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Abstract 

 
To study the effect of Proliferative Enteropathy (PE) on intestine morphology and 
function 36 pigs were used in this trial. Half of the pigs were kept as a control group 
and the other half as an experimental group. Faecal PCR and serology suggested 
that all the pigs were naïve for L.intracellularis at the beginning of the trial. When the 
pigs were 9 weeks old, the experimental group was inoculated with a mucosal 
homogenate from a pig severely affected with PE containing L.intracellularis (day 0 of 
this trial). The control group received PBS as a placebo. During the whole trial blood 
and faeces were taken from the pigs, it suggested that the control pigs stayed 
negative for L.intracellularis infection, while the experimental group became positive.  
The morphology was studied by using the CT scan to look at the intestine wall 
thickness. The experimental group showed a significantly higher intestinal wall 
thickness compared to the control group at the time of early and late infection.  
For the intestinal function, pH of the faeces and enzyme activity in the ileal brush 
border was measured. Faecal pH didn’t show any significant difference at any time of 
sampling between the experimental and the control group. However, two time 
periods were found that showed a difference that may be due to the L.intracellularis 
infection. The enzymes that were measured in this trial were aminopeptidase and 
alkaline phosphatase. Both enzymes showed a higher activity (not significant) in 
control pigs than pigs severely affected with PE.  
In conclusion our study demonstrates that L.intracellularis alters the intestine 
morphology (significant) and function (not significant), what suggest a reduced 
digestion and absorption of nutrients in the small intestine.  
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1. Introduction 
 
Proliferative enteropathy (PE) (also known as ileitis) is an enteric disease of pigs 
caused by the obligate intracellular bacterium Lawsonia intracellularis. The disease 
reduces the profitability of pig producers world-wide. Its major effect is to decrease 
productivity in 6-to 20-week-old pigs through poor growth and diarrhoea (non-
haemorrhagic PE). A more severe syndrome may occur in older naïve pigs (older 
than 12 weeks of age) seen as sudden death and dysentery with black, tarry faeces. 
The latter form of PE has been termed proliferative haemorrhagic enteropathy (PHE) 
(McOrist and Gebhart, 2006). 
 
Proliferative enteropathy has been observed clinically on at least 56% of pig farms in 
Australia (Holyoake et al., 1994) and is estimated to cost pork producers up to a 
$7.00 per pig. Much of this cost is due to the use of dietary antibiotics to treat and 
prevent the disease (Holyoake et al., 1996).  
 
Proliferation of the intestinal mucosa causing a corrugated and thickened mucosal 
layer is the characteristic gross pathological lesion of PE (McOrist and Gebhart, 



2006). Thickened mucosa has an increased density of cells. Using the CT scan we 
looked at the density of cells to say something about the thickening of the mucosal 
wall. CT imaging of pigs infected with L.intracellularis provides a novel method to 
show the thickness of the wall of the intestine in real time in live animals.  
 
Histopathology shows proliferation of immature epithelial cells of the crypts, which 
leads to hyperplastic mucosa (McOrist and Gebhart, 2006). Associated with these 
lesions there is a change in activity in enzymes at the brush border. Pigs with PE had 
reduced levels Mg-ATPase and acid phosphatase activity in the crypt cells (Eriksen 
and Landsverk, 1988). This suggests that digestion and absorption of nutrients will 
be altered in pigs infected with L.intracelullaris. Reduced absorption of a number of 
amino acids was observed in pigs affected with PE (Rowan and Lawrence, 1982). 
 
Two brush border enzymes that are very important for digestion and absorption are 
alkaline phosphatase (EC.3.1.3.1) and aminopeptidase (EC.3.4.11.2). Alkaline 
phosphatase hydrolyses phosphoric ester bonds of organic compounds and is 
probably essential in fat absorption (Mahmood et al., 1994). Aminopeptidase digest 
oligopeptides to di- and tripeptides and free amino acids (Henning et al., 1994).  
 
Poor absorption of nutrients in the small intestine will lead to a higher level of 
undigested nutrient passing into the large intestine. This leads to a change in the 
microbial flora in the large intestine (Macfarlane and Macfarlane, 2003). Microbial 
fermentation of undigested nutrients leads to the production of organic acids (SCFA) 
and a reduction in pH. The higher level of fermentation will be tested by monitoring 
the pH of faeces.  
 
