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FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the US
Army.

Where copyrighted material is quoted, permission lhias been
obtained to use such material. '

Where material from documents designated for limited
distribution is quoted, permission has been cbtained to use the
material. ' .

X citations of commercial organizations and trade names in
this report do not constitute an official Department of Army
endorsement or approval of the products or services of these
crganizations. <

In conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Resources, National
Research Council (NI# Publication No. 86-23, Reviged 1985).

- For the grotection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health. )

_ In the conduct cf research utilizing recombinant DNA, the
Investigator(s) adhered to the NIH Guidelines for Research
Involving Recombinant DIA #olecules.

In the conduct of research involving hazardous organisms,

the investigator(s) adhered to the CDC-NIR Guide for Biosafety in

Microbiological and Biomedical Laboratories.
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DEVELOPMENT OF NEW IMMUNOGENS AND CONTROLLED RELEASE DELIVERY SYSTEM
FOR IMMUNIZATION AGAIRST STAPHYLOCOCCAL ERTEROTOXIN B

I. EXECUTIVE SUMMARY

During this year of the contract, we obtainad a great deal of knowl-
edge sbout the immunization of rhesus monkeys with SEB toxoid. A prelimi-
nary study was performed to confirm the existing datz regarding the sffec-
civensss of incramuscular (IM) ismunization with alum precipitated SEB
toxoid and oral immunization with high doses of toxoid in solution, to
raise circulating anti-SEB toxin antibodies. Additionally, several studies
involving the immunization of rhesus aonkcya with SEB toxoid microspherss
hate also been performed.

The preliminary monkey expsriment yielded the following resulta:
Immunization with alum-precipitated SEB toxoid did result in the appsarance
of circulacting IgC antibodies, which vere detected in low levels in the BAW
fluids. Oral iomunization with SEB toxold solution induced only the tran-
sient appearance of low levels of IgM and IgA anti-SEB toxin antibodies in
circulation. '

Results frou the first two studies (EX-Rh-101 and EX-Rh-102) in which
rhesus monkeys were imsunized with microencapsulated SEB toxoid ars in.
cluded in this report. These data suggest that an IM primary ismunization
followed by an intratracheal (IT) or oral secondary immunizatioen provides
the highest antibody response and best levsl of protection. It hes been
reported to us that the monksys receiving an IM primary and IT secondary
ismunization in both studiss survived asrosol challenge. In addition, the
monkey receiving an oral primary and IT secondary imsunization from Study
EX-Rh-101 and the monkey raceiving both an IT primary and 1T secondary
impunization in Study EX-Rh-102 also survived the aerosol challenge.
Official docunentation of thess results has not been recaived by Southern
Research or the University of Alabama in Birminghenm.

. These results ars very encouraging as not on'y have high antibody
titers been achieved in the rhesus monkeys, but as indicatad above, saveral
of the monkeys have besn shown to be protscted from asrosol challenge. -

1I. STATEMENT OF THE PROBLEM UNDER STUDY

The staphylococcal enterotoxins are extrscellular proteins produced by
Stavhvlococcal aureus that have been demonstrated to be a wmajsr cause of
food poisoning. Serological methods have differentiated five classes of
enterotoxing, A, B, €1, C2, D, and E (1-6) (Note: References can be found
in Section VII, ses Page 22). Despite extensive study of the structure
and properties of these enterotoxins, thair precise mode of action iz




unclear (7). Vhils detection of the toxins and prophylaxis of toxenia is
of obvious importance to the food industry and medical comaunity, thers is
alse significant concern from a uilitary psrspactive about the potential
use of staphylococcal entarotoxins as biological-warfare agents.

Over the last 20 years, studies at the United States Army Medlecal
Research Institute of Infectious Diseases (USAMRIID) on the pithophysiolog-
ical effects of staphylococcal enterctoxin B (SEB) have demonstrated {ts
lathal toxiclity at low doses (25 pg/kg body weight) in rhesus monkeys (8),
wizh presunably sinmilar effects in man. Studies by Liu et sl. (3, 10, 11)
have shown tha. SED administered intravenously to rhesus monkeys in bigh
doses (1 mg/kg body weight) results {n death within 20 hours dus to pulmo-
nary dysfunction and edama, with sacondary sffects on csrdiovascular,
hapatic, and renal function. Undsr s bislogical-warfars scenaric, military
persormal could ba exposed to large quantities of SEB, probably in an
asrnscl form, vhich might result in lothal toxeaia more repidly than simi-
lar intrsvencus doses, given ths sensitivicty of the lungs to the toxin.
Immumnization with toxoids of SEB that result in high levels of neutralizing
antibodies might bs an effective and insxpensive defense against possible
exposurs to SEB by military personnel.

The objective of this research program is to divalop an SEB toxoeid
sicrosphars formulation with biocompatible, biodegradsbla polymers. After
oral administration of these microspheras, ths microsphers formulation
vill be desigrad to target and control the rslease of SEB toxoid in the
Paysr's patches, 50 as to elicit a protective secretory immuns responsc.

I11. BACKGROUND AND REVIEW OF THE LITERATURE

A. Sscretory Igh

The mucosal s'irfaces of man and other mammals are in direct continuity
with the externil snvironment and represent the major bodily size of anti-
genic axposure and recognition. Mucosal secrations covering these tissues
reprasent a major host dofense mechanism, vhich is often times underesti-
mated in importance. It was recognized only 20 years ago that large dif-
ferances exist in the proportions of the various immunoglobulin classes
present in external secretions ss opposed to serum. The discovery by
Tomas! and colleaguss (12, 13) and Hanson (14) that IgA is the major iso-
type in huaan and other mammslian external secretions provided the impulse
for numerous studies on the mucosal imwune system in both heelth and dis-
ease. The immunoglobulins secreted at these sites are primarily preduced
by local plasma cells which heavily iunfiltrate the lamina propria regions
of mucosal sites such as the gut, nasal passage and salivary glands.

Secretory IgA (slgA) antibodies gre structurally and functionally
distinct from the immunoglobulins which make up the recirculating pool
in serum. sIgA exists primarily as a dimer in association with a molecule
of secrecory component (70,000 daltons) and a molecule of J Chain (15,000
daltous). The covalently bound secretory component is hypothesized to wind
around the Fc¢ portions of the two IgA wolecules ar-i, ~hrough secondary
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interactions, stabilize the IgA moleculss against proteolytic cleavage.
This strusture may provide s distinct edvantage in the efficacy of sigA in
the gut and oral cavities, vhich commonly contain bacteria that producs
protsclytic exoenzyses. IgA 1s naither opsonic nor does it fix complesant
(both characteristics of Igi and most classss of IgG anctibodies), but it is
highly effective in viral and toxin nsutralization (15, 16) and in inhidb-

. iting the adherence of bacteria to epithelisl coll surfaces (17).. The

4 ~ uniqus characteristics of slIgA ara doubtlessly a reflesction of the nead for
this immmoglobulin to function outside the body vhare it prevents antigen
adhervence and penetration.

M R -

3. . Ancibodiex in.tha Respizatory Iract

Antidodiss present within the respiratory tract originate from two
diffarent sources. IgA predominates in the mucus which bathes the nasopha-
rynx and bronchial tree (18, 19). Mors than 908 of this IgA is in the -
115-dimeric foram and has attached secratory componsnt and J chain, while
only & ssall amount is in ths 7S-monomaric form (20). This distribucion is
{n contrast to ths serum IgA of humans, which is virtually all soncmeric.
The molecular weight of slgA 390,000-395,000 daltons is well above the
approximately 200,000-daiton cutoff imposed by the capillary-alveolar
sembrana, and the IgA/albumin vatio in the bronchial-alveolar wash (BAW)
fluids is substantislly higher than in serum, indicating that the bulk of

: bronchial IgA Ls locally produced (21). In this regard, IgA plssma cells

. have been shown to line the lanina prepris of the airwvay wall and are
particularly concentratad about the bronchial glands (18). Dimeric lgA
from these plasms cells i{s bound to secrestory couponsnt expressed| on the

* basal surface of bronechisl epithelial cells and reaches the external secre-
tions via active transport through this epithelium (22). In contrast to
the nasopharynx and bronchial tree, the bronchioll and alveoli predomi-
nantly contain 1gG (23). The ability of IgG (158,000 daltons) to freely
pass the capillary-alveolar membrans, plus the fact that the 1gG/albumin
‘ratio in BAW fluids i{s the same as thst in serum, indicates the bulk of
pulmonsry IgG is passively derived froa the intravascular pool (21, 23).

