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Abstract — A field study was carried out to evaluate the effect of vaccination against swine enzootic
pneumonia in different production systems (closed or one-site, and open, two- or three-site, sys-
tems). The percentage of mortality showed statistically significant differemee®Q01) in favour

of vaccination in all the production systems examined. Zootechnical and economic parameters also
reflected the benefits of vaccination, although only the feed conversion ratio showed statistically
significant differencesp(< 0.030). A macroscopic study of lungs at slaughter pointed to statisti-
cally significant differenceg(< 0.001) in favour of vaccination in the one- and two-site production
systems. The histopathological and immunocytochemical study showed complete concordance with
the macroscopic diagnosig € 0.001). Such relationship confirms the suitability of macroscopic
diagnosis in field conditions.

pig / Mycoplasma hyopneumoniakenzootic pneumonia / vaccine / field study

Résumé — Vaccination contre la pneumonie enzootique porcine dans les conditions de terrain :

effet sur des paramétres cliniques, anatomopathologiques, zootechniques et économiguess

avons réalisé une étude dans les conditions de terrain pour évaluer I'effet de la vaccination contre la
pneumonie enzootique porcine dans différents systemes de production (fermé ou un site, et ouverts,
deux sites ou trois sites). Le pourcentage de mortalité montre des différences significatt;e81)

en faveur des animaux vaccinés quelque soit le systeme de production. Pour tous les parametres
zootechniques et économiques mesurés, nous avons établi des valeurs favorables chez les animaux
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vaccinés, mais seul I'indice de conversion montre une différence signifigativ&@30). Dans les
abattoirs, au cours de I'étude macroscopique des poumons, des différences significatives sont appa-
rues p < 0,001) en faveur des animaux vaccinés dans les systemes de production un site et deux
sites. L'étude histopathologique et immunocytochimique a montré une relation statistiquement signi-
ficative avec le diagnostic macroscopigpe& (0,001), ce qui confirme I'efficacité de ce genre de dia-
gnostic dans les conditions de terrain.

porc / Mycoplasma hyopneumoniagpneumonie enzootique / vaccin / étude de terrain

1. INTRODUCTION 2. MATERIALS AND METHODS

Swine enzootic pneumonia (.S.EP)' causeg'l. Animals and their distribution
by Mycoplasma hyopneumoniae one of during the experiment
the most widespread and costly diseases in

intensive pig production systems [9, 16]. A total of 13691 pigs were used in the

The fight against SEP attempts, abovexperiment, of which 7351 were vaccinated
all, to prevent the action of other oppor-against SEP with the commercially avail-
tunistic agents which may aggravate the praable vaccine Stellamuh¥ Mycoplasma
cess. The principal weapons in this fight arg¢Pfizer, S.A., USA), and 6340 were used as
correct handling, medicine-based preveneontrols.
tion and immunitary prophylaxis by vacci-

nation. The animals were from the 8 farms of a

pig production company in SE Spain, where
There have been many tests of the effithe climatic conditions, with maximum and
cacy of vaccination carried out throughoutminimum average temperatures of 16 °C /
the world, although such tests have normally °C in the winter, 26 °C / 15 °C in the
involved a small number of animals and despring, 33 °C / 20 °C in the summer and
not usually take into account the different22 °C / 10 °C in the autumn, permit the use
production systems used in pig rearing. of natural ventilation systems. Gestation and

Anv protocol evaluating the efficacy of birth took place on these farms and the ani-
yp 9 Y Ol mals were finished in 16 fattening units

vaccination against SEP must involve AN Tab. 1). The vaccinated and control ani-

the abattoir, a histopathological andarately. Animals born, weaned and fattened

: . on the same farm were said to belong to a
immunocytochemical study of lung SAM- 1 hsed or “one-site” production system (CS).
ples and an assessment of the princip

. . hose which passed the weaning and tran-
zootechnical and economic parameters. sition phase on the farm where they were

