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ABSTRACT: Proliferative Enteropathy is caused by L. intracellularis and can have a great 
economic impact on pig farms. Disease can lead to reduced weight gain and feed intake and 
an increased feed:gain ratio. The objective of this experiment was to investigate the effects of 
L. intracellularis on growth performance and body composition. 36 Male pigs were housed 
individually with food and water available ad libitum and half of them were inoculated with L. 
intracellularis at 9 weeks of age. All control pigs were negative before and during the trial and 
all the pigs in the L. intracellularis group were positive on PCR and/or serology during the trial. 
Weights and feed intake were weekly recorded and the pigs were scanned with a CT-scanner 
at day -14, day 21 and day 42 post inoculation (PI). The results were categorized into a pre-
infection period (-18 to 3 days PI), early infection period (3-24 days PI) and a late infection 
period (24-42 days PI). Pigs infected with L. intracellularis did show a reduced weight gain 
during early infection, and a reduced feed intake during both early infection and late infection, 
but these differences between treatment groups weren’t significant. However, there was a 
significant difference between treatments in variation in weight gains within the group, during 
early infection. There were no significant differences in the proportion of different body tissues 
between treatment groups or between scans. We did see a reduced muscle and fat growth in 
pigs infected with L. intracellularis, but this wasn’t significantly different from the control group. 
We also found a reduced P2 back fat score in pigs infected with L. intracellularis, but these 
weren’t significantly different from the mean of the control group. This study show that 
infection with L. intracellularis doesn’t changes body composition in the pig, but it does give 
reduced growth and a large variation within an infected group. Further research is needed to 
find out why some pigs are better protected for the effects of L. intracellularis infection than 
other pigs. 
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Introduction 

 
Lawsonia intracellularis causes proliferative enteropathy (PE) in pigs of all ages. There is an 
uncomplicated form of disease which mostly affects pigs from six weeks of age until four 
months of age and a more acute form of disease with intestinal haemorrhage (PHE) which 
mainly affects adult animals. With uncomplicated disease clinical signs are anorexia, 
diarrhoea and reduced weight gain. Animals that are affected by the hemorrhagic form will 
show bloody diarrhoea and there is a high mortality rate (Lawson and Gebhart, 2000). 
 
Previous studies have shown that subclinical disease can lead to reductions in average daily 
weight gain (ADG), feed intake (FI) and an increased feed:gain ratio (F:G). Severe clinical 
disease will reduce these even more (McOrist, 1997). Proliferative enteropathy can have 
great economic impact on pig farms. Subclinical disease will lead to an increased feed:gain 
ratio and a large amount of variation in weights and weight gain between infected and non-
infected pigs, but also within a group of infected pigs. The variation in weight gain within a 
group of pigs showing disease can vary from 17.0% to 84.5% of the mean weight gain of pigs 
subclinically infected (Gogolewski et al, 1991). This will eventually increase the number of 
days to slaughter and will elevate housing costs. In severe disease there will be veterinary 
costs, treatment costs and deaths added to that. These factors have all been quantified and 
described before and there are estimates that these factors can cost up to $7 AUS per pig in 
Australian herds (Holyoake, 1996)  

Something that has not been described yet, but could be of great economic importance for pig 
farmers is the effect of proliferative enteropathy on body composition. It has been suggested 
(McOrist et al, 1997) that because of a reduction in growth during infection there might be an 



effect on body composition with an increased back-fat thickness evident. Other people 
however (Holyoake, 1996) have suggested that the back-fat thickness decreases in diseased 
animals and therefore will compensate some of the costs of the disease, because of an 
increased return per kilogram of carcass. Both ways it would influence the lean meat yield 
and the benefits the farmer gets from his pigs. A better understanding of all the factors 
contributing to financial losses due to L. intracellularis will give farmers a better knowledge to 
compare costs of disease with the costs of prevention. 
 
