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Abstract : Taylorella equigenitalis (T. equigenitalis), Klebsiella pneumoniae (K. pneumoniae), and Pseudomonas
aeruginosa (P. aeruginosa) are sexually transmittable bacteria known to cause venereal diseases (VD) in horses. T.
equigenitalis causes contagious equine metritis (CEM), which is a considerable concern for equine breeding industry.
K. pneumoniae and P. aeruginosa may cause endometritis and infertility in susceptible mares. The purpose of this
study was to investigate the prevalence of these bacteria among breeding Thoroughbreds in South Korea. External
genital swabs were collected from 178 breeding Thoroughbreds, including 11 stallions and 167 mares. The samples
were tested using a commercial multiplex real-time PCR kit. T. equigenitalis, P. aeruginosa, and K. pneumoniae were
present in 5.6%, 7.3%, and 5.6% of tested Thoroughbreds, respectively. The results highlight the need for regular testing
of South Korean Thoroughbreds, particularly those used for breeding, for these bacteria. The regular pre-breeding test
for these bacteria will prevent health complications for the horse and financial losses for the owner as a result of VD.

Key words : Taylorella equigenitalis, Pseudomonas aeruginosa, Klebsiella pneumoniae, venereal disease, Thoroughbred.

Introduction

Contagious equine metritis caused by Taylorella equigeni-

talis (T. equigenitalis) and urogenital tract bacterial infec-

tions caused by Pseudomonas aeruginosa (P. aeruginosa)

and Klebsiella pneumoniae (K. pneumoniae) are common

venereal transmitted diseases of horses, generally leading to

reduced fertility in susceptible mares (6,10,13). T. equigeni-

talis is closely adapted the equine genital tract, and is highly

contagious and primary venereal transmissible bacterial agent

in horses (1,11). T. equigenitalis infected stallions generally

remain asymptomatic carriers, which persists as a commen-

sal on external genitalia (10). Infected mares can result in

clinical signs including endometritis, cervicitis, vaginitis and

infertility or may become asymptomatic carriers (10,13).

Although the infected mare is asymptomatic, the mare can

continue an infectious carrier for several months (11). There-

fore asymptomatic carriers make CEM challenging to detect

and control (11). P. aeruginosa and K. peumoniae inhabit the

external genital of the stallion and asymptomatic in the stal-

lion (8,11). Infection may occur in stallions from indiscrimi-

nate washing of the penis with soap, antibiotic treatment, or

breeding with an infected mare (4,11). These organisms can

induce endometritis with reduced fertility in susceptible

mares with weak uterine clearance (11). These venereal dis-

eases have significant economic impact resulting from the

costs associated with veterinary treatment and loss of future

foal sale if the mare remains infertile (2,4).

Genital swabs collected annually to screen for T. equigeni-

talis, P. aeruginosa, and K. pneumoniae are used to test for

presence of VD (1,9,10,15). Annual pre-breeding testing is

recommended by the Horserace Betting Levy Board’s code

of practice for the control of equine venereal diseases, in the

Ireland, United Kingdom, France, Germany, and Italy (9).

Conventional culture for the detection of T. equigenitalis and

P. aeruginosa has the disadvantage due to long culture time

up to 6 days and insensitivity, leading possibly to false-nega-

tive results (6,10). PCR based detection assays has advan-

tages on conventional culture method, particularly the speed

and specificity, as well as the ability to detect the agent in

horses under antibiotics treatment (6). There is a commercial

multiplex real-time PCR kit for the detection of these patho-

gens available in the market at present.

This study was conducted to investigate the prevalence of

T. equigenitalis, P. aeruginosa, and K. peumoniae in South

Korean breeding Thoroughbred’s using a commercial multi-

plex real-time PCR kit and to prevent the potential loss in

equine breeding practice in South Korea due to theses bacte-

rial venereal infection.

Materials and Methods

Genital swabs were collected using sterile nylon swabs

(Noblebio, Republic of Korea) and a routine clinical exam-

ination of external genitalia was performed on 178 Thor-

oughbreds of a breeding stock in South Korea (age range, 4-

24 years). Penile swabs (n = 11) were taken from the surface

of the penis, fossa glandis, and urethral sinus of stallions that

had been sedated. Vulvovaginal swabs (n = 167) were taken

from the clitoral fossa and sinuses of mares. Immediately
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after collection the swabs were stored in sterile tubes at

−20oC. DNA was extracted from the swabs using the cador

Pathogen 96 QIAcube HT Kit (Qiagen, Germany) with the

QIAcube HT system (Qiagen, Germany) according to the

manufacturer’s instructions and stored at −20oC. Extracted

nucleic acids were then amplified and probed for T. equigen-

italis, K. pneumoniae, and P. aeruginosa with the cador TKP

PCR reagent kit (Qiagen, Germany) according to the manu-

facturer’s instructions. Briefly, a 5 µL sample of extracted

DNA was added to a cador TKP PCR reaction tube contain-

ing 15 µL of TKP primer/probes mixture and 5 µL of 5X

pathogen master mix. Denaturation took place at 95oC for

5 minutes, followed by 40 cycles of PCR for the detection of

fluorescence signals (15 seconds at 95oC, 45 seconds at 60oC,

and 20 seconds at 72oC). Positive control and internal con-

trol, which were supplied with cador TKP PCR reagent kit

(Qiagen, Germany), were used and nuclease-free water (Qia-

gen, Germany) functioned as a negative control. The real-

time PCR was performed by a QuantStudio 5 Real-Time

PCR instrument (Applied Biosystems, USA).

