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The immunologic basis for protection against Brazilian purpuric fever, a septicemic infection associated with
Haemophilus influenzae biogroup aegyptius bacteremia, is unknown. Passive immunization of infant rats with
antiserum to whole bacterial cells of the homologous strain protects them from experimental bacteremia following
bacterial challenge. In immunoblotting, antibody to a 145-kDa protein (P145) was present in protective antisera
but not in nonprotective antisera. As judged by analysis of the antibodies eluted from whole bacterial cells and
the agglutination of bacteria by antisera to P145, this protein is surface exposed. We prepared monospecific rat
antisera to this protein by three methods: (i) immunization with whole bacterial ceUs and absorption with a

Brazilian purpuric fever strain not expressing P145, (ii) immunization with gel-purified P145, and (iii)
immunization with a P145-expressing transformant of a laboratory H. influenzae strain expressing this protein
and absorption of the antiserum with the laboratory H. influenzae strain. These antisera had low antilipooli-
gosaccharide antibody titers, were reactive only with P145, and had bactericidal activity in vitro. Following
passive immunization, these antisera partially protected infant rats from bacteremia resulting from intraperito-
neal challenge with bacteria. As assessed by immunoblotting, pooled adult human sera contained antibodies
reactive with P145. Antibody to P145 may contribute to protection against Brazilian purpuric fever.

Brazilian purpuric fever (BPF) is a recently recognized
fulminant infection affecting young children (7). Following
recovery from purulent conjunctivitis, patients show acute
onset of symptoms, which include fever associated with
systemic toxicity and then the development of petechiae,
purpura, and vascular collapse. This frequently fatal illness
is associated with bacteremia caused by particular strains of
Haemophilus influenzae biogroup aegyptius, a pathogen
long associated with conjunctivitis (7) but not with bactere-
mia. All isolates of H. influenzae biogroup aegyptius from
Brazilian children with BPF share certain phenotypic and
genotypic features, suggesting that these isolates are clonally
related (2, 19). All cases of BPF have occurred in children 3
months to 10 years of age; newborns, adolescents, and
adults appear to be immune to this infection. Although
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antibodies against cell surface antigens play an important
role in protection against many bacterial pathogens, the
immunologic basis for protection against BPF strains of H.
influenzae biogroup aegyptius is unknown.
We have recently reported the development of an infant

rat model of bacteremia with BPF strains of H. influenzae
biogroup aegyptius (15). Although this model does not
simulate human infection, injection with H. influenzae bio-
group aegyptius BPF strains caused bacteremia more fre-
quently than did injection with H. influenzae biogroup
aegyptius strains not associated with BPF. When infant rats
were passively immunized with antiserum to whole bacterial
cells, they were protected from developing bacteremia fol-
lowing challenge with an H. influenzae biogroup aegyptius
BPF strain. Antiserum prepared with whole cells of H.
influenzae biogroup aegyptius BPF isolates afforded protec-
tion, while antiserum prepared with conjunctival, H. influ-
enzae biogroup aegyptius strains not associated with BPF
failed to protect these animals from developing bacteremia
(15). Here we report that a cell envelope protein with an
apparent molecular mass of 145 kDa is recognized by pro-
tective but not by nonprotective antisera. Antisera to this
protein have bactericidal activity in vitro and protective
activity in an infant rat model of bacteremia.

[This work was presented in part at the 29th Interscience
Conference on Antimicrobial Agents and Chemotherapy, 17
to 20 September 1989, and published in abstract form (L. G.
Rubin, A. Rizva [sic], and BPF Study Group. 1989. Anti-
body to a 145 kd outer membrane protein (OMP) of a
Brazilian purpuric fever (BPF) strain of Haemophilus influ-
enzae biogroup aegyptius (Hae) is associated with protection
against experimental bacteremia. Program Abstr. 29th Inter-
sci. Conf. Antimicrob. Agents Chemother., abstr. 348.]
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MATERIALS AND METHODS