In addition to the above, we evaluatedborn before being taken to another site for
the significance which prophylactic proto-fattening were said to have been raised in
cols may have in different production sys-an open “two-site” production system (0S2).
tems from clinical, pathological, zootech-When birth/weaning, transition and fatten-
nical and economic points of view. Theing took place on 3 different sites, the system
present study was a practical and realistivas designated as an open “three-site” pro-
test of a vaccine in field conditions in theduction system (OS3) [5]. All the fattening
Mediterranean area. units of one particular production system
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Table I. Production system and treatment in thecarried out in the spring because animals
fattening units studied. sacrificed at the beginning of autumn were
more affected by poor growth and lung

Eﬁ,tttse ning nggtuecrgon Vaccination lesions than those slaughtered at other times,
according to the historical data of the vet-
1 one-site + erinary team of the company.
2 one-site +
3 one-site +
i—,‘ 82§_§:§§ _ 2.3. Study of clinical parameters
6 one-site -

7 one-site - The percentage of mortality and causes of
g mﬁiii . death were evaluated. All the units were
10 two-site + subjected to the usual clinical and pharma-
11 two-site _ cological treatments considered necessary.

12 two-site -

13 three-site +

1;‘ Eﬂ:ggzﬁg : 2.4. Zootechnical and economic
16 three-site - parameters

The parameters studied for the sixteen
fattening units were: daily weight gain
(DWG), feed conversion ratio (FCR), ini-
were located in the same place and wergal weight, finished weight and medication
handled by the same people. The “all in-altosts.
out” system was practised in all units. The
average pen size was 9%yrin which

10-12 pigs were housed. The separations 5 \jacroscopic study of the lesions
between pens allowed nose to nose contact. i the abattoir

On the originating farms, SEP was a sub-
clinical disease which was detected by serol- The |ungs of fattened pigs were exam-
ogy and by the study of the incidence ofned in the abattoir, all by the same person,
macroscopic lung lesions in the abattoirtg determine the incidence of macroscopic
These herds were also seropositive fofesions associated with SEP. These were
Aujeszky's disease virus, porcine reproyepresented by well defined, greyish-red
ductive and respiratory syndrome virus an@lepressed areas of consolidation, mainly
Actinobacillus pleuropneumoniae situated in the apical and cardiac lobes, the
anterior portion of the diaphragmatic lobes
and intermediate lobe [3, 6]. To score the
2.2. Prophylactic treatment lesions, a point system was designed from 0
(total absence) to 11 (lungs totally affected),
The vaccine was administered in twobased on the lung surface area affected and
intramuscular doses of 2 mL behind the eawith the following distribution: right apical
or in the internal part of the thigh, as recdobe maximum 1 point, left apical lobe max-
ommended by the vaccine protocol. Themum 1 point, right cardiac lobe maximum
first dose was administered during the firstL point, left cardiac lobe maximum 1 point,
week of life and the second after weaningright diaphragmatic lobe maximum 3 points,
two weeks later. The control animals didleft diaphragmatic lobe maximum 3 points
not receive any placebo. Vaccination wasnd intermediate lobe maximum 1 point.
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Table II. Distribution of lung samples destined for histopathological and immunocytochemical
study according to production system, treatment and existence or not of macroscopic lesions.

Closed production Open production  Total
system system

2 4
10 18

Vaccinated animals without macroscopic lesions
Vaccinated animals with macroscopic lesions

Unvaccinated animals without macroscopic lesions 5 7
Unvaccinated animals with macroscopic lesions 10 18

