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IMUNES E NAO IMUNES

Helio Jos¢ MONTASSIER'; Gcervésio Henrigue BECHARAL Euclidcs Braga MALHEIROS3; Aramis Agusto PINTO4

SUMMARY

The 0 ,..” strain of foot and mouth disease virus (FMDV) used as inducing agent in the pleurisy
model was able to trigger a pro-inflammatory cffcct on normal and immune guinea pigs. The pro-
inflammatory activity which was dctcctcd at two times of the pleurisy (24 and 48 hours) on normal
guinea pigs was characterized only by mononuclcar (MN) cell influx, during the first interval of the
reaction and by cdcmatogcnic cffcct, MN and polimorphonuclcar (PMN) leucocyte migration, at the
last time of the reaction. The inflammatory reaction profiles recorded on immune guinea pigs
(vaccinatcd with anti-0lc oil adjuvantcd vaccinc), both after 7 and 30 days post vaccination (pv)
have showed, in both interval, lower intensities than that observed in normal guinea pigs, although in
the 7 days PV guineapigs theaccumulations of total Icucocytcs and PMN were similar to thatdisplayed
by normal animals, after 48 hours of the reaction. Besides, on thirty days PV guinea pigs the FMDV
induced a significant increase in volume of exudate and MN ccll infiltration, after 24 hours, and all of
the inflammatory parameters values dropped to normal levels, during the second interval of the
reaction. It was found a negative association between the increase in scrum neutralizing antibody titer,
from 7 to 30 days PV and the intensities of pleural inflammatory parameters on the immune guinea
pigs. The pleurisy test revealed itself feasible to evaluate the pro-inflammatory activity of FMDV.
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INTRODUCTION

Little information is available about the inflammatory reac-
tions produced during the course of infection causcd by foot
and mouth disease virus (FMDV). Lcucocytc infiltration is
known to occur in infccted tissues, first with a predominance
of polimorphonuclcar (PMN) cclls and later of mononuclcar
(MN) cclls I8M23 This ccll infiltration is causcd solely by the
ccll destruction induced by the virus'8

There arc no specific studies on FMDV such as those con-
ducted on the Coxsackic B virus "s2 and on togavirus, her-
pesvirus and poxvirus4, in which the rclcvancc of MN afflux
was demonstrated in terms of limitation of the infection
causcd by one of these agents. The few reports available
show the role of FMDV transport from blood to epithelial
tissue by MN, macrophages and Langcrhans cclls after pri-
mary replications of the virus and vircmia923.

Furthermore, although the role of neutralizing antibodies in
the protection against FMDV has been well established511,1721,
the roles of the remaining defense mechanisms such as cell-
mcdiatcd immunity and specially the delayed hypersensitiv-
ity reactions and of nonspecific protection processes such as
inflammatory reactions, still need to be elucidated.

The objective of the present study was to investigate quali-
tatively and quantitatively the pro-inflammatory cffcct of
FMDV using the pleurisy model in immune and in non-
immunc guinea pigs, at early and late phase of immune
response.

MATERIAL AND METHOD

Animals

Female Duncan-Hartlcy guinea pigs weighting 700-750 g were
used in the pleurisy test and in assay of protection against
challenge, and families of albino Swiss suckling micc were
used for FMDV propagation.

Virus

The virus used for the challenge the 0 1ICA  ~strain of FMDV
which has been previously adapted to, ancrtitrated in, guinea
pigs. One ml of vcsicular fluid collected from these guinea
pigs contains 10s6 DIGP50 (50% infectious and generalizing
guinea pig doses).

