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Summary: The objectives of this study were to investigate the kinetics of Lawsonia intracellularis (L. intracellularis) antibodies in foals on a farm 
with occurrence of equine proliferative enteropathy (EPE) by immunoperoxidase monolayer assay (IPMA). 63 foals were monitored from the 
age of two to 10 months at two-week intervals via physical examination and selected blood parameters. Serum was used to measure total pro-
tein and albumin concentrations as well as antibodies to L. intracellularis by IPMA. In case of hypoproteinaemia and/or hypoalbuminemia, a 
transabdominal ultrasonographic examination was performed to measure the wall thickness of small intestinal loops. Rectal swabs were taken 
from foals with suspected EPE to test for L. intracellularis by polymerase chain reaction. 55 of the monitored foals developed antibodies against 
L. intracellularis, only three foals developed EPE. The progressions of the individual antibody titres showed great variability, no specific pattern 
was observed. Foals with at least two consecutive seropositive samples considering an interval of two weeks did not develop EPE later during 
the observation period. Four foals showed developments of antibody titres against L. intracellularis interrupted by one or two negative serum 
results. Since there was no uniform titre progression and foals with and foals without EPE showed high antibody titres that were detectable for 
different lengths of time, it was not possible to conclude the further titre progression in foals based on the kinetics. The results illustrated that 
a single blood analysis is not always reliable to determine by IPMA whether a foal has been infected with L. intracellularis. Due to technical 
weaknesses of IPMA, the authors recommend to run all samples in duplicate in order to obtain reliable results on the foal’s exposure to L. 
intracellularis for further studies on the kinetics of L. intracellularis antibodies and when using the serology as a diagnostic tool for detecting 
L. intracellularis. 
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Introduction

Lawsonia intracellularis (L. intracellularis) is an obligate intra-
cellular and gram-negative bacterium that can cause equine 
proliferative enteropathy (EPE) in foals. It affects enterocytes 
of the small intestine, especially in the ileum, causing hyper-
plasia of the mucosa and thus thickening of the intestine wall 
(Lawson and Gebhart 2000). Rodents and Lagomorpha ap-
pear to be a possible reservoir for L. intracellularis and source 
of infection for equids (Friedman et al. 2008, Pusterla et al. 
2013). Further, clinically and subclinically infected foals con-
tribute to the spread of L. intracellularis on endemic farms 
(Pusterla et al. 2014). 

Foals up to the age of one year are particularly susceptible, 
especially recently weaned foals between four and seven 
months of age (Lavoie and Drolet 2007, Pusterla et al. 2014). 
EPE is a seasonal disease with a global distribution, including 
North America, Europe, Asia and Australia (McClintock and 
Collins 2004, Frazer 2008, Bohlin et al. 2019, Ueno et al. 

2019). Common clinical signs of infected foals are lethargy, 
anorexia, reduced weight gain, diarrhoea, fever, colic and pe-
ripheral oedema. The main parameters for ante-mortem EPE 
diagnosis are age, clinical signs, hypoproteinaemia caused 
by hypoalbuminemia and thickening of the small intestine 
wall visualised by transabdominal sonography. These param-
eters are considered in combination with antibody detection 
using serological assays and with molecular detection of L. 
intracellularis in faeces by polymerase chain reaction (PCR) 
(Lavoie and Drolet 2007, Pusterla et al. 2014). A preventive 
measure is the vaccination of foals with a porcine avirulent 
modified-live L. intracellularis vaccine (Pusterla et al. 2012). 

As far as the authors are aware, there have been no major 
studies on antibody kinetics against L. intracellularis in foals. 
Therefore, the aims of this study were to investigate the ki-
netics of L. intracellularis antibodies in foals to explore the 
course of infection on farms with EPE. The authors decided to 
perform the serological analysis using the IPMA, which is cited 
in the literature as the most accurate serological method for 
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the determination of L. intracellularis antibodies in EPE foals 
(Gebhart et al. 2012).

