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ABSTRACT
Stallions are natural reservoirs of equine arteritis virus (EAV) in their semen, representing a potential source of 

outbreaks. The carrier-state is testosterone-dependent, and clears spontaneously in 4 to 40% stallions. Reduction 
of testosterone secretion may be obtained with the anti-GnRH vaccine Equity. In this report, 16 naturally infected 
stallions excreting EAV in their semen were vaccinated twice with the vaccine EquityTM and monitored irregularly 
�X�Q�G�H�U�� �¿�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V�� �I�R�U�� �(�$�9�� �Y�L�U�D�O�� �O�R�D�G�� �L�Q�� �W�K�H�L�U�� �V�H�P�H�Q�� �D�Q�G�� �S�O�D�V�P�D�W�L�F�� �W�H�V�W�R�V�W�H�U�R�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q���� �7�K�H�� �U�H�V�X�O�W�V�� �D�U�H��
�L�Q�G�L�F�D�W�H�G���L�Q���P�R�Q�W�K�V�����0�����D�I�W�H�U���W�K�H���¿�U�V�W���Y�D�F�F�L�Q�H���L�Q�M�H�F�W�L�R�Q�����7�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���G�H�F�U�H�D�V�H�G���I�U�R�P�����������W�R�����������Q�J���P�/��
���3�����������������D�I�W�H�U�����0�����7�K�H���(�$�9���Y�L�U�D�O���O�R�D�G���G�H�F�U�H�D�V�H�G���I�U�R�P���������î����9���W�R���������î����6���5�1�$���F�R�S�\���P�/���R�I���V�H�P�H�Q�����3�����������������D�I�W�H�U��
���0�����2�Q�H���V�W�D�O�O�L�R�Q���G�L�H�G���D�W�����0���I�R�U���R�W�K�H�U���U�H�D�V�R�Q�����$�W���0�������������������������V�W�D�O�O�L�R�Q�V���F�H�D�V�H�G���W�R���V�K�H�G���W�K�H���Y�L�U�X�V���L�Q���W�K�H�L�U���V�H�P�H�Q�����$�W���0����
�������������������V�W�D�O�O�L�R�Q�V���K�D�G���S�O�D�V�P�D�W�L�F���W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V���R�I���•�����������Q�J���P�/���E�X�W���W�K�H�������R�W�K�H�U�V���V�K�R�Z�H�G���D���S�H�U�V�L�V�W�H�Q�W�O�\���O�R�Z��
�W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����”���������Q�J���P�/�������2�I���W�K�H���������V�W�D�O�O�L�R�Q�V���W�K�D�W���Z�H�U�H���H�[�S�H�F�W�H�G���W�R���U�H�F�R�Y�H�U���W�K�H�L�U���U�H�S�U�R�G�X�F�W�L�Y�H���D�F�W�L�Y�L�W�\��
�D�W���W�K�H���W�L�P�H���R�I���W�K�H���Q�H�[�W���E�U�H�H�G�L�Q�J���V�H�D�V�R�Q�������0���������������Z�H�U�H���(�$�9���Q�H�J�D�W�L�Y�H���D�Q�G���S�U�R�G�X�F�H�G���I�R�D�O�V�����D�Q�G�������Z�H�U�H���Q�R�W���X�V�D�E�O�H��������
�I�R�U���U�H�S�U�R�G�X�F�W�L�Y�H���G�H�¿�F�L�H�Q�F�\���D�Q�G�������I�R�U���(�$�9���S�R�V�L�W�L�Y�L�W�\�������$�O�O���W�K�H���V�W�D�O�O�L�R�Q�V���Z�H�U�H���(�$�9���Q�H�J�D�W�L�Y�H���D�W���0���������Z�L�W�K���R�Q�H���V�W�D�O�O�L�R�Q��
being vaccinated a third time at M15. These results suggest that the anti-GnRH vaccination could help to clear EAV 
�V�K�H�G�G�L�Q�J���L�Q���V�W�D�O�O�L�R�Q�V�����Z�L�W�K�R�X�W���D���V�L�J�Q�L�¿�F�D�Q�W���Hu�H�F�W���R�Q���U�H�S�U�R�G�X�F�W�L�Y�H���F�D�S�D�F�L�W�\���I�R�U���P�R�V�W���R�I���W�K�H�P�����E�X�W���V�R�P�H���S�U�H�V�H�Q�W���D���O�R�Q�J��
lasting reduced testosterone secretion. 

�.�H�\���Z�R�U�G�V�� stallion; equine arteritis virus; anti-GnRH immunization; viral load; testosterone_____________________________________________________________________________________________
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Introduction

Stallions are natural reservoirs of equine arteritis 
virus (EAV), which is the prototype virus of the 
Arteriviridae family (genus Arterivirus; order 
Nidovirales���� ���6�1�,�-�'�(�5�� �D�Q�G�� �0�(�8�/�(�1�%�(�5�*����
�������������� �(�T�X�L�Q�H�� �D�U�W�H�U�L�W�L�V�� �Y�L�U�X�V�� �L�V�� �W�K�H�� �F�D�X�V�D�W�L�Y�H��
agent of equine viral arteritis (EVA), which 
represents a reproductive and respiratory disease 
�L�Q�� �K�R�U�V�H�V�� �D�Q�G�� �R�W�K�H�U�� �H�T�X�L�G�� �V�S�H�F�L�H�V�� ���'�2�/�/�� �H�W�� �D�O������
������������ �0�&�&�2�/�/�8�0�� �D�Q�G�� �6�:�(�5�&�=�(�.���� ������������
�%�$�/�$�6�8�5�,�<�$�� �H�W�� �D�O������ �������������� �(�[�S�R�V�X�U�H�� �W�R�� �H�T�X�L�Q�H��
arteritis virus (EAV) usually results in a mild 
or subclinical infection in immunocompetent 
horses. Clinical signs of EAV infection may vary 
in range and severity. Equine arteritis virus is 
�I�U�H�T�X�H�Q�W�O�\�� �F�K�D�U�D�F�W�H�U�L�]�H�G�� �E�\�� �L�Q�À�X�H�Q�]�D���O�L�N�H�� �V�L�J�Q�V��
in adult horses, but it may also cause abortion in 
mares, neonatal death, or interstitial pneumonia in 
�\�R�X�Q�J���I�R�D�O�V�����7�,�0�2�1�(�<���D�Q�G���0�&�&�2�/�/�8�0����������������
�0�&�&�2�/�/�8�0���H�W���D�O���������������������$���Y�D�U�L�D�E�O�H���S�H�U�F�H�Q�W�D�J�H���R�I��
�V�W�D�O�O�L�R�Q�V���L�Q�I�H�F�W�H�G���E�\���(�$�9�����U�D�Q�J�L�Q�J���I�U�R�P������������������������
will subsequently become asymptomatic carriers 
and thus ensure viral persistence in various horse 
populations worldwide. Stallions with a persistent 
infection can be divided into three categories on 
the basis of the duration of virus excretion in their 
semen: short-term (from 1 to 5 weeks following 
�F�O�L�Q�L�F�D�O�� �U�H�F�R�Y�H�U�\������ �L�Q�W�H�U�P�H�G�L�D�W�H���W�H�U�P�� ������ �W�R�� ����
�P�R�Q�W�K�V�������D�Q�G���O�R�Q�J���W�H�U�P���F�D�U�U�L�H�U���V�W�D�O�O�L�R�Q�V���������P�R�Q�W�K�V��
�W�R���V�H�Y�H�U�D�O���\�H�D�U�V�����R�U���H�Y�H�Q���D�O�O���O�L�I�H�������7�,�0�2�1�(�<���H�W���D�O������
�������������7�,�0�2�1�(�<���D�Q�G���0�&�&�2�/�/�8�0�������������������7�K�H�L�U��
role is central in the epidemiology of EAV infection, 
and stallions can potentially transmit the virus to 
�V�X�V�F�H�S�W�L�E�O�H�� �P�D�U�H�V�� �E�\�� �D�U�W�L�¿�F�L�D�O�� �L�Q�V�H�P�L�Q�D�W�L�R�Q�� �R�U��
natural mating. These stallions may also represent 
a further source of new outbreaks due to the 
�H�P�H�U�J�H�Q�F�H���R�I���Q�H�Z���S�D�W�K�R�J�H�Q�L�F���V�W�U�D�L�Q�V�����7�,�0�2�1�(�<����
������������ �7�,�0�2�1�(�<�� �H�W�� �D�O������ ������������ �0�,�6�=�&�=�$�.�� �H�W��
�D�O������ ������������ �0�,�6�=�&�=�$�.�� �H�W�� �D�O������ �������������� �1�R�Q�H�W�K�H�O�H�V�V����
the spontaneous clearance of the virus in 4 to 
40% of stallions may occur after several months 
�R�U�� �\�H�D�U�V�� ���7�,�0�2�1�(�<�� �D�Q�G�� �0�&�&�2�/�/�8�0���� ��������������

The virus persists in the reproductive tract, 
mainly in the ampulla of the vas deferens, but 
also in the accessory sex glands (NEU et al., 
�������������� �7�K�H�� �P�H�F�K�D�Q�L�V�P�� �R�I�� �(�$�9�� �S�H�U�V�L�V�W�H�Q�F�H�� �L�Q��
�V�W�D�O�O�L�R�Q�V�� �K�D�V�� �V�W�L�O�O�� �Q�R�W�� �E�H�H�Q�� �I�X�O�O�\�� �G�H�¿�Q�H�G���� �E�X�W�� �W�K�H��

establishment and maintenance of the carrier state 
�D�U�H�� �W�H�V�W�R�V�W�H�U�R�Q�H���G�H�S�H�Q�G�H�Q�W�� ���/�,�7�7�/�(�� �H�W�� �D�O������ ������������
�+�2�/�<�2�$�.�� �H�W�� �D�O������ ���������E���� �0�&�&�2�/�/�8�0�� �H�W�� �D�O������
1994). In vitro studies suggest that horses could be 
divided into susceptible and resistant phenotypes, 
according to the susceptibility of their CD3(+) 
T lymphocytes to infection by EAV (GO et al., 
�������������� �7�K�L�V�� �V�X�V�F�H�S�W�L�E�L�O�L�W�\�� �K�D�V�� �D�� �J�H�Q�H�W�L�F�� �E�D�V�L�V�� �W�K�D�W��
has been demonstrated in four breeds (GO et al., 
�������������� �(�$�9�� �L�Q�W�H�U�D�F�W�V�� �Z�L�W�K�� �V�R�P�H�� �F�H�O�O�X�O�D�U�� �H�O�H�P�H�Q�W�V��
in order to evade the equine immune response, and 
to establish persistent infection in the cells of the 
�V�W�D�O�O�L�R�Q�¶�V�� �U�H�S�U�R�G�X�F�W�L�Y�H�� �W�U�D�F�W�� ���%�$�/�$�6�8�5�,�<�$�� �H�W��
�D�O������ ������������ �&�$�5�2�6�6�,�1�2�� �H�W�� �D�O������ ���������������$�I�W�H�U�� �D�F�X�W�H��
experimental EVA infection, stallions may undergo 
a period of temporary subfertility that can persist 
for up to 16 weeks before returning to pre-exposure 
�I�H�U�W�L�O�L�W�\�� �O�H�Y�H�O�V�� ���1�(�8�� �H�W�� �D�O������ ������������ �7�,�0�2�1�(�<�� �D�Q�G��
�0�&�&�2�/�/�8�0������������������

