4 (10.4).

[0989] 8.7.4 Add the calculated amount of hemoglobin
(8.7.1) to the remaining LPS solution to reach an end
concentration, which was determined in 8.6.13.

[0990] 8.7.5 Invert, vortex and/or sonicate the solution
(8.7.4) until the hemoglobin is fully dissolved.

[0991] 8.7.6 Dispense 100 ul in glass tubes (7.4).

[0992] 8.7.7 Dry the dispensed solution (8.7.6) in a rotat-
ing vacuum dryer (7.1) (heating point 1, 15-minutes,
total run time: 60 minutes).

[0993] 8.7.8 Stopper the tubes and store at 4° C. to 7° C.
until further use.

[0994] Typical baseline responses of S. goldcoast LPS
hemoglobin complexes immobilized CM35 chip are given in
FIG. 43.

9. Tables
[0995]

TABLE 42

Addition of hemoglobin (€.7.3), sodium acetate buffer (6.7.2) and

mQ (6.1.3) to LPS (8.2.1) prior to oxidation.

Percentage hemoglobin

20% 30% 40% 50% 60% 70% 80% 90%

0% 10%
LPS (0) 100p 1004
NaAc, IM pH soul S04
55(0)
Hb (5 mg/ml) (0) Oul 10 ul
mQ (0) 350ul 340l

100 100l 100p  100pl  100p  100pl  100p 100l
soul sopl S0l S0pl Sou sopl SOul s0pl

204 30p  40p  S0ul 60p  Toul 80wl 90wl
330 320p 310 300l 200 280ul  270pl 260l
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TABLE 43

Relative hemoglobin starting amounts added to LPS.

PS providing

Salmonella

strain hemoglobin

S. enteritidis (0) 0% 10% 20% 30%
S. goldeoast (0) 20% 30% 40% 50%
S. livingstone (D) 20% 30% 40% 50%
S. meleagridis (0) 20% 30% 40% 50%
S. typhimurium (0) 0% 10% 20% 30%

TABLE 44
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Expected results of (diluted) agglutination serum binding to
immobilized Salmonella LPS.

Agglutination sera

LPS

providing 04 05 06,7 08 09 010
Salmonella 1:20 1:20 1:20 1:20 1:20 1:20
strain 6.2.1) (6.2.2) (6.23) (6.24) (6.25) (6.2.6)

O-poly
012 019 O-poly E
1:20 1:20 A-S1:20  1:100
6.2.7)  (6.2.8) 6.2.9) (6.2.10)

S. enteritidis - - - -
(6.6.1)

S. goldcoast - -
(6.6.2)

S. livingstone - -
(6.6.3)

S. meleagridis - - - - -
(6.6.4)

S. typhimurium
(6.6.5)

Legend:
+ = positive binding of serum to immobilized LPS

- =10 binding of serum to immobilized LPS

TABLE 45

= selected sera to be used in optimal hemoglobin addition determination

TABLE 45-continued

Expected results of (diluted) avian reference serum binding to
immobilized Salmonella LPS.

Avian reference sera

Expected results of (diluted) avian reference serum binding to
immobilized Salmonella LPS.

Avian reference sera

- ) LPS providing CH-SPF  EIA-St  EIA-Se Spg Si

LPS providing CH-SPF  EIA-St EIA-Se  Spg Si Salmonella 1:20 1:20 1200 1:200  1:200
Salmonella 1:20 1:20 1:200 1:200 1:200 strain 6.4.1) (6.4.3) (64.2) (6.4.4) (6.4.5)
strain (64.1)  (643) (642) (644) (645)

S. meleagridis - - - -
S. enteritidis + - (6.64)
(6.6.1)

S. typhimurium + + -
S. goldcoast - - - + (6635)
(6:62) Legend:

S. livingstone
(6.6.3)

+ = positive binding of serum to immobilized LPS
- = no binding of serum to immobilized LPS
selected sera to be used in optimal hemoglobin addition determination
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TABLE 46 TABLE 46-continued
Expected results of (diluted) swine reference serum binding to Expected results of (diluted) swine reference serum binding to
immobilized Salmonella LPS. immobilized Salmonella LPS.
Avian reference sera Avian reference sera
LPS providing Sw-Liv Sw-Typ Sw-APP 1PS providing Sw-Liv Sw-Typ Sw-APP
Salmonella strain (1:20) (6.5.1) 1:20 (6.5.2) 1:20 (6.5.3) Salmonella strain (1:20) (6.5.1) 1:20 (6.5.2) 1:20(6.5.3)

