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(Oral Immunization and the Common Mucosal Immune System)

Derek T. O'Hagan¥
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Fig. 1. M cell uptake of antigens by the Peyer's patches(inductive sites) of the(GALT) sensitizes IgA-committed
B cells and CD4" Thelper cells, which migrate via the mesenteric lymph nodes(MLN) and the thoracic
ducl(TD) into the blood. The cells then localize in the mucosae(effector sites), and IgA is produced by
plasma cells, which have developed from the migrating B cells. Polymeric IgA(plgA) is formed from
monomeric IgA{migA)by the Jjoining) chain and is transported through the epithelial cells after interaction
with the SC to produce slgA{From O’'Hagan, D.T, Clin. Pharmacokin, 22, 1, 1992. with permission.)
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Table 1. Important biological functions of secretory
IgA

Neutralization of viruses, toxins and enzymes

Inhibition of adherence of microorganisms to mucosal surfaces ;
blocking of adhesins, alteration of charge and hydrophobicity
of microorganisms, agglutination and entrapment in mucus

Immune exclusion of macromolecules and bacterial toxins

Suppression of antibody mediated inflammatory responses at
mucosal surfaces

Synergism with innate antibacterial factors, including lactoferrin,
peroxidase, and lysozyme

Clearance of absorbed antigen from the circulation

Interference with plasmid-mediated virulence determinants
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Fig. 2. The three main components of mucosal de-
fense [ immune exclusion, immune regulation
and immune elimination. Antigen stimulation in
GALT provides “first signals” to B cells which
migrate to secretory sites via the biood.
“Second signals” induce local proliferation and
terminal differentiation of B cells, and im-
munogiobulins, mainly slgA, are transported
across epithelial cells into the secretions(From
Brandtzaeg, P., Acta Otolaryngol(Stoch.), 105,
172, 1988. with permission.)
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Table 2. Factors that may affect the immune respo-
nse following oral immunization
Dose of antigen

Frequency of administration and immunization protocol

The nature of the antigen~live or killed, soluble or particulate
Age on exposure

Tmunune status to specific antigen—primed or “virgin” animals
Use of adjuvants and delivery systems

Species immunized
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Table 3. The effects of vaccine formulation and immunization protocol on the protective efficacy of
Salmonella typhi Ty21a oral vaccine in a large-scale field ftrial

Vaccine and Interval Number Protective
(number of doses) between doses immunized efficacy(%)
Gelatin capsules with NaHCOs(3) 1~2 days 22379 19
Gelatin capsules with NaHCOx(3) 21 days 21541 31
Enteric-coated capsules(3) 1~2 days 22170 67
Enteric-coated capsules(3) 21 days 21590 49

Note : The trial was initiated in Chile in 1983 and the duration of surveillance was 3 years. All subjects enrolled in the trial
were aged between 6-21 years. Adapted from Levine, MM, Ferreccio, C., Black, REl, Germanier, R., and Chilean Typhoid

Commitee. Lancet. 1. 1049. 1987.



718  BnREREd —BHEREA

228 W §_~H e
Jiol Q?iC}(Tabl 3). &7t
cH 27T doseBlE #7157 A& & A7t
AAFANT, 22L& 2225 233 2 dosed
vaccine®| 59%9 #ol& AFFHoY T doses
ok 29%9] Holg AT GEY e YAt ™
02 g7 847 Ul odo] F doseTE 37131
T R vaccined FoliFE WYt Aol
E}. 78

C. RS ik

HHoz FHEgL £ 3
o s % = Tjrx—q; FEET Y &
Ae VAERY BT 3}% 2 Al
9 e }_EH?’“:} o Kantele e A

r-?-‘-

rlr

9 accinegl ok

g fe3

l"lﬂJ

e
o

Fa2as 4y

9

ok

(e
-

2 ox re flr

N

(2 g oz

(=]

J8 =g
olo 3
g
>
fs%]
LA
g,
5
o
E
—-L)
_JR
N
Y
2
2
Iy
>
L

& A4 vag t‘} k. AR 2 FE
vaccine 2 IgA isotype’t $9E Hdte FAMG
Sl HYHE st 218 Avaccine
of g wggHol fAFA o BYsdon 131
A7 A&HUG" GALTI REtde nyge
BATHGE ZEd A9EdegS fiste A
oz wE A

7HA AL ATHIRFF 4
AsEe A e F3pAT e g
Aol 150] AFHOZA ¢ WYX A
o g9 7184 OVAZE moused] A 7H Y 2% 5
tz} x%}x—loi u:}cﬂ Or,L,] om
Y E. ol A9 OVAY 2d
A= 1 TG FeEsiA He .
HEROE Faffoll tigt ol 91?1'0%% 8

I E AT ES AAEo e ddE AF
ot 2ol T BFtn AFA FLAAAA s
A ATE LFY BYEAA4 Ao ] g%
FAZE Rolth.® EG & A7y 2de
Peyer 4% F4AH U $AUAZE Aotk

