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Abstract 
 

 

Lawsonia intracellularis is an intracellular bacterium which can cause equine proliferative enteropathy in 

weanling foals. Symptoms occur like diarrhea, weight loss, ventral edema, hypoproteinemia and 

hypoalbuminemia. Transmission occurs by oro-feacal route. Many hosts are recognized, such as pigs, dogs, 

rodents and ferrets.  

In the Netherlands nothing is known about the prevalence of Lawsonia intracellularis antibodies in yearlings 

and adult horses. The aim of the present study was to determine the sero-prevalence of the antibodies 

against Lawsonia intracellularis and to gain more information about the transmission factors.  Blood 

samples were taken of 117 horses and tested for antibodies against Lawsonia intracellularis. These samples 

were tested with a bELISA.  98,3% of the tested horses had a positive antibody titer. 

These result show that Lawsonia intracellularis is widespread in the Netherlands and the prevalence 

increases between foals and adult horses. No correlation was found between de pasture-kept horses and 

the stable-confined horses. Finally, seroconversion does not implicate a clinically ill animal. 

 

 

 

 

 

 

 

Samenvatting 
 

 
Lawsonia intracellularis is een intracellulaire bacterie die equine proliferatieve enteropathy kan veroorzaken 

bij gespeende veulens. Symptomen als diarree, gewichtsverlies, ventraal oedeem, hypoproteinemie en 

hypoalbuminemie kunnen ontstaan. Transmissie geschiedt via oro-faecale route. Er zijn veel hosts bekend 

zoals varkens, honden, knaagdieren en fretten. 

In Nederland zijn er geen gegevens beschikbaar over de prevalentie van antilichamen tegen Lawsonia 

intracellularis in jaarlingen en volwassen paarden. Het doel van dit onderzoek is om de seroprevalentie van 

antilichamen tegen Lawsonia intracellularis te bepalen en om meer informatie te verkrijgen over de 

transmissiefactoren. Van 117 paarden zijn bloedmonsters afgenomen, deze monsters zijn getest met een 

bELISA op antilichamen tegen Lawsonia intracellularis. 98,3% van de geteste paarden had een positieve 

antilichaam titer. 

De resultaten laten zien dat Lawsonia intracellularis erg wijd verspreid is in Nederland en dat de prevalentie 

toeneemt van veulen tot volwassen paard. Er is geen correlatie gevonden tussen binnen gehouden paarden 

en paarden met weidegang. Ten slotte, seroconversie impliceert geen klinisch ziek dier. 
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Introduction 
 

Lawsonia intracellularis is a obligate intracellular small, Gram negative, curved-shaped rod, which displays 

neither fimbriae nor spores (Gebhart 2006, Lavoie et al. 2000, Smith et al. 2001). It was formally named in 

1995 in honour of the discovering pioneer of the bacterium, Dr. G.H.K. Lawson (Gebhart 2006). Lawsonia 

intracellularis inhibits the proliferating crypt cells of the ileum mostly, but other cells of the small intestine 

can be inhibited also (Lavoie et al. 2000, Smith et al. 2001). Due this inhibition the mucosal villi of especially 

the ileum consist of poorly differentiated crypt cells with limited brush border development and therefore 

decreased absorptive capabilities (Smith et al. 2001). The bacterium needs host animals for replication and 

transmission occurs generally through faecal-oral route (Dezorzova et al. 2006, Smith et al. 2001). Infection 

with Lawsonia intracellularis can result in a disease with unique symptoms (Smith et al. 2001). This infection 

is also known as  proliferative enteritis, proliferative enteropathy, proliferative ileitis or intestinal 

adenomatosis  (Lavoie et al. 2000, Smith et al. 2001). 

The disease is best described in pigs (Lavoie et al. 2000). It is a major endemic disease with high economic 

importance in the swine industry (Friedman et al. 2008, Lavoie et al. 2000). Infection with Lawsonia 

intracellularis can be seen in several species, but is not believed to transmit directly between species  

(Smith  et al. 2001). The bacterium was found in wild boars and one fallow deer in a reserve in Czech 

republic (Dezorzova et al. 2006). It was also demonstrated in wolves, red foxes and red deer (Tomanova et 

al. 2003a). In dogs it also has been demonstrated: 74,7% of the tested dogs in Czech republic were positive 

for Lawsonia intracellularis (Klimes et al. 2007, Tomanova et al. 2003b). Infection with Lawsonia 

intracellularis can also affect several other species such as, foxes, ferrets, rats, guinea pigs, rabbits, 

monkeys, ostriches, emus, sheep, deer and horses (Dauvillier et al. 2006, Deprez et al. 2005, Feary et al. 