Bacterial strains, growth, and handling. H. influenzae
biogroup aegyptius BPF strain F3037 was recovered from
the blood of a child with BPF and has the "case-clone"
characteristics, i.e., has several phenotypic features com-

mon to H. influenzae biogroup aegyptius isolates from
children in Brazil with BPF (2). We found it to be the most
virulent of the H. influenzae biogroup aegyptius BPF isolates
tested in infant rats (15) and used it in these studies. It was
passaged through the blood of infant rats prior to use for
infant rat inoculation, adult rat immunization, lipooligosac-
charide (LOS) purification, and outer membrane protein
preparation. We have recently observed that this animal-
passaged isolate differs from the original strain in that it is
nonpiliated and has an altered LOS phenotype (16). F3031 is
an H. influenzae biogroup aegyptius BPF case-clone isolate
(2) which has a pattern of sarcosinate-insoluble proteins in
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) identical to that of F3037 but which lacks a
visible protein band at 145 kDa (data not shown). F3052 and
NCTC 8502 are H. influenzae biogroup aegyptius conjuncti-
val isolates which are not related to the case-clone (2). Eagsm
is a streptomycin-resistant mutant ofH. influenzae type b Eag
(1). Rd is a nontypeable laboratory H. influenzae strain
originally derived from a type d strain (21). Escherichia coli
ATCC 25922 was used. Bacteria were stored at -70°C,
subcultured on chocolate agar plates, grown in brain heart
infusion broth supplemented with hemin and diphosphopyri-
dine nucleotide, and processed as previously described (14).

Agglutination. Bacterial cells from an overnight culture of
F3037 on a chocolate agar plate were suspended in 0.01 M
phosphate-buffered saline (pH 7.2) (PBS) to an optical den-
sity at 490 nm of 0.6 (Spectronic 20; Bausch & Lomb,
Rochester, N.Y.). Serum (0.01 ml) was mixed with 0.05 ml
of bacterial suspension on a glass slide. The slide was rotated
for 5 min and examined for agglutination (visible clumping
and clearing of the background). PBS mixed with the bacte-
rial suspension was included as a negative control.
SDS-PAGE and immunoblotting. Sarcosinate-insoluble

membrane protein preparations were prepared, solubilized by
boiling for 5 min in specimen buffer containing SDS and
2-mercaptoethanol, and subjected to SDS-PAGE in 7 or 11%
gels as previously described (4). Gels were stained with
Coomassie brilliant blue or equilibrated in blotting buffer and
electrophoretically transferred (2.5 h; 60 V; Trans-Blot appa-
ratus; Bio-Rad Laboratories, Richmond, Calif.) to 0.45-,im-
pore-size nitrocellulose transfer membranes (Schleicher &
Schuell, Keene, N.H.) as previously described (20). Immu-
noblotting was performed by blocking membranes with PBS-
0.1% Tween 20-0.1% gelatin for 0.5 h at room temperature.
The nitrocellulose was dried and stored at 4°C until used or

incubated with rat serum (or sera pooled from four human
adult volunteers from the United States) in PBS-0.1% Tween
20 for 1 h at room temperature on a rotating platform.
Following five washes with PBS, the nitroceilulose was

incubated in peroxidase-conjugated goat anti-rat immuno-
globulin G (IgG), IgM, and IgA or peroxidase-conjugated goat
anti-human IgG, IgM, and IgA (Organon Teknika Corp.,
Cappel Research Products, Durham, N.C.) diluted in PBS-
0.1% Tween 20 for 1 h at room temperature. Following five
washes with PBS, peroxidase substrate (60 mg of 4-chloro-1-
naphthol dissolved in 20 ml of methanol and added to 100 ml
of Tris-buffered saline [pH 7.5] and 0.06 ml of 30% H202) was

added and the appearance of protein bands was observed.
Protein bands were directly identified with the use of colloidal

gold total protein stain (Bio-Rad Chemical Division, Rich-
mond, Calif.). To compare LOSs of strains, we prepared
proteinase K digests of whole-cell lysates and subjected them
to electrophoresis in SDS-urea-4 to 24% gradient polyacryl-
amide gels as described previously (8). Gels were stained with
silver stain as described previously (8).
Animals and techniques. Pathogen-free female Sprague-

