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Francisella tularensis, the Gram-negative bacterium that causes tularemia, is considered a potential bioterrorism threat due to
its low infectivity dose and the high morbidity and mortality from respiratory disease. We previously characterized two mouse
monoclonal antibodies (MAbs) specific for the O-polysaccharide (O antigen [OAg]) of F. tularensis lipopolysaccharide (LPS):
Ab63, which targets a terminal epitope at the nonreducing end of OAg, and Ab52, which targets a repeating internal OAg
epitope. These two MAbs were protective in a mouse model of respiratory tularemia. To determine whether these epitope types
are also targeted by humans, we tested the ability of each of 18 blood serum samples from 11 tularemia patients to inhibit the
binding of Ab63 or Ab52 to F. tularensis LPS in a competition enzyme-linked immunosorbent assay (ELISA). Although all serum
samples had Ab63- and Ab52-inhibitory activities, the ratios of Ab63 to Ab52 inhibitory potencies varied 75-fold. However, the
variation was only 2.3-fold for sequential serum samples from the same patient, indicating different distributions of terminal-
versus internal-binding antibodies in different individuals. Western blot analysis using class-specific anti-human Ig secondary
antibodies showed that both terminal- and internal-binding OAg antibodies were of the IgG, IgM, and IgA isotypes. These re-
sults support the use of a mouse model to discover protective B-cell epitopes for tularemia vaccines or prophylactic/therapeutic
antibodies, and they present a general strategy for interrogating the antibody responses of patients and vaccinees to microbial
carbohydrate epitopes that have been characterized in experimental animals.

Francisella tularensis, the Gram-negative bacterium that causes
tularemia, is considered a potential bioterrorism threat due to

its low infectivity dose and the high morbidity and mortality of
respiratory disease (1–4). An attenuated type B live vaccine strain
(LVS) is partially protective against infection by the highly viru-
lent type A F. tularensis but is not currently licensed due to safety
concerns (5, 6). The development of alternative vaccines and of
immunotherapeutics must take into account both the T- and B-
cell components that contribute to immune protection against F.
tularensis (7–12). Antibodies to the F. tularensis lipopolysaccha-
ride (LPS) have been shown to be protective against respiratory
tularemia in BALB/c, C3H/HeN, C57BL/6, and C57BL/10 mice,
and F. tularensis antibodies, most of which are directed to LPS,
have been shown to ameliorate tularemia in humans (13–22).

Lipopolysaccharide (LPS), the main component of the F. tula-
rensis outer membrane, is identical in the type A and B F. tularensis
strains (23–27). It is composed of lipid A, a core oligosaccharide
(C, mainly Hex4HexNAcKdo), and an O-polysaccharide (O anti-
gen [OAg]) (23–29). The OAg consists of various numbers of the
tetrasaccharide repeat [2)-�-D-4,6-dideoxy-4-formamido-D-
glucose(1¡4)-�-D-2-acetamido-2-deoxy-D-galacturo-
namide(1¡4)-�-D-2-acetamido-2-deoxy-D-galacturo-
namide(1¡3)-�-D-2-acetamido-2,6-dideoxy-D-glucose(1¡]
(Qui4NFm-GalNAcAN-GalNAcAN-QuiNAc or ABCD), with
Qui4NFm at the nonreducing end (23–28). The F. tularensis cap-
sular polysaccharide also consists of OAg (28, 29).

We previously reported that anti-F. tularensis LPS mouse
monoclonal antibodies (MAbs) can confer survival to BALB/c
mice infected intranasally (i.n.) with an otherwise lethal dose of
LVS (30). Subsequently, we found that the anti-LPS MAbs target
OAg, and we characterized two types of F. tularensis OAg epitopes:
repeating internal epitopes targeted by the vast majority of mouse

OAg MAbs and a nonoverlapping less immunogenic unique
epitope at the nonreducing end (31). The two types of MAbs are
distinguished by their Western blot reactivities with LPS, where
terminal binders react equally with short and long chains, all of
which have one nonreducing-end epitope, whereas internal bind-
ers show increased reactivity with increasing LPS chain length (31,
32). Despite the much higher number of epitopes per OAg chain
that can be engaged by the internal binders, all four available ter-
minal-binding MAbs have higher bivalent avidity than the most
potent internal-binding MAb, Ab52 (32), and higher agglutina-
tion titers (31, 32).

