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a b s t r a c t

Late-term abortion, stillbirth, and neonatal foal mortality (commonly referred to as late
fetal losses [LFLs]) of unknown etiology are a serious concern for horse farmers and
breeders in Kyrgyzstan. Therefore, we investigated major infectious causes of LFL, with a
focus on viral agents, for the first time in the horse population in the country. A total of 221
sera and 149 nasal swabs taken from mares in farms with a history of LFL within 1 year of
testing as well as tissue samples collected from 17 LFL cases were investigated. Serologic
studies revealed that equine herpesvirus type 1 (EHV-1) and type 4 (EHV-4) were prev-
alent in the population, although positivity rates were low with neutralizing antibody
titers of 1:4 to 1:32 (median 1:8) against both pathogens. High antibody titers in the range
from 1:32 to 1:512 (median 1:256) against equine arteritis virus (EAV) were detected in
mares on a single farm, whereas three mares from different farms tested positive for
Dourine. Virus isolation and PCR investigations of nasal swabs did not suggest ongoing
active infection with EHV-1, EHV-4, or EAV in the examined mares. Bacteriologic and
virological examination of tissue samples taken from LFL cases revealed the presence of
Escherichia coli and/or Streptococcus equi (subsp. zooepidemicus) in 35% of neonatal foal
death cases, and EHV-1 was isolated from a late-term abortion case representing the first
isolation of this important pathogen of horses in the country and, to the best of our
knowledge, in Central Asia.

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Kyrgyzstan is a landlocked country in Central Asia,
surrounded by Kazakhstan to the north, by China and
Tajikistan to the south, and by Uzbekistan to the west. It is
almost entirely mountainous with only 7% of the land area
ani, Área de Química
d Nacional de Cuyo,
entina.
amiani).

. All rights reserved.
suitable for arable agriculture. This characteristicmakes the
livestock sector one of the strongest and most important
sectors of its economy [1]. The Kyrgyz population values
horses as a source of meat and milk but also uses them as a
means of transport and for sport activities. Kyrgyzstan has a
total population of 433,000 horses, but numbers may be
higher than the official figures [2]. The country is among
the 10 biggest producers of horse meat with 22,000 t,
approximately half of which is used for the farmers’ own
consumption [2]. The majority of horse farms in Kyrgyzstan
are small and family owned, housing less than 10 animals
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[1]. Consequently, mare reproductive failure leading to
late-term abortion, stillbirth, or neonatal foal dead
(together referred to as late fetal loss–LFL) results in a loss
of milk and meat and direct economic losses. Late fetal loss
is a major problem for horse farmers and breeders in the
country, and increasing numbers of cases have been re-
ported to the health authorities in the last years. Late fetal
loss may be caused by noninfectious and infectious causes,
with equine herpesvirus type 1 (EHV-1), equine arteritis
virus (EAV), and, much less commonly, equine herpesvirus
type 4 (EHV-4) being associated with the syndrome [3].
Ascending placentitis leads similarly to abortion or the
birth of premature and weakened foals [4].

The present study aimed to investigate the role of
important abortigenic infectious agents in LFL for the first
time in the country.

2. Materials and Methods

2.1. Sample Collection

A total of 221 blood samples and 149 nasal swab spec-
imens were collected from 221 mares in 42 farms which
Fig. 1. Kyrgyzstan regions and location of
had experienced LFL within a year before sampling. Farms
located in Issyk-Kul region, Chui region, and city of Bishkek
were sampled between January–May 2013 (40 farms) and
February–May 2014 (2 farms) (Fig. 1 and Table 1). Three
sport horse and 39 family-owned (for dairy and meat
production) farms were included in this screening.
Sampledmares were from 3 to 15 years of age (median age:
5 years). Nasal swabs were placed in 2 mL of transport
medium (phosphate-buffered saline containing 100 U/mL
penicillin and 100 mg/mL streptomycin) and kept cold
during transport to the laboratory. At the time of sampling,
special attentionwas given to body condition and presence
of nasal or vaginal discharge. Upon arrival in the laboratory,
samples were appropriately aliquoted and kept frozen.
Tissue samples (consisting in lung and/or placenta for
every case plus kidney, liver, spleen, or brain in some cases)
were available from 4 late-term aborted fetuses, 2 still-
births, and 11 dead neonatal foals (Tables 1 and 2). These
samples were obtained from necropsies taken place from
September 2012 to March 2013 (16 cases) and February
2014 (1 case). Equine herpesvirus type 1 vaccination was
never practiced in the country before and during the
sampling period.
farms sampled during the survey.



Table 1
Distribution of the samples collected during the study.