The same viral strain from guinea pigs was adapted to and
propagated in suckling micc in order to obtain more antigcnic
mass and it was titrated in guinea pigs again, and used as
inducing agent in the pleurisy test at the concentration of 10*
DIGP50/animal, diluted in PBS pH7.6, after being ground
and ccntrifuged at 1600 g for 20 minutes at 4°C. Since the
plcurisy-inducing viral suspension was not purified, a suspen-
sion of normal suckling mouse carcasses similarly processed
and diluted in the same buffer was used as a control inducing
agent. Normal or infcctcd carcasses were stored in Vallée
fluid at -70°C until they were processed.
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Oil FMDV Vaccine

The vaccine was prepared from a FMDV type O,, strain Cam-
pos grown in BHK, done 13 suspension cells, containing
1072 TCID50 and inactivated with binary iminc ethylene'. An
equal volume of oily adjuvant consisting of 9 parts Marcol
52(Exxon) and 1 part montanidc 888(Scpicc) was added to
this suspension and a simple aqueous emulsion in oil was
prepared.

Experimental Protocol

A group of 64 guinea pigs received a vaccine dose of 0,25 ml
each by subcutaneous route. Half of the animals were divided
into two groups: one (N=8) was tested at challenge and other
(N=24) in the pleurisy assay, both at 7 days post vaccination
(pv) (early phase of immune response). The remaining ani-
mals were submitted to the same procedure, at 30 days pv
(late phase of immune response). In addition, guinea pigs
with no immunity to FMDV were tested both at challenge
and pleurisy assay.

Challenge

The immune status of the guinea pigs was tested with chal-
lenge performed at 7 and 30 days pv by intradcrmoplantar
inoculation of a vesicular fluid suspension containing 104
DIGP50 into the left hind paw.

Pleurisy Assay

The technique proposed by BECHARA at al.2 (1986) was
adopted along general lines. Non-immune and vaccinated
guinea pigs were anesthetized with ethyl ether and injected
intrapleurally with 1 ml of the test and control inducing sus-
pensions. The animals were sacrificed 24 and 48 hours later
(6 guinea pigs/group/intcrval of reaction) by prolonged expo-
sure to ethyl ether and bled. The pleural cavity was exposed
and washed with 3 ml PBS containing 50U heparin/ml and
the inflammatory exudate was harvested for the determination
of volume and number of total and specific leucocytes using
a counting chamber and panchromically stained smears, re-
spectively.

Anti-FMDV Antibody Titers

The serum samples obtained from guinea pigs submitted to
challenge and to pleurisy assay were titrated for the determi-
nation of serum-neutralizing antibody concentration by the
micro-colour test17.

Statistical Analysis

A fully randomized experimental design was used and the
means were compared by the Tukcy test differences of P >
0.05 were considered significant10

For statistical analysis of the pleurisy data, volume and num-
bers of total leucocytes, MN and PMN, it was necessary to
test heterogeneity of variances by the Bartlett test7. The data
were transformed to [volume (ml)]02and [number of cells]02
x 106 for later comparison of the means by the Tukey test,
with the level of significance set at 5% 10

RESULTS

FMDV-Specific Inflammatory Reaction in Non-Immunc
Guinea Pigs

FMDYV injected into the pleural cavity of normal guinea pigs
triggered an inflammatory reaction differing from that pro-
duced by the control inducing agent (P<0.05). From 24 to 48
hours, this reaction consisted of the elevation of MN during
the first interval and persistence of elevated values of all of
the inflammatory exudate parameters, i.e. volume, total num-
ber of leucocytes, numbers of MN and PMN (Fig. 1A, IB, 1C
and ID). In addition, the pleural cavity of noninjccted guinea
pig contained 1.47 x 106+ 0.066 total leucocytes, 1.39 x 10*
+ 0.072 MN and 1.06 x 10* + 0.062 PMN (values indicate
mean of (number of cells)02x 106+ S.E.).