Materials and methods

Study farm and horses

This study was conducted at a large Warmblood breeding 
farm in Germany. The mares and their foals lived in groups 
of 10 to 25 pairs. The foals were weaned from their dams 
at about six months of age and then kept in large groups of 
weanlings. None of the study foals showed failure of passive 
transfer, therefore treatment with equine plasma was not nec-
essary. The status of seropositivity to L. intracellularis post-par-
turition was not determined. 

Study design

The study period began in August 2019 and ended in May 
2020. 63 foals were included, comprising 31 colts and 32 
fillies, all born in July 2019. The participants were selected as 
convenience samples based on their date of birth and were 
kept together with other foals on the farm. The authors expect-
ed natural infection with L. intracellularis as the farm experi-
enced several cases of EPE in 2018.

From the age of two to 10 months, all foals were physically 
examined, rectal temperature was measured and blood sam-
ples were taken every two weeks. In total, 19 ± 1 blood sam-
ples were obtained from each of the 63 study foals. Every two 
weeks, a 4 mL and a 9 mL whole blood sample were collected 
via jugular venepuncture into sterile serum tubes and individ-
ually labelled. The 4 mL serum tubes were sent to an exter-
nal laboratory (LABOKLIN GmbH & Co. KG, Bad Kissingen, 
Germany) to determine total protein and albumin (n = 1145). 
The 9 mL serum tubes were centrifuged at 2.5 × 1000 g for 
10 minutes, the serum was pipetted into individual labelled 
1.5 mL tubes, and then frozen at –20 °C for later serological 
examinations by IPMA. 

If total protein (< 50 g/L) and/or albumin (< 25 g/L) concen-
trations were low, the small intestinal wall thickness was mea-
sured by transabdominal ultrasound examination. In case of 
thickening of the small intestine wall (> 3 mm) together with 
hypoproteinaemia and clinical signs compatible with EPE (di-
arrhoea, fever ≥ 39.0 ºC, peripheral oedema, lethargy, colic, 
weight loss or anorexia), a faecal swab was collected and test-
ed for L. intracellularis via PCR to support a diagnosis of EPE. 
Affected foals were treated with antimicrobials and supportive 
care like equine plasma transfusion, which was not tested for 
antibodies against L. intracellularis. 

For logistical reasons, not all serum samples were collect-
ed during the entire study period. Three foals were excluded 
during the study: two foals were sold in January and March, 
and one foal developed handling difficulties in February. Ad-
ditionally, a vaccination study against L. intracellularis was 
conducted at the same time. For organisational reasons, it 
was not possible to strictly separate the foals of both studies 
over the complete study period. 

Serology by IPMA 

The sera of the study foals were examined in batches between 
November 2019 and June 2020. The first part of serum sam-
ples (n = 234) was sent in cooled boxes to the Equine Infec-
tious Disease Research Laboratory, University of California, 
Davis, USA for serological testing. The remaining samples 
(n = 923) were examined at the laboratory Dr. Böse GmbH, 
Harsum, Germany. In both laboratories, all assays were run 
by one of the authors (JS), who was blinded to the clinical sta-
tus of the foals. For all samples, IPMA was used as previously 
described (Gebhart et al. 2012), according to the same stan-
dard operating procedures of the Davis laboratory using the 
same chemical substances. The antigen was extracted from 
the lyophilized L. intracellularis pig vaccine (Enterisol Ileitis, 
Boehringer Ingelheim Vetmedica). 

All samples were first tested at a dilution of 1:60. If antibodies 
were detected at this dilution, the samples were retested and 
determined to a maximum titre of 960. The individual sam-
ples of one foal were not measured as a complete sample se-
ries in one IPMA run, but together with samples of other foals, 
and were usually spread over several days. Only the complete 
sample series of four intermittently seropositive foals was test-
ed in one run to rule out test variance in these striking results.

Seroconversion was defined as follows: The serum samples were 
positive at the dilution ≥ 1:60, all samples < 1:60 were consid-
ered negative (Pusterla et al. 2010). Antibodies against L. intra-
cellularis were regarded as maternal until three months of age 
(Pusterla et al. 2009a). Maternal antibodies were not considered 
as seroconversion nor in the number of positive samples.

