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ABSTRACT: The intestinal uptake of Vibrio anguillarum bacterin was studied in rainbow trout 
Oncorhynchus mykiss (Richardson) sea bass Dicentrarchus labrax (L.) and turbot Scophthalmus max- 
imus (L.) using 2 delivery methods: oral administration (OA) and anal intubation (AI). At selected time 
intervals after antigen administration (from Day 1 to Day 21) fish were killed and sectioned for histology. 
The location of the bacterin was determined by staining intestinal, kidney, and spleen sections using the 
indirect fluorescent antibody technique. Antigen uptake was observed only in the posterior intestine of 
the vaccinated fish; antigen was never detected in the anterior ludney and spleen sections. The Vlbrio 
bacterin was detected in the lamina epithelialis for up to 21 d followng delivery. After AI the 
fluorescence was stronger than after OA regardless of species. Some differences in the bacterin uptake 
occurred among the fish species. The implications of these differences are discussed. 

INTRODUCTION 

Vibriosis, a widely distributed bacterial haemor- 
rhagic septicaemia of fish, is caused in France by Vibrio 
anguillarum (Baudin Laurencin 1981). Numerous wild 
and reared fish species are susceptible to this disease 
and in French fish farms the following species are often 
affected: rainbow trout Oncorhynchus mykiss (Rich- 
ardson), sea bass Dicentrarchus labrax L. and turbot 
Scophthalmus maximus L. 

To date, vaccination of fish by intraperitoneal injec- 
tion, bath immersion or spraying has proved to be 
successful. However, although oral delivery of vaccines 
has generally been considered the most suitable 
method of mass vaccination for fish of all sizes, oral 
vaccines are not yet commercially available. Injection 
confers the best protection, followed by immersion, and 
finally oral delivery (Evelyn & Ketcheson 1980, Tang- 
trongpiros 1980, Amend & Johnson 1981, Evelyn 1984). 

In marine fish species, good protection has been 
observed following oral immunization of turbot (Baudin 
Laurencin & Batellier 1986) and seabass (Dec et al. 

1990). In salmonids, oral immunization has yielded 
variable results: it resulted in good protection in the 
studies of Johnson & Amend (1983) and Vigneulle 
(1990), but it proved ineffective in studies reported by 
Baudin Laurencin & Tangtrongpiros (1980) and Horne 
et  al. (1982). These variable results could in part be due 
to gastric destruction of food-incorporated antigen. 
Support for such an idea was provided by Johnson & 
Amend (1983), who obtained hlgh levels of protection 
against vibriosis in sockeye salmon 59 d following 
single anal intubation of the bacterin - a procedure that 
permits the antigen to reach the posterior intestine 
unaltered. The response with anal intubation was 
better than that obtained after either oral or immersion 
vaccination. 

Mechanisms involved in oral vaccination are not yet 
fully understood, but several authors have studied the 
absorption and effects of vaccine delivered via the oral 
route. In the rosy barb Barbus conchionus, Davina et al. 
(1982) demonstrated that Vibn'o bactenn was absorbed 
by the epithelia1 cells of the lower intestine via pino- 
cytosis. The absorption process lasted for up to 6 d after 
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vaccination. Concomitantly, these authors observed an 
increase in the number of gut intra-epithelia1 leuco- 
cytes (IEL). In orally vaccinated rainbow trout, Nelson 
et al. (1985) reported that Vibrio antigen was observed 
in the intestine; however the antigen was not detected 
in the other organs of the fish. Likewise, Tatner et al. 
(1984) reported that a formalized preparation of 
Aeromonas salmonicida was confined almost exclu- 
sively to the gut region following gastric intubation of 
rainbow trout. 

In the present study we report on the intestinal 
uptake of Vibrio anguillarum bacterin in a salmonid. 
rainbow trout, and 2 marine fish, sea bass and turbot, 
following oral administration and anal intubation. Pos- 
sible leucocyte number modifications were also studied 
after Giemsa stzining of intestinal sections. 

MATERIALS AND METHODS 

Experimental specimens. Rainbow trout fingerlings 
(400; mean weight 5 +. 1 g) were maintained in 12°C 
running freshwater. Sea bass (200; mean weight 50 +_ 

20 g) and turbot (200; mean weight 27 -+ 7 g )  were 
maintained in 20 "C filtered and sterilized running sea- 
water. 