2006, Lavoie et al. 2007, Lavoie et al. 2009). 

Lawsonia intracellularis has been reported to cause proliferative enteritis in primates (Hořín et al. 2004). 

Jacobson et al. (2007) did not find Lawsonia intracellularis in his study in human in which he tested the 

faeces of 60 children from pig-farms and 60 control children. At the moment the general opinion is that it is 

unlikely  that the bacterium can infect humans and it is not reported as a zoonosis (Jacobson et al. 2007, 

Lavoie et al. 2000).  

The disease in horses is called Equine proliferative enteropathy (EPE) and has been reported in various  

cases in the North and South of  America, Canada, Australia and Europe  (Dauvillier et al. 2006, Deprez et al. 

2005, Feary et al. 2006, Lavoie et al. 2007). In horses Lawsonia intracellularis most commonly affects foals 

(Bihr 2003, Feary et al. 2006, Lavoie et al. 2000, Pusterla et al. 2008a, Pusterla et al. 2008b, Schumacher et 

al. 2000). Foals affected by Lawsonia intracellularis have symptoms such as diarrhoea, profound dullness, 

fever, rapid weight loss, colic, rough hair coat and ventral oedema (Bihr 2003, Feary et al. 2006, Kimberley 

et al. 2007,  Lavoie et al. 2000, Pusterla et al. 2008b, Schumacher et al.  2000). The ventral oedema is 

caused by severe hypoproteinemia (Bihr 2003, Feary et al. 2006, Frazer et al. 2008, Lavoie et al.  2000, 

Pusterla et al. 2008b, Schumacher et al. 2000). Hypoproteinaemia can be caused by renal, hepatic and 

enteric factors (Bihr 2003). Weanlings infected by Lawsonia intracellularis have hepatic and renal values 

within range, and the conclusion is that the hypoproteinaemia is caused by protein-loosing enteropathy 

(Bihr 2003, Feary et al. 2006).  Other causes of protein-loosing enteropathy are: ulceration of the gastro-

intestinal tract, immune-mediated enteritis, neoplasia, infectious causes  (parasitism, Salmonella spp, 

Ehrlichia risticci, Lawsonia intracellularis, Clostridium spp, Cryptosporidium spp, Bacteroides spp, 

Rhodococcus equi and others  (Bihr 2003, Feary et al. 2006). 

Blood analysis often reveal leucocytosis or leucopaenia often with left shift, hypoproteinaemia, 

hypokalaemia, hyponatraemia, hypocalcaemia, hypomagnesaemia, hyperphosphataemia, anaemia, 

azetomia, metabolic acidosis and dehydration  (Bihr 2003, Lavoie et al. 2000). Bile acids, carbohydrate 
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absorption test and urinalysis are usually within normal limits  (Bihr 2003, Lavoie et al. 2000). 

Due to the infection with Lawsonia intracellularis the mucosal crypt cell undergo excessive mitotic division 

and contribute to a hyperplastic thickening of the small intestinal loops (Bihr 2003, Feary et al. 2006, Lavoie 

et al. 2000, Smith et al. 2001). This can be noticed on a ultrasound of the abdomen (Bihr 2003, Feary et al. 

2006, Lavoie et al. 2000, Smith et al. 2001). 

Diagnosis of an infection caused by Lawsonia intracellularis can be done by PCR on faecal or intestinal 

samples (Frazer et al. 2008, Guedes et al. 2002, Jacobson et al. 2004, Pusterla et al. 2008a, Pusterla et al. 

2009a). Different serological methods, such as a immunoperoxidase monolayer assay (IPMA), indirect 

immunofluorescence antibody test (IFAT) and a blocking enzyme-linked immunosorbent assay  (bELISA) are 

available for detection of circulating antibodies against Lawsonia intracellularis (Boesen et al. 2005, Frazer 

et al. 2008, Guedes et al. 2002, Hammer 2003, Keller et al. 2005, Lee 2006). 

EPE can be treated with antibiotics. Because of the intracellular location of Lawsonia intracellularis the 

antibiotic must penetrate cell membranes and achieve a high intracellular level (Bihr 2003, Lavoie et al. 