Total 20 27 47

0N ®N

2.6. Histopathological dominantly lymphocytes; the alveoli con-
and immunocytochemical study tained macrophagic-like cells and few neu-
trophil cells; peribronchial, peribronchiolar
2.6.1. Sample taking and perivascular lymphoid clumps of cells of
varying degrees of development infiltrated
A balanced sample representing all théhe lamina propria of the bronchioles to a
different fixed factors of the statistical modeldiffering extent [3, 8, 15]. To score the
(production system, prophylactic treatmenimicroscopic lesions, a point system between
and presence of macroscopic lesions) wa and 3 was used according to the following
taken based on the results of macroscopi@iteria: 0 (absence of microscopic lesions),
appreciation. In samples with a similarl (slight perivascular, peribronchial and
macroscopic lesion score, the possible influperibronchiolar lymphoid infiltrate), 2 (mod-
ence of these effects incorporated in the starate perivascular, peribronchial and peri-
tistical multifactorial model in the variables bronchiolar lymphoid infilirate) and 3 (abun-
(microscopic lesion, complication of micro- dant perivascular, peribronchial and
scopic lesion and the score of theperibronchiolar lymphoid infiltrate consti-
immunofluorescence reaction) was meatuting nodulations which press against and
sured. Samples were taken from the rightompress these structures, thus diminishing
apical lobe of the lungs of 47 animals their lumen).
22 vaccinated and 25 unvaccinated as the |n gddition, we considered microscopic

control (Tab. II). bronchopneumonic complications caused
Each sample was divided into two; oneby secondary agents in each of the samples
was fixed in 10% formalin and embedded irstudied. For statistical purposes, these were
paraffin and the other frozen in liquid nitro- scored as follows: 0 (absence of broncho-
gen for histochemical study. pneumonic complications) and 1 (presence
of bronchopneumonic complications).
2.6.2. Histopathological study
2.6.3. Immunocytochemical study
The histopathological study was carried
out using sections obtained from the samples The immunocytochemical study was car-
fixed in formalin, paraffin-embedded andried out by direct immunofluorescence on
stained with hematoxylin-eosin. The micro-frozen sections using a polyclonal serum of
scopic lesions characteristic of SEP correpig antiiM. hyopneumoniaeonjugated with
sponded to a model of interstitial pneumonidluorescein isothiocyanate (AFSSA, Ploufra-
with an infiltrate of mononuclear cells, pre-gan, France).



Vaccination against swine enzootic pneumonia 577

The immunofluorescence reaction at the- 9 multifactorial analyses with 2 factors
epithelial level was scored as follows: 0 (no  (Model: Variable, = Effect(1) +
immunofluorescence reaction), 1 (slight Effect(zz + (Effect(1)x Effect(Z))j + qjk);
immunofluorescence reaction), 2 (medium_ 3 myltifactorial analyses with 3 factors
level of immunofluorescence reaction) and  (Model: Variable, = Effect(1) +
3 (strong immunofluorescence reaction).  Effact(2) + Effect@)K + (Effect(1) x

Effect(2)§. + (Effect(1)x Effect(3)), +
o ) (Effect(2) x Effect(3)), + (Effect(1)x
2.7. Statistical analysis Effect(2) x Effect(3)}jk + eijk|)?

Least squares analvsis of means was usad 2 multifactorial analyses with 3 factors
qu ysl Wwas USed and one covariable (Model: Varia

in the statistical study of clinical parame- Effect(1) + Effect(2) + Effect(3), +

ters, macroscopic lesions in the abattoir and (Effect(1) x Effect(2)i- + (Effect(1)x

zootec.hnical and economic parameters Effect(3)), + (Effect(zjx Effect(3)), +

(Model: Parameter Treatment+ g). (Effect(1) x Effect(2) x Effect(3)) +
A variety of statistical models of vary-  Covariable + fa)-

ing degrees of complexity from a simple .o Systat 5 program for Windows

least squares analysis of means to a multjy..< \;sed for the above analyses [17]
factorial model incorporating all the effects '

(production system, prophylactic treatment

and presence of macroscopic lesions), Wa$ RESULTS

used in the histopathological and immuno- "

cytochemical study in order to clarify the

possible influence of the different variables3.1. Clinical parameters

(microscopic lesion, complication of micro-

scopic lesion and the score given to the There were significant differences

immunofluorescence reaction). (p < 0.001) in the percentage of mortality

between the vaccinated and unvaccinated

animals in all of the production systems, the

— 9least squares analyses of means (Modg|itference in favour of the former being
Variable = Effect + ); 1.39% in CS, 2.86% in OS2 and 2.38% in

The statistical analyses used were:

Table 1l . Percentage of mortality and causes of death.