Fish were fed commercial dry (trout) or semi-moist 
(sea bass and turbot) pellets before the experiment and 
during oral vaccination. Fish were starved from 4 d prior 
to vaccination until the end of the experiment. They 
were fed only when an oral vaccine was administered. 

Each fish species was equally divided into 4 vaccina- 
tion groups (including the unvaccinated controls) and 
the group were kept in separate 200 1 tanks. 

Vaccination schedules. 'Vibriffa-bain' vaccine (regis- 
tered name, Rh6ne-Merieux: formalin-killed Vibrio 
anguillarum 408 suspension, containing about 2 X 10" 
bacteria ml-l) was used in all of the trials. 

Anal intubation (AI): An agar solution (0.4 %) at 45 'C  
was added to the bacterin to provide a 1:10 dilution of 
bacterin. This preparation was drawn into sterile 
syringes to which a flexible catheter tube was affixed 
(Clay Adams: PE 50. internal diameter (i.d.) = 0.58 mm 
for trout; PE 90, i.d. = 0.86 mm for sea bass and turbot). 
Fish were anaethetized with 2 phenoxy ethanol at a 
concentration of 0.2 m1 1-' and rectally intubated with 
the vaccine preparation. with 0.5 m1 for trout, 2 m1 for 
sea bass, and 1 m1 for turbot. The catheter was intro- 
duced via the anus up to the anterior intestine, and then 
slowly withdrawn while releasing the vaccine prepara- 
tion throughout the posterior intestine. The length of 
the tube to be inserted was previously determined for 
each species. The amount of bacterin actually deli- 
vered was 101° bacterial cells (b.c.) for trout, 4 X 10iO 
b.c. for sea bass, and 2 X 10" b.c. for turbot. The 
controls received the agar solution without bacterin. 

Oral administration (OA): The vaccine-containing 
feed was prepared daily by impregnation of the feed 
with the 1:10 diluted bacterin (10 % w/w). Fish were 
fed for 5 d at the usual rate of 3 O/O (trout) or 4 '% (sea 
bass and turbot) of the body weight per day. At the end 
of treatment, each individual had ingested approxi- 
mately 1.5 X log b.c. (trout), 2 X 10" b.c. (sea bass), or 
1 x 10" b.c. (turbot). Control fish were fed a diet with- 
out bacterin, at the same rates. 

Sampling. To determine the tissue location of the 
delivered bacterin, and the tissue and leucocyte 
response to the treatments, 5 turbot, 5 sea bass and 10 
trout were sampled in vaccinated and non-vaccinated 
groups at 1, 2, 3, 4, 7, 9, 11, 14, 18, and 21 d after AI or 
after the beginning of the OA. The fish were sacrificed 
aild the middle part of ille posterio~ irllesiine, the 
spleen, and the anterior kidney were removed for his- 
tological studies. 

Histology. Tissues were fixed in Bouin's fluid, pro- 
cessed into paraffin wax, and sectioned at 5 pm. His- 
tological changes were investigated following Giemsa 
staining. The IFAT used to determine antigen uptake 
was a modification of that described by Johnson et al. 
(1974). After paraffin removal, sections were covered 
with a 1:10 dilution of rabbit anti-Vibrio 408 serum. 
Slides were incubated in a moist chamber at 30°C for 
30 min and then rinsed with 2 changes of pH 7.2 
phosphate-buffered saline (PBS) for 10 min. A 1:20 
dilution of a fluorescein-labeled anti-rabbit immuno- 
globulin was added and the slides were incubated in a 
moist chamber at 30°C for 30 min. The slides were then 
rinsed with 2 changes of PBS for 10 min. A cover glass 
was affixed to each section with 'Fluoprep' mounting 
medium (Biomerieux) and the sections were examined 
with a Reichert epifluorescence microscope. For a 
semi-quantitative evaluation of the fluorescence in the 
lamina epithelialis, fish intestinal section was marked 
(graded) according to its fluorescent intensity, as fol- 
lows: 0, absence of fluorescence; 1, weak fluorescence; 
2, distinct fluorescence; 3, pronounced fluorescence; 
4, deep fluorescence. A mean mark (m.m.) and a stand- 
ard error (SE) were calculated for each sample. 

