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Equine proliferative enteropathy (EPE) caused by Lawsonia intracellularis is characterized 
by hypoproteinemia. There are currently no reliable reports that provide a reference value 
for the total serum protein (TP) concentration to clinically diagnose EPE. The objective 
of this study was to statistically determine the reference value. Feces and sera of 99 foals 
with EPE-like clinical signs and of 35 healthy foals were obtained. The samples were used 
for specific-gene detection of L. intracellularis, TP measurement, and specific-antibody 
detection against L. intracellularis. Based on these results, the optimal reference value for 
the TP concentration as a clinical diagnostic index of EPE was found to be ≤ 4.8 g/dl. This 
clinical diagnostic index will provide an effective approach for diagnosing EPE.
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Lawsonia intracellularis, an obligate intracellular 
organism, is the causative agent of proliferative enteropathy 
in domestic and wild animals [6]. This disease is charac-
terized by proliferation of immature epithelial cells in the 
crypts of the distal small intestine and/or proximal large 
intestine [1], which leads to thickening of the intestinal 
mucosa, resulting in the enteric signs often associated 
with this disease [13]. Equine proliferative enteropathy 
(EPE) usually affects weanling horses and is rarely seen in 
older horses [2, 7]. Clinical signs of affected foals include 
anorexia, fever, lethargy, depression, peripheral edema, 
rapid weight loss, colic, and diarrhea, although they are 
nonspecific in the early stages [5]. A definitive diagnosis of 
EPE is based on the presence of histological lesions and the 
detection of L. intracellularis by immunohistochemistry of 

small intestinal sections obtained in necropsy [2, 7], but this 
gold standard diagnostic method is unrealistic in clinical 
practice.

The finding of hypoproteinemia caused by hypoalbumin-
emia is highly suggestive of EPE in weanlings [3]. Normal 
reference values (mean ± standard deviation) of total serum 
protein (TP) and albumin concentrations in 6-month-old 
foals are 6.2 ± 0.3 g/dl and 3.1 ± 0.3 g/dl, respectively [1]. 
However, no reliable reference value for the TP concentra-
tion specific to clinical EPE has been defined. Therefore, the 
objective of the present study was to use field data to assign 
a numerical reference value for the TP concentration that 
could be used as a clinical diagnostic index of EPE.

A total of 134 foals from 65 thoroughbred farms in the 
Hokkaido prefecture were examined in this study, from 
September 2013 to February 2016. Each farm had at least 
one suspected case of EPE in foals. Ninety-nine foals 
showed at least one clinical sign of EPE, such as anorexia, 
fever, lethargy, depression, peripheral edema, rapid weight 
loss, colic, or diarrhea. These foals were 4 to 12 months 
old, with most being 5 to 7 months old. In addition, many 
foals generally showed clinical signs between September 
and December. Additionally, 35 healthy foals that were 
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housed with the foals showing clinical signs were examined. 
All 134 foals were less than a year old and had not been 
vaccinated.

Samples were collected when at least one foal at a farm 
showed clinical signs of EPE. Fresh feces samples were 
placed in conical tubes stored at 4°C and transported to 
the Equine Research Institute, Japan Racing Association. 
The samples were frozen at −20°C prior to DNA extraction 
for quantitative polymerase chain reaction (qPCR) [8]. Sera 
were separated from blood samples and were examined for 
TP concentration. Subsequently, they were frozen at −20°C 
and transported to a laboratory at the University of Miyazaki. 
L. intracellularis–specific antibodies were detected by using 
the indirect fluorescent antibody (IFA) technique [4]. The 
foals that tested positive with feces (qPCR) and/or serum 
(IFA) were considered to be infected by L. intracellularis.

Fecal samples were processed for DNA extraction using 
ZR Fecal DNA MiniPrepTM (Zymo Research, Irvine, CA, 
U.S.A.), following the manufacturer’s recommendations. 
The extracted DNA was analyzed by qPCR, as previously 
reported [8]. Serum samples were analyzed to determine 
the TP concentration using a refractometer, followed by 
IFA to detect specific antibodies against L. intracellularis. 
The refractometer determined the TP concentration by 
measuring the refractive index of sera immediately after 
separation and before freezing. The IFA procedure used in 
this study was based on previously reported methods [4] 
with some modifications. Briefly, the wells of 12-well glass 
slides (TF1205A, Matsunami Glass Ind., Ltd., Osaka, Japan) 
were coated with the L. intracellularis vaccine antigen 
(Enterisol® Ileitis, Boehringer Ingelheim Vetmedica, Inc., 
St. Joseph, MO, U.S.A.) at a concentration of 104.29 to 105.50 
TCID50/ml (TCID50: 50% tissue culture infective dose) 
[12]. Sera and secondary antibodies were dropped into each 
well, in that order, after which the solutions were diluted at 
the ratio of 1:30. Samples were observed via fluorescence 
microscopy under ultraviolet excitation, and the samples 
showing fluorescence were confirmed as seropositive.

