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Paisley, L.G., L. Vraa-Andersen, L. Dybkjar, K. Mgller, G. Christensen, J. Mousing
and J.F. Agger: An epidemiologic and economic study of respiratory diseases in two
conventional danish swine herds. II: Associations between lesions present at slaughter
and mean daily gains during specific intervals of the growth period. Acta vet. scand.
1993, 34, 331-344. — A total of 578 slaughter pigs from 2 Damnish conventional farrow-
to-finish operations (Herds a and B) were followed from an age of 14 days to slaugh-
ter. Pigs were weighed at 3 weeks intervals and at slaughter and extended post mortem
examination of the plucks was done. Regression models with second and third order
interaction terms demonstrated that Mycoplasma-like pneumonia, complicated pneu-
monia, anterio-ventral pleuritis, pericarditis, fissures and atrophic rhinitis, separately
and through interactions with other lesions, significantly reduced mean daily gains dur-
ing specific intervals of the growth period in 2 conventional swine herds. It is likely that
the periods of reduced growth reflect the times when the diseases were in the acute and
early recovery stages. Maximum estimated reductions 1n daily gains associated with the
combined lesions were 82 grams and 283 grams during the interval 120-140 days n
Herds A and B, respectively. Although dorso-caudal pleuritis and parietal pleuritis had
minor negative effects during 2 intervals neither had a significant adverse effect on to-
tal growth rate in either herd (Pasley et al. 1993). R? values for the regression models
were less than 0.27 showing that the lesions present at slaughter explained less than
27% of the vanation 1n herd mean daily gains during any interval.

pneumonia; pleuritis; atrophic rhinitis; pericarditis; interactions.

Introduction

Respiratory diseases cause losses to the swine
industry via mortalities, decreased growth
rates, reduced feed conversion efficiency, re-

duced carcass quality, condemnations, and ex-
penditures for therapy and prevention
(Lindqvist 1974, Aalund et al. 1976, Christen-
sen 1982, Straw et al. 1983, Friendship et al.
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1984, Rasmussen 1984, Pointon et al. 1985,
Straw et al. 1985, Derosiers & Moore 1986,
Baalsrud 1987, Paisley 1991, Paisley et al.
1993). In Denmark, pneumonia and chronic
pleuritis account for about 67 % of the lesions
reported at slaughter (Willeberg et al. 1982).
Mycoplasma hyopneumoniae and Actinoba-
cillus pleuropneumoniae, serotype 2 are the
infectious agents most often associated with
these lesions (Willeberg et al. 1982, Mousing et
al. 1989).

The economic impacts of respiratory diseases
are not easy to clarify because the results of
existing studies are not consistent. Some, if
not most, studies have shown negative effects
of pneumonia, and chronic pleuritis on some
production parameters. Straw et al. (1989), re-
viewed 27 studies in which the effects of pneu-
monia on growth rate and feed utilization ef-
ficiency were measured. In 13 reports on pigs
with Mycoplasma pneumonia, the decreases
in mean daily gains ranged from 2.76% to
44.07% and the decreases in feed efficiency
ranged from —-2.40% to 44.07%. Pigs with Ac-
tinobacillus pleuropneumonia were compared
to unaffected pigs in 14 studies. The decreases
in mean daily gains ranged from -3.57% to
76.77% and the decreases in feed efficiency
ranged from —6.91% to 60.90%. The authors
suggested that, on the average, each 10% of
lung affected by either type of pneumonia re-
duced mean daily gains by 37.4 grams.

The reported effects of atrophic rhinitis also
vary between studies. Some have reported re-
duced growth rates or feed efficiency (Peder-
sen & Barfod 1981, Bdickstrom et al. 1985,
Baalsrud 1987, Cowart et al. 1990) and others
have reported no negative effects (Straw et al.
1983, Straw et al. 1985, Love et al. 1985, Scheit
et al. 1990).

Paisley et al. (1993) reported that Myco-
plasma pneumonia, complicated pneumonia,
anterio-ventral pleuritis, fissures, and atroph-
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ic rhinitis were associated with decreased
mean daily gains during the interval from ap-
proximately 14 days of age until slaughter.
The decreases were 4.8% in 1 and 15.1% in
another conventional, Danish farrow-to-fin-
ish herd.

