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Abstract — The objective of this study was to investigate sero-epidemiological aspilstsaplasma
hyopneumoniagMh), influenza HN, and HN, viruses and Aujeszky disease virus (ADV) in fattening

pigs from 150 randomly selected]farrow-to-finish pig herds. Different herd factors were examined as
potential risk indicators for the percentage of pigs with antibodies against the 4 pathogens. The
median within-herd seroprevalences of the pathogens were: Mh 768 1B0%, KN, 40% and

ADV 53%. There was a positive association between the seroprevalences of botﬁ influenza viruses,
and a negative association between the seroprevalences of ADV/ldpdrHe percentage of pigs
seropositive for Mh increased with the purchase of gilts and with the season (slaughter date in March-
April). The within-herd seroprevalences of both influenza viruses were higher in the case of a higher
density of pig herds in the municipality. A higher number of fattening pigs per pen additionally
increased the risk of being seropositive fghlkl The percentage of pigs with anti-gE-antibodies against

the wild type ADV increased with higher airspace stocking density in the finishing unit, increasing
herd size, increasing number of pig herds in the municipality and slaughter date in March-April.
Increased seroprevalences for these 4 respiratory pathogens were mostly associated with pig density
in the herd and its vicinity, the winter period, and with the purchase of gilts. Purchase of gilts, num-
ber of fattening pigs per pen and airspace stocking density are risk factors that can be managed
directly by farmers striving to attain a high respiratory health status of pigs.
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Résumé — Facteurs de risque associés a la séroprévalence des 4 principaux agents pathogénes
respiratoires chez le porc charcutier provenant d'élevages naisseurs-engraisseursbjectif

de ce travail est d'étudier les aspects séro-épidémiologiques vis-aviisaf@asma hyopneumoniae

(Mh), des virus KN, et H;N, de la grippe porcine et du virus de la maladie d'Aujeszky (VMA)

chez des porcs charcutiers provenant de 150 élevages naisseurs-engraisseurs. Les caractéristiques d'éle-
vages ont été étudiées comme étant des indicateurs de risque potentiel de séroprévalence des 4 agents
pathogenes. Les séroprévalences médianes a l'échelle des élevages étaient: N, 7836094 HN

40% et VMA 53%. Une relation positive était observée entre les séroprévalences des éeux virus
grippaux. En revanche, une relation négative était mise en évidence entre la séroprévalence de la
grippe (virus HN,) et celle du VMA. Le pourcentage de porcs séropositifs vis-a-vis de Mh était

plus élevé dans les porcheries ou les éleveurs avaient introduit de nouvelles cochettes pour la repro-
duction et lorsque les porcs étaient abattus en mars-avril. La séroprévalence des deux virus grip-
paux était plus élevée dans les localités a forte densité d'élevages porcins et le risque de séroconversion
vis-a-vis du virus BN, de la grippe porcine augmentait avec le nombre de porcs dans les unités
d'engraissement. Le risque de trouver des animaux porteurs d'anticorps anti-gE dirigés contre les
souches sauvages du VMA augmentait aussi avec le nombre de porcs présents dans les unités d'en-
graissement, la taille des élevages, le nombre de porcs dans la localité et les abattages en mars-avril.
La séroprévalence vis-a-vis de ces 4 agents pathogenes respiratoires était le plus souvent associée avec
la densité de porcs dans les élevages et dans le voisinage, la saison hivernale et aprés I'acquisition de
cochettes pour la reproduction. L'introduction de nouvelles cochettes dans les porcheries, le nombre
de porcs par case dans les unités d'engraissement et la densité de population sont des facteurs de
risque qui peuvent étre contrblés directement par les exploitants qui veulent atteindre un niveau
sanitaire élevé vis-a-vis des maladies respiratoires du porc.

porc / infections respiratoires / séroprévalence / épidémiologie

1. INTRODUCTION Mh seropositive pigs per herd. Epidemio-
logical characteristics of porcine influenza
With the intensification in p|g produc- VirUSES haVe been inVeStigated mainly from

tion, veterinary services that are provided® descriptive point of viefd 7], or else, the
have moved from the so-called first-aid pracEéMphasis was put on public health aspects
tice into planned prevention and control pro{47]- Few studie$11, 12, 13 have so far
grams. A successful application of thesdnvestigated factors involved in the spread of
programs largely depends upon a thorougififluenza viruses within and between pig
understanding of the epidemiology of dis-nerds. The spread of ADV within and
eases. This is especially true for the prebetween pig herds has been the subject of
vention of respiratory disorders because thefpany studies in Eurofjé1, 12, 15, 23, 39
may be multifactorial21, 34. and North-Americd2, 4, 31, 45 However,

the results of these studies are not always
The present study was conducted to gefgnsistent.