Foals were classified based on their EPE and/or L. 
intracellularis infection status. In L. intracellularis infec-
tion status-based classification, foals were divided into 
four categories (Table 1): positive for both qPCR and IFA 
(qPCR+/IFA+), only positive for qPCR (qPCR+/IFA−), 
only positive for IFA (qPCR−/IFA+), and negative for both 
tests (qPCR−/IFA−). Subsequently, foals were classified 
based on the presence or absence of clinical signs of EPE 
into three categories to describe their EPE/serological-L. 
intracellularis infection status (Table 2): presumptively 
clinical EPE (cEPE), subclinical L. intracellularis-infected 
(sLi), and seronegative (sNeg). The cEPE group included 
foals with the presence of clinical signs and a positive L. 
intracellularis-specific IFA result. The sLi group comprised 
of foals with a positive L. intracellularis-specific IFA result 
but no other indication of infection. The sNeg category 
included foals with no detectable L. intracellularis-specific 
antibodies. These clinical signs included at least one clinical 
sign of EPE, such as anorexia, fever, lethargy, depression, 
peripheral edema, rapid weight loss, colic, or diarrhea.

A statistical analysis was performed using the pairwise 
Wilcoxon rank-sum test (F) to assess the differences in TP 
concentration among the groups. A logistic regression anal-
ysis was performed three times to identify the best model 
for determining the reference value for the TP concentration 
(independent variable) as a clinical diagnostic index of EPE. 
Akaike’s information criteria (AIC) were used to evaluate 
models (dependent variables), which included molecular 
and serological results, only molecular results, and only 
serological results (1, positive result; 0, negative result). 
For the category of molecular and serological results, 
both positive results were set to 1, and others were set to 
0. Receiver operating characteristic (ROC) analyses with 
the area under the curve (AUC) calculated to provide the 
maximum sum of sensitivity and specificity were used to 
evaluate the reference value for the TP concentration and 
distinguish between cases with and without seropositive 
results and clinical signs. Furthermore, the reliability of the 

Table 1.	 Total serum protein (TP) concentrations for the four categories in the Lawsonia intracellularis infection status-
based classification

qPCR+/IFA+x qPCR+/IFA−x qPCR−/IFA+x qPCR−/IFA−x

Clinical signs
Positive 53 1 28 17
Negative 6 3 14 12

Number of samples 59 4 42 29
Median (maximum–minimum) 
of total serum protein (g/dl)y

3.20a 5.25bc 4.15b 5.70c

(7.50–1.80) (5.60–3.70) (5.90–1.90) (7.40–4.00)
xGroups were determined by results of quantitative polymerase chain reaction (qPCR) and indirect fluorescent antibody (IFA). 
qPCR+/IFA+, positive for both qPCR and IFA; qPCR+/IFA−, only positive for qPCR; qPCR−/IFA+, only positive for IFA; 
and qPCR−/IFA−, negative for both of tests. yThese groups were compared by use of the pairwise Wilcoxon rank-sum test (F). 
Values indicated with different superscript letters (a–c) are significantly different (P<0.05).
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new TP concentration reference value was assessed using 
a kappa score calculated for IFA results. Values of P<0.05 
were considered to be statistically significant for all tests. 
All statistical analyses were conducted using R software 
version 3.2.1 (The R Project for Statistical Computing: 
https://www.r-project.org/).

Based on the sample analysis, 59 foals were qPCR+/IFA+ 
4 foals were qPCR+/IFA−, 42 foals were qPCR−/IFA+, 
and 29 foals were qPCR−/IFA− (Table 1). The molecular-
positive and seropositive ratios in foals with clinical signs 
were 54.5% (54/99) and 81.8% (81/99), respectively, while 
those in foals with no clinical signs were 25.7% (9/35) and 
57.1% (20/35), respectively. In L. intracellularis infection 
status-based classification, the TP concentration of qPCR+/
IFA+ foals was significantly lower than those of the other 3 
groups, and the TP concentration of qPCR−/IFA+ foals was 
significantly lower than that of qPCR−/IFA− foals (Table 1). 
In EPE/serological L. intracellularis infection status-based 
classification, 81 foals were cEPE, 20 foals were sLi, and 33 
foals were sNeg. Significant differences in the TP concentra-
tion were seen among all groups (Table 2).

In the logistic regression analysis, 23 subclinical L. 
intracellularis-infected foals in the first classification 
(6 qPCR+/IFA+, 3 qPCR+/IFA−, and 14 qPCR−/IFA+ 
without clinical signs) were eliminated, as the present study 
focused on determining the TP reference value as a clinical 
diagnostic index only for EPE. The logistic regression 
analysis revealed that the TP concentration was related to 
all dependent valuables (P<0.05), and only the serological 
test results category had a lower AIC (48.584) compared 
with the other dependent valuables (both molecular and 
serological results, 125.75; only molecular results, 125.61).