The objective of this study was to determine if
specific intervals when lesions and interac-
tions between lesions exerted their effects on
growth could be identified. This may result in
a better understanding of the differences in
the effects on growth rates that lesions
present at slaughter exerted in the 2 herds
(Paisley et al. 1993).

Materials and methods

The study design has been described in detail
(Paisley et al. 1993, Dybkjer et. al 1993).
Briefly, the sample consisted of 654 pigs from
2 conventional, farrow to finish piggeries lo-
cated on the island Sealand, Denmark. The
herds were selected primarily because of high
prevalences of chronic pleuritis in their
slaughter swine. Herd A maintains 800-1000
sows, markets approximately 20,000 pigs an-
nually and has an all-in-all-out management
system. Herd B maintains about 140 sows and
markets about 3,300 pigs annually. In this herd
there is continual mixing of pigs of different
ages in the growing and finishing units. Boars
are castrated during the first week on Farm A
but not on Farm B. Both farms vaccinated the
sows against atrophic rhinitis but not other
respiratory diseases. Ad libitum feeding was
used in the controlled environment housing
while the amount and blend of feed was com-
puterized in the growing and fattening barns.
Both farms had computerized production
monitoring and feeding systems.

Entire litters of piglets entered the study at 14
+ 6 days of age. They were positively identi-
fied, bled and weighed at entry and at 21 day
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intervals until they were 20 weeks old. The
live-weight at slaughter was estimated from
the carcass weight (Kjeldsen et al. 1990). The
thoracic organs of every pig that was slaugh-
tered underwent an extensive digital and vis-
ual examination by the same veterinarian
(Christensen 1991). The type of lesion, the lo-
cation and percentage of lung or other organ
affected were recorded on diagrams. The
snouts were sectioned and mean turbinate pe-
rimeter ratios (MTPR) were calculated (Col-
lins et al. 1989).

Statistical analysis

The lesions were coded as present “1”, or ab-
sent “0” or used as continuous variables based
on the percentage of the total lung surface or
parenchyma affected. Atrophic rhinitis scores
(AR =0,AR =1, AR =2, AR = 3) were as-
signed, based on the mean turbinate perime-
ter ratios (Collins et al. 1989, Paisley 1991).
Mean daily gains during each 21 day interval
and the interval from the seventh weighing
until slaughter were regressed against the le-
sions by backward, stepwise, multiple linear
regression (SAS Institute Inc. 1988). To re-
main in the model the coefficient of a depen-
dent variable needed a p-value < 0.05.

The intercepts of the regression equations
were used as estimates of the herd mean daily
gains when all lesions were equal to “0” i.e,
the mean daily gain of the “no-lesion” or con-
trol group. From these equations the total im-
pact of the lesions on mean daily gains was es-
timated by subtracting the actual herd mean
daily gain for an interval from the intercept
for that interval. The difference in mean daily
gain associated with individual lesions was es-
timated by multiplying the coefficient of a le-
sion by the percentage of lung affected.

The saturated regression model included up
to third order interaction terms and was of the
general form:

MDG, = o, + B,S + B,A + BB + ,C + B;D
+BE + B.F + B;G + B,H + v,AxB
+ 8, AxBxC ...

For abbreviations please see Paisley et al.
(1993).

Standard microcomputer software (SAS Insti-
tute Inc. 1988) was used to tabulate data and
to do statistical procedures.

Results

Slaughter data was obtained for 593 of the 654
pigs that were included in the study. The re-
sults are based on 283 pigs from Herd A and
295 from Herd B that had complete data.
Table 1 contains some descriptive statistics for
the 2 cohorts. The mean daily gains from 14
days until slaughter (MDG14) and from 25 kg
until slaughter (MDG25) were not signifi-
cantly different between the 2 herds but the
mean slaughter age (SLAGE) and slaughter
weights of Herd A pigs were significantly
higher than in Herd B. There were significant
differences in the mean daily gains between

Tabel 1. Descriptive statistics of mean daily gamn
and age of slaughter in herds A and B.

Herd A Herd B P value!
TOTAL no og pigs 283 295
MDG1 grams/day 174 177 0.5
MDG2 ? 333 441 0.0001
MDG3 ” 469 450 0.11
MDG4 ” 462 571 0.0001
MDGS5 ? 658 660 09
MDG6 ” 807 654 0.0001
MDG7 ” 678 640 0.7
MDG14 ? 530 530 0.7
MDG25 ? 659 646 0.8
SLAGE days 181.72 175.85 0.0001

1) Differences between the herds were tested with
the t-test.