2000, Schumacher et al. 2000). Erythromycin achieves high intracellular concentration and can be given at a 

dose of 25 mg/kg BW, PO, q8h + rifampin 5 mg/kg BW, PO, q8h  (Bihr 2003, Lavoie et al. 2000, Schumacher 

et al. 2000). Or azithromycin can be used at a dose of 10 mg/kg BW, PO, q24h for 5 days, followed by 10 

mg/kg BW, PO,  q48h, in combination with rifampin 5 mg/kg BW, PO, q12h (Feary et al. 2006). Supportive 

care  is also needed such as IV-fluid and electrolyte therapy, nutritional support  (Feary et al. 2006, Lavoie et 

al. 2000, Schumacher et al. 2000). With proper treatment most horses survive infection, but some foals may 

stay underdeveloped (Frazer 2008, Feary et al. 2006). 

Since an infection with Lawsonia intracellularis affects a large number of species, the sources of 

contamination are probably numerous (Lawson et al. 2000). Multiple host species can be considered, free-

living animals such as rodents, foxes, wild pigs and ferrets, but also domestic dogs and pigs can play a role a 

host (Klimes et al. 2007, Friedman et al. 2008, Dezorzova et al. 2006). 

Several management factors, such transportation, mixing and antibiotic administration may contribute to a 

outbreak of EPE in breeding farms as well (Lavoie et al. 2000). Although a good therapy with good prognosis 

is available, an infection with Lawsonia intracellularis remains an important cause of morbidity and 

mortality in foals (Feary et al. 2006). 

In the Netherlands Lawsonia intracellularis infection in horses was first reported by Butler et al. in foals in 

2006 (Butler et al. 2007), and in 2008 a study of the prevalence of Lawsonia intracellularis in horses was 

performed. This study showed that 23% of the tested foals after weaning had positive Lawsonia 

intracellularis antibodies titres and 20% were inconclusive (Ree 2008). All dams of foals that tested positive 

or inconclusive at pre-weaning screening were tested also after weaning of their foal. All of these dams 

were tested positive for Lawsonia intracellularis (Ree 2008).  

The aim of the present study was to determine the sero-prevalence of antibodies against Lawsonia 

intracellularis in foals tested in 2008 (now yearlings) and other yearling and adult horses in the Netherlands. 

Further the influence of pasture grazing versus complete stable confinement on the prevalence of 

Lawsonia- titres was studied. 
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Materials and methods 

Horses 
Individual blood samples were obtained from 117 horses from 15 different stables across the Netherlands in 

October 2009 (appendix I). Selection was based on the contacts from previous studies and voluntary 

cooperation of veterinarian and owner. The samples were taken from small private stables, big breeding 

farms, riding schools and from stables used in the previous study (Ree 2008). 

Information regarding health history, identification, age and sex of the horses were recorded, as well as 

information about the stable health problems, number of horses and the housing way to gain more 

information about the predisposing factures for an infection with Lawsonia intracellularis. 

The horses were divided into three groups. One group (n=58) were adult horses which did not had a access 

to a pasture for more than 2 years. The second group (n=50) exists of adult horses which remained both 

indoors and at pasture. The third group existed of  yearlings (n=9). Most of the yearlings  (n=8) were also 

tested in the previous study on Lawsonia intracellularis (Ree 2008). 

 

Blood samples 
Blood samples were taken for serology from the jugular vein using serum. Serum was separated by 

centrifugation within 24 hours. In the mean time it was keep cold  (5⁰C). After centrifugation the serum was 

deep frozen (-20⁰C) until it was tested for the presence of specific IgG antibodies against Lawsonia 

intracellularis using the bELISA test.  

 

bELISA 
The bELISA test on the serumsamples was performed by  Animal Health Service Deventer. The BioScreen 

Ileitis Antibody ELISA was used. The protocol used is given in appendix II.  

Samples that had a percent inhibition value < 20% were judged as negative (N). Samples between 20% and 

30% as inconclusive (I), and samples with a percent inhibition >30% were judged to be positive (P) for 

antibodies specific for Lawsonia intracellularis. 
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Results 
 

The results showed that 2 horses (1,7%) were tested inconclusive and that 115 horses (98,3%) tested 

positive for antibodies specific for Lawsonia intracellularis. All results are available in appendix III. 

 

Percent inhibition Frequency % horses N/I/P 

26-30 2 1,7% I 

31-35 3 2,6% P 

36-40 4 3,4% P 

41-45 8 6,8% P 

46-50 9 7,7% P 

51-55 19 16,2% P 

56-60 22 18,8% P 

61-65 23 19,7% P 

66-70 14 12,0% P 

71-75 10 8,5% P 

76-80 3 2,6% P 

Total 117 100,0%  

Table 1: percent inhibition values range all horses 

 

 

 

 
Figure 1 :  Frequency – distribution percent inhibition values all horses 
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Figure 2 : Distribution mean percent inhibition value per stable 

 

 

 

Figure 3 :  Frequency – distribution percent inhibition values stable-confined horses  