Using F. tularensis oligosaccharides of defined OAg repeat
length as molecular rulers in competition enzyme-linked immu-
nosorbent assay (ELISA), the epitope targeted by the terminal-
binding MAb Ab63 was shown to span a single tetrasaccharide
repeat (32), whereas the epitope targeted by Ab52 was shown to
span two tetrasaccharide repeats (33). The X-ray crystal structures
of the Fab fragments (the light chain plus the variable and first
constant domains of the heavy chain) of Ab52 and of a closely
related clonal variant of Ab63 were determined, and a 2-repeat
computational model of the F. tularensis OAg chain was docked
into the binding sites, guided by the immunochemical constraints
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(32, 34). These studies revealed that the binding site of Ab63 is a
small cavity that can accommodate the first and part of the second
terminal sugar residues of OAg with tight envelopment of the
terminal Qui4NFm sugar by aromatic amino acids, which may
explain the higher affinity of terminal-binding MAbs (32). The
binding site of Ab52 is a large groove with a central pocket that
accommodates a V-shaped epitope consisting of six sugar residues
that span two tetrasaccharide repeat units, BCDA=B=C= (34). Ab63
and Ab52 were shown to prolong the survival of and reduce blood
bacterial burden in BALB/c mice infected i.n. with the highly vir-
ulent F. tularensis type A strain SchuS4 (32, 33).

To determine if humans produce both terminal- and internal-
binding antibodies in response to infection with F. tularensis, we
tested 18 blood serum samples from 11 tularemia patients for their
ability to compete with Ab63 or Ab52 for antigen binding. We
show in this study that all sera have both Ab63- and Ab52-inhib-
itory activities and that the inhibitory antibodies comprise IgG,
IgM, and IgA.

MATERIALS AND METHODS
Human sera. Eighteen F. tularensis-positive blood serum samples from 11
individuals, in coded aliquots, were obtained from Imugen (Norwood,
MA). These serum samples had been used by Imugen to diagnose or
confirm a diagnosis of tularemia by microagglutination of F. tularensis
LVS. Most were 2- to 3-week convalescent-phase sera. The use of the
serum samples was reviewed by the Boston University Medical Center
institutional review board and determined to be exempt. Pooled normal
human serum (NHS) (human complement serum; Sigma, St. Louis, MO)
was used as a control. Three individual human serum samples were ob-
tained from normal volunteers under an approved institutional review
board protocol.

Mouse MAbs. The anti-F. tularensis MAbs Ab63 (IgG3) (32) and Ab52
(IgG2a) (31) and their purification were previously described. Anti-Kleb-
siella MAb 73/28 (IgG2a) was purchased as a purified antibody from
LifeSpan Biosciences (Seattle, WA).

F. tularensis LPS and OAgC and Klebsiella pneumoniae LPS. F.
tularensis LPS and OAgC (OAg attached to core oligosaccharide) were
purchased from Sussex Research, Ottawa, ON, Canada. K. pneumoniae
LPS was purchased from Sigma. They were reconstituted with distilled
water at 1 mg/ml for LPS and 5 mg/ml for OAgC. Aliquots in screw-cap
tubes were kept at �80°C for long-term storage. Frequently used aliquots
were stored at �20°C.

Direct ELISA. For ELISA binding of human serum to F. tularensis LPS
or OAgC, EIA/RIA 96-well Easy-Wash certified high binding polystyrene
plates (Corning, Corning, NY) were coated with 50 �l per well of F. tula-
rensis LPS at 0.0625 �g/ml or OAgC at 10 �g/ml in 50 mM carbonate
buffer (pH 9.6) and dried in a 37°C oven overnight. All subsequent steps
were carried out at room temperature, using 200 �l per well for washing
and blocking. The coated plates were washed twice with phosphate-buff-
ered saline supplemented with 0.05% Tween 20 (PBST), and then they
were blocked for 1 h with 2% (wt/vol) dry nonfat milk in PBST (MPBST).
The blocked plates were washed twice with PBST and incubated with a
750-fold dilution, followed by 3-fold serial dilutions of human serum in
2% bovine serum albumin in PBS supplemented with 0.02% sodium
azide (2% BSA/PBS/N3) for 1 h with shaking at 300 rpm on a C2 platform
shaker (New Brunswick Scientific, Edison, NJ). The serum dilutions were
removed, and plates were washed three times with PBST and then incu-
bated with a mixture of horseradish peroxidase-conjugated anti-human
IgG, IgM, and IgA (SouthernBiotech, Birmingham, AL) (1:4,000 in
MPBST). The assays were developed by the addition of 60 �l per well
3,3=,5,5=-tetramethylbenzidine (TMB) substrate (Kirkegaard & Perry
Labs, Gaithersburg, MD) and 15 min incubation at room temperature in
the dark. The reaction was stopped with 60 �l per well of 0.2 M H2SO4,
and the optical density at 450 nm was measured in a microplate reader.