Dawley albino rats with natural litters were obtained from
Harlan-Sprague-Dawley, Frederick, Md. Six-day-old rats
were passively immunized by subcutaneous injection on
their dorsal surface with 0.1 ml of PBS containing a dilution
of serum 3 h prior to intraperitoneal injection with 105 CFU
of logarithmic-phase F3037. Blood was obtained for cultur-
ing following tail vein puncture with a lancet. To obtain
serum for use as a complement source in bactericidal stud-
ies, we obtained blood from 8- to 10-day-old rats by cardiac
puncture following ether anesthesia. Antisera were prepared
by immunization of adult female rats by three weekly
injections of whole bacteria as previously described (15) or
three or four weekly to biweekly subcutaneous injections of
polyacrylamide gel slices (from 7% gels loaded with -1 mg
of cell envelope protein containing an estimated 15 ,ug of
P145 per rat per injection) emulsified and combined with
Freund's adjuvant (complete Freund's adjuvant for the first
injection and incomplete Freund's adjuvant for subsequent
injections). Alternatively, rats were immunized in an identi-
cal fashion with a similar amount of P145 eluted from
P145-containing gel slices (elution conditions: 10 mA; 4.5 h;
0.025 M Tris-0.192 M glycine-0.1% SDS; 422 Electroeluter;
Bio-Rad). While anesthetized by ether, rats were bled by
cardiac puncture 1 week after the last injection.
DNA preparation and transformation. High-molecular-

weight DNAs from F3037 (not animal passaged) and H.
influenzae Eagsm were prepared with SDS, heat, and pro-
teinase K as previously described (9), except that the RNase
step was omitted. Nontypeable H. influenzae Rd was made
competent with Herriot's MIV medium as described previ-
ously (9). Transformation was carried out as described
previously (9). Streptomycin-resistant transformants were
detected by plating serial dilutions of the transformant
mixture on solidified medium supplemented with streptomy-
cin (250 ,ug/ml). Transformants expressing P145 were de-
tected by a colony blot assay with colonies of the transform-
ant mixture plated on agar plates as described below.
Monoclonal anti-LOS antibodies. Cell culture supernatants

containing monoclonal anti-H. influenzae LOS antibodies
were provided by Eric Hansen, University of Texas South-
western Medical Center, Dallas (12D9, 8G8, 3D9, 4C4, 6A2,
17E12, 5G8, and 11E7), and William Bibb, Centers for
Disease Control, Atlanta, Ga. (B3B1B7 and A4E8E5). The
monoclonal antibodies used in the colony blot assays were
12D9, 8G8, B3B1B7, A4E8E5, and 3D9 (reactive with Rd)
and 4C4, 6A2, 17E12, 5G8, and 11E7 (nonreactive with Rd).
All antibodies except for 17E12 were reactive with H.
influenzae biogroup aegyptius BPF strain F3037.
Enzyme immunoassay for anti-LOS antibodies. The en-

zyme immunoassay for anti-LOS antibodies used LOS pu-
rified from animal-passaged F3037 (5 ,ug/ml) to coat the solid
phase and was performed as described by Shenep et al. (17).
Starting at a dilution of 1:100, serial twofold dilutions were
tested; the dilution of test serum which gave an optical
density reading equivalent to that of a 1:100 dilution of
nonprotective, normal adult rat serum (preimmunization
serum) was recorded.
Colony blot assay. Colonies were transferred to Whatman

no. 42 filter paper by placing filter paper cut to the appropri-
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ate size on the surface of an agar plate containing colonies or

by inoculating filter paper with individual colonies by use of
a wooden stick or 0.001 ml of a turbid suspension of bacteria.
After being dryed, the filter paper was blocked with PBS
containing 1% bovine serum albumin for 1 h at room

temperature. The filter paper was incubated with antibody
(rat anti-F3037 antibody absorbed with control H. influenzae
biogroup aegyptius F3052 and NCTC 8502 diluted 1:2,000 to
detect P145-expressing colonies or monoclonal anti-LOS
antibody in cell culture supernatant diluted 1:5 to assess the
LOS phenotype) in PBS-0.1% Tween 20 for 1 h at room

temperature or 4°C overnight. After five washes with PBS,
the filter paper was incubated in peroxidase-conjugated goat
anti-rat or goat anti-mouse IgG, IgM, and IgA (Organon
Teknika Corp.) diluted 1:1,000 in PBS-0.1% Tween 20 for 1
h at room temperature. After five washes, peroxidase sub-
strate (as described for immunoblotting) was added and
color development was observed.