 

 

Figure 4 :  Frequency - distribution  percent inhibition values pasture-kept horses 

 

 Number of samples Mean PI SD 

Stable-confined horses 58 57,4 9,7 

Pasture-kept horses 59 57,2 12,6 

Table 2:  Comparison percent inhibition values stable-confined and pasture-kept horses 
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Figure 5 :  Frequency – distribution percent inhibition values yaerlings 

 

 
 
Figure 6 :  Frequency – distribution percent inhibition values adult horses 

 

 

 Number of samples Mean PI SD 

Yearlings 9 39,6 8,5 

Adult horses 108 58,7 10,1 

 
Table 3:  Comparison percent inhibition values yearlings and adult horses 
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Figure 6 : percent inhibition value development weaning vs post-weaning vs yearling 

 

 

Discussion 
 

bELISA 
PCR on faecal samples is the most effective test for diagnosis of an infection caused by Lawsonia 

intracellularis (Jacobson et al. 2004). However,  since the bacterium is not shed continuously, repeated 

sampling and testing of a large number of samples is essential (Keller et al. 2005). Studies in Denmark 

showed that 75% of the examined pigs had a positive PCR-assay on faecal samples (Stege et al. 2004). 

However, 93,7% of the pigs in randomly selected herds had positive Lawsonia intracellularis antibodies 

tested with serology (Boesen et al. 2005). Serology is an useful tool for detection of antibodies against 

Lawsonia intracellularis. The disadvantage of serology is that detectable antibodies are not seen earlier than 

2 weeks after the onset of infection (Gebhart 2006, Jacobson et al. 2004). Thus it only provides historical 

information on exposure to the bacterium (Gebhart 2006, Guedes et al. 2003,  Guedes 2004) and it is not 

correlated to clinical disease (Jacobson et al. 2004). Frazer (2008) tested positive antibody results in horses 

in which typical signs of EPE had not been observed. An advantage of serology is that it is suitable for 

testing large numbers of samples (Guedes 2004).  

Several techniques can be used for detecting antibodies against Lawsonia intracellularis. Immunoperoxidase 

monolayer assay (IPMA) and indirect immunofluorescence antibody test (IFAT) are specific and sensitive 

(Boesen et al. 2005). A great disadvantage of this techniques is the fact that each sample require a 

microscopically evaluation by a skilled diagnostician, which making these test subjective and limits the 

number of samples that can be handled  (Boesen et al. 2005, Keller et al. 2005). 

An ELISA test can easily be used for large sample numbers (Boesen et al. 2005). Keller et al. (2005) tested in 

his study that the bELISA had at least the same sensitivity as indirect immunofluorescence antibody test 

(IFAT). Serum as well as plasma can be used in the Enterisol ® Ileitis ELISA (Keller et al. 2006). A novel ELISA 

is also tested as a specific and sensitive method for detection of Lawsonia intracellularis antibodies (Boesen 

et al. 2005). Until now it is not certain whether the current diagnostic methods are capable of detecting 
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subclinically infected animals (Jacobson et al. 2009). Since there is no “gold standard” diagnostic method 

available for detecting antibodies against Lawsonia intracellularis in horses, there is no comparison for the 

bELISA  (Boesen et al. 2005, personal communication van Maanen, Animal Health Services Deventer). 

Several isolates of the bacterium are known (Gebhart 2006, Lee 2006, Wattanaphansak et al. 2009). 

Gebhart (2006) showed that isolates of pig Lawsonia intracellularis showed >98% 16S-rDNA similarity to 

isolates of  Lawsonia intracellularis in different animal species  (Lavoie et al. 2009, Pusterla et al. 2009b), 

and that there are only minor differences between isolates (Gebhart 2006). Another study in pigs showed 

that although the coating antigen of the bELISA kit is prepared with a European isolates, it can be used for 

detection of antibodies in Korea (Lee 2006). Since there are no specific horse values available for bELISA the  

values used in this study are the same as used by testing antibodies with bELISA in pigs. Further studies 

need to be done, serum samples can be tested with other test principles like indirect immunofluorescence 

antibody test (IFAT) and immunoperoxidase monolayer assay (IPMA) to confirm the results. 