S. enteritidis - + -

(6.6.1) S. typhimurium - -

(6.6.5)
S. goldcoast - -
(6.6.2) Legend:

+ = positive binding of serum to immobilized LPS

S. livingstone - - - =10 binding of serum to immobilized LPS

(6.63) selected sera to be used in optimal hemoglobin addition
S. meleagridis - - - determination
(6.6.4)

TABLE 47

Typical serological responses on Sa/monella goldcoast immobilized

LPS with variable hemoglobin additions (data of two prepared CM5 chips).

Anti-Salm

O-poly A-S  Group C CH-SPF Sw-Liv

Hemoglobin Immobilization O6,71:20 O8 1:20 1:20 (1:100) 1:20 (1:20)

(%) levels (RU) 6.2.3)  (6.24) (6.2.9) 63.2) (64.1) (6.5.1)
30 4596 2732 257.1 66.8 76.8 -9.0 537
40 4837 262.4 238.3 65.0 67.1 -9.1 51.9
50 6112 271.9 237.5 60.9 71.6 -131 47.1
60 9764 2213 177.8 14.2 41.5 =520 10.6
10 2177 179.4 140.0 39.0 55.0 0.5 28.0
20 3469 186.5 1434 37.4 55.1 -53 265
30 3690 2283 186.0 50.1 80.1 -4 351
40 5922 247.5 198.3 49.7 110.3 -112 406

TABLE 48

Typical table of subtraction of CH-SPF from the selected positive
serological responses {data of Table 47) on Salmonella goldcoast immobilized
LPS with variable hemoeglobin additions (data of two prepared CM5 chips).

Anti-Salm

O-poly A-S  groupC  Sw-Liv

Hemoglobin Immobilization O6,71:20 O8 1:20 1:20 (1:100)  (1:20)

(%) levels (RU) (6.2.3)  (6.24) (6.2.9) (63.2) (65.1)
30 4596 282.2 266.0 75.8 85.7 62.6
40 4837 271.6 2474 74.1 76.2 61.0
50 6112 284.9 250.6 74.0 84.6 60.2
60 9764 273.3 229.8 66.2 93.5 62.6
10 2177 178.9 139.5 385 54.6 27.5
20 3469 191.8 148.7 427 60.4 31.8
30 3690 233.0 190.7 54.8 84.8 39.8

40 5922 258.7 209.5 60.9 121.5 51.8
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TABLE 49

Typical table of relative values score of Table 48 (data of two
prepared CMS chips).

Anti-
Salm
06,7 O-poly A-S  GroupC  Sw-Liv
Hemoglobin Immobilization  1:20 08 1:20 1:20 (1:100)  (1:20)
%) levels (RU)  (632) (6.24)  (6.2.9) (632) (65.1) sum
30 4596 10 10 10 9 10 49
40 4837 10 9 10 8 10 47
50 6112 10 9 10 9 10 48
60 764 10 9 9 10 10 47
10 2177 7 7 6 4 5 30
20 3469 7 7 7 5 6 33
30 3690 9 9 9 7 8 42
40 5922 10 10 10 10 10 50

10. Formulas

[0996] 10.1 Formula 1
[0997] Calculation of volume of mQ

v=w/5

[0998] v=volume of mQ (6.1.3) (in ml)
[0999] w=weight of LPS (8.1.2) (mg) (see SOP Che-
mieA21 (Example 11))
[1000] 10.2 Formula 2
[1001] Calculation of relative value of positive sera

Rv=Mv/Mhv*¥10

[1002]

[1003]

[1004]
[1005]
[1006]

z=w*0.005

[1007]

[1008]

mg)
[1009]
[1010]

h=y*7%0.01
[1011]

[1012]
[1013]

Rv=relative value
Mv=mean value (8.6.1)
Mhv=mean highest value (8.6.8)
10.3 Formula 3
Calculation of amount remaining LPS

