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ABSTRACT. Dourine is a deadly protozoan disease in equids caused by infection with 
Trypanosoma equiperdum. Neurological signs in the later stage of infection may be caused by 
peripheral polyneuritis and related axonal degeneration. This neuritis involves T lymphocytes, 
B lymphocytes, and macrophages, and is observed in cases without obvious neurological signs. 
However, the pathogenesis of neuritis remains unclear. We identified M2 macrophages and CD8 
T cells as the predominant phenotypes in neuritis of dourine-affected horses with or without 
neurological signs. In contrast, the populations of M1 macrophages and CD4 T cells were small. 
This result indicates that inflammation was chronic and suggests that dourine-associated neuritis 
occurs at the early stage of infection.
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Dourine is a sexually transmitted protozoan disease in equids caused by infection with Trypanosoma equiperdum [14, 16]. 
Affected horses manifest various clinical signs depending on the clinical stage. The main clinical sign in clinical stage 1 is edema 
of the genital organs. Cutaneous lesions are observed in clinical stage 2. Eventually, infected horses exhibit neurological signs 
in clinical stage 3 [1, 5]. The neurological signs of dourine often include lameness and paralysis of the hind limbs as well as 
facial paralysis [1, 8, 20]. Therefore, these neurological signs are one of the factors causing serious damage to the horse industry. 
A histological examination of dourine-affected horses in Italy suggested that the neurological signs of dourine were attributed 
to lesions in the peripheral nerves, such as edema and neuritis, rather than those in the central nervous system [15]. We also 
previously revealed that peripheral neuritis, which was characterized by the infiltration of T cells, B cells, and macrophages, 
already existed before the manifestation of neurological signs; neurological signs were probably due to axonal degeneration related 
to neuritis [10]. However, the pathogenesis of peripheral neuritis remains unclear.

In recent years, a number of researchers have classified macrophages into M1 and M2 phenotypes according to their functions. 
During acute inflammation, macrophages are polarized toward M1 phenotype macrophages, which promote inflammation through the 
production of inflammatory cytokines, chemokines, and reactive oxygen species. In contrast, M2 phenotype macrophages suppress 
inflammation by producing anti-inflammatory cytokines, and regenerate injured tissues at the later stage of inflammation [4, 17].
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T cells have also been classified into CD4 T cells and CD8 T cells according to differences in the coreceptors expressed at the 
plasma membrane. CD4 T cells, which are named helper T cells, activate various inflammatory cells, such as macrophages, CD8 
T cells, and B cells, to control infections via cytokine messages. CD8 T cells, which are named cytotoxic T cells, directly attack 
neoplastic cells and host cells infected with intracellular pathogens [2]. In addition, a subset of T cells expressing the NK1 marker 
has been identified. These T cells are called natural killer (NK) T cells and attack virus-infected cells and neoplastic cells [7].

In the present study, we identified the phenotypes of macrophages and T cells infiltrating in the peripheral nerves lesions of 
dourine-affected horses by immunohistochemical staining in order to clarify the pathogenesis of peripheral polyneuritis.

Four horses infected with dourine in Mongolia were examined in the present study. The diagnosis of dourine was made by 
the detection of protozoa using a polymerase chain reaction and a microscopic examination of blood and/or a genital swab, the 
detection of an anti-Trypanosoma antibody using an enzyme-linked immunosorbent assay and immunochromatographic test, and 
the presentation of characteristic clinical signs, such as edematous swelling of the genital mucosa and facial paresis. The detailed 
clinical information and gross and histological lesions of these animals were previously reported by Mungun-Ochir et al [10]. In 
the present study, peripheral nerves associated with neurological signs (Case 1: fascial and ischiadic nerves, case 3: fascial and 
trigeminal nerves, case 4: facial nerve) and those not associated with neurological signs (Case 2: facial and median nerves, Case 3: 
ischiadic nerve) were examined (Table 1).

Immunohistochemistry using anti-iNOS mouse monoclonal antibody (1:200, R&D Systems, Minneapolis, MN, USA), rabbit 
anti-human arginase 1 antibody (1:400, LSBio, Seattle, WA, USA), and mouse anti-human macrophage scavenger receptor A 
(MSR-A: CD204) (1:40, Trans Genic Inc., Kumamoto, Japan) was performed for the identification of M1 and M2 macrophages. 
To identify CD4 T cells, CD8 T cells, and NK T cells, anti-equine CD4 monoclonal antibody (1:50, Kingfisher Biotech, Saint Paul, 
MN, USA), anti-CD8α monoclonal antibody (1:100, Washington State University, Pullman, WA, USA), and rabbit anti-granzyme 
B polyclonal antibody (1:400, Spring Biosciences, Pleasanton, CA, USA), respectively, were utilized. Sections were immersed 
in citrate buffer for antigen retrieval (15 min, 97°C). Endogenous peroxidase was then blocked with 0.3% H2O2 (5 min, room 
temperature). After incubation with the primary antibody (4°C, overnight), the sections were incubated with MAX-PO polymer 
reagent (Nichirei Bioscience, Tokyo, Japan) as a secondary antibody (30 min, room temperature). Immunolabeling was detected 
using 3,3′-diaminobenzidine. Hematoxylin was utilized as a counter stain. The positivity rate of markers was evaluated in the most 
severe foci of inflammation. In each slide, five microscopic fields at ×200 magnification were selected. At least 100 inflammatory 
cells were counted in each field, and the percentage of positive cells for each antibody was evaluated as 1 of 4 stages: ++ more than 
20%, + 5–20%, ± less than 5%, and − no positive cells. In Case 1, the percentage of positive cells for each antibody was calculated 
using the total number from 5 fields because of the small number of inflammatory cells.

