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Monoclonal Antibodies Provide Protection Against
Ocular Pseudomonas aeruginosa Infection

Michael M. Moon, Linda D. Hazletr, Robert E. W. Hancock, j - Richard S. Berk,* and Ronald Barrett

A panel of well characterized monoclonal antibodies (MAbs) directed against outer membrane pro-
teins H2, or F (porin) of Pseudomonas aeruginosa were examined to determine whether they exhibited
any protective effect against subsequent ocular challenge with the bacteria topically applied to the
scarified corneal surface. Mice were observed macroscopically following bacterial challenge and the
degree of ocular disease graded on a scale of 0 to 4 (0, normal, fully protected cornea; 4, corneal
perforation or phthisis, not protected). Mice treated intravenously with either MAb MAI-6 (anti-H2)
or MA2-10 (anti-F), or a combination of these two MAbs and MAb MA4-4 (anti-F), two hours before
corneal challenge with the viable bacteria, exhibited significantly less corneal disease than mice either
not treated with the MAbs, treated with MA4-4 alone or treated with MAb MAI-3 (anti-I). The latter
MAb is directed against an outer membrane epitope that is not surface exposed. Light and transmis-
sion electron microscopic histopathology also was employed and provided confirmatory evidence to
support the macroscopic analyses. Invest Ophthalmol Vis Sci 29:1277-1284,1988

Ocular disease produced by the opportunistic bac-
terial pathogen P. aeruginosa often leads to a fulmi-
nating and highly destructive infection resulting in
rapid liquefaction of the cornea and blindness.1 Anti-
biotic treatment is not always successful due to the
resistance of many clinical strains.2'3 Thus, develop-
ment of agents with therapeutic efficacy against var-
ious outer membrane antigens and exoproducts of
the organism have begun to receive considerable at-
tention, in an attempt to provide protection from
infection. Active or passive immunization with fla-
gella,4 slime capsule,5 lipopolysaccharide (LPS)6"8

and high molecular weight polysaccharide,7'9 outer
membrane proteins,10"12 as well as exoenzymes such
as exotoxin A1314 and bacterial proteases1415 have
been used in a variety of animal models with various
degrees of success. Experimental studies suggest that
purified outer membrane components may prove ef-
ficacious as immunogens, since they, unlike LPS, are
nontoxic, contain conserved surface-located epi-
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topes and provide protection against a broad
spectrum of P. aeruginosa strains, regardless of sero-
type.11 Recent work by Kreger et al15 demonstrated
protection in rabbits actively immunized with P. ae-
ruginosa LPS endotoxin and to a lesser extent with
elastase. Passive protection with anti-elastase poly-
clonal antisera was also somewhat effective in pro-
tecting both rabbits and mice from severe corneal
damage. In an extension of these studies, the present
report has shown that protection against severe cor-
neal damage can be achieved in mice by passive im-
munization with monoclonal antibodies (MAbs) di-
rected against outer membrane proteins H2 and F
(porin) of P. aeruginosa.

Materials and Methods

Bacterial Cell Cultures

Stock cultures of P. aeruginosa American Type
Culture Collection (ATCC, Rockville, MD) 19660
stored at 25 °C on tryptose agar slants (Difco Labora-
tories, Detroit, MI) were used for inoculation of 60
ml of broth medium containing 5% peptone (Difco)
and 0.25% trypticase soy broth (BBL Microbiology
Systems, Cockeysville, MD). The culture was mu-
coid, hemolytic, proteolytic and produced lecithinase
and exotoxin A. Cultures were grown on a rotary
shaker at 37°C for 18 h, centrifuged at 27,000 g for 20
min at 4°C, washed with saline (Travenol Laborato-
ries, Inc., Deerfield, IL) and resuspended to a con-
centration of 2.0 X 1010 colony forming units (CFU)
per ml, using a standard curve relating viable counts
to optical density at 440 nm.19
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Mice

Female adult C57BL/6J mice (Jackson Laborato-
ries, Bar Harbor, ME) 6-8 weeks of age were used in
these experiments. This particular mouse strain was
used since it has been shown to be highly susceptible
to ocular P. aeruginosa experimental infection.20 In a
typical experiment, animals fail to restore corneal
clarity within 4-6 weeks after corneal scarification
and topical bacterial challenge and a high percentage
of infected eyes become phthisical. All experiments
with these animals were carried out according to the
ARVO Resolution on the Use of Animals in Re-
search.