Type Issyk-Kul
Region

Chui Region City of
Bishkek

Total

Dairy/
Meat

Sport Dairy/
Meat

Sport Dairy/
Meat

Sport

Farms 35 1 2 1 2 1 42
Blood 149 21 19 22 6 4 221
Nasal swabs 117 0 10 12 6 4 149
Necropsied cases 4 1 6 2 3 1 17
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2.2. Sample Processing and Analysis

Tissues (300–500 mg each) were homogenized with
sterile sea sand using amortar and pestle. Homogenates were
suspended in 2mL of Eagles’sminimal essentialmediumwith
Earle’s salts (Biochrom GmbH, Berlin, Germany) supple-
mentedwith 5% fetal bovine serum and antibiotics (100 U/mL
penicillin and 100 mg/mL streptomycin). Tissue debris was
removed by low-speed centrifugation. One-hundred microli-
ters of the supernatants was used for cocultivation with sus-
pensions of rabbit kidney (RK-13) or horse dermal fibroblast
(NBL-6) cells in 12-well plates for virus isolation. Nasal swabs
in transport medium were vortexed, centrifuged at 6,000 rcf
for 5 minutes, and 100 mL of supernatants used for cocultures
as described previously. Cells were incubated at 37�C in a
humidified 5% CO2 atmosphere and observed daily for
Table 2
Summary of the results collected during the investigation of 42 farms with LFL.

Samples Investigated Serologic or

EHV-1

221 serab 192 had titer
of 1:4 to 1
(median 1

149 nasal swabs Neg
Late abortion Lung, liver, spleen,

placenta, kidney, brain
Neg

Late abortionc Lung, liver, spleen,
placenta, kidney

Neg

Stillbirthc Lung, spleen Neg
Late abortion Lung, placenta Pos
Late abortion Lung, spleen Neg
Neonatal dead Lung, liver Neg
Stillbirth Lung, liver, kidney Neg
Neonatal dead Lung, brain Neg

42 tissues from
17 LFL

Neonatal dead Placenta Neg

Neonatal dead Placenta Neg
Neonatal dead Placenta Neg
Neonatal dead Brain, lung Neg

Neonatal dead Brain, lung Neg
Neonatal dead Lung, liver Neg
Neonatal dead Lung, spleen Neg

Neonatal dead Brain, liver, lung Neg
Neonatal dead Lung, kidney, brain, liver Neg

Abbreviations: EAV, equine arteritis virus; EHV-1, equine herpesvirus type 1; EHV-
a Lung and/or placenta tissues were investigated.
b 37 negatives and 3 positives for Dourine.
c Two cases collected at the EAV-positive farm.
cytopathic effect. Viral DNA and RNAwere extracted using the
RTP DNA/RNAVirusMini Kit (StratecMolecular GmbH, Berlin,
Germany) from 200 mL of processed samples (swabs and
homogenates) according to the manufacturer’s instructions.
Equine herpesvirus type 1, EHV-4, and EAV real-time PCRs
(qPCR) were performed with the Applied Biosystems 7500
FAST real-time PCR system (Life Technologies, CA) using
primers and probes described previously [5–7]. The protocols
included an initial reverse transcription step at 48�C for
10 minutes (only for EAV) and a denaturation step at 95�C for
2 minutes followed by 40 cycles of 95�C for 3 seconds and
60�C for 30 seconds. The total volume per well was 20 mL,
including 10 mL of either SensiFAST Probe Lo-ROX mix (for
EHV-1 and EHV-4) or SensiFAST Probe Lo-ROX one-step mix
(for EAV–both kits from Bioline, London, UK), 450 nM of each
forward and reverse primers, 100 nM probe, 5 mL of extracted
nucleic acid, 0.2 mL of reverse transcriptase (for EAV), and
nuclease-free water. Positive and negative controls were
systematically included in every extraction/reaction.

For clustering of EHV-1 isolates, sequencing of the
ORF68 region [8] was performed as described [9]. A hier-
archical cluster analysis was carried out with the MEGA 5
software, using the unweighted pair group method with
arithmetic mean. To investigate to which biotype (neuro-
or nonneuropathogenic) the isolated strain belonged, an
ORF30 PCR using primers forward (50-GTGGACGGTACCCC-
GGAC-30) and reverse (50-GTGGGGATT CGCGCCCTCACC-30)
Virological Results Bacteriological Resultsa

EHV-4 EAV

s
:32
:8)

176 had titers
of 1:4 to 1:32
(median 1:8)

<1:4 but 7
sera from
one farm
(1:32 to 1:512)