Various methods have been applied to eradicate 
EAV from infected semen, or to develop therapeutic 
treatment of EVA in stallions with persistent 
infections. Some of these methods have attempted 
to eliminate EAV from infected equine semen by 
using density gradient or single layer centrifugation, 
�D�O�W�K�R�X�J�K���W�K�H���Hv�F�D�F�\���R�I���W�K�H�V�H���S�U�R�F�H�G�X�U�H�V���K�D�V���E�H�H�Q��
�Y�D�U�L�D�E�O�H�� ���*�2�/�1�,�.�� �H�W�� �D�O������ ������������ �0�2�5�5�(�/�/�� �D�Q�G��
�*�(�5�$�*�+�7�<���� ������������ �0�2�5�5�(�/�/�� �H�W�� �D�O������ ��������������
Others have proposed the temporary chemical 
castration of infected stallions with an antagonist of 
the gonadotrophin-releasing hormone (GnRH), or 
an anti-GnRH vaccine. After treatment with a GnRH 
�D�Q�W�D�J�R�Q�L�V�W���I�R�U���������G�D�\�V�����)�2�5�7�,�(�5���H�W���D�O�������������������I�D�L�O�H�G��
to induce total virus clearance in EAV shedder 
stallions, although testosterone concentrations and 
virus shedding both decreased transiently during the 
�W�U�H�D�W�P�H�Q�W���� �,�Q�� �D�� �F�D�V�H�� �V�W�X�G�\���� �%�8�5�*�(�5�� �H�W���D�O���� ��������������
vaccinated one EAV shedder stallion with an anti-
GnRH vaccine (ImprovacTM�����=�R�H�W�L�V�����$�X�V�W�U�D�O�L�D�������7�K�H��
stallion stopped shedding the virus in his semen 6 
�P�R�Q�W�K�V���D�I�W�H�U���W�K�H���¿�U�V�W���L�Q�M�H�F�W�L�R�Q�����8�V�L�Q�J���D���Y�H�U�\���V�L�P�L�O�D�U��
anti-GnRH vaccine (EquityTM���� �=�R�H�W�L�V���� �$�X�V�W�U�D�O�L�D������
which was initially developed for controlling 
�R�H�V�W�U�X�V���L�Q���P�D�U�H�V�����(�/�+�$�<���H�W���D�O������ �������������� �%�8�5�*�(�5��
�H�W���D�O�������������������Y�D�F�F�L�Q�D�W�H�G���W�K�U�H�H���(�$�9���V�K�H�G�G�H�U���V�W�D�O�O�L�R�Q�V��
with EquityTM and one with ImprovacTM. EAV could 
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no longer be isolated from the semen of all these 
stallions after a few months. 

Here, we report in more detail the cases of 
these 3 stallions vaccinated with the anti-GnRH 
vaccine EquityTM and 13 other naturally infected 
EAV stallions shedding virus in their semen and 
�Y�D�F�F�L�Q�D�W�H�G�� �Z�L�W�K�� �W�K�H�� �V�D�P�H�� �Y�D�F�F�L�Q�H���� �:�H�� �P�R�Q�L�W�R�U�H�G��
�X�Q�G�H�U�� �¿�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V���� ���D���� �W�K�H�� �Y�L�U�D�O�� �O�R�D�G�� �L�Q�� �W�K�H�L�U��
semen and (b) the evolution of their reproductive 
capacity (testosterone secretion and fertility). 

Materials and methods

Stallions. �6�L�[�W�H�H�Q���D�G�X�O�W���V�W�D�O�O�L�R�Q�V���I�U�R�P���������G�Lu�H�U�H�Q�W��
�O�R�F�D�W�L�R�Q�V�� �Z�H�U�H�� �L�Q�F�O�X�G�H�G�� �L�Q�� �W�K�L�V�� �¿�H�O�G�� �V�W�X�G�\�� ���7�D�E�O�H��
1). They belonged to various breeds and their ages 
�U�D�Q�J�H�G���E�H�W�Z�H�H�Q�������D�Q�G���������\�H�D�U�V�����������������V�W�D�O�O�L�R�Q�V���Z�H�U�H��
������������ �\�H�D�U�V�� �R�O�G������ �$�O�O�� �K�D�G�� �E�H�H�Q�� �Q�D�W�X�U�D�O�O�\�� �L�Q�I�H�F�W�H�G��
with EAV and subsequently became virus shedders 
in their semen. Seven stallions (J-P) had been 
�L�Q�I�H�F�W�H�G�� �G�X�U�L�Q�J�� �R�U�� �V�X�E�V�H�T�X�H�Q�W�� �W�R�� �W�K�H�� ���������� �)�U�H�Q�F�K��
EAV outbreak. Sporadic infection was responsible in 
the remaining cases. After two consecutive positive 
viral diagnoses in semen by routine tests (RT-PCR 
�D�Q�G���Y�L�U�X�V���L�V�R�O�D�W�L�R�Q�������D�O�O���W�K�H���V�W�D�O�O�L�R�Q�V���Z�H�U�H���F�R�Q�¿�U�P�H�G��
to be EAV positive, shedding virus in their semen. 
At the time of investigation, the stallions had shown 
�Y�L�U�X�V���V�K�H�G�G�L�Q�J���L�Q���W�K�H�L�U���V�H�P�H�Q���I�R�U���G�Lu�H�U�H�Q�W���G�X�U�D�W�L�R�Q�V����
�V�K�R�U�W���W�H�U�P�� ���Q�� � �� �������� �L�Q�W�H�U�P�H�G�L�D�W�H���W�H�U�P�� ���Q�� � �� ������ �D�Q�G��
�O�R�Q�J���W�H�U�P�� ���Q�� � �� �������� �D�F�F�R�U�G�L�Q�J�� �W�R�� �7�,�0�2�1�(�<�� �H�W�� �D�O����
���������������D�Q�G���7�,�0�2�1�(�<���D�Q�G���0�F�&�2�/�/�8�0������������������

Anti-GnRH vaccination. All stallions were 
�Y�D�F�F�L�Q�D�W�H�G�� �L�Q�W�U�D�P�X�V�F�X�O�D�U�O�\�� �W�Z�L�F�H�� �Z�L�W�K�� �������� �—�J��
�R�I�� �D�� �*�Q�5�+�� �S�H�S�W�L�G�H���S�U�R�W�H�L�Q�� �F�R�Q�M�X�J�D�W�H�� ���(�T�X�L�W�\TM) 
���(�/�+�$�<�� �H�W�� �D�O������ ������������ ���� �W�R�� ���� �Z�H�H�N�V�� �D�S�D�U�W���� �2�Q�H��
�V�W�D�O�O�L�R�Q�� ���,���� �U�H�F�H�L�Y�H�G�� �D�� �W�K�L�U�G�� �L�Q�M�H�F�W�L�R�Q���� ������ �P�R�Q�W�K�V��
�D�I�W�H�U�� �W�K�H�� �¿�U�V�W�� �R�Q�H���� �E�H�F�D�X�V�H�� �(�$�9�� �Z�D�V�� �V�W�L�O�O�� �G�H�W�H�F�W�H�G��
in his semen and his plasmatic testosterone level 
was increasing. This protocol was used safely by 
�-�$�1�(�7�7���H�W���D�O���������������������$���V�K�R�U�W���F�O�L�Q�L�F�D�O���H�[�D�P�L�Q�D�W�L�R�Q��
(rectal temperature, development of cutaneous 
reactions) was performed by veterinary practitioners 
following each vaccination. 

Sampling protocol. A periodic sampling 
protocol (semen for viral load and blood for 
plasma testosterone concentration) was proposed 
systematically to the stud managers before and after 
vaccination. It was planned that samples would 
continue to be sent to the laboratories until both 
EAV clearance and restoration of normal plasma 
testosterone concentration were obtained.

Determination of plasma testosterone level. 
Plasma samples were sent to the INRA laboratory 
�R�I�� �1�R�X�]�L�O�O�\�� ���)�U�D�Q�F�H���� �D�Q�G�� �N�H�S�W�� �I�U�R�]�H�Q�� ���������� �ƒ�&������
Plasma testosterone levels were determined using 
a direct radio-immunoassay method adapted from 
�'�(�5�(�9�,�(�5�6���H�W���D�O�������������������D�Q�G���5�2�7�$���H�W���D�O��������������������
�7�K�H�� �L�Q�W�U�D���� �D�Q�G�� �L�Q�W�H�U���D�V�V�D�\�� �F�R�Hv�F�L�H�Q�W�V�� �R�I�� �Y�D�U�L�D�W�L�R�Q��
�Z�H�U�H�� ���������� �D�Q�G�� ������������ �U�H�V�S�H�F�W�L�Y�H�O�\���� �I�R�U�� �T�X�D�O�L�W�\��
�F�R�Q�W�U�R�O�� �S�O�D�V�P�D�� �V�D�P�S�O�H�V�� �F�R�Q�W�D�L�Q�L�Q�J�� �������� �Q�J���P�/��
testosterone.

Table 1. Characteristics of the 16 stallions shedding equine arteritis virus (EAV) in their semen and vaccinated with 
the anti-GnRH vaccine EquityTM

Stallion �%�U�H�H�G

Country 
of 

location

Stallion 
age

 (years)

�.�Q�R�Z�Q���D�V���(�$�9��
shedder since 
���P�R�Q�W�K�������\�H�D�U��

Period of 
EAV shedding 

before vaccination �'�D�W�H���R�I���¿�U�V�W��
�L�Q�M�H�F�W�L�R�Q���R�I���D�Q�W�L��
GnRH vaccine
���P�R�Q�W�K�������\�H�D�U��

No. of 
months Status*

A Standardbred Switzer-
land 16 �-�X�O���������� 1 short �$�X�J����������

�% Thoroughbred �)�U�D�Q�F�H���� �1�R�Y���������� ���� long �-�X�O����������

C Thoroughbred �)�U�D�Q�F�H16 �$�S�U���������� 49 long �-�X�O����������

D Arabian �)�U�D�Q�F�H16 �)�H�E���������� 3 intermediate �0�D�\����������

E Anglo-Arab �)�U�D�Q�F�H15 �)�H�E���������� 3 intermediate �0�D�\����������

�) Holstein �)�U�D�Q�F�H���� �-�D�Q���������� 6 intermediate �-�X�O����������

G Thoroughbred �)�U�D�Q�F�H���� �0�D�\���������� 19 long �'�H�F����������
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Healthy stallions produce fertile spermatozoa 
throughout the year, despite the yearly endogenous 
rhythm of reproductive hormones. Plasma 
testosterone in the stallion is higher during the 
breeding season (from April to July) compared to 
the non-breeding season (August to March) with 
concentrations ranging from 0.3, to more than 
�������� �Q�J���P�/�� �W�K�U�R�X�J�K�R�X�W�� �W�K�H�� �\�H�D�U�� ���5�$�(�6�,�'�(���� ������������
�7�+�2�0�3�6�2�1���H�W���D�O�������������������5�2�6�(�5���D�Q�G���+�8�*�+�(�6����
������������ �6�,�(�0�(�� �H�W�� �D�O������ ���������������7�K�H�U�H�I�R�U�H���� �Z�H�� �G�H�¿�Q�H�G��
�D�� �W�K�U�H�V�K�R�O�G�� �R�I�� �������� �Q�J���P�/�� �W�R�� �G�H�F�L�G�H�� �L�I�� �V�W�D�O�O�L�R�Q�V��
presented low testosterone levels.