Infection of Mice

Mice were anesthetized with ether and placed be-
neath a stereoscopic microscope at X40. The ocular
surface of the left eye of each animal was wounded,
penetrating no deeper than the superficial corneal
stroma just beneath the epithelial basal lamina. This
was achieved by making three 1 mm incisions to the
corneal surface of the eye using a sterile 26 gauge
needle. The depth of the wound was randomly en-
sured with routine scanning and transmission elec-
tron microscopy. A bacterial cell suspension (5 n\),
containing a final concentration of 5.0 X 107 CFU of
Pseudomonas aeruginosa ATCC 19660 was topically
delivered onto the surface of each incised cornea
using a calibrated micropipette (Oxford Laboratories,
Foster City, CA) with a sterile, disposable tip.

Monoclonal Antibody Preparation

Hybridoma cells inoculated intraperitoneally into
BALB/cByJ mice produced ascitic fluid from which
MAbs were purified by ammonium sulphate precipi-
tation. In brief, the ascitic fluid was diluted 1:1 in
saline and 40% (vol/vol) saturated ammonium sul-
phate added slowly with stirring at 4°C for 4 hr. The
precipitate was removed by centrifugation at 1200 g
and redissolved at the original volume in phosphate
buffered saline (PBS). The antibodies were then re-
precipitated by the addition of 45% (vol/vol) satu-
rated ammonium sulphate as before. The precipitate
was then dissolved in a minimal amount of PBS and
dialysed against 5:1 PBS overnight. Any precipitate
was removed by low-speed centrifugation. Sodium
dodecyl sulphate polyacrylamide gel electrophoresis
indicated that at least 90% of the remaining protein in
the supernatant was antibody. Western immuno-
blots21 were performed to confirm the purity of the
monoclonal antibodies. The following outer mem-
brane protein specific monoclonal antibodies were
used: protein F-specific monoclonal antibodies

MA2-10 and MA4-4,18-21 the lipoprotein H2-specific
monoclonal antibody MA1-61617 and the puta-
tive lipoprotein I-specific monoclonal antibody
MAl-3.1622 Monoclonal antibodies MA2-10 and
MA 1-3 were of the IgGl subclass, MA4-4 was an
IgG2a, whereas MA 1-6 was an IgG antibody of un-
characterized subclass. The MAb MA 1-3 was used as
a negative control since its specificity is directed at a
nonsurface exposed outer membrane epitope.12 It
also provided a control for antibody protein sub-
jected to the same purification procedures as the
other MAbs. Further, passive immunization with this
MAb has been shown not to provide protection
against P. aeruginosa infection in other systems.12

Passive Immunization

Each mouse received 0.1 ml of MAb or PBS by
intravenous injection into a dorsolateral tail vein.
The total amount injected per mouse (as determined
by spectrophotometric protein assay, Bio-Rad Pro-
tein Assay, Bio-Rad Laboratories, Richmond, CA)
was approximately 500 ^g for MAbs MA 1-3, MA 1-6
and MA4-4 and was 50 /*g for MAb MA2-10. No
higher concentration could be achieved for the latter
antibody. A combination of MAbs (MA 1-6, MA4-4
and MA2-10) also was administered similarly at a
final concentration of 500 jug per animal. The admin-
istration of each MAb or a combination of MAbs was
performed approximately 2 hr prior to experimental
ocular infection.