FMDV-Specific Inflammatory Reaction in Immune Guinea
Pigs

The virus-specific inflammatory response (P<0.05/plcurisy
produced by control inducing agent) detected in guinea pigs
immune to FMDV 7 days after vaccination, in regard to that
triggered in normal guinea pigs, has demonstrated absence of
edematogenic cffcct and lesser MN cell pleural infiltration,
after 48 hours of the reaction, but it has showed similar
leucocyte and PMN migration to pleural cavity, at the same
time of the reaction. On the contrary, the FMDV inflamma-
tory reaction on 30 days vaccinated guinea pigs showed only
a significant increase in volume and MN number, though it
presented a lower migration than that reported on 7 days
vaccinated guinea pigs during a period of 24 hours of the
reaction, taking into consideration that the pleural exudate
parameter values dropped to normal levels after a 48 hours
reaction period (Fig. 2A, 2B, 2C and 2D).

Humoral immune Response and Relative Protection
Against Challenge

The protection against generalized vesicular lesions was 100%
in immune guinea pigs both 7 and 30 days pv, with an increase
in scrum-ncutralizing antibody titers from the first to the second
pv interval (Tab. 1).

DISCUSSION

The importance of MN leucocyte recruitment in virus in-
fected tissues has been pointed out42 However, few data arc
available with respect to the inflammatory reaction induced
by the FMDV, especially in terms of the dynamics of leucocyte
infiltration. Only the histopathological features of the skin or
mucosae affected by the virus have been described. In these
reports, leucocyte afflux was understood to be an event caused
solely by cell destruction182023

However, histological techniques are not always adequate for
the study of the dynamics of leucocyte infiltration in vivoll
Thus, when FMDV-induced pleurisy model was introduced
in the present study, it was observed that the virus docs in-
deed have an edematogenic and chemotactic cffcct, as shown
in particular by the increase in the MN number and volume of
the exudate formed 48 hours after the induction of a reaction
in non-immune animals. During a period of 24 hours it was
only possible to distinguish a greater MN afflux as an FMDV-
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specific inflammatory response, whereas the other inflamma-
tory parameters did not differ from those recorded for the
pleurisy induced by the control agent.

The pro-inflammatory activity of viruses has been previously
demonstrated by the production of chcmotactic factors for
PMN and MN in the allantoid fluid of chickcn egg embryos
and in the supernatant of cell cultures infcctcd with Newcastle
disease virus and mumps virus, respectively2L The chcmo-
taxis detected in the study citcd was clearly a conscqucnce of
ccll infection, whereas this did not seem to be the ease in the
pleurisy induced by FMDYV since in this test virus is introduced
at a site that is not a target for its replication. This fact
strengthens the idea that the interaction of FMDV with nor-
mal cells of the pleural cavity, and in particular the lcucocytcs
present there, may have triggered the inflammatory proccss in
question, as is the case for the action of bactcrial lipopolysac-
charides on macrophages residing in the pcritonium8

Another viral pro-inflammatory cffcct in vivo, characterized by
infiltration of MN lcucocytcs has also been reported in a
study using micc inoculatcd intraccrcbrally with a togavirus. In
addition, the most intensive rccruitmcnt of lcucocytcs to the
ccrcbrospinal fluid coincided with the beginning of a pro-
nounced drop of infectious viral titer in this fluid at a time
when antiviral antibodies were still undctcctablc in the scrum
of these animals4.

In contrast, the inflammatory proccss induccd by FMDV on
vaccinatcd animals varied according to the phase of immunity.
At 7 days pv, the profile of FMDV inflammatory reaction
presented characteristics similar to those of non-immune guinea
pigs, at 48 period of the reaction, though it displayed a lower
intensity of MN ccll rccruitment and the absence of
edematogenic activity. On the contrary, on 30 days pv guinea
pigs, there was only a significant increase in volume and MN
number promoted by FMDV after 24 hours of the reaction,
indicating a possible occurrence of a cito-mcdiatcd immune
response which contributed to leading the inflammatory reac-
tion induccd by the FMDV to a resolution, after a 48 hours
interval. Furthermore, with the increase in serum-neutralizing
antibody titers from 7 to 30 days pv, a negative
immunomodulator cffcct appears to have occurred, causing
partial inhibition of the FMDV-spccific inflammatory proccss.
This hypothesis is supported by the previous report that the
increase in anti-togavirus antibody titer in micc challenged
intraccrcbrally produced a decrease in lcucocytc infiltration
into ccrcbrospinal fluid4.