C. Gur-Associated Lymphoraticular Tizsue and the Common
Mucosal Inmuns SYsted

The finding by Craig and Cebra (24) that Payer’s pactches which are
distinet lymphoreticular follicles along tha gastrointestinal tract
(GI tract) possess IgA pracursor B cells wvhich can repopulace the lanina
propria regions of the gastroinrestinal and upper respiratory tracts and
differentiate into maturs IgA synthesizing plasma cells, suggested that .
the induction of IgA responses is not necessarily & local phenomenon. The
Peyer’s patches contain a large subpopulation of B lymphocytes that are
committed to IgA synthesis, all categorias of regulatory T lymphocytes, and
- functional accessory cells, {.e., macrophages and dendritic cells (25, 26).
In addition, Peyer’'s patches are covered by a unique epithelium which -
contains microfold cells (M cells) with highly developed pinocyctotic chan.
nels that allow sampling of antigens from the gut lumen, and trsnsport to
cells in the underlying dome region, with subsequent l:imla:ion in the
B cell ffollicles\ and T cell (pnra‘oll'eulst) zenss.
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Haremans and Bazin gt al. (27, 28) measured the development af IgA
responses in mice orally immunfzed with soluble (28) or particulats (27)
antigen. A sequential appearance of antigen-specific IgA lympheblasts
occurred, first in mesenteric lymph nodes, later in the spleen, and finally
in the lamina propria of the GI tract. Subsequent studies have shown that
.. oral adainistraticn of antigen lsads to production of slgA antibodies
i in the gut and also in secretions distant to the gut, ¢.g., in bronchial
Cod washings, colostrum, milk, saliva, and tears (29-32)." Coupled with the
P findings of Cralg and Cabrg (24). these results suggested that Peyer's
i patches ars enriched sources of precursor IgA B cells, vhich, subsequent
! to antigen sensitization, follow & circular migrational pathway and account
. for the sxpression of IgA at distant wucosal surfaces. This circular

- traffic pattern provides a common mucosal immune systea by continually
shuttling sensitired 3 cells to mucosal sites for responsss to gut-
ancountered envirenmental antigens and potential pathogens {33). This
5 circulatory pathway helps explain the presance of naturalily occurring IgA
) antibodies to microorganisme at sites whers local antigenic stimulation
- would 1ot be expected to occur. This is best exsuplified by the preasence
of slgA antibodies in human colostrum to gut Escherichia coli (32) and the
oral pathogen StrepCococcus mutans (34). '

0f particular importance to thiz project is the ability of oral immu-
nization to induce protective antibodies in the respiratory tract. 1In this
regard, studies have demonstrated that the ingestion of various antigens
by humans (35, 36), primates (37), rabbits (38), rats (39), and mice {36)

y results in the appesarance of antigen-sgecific sigA antibodies in bronchial
and/or nasal vashings. Experiments by Waldman and colleagues (36) hava
shown that vhen mice ars immunized wich live influenza virus via the nasal,

* oral, or rectal routes, protsction against asrosol challenge is conferred.
The protsction cerrelated with the level of antibodies secrated into the
respiratory tract, but no correlation with serum antibedy levels was found.
In contrast, parenteral lsmunization was found to ba a good method to

a induce humoral sntibodies agsinst influsnza, but a poor method to induce

: ; pulmonary antibodies and was non-protsctive. Extension of thess studias

- with human velunteers confirmed that oral administration of influsnza

- : vaccine was affective at inducing secretory anti-influenza antibodies in

nasal secretions (40).

E ’ Several investigations have shown that secretory antibody levels in
> - huzans (41, 42) and aice (43, 44) corralate with prutection against pulmo-
3 nary viral {nfection to a significantly greater extsnt that do circulating
antibody titers. This offers a valld explanation for the cbzarvation made
over 50 ysars age by Bull and McKee (45) that intranasal ismunization of
rabbits with killed pneumococci resulted in resistance to pulmonary chal-

i
: } lenge with live homologous pneumococci in the sbsence of circulating anti-

bodies. Therefore, it appears that oral immunization to stiaulate the

pulmonary i{mmune systea may have many advantages, including effectiveness,

safety, decresased side effects, and the potential for an almost unlimited
- number and frequency of boostings.




IV. RATIONALE USED IN THE CURBENT STUDY

The use of microsncapsulation to protect sensitive bicactive agants
from degradation and to control their relesss over cxtended periods of time
{n vivo has bscome quite pravalent. Ths techniqus involves the coating of
a bloactive agent (solid or liquid) with a protective vall materisl. The
wall materials are usually polymeric in nature, The microsphers product '
is a frea-flowing powdar of aspherical particles. The agent to be encapsu-
lated can ba coated with a siungle wall of the polymeric material, .
or it can be homogsascusly dispersed within a polymeric matrix. The amount
of agent insids the microspheres can be very small or can range to as high
as 95% of tha microsphers composition. The Ciameter of microspheres can
be legs that 1 um or as large as 3 mm.

The use of microsphereas to daliver vaccine antigens to ths Payer's
patches offers sevaral advantages. First, s microsphere formulation can be
designed to protect ths antigens from degradation during passage through
the gastrointestinal tract and than facilitate uptuke into the Peyer’s
patches. After uptake, the microspherss can releass the vu.-.ci.m aatigom
at & controllad rate over a pariod of houts to menths.

One microsphers systea of pnrticuht intserest involves the use of
poly{lactide-co-glycolide)s (PLGs) (46-47). PLGs are biocompatible, biode-
gradable polysstsrs and are from the samc clasz of material used in

" resorbable sutures. They bicdagrada in vivo into lactic acid and glycelie
acid, sventually carbon dioxfde snd water. The mechsnisa 6f degradation
is by hydrolysis of the sster linkages. The rata of de tion for thess
copolyners is primarily determined by the ratio of lactide to glycolids

in the copolymer (58). For instance, DL-PLG with a 50:50 mole xatio
of DL-lsctide-to-glycolide will completsly biodegrade in vivo vhen adainis-
tered subcutansously (SC) or intramuscularly (IM) within about § weeks,
vhils poly(DL-lactide)(DL-PL) completsly biodsgrades in about
10 to 12 months.

One of the major advantages cf DL-PLG microsphers systams iz the
flexibility allowed in formulating the specific duration of releass.
It i3 well known that spacific antigens require different lengtha of -
axposurs to elicit & atrong prisary response. The tims requirad before
Te-exposurs to slicit the most potent secondary responss also varies
vith diffarent antigens. By using different combinations of DL-Plis,
dslivery aysteas that demonstrats the proper resleass rates or release
program can be prepared for virtually any antigen. More specifically,
a formulation can bs designed so that part of the antigen i{s released
soont afteir the microspheres.ars takan up by the PP to elicit the primery
responze, Then, no additional antigen will be released from the micro-
spheres until sufficient time has elapsed to obtain an efficaciocus
secondary response. At thir time (as a result or degradation of the
polyumer), additional antigen will be released, potentiacing the secondary
response. If desired, multiple releases of antigen at diffarent times
could be incorporated into the final microsphere formulation. The times
at which the antigen would be raleased from the formulation would depend
on the DL-PLGs used in the formulation.
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V. EXPERIMENTAL METHODS

A, Hice

BALB/¢ (original Lreeders obtained from ths Jackson Laboratories,
Bar Horboux, ME) were bred and maintained in our facilities at thas
University of Alabama at 3irningham. All mice used in thase studias
vere 8 to 12 weeks of age at the initiation of the procedures and
wers of uixed sexes. '

3. Rhesus Monkey

Macaqua sulatta monkeys wars obtained from the Texas Vrinmsts Center.
All monkeys wers 9 to 12 months of age upon racaipt.
¢ {

¢. lIssunelogic Reagents

Solid-phase absorbed and affinity-purifiad goat 1gC antibodias
specific for murine IgM, IgG, and IgA ware obtained from (Southern
Biotechnology Associates, Birmingham, AL). Their spacificity vas
confirmed in radioimsunomecric assays (RIA) using purified monoclonal
antibodies and myeloma proteins as substrates. Hybridoma cell lines
producing monoclonal antibodies specific for the murine antigens Thy 1.2
[30-H12, rat IgGy, (59)1, Ly-1 [53-7.313, rat IgG,;, (99)], lyt-2 {53-6.72,
rat 1g6,;, (59)], L3T4 [CK 1.5, rat 1gG;, (60)]. B 220 [RA 3-3A1/6.1, rat
Ig (61)], IgM [331.12, rat 1gG,, (62)] and MAC-1 {M1/70.15.11l.5, rat IgG;,
{63)] wers cbtained from the American Type Culturs Collection, (Rockville,
MD). All lines were propagated in vitro and the antibodies in the culture
supernatants were purified by sequencial prscipitation at 508 saturation
in asmonium sulphate, anion-exchange chromatography (DE-52, Whatman,

Kent, England), and sizing on AcA 34 (1KB, Bromas, Sweden) for IgG
and AcA 22 for Igh.