Cause of death Closed system Open “two-site” Open “three-site”
system system

Vaccinated Control Vaccinated Control  Vaccinated Control

Pneumonia 0.47 0.75 0.05 0.18 0.22 0.20
Gastric ulcer 0.35 0.98 0.56 0.80 0.45 1.00
Diarrhoea 0 0 0 0.36 0 0
Enterotoxemia 0 0 0.19 1.40 0.13 0
Encephalitis 0 0 0 0.27 0 0
Stress 0.06 0 0.23 0.09 0.31 0.90
Weakness 0.39 0.93 0 0.62 0 0.70
Other causes 0 0 0.14 0.09 0.09 0.20
Undiagnosed 0 0 0.23 0.45 0.22 0.80
Total % losses 1.27 2.66 1.40 4.26 1.42 3.80




578 F.J. Pallarés et al.

Table IV. Least square analysis of means for the principal zootechnical and economic parameters.

Parameters Least squares analysis of means p

(level of

Control Vaccinated significance)

Daily weight gain 0.751 0.764 NS
Feed conversion ratio 2.537 2.454 0.030
Initial weight (kg) 19.554 19.319 NS
Finished weight (kg) 103.674 106.411 NS
Medication costs (pesetas) 341.79 (26)5 323.77 (1.9%) NS

0OS3. The differences between productiorof the vaccinated animals. The initial and
systems were not significant. finished weights showed no significant dif-
Table Ill shows the percentages of los fergnces between vaccinated and control
Emmals, although the former weighed an

it;lr:)hugghfporrti[[lty rar;d t?ie ncaus?sn:)f d.?ﬁt verage 2.737 kg more. In medication costs,
he ditterent production Systems. 1N€yq e \was a diminution of 18.02 pesetas
main causes of mortality in the fattening

period were gastric ulcer and wasting. | (0.10€) in favour of the vaccinated ani-

th f h h 9- Mhals although this did not represent signif-
€ case or l0ss through pnéumonia, Ifl., .t gifferences (Tab. IV).

which M. hyopneumoniaprobably acted
as the principal agent, significant differ-
ences [ < 0.001) between vaccinated an . .
control animals were only found in OS d33 ilnnf[:rl]((llaegl;::ttoofirpulmonary lesions
although the percentage of mortality from

this cause was very small. Data from 6188 lungs were obtained by

macroscopic examination at the abattoir.

) , The only lesions scored were those com-

3.2. Zootechnical and economic patible with SEP. Table V shows the mean
parameters scores given to macroscopic lung lesions at
sacrifice in vaccinated and control animals

DWG showed an increase of 13 gramdgor each production system. It was not pos-

in vaccinated animals although the differ-sible to ascertain differences in OS3 due to
ence was not significant. In FCR there wasinforeseen changes in the time at which the

a diminution of 0.083< 0.030) in favour control animals were sacrificed.

Table V. Mean scores for lung lesions at sacrifice.

Production systems Vaccinated Unvaccinated Level of Reduction
significance %

LSM SE n LSM SE n

Closed system 1.314 0.034 2102 1539 0.05 9«0.001 14.61
Open “two-site” system 1.624 0.054 1298 2.659 0.202 Pkx0.001 38.92
Open “three-site” system  1.722 0.13 1750 - — - - -

5
6

LSM: Least squares analysis of means. SE: Standard errize of population.
(@) No data available for this group.
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Table VI. Scoring of microscopic lesions and bronchopneumonic complications in CS and OS
samples.