 

 

Prevalence 
There is little known about the prevalence of Lawsonia intracellularis in horses. In pigs there are more result 

available. Several studies are performed in different countries. Gebhart (2006) showed that 96% of USpig 

herds were seropositive for Lawsonia intracellularis. In Denmark the prevalence in pigs is 93,7%  (Boesen et 

al. 2005). Also in Canada there are high prevalences reported, 84,4% of the tested pigs tested positive for 

the bacterium (Paradis et al. 2007). Serologic studies shown that the prevalence of PE-positive herds ranges 

from 60 to 90%  in farms in Austria, Venezuela, Germany, Belgium and the Netherlands (Guedes 2004). In 

Europe natural outbreaks have only been reported in pigs,  (Deprez et al. 2005). In dogs in the Czech 

republic the bacterium is also widespread, 74,7% of the tested dogs were positive (Klimes et al. 2007). 

Pusterla et al. (2008b) showed that in the United States 45,5% of the foals on a endemic farm had a positive 

titer to Lawsonia intracellularis. Resident horses on farms with diagnosed cases of EPE had seroprevalence 

rates from 30% to 76% (Pusterla et al. 2008c). A prevalence study in Brazil showed a positive titer in 9,42% 

of the tested horses (Guimarães et al. 2009). In the Czech republic there was a high prevalence found, 

87,1% of the tested horses over one year of age were positive (Klimes et al. 2007). Another study by 

Pusterla et al. (2009a) showed that in may 100% of the mares on a endemic farm tested positive for 

antibodies against Lawsonia intracellularis. In the Netherlands 14% of the foals showed a positive Lawsonia 

intracellularis titer before weaning, after weaning it was 23% (Ree 2008). All mares of positive tested foals 

after weaning were positive for Lawsonia themselves  (Ree 2008). The present results shown that 98,3% of 

the tested horses were tested positive for antibodies specific for Lawsonia intracellularis. To the authors’ 

knowledge this is the first prevalence study in the Netherlands among adult horses, so no other data are 

available for comparison. Because of the high prevalence in horses without clinical signs, the conclusion is 

that a positive titre of antibodies against Lawsonia intracellularis is not a sensitive test for definitive 

diagnosis of EPE. 

 
Transmission 
Lawsonia intracellularis needs host animals for replication and transmission occurs generally through faecal-

oral route (Dezorzova et al. 2006, Smith et al. 2001). Feacal shedding within species has been identified as a 

possible source for infecting animals from the same species (Deprez et al. 2005, Guedes et al. 2003, Gebhart 

2006). Lawsonia intracellularis can survive for 1 to 2 weeks in extracellulair conditions in faeces, but the 

infectivity of the bacterium might be less (Collins et al. 2000). The environmental contamination by feaces 

must therefore be considered in cases with EPE.  

Subclinically infected herd mates may also play a big role in transmission of the bacterium, since there not 
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showing clinical signs, but they can shed the bacterium as well (Collins et al. 2000, Deprez et al. 2005, 

Gebhart 2006, Guedes et al. 2003, Guedes 2004, Guimarães et al. 2009). On farms with clinical cases of an 

infection with Lawsonia intracellularis other residential horses have been detected with positive antibody 

titers (Feary et al. 2006, Pusterla et al. 2008c, Ree 2008). Transmission of antibodies can also occur by 

colostrum ingestion. Pusterla et al. (2009a) showed that foals of a farm endemic for EPE (54% of the mares 

tested positive by IMPA at the time of foaling) had negative antibody titers prior to colostrum ingestion, 

after ingestion 54% of the foals were positive.  

Many hosts have been recognized. These hosts shed the bacterium in their faeces in the environment and 

spread there (Friedman et al. 2008). Infected faeces may contaminate water or feed which is ingested by 

foals (Pusterla et al. 2008a). A correlation between pigs and foals infected with Lawsonia intracellularis has 

been proposed. However, Ree (2008) found no correlation between the prevalence and the proximity of pig 

farms to the breeding farms and the use of pig manure on the fields. Also Dauvillier et al. (2006) found no 

other positive animals on a farm with a single foal positive for Lawsonia intracellularis. The farm had no 

history of any contacts with pigfarms, so wildlife might have been the source of contamination. (Dauvillier 

et al. 2006). Bednar (2006) showed that rodents (especially mices) may act as a reservoir species and that 

they can participate in the spreading of the bacterium among domestig pigs and wild animals. Interspecies 

transfer of Lawsonia intracellularis must be considered as a real possibility for transmission of the 

bacterium (Dezorzova et al. 2006, Guedes 2004). Other possible mechanism of transmission of Lawsonia 

intracellularis as mechanical (eg. pitchforks, boots) vectors must be considered also (Guedes 2004, Gebhart 

2006). 