In this study we will simulate production changes like reduced weight gain, reduced feed 
intake and an increased feed:gain ratio, due to infection with L. intracellularis and correlate 
these with changes in body composition and P2 back fat score.  
 

Hypothesis 
 
Pigs that are infected with L. intracellularis will have a reduced weight gain, reduced feed 
intake and a higher feed:gain ratio which, when the animals are recovering, will eventually 
lead to a changed body composition with a higher percentage of fat, compared to animals that 
weren’t infected with L. intracellularis. 

 
Methods and Materials 

 

Experimental set-up 
 
This study was part of bigger pig trial to measure the effects of Lawsonia intracellularis on pig 
production and to look at the effects of PE on the pig itself. This trial is part of a larger 
research project to estimate the financial losses due to infection with Lawsonia intracellularis 
and the effect of vaccination. This trial was conducted at the Elizabeth Macarthur Agricultural 
Institute (EMAI), Camden, NSW, Australia. The project was approved by the EMAI Animal 
Ethics Committee. 
 
For this experiment we have used 36 male Large White/Landrace cross pigs. They were 
selected at 35 days of age on weight at weaning, absence of lameness, absence of hernias 
and diarrhoea. The pigs were tested with PCR and serology before selection and again 
before the start of the trial to identify L. intracellularis infection prior to the trial. We randomly 
selected 18 of them to be the control group and 18 of them to be the experimental group. The 
pigs were housed in 4 climate controlled rooms, that each contained nine pigs in individual 
pens with concrete slatted flooring, with strict quarantine between the control rooms and the 
experimental rooms. The temperatures were 22 ºC. ± 2.2 ºC. and when the pigs changed to 
grower diet it was set at 21.8 ºC. ± 1.6 ºC. The pigs had food and water available ad lib. Their 
diet existed of a commercial weaner diet and switched to a grower diet 3 days post 
inoculation, at 66 days of age. The weaner diet contained 14.00 MJ DE/kg as fed (Crude 
protein 25%, Crude fat 8.4%). The grower diet contained 13.00 MJ DE/kg as fed (Crude 
protein 20.9%, Crude fat 5.4%). 
 
At 63 days of age (= day 0 of the experiment) the experimental group was inoculated with a 
homogenised preparation from the intestinal mucosa of a pig affected with PHE (MN06-9089 
– Pig 42). The pigs received 25 mL of the inoculum, by inserting a 5 mm semi-rigid tube into 
the oesophagus, after they were sedated with acepromazine (2 mg/mL, 2 mL/pig) The control 
group received a placebo with a similar procedure. The inoculum was diluted as previously 
described (Collins et al, 2007) and stained with the monoclonal antibody IG4, specific for L. 
intracellularis (McOrist et al, 1987) to measure the number of bacteria that the pigs got 
inoculated with. The inoculum used, contained 5.85x10

9
 L. intracellularis/mL of which 90% 

were live bacteria as estimated with a live-dead stain (Molecular Probes). 
 
Before and during the experiment both the L. intracellularis and control group have been 
tested for L. intracellularis with PCR and serology to identify presence or absence of infection. 
A PCR has been done on individually collected fresh faeces, using clean gloves for every pig 
at day -11, day -7, day -1, day 7, day 14, day 17, day 20, day 28 and day 31, using a 
previously described protocol (Collins et al, 2000). An immunofluorescent antibody test (IFAT) 



which has been previously described (Knittel et al, 1998) measuring IgG was done on sera 
from blood collected from the jugular vein, using a vacutainer on day -1, day 28 and day 38 
post inoculation. The IFAT has been described to have a sensitivity of 91.2% (Guedes et al, 
2002) and the PCR used has a limit of detection between 10² to 10³ bacteria per gram of 
faeces (Collins et al, 2007).  
 
Growth performance 
 
Feed intake 
Every pen has a feeder with a lid to minimise feed spillage. Feed intake was measured on two 
consecutive days every week from 2 weeks before inoculation until 6 weeks after. On Monday 
and Tuesday morning the pigs got an exact amount of feed of which they could eat ad libitum. 
Exactly 24 hours later all the feed that was left has been collected and weighed. The feed 
intake of these two days has been calculated into a weekly feed intake. 
 