RESULTS 

Antigen, detected on the basis of its specific fluores- 
cence, was observed in the posterior intestine of the 
vaccinated fish but not in the intestine of the control 
fish. No fluorescence was detected in anterior kidney 
or spleen sections from any of the fish species. The 
proportions (P) of the variously treated fish exhibiting 
fluorescence in the posterior intestine at any given 
sampling time are summarized in Table 1. Semi-quan- 
titative evaluation of antigen uptake (fluorescence 



Vigneulle & Laurencin: Uptake of Vibrio anguillarum bacterin 87 

Table 1. Oncorhynchus mykiss, Dicentrarchus labl-ax and Scophthalmus maximus. Proportions of trout, sea bass and  turbot 
exhibiting intestinal mucosal fluorescence after introduction of Vihrio anguillarum bacterin by oral admin~stration (OA) or anal 
intubatlon (AI) Fluorescence was observed in different parts of the intestinal sections, as  follows: (GL)  gut lumen; (ES) external 
surface of the epithelium; (BB) brush border of the epithelial cells; (EC) supranuclear area of the epithelial cells; ( C C )  cells of the 

subepithellal connective tissue 

Species Delivery Number of Fluorescence Days post vaccination 
fish sampled repartition 1 2  3 4 7 9 1 1 1 4 1 8 2 1  

Trout 0 A 10 G L 1.0 1.0 1.0 1.0 1 0  0 0 0 0 0 
ES 0 0 0 1 1 . 0 0 0  0 0 0 0 
BB 0 0 0 0 4 0 . 2 0  0 0 0 0 
EC 0 0 0 0 0 7 0.6 0.8 0.9 0 2 0 
C C 0 0 0 0 0 0 0 0 0 0  

AI 10 G L 0.9 0.3 0.1 0.5 0 0 0 0 0 0 
ES 0.9 0.3 0.3 0.4 0 0 0 0 0 0 
BB 0.5 0.2 0.3 0.4 0 0 0 0 0 0 
EC 0.8 0.9 0.8 0.9 1.0 0.8 1.0 0.5 0.7 0 
CC 0 0 0 0 0 0 0 0 0 0  

Seabass 0 A 5 G L  0.8 1.0 1.0 1.0 0 0 0 0 0 0 
ES 0 0 0 . 2 0 0 0 0 0 0 0  
BB 0 0 0 0 0 0 0 0 0 0  
EC 0.8 1.0 0.8 1.0 0.8 0.8 0.6 1.0 0 0.2 
CC 0 0 0 0 0 0 0 0 0 0  

A I  5 GL 0 0 0 0 0 0 0 0 0 0  
E S 0 0 0 0 0 0 0 0 0 0  
B H 0 0 0 0 0 0 0 0 0 0  
E C 0.8 0.6 1.0 0.8 1.0 0.8 0.4 0.8 0 2 0 
C C 0.4 0.4 0.4 0 0 6  0.4 0.6 0.2 0.2 0.2 

Turbot 0 A 5 G L 1.0 1.0 1.0 1.0 1.0 0 0 0 0 0 
ES 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
BB 0 0 0 0 0 0 0 0 0 0  
EC 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
CC 0 0 0 0 0 0 0 0 0 0  

AI S GL 0 0 0 0 0 0 0 0 0 0  
ES 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
BB 0 0 0 0 0 0 0 0 0 0  
EC 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
C C 0 0 0 0 0 0.4 0.2 0.6 0 0.4 

n1.m.) in the lamina epithelialis after O A  and AI are 
illustrated in Figs. 1 & 2, respectively. 

Differences between OA and AI 

Following OA, fluorescence was present in the intes- 
tinal lumen from Day 1 to Day 3 in trout and turbot, and 
from Day 1 to Day 4 ,  in sea bass. After AI, the intestinal 
lumen displayed some fluorescence from Day 1 to Day 
4 ,  in trout, but no fluorescence was observed in turbot 
and sea bass. The lamina epithelialis of trout exhibited 
fluorescence only from Day 7 to Day 18 following O A ;  

in contrast, such fluorescence was observed from Day 1 
after AI. 