Macroscopic Evaluation

The ocular response to P. aeruginosa infection was
macroscopically evaluated "blindly" by two of the
investigators (LDH and MMM) at 24 hr after bacte-
rial challenge, and then every other day through the
first week following infection. Animals were then ex-
amined at weekly intervals over a 4 week time period.
The ocular response of the infected animals passively
immunized with each of the MAbs, a combination of
MAbs, or given PBS, as described above, was graded
on a scale of 0 to 4 (Table 1) and these data are
presented in Table 2. Since the PBS and MAb MA 1-3
data were similar, only the MA 1-3 data is presented
in Table 2. Figure 1 comparatively illustrates the se-
verity of the grossly observable ocular lesions at 30
days after infection.

Light and Electron Microscopy

Mice were ether anesthetized and sacrificed by cer-
vical dislocation. The eyes were enucleated, washed
briefly with sodium phosphate buffer (0.1 M, pH 7.4)
and fixed intact for 3 hr at 4°C in a 1:1:1 solution of
2% osmium tetroxide, 2.5% glutaraldehyde and 0.2
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M sodium phosphate buffer, pH 7.4. After fixation,
specimens were rinsed in sodium phosphate buffer
(0.1 M, pH 7.4) and dehydrated through a graded
series of ethanols to 100% and then to propylene
oxide. Specimens were infiltrated with a mixture of
Epon-araldite resin and propylene oxide (1:1 mixture
for 24 hr, followed by 3:1 for 24 hr) and infiltrated
with fresh resin for 1 week before embedding in fresh
resin containing the polymerizing agent DMP-30.
Thick sections (1.5 /*m) were cut and stained with a
modified Richardson stain23 and were examined and
photographed with a Zeiss automatic photomicro-
scope equipped with standard bright field optics.
Thin sections (90 nm) were cut, stained with aqueous
uranyl acetate and lead citrate and observed and
photographed using a JEM-100CX transmission
electron microscope, operating at 60 kV.

Statistical Analysis

Comparison of the incidence of a grade 0 or 1 re-
sponse versus all other ocular response grades was
performed by the Chi square test with no Yates conti-
nuity correction for the data expressed in Table 2.

Results

Passive Immunization of Mice Against
Pseudomonas Keratitis

Mice passively immunized with the MAbs MA 1-6
(anti-H2) or MA2-10 (anti-F) or a combination of

Table 1. Grading of grossly observable ocular
disease in infected mice

0 = Clear or slight opacity, partially covering pupil
1 = Slight opacity fully covering anterior segment
2 = Dense opacity, partially or fully covering pupil
3 = Dense opacity, covering entire anterior segment
4 = Corneal perforation or phthisis

these two MAbs and MA4-4 (anti-F) prior to corneal
challenge with the viable bacteria exhibited signifi-
cantly less corneal damage than mice given PBS or
immunized passively with MA4-4 alone or the non-
specific MAb MA 1-3 (Fig. 1 and Table 2). Two of the
monoclonals (MA2-10 and MA1-6) or a combina-
tion of these and MA4-4 protected a significant num-
ber of mice from phthisis, but not all of the mice were
fully protected against corneal opacification (Fig. 1).

The results of three separate, but similarly designed
experiments were combined to allow sufficient num-
bers of animals for statistical analysis. These data are
presented in Table 2. The administration of MAb
MA 1-3 provided little or no protection from corneal
disease. As shown in Table 2, the corneas of 22 of 30
mice (73%) receiving MAb MA 1-3 prior to bacterial
challenge underwent perforation (grade 4) within 1
month post-challenge. The remaining eight mice
(27%) of this experimental group showed corneal dis-
ease of various degrees (grades 1 to 3). These data
were not statistically different from results obtained