D. Radiofodinaxion and Immunoradiometric Assays

Solid-phase sbsorbed and affinity-purified goat IgG antibodies specif.
ic for mouse total imaunoglcbulins, IgM, IgG and IgA wers radiolcdinited
with carrier-fres Na 1231 (Amersham, Arlington Heights, IL) using the
chloranine-T method modified to reduce oxidative damage to proteins (64).
Radioimminomatric assays (RIA) were performed in Immulon assay strips
(Dynatech, Chantilly, VA) coated with SEB toxoid at 5 ug/mL in pH 8.4,
borate-buffered saline (B3S) overnight at 4 *C. Control strips vere left
uncoaced, but all strips were blocked for 2 h at room temperature with
18 (w/v) bovine serum albumin (Sigma, St, Louls, MO) in BBS, which was
also used as the diluent for all samples and !25I-labeled reagents.
Various 2-fold dilutions of test sera wers added to washed triplicate .
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replicate wells and incubated for 6 h at 25 *C. After washing, 100,000 cpm
of 1231.1abeled isotype-specific anti-immunocglobulin resagent was addad

to sach well and incubated overnight at 4 °C. Fellowing removal of ths
unbound 123I.antibodies by washing, the wells wers counted in a Carma 5500
spectrometer (Beckman Instrunents, Irvine, CA). The results have heen
presented ss the Teciprocal of the serum dilution producing a signal
greatsr than 3 times that of the group-matchad preblaed at the same

dilution (end-point titration).

z.mmw

The cors loading for each batch of microaphatss was determined by
first extracting the protein (SEB toxoid) from a known amount of micro-
spheres. The extractsd protein vas then quantified using a colorimestric
protoein assay. The antigen-containing microspheres wera also charscterized
with respect to in vicrs ralease kinetics using vae procedures outlined im
our Firzt Annual Report, Pagsz 8 to 10,

F. Progcedure for Sampling Rhesus Monkev lung Secretions
As the major goal of tha rhesus studies is to investigats the induc-

tion of SEB toxin-neutralizing antibodies in the lungs, tha first group

of primates was used to develop the procedures for collecting samples of
pulmonary secretions. ' In ordar for these samples to be ussful in the
evaluation of the various imsunization schames to be testad undar this
contract effort, they must contain a lavel of total i{msunoglobulin which
iz sufficient to allov detection of the sntigen-specific component.
Further, antibodiss of the 1gC and IgA fsotypes must be well repressuted
in order to draw firm conclusions about the relative contribution of
locally synthesized versus blood circulation dsxived responses.

Initisl attempts to obtain secrations using a pediatric bronchoscope
were unsuccessful. The i{ntarnal tx: :hasl diaseter of the young thesus
monkeys was found to be unexpectedly small by compariszen to & human infant
of comparable weight. The result was that the 4-mm outer diameter of the
bronchoscope completely occluded the trachea upon insertion. Although
samples could be obtained from the proximal airway by lavage, they wers of
insufficient volups and antibody content to be of use. In addition, the
monkeys rapidly became cyanotic, nscessitating that the work be performd
over such a short period of time as to prevent carsful and raproducible
sample collection, ‘

To overcome the above limitations the sampling procedurs was changed
to one which employs the i{nsertion of a tracheal tube, through which a
suction cathster may be passed. This approach has proven to bs highly
successful, and has been adopted for these primate studies. In brief,
fasted monkeys were anesthetized by the intramuscular injection of ketamine
hydrochloride. After cbtaining & blood sazple, and gastric contents were
removed by suction through an 8-French x lé-inch pediutric feeding tube
inserted into the stomach. Intratiacheal intubation was accomplished with
s 3-French x 12-cm pediatric tracheal tube which was inserted through the
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glottis with the ald of a 6-French intubating stylet. After taping the
tracheal tubs in place, the animal was briefly ventilated with humidified
1008 oxvgen to prevent hypoxemis during the subsequent steps. Ons al of
vhosphate buffered saline (PBS) was placed into the hub of the tracheal
tuba and allowed to pass into the lungs by normal respiratory action. An
8-French x l4-inch suction catheter, attached to a vacuur line through a
15-nl trap, vas immediately passed through the tracheal tube to recover the

vash fluid. The suction catheter vas then withdrawvn and the mucus adhering - ‘

to the bore of the tube was washed into the trap with 2 al of additiomal
PES. The samples were clarified by centrifugation. Sodium azide,
phenylaethyl-sulfonyl fluoride, and fetal call serun wers adied as preser-
vative, proteass inhibitor, and alternats substrate for protease activity,
respectively. All sansples wers stored at -70 *C until assayed.

VI. RESULIS

A. Preparation of SEB Toxoid Microgpheres

During this reporting period, we prepared the SEB toxoid uicrospheres
for use in the rhesus monkey studfes. The initial tatch of microspherss
{Compusite F787-074-00), that wa prepared were too small (97.3%8 < 5.3 ;a
in diamater). The in vitro release profile also {ndicated too rapid a
release of the SEB toxoid. These data are shown in Figure 1 (Appendix B).
A second composite batch of microspheres vas then prepared, F787-110-00.
This batch consisted of microspheres that were more appropriately sized and
had mors favorable in vitro release characteristics. These data are {llus.
trated in Figure 2 :

One final batch of SEB toxoid microspheres was prsparad. This batch

" (Composite F787-124-00), was prepared to ensure that a sufficient supply of

nicrospheres wculd be on hand for the monkey studies. The in vitro release
profile and size distribution for this batch of microspheras are shewn in

Figure 3,

All of the SEB toxoid microspheres prepared during this reporting
period are dascribad in Table 1. S§S{ze distributions for these nicrosphares
are summarized in Table 2. .

B-WMMWM

The preliminary rhesus monkey study, EX-Rh-100, was designed to pro-
vide a bridge to the existing data regarding the abilicy of IM lmmunizacion
with alum-precipitated SEB toxoid and oral immunization with high doses of
toxold in solution to raise circulating anti-SEB toxin antibodies. This
experiment also provides information about the levels of anti-toxin in lung
secretions after immunization by these two methods. The toxoid foras,
doses and the timing of the doses were selected to approximate the studies
of lergdoll (37). .
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For Study EX-Rh-100. thras groups of twe msonksys sach wers {ssunized
as “2llows:

Group 1: Nonksys 89 B109 and 89 B093
Bormsl controls

Group 2: Nonksys 89 BL106 and 89 B115
100 ug of SEB toxoid on alum, adainistered by
IM injection on Days 0, 49, and 103.°

Group 3: NMonkeys 8% BO4L3 and 89 Bl103
10 ag of SEB toxoid in 0.78 bicarbonats, ahinhurod
by oral gavage on Days 0, 49, and 105.

Plasma sample: wers collected on Day 0 and ot 7-duy iatervals
Day 98. BAV saaples wers collected on Day 0, 28, 49, 77, and 98.