Animals with macroscopic lesion Animals without macroscopic lesion
Nb. of Score Nb. of Nb. of Score Nb. of
samples complications samples complications
Vaccinated CS 8 1.7 4 (8) 2 1 0(2)
Controls CS 8 1.7 5(8) 2 0.75 0(2)
Vaccinated OS 10 2.55 3(10) 2 2 0(2)
Controls OS 10 2.35 9 (10) 5 1.4 0(5)

Statistical analysis of the mean scores fowas 1.4. Complications by opportunistic
the lung lesions pointed to significant dif-agents were 0 in both vaccinated and control
ferences between the vaccinated and commnimals.
trol animals in CS (1.314 versus 1.539) and
in OS2 (1.624 versus 2.659), at the highes3.4.2. Immunocytochemical study
degree of significancg 0.001).

3.4.2.1 Positive reaction towards
3.4. Histopathological M. hyopneumoniae

and immunocytochemical study Of the vaccinated animals raised in CS
] ) conditions, 40% tested positive as opposed
3.4.1. Histopathological study (Tab. VI)  to 60% of the control group. The corre-
sponding figures for OS animals were
The data obtained showed that a similag6.66% and 53.33%. When the production
incidence of macroscopic lesions in bothsystem was not taken into account, 54.54%
vaccinated and control animals from CSof the vaccinated and 56% of the controls
gave a similar mean score of 1.7. The numpere positive. All the lung samples which
ber of complications in the same sampleshowed no evident sign of macroscopic
was also very similar. In samples from vaciesions tested negative to immunofluores-

cinated animals which showed no macrocence. These results did not point to statis-
scopic lesions the mean score was Ijcally significant differences.

whereas in samples from control animals
without macroscopic lesions the mean scor8.4.2.2. Scoring the immunofluorescence
was 0.75. Complications by opportunistic reaction

agents were 0 in both vaccinated and control ,
animals. In OS animals, with a similar inci- The score reflected the concentration of

dence of macroscopic lesions in both vaclycoplasmas in each sample according to
cinated and control animals, the mean scor@'€ inténsity of the immunocytochemical
was nearly the same in the vaccinated an@action.

control animals. Complications by oppor-  Of the animals reared in CS, the mean
tunistic agents were fewer in the vaccinatedcores of vaccinated animals and controls
than in the control animals. For samplesvere 0.8 and 1.1, respectively. In OS reared
from vaccinated animals with no macro-animals, the corresponding scores were 1.54
scopic lesions the mean score was Zpr vaccinated animals and 1.27 for the con-
whereas in samples from control animalgrols. In the samples which showed no
without macroscopic lesions the mean scormacroscopic lesions, the score was always 0.
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Table VII. Levels of significance obtained in the different statistical models used in the histopatho-
logical and immunocytochemical study.

Least squares Multifactorial analyses Multifactorial analyses Multifactorial analyses
analyses of means with 2 factors * with 3 factors * with 3 factors and
1 covariable

(microscopic lesion) *

PS TR ML PS TR ML PS TR ML PS TR ML

Variables
Microscopic
lesion p=0.003 NS p<0.001p<0.001 NS p<0.001p<0.001 NS p<0.001 - - -

Complication NS NS p<0.001 NS NSp<0.001 NS NS p<0.001 NS NS p=0.013

Immuno-
fluorescence
reaction NS NS p<0.001 NS NSp<0001 NS NS p<0.001 NS NS p=0.013

PS: Production system. TR: Prophylactic treatment. ML: Presence of macroscopic lesions.
* The interactions between the effects studied in the different multifactorial analyses showed no statistically sig-
nificant differences.

These results did not point to statisticallynumber of pigs (13691) than that used in

significant differences. other experiments [1, 2, 10-12]. The study,
which was carried out in a pig-rearing com-
3.4.3. Statistical analysis pany, also takes into account the different

systems which are used in the field.