Fig. 1. Ocular disease observed in nonimmunized or passively immunized mice challenged with P. aeruginosa ATCC 19660. Results shown
are 30 days after challenge with the viable bacteria suspended in PBS. (A) Corneal perforation and phthisis (grade 4) typically observed in
nonimmunized mice. (B) Phthisis (grade 4) typically observed in mice not protected by antibody treatment (MAb MA 1-3). (C) and (D) Slight
opacity over anterior segment (grade 1) typically observed in mice partially protected by antibody treatment (C, MAb MA 1-6; D; MAb
MA2-10). (E) Normal cornea (grade 0) typically observed in mice fully protected by antibody treatment (MAb MA2-10 + MA 1-6 + MA4-4).
(F) Normal mouse cornea not infected with P. aeruginosa. All X260.
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Table 2. Passive immunization of mice against cornea! disease produced by P. aeruginosa

Mouse strain

C57BL/630 *

C57BL/624 *

C57BL/620 *

C57BL/618 *

C57BL/618 *

Bacterial
inoculum

5.0 X 107

5.0 X 107

5.0 X 107

5.0 X 107

5.0 X 107

Monoclonal antibody
specificity

MA 1-3 (anti-I)
(500 ^g/mouse)

MA2-10(anti-F)
(50 /ig/mouse)

MAl-6(anti-H2)
(500 Mg/mouse)

MA4-4 (anti-F)
(500 jig/mouse)

MA2-10 + MA1-6 + MA4-4
(anti-F and H2)
(500 /xg/mouse)

Ocular
response

0
1
2
3
4
0
1
2
T.
J
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4

Time postinfection in days

1

_

1/30
16/30
13/30

—

2/24
17/24
5/24

—

—

15/20
4/20
1/20
—
—

12/18
4/18
2/18
—

10/18
5/18
3/18
—

30

_
4/30
2/30
2/30

22/30
4/24

13/24(^0.0005)f
—

7/24
8/20

10/20 (<;0.0005)
—
—
2/20
3/18
2/18(^0.0005)
9/18
—
4/18
6/18
9/18 (^0.005)
—
—
3/18

* The number of animals shown in parentheses reflects data pooled from
three similar, separate experiments.

t P value for grades 0 and 1 combined is in parentheses. The 95% signifi-
cance level is P = 0.05.

using PBS as an alternate negative control (data not
shown).

Groups of mice that received MAbs specific for
either outer membrane porin protein F (MA2-10,
MA4-4) or lipoprotein H2 (MA 1-6) demonstrated
various degrees of protection against bacterial in-
duced ocular disease. As shown in Table 2, 17 of 24
mice (70%) that received MAb MA2-10 were evalu-
ated as grade 0 or 1 at 30 days post-challenge. Of
those mice receiving MAb MA 1-6, 18 of 20 animals
(90%) were evaluated as grade 0 or 1 for the same
time period. The group receiving a combination of
MAbs MA2-10, MA 1-6 and MA4-4 demonstrated
similar results (83% as grade 0 or 1), while the group
receiving MAb MA4-4 alone showed the fewest num-
ber of animals (5 of 18) in groups 0 and 1 (27%) and
these data were not significant when compared with
MA 1-3 values. Protection was significant for two of
the MAbs (Ma 1-6 and MA2-10) either separately or
for a combination of these and MA4-4 (P <, 0.0005;
the 95% significance level being P = 0.05) when
compared with values for MAbs MA 1-3 or MA4-4
alone.

The ability of the MAbs to passively protect against
severe corneal damage produced by experimentally
induced P. aeruginosa keratitis was confirmed by
both light (Figs. 2-4) and transmission electron mi-
croscopy (Fig. 5A-F). A comparison of Figure 2