Statistical analysis

The investigation and description of antibody kinetics as well 
as the number of seropositive samples and the occurrence of 
seroconversions were mainly descriptive analyses. Correlation 
analysis was performed according to Spearman. The associ-
ation between high antibody titres and EPE disease was as-
sessed using Fisher’s exact test.

Results

55 foals (87.3 %) seroconverted during the study period, most 
in January (58.2 %) and March (18.2 %). Three of these foals 
(5.5 %) developed EPE (Fig. 1), diagnosed by hypoprotein-
aemia (< 50 g/L, 3/3), hypoalbuminemia (< 25 g/L, 3/3), 
thickened small intestinal walls (> 3 mm, 3/3), clinical signs 
(weakness 2/3, fever 1/3) and PCR result (2/3 positive). The 
PCR result of the third foal was negative, however, antimicro-
bial treatment had already been started at the time of faecal 
collection. Eight foals (12.7 %) showed no seroconversion, 
one of them had maternal antibodies. 

Considering the serum proteins, 3.1 % of the total protein val-
ues were lower than 50 g/L and 2 % of the albumin values 
were lower than 25 g/L. In total, 40 foals showed EPE-asso-
ciated clinical signs including fever (≥ 39.0 °C) at least once 
during the study period, 14 of them related to Lawsonia-spe-
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cific antibodies. In five foals thickened walls of the small intes-
tine (> 3 mm) were visualised by ultrasound.

In total, 378 serum samples (32.7 %) showed antibodies 
against L. intracellularis, with titres ranging from 60 to 960. 
Additionally, 31 seropositive samples (2.7 %) in 13 foals were 
considered as maternally-derived antibodies. One foal was 
consistently seropositive from the beginning of the study, so 
that no differentiation between maternal antibodies and se-
roconversion was possible. This foal was not included in the 
assessment of the antibody titre progression. None of its posi-
tive samples were considered to be maternal antibodies in the 
further evaluations. 

The data set of 22 foals was incomplete, with 41 serum sam-
ples missing of the planned 1198 samples. Thereby, four foals 
were missing a sample during the antibody titre progression 
and six foals were missing the sample directly before serocon-
version. In these six foals, the first seropositive sample was 
regarded as the time of seroconversion. For the characteri-
sation of the antibody titre progressions, these six foals were 
not considered.
 
The kinetics of the antibodies showed many different pat-
terns; no uniform kinetics were observed. The antibody titre 
developments were assigned to four different progressions in 
order to illustrate the inconsistent titre courses in a certain 
structure (Fig. 2). Progression 1 (27.1 %, 13/48) reflected the 
kinetics with the highest antibody titre of this foal at serocon-
version, which then formed a plateau or directly decreased 
in the further progression and then some of them plateaued. 
Progression 2 (25 %, 12/48) showed the kinetics with an initial 
increase in antibody titre, followed by a plateau or directly 
decrease and possibly one or more increases later in the pro-
gression. Progression 3 (37.5 %, 18/48) presented the kinetics 
in which the antibody titre often initially remained on a pla-
teau or dropped directly and then rose again at least once lat-
er in the development. Progression 4 (10.4 %, 5/48) reflected 

the kinetics in which the titre remained stable across samples, 
including foals with seropositivity in only one sample. 

The number of seropositive foals increased strongly in the 
months from January to May, with a peak in March (90.6 %). 
Overall, high antibody titres (480 or 960) were detected in 39 
seroconverted foals (70.9 %), from one to 10 samples con-
secutively. 29 of these foals (74.4 %) showed high antibody 
titres in their first seropositive tested sample. The association 
between high titres (480 or 960) and developing EPE was not 
significant (p = 0.28).

