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Résumé

COMPARAISON DE LA REPONSE IMMUNITAIRE DANS LE SERUM ET LES SECRET-IONS
BUCCO-PHARYNGEES APRES IMMUNISATION PAR DIFFERENTES VOIES AVEC UN VIRUS
VACCIN VIVANT PESTE PORCINE (SOUCHE THIVERVAL). - Au cours de la présente étude,
on a recher.thél’influen&oelig;de la voie, de vaceiftlltion sur. ta réponse immunitaire systémique
et locale. On a analysé la cinétique de l’apparition des anticorps dans le sérum et les sécré-
tions bucco-pharyngées. Quelle qu’ait été la voie d’administration (intranasale ou intramus-

culaire) une réponse immunitaire systémique et locale a été observée, et les porcs ont
résisté à une inoculation virulente. Toutefois la réponse immunitaire locale maximale
a été observée après vaccination intranasale avec une forte dose de vaccin (107 U.F.P./porc).
Après une inoculation virulente par voie intranasale, on n’a pas observé d’effet de rappel
manifeste dans les sécrétions bucco-pharyngées.

Introduction

Local immunity seems to play a major role
in protection to infections (reviewed by
Tomasi and Bienenstock, 1968; Todd, 1973 ;
Rossen, Kasel and Louch, 1971). In case of
transmissible gastroenteritis virus (a patho-
genic agent showing a marked entero tro-

pism), a local immune response limits virus
growth (Bohl and Saif, 1975). A similar situa-
tion has been reported for multiplication of
myxoviruses in the respiratory tract (reviewed
by Shvartsman, 1976) and bovine venereal
vibriosis on the vaginal mucosa (Schurig et
al., 1975; Corbeil et .al., 1974).
Some pathogenic agents have a septicemic

phase before a local multiplication phase. In

such a situation local immunity may be effi-
cient by preventing penetration at the primary
mucbsal infection site, as has been described
for foot and mouth disease virus (Kaaden
and Matthaeus, 1970; Figueroa, Ohlbaum and
Contreras, 1973). Most of the work on this

subject, however, deals with poliovirus (re-
viewed by Ogra and Karzori, 1971 ; Ogra et

al., 1973). Infection proceeds in 3 phases :
replication in the nasopharynx and intestinal
tract, septicemic spread and nervous locali-
zation. Induction of an immune response in

nasopharyngeal and intestinal secretions

stops the infection at its very beginning.
Hog cholera virus infection is predomi-

nantly septicemic. the main portal of entry
for pathogenic virus being the nasopharynx :



early after infection, virus is found in the
tonsils (Leunen, 1975). Induction of an im-

mune response in the upper respiratory tract
can be expected to result in an early shut-off
of virus infection.

The present study was undertaken to de-
termine the importance of the vaccination
route with respect to its ability to induce a

local immune response in the upper respira-
tory tract and the protection offered by such
an immune response.

Material and methods

1) Experimental procedure :
12 weaned pigs weighings 15-20 kg from

a conventional breeding farm were randomly
distributed in three experimental groups. On
day zero, the animals received one of the

following virus preparations.
- 2 ml of Thiverval strain (5.106 P.F.U./mi)

by the intramuscular route.
- 2 ml of Thiverval strain (5.106 P.F.U./ml)

by the intranasal route.
- 2 ml of Thiverval strain (5.104 -P.F.U./mi)

by the intranasal route.
A control group of 3 pigs was treated with

2 ml .of tissue culture medium by the intra-
nasal route.

2) Immune response analysis methods :

Neutralizing activities are given as neutra-
lization indices (Launais, Aynaud and Cor-
thier, 1972) : to one volume of a constant

sample dilution (1/1 for bucco-pharyngeal
secretions, and 1/10 for serum samples)
equal volumes of logarithmic virus dilutions
were added. The mixtures were kept for one
hour at 37 °C and subsequently inoculated
into PK.15 cell cultures in Leighton tubes :
36 hrs after inoculation, the residual infec-
tivity is measured using the fluorescent
microplaque technique. The neutralization
index (NI) is represented by the difference
between the positive logarithms of the res-

pective P.F.U. titer determined before and
after neutralization (Corthier and Aynaud,
1973). The sample dilution inhibiting 50 %
of infectivity (D 50 %) can be calculated as
follows : dog D 50 % = 1/3 Ni -0.1 + log d
(Corthier, :1976) were d = sample dilution
employed in the neutralization index deter-
mination.

Periodically blood samples were -taken from
the vena cava and bucco-pharyngeat mucus
was collected using cotton swabs.