MDG = Mean daily gain.

SLAGE = Age of slaughter.
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Figure 1. This graph compares the recorded mean daily gains of the pigs in Herd A with those estimated had
there been no lesion effects. The estimated mean daily gains were the intercepts when the herd mean daily gain
for each interval was regressed against the lesions present at slaughter.

the herds during the second, fourth and sixth
intervals.

Both herds had high prevalences of thoracic
lesions. Only 7.5% and 1.3% of the pigs in
Herds A and B, respectively, lacked lesions.
Herd B had significantly more pigs with the
various types of lesions than Herd A. The
mean percentages of lung affected by the var-
ious lesions were generally higher in Herd B
and more pigs had multiple lesions (Paisley et
al. 1993).

For each interval the difference between the
intercept of the final model and the mean
daily gain of the herd was interpreted as the
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difference in mean daily gain associated with
lesions present at slaughter. Fig. 1 and 2 illus-
trate the differences in mean daily gains asso-
ciated with lesions present at slaughter in
Herds A and B, respectively. None of the
3-way interactions were significant.

Herd A

In Herd A, none of the lesions were asso-
ciated with mean daily gains during the first
interval, 14-35 days. During the second inter-
val, 35-56 days, anterio-ventral pleuritis,
CPAV, (p=0.0244) and parietal pleuritis,
CPPL, (p=0.037) were associated with de-
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Figure 2. This graph compares the recorded mean daily gains of the pigs in Herd B with those estimated had
there been no lesion effects. The estimated mean daily gains were the intercepts when the herd mean daily gain
for each interval was regressed against the lesions present at slaughter.

creased daily gains and dorso-caudal pleuritis
(CPDC) with increased daily gains
(p=0.0036). The total estimated change in
daily gain was —16 grams (4.3%). The R? of
the model was 0.011.

During the third interval, 56-77 days, the
combined lesions were associated with a re-
duction in mean daily gain of 36 grams
(7.1%). Moderate fissures, FISS-2, (p=0.013)
and severe atrophic rhinitis, AR=3,
(p=0.0248), moderate atrophic rhinitis, AR=2
(p=0.045) and parietal pleuritis (P=0.0412)
contributed to the reduction. Dorso-caudal
pleuritis was associated with increased daily

RN NO LESIONS

gains (p=0.0412). The R? of the model was
0.076.

During the fourth interval, 77-98 days, fissures
(p=0.0158) and pericarditis (p=0.0365) were
associated with a reduction in mean daily gain
of 14 g (2.9%), R? = 0.036.

During the fifth interval, 98-119 days, anterio-
ventral pleuritis (p=0.0128) and interaction
between = Mycoplasma-like ~ pneumonia
(MPLP) and dorso-caudal  pleuritis
(p=0.0058) were associated with a reduction
in mean daily gains. The main effects of My-
coplasma-like pneumonia (p=0.0017) and
dorso-caudal pleuritis (p=0.239) were asso-

Acta vet scand vol 34 no 4-1993
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ciated with higher daily gains. Interaction be-
tween anterio-ventral and dorso-caudal
pleuritis was associated with higher daily
gains (p=0.034). The net effect of these lesions
was a +3 g (0.45% ) but the R? of the equation
was only 0.011.

During the sixth interval, 119-140 days, the le-
sions were associated with a reduction in
mean daily gain of 82 g (9.2%). Anterio-ven-
tral pleuritis (p=0.0334), AR=3 (p=0.0146),
AR=2 (p=0.0003), AR=1 (p=0.0005) were
main effects that contributed to the reduction.
Complicated pneumonia, COMP, (p=0.0186)
and dorso-caudal pleuritis (p=0.0046) main
effects were associated with higher daily
gains. The interaction between anterio-ven-
tral pleuritis and complicated pneumonia
(p=0.0085) was negative. The R? of this equa-
tion was 0.106.

During the 7th or last interval, 140 days until
slaughter, the lesions were associated with a
reduction in mean daily gain of 14 g (2.0%).
Mycoplasma-like pneumonia (p=0.0084) was
the only main effect that reduced mean daily
gains but the interaction between Myco-
plasma-like pneumonia and complicated
pneumonia (p=0.0008) was also a negative
factor. The main effect of complicated pneu-
monia was positive but not significant
(p=0.7023). Sex (male/castrate) was asso-
ciated with greater mean daily gains during
this interval (p=0.0019). The R? of this equa-
tion was 0.259. The parameter estimates of
the final regression models for the 7 intervals
in herd A are shown in Table 2A.