 

Antibodies 
Most reported cases of a Lawsonia intracellularis infection involve animals aged < 1 year (Frazer et al. 2008, 

Guimarães et al. 2009). However, a study by Guimarães et al. (2009) revealed to infected horses aged 13 

and 16 month who were shedding the organism through faeces. Still Lawsonia intracellularis infection 

commonly occurs more in young horses because of the decline in maternal antibodies and management 

changes that could cause stress and predispose them to disease (Frazer et al. 2008). After a primary 

infection no re-infection occurred with faecal excretion or with clinical signs (Boesen et al. 2005, Riber et al. 

2009). 

Seroconversion occurs not sooner in pigs than 2 weeks post-challenge (Gebhart 2006). Hammer (2003) 

suggested that exposure builds until the dose of Lawsonia intracellularis becomes high enough to induce 

seroconversion. Several studies have been done about the persistence of antibodies against Lawsonia 

intracellularis. Guedes et al. (2003) found that pigs remain seropositive for 13 weeks after exposure. A 

persistence of antibodies can even be found up to 4 months (Boesen et al. 2005, Stege et al. 2004). Dogs 

remain serologically positive over a period of 291 days (Tomanova et al. 2003b).Foals, positive for Lawsonia 

intracellularis, remained seropositive for more than 6 months  (Dauvillier et al. 2006). 

Guedes (2004) suggest that the level of antibodies against Lawsonia intracellularis decays gradually after 

reaching its peak. So, the higher peak serum titres, the longer detectable antibodies persists (Guedes 2004). 

When this peak is reached is not clear. Pusterla et al. (2009a) showed that the seroprevalence of the mares 

on a endemic farm increased with each foaling month, 33% in January up to 100% in may. Another study 

showed that the prevalence in young horses was 60,6%, but in horses over one year in age the prevalence 

was 87,1% (Klimes et al. 2007). Boesen et al. (2005) suggests that the increasing antibodies in their study 

within natural infected pigherds are the result of the pigs being boosted by Lawsonia intracellularis in the 

herd. In foals a increase in antibodies was shown, 14% showed positive titer before weaning and 23% after 

weaning (Ree 2008). 

In pigs subclinical infection with Lawsonia intracellularis appears to be common in growing pig (Guedes et 
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al. 2005, Kimberley et al. 2007, Kroll et al. 2005, Lee 2006). It is difficult to identify because the pigs don’t 

show clinical signs (Gebhart 2006, Kroll et al. 2005). The only signs seems to be, lack of uniformity in weight 

(Guedes 2004, Keller et al. 2005). As well as pigs, horses with no signs of EPE can test positive for Lawsonia 

intracellularis antibodies also (Feary et al. 2006, Frazer et al. 2008, Guimarães et al. 2009). The subclinical 

form of an infection with Lawsonia intracellularis is easily missed, because the animal does not show clinical 

signs which belong to a infection with the bacterium (Guedes 2004). The present study revolved a mean 

antibody titer of 98,3%. In yearling it was 89%, in horses older than 2 years it was 99%. The seropositivity of 

the horses means that all positive tested horses have had an exposure to Lawsonia intracellularis.  

Guimarães et al. (2009) proposed that seropositivity in horses aged > 13 months implies either subclinical 

late infection, a constant exposure situation or long term persistence of serum antibodies against Lawsonia 

intracellularis in horses. However, because the horses had never had symptoms from EPE the conclusion of 

the longitudinal study suggested that the findings indicated a long term persistence of antibodies against 

Lawsonia intracellularis (Guimarães et al. 2009). Further studies must be done to know more about the 

different isolates of Lawsonia intracellularis, as there may be a difference in pathogenicity between the 

different isolates of Lawsonia intracellularis. 

 

Comparison of the different groups 
Comparison between the different groups can be done by looking at the mean percent inhibition value and 

the default deviation.  As long as the percent inhibition values are normally distributed we may compare 

the groups. However, it should be taken into consideration that the percent inhibition values are qualitative 

results instead of quantitative results. (personal communication van Maanen, Animal Health Services 

Deventer). So further confirmation is necessary. 

No significance difference (P>0.05)  was found between the stable-confined and the pasture-kept horses. 

Horses whom remain in stables has probably less contact with all kind of host animals and its faeces, which 

implies that the importance of host animals as pigs may be less than assumed. Host animals like mice must 

be considered. Since most of the tested stable-confined horses were stabled in individual boxes, contact 

with faeces of other infected horses is not very likely. 

The group with yearlings was a very small group and not normally spread, so  statistical comparison with 

the adult horses is difficult. However, there seems to be  a significance difference (P<0.05) between the two 

groups. The foals of the study in 2008 has also less antibodies than they had as yearling in 2009.  Both 

suggests that horses build up an antibody titer because of a constant exposure rate to the bacterium, but a 

long term persistence of antibodies against Lawsonia intracellularis is not ruled out. 