Swabs containing blood traces were dis-
carded. Mucus was extracted from cotton

by compression in a syringe and assayed for
neutralizing activity immediately.
The experiment was terminated on day

84 by a challenge infection with virulent Alfort
strain material (106 P.F.U./pigs) applied by
the intranasal route.

3) Cells and viruses :
Tissue culture techniques and hog cholera

virus strains have been described previously
(Aynaud, 19B8 : Aynaud and al., 1972: Lau-
nais, Aynaud, Corthier, 1972).

Results

1) Systemic immune response following
vaccination :

3 groups of 3 pigs each were vaccinated
intramuscularly with 107 P.F.U. of Thiverval
strain HCV and with 105 and 107 P.F.U., res-

pectively, via the intranasal route. Neutra-

lizing activity in the sera was determined at
weekly intervals. The immune response was

very similar for the 3 groups. The antibody
response is rapid, yielding high and long
lasting titers : 50 days post vaccination,
neutralization indices (NI ! 7) were reached.
3 pigs kept as contact controls did not

develop any humoral immune response (NI is
lower than 1) [figure 1].

2) Local immune response following
vaccination :

Neutralizing activity kinetics in bucco-

pharyngeal secretions was studied in vacci-
nated animals. A moderate immune response
occurred after vaccination, its level being
significantly different from that of unvacci-
nated pigs (table 1) : 

.

- In groups vaccinated intramuscularly
with 10! P.F.U. (figure 1) or intranasally with
105 P.F.U. a significant increase in neutrali-

zing activity could be detected (figure 1).
Variance analysis and study of Scheffe t. test,
performed on whole results suggest that
immune response of vaccinated animals differ
from controls (P < 0.01). Kinetics shape of
antibody production (time effect is signifi-
cant : P < 0.01), is too moderate to be des-
cribed.
- In the group vaccinated by the intra-

nasal route with 107 P.F.U., the neutralizing
activity is higher than in the other groups.
Nt’s equal to 3 are reached. Neutralizing





activity in bucco-pharyngeal secretions began
to appear one month after vaccination and
increased continuously. One pig died of

pneumonia during the experiment and no

statistical analysis could be performed.
When pigs are vaccinated with 107 P.F.U. by
the intramuscular route or with 105 P.F.U. by
the intranasal route, the systemic antibody
response is 100 times greater than the local
pharyngeal response. This value is equal to
30 if vaccination is performed with 107 P.F.U.

by the intranasal route.

3) Resistance to challenge
with virulent hog cholera virus :

All vaccinated pigs resisted to virulent
challenge performed by the intranasal route

at day 84. Control animals developed clas-
sical clinical signs and died two weeks after
challenge.

4) Local immune response after challenge :
In the 3 groups, no clear anamnestic im-

mune response was observed in bucco-

pharyngeal secretions during the 3 weeks
following challenge :
- In the group vaccinated intramuscularly

with 107 P.F.U. the increase in neutralizing
activity was very low, lower than during pri-
mary response.
- In the group vaccinated with 105 P.F.U.

by the intranasal route, a delay in the in-
crease of neutralizing activity can be noted
(3 weeks after challenge).
- In the group vaccinated intranasally

with 107 P.F.U. no increase in neutralizing
activity is observed after challenge (figure 1). ).

Discussion

The discussion will cover the following
points :
- methods
- results

1) Parameters involved in local immune
response.

2) Characteristics of local immune res-

ponse.
3) Absence of an anamnestic response

after virulent challenge.
4) Neutralizing activity origin. 

’

Methods

In studies of local immunity, one main

problem is to sample the right secretion at

a known dilution. In lung washing studies
(Charley, 1977 ; Charley and Corthier, 1977),
the neutralizing activity was correlated with
the optical density at 280 nm in order to
correct for sample dilution. This approach
would not be appropriate in our experiments
since contamination from other. sources

could cause increased optical density of the
sample which would not reflect proteins
concentrations in pharyngeal secretions.

Results

1) Parameters involved in local immune

response. 
’

It has been frequently observed that a local



immune response requires a local stimulation.
Systemic immunization with a dead antigen
(Smith, Bellanti and Chanock, 1967) or active
virus (Marshall and Frank, 1971 ; Charley,
1977 ; Ogra et al., 1973) does not lead to

antibody production in secretions.

However, experiments in bovines with
infectious and inactivated para-influenza 3 vi-
rus (Morein, 1972) and in the human species
with attenuated rubella vaccine (Cradok-
Watson et al., 1974) indicate that a weak anti-
body production can be detected when sys-
temic immunization is performed. Recently,
in the discussion of their theoretical study
Spencer, Waldman and Johnson (1974) con-
clude that compartmentalization between
local and systemic immunity can be partially
overcome by injection of high doses of an
inert antigen. Our results with an attenuated
hog cholera virus strain are in agreement
with this conclusion : intramuscular injection
of high vaccine doses into pigs induce a

local immune response in bucco-pharyngeal
secretions and in the lung (Charley and Cor-
thier, 1977). However, when the same vaccine
dosage was applied intranasally, antibody
production in pig pharyngeal secretions rea-
ched the highest levels.