insight into sero-epidemiological aspects of

four important respiratory pathogens in pigs, Because pig herds are commonly infected
namelyMycoplasma hyopneumoni@dh),  with different respiratory pathogens, it is
influenza HN, and H;N, viruses and imperative to investigate the epidemiology
Aujeszky disease virus (ADV). Previousof these infections simultaneously in the
studies focusing on the epidemiology of Mhsame study population. Such an approach
have been conducted to estimate the seralso allows to compare the epidemiological
prevalence of Mh in pig herd49], and to characteristics of different pathogens, and
discern risk factors associated with reinfecit guarantees that possible differences
tion of SPF herds with M[16, 22, 38, 4  between the pathogens are not related to dif-
No information is available, however, aboutferences in study design. Many of the afore-
risk factors influencing the proportion of mentioned studies have been carried out by
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evaluating unconditional associationsnated two times per year with an inactivated
between risk factors and disease, or haweaccine or three times per year with an atten-
considered only a limited number of riskuated vaccine; gilts at least three times
factors. In this respect, a multivariate studybefore first mating or insemination; fatten-

constitutes a very useful tool to examine ang pigs (FP) at least once at the start of the
wide range of factors, and to investigate théattening period. Vaccination against porcine
effects of an individual factor while other influenza was practised in 23% of the herds.
factors are held constant. None of the herds had practised vaccination

The present cross-sectional study Waggainst Mh at least one year before the study

conducted to investigate sero—epidemiolog‘-’vas initiated.

ical characteristics of the aforementioned

pathogens simultaneously in 150 randomly .

selected Belgian farrow-to-finish (FTF) pig -2+ Selection of herds

herds. The specific aims of the study were

(1) to identify risk indicators for the pro- One hundred and fifty FTF pig herds

portion of pigs seropositive for these fourwere selected at random from the national

respiratory pathogens at slaughter, and (2) tegistry[36]. A random selection was used

determine the interrelationships of thesdo obtain representative data from the pop-

seroprevalences. ulation herds. Herds in the area were strati-
fied by herd size into three categories: 50
to 100 sows, 101 to 200 sows, and more

2. MATERIALS AND METHODS than 200 sows. Small herds (< 50 sows)
were excluded because they are unlikely to

2.1. General features of the study survive economically in the future. The
population number of selected herds per herd-size cat-

egory was proportional to the number of

sows in each herd-size category (Tab. I).

The herds were located in the north-west="". . s
ern part of Belgium. This is an area with ;Thls selection procedure avoided overrep-

surface of 11% of the country, and Whichrleos(()entatlon of the numerous herds with 50 to
contains 54% of the Belgian pig population SOWS.

that is, approximately 2.7 million pigs. The First, a letter was mailed to the selected
study included FTF herds only. In all studyfarmers introducing the study and its pur-

herds, ADV vaccination was practisedpose. Next, they were contacted by phone
according to the mandatory vaccinationand asked to collaborate. Thirteen percent
scheme that is sows and boars were vacdip = 22) of the selected herd owners did not

Table I. The number of sows and the number of pig herds per herd-size category in the geographic
area and in the study.

Herd-size category Total

50-100 101-200 >200

Sows sows Sows
Number of pig herds in the geographic area 1132 799 198 2129
Number of sows in the geographic area 88 296 115 056 62 766 266 118
Number of pig herds in the study 50 65 35 150

Percentage of pig herds in the geographic area
in the study 4.4 8.1 17.7 7.0
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participate for the following reasons: slaugh-management practices, housing conditions,
ter of FP abroad (n = 5), distribution ofdisease prevention procedures and hygienic
slaughter pigs to several slaughterhousaseasures. All these data were contempo-
(n =6), end of activity (n = 2), no FTF herdrary for the pigs that were examined at
(n =2), herd size too small (n = 2), or refusaslaughter.