Neg but one Neg
Neg Neg Neg

Neg Neg Neg

Neg Neg Neg
Neg Neg Neg
Neg Neg E. coli
Neg Neg Neg
Neg Neg E. coli/Enterococcus sp.
Neg Neg E. coli/Enterococcus sp.
Neg Neg Neg

Neg Neg Neg
Neg Neg Neg
Neg Neg E. coli/Enterococcus

sp./Streptococcus
equi ssp. zooepidermicus

Neg Neg E. coli
Neg Neg Neg
Neg Neg E. coli/S. equi ssp.

zooepidermicus
Neg Neg Neg
Neg Neg Neg

4, equine herpesvirus type 4; LFL, late fetal loss; neg, negative; pos, positive.
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Fig. 2. 2% agarose gel electrophoresis of SalI-treated ORF30 PCR product
using EHV-1 KG14_1 (lane 1) and OH03 (neuropathogenic control, lane 2) as
templates. EHV-1, equine herpesvirus type 1.
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followed by SalI digestion (Fig. 2) of the amplified product
was performed as described [9]. An A to G substitution
present in neuropathogenic EHV-1 variants at position
2254 of ORF30 introduces a SalI site. Nonneuropathogenic
strains remain uncut, whereas neuropathogenic strains are
cut into two fragments of 247 and 133 bp. The PCR product
was subsequently sequenced for confirmation. To exclude
laboratory contaminations, an ORF1-ORF2 PCR using
primers forward 50-CCTTTTGGCTCTGGGTATTT-30 and
reverse 50-ACGGCGGAAACCTAGGCGATGTGT-30 with the
conditions described in the ORF30 PCR protocol was
applied [9].

Serum antibody titers against EHV-1, EHV-4, and EAV
were determined by serum neutralization tests (SNTs) as
described in the OIE Technical Manual [10,11]. For EHV-1,
duplicates of twofold serial dilutions of heat-inactivated
sera prepared in 96-well plates were mixed with an equal
volume of a virus solution containing 100 tissue culture
infectious dose 50% per well of EHV-1 strain RacL11.
Dilutions ranged from 1:4 to 1:512 after the addition of the
virus. The serum-virus mixtures were incubated 1 hour at
37�C, and 3 � 104 RK-13 cells were added. Cytophatic ef-
fects were assessed after 3 days of incubation at 37�C by
fixation with 3% formalin in phosphate buffered saline and
crystal violet staining. Equine herpesvirus type 4 and EAV
SNT were technically performed as described previously.
Equine herpesvirus type 4 SNT was executed with strain
T252 and NBL-6 cells, whereas EAV SNT was carried out
with Bucyrus strain prepared in a suspension containing
10% of guinea-pig complement and RK-13 cells. The titer
of each serum was determined as the reciprocal of the
highest dilution at which the monolayer was intact in both
of the duplicate wells. Titers of �1:4 were considered as a
positive result.

Routine aerobic culture of tissues samples was con-
ducted at the Institute of Microbiology and Epizootics at
Freie Universtiaet Berlin, whereas serum samples were sent
to the German National Reference center for Dourine at the
Friedrich-Loeffler-Institut of Jena to detect complement-
fixing antibodies against Trypanosoma equiperdum [12].

3. Results

Findings are summarized in Table 2. Clinical examina-
tion at the time of sampling revealed neither nasal nor
vaginal discharge in any animal of the sampled population.
Body conditions of animals were considered average,
except for one farm in Issyk-Kul region where the overall
status of all sampled horses was regarded as poor. Tissue
samples taken from all but one LFL cases resulted in
negative outcomes by virus isolation and qPCR examina-
tion for EHV-1, EHV-4, and EAV. However, placental and
fetal lung tissues from a late-term abortion case that
occurred in a mixed sport-breeding farm from Issyk-Kul
region tested EHV-1 positive by both virus isolation and
PCR. Characteristic EHV-1 cytopathic effect (focal rounding
of cells and cell detachment) was seen in cultures of RK-13
and NBL-6 cells. Negative results were obtained in all but
one (EHV-4 positive by qPCR, Ct of 31) nasal swabs from the
investigated mares. The isolated EHV-1 strain, named
KG14_1, was characterized as “nonneurologic” (Pol A2254)
by enzyme restriction digestion (Fig. 2) and direct sequence
analysis (GenBank Acc. No KU557665) of ORF30 PCR
product. Phylogenetic analysis using the 631-bp sequenced
ORF68 genomic region clustered EHV-1 strain KG14_1 into
group 1 þ 2 (Fig. 3). Analysis of the submitted ORF68
nucleotide sequence revealed the presence of a homopol-
ymeric tract of 7 guanine (G) residues (see GenBank Acc. No
KU557664). The ORF1_ORF2 PCR, which enables us to
exclude cross-contamination, produced a 1,596-bp band
using EHV-1 KG14_1 DNA as template, whereas EHV-1
strain RacL11 DNA (our routinely used laboratory strain)
showed a distinct 313-bp PCR product (data not shown).