2) Characteristics of local immune response.
A local immune response can be charac-

terized by ,the onset of detectable antibody
synthesis and by the persistance of antibody
production.

a) In our experiments local immune res-

ponse in bucco-pharyngeal secretions is de-
tected only one month after injection. This
time is rather long when compared with

results from other experiments on upper res-
piratory tract immunization with various

agents : 5 days after injection of inactivated
poliovirus (Ogra and Karzon, 1969), 8 to

10 days after vaccination with living or inac-
tivated influenza virus (Marshall and Frank,
1971 ; Morein, 1972 ; Charley, 1977), 10 days
after immunization of mice with killed E. Coli
or attenuated encephalomyocarditis virus

(Ebersole, Molinari and Platt, 1975 ; Prato and
Akers, 1969), local responses have been

reported. However, studies performed by
Cradok-Watson et al. (1974) with attenuated
rubella virus indicate that delay in antibody
synthesis can be related to production of
antibodies of different classes : when humans
are immunized against rubella at day 0, spe-
cific IgA is demonstrable in nasal secretions

between days 18 and 36 whereas IgG is de-
tected between days 21 and 42. One can

postulate that, in our experiments, enhance-
ment of the neutralizing activity in secre-

tions is mainly due to IgG. IgA antibody
synthesis may be either below the detection
level or this antibody class may have no

neutralizing activity.
b) Persistance of local antibody produc-

tion during 80 days after hog cholera vacci-
nation is comparable with results obtained in
other systems where immunization was per-
formed with live virus (Nakib, Best and Ba-
natvala, 1975) or inactivated virus (Ogra and
Karzon, 1969 ; !Buscho et al., 1972).

3) Absence of an anamnestic response after
challenge.
A local anamnestic immune response is

the expression of an immune priming at a

local level. This immune memory will permit
quick trapping of the pathogen at the orga-
nism’s portal of entry. This subject, however,
is still controversial in the literature. In nasal
secretions of immunized calves (Marshall and
Franck, 1971, 1975), mice (Holmes, 1973) and
chickens (Gerbrandy and Dura, 1972) an

anamnestic response was detected after a

local booster injection. The response is
intense and a maximum of antibody produc-
tion (mainly [gA in mice) is reached less
than one week after challenge. In our experi-
ments, however, no important local anamnes-
tic response was detected after virulent

challenge. These results are in agreement
with studies by others : in human nasal secre-
tions (living or inactivated virus) and in pig
intestinal secretions (killed E. Coli) no secon-
dary immune response was observed after
a second local antigen injection (Ogra and
Karzon, 1969 ; Porter et al., 1974).

4) The origin of neutralizing activity.
Neutralizing activity in bucco-pharyngeal

secretions can be due to local antibody syn-
thesis or to passive antibody transudation
from blood to local secretions. Such transu-
dation is known to occur from blood to lung
secretions in newborn animals in the ovine
and porcine species (Wells et al., 1975;
Bradley, Bourne and Brown, 1976). However
recent studies performed on adults in

chickens (Holmes, 1973), bovines (Provost,
1970) and pigs (Corthier, 1976 ; Charley and
Corthier, 1977) were unable to detect any

antibody passage from blood to nasal or lung
secretions. Consequently, 2 hypotheses can



be formulated to explain the origin of neutra-
lizing activity induced by hog cholera virus
in bucco-pharyngeal secretions :
- virus multiplication occurs in pharyn-

geal mucous membranes (even after intra-
muscular vaccination) and induces a local

stimulation ;
- virus-stimulated blood lymphocytes mi-

grate to mucosal surfaces. Such a mecha-
nism had been suggested in rabbits by Rudzik
et al. (1975).

(Accepted for publication March 1977.)

Summary

The influence of vaccination route on local and systemic immune response was studied with
hog cholera virus vaccine. Kinetics of antibody synthesis in serum and bucco-pharyngeal
secretion was observed.

Results show that, whatever the vaccination route (intranasal or intramuscular) a good syste-
mic and local immune response were induced and pigs resisted to a virulent challenge.
However the highest local immune response was obtained by intranasal vaccination with

large vaccine dosage (107 P.F.U./pig). After a virulent challenge performed by intranasal
route, no clear anamnestic immune response was detected in bucco-pharyngeal secretions.
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