The present results may also mean that the inflammatory re-
action induccd by FMDV in guinea pigs in the initial stage of
immunity may be of importance, together with the proccss of
humoral immune response, in favoring an amplification of
viral opsonization and of the blockade of viral infcctiousness,
as indirectly shown by challenge test. In this rcspcct, there is
a suspicion as well as direct and indirect cvidcncc that
opsonization or the inflammatory reactions that favor its de-
velopment represent other mechanisms of protection in addition
to those of neutralization by antibodies against the infection
produced by FMDYV or by another picomavirus such as Cox-
sackic B virus1314151619

Thus, the present study demonstrated the feasibility of the use
of the pleurisy model to investigate the pro-inflammatory ac-
tivity of FMDV and other viruses, especially in terms of the
edematogenic and chcmotactic activities. The protective role
of MN rccruitment against FMDV in immune animals was
also infcred, during the early and late phase of immunity.
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RESUMO

A estirpe 0 ICAMRB do virus da febre aftosa (VFA) usada como
agente indutor do teste de pleurisia foi capaz de descncadcar
um efeito pro-inflamatério cm cobaias normais ¢ imunes. A
atividade pré-inflamatéria do VFA, detectada cm dois interva-
los de pleurisia (24 c 48 horas) foi demonstrada, somente por
quimiotaxia de Icucocitos mononuclcarcs (MN), no primeiro
intervalo ¢ por efeito edematogcnico, migracdo de MN e
polimorfonuclcarcs (PMN), no dltimo intervalo de reagdo. Os
perfis de reacdo inflamatéria induzida pelo VFA cm cobaias
imunes (imunizadas com vacinas oleosas anti-VFA01Cinw), aos
7 c aos 30 dias po6s-vacinagdo (PV) apresentaram imensidades
mais baixas do que as observadas cm cobaias normais, embora
nas cobaias com 7 dias de vacinacdo a quimiotaxia de lcucécitos
totais e de PMN tenha sido similar aquela encontrada nos ani-
mais normais, no intervalo de 48 horas dc reacdo. Ademais,
nas cobaias com 30 dias PV, o VFA induziu um aumento
significantc no volume dc exsudato e na infiltracdo dc MN, no
intervalo dc 24 horas, sendo que os valores dc todos os para-
metros do exsudato inflamatério cairam a niveis normais, no
segundo intervalo dc reagdo. Nas cobaias imunes foi observada
uma associagdo negativa entre o aumento no titulo dc anticorpos
soro-ncutralizantcs, dc 7 para 30 dias PV ¢ as imensidades dos
parametros inflamatérios pleurais. O teste dc pleurisia revelou-
se um procedimento adequado para avaliar a atividade pro-
inflamatéria do VFA.

UNITERMOS: Virus da febre aftosa; Efeito pro-inflamaté
rio; Imunidade
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TABLE 1
Scrum-neutralizing anti-FMDV antibody tiler and relative protection against
challenge in non-immuncand immune guinea pigs7and 30 days after vacination.
Phase of immunity Scrum-neutralizing
antibody titer

Percent protection
against challenge
no. protected/no.

challenged
non-immune 0.4950 + 0 0(0/8)
(n=14)b
7 days pv 1.2330 + 0.1858 100(8/8)
(n=14)
30 days pv 2.2358 +0.3030 100(8/8)
(n=14)

a - The liter is expressed as mean *SDlog 10
b - n - corresponds to the number of animals tested; of these, 6 were from the
pleurisy test and 8 from the challenge test.