(MAb MA 1-3, or unprotected) and Figure 3 (partially
protected) and 4 (protected) illustrates the immuno-
therapeutic capabilities of the MAbs observable at the
light microscopic level. Unprotected eyes (Fig. 2) ex-
hibited anterior segment histopathology including
corneal stromal cellular infiltrate, corneal vascular-
ization and anterior synechia. Cataractous changes in
the ocular lens were also notable. Partially protected
eyes (Fig. 3) showed less severe pathological changes,
including blood vessel ghosts in the corneal stroma.
Protected eyes (Fig. 4) exhibited normal morphology
at the light microscopic level. Similar comparisons
can be made at the transmission EM level. Corneas of
unprotected eyes (Fig. 5A) exhibited goblet cells, wid-
ened epithelial intercellular junctions, and (Fig. 5B)
disorganized stroma with inflammatory cell infil-
trates. The histopathology noted in partially pro-
tected eyes (Fig. 5C) included widened epithelial in-
tercellular junctions, tortuous epithelial basal lamina
and (Fig. 5D) minimal stromal disorganization. Cor-
neas of protected eyes exhibited normal morphology
of both epithelium and stroma (Fig. 5E and F, respec-
tively).

Discussion

The present study describes the use of several well
characterized monoclonal antibodies12'16"18'22 di-
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Fig. 2. Light microscopic histopathology of nonimmunized or
passively immunized and not protected mouse cornea challenged
with P. aeruginosa at 30 days after infection. Cornea not protected
(grade 4) by the MAbs or after PBS injection exhibited stromal
cellular infiltrate, blood vessels and anterior synechia. Cataractous
changes in ocular lens (arrows) are also evident. Original magnifi-
cation X95.

rected against outer membrane proteins H2 and F
(porin) to protect against experimental keratitis
caused by P. aeruginosa in a highly susceptible mouse
strain,20 Previously, it has been demonstrated that
rabbits vaccinated with heat-killed P. aeruginosa,24

with slime extracts of P. aeruginosa5 and with gamma
globulin obtained from rabbits vaccinated with the
killed bacteria25 were protected against severe corneal
disease by the homologous bacterial strains. In addi-
tion, mice have been actively immunized and pro-
tected against pseudomonas keratitis by oral or intra-
peritoneal administration of phenol-killed suspen-
sions of the homologous challenge strain.26 Recently,
Kreger et al15 demonstrated that active immunization
with P. aeruginosa LPS protected rabbits from kera-
titis. However, bacterial outer membrane proteins
may potentially be more useful than LPS in immuni-
zation against keratitis, since they appear to lack the
inherent toxicity of LPS,12 are considered important
in pathogenesis10"1227 and are antigenically related or
identical in all 17 serotype-specific strains of-P. aeru-
ginosa.[6~l8t2i Thus, the outer membrane antigens
may act as "common" antigens for use in vaccine
development, thereby obviating the need for specific
serotypic antigens.

In the present study, passive immunization with
MAbs to outer membrane proteins H2 and F pro-
vided ocular protection. The results are consistent
with the demonstration of production of antibodies
to outer membrane proteins F and H2 after subcuta-
neous and lung infections of mice27 and rats28 respec-
tively with P. aeruginosa. In addition, antibodies to
outer membrane proteins F and H2 have been
demonstrated in the sera of cystic fibrosis (CF) pa-
tients28"30 and immunofluorescent staining of au-
topsy-derived lung sections of two CF patients re-
vealed that proteins F and H2 are exposed in these
patients.31

Fig. 3. Light microscopic histopathology of a passively immu-
nized (MAb MA2-10), partially protected mouse cornea (grade 1)
at 30 days after infection. Numerous blood vessel ghosts (arrows)
are seen within the stroma and Descemet's membrane is somewhat
tortuous. The ocular lens appears normal and the iris is mildly
hyperemic (arrow). Original magnification X95.

Of the three proteins used as antigen to produce the
MAbs in the presently described ocular studies, it is
noteworthy that one of the proteins was F. This pro-
tein is the major constitutive porin protein of P. aeru-
ginosa. Previously, it has been demonstrated that
porin preparations from P. aeruginosa,10'11 Neisseria
meningitidis32 and Salmonella typhimurium22 act as
protective antigens in non-ocular animal models of
infection. MAb MA4-4 directed against pseudo-
monas outer membrane protein F was protective in
mouse peritoneal and burn infection models, al-
though neither MA4-4 nor other protein F-specific
MAbs promoted complement-mediated killing of the
bacteria.12 These antibodies were, however, capable
of acting as effective opsonins for phagocytosis by
human polymorphonuclear leukocytes,12 mouse
peritoneal macrophages22 and human monocyte-de-
rived macrophages.22 Although in our studies MA4-4
failed to provide significant protection (at P = 0.05
level), it did protect more mice than the nonspecific
MA 1-3. Another anti-F directed MAb, MA2-10, did