1. ZRlassa anti-SER toxin rasponsss

End-point titration in ELISAs employing solid-phass adsorbed SEB toxin
confirmed the absence of toxin-reactive antibodies of any isotype in the
prebleeds of all the monkeys employed in this study. The control wonksys,
89 B109 (Figurs &) and 89 B093 (Figure 3), ramained serologically negative .
in all isotypos to SEB toxin at tha lowest tasted dilution of plasms (1:50)
throughout the period of this study.

The two monkeys immmized with SEB toxoid precipitated on an alum .
slurry, 89 Bl06 (Figure 6) and 89 Bll5S (Figure 7), respondsd with th. pro-
duction of SEB toxin-specific circulating antibodies in each of the'three
isotypes. IgM anti-SER toxin titers reached maximal levels 14 days after
the primary immmization {n both monksys, and wers dstectable throughout
the primary responses. Following boosting on Day 49, Monksy 89 Bll5 demon-
stzated a secondary rise in Igf anti-toxin, while Konhy 87 B106 did not.
Howevar, late in the course of tha sscondary respenss, Igt anti-toxin
titers in both monkeys became undstectable. Tha bulk of the circulating
‘anti-SEB toxin vesponsss in the monksys receiving alum precipitated toxoid
were of the 1gC class. Maximal 1gC anci-SEB coxin titsrs wers achieved in
both monkays by Day 28. KNonkey 89 3106 mounted sn earlisr and more vigor-
ous IgG rasponse which rsached a peak titer of 102,400 on Day 21, vhile
Monkey 89 BllS exhibited a peak titar of 23,600 which wvas not reached uncil
Day 28. Hewever, both monkeys axhibited a secondary response vhich
achieved a maximal titer of 409,600 oz the lith day folloewing boosting. :
Circulating IgA anti-SEB toxin antibodiss wers only cbserved in low titers
after immunizatien with the alum-precipitated toxoid. One monkey, 89 B106,
produced a low and transient IgA response which coincided with the peak of
the secondary rasponse. The other monksy, 89 BllS, produced a low IgA
_responss across the later portion of the primary response, but no response
vas detectable aftsr boosting. Thus, the two sonkeys injected with alum-
precipitated toxoid responded somevhat differently to tha primary {mmuniza-
tion. Monkey 89 Bl06 responded more rapidly and produzed &- to 8-fold
higher levels of IgM and IgG anti-toxin than Monkey 89 Bll5, However,
following secondary immunization, both monkeys achieved the same eircu-
lating titer of IgG anti-toxin,
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In contrast to ths high titers of circulating anti-toxin antivodies
achieved by tha systemic injection of 100-pg doses of toxoid on alus, the
two monkays receiving 10-mg doses of toxoid orally exhibited only sporadi-
cally detectable circulating anti-toxin antibodies. As shown in Figure 8§,
Monkey 89 B043 produced low, but clsarly detectable, IgA anti-toxin anti-
bodiss on Day 28 aftar the primary adainigtration md 7 days after the
secondary administration. Monksy 83 B103 also exhibited a low circulating
I1gA response (Figure 9) 7 days after the secondary adainistration and an
addi{tional transient IgM response on Day 35 and 42 folloving the secondary
adainistration. Overall, the administration of even high doses of SEB
toxoid in solution appsars to have been virrually nntfoccivo at the induc-
tion of ecirculating anci-SEB toxin sntibodies. .

2. Bromchial-alveolar wash auti-SED toxin responses

Assays of the BAN flulds obtained from the monksys in EX-Rh-100
revealed that SER.-spacific sntibodies could only ba detected in the sanples
of the lung fluids obtained from the two monkeys which had received IM
immunization with the alum-precipitatad toxoid (Table 3). These antibodiss
ware regtricted to the I3¢ isotype and were not detscted until Day 49.

They were present at the highest level (ticers of 80) on Day 77, and fall
to titers of 10 on Day 98. Following a certisry IM hnmization on Day
105, these monkeys resisted asrosol challengs with SEB toxin.

€. Immunizacion Reaulrs of Monkey igudy EX-Rh:101
:

Experiment EX-Rh-101 was designed to investigate the afficacy of
iomunizing with SEB toxoid microspheres. More specifically, 10 monksys
wvers eaployed in testing SEB toxoid microspheres prepared with a-

53:47 DL-PLG excipient. These microspheres, composits Batch F787-110-00,
contained 0.41 wt & SEB toxold and were 1 to 10 un in dismeter. One of
the 10 monkeys was used as a nonimmunized contrel, snd the rems

9 monkays wers administered SEB toxoid microspheres in the nine possible
combinations of primary and sscondary imsunizations using the IM, oral
and inctratracheal (IT) rouces of adainistration. A summary of the imsuni-
zation regimens is given in Teble & .

The rhesus monkeys vers bled for plasma samples on Day 0, and every
7 days theraafter through Day 98. BAW samples vere obtained on Days 0, 28,
49, 77, and 98. All sanples wvere tested for SEB toxin specific antibodias
of the IgM, IgG. and IgA isotypes by end-point ticration.

1. Rlasma angi-SEB toxin responses following primary impunizations
The nonizaunized control monkey (89 B083) did not exhibit detectable

p isma anti-SEB toxin antibedies of any isotyps at my tine point tested
(Figure 10).
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Each of the wonkeys that vere adainistersd s prisary IM immunization
with 00 ug of aicroencapsulated SEB toxold mounted a brisk circulating
anti-toxin response vhich vas observed in all isotypes, but which was
pradominancly IgG. Thess i{mmune Tesponses are graphically {llustrated in
Appendix B as Indicated:

Hopkey Blguze
89 B096 11
8% Bls1 12
89 B210 13

The responses by Moukeys 89 B161 and 39 3210 were similar in that
their maxisal primary IgG ancf-ctoxin titers of 102,400 were attainad on
Day 28 and remained at this leval through Day 49 vhen booster i{mmmizations
were administersd. Im contrast, Monkey 89 B096 mounted a plasma IgG re-
sponse which arvse mors slowly, but which ataadily increasad through Day 49
to a titer of 409,600. Thus, sach of the wmonkays immunirzed with 100 ug of
encapsulatsd SEB toxoid attained primery IgG anti-toxin levels vhich equal-.
led or exceeded the peak primary IgC anci-toxin titer reached by the mocn-
keys saking the highest response to immunization with 100 ug of SEB toxoid
precipitated on alum. In addition, the {ismunized with ths aicroan-
capsulated toxoid maintained their anti.toxin levels better, and by Day 49
their plaasa IgG snti-toxin titers wers 2 to 16 timas higher thig the
monkays inmmized with ths alua-precipitated toxzoid.

IT imsunization with 100 xg of microsncapsulated SEB toxeid
induced & circulating anti-SEB toxin responss in each of the three monkesys.
These responses are given in Appendix B as follows:

Monkey Blgucs
89 8079 16
89 3001 15
89 Bl116 16

In two of the three monkeys (89 BO79 and 89 BOOl), the response vay
axclusi{vely of the IgM isotype. The third sonkey, 89 Bllé, produced an
early IgM response which was foliowed by an IgA response. The IgM re-
sponses ware quite individual in nature: MNonkey 39 3079 produced an early,
high response, Monksy 89 BOO1l produced a late rasponse of intermediate
level, and Monkey §9 Bll6 produced an sarly but low response. Fone of the
IT.-immunized monkeys produced a measurcble plasma Igé anti-toxin response
at any of the time points examined,

11
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Note: The complets absence of a eirculating 1gC response, and the
presence of only & low IgA response in one of the monkeys, is i(n
contrast to the sextremaly vigorous responses observed in mice follow-
ing IT iomunization with SEB toxoid aicrospheres (reference Third
Annual Report, page 12). This prompied us to review the manner in
vhich the primary IT lmmunization of thess three monkays had baen
psrformed. After reviev, we reslized that the microsphers suspension
had been instilled through a catheter passcd desp into ons lung. This
iikely delivered the amicrosphsres to only ons sagment of ons lobe. In
contrast, the IT {mmunizations amplovad i{n the mousa atudies involved
the instillation of the suspension {oto the trachea, This technique
resultsd 4in 2 more uniform deposition in both the upper and lower
respiratory trsct. All subsequant IT immmizacions of the thesua
monkeys (begizning with the EX-Rh-101 bocoster immsunizaticns) wers
perforued by passing the cathater just bayond the end of the fntea-
tracheal tube. Significantly improvad resporises have resultsd, as

showvn in the EX-Rh-101 monksys racaiving ucondary imsunizations vis
the 1T route (data discussed below).