An ROC analysis was conducted to describe the ROC 
curve (Fig. 1) using 81 cEPE and 33 sNeg foals. As in the 
case of the logistic regression analysis in which 23 subclini-
cally infected foals were eliminated from the analysis, 20 
sLi foals in the second classification were eliminated from 
the ROC analysis. The best TP concentration reference value 

Table 2.	 Total serum protein (TP) concentrations for the three categories in the equine proliferative enteropathy (EPE)/serological 
Lawsonia intracellularis infection status-based classification

Presumptively clinical  
EPE affected (cEPE)x

Subclinical  
L. intracellularis infected (sLi)x

Seronegative 
(sNeg)x

Clinical signs Positive Negative Positive/negative
IFA Positive Positive Negative
Number of samples 81 20 33
Median (maximum–minimum)  
of total serum protein (g/dl)y

3.20a 5.30b 5.50c

(5.90–1.80) (7.50–2.80) (7.40–3.70)
xGroups were determined by results of serological tests and presence or absence of clinical signs. cEPE, positive for indirect fluorescent 
antibody (IFA) with clinical signs; sLi, foals with only a positive IFA result and no other indication of infection; sNeg, negative for IFA. 
yThese groups were compared by use of the pairwise Wilcoxon rank-sum test (F). Values indicated with different superscript letters (a–c) are 
significantly different (P<0.05).

Fig. 1. 	 Receiver operating characteristic (ROC) curve analysis. 
The ROC curve demonstrates that the optimal reference value of 
total serum protein for clinical diagnosis of equine proliferative 
enteropathy (EPE) is 4.8 with 95.1% sensitivity, 90.9% speci-
ficity, and an area under the curve of 0.970. Sens, sensitivity; 
spec: specificity, PV+, positive predictive value; PV−, negative 
predictive value; est., estimate; s.e., standard error.
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was ≤ 4.8 g/dl (AUC=0.970). At this value, the sensitivity 
was 95.1%, and the specificity was 90.9%. In the foals 
showing clinical signs, the level of agreement between IFA 
and TP measurements using this reference value was 92.9%, 
and the kappa score was 0.77. The level of agreement and 
kappa score in all foals used in this study were 82.8% and 
0.61, respectively.

We determined that the optimal reference value of the 
TP concentration was ≤ 4.8 g/dl for an effective diagnostic 
index in foals showing clinical signs of EPE. The usefulness 
of the TP value in the diagnosis of clinical EPE has been 
demonstrated previously [3]. However, an authoritative 
reference value had not been established for the clinical 
diagnosis of EPE until now. In this study, each score used to 
evaluate the reference value suggested that foals that show 
clinical signs and have a TP concentration ≤ 4.8 g/dl have 
a high probability of developing EPE. The kappa score and 
level of agreement between IFA and the new TP reference 
value for all foals were lower than those for symptomatic 
foals. This may suggest that the TP concentration is not an 
accurate screening method for EPE in presymptomatic foals. 
Most foals in this study presented with EPE, but there were 
a few foals without any clinical signs. Additionally, there is 
a difference in the number of foals used in this study and the 
natural population. Because of this, while TP measurement 
may become a screening tool for pre-EPE foals, further 
investigation is required.

Our results also revealed the possibility that serological 
examination may be more useful for clinical diagnosis than 
the molecular tests using feces. In this study, many qPCR−/
IFA+ foals showed clinical signs, while very few qPCR+/
IFA− foals presented with them. The main reason that 
qPCR+/IFA− foals were far less likely to show clinical signs 
than qPCR−/IFA+ foals is thought be due to a mismatch 
between the infectious periods and the antibody detection 
periods of L. intracellularis [9–11]. The qPCR+/IFA− foals 
were suggested for the early period of infection or passage 
time of the bacteria. Moreover, in this logistic regression 
analysis, the TP concentration was more associated with 
the serological status than the molecular status. This result 
may indicate that the serological test better reflects the 
pathological condition of EPE, that is hypoproteinemia, 
than the molecular test.

Some limitations exist in this study. First, as the horses 
in the study were less than 1 year of age, this reference 
value can apply only to foals. Second, there were some foals 
that did not match our reference value in this study, which 
means that it is not a perfect index. This TP value should 
be used as a reference value only. Finally, the clinical signs 
of each foal were observed by several veterinarians, so it 
is possible that there were differences in diagnosis of EPE, 
causing selection bias.

In conclusion, this is the first study to determine a reliable 
TP concentration reference value that is specific to clinical 
EPE in an on-site evaluation, although the confirmation 
about association of L. intracellularis should be examined 
by serological and/or molecular examinations, finally. 
Our clinical diagnostic index will prove to be an effective 
approach to the diagnosis and subsequent treatment of EPE.
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