To rule out any liquids possibly added by the pig, like saliva, we have dried the feed in an 
oven for 48 hours at 80°C, and after this time the feed has been weighed again. To rule out 
the usual weight loss of the feed by drying it, we have also dried an exact amount of 1500 
grams of clean feed, with every round of feed drying.  
 
The 48 hour feed intake was calculated into a weekly feed intake. 
 
Weight gain 
From the day the pigs arrived until the end of trial with the pigs going to slaughter, they have 
been weighed once a week to measure their weight gain. This will be calculated into an 
average weekly weight gain and an average daily weight gain over three periods of time. An 
pre-infection period from day -18 to day 3 post inoculation, a early infection period from day 3 
to day 24 post inoculation and a late infection period from day 24 to day 42 post inoculation. 
 
CT-scan analysis of body composition and P2 back fat 
 
To be able to see changes in body composition during and after infection, we have used CT-
scans to determine body composition and P2 back fat.  
 
Body composition 
Prior to CT scanning each pig was anaesthetized (using xylazine 100 mg/mL, 0.1 mL/10 kg 
plus ketamine 100 mg/mL, 1 mg/10 kg IV, reversal with yohimbine 10 mg/mL, 1 mL/60-80 kg). 
During the trial, pigs were scanned three times, at two weeks before inoculation, 3 weeks 
after inoculation and 6 weeks after inoculation respectively, using a Picker spiral CT scanner 
(model PQ 2000, Philips Medical Systems, Highland Heights, OH, USA) located at EMAI. 
With this CT scanner we were able to get cross-sectional x-ray images along the body of the 
pigs every 10 mm. Using Extended Brilliance Workspace Software from Philips Medical 
Systems we have quantified the volume of bone, fat, muscle, skin and water of the pig. To 
measure the volume of different body components we have set a range of radio densities 
(HU) for each body component. These CT-numbers were set by Giles et al (in press) and are 
comparable with those described in Vangen, 1991. The radio densities used are described in 
table 1. Giles et al identified that using a range of CT-numbers there will be discrepancies in 
tissue types included in these CT scan ranges, but this will not affect our study as these will 
be in both control and experimental pigs. We’ve used the Extended Brilliance Workspace 
software to exclude the table and CT-scanner from our CT images and only pig tissue was 
included in our volume measurements.  
 
The volumes are calculated into a mass, using previously described weights of tissue (Giles 
et al, in press), and calculated as a proportion of the total mass. The total mass was 
compared with the weight of the pig at the time of scanning. We’ve also calculated muscle 
growth by dividing the difference in muscle volume between the first and second CT-scan by 
the number of days in between. Muscle growth was also determined between the second and 
third CT-scan. 
 
 
 



 
Table 1 Used CT numbers and masses for different types of tissue 
 
Tissue Range of CT numbers 

(HU)  
CT mass  

   
Bone 210 to 3210 1 mL = 1.9 g. 
Fat -175 to -25 1 mL = 0.9 g. 
Muscle 10 to 210 1 mL = 1.1 g. 
Skin -725 to -175 1 mL = 0.55 g. 
Water -25 to 9 1 mL = 1 g. 

 
P2 back fat 
We have measured the P2 back fat from each pig at the time of the 3

rd
 CT-scan (15 wks of 

age) with the Extended Brilliance Workspace Software from Philips Medical Systems. To 
measure the P2 back fat score we used the CT-image where the head of the last rib shows. 
In this image we have determined the thickness of back fat at 65 mm left of the midline of the 
pig’s back and measured the back fat from skin to the M. latissimus dorsus. Because of 
immaturity of the pigs, we didn’t do this measurement for the first and second scan. 
 