e. Primarxy oral immunization (Monkeva 85 R060. 89 8064, B9 BO3GY

Following oral {mmunization with the aicroancapsulated S£B voxold, one
of the monkeys (89 B060) did not axhibit a demonstrable plasms anti.toxin
response. However, the other two monkeys (89 BO64 and 89 2034) did produce
circulating antibodies. The responses ars illustrated in Appendix B as
indicated:

Monkey - Elgurs
€9 B0O6O 17
89 BO64 18
89 3034 19

Monkey 89 B034 produced an IgM responas which was present at a titer
of 800 on Days 28 chrough 45. In centrast, Monkey 89 B064 rasponded with
an early IgM response which peaked on Day 14 and fell to an undatectsble
level on Day 42. In addition, this monkey produced an IgG anti-toxin
response baginning on Day 28 and peaking on Day 4 at a titer of 1,600,

" Although 2 of the ] monkeys immunized with the microencapsulated SEB toxold

produced clesr rasponses in the plasma, none exhibited detectabls IgA snci.
toxin activity. '

2.  Plasma snsd-SEB toxin responsas followirs aecondacy iaousizasiens
a.  Secondarv impunizations.of IN-orimed monkevs

As a group, the monkeys administered primary IM lmmunizations with
microsncapsulated toxoid, and boosted with the SEB toxoid microspheres
either systemically or by the two mucosal routes, exhibited good levels of
circulating anti-toxin antibodies., The orally-boosted monkey (89 B09S,
Figure 11) maintained an IgG antibody level which was of the same order ol
magnitude ss monkeys administered primary and secondary immunizations with
toxoid precipitated on alum. The IT-boosted monkay (89 Blel, Figure 12)
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For ths reasons discussed previously, the monkeys receiving a prioary
1T imsunlzation with the wicroancapsulated SEB toxoid were poorly primed.
Havever, both the IT and IM routas proved to be effective boosters in these
®ankayi, The lovels of IgG anti-toxin antibodies producsd by these second-
&7y Lusunizations ware greater than those cbtained in 2 of the 3 monkeys
veeeiving & primary IN laounizations,

) Saal.hwessing.of IX:pximed Monkey 89 B072

~ dvad bodstlag of this IT-primed wonkey did not result in the induction
uf & sseontary altoulating anti-toxin response that was detectable in any
Lasukype, #t sny tise poins tested (Figure 14). However, there is svidence
Bhak the oval boosting did stimulate the appearance of specific anti-toxin
antibodien st lov level in the BAW fluid samples of this mwonkey.

(1} 1l.heaatdon.ef.ll:pclmed Mepkey 89 BOOY -

1T bucuting of Nonkey 89 BOOL, which had received a primary IT ismuni-
istion, induved the eppesxance and » rapid rise &n the level of plasma IgC
shtibadies (?1&:. 13). On expariiw..:al Day 70, these antibodies reached a
tivey of 104,800, and this level was maintained through Day 98.

(Y Dbaeasing.sf Jl-oviasd Monkey 89 8116

Fallowing un IM boost with SEB toxold microspheres, IT-primed Monkey
£% 8016 suhiblced & vapid rise in both IgM and IgG anti-toxin antibodies in
the siveulstion (Figure 16), With the exception of the IgM component, the
Fhipuisin hy this morkey to the IT-IN regioen was quits similar to that sesn
in the awtkiy sdeinistersd the IT-IT scheduls. The IgG anti-toxin titer
wae 204 800 on Day 98 of the study.

§ Saguidacy. ainixasioon of ecally-vriged ponkeyvs

The wonkieys admli Latered a primary oral (mmunization with the microen-
exphulaved SEN yoneld wers olearly responsive to secondary immunization via
svabasle (IM) and wucomal (IT) routes., The 204,800 tirver of circulating
Pg9 ankl-vanin achlevad by boch IT (Monkey 89 B064) and IM (Monkey 89 B034)
Guusbing eleatly shova Chat systemic tolerance has not been induced through
eisl lwwunisation with Ehe microancapsulatsd toxoid. That both these
sonkaye achiovad viroulating tlcars greatar than those induced in 2 of the
i asakeye vecnlving primary IM lmmunization wicth che microencapsulated SEB
takald suggaecs that a degran of systeaic priming has token place. Some-
whab puseiing ie the touel leck of & response in Monkey 89 BO60 to both
primaty end mdoandary oral lmsunization with the SEB toxoid microspheres,
whia e acher wenkeys nade clear remponses to a single oral immunization,
Faiea vagether wich the faet that Monkey 89 B079 was clearly nonrasponsive
vi widi bewdslng, these data suggest a threghold sffect in which only some
wi 1ha munksys are taceiving an effeccive wmount of vsccine. To what
et genstls fassars may play & role Ls not known.
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€1).  Gral boossing of orallv-primed Monkey 89 BO60

llonhy 89 3060 falled to produce a datectable plasma response
fonoving either the primary or secondary oral immunization with
microencapsulated SER toxoid (Figure 17).

(2) Irboosting of orallv-nrimed Mookev 89 BOG4

IT boosting of Monkey 89 BOS4, which had made the greatest plasma
response to & primary oral imsunizstion, resulted in an immediate rise in
the levsls of IgC anti-toxin antibodies. This response rasched a titer of .
204,800 on Day 56 (Figure 18). The titer resamained stsady at this lsvel
through Dey 98. This indicates that the modification te the IT imsuniza-
tion procedurse provided an effective immmization with ths aicroencapsu-
lated SEB toxoid.

(3) 1M boosting of oxallv-primed Monksy 89 BO34

- This monksy, vhich had also responded to the primary oral immuniza-
tion, produced & clear response to secondary IM immunization (Figure 19).
Unlike the orally-primed monkey that was boosted by the IT route, this
wonkay’s titer of IgG anti-toxin rose progressively through Day 77 to a
titer of 204,800. On Experimental Days 77 through 98, the plasma IgG snti-
toxin level remained steady.

3. 2 -Rh-

At no time did any of the samples of BAV fluids from the control,
noniasunized monkey (89 BOSS) contain detectable anti-SEB toxin antibodies.
These results are presented in Table 5, vhich contains all of the BAW
fluids analyzis for EX-Rh-101.

The BAW fluids from the monksys vhich received a primary IM imauni-
zations with microencapsulated SEB toxoid (89 B096, 89 Bl61 and 89 B210)
were without ant{-toxin activity axcept for the Day 49 sample froa
Monkey 89 B096. This sample contsined specific anti-SES toxin IgC anti-
bodies at a titer of 80. In contrast, 2 of the 3 monkeys administered a
primary i{msunization by the IT route (89 3079, 89 BOOl and 89 Bl16) exhib-
ited IgM anti-toxin antibodies in their BAW fluids samples at a titer of
40. (Note: These are the monksys which had received the primary IT imsu.
nization as a bolus deposition of the SEB toxoid aicrosphares desep into one
lung lobe. The method of IT f{wmumnization was altered for later immuniza-
tions. The monkeys wust be considered poorly primed by this immunization).
The monkeys adainistered a primary oral immunization (89 B060, 89 B064 and
89 B034) did not mount a primary imsune response which vas dstsctable in
their BAVW fluids, in any isotyps, at the time points tasted.

Booster immunization of the IM-primed monkeys, regardless of the route
of administration, resulted in enhanced levels of IgG anti-texin antibodies
in the BAV fluids. However, only the monkey boosted via the JT route
shoved a detectable IgA anti-toxin response.
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Beoster immunization of the IT-primed monksys by the IT route
(89 BOOl) and the IM route {89 Bll6) resulted in the sppearance of 1gG
anti-toxin antibodies in tha BAW fluids, while the BAV fluids from the
orally-toosted monkey continued to contain IgM.

The orally-primed monkeys which wers boosted by the oral (89 B060)
and IM (89 B034) routes falled to produce detectable responses in thelr
BAW fluids. Howsver, IT bhoosting i orally-primed Monkey 89 BO64, resulted
in both IgG and IgA anti-toxin antibodies that ware still detectable on
Day 98. The antibody titers wers 80 and 20 for the I1gG and IgA respec-
tively.