to participate (n = 5). Random sampling was - 0. sjze was defined based on the num-

repeated in corresponding strata to replacgyy of sows on the premises. The 12 months

these 22 herds. during which the study was conducted were
grouped in bi-monthly periods using
. slaughter date. Almost all pure-bred sows
2.3. Collection of herd data were Landrace sows; the remaining were
Yorkshire and Large White sows. Cross-
The data were obtained by the first authobreeds, that is at least two-way crosses,
through inspections of the pigs and the pigvere commercial hybrid sows or sows
units, and through face-to-face interviewsderived from own on-farm selection. In
of the pig farmers. A questionnaire with pre-most cases, purchased gilts were bought at
cise definitions of the data to be recordedhe age of 7 months. Herds purchasing gilts
and pertaining to potential risk indicatorsfrom more than one herd comprised herds
for respiratory disease was used (Tabs. that bought breeding pigs from multiple
and Ill). The on-farm data were consideredources or from one source per purchase
to be of sufficient quality because stan-but that used more than one source. A com-
dardised definitions were used for the topicpartment was defined as a subdivision of
in the questionnaire, and because the databuilding with its own ventilation system.
were obtained by one person. InformatiorAll-in/all-out (AIAO) was considered to
pertained to herd size, month of slaughtettake place if the compartment (or the unit)
pig and pig herd density in the municipality,was filled up the same day, was sold in one

Table Il. Potential risk indicators for respiratory disease on farrow-to-finish pig herds. Descriptive
data of continuous variables.

Potential risk indicator N Min. 1° Quartile Median 3° Quartile Max.
Herd size 150 50 100 138 201 600
Pig density in the municipalities (n = 56)

number of pigs per kfn 150 72 699 953 2073 3582
number of pig herds per Km 150 0.5 1.8 2.3 3.3 4.7
PASD' in the finishing unit (A per pig) 150 0.43 0.66 0.69 0.75 1.50
ASS[Fin the finishing unit (Mper pig) 150 1.20 2.20 2.50 2.86 5.00
Number of pigs per compartment 147 75 120 280 400 1000
in the finishing unit

Number of pigs per pen in the 147 5.0 12.0 13.0 15.0 23.0
finishing unit

Number of compartments in the 150 1.00 1.00 1.00 4.00 16.00
finishing unit

aNumber of herds for which data were available.
bPASD: pen area stocking density.
€ ASSD: airspace stocking density.
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Table lll. Potential risk indicators for respiratory disease on farrow-to-finish pig herds. Descrip-
tive data of categorical variables.

Potential risk indicators R Categories (% of herds in each class)

GENERAL FACTORS
Month of slaughter 150 January-February (19), March-April (16), May-June (11),

July-August (14), September-October (21),
November-December (19)

FACTORS RELATED TO THE SOWS

Breed 150 pure-bred (30), cross-bred (33), both (37)
Purchase of gilts 150 vyes (46), no (54)

Number of herds from which 150 none (54), one (22)(29)

gilts are purchased

Percent of gilts purchased 150 0% (54), 1-60% (20), >60% (26)

ADV vaccination scheme 146  atthe end of pregnancy (3), all sows simultaneously (85),
other schemes (12)
ADV vaccine 148 inactivated (69), attenuated (31)

Type of ADV vaccine strain 144  Bartha (34), Phylaxia (9), NIA3 (57)

FACTORS RELATED TO THE GROWING/FINISHING PIGS

All-in/all-out policy 150 not practised (63), in the nursery unit only (24), in all stages
of production (13)

Presence of growing unit 150 vyes (59), no (41)

Ventilation system 150 natural, direct air-entry (46), mechanical,

in finishing unit direct air-entry (21), mechanical, indirect air-entry (33)

Compartmentalisation 150 inall units (31), in nursery unit only (45), not practised (24)

Type of floor in finishing unit 150  fully slatted (8), partially slatted (92)

Preventive medication in the

growing/ finishing unit 150 vyes (11), no (89)

Deworming 150 once during lifetime (74), more than once
during lifetime (26)

ADV vaccination scheme 148  single (86), double (14)

ADV vaccine strain 141  Bartha (67), Alfort (15), Begonia (18)