Equine herpesvirus type 1 and EHV-4 seropositivity was
87% (192 out of 221) and 80% (176 out of 221), respectively,
of all mares tested. Low serum neutralizing antibody titers
of 1:4 to 1:32 (median 1:8) against both viruses were
detected in mares, a finding that suggests no implication of
either virus in the abortion cases. On the other hand, sur-
prisingly, high antibody titers in the range from 1:32 to
1:512 (median 1:256) were detected against EAV in serum
samples of all seven mares on a sport horse farm located in
the Chui region (Table 2).

Aerobic bacterial culture of lung and/or placenta tis-
sues from 17 cases revealed the presence of Escherichia coli
(one late abortion, one stillbirth, and four neonatal foal
death cases), Enterococcus sp. (one stillbirth and two
neonatal foal death cases), and Streptococcus equi ssp.
zooepidermicus (two neonatal foal death cases).
Complement-fixing antibody titers of 1:10, 1:640, and
1:1,280 against Trypanosoma equiperdum were detected in
3 out of 40 analyzed mares.

4. Discussion

Equine herpesvirus type 1 and EAV are considered the
two major viral causes of LFL [3], with the former being



Fig. 3. Phylogenetic tree constructed by the UPGMA method using partial EHV-1 ORF68 sequences. Groups are identified according to Nugent et al (2006). The
first two letters indicate origin of the isolate (US ¼ United States; GB ¼ Great Britain; HU ¼ Hungary; CR ¼ Croazia; DE ¼ Germany; FR ¼ France; BE ¼ Belgium
JP ¼ Japan). The Kyrgyzian isolate KG14_1 is highlighted. GenBank accession numbers are indicated. A representative group 1 strain included in the analysis i
underlined. EHV-1, equine herpesvirus type 1; UPGMA, unweighted pair group method with arithmetic mean.
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considered a frequent source of pregnancy loss in horses
worldwide [13–19]. Equine herpesvirus type 1 outbreaks
commonly occur in the last trimester of pregnancy andmay
result in abortions storms, with abortion rates of up to 80%
[20]. Equine arteritis virus–induced abortions can occur at
any time between 3 and 10 months of gestation, with
abortion rates during field outbreaks varying from 10% to
70% depending on the virus strain [21–23]. Although not
common, EAV has been described as a cause of neonatal
foal death [24]. Equine herpesvirus type 4, which shares
high degrees of genetic and antigenic similarity with
EHV-1, has also been implicated in late-term abortions in
mares, although rarely [25]. Serologic evidence of exposure
to EHV-1 and EHV-4 in the horse population studies was
expected, as both viruses are distributed worldwide [26].
Seroprevalences of 87% and 80% were found for EHV-1 and
EHV-4, respectively. Positivity rates were low (median
neutralizing antibody titer of 1:8), likely reflecting the
endemic nature of both viruses in the Kyrgyz horse popu-
lation, rather than the two agents being the cause for the
observed LFL in the investigated farms. If the two viruses
had been the source of abortion that occurred during the
last pregnancy, we would have expected higher neutral-
izing antibody titers in the sampled population. After an
EHV-1 outbreak, serum neutralizing antibody titers usually
rise substantially and remain at relatively constant levels
for months [9]. Supporting the serum neutralization re-
sults, neither PCR amplification nor virus isolation was
successful in tissues from late-term aborted fetuses, still-
births, or neonatal foals deaths collected before starting
serum sampling in April 2013. Surprisingly, given the lack
of evidence for EHV-1 as the causal agent of LFL in 2013, a
late-term abortion case that occurred in February 2014
tested positive for EHV-1. The sports horse–breeding farm
located in the Issyk-Kul region, which holds 27 mares, was
reported to have experienced 9 LFL between December
2013 and February 2014. Neither tissues nor blood from the
other eight cases were submitted for laboratory
investigation.