D. Imunization Results of Monkey Stude EX-Eh:102

The imzunization schedule for the monkeys in this experiment is
the same as that for the previous study. This scheduls is sumssrized in
Table 6.

1. Rlasma anti-SEB toxin responses following primary lmmunizations

The nonimsunized, control monkey (90 B001l) did not exhibit detectable
plasma anti-SEB toxin antibodies of any {sotyps, &t any time point tested.
This {s illusctrated in Figure 20.

~a.  Pxipaxy IM Izmunization (Mopkeys 30 B0OZ. 50 2003 and 90 RO10)

Each of the monksys which were adainistered a primary immunization
with 100 ug of microencapsulated SEB toxoid mounted a brisk circulating
anci-toxin antibody response. This response was primarily in the IgG
i{sotype, but alsc in the IgH{ lsotype. These lmwuna responses are graphi-
cally depicted i{in the {ndicated figures:

Monkey Elgure
90 8002 21
90 B0CO3 22
90 2010 23

The responses by all the monkeys receiving a primary IM immunization
with the SEB toxoid microspheres were similar in that their maximal primary
IgC anti-toxin titers of 51,200 to 102,400 were attained on Day 21 and
repsained at this level through Day 49 when booster imnizations were
administered. Thus, as in Study EX.Rh-101, each of these monkeys attained
primary IgG anti-toxin levels which equalied or exceedsd the highest peak
prinmary IgG anti-toxin titer achievaed by & monkey immunized with an equal
dose of SEB toxold precipitated on alum. In addition, the monkeys ifmmu-
nized with the microencapsulated toxoid exhibited no decline in their
Cay 21 antibody titers. |
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A oo It should be noted that the altered procedure foc IT immunization was
. R used for these primary {msunirsations. Microspheres containing 100 ug of
: SEB toxeid, adainistersd via the IT route, resulted in circulating anc{-SEB
_toxin vesponses in all thrae sonkeys. - The plasma IgG titers (102,400 to
409,600) agqualled or excesded the responses induced by IM immunization with
alunm-pracipitated or microsncapsulated SEB toxoid. Figures showing the
ipmune raspsnses for thess monkeys are as follows:

Monkey Elguras
90 3023 2
90 3009 25
90 8021 26

Ia addition to the atrong IgC anti-toxin ressponse induced via IT
ispunization with the microencapsulated SEB coxoid, this approach also
induced circulating Igh responses vhich tandad to peak sarly and fall to
‘undstectable levels by Day 35. IgA anti-toxin antitodiss were also datect-
ab e through Day 49 when the booster immunizations vers adainistered.

. Fol'oving oral imsunization with SEB toxoid microspherss, sll three of
K the mnnkeys produced circulsting anti-SEB toxin antibodies. Thers ware

some ¢.ffcvences in the responses, which arse illustrated in the indicaced
figurss.

onkay Elgure

90 BO14 "7

90 BOOS 23

90 3018 29

- Monkeys 90 BOl4 and 90 BO18 produced IgM anti-toxin antibodies on

Day 14 followed by the sppearance of Ig5s antibodies on Day 21. Howewer,
Monksy 90 BOl4 exhibdited thease circulating IgG antibodiss through Day 49,
vhile the IgC response in Monksy 90 BO1l8 declined to undatectable lavels on
Day 42. 1In contrast, Monkey 90 3008 produced circulating Igd end IgA anti-
toxin antibodiaz that were only detected on Day 35. Although none of these
. monkeys mounted high titers of circulating anti-toxin antibodies, vhen the
results from this experimants are combined with those from Study EX-Rh-101,
5 of 6 monksys receiving the ajicroencapsulated SEB toxoid orally, have
produced circulating antibody responses. This is in contrast to Study
EX-Rh-100, in which naithar of the two monkeys administered non-
microencapsulated SEB toxoid exhibited any detectable response,
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2. Plaspa anti-SER coxin responses following secondary dmmunizations

a. Secopdary immunizations of IM-priped monkeys

As a group, the monkeys adainistersd ptimary IM immunizations with
microencapsulated SEB toxoid, and boosted either systemically or by the two
. mucosal routes, exhibited good levels of circulating anti-toxin antibodies.
_ The orally-boosted monkey, 90 B0O2 (Figure 21), maintained an IgG antibody
level which was of the same magnituds as monkeys administered primary and
sacondary immunizations with SEB toxoid precipitated on alum. The IT-
boosted monkey, 90 BOO3 (Figure 22) and the IM-boosted monkey, $0 E010
(Figure 23) produced antibodiss at substantially higher levels than those
induced by two immunizations with the alum precipitated toxeid.

In addition, the monkey boosted with the SEB toxoid microspheres by
the IT route, exhibited circulating IgA anti-toxin responses which were of -
a long duration. A point worthy of mention in the consideration of the
levels of circulating IgA anti-toxin induced through ths mucosal boosting
of IM.primed monkeys, is the level of plasma IgC ant{-toxin which is
present in the plasma samples. The exceptionally high IgG antibody levels
(titers of 819,200 to 1,638,400) must successfully compete for the solid.
phase antigen in the assays, masking the trus IgA anti-toxin level. Thus,
the plasma IgA and IgM responses in thess monkeys must be considared
ninisun estinates.

(1) oxal boostipg of IM-primed Monkey 90 BO02

Following the oral adainistration of 1.0 ag of microencapsulated SEB
toxoid to this IM-primed monkey, a booster respounse was evident in the Igh
isotype on Days 56 through 70 (Figurc 21). Although the circulating IgG
anti-toxin titer fell from its Day 63 high, it remained on a plateau from
Day 77 through Day 98. This suggests that the oral booster may have helped
maintain the circulating antibody level.

(2) II booating of IM-primed Morkey 90 B0O03

An 1T boost consisting of 100 ug of microencapsulated SEB toxoid
resulted in a prompt and vigorous response in this monkey. As shown in
Figure 22, the circulating IgG anti-toxin antibody level increased to a
titer of 1,638,400 on Day 63. This high titer of Ig6 anti-tozin activicy
was paintained through the time which the secondary response was frllowed.
The response had only decressed to a titer of 819,200 on Day 98. In addi-
tion, this monkey exhibited circulating IgA anti-toxin antibodies ten days
after IT boosting. These IgA antibodies rose steadily to a ctiter of 1,600
on Day 77 and remained at this level though Day 98.

(3) I beosting of IM-primed Monkey 90 BEO10

IM boosting of previously IM-immunized Monkey 90 BO10 stimulated
approximately a 16-fold rise in the plasma IgG antl-toxin level. As {llus-
trated {n Figure 23, the IgG anti-toxin antibody titers increased from
102,400 on Day 49 to 1,638,400 on Day 63. A plateau titer of 409,600 was
present on Days 77 through 98. 1In contrast to the IM-immunized monkeys
vhich received mucosal booster immunizations, this monkey did not exhibit
a detectable Iga anti-toxin response following the booster ilmmunization.
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b. Secondary immnizations of I™-primed monkeys

1be monkeys which received IT primary immunizacions vith aicroencapsu-
lated SEB toxoid were very well primed. This demonstrated that the change
in the IT installation procedure has been effective. Both the IT and IM
routes proved to be very effective boosters in these monkeys. The long-
tern high levals of IgC santibodies in the monkeys receiving an oral beoster
suggests that an effective amount of vaccine was delivered by this routs.

(1)  Qxal boosting <f IX:primed Monkey 90 EO23

Oral boosting of this IT-primed monkey did not result in ths induction
of & cleerly dsmonstrable booster response (Figure 26). However, good
maintenance of the circulating 1gC anti-toxin levels ars consistent with
the delivery of an effective amount of vaccins,

(2) I beoating of IT:primed Moukey 90 2009 y '

Following the IT boost, a rapid rise in the levels of plasaa IgC and
IgA anti-toxin antihodies was detectable (Figure 25). The IgG antibodies

- Teached a titer of 819,200 on Day 63 and remained at this level through the

duration of the experiment. The IgA antibodies reached a peak titer of
6,400 at a point 10 days aftsr the IT boost, and wers present at elevatad
titers throughout the experiment.