Porcine influenza vaccination 149 not practised (77), single (16), double (7)

scheme

Hygiene within the unit 150 good (11), moderate (21), bad (68)

Hygiene outside the unit 149 good (16), moderate (68), bad (16)

aNumber of herds for which data were available.

or two times, and when a complete depopproduction groups. Hygiene measures out-
ulation had taken place prior to restockingside the unit referred to biosecurity mea-
Preventive medication of healthy pigssures, that is prevention of disease entry
implied routine use of broad-spectrumby lorries carrying pigs, feed, or manure,
antibiotics during 1 to 4 weeks in the feedpresence of a sanitary room, use of unit
or in the drinking water against respiratoryboots, clothing, and protective head-gear.
or enteric diseases. Hygiene measureBhe hygiene within and outside the herds
within the unit referred to cleansing fol- was considered to be good, moderate or
lowed by disinfection or a stand-emptybad when these hygiene measures were
period of minimum three days between twaalways, sometimes or never practised.
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2.4. Slaughterhouse inspection haemagglutination activity. HI-titees4 and
> 20 were considered positive for influenza

The FP were slaughtered at the age dfl;N; and HN, viruses, respectively. Only
approximately 6 months when they reachedera of herds where FP were not vaccinated
105-110 kg liveweight. Slaughter took placeagainst influenza were analysed (n = 115).
within three weeks after the lead author visThe presence of anti-gE-antibodies against
ited the herd. From the 60 to 150 pigs sent t&DV wild virus was determined with the
the slaughterhouse, 25 pigs per herd wer@gelvac’Aujeszky ELISA (Svanova Diag-
blood sampled. Samples were taken at fixetdostics, Uppsala, Swedef§]. This test
intervals, starting with the first pig. The allows differentiation of a vaccinated pig
interval was determined by dividing the totalfrom an infected pig. Sera with OD-values
number of FP delivered by 25. The system= 45% and> 55% of the OQe e control
atic sampling scheme was not consideredere considered positive or negative, respec-
to have biased the serological data of thévely. Intermediate OD-values were con-
batch that was sent to slaughter. Although isidered doubtful and classified as negative in
cannot be ruled out that cluster effects maghe statistical analyses.

have occurred within a herd by investigating  The 4 serological tests have a high speci-
only one group of pigs per herd, we insistedicity and sensitivity{3, 33, 35. None of
that the herd owner send a representatiiese tests discriminated between different
group of pigs to slaughter, that is a grouRsotype classes of immunoglobulins. Anti-
without many poor performers or good peryody titres raised against the four pathogens
formers. during the fattening period, that is in pigs
from approximately 3 months until

) ) 6-7 months, were considered to being

2.5. Serological testing detectable until slaughter age.

Antibodies were measured on 25 (Mh,
ADV) or 10 (bOth influenza viruses) blood 2 6. Statistical ana|yses
samples per herd with commonly used sero-
logical tests. The 10 samples used to detect The 959 confidence intervals of the

antibodies against both influenza virusesithin-herd seroprevalences were calculated
were randomly selected from the 25 bloodys gescribed by Wayrjé5]. Associations
samples. between Mh, influenza ji; and H,N,, and
The presence of antibodies against MIADV seroprevalences were tested using
was determined with the DAKOMh logistic regression analysisAs6.12,GLIM-
ELISA (DAKO, Glostrup, Denmark)14].  Mix, 1997)[37]. The herd was included as a
The DAKO” Mh ELISA detects antibod- random effecf24]. Associations between
ies to a Mh specific epitope localised on dhe seroprevalences of two different agents
74-kDa protein. Sera with OD-values < 50%were expressed by the odds ratio (OR) and
and= 65% of the OB er controlWETE CON- they were analysed in two directions, with
sidered positive or negative, respectivelygither agent as the dependent and indepen-
Intermediate OD-values were consideredlent variable.
doubtful and classified as negative in the Logistic regression analysisAs6.12,
statistical analyses. A standard haemagglwroc cenmon 1997)[37] was also used to
tination-inhibition test (HI-test) was used assess the associations, at the herd-level,
to detect antibodies against influenza\gl  between the proportion of seropositive pigs
and HN, viruses[33]. Hl-titers were (dependent variable) and potential risk indi-
expressed as the inverse of the highest serurators (independent variables). Overdisper-
dilution that yielded complete inhibition of sion due to the non-independence between
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pigs of the same helf@9] was taken into and 95% confidence intervals were calcu-
account by including a scale parameter imated from the final logistic regression

the logistic mode]10]. A forward stepwise models.