The battery of statistical analyses carried The percentage of mortality during fat-
out showed that only the macroscopic diagtening showed a statistically significant dif-
nosis was significantly related to theference in favour of vaccinated animals, a
histopathological and immunocytochemi-result which was not obtained in other field
cal studies made (Tab. VII). Neither the pro-studies using the same vaccine [10, 11].
duction system nor prophylactic treatment  A|| the zootechnical and economic

represented a statistically significant eﬁECtparameters pointed to the advantage of vac-

cination, although only FCR showed a sta-

tistically significant difference between con-
4. DISCUSSION trol and vaccinated animals. The FCR of

2.537 of control animals diminished by

There is a high pig density in SE Spain0.083 in vaccinated animals, which was less

where the climate permits natural ventilathan the 0.1 obtained by Martinod [12] and
tion systems to be used and renders heatinige 0.27 obtained by Blagdvj2], although
systems unnecessary. Such characteristigs both cases the authors started with an
mean that a trial of any vaccination againsFCR of above 3 so that the greater decreases
SEP may show differences from other trialsare not that surprising. Whatever the case,
conducted in central or northern Europethe significant improvement in this param-
where artificial ventilation and heating sys-eter is of great importance because of its
tems are necessary. biological and economic importance.

Besides the above differences, the study The scoring system for studying lung
described here is based on a much largéesions in the abattoir differs from other
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systems based on the area of the lung that is Representative sampling according to the
affected [4, 13] and can be used in a situanacroscopic diagnosis, production system
tion where up to 360 animals per hour ar@nd vaccination for the histopathological
sacrificed. The study points to statisticallyand immunocytochemical study establishes
significant lower scores in favour of vacci- any variations between groups in the scoring
nated animals in CS and OS2, although suabf the microscopic lesions, the number of
a reduction in open production systemsomplications in the microscopic lesions
could not be confirmed by the results fromand the immunofluorescent reaction. The
0S3, since the control animals of this groupncreasingly complex battery of statistical
were unexpectedly slaughtered before ouanalyses used permitted a series of combi-
veterinary team arrived at the abattoir. Howhations of the variables (microscopic lesions,
ever, as in the percentage of mortality, therthe number of complications in the micro-
seemed to be a tendency for improvedcopic lesions and immunofluorescent reac-
results in open systems since, as Harris [3]on) and effects (production system, pro-
affirms, physically separating the produc-phylactic treatment and degree of
tion phases interrupts the propagation cyclenacroscopic lesions) to be assessed and to
of many pathogens, therefore improvingsee the relative importance of each. Such
sanitary conditions. Other field studies havenalyses showed that the lesions diagnosed
pointed to a greater diminution of scoreanacroscopically in the abattoir were con-
with the same vaccine both in CS [7, 12ffirmed by the results obtained in the
and OS2 [1, 2]. The extent of any diminutionhistopathological and immunocytochemi-
in the number of lesions observed at slaugteal study. This led us to affirm that the
ter will depend on the degree of SEP infecdegree of macroscopic lesions is an effective
tion existing in a particular farm at the timeestimate of the pathological effect of SEP
of vaccination. It must be remembered thaand a useful diagnostic tool, sometimes the
in our case the originating farms were seennly one available, for a large number of
to be SEP positive by serology and accordanimals in field conditions when time is
ing to tests at the abattoir, the disease existathort, as occurs in a conventional sacrifice
subclinically at the farms. line in an abattoir.

The scoring system used in the The clinical, pathological, zootechnical
histopathological study differed from thatand economic results obtained by the above
described by Livingston [8], which was Means in the field experiment described con-
designed for experimenta| models anairm the efﬁcacy Of VaCCination in the flght
which, apart from measuring the number ofgainst such a widespread disease as SEP
lymphoid nodules and their penetration inih INtensive pig-rearing units.
the submucosa, measures the quantity of
cells in the alveoli and bronchi. Because the
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