High antibody titres (480 or 960) and the duration of anti-
body detection in weeks were positively correlated (r = 0.67). 
Seropositivity was observed on average over seven consecu-
tive samplings over a duration of about 12 weeks, as there 
was not always an interval of two weeks between samplings. 
Foals with intermittent antibody titre were not included. For the 

Fig. 1 Kinetics of the antibody titre courses against Lawsonia in-
tracellularis in the three study foals suffering from equine proliferative 
enteropathy (EPE). The star marks the sample from each foal closest 
to the day of diagnosis EPE. Dec: December, Feb: February, IPMA: 
Immunoperoxidase monolayer assay, Jan: January, Sep: September, 
Oct: October, Nov: November.    |    Kinetik der Antikörpertiterver-
läufe gegen Lawsonia intracellularis bei den drei an equiner prolifera-
tiver Enteropathie (EPE) erkrankten Studienfohlen. Der Stern markiert 
bei jedem Fohlen die Probe, die dem Tag der Diagnosestellung EPE 
am nächsten liegt. Dez: Dezember, Feb: Februar, IPMA: Immunoper-
oxidase Monolayer Assay, Jan: Januar, Sep: September, Okt: Okto-
ber, Nov: November.

Fig. 2 Example of the four observed progressions of antibody tit-
res (ABT) against Lawsonia intracellularis. Each of these progressions 
is illustrated using the individual antibody titre progression of one 
study foal as example. Progression 1 (27.1%, 13/48) reflected the 
kinetics with the highest antibody titre of this foal at seroconversion, 
which then remained on a plateau or directly decreased in the fur-
ther progression and then partially plateaued. Progression 2 (25%, 
12/48) showed the kinetics with an initial increase in antibody titre, 
followed by a plateau or directly decrease and possibly one or more 
increas es later in the progression. Progression 3 (37.5%, 18/48) pre-
sented the kinetics in which the antibody titre often initially remained 
on a plateau or dropped directly and then rose again at least once 
later in the development. Progression 4 (10.4%, 5/48) reflected the 
kinetics in which the titre remained stable across samples, including 
foals with seropositivity in only one sample. Aug: August, Dec: De-
cember, Feb: February, IPMA: Immunoperoxidase monolayer assay, 
Jan: January, Sep: September, Oct: October, Nov: November.   | 
Beispiel für vier beobachtete Verläufe des Antikörpertiters (AKT) gegen 
Lawsonia intracellularis. Jeder dieser Verläufe wird am Beispiel des 
individuellen AKT-Verlaufs eines Studienfohlens dargestellt. Verlauf 1 
(27,1%, 13/48) spiegelte die Kinetik mit dem höchsten AKT dieses 
Fohlens bei der Serokonversion wider, der dann ein Plateau bildete 
oder im weiteren Verlauf direkt abnahm und dann teilweise auf einem 
Plateau endete. Verlauf 2 (25%, 12/48) zeigte die Kinetik mit einem 
anfänglichen Anstieg des AKT auf, gefolgt von einem Plateau oder 
einem direkten Rückgang und möglicherweise einem oder mehreren 
Anstiegen in der weiteren Entwicklung. Verlauf 3 (37,5%, 18/48) gab 
die Kinetik wieder, bei der der AKT häufig zunächst auf einem Plateau 
verharrte oder direkt abfiel und dann im späteren Verlauf mindestens 
einmal erneut anstieg. Verlauf 4 (10,4%, 5/48) spiegelte die Kine-
tik wider, bei der der Titer über die Proben hinweg stabil blieb, ein-
schließlich Fohlen mit Seropositivität in nur einer Probe. Aug: August, 
Dez: Dezember, Feb: Februar, IPMA: Immunoperoxidase-Monolayer-
Assay, Jan: Januar, Sep: September, Okt: Oktober, Nov: November.
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four foals with a missing sample during the titre progression, 
this sample was considered positive. One foal showed anti-
bodies with titres ranging from 60 to 960 for 33 weeks, possi-
bly including maternal antibodies. 29.1 % of the foals (16/55) 
showed antibody titres of 60 to a maximum of 240 over one 
to 13 consecutive samples. 87.3 % of the seroconverted foals 
(48/55) were seropositive in at least two consecutive samples 
approximately two weeks apart without developing EPE at a 
later stage of the study period. 54.5 % of the seroconvert-
ed foals (30/55) were still positive in their last sample, either 
when they left the study or at the end of the observation peri-
od. Table 1 shows an age-based examination of seropositivity 
to L. intracellularis in foals. 