Herd B

In Herd B, Mycoplasma pneumonia
(p=0.0157) and sub-acute/chronic pleurop-
neumonia, PLPN-C, (p=0.0003) were asso-
ciated with higher daily gains of 8 g (4.73%)
during the first interval. The R? of this equa-
tion was 0.043.

Acta vet scand vol 34no 4-1993

During the second interval, anterio-ventral
pleuritis (p=0.0001) was associated with de-
creased and severe fissures increased daily
gains (p=0.0036). The total estimated change
in daily gain was -11 g (2.4%). The R? of this
equation was 0.072.

During the third interval, the combined le-
sions were associated with a reduction in
mean daily gain of 144 g (24.2%). Atrophic
rhinitis, grades 1-3 (p=0.0104, 0.0040 and
0.0025, respectively), anterio-ventral pleuritis
(p=0.0218) and pericarditis, PERC, (p=
0.0001) were main effects that significantly
reduced daily gains during this interval. Se-
vere fissures, FISS-3, (p=0.0021) were asso-
ciated with higher daily gains. The R? of the
equation was 0.148.

During the fourth interval, the lesions were
associated with a reduction in mean daily gain
of 45 g (7.3%). Moderate fissures, FISS-2,
(p=0.0137), pericarditis (p=0.0001) and AR=3
(p=0.0014) contributed to the reduction. The
RZ of the equation was 0.125.

During the fifth interval, the lesions were as-
sociated with a reduction in mean daily gain of
94 g (12.5%). Mycoplasma-like pneumonia
(p=0.0001), dorso-caudal pleuritis (p=0.0278)
and AR=3 (p=0.0378) were the main effects
that were associated with decreased mean
daily gains. During this interval there were
many statistically significant interactions be-
tween lesions. Fissures X anterio-ventral pleu-
ritis (p=0.0218), pericarditis x AR=3 (p=
0.0013) and anterio-ventral pleuritis X parietal
pleuritis (p=0.0257) contributed to the reduc-
tions in mean daily gains. Dorso-caudal pleur-
itis x anterio-ventral pleuritis (p=0.0134),
dorso-caudal pleuritis x parietal pleuritis
(p=0.0176) and Mycoplasma-like pneumonia
x anterio-ventral pleuritis (p=0.0234) were as-
sociated with increased gains. The main ef-
fects of anterio-ventral pleuritis, parietal
pleuritis, pericarditis and fissures were not
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Table 2A. Parameter estimates for coefficients in the final model for each growth interval in herd A.
Interval 0] 1 2 3 4 5 6 7
Intercept: 174.0%%*  348.6%¥*  505.2%%*  476.4*** 655.0%*+* 888, 7*k*x 692 3***
Main effects:
Sex S - - - - - 49.5%* -
Atrophic
rhinitis AR=1 - - - - - —105.1%** -
AR=2 - - -38.9* - - —114.4%%* -
AR=3 - - —88.0* - - -129.8* -
Pneumonia MPLP% - - - - 5.7** - —8. 4%+
COMP% - - - - - 34.4% 2.9ns
PLPN-C - - - - - - -
Pleuntis: CPAV% - —6.3* - - —12.8%** —-60.2* -
CPDC% - 2.1* 3.6* - 2.9 4.6* -
CPPL - -24.2* ~51.8* - - - -
Interlobular
scarring  FISS=2 - - —63.3* —66.7* - - -
FISS=3 - - - - - - -
Pericarditis PERC - - - -96.3* - - -
Interactions:
MPLP%xCOMP% — - - - - - —4.9%**
MPLP%xCPAV% - - - - - - -
MPLP%xCPDC% - - - - —0.9%* - -
CPAV%xCOMP% - - - - - —12.9%* -
CPAV%XFISS-2 - - - - N - -
CPAV%xCPDC% - - - - 0.5% - -
CPPLXCPAV% - - - N - - -
CPPLxPDC% - - - - - - N
PERCxAR=3 - - - - - - -
R? 0.000 0.011 0.076 0.036 0.011 0.106 0.259
MDG, - INTERCEPT 0 -16¢g -36g -l4¢g +3g 82¢g -l4¢g
#% p0.001; **0.01<p0.001; *005<p<0.01).