�9�L�U�D�O�� �G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q����Chilled 
�V�H�P�H�Q���V�D�P�S�O�H�V���Z�H�U�H���V�H�Q�W���L�P�P�H�G�L�D�W�H�O�\���W�R���W�K�H���/�D�E�H�R��
�)�U�D�Q�N�� �'�X�Q�F�R�P�E�H�� �O�D�E�R�U�D�W�R�U�\�� ���)�U�D�Q�F�H���� where an 
�D�O�L�T�X�R�W�� �Z�D�V�� �W�D�N�H�Q�� �D�Q�G�� �N�H�S�W�� �I�U�R�]�H�Q�� ���������� �ƒ�&������ �9�L�U�D�O��
load was then estimated following retrospective 
analysis by qRT-PCR. 

�5�1�$�� �S�X�U�L�¿�F�D�W�L�R�Q�� Equine semen was 
�P�L�F�U�R�F�H�Q�W�U�L�I�X�J�H�G�� �D�W�� ��������������g�� �I�R�U�� ���� �P�L�Q�� �D�Q�G�� ��������
�—�/�� �R�I�� �W�K�H�� �V�X�S�H�U�Q�D�W�D�Q�W�� �Z�D�V�� �X�V�H�G�� �I�R�U�� �Q�X�F�O�H�L�F�� �D�F�L�G��
�S�X�U�L�¿�F�D�W�L�R�Q���� �9�L�U�D�O�� �5�1�$�� �Z�D�V�� �H�[�W�U�D�F�W�H�G�� �X�V�L�Q�J�� �W�K�H��

QIAamp® Viral RNA isolation kit (Qiagen, Hilden, 
�*�H�U�P�D�Q�\������ �D�Q�G�� �H�O�X�W�H�G�� �L�Q�� �D�� �¿�Q�D�O�� �Y�R�O�X�P�H�� �R�I�� ������ �—�/��
according to the manufacturer’s instructions.

Generation  of in vitro transcribed RNA. An in  
vitro transcribed (IVT) EAV RNA containing 
�F�R�P�S�O�H�W�H�� �2�5�)���� �Z�D�V�� �X�V�H�G�� �I�R�U�� �(�$�9�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q����
The IVT RNA was generated using the 
MEGAshortscriptTM���.�L�W�����$�P�E�L�R�Q���,�Q�F�������$�X�V�W�L�Q�����7�;����
USA) according to the manufacturer’s instructions, 
�D�Q�G���D�G�D�S�W�H�G���I�U�R�P���D���S�U�H�Y�L�R�X�V���V�W�X�G�\�����/�8���H�W���D�O��������������������
�7�K�H�� �,�9�7�� �5�1�$�� �W�U�D�Q�V�F�U�L�S�W�V�� �Z�H�U�H�� �V�W�R�U�H�G�� �D�W�� �������� �ƒ�&��
�X�Q�W�L�O�� �X�V�H�����7�K�H�� �5�1�$�� �W�U�D�Q�V�F�U�L�S�W�V�� �Z�H�U�H�� �T�X�D�Q�W�L�¿�H�G�� �E�\��
spectrophotometric analysis using the NanoDrop 
���������F�����7�K�H�U�P�R���)�L�V�F�K�H�U���6�F�L�H�Q�W�L�¿�F�����D�Q�G���F�R�Q�F�H�Q�W�U�D�W�L�R�Q��
of copy per microliter was calculated. The IVT RNA 
�V�W�R�F�N���V�R�O�X�W�L�R�Q���Z�D�V���T�X�D�Q�W�L�¿�H�G���D�W���������î����3���Q�J���—�/���D�Q�G��
�W�K�H�� �,�9�7�� �F�R�S�\�� �Q�X�P�E�H�U�� �Z�D�V�� �H�Y�D�O�X�D�W�H�G�� �D�W�� �������� �î����13 
�F�R�S�\���S�H�U�������—�/�����Q�X�F�O�H�L�F���D�F�L�G���U�H�D�F�W�L�R�Q���Y�R�O�X�P�H���L�Q���5�7��
PCR) according to a previously described method 
���0�,�6�=�&�=�$�.�� �H�W�� �D�O������ �������������� �7�K�H�� �G�L�O�X�W�L�R�Q�� �R�I�� �,�9�7��
RNA (1010 to 1 copy) was carried out in RNase- and 
DNase-free molecular biology grade water.

Stallion �%�U�H�H�G

Country 
of 

location

Stallion 
age

 (years)

�.�Q�R�Z�Q���D�V���(�$�9��
shedder since 
���P�R�Q�W�K�������\�H�D�U��

Period of 
EAV shedding 

before vaccination �'�D�W�H���R�I���¿�U�V�W��
�L�Q�M�H�F�W�L�R�Q���R�I���D�Q�W�L��
GnRH vaccine
���P�R�Q�W�K�������\�H�D�U��

No. of 
months Status*

H Anglo-Arab �)�U�D�Q�F�H14 �)�H�E���������� ���� long �)�H�E����������

I Anglo-Arab �)�U�D�Q�F�H���� �2�F�W���������� 4 intermediate �)�H�E����������

J �)�U�H�Q�F�K���V�D�G�G�O�H��
horse �)�U�D�Q�F�H���� �1�R�Y���������� 6 intermediate �0�D�\����������

�. �1�H�Z���)�R�U�H�V�W�)�U�D�Q�F�H16 �$�X�J���������� 9 long �0�D�\����������

�/ Anglo-Arab �)�U�D�Q�F�H16 �)�H�E���������� 3 intermediate �0�D�\����������

M �)�R�U�H�L�J�Q��
(Polish) �)�U�D�Q�F�H10 �$�X�J���������� 9 long �0�D�\����������

N �/�X�V�L�W�D�Q�L�D�Q�)�U�D�Q�F�H���� �$�X�J���������� 9 long �0�D�\����������

O �)�U�H�Q�F�K��
Standardbred �)�U�D�Q�F�H �� �0�D�U���������� 4 intermediate �-�X�O����������

P �)�U�H�Q�F�K���V�D�G�G�O�H��
Pony �)�U�D�Q�F�H 5 �-�D�Q���������� 6 intermediate �-�X�O����������

* Status of the stallion for EAV shedding, based on the duration of virus excretion in semen before vaccination: short-term (from 
�����W�R�������Z�H�H�N�V���D�I�W�H�U���F�O�L�Q�L�F�D�O���U�H�F�R�Y�H�U�\�������L�Q�W�H�U�P�H�G�L�D�W�H���W�H�U�P���������W�R�������P�R�Q�W�K�V�����D�Q�G���O�R�Q�J���W�H�U�P���F�D�U�U�L�H�U���V�W�D�O�O�L�R�Q�����I�U�R�P�������P�R�Q�W�K�V���W�R���\�H�D�U�V����
�D�F�F�R�U�G�L�Q�J���W�R���7�L�P�R�Q�H�\���H�W���D�O�������������������D�Q�G���7�L�P�R�Q�H�\���D�Q�G���0�F�&�R�O�O�X�P����������������

Table 1. Characteristics of the 16 stallions shedding equine arteritis virus (EAV) in their semen and vaccinated with 
the anti-GnRH vaccine EquityTM (continued) 
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EAV real-time RT-PCR detection and 
�T�X�D�Q�W�L�¿�F�D�W�L�R�Q�� A previously described one-tube real-
�W�L�P�H�� �7�D�T�0�D�Q�� �5�7���3�&�5�� �D�V�V�D�\���� �W�D�U�J�H�W�L�Q�J�� �W�K�H�� �2�5�)����
of the EAV genome encoding the nucleocapsid, 
�Z�D�V�� �X�V�H�G�� �I�R�U�� �(�$�9�� �G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q��
���%�$�/�$�6�8�5�,�<�$���H�W���D�O���������������������4�X�D�Q�W�L�W�D�W�L�Y�H���5�7���3�&�5��
was performed using the One Step PrimeScriptTM 
�5�7���3�&�5�� �.�L�W�� ���3�H�U�I�H�F�W�� �5�H�D�O�� �7�L�P�H���� ���7�D�.�D�5�D���� �2�W�V�X����
Japan) in a SmartCycler® II System (Cepheid, 
�6�X�Q�Q�\�Y�D�O�H���� �&�$���� �8�6�$������ �%�U�L�H�À�\���� �H�D�F�K�� �U�H�D�F�W�L�R�Q�� �Z�D�V��
�V�H�W�� �X�S�� �L�Q�� ������ �—�/���� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �P�D�Q�X�I�D�F�W�X�U�H�U�¶�V��
�L�Q�V�W�U�X�F�W�L�R�Q�V���� �Z�K�L�F�K�� �F�R�Q�W�D�L�Q�H�G�� ���������� �—�/�� �R�I�� ���;�� �2�Q�H��
�6�W�H�S���5�7���3�&�5���E�Xu�H�U���,�,�,�������������—�/���R�I���E�R�W�K��TaKaRa Ex 
TaqTM���+�6���������8�����—�/�����D�Q�G���3�U�L�P�H�6�F�U�L�S�WTM RT enzyme 
Mix II, 600 nM of forward and reverse primers 
�������������—�/���R�I���H�D�F�K���������������Q�0���R�I���S�U�R�E�H�������������—�/����������������
�—�/���R�I���Q�X�F�O�H�D�V�H���I�U�H�H���Z�D�W�H�U���D�Q�G�������—�/���R�I���W�H�V�W���V�D�P�S�O�H��
RNA. The following thermocycling conditions 
�Z�H�U�H���X�V�H�G���I�R�U���H�D�F�K���U�H�D�F�W�L�R�Q���������P�L�Q���D�W���������ƒ�&�����������V���D�W��
�������ƒ�&�����I�R�O�O�R�Z�H�G���E�\���������F�\�F�O�H�V���D�W���������ƒ�&���I�R�U�������V and 60 
�ƒ�&���I�R�U�������P�L�Q�����7�K�H���D�Q�D�O�\�W�L�F�D�O���T�X�D�Q�W�L�¿�F�D�W�L�R�Q���R�I���(�$�9��
in semen samples was performed in EAV nucleic 
acid by real-time PCR assay, with serial decimal 
dilutions of IVT RNA (1010-101�� �F�R�S�\������ �/�L�Q�H�D�U�L�W�\��
�R�I�� �W�K�H�� �U�H�J�U�H�V�V�L�R�Q�� �D�Q�D�O�\�V�L�V�� �D�Q�G�� �3�&�5�� �Hv�F�L�H�Q�F�\�� �L�Q��
the assay gave an R2�� � �� ������������ �D�Q�G�� �O�L�Q�H�D�U�� �H�T�X�D�W�L�R�Q��
�\�� � �� �������������[�� ���� ���������������� �U�H�V�S�H�F�W�L�Y�H�O�\���� �4�X�D�Q�W�L�¿�F�D�W�L�R�Q��
of EAV viral load in each semen sample was 
�G�H�W�H�U�P�L�Q�H�G�� �E�\�� �F�R�P�S�D�U�L�V�R�Q�� �Z�L�W�K�� �T�X�D�Q�W�L�¿�H�G�� �V�H�U�L�D�O��
�G�H�F�L�P�D�O�� �G�L�O�X�W�L�R�Q�V�� �R�I�� �,�9�7�� �5�1�$���� �)�R�U�� �H�D�F�K�� �D�V�V�D�\����
the nucleic acid extracted from the semen samples 
and serial dilutions of IVT RNA were processed in 
duplicate.