(3) M boosting. of IT-primed Monkev 90 R021

After an IM boost vttﬁ SEB toxoid microspherss, this IT-primed monksy
exhibited a rapid rise in IgG anti-toxin antibodies in the circulation

(Figure 26). The secondary responss by this monkey was very similar to

that seen in the monkey receiving two IM immsunizstions. The IgC anti-toxin
titer rose to 1,638,400 on Day 63 and then remained at a plateau level of
204,800 through Day 98. However, this secondary response differs signifi.
cantly from that exhibited by the IT-IT immunized monkey ii. that it com-
pletely lacks a detsctable IgA response.

c. Secondsxy fapunizations of orally-primed mankeva

Each of the thres monkeys administered a primary oral fmmunizatien
responded vith circulating antf{-texin antibodies. In addition, all were
clearly responsive to secondary imsunization via the systemic and mucosal
routes. The titers of circulating IgG anti-toxin achieved by both IT (90
B008) and IM (90 BO18) boosted monkeys indicated that systemic tolerance
had not been induced through oral immunization with the microencapsulated
SER toxoid. :

(1) Qral boosting of oxally-primed Monkey 90 BOl4

In the first 21 days following oral boosting of the orally-primed
monkey, a four-fold rise in the circulating IgG anti-toxin antibodies to a
titer of 800 was observed {Tigure 27). Once attained, this titer remained
constant through Day 98. However, this immunization method did not result
in the appearance of detectable IgA anti-toxin activity at any tested time
point.
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{2) Il keosting of orallv-primed Mopkev 30 BOOS

1T boosting of this monkey resulted in a rise in the levels of g6
anti-toxin antibodiss which was svident 14 days after boosting. The
increase continued through Experimental Day 77, vhen the titer reached
102,400, Thereafter the titer dacreased to 25,600 on Day 98 (Figure 28).

(3) IM hocating of orallv-primed Mopkey 90 BO1S

This monksy exhibited a rapid response to a sacondary IM immunization
which was characterized by both IgM and IgG componsnts (Figurse 29). The
IgM response was of short duration and had fixllen to an undstectable leval

© 28 days after boosting. In contrast, the IgG snti-toxin response steadily

increased through Day 77 to a titer of 25,600 snd resained at thac lavel
through Day 98.

3. = <Rh~

. As in Study EX-Rh-101, the nonimmumized control monkey in this experi-
weat did not exhibit detectable anci-toxin antibodies of any isotype iz any
zf the samples tésted. Table 7 contains this data a3 well as BAW data from
211 the monkeys in Study EX-Rh-102. :

Hone of the monkeys administersd a primary IN (90 B0O2, 90 BOOJ and
S0 B010) or primary oral (90 BOl4, 90 BOOS and 90 BO18) lmmunization with
the microencapsulated SEB toxoid producsd an anti-toxin response that vas
detectable in the BAW fluids. In contrast, all the monkeys receiving a
primary immunization vis the IT routs, responded with zelatively high
levels of IgA and IgC anti-toxin antibodies in their BAV fluids.

Bocster iLimunization of the IM-primsd monkeys by the oral routs
{90 B002) and IM route (90 BO10) was ineffective at stimulating an anti-
toxin response f{z the BAW fluids. However, boosting by the IT route
(S0 3003) induced appearance of I1gG and IgA anti-toxin antibodies at
titers of 12,800 and 320, respectively.

Each of the monkeys primed by tus IT route continued to have measur-
able anti-toxin antibodies after boosting. The antibody levels declined,
despite the boost in the orally-boosted monkey (90 B023). 1In the IT.
boosted monkey (90 B009), the IgA antibodies in BAW fluids increased and
the IgG antibodies decrease after boosting. The converse was evident for
¢he IM-boasted monkey (90 B02l).

None of the orally-primed monkeys (90 BOl4, 90 BOOS and 90 BO18)
mounted a detectable response in the BAW fluids regardless of the route of
booster ifmmunization.
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VII. DISCUSSIONS AND CONCLUSIONS

! During this year of the conutract, we cbtained & great deal of knowl.

! edge about the immunization of rhesus monkeys with SEB toxoid. A prelimi.

. nary study was performed to confirm the existing data regarding the effec-
tiveness of sysiemic (IM) immunization with slum precipitated SEB toxoid
and orzl {mmunization with high doses of toxoid in aclution, to raise
circulating anti-SEB toxin antibodiss. Additlionally, several studies
involving the ismunization of rhesus amonkeys with SEB toxoid microspheres
havs also besn performed.

The pralininary monkey experiment yieldsd ths following results:
Imsunization with alum-precipitated SEB toxoid did result in the appearance
of circulating IgG antibodies, which vare detectad in low levels in the BAW
fluids. Oral f{mmunization with SEB toxoid solution induced only the tran-
sient appearance of lov levals of IgM and IgA anti-SEB toxiu ant{bodies in
eireulation. S
Results from the first two studies (EX-Rh-101 and EX-Rh-102) in which
rhasus monkeys vere {mmunized vitn microencapsulated SEB toxoid are in-
cluded {n this report. These data suggest that an IN primsry imsunization
folloved by an IT or cral secondary immunization provides ths highest
antibody responss and best level of protsction, 1t has been reportsd to us
that the wmonkeys receiving an IM primary and IT secondary immunization in
* both studies survivsd asroscl challenge. In addition, the monkey receiving
: an oral primary and IT sscondary imsunization from Study EX-Rh-10i and the
monkey recaiving both an IT primary and IT secondary immunizatior in Study
¢ EX-Rh-102 also survived the asrosol challenge. Official documentation of
thess rasults has not besn recelived by Southarn Research or the Universicy
of Alabasa in Birminghaa.

Thess rasults are very encouraging as not only have high antibody
titers been achieved in the rhesus monksys, but as indicated abova, several
of the monkeys have been shown to be protected from aercsol challenge.
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TABLE 2. SIZE-DISTRIBUTION DATA FOR stn.uxcnoééaznzs
PREPARED DURING THIS REPORTING PERIOD

Batzh

Less than 4.6 ua

From 4.6 to 9.6 um

Graater than 9.6 ua

in dianeter in dismetsr - in' diamster
F787-046-00 35.7 4.3 0.0
F787-052-00 63.2 33.8 3.0
F787-055-00 87.2 12.8 0.0
F787-074-00 91.7 8.3 0.0
¥787-082-.00 53.5 40.0 6.5
£787-110-00 63.7 35.7 0.6
¥787-124-00 73.2 25.5 1.3
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¢ TABLE 6. SUMMARY OF IMMUNIZATIONS FOR EXPERIMENT EX-RH-102
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g Primary {smmization Secondary lwmunization
i Lax 0. Day 49
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: 90 B0O2 ™ 100 ug Oral 1 ag
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30 BO21 IT 100 ug ™ 100 ug
g - 90 8014 Oral 1.sg Oral 1ag
90 B0O8 Oral 1lag 1T 100 ug
: 90 8018 Oral 1ag ™ 100 ug
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Figure'1. Cumulative in vitro release of SEB toxoid (above) and mlcrasphere size distribution
(below): Batch F787-074-00.
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Figure 2. Cumulative in vitro release of SEB toxoid (above) and microsphere size distribution
(beiow): Batch F787-110-00.
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Figure 4. Plasma IgM, IgG, and IgA srti-SEB toxin titers obtai;wd from rhesus Monkey 89
B8109: Non-immunized control. ‘
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Figure 5. Plasmes IgM, 19G. and IgA anti-SEB toxin titers ol'tained from rhasus Monkey 89
B093: Non-immunizad control.