S=sex, AR=Atrophic rhinitis, MPLP=Mycoplasma-like pneumonia, COMP=Complcated pneumonia, PLPN-
C=subacute/chronic pleuro-pneumonia, CPDC=Dorso-caudal pleuritis, CPAV=Anterio-ventral pleuritis,
CPPL=Chronic parietal pleuritis, FISS=Fissures, PERC=Pencarditis.

All variables included in significant interactions were forced into the final model as main effects. Significance
levels are indicated by asterisks. (NS: not significant).

significant. The RZ of the equation was 0.22.

During the sixth interval, the lesions were as-
sociated with an estimated reduction in mean
daily gain of 283 g (30.9%). Mycoplasma-like
pneumonia (p=0.0001), complicated pneumo-
nia (p=0.033), dorso-caudal pleuritis (p=
0.0235), anterio-ventral pleuritis (p=0.0001),

AR=3 (p=0.0001), AR=2 ( p=0.0013), AR=1
(p=0.0062) and FISS-2 (p=0.0170) as main ef-
fects contributed to the reduction. In contrast,
dorso-caudal pleuritis X anterio-ventral pleur-
itis (p=0.0001) were associated with increased
daily gains. The R? of the equation was 0.25.

During the last interval, 140 days until slaugh-

Acta vet scand vol. 34 no 4-1993
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Table 2B. Parameter estimates for coefficients in the final model for each growth interval 1n herd B.

Interval (1) 1 2 3 4 5 6 7
Intercept: 169.4%%% 450 2%%% 594 Trkk  6]6.4%%% 754.0%** 937.1%%% @71 Tk*
Man effects:
Sex S - - - - - - -
Atrophic
rhinitis AR=1 - - -122 3% - - —174.9%* -
AR=2 - - -136.7%* - - 204 8** -
AR=3 - - —151.9%* 84 4* —67.4% —261.7%** -
Pneumonia MPLP% - - - - 5.7%%* - —8 4k
COMP% - - - - -~ -8.2% ~9 4%*
PLPN-C 14 84k - - - - - -
Pleurtis: CPAV% - 3.1k 3 6% - -8.4* —10.8*** -
CPDC% - - - - 2 9ms —4.3% -
CPPL - - - - -36 3us - -
Interlobular
scarring  FISS=2 - - - —52.3% 4.6"s ~53.4* -
FISS=3 - 80 9** 92.6** - - - -
Pericarditis PERC - - —117.4%** 125 0Q*** 44 2ns - -
Interactions
MPLP%xCOMP% - - - - -~ - -
MPLP%xCPAV% - - - - 0.8*% - -
MPLP%xCPDC% - - - - —0.9%* - -
CPAV%xCOMP% - - - - - - -
CPAV%xFISS-2 - - - - -11.5% - -
CPAV%xCPDC% - - - - 0.1* 0.1%%* -
CPPLXCPAV% - - - - -13.7* - -
CPPLXPDC% - - - - -11.1* - -
PERCxAR=3 - - - - —261.6%* - -
R? 0.043 0.072 0.148 0.125 0220 0.250 0.077
MDG, - INTERCEPT 0 -11g -144 ¢ —45g 94 ¢ -283 g 32g
For abbreviations see Table 2A.
ter, the lesions were associated with a reduc- Discussion

tion in mean daily gain of 32 g (4.6%). Myco-
plasma-like pneumonia (p=0.0001) and com-
plicated pneumonia (p=0.0044) were the only
lesions that significantly contributed to a re-
duction in weight gain during the last interval.
The R? of this equation was 0.077. The pa-
rameter estimates of the final regression mod-
els for the 7 intervals in herd B are shown in
Table 2B.
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Paisley et al. (1993) reported that Myco-
plasma pneumonia, complicated pneumonia,
anterio-ventral  pleuritis, fissures, and
atrophic rhinitis significantly decreased mean
daily gains over the entire growth period in
the same study herds. The total impact on
mean daily gain of the diseases under study
during the interval from 14 days until slaugh-
ter (MEANDG) was estimated to be a reduc-
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tion of 27 and 98 g per day in Herd A and B,
respectively. Reductions in mean daily gains
during the interval from the fourth weighing
until slaughter (MDG25) were 31 g in Herd A
and 137 g in Herd B. The lesions were asso-
ciated with increased ages at slaughter of 2
days and 16.7 days in the respective herds.