 

 

Conclusion 
 
The present study revealed a high (98,3%) antibody titer against Lawsonia intracellularis in horses in the 

Netherlands . This was much higher than previously assumed. Although seroconversion does not implicate a 

clinical disease, the veterinarian must consider EPE in foals with clinical signs. Especially if these foals have 

hypoproteinaemia and/or albuminemia. To reduce the incidence of EPE more information about 

epidemiology (eg. transmissionfactors), immunity (eg. the persistence of antibodies) and diagnostic 

procedures are necessary.  
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Appendix I – Location of tested farms across the Netherlands 
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Appendix III –Blocking ELISA protocol (BioScreen Ileitis Antibody ELISA) 
 

1. Lawsonia intracellularis is bound to the ELISA plate 

2. Serum samples are diluted (1:10) and incubated for 1 hour by 37⁰C 

3. The ELISA plates are washed 3 times with 300 µL washingbuffer 

4. 100 µL diluted conjugate (1:100) is added in each well 

5. The ELISA plates are washed 3 times with 300 µL washingbuffer 

6. 100 µL substrate is added at each well and incubated for 10 minutes in the dark by 22⁰C 

7. Reaction is stopped by 50 µL stoppingliquid 

8. Each well is mixed 

9. The optical density can be measured with a photometer (OD450) 

10. Wells incubated with negative control serum serve as reference 

 

Percent Inhibition (PI)= (OD negative control) – (OD test serum/OD negative control)x100 

 

Samples that had a percent inhibition value < 20% were judged as negative (N). Samples between 20% and 

30% as inconclusive (I), and samples with a percent inhibition >30% were judged to be positive (P) for 

antibodies specific for Lawsonia intracellularis. 
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Appendix II – Serum results bELISA 
 

Plate-

position 

Horse-

number Yaerling 

Stable-

confined 

Pasture-

kept OD * 100 PI value Results 

 Plate 1 

  

  

    A1 C1 

 

X  302 70,2 P 

 B1 B12 

 

 X 356 64,9 P 

 C1 D23 

 

X  498 50,9 P 

 D1 F34 X  X 581 42,7 P 

 E1 G45 

 

X  467 53,9 P 

 F1 H56 

 

 X 476 53,1 P 

 G1 I67 

 

 X 423 58,3 P 

 H1 M78 

 

X  286 71,8 P 

 A2 C2 

 

X  448 55,8 P 

 B2 A13 

 

 X 459 54,7 P 

 C2 D24 

 

X  506 50,1 P 

 D2 G35 

 

X  283 72,1 P 

 E2 G46 

 

X  466 54,0 P 

 F2 H57 

 

 X 357 64,8 P 

 G2 I68 

 

 X 450 55,6 P 

 H2 M79 

 

X  382 62,3 P 

 A3 C3 

 

X  542 46,5 P 

 B3 A14 

 

 X 395 61,0 P 

 C3 D25 

 

X  465 54,1 P 

 D3 G36 

 

X  340 66,5 P 

 E3 H47 

 

 X 472 53,5 P 

 F3 H2-58 

 

 X 523 48,4 P 

 G3 I69 

 

 X 432 57,4 P 

 H3 M80 

 

X  307 69,7 P 

 A4 C4 

 

X  580 42,8 P 

 B4 A15 

 

 X 311 69,3 P 

 C4 D26 

 

X  427 57,9 P 

 D4 G37 

 

X  355 65,0 P 

 E4 H48 

 

 X 505 50,2 P 

 F4 H2-59 

 

 X 315 68,9 P 

 G4 K70 

 

 X 257 74,7 P 

 H4 M81 

 

X  610 39,8 P 

 A5 C5 

 

X  615 39,3 P 

 B5 A16 X  X 601 40,7 P 

 C5 D27 

 

X  537 47,0 P 

 D5 G38 

 

X  351 65,4 P 

 E5 H49 

 

 X 410 59,6 P 

 F5 H2-60 

 

 X 324 68,0 P 
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Plate-

position 

Horse-

number Yaerling 

Stable-

confined 

Pasture-

kept OD * 100 PI value Results 

 G5 L71 

 

 X 427 57,9 P 

 H5 M82 

 

X  312 69,2 P 

 A6 C6 

 

X  494 51,3 P 

 B6 A17 

 

 X 599 40,9 P 

 C6 D28 

 

X  384 62,1 P 

 D6 G39 

 

X  262 74,2 P 

 E6 H50 

 

 X 504 50,3 P 

 F6 H2-61 

 