Statistical analysis 

 
We have compared the means of the control group and the L. intracellularis group with each 
other. n = 17 within the control group and n = 16 within the L. intracellularis. For all measures 
we have used a Student’s Ttest to analyse differences between groups. Because pigs were 
housed, weighed, fed and scanned individually, we also have data for each single pig. With 
this information we have also looked at variation within a group.  
 
Because weight gain is dependent on the weight of the pig (Mahan et al, 1991), the weight 
gains were also calculated by determining the difference between the previous and current 
weights according to the following formula: (W2-W1)/((W1+W2)/2). (Penrose, Personal 
Communication). Absolute weight gains were used when looking at weight gain during the 
pre-infection period and during early and late infection. Relative weight gains were used when 
looking at weekly weight gains. 

 
Results 

 
One day before inoculation there was no significant difference in weights between the control 
group and the experimental group. In the week previous to inoculation there was no 
significant difference in weight gain and feed intake between the treatment groups. 
 
Demonstration of L. intracellularis infection 
PCR and serology show that all pigs in the control group were negative for infection with L. 
intracellularis before and during the trial. All the pigs from the treatment group were negative 
for L. intracellularis before the start of the trial. With PCR we have found faecal shedding in all 
the treatment pigs on at least two consecutive occasions. From 7 days post inoculation until 
at least 31 days post inoculation there was faecal shedding, with peak prevalence from 17 to 
31 days post inoculation. Serology shows that there has been seroconversion in all of the 
treatment pigs except two during the trial. There were positive serum IgG results from day 28 
and on, with a peak on day 38 post inoculation. The results of PCR and serology are 
presented in table 2. Both pigs that didn’t show a seroconversion did show positive PCR 
results. One of them showed severe clinical signs and was treated with amoxicillin from day 
17-19 post inoculation and with oxytetracycline from day 22-25 post inoculation.  
 
Table 2 Percentage of pigs with positive PCR and IFAT results  
 

  PCR (% positives) IFAT (% positives) 

Day post 
inoculation -1 7 14 17 20 28 31 -1 28 38 

Control 0 0 0 0 0 0 0 0 0 0 

LI 0 6.25 43.75 87.5 87.5 75 75 0 68.75 87.5 
 



Five pigs from the treatment group developed diarrhoea after inoculation with L. 
intracellularis, of which one pig developed severe hemorrhagic diarrhoea. There was a peak 
in diarrhoea scores from day 22 to 31 post inoculation. Two pigs showed signs of depression 
and visibly stayed behind in growth. One pig of the control group had obvious diarrhoea 
problems for a longer period of time and stayed behind in growth as well, but both the PCR 
and IFAT didn’t show any signs of L. intracellularis infection. Pigs that showed an obvious 
diarrhoea or depression were treated with antibiotics (see table 3). Pigs 6 and pig 27 didn’t 
respond to the antibiotics and diarrhoea persisted in these animals for the remainder of the 
trial.  
 
Table 3 Antibiotic treatment, dose and period of treatment per pig 
 

 Antibiotics Dose Days post inoculation 

    

Control    

Pig 6 
Amoxicillin  
150 mg/mL 7.5 mg/kg IM  20,21,22, 

 
Trimethoprim/sulfa 
40/200 mg/mL 

2.3/13.3 mg/kg 
IM 30,31,32,34,35 

    

LI    

Pig 21 
Amoxicillin 
150 mg/mL 7.5 mg/kg IM 17,18,19 

 
Oxytetracycline  
100 mg/mL 8 mg/kg IM 22,23,24,25 

Pig 27 
Trimethoprim/sulfa 
40/200 mg/mL 

2.3/13.3 mg/kg 
IM 30,31,32,34 

 
Oxytetracycline  
100 mg/mL 8 mg/kg IM 35,36,37,38 

Pig 30 
Amoxicillin  
150 mg/mL: 7.5 mg/kg IM  26,27,28 

 
Oxytetracycline 
100 mg/mL 8 mg/kg IM 29,30,31,32,34,35 

    

 
Pig 24 and 29 from the treatment group and pig 10 from the control group have died during 
the experiment and were therefore excluded from the results. Pig 24 showed paralysis of his 
hind legs, after which he was euthanized. Pig 29 was severely ill before the start of the trial 
and was euthanized. He was negative for L. intracellularis. Pig 10 was operated on for an 
abdominal hernia and died of complications of this surgery.   
 