About 8.6 % of the samples required one or more retests due 
to result discrepancy or unclear results caused by strong back-
ground during microscopic evaluation. Some samples were 
initially positive but negative in the same dilutions when re-
tested up to higher dilution levels. Three foals with intermittent 
seropositivity showed single negative samples in between, one 
foal showed two consecutive negative samples. The antibody 
titres before and after these seronegative samples were either 
60 or 120 in all four foals. Despite multiple testing of these 
negative samples (n = 6) in the otherwise positive sample his-
tories, no clear, reproducible results were obtained. However, 
the foals were included in the evaluation of the antibody titre 
progressions.

 
Discussion

This study presents the first investigation of antibody kinet-
ics against L. intracellularis in foals on a farm in Germany. 
87.3 % of the study foals had contact with the pathogen, as 
deduced from the serological detection of antibodies against 

L. intracellularis. Most seroconversions occurred in January 
as previously reported (Page et al. 2011). The current results 
supported the assumption of Pusterla et al. (2008) that a de-
tectable antibody response commonly occurs in foals without 
clinical EPE as only 5.5 % of all seroconverted study foals 
developed clinical EPE. 40 foals showed EPE-associated 
signs, 14 of them related to Lawsonia-specific antibodies, but 
only three foals contracted this disease. This illustrated that 
EPE-associated signs are very non-specific and that positive 
serology alone is not conclusive. Therefore, it is important to 
consider always all parameters such as serology, total protein 
concentration and clinical signs in conjunction (Pusterla et 
al. 2014). 

As EPE had been observed on that farm since 2018, the infec-
tion in the study foals was most likely due to natural exposure 
to the pathogen L. intracellularis. The study was carried out at 
the same time as a vaccination study against L. intracellularis 
at the farm. For organisational reasons, it was not possible to 
strictly separate the foals of both studies. Therefore, it must 
be questioned whether some foals became infected with the 
pathogen via the faeces of vaccinated foals. The authors sin-
gled out all locations during the sampling period for each 
foal of the current study and compared when the foals were in 
the same herd with a foal vaccinated against L. intracellularis. 
This was done by considering the time window in which vac-
cinated foals could potentially have shed the pathogen and 
in which non-vaccinated foals developed antibodies against 
L. intracallularis. Vaccinated foals excrete the pathogen only 
after the first vaccination, starting 11 to 15 days after vacci-
nation and lasting between one and 12 days (Pusterla et al. 
2009b). Since there is no proof of how long the vaccinated 
pathogen survives in the environment, one must at least con-
sider in this case that the vaccinated pathogen can survive 
in the environment for up to two weeks, just like the natural 

Table 1   Age-based view of seropositivity to Lawsonia intracellularis in foals.    |    Altersabhängige Betrachtung der Seropositivität für Lawsonia 
intracellularis bei Fohlen.

Age in weeks  
  (± 1 week)

number of sero-
positive foals (titre 

≥ 60)

number of sero-
negative foals 
(titre < 60)

number of sampled 
foals at that age

number of dilution at each age 

1:60 1:120 1:240 1:480 1:960

8a 14 49 63 2 9 1 1 1

12a 7 56 63 4 3 0 0 0

16b 2 60 62 0 1 1 0 0

20 3 60 63 1 1 0 0 1

24c 10 40 50 2 3 1 2 2

28b 31 31 62 1 7 6 3 14

32b/d 41 20 61 5 11 3 9 13

36b/e 44 15 59 18 11 4 6 5

40 36 24 60 13 11 5 2 5

44b/f 22 30 52 4 10 5 2 1

a  This age included presumably maternal antibodies.    |    Dieses Alter beinhaltet vermutlich auch maternale Antikörper.     
b  For one foal no sample could be collected.    |    Bei einem Fohlen konnte keine Probe entnommen werden.    
c  No sample could be taken from 13 foals.    |    Bei 13 Fohlen konnte keine Probe entnommen werden.      
d  One foal was sold at that age, it was not included anymore.    |    Ein Fohlen wurde in diesem Alter verkauft und somit nicht mehr berücksichtigt.  
e  One foal was sold at that age and one more left the study; both were not included anymore.    |    Ein Fohlen wurde in diesem Alter verkauft und ein weiteres verließ die 

