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2.7. Indirect enzyme-linked immunosorbent assay
(ELISA) to detect anti-K87 antibodies

An indirect ELISA was developed using standard pro-
cedures to measure the titers of anti-K87 antibodies in
sera. Polystyrene 96-well plates were coated with anti-
gen, each well with 50 ul of a PBS solution containing
10 ng PP. Sera were diluted from 1:100 to 1:204,800 in
wells of the plates. Goat anti-species IgG labeled with
horseradish peroxidase was used as the secondary anti-

body, with peroxide and o-phenylenediamine for color
development. Absorption was measured at 490 nm. The
antibody titer was the highest dilution having an absor-
bance (mean + 1 S.E.M.) greater than the negative con-
trol (mean + 1 S.E.M.).

2.8. Absorption of specibc antibodies from serum
Antibodies to K87 and other surface antigens on E.
coli strains were absorbed from sera with bacteria us-

Figure 1. (A) Indirect ELISA for detection of anti-K87 antibodies. Serum from rabbit immunized with formalin-treated E. coli O8:K87 strain
2534-86 cells. Purified K87 polysaccharide (PP) was coated onto polyvinyl chloride microtiter plate wells, and serum dilutions from immu-
nized animals were added. Binding of antibodies to the immobilized polysaccharide was detected by goat anti-species IgG labeled with horse-
radish peroxidase, and o-phenylenediamine substrate, and reactions were read at 490 nm. The specificity of the assay for anti-K87 antibodies
was validated by absorption with cells expressing F4ac fimbria, O8 antigen and other surface antigens commonly found on E. coli O8 bacteria.
(B) Serum from primary SPF pigs immunized with formalinized 2534-86 cells and absorbed with 2534-86 or E. coli O8:K™ strain F1321 cells.
(C) Serum from primary SPF pigs immunized with PP and absorbed with 2534-86 or F1321 cells.
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ing standard procedures (Gross and Rowe, 1985), or
by affinity chromatography using epoxy-activated Sep-
harose 6B beads (Amersham Pharmacia Biotech) cou-
pled to PP. PP was added at a concentration of 400 pg/
ml and using a gel:buffer ratio of 1:2. Absorption con-
trol sera were prepared with a column containing Sep-
harose 6B beads not coupled to PP. Sera were passed
through the column and absorbed antibodies were
eluted with 0.1 M sodium citrate (pH 3.0). Two hun-
dred microliters eluate fractions were collected and the
pH adjusted to 7.5 with 1 M Tris—=HCL (pH 9.0). Frac-
tions containing protein (bicinchoninic assay) were
added to absorbed sera. All sera to which eluate was
not added were diluted with an equal volume of buffer,
and adjusted to pH 7.3 in order to standardize test and
control samples.

2.9. Serum bactericidal assay

Serum bactericidal assays were performed with pre- and
post-immunization sera of primary SPF pigs immunized
with PP or strain 2534-86 cells, and control pigs. Assays
were performed with serum that was untreated, treated
with MgCl, and ethylene glycol tetraacetic acid (Mg-
EGTA), and heat-inactivated (56 °C for 30 min; Burns
and Hull, 1998). Buffered saline gelatin (BSG) with
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Mg?* (10 or 20 mM MgCl,) and EGTA (10 or 20 mM)
was added to serum.

3. Results and discussion

The indirect ELISA to detect anti-K87 antibodies was
validated by absorption of serum from a rabbit immu-
nized with 2534-86 cells using E. coli cells exposing OS,
F4ac fimbria, and other surface antigens (Figure 1A). No
reduction in titer occurred following absorption of post-
immunization serum with formalinized strain F1321
(08:K") cells exposing O8 and other E. coli surface an-
tigens or boiled cells exposing O8 antigen, or following
absorption with formalinized K12:F4ac cells exposing
F4ac fimbriae. However, absorption with formalinized
2534-86 cells exposing K87 antigen eliminated the ti-
ters. Immunization of mice with 2534-86 cells or PP
caused seroconversion (data not shown). All conven-
tional pigs tested were positive for antibodies to K87,
with titers ranging from 1:6400 to 1:204,800. Immuni-
zation of colostrum-deprived, primary SPF pigs with
2534-86 cells and PP caused seroconversion to K87 an-
tigen (Figure 1B and C, respectively), whereas non-vac-
cinated age-matched (68—72-day-old) control pigs were
seronegative (data not shown). Absorption of post-im-
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Figure 2. Indirect ELISA for detection of anti-K87 antibodies. (A) Serum from primary SPF pig immunized with formalin-treated strain 2534-
86 cells. Serum was subjected to 2-3 cycles of affinity chromatography with Sepharose 6B beads coupled to K87 polysaccharide (PP), or Sep-
harose beads not coupled to PP. (B) Serum from primary SPF pig immunized with PP. Serum was subjected to 2-3 cycles of affinity chroma-
tography with beads coupled or not to PP.
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munization pig sera with formalinized 2534-86 cells but
not F1321 (O8:K") cells eliminated the anti-K87 titers
(data not shown). K87 affinity chromatography caused
complete removal of detectable anti-K87 antibodies in
sera from primary SPF pigs immunized with 2534-86
cells (Figure 2A) and PP (Figure 2B), whereas absorp-
tion control sera retained these antibodies.

