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An investigation of equine infectious anaemia infection in the
Central Anatolia region of Turkey
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INTRODUCTION
Equine infectious anaemia (EIA) is a

chronic disease of all members of equidae,
including horses, donkeys, mules, ponies
and zebra . It is characterised by periodical
fever, anaemia, thrombocytopaenia and
leukopaenia4,10. Equine infectious anae-
mia virus infection is of considerable
importance for the equine industry16. The
prevalence of infection varies throughout
the world and depends on the density of
the horse population, the proportion of
carrier animals, the insect vector popula-
tion, and control activities in the particular
area27. EIA has a worldwide distribution
and has been diagnosed on all continents
except Antarctica. The virus is endemic to
the Americas, parts of Europe, the Middle
and Far East, Russia and South Africa1,7,11.
Transmission occurs mechanically by
transfer of blood from an infected horse.
In nature, spread of the virus is most likely
via interrupted feeding of bloodsucking
horseflies on a clinically ill horse and then
on susceptible horses, or from the use of
contaminated needles22. Most naturally
occurring outbreaks of acute and subacute
cases of this disease develop during the
late summer and early autumn months in
the temperate zone. This coincides with
the peak of the biting insect population,
especially bloodsucking horseflies, deer

flies (tabanids), stable flies (Stomoxys
spp.) , mosquitoes and possibly
midges12,17,24,26. Biting insects, such as deer
flies, horse flies and stable flies rather than
mosquitoes, are generally considered to
play a primary role in mechanical trans-
mission of the EIA virus20. The fly popula-
tion of the Mediterranean and south-
eastern Anatolian regions of Turkey and
animal movement increases in summer;
therefore, the disease could spread
quickly and easily in Turkey.

Once a horse is infected with EIA virus,
its blood remains infectious for the remain-
der of its life. This means that the horse is
a viraemic carrier and can potentially
transmit the infection to other susceptible
animals8,34. The most important factor for
prevention of EIAV infection is separation
of infected from healthy animals. Thus,
the animals should be tested periodically
with serological tests and seropositive
animals should be considered as persis-
tently infected even if no obvious clinical
signs are seen, and these animals should
be isolated from healthy animals18. The
most useful serological tests for screening
of EIAV infection are AGID and ELISA8,13.
The AGID test, widely known as Coggin’s
test, has been approved by United States
Department of Agriculture (USDA) for
diagnosis of EIAV infection, but many
researchers state that ELISA is more sensi-
tive than AGID2,25.

The health statement for European
Union (EU) intra-Community movement
requires all horses to be clinically examined
and declared healthy prior to movement.
The requirement for health certificates
and clinical examinations prior to move-

ment does, however, not apply to the
movement of registered horses under the
Tripartite Agreement (TPA) between the
United Kingdom, Republic of Ireland and
France11. The EIA status of most of the
horse, donkey and mule populations in
Turkey is largely unknown as surveil-
lance is not carried out. Usually only a
relatively few horses (mainly racing
horses and horses on large farms) are
closely monitored and possibly tested for
EIA. In this study, serum samples were
collected from privately owned horses,
donkeys and mules. The purpose of the
present study was to investigate the prev-
alence of EIA antibodies in horses, don-
keys, and mules in the Central Anatolia
region of Turkey.

MATERIALS AND METHODS
The Central Anatolia region is predomi-

nantly an agricultural region and has
many working horses belonging to villag-
ers, who breed horses in small studs for
carrying their belongings. The total num-
ber of horses, donkeys and mules in the
region is about 41 00029.