Use or dlsciosurs of data contained on this sheet is subject to the
restrictions on tho cover of thie report,

t .-37-.'-»::‘1:.".‘.,‘4,...‘....-.;.’ B e e hitan g "WW e Sascdo gl

-

N red g ST



10000006
1000000

100000

10000

1000

e
7

100
O Q== Q=& O °

PLASMA ANTI-TOXIN THER

10 CRNDNY DOAEIATIN

Y

1 ] Y ) : !
0 20 40 . 60 80
TIME, experimental day

100

Figure 6. Plasmea igM, lgG, and IgA anti-SEB toxin titers obtained from rhesus Monkey 89
81068 Immunized by IM injection on Days O and 49 with 100 micro_jrams of SEB
toxoid precipitated on slum.
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Fig&re 7. Plasma IgM, 19G. and IgA anti-SEB toxin titers obtained from rhesus Monkey 89
B115: Immunized by IM injection on Days O and 49 with 100 micrograms of SEB

toxoid precipitated on alum.
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Figure 8. Plasma IgM, IgG, and igA anti-SEB toxin titers obtained from rhesus Monkey 89
BO43: Immunized by oral gavage, on Days O and 49 with 10 mg of SEB toxoid in 5.0
mi of 0.7% bicarbonate. ‘
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Figure 9. Plasma IgM, lpG. and IgA anti-SEB toxin titers obtained from rhesus Monkey 89
8103: I'!nmunired by orsl gavage on Days O and 49 with 10 mg of SEB toxoid in
5.0 mL of Q.7% bicarbonate.
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Figura 10. Plasma IgM, I9G. and IgA anti-SEB oxin thters obumod from rhesus Monkey 89
B8088: Non-immunized control,

5-10
or dieciosurs of data contained on thie shest is subject to the

£




10000000

i | RHESUS NONKEY 89 8096
- {-oral)
1000000

——

100000 § {..'8..

10000

1000

100

PLASMA ANT!-TOXIN THER

TIME, experimental day

Figure 11. Plasma igM, I9G, and IgA anti-SEB toxin titers obteined from rhesus Monkey 89
8096: Primary immunization [Day O}~100 micrograms microencapsulated SE8
' toxoid by IM injection. Secondary immunization (Day 49}—1.0 mg of
. microencapsulated SEB toxoid by oral gavage.
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Figure 12. Plasma lgM, I9G. and igA anti-SEB toxir titers obtained from rhesus Monkey 89
B161: Primary immunization IDay 0)—100 micrograms microencapsulsted SE8
toxoid by IM injection. Secondary immunization (Day 49)—100 m:crograms of
mrcroencapsulated SEB toxoid by IT instillation.
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Figure 13. Plasma IgM, IgG, and igA anti-SEB toxin titers obtained from rhesus Monkey 89
821Q; Primery immunization {Day 0}—100 micrograms microencapsulated SEB
toxoid by IM injection. Secondsry immunization (Day 49100 micrograms of
microancapsulated SEB taxoid by IM injaction.
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Figure I 4. Plasma IgM. IgG, and IgA anti-SEB toxin titers obtained from rhesus Monkey 89
BO79: Primary immunization (Day O)}~~100 micrograms microencapsulated SEB
toxoid by IT instillation. Secondary immunization {Day 49}—1.0 mg of
microencapsulated SEB toxoid by oral gavage.

B-14

Usa o disclosurs of dote contasingd on this sheet s sublest to the
cover report,




PROPRIETARY INFORMATION
{COMPLETE PAGE)

10000000
oM FNESUS MONKEY £5 8001
1000000 - -5

B 1000004 |18

-

z

23

E; . 10000

B 0
) 10 ;nnmu
’ ¥ 1 1) i
0 20 40 80 80 100

TIME, experimental doy

Figure 15. Plasma IgM, 1gG, and IgA arti-SEB toxin titers obtained from rhesus Monkey 89
BOO1: Primary immunization (Day O}~100 micrograms microencapsulated SEB
toxaid by IM injection. Secondary immunization (Day 49)--100 micrograms of
microencapsulated SEB toxoid by IT instillation.
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Figure 16. Plasma IgM., IgG. and IgA anti-SEB toxin titers cbtained from rhesus Monkey 89
B116: Primary immunization (Day O}—100 micrograms microencapsulated SEB
toxoid by IT instillation. Secondary immunization (Day 49)=100 micrograms of
microencapsulated SEB toxoid by IM injection.
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Figure 17. Plasma IgM, IgG, and IgA anti-SEB toxin titers obtsined from rhesus Monkey 89
B060: Primary immunization (Day O}—1.0 mg microencapsulsted SEB toxoid by oral
gavage. Secondary immunization (Day 49)—1.0 mg of microencapsulated SEB toxoid
by oral gavage. A
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Figure 18. Plasma IgM, IgG. and IgA anti-S<8 tevin t.ors otained from rhesus Monkey 89
B0O64: Primary immunization (D+.: O)— ;.0 mq microencapsulated SEB toxoid by oral

gavage. Secondsry immunization (Day 43)—100 micrograms of m:crocncapsulated
SEB toxoid by IT msrlllarlan
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Figure 19. Plasma IgM, IgG. and IgA anti-SEB tnxin titers obtained from rhesus Monkey 89
B8034: .Primary immunization (Day 0)—1.0 mg microencapsulated SEB toxord by oral
gavage. Secondary immunization (Day 49)—100 micrograms of microencapsulated

" SEB toxoid by IM injection. O
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F:gure 20. Plasma IgM 1gG. and IgA anti-SEB toxin titers obtained from rhescs Monkey 80
8001: Non-immunized control.
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Figure 21. Plasma IgM, g6, and IgA anti-SEB toxin titers obtained from rhesus Monkey 50
B8602: Primary immunization (Day O}—100 micrograms micro-ncapsulated SE8
toxoid by IM injection. Secondary immunization (Day 49)—1.0 g of
microencapsulated SE5 toxoid by oral gavage.
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Figure 22. Plasma igM, l9G, and IgA anti-SES toxin titers obtained from rhesus Monkey 90
B0O03: Primary immunization (Day 0/—100 micrograms microencapsulated SES
toxoid by IM injection. Secondary immunization (Day 48}—100 micrograms of
microencapsulated SEB toxoid by IT instillation
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Figure 23. Plasma Igi, I9G, and IgA anti-SEC toxin titers obtained from rhesus Monkey S0
B8010: Primary immunization (Day O}=100 micrograms microencapsulated SEB
toxoid by IM injection. Secondary immunization (Day 49}~100 micrograms of
microencapsulated SEB toxoid by IM injaction.
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Figure 24. Plasma IgM, IgG. and IgA anti-SEB toxin titers obtained from rhesus Monkey 90
BO23: Primary immunization (Day O)=100 micrograms microencapsulstad SEB
toxoid by IT instillation. Secondary immunization (Day 49)—1.0 mg of
nicroencapsulated SEB toxoid by oral gavage.
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Figura 25. Plasma IgM, 19G, and IgA anti-SEB toxin titars vbtained from rhasus Monkey 90
B009: Primary immunrization {Day O)=-100 micrograms microencapsulated SEB
toxoid by IT instillation. Secondary immunization (Day 43)~100 micrograms of
microencapsuisted SEB toxoid by IT instillation.
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Figure 26. Plasrms IgM, IﬂG. and [gA anti-SEB toxin titers obtained from rhesus Monkey 90
B021: Primsery immunization {Day O)=100 micrograms microencapsuiated SEB
toxord by IT instillation. Secundary immunitation (Day 49}—1C0 mmragrams of
microencapsulated SEB toxoid by IM injection.
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Figure 27. Plasma igM, IgG. and IgA anti-SEB toxin titers obtained from rhesus Monkey S0
8014: Primary immunization (Day 0}~1.0 mg microencapsulated SEB toxoid by oral
gavage. Secondary immunization (Day 49)--1.0 mg of microencapsulatad SE8B toxoid
by oral gavage.
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Figure 28. Plasma igM, IgG, and IgA anti-SEB toxin titers obtained from rhesus Monkay S0
B8008: Primary immunization (Day Oj—1.0 mg microencapsulated SEB toxoid by oral
gavage. Secondary immunize.ion [Day 49)—100 micrograms of microencapsuiated
SER toxoid by IT instillation.
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Figure 29. Plasma IgM, I9G, and IgA enti-SEB toxin titers obtained from rhesus Monkey 90
8018: Primary imrnunization (Day 0/—1.0 mg microencepsulated SEB toxoid by oral
£ gavage. Secondary immunization (Day 43)--100 micrograms of microsncapsulated
' 1 SEB toxoid by IM injection.
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