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Retrovirus infections of cattle, including leukemia, are widespread in the whole world. In Ukraine, leukemia
has been investigated for over 40 years, whereas minor retroviruses of cattle have not been studied yet. Aim.
PCR-screening of samples of bovine peripheral blood, subject to diagnostic studies of leukemia, from the farms
in the Eastern Ukraine (Kharkiv and Sumy regions). Methods. The genetic material of agents of retroviral
infections in clinical samples was detected via conventional PCR and real-time PCR. Results of Investiga-
tions. The presence of BLV-, BIV-, BFV-infected animals among livestock was established. The number of
animals, infected with leukemia, was 57-100 % from the total number of examined livestock on average. The
presence of genetic material of BIV virus was either not detected at all, or detected in the amount of 62 % from
the number of tested animals. At the same time, the presence of genetic material of BFV was in the range of
61.5-81 % from the total number of studied samples. A possible connection between the viruses of leukemia,
immunodeficiency and foamy virus of cattle, circulating among the livestock in the farms of the Eastern region
of Ukraine, was also established. Conclusions. The presence of genetic material of immunodeficiency virus in
the leukemia-positive samples was insignificant — only 4 samples, whereas the presence of the foamy virus in
the leukemia-positive samples was detected in 51 samples, which was 3 % and 42 % from the total number of
investigated samples respectively. The absence of leukemia virus in the blood samples, containing the DNAs
of two other minor retroviruses, was detected in one sample (0.8 %). The simultaneous presence of all three

agents of retroviral infections was established in 36 samples (30 %).
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At present, an urgent medical and veterinary prob-
lem worldwide is the control of incidence of retrovi-
ral infections among people and animals [1]. Retro-
viruses, endangering the epizootic safety of animal
breeding, include bovine leukemia virus (BLV),
bovine immunodeficiency virus (BIV), and bovine
foamy virus (BFV). It is especially important to
study the associated retroviral infections.

The presence of genetic and functional affinity between
retroviruses of animals and the virus of human T-cell leu-
kemia, common features of pathogenesis of the disease
as well as the ability of overcoming interspecies barriers
proves the urgency of studying these agents [2, 3].
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Although the scientists, conducting serological stud-
ies as far as in 1975-1979, did not find any confirma-
tion of the fact that bovine leukemia virus is of direct
threat to humans, the discovery of the bovine leukemia
virus DNA in human breast tissues in 2014 still may
testify to the risk of infection and spreading of this vi-
rus in a human organism [4, 5].

On the contrary to bovine leukemia virus, which, al-
though studied well enough, is still of enormous medi-
cal, social, and economic threat, minor retroviruses
(BIV, BFV) are not studied in fine detail either globally
or in Ukraine in particular, which gives background for
potential related biorisks.
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The serological examinations of cattle in different
countries established a considerable incidence of bo-
vine immunodeficiency virus (BIV) among livestock.
For instance, BIV-seropositive animals constituted
4 % in the USA, 1.4 % — in the Netherlands, 5.5 % —
in Canada, 6.6 % — in Germany, 4 % — in France. Im-
munodeficient animals were also registered in Eng-
land, Sweden, Costa Rica, Venezuela, New Zealand,
and Australia. The percentage ratio of seropositive
animals to healthy cattle was 1-7 %. However, it
amounted to 50 % in specific herds of animals with
chronic diseases [6—10].

Brujeni G.N. et. al. studied a possible connection
between the viruses of bovine immunodeficiency and
leukemia. In many cases, the persistence of BIV virus
in the organism of animals was accompanied with the
presence of BLV, capable of causing lymphoid tumors
and persistent lymphocytosis, while animals remained
hematologically and clinically healthy. Out of 64 % of
ID-seropositive animals with lymphosarcoma, lym-
phoadenopathy, and other disorders, 74 % were infect-
ed with BLV [11, 12].

Juliarena MA, Gutierrez SE, Ceriani C. demon-
strated that the risk of BLV transmission from cattle
without lymphocytosis may differ depending on the
number of provirus copies. Thus, the animals with a
higher number of copies (> 100 000) may be reser-
voirs of the infection, whereas the animal with a low-
er number of copies (< 100 copies) is not capable of
transmitting the disease [13].