 X 306 69,8 P 

 G6 L72 

 

 X 248 75,5 P 

 H6 M83 

 

X  404 60,2 P 

 A7 C7 

 

X  358 64,7 P 

 B7 A18 

 

 X 378 62,7 P 

 C7 D29 

 

X  557 45,1 P 

 D7 G40 

 

X  387 61,8 P 

 E7 H51 

 

 X 647 36,2 P 

 F7 H2-62 

 

 X 281 72,3 P 

 G7 L73 

 

 X 430 57,6 P 

 H7 M84 

 

X  480 52,7 P 

 A8 C8 

 

X  530 47,7 P 

 B8 A19 

 

 X 355 65,0 P 

 C8 E30 

 

 X 457 54,9 P 

 D8 G41 

 

X  413 59,3 P 

 E8 H52 

 

 X 756 25,4 D 

 F8 H2-63 

 

 X 410 59,6 P 

 G8 L74 

 

 X 267 73,7 P 

 H8 M85 

 

X  369 63,6 P 

 A9 C9 

 

X  576 43,2 P 

 B9 A20 

 

 X 427 57,9 P 

 C9 F31 

 

 X 288 71,6 P 

 D9 G42 

 

X  432 57,4 P 

 E9 H53 

 

 X 387 61,8 P 

 F9 H2-64 

 

 X 250 75,3 P 

 G9 M75 

 

X  340 66,5 P 

 H9 M86 

 

X  375 63,0 P 

 A10 B10 

 

 X 377 62,8 P 

 B10 A21 

 

 X 373 63,2 P 

 C10 F32 

 

 X 428 57,8 P 

 D10 G43 

 

X  506 50,1 P 

 E10 H54 

 

 X 478 52,9 P 

 F10 I65 

 

 X 419 58,7 P 

 G10 M76 

 

X  356 64,9 P 

 H10 M87 

 

X  428 57,8 P 
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Plate-

position 

Horse-

number Yaerling 

Stable-

confined 

Pasture-

kept OD * 100 PI value Results 

 A11 B11 

 

 X 355 65,0 P 

 B11 D22 

 

X  363 64,2 P 

 C11 F33 X  X 517 49,0 P 

 D11 G44 

 

X  366 63,9 P 

 E11 H55 

 

 X 591 41,7 P 

 F11 I60 

 

 X 292 71,2 P 

 G11 M77 

 

X  444 56,2 P 

 H11 M88 

 

X  207 79,6 P 

 Control Plate 1 

 

  

    A12 

  

  391 61,4 P PC 

B12 

  

  373 63,2 P PC 

C12 

  

  966 4,7 N NC 

D12 

  

  1062 -4,7 N NC 

Plate 2 

  

  

    A1 M89 

 

X  727 31,9 P 

 B1 N100 

 

X  524 50,9 P 

 C1 O111 X  X 571 46,5 P 

 A2 M90 

 

X  601 43,7 P 

 C2 O112 

 

 X 313 70,7 P 

 A3 M91 

 

X  496 53,5 P 

 B3 N102 

 

X  473 55,7 P 

 C3 O113 

 

 X 323 69,7 P 

 A4 N92 

 

X  482 54,8 P 

 B4 N103 

 

X  475 55,5 P 

 C4 O114 

 

 X 443 58,5 P 

 A5 N93 

 

X  387 63,7 P 

 B5 N104 

 

X  404 62,2 P 

 C5 O115 

 

 X 386 63,8 P 

 A6 N94 

 

X  447 58,1 P 

 B6 N105 

 

X  457 57,2 P 

 C6 O116 

 

 X 335 68,6 P 

 A7 N95 

 

 X 547 48,8 P 

 B7 O106 X  X 799 25,2 D 

 C7 O117 

 

 X 324 69,6 P 

 A8 N96 

 

X  337 68,4 P 

 B8 O107 X  X 713 33,2 P 

 C8 O118 

 

 X 367 65,6 P 

 A9 N97 

 

X  444 58,4 P 

 B9 O108 X  X 536 49,8 P 

 A10 N98 

 

X  591 44,6 P 

 B10 O109 X  X 736 31,1 P 

 A11 N99 

 

X  491 54,0 P 
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Plate-

position 

Horse-

number Yaerling 

Stable-

confined 

Pasture-

kept OD * 100 PI value Results 

 B11 O110 X  X 661 38,1 P 

 Control plate2 

 

  

    A12 

  

  448 58,0 P PC 

B12 

  

  469 56,1 P PC 

C12 

  

  994 6,9 N NC 

D12 

  

  1141 -6,9 N NC 

 

 