Effect of L. intracellularis infection on growth-performance 
There was no significant difference in weights or weight gains between treatment groups prior 
to inoculation (means and SD). On average our pigs (both groups) had a daily weight gain of 
0.73 kg/day, a feed intake of 1.60 kg/day and a feed:gain of 2.20.  
 
A large proportion of the pigs in the L. intracellularis group was infected subclinically and 
didn’t show any signs of disease. They didn’t have diarrhoea problems and apparently didn’t 
have reduced weight gains or feed intake. There were also pigs in the L. intracellularis group 
that showed some or severe signs of disease. Pig 21, 27 and 30 from the L. intracellularis 
group showed weight loss at some stage during the trial and so did pig number 6 from the 
control group.  
 
The results of growth performance can be categorized in three time-periods. A pre-infection 
period, early-infection period and a late-infection period. The results for average daily weight 
gain, relative average daily weight gain, daily feed intake and gain:feed ratio (G:F) are 
presented in table 4. G:F was used instead of F:G, because of weight loss in some pigs 
during the trial, which made it impossible to compare F:G of both treatment groups with each 
other.   
 



Table 4 Results of ADG, RADG, ADFI and G:F (mean ± SD), comparing infected and  
non-infected pigs 
 

   Treatment   

   Control LI   

    (n=17) (n=16) P-value* 

       

Pre-infection      

 ADG (kg ± SD)   0.627 ± 0.109 0.627 ± 0.081 1 

 RADG (± SD)   0.030 ± 0.004 0.031 ± 0.003 0.50 

 ADFI (kg ± SD)   1.250 ± 0.198 1.229 ± 0.173 0.74 

 G:F (± SD)   0.502 ± 0.046 0.512 ± 0.037 0.48 

Early infection     

 ADG (kg ± SD)   0.781 ± 0.222 0.706 ± 0.254 0.37 

 RADG  (± SD)   0.022 ± 0.004 0.020 ± 0.006 0.43 

 ADFI (kg ± SD)   1.630 ± 0.382 1.436 ± 0.330 0.13 

 G:F (± SD)   0.473 ± 0.058 0.474 ± 0.119 0.97 

Late infection     

 ADG (kg ± SD)   0.821 ± 0.256 0.802 ± 0.243 0.84 

 RADG (± SD)    0.016 ± 0.005 0.016 ± 0.004 0.79 

 ADFI (kg ± SD)   1.932 ± 0.498 1.718 ± 0.461 0.21 

 G:F (± SD)   0.412 ± 0.125 0.462 ± 0.103 0.22 
     

* Using Student's T-test   

ADG = average daily weight gain, RADG = relative daily weight gain, ADFI = average 
daily feed intake, G:F = gain:feed 

 
ADG and RADG follow the same pattern over time. Mean weights weren’t significantly 
different between treatment groups in all three periods (P value of 0.43, 0.39 and 0.38 for 
respectively pre-infection, early infection and late infection).  
 
The clean feed contained 9.6 – 11.1% of water and on average another 1% of the total weight 
of the feed was added by the pig itself. Mostly in early infection, but also in late infection 
infected pigs tend to eat less than non-infected pigs (P = 0.13 and 0.21, respectively). For 
both early infection and late infection, P values get closer to significance when you exclude 
pig 6 from the control group and pig 27 from the experimental group, which suffered disease 
non-related to L. intracellularis infection (P values change to 0.08 and 0.10 respectively).  
 