Results

T. equigenitalis was detected in 2 out of 11 stallions

(18.2%) and 8 out of 167 mares (4.8%); K. pneumoniae was

detected in 1 out of 11 stallions (9.1%) and 9 out of 167

mares (5.4%); and P. aeruginosa was detected in 2 out of 11

stallions (18.2%) and 11 out of 167 mares (6.6%) (Table 1).

One stallion and one mare were positive for both K. peumo-

niae and P. aeruginosa. Another stallion was positive for

both T. equigenitalis and P. aeruginosa (Table 2). The exter-

nal genital of infected Thoroughbreds showed no visual clin-

ical signs like vaginal discharge or pus.

Discussion

T. equigenitalis, K. pneumoniae, and P. aeruginosa are

bacteria associated with VD in horses often presenting as

infectious endometritis and infertility in susceptible mares

(4,6,10,13,16). Infection with these bacteria results in eco-

nomic losses to the equine breeding industry (14). These bac-

teria are generally asymptomatic in stallions, while infected

mares may or may not be symptomatic (12). Symptomatic

mares present clinically with endometritis, cervicitis, and

vaginitis with discharges (1,11). Although the mare may become

asymptomatic carriers, the mare still remain capable of trans-

mitting infection (1,11). T. equigenitalis is highly contagious

resulting in CEM and has been detected worldwide prompt-

ing many countries to introduce strict regulations regarding

testing and reporting (7,12). In North America, T. equigeni-

talis is a reportable disease; in most European countries, and

South Korea it is a notifiable disease (2,5). In the United

Kingdom (UK) the Horserace Betting Levy Board code of

practice for CEM includes testing for T. equigenitalis, K.

pneumoniae, and P. aeruginosa prior to breeding (7,15). Breed-

ing can only occur if the test results are negative (15). This

code of practice is commonly followed in France, Germany,

Ireland, Italy and the UK (15). In South Korea, annual nation-

wide testing for T. equigenitalis has occurred since a 2015

outbreak of CEM (3). However, testing for K. pneumoniae

and P. aeruginosa has not introduced.

In horses, these bacteria are isolated commonly from the

external genitalia swabs in most venereal transmission cases

(1). The clitoral fossa and sinuses are common reservoirs of

these bacteria which are introduced into the uterus during

coitus (2,4). In stallions, these bacteria inhabit the external

genitalia including the urethral fossa, urethra, and penile

sheath (10,15). Diagnosis of infection is usually achieved by

culturing genital swabs, however, this method has the limita-

tions of long wait times and the possibility of false negatives

(6,10). PCR on the other hand is a fast, sensitive method and

also able to identify carriers (4,6,10). In this study, T. equi-

genitalis, K. pneumoniae, and P. aeruginosa were detected

simultaneously using a commercial multiplex real-time PCR

assay. The Thoroughbreds testing positive in this study repre-

sented no clinical signs and seems to be asymptomatic carri-

ers. Prevalence of T. equigenitalis, K. pneumoniae, and P.

aeruginosa in breeding Thoroughbreds ranged from 5.6% to

7.3% (Table 1). Although the number of the stallions are rel-

atively limited, the positive rate for these bacteria in stallions

are higher than the mares’: at lowest 9.1% versus 4.8% and

at highest 18.2% versus 6.6%. Evidence may suggest that

these bacteria were transmitted from the infective mares to

stallions during covering and inhabited and persisted in the

Table 1. The percentage of sampled South Korean Thoroughbreds testing positive for the bacteria T. equigenitalis, K. pneumoniae,
and P. aeruginosa as detected by a commercial multiplex real-time PCR kit using genital swabs

Number of Thoroughbreds T. equigenitalis K. pneumoniae P. aeruginosa

Stallions 011 02 (18.2%) 01 (9.1%) 02 (18.2%)

Mares 167 8 (4.8%) 09 (5.4%) 11 (6.6%)0

Total 178 10 (5.6%)0 10 (5.6%) 13 (7.3%)0

Table 2. The summary of the bacteria T. equigenitalis, K.
pneumoniae, and P. aeruginosa detected in genital swabs sampled
from breeding Thoroughbreds in South Korea using a commercial
multiplex real-time PCR kit

Number of

Thoroughbreds

Infected

horses

Non-infected

horses

Stallions 011 03a (27.3%) 08 (72.7%)

Mares 167 27b (16.2%) 140 (83.8%)0

Total 178 30 (16.9%)b 148 (83.1%)0

aT. equigenitalis was positive from 1 stallion, both K. pneumoniae
and P. aeruginosa were positive in 1 stallion, and both T. equigen-
italis and P. aeruginosa was positive in 1 stallion.
bT. equigenitalis was positive in 8 mares, K. pneumonia was posi-
tive in 8 mares, P. aeruginosa was positive in 10 mares, and both
K. pneumoniae and P. aeruginosa were positive in 1 mare.
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stallions.

The prevalence of VD in breeding Thoroughbreds caused

by T. equigenitalis, K. pneumoniae, and P. aeruginosa in

South Korea was revealed firstly by this study using a multi-

plex real-time PCR kit. Because of the risk of infertility of

infected mares, and economic losses for the owner and indus-

try several countries have strict codes and practices in regard

to regular pre-breeding VD (7,15). The data shows regular

pre-breeding testing for VD in stallions and mares needed to

prevent the spread of VD in South Korea. The regular pre-

breeding testing for VD and covering in only negative horses

are recommended and will help to prevent infertility in mares

caused by infection and the accompanying financial impact

for owners in South Korea.
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