Bactericidal assay. A 0.25-ml reaction mixture was pre-

pared in 0.01 M PBS (pH 7.4) with 1 mM CaCl2-0.5 mM
MgSO4-0.1% bovine serum albumin, 104 logarithmic-phase
H. influenzae biogroup aegyptius, serial twofold dilutions of
sera (preheated at 56°C for 30 min to inactivate complement
activity), and a 20% final concentration of infant rat sera

(complement source). The reaction mixture was maintained in
an ice water bath during preparation; 0.01 ml was plated in
duplicate on chocolate agar plates, and tubes were incubated
at 37°C for 60 min in a gyrotary water bath. Tubes were

returned to ice water, and 0.01 ml was again plated in dupli-
cate. Plates were incubated at 37°C overnight. Percent killing
was calculated as the mean number of CFU at time zero - the
mean number of CFU after 60 min of incubation, divided by
the mean number of CFU at time zero, multiplied by 100.
Results for assays with control tubes containing bacteria and
only preheated serum generally showed a net multiplication of
organisms during the 60-min incubation period (100 to 200%
survival). The bactericidal titer was defined as the highest
dilution of serum killing .50% of bacteria. Each serum was

tested at least twice on separate days.
Absorption and elution of sera. Elution of antibody bound

to the surface of bacteria was performed by a method similar
to that described by Engleberg et al. (5). Bacteria (1010) were
scraped from an overnight culture on a chocolate agar plate,
suspended in PBS, and washed once prior to suspension in
0.5 ml of decomplemented sera-0.5 ml of PBS. After incu-
bation for 1 h at 4°C on a rotator platform, the bacteria were

pelleted by centrifugation and washed three times. The pellet
was resuspended in 0.5 ml of cold 0.2 M NaCl-0.2 M glycine
buffer (pH 2.5) and incubated for 15 min at 4°C on a rotator
platform. Following centrifugation, the supernatant was
filtered through a 0.45-,um-pore-size filter and neutralized by
the addition of 1 M NaHCO3. Two procedures were used for
absorbing sera with bacteria to remove antibody: -109
bacteria were suspended in 0.5 ml of sera diluted 1:2 in PBS
and incubated at 37°C for 1 h. Following centrifugation, the
sera were again incubated with 109 bacteria at 4°C overnight.
The bacteria were removed by centrifugation and filtration
through a 0.45-p.m-pore-size filter. Alternatively, sera were

incubated three times at 4°C with -1011 bacteria for 2 h, 2 h,
and overnight (for anti-F3037 absorbed with F3031 and
anti-Rd and anti-Rd P145 absorbed with Rd, respectively).

RESULTS

The protective activity of antiserum to whole cells of the
homologous strain was preserved when the antiserum was

TABLE 1. Protection of infant rats from H. influenzae biogroup
aegyptius BPF bacteremia by passive immunization

with preabsorbed antisera"

No. of rats Geometric meanwith bacter-
m

Rat sera emia/total magntude of
no.tsted bacteremiano. tested (CFU/ml ± SD)b

Normal absorbed with F3037 8/10 (80) 160 ± 70
Anti-F3037 sham absorbed 0/10
Anti-F3037 absorbed with F3037 7/11 (64)C 320 ± 720
Anti-F3037 absorbed with NCTC 8502 0/10
Anti-F3037 absorbed with E. coli 0/9

a Rat sera were diluted 1:32 in PBS prior to absorption as described in
Materials and Methods. Infant rats were passively immunized by subcutane-
ous injection of 0.1 ml of a 1:128 final dilution of serum 3 h prior to
intraperitoneal injection of 105 CFU of logarithmic-phase F3037. Blood was
cultured 24 h later.

b A value of 50 (midway between 0 and the lower limit of detection, 100
CFU/ml) was used for the calculation of the geometric mean magnitude of
bacteremia.

I P < 0.005 (Fisher's exact test, two-tailed) in comparison with anti-P145
sham absorbed or absorbed with NCTC 8502 or E. coli.

preabsorbed with a control H. influenzae biogroup aegyptius
strain or a strain of E. coli but was partially removed by
absorption with the homologous H. influenzae biogroup
aegyptius BPF strain (Table 1). These results indicated that
protection was mediated, at least in part, by antibodies to
antigens unique to the case-clone H. influenzae biogroup
aegyptius BPF strain. We analyzed the reactivity of antisera
to sarcosinate-insoluble cell envelope proteins (outer mem-
brane proteins) by immunoblotting. A limited number of
proteins were recognized by the antisera (Fig. 1). A protein
band located just above the 200,000-dalton marker on an
11% polyacrylamide gel had an apparent molecular mass of
145,000 daltons (P145), as estimated after electrophoresis in
a 7% polyacrylamide gel (data not shown), and was recog-
nized by protective antiserum raised against the H. influ-
enzae biogroup aegyptius BPF strain but not by antiserum
raised against an H. influenzae biogroup aegyptius control
strain (Fig. 1). We identified immunogenic protein antigens
exposed on the bacterial cell surface by absorbing antiserum
with bacteria, washing the bacteria, eluting bacterial cell
surface-bound antibodies, and analyzing the eluted antibod-
ies in an immunoblot assay (see Materials and Methods).
P145 and two or three additional polypeptides, including one
with an apparent molecular mass of 46,000 (P46), were
detected (Fig. 2) and were therefore surface exposed. To
ensure that the eluted antibodies were not contaminated with
residual antiserum, the last wash of antiserum-exposed
bacteria prior to elution was also assayed; this wash showed
no reaction in the immunoblot assay (data not shown). Thus,
P145 is an immunogenic protein which appears to be surface
exposed. In addition, protective rat antiserum contains
antibody to this protein.
To study the biologic activity of antibody to P145, we