ELISA titers were determined to be the last serum dilution that was greater
than the mean plus 2 standard deviations of the blank (without human
serum).

Competition ELISA. Competition ELISA using human serum as a
competitor of the binding of the Ab63 or Ab52 mouse MAbs to F. tular-
ensis LPS was performed using a modification of the procedure described
above for direct ELISA. First, preliminary tests were done to determine the
optimal and most sensitive concentrations of LPS for plate coating and of
MAb for binding by setting up direct ELISAs with 2-fold serial dilutions of
LPS coating concentrations and 3-fold serial dilutions each of Ab63 and
Ab52 for each LPS coating concentration. After plotting the results, the
LPS and MAb concentrations that gave an optical density at 450 nm clos-
est to 1 were chosen for competition ELISA with each of the MAbs. Ac-
cordingly, for the competition assays, the plates were coated with 50 �l per
well of F. tularensis LPS at 0.250 �g/ml for Ab63 or 0.0625 �g/ml for Ab52
in 50 mM carbonate buffer (pH 9.6) and dried in a 37°C oven overnight.
All subsequent steps were carried out at room temperature, using 200 �l
per well for washing and blocking. The coated plates were washed twice
with PBST and then blocked for 1 h with 2% MPBST. The blocked plates
were washed twice with PBST and then preincubated for 1 h with 30 �l per
well of 3-fold serial dilutions of human serum (starting at 1:10) in 2%
BSA/PBS/N3 on the C2 shaker at 300 rpm. The serum dilutions were
removed by aspiration with a multiple-channel pipettor, and 30 �l per
well of Ab63 (10 �g/ml) or Ab52 (5 �g/ml) in 2% BSA/PBS/N3 was added
to the ELISA plates and incubated for 1 h. After washing with PBST, 50 �l
per well of isotype-specific horseradish peroxidase (HRP)-anti-mouse-
IgG2a for Ab52 or HRP-anti-mouse IgG3 for Ab63 at a 1:4,000 dilution
(SouthernBiotech) in 2% MPBST was added, followed by 1 h incubation
on the C2 shaker at 300 rpm. The assays were developed by the addition of
60 �l per well TMB substrate and 15 min incubation at room temperature
in the dark. The reaction was stopped with 60 �l per well of 0.2 M H2SO4,
and the optical density at 450 nm was measured in a microplate reader.

The percent inhibition was calculated as [(A0 � A)/A0] � 100, where
A0 is the optical density at 450 nm (OD450) in the absence of human
serum and A is the OD in the presence of human serum. The logarithm of
serum dilution versus the percent inhibition was plotted using GraphPad
Prism 5.0 (GraphPad Software, San Diego, CA), and the linear part of the
plotted curve was used to calculate 50% inhibition. The serum dilution
required for 50% inhibition (the 50% inhibition dose [ID50]) was calcu-
lated based on the equation Y � Y intercept � slope � log(X) by Prism
nonlinear regression analysis on the linear part of the inhibition curve.

Western blot. Western blot (WB) analysis of human serum on F.
tularensis LPS or K. pneumoniae LPS was done on nitrocellulose strips as
previously described (30). Fifty micrograms of F. tularensis LPS was elec-
trophoresed in a (8.6 cm wide by 6.8 cm long) preparative 4 to 15%
polyacrylamide gel and transferred to a nitrocellulose membrane, and
membrane strips were incubated with human serum at 1:200 dilution and
probed separately with alkaline phosphatase-conjugated anti-human IgM
(�-chain specific), alkaline phosphatase (AP)-anti-human-IgG (	-chain
specific), or AP-anti-human IgA (�-chain specific) at a 1:3,000 dilution
(Sigma). For the first set of WBs, human IgG (5 mg/ml), IgM (0.9 mg/ml),
and IgA (5 mg/ml) (Sigma) were used to preabsorb the secondary anti-
bodies to ensure specificity: AP-anti-human IgG was preabsorbed with an
equal volume of human IgA and IgM, AP-anti-human IgM was preab-
sorbed with human IgG and IgA, and AP-anti-human IgA was preab-
sorbed with human IgM and IgG overnight at room temperature before
use in the WB analysis. The strips incubated with mouse MAbs at 20
�g/ml (first set of WBs; see Fig. 2) or 10 �g/ml (second set of WBs; see Fig.
3), used as positive controls, were probed with AP-anti-mouse IgG (heavy
plus light) at a 1:4,000 dilution (Promega, Madison, WI).