The objective of this study is to characterize the altered intestinal morphology and 
function associated with PE. This was done by using CT imaging, measuring pH in 
fresh faeces and ileal enzyme activity.  
 
 
2. Materials and Methods 
 
2.1. Experimental design  
 
The pigs (Large White, Landrace cross) that were used on this research were 
weaned at 28 days. At day 35 the thirty six pigs (all male) were transported to the pig 
research facilities at Elizabeth Macarthur Agriculture Institute (EMAI). They were 
randomly selected into 2 groups of 18 pigs, a control group and an experimental 
group challenged with Lawsonia intracellularis. Both groups were housed in 
individual pens on concrete slatted floors and had ad lib access to a commercial 
weaner and grower diet and water. The pigs were housed in climate controlled rooms 
with temperatures at 22 ºC ± 2.2 for the first 21 days and for the rest of the 
experiment at 21.8 ºC ± 1.6. 
 
Blood (day -1) and faeces (day -1 & -11) were taken from the pigs to confirm by 
serology (Knittel et al., 1998) and PCR (Collins et al., 2000) that all the pigs were 
immunologically naive for Lawsonia intracellularis. 
 
Clinical signs of diarrhoea were recorded daily. A scale ranging from 1 to 4 was used 
to describe the consistency of the faeces, with 1= normal, 2= semi-solid, 3 = watery 
and without blood, and 4= watery and blood tinged faeces. Weight gains were 
recorded weekly.  
 



When the pigs were 9 weeks old, the experimental group was inoculated with a 
mucosal homogenate from a pig affected with PHE (MN06-9089 – pig 42) containing 
L.intracellularis (day 0). The number of Lawsonia intracellularis/mL was determined 
by an indirect IFA as previously described (Collins et al., 2007), using the 
L.intracelullaris specific monoclonal antibody IG4 (McOrist et al., 1987). The control 
group received PBS as a placebo. The pigs were sedated with Acepromazine prior to 
inserting a tube into their oesophagus. Each pig was orally inoculated with 25mL of 
either PBS or L.intracellularis.  
 
Faeces were collected directly from pigs using clean gloves twice weekly for PCR 
detection of L.intracelullaris. DNA was extracted from 0.2g of faeces by the Wizard 
extraction method (Promega) and amplification of L.intracelullaris DNA was 
performed using PCR previously described (Collins et al., 2000). Blood was collected 
with a vacutainer tube from the jugular vein on day 0, 28 and 38 post inoculation. 
Serum was diluted 1:30 in PBS and tested for IgG antibodies using an indirect 
fluorescent antibody test (IFAT) as previously described (Knittel et al., 1998).  
 
2.1.1 The CT images  
 
The pigs were scanned two weeks before inoculation (no infection), three weeks after 
inoculation (early infection) and six weeks after inoculation (late infection) with 
L.intracellularis. Pigs were anaesthetised with a mixture of Xylazine 100mg/mL, 
0.1mL/kg and Ketamine 100mg/mL, 1mg/kg IV and reversed with Yohimbine 
10mg/mL, 1mL/60-80 kg. The CT-scanner (model PQ 2000, Philips Medical 
Systems, Higland Heights, OH, USA) was located at the EMAI. We were able to get 
spiral scans of the pig every 10mm. With Extended Brilliance Workspace Software 
from Philips Medical Systems we were able to measure the density of the wall of the 
intestine. The average CT density of an area of 3cm3 within the intestinal wall was 
determined at 10 places at the first and 10 places at the second lumbar vertebra 
level.  
 
2.1.2 The pH of the faeces 
 
Fresh faeces were collected twice per week in the morning from control and infected 
pigs beginning prior to inoculation with L.intracellularis and for 6 weeks following 
inoculation. The interval between collection and pH testing of the faeces was always 
less than 2 hours. The pH was measured in two different ways. First it was measured 
in dry faeces and after that it was mixed 1:1 with deionised distilled water and re-
measured.  
 
2.2 Experimental design of the enzyme activity 
 
In a second study done in 2006, fifteen pigs were kept in the pig research facilities at 
Elizabeth Macarthur Agriculture Institute (EMAI). Thirteen pigs (experimental group) 
were housed in a separate room from two pigs which were controls for the 
experiment. At birth and just before inoculation blood and faeces were taken from all 
of the pigs to prove that they were negative for L.intracellularis infection by serology 
and faecal PCR. The experimental group was sedated with acepromazine and 
inoculated with 25mL of a mucosal homogenate from a pig affected with PHE 
containing L.intracellularis.The two control pigs were not inoculated. Faeces were 
collected from each pig at days 7,10,14,18 and 21 post inoculation. Blood was 
collected at day 21 for serology. Intestinal tissue was collected post mortem at 22 
days post inoculation. Intestinal tissue was fixed in formalin and processed for 
histopathology. Large sections of the ileum were also stored at -80°C. 
 