prepared antisera specific for P145. Monospecific antisera to
P145 were prepared in three ways. (i) Rat antiserum to whole
bacterial cells was made monospecific for P145 by absorp-
tion with strain F3031 (anti-F3037AF3031). (ii) Adult rats
were immunized with slices of polyacrylamide containing
P145 or buffer containing P145 which had been eluted from
gel slices as described in Materials and Methods (anti-P145).
Three different lots were prepared and analyzed. (iii) Rats
were immunized with a transformant of nonserotypeable
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FIG. 1. Immunoblot of sarcosinate-insoluble membrane proteins
from H. influenzae biogroup aegyptius BPF strain F3037 with rat
sera following SDS-PAGE. Sera were diluted 1:100 for analysis.
Lanes: 1, protein bands revealed by protein stain; 2, normal sera; 3,
antisera to whole cells of F3037; 4, antisera to whole cells of control
strain NCTC 8502. Molecular mass markers (in kilodaltons) are
indicated on the left.

laboratory strain of H. influenzae, Rd, expressing P145. This
transformant was prepared with chromosomal DNA from
strain F3037 and was detected by a colony blot assay (see
Materials and Methods). The transformation rates were
approximately 10-6 for P145 and 10-4 for streptomycin
resistance (with donor DNA from streptomycin-resistant H.
influenzae Eag). The transformant (Rd/P145) and Rd had
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FIG. 2. Immunoblot analysis of antibodies to cell surface-ex-
posed epitopes of cell envelope proteins of BPF strain F3037.
Sarcosinate-insoluble membrane proteins were subjected to SDS-
PAGE and electrophoretically transferred to a nitrocellulose mem-
brane. Lanes: 1, protein bands stained by colloidal gold; 2, antisera
to whole cells of F3037 tested at a 1:1,000 dilution; 3, normal sera
eluted from F3037 and tested at a 1:40 dilution; 4, anti-F3037 sera
eluted from F3037 and tested at a 1:40 dilution. Molecular mass
markers (in kilodaltons) are indicated on the left. P145 and P46 (a
polypeptide with an apparent molecular mass of 46 kDa) are
indicated on the right.

FIG. 3. Comparison of sarcosinate-insoluble membrane proteins
from the DNA donor strain, F3037 (lane 1), transformant Rd/P145
(lane 2), and Rd (lane 3). Following PAGE, protein bands were
revealed by staining of gels with Coomassie blue. P145 (near the
200-kDa marker) can be seen in lanes 1 and 2. Molecular mass
markers (in kilodaltons) are indicated on the right.

identical electrophoretic patterns for proteins following
SDS-PAGE of sarcosinate-insoluble cell envelope proteins
or whole-cell lysates, except that P145 was detectable in the
transformant (Fig. 3). The LOS phenotype of Rd/P145 was
identical to that of Rd (and distinct from that of F3037), as
judged by the electrophoretic mobilities of LOS bands
visualized by silver staining following electrophoresis of
proteinase K-treated whole-cell lysates of bacteria following
SDS-urea-polyacrylamide gel electrophoresis (Fig. 4) and by
comparison of the reactivities of these strains in a colony
blot assay with a panel of 10 monoclonal antibodies (reac-
tivity with Rd was assessed as described in Materials and
Methods). Antiserum to Rd/P145, which contained antibod-
ies reactive with several proteins, was absorbed with strain
Rd to remove antibodies directed against Rd and to leave
only antibodies reactive with P145. Antiserum to Rd was
prepared and absorbed with strain Rd in an identical fashion
for use as a control preparation.
We analyzed these antisera to determine whether they