Evaluation of fertility. �)�H�U�W�L�O�L�W�\���Z�D�V���D�V�V�H�V�V�H�G���I�R�U��
�D�O�O�� �)�U�H�Q�F�K�� �V�W�D�O�O�L�R�Q�V�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �I�R�D�O�L�Q�J�� �U�D�W�H��
�G�H�W�H�U�P�L�Q�H�G�� �E�\�� �6�,�5�(�� ���)�U�H�Q�F�K�� �G�D�W�D�� �E�D�V�H�� �I�R�U�� �K�R�U�V�H��
�U�H�J�L�V�W�U�D�W�L�R�Q���� �,���)���&���(������ �3�R�P�S�D�G�R�X�U���� �)�U�D�Q�F�H������ �D�Q�G��
�G�H�¿�Q�H�G���D�V���W�K�H���Q�X�P�E�H�U���R�I���P�D�U�H�V���G�H�F�O�D�U�H�G���D�V���K�D�Y�L�Q�J��
delivered a foal, divided by the total number of 
mares bred by this stallion, either by hand mating 
�R�U���E�\���D�U�W�L�¿�F�L�D�O���L�Q�V�H�P�L�Q�D�W�L�R�Q���Z�L�W�K���I�U�H�V�K���V�H�P�H�Q�����X�V�H�G��
immediately after collection during the breeding 
season under consideration. Mares inseminated with 
frozen semen were excluded from this calculation. 

Irregular data. The sampling protocol (blood 
collection for determination of testosterone 
concentration, semen collection for viral load 

analysis) was adapted by the stud managers, 
and the stallions were not always sampled at the 
�H�[�S�H�F�W�H�G�� �W�L�P�H���S�R�L�Q�W�V�� ���)�L�J���� ���� �D�Q�G�� �7�D�E�O�H�V�� ���� �D�Q�G�� ��������
�3�U�L�R�U���W�R���W�K�H���¿�U�V�W���L�P�P�X�Q�L�]�D�W�L�R�Q�����S�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H��
concentration was measured at least once (except 
for stallions A and G). Stallion A, a male not used in 
reproduction, was only monitored for viral excretion, 
but not regarding testosterone secretion. Stallion 
G was not analysed for plasmatic testosterone 
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q���E�H�I�R�U�H���D�Q�G���M�X�V�W���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q�����E�X�W��
was sampled at month 11 when, EAV negative, he 
was unable to breed mares successfully. Stallion 
�&�� �G�L�H�G�� ���� �P�R�Q�W�K�V�� �S�R�V�W���Y�D�F�F�L�Q�D�W�L�R�Q�� �G�X�H�� �W�R�� �F�D�U�G�L�D�F��
problems that were not related to the immunization 
protocol. Stallion P was only monitored for EAV by 
�U�H�J�X�O�D�U�� �5�7���3�&�5�� �Z�L�W�K�R�X�W�� �Y�L�U�D�O�� �O�R�D�G�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q��
�E�H�I�R�U�H�� �W�K�H�� �¿�U�V�W�� �L�Q�M�H�F�W�L�R�Q�� �D�Q�G�� �Q�R�� �W�H�V�W�R�V�W�H�U�R�Q�H��
�V�D�P�S�O�L�Q�J�� �Z�D�V�� �S�H�U�I�R�U�P�H�G�� �E�H�W�Z�H�H�Q�� �W�K�H�� �¿�U�V�W�� �D�Q�G�� ����
months. 

�3�R�O�L�F�\�� �D�Q�G�� �H�W�K�L�F�V�� This study complied 
�Z�L�W�K�� �)�U�H�Q�F�K�� �D�Q�G�� �6�Z�L�V�V�� �O�D�Z�V�� �U�H�O�D�W�L�Q�J�� �W�R�� �D�Q�L�P�D�O��
experimentation. The horses evaluated in this 
experiment were not research animals, and were 
managed with a high level of care. Their husbandry 
and care were carried out under their owners’ 
responsibility. The owners were informed, and 
consented to participate in this study.

Statistical analyses. Non-parametric statistics 
�Z�H�U�H�� �X�V�H�G�� �G�X�H�� �W�R�� �W�K�H�� �V�P�D�O�O�� �Q�X�P�E�H�U�� �R�I�� �V�X�E�M�H�F�W�V��
and the nature of the measurements. Data were 
�D�Q�D�O�\�V�H�G���Z�L�W�K���;�/�6�7�$�7���V�R�I�W�Z�D�U�H�����$�G�G�L�Q�V�R�I�W�����3�D�U�L�V����
�)�U�D�Q�F�H������ �'�D�W�D�� �R�Q�� �Y�L�U�X�V�� �F�R�Q�W�H�Q�W�� �D�Q�G�� �W�H�V�W�R�V�W�H�U�R�Q�H��
levels were presented by medians and shown in 
box-plot form, in accordance with Tukey’s model 
���7�8�.�(�<���� �������������� �7�K�H�� �U�H�V�X�O�W�V�� �F�R�Q�F�H�U�Q�L�Q�J�� �Y�L�U�X�V��
content and testosterone levels were not considered 
as matched data due to missing samples for some 
time points. The values for each time point were 
�F�R�P�S�D�U�H�G�� �X�V�L�Q�J�� �W�K�H�� �.�U�X�V�N�D�O���:�D�O�O�L�V�� �W�H�V�W���� �:�K�H�Q��
�W�K�H�� �.�U�X�V�N�D�O���:�D�O�O�L�V�� �W�H�V�W�� �Z�D�V�� �V�L�J�Q�L�¿�F�D�Q�W����post hoc 
(multiple comparisons) tests were performed with 
�W�K�H���6�W�H�H�O���'�Z�D�V�V���&�U�L�W�F�K�O�R�Z���)�O�L�J�Q�H�U���S�U�R�F�H�G�X�U�H�����7�K�H��
comparisons were made across time-points, and 
mainly with respect to pre-vaccination values.
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�7�D�E�O�H������ Plasmatic testosterone concentrations in stallions shedding EAV in their semen before and after anti-GnRH 
vaccination with EquityTM. (EAV: Equine arteritis virus)

Stallion

�3�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����Q�J���P�/��

�%�H�I�R�U�H
or at 1st

�L�Q�M�H�F�W�L�R�Q

Months after vaccination (1st���L�Q�M�H�F�W�L�R�Q��

������ 3-4 5-6 ������ 9-10 ���������� 13-14 15-16

A1 Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

Never 
sampled

�% ������ 0.1 0.1 0.1 ������ ������ 0.6 ������ 0.5

C�� 0.6 0.1 0.0 1.1 �� Dead Dead Dead Dead

D 1.5 ������ ������ 0.3 0.3 ������ �� �� ��

E ������ ������ ������ ������ 0.6 ������ �� �� ��

�) 1.5 0.5 ������ ������ 0.3 ������ ������ ������ 0.3

G �� �� �� �� �� �� 0.1 0.3 ��

H ������ ������ 0.3 ������ ������ 0.3 �� 0.1 ��

I3 ������ ������ 0.3 0.3 0.4 0.5 1.4 �� 1.0

J ������ 0.9 �� ������ 1.1 �� �� �� 1.1

�. ������ 0.4 �� 0.5 ������ �� �� �� 0.6

�/ ������ 0.4 �� ������ 0.3 0.5 0.5 ������ ��

M ������ ������ �� ������ ������ ������ 0.1 0.1 0.1

N ������ ������ �� 0.1 0.1 ������ 0.1 0.0 0.1

O ������ 0.4 ������ 0.3 0.3 �� �� �� ��

P 1.6 �� �� �� 1.0 1.3 ������ �� ��
�³���´���� �Q�R���V�D�P�S�O�L�Q�J���� �3�O�D�V�P�D�W�L�F�� �W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���Y�D�O�X�H�V���O�R�Z�H�U���R�U���H�T�X�D�O���W�R���������� �Q�J���P�/�� �D�U�H���K�L�J�K�O�L�J�K�W�H�G���L�Q���J�U�H�\����1 Stallion A 
was not a reproductive stallion; �����6�W�D�O�O�L�R�Q���&���G�L�H�G���D�W���P�R�Q�W�K�������I�R�U���U�H�D�V�R�Q�V���Q�R�W���U�H�O�D�W�H�G���W�R���W�K�H���Y�D�F�F�L�Q�D�W�L�R�Q���S�U�R�W�R�F�R�O����3 Stallion I was 
vaccinated a third time at month 15 period.

�)�L�J�����������&�K�U�R�Q�R�O�R�J�\���D�Q�G���I�U�H�T�X�H�Q�F�\���R�I���D�Q�D�O�\�V�H�V���S�H�U�I�R�U�P�H�G���L�Q���������V�W�D�O�O�L�R�Q�V���V�K�H�G�G�L�Q�J���(�$�9���L�Q���W�K�H�L�U���V�H�P�H�Q���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q��
with the anti-GnRH vaccine EquityTM�����(�$�9�����(�T�X�L�Q�H���D�U�W�H�U�L�W�L�V���Y�L�U�X�V�������L�Q���P�R�Q�W�K�V���D�I�W�H�U���W�K�H���¿�U�V�W���L�Q�M�H�F�W�L�R�Q�������{ EAV detection and 
�Y�L�U�D�O���O�R�D�G���T�X�D�Q�W�L�¿�F�D�W�L�R�Q���L�Q���V�H�P�H�Q���V�D�P�S�O�H�����U Testosterone analysis in serum sample. �• Vaccination with the Equity® vaccine. 

�z���'�H�D�W�K���R�I���V�W�D�O�O�L�R�Q���&�����6�W�D�O�O�L�R�Q���,���U�H�F�H�L�Y�H�G���D���W�K�L�U�G���L�Q�M�H�F�W�L�R�Q���E�H�F�D�X�V�H���(�$�9���Z�D�V���V�W�L�O�O���G�H�W�H�F�W�H�G���L�Q���K�L�V���V�H�P�H�Q���D�W���P�R�Q�W�K���������D�Q�G���E�H�F�D�X�V�H��
�W�H�V�W�R�V�W�H�U�R�Q�H���Z�D�V���L�Q�F�U�H�D�V�L�Q�J�����$�W���W�K�H���¿�U�V�W���L�Q�M�H�F�W�L�R�Q�����V�W�D�O�O�L�R�Q���3���Z�D�V���R�Q�O�\���P�R�Q�L�W�R�U�H�G���E�\���U�H�J�X�O�D�U���5�7���3�&�5���D�V���D�Q���(�$�9���V�K�H�G�G�H�U���Z�L�W�K�R�X�W��

�Y�L�U�D�O���O�R�D�G���T�X�D�Q�W�L�¿�F�D�W�L�R�Q��
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Results

�$�O�O�� �U�H�V�X�O�W�V���� �W�D�E�O�H�V�� �D�Q�G�� �¿�J�X�U�H�V�� �D�U�H�� �S�U�H�V�H�Q�W�H�G��
with respect to the number of months after the 1st 
�L�Q�M�H�F�W�L�R�Q���R�I���Y�D�F�F�L�Q�H����

Vaccine tolerance. After immunization, only 
a transient rise in body temperature or a small 
�W�U�D�Q�V�L�H�Q�W�� �S�D�L�Q�I�X�O�� �V�Z�H�O�O�L�Q�J�� �D�W�� �W�K�H�� �L�Q�M�H�F�W�L�R�Q�� �V�L�W�H�� �Z�D�V��
�G�H�W�H�F�W�H�G�� �L�Q�� �V�R�P�H�� �V�W�D�O�O�L�R�Q�V���� �$�O�O�� �D�G�Y�H�U�V�H�� �Hu�H�F�W�V��
�U�H�V�R�O�Y�H�G���Z�L�W�K�L�Q�����������G�D�\�V���S�R�V�W���Y�D�F�F�L�Q�D�W�L�R�Q����

�3�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H���O�H�Y�H�O����Plasma concentrations 
�R�I�� �W�H�V�W�R�V�W�H�U�R�Q�H�� �U�D�Q�J�H�G�� �I�U�R�P�� �������� �W�R�� �������� �Q�J���P�/��
���P�H�G�L�D�Q���� �������� �Q�J���P�/���� �E�H�I�R�U�H�� �W�K�H�� �¿�U�V�W�� �L�Q�M�H�F�W�L�R�Q��
���7�D�E�O�H�� ���� �D�Q�G�� �)�L�J���� ���$������ �:�K�H�Q�� �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H��
pre-vaccination value, testosterone concentration 
�D�I�W�H�U�� �L�Q�M�H�F�W�L�R�Q�V�� �G�H�F�U�H�D�V�H�G�� �G�X�U�L�Q�J�� �P�R�Q�W�K�V�� �������� ����������
�W�R�� �������� �Q�J���P�/���� ���3���������������� �D�Q�G�� �U�H�P�D�L�Q�H�G�� �J�H�Q�H�U�D�O�O�\��
�O�R�Z�� �X�Q�W�L�O�� �P�R�Q�W�K�V�� �������� ���������� �Q�J���P�/���� ���3������������������
Thereafter, testosterone concentrations tended to 
�L�Q�F�U�H�D�V�H���G�X�U�L�Q�J���P�R�Q�W�K�V������ �W�R���������� �E�X�W���V�W�L�O�O���U�H�P�D�L�Q�H�G��
�E�H�O�R�Z���S�U�H���Y�D�F�F�L�Q�D�W�L�R�Q���O�H�Y�H�O�V���������W�R���������P�R�Q�W�K�V���S�R�V�W��
�Y�D�F�F�L�Q�D�W�L�R�Q�� ���)�L�J���� ���$������ �'�X�U�L�Q�J�� �W�K�H�� �¿�U�V�W�� ���� �P�R�Q�W�K�V��
�D�I�W�H�U�� �W�K�H�� �¿�U�V�W�� �L�Q�M�H�F�W�L�R�Q���� ������ �R�X�W�� �R�I�� ������ �V�W�D�O�O�L�R�Q�V��

showed, at least once, a plasma testosterone 
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �O�R�Z�H�U�� �R�U�� �H�T�X�D�O�� �W�R�� �������� �Q�J���P�/���� �$�I�W�H�U��
5-6 months, two groups of stallions were observed. 
�2�Q�H���J�U�R�X�S���R�I�������V�W�D�O�O�L�R�Q�V�����%���'�����(�����,���/���D�Q�G���3�����V�K�R�Z�H�G��
�L�Q�F�U�H�D�V�H�G�� �W�H�V�W�R�V�W�H�U�R�Q�H�� �O�H�Y�H�O�V�� ���•�� �������� �Q�J���P�/������ �W�K�H��
�R�W�K�H�U���J�U�R�X�S���R�I�������V�W�D�O�O�L�R�Q�V�����)���+���D�Q�G���0���2�����V�W�L�O�O���K�D�G��
�O�R�Z�� �W�H�V�W�R�V�W�H�U�R�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� ���”�������� �Q�J���P�/������

�(�$�9�� �G�H�W�H�F�W�L�R�Q�� �D�Q�G�� �T�X�D�Q�W�L�¿�F�D�W�L�R�Q�� �L�Q�� �V�H�P�H�Q����
�%�H�I�R�U�H�� �Y�D�F�F�L�Q�D�W�L�R�Q���� �R�U�� �D�W�� �W�K�H�� �W�L�P�H�� �R�I�� �W�K�H�� �¿�U�V�W��
�L�Q�M�H�F�W�L�R�Q�����W�K�H���(�$�9���Y�L�U�D�O���O�R�D�G���U�D�Q�J�H�G���I�U�R�P���������î������ to 
�������î����10���5�1�$���F�R�S�\���P�/���R�I���V�H�P�H�Q�����P�H�G�L�D�Q�����������î����9 
�5�1�$�� �F�R�S�\���P�/�� �R�I�� �V�H�P�H�Q���� ���7�D�E�O�H�� ���� �D�Q�G�� �)�L�J���� ���%������
Thereafter, the EAV viral load decreased at months 
3-4 (P<0.0001) and remained low (for instance 
�D�W�� �P�R�Q�W�K�V�� ���������� �P�H�G�L�D�Q�� �������î����6�� �5�1�$�� �F�R�S�\���P�/�� �R�I��
semen, P<0.0001) compared to pre-vaccination 
values. The median values were 0 (undetectable) 
�I�U�R�P���P�R�Q�W�K�V���������� �W�R���P�R�Q�W�K�V������������ ���H�Q�G���R�I�� �)�L�J���� ���%����
�D�Q�G���X�Q�W�L�O���P�R�Q�W�K�V��������������

�)�L�J�����������(�Y�R�O�X�W�L�R�Q���R�I���S�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����$�����D�Q�G���(�$�9���Y�L�U�D�O���O�R�D�G���L�Q���W�K�H���V�H�P�H�Q�����%�����R�I���������V�W�D�O�O�L�R�Q�V��
�V�K�H�G�G�L�Q�J���(�$�9���L�Q���W�K�H�L�U���V�H�P�H�Q���E�H�I�R�U�H���D�Q�G���R�Y�H�U���������P�R�Q�W�K�V���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q���Z�L�W�K���W�K�H���D�Q�W�L���*�Q�5�+���Y�D�F�F�L�Q�H���(�T�X�L�W�\TM 
���(�$�9�����(�T�X�L�Q�H���D�U�W�H�U�L�W�L�V���Y�L�U�X�V�������L�Q���P�R�Q�W�K�V���D�I�W�H�U���W�K�H���¿�U�V�W���L�Q�M�H�F�W�L�R�Q�������;�������L�Q�M�H�F�W�L�R�Q���R�I���D�Q�W�L���*�Q�5�+���Y�D�F�F�L�Q�H�����%�R�[���D�Q�G���Z�K�L�V�N�H�U��

�S�O�R�W�V���U�H�S�U�H�V�H�Q�W���W�K�H���K�H�W�H�U�R�J�H�Q�H�L�W�\���R�I���W�K�H���V�W�D�O�O�L�R�Q���S�R�S�X�O�D�W�L�R�Q���D�W���H�D�F�K���W�L�P�H���S�H�U�L�R�G�����H�Y�H�U�\���W�Z�R���P�R�Q�W�K�V�������%�R�[�H�V���U�H�S�U�H�V�H�Q�W���W�K�H��
�L�Q�W�H�U�T�X�D�U�W�L�O�H�����,�4��� ���4�����4�������U�D�Q�J�H�V���R�I���S�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����$�����D�Q�G���(�$�9���Y�L�U�D�O���O�R�D�G���L�Q���V�H�P�H�Q�����%�������7�K�H���E�R�W�W�R�P���D�Q�G��
top of the boxes represent the 1st (Q1) and 3rd (Q3) quartiles, respectively, and the horizontal lines inside the boxes represent the 
median values. Vertical lines emanating from each box are limited by the minimal value for lower whisker and by mathematical 

�F�D�O�F�X�O�D�W�L�R�Q���R�I���X�S�S�H�U���Z�K�L�V�N�H�U���S�O�R�W�V�����8�:��� ���4�����������î�,�4�������2�X�W�O�L�H�U�V�����Y�D�O�X�H�V�!�8�:�����D�U�H���U�H�S�U�H�V�H�Q�W�H�G���E�\���E�O�D�F�N���G�R�W�V�����Q�������Q�X�P�E�H�U���R�I��
�V�W�D�O�O�L�R�Q�V���L�Q�F�O�X�G�H�G���D�W���H�D�F�K���W�L�P�H���S�R�L�Q�W�����7�K�H���O�H�W�W�H�U�V�����;�����<�����=�����L�Q�G�L�F�D�W�H���V�L�J�Q�L�¿�F�D�Q�W���G�Lu�H�U�H�Q�F�H�V���E�H�W�Z�H�H�Q���W�L�P�H�V�����)�L�J�������$�������3�”�������������)�L�J����

���%�������3�”������������
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At the end of the experiment, EAV clearance was 
observed in all stallions (except for stallion C, who 
�G�L�H�G���L�Q���P�R�Q�W�K�����������0�R�V�W���R�I���W�K�H���V�W�D�O�O�L�R�Q�V�����������R�X�W���R�I����������
became EAV negative between months 3 and 10 (A, 
�%�����'���*���D�Q�G���.���3�������6�W�D�O�O�L�R�Q�V���+���D�Q�G���,���S�U�H�V�H�Q�W�H�G���(�$�9��
�Y�L�U�D�O���O�R�D�G�V���R�I���������î����5���D�Q�G���������î����5���5�1�$���F�R�S�\���P�/���D�W��
months 13-14 and 15-16, respectively. Three stallions 
���+���� �,���� �-���� �E�H�F�D�P�H�� �(�$�9�� �Q�H�J�D�W�L�Y�H�� �D�I�W�H�U�� ������ �P�R�Q�W�K�V����

�0�R�U�H�R�Y�H�U���� �D�O�O�� �V�W�D�O�O�L�R�Q�V�� �Z�H�U�H�� �F�R�Q�¿�U�P�H�G�� �D�V��
having EAV negative semen by qRT-PCR and virus 
isolation at least once during the breeding season 
�I�R�O�O�R�Z�L�Q�J���W�K�H�L�U���¿�U�V�W���(�$�9���Q�H�J�D�W�L�Y�H���U�H�V�X�O�W��

�)�H�U�W�L�O�L�W�\�� �D�W�� �W�K�H�� �¿�U�V�W�� �E�U�H�H�G�L�Q�J�� �V�H�D�V�R�Q�� �S�R�V�W��
vaccination. Of the 16 stallions monitored at the 
start of the study, 14 had produced foals before 
(Table 4), and were expected to breed mares again 

during the season following the vaccination, so 
�Z�L�W�K�L�Q���������P�R�Q�W�K�V�����2�I���W�K�H�V�H���������V�W�D�O�O�L�R�Q�V���������Z�H�U�H���Q�R�W��
used since they were still EAV positive at the start 
of the following breeding season (H and I). Of the 
������ �U�H�P�D�L�Q�L�Q�J�� �V�W�D�O�O�L�R�Q�V���� ���� �V�W�D�O�O�L�R�Q�V�� �Z�H�U�H�� �Q�R�W�� �X�V�H�G��
�V�L�Q�F�H�� �W�K�H�\�� �Z�H�U�H�� �X�Q�D�E�O�H�� �W�R�� �E�U�H�H�G�� �P�D�U�H�V�� ���)���� �*���� �0����
�1������ �)�L�Q�D�O�O�\���� ���� �V�W�D�O�O�L�R�Q�V�� ���%���(���� �-���/���� �2�� �D�Q�G�� �3���� �Z�H�U�H��
EAV negative and bred mares successfully during 
�W�K�H�� �Q�H�[�W�� �E�U�H�H�G�L�Q�J�� �V�H�D�V�R�Q�� ���7�D�E�O�H�� �������� �)�R�U�� �W�K�H�V�H�� ����
�V�W�D�O�O�L�R�Q�V�����L�Q�G�L�Y�L�G�X�D�O���I�R�D�O�L�Q�J���U�D�W�H�V���U�D�Q�J�H�G���I�U�R�P���������W�R��
�������� �E�H�I�R�U�H���Y�D�F�F�L�Q�D�W�L�R�Q���D�Q�G���I�U�R�P�������� �W�R���������� �D�I�W�H�U��
�Y�D�F�F�L�Q�D�W�L�R�Q���� ������ �I�R�D�O�V�� �S�H�U�� �V�W�D�O�O�L�R�Q�� ���I�U�R�P�� ���� �W�R�� ������
foals) were born from the mares bred during the last 
season before vaccination vs.�� ������ �I�R�D�O�V�� �S�H�U�� �V�W�D�O�O�L�R�Q��
���U�D�Q�J�L�Q�J�� �I�U�R�P�� ���� �W�R�� ������ �I�R�D�O�V���� �G�X�U�L�Q�J�� �W�K�H�� �V�H�D�V�R�Q��
following the vaccination. 