procedure was used to select the variables

which were significantly R < 0.05; two-

sided) associated with the different sero3. RESULTS

prevalence§32]. At each step, the variable
with the lowestP-value was added to the
model. This procedure was continued untigso, confidence intervals are presented in
no additional variables were significant. 'fTabIe IV. The median within-herd sero-

any design variable of a categorical variy e\ ajences were 76% for Mh, 100% for
able was significant, then any other assoc F1,N,, 40% for HN,, and 53% for ADV.

ated design variables were retained in thg e mean seroprevalences of Mh in the bi-
model. First-order interaction terms betwee onthly periods were: J-F 68, M-A 82

significant independent variables were alsq;_j 75~ 3.A 68 S-O 72. N-D 68. The sea-
tested in the intermediate and final modelsg o) yariation for both influenza viruses

and included if they were significant, g ot significantly different between the
(P <0.05; two-sided). Squared terms of sig i-monthlygperiods?/The mean seropreva-
nificant continuous variables were analyse¢.,ces of ADV in the bi-monthly periods
in order to assess the assumption of linea(yere: J-F 40. M-A 71. M-J 44. J-A 36
ity in the logit of the seroprevalence withing 5 47 N-p 57. The minimum and maxi-

the range of observed valued]. In order (i;um within-herd seroprevalences for each

The within-herd seroprevalences and

to assess the goodness of fit of the final mo athogen were 0% and 100%, respectively.
els[30], root mean squared errors (RMSE)rye gistributions of within-herd seropreva-
were calculated according to the followingjances of Mh, BN, and HN,, and ADV

1 P are shown in Figure 1. The percentages of
formula: HZ (Pobserved_Pfitted) with N herds in which no seropositive pigs could
be detected were: 1% for Mh, 4% foyNy,
denoting the number of herds, and P deno20% for H;N,,, and 24% for ADV. The per-
ing the herd seroprevalence. Potential valuesentages of herds in which all investigated
for RMSE range between 0% and 100%pigs were seropositive for the different
with these endpoints corresponding to perpathogens were: Mh 7%, N, 77%, H;N,
fect predictability or complete lack of pre-32%, and ADV 31%. The distribution of
dictability by the model, respectively. ORsthe within-herd seroprevalences of Mh was

Table IV. Within-herd seroprevalences Mfycoplasma hyopneumoniéldh), influenza HN, and
H3N, viruses, and Aujeszky disease virus (ADV) in slaughter pigs from 150 farrow-to-finish pig
herds.

Within-herd seroprevalences

Mh H,N, HaN, ADV
Minimum 0[0-17 2 0[0-27 0[0-27 0[0-12
Median 76[60-89 100[73-10Q 40[15-73 53[32-7
Maximum 100{88-10Q 100[73-10Q 100[73-10Q 100[88-10Q

aBetween brackets: 95% confidence intervals.
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skewed with a larger tail towards the lower4. DISCUSSION
seroprevalences, whereas the within-herd

seroprevalences of the influenzgh virus The herds involved in this study are rep-
showed less variation because almost all FRzsentative of the population of FTF pig
were seropositive. The distribution of theherds with over 50 sows because they were
within-herd seroprevalences of ADV, andselected at random within the selected
to a lesser extent of the influenzaNj,  region, and because the percentage of non-
virus, showed a bimodal distribution with responders (13%) was fairly I#3]. The
only 13% and 21% of the herds in the ranggifferent number of blood samples for the
of 20 to 80% seroprevalence, respectivelyrespective pathogens that is 25 for Mh and
Influenza KN, virus seropositive pigs ADV and 10 for both influenza viruses, was

had a 2.29 times higher risR € 0.05) to Partly determined by practical and budget
be seropositive for the influenzgé virus ~ Considerations. These numbers permitted to
than those that were N, seronegative. detect at _Ieast one seropositive pig at the
Conversely, influenza N, virus seropos- 9.5% confldt_ance level from a group of 150
itive pigs had a 2.06 time's higher risk (NS)P'9S foromlnlmum geroprevalgnces of 11%
to be seropositive for the N, virus. ADV ~ nd 25%, respectively. Martin et §28]
seropositive pigs had a lower risk@nd Carpenter and Gardr{&] have illus- _
(OR =0.35:P < 0.05) to be seropositive for rated some features that should be consid-
the influenza HN. virus and vice versa gred in interpreting individual results of an
(OR = 0.30;P <10_%)5)_ The other associa- Imperfect test performed on a sample from