REFERENCES

01-BANEHMANN, H. G. Binary cthylcniminc as an inaciivant for
foot and mouth disease virus in and its application for vaccine
production. Arch. Virol., v.47, p.47-56, 1975.

02-BECHARA, G. H.; BATES, M. B.; DUNN, C. J,; WILLOUGHBY,
D. A. A pro-inflammatory role of lymphoid cells in acute
pleurisy inrats. Int. Arch. Allergy, v.79, p.419-22, 1986.



MONTASSIER, HJ.; BECIIARA, G.H.; MALLIEIROS, E.B.; PINTO, A.A. A pro-inflammatory cffcct of foot and mouth disease vims on immune and non-
inunune guinea pigs. Braz. J. vet. Res. anim. Sd., S&o Paulo, v.29, p. 384-389,1992. Suplemento.

03-VAN BEKKUN, J. Correlation between serum antibody level
and protection against challenge with FMDV. Brescia, Scss.
Res. Group StandTcch. Comm. Eur. Commission Contr. FMD/
FAO. 1969. p.38-40.

04-BLANDEN, R.V.; HAPEL, A.J.; DOHERTY, P.C;
ZINKARNAGEL, R.M. Limphocytc-macrophagc interactions
and macrophage activation in the cxpresion of antimicrobial
immutity “invivo”. In: NELSON, D.S. ed. Immunobiology of
the macrophage. New York, Academic Press, 1976. p.367-
400.

05-BORCA, M. V.; FERNANDEZ, F. M.; SADIR, A. M.; BRAUN,
M.; SCHUDEL, A. A. Immune response to foot and mouth
disease virus in amurine model: effective thymus - independent
primary and sccundary reaction, immunology, v.59, p.261-7,
1986.

06-BORCA, M. V.; FERNANDEZ F.M.; SADIR, A.M.;SCHUDEL,
A. A. Reconstitution of immunossupressed mice with mono-
nuclear cells from donors sensitized to foot and mouth disease
virus (FMDV). Vet. Microbiol., v.10, p.1-11,1984.

07-BOX, G. E. P.; HUNTER, W. G.; HUNTER, J.S. An introduction
to design, data analysis and model building. New York, John
& Sons. 1978.

08-CUNHA, F. Q. R;; FERREIRA, S. H. The release of neutrophil
chemotactic factor from peritonial macrophages by endotoxin:
inhibition by glucocorticoides. Europ. J. Pharmacol., v.129,
p.65-76,1986.

09-DI GIROLAMO, W.; SALAS, M.; LANGUENS, R. P. Role of
Langerhans Cells in the Infection of Guinea Pig Epidermis with
Foot and Mouthdiseasevirus. Arch. Virol., v.83,p.331-6,1985.

10- GOMES, F. P. Curso de estatistica experimental. 10. ed.
Piracicaba, ESALQ/USP, 1982.

11-GRAVES, J. H.; MCKERCHER, P. D.; CALLIS, J. J. Foot and
Mouth Disease Vaccine: Influence of the vaccine virus subtype
onneutralizing antibody and resistence todisease. Amer.J. vet.
Res., v.33, p.765-6,1992.

12-ISSEKUTZ, T. N.; ISSEKUTZ, A. C.; MOVAT, H. Z. The “in
vivo” quantification and kinetics of monocyte migration into
acute inflammatorytissue. Amer. J. Path.,v.103,p.47-55,1981.

13-KNUDSEN, R. C.; GROOCOCK, C. M.; ANDERSEN, A. A

Difference in protective immunity of the tongue and feet of
guinea pigs vaccinated with foot and mouth disease virus type
A following intradermolingual and foot pad challenge. Vet.
Microbiol., v.7,p.97-107,1982.

14-KNUDSEN, R.C.; GROOCOCK, C.M.; ANDERSEN. A. A.
Protective role of foot and mouth disease virus antibody “in
vitro” and “in vivo” in guinea pigs. J. gen. Virol., v.64, p.341-
8, 1983.