Fig. 4, Light microscopic histopathology of a passively immu-
nized and protected mouse cornea (grade 0) (MAb MA2-10
+ MA 1-6 + MA4-4) at 30 days after infection. Corneal morphol-
ogy appears normal as does the iris and ocular lens. Original mag-
nification X95.
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Fig. 5. Transmission electron microscopy (TEM) of a nonimmunized or passively immunized and not protected mouse cornea challenged
with P. aeruginosa at 30 days after infection (A, B). Cornea not protected (grade 4) shows several goblet cells (Gc) and widened epithelial
intercellular junctions (A). The superficial stroma (B) of this type of cornea (grade 4) was typically disorganized, containing numerous
neutrophils (PMN) as well as a pigmented cell, presumably from the iris. TEM of a passively immunized (MAb MA 1-6) partially protected
cornea (grade 1) at 30 days after infection (C). Widened epithelial intercellular junctions and a tortuous basal lamina (arrows) are seen.
Stromal disorganization is minimal in this grade 1 cornea (D). TEM of a passively immunized, fully protected cornea (grade 0) at 30 days after
infection. Both the epithelium (E) and stroma (F) are of normal morphology. All original magnifications X3800.
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provide significant ocular protection even at compar-
atively lower antibody concentration than MA4-4.
These data suggest that MA4-4 may be directed at an
antigenic epitope which is not significant for viru-
lence in the eye infection model. Interestingly, in
other studies, MA2-10 was significantly more effec-
tive at promoting phagocytosis than MA4-4, while
MA 1-3 was totally ineffective.22 These functional de-
fects were not related to antibody isotype, since
MA2-10, like MA 1-3, is of the IgGl subclass. The
results presented herein support these data with re-
gard to the relative effectiveness of the anti-porin an-
tibody MA2-10 in protecting against ocular infection,
although the other anti-porin antibody, MA4-4, pro-
vided no significant protection when compared to the
nonspecific MAb, MA 1-3 (at the P = 0.05 confidence
interval). These collectively suggest that a possible
mechanism of ocular protection may involve en-
hanced opsonic killing of the bacteria. Alternatively,
preimmunization with these MAbs, directed at bacte-
rial outer membrane proteins, may functionally in-
terfere with the ability of the bacteria to adhere to the
scarified corneal surface. Unfortunately, at this time
we have no direct data to support either of these hy-
potheses.

Nonetheless, the data presented in a well estab-
lished mouse model of ocular P. aeruginosa infection
do support the hypothesis that one or more of the
outer membrane proteins of P. aeruginosa, or mono-
clonal antibodies against these proteins, may have
potential therapeutic efficacy against ocular bacterial
infection with this pathogen. Their potential value in
non-ocular infections is less clear. In this regard,
Pennington et al34 failed to protect guinea pigs by
passive immunization with a MAb to outer mem-
brane protein F (porin), whereas, MAb to LPS pro-
vided significant protection in experimental P. aeru-
ginosa pneumonia. A significant difference between
this study and our own is that in the former, animals
were immunized 2 hr after bacterial challenge,
whereas in the studies presented in this paper, ani-
mals were immunized 2 hr prior to ocular bacterial
challenge. In addition, it was not demonstrated that
their monoclonal antibody was directed against a
surface-exposed epitope. The importance of these
differences with regard to future patient prophylaxis
and treatment prompts further study of these MAbs
in both animal models.

Key words: monoclonal antibodies, cornea, P. aeruginosa,
protection

Acknowledgments
We acknowledge the technical assistance of Elizabeth

Mouat and Gordon Crockford, who prepared the mono-
clonal antibodies used for this study.