tions between seroprevalences were not si?— herd.' The latter authors_ showed that
nificant. ncreasing the number of pigs tested per

herd, results in increases in herd sensitiv-
The risk indicators associated with theity, especially for seroprevalences below
proportion of pigs seropositive for Mh, 80%. For seroprevalences more than 80%,
influenza HN, and KN, viruses, and ADV increasing the number of pigs tested per
are listed in Table V. The seroprevalencéerd results in decreases in herd sensitivity,
of Mh increased with the purchase of giltsespecially when the sensitivity of the test is
and with slaughter dates in March-April. < 90%. Applied to the seroprevalences of
The seroprevalence of the influenzgN{  both influenza viruses in our study, increas-
virus was higher with higher densities ofing the number of tested pigs per herd would
pig herds in the municipality. The per-have resulted in an increase in herd sensi-
centage of pigs seropositive for the influenzaivity for the influenza HN, virus, but
H;N,, virus was higher with increasing num-would have resulted in a slight decrease in
bers of pig herds in the municipality andherd sensitivity for the influenza,N, virus.

with increasing numbers of FP per pen. The Th it iation bet th
proportion of ADV seropositive pigs € positive association between the
seroprevalences of influenza M, and

increased with higher airspace stocking der : .
sities in the finishing units, higher herd sizeg;fé\lér\;'Esaelilcﬁrrﬁ?:rﬁéisp‘gg;g;: trce>sdurg?/v of

Qg;%ﬁégrhggessl rllnt rll\ﬁaTCuhrlﬁgﬁl_'ty’ and WIthcgn(_:lusions about whether the positive asso-
ciation between both influenza viruses

The interaction terms and the squaredesults from similar management practices or
terms of the continuous independent varienvironmental conditions promoting the

ables in the intermediate and final modelspread of both pathogens, or whether infec-
were not significant. RMSE values for thetion with one virus predisposes to infection
final models were 19% for Mh, 38% for the with the other virus. Evidence for the latter
influenza HN, and HN, viruses, and 37% hypothesis, however, is not available. More-
for ADV. over, from combined experimental infec-
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Table V. Risk indicators for the seroprevalenced/ytoplasma hyopneumoniaefluenza HN, and

H;N, viruses, and Aujeszky disease virus in slaughter pigs from 150 farrow-to-finish pig herds:
parameters in the final logistic regression models, coefficients with standard Brvatses and

odds ratio with 95% confidence intervals (ClI).

Final model fotMycoplasma hyopneumoniéeviance 739; RMSE 19%)

Parameters Coefficientsstandard error P-value Odds rati¢95% Cl||
intercept 0.583@ 0.1041 <0.001

purchase of gilts 0.66560.1626 <0.001 1.9p1.41-2.683
slaughter date in March-April 0.60800.2442 0.013  1.841.14-2.9%
scale parameter 2.13#9.0000 -

Final model for the EN, virus (deviance 419; RMSE 38%)

Parameters Coefficientsstandard error P-value Odds rati¢95% Cl|
intercept 0.9973 0.6105 0.102 -
number of pig herds in the municipality 0.6880.2975 0.022 1.941.11-3.5%
scale parameter 2.31&10.0000 - -

Final model for the EN,, virus (deviance 879; RMSE 38%)

Parameters Coefficientsstandard error P-value Odds rati§95% Cl|
intercept —2.936% 1.1135 0.008

number of pig herds in the municipality 0.3800.1614 0.019 1.441.07-2.01
number of fattening pigs per pen 0.184@.0791 0.020 1.271.03-1.40
scale parameter 2.5633.0000 - -

Final model for Aujeszky disease virus (deviance 2914; RMSE 37%)