were monospecific. Figure 5 illustrates immunoblot analyses
of the anti-P145 antisera prepared by the three methods. In
some blots assaying antisera to gel-purified P145, faint bands
corresponding to proteins with apparent molecular masses of
approximately 46 kDa or a lower-molecular-mass protein
were visualized. The anti-LOS antibody concentration was
assessed by an enzyme immunoassay with LOS purified
from F3037 to coat the solid phase. Antisera to whole cells of
F3037 or purified LOS had 250- and 125-fold higher concen-
trations of anti-LOS antibody than did normal rat sera. In
contrast, anti-P145 sera prepared with absorbed antisera to
whole cells of F3037 or the P145-expressing transformant
had concentrations of anti-LOS antibody similar to or lower
than those in normal rat sera (Table 2). Antisera to gel-
purified P145 had a two- to eightfold-higher concentration of
anti-LOS antibody than did normal rat sera. Most of these
anti-P145 antisera agglutinated strain F3037, and all had
complement-dependent bactericidal activity against F3037

1 2 3 4
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FIG. 4. LOS of H. influenzae. Proteinase K digests of whole-cell
bacterial lysates were prepared and subjected to electrophoresis in a
urea-SDS-polyacrylamide (gradient) gel. Gels were stained with
silver. Lanes: 1, recipient H. influenzae Rd; 2, transformant Rd/
P145; 3, DNA donor strain, F3037. The locations of protein molec-
ular mass standards (in kilodaltons) are indicated on the left.

(Table 2). The bactericidal activity of the monospecific
absorbed antisera was approximately fourfold lower than
that of the unabsorbed antisera to whole bacteria (Table 2).

All three anti-P145 antibody preparations partially pro-
tected against bacteremia when administered passively to
infant rats prior to bacterial challenge in comparison with
rats passively immunized with their appropriate control
serum preparations (Table 3). These results were evident in

TABLE 2. Characterization of anti-P145 rat and control sera

Batr- Relative anti-LOS

Rat sera Aggluti- Bcideli antibody titernation- titerb (no. of twofold
increases)c

Normal - <5 1
Anti-P145 lot ad _ 10 3
Anti-P145 lot bd _ 100 3
Anti-P145 lot cd + 100 2
Anti-F3037 absorbed with + 800 1

F3031
Anti-F3037 + 6,400 8
Anti-LOS NDe <5 7
Anti Rd/P145 absorbed + 1,600 <1

with Rd
Anti Rd absorbed with Rd - <5 <1

a Slide agglutination was performed with whole bacterial cells of F3037 and
rat sera as described in Materials and Methods.

b The bactericidal assay was performed as described in Materials and
Methods. The bactericidal titer is defined as the reciprocal of the highest
dilution showing a 50% reduction in CFU during the 60-min incubation.

c Anti-LOS antibody was measured by an enzyme immunoassay as de-
scribed in Materials and Methods. Results are expressed as the number of
twofold dilutions higher than the anti-LOS antibody titer detected in normal
(preimmunization) rat serum.

d Assays were done with three independent lots of antiserum to gel-purified
P145. Lots a and b were from rats immunized with homogenized gels, and lot
c was from rats immunized with P145 eluted from gels (see Materials and
Methods). The results of infant rat protection assays, shown in Table 3, line
2, are the combined results of experiments with these three antisera.

e ND, not done.

an assessment of both the incidence and the magnitude of
bacteremia in comparison with immunization with an appro-
priate rat control serum preparation.

Pooled, adult human serum was analyzed by immunoblot-
ting against an outer membrane protein preparation. P145
was recognized by this serum (Fig. 6).

1 2 3 4 5 6 7 8 9

FIG. 5. Analyses of rat antisera to P145 by immunoblotting. A
1:200 dilution of antisera was reacted with sarcosinate-insoluble
membrane proteins following SDS-PAGE and electrophoretic trans-
fer to a nitrocellulose membrane. Lanes: 1, normal sera; 2, antisera
to whole cells of strain F3037 (anti-F3037); 3, anti-F3037 absorbed
with F3031; 4, anti-Rd absorbed with Rd; S anti-RdIP145 absorbed
with Rd; 6, antisera to P145 eluted from gel slices; 7 and 8, two lots
of antisera to gel slices containing P145; 9, protein bands revealed by
protein stain. The location of P145 is indicated on the right.