RESULTS AND DISCUSSION

A panel of 18 blood serum samples from 11 tularemia patients was
obtained from Imugen, a Massachusetts diagnostic company, along
with microagglutination titers of F. tularensis LVS. Most were 2- to
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3-week convalescent-phase sera, and sequential serum samples
were available for some of the patients. No other information was
available on the serum samples or the patients. Preliminary char-
acterization of the 18 serum samples for F. tularensis LPS antibod-
ies (IgM, IgG, and IgA combined) by direct ELISA showed a 250-
fold titer range and similar titers for F. tularensis LPS and F.
tularensis OAgC (Table 1). The LVS microagglutination titers cor-
relate with the anti-LPS and anti-OAgC ELISA titers (Table 1,
correlation coefficients 0.85 and 0.78, respectively; P 
 0.0001]),
suggesting that, as expected, most of the agglutinating antibodies
were directed against the OAg core in LPS or OAg in capsule.

Of the six patients for whom sequential serum samples were avail-
able, two (P1 and P7) showed a rise in titers (9-fold and 81-fold for
LPS and none and 9-fold for OAgC, respectively) (Table 1). This rise
likely reflects the times after infection that the sera were obtained,
presumably the first sample early on when the antibody response was
just beginning and the second sample later on. The other four pa-
tients for whom sequential serum samples were available showed un-
changed titers, likely due to the serum samples having been taken
during a plateau in the antibody response. The persisting low titers for
P5 and the range of titers in different patients are likely due mainly to
the time at which antibiotic treatment, and thus curtailment of the
infection and the antibody response, was initiated, in addition to per-
son-to-person variability.

To determine whether the anti-LPS antibodies in the F. tular-
ensis convalescent human serum samples target both terminal and
repeating internal OAg epitopes, we tested the ability of the sera to

inhibit the binding of Ab63 or Ab52 to F. tularensis LPS in com-
petition ELISA. As shown in Fig. 1 and summarized in Table 1, all
serum samples reached 50% inhibition of Ab63 and most reached
50% inhibition of Ab52 when tested at dilutions of �10-fold. A
pool of NHS showed a barely detectable inhibition of Ab63 at the
two lowest dilutions, which plateaued at 
20% inhibition (Fig. 1).

The serum dilution required for 50% inhibition of MAb-bind-
ing (the ID50) depends on the plate-coating LPS and the MAb
concentrations used for each MAb; therefore, the ID50s of the 18
human sera can be compared for each MAb but not between
MAbs. To determine the variation in relative contribution by ter-
minal- versus internal-binding OAg antibodies among the human
serum samples, we compared their normalized Ab63/Ab52 ID50

ratios. As shown in Table 1, this analysis revealed a 75-fold total
range but only a 2.3-fold range for sequential serum samples from
the same patient, indicating that different individuals have differ-
ential antibody responses.

The ID50 of a serum sample for Ab63 or Ab52, and hence its
Ab63/Ab52 ID50 ratio, reflects its relative concentration of termi-
nal- versus internal-binding OAg antibodies, as well as the average
affinity and isotypes of each antibody type in the polyclonal mix-
ture. Higher average affinity and valence will compensate for
lower concentrations. The limited amounts of serum samples
from tularemia patients precluded the separation of Ig classes for
use in the competition ELISA. However, the OAg antibodies were
visualized in a noncompetitive assay, and their isotype distribu-
tions were determined by isotype-specific WB analysis on F. tula-

TABLE 1 Binding characteristics and Ab63/Ab52 competitor potency of blood serum samples from tularemia patients

Patient
no.

Serum
no.