References

1. Laibson PR: Annual review: Cornea and sclera. Arch Ophthal-
mol 88:553, 1972.

2. Allan JD and Moellering RC Jr: Management of infections
caused by gram-negative bacilli: The role of antimicrobial
combination. Rev Infect Dis 7:S559, 1985.

3. Mayo MS, Cook WL, Schlitzer RL, Ward MA, Wilson LA,
and Ahearn DG: Antibiograms, serotypes and plasmid profiles
of Pseudomonas aeruginosa associated with corneal ulcers and
contact lens wear. J Clin Microbiol 24:372, 1986.

4. Holder IA, Wheeler R, and Montie TC: Flagellar preparations
from Pseudomonas aeruginosa: animal protection studies. In-
fect Immun 35:276, 1982.

5. Maresz-Babczyszyn J and Sokalska M: Immunity to pseudo-
monas keratitis in rabbits vaccinated with extracellular slime
from mucoid Pseudomonas aeruginosa strains producing pro-
teases. Arch Immunol Ther Exp (Warsz) 29:653, 1981.

6. Sawada S, Suzuki M, Kawamura T, Fujinaga S, Masuho Y,
and Tomibe K: Protection against infection with Pseudo-
monas aeruginosa by passive transfer of monoclonal antibod-
ies to lipopolysaccharides and outer membrane proteins. J In-
fect Dis 150:570, 1984.

7. Cryz SJ Jr, Furer E, and Germanier R: Protection against fatal
Pseudomonas aeruginosa burn wound sepsis by immunization
with lipopolysaccharide and high molecular weight polysac-
charide. Infect Immun 43:795, 1984.

8. Pennington JE: Lipopolysaccharide pseudomonas vaccine:
Efficacy against pulmonary infection with Pseudomonas aeru-
ginosa. J Infect Dis 140:73, 1979.

9. Pier GB, Sidberry HF, and Sadoff JC: Protective immunity
induced in mice by immunization with high molecular-weight
polysaccharide from Pseudomonas aeruginosa. Infect Immun
22:919, 1978.

10. Gilleland HE, Parker MG, Matthews JM, and Berg RD: Use of
a purified outer membrane protein F (porin) preparation of
Pseudomonas aeruginosa as a protective vaccine in mice. In-
fect Immun 44:49, 1984.

11. Greer JM and Gilleland HE: Outer membrane protein F
(porin) preparation of Pseudomonas aeruginosa as a protective
vaccine against heterologous immunotype strains in a burned
mouse model. J Infect Dis 155:1282, 1987.

12. Hancock REW, Mutharia LM, and Mouat ECA: The immun-
otherapeutic potential of monoclonal antibodies against Pseu-
domonas aeruginosa protein F. Eur J Clin Microbiol 4:224,
1985.

13. Pavlovskis OR, Pollack M, Callahan III LT, and Iglewski B:
Passive protection by antitoxin in experimental Pseudomonas
aeruginosa strain PAO. Infect Immun 18:596, 1977.

14. Cryz SJ Jr, Furer E, and Germanier R: Protection against
Pseudomonas aeruginosa infection in a murine burn wound
sepsis model by passive transfer of antitoxin A, antielastase and
antilipopolysaccharide. Infect Immun 39:1072, 1983.

15. Kreger AS, Lyerly DM, Hazlett LD, and Berk RS: Immuniza-
tion against experimental Pseudomonas aeruginosa: Vaccina-
tion with lipopolysaccharide endotoxins and proteases. Invest
Ophthalmol Vis Sci 27:932, 1986.

16. Hancock REW, Wieczorek AA, Mutharia LM, and Poole K:
Monoclonal antibodies against Pseudomonas aeruginosa outer
membrane antigens: Isolation and characterization. Infect
Immun 37:166, 1982.