In this study, the Simple Random Sam-
pling technique of the Regional Sampling
method was used35. Random sampling
points were selected in three provinces in
the Central Anatolia region. Sample units
close to these points were then deter-
mined, and the selected animals were
considered representative of the popula-
tion. Blood samples were collected from
275 horses, 80 donkeys and 51 mules older
than 3 years without clinical signs of the
disease (Table 1). Blood samples were
placed in clot activator vacuum tubes and
centrifugated at 3000 rpm for 10 minutes.
The separated serum samples were heat-
inactivated at 56°C for 30 minutes before
testing. Commercial AGID kits were ob-
tained from VMRD Inc. (Pulman, WA,
USA), and the test was carried according
to the manufacturer’s instructions. The
agar was prepared as a 1 % solution of
noble agar in 14.5 m borate buffer
(pH 8.6); 15 m of it was then transferred
to plastic Petri dishes. The test pattern
consisted of six peripheral wells around a
centre well: 50 µ of antigen was placed in
the centre well, reference positive serum
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ABSTRACT
In this study, 162 horses, 80 donkeys and 51 mule serum samples were collected in Konya
city. Additionally, 64 horse serum samples from Ankara and 49 samples from Kayseri city
were included in the study. A total of 406 serum samples were examined by agar gel
immunodiffusion (AGID) and enzyme-linked immunosorbent assay (ELISA) for antibody
to equine infectious anaemia virus (EIAV) and no positive result was detected.
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(50 µ ) was added to one peripheral well,
and the other five wells were used for test
serums (50 µ ). The Petri dishes were then
incubated for 24–48 hours at room tem-
perature to form the precipitin line that is
characteristic of a positive sample, where-
after the results were recorded. Suspect
samples were retested by AGID. A com-
mercial ELISA (Viral Antigen Inc., Mem-
phis, TN, USA) test kit was also used as a
different technique. The results were
evaluated spectrophotometrically at
450 nm adsorbance.

RESULTS
Two hundred and fifty owners from the

main cities (Konya, Ankara, Kayseri) of
the Central Anatolia region agreed to
cooperate in the study. A total of 406
animals (275 horses, 80 donkeys and 51
mules) was tested. All horses, donkeys
and mules were negative for antibodies to
EIAV.

DISCUSSION
EIA infection is prevalent in all parts of

the world and it is of importance for the
equine industry26,28. EIA is a notifiable
disease in Turkey and there are official
rules and regulations about EIA infection
in Turkey23.

Besides the several serological tests for
the diagnosis of the infection, AGID and
ELISA have been reported as the most
sensitive tests and they have been used by
many researchers4,13. AGID tests and
ELISAs are accurate, reliable tests for the
detection of EIA in horses, except for
animals in the early stages of infection
and foals of infected dams28,32. Confirma-
tion of a clinical diagnosis of EIA was
hampered until 1970 by the lack of a
simple, reliable diagnostic test. The suc-
cessful adaptation of the AGID test for the
diagnosis of EIA by Coggins and Norcross6

provided a reliable and economical
diagnostic tool. Additionally, the ELISA
has been successfully used for determi-
nation of antibodies against EIAV by
many researchers, and a good correlation
between two tests was found22,33.

Donkeys and mules have been tradi-
tionally used for transport as have horses
in Turkey and these animals are kept by
local people and are generally unregis-
tered. In previous studies3,5,36 evaluating
EIA prevalence in horses in Turkey using
the AGID test, and in horses, donkeys and
mules using both the AGID and ELISA, no
seropositivity for EIA was documented.
In the current study, the prevalence of
antibodies against EIA was studied in
horses, donkeys and mules only from the
Central Anatolia region using both AGID
and ELISA. In total, 406 serum samples
were collected in three cities (Table 1),

and none of them was positive. This situa-
tion shows that the disease is not present
or that it might be present but could not
be detected because of the low sampling
numbers or because the immune re-
sponse of those animals had not yet been
mounted. The virus titre, however, is
higher in horses with clinical signs and
the risk of transmission is higher from
these animals than the carrier animals
with lower titres19. High plasma viraemia
levels characterise the first disease epi-
sode, which is usually referred to as the
acute stage of equine infectious anaemia9.
Donkeys and mules infected with two
strains of EIAV had significantly lower
amounts of plasma-associated virus
and/or viral nucleic acid levels than
similarly infected horse or pony controls
during the critical early stages follow-
ing infection10,31. As was concluded in
this study, researchers in previous
studies3,5,15,22,30,33,36,37 reported that no
seropositivity was detected in horses,
donkeys and mules with no clinical signs
and they attributed this to the health of
all animals or that the animals were in the
early stages of acute EIA. Asymptomatic
and suspected animals may be detected
by using a more sensitive technique, such
as polymerase chain reaction (PCR), to
test for viral nucleic acids in blood or
tissues14,21.