DISCUSSION
Little is known about the role of serum antibody in the

protection of children against bacteremia caused by H.
influenzae biogroup aegyptius BPF strains. Although LOS
and multiple proteins were recognized by both rat antisera to
whole bacterial cells (Fig. 1) and adult human sera in
immunoblot assays (Fig. 5) (12), it was unclear which, if any,
of these antigens might be relevant to protective immunity.
To address this issue, we used passive immunization with
protective and nonprotective rat antisera in an infant rat
model of experimental bacteremia as a tool to identify the
antigenic specificities of antibodies which protect rats and
might be relevant to protection against BPF in children.
Since rat antisera to whole bacterial cells of F3037 had a
protective titer of >500 and antisera to control H. influenzae
biogroup aegyptius failed to protect infant rats from bacter-
emia (15), we reasoned that these antisera contained anti-
bodies which were specific for one or more cell surface
antigens and which afforded protection. Candidate antigens
included cell surface-exposed proteins such as outer mem-
brane proteins, pili, and putative surface array protein (18),
LOS, and capsule. We showed that rat antisera to purified
LOS did not have protective activity in this model system
(11). Therefore, it is unlikely that anti-LOS antibodies con-
tributed to the protective activity of rat antisera to whole
bacterial cells. A polysaccharide capsule has not been con-
vincingly demonstrated on these strains (3). Animal-pas-
saged F3037 used for rat challenge and for immunization is
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TABLE 3. Activity of passively administered anti-P145 sera in protection of infant rats from bacteremiaa

Rat sera No. of rats with bacteremia/ Geometric mean magnitude oftotal no. tested (%) [Pb] bacteremia (CFU/ml + SD)c [Pd]

Normal 50/63 (79) 3,630 + 890
Anti-gel-purified P145 35/64 (55) [0.004] 210 ± 760 [<1O-4]
Anti-whole-cell F3037 0/50

Normal absorbed with F3037 20/20 (100) 6,170 ± 390
Anti-whole-cell absorbed with F3031 13/20 (65) [0.009] 4,790 ± 1,700 [<10-5]
Anti-whole-cell F3037 0/20

Anti-whole-cell Rd absorbed with Rd 18/20 (90) 3,470 ± 2,040
Anti-whole-cell Rd/P145 absorbed with Rd 9/20 (45) [0.006] 280 t 1,230 [0.01]
Anti-whole-cell F3037 0/10

a Rat serum absorption was performed as described in Materials and Methods. Infant rats were passively immunized by subcutaneous injection of 0.1 ml of
a 1:8 dilution of serum 3 h prior to intraperitoneal injection of 105 CFU of logarithmic-phase F3037. Blood was cultured 24 h later.

b Fisher's exact test, two-tailed, in comparison with rats immunized with control sera (indicated on the line above).
c A value of 50 (midway between 0 and the lower limit of detection, 100 CFU/ml) was used for the calculation of the geometric mean magnitude of bacteremia.
d Mann-Whitney t test, two-tailed; in comparison with rats immunized with control sera (indicated on the line above).

hemagglutination negative and appears nonpiliated in trans-
mission electron microscopy (13). Therefore, it is unlikely
that antipilus antibodies contributed to protection in these
experiments. We therefore focused our attention on sarcosi-
nate-insoluble celi envelope proteins (which are usually
outer membrane proteins) because these proteins are fre-
quently exposed on the bacterial cell surface and because
antibodies to outer membrane proteins of H. influenzae type
b or nontypeable H. influenzae have often been found to
have bactericidal activity and/or protective activity in the
infant rat model (6).
Immunoblot analyses following electrophoresis of sarcosi-

nate-insoluble protein preparations showed that protective
and nonprotective antisera recognized the same protein
bands, except for a protein of approximately 145 kDa which
was recognized by the protective sera but not by the

1 2 3
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,:116-92.5
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FIG. 6. Analysis of pooled adult human serum by immunoblot-
ting. The assay was performed as described in the legend to Fig. 5
and in Materials and Methods. Lanes: 1, pooled normal human
serum, 1:100; 2, rat antisera to whole cells of animal-passaged strain
F3037, 1:1,000; 3, total protein bands visualized by colloidal gold
stain. The locations of P145 and P46 are indicated on the left. The
locations of protein molecular mass markers (in kilodaltons) are
indicated on the right.