Studie; beide wurden nicht mehr berücksichtigt.
f  The sampling of eight foals had already been ended with the previous sample.    |    Die Beprobung von acht Fohlen endete bereits mit der vorangegangenen Proben-

nahme.
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pathogen (Collins et al. 2000). Unvaccinated foals serocon-
vert 14 to 21 days after exposure to the pathogen (Pusterla 
et al. 2010). After taking all these findings into account, an 
infection via the faeces of foals recently vaccinated with the 
live L. intracellularis vaccine could not completely be ruled 
out in five study foals in connection with the temporal oc-
currence. However, Pusterla et al. (2012) showed that vac-
cinated foals shed significantly less L. intracellularis in their 
faeces compared to non-vaccinated foals. Furthermore, there 
are no studies to date on whether this excreted amount of 
L. intracellularis is sufficient to infect a naïve foal and how 
long the vaccine pathogen survives in the environment. The 
minimal infectious dose for foals is unknown and needs to be 
investigated in a follow-up study. Additionally, foals vaccinat-
ed orally (without gastric protection) against L. intracellularis 
rarely develop a measurable immune response (Pusterla et 
al. 2009b). Thus, the likelihood of a naïve foal becoming in-
fected with the vaccine pathogen shed by rectally vaccinated 
foals, as practised in the vaccination programme at the stud, 
is very low. Another point that underscores this statement is 
that all eight foals in the current study that did not undergo se-
roconversion were also at times with vaccinated foals. Never-
theless, it is advisable to a strict separation of vaccinated and 
non-vaccinated foals in future studies in order to completely 
avoid a certain questionability.  

Due to the different kinetics of the antibody titres against L. 
intracellularis in this study, no uniform pattern was observed. 
Some titres dropped after reaching a peak, others plateaued 
over several samplings and some dropped and rose again at 
a later time period. This observation was not consistent with 
the previous finding in pigs that the titre drops gradually af-
ter reaching a peak (Guedes 2004). Therefore, no statement 
about the further progression of the titre can be made on 
the basis of individual samples. The reason for the different 
developments of the titres can be manifold. Although this has 
not yet been investigated in foals, it cannot be ruled out that 
a renewed exposure to the pathogen L. intracellularis leads 
to an increase in the antibodies already formed. Since the 
number of foals on this farm was large (n > 1000), frequent 
mixing of the individual herds took place and the pathogen 
can survive in the environment for up to two weeks, a high 
infection pressure can be assumed (Collins et al. 2000). In 
addition, the immune status of the individual foals was not 
known, which influences the formation of antibodies in the 
case of existing immunosuppression. Furthermore, a previ-
ous study showed that horses infected with a species-specific 
isolate of L. intracellularis developed a stronger immune re-
sponse (Vannucci et al. 2012). In the current study, it cannot 
be differentiated whether the foals were infected with a spe-
cies-specific isolate or some of them with a non-species-spe-
cific isolate, which can consequently lead to the different titre 
progressions. Moreover, it has to be considered that the se-
rological examinations of the samples of the individual foals 
were carried out on different days and thus it can be assumed 
that the inter-assay variation of the IPMA had an influence on 
the present results. The authors found no data on the inter-as-
say variation of IPMA in other studies.

Many foals (70.9 %) showed high antibody titres (480 or 960), 
but, only three of them developed EPE. The finding that a high 
titre appears to be associated with clinical disease could not 

be observed in the current study (Pusterla et al. 2010). Two 
foals with clinical EPE had high titres that remained for 12 and 
13 weeks, respectively, followed by lower titres. One of these 
EPE foals had received several plasma transfusions. Possibly 
the plasma contained antibodies against L. intracellularis and 
thus influenced the long-lasting high antibody titre. However, 
a positive correlation between high antibody titres and the 
duration of detectable antibodies, as observed in pigs with 
porcine proliferative enteropathy (PPE), was confirmed with 
our results (Guedes 2004). 