2.2.1. Intestinal brush border enzyme activity 
 
On the basis of positive faecal PCR results and severity of histopathology in the 
ileum of pigs in the 2006 study, two pigs were placed in each of 4 groups (strict 
controls, mildly affected, severely affected and recovering pigs). Severity of PE was 
measured by estimating the % affected area (adenomatosis) in each field diameter 
and averaging these results over the whole ileum section. The severely affected pigs 
showed characteristic histopathology lesions of PE including the absence of goblet 
cells and the proliferation of immature crypt cells containing L.intracellularis. The 
crypts of the mildly affected pigs were not all infected. Recovering pigs were 
identified by histopathology which showed the reappearance of goblet cells and the 
disappearance of L.intracellularis.  
 
For the determination of enzyme activity, protein was extracted from homogenised 
mucosa scraped from the ileum (Dahlqvist, 1964). The protein concentration was 
determined by using the Bradford assay (Kruger, 2002). For each enzyme extract 4 
different protein concentrations (ranging from 20µg – 400µg) were tested. Alkaline 
phosphatase (EC 3.1.3.1.) activity was measured using modifications of previously 
described methods (Fan et al., 2001; Hübscher and West, 1965). Enzyme activity 
was calculated over a period of a maximum of 35 minutes with the Beer-Lambert 
Law. A molar extinction coefficient for the end product, p-nitrophenol, of 17700M-

1/cm-1 was used (Shikita M. et al., 1999). Aminopeptidase activity was measured 
using modifications of previously described methods (Fan et al., 2001; Maroux et al., 
1973). Enzyme activity was calculated over a period of a maximum of 90 minutes 
with the Beer-Lambert Law. A molar absorption coefficient for the end product 4-
nitroaniline of 9900M-1/cm-1 was used (Contreras-Rodriguez A. et al., 2003).  
 
 
3. Results 
 
3.1 Demonstration of L.intracelullaris infection 
 
PCR and serology suggested that all pigs were negative to L.intracelullaris before 
inoculation. Post inoculation faecal PCR suggested that all the experimental pigs 
were positive for Lawsonia intracellularis and that the control group was still negative. 
The prevalence of pigs positive tested for Lawsonia intracellularis with faecal PCR 
were 6.25 % at day 7; 43.75% at day 14; 87.5 % at day 17; 87.5% at day 20; 75% at 
day 28 and 75% at day 31. Serology suggested that all the controls pigs were 
negative for IgG antibodies to L.intracellularis and that the experimental group was 
positive, except 2 pigs. At day 28 and 38 respectively 68.75% and 87.5% of the 
experimental group was serology positive for Lawsonia intracellularis. 
 
The number of Lawsonia intracellularis/25mL in the inoculum was 5.85 x 109. 
 
Every pig that had a diarrhoea score of 2 or higher for more than one day are listed in 
table 1. 
 
 
 
 
 
 
 
 
 



 
 
 
 

Table 1: Duration of clinical signs of PE (diarrhoea) in control and experimental pigs. 

Pig (#) Diarrhoea day 

Control group   

6 18-21, 27-45 

13 14,17,22 

15  3-5 

Experimental group   

20 16-19 

21 15-19, 22-31 

22 29-30 

25 20,24,29,31,38 

27 5,8,13,14,18-45 

30 22-35 

31 14,15 

 
 
The majority of control pigs showed a diarrhoea score of 1 during the whole 
experiment, except one pig (#6) that had a diarrhoea score of 2 and 3 for a longer 
period than 3 days. One pig in the control group died after having surgery for a hernia 
umbilicalis.  
 
Mostly the experimental group showed diarrhoea scores of 1 and 2. There were 3 
pigs that also showed a score of 3 (#21, #27, #30), and pig 21 even showed a 
diarrhoea score of 4. The average diarrhoea score of the experimental group was 
increased from day 22 till day 31 (figure 1). Differences between the control group 
and the experimental group in diarrhoea score before day 0 were not related to 
Lawsonia intracellularis infection. In the experimental group 2 pigs died, both pigs 
had to be euthanized for showing illness not related to L.intracellularis infection.  