�7�D�E�O�H���������4�X�D�Q�W�L�¿�F�D�W�L�R�Q���R�I���Y�L�U�D�O���O�R�D�G�����(�$�9�����L�Q���V�H�P�H�Q���V�D�P�S�O�H�V���R�I���������V�W�D�O�O�L�R�Q�V���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q���Z�L�W�K���W�K�H��
anti-GnRH vaccine EquityTM

Stallion

�1�X�P�E�H�U���R�I���5�1�$���F�R�S�\���R�I���(�$�9�����F�R�S�\���P�/�����L�Q���V�H�P�H�Q�
�%�H�I�R�U�H
or at 1st

�L�Q�M�H�F�W�L�R�Q

Months after vaccination (1st �L�Q�M�H�F�W�L�R�Q��
������ 3-4 5-6 ������ 9-10 ���������� 13-14 15-16 ���������� ���������� ����������

A1 �������î����10 ���������î����9 �������î����6 �������î����5 �������î����5 0 �� �� �� �� �� 0

�% �������î����10 �������î����10 �������î������ �������î����5 0 0 0 0 �� 0 �� ��

C�� �������î����10 �������î����4 �������î����6 �������î����6 �������î����5 dead dead dead dead dead dead dead

D �������î������ �������î������ �������î����4 0 0 0 0 0 �� 0 �� ��

E �������î����9 �������î����9 �������î����6 �������î������ 0 0 0 0 �� �� �� 0

�) �������î����9 �� �������î����6 �������î����6 �������î����5 0 �� 0 �� 0 �� ��

G �������î����9 �� �� �� 0 �� �� �� �� �� �� 0

H �������î����9 �������î������ �������î������ �������î����6 �������î����6 �������î����5 �������î����5 �������î����5 �� �� 0 ��

I 3 �������î����9 �������î����9 �������î����9 �������î������ �������î������ �������î������ �������î����9 �������î������ �������î����5 �� �� 0

J �������î������ �� �������î������ �������î����6 �������î����5 �� �� �� �� �� 0 ��

�. �������î����9 �� 0 0 0 0 �� �� �� �� �� ��

�/ �������î������ �� �������î����6 �������î����6 0 0 �� �� �� �� �� ��

M �������î������ �� �������î������ 0 0 �� �� �� �� �� �� ��

N �������î����9 �� 0 0 0 �� �� �� �� �� �� ��

O �������î����9 �������î������ �� 0 �� �� �� �� �� �� 0 ��

P4 + �� �� 0 0 0 �� �� �� �� ��

����1�X�P�E�H�U���R�I���5�1�$���F�R�S�\���P�/���R�I���V�H�P�H�Q���V�D�P�S�O�H���D�Q�G���G�H�W�H�F�W�H�G���E�\���T�5�7���3�&�5�����³���´�����Q�R���V�D�P�S�O�L�Q�J�����³+”: EAV positive sample detected by 
�U�H�J�X�O�D�U���5�7���3�&�5���Z�L�W�K�R�X�W���T�X�D�Q�W�L�¿�F�D�W�L�R�Q�����³���´�����X�Q�G�H�W�H�F�W�D�E�O�H��� ���Q�H�J�D�W�L�Y�H���U�H�V�X�O�W�V�����D�O�O���Q�H�J�D�W�L�Y�H���U�H�V�X�O�W�V���D�U�H���K�L�J�K�O�L�J�K�W�H�G���L�Q���J�U�H�\����1 - Stallion 
A was not a reproductive stallion; ���������6�W�D�O�O�L�R�Q���&���G�L�H�G���D�W���P�R�Q�W�K�������I�R�U���U�H�D�V�R�Q�V���Q�R�W���U�H�O�D�W�H�G���W�R���W�K�H���Y�D�F�F�L�Q�D�W�L�R�Q���S�U�R�W�R�F�R�O����3 - Stallion I 
was vaccinated a third time at month 15; 4�������$�W���¿�U�V�W���L�Q�M�H�F�W�L�R�Q�����6�W�D�O�O�L�R�Q���3���Z�D�V���R�Q�O�\���P�R�Q�L�W�R�U�H�G���E�\���U�H�J�X�O�D�U���5�7���3�&�5���Z�L�W�K�R�X�W���Y�L�U�D�O���O�R�D�G��
�T�X�D�Q�W�L�¿�F�D�W�L�R�Q����
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Discussion

This report describes a cohort of naturally EAV 
infected stallions immunized with an anti-GnRH 
�Y�D�F�F�L�Q�H�� �D�Q�G�� �P�R�Q�L�W�R�U�H�G�� �X�Q�G�H�U�� �¿�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V���� �,�Q��
most stallions, we observed a decrease followed by 
an increase in plasmatic testosterone levels. At the 
same time, in all stallions we observed a decrease of 
the EAV viral load in their semen until undetectable 
levels. Most stallions used in breeding produced 
foals during the following breeding season. These 
results were obtained from a cohort of stallions 
characterized by high heterogeneity with regard 
to location, breed, age and EAV status based on 
the previous duration of virus excretion in the 
semen. Therefore, this experimental group can be 
considered as being representative for the general 
population of domesticated stallions in Europe.

�7�K�H���V�L�J�Q�L�¿�F�D�Q�W���D�Q�G���U�D�S�L�G���G�H�F�U�H�D�V�H���L�Q���W�H�V�W�R�V�W�H�U�R�Q�H��
levels observed in our study group during the 
�¿�U�V�W�� �W�Z�R�� �P�R�Q�W�K�V�� �D�I�W�H�U�� �D�Q�W�L���*�Q�5�+�� �Y�D�F�F�L�Q�D�W�L�R�Q�� �K�D�V��
already been reported by other authors with the 
vaccine EquityTM ���-�$�1�(�7�7�� �H�W�� �D�O������ �������������� �D�V�� �Z�H�O�O��
�D�V�� �Z�L�W�K�� �R�W�K�H�U�� �D�Q�W�L���*�Q�5�+�� �Y�D�F�F�L�Q�H�V�� ���0�$�/�0�*�5�(�1��
�H�W�� �D�O������ ������������ �%�8�5�*�(�5�� �H�W�� �D�O������ ������������ �6�7�2�8�7�� �D�Q�G��
�&�2�/�(�1�%�5�$�1�'�(�5���� ������������ �&�/�(�0�(�1�7�� �H�W�� �D�O������
�������������7�8�5�.�6�7�5�$�� �H�W�� �D�O������ ���������������7�K�L�V�� �R�E�V�H�U�Y�D�W�L�R�Q��
is in agreement with the suppression of the cyclic 
�R�Y�D�U�L�D�Q���D�F�W�L�Y�L�W�\�� �L�Q���P�D�U�H�V���R�E�V�H�U�Y�H�G���G�X�U�L�Q�J���W�K�H���¿�U�V�W��
months following vaccination with both EquityTM 
and Improvac®�� �Y�D�F�F�L�Q�H�V�� ���&�$�5�'�� �H�W�� �D�O������ ������������
�(�/�+�$�<���H�W���D�O�������������������6�&�+�8�/�0�$�1���H�W���D�O������������������

�7�D�E�O�H���������)�H�U�W�L�O�L�W�\���R�I���V�W�D�O�O�L�R�Q�V���V�K�H�G�G�L�Q�J���(�$�9���L�Q���W�K�H�L�U���V�H�P�H�Q���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q���Z�L�W�K���W�K�H���D�Q�W�L���*�Q�5�+���Y�D�F�F�L�Q�H��
EquityTM�������$�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q�����W�K�L�V���F�R�Q�F�H�U�Q�V���R�Q�O�\���W�K�H���E�U�H�H�G�L�Q�J���V�H�D�V�R�Q���W�K�D�W���W�R�R�N���S�O�D�F�H���Z�L�W�K�L�Q���������P�R�Q�W�K�V��

Stallion

�%�U�H�H�G�L�Q�J���V�H�D�V�R�Q��
before becoming 

EAV positive �)�L�U�V�W���E�U�H�H�G�L�Q�J���V�H�D�V�R�Q���D�I�W�H�U���Y�D�F�F�L�Q�D�W�L�R�Q��

�)�R�D�O�L�Q�J���U�D�W�H1 
(%)

EAV viral load 
in semen 

Plasmatic 
testosterone �%�U�H�H�G�L�Q�J��

�)�R�D�O�L�Q�J���U�D�W�H1 
(%)

A Not breeding 
stallion 0 Not measured Not breeding 

stallion

�% 53 0 �!��� �����������Q�J���P�/ �<�H�V ����

C 64 Dead Dead Dead

D 66 0 �!��� �����������Q�J���P�/ �<�H�V 55

E ���� 0 �!��� �����������Q�J���P�/ �<�H�V ����

�) ���� 0 Too low �� No

G ���� 0 Too low �� No

H ���� Positive Not measured No

I ���� Positive �!��� �����������Q�J���P�/ No

J ���� 0 �!��� �����������Q�J���P�/ �<�H�V ����

�. ���� 0 �!��� �����������Q�J���P�/ �<�H�V ����

�/ 46 0 �!��� �����������Q�J���P�/ �<�H�V 50

M 63 0 Too low �� No

N 54 0 Too low �� No

O 69 0 ��� �����������Q�J���P�/ �<�H�V ����

P ���� 0 �!��� �����������Q�J���P�/ �<�H�V 56
1�������)�R�D�O�L�Q�J���U�D�W�H�����Q�X�P�E�H�U���R�I���P�D�U�H�V���G�H�F�O�D�U�H�G���D�V���K�D�Y�L�Q�J���G�H�O�L�Y�H�U�H�G���D���I�R�D�O�����G�L�Y�L�G�H�G���E�\���W�K�H���W�R�W�D�O���Q�X�P�E�H�U���R�I���P�D�U�H�V���E�U�H�G���E�\���W�K�L�V���V�W�D�O�O�L�R�Q����
Only mares bred by hand mating or inseminated with fresh semen used immediately were taking into account in that ratio; �� - Too 
�O�R�Z���������������Q�J���P�/
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�,�Q���W�K�H���S�U�H�V�H�Q�W���¿�H�O�G���V�W�X�G�\�����W�K�H���P�H�D�Q���G�X�U�D�W�L�R�Q���R�I��
�G�H�F�U�H�D�V�H�G���S�O�D�V�P�D���W�H�V�W�R�V�W�H�U�R�Q�H���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�����”��������
�Q�J���P�/�����Z�D�V���������P�R�Q�W�K�V�����I�U�R�P���P�R�Q�W�K�V�����������W�R���P�R�Q�W�K�V��
������������ �S�R�V�W���Y�D�F�F�L�Q�D�W�L�R�Q���� ���)�L�J���� ���$������ �7�K�L�V�� �G�X�U�D�W�L�R�Q��
was variable among stallions and ranged from 4 to 
16 months or more, but is in broad agreement with 
the duration of 6 months of very low testosterone 
�O�H�Y�H�O�V�� �S�U�H�Y�L�R�X�V�O�\�� �R�E�V�H�U�Y�H�G�� �L�Q�� �������� �V�W�D�O�O�L�R�Q�V�� �D�I�W�H�U��
�W�K�U�H�H���L�Q�M�H�F�W�L�R�Q�V���R�I���(�T�X�L�W�\TM ���-�$�1�(�7�7���H�W���D�O��������������������
Other vaccines used in stallions proved not to be 
�V�R�� �Hv�F�L�H�Q�W�� �D�Q�G�� �U�H�T�X�L�U�H�G�� �P�R�U�H�� �W�K�D�Q�� �W�Z�R�� �L�Q�M�H�F�W�L�R�Q�V��
���0�$�/�0�*�5�(�1�� �H�W�� �D�O������ ������������ �&�/�(�0�(�1�7�� �H�W�� �D�O������
�������������� �7�K�H�U�H�I�R�U�H���� �W�K�H�� �(�T�X�L�W�\TM vaccine can be 
�F�R�Q�V�L�G�H�U�H�G�� �D�V�� �D�Q�� �Hv�F�L�H�Q�W�� �D�Q�W�L���*�Q�5�+�� �Y�D�F�F�L�Q�H�� �I�R�U��
�V�W�D�O�O�L�R�Q�V�� �Z�K�L�F�K�� �L�Q�G�X�F�H�V�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �G�H�F�U�H�D�V�H�� �R�I��
testosterone plasma levels during 4 months and 
more.