The results of the immunohistochemical examination are summarized in Table 1. While iNOS-positive cells were not found 
or uncommon if observed (Fig. 1a), the majority of macrophages were positively stained with anti-arginase (Fig. 1b) and CD204 
antibody in all nerves of all four cases. The population of CD8-positive cells (Fig. 1c) was larger than those of CD4-positive 
cells (Fig. 1d) and granzyme-positive cells. Case 1 had no CD4, CD8, or granzyme-positive cells in the evaluated fields. Arginase 
and CD204-positive cells and CD8-positive cells were the predominant phenotypes in both nerves associated with and without 
neurological signs. Therefore, regardless of the association with neurological signs, M2 macrophages and CD8 T cells were more 
predominant phenotypes than M1 macrophages and CD4 and NK T cells in dourine-associated peripheral neuritis.

M1 and M2 macrophages both play important roles in host defenses against parasitic infections and other contagious diseases 
such as viral and bacterial infections [9]. M1 macrophages produce inflammatory cytokines and induce inflammation at the 
early stage of infection; as inflammation progresses, the dominancy of macrophages switches towards the M2 subtypes [17]. M2 
macrophages suppress inflammation by producing anti-inflammatory cytokines [17]. However, M2 macrophage may also induce 
inflammation. According to an experimental mouse model of chronic helminth infection, chronic exposure to anti-inflammatory 
signals activated some aggressive abilities of M2 macrophages such as proinflammatory cytokine production [13]. Although M2 
macrophages promote or suppress inflammation by changing cytokine signals, they are the predominant phenotype in chronic 

Table 1. Immunohistochemical positive rates of macrophage and T cell markers

Case 1 Case 2 Case 3 Case 4
Facial 
nerve

Ischiadic 
nerve

Facial 
nerve

Median 
nerve

Facial 
nerve

Trigeminal 
nerve

Ischiadic 
nerve

Facial 
nerve

Associaion with neurological signsa) + + - - + + - +
Immunohistochemical positive rates in each markerb)

iNOS - - - - - - ± ±
Arginase + + ++ ++ ++ ++ + ++
CD204 ± ± ± ± + ± + +
CD4 - - - ± ± - + ±
CD8 - - + + + ++ ++ ++
Granzyme - - ± - - - ± ±

a) +: this nerve is associated with neurological sign, -: not associated with neurological sign. b) ++: positive cells are more than 20%, +: 5–20%, 
±: less than 5%, -: no positive cells.
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inflammation regardless of their functions [3, 13, 17, 21]. In the present study, the abundant infiltration of M2 macrophages was 
observed in all nerves. No significant differences were observed in the degree of infiltration of M2 macrophages between peripheral 
nerves associated with or without neurological signs. The function of M2 macrophages remains unclear in dourine-associated 
neuritis. Peripheral neuritis in dourine-affected horses are considered to be chronic.

CD4 T cells and CD8 T cells both play important roles in responses to protozoan infections [2]. In the present study, CD8 T cells 
were more frequently observed than CD4 T cells. In general, CD8 T cells are effective at attacking cells that are parasitized with 
intracellular protozoa such as Trypanosoma cruzi [19]. However, T. equiperdum does not have the ability to invade host cells. An in 
vitro culture of T. equiperdum also did not require the intracellular stage for growth and replication [18]. Previous studies on sheep 
infected with Trypanosoma congolense (an obligate extracellular parasite) revealed that the numbers of CD4 T cells, CD8 T cells, 
and B cells increased during the early stage of the inflammatory reaction; CD8 T cells then became the predominant phenotype of 
inflammatory cells [6, 11, 12]. The presence of CD8 T cells in dourine-associated neuritis may also be due to chronic inflammation 
against T. equiperdum, and the present result showing the predominance of M2 macrophages supports this finding.

In Case 1, although only a few M2 macrophages were observed, there were no CD4, CD8, or granzyme-positive cells in the 
evaluated fields. We previously revealed that the lesion on the peripheral nerves in Case 1 was mainly fibrosis [10]. Fibrosis is a 
common histological lesion produced during chronic inflammation. Therefore, the peripheral nerve lesion of Case 1 may have been 
at the terminal stage of inflammation.

In conclusion, the phenotypes of macrophages and T cells infiltrating in peripheral nerves of dourine-affected horses were identified 
as the M2 and CD8 subtypes, respectively. These phenotypes were predominant even in the case lacking neurological signs. This 
result suggests that peripheral neuritis occurs at the early stage of infection. The present study provides important information not only 
on the pathogenesis of dourine, but also for the establishment of treatments for the neurological signs of this disease.
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Fig. 1. Immunohistochemistry of the facial nerve in Case 4, iNOS (a), arginase (b), CD8 (c), and CD4 (d). Macrophage markers revealed that iNOS 
positive macrophages were rare (a); in contrast, the majority of macrophages were stained with arginase (b). T lymphocytes immunolabeled with 
CD8 were frequently observed (c), while only a few T lymphocytes expressed CD4 (d). Immunohistochemical staining with hematoxylin counter 
stain. Bars=50 µm.
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