 

 
Figure 1: The probability of diarrhoea in control and experimental pigs over the experimental period. 



The pigs with a diarrhoea score of 3 or more were treated with antibiotics. The 
antibiotic, the dose and the period of treatment per pig are listed in table 2. 
 
 

Table 2: Control and experimental pigs treated with antibiotics (dose and period of treatment). 

 

 Antibiotics Dose 
Days post 
inoculation 

Control group    

Pig 6 
Amoxicillin  
150 mg/mL 

1.5 mL 
IM 20,21,22, 

 
Trimethoprim/sulfa 
40/200 mg/mL 2 mL IM 30,31,32,34,35 

Experimental 
group    

Pig 21 
Amoxicillin 
150 mg/mL 

1.5 mL 
IM 17,18,19 

 
Oxytetracycline  
100 mg/mL 

2.2 mL 
IM 22,23,24,25 

Pig 27 
Trimethoprim/sulfa 
40/200 mg/mL 2 mL IM 30,31,32,34 

 
Oxytetracycline  
100 mg/mL 

2.2 mL 
IM 35,36,37,38 

Pig 30 
Amoxicillin  
150 mg/mL: 

1.5 mL 
IM 26,27,28 

 
Oxytetracycline 
100 mg/mL 

2.2 mL 
IM 29,30,31,32,34,35 

 
 
Pig 6 and pig 27 didn’t respond to the antibiotics and had diarrhoea for the rest of the 
trial.  
 
 
3.1.1. The CT images 
 
The average CT density (in Hounsfield units) for our 3cm3 area within the wall of the 
intestine ranged from 1.5 to 90.8, which puts the intestinal wall tissue within the CT 
number range for water and muscle (Vangen 1991). The average CT density for 
intestinal wall tissue for control and experimental pigs for all three scans are listed in 
table3.  
 
 
Table 3: Average CT density (in Hounsfield units) of 10 randomly selected intestinal wall sections in both  

levels of lumbar vertebrae. 

  Scan1 Scan1 Scan2 Scan2 Scan 3 Scan3 

  
1e 
vertebra 

2e 
vertebra 

1e 
vertebra 

2e 
vertebra 

1e 
vertebra 

2e 
vertebra 

Control group 26.82 27.72 30.34 29.02 27.82 28.26 

Experimental 
group 24.61 24.77 35.96 36.98 32.9 35.01 

 
 
Residuals plots showed that the intestine wall thickness of pigs in every scan was 
normally distributed. In the first scan (no infection) there is no significant difference in 
intestine wall thickness between the experimental and the control group. Both the 
second (early infection) and third (late infection) scan showed a significant difference 
in intestine wall thickness between the experimental and the control group. Within the 
control group there is no significant difference in intestine wall thickness between the 
scans. Pigs infected with Lawsonia intracellularis showed significantly higher 
intestine wall thickness at the second (early infection) and third scans (late infection) 
compared to the control pigs (figure 2). 



 

 
Figure 2 Average CT density of the intestinal wall in control and experimental pigs (with error bars from 

the average) scanned before infection, early infection and late infection. 

 
3.1.2. The pH of the faeces 
 
There was more pH variation in solid faeces than when it was mixed up with water 
and measured with a glass pH electrode. For this reason we used the faecal sample 
mixed 1:1 with deionised distilled water to measure the pH and analyse differences 
between both groups. The pH of solid faeces in grower pigs ranged from pH 5.22 to 
7.25, and the pH of faeces mixed 1:1 in water was within 0.2 units of these results.  

 
 

Table 4: Mean pH of the faeces mixed 1:1 with deionised distilled water from 7 days before inoculation 
to 38 days post inoculation. 