Z=amount of remaining LPS (in mg)
w=weight of remaining LPS solution (8.7.1) (in

10.4 Formula 4
Calculation of amount of hemoglobin

h=mass of hemoglobin (in mg)
y=optimal hemoglobin percentage (%) (8.6.13)
z=amount of remaining LPS (10.3) (mg)
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1. A method for immobilisation of a polysaccharide on a
carrier, comprising contacting said polysaccharide with an
oxidising agent and a polymer comprising at least two amine
and/or amide groups to obtain a polysaccharide-polymer
complex and coupling said polysaccharide-polymer complex
to said carrier.

2. A method according to claim 1, said polymer is protein.

3. A method according to claim 1 or claim 2, wherein said
polysaccharide is derived from a gram-negative bacterium.

4. A method according to any one of claims 1-3, wherein
said polysaccharide is derived from an enterobacteriaceae.

5. A method according to any one of claims 1 to 4, wherein
said polysaccharide is derived from a salmonella (sub)spe-
cies.

6. A method according to any one of claims 1 to 5, wherein
said polysaccharide is a lipopolysaccharide.

7. A method according to any one of claims 1 to 6, wherein
said protein is haemoglobin or myoglobin.

8. A method according to any one of claims 1 to 7, wherein
said oxidising agent is (sodium) m-periodate.

9. A method according to any one of claims 1 to 8, further
comprising activating the surface of said carrier.

10. A method according to any one of claims 1t0 9, wherein
said carrier comprises a glass surface coated with gold.

11. A method according to anyone of claims 1 to 10,
wherein said carrier is modified with a coating comprising a
carboxyl group donor, preferably a carboxymethylated dex-
tran layer.

12. A method according to claim 11, wherein said carboxyl
group donor and/or dextran layer is activated with 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride, N-hy-
droxysuccinimide and carbohydrazide.

13. A method according to any one of claims 1 to 12,
comprising at least two different polysaccharides.

14. A method according to anyone of claims 1 to 13,
wherein said carrier is a biosensor chip.

15. A carrier obtained by the method according to any one
of claims 1 to 14.

16. A carrier comprising an immobilised polysaccharide-
protein complex on its surface.

17. A carrier according to claim 16, comprising a coating
comprising a carboxyl group donor, preferably a carboxym-
ethylated dextran, linked to a polysaccharide comprising an
antigen, wherein said carboxyl group donor and said polysac-
charide are linked to each other via a polymer comprising at
least two amine and/or amide groups, wherein at least said
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polysaccharide is linked to said polymer via a periodate oxi-
dised vincinal diol on said polysaccharide and an amine and/
or amide group on said polymer.

18. A carrier according to claim 17, which is a microsphere
or bead.

19. A carrier according to claim 18, wherein said micro-
sphere or bead is a polystyrene microsphere or bead.

20. A carrier according to any one of claims 15-19, that is
coded.

21. A carrier according to claim 20, wherein said carrier is
coded by the presence of certain label.

22. A carrier according to claim 21, wherein said label
comprises a colour.

23. A carrier according to claim 22, wherein said colour is
a fluorescent or phosphorescent colour.

24. A collection of microsphere or beads comprising at
least two differently encoded microsphere or beads according
to any one of claims 20-23.

25. A collection of microsphere or beads according to
claim 24, wherein each of said differently encoded micro-
sphere or beads comprises a polysaccharide that comprises a
different antigen.

26. A biosensor comprising a carrier according to claim 15
or23.

27. A Surface Plasmon Resonance detection system com-
prising a biosensor according to claim 26.

28. A method for determining the presence of an antibody
directed to an antigen of a gram-negative bacteria in a sample,
comprising contacting said sample with a carrier according to
any one of claims 15 or 23 or a biosensor according to claim
126 and determining whether the carrier has bound any anti-
body.

29. A method according to claim 28, wherein said sample
is blood, blood-derived liquid material, tissue-derived fluids,
such as meat drip, milk, egg, fluids from an eye, saliva or
faeces.