�7�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���V�W�D�O�O�L�R�Q�V�¶���V�H�P�H�Q���Z�D�V���V�K�R�Z�Q���W�R��
be EAV-free within 3 to 10 months post-vaccination, 
�D�Q�G�� �D�O�O�� �V�W�D�O�O�L�R�Q�V�� �Z�H�U�H�� �(�$�9���I�U�H�H�� �D�I�W�H�U�� ������ �P�R�Q�W�K�V����
�%�H�I�R�U�H�� �R�U�� �D�W�� �W�K�H�� �¿�U�V�W�� �L�Q�M�H�F�W�L�R�Q�� �Z�L�W�K�� �(�T�X�L�W�\TM, the 
�Y�L�U�D�O���O�R�D�G���U�D�Q�J�H�G���I�U�R�P���������î���������W�R���������î����10���F�R�S�\���P�/��
of semen, which is a rather homogeneous result. 
�7�K�H�U�H�D�I�W�H�U���� �W�K�H�� �Y�L�U�D�O�� �O�R�D�G�� �G�H�F�U�H�D�V�H�G�� �W�R�� �������î����4 - 
�������î�������� �F�R�S�\���P�/�����W�K�H���J�H�Q�H�U�D�O���U�D�Q�J�H���E�H�L�Q�J������5-106 
�F�R�S�\���P�/�����L�Q���W�K�H���O�D�V�W���V�H�P�H�Q���V�D�P�S�O�H���E�H�I�R�U�H���W�K�H���¿�U�V�W��
�Q�H�J�D�W�L�Y�H�� �V�D�P�S�O�H���� �,�Q�� �O�L�J�K�W���R�I�� �W�K�H�V�H�� �¿�Q�G�L�Q�J�V���� �D�� �Y�L�U�D�O��
load lower than 105-106���F�R�S�\���P�/���R�I���V�H�P�H�Q���F�R�X�O�G���E�H��
�F�R�Q�V�L�G�H�U�H�G�����L�Q���W�K�H���P�D�M�R�U�L�W�\���R�I���F�D�V�H�V�����D�V���D���S�U�H�G�L�F�W�L�Y�H��
threshold value before total EAV clearance is 
reached.

It is not yet fully understood how spontaneous 
clearance of EAV happens in intact stallions. 
Monitoring EAV viral load and EAV clearance in 
�V�H�P�H�Q�� �Z�D�V�� �G�H�V�F�U�L�E�H�G�� �S�U�H�Y�L�R�X�V�O�\�� �E�\�� �F�X�O�W�X�U�H�� �D�Q�G��
�R�U�� �U�H�J�X�O�D�U�� �5�7���3�&�5�� ���%�$�/�$�6�8�5�,�<�$�� �H�W�� �D�O������ ��������������
�%�\�� �D�S�S�O�\�L�Q�J�� �D�� �T�X�D�Q�W�L�W�D�W�L�Y�H�� �D�S�S�U�R�D�F�K���� �W�K�H�� �S�U�H�V�H�Q�W��
report gives new information about the evolution of 
EAV before clearance. This quantitative approach 
of viral output in carrier stallions could possibly 
be used to monitor natural clearance. However, in 
intact stallions, it takes place in an intact genital 
tract in the presence of testosterone, which was not 
the case here. 

Previous studies revealed that testosterone 
plays an essential role in the establishment and 
maintenance of the carrier-state in persistently EAV 

infected stallions. EAV was cleared from carrier 
�V�W�D�O�O�L�R�Q�V�� ���� �W�R�� ������ �G�D�\�V�� �S�R�V�W���F�D�V�W�U�D�W�L�R�Q���� �E�X�W�� �Y�L�U�D�O��
excretion was maintained if castrated stallions were 
�W�H�V�W�R�V�W�H�U�R�Q�H�� �V�X�S�S�O�H�P�H�Q�W�H�G�� ���/�,�7�7�/�(�� �H�W�� �D�O������ ��������������
In addition, it was not possible to establish a carrier 
state in experimentally EAV infected geldings 
���0�&�&�2�/�/�8�0���H�W���D�O���������������������7�K�H���Q�D�W�X�U�H���D�Q�G���H�[�W�H�Q�W��
of pathological changes in the reproductive tracts 
of prepubertal and peripubertal colts associated 
with EAV infection demonstrate the relationship 
between the stage of reproductive tract maturity 
�D�Q�G�� �V�X�V�F�H�S�W�L�E�L�O�L�W�\�� ���+�2�/�<�2�$�.�� �H�W�� �D�O������ ���������D������
Using a GnRH antagonist in EVA carrier stallions 
�I�R�U�� ���� �Z�H�H�N�V���� �)�2�5�7�,�(�5�� �H�W�� �D�O���� �������������� �R�E�V�H�U�Y�H�G��
�W�H�P�S�R�U�D�U�\���(�$�9���F�O�H�D�U�D�Q�F�H���M�X�V�W���D�I�W�H�U���W�U�H�D�W�P�H�Q�W���L�Q���D�O�O��
�V�W�D�O�O�L�R�Q�V���� �H�Y�H�Q�� �W�K�R�X�J�K�� �������� �V�W�D�O�O�L�R�Q�V�� �V�X�E�V�H�T�X�H�Q�W�O�\��
�U�H�J�D�L�Q�H�G�� �W�K�H�L�U�� �V�K�H�G�G�L�Q�J�� �V�W�D�W�H���� �7�K�H�� �¿�U�V�W�� �F�D�V�H�� �V�W�X�G�\��
described the clearance of the virus in a stallion 
six months after vaccination with the Improvac® 
vaccine, following a strong decrease in plasmatic 
�W�H�V�W�R�V�W�H�U�R�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �R�Y�H�U�� �¿�Y�H�� �P�R�Q�W�K�V��
���%�8�5�*�(�5�� �H�W�� �D�O������ �������������� �6�L�P�L�O�D�U�O�\���� �L�Q�� �R�X�U�� �V�W�X�G�\����
the decrease in plasma testosterone concentrations 
�E�H�J�L�Q�Q�L�Q�J�� �������� �P�R�Q�W�K�V�� �D�I�W�H�U�� �W�K�H�� �¿�U�V�W�� �L�Q�M�H�F�W�L�R�Q����
�D�Q�G�� �O�D�V�W�L�Q�J�� ���� �W�R�� ���� �P�R�Q�W�K�V�� �R�U�� �P�R�U�H���� �Z�D�V�� �I�R�O�O�R�Z�H�G��
�E�\�� �D�� �V�L�J�Q�L�¿�F�D�Q�W�� �G�H�F�U�H�D�V�H�� �L�Q�� �Y�L�U�D�O�� �O�R�D�G�� �������� �P�R�Q�W�K�V��
post-vaccination. It might be hypothesized that 
�W�H�V�W�R�V�W�H�U�R�Q�H���K�D�V���W�R���E�H���U�H�G�X�F�H�G���I�R�U�������P�R�Q�W�K�V���R�U���P�R�U�H��
to induce EAV clearance. 

In the present study, the semen of all vaccinated 
stallions (15 out of the 15 stallions monitored for 
�������P�R�Q�W�K�V�����E�H�F�D�P�H���(�$�9���Q�H�J�D�W�L�Y�H���D�I�W�H�U���D�Q�W�L���*�Q�5�+��
�Y�D�F�F�L�Q�D�W�L�R�Q�����L�Q���������R�I���W�K�H�P���E�H�I�R�U�H���������P�R�Q�W�K�V���D�Q�G���L�Q��
���� �E�H�W�Z�H�H�Q�� ������ �D�Q�G�� ������ �P�R�Q�W�K�V�� ���L�Q�F�O�X�G�L�Q�J�� �D�� �V�W�D�O�O�L�R�Q��
�Z�L�W�K�� �D�� �W�K�L�U�G�� �Y�D�F�F�L�Q�H�� �L�Q�M�H�F�W�L�R�Q�� �D�W�� ������ �P�R�Q�W�K�V������ �,�W��
cannot be concluded that all these viral clearances 
were a consequence of anti-GnRH vaccination, as 
spontaneous clearance may also have occurred at 
any time. The lack of a control group of mostly 
active breeding stallions with placebo treatment 
�U�H�S�U�H�V�H�Q�W�V�� �D�� �P�D�M�R�U�� �O�L�P�L�W�D�W�L�R�Q�� �R�I�� �W�K�L�V�� �¿�H�O�G�� �V�W�X�G�\�� 
Nonetheless, it has been reported that the percentage 
of spontaneous EAV clearance following natural 
�L�Q�I�H�F�W�L�R�Q���L�Q���D���S�R�S�X�O�D�W�L�R�Q���R�I���P�R�U�H���W�K�D�Q�����������V�W�D�O�O�L�R�Q�V��
�Y�D�U�L�H�G�� �I�U�R�P�� ���� �W�R�� ���������� �G�H�S�H�Q�G�L�Q�J�� �R�Q�� �W�K�H�� �E�U�H�H�G��
���7�,�0�2�1�(�<�� �D�Q�G�� �0�&�&�2�/�/�8�0���� �������������� �,�I�� �R�Q�H��
�F�R�Q�V�L�G�H�U�V���W�K�L�V�����������D�V���W�K�H���P�D�[�L�P�X�P���U�H�I�H�U�H�Q�F�H���Y�D�O�X�H��
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for spontaneous EAV clearance, then the value of 
100% (15 out of 15 stallions) observed in the present 
study is encouraging. Nonetheless, our results need 
�W�R���E�H���F�R�Q�¿�U�P�H�G���L�Q���D���F�R�Q�W�U�R�O�O�H�G���G�H�V�L�J�Q�H�G���V�W�X�G�\��

�,�Q�� �)�U�D�Q�F�H���� �I�U�R�P�� ���������� �W�R�� ������������ �W�K�H�� �I�R�D�O�L�Q�J�� �U�D�W�H��
�R�I���:�D�U�P�E�O�R�R�G���V�W�D�O�O�L�R�Q�V���Z�D�V���V�K�R�Z�Q���W�R���E�H�����������D�I�W�H�U��
�Q�D�W�X�U�D�O���V�H�U�Y�L�F�H���D�Q�G�����������D�I�W�H�U���D�U�W�L�¿�F�L�D�O���L�Q�V�H�P�L�Q�D�W�L�R�Q��
with fresh semen used immediately after collection 
���G�D�W�D�� �R�Q�� ���������� �V�W�D�O�O�L�R�Q�V�� �S�H�U�� �\�H�D�U������ �%�H�I�R�U�H�� �*�Q�5�+��
�Y�D�F�F�L�Q�D�W�L�R�Q�����D�O�O���E�U�H�H�G�L�Q�J���V�W�D�O�O�L�R�Q�V���L�Q���R�X�U���¿�H�O�G���V�W�X�G�\��
produced foals with a low to normal foaling rate, and 
presented normal testosterone levels. One year after 
�D�Q�W�L���*�Q�5�+�� �Y�D�F�F�L�Q�D�W�L�R�Q���� �W�Z�R�� �G�Lu�H�U�H�Q�W�� �S�R�S�X�O�D�W�L�R�Q�V��
�R�I�� �V�W�D�O�O�L�R�Q�V�� �F�R�X�O�G�� �E�H�� �L�G�H�Q�W�L�¿�H�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�L�U��
�W�H�V�W�R�V�W�H�U�R�Q�H�� �O�H�Y�H�O���� �W�K�H�� �¿�U�V�W�� �J�U�R�X�S�� �V�K�R�Z�L�Q�J�� �S�O�D�V�P�D��
�W�H�V�W�R�V�W�H�U�R�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �K�L�J�K�H�U�� �W�K�D�Q�� �������� �Q�J��
�P�/�� �D�Q�G�� �D�E�O�H�� �W�R�� �E�U�H�H�G�� �D�Q�G�� �I�H�U�W�L�O�L�]�H�� �P�D�U�H�V���� �D�Q�G�� �W�K�H��
second group of stallions presenting low plasma 
�W�H�V�W�R�V�W�H�U�R�Q�H�� �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� ���”�������� �Q�J���P�/������ �,�Q�� �W�K�H��
�¿�U�V�W���J�U�R�X�S�����V�W�D�O�O�L�R�Q���%�����Z�L�W�K���W�K�H���O�R�Z�H�V�W���I�R�D�O�L�Q�J���U�D�W�H��
�D�I�W�H�U�� �W�K�H�� �¿�U�V�W�� �E�U�H�H�G�L�Q�J�� �V�H�D�V�R�Q�� �S�R�V�W���Y�D�F�F�L�Q�D�W�L�R�Q��
�������������Q��� ���������P�D�U�H�V�������U�H�D�F�K�H�G���D���I�R�D�O�L�Q�J���U�D�W�H���R�I����������
in the next breeding season (n = 44 mares). Stallions 
�I�U�R�P���W�K�H���¿�U�V�W���J�U�R�X�S���V�H�H�P�H�G���W�R���U�H�J�D�L�Q���W�K�H���V�W�D�W�X�V���R�I��
normal fertile breeding stallions after vaccination. 
However, regarding the second group of stallions, 
the risk of long-lasting reduced testosterone 
�V�H�F�U�H�W�L�R�Q�� �D�I�W�H�U�� �*�Q�5�+�� �Y�D�F�F�L�Q�D�W�L�R�Q�� �Z�D�V�� �F�R�Q�¿�U�P�H�G����
Indeed, one to two years after vaccination with 
the EquityTM or ImprovacTM vaccines, the rate 
of non-recovery of reproductive function has 
�E�H�H�Q�� �H�V�W�L�P�D�W�H�G�� �W�R�� �E�H�� ���� �W�R�� �������� �L�Q�� �V�W�D�O�O�L�R�Q�V�� �D�Q�G��
�L�Q�� �P�D�U�H�V�� ���,�0�%�2�'�(�1�� �H�W�� �D�O������ ������������ �&�$�5�'�� �H�W�� �D�O������
������������ �(�/�+�$�<�� �H�W�� �D�O������ ������������ �-�$�1�(�7�7�� �H�W�� �D�O������ ������������
�6�&�+�8�/�0�$�1�� �H�W�� �D�O������ �������������� �6�R�P�H�� �V�W�D�O�O�L�R�Q�V�� �L�Q�� �W�K�H��
�V�H�F�R�Q�G�� �J�U�R�X�S�� �P�D�\�� �D�O�V�R�� �K�D�Y�H�� �E�H�H�Q�� �Du�H�F�W�H�G�� �E�\��
a spontaneous alteration of their reproductive 
capacity, i.e���� �E�\�� �L�G�L�R�S�D�W�K�L�F�� �V�X�E�I�H�U�W�L�O�L�W�\���L�Q�I�H�U�W�L�O�L�W�\��
observed in aged stallions. Scientists assume that 
at the beginning of this condition, there is an initial 
decline in important testicular factors necessary for 
�L�Q�W�H�U�D�F�W�L�R�Q�V���E�H�W�Z�H�H�Q���6�H�U�W�R�O�L���D�Q�G���J�H�U�P���F�H�O�O�V�����/�H�\�G�L�J��
cell dysfunction, along with reduced testosterone 
secretion are observed only when the condition is 
�V�H�Y�H�U�H�� ���5�2�6�(�5���� �������������� �2�Q�� �W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �L�I�� �Q�R��
stallions in the second group represented such a 
case, the risk of long-lasting immunocastration due 

to anti-GnRH vaccination could be estimated in our 
study cohort as being 31% (4 out of 13 stallions 
�Z�L�W�K���G�D�W�D���E�H�I�R�U�H���R�U���D�W���������P�R�Q�W�K�V�������$�V���V�X�F�K�����W�K�L�V���U�L�V�N��
�U�H�S�U�H�V�H�Q�W�V���D���P�D�M�R�U���F�R�Q�F�H�U�Q���I�R�U���W�K�H���X�V�H���R�I���D�Q�W�L���*�Q�5�+��
vaccination in valuable breeding stallions, but was 
accepted by the owners of EAV shedding stallions 
in our study compared to surgical castration or 
�F�X�O�O�L�Q�J���� �7�R�� �F�R�X�Q�W�H�U�D�F�W�� �W�K�L�V�� �X�Q�W�R�Z�D�U�G�� �Hu�H�F�W���� �D�Q��
agonist of GnRH, buserelin, was administered daily 
�I�U�R�P�� ���� �P�R�Q�W�K�V�� �E�H�I�R�U�H�� �W�K�H�� �E�H�J�L�Q�Q�L�Q�J�� �X�Q�W�L�O�� �W�K�H�� �H�Q�G��
of the breeding season in those 4 stallions. Three 
stallions subsequently presented daily increasing 
plasmatic testosterone concentrations and 
produced foals (VIDAMENT  et al.,�� �������������� �7�K�L�V��
fact gives us an indication in favour of the long-
lasting immunocastration hypothesis, since GnRH 
�V�X�S�S�O�H�P�H�Q�W�D�W�L�R�Q���Z�D�V���V�H�O�G�R�P���Hv�F�L�H�Q�W���L�Q���L�G�L�R�S�D�W�K�L�F��
�V�X�E�I�H�U�W�L�O�H���L�Q�I�H�U�W�L�O�H �V�W�D�O�O�L�R�Q�V�����6�7�2�8�7����������������

During follow-up, the characteristics of the 
�V�H�P�H�Q�� �D�Q�G�� �W�H�V�W�H�V�� �R�I�� �W�K�H�� �P�D�M�R�U�L�W�\�� �R�I�� �W�K�H�� �V�W�D�O�O�L�R�Q�V��
�Z�H�U�H�� �G�R�F�X�P�H�Q�W�H�G�� �E�H�I�R�U�H�� �D�Q�G�� �R�Y�H�U�� ���������� �P�R�Q�W�K�V��
after vaccination: evaluation of the number of 
�V�S�H�U�P�D�W�R�]�R�D�� �S�H�U�� �H�M�D�F�X�O�D�W�H���� �W�K�H�L�U�� �P�R�W�L�O�L�W�\�� �D�Q�G��
morphology, and measurement of testicular size by 
echography. Since these analyses were performed in 
�¿�H�O�G���O�D�E�R�U�D�W�R�U�L�H�V�����W�K�H���U�H�V�X�O�W�V���K�D�Y�H���Q�R�W���E�H�H�Q���U�H�S�R�U�W�H�G��
here. However, the stallions often presented a 
strong decrease in the number of spermatozoa, 
an increase in the number of detached heads, a 
reduction in testicular size, and a decreased libido. 
This was observed in both populations (see above) 
4-6 months after vaccination. In the population 
of stallions with an increase in testosterone 
�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �D�E�R�Y�H�� �������� �Q�J���P�/���� �S�U�R�G�X�F�W�L�R�Q�� �R�I��
spermatozoa and testicular size rose two months 
after this increase. The schedule of events was in 
agreement with those observed by JANETT et al., 
�������������� �I�R�O�O�R�Z�L�Q�J�� �Y�D�F�F�L�Q�D�W�L�R�Q�� �Z�L�W�K�� �W�K�H�� �(�T�X�L�W�\TM 
�Y�D�F�F�L�Q�H���� �,�Q�G�H�H�G���� �V�X�F�K�� �P�R�G�L�¿�F�D�W�L�R�Q�V�� �R�I�� �W�H�V�W�L�F�X�O�D�U��
function are usually observed after any temporary 
�L�Q�V�X�O�W���W�R���V�S�H�U�P�D�W�R�J�H�Q�H�V�L�V�����-�2�+�1�6�2�1���H�W���D�O������������������

�)�L�Q�D�O�O�\���� �R�X�U�� �U�H�V�X�O�W�V�� �R�E�W�D�L�Q�H�G�� �Z�L�W�K�R�X�W�� �F�R�Q�W�U�R�O��
�V�W�D�O�O�L�R�Q�V�� �D�Q�G�� �Z�L�W�K�� �L�U�U�H�J�X�O�D�U�� �¿�H�O�G�� �G�D�W�D�� �V�K�R�X�O�G�� �E�H��
�L�Q�W�H�U�S�U�H�W�H�G���Z�L�W�K���F�D�X�W�L�R�Q���D�Q�G���Q�H�H�G���W�R���E�H���F�R�Q�¿�U�P�H�G��
in a controlled designed study to evaluate viral 
clearance rate, as well as the risk of long lasting 
immunocastration after this type of immunization.
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Conclusion 
In most stallions that were naturally EAV 

infected and then immunized with an anti-GnRH 
vaccine, a decrease was observed in plasmatic 
testosterone levels at month 1-6, lasting 4 months 
or more, as well as a decrease in viral load in the 
semen until undetectable levels at months 3-10. At 
months 9-10, most stallions showed an increasing 
plasmatic testosterone concentration again, but 
others still had very low levels until months 13-14. 
Most stallions produced foals during the following 
�E�U�H�H�G�L�Q�J�� �V�H�D�V�R�Q�� ���������������� �E�X�W�� �W�K�H�� �R�W�K�H�U�V�� �Z�H�U�H�� �Q�R�W��
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�F�R�Q�¿�U�P�H�G���L�Q���D���F�R�Q�W�U�R�O�O�H�G���G�H�V�L�J�Q�H�G���V�W�X�G�\. 
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