17. Mutharia LM and Hancock REW: Monoclonal antibody for
an outer membrane lipoprotein of the Pseudomonas fluore-
scens group of the family Pseudomonadaceae. International
Journal of Systematic Bacteriology 35:530, 1985.

18. Mutharia LM and Hancock REW: Characterization of two



1284 INVESTIGATIVE OPHTHALMOLOGY b VISUAL SCIENCE / August 1988 Vol. 29

surface localized antigenic sites on porin protein F ofPseudo-
monas aeruginosa Can J Microbiol 31:381, 1985.

19. Hazlett LD, Rosen D, and Berk RS: Experimental eye infec-
tions caused by Pseudomonas aeruginosa. Ophthalmic Res
8:311, 1976.

20. Berk RS, Leon MA and Hazlett LD: Genetic control of the
murine corneal response to Pseudomonas aeruginosa. Infect
Immun 26:1221, 1981.

21. Mutharia LM and Hancock REW: Surface localization of
Pseudomonas aeruginosa outer membrane porin protein F by
using monoclonal antibodies. Infect Immun 42:1027, 1983.

22. Battershill JL, Speert DP, and Hancock REW: Use of mono-
clonal antibodies to protein F of Pseudomonas aeruginosa as
opsonins for phagocytosis by macrophages. Infect Immun
55:2531, 1987.

23. Richardson KC, Jarrett L, and Finke EH: Embedding in epoxy
resins for ultra thin sectioning in electron microscopy. Stain
Technol 35:313, 1960.

24. McMeel JW, Wood RM, and Senterfit LB: Active immuniza-
tion against pseudomonas infection of the cornea. Trans Am
Acad Ophthalmol Otolaryngol 64:490, 1960.

25. McMeel JW and Wood RM: Passive immunization against
pseudomonas infection of the cornea. Trans Am Acad Oph-
thalmol Otolaryngol 64:486, 1960.

26. Gerke JR and Nelson JS: Oral vaccination and multivalent
vaccive against Pseudomonas aeruginosa keratitis. Invest Oph-
thalmol Vis Sci 16:76, 1977.

27. Hedstrom RC, Pavlovskis OR, and Galloway DR: Antibody

response of infected mice to outer membrane proteins of
Pseudomonas aeruginosa. Infect Immun 43:49, 1984.

28. Lam JS, Mutharia LM, Hancock REW, Hoiby N, Lam K,
Baek L, and Costerton JW: Immunogenicity of Pseudomonas
aeruginosa outer membrane proteins examined by crossed im-
munoelectrophoresis. Infect Immun 42:88, 1983.

29. Fernandes PB, Kim C, Cundy KR, and Huang NN: Antibodies
to cell envelope proteins of Pseudomonas aeruginosa in cystic
fibrosis patients. Infect Immun 33:527, 1981.

30. Hancock REW, Mouat ECA, and Speert DP: Quantitation and
identification of antibodies to outer membrane proteins of
Pseudomonas aeruginosa in the sera of cystic fibrosis patients.
J Infect Dis 149:220, 1984.

31. Speert DP, Dimmick JE, Pier GE, Saunder JM, Hancock
REW, and Kelly N: An immunohistochemical evaluation of
Pseudomonas aeruginosa pulmonary infection in two patients
with cystic fibrosis. Pediatr Res, in press.

32. Frasch CE: Noncapsular surface antigens of Neisseria menin-
gitidis. In Seminars in Infectious Disease, Weinstein L and
Fields BN, editors. New York, Stratton Intercontinental Medi-
cal Book Corp., 1979, p. 304.

33. Kuusi N, Nurminen M, Saxen H, Valtonen M, and Makela
PH: Immunization with major outer membrane proteins in
experimental salmonellosis of mice. Infect Immun 25:857,
1979.

34. Pennington JE, Small GJ, Lostrom ME, and Pier GB: Poly-
clonal and monoclonal antibody therapy for experimental
Pseudomonas aeruginosa pneumonia. Infect Immun 54:239,
1986.