Aol 7H4A FARG HFHH 2% 9
of O W Holgke AL LPFU) 2A #

m
rlo e
& o
_?_L
2
>
ro
K

Zoth¥ Cox 2 1 FEATFAEL o] ¥EL &
Astgon, AAARLL PeyertE oz HYse
159 YR g% fastta FAH
O'Hagan 5°'&, AERN4 ) R(microparticle)=
AFEdzAS 9% FEF FAHRDARA 7)s
??}EPE A ‘/}E}‘Hﬁ’iq- 5‘53} a5& QA7
o A * 20
228 micro-
particle % liposome ‘:4 }%"ﬂ #FA e o] AH
9 2 29 71€do] Ug). Liposome FEA
Ao AL BHHAAY $&2 5 3E vaccine
Ao h F-idiotype B S &3k &
-idiotype FAE AHEEA g ATHIZRAE
S. mutans o) 3 FRAGAN A A SHcoloniza-
tion)oll talA Hol& # % &g Jep ek

Ak

B Soluble OVA.
2 PBC@3 um) OVA.
[J PBC(100nm) OVA.

Saltvary lgA antibody response

Study day

Fig. 3. Salivary IgA antibody responses in groups of 8
Wistar rats(:=S.D.) following oral immunization
with 1mg ovalbumin in a soluble form, or a-
dsorbed to poly(butyl-2-cyanoactylaie)PBC) mi-
croparticles(3um and 100nm) on 4 consecutive
days. ldentical booster doses of ovalbumin
were administered 46 days after the primary
immunizations.

De Aizpurua 2 Russell-Jones® & moused] Al 73
FHYZRZ Fof FASHE Fde 48 Y
FE& et 28 ZAIAEY B

r*



yasdrsx A30d Az 719

P Z2 lectin-B ARTAO) e @A
BYIEE A2 & ded sl 19 Ze
Aol gl BWd e 13X Eajvie AL BEy)
THTable 4).(BTHAEAAZANY lecting AHgo)
A e o] 4H9 g o 7lede AL).
Lectin—% 4% Zv BAZ HHY peptide =,
cholera toxin B subumt(CTB)= 72 +HY 22t u}
€ mousedl A9 FHYATHE FWdte Aeg
UETE® o] d7e F7HA2EE A HF
A peptided] A AH-E tEshe Aot 74

“lectin

ko
HE

g
b

EZAA =AY CTBY AH-& o] 49 & #
o 7le=e] 9g).

D. FEHEF ¥ EHAQ Fip

AHER A Y [gAe] FFL Tt o2 AR
of AA3Fo =D S-IgAd AIFFEe gt
AT 2~ Lol SR Y ARHog ATE
vaccine S-IgA9) o] 27|44 S #4384
A4 wddo] ¢hAs) EEM ol 4 ’%’0}"“‘1 T
A 2 $58 f38 £ Yo AR 23

—f— A3k E}T«] 537“/‘1]3‘.4 ¥ES %BH?
F5& Yolg g Zade Aoz 3
ZA7F ¥ %3 Challacombe™ol <]
o8-S mouse o mousedt A9 F
HAzFo) gaiA #eE & floe A&
e A th(Table 5). B4 H29 datat rhesus
gzl FAAG-SHY 5 EG 4 (age co-
mpromise)s Al BET " HFY HZ 1 TA
EA Hile JYAT Atgo| Mo AUAHGA
%QAJ s 43 FA7 Utk HAHHG
3% 9] g F3| A= Kawanishi™ ol o34
AT H29 d7e A °5°] IgA«]
7

Table 4. The effect of the nature of the antigen on the serum and intestinal wash antibody responses fol-

lowing oral immunization

Serum antibodies

Intestinal wash

Antigen IgG IgA IgG IgA
K99 pili 968(120) <4 3.0(5.2) 32(49)
987P pili 776(64) 10.8(8.8) 10917 485(19)
LTB 1.351(211) <4 <4 122(44)
Influenza vaccine 179(34) <4 <4 <4
Flagella <4 <4 <4 <4
LPS 12.1(1) <4 <4 <4

PS <4 <4 <4 <4
BSA <4 <4 <4 <4
ConA 666(84) <4 ND(not done} ND

Note : Mean values from five mice(+S.D.) following oral immunzation with 20 ¢ of antigen at days o and 14. The immune
responses, which represent the reciprocal of the sample dilution that gave an ELISA reading of 0.5, were measured at day 21.

K99 and 987P pili.

flagella and heat labile enterotoxin(.TB) were isolated and purified from Escherichia coli ; lipopolysacchar-

1de(LLPS) and polysaccharide(PS) were purified from Sabmonella typhimurium ; the lectin(Con A), bovine serum albumin(BSA). and

influenza vaccine were purchased from commercial suppliers.