To estimate the effects of the lesions on mean
daily gains during the 6, 21 day intervals and
the variable interval between the seventh
weighing and slaughter mean daily gains for
each interval were regressed against the le-
sions. These comparisons suggest a chronol-
ogy for the onset of the diseases and develop-
ment of the lesions and may explain some
differences in response by the pigs from the 2
different herds.

The results of regressing mean daily gains
against the lesions in Herd A suggest the fol-
lowing scenario. During the period from 14 to
56 days the pigs were weaned (median age, 27
days) and were in controlled environment
housing. Before leaving the controlled envi-
ronment housing the pigs contracted the in-
fections that resulted in anterio-ventral pleur-
itis, pericarditis, fissures and atrophic rhinitis.
These lesions were associated with statisti-
cally significant, but very small, reductions in
mean daily gains while the pigs were in the
controlled housing. During Interval 2, at a
median age of 47 days, the pigs were moved
from the controlled environment housing to
the growing barns and remained there until
Interval 4. At approximately 90 days of age
they were moved to the finishing barns. Mean
daily gains during Interval 4 were 7 g less than
in Interval 3. Much of the reduction in mean
daily gain was likely due to factors associated
with being moved because the decline oc-
curred in both pigs with and pigs without le-
sions. In addition, moderate fissures and peri-
carditis, the 2 lesions that were significantly
associated with reduced mean daily gains dur-

ing that interval, affected only 13.6% and 4%
of the pigs, respectively. Further, the R? of the
regression model for this interval was 0.036 in-
dicating that these lesions explained only
3.6% of the variation in weight gain during
that interval.

Anterio-ventral pleuritis and atrophic rhinitis
were the lesions most associated with reduced
mean daily gains during the period from ap-
proximately 90 days of age until 140 days. The
effects were greatest (82 g per day, 9.2%)
during the Interval 6, 120-140 days, 3 to 6
weeks after the pigs entered the finishing
barns. Mycoplasma-like pneumonia was not a
significant explanatory variable until the last
interval, 140 days until slaughter. The daily
gains were reduced approximately 14 g during
the last interval before slaughter.

The suggested scenario for Herd B is some-
what similar. It also appears that the pigs con-
tracted the diseases that caused anterio-ven-
tral pleuritis and fissures, and possibly,
atrophic rhinitis before they left the con-
trolled environment housing. At a median age
of 67 days (Interval 3) the pigs were moved
from the controlled environment housing to
the growing barn. Major reductions in mean
daily gains of 144 (22.4%) and 45 g (7.3%) as-
sociated primarily with anterio-ventral pleur-
itis, pericarditis and atrophic rhinitis occurred
in the third and fourth intervals, respectively.
The associated effects of Mycoplasma pneu-
monia, dorso-caudal pleuritis and parietal
pleuritis were first apparent during the Inter-
val 5, 98-119 days, about 3 weeks after the first
contact with older pigs. The effects of the
combined lesions were greatest (283 g,
30.2%) during the Interval 6, 119-140 days.
The pigs were moved to the finishing barn at
a median age of 121 days.

In both herds, anterio-ventral pleuritis was as-
sociated with reduced mean daily gains during
the second interval and the most of the study
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period. Pericarditis was important during the
third and fourth intervals. Negative effects of
atrophic rhinitis were first shown in the third
interval and continued through the sixth. The
negative effects of moderate fissures ap-
peared in the fourth interval. Reductions as-
sociated with dorso-caudal pleuritis began
during the fifth interval, 98-119 days and
lasted about 6 weeks. In Herd B, the reduc-
tions associated with Mycoplasma-like pneu-
monia were first demonstrated at approxi-
mately 98-119 days of age but in Herd A no
effect was demonstrated until the last interval,
140 days until slaughter. Complicated pneu-
monia had it’s negative main effect and inter-
actions during the last 2 intervals.

These findings suggest that anterio-ventral
pleuritis, pericarditis and fissures have etiolo-
gies or predisposing factors unrelated to My-
coplasma or Actinobacillus pleuropneumonia
infections. These lesions were associated with
significant reductions in mean daily gains ear-
lier and for longer times during the growth pe-
riod than were the lesions commonly asso-
ciated with those 2 agents. Chronic pleuritis
has also been associated with Mycoplasma
hyorhinis, Haemophilus parasuis and Pasteu-
rella multocida and Influenza suis infections
(Willeberg et al. 1982, Pijoan & Fuentes 1987,
Mousing et al. 1989, Falk et al. 1991). It has
been reported that fissures were a common
finding in pigs that had recovered from Myco-
plasma pneumonia (Bertschinger 1972) and
catarrhal or catarrhal/purulent pneumonia
(Christensen 1991). This is in agreement with
the results of this study where fissures at
slaughter were associated with early reduced
growth rate, while mycoplasma pneumonia at
slaughter was associated with reduced growth
rate in the period close to the time of slaugh-
ter.