Fluorescence was always more pronounced after AI 
than after OA, regardless of the fish species. After AI, a 

few fluorescent host cells were present within the sub- 
epithelial connective tissue of some intestinal sections 
(1 to 3 fish per sampling day per species), from Day 1 to 
Day 21 in sea bass and from Day 9 to Day 21  in turbot. 

Interspecies comparison 

Fluorescent bacterin was observed on the external 
surface of the intestinal epithelium from Day 1 to Day 4 
in trout, from Day 1 to Day 2 1  in turbot, and only on 
Day 3, after OA, in sea bass. The brush border was 
fluorescent (from Day 1 to Day 7) in trout only. The 
location of the fluorescent bacterin in the intestinal 
mucosa differed according to fish species. In sea bass, a 
continuous fluorescent deposit was observed in the 
epithelial cells of the entire mucosal fold. In contrast, 
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Fig. 1. Oncorhynchus mykiss, DI- 
centrarchus la brax and Scoph thal- 
mus maximus. Semi-quantitative 
evaluation of fluorescent Vibrio an- 
guillarum bactenn in the lamina 
epithelialis of sea bass, turbot and 
trout after oral vaccination. Data ex- 
pressed as means ? SE from 5 sea 
bass, 5 turbot and 10 trout. Arrows 
indicate days of oral admin~stration; 
mean mark values are (0) absence of 
fluorescence, (1) weak fluorescence. 
(2) distinct fluorescence, (3)  pro- 
nounced fluorescence, (4) deep 

fluorescence 

Fig. 2.  Oncorhynchus myklss, Di- 
centrarchus labrax and Scophthal- 
mus maximus. Semi-quantitative 
evaluation of fluorescent Vibrio an- 
guillarum bacterin in the lamina 
epithelialis of sea bass, turbot and 
tr0u.t after anal ~ntubation. Data ex- 
pressed as  means + SE from 5 sea 
bass. 5 turbot and 10 trout. Arrow 
indicates day of oral administration; 

mean mark values as in Fig. 1 

thls fluorescence was generally restricted to the upper species. Whatever the vaccination route, antigen was 
part of the folds in turbot and was limited to a small observed in all turbot sampled from Day 1 to Day 21. 
portion of the folds in trout (Figs. 3 to 5).  maximum absorption m.m. (= 4) was reached in the 

In turbot, bacterin absorption in the lamina first week after OA or AI. Subsequent disappearance of 
epithelialis appeared more prominent than in the other antigen in turbot was protracted, and the m.m. was still 
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Fig. 3. Oncorhynchus m ykiss. 
Mucosal folds of trout lower in- 
testine, exhibiting accumula- 
tion of Vibrio anguillarum 
bacterin (arrows) 24 h post 
anal intubation of the antigen. 

Scale bar = 50 pm 

Fig. 
Muc 
inte! 
tion 
bact 
anal 

4 Dicentrarchus labrax. 
:osal folds of sea bass lower 
stine, exhibiting accumula- 

of Vibrio anguillarum 
erin (arrows) 24 h post 
intubation of the antigen. 
Scale bar = 50 pm 

2 2 for each of the delivery routes even after 21 d. In 
trout and sea bass, intestinal antigen uptake followed a 
similar pattern, but after OA, absorption commenced 
on Day 1 in sea bass (P = 4/5, m.m. = 0.8 k 0.20) and 
on Day 7 in trout (P = 7/10, m.m. = 1.6 f 0.39). 
Depending on the vaccination technique (OA or AI), 
the maximum m.m. values obtained in the first week 
were 2 +- 0.89 or 2.6 ? 0.87 for sea bass and 1.6 f 0.39 
or 2.4 + 0.30 for trout. Thereafter, absorption values 
decreased values to zero by Day 21. 

No histological differences were observed between 
vaccinated and control fish, and there were no appar- 
ent increases in the leucocyte number of the intestinal 
mucosa. 

DISCUSSION 

The IFAT provided a specific method for detecting 
the bacterin in fish tissues. However, at best, the 
technique permitted only a crude estimate of the 
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amount of antigen taken up and of the surface of the 
intestine involved in antigen uptake. Moreover, the 
method was probably too insensitive to visualize small 
amounts of fluorescence created by single or partially 
disrupted bacterial cells. In addition, only a small part 
of each organ was investigated. Nevertheless, the 
intestinal uptake of Vibrio anguillarum bactenn could 
be visualized for extended periods of time and gross 
comparisons between oral and anal delivery tech- 
niques and between the 3 fish species were possible. 