30. A method for determining the presence of a gram-
negative bacterium in a sample, comprising contacting said
sample with a predetermined amount of antibodies directed
against an antigen of said bacterium and determining the
amount of antibodies not bound to said bacterium with a
carrier according claim 15 or 23 or a biosensor according to
claim 26.

31. A method according to any one of claims 28 to 30,
wherein binding to said carrier or said biosensor is deter-
mined by Plasmon Surface Resonance.

32. A method according to any one of claims 28 to 31,
wherein said sample is obtained from a human or an animal.

33. A method for determining the presence of a gram-
negative bacterium in a sample comprising

contacting said sample with target bacteria-specific, bac-

teriophages and allowing the bacteriophages to infect
said sample

removing non-bound and/or non-invading bacteriophages

resulting in a bacteriophage infected sample

bringing the bacteriophage infected sample into contact

with an indicator organism susceptible for the used bac-
teriophages

incubate during at least one bacteriophage multiplication

cycle
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recover the bacteriophages to obtain a bacteriophage-con-
taining sample
analyse said bacteriophage-containing sample with a car-
rier according to claim 15 or 23 or a biosensor according
to claim 26.
34. A method according to claims 33, whetrein said sample
is obtained from a human, a plant or an animal.
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35. A method according to claim 33 and 34, wherein said
bacteriophage comprises a bacteriophage of FIG. 22qa, 22b
and/or 22¢.

36. A carrier according to any one of claims 15-23 com-
prising a bacteriophage of FIG. 224, 22b and/or 22¢.

% ok ok sk ok



patsnap

TRAFROE) MR KL E VI E A LA ST 55 R S A MR A8
NIF(2E)E US20090081638A1 K (2E)R 2009-03-26
RS US11/919028 iR 2006-04-24

[#R]ERE(ZE R A(1R) BERGWERFF ALBERTHZ R EHR
/K JJGERTRUDA CORNELIA ANTON
GORTEMAKER BERTHA GERARDA MARIA

BB (R R AGR) BERGWERFF ALBERTH &%k 85
/R JJGERTRUDA CORNELIA ANTON
GORTEMAKER BERTHA GERARDA MARIA

YHTEHEE (TR A(R) BERGWERFF ALBERTHIZ R fE®
/K JJGERTRUDA CORNELIA ANTON
GORTEMAKER BERTHA GERARDA MARIA

(PRI KB A BERGWERFF ALBERT ANTHONIE
BOKKEN GERTRUDA CORNELIA ANTONIA MARIA
GORTEMAKER BERTHA GERARDA MARIA

REAA BERGWERFF, ALBERT ANTHONIE
BOKKEN, GERTRUDA CORNELIA ANTONIA MARIA
GORTEMAKER, BERTHA GERARDA MARIA

IPCH &= GO01N33/53 C07K1/00 C12Q1/70 C40B50/18
CPCH¥E= GO01N33/5308 GO1N33/54353 G01N2469/20 GO1N2400/10 GO1N33/56911
£ 2005075967 2005-04-22 EP
SNEBEEEE Espacenet  USPTO

- 600 :
2 (%) ) 05t2003-2+0% hemoglobine: 460.RU
RERSRACEMZHTOE | FEAMS RIS e M/ EM/RTE 50 51200320 emogebi: TOORY ||
REBRGEMELRAEARE (HINZITERNIEDAR ) WHE. . E ’J_ ‘ [3512003-2415% heneglabine: 5520
Rl , RERPASREEDYR I RPREFEFRTEN/TEEN p EHANE 20k henoghbie: 4824 R0

WEM, RRAR-SHRBESFRPHITFZEZN/ARTENHEDH
REWEENSE  FEMLE , X EEEMEBBRNABE T

7o ARPESRFSREEEEERRALNG E. ARALRHER
BECSRENERREARIXLEREANA,

T O A —

T TR~

oo i = I

- T

04 05(1200) 067 08 9 012 - OpolyA-5 OpolyE  HBSEP



https://share-analytics.zhihuiya.com/view/f449ea5b-749d-44ff-b125-9558ee6ed235
https://worldwide.espacenet.com/patent/search/family/034938209/publication/US2009081638A1?q=US2009081638A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090081638%22.PGNR.&OS=DN/20090081638&RS=DN/20090081638