Only Mycoplasma-like and complicated
pneumonia had negative associations with
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mean daily gains during the last period from
140 days until slaughter. This suggests that the
pigs had recovered from the other diseases
and growth was not adversely affected by the
presence of the other lesions. There was
other evidence of recovery from the effects of
the lesions and sometimes compensatory
weight gains. It was common for a lesion to be
associated with significantly lower gains dur-
ing 1 or 2 intervals followed by insignificant or
increased gains during later intervals. Herd B
pigs with dorso-caudal pleuritis gained equal
to or faster than non-affected pigs during all
intervals except the 2 intervals between 77
and 119 days. The estimated reductions in
mean daily gains associated with Myco-
plasma-like pneumonia decreased from 59 g
during the fifth interval to 33 g during the last
interval in Herd B. The pigs in Herd A first
showed reduced gains associated with Myco-
plasma-like pneumonia in the interval from
140 days until slaughter and did not show re-
covery before slaughter.

It is likely that factors other than the lesions
had a greater effect on herd mean daily gains
than the lesions. For example, in Herd A,
mean daily gain during Interval 7 was 22.2%
less than in interval 6 in the no-lesion group.
The mean daily gain in the group with lesions
was only 16% less in the seventh interval than
in the sixth. In Herd B, mean daily gain in the
no-lesion group during interval 7 was 32.6%
less than in interval 6. The mean daily gain in
the group with lesions was only 2.1% less in
the seventh interval than in the sixth. In the
group with lesions, mean daily gain increased
121 g, 26.8%, in interval 4 compared to inter-
val 3, while in the pigs with no lesions the in-
crease between the same intervals was only 21
2,3.7%.

These observations suggest the following ex-
planation. Depressed feed and water intake
are common in pigs with respiratory diseases
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or other febrile periods (Pointon et al. 1985,
Pijpers et al. 1990). When feed and water in-
take are depressed so are daily weight gains. If
no change in the amount of feed per pen was
made during periods of illness the healthy pigs
may have been fed to excess and, as a result,
had normal or higher than normal daily gains.
As the diseased pigs regained their appetites
their daily gains increased but, simultane-
ously, the amount of excess feed available for
the healthy pigs decreased, along with their
rates of gain. Limited or restricted feeding
during the later parts of the finishing period is
common in Denmark in order to decrease
daily gains and increase the lean meat per-
centage of the carcasses. Limited feeding may
have reduced the difference in rates of weight
gain in diseased versus non-diseased pigs by
limiting the weight gains in the non-diseased
pigs more than that of diseased pigs, espe-
cially during the last interval.

Chronic pleuritis was of major interest in this
study because it is thought to cause significant
reductions in growth rates in Danish swine
(Christensen 1982, Christensen 1984). How-
ever, Paisley et al. (1993) reported that dorso-
caudal pleuritis was associated with signifi-
cantly higher mean daily gains in 1 of 2 study
herds but no significant effect in the other. Pa-
rietal pleuritis lacked significant association
with mean daily gains in either herd, when the
appearance of parietal pleuritis was con-
trolled for the presence of other lesions. Pa-
rietal pleuritis was often associated with ante-
rio-ventral or dorso-caudal pleuritis or both.
In this study, in Herd A, parietal pleuritis was
a significant explanatory variable for reduced
mean daily gain only during Interval 2 and
during Interval 3. Dorso-caudal pleuritis, as a
significant main effect, was always associated
with higher mean daily gains.