Adapted from De Aizpurua, H.J. and Russell-Jones, G.J.. J. Exp. Med.. 167. 440, 1988,
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Table 5. The effect of age on the salivary antibody
response of mice to oral immunization
with Streptococcus mutans

Salivary antibody response

Age on exposure

5 weeks 0.5(0.2)
11 weeks 28(0.3
17 weeks 5.7(0.5)
52 weeks 21007y

Note . Mice were orally immunixed with 10'° S. mutans on 3
consecutive days, and the salivary antibody responses were de-
termined 14 days later, The reponses are mean antibody units
for six mice(+SE)

‘Represents a significantly different reponse(p<0.01) in com-
parison to a control group of animals of the same age which
were orally immunized with saline.

Adapted from Challacombe, S. J., Mucosal Immunity IgA
and Polymorphonuclear Neutrophils, Revillard, J. P., Voisin,
C., and Wierznicki, M., Eds., Fondation Franco~Allemande,
Paris, 1985, 73.

E. $IRZE & {eER (mucosal adjuvant)
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< saponinM ¥ REEHH 2 =3 Z74
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Table 6. The effect of a mucosal adjuvant{saponin) on the serum antibody responses in mice following
oral immunization with inactivated rabies virus

Virus alone Virus and saponin
Number FIMT Number FIMT
responding responding titer
Two doses 3/48 13/42 64
Three doses 2/13 12/14 40-2.000

. Note : Mice were fed at weekly intervals. two or three doses of fixed inactivated rabies virus either alone, or in combination
with Quillaja saponaria saponin. Blood was collected 3 days after the final dose, and the level of rabies-neutralizing antibodies in
the serum was determined in a fluorescence inhibition micro testFIMT). The number responding represents the number of sero-

positive animals/total tested.

Adapted from Chavali, SR. and Campbell, J. B., Immunobiology, 174, 347, 1987.
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Table 7. The response to oral immunization of rats
with Escherichia coli heat-labile enterotoxi-
n(LTB) in the presence of agents desi-
gned to protect the LTB from degradation
in the stomach

% reduced secretion
Antitoxin response  in immunized rats

Serum  Mucosal  after LTB challenge

No buffer 1 1 2(1)
Bicarbonate 1 2 L)
Cimetidine 5 6 80(1)
Enteric-Coated 5 6 97(2)

microspheres

Note : The antitoxin response is shown as the fold increase
in geometric mean titers in immunized rats over control rats.
Follwing immunization with LTB, the rats were challenged by
instillation of LTB into ligated intestinal loops. Maximal fluid
secretion was observed following LTB challenge in unimmu-
nized rats. The % reduced secretions(+S.E.) induced by im-
munization with LTB plus the different agents is shown. An
agent expected to reduce secretion by 100%

Adapted from Klipstein, F.A., Engert, R. F., and Sherman,
W.T., Infect. Immun., 39, 1000, 1983.
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Table 8. Exploitation of the common mucosal immune system in humans following oral immunization with
killed Haemophilus influnezae in patients prone to recurrent acute bronchitis

Vaccine Placebo
group(n=20) ‘ group(n=20)
Number reporting infections 16
Number of infections 17
Episodes of acute bronchitis 16
Courses of antibiotics 12
Duration of symptoms in days(+SE) 9.4(20) 12(19)

Note ! The study was a double-blind randomized trial conducted over a 6-month period. The vaccine group received three
courses of enteric-coated tablets containing 10" organisms, while the placebo group received entericcoated tablets containing glu-

cose.

Adapted from Clancy, R. L., Cripps, A. W., and Gebski, V.. Med. J. Aust., 152, 413, 1990.
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Table 9. Alternative antigen delivery systems for oral immunization

Delivery systems

Advantages

Disadvantages

Colonization of Peyer's patches with
genetically engineered organisms.
(eg.. Salmonella and poliovirus) gens

Cholera toxin(B subunit) Potent adjuvant

Microparticles

tects antigen ; controlled relase ; can 1n-

clude adjuvants and targeting agents

Liposomes

nts ; protects antigen from degradation

Lectins

assessment with different stecificities

ne response:may include several anti-

Potential for potent stimulation of immu- Antibodies to carrier may preclude the

use of the same organism for booster
Immunization

Probably requires whole toxin for adju-
vant effect ; chemical coupling may be
required ; immunity to carrier may re-

strict use

Promotes uptake by Peyer's patches ; pro- Unproven efficacy in man : uptake of pa

tticles requires further study ; possible
denaturation of antigens during mic-

roencapsulation

May include adjuvants and targeting age- Stability problems : solubilization in the

gut(bile salts, lipases, etc.)

Wide range of materials available for Nonspecific enhancement of immune Te-

sponses to gut contents possible;may

require chemical coupling ; toxicity?
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