nonprotective sera. Furthermore, immunoblot analyses of
cell surface-bound antisera eluted from bacterial cells indi-
cated that P145 appeared to be surface exposed. We used
three independent strategies in an attempt to produce mono-
specific rat antisera to this protein. Since each antiserum
preparation had limitations, the protection observed with
each of the three procedures used to prepare monospecific
antisera made it likely that antibody to P145 was indeed
protective and that protection was not due to antibody
specific for a contaminating antigen. The use of polyacryl-
amide gels to purify P145 for use as an immunogen was
attractive because the migration of this high-molecular-mass
protein was slow in gels and P145 was well separated from
other protein bands (especially in gels with a 7% acrylamide
concentration). A disadvantage of this technique is that the
polypeptides injected into the animal are likely to be in a
reduced and denatured form because of specimen pretreat-
ment prior to PAGE, and cell surface-exposed antigenic
determinants reactive with protective antibody may be lost.
We immunized with P145 eluted from gel slices in an attempt
to obtain a partially renatured protein; antisera prepared by
this method agglutinated F3037 (Table 2) but had no greater
bactericidal (Table 2) or protective activity than did antisera
obtained by direct injection with emulsified gel slices. Some
of these antisera had a modest increase in anti-LOS antibody
titer which could possibly have accounted for the protective
activity observed (although antisera to whole bacterial cells
had a much higher anti-LOS antibody titer, and high-titer
anti-LOS sera prepared against purified LOS lacked protec-
tive and bactericidal activities (Table 2) (10). We attempted
to make protective antisera to whole cells of strain F3037
monospecific for P145 by absorption with strain F3031, a
case-clone H. influenzae biogroup aegyptius BPF strain with
an SDS-PAGE pattern for sarcosinate-insoluble membrane
proteins identical to that of strain F3037, with the exception
of P145 expression. These antisera had anti-LOS antibody
titers similar to that of nonprotective, nonbactericidal nor-
mal adult rat serum. The decrease in the bactericidal titers of
these antisera as compared with nonabsorbed antisera to
whole cells of F3031 (from 6,400 to 800; Table 2) suggests
that bactericidal activity is due to antibodies directed at
other cell surface antigens in addition to P145. The use of the
P145-expressing Rd transformant for immunization was at-
tractive because P145 was separated from other antigens
specific for F3037 and because the tertiary structure and cell
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surface-exposed antigenic determinants of P145 were likely
to be intact. Since high-molecular-weight DNA was used for
transformation, it is possible that genes encoding other cell
surface-exposed antigens in addition to P145 were simulta-
neously transferred. However, we were unable to detect
differences in PAGE protein profiles and the LOS pheno-
types of transformed Rd versus Rd. The absorption of this
preparation with Rd cells lowered the anti-LOS antibody
concentration to less than that of nonprotective normal rat
sera so that it is extremely unlikely that the protection
observed with this preparation was due to anti-LOS anti-
body. As noted in Fig. 2, some lots of antisera had limited
reactivity with lower-molecular-mass polypeptides, includ-
ing one of approximately 46 kDa. Although it is possible that
the protective antibody was actually directed against this
smaller polypeptide rather than against P145, the much
higher antibody concentrations of anti-P145 preparations
(judging by the intensity of the bands) and the inconstant
presence of this antibody in various anti-P145 preparations
make this possibility unlikely. It is possible that there is
immunologic cross-reactivity or an association between
these polypeptides or even that the 46-kDa polypeptide is a
subunit or an incompletely denatured form of P145. Further-
more, attempts to prepare monospecific antiserum to gel
slices containing polypeptides with apparent molecular
masses of 30 to 65 kDa frequently resulted in antisera
reactive with P145 (12).
The biologic function of P145 is unknown. The high

apparent molecular weight and the bacterial cell surface
exposure are consistent with the hypothesis that P145 is a
surface array protein or protein capsule (18), although direct
evidence to support this hypothesis is not available.
For a cell envelope protein to serve as a protective antigen

which might be useful as a vaccine candidate, the protein
must be immunogenic and must be exposed on the bacterial
cell surface, where it can be recognized by antibodies. Fur-
thermore, antibodies elicited to this cell surface component
must be biologically active; i.e., they must have bactericidal
and/or opsonic actlvity to be protective. P145 and anti-P145
antibody appear to fulfil these criteria, although the relevance
of the data generated with animal sera is unknown. Our
preliminary studies indicate that adult human sera contain
antibodies which recognize P145 in immunoblot assays (Fig.
6). Other prerequisites for a vaccine candidate are that the cell
surface antigen must be conserved among strains; P145 is not
detected by PAGE of sarcosinate-insoluble membrane protein
preparations of H. influenzae biogroup aegyptius BPF strain
F3037. Because BPF occurs in young children, the antigen
must be immunogenic in young children. Further studies are
needed to address these issues.
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