Day  -7 -4 -1 0 1 2 3 7 10 

Control 

 group 6.01 6.18 6.28 6.48 6.33 6.44 6.25 6.51 6.19 

Experimental 
group 6.21 6.08 6.28 6.4 6.28 6.47 6.11 6.36 6.17 

 

Day  14 17 20 24 28 31 35 38 

Control  

group 6.11 6.35 6.28 6.36 6.16 6.06 6.19 6.13 
Experimental 

group 6.06 6.22 6.16 6.42 6.23 6.2 6.12 6.18 
 
 

The average pH of the faeces mixed with water during the whole experiment for 
control and experimental pigs are listed in table4. There are no significant differences 
at any time of sampling between the average pH of faeces from the control and the 
experimental group. However figure 3 shows that there is a big decrease in faecal pH 
in the experimental group from day 2 to day 3. At day 17 and day 20 there is a 
difference in faecal pH between the control group and the experimental group, the 
faecal pH of the experimental group is lower, but this is reversed at day 24. At day 31 
there is also a difference in faecal pH between the two groups, but then the pH of the 



experimental group is higher compared with the control group. Differences before 
day 0 can not be related with L.intracelullaris.  
 

 
 

Figure 3: The mean pH of faecal suspensions (1:1) over time (days post inoculation) 

 
 
3.2 Intestinal brush border enzyme activity 

 
The activity of alkaline phosphatase in the ileum of finisher pigs ranged from 14.1 to 
120.1 nmols/min/mg protein (table5). The most notable was that the lowest alkaline 
phosphatase activity was seen in one of the severely affected pigs (#14) and the 
highest activity was seen in a control pig (#15).The average alkaline phosphatase 
activity for severely affected pigs was 3 times less than the average activity of the 
strict controls. 
 
The aminopeptidase activity in the ileum of finisher pigs varied from 3.59 to17.96 
nmols/min/mg protein. The most notable was that the lowest aminopeptidase activity 
was also seen in the severely affected pig #14 and the highest activity was seen in a 
mildly affected pig (#35).  
  
 
Table 5: Summary of disease severity and enzyme activity in pigs from the 2006 PE study. 

Group 
Pig 
(#) 

Duration 
faecal 
PCR+ 

(days pi) 

Serum IgG 
antibody titre 

(day 21 pi) 

Histo- 
ileum % 
affected 
(day 22 

pi) 

Activity 
alkaline 

phosphatase 
(nmols/min/mg 

protein) 

Activity 
aminopeptidase 
(nmols/min/mg 

protein) 

Control 15  - 0  - 120.1 10.75 

Control 34   - 0  - 61.2 14.43 

Mildly 
affected 2 14-21 120 28 107.6 13.03 

Mildly 
affected 35 14-21 240 32 113 17.96 

Severely 
affected 14  10-21 480 98 14.1 3.59 

Severely 
affected 32  10-21 240 70 46.6 8.31 

Recovering 31  7-16 240 4 58.7 7.87 

Recovering 41  7-18 240 5 31.4 4.93 



4. Discussion 
 
The effect of porcine proliferative enteropathy on the intestine morphology and 
function was studied in this project. Pigs infected with L.intracellularis showed 
thickening of the intestinal wall measured as tissue density using a CT scanner.  
Thickening of the intestinal wall is a characteristic gross pathology of PE, and is 
caused by the proliferation of immature epithelium cells containing L.intracellularis 
(McOrist and Gebhart, 2006). 
 
In CT images it is difficult to find exactly the ileum, so because of that we used the 
first and second vertebrae to compare the control group and the experimental group. 
Commonly Lawsonia intracellularis are found in the terminal part of the small 
intestine and the upper third of the proximal colon. Infection and lesions of the large 
intestine occur a week of two after the small intestine (McOrist and Gebhart, 2006).  

There are two ways to measure the thickness of the intestine wall with a CT 
scan, measure the diameter or measure the tissue density of the intestine wall.  
Measuring the tissue density of the intestine wall was a better way to collect random 
data and avoid bias in our results. In this study it was important that the ten places 
were randomly picked, because affected intestine can be next to healthy tissue 
(McOrist and Gebhart, 2006).  

With the CT scan we could not find a relationship between antibiotics and the 
thickness of the intestine wall. Although antibiotics were used to treat L.intracellularis 
infection in three of the pigs, this did not affect the average intestine wall thickness in 
these pigs. This was in contrast to other studies where an inverse relationship was 
described between detection of PE lesions at necropsy and treatment with antibiotic 
(Gogolewski et al., 1999).  

 The highest level of thickening of the intestine wall at the second scan (early 
infection) can be related with the peak of infection and lesions three weeks post 
inoculation (McOrist and Gebhart, 2006) and the highest diarrhoea score at that time. 
At the third scan (late infection) the thickness of the intestine wall was reduced and 
also the diarrhoea score was lower at that time. The differences in intestine wall 
thickness between control group and experimental group are significant in this study, 
so using the CT-scan is a good way to show morphologic changes in the intestine in 
real time in live animals. 
 