Because some animals lost weight during the trial, the F:G ratio is very much influenced by 
that. To be able to make a comparison of the two treatment groups, we’ve transformed those 
data into G:F (1/(F:G)). We don’t see a significant difference between groups, but we did see 
a large amount of variation in feed conversion efficiency within the L. intracellularis group. Pig 
21 from the control group had a G:F of 0.15 (F:G = 6.72) during early infection period and pig 
27 had a G:F of 0.19 (F:G = 5.26). If you look at weeks separately we’ve seen F:G ratio’s up 
to 14.51 (pig 30, L. intracellularis group) in week 4 post inoculation. Two pigs from the control 
group also had a somewhat increased F:G, but not as high as some L. intracellularis pigs.  
 



Figure 1 and 2 shows the variation, as a standard error of the mean within the treatment 
groups for weekly weights gains and weekly feed intake. From week 2 to 4 post inoculation, 
with a peak at week 3 post inoculation, we see that there is more variation for weekly weight 
gains within the L. intracellularis group than within the control group. For weekly feed intake 
we see more variation within the L. intracellularis group at 3 weeks post inoculation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  Mean relative weekly weight gain ± SEM for   Figure 2  Mean weekly feed intake ± SEM for  

control group and L. intracellularis group control group and L. intracellularis 
group 

 
When we look at variation between treatment groups in the 3 time periods, and we graph this 
variation by itself (figure 3) the L. intracellularis group has a significantly greater variation in 
weight gain during early infection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Error of the variance of weight gain during pre-infection,  

early infection and late infection 

 



Effect of L. intracellularis infection on body composition 

The first CT-scan was done pre-infection, the second CT-scan to the end of the early-infection 
period and the third CT-scan at the end of the late-infection period. There was a ±1% 
difference between CT scan weights and actual body weights of the pigs. The proportion of 
muscle and fat tissue are presented in table 5.  
 
Table 5  Mean (±SD) proportion of muscle and fat tissue in three time periods as measured by CT scanner, 

comparing infected pigs with non-infected pigs 
 

  Treatment  

  Control LI  

  (n=17) (n=16) P-value*  

     

Pre-infection     

 Muscle (%) ± SD 70.2  2.1 69.6 ± 1.4 0.33 

 Fat (%) ± SD 7 ± 1.3  7.2 ± 1.0 0.74 

Early infection    

 Muscle (%) ± SD 72.6 ± 1.6 73.5 ± 1.1 0.07 

 Fat (%) ± SD 6.9 ± 1.6 6.5 ± 1.3 0.35 

Late infection    

 Muscle (%) ± SD 71.9 ± 2.0 72.4 ± 1.2 0.38 

 Fat (%) ± SD 8.5 ± 2.3 7.8 ± 1.6 0.33 

    

* Using Student’s Ttest 

 
From the data we have we’ve calculated muscle growth and fat growth between scan 1 and 
scan 2 and between scan 2 and scan 3. Results are presented in table 6.  
 
Table 6  Muscle and Fat Growth between CT-scans 
 

  Treatment  

  Control LI  

  (n=17) (n=16) P value* 

     

Muscle growth (mL) ± SD    

 Scan 1 – 2 445.0 ± 97.4 463.5 ± 96.1 0.59 

 Scan 2 – 3 620.0 ± 206.2 561.7 ± 191.4 0.41 

Fat growth (mL) ± SD     

 Scan 1 – 2 52.2 ± 28.9 46.2 ± 23.6 0.51 

 Scan 2 – 3 127.1 ± 65.3 108.0 ± 47.0 0.34 
    

* Using Student’s Ttest 
 

Muscle growth between scan 2 and 3 is 620 mL ± 206 mL for the control group and 562 mL ± 
191 mL for the L. intracellularis group (P = NS). There is a big variation within a group of pigs. 
Most pigs infected subclinically were growing fast and so was their muscle growth. Pigs that 
showed some or severe signs had an obvious lower muscle growth, which in some animals 
almost got to no growth at all. If we look at fat growth over the same to periods, we can see a 
tendency of L. intracellularis pigs to put on less fat (P = NS), but again we see a large amount 
of variation between pigs within the same group, both for the control group and L. 
intracellularis group. Pig 6 and pig 27 which suffered untreatable disease other then L. 
intracellularis had a big impact on the variation within the treatment groups. Excluding these 
pigs from the results gives a muscle growth over the period between scan 2 and 3 of 658.5 ± 
136.0 mL and 596.4 ± 136.5 for the control group and L. intracellularis group respectively.  
 