Parameters Coefficientsstandard error P-value Odds rati¢95% Cl||
intercept 0.560% 0.9542 0.5572

airspace stocking density in the -1.3650.3514 <0.001. 0.5%[0.37-0.73
fattening unit

herd size 0.0064 0.0018 <0.001. 1.38'[1.15-1.6%
number of pig herds in the municipality 0.6029.1568 <0.001). 1.83[1.34-2.48
slaughter date in March-April 1.19%00.4435 0.007 3.31[1.39-7.90
scale parameter 4.1865.0000 - -

ajincrease of one herd per km
bincrease of one pig per pen.
Cincrease of 0.5

dincrease of 50 sows.

tions with the porcine respiratory coron-and ORs between,N, and N, (2.29 and
avirus (PRCV) and [N, virus, it appeared 2.06) in the present study are caused by dif-
that PRCV causes an interfering rather thaferent variations in herd-seroprevalences
a synergistic effect against the replicationyith respect to both influenza viruses. In
of HjN, [44]. The slightly differenP-values  contrast to our results, Elbers et [dl1]
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found a slightly positive association housing conditions may decrease immunity
(OR=1.2) between the seroprevalences ah purchased gilts, and may lead to excretion
H;N, virus and ADV. The study population of higher numbers of Mh when compared
of Elbers et al[11] consisted of pig-finish- to gilts derived from own on-farm selection.
ing herds whereas in the present study, onlpurchased gilts may also be responsible for
FTF pig herds were included. The significanthe introduction of new, and possibly more
negative association between the serogpathogenic Mh straing] in the herd. Pigs
prevalences of both viruses observed in owslaughtered in March and April were at
study may also be explained by the fact thatigher risk to be Mh seropositive compared
Hl-antibodies were not examined in herdd¢o pigs slaughtered in other months.
(23%) where influenza vaccination wasAlthough it cannot be ruled out that the
practised in the growing/finishing pigs. Thisworst herds were selected in March and
procedure was preferred because the HI-tesipril, the higher risk to be seropositive at
is not able to differentiate between infec-slaughter in this period is probably due to
tion and vaccination titres. Infections withthe cold and wet weather during the winter
ADV were more common in herds that vac{16]. Such conditions can promote the spread
cinated against influenza, there was af Mh within and between herds. Further-
median within-herd seroprevalence of 74%mnore, ventilation may be decreased during
versus 28% in herds that did not vaccinatéhis period to maintain an optimal tempera-
against influenza, and it can be expectetlre in the units. Previous studies showed
that infections with influenza viruses alsothat the prevalence and severity of lung
occurred more frequently in these herds. Byesiong40], and the reinfection rate of SPF
excluding these herds, a possible positiveig herds with MH38] were higher during
association between the seroprevalences tfe winter period.

the HN, virus and ADV may have been g\ aid et al.[13] found that a high
missed. regional pig density was a risk factor for

Jorsal and Thomsd@2] found that the herds to become infected with influenza
risk for reinfection of SPF herds with Mh HiN; and HN, viruses. Similarly, we found
was significantly increased by the number Oghat the proportion of seropositive pigs per
herds from which pigs are purchased anf€rd increased with pig density in the munic-
not by the frequency of purchase. Othe[P&lity. A higher number of pigs or pig herds
investigatord1, 49 demonstrated a posi- I the municipality may facilitate airborne
tive association between purchase of grov\;_ransmlssmn between herds, and may lead to
ing pigs and lung lesions. Since the preserficreased contacts between he@l. An
study was conducted in FTF pig herds, thécrease in the number of FP per pen was
effect of purchasing gilts and not of growing@Ssociated with a higher risk to be seropos-
pigs was investigated. The variables usefiive for the influenza BN, virus. This fac-
to measure the purchase of gilts were highi{°" &llows more opportunities for direct

correlated (data not shown) and all of then}0S€-to-nose contact or for aerosol spread
were, individually taken, significantly asso- ©f the virus between penmates. Furthermore,

ciated with the seroprevalence of Mh. Pur& large number of pigs per pen creates phys-

chase of gilts expressed as a yes/no variadglogical stress, which in turn can alter the
was the most significant risk indicator. Var-Immune system and predispose pigs to infec-
ious hypotheses can be raised to explain tH&":

positive association between purchase of Decreased airspace stocking densities in
gilts and the increased proportion of Mhthe finishing unit were associated with a
seropositive slaughter pigs. Gilts often hardecreased risk to be gE positive for ADV.
bour Mh organisms in the respiratory tractAn increased air volume per pig results in a
Transport and changes in management arldwer concentration of infectious particles,
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including ADV. This lower infection pres- only in 1993, that is approximately two years
sure leads to a decreased pig-to-pig trandefore the present study.