In this study the faecal pH differences between the experimental group and the 
control group were not significant at any time point. However there were two periods 
where there is a difference in faecal pH between the experimental group and the 
control group. The first period was within the first few days after inoculation with 
L.intracellularis. Previous studies have shown that L.intracellularis colonizes the 
intestine between two and three days post inoculation (MacIntyre et al, 2003). 
Competition between bacteria for sites to colonize the intestine epithelium may help 
explain the faecal pH decrease from day two to three.  

The second period where pH differences were seen between the control and 
L.intracellularis infected pigs was at the peak of infection at 3 weeks post inoculation. 
At this time, the absence of goblet cells means that the mucus barrier that protects 
the intestine from bacterial entry is damaged. This may allow other bacteria to 
colonize the intestine and affect the microbial flora and pH of the faeces. Mucus 
production affects bacterial metabolism and organic acids (SCFA) production in the 
intestine (Macfarlane and Macfarlane, 2003).The rapid increase in faecal pH at day 
twenty-four may be due to the reappearance of mucous producing goblet cell. The 
difference in pH at day 31 post inoculation between the two groups could not be 
related with L.intracellularis infection. 
 In addition, at this peak of infection (diarrhoea) there is poor absorption of 
nutrients by the immature enterocytes in the small intestine, so more undigested 



nutrients are available in the large intestine. This may lead to changes in the 
microbial flora in the large intestine (Macfarlane and Macfarlane, 2003). We thought 
that microbial fermentation of undigested nutrients would lead to the production of 
organic acids (SCFA) and to a reduction in pH, but in this study we could not show a 
relation between faecal pH and diarrhoea. When we looked at the faecal pH at the 
time that the diarrhoea scores of individual pigs (control and experimental group) 
were increased, sometimes a decrease and sometimes an increase of the faecal pH 
was found. There are many other factors that can influence the faecal pH 
(Macfarlane and Macfarlane, 2003). 
 There is not much information available about faecal pH variations associated 
with disease. High acidity has been described in humans with diarrhoea due to 
deficiency of disaccharidases in their intestines (Peternel, 1986). Higher pH has been 
shown in more solid faeces in humans compared to diarrhoea (Madanagopalan, 
1970). Further research into the microbial population of the small and large intestine 
in L.intracellularis infected pigs and control pigs is necessary to understand the 
relationship between bacteria and intestine function. 
 
In our study, we were able to show reduced enzyme activity in the ileum of pigs 
severely affected with PE compared to the control pigs. The alkaline phosphatase 
activity detected in homogenised intestine from the control pigs was similar to levels 
described previously (Fan et al., 1999). Reduced activity of alkaline phosphatase and 
aminopeptidase in the brush border of the small intestine will lead respectively to 
reduced digestion and absorption of fats and proteins from the lumen of the intestine. 
Reduced absorption of amino acids in pigs affected with PE has been previously 
shown by sampling the ileum contents via a cannula (Rowan and Lawrence, 1982). 
Due to the small number of pigs in this enzyme study we were not able to show 
significant differences in enzyme activity. 
 It was previously described that Mg-ATPase and acid phosphatase were 
reduced in pigs infected with L.intracellularis compared to control pigs (Eriksen and 
Landsverk, 1988). This supports our study that pigs infected with L.intracellularis 
have less enzyme activity in the brush border than control pigs. Decreased activity of 
the brush border enzymes alkaline phosphatase and aminopeptidase was also 
reported in pigs infected with porcine epidemic diarrhea virus, showing villous 
atrophy and less digestion and absorption of nutrients (Jung et al, 2006). 
 
When crypt cells migrate to the villous tip, they mature into enterocytes with enzymes 
capable of digestion and absorption of nutrients (miller et al, 1986; fan et al 2001). 
When crypt enterocytes are infected with LI they fail to mature and continue to divide 
causing proliferation and crowding of the crypts. It is not known if these immature 
cells lack the digestive enzymes or are inactive (McOrist and Gebhart, 2006).  
 
In conclusion our study demonstrates that L.intracellularis alters the intestine 
morphology (proliferation of immature enterocytes) (significant) and the function 
(enzyme activity) (not significant), what suggest a reduced digestion and absorption 
of nutrients in the small intestine.  
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