CONCLUSION
In this research, besides the horse sera,

donkey and mule samples were tested
because these animals also play a role as
carriers. Regions with high density horse,
donkey and mule populations and
sampling units close to these regions were
selected, with a homogenous distribution
of animals in the selected regions. It is
concluded that EIA is not present the
Central Anatolia region of Turkey and
that EIA offers no potential risks for the
horse-breeding and racing industry in
this part Turkey.

REFERENCES
1. APHIS 2006. Equine infectious anemia:

uniform methods and rules, effective. The
United States Department of Agriculture
Publications, USA

2. Archaumbault D, Wang Z, Lacal J C, Gazit
A, Yaniv A, Dahlberg J E, Tronick S R 1989

Development of an enzyme linked
immunosorbent assay for equine infectious
anemia virus detection using recombinant
Pr55gag. Journal of Clinical Microbiology 27:
1167–1173

3. Ataseven V S, Arslan H H 2005 Equine
infectious anemia in mules, donkeys,
and horses: epidemiologic studies in the
different geographic regions of Turkey.
Journal of Equine Veterinary Science 25: 439–
441

4. Ball J M, Henry N L, Montelaro R C,
Newman M J 1994 A versatile synthetic
peptide based ELISA for identifying anti-
body epitopes. Journal of Immunological
Methods 171: 37–44

5. Burgu I, Akça Y, Toker A, Alkan F 1989
Atlarda enfeksiyöz anemi’nin serolojik
olarak ara�t�r�lmas�. Ankara Üniversitesi
Veteriner Fakültesi Dergisi 36: 123–128

6. Coggins L, Norcross N L 1970 Immuno-
diffusion reaction in equine infectious
anemia. Cornell Veterinarian 60: 330–335

7. Coggins L, Auchnie J A 1977 Control of
equine infectious anemia in horses in Hong
Kong. Journal of the American Veterinary
Medical Association 170: 1299–1301

8. Coggins L 1984 Carriers of equine infec-
tious anemia virus. Journal of the American
Veterinary Medical Association 184: 279–281

9. Cook R F, Issel C J, Montelaro R C 1996
Equine infectious anemia. In Studdert M J
(eds) Virus infections of equines Vol. 1.
Elsevier Publishing, Amsterdam: 297–323

10. Cook S J, Cook R F, Montelaro R C, Issel C J
2001 Differential responses of Equine
caballus and Equine asinus to infection with
two pathogenic strains of equine infectious
anemia virus. Veterinary Microbiology 79:
93–109

11. DEFRA 2006 Equine infectious anaemia:
Potential risk factors for the introduction of
the virus to Great Britain from EU member
states and countries neighbouring the EU.
International Disease Monitoring Unit Quali-
tative Risk Assessments 1: 1–16

12. Foil L D, Meek C L, Adams W V, Issel C J 1983
Mechanical transmission of equine infec-
tious anemia virus by deer flies (Chrysops
flavidus) and stable flies (Stomoxys calci-
trans). American Journal of Veterinary Research
44: 155–156

13. Grund C H, Lechman E R, Pezzuolo N A,
Issel C J, Montelaro R C 1996 Fine specificity
of equine infectious anaemia virus gp90-
specific antibodies associated with protec-
tive and enhancing immune responses in
experimentally infected and immunized
ponies. Journal of General Virology 77:
435–442

14. Harrold S M, Cook S J, Cook R F, Rushlow
K E, Issel C J, Montelaro R C 2000 Tissue
sites of persistent infection and active repli-
cation of equine infectious anemia virus
during acute disease and asymptomatic
infection in experimentally infected equids.

Table 1: Distribution of serum samples of horses, donkeys and mules from 3 cities in the
Central Anatolia region of Turkey.

Animals Central Anatolia Total

Konya Ankara Kayseri

Horse 162 64 49 275
Donkey 80 – – 80
Mule 51 – – 51

Total 293 64 49 406



14 0038-2809 Tydskr.S.Afr.vet.Ver. (2007) 78(1): 12–14

Journal of Virology 74: 3112–3121
15. Hedger R S, Barnett I T, Gray D F 1980 Some

virus diseases of domestic animals in the
sultanate of Oman. Tropical Animal Health
Production 12: 107–114

16. Hussain K A, Issel C J, Rwambo P M, Arni-
zaut A B, Ball J M, Schnorr K L, Montelaro
R C 1988 Identification of gag precursor of
equine infectious anemia virus with mono-
clonal antibodies to the major viral core
protein, p26. Journal of General Virology 69:
1719–1724