The average duration of detectable seropositivity in this study 
was about 12 weeks. One foal showed antibodies for almost 
eight months, confirming the findings of a previous study in 
which one foal still showed antibodies after six months (Dau-
villier et al. 2006). In PPE affected pigs, antibodies were still 
detectable up to three months after the disease (Guedes et 
al. 2002). It appears that antibodies against L. intracellularis 
are partially detectable longer in foals than in pigs. Longer 
periods of antibody detection against L. intracellularis in foals 
were not only observed in clinically infected animals. 

The current results showed that in case of seropositivity at a 
single time point, the development of EPE cannot be exclud-
ed. Since only three of the 63 foals showed a clinical EPE, no 
meaningful statement about the kinetics of the antibody titre in 
EPE foals was possible. In two foals, antibodies were detected 
before diagnosis, in one foal two days and in the other foal 
10 days before diagnosis. In the third foal, EPE was diagnosed 
three days before seroconversion was detected. However, 
based on the data, it is not possible to assess whether this foal 
actually seroconverted first and only developed clinical signs 
of EPE later, as sampling only took place every two weeks 
and thus earlier seroconversion cannot be ruled out. But, the 
authors noted that foals (n = 48) with at least two consecutive 
seropositive results, considering an interval of two weeks, did 
not develop EPE at any later time of the observation period. 
Due to the overall low attack rate in the current study, fur-
ther studies are needed to assess whether two consecutive 
seropositive samples are indeed unlikely to result in the later 
development of EPE.

According to Gebhart et al. (2012), the IPMA is the most pre-
cise serological method for the determination of antibodies 
against L. intracellularis in foals with EPE. However, the IPMA 
showed some technical weaknesses in the analysis of the se-
rum samples. About 8.6 % of the samples had to be tested 
multiple times due to strong background in microscopic eval-
uation or result discrepancy. The latter occurred mainly in se-
ropositivity at the different dilution levels. The reliability of the 
test procedure also had to be questioned with regard to the 
intermittent antibody titre progression of four foals. In three 
foals, single seronegative samples and in one foal two con-
secutive seronegative samples occurred during their positive 
antibody titre course. No clearly reproducible results could 
be obtained in the test replicates of these samples. When in-
terpreting the results, it must be noted that there is always a 
certain test variance in laboratory diagnostic examinations of 
samples as well as an inter-assay variation. Due to the time 
component in performing the IPMA and the number of sam-
ples examined, the examinations of the individual samples in 
different dilutions mostly took place over several days. Never-
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theless, a limitation of this study is that not all samples were 
tested as duplicates by default as the test procedure turned 
out to be not entirely reliable during the examination of the 
samples. The authors must critically question to what extent 
the results obtained really correspond to the true result of the 
samples in terms of the level of antibody titres. For future stud-
ies of antibody kinetics against L. intracellularis and also for 
serological analyses, the authors recommend testing all sam-
ples in duplicate to obtain reliable results of the antibody titre.

Conclusions

When studying the kinetics of antibodies against L. intracel-
lularis in foals, many different progressions of antibody ti-
tres were observed. Since there was no uniform titre course 
and both, foals with and without EPE, showed high antibody  
titres that were detectable for different lengths of time, it was 
not possible to conclude from the kinetics on the further titre 
progression. However, the results showed that none of the 
foals with two consecutive seropositive samples, considering 
an interval of two weeks, developed EPE at any later time of 
the observation period. The data demonstrated that a single 
serological testing by IPMA was not always reliable to deter-
mine whether a foal had been infected by L. intracellularis. 
The authors recommend to run all samples in duplicate in 
order to obtain reliable results on the foal’s exposure to L. in-
tracellularis when using the IPMA as a diagnostic tool for de-
tecting L. intracellularis and for further studies of their kinetics. 
It is important to always interpret positive serological results 
with clinical signs and biochemical abnormalities.
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