Titers by binding characteristics:
Serum dilution at 50% inhibition of MAb
binding to LPSa

Microagglutination
of LVS

ELISA binding
to LPS (IgM �
IgG � IgA)

ELISA binding to
OAgC (IgM �
IgG � IgA) Ab63 Ab52

Normalized
Ab63/Ab52c

P1 S1 �8,192 182,250 546,750 7,659 1,054 11.9
S2 �8,192 1,640,250 546,750 13,274 1,445 15.0

P2 S3 �8,192 182,250 182,250 4,139 829 8.2
P3 S4 512 20,250 20,250 63 11 9.5

S5 512 20,250 20,250 105 �8b �21.5

P4 S6 512 20,250 60,750 841 129 10.7
P5 S7 128 2,250 6,750 55 �2b �45.1

S8 128 2,250 6,750 46 �1b �74.6

P6 S9 2,048 182,250 60,750 882 234 6.1
S10 1,024 182,250 60,750 595 357 2.7

P7 S11 128 2,250 6,750 66 14 7.9
S12 2,048 182,250 60,750 230 26 14.6

P8 S13 1,024 20,250 6,750 401 13 50.0
P9 S14 1,024 60,750 60,750 245 287 1.4

S15 1,024 60,750 60,750 224 236 1.6
S16 1,024 60,750 20,250 169 276 1.0

P10 S17 256 6,750 6,750 98 23 7.0
P11 S18 512 6,750 6,750 49 58 1.4
a Serum dilutions required for 50% inhibition were calculated from the linear parts of the graphs in Fig. 1.
b Extrapolated by drawing a parallel line to the Ab63 graph from the Ab52 point at the lowest serum dilution.
c The Ab63/Ab52 ratios were normalized to the lowest ratio (for S16) by dividing all other ratios by the S16 ratio, making the S16 ratio 1.0.
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rensis LPS. As shown in Fig. 2, the F. tularensis LPS antibodies
represent all three Ig classes, IgM, IgG, and IgA, and in general, the
WB reactivities of the sera mirror their direct ELISA and compe-
tition ELISA potencies.

All sera in all three isotypes contain antibodies that recognize
the lower LPS bands, like the Ab63 MAb specific for a terminal
OAg epitope, and unlike the Ab52 MAb specific for an internal
OAg epitope, whose binding intensity to the longer LPS chains is
much higher (31, 32) despite the greater abundance of the shortest
LPS chains (28). The WB results also indicate that the low level of
terminal-binding inhibitory activity detected in the pooled NHS
(Fig. 1) is due to terminal-binding OAg IgG antibodies, as no
reactivity was detected in the IgM and IgA panels (Fig. 2, compare
the middle panel with the upper and lower panels). Because F.
tularensis infections are so rare in the United States (100 to 200
cases per year [3]), it is likely that cross-reactive terminal-binding
IgG antibodies, and perhaps memory B cells, preexist in some
individuals as a result of previous infections by other microbes.
Such cross-reaction of terminal-binding OAg antibodies may oc-
cur despite the unique sugars of the F. tularensis OAg (23–28)
because of the higher affinities of antibodies to nonreducing ends
than of antibodies to internal regions of carbohydrates (32). These
higher affinities of the terminal-binding antibodies are likely due
to the envelopment of terminal sugar residues by binding pockets
lined with aromatic amino acids (32, 35–37). Memory B cells spe-
cific for terminal carbohydrate epitopes might skew the antibody
response to F. tularensis infection toward terminal-binding OAg
antibodies, contributing to the high Ab63/Ab52 ID50 ratios of
some of the F. tularensis-positive serum samples.

Despite the (weak) cross-reactivity of IgG antibodies in the
pooled NHS with the lower F. tularensis LPS bands on the WB
(Fig. 2), F. tularensis LPS antibodies show high specificity. Thus,