Studies on antigen uptake in the intestine of fish 
have generally been undertaken for only short periods 
of time (for usually less than a week). A preliminary 
study (Vigneulle unpubl.) showed that with AI, Vibrio 
anguillarum bacterin uptake was detected by 6 h post 
administration and was usually evident by 24 h post AI. 
A similar rapid intestinal absorption of antigen was 
reported by Rombout et al. (1986) and Davina et al. 
(1982). In these and other studies, antigen uptake was 
observed by 2 to 6 d post delivery, depending on the 
experimental design (Davina et al. 1982, Tatner et al. 
1984, Rombout et al. 1985, Rombout & Van Den Berg 
1989). However, in general, antigen uptake in the 
intestine has not been studied over longer periods. 
From the present work the V anguillarum bacterin was 
still visualized in the lamina epithelialis, albeit with 
decreasing intensity, 18 to 21 d after delivery. Nelson et 
al. (1985) reported that bacterin was observed through- 
out a 14 d vaccination period, with maximum presence 
occurring between Day 5 and Day 7. However, in 
contrast to the results reported here, the antigen was 

Fig 5. Scophthalmus maximus. 
Mucosal folds of turbot lower 
intestine, exhibiting accurnula- 
tion of Vibrio anguillarum 
bacterin (arrows) 2 4 h  post 
anal intubation of the antigen. 

Scale bar = 50 bun 

only detectable for 7 d after the end of the vaccine 
feeding. In another study, horseradish peroxidase 
(HRP) was observed in larval teleosts for up to 15 d after 
its administration (Watanabe 1982). The studies of 
Georgopoulou et al. (1985, 1986a, b) and those of 
Rombout et al. (1985) and Rombout & Van Den Berg 
(1989) showed that the antigen uptake rate varied with 
the size of the antigen molecule. Large molecules (a 
category not very different from bacterial cells) were 
taken up by pinocytosis and entered large supranuclear 
vacuoles, where they were ultimately digested. 

Intestinal uptake of bacterin, as observed in the pres- 
ent study, was rapid. After AI the fluorescence quickly 
disappeared from the intestinal lumen and was detect- 
able by Day 1 in the lamina epithelialis. After OA 
antigen uptake was less rapid, the fluorescence being 
observed for a longer time in both the lumen and the 
lamina epithelialis. In addition, the amount of antigen 
taken up with OA was always less than that taken up 
with AI and subepithelial fluorescence was observed 
only with AI. The lesser rate of absorption observed 
after OA can probably be attributed to the smaller 
amounts of antigen introduced into the gut lumen. 
Moreover, depending on the species and perhaps upon 
the characteristics of the food, only that portion of the 
bacterin directly in contact with intestinal epithelium is 
likely to be taken up, the rest being voided with the 
feces. In addition partial degradation of the antigen in 
the upper part of the digestive tract may also occur 
These factors, as well as the feeding strategy, probably 
explain the differences in protection obtained after 
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anal and oral vaccination (cf. Johnson & Amend 1983, 
Vigneulle 1990). 