To address whether anti-K87 antibodies specifically
activate C-mediated bactericidal activity, sera from pri-
mary SPF pigs immunized with formalinized 2534-86
cells or PP were tested in bactericidal assays against
2534-86 cells. Pre-immunization sera had no bactericidal
activity after 3 h incubation, whereas sera from pigs im-
munized with formalinized 2534-86 cells or PP elicited
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Figure 3. Bactericidal assay with antiserum from primary SPF pigs immunized with formalinized E. coli O8:K87 strain 2534-86 cells (n = 3) or
purified K87 polysaccharide (K87, n =4). (A) Untreated serum; (B) Mg-EGTA-treated serum; (C) heat-inactivated serum. Pre-immunization:
mean values of all pigs combined prior to immunization, anti-2534: serum from pigs immunized with 2534-86 cells, anti-K87: serum from pigs
immunized with K87, abs-2534: serum from pigs immunized with 2534-86 cells and absorbed with 2534-86 cells, abs-K87: serum from pigs
immunized with K87 and absorbed with 2534-86 cells, affin-2534: serum from pigs immunized with 2534-86 cells and absorbed by affinity
chromatography with beads coupled to K87, affin-K87: serum from pigs immunized with K87 and absorbed by affinity chromatography with
beads coupled to K87, affin-2534AB: serum from pigs immunized with 2534-86 cells, absorbed by affinity chromatography with beads coupled
to K87, and eluted anti-K87 antibodies from column added back to serum and affin-K87AB: serum from pigs immunized with K87, absorbed
by affinity chromatography with beads coupled to K87, and eluted anti-K87 antibodies from column added back to serum.
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>99% killing after 2 h incubation (Figure 3). The bacte-
ricidal activity of Mg-EGTA-treated sera in both groups
was equivalent to that of untreated serum. These results
suggested that killing activity occurred predominantly,
if not exclusively by the alternative C pathway since
EGTA chelates Ca®*, inactivating the classical C path-
way, but has a lower affinity for Mg?*; the addition of
Mg?" allows the alternative pathway to proceed (Burns
and Hull, 1998). Absorption of sera with 2534-86 cells
completely removed bactericidal activity (Figure 3),
whereas absorption of the same sera with formalinized
strain F1321 (E. coli O8:K") cells had no apparent ef-
fect (data not shown). Hence, specific antibodies are
needed for bactericidal activity against E£. coli O8:K87.
Sera from primary SPF pigs immunized with purified PP
retained bactericidal activity against E. coli DH5a fol-
lowing absorption with formalinized 2534-86 cells (data
not shown), which confirmed that the absorption pro-
cess had not eliminated the C-mediated bactericidal ac-
tivity against serum-sensitive bacteria. Absorption by
K87 affinity chromatography eliminated bactericidal ac-
tivity, whereas absorption control sera from these same
pigs had retained activity (Figure 3). Untreated and Mg-
EGTA-treated absorbed sera from pigs immunized with
either PP or 2534-86 cells complemented with eluted
anti-K87 antibodies had restoration of killing activity
(Figure 3). The anti-K87 titers of pre-absorbed serum
and complemented serum were comparable (data not
shown). Restoration of bactericidal activity in comple-
mented serum confirmed the ability of anti-K87 antibod-
ies to activate C-mediated killing.

To determine whether antibodies other than anti-
K87 could activate killing of 2534-86, bactericidal as-
says were conducted with serum from primary SPF age-
matched (68—72-day-old) control pigs lacking anti-K87
antibodies. This serum effected >99% killing by 3 h in-
cubation, and bactericidal activity of Mg-EGTA-treated
serum was equivalent to that of untreated serum. The
killing activity of age-matched control pig serum was
eliminated by absorption with 2534-86 cells; however,
it was not eliminated by K87 affinity chromatography
(data not shown). These results indicated that specific
antibodies other than anti-K87 can activate killing, al-
though the antigen against which these non-capsular an-
tibodies were directed was not addressed.

Since Mg?" and Ca’" are needed for the alterna-
tive and classical C pathways, respectively, to proceed,
their concentrations in absorbed and non-absorbed sera
from two primary SPF pigs tested in the bactericidal

assays were determined. The Mg?* and Ca®" concen-
trations of non-absorbed sera of both pigs were within
the normal range for porcine serum; however, concen-
trations of both cations in one of these sera after affin-
ity chromatography were below the normal range. Ad-
dition of MgCl, restored its bactericidal activity when
complemented with eluted antibodies. By contrast, the
Mg?" and Ca®" concentrations of the serum of the sec-
ond pig, absorbed at a higher flow rate (4 ml/min),
were within the normal range, indicating that the loss
of bactericidal activity in affinity chromatography-ab-
sorbed serum was not due to an alteration in the con-
centration of these cations.

The ability of anti-capsular antibodies to activate al-
ternative pathway killing of E. coli O8:K87 extends the
observations reported by Hill et al. (1978). In that study,
strain-specific antibodies activated alternative pathway
killing of E. coli; however, bovine serum and a different
serotype of E. coli were used, and the antigenic target
was not identified. Interestingly, strains of the serotype
used in that study (O149:K91) are typically enterotoxi-
genic, express F4 fimbria and are only known to cause
natural disease in swine (Morris and Sojka, 1985). Sim-
ilarly, anti-capsular antibodies, specifically of the IgG
class, kill Haemophilus influenzae type B (Hib), in a pro-
cess that occurs exclusively by the alternative pathway
(Tarr et al., 1982); however, non-capsular antibodies are
capable of C activation and killing of Hib, but this oc-
curs exclusively by the classical pathway (Steele et al.,
1984). Collectively, these studies suggest that alternative
C pathway activation by anti-capsular antibodies may
represent a common defense mechanism in mammalian
species against encapsulated, serum-resistant Gram-neg-
ative bacteria. In the case of swine, anti-K87 antibod-
ies appear to be highly prevalent, and we deduce that
they may play an important role in host defense against
ETEC-mediated post-diarrheal septicemia.
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