mouse MAbs Ab63 and Ab52 do not cross-react with Escherichia
coli LPS in ELISA, as we have shown (31, 32). To further assess the
specificity of the Ab63 and Ab52 mouse MAbs and of the serum
samples from tularemia patients for F. tularensis LPS, we tested the
reactivities of the two MAbs and of two representative serum sam-
ples (S2 and S12) from the tularemia patients to LPS from the
common human pulmonary pathogen K. pneumoniae (38) by
Western blotting. The NHS pool, three individual normal human
serum samples (H2, H6, and H7), and the anti-Klebsiella mouse
MAb 73/28 were also included in the analysis, and all samples were
tested on F. tularensis LPS and K. pneumoniae LPS. As shown in
Fig. 3, the Ab63 and Ab52 mouse MAbs reacted only to the F.
tularensis LPS and did not cross-react with K. pneumoniae LPS,
demonstrating the high specificities of the two mouse MAbs for F.
tularensis LPS. The 73/28 mouse MAb reacted to the K. pneu-
moniae LPS, confirming the presence of K. pneumoniae LPS on the
membrane, and cross-reacted weakly with F. tularensis LPS (Fig.
3). Of the six human serum samples, only the two representative
serum samples from tularemia patients showed any IgG or IgA
reactivity to F. tularensis LPS, with two of the normal human se-
rum samples (H2 and H7) showing very weak IgM reactivity to F.
tularensis LPS, confirming the specificity of the anti-F. tularensis
LPS in the serum samples from tularemia patients. The lack of IgG
and IgA reactivity of the normal human serum samples to F. tula-
rensis LPS is consistent with the very low incidence of tularemia in
the United States (3). However, all the human serum samples
showed some IgG reactivity, and three (S2, S12, and H2) showed
weak IgA reactivity to K. pneumoniae LPS (Fig. 3), consistent with
the high incidence of K. pneumoniae (38).

The results of the current study demonstrate that F. tularensis
mouse MAbs that have been characterized for their antigen and
epitope specificities and for their protective efficacy in a mouse

FIG 1 Inhibition of binding of Ab63 and Ab52 MAbs to LPS by blood serum samples of tularemia patients. Threefold serial dilutions of patient serum or a
normal human serum pool (NHS) were used in competition ELISA with fixed concentrations of Ab63 or Ab52. The data are averages of 3 independent
determinations, and the bars indicate the standard errors of the means.
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model of respiratory tularemia can be used as reporters in com-
petition ELISA to detect antibodies with overlapping target
epitopes in human samples. This supports the use of the mouse
model to discover protective B-cell epitopes for tularemia vaccines
or prophylactic/therapeutic antibodies.

The results also build on a recent report that used a mouse
MAb specific for F. tularensis LPS as a reporter in competition
ELISA with human blood serum samples from tularemia patients
to demonstrate the potential use of the assay for the surveillance of
tularemia (39). Another recent report used two mouse MAbs spe-
cific for invasion-inhibitory or noninhibitory epitopes of the Plas-
modium falciparum protein apical membrane antigen 1 as report-
ers in competition ELISA to detect antibodies that inhibit the
antigen binding of each MAb in the serum samples of malaria
patients (40). Although the human antibodies measured in this
assay with the invasion-inhibitory MAb are not necessarily target-

ing the same epitope as the MAb, most of them probably target
overlapping epitopes, many of which likely include the protective
epitope segment.

The human F. tularensis antibodies detected in our study are
also not necessarily targeting the same epitopes as the Ab63 or
Ab52 MAbs but rather overlapping epitopes of the same type (ter-
minal or internal). However, unlike proteins, which have many
unique epitopes, microbial carbohydrate antigens generally have
short repeating units, defining a limited number of closely packed
overlapping epitopes, all of which include the same protective
epitope segment. Hence, the current study presents a reliable gen-
eral strategy for interrogating the antibody responses of patients
and vaccinees to microbial carbohydrate epitopes that have been
characterized in experimental animals.
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FIG 2 Western blot analysis of serum samples from tularemia patients. Mouse
MAbs Ab63 (IgG3) specific for the nonreducing end of F. tularensis OAg and
Ab52 (IgG2a) specific for internal OAg epitopes were used as positive controls,
and the reactions were detected with AP-anti-mouse IgG secondary antibody.
The reactions on all other strips were detected with AP anti-human Ig class-
specific secondary antibodies for IgG, IgM, and IgA, as indicated. The posi-
tions of molecular mass standards, in kDa, are indicated. P, patient; S, serum;
NHS, normal human serum pool.

FIG 3 Specificity of antibodies to F. tularensis LPS in Western blot analysis.
Mouse MAbs Ab63 (IgG3) specific for the nonreducing end of F. tularensis
OAg, Ab52 (IgG2a) specific for F. tularensis internal OAg epitopes, and 73/28
(IgG2a) specific for Klebsiella spp. were used as specificity controls, and the
reactions were detected with AP-anti-mouse IgG secondary antibody. The
reactions on all other strips were detected with AP anti-human Ig class-specific
secondary antibodies for IgG, IgM, and IgA, as indicated. The positions of
molecular mass standards, in kDa, are indicated. S, serum; NHS, normal hu-
man serum pool; H2, H6, H7, individual normal human serum samples.
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