mission of ADV within the unit. Although - . . ,
the range in herd sizes (50-600 sows) was Within each mdep_ende_nt categorical vari-
fairly small compared to other studidss, abl_e, two or more biological relevant cate-
46]. we did find a positive association J0r'es have been made (Tab. IIl). For a lim-

; ited number of independent categorical
bet.W?e” he”.j size ar)d ADV seropre_valencglariables namely ADV vaccination scheme,
This is consistent with results obtained b

. pe of floor in the finishing unit and porcine
And'erson etal2], Morrlson et ?”31] and influenza vaccination scheme, the frequency
Christensen et a[9], but it is in contrast

. ; . rate was less than 10% in one of the cate-
with studies conducted by Weigel etdl]. 05 Although no trend could be observed

ADV is introduced more often in large herdsy oy een the different categories of these

because they usually have more frequenf, apies; this situation may have led to non-
contacts outside the herd than small herd%ignificant results.

Furthermore, ADV may circulate persis-
tently in a large herd because susceptible The spread of the four pathogens was
pigs are usually present, whereas the infedavestigated by assessing the proportion of
tion may fade out in small herds. Stegemageropositive pigs in each herd. Serological
et al.[39 reported less ADV transmission in testing has the characteristic that clinical as
herds with 100 or more sows than in herdgvell as subclinical infections are detected.
with less than 100 sows, but the author&onsequently, the risk indicators found in
ascribed the lower ADV seroprevalence irfhis study are probably different from factors
larger herds to confounding effects of betteinfluencing the severity of clinical respira-
management procedures in these herds. TH'Y symptoms. Success at preventing dis-
proportion of ADV seropositive pigs in the €as€ occurrence may be greater by concen-
present study was higher in herds locatetfating on occurrence and spread of
in municipalities with a high pig herd den-infections, rather than focusing solely on
sity. This corroborates with results of pre-clinical disease. Elbers et 1.1] demon-
vious studieg4, 27, 46. Transmission strated that infections with both influenza
experiments of ADV showed that a higherViruses and ADV are also economically
density of pigs increases ADV spreadMportant since pigs seropositive with
because of the higher number of contactéSPect to these agents showed a significant
between the pigis]. In a pig-dense region, decrease in daily weight gain compared to
the contacts by area spread increase and $&onegative pigs. In addition, Maes et al.
a result, ADV may circulate more easily.[26] found that pig herds subclinically
The type of transmission modes by WhicanfeCted with EP achieved a significantly
ADV was transferred between the herdshigher daily weight gain through vaccina-
however, cannot be elucidated from the pret-'(.)n against Mh The percentage of SEropos-
sent study. Pigs slaughtered in March ani}'Ve g'gs \r/]wthm thg r}e_r(f:is may bgr:pflu—d
April had the highest risk to be seropositivegnce yrt] e spread of infections within an
against ADV. The higher risk in March and etween herds.
April can be attributed to the same factors as Finally, some comments should be made
those mentioned above for Mh. These facwith regard to the use of a cross-sectional
tors promote survival of the virus within astudy design and the causality of the risk
herd and transmission of the virus betweeindicators. First, the study took one year but
herds[5]. The prevalence of anti-gE anti- only one group of pigs from each herd was
bodies was fairly high. This may be due tanvestigated in the slaughterhouse. Conse-
the fact that vaccination against ADV quently, within each herd, it was only pos-
became mandatory in Belgium (Flanders}kible to trace infections during a fairly short
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period namely those that occurred approxiveterinary Medicine, University of Ghent) are
mately 4-5 months prior to slaughter. Inacknowledged for helpful comments. The authors

addition, because cross-sectional studig§ank the pig owners for collaboration, the per-
onnel from the abattoirs for their assistance in

measure events at a particular time, the%Iood sampling, and the laboratory workers for
suffer from the fact that cause and effect argnaiysing the biood samples.

sometimes difficult to separate. The risk

indicators found in this study however,

essentially fulfilled the criteria Whlc_h are REFERENCES
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