Effect of L. intracellularis infection on P2 back fat score 
The results from the P2 back fat score from the 3

rd
 CT-scan are presented in table 7. The 

mean P2 back fat score for the control group and L. intracellularis group were respectively 
5.04 ± 2.27 and 4.41 ± 1.24. This difference is not significant, but does show a tendency to 



higher back fat scores in control pigs. We saw a lot of variation within the groups. Pig 6 from 
the control group and pig 27 from the L. intracellularis group had back fat scores of 0.8 mm 
and 1.6 mm respectively, while pig 9, 11 and 17 from the control group had back fat scores of 
8, 9 and 8.1 mm respectively.  
 
Table 7 Mean P2 back fat scores ± SD measured with CT scan images  

at time of 3
rd
 CT-scan, comparing infected animals with non-infected animals 

 

 Treatment  

  Control LI P value* 

3rd CT (mm ± SD) 5.04 ± 2.28 4.41 ± 1.24 0.34 
    

* Using Student’s Ttest 

Discussion 

To find out how L. intracellularis affects growth performance, like feed intake, weight gain, 
feed:gain ratio, body composition and P2 back fat, 36 pigs were kept in separate pens and 
half of them were inoculated with L. intracellularis. Some animals from the treatment group 
developed signs of clinical disease, the other animals were subclinically infected, because all 
of them were shedding the bacteria at some point during the trial and/or showed 
seroconversion. In the control group none of the pigs were infected with L. intracellularis.  
 
What we have seen in this trial is that although pigs in the experimental group are all 
inoculated in exactly the same way, there is a big difference within this group as for the 
response to inoculation. Within the same group we see pigs that are severely infected, having 
bad diarrhoea, a huge reduction in weight gain or even weight loss and at the same time we 
see pigs that are doing even better than pigs in the control group. However, PCR and 
serology show that both these pigs are indeed infected with L. intracellularis. This variation 
associated with L. intracellularis within the group has been described before as being 17% to 
84.5% of the mean weight of the group (Gogolewski, 1991). The variation we see within the L. 
intracellularis group, doesn’t occur in the control group, or at least not that much. We see 
there is a significant variation between groups during early infection, when most pigs also 
start shedding l. intracellularis in their faeces. Together with the fact that at this time we also 
see an increase in clinical signs, gives little doubt that this variation is due mostly to L. 
intracellularis infection. We see a similar variation within the L. intracellularis group with 
respect to the results of feed intake. Some pigs eat the same or even more than our control 
pigs and other pigs are barely eating at all. A peak in variation is seen three weeks post 
inoculation, which is at the same time that we see the most signs of (severe) infection.   
 
In this trial we have both calculated average daily weight gain and relative average daily 
weight gain. It appears that this doesn’t change much for our results, but it is something to 
think about. Differences in weight gain within treatment groups are due to a lot of factors other 
than treatment. Genetics, gender, temperature of the room, position within the room, stress 
associated with handling, access to feed and other diseases influence weight gain of the pigs. 
These are also factors that are influencing growth rate, feed intake and feed efficiency use in 
commercial piggeries (Black et al, 2001). By using pigs from the same breeding line, from 
only one gender, keeping and feeding the pigs individually, keeping other disease away, 
control the room temperature, minimise stress etc. we can and we have controlled most of 
these factors. The fact that our pigs (both groups together) were comparable with pigs in 
other trials kept in similar conditions with regard to growth rate and feed intake (Kim et al, 
2008, Arthur et al., 2008), confirm this. One thing that can’t be controlled and is dependent on 
all of the above is the weight of the pig. It has been shown that big pigs simply eat more than 
small pigs (Mahan et al, 1991), so by using relative weight gain, we can exclude the factor 
weight of the pig from the results, which gives a better idea of the effect of treatment on 
weight gain. Most authors find significant differences in ADG between treatment groups 
(Guedes et al, 2003, Winkelman et al, 1998, McOrist et al, 1997, Gogolewski et al, 1991). As 
we have seen there can be quite a large variation in weights within the group, so it would be 
interesting to look at the relative weight gain and see if there still are significant differences 
between these treatment groups.  