15-MC CULLOUGH, K. C.; CROWTHER, J. R.; BUTCHER, R.N;;
CARPENTER, W.C.; BROCCHI, E.; CAPUCCI, L.; DE
SIMONE, F. Immune response against foot and mouth disease
virus studiedvirus neutralizing andnon-neutralizing concentra-
tion of monoclonal antibodies. Immunology, v.58, p.421-8,
1986.

16-MC CULLOUGH, K.C.; PARKINSON, D.; CROWTHER, J. R.
Opsonization enhanced phagocytosis of foot and mouth disease
virus. Immunology, v.65, p.187-91,1988.

17-MARTIN, W.B.; CHAPMAN, W.G. The tissue micro-colour test
for assaying the virus and the neutralizing antibody of foot and
mouth disease and its application to the measurement of immu-
nity in cattle. Res. Vet Sci., v.2, p.53-61,1961.

18-PLATT, H. Observations on the pathology of the experimental foot
and mouth disease in the adult guinea pig. J. Path. Bact., v.76,
p.119-31, 1958.

19-RAGER-ZISMAN, B.; ALLISON, A. C. The role of antibody and
host cells in the resistence of mice against infection by Cox-
sackic B3virus. J. gen. Virol., v.19, p.329-38, 1973.

20-SEIBOLD, H. R. A revised conccpt of the lingual lesions in cattle
with foot and mouth disease. Amer. J. vet. Res., v.24, p.l 123-
30, 1963.

21-WARD,P.A.;COHEN, S.; FLANAGAN,T.D. Leukotacticiactors
elaborated by virus infected tissues. J.exp. Med.,v.I135,p.1095-
103, 1972.

22-WOODRUFF, J. F. Viral myocarditis - A review. Amer. J. Path.,
v.101, p.426-79,1980.

23-YILMA, T. Morphogenesis of vesiculation in foot and mouth
disease. Amer. J. vet. Res., v.41, p.1537-42, 1980

Recebido para publicagdo em 19/03/1992
Aprovado para publicacdo cm 13/08/1992

387



MONTASSIER, HJ.; BECHARA, G.H.; MALLIEIRQS, E.B.; PINTO, A.A. A pro-inflammatory cffcct of foot and mouth disease virus on immune and non-
immune guinea pigs. Braz. J. vet. Res. anim. Sd., Sdo Paulo, v.29, p. 384-389,1992. Suplemento.

Figures 1A, 1B, 1C AND ID - Effects of fool and mouth disease virus on the volume of exudate (Figure 1A) and on the migration of total leucocytes (Figure
I1B), mononuclear (Figura 1C) and polymorphonuclear (Figure 1D) cells during a period of 24 (columns 1) and 48 hours (columns 2) of pleurisy produced by
test-inducing agent (light columns) and by control-inducing agent (hatched columns) in normal guinea pigs. The numbers of resident cells in the normal

pleural cavity arc presented (columns with vertical lines).
* Represents statistically significant differences (P<0,05) between the inflamation produced by the test-inducing agent and by the control-inducing agent,

a Represents statistically significant differences between the number of resident cells in the normal pleural cavity and the cells that migrated in response to
the FMDV stimulus.
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FIGURES 2A, 2B, 2C AND 2D - Effccls of foot and mouth disease viras on the volume of exudate (Figure 2A) and on the migration of total leucocytes
(Figure 2B), mononuclear (Figure 2C) and polimorphonudear (Figure 2D) cells, during a period of 24 (columns 1e 2) and 48 hours (columns 3 e 4) of
pleurisy produced by atcsl-indudng agent (light columns) and a control-inducing agent (hatched columns) in immune guinea pigs after seven days P.V.
(columns 1and 3) and thirty days P.V. (columns 2 and 4).

* Represents statistically significant differences (p<0.05) between the inflammation produced by ihc test inducing agent and by the control
inducing agent.
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