17. Issel C J, Foil L D 1984 Studies on equine
infectious anemia virus transmission by
insects. Journal of the American Veterinary
Medical Association 184: 293

18. Issel C J, McManus J M, Hagius S D, Foil L D,
Adams W V, Montelaro R C 1990 Equine
infectious anemia: prospects for control.
Developments in Biological Standardization 72:
49–57

19. Kemen M J, Coggins L 1972 Equine infec-
tious anaemia: transmission from infected
mares to foals. Journal of the American
Veterinary Medical Association 161: 496–499

20. Kemen M J, McClain D S, Matthysse J G
1978 Role of horse flies in transmission
of equine infectious anemia from carrier
ponies. Journal of American Veterinary Medi-
cal Association 172: 360–362

21. Langemeier J L, Cook S J, Cook R F, Rushlow
K E, Montelaro R C, Issel C J 1996 Detec-
tion of equine infectious anemia viral
RNAin plasma samples from recently
infected and long-term inapparent car-
rier animals by PCR. Journal of Clinical

Microbiology 34: 1481–1487
22. Lew A M, Thomas L M, Huntington P J 1993

A comparison of ELISA, FAST-ELISA and
gel diffusion tests for detecting antibody to
equine infectious anaemia virus. Veterinary
Microbiology 34: 1–5

23. Mara 2004 The law of animal health control.
General Directorate of Protection and Con-
trol Republic of Turkey, Ministry of Agricul-
ture and Rural Affairs Publications, Ankara

24. Mattioli R C, Zinsstag J, Pfister K 1992
African horse sickness and equine infec-
tious anemia serology in the Gambia. Tropi-
cal Animal Health and Production 24: 207–208

25. McGuire T C 1977 Immunoglobulin G sub-
class (IgG and IgG-T) interaction with the
p26 group specific antigen of equine infec-
tious anemia virus: immunodiffusion and
complement-fixation reactions. American
Journal of Veterinary Research 38: 655–658

26. Motie A 1986 An outbreak of suspected
equine infectious anemia in Guyana. British
Veterinary Journal 142: 36–40

27. OIE 2005 Equine infectious anemia. Manual
of Diagnostic Tests and Vaccines for Terrestrial
Animals 2: 1–9

28. Pearson J E, Knowles R C 1984 Standardiza-
tion of the equine infectious anemia
immunodiffusion test and its application to
the control of the disease in the United
States. Journal of the American Veterinary
Medical Association 184: 298–301

29. SIS 2004 Agricultural structure (production,
price and value). The State Institute of
Statistics Prime Ministry Republic of Turkey
Publications, Ankara

30. Smith V W, Coackley W, Maker D 1980
Absence of equine infectious anaemia in
the Kimberley region of Western Australia.
Australian Veterinary Journal 56: 255

31. Spyrou V, Papanastassopoulou M, Psychas
V, Billinis Ch, Koumbati M, Vlemmas J,
Koptopoulos G 2003 Equine infectious
anemia in mules: virus isolation and patho-
genicity studies.Veterinary Microbiology 95:
49–59

32. Suzuki T, Ueda S, Samejina T 1982 Enzyme-
linked immunosorbent assay for diagnosis
of equine infectious anaemia. Veterinary
Microbiology 7: 307–316

33. Tashjian R J 1984 Transmission and clinical
evaluation of an equine infectious anemia
herd and their offspring over a 13-year
period. Journal of the American Veterinary
Medical Association 184: 282–288

34. Tencza S B, Islam K R, Kalia V, Nasir M S,
Jolley M E, Montelaro R C 2000 Develop-
ment of a fluorescence polarization-based
diagnostic assay for equine infectious
anemia virus. Journal of Clinical Microbiology
38: 1854–1859

35. Thrusfield M 1997 Veterinary Epidemiology
(2nd edn). Blackwell Publishing, Oxford,
UK

36. Turan N, Y�lmaz H, Uysal A, Arslan M 2002
Seronegative findings on the investigations
of equine infectious anemia in the Marmara
region of Turkey. Turkish Journal of Veterinary
and Animal Science 26: 299–302

37. Uppal P K, Yadav M P 1989 Occurrence
of equine infectious anemia in India. Veteri-
nary Record 13: 514–515



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