 
In most trials that have been done before feed intake is measured for the group and not 
individually. In these trials authors often can’t find significant differences in feed intake 
(Guedes et al, 2003), which is understandable if you see the amount of variation L. 
intracellularis causes within a group. To see a reduced feed intake caused by L. 
intracellularis, you have to look at individual animals and correlate feed intake with signs of 
disease. We’ve seen animals severely infected that are barely eating. A separate behaviour 
study on our pigs, using video footage has shown that severely infected pigs spend less time 
eating and more time sleeping (Callan, Personal Communication). These animals are just 
eating enough for maintenance and fighting infection and not for growing. Because at the 
same time in the same group there are also pigs eating just as much or even more than 
control pigs, the means are often not significantly different between treatment groups. 
 
As some pigs were losing weight during the trial, the F:G ratio was not representative for the 
group, for this reason we’ve used the G:F ratio instead. As we’ve used dry feed intake, which 
has about 11% less weight then wet feed, it is hard to compare the actual numbers with other 
authors. Feed conversion efficiency however has been described to increase to up to 37% 
(McOrist et al, 1997, Paradis et al, 2005). A similar increase or even a larger increase could 
be seen in individual animals in our trial, but because of variation within the group, we don’t 
see this increase in the means of the group. We also don’t see a large difference in G:F when 
we compare our two treatment groups, which is probably due to the same reasons as why we 
don’t see significant difference between groups for weight gain and feed intake.  
  
The big variation we see within the group for weight gain, feed intake and feed conversion 
efficiency, we also see in the muscle growth results from the CT-scan analysis. CT-scan 
analysis has been described to be just as accurate as invasive methods for the estimation of 
body composition (Szabo et al, 1999) and it also has a good correlation with actual body 
weight of the pigs (r = 0.99, Giles et al, in press). The great advantage of using non-invasive 
CT images is that we have been able to look at changes in body composition over a period of 
time. As this has been the first trial in which CT-imaging was used to measure differences in 
body composition between pigs infected with L. intracellularis and pigs that weren’t infected, 
we can’t compare our results with other authors. We didn’t find any significant differences in 
body composition between treatment groups, but despite of that we again do see big variation 
between animals within the L. intracellularis group. Some animals barely have muscle growth, 
while others are putting on muscle just as fast as pigs in the control group. This variation can 
be correlated with clinical signs. Animals that had been noticed to be more severely infected 
show less muscle growth. While we do see variation in muscle and fat growth, we don’t see a 
shift in proportion of these tissues. From this we can assume that when animals are infected 
and do stay behind in growth, this won’t influence the proportion of muscle or fat on the pig. 
Because the proportion of tissues is not changing, there is no evidence that animals that are 
infected with L. intracellularis and are recovering from that, put on more fat than pigs that are 
not infected with L. intracellularis. This means that the lean meat yield won’t be influenced by 
disease, but the meat yield itself will. 
 
More than ever, this trial shows that L. intracellularis causes huge variation within a herd. This 
variation is contributing a lot to the financial costs of L. intracellularis infection. Further 
research is needed to find out why animals respond differently to L. intracellularis infection. It 
might be in genetics, it might be due to other factors. If we can figure out what animals that 
show no signs whatsoever have, that severely infected animals don’t have, then this might be 
a way to reduce the economic effects of L. intracellularis infection.  
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