Herd B pigs with parietal pleuritis and ante-
rio-ventral pleuritis had reduced mean daily

gains during the fifth interval. Those with pa-
rietal pleuritis and dorso-caudal pleuritis had
increased mean daily gains during the same
interval. Pigs with dorso-caudal pleuritis had
reduced daily gains while those with dorso-
caudal pleuritis and anterio-ventral pleuritis
had increased daily gains. The main effects of
parietal pleuritis and anterio-ventral pleuritis
were insignificant during the interval 5. Dur-
ing interval 6 both dorso-caudal pleuritis and
anterio-ventral pleuritis, as main effects, were
associated with decreased mean daily gain but
the interaction between the 2 resulted in
higher daily gains. Anterio-ventral pleuritis
was a significant explanatory variable asso-
ciated with reduced mean daily gains during
several specific intervals of the growth period,
as well as the entire growth period (Paisley et
al. 1993), in both herds. Although associated
with differences (positive or negative) in
mean daily gains during some intervals,
dorso-caudal pleuritis and parietal pleuritis
did not have a negative effect on mean daily
gains over the entire growth period. Pleuritis
confined to the dorso-caudal lobes is primar-
ily associated with Actinobacillus pleuropne-
umoniae infections (Nielsen & Mandrup 1977,
Christensen 1981, Friendship et al. 1984, De-
rosiers & Moore 1986, Saunders et al. 1981,
Mousing et al. 1989). Anterio-ventral pleuritis
is not reported as a common sequela to Acti-
nobacillus pleuropneumoniae infections but is
often associated with lesions such as pericar-
ditis and complicated pneumonia.

Mycoplasma-like pneumonia, complicated
pneumonia, anterio-ventral pleuritis, pericar-
ditis, fissures and atrophic rhinitis, separately
and through interactions with other lesions,
significantly reduced mean daily gains during
some specific parts of the growth period as
well as the entire growth period. These dis-
eases warrant more attention than Actinoba-
cillus infections regarding their effects on
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growth rates in these 2 herds. Reductions in
mean daily gains associated with atrophic
rhinitis were significant although the sows in
both herds were vaccinated to prevent
atrophic rhinitis.

Two possible sources of bias may affect the re-
sults. First, as the slaughter age differed for
the pigs, time for recovery for early lesions
differed too. Thus the pigs with the lowest
daily gain had the longest time for recovery of
lesions. Secondly, performing multiple tests
on the same data, rise the question of multiple
equation bias, because if enough significance
tests are done, some of the effects may be sig-
nificant by chance alone (Friedman et al
1985).

Keeping these possible biases in mind, the
conclusions of the study is, that the impact of
the lesions on mean daily gains over the entire
growth period in the 2 herds were different
due in part to the different times when the dis-
eases exerted their effects and partly to com-
pensatory growth following recovery from the
diseases. These observations are in partial
agreement with Noyes et al. (1990) who re-
ported that lesions present at slaughter are
not a good indicator of the lifetime pneumo-
nia history of an animal. However, by studying
the associations between the lesions and mean
daily gains over relatively short intervals dur-
ing the growth period a clearer picture of the
history and effects of the diseases was obtai-
ned.
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Sammendrag
En epudimiologisk og ekonomusk undersggelse af
luftvejslidelser 1 2 danske svinebescetninger: Sammen-
heeng mellem patologiske fund ved slagtning og gen-
nemsmitlig daglig tilveekst 1 specifikke intervaller af
veekstperioden.

Ved anvendelse af regressions modeller indehol-
dende anden og tredje grads interaktioner kunne det
pavises, at Mycoplasma-lignende pneumoni, kom-
phiceret pneumony, anterio-ventral pleuritis, fissurer
og atrofisk rhinitis signifikant nedsatte den gennem-
snitlige daglige vakst i specifikke vakstperioder i
bide besztning A og B. Det er sandsynligt, at perio-
derne med reduceret vakst afspejler perioder 1

hwvilke hdelserne enten var pé det akutte stade eller i
begyndende bedring, fordi de ofte efterfulgtes af pe-
rioder med normal eller accelereret tilvekst. Den
estimerede maksimale reduktion i daglig vakst asso-
cieret med kombinerede lesioner var 82 gram og 283
gram i henholdsvis besztning A og B i perioden fra
120 til 140 dage. Selv om dorso-kaudal pleuritis og
parietal pleuritis havde en lille negativ effekt i to in-
tervaller, havde ingen af dem dog signifikant negativ
effekt pd den totale vakstrate i hverken besztning A
eller B (Paisley et. al. 1993). R%-vardierne fra regre-
ssions modellerne var mindre end 0,27, hvilket viser,
at lungelesioner ved slagtning forklarede mindre
end 27% af variationen i den gennemsnitlige daglige
vekst i lgbet af alle intervaller.
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