Laboratory cross-contamination with a routinely used
EHV-1 RacL11 strain was excluded by applying a
discriminatory PCR. Compared to field strains, RacL11
possesses a deletion of 1,283 bp resulting in the absence
of the majority of ORF1 and the complete ORF2 [27].
Molecular characterization revealed a non-
neuropathogenic, or abortigenic, genotype in the isolated
EHV-1 strain KG14_1. Indeed, signs of neurologic mani-
festation of infection were not reported after or before
the case. The A2254 genotype was shown to be predom-
inant in nonneurologic EHV-1 abortion outbreaks
worldwide [28–32]. When a phylogenetic tree was con-
structed based on a variable ORF68 region, EHV-1
KG14_1 was allocated into group 1 þ 2 [8], represented
by European, Japanese, and American isolates of EHV-1.
Groups 1 and 2 appear always superimposed on
ORF68-based evolutionary trees [8,9,33,34], and a
detailed analysis of the determined sequence is required
to allocate isolates precisely into group 1 or 2 [8]. The
Kyrgyz isolate possesses a homopolymeric tract of seven
G residues characteristic of all but group 1 (which con-
tains eight, six or nine G residues) indicating KG14_1
strain as a group 2 isolate. It is therefore predicted that
EHV-1 KG14_1 codes for a truncated version of ORF68
protein as the majority of EHV-1 strains. Within group 2,
relatively recent isolates from Europe and the United
States are clustered together. Thoroughbred racing ac-
tivities in Kyrgyzstan and other Central Asian countries
as Kazakhstan have increased in the last years [35], with
horses being imported to the country for breeding pur-
poses. The EHV-1 positive case occurred in a sports
horse–breeding farm and virus was isolated from
placenta of an aborting Thoroughbred mare and lung of
her lost foal. Whether the breeding farm imported mares
from Europe or United States is unknown.

High neutralizing antibody titers against EAV (me-
dian 1:256) were detected in all seven mares on a
breeding farm in Chui region indicating exposure to
EAV. The farm breeds sports horses and houses 25
mares and 2 stallions. Some animals were purchased
abroad and the owner was reluctant to give further
information. As vaccination against EAV is not common
practice in Kyrgyzstan, antibody titers against the virus
may be the result of either vaccination/infection abroad
or past/recent infection on site. No signs indicative for
active EAV infection were recorded during sampling.
Tissues from two LFLs that occurred early in the year
were available for virological examination and tested
negative for EAV. We consequently assume that EAV was
not implicated in those recent cases. The presence of
EAV carrier stallions in the farm should be investigated,
as those are the source for outbreaks of the disease
when used for insemination of immunologically naïve
mares [22,36].

Although we focused our interest on viral causes of
abortion, serologic screening for Dourine was also car-
ried out. Dourine screening was done in five mares of a
farm in which sudden deaths, preceded by the loss of
coordination in two foals, were reported by the owner.
Visual examination of the mares revealed poor body
conditions and a single edematous patch of 5 cm in a
foal, symptoms suggestive of Dourine infection [12,37].
No tissues from LFL cases were available for examination
in this farm. The testing was also applied randomly to 35
mares from 18 farms included in the study. Although
clinical signs compatible with the disease were neither
reported nor detected at the time of sampling, three
mares from different farms resulted positive for Dourine
with titers of 1:10, 1:640, and 1:1,280. However, the
specificity of the dourine complement fixation test is not
well characterized, with cross-reactivity observed due to
the presence of other trypanosomes, for example, Try-
panosoma brucei and Trypanosoma evansi. Thus, positive
results in the absence of clinical disease need to be
interpreted with caution. The latest Dourine outbreak in
the country was reported to the World Animal Health
in 2002.

In a further attempt to identify the origin of LFL,
bacteriologic examination of lung and placenta tissue
samples taken from aborted fetuses, stillbirths, and dead
neonatal foals was performed. Routine aerobic culture
revealed the presence of E. coli and/or Streptococcus equi
(subsp. zooepidemicus) in the lungs of four dead
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neonatal foals. These microorganisms are frequently
associated with placentitis and found in foal tissues
from fatal cases of neonatal septicemia [38,39]. Bacterial
placentitis is a common cause of late-term abortion and
perinatal complications in mares and poses a significant
threat to fetal and neonatal viability. A work conducted
in Australia clearly demonstrated that ultrasound
monitoring and treatment (antibiotics and different
combinations of anti-inflammatory drugs and altreno-
gest) of high-risk mares improves fetal and neonatal
viability [40].

5. Conclusion

To the authors’ knowledge, this is the first report with
the aim to investigate for causes of LFL in Kyrgyzstan.
Evidence of EHV-1 as a causal agent of a late abortion
case in a sports horse–breeding farm is provided. An
investigation with the purpose to detect placental ab-
normalities as the result of bacterial infection in preg-
nant mares owned to breeding farms for meat and/or
milk production will therefore be conducted in the
country in the coming years.
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