Some differences in bacterin uptake were apparent 
between the 3 fish species studied. In trout the 
phenomenon seemed to be slower than in the 2 other 
species. In trout after AO, in spite of a fluorescence in 
the intestinal lumen, the bacterln was not detectable in 
the lamina epithelialis until Day 7;  in contrast, in turbot 
and sea bass it appeared on Day 1. Also in trout often 
AI fluorescence was present in the lumen until Day 4; 
in contrast, in the 2 other species it had disappeared 
from the lumen of the intestine by Day 1. In trout the 
uptake seemed to be limited to a small portion of the 
mucosal folds, and regardless of the delivery route, no 
fluorescent cells could be observed in the subepithelial 
connective tissue. In contrast with the results reported 
here, fluorescence was observed in the subepithelial 
lamina propna 24 h after oral intubation of trout with 
human immunoglobulin G (Georgopoulou & Vernier 
1986). On the whole, intestinal uptake seemed to be  
less efficient in trout than in turbot and sea bass, which 
may explain the variable results of oral vaccination 
trials in trout (Baudin Laurencin & Tangtrongpiros 
1980, Horne et  al. 1982). In sea bass, the transit of the 
bacterin to the intestinal epithelium was rapid, and the 
fluorescence was distributed along the entire surface of 
the mucosal folds. This probably explains the rapid 
passage of the bacterin to the connective tissue in the 
species and the lesser intensity of the fluorescence in 
the lamina epithelialis when compared to turbot. Anti- 
gen absorption appears to be equally rapid in turbot. In 
turbot the epithelial fluorescence was always higher 
than in the other 2 species, probably because all of the 
uptake occurred at  the apex of the mucosal folds. 
However, in turbot, the constant presence of the bacte- 
rin on the external surface of the epithelium (perhaps in 
the mucus) suggests that there was some limit to 
epithelial penetration. In sea bass and turbot, the pres- 
ence of fluorescent cells in the subepithelial connective 
tissue suggests that a high level of bacterin uptake 
occurs. This could partly explain the consistent protec- 
tion obtained in these species following oral vaccina- 
tion (Baudin Laurencin & Batellier 1986, Dec e t  al. 
1990). Other factors such as temperature (12 vs 20°C) 
and food (dry vs semi-moist pellets) likely also influ- 
ence gastric evacuation rates and intestinal transit, and 
could partly explain the marked species differences in 
antigen uptake between trout and the 2 other species 
reported in this study. 

In the present study, no modification of the leucocyte 
population of the intestinal mucosa was observed after 
vaccination, regardless of fish species or route of vac- 
cine delivery. In contrast, Davina et al. (1982) reported 
an increase in the intraepithelial leucocyte (IEL) 
number that lasted for 15 h after oral intubation. Simi- 

larly, Rombout & Van Den Berg (1989) observed a n  
augmentation in the number of intraepithelial macro- 
phages after AI that peaked at  24 h post AI. These 
rapid increases in IEL number may have resulted from 
irritation of the intestinal mucosa by insertion of a tube 
because it also occurred in the intubated controls. 
However, Georgopoulou & Vernier (1986) demon- 
strated an augmentation between Day 6 and Day 8 of 
the entire leucocyte population of the posterior intes- 
tine after oral intubation of human immunoglubulin G. 
Moreover, the increase, within this population, of anti- 
gen-binding cells and of plaque-forming cells estab- 
lishes that teleost fish have a local secretory immune 
system. These results were obtained after enumeration 
of the isolated intestinal cell population. Thus the 
methods used in our study may not have been sensitive 
enough to detect such a temporary augmentation in the 
number of IEL. Moreover, the first sampling, on Day 1, 
may have been too late to detect a possible precocious 
increase in IEL numbers. 

Regardless of the fish species or vaccination method, 
no fluorescent Vibrio anguillarum bacterin was detect- 
able in other sampled organs ( h d n e y  and spleen). 
However, the presence of fluorescent cells in the intes- 
tinal subepithelial connective tissue of sea bass and  
turbot, after the AI, suggests that some of the antigen 
likely ended u p  in the kidney and spleen. Because 
these fluorescent cells were few, their subsequent pres- 
ence in the kidney and the spleen would easily have 
gone undetected by IFAT, especially as only minute 
sections of each organ were sampled and analysed. 
The fluorescent subepithelial cells were likely small 
migrant macrophages, similar to those described by 
Rombout & Van Den Berg (1989). Results similar to ours 
have been reported by Nelson et  al. (1985) and by 
Tatner et al. (19841, who detected the bacterin in the 
gut but never in other internal organs. On the other 
hand, Ron~bout et  al. (1985) described ferritin-contain- 
ing macrophages in the spleen from 3 to 6 d after the AI 
of ferntin, indicating that antigen taken up  via the gut  
can be  transported to the internal organs. It therefore 
seems likely that these antigen-laden macrophages 
could induce a systemic immune response (Rombout et  
al. 1989). The efficacy of oral and rectal vaccination 
trials and the protection induced by passive immuniza- 
tion with serum from orally vaccinated fish are suppor- 
tive for such as systemic immune response (Kawai e t  al. 
1981, Dec et  al. 1990, Vigneulle 1990). 
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