Rola-Luszczak ef al. conducted their work at creat-
ing real-time PCR for the identification of BLV and
its use in the interpretation of the serological results.
DNAs were isolated from the leukocytes of bovine
peripheral blood, which resulted in inconclusive re-
sults of serological tests. Compared against tradition-
al methods, real-time PCR detected 7.8 % more posi-
tive samples [14].

Our studies were aimed at conducting PCR-screening
tests and establishing possible circulation of bovine im-
munodeficiency virus, bovine foamy virus and their as-
sociation with bovine leukemia virus among livestock
of the Eastern region of Ukraine.

MATERIALS AND METHODS

The samples of bovine peripheral blood, subject to
diagnostic studies of leukemia in 2016, from the farms
in the Eastern region of Ukraine (Kharkiv and Sumy re-
gions) were selected. To prevent the clotting processes,
blood was taken to a test-tube with EDTA.

The total DNA was isolated from the samples us-
ing the Ampliprime commercial kit (Central Scientific
Research Institute of Epidemiology, the Ministry of
Health of the Russian Federation, Moscow, Russia) ac-
cording to the manufacturer’s protocol.

The detection of BLV provirus DNA in the clinical
samples was performed via polymerase chain reaction
using basic PCR kits Gene PakTM (Isogen LLC, Rus-
sia) (Table 1).

The following protocol of amplification was used for
pairs of primers BLV3 F/R:

1 step: denaturation — 95 °C — 2 min — 1 cycle;
2 step: denaturation — 95 °C — 30 sec,

annealing — 58 °C — 30 sec,

elongation — 72 °C — 30 sec; total — 40 cycles;
3 step: final elongation — 72 °C — 4 min — 1 cycle;

The length of the obtained amplicon was 440 base
pairs (b.p.).

The detection for pairs of BIV RT primers was con-
ducted according to the protocol:
1 step: denaturation — 94 °C — 10 min — 1 cycle;
2 step: denaturation — 94 °C — 30 sec,
annealing — 55 °C — 30 sec,
elongation — 72 °C — 2 min; total — 34 cycles;
3 step: final elongation — 72 °C — 5 min.

Table 1. Oligonucleotide sequences of primers for detection of retroviruses

Name of primer Sequence

Source

BLV3 F/R 5'-GGTAGAGCGGACAAATGGAC-3'
5'-TGACAGAGAGCGAGGAGAGTAAG-3'

BIV RT 5'-ATGCTAATGGATTTTAGGGA-3'
5'-AACGCCATTTCTTGGGTGTG-3’

BFVInt3/4 5'-TCCCGCCTAAAGCTG ATAGA-3’

5'-CAAACCTGAAATGGC TTGGT-3'

2013, O.LLE.

Cary A. Moody et al., 2002[15]

Materniak M, Sieradzki Z, Kuz'mak J., 2010 [16]
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Fig. 1. The percentage ratio of BLV-, BIV-, BFV-positive
samples
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Fig. 2. Qualitative determination of retroviruses associations
in clinical samples

The length of the amplicon was 495 b.p.

The detection of the BFV provirus DNA was con-
ducted via real-time polymerase chain reaction using
SybrGreen according to the following program.

1 step: denaturation — 95 °C — 15 min — 1 cycle;
2 step: denaturation — 94 °C — 30 sec,

annealing — 54 °C — 45 sec,
elongation — 72 °C — 1 min; total — 40 cycles;
3 step: final elongation — 72 °C — 5 min — 1 cycle.

The length of the amplicon was 241 b.p.

The analysis of amplification products of BLV3 F/R,
BIV RT was conducted via electrophoresis in 1.5 %
agarose gel, stained with ethidium bromide, under
the voltage of U = 75 V, amperage I = 50 mA for 30—
40 min and their further visualization in UV-light using
the transilluminator.

The length of obtained amplicons was controlled us-
ing the molecular mass marker MassRules, Fermentas
company.

RESULTS OF INVESTIGATIONS

PCR-screening was run on 121 samples of animal
peripheral blood, subject to diagnostic examinations,
from 4 farms in the Eastern region of Ukraine (Kharkiv
and Sumy regions).

The study of bovine blood samples from the farms
in the Eastern region of Ukraine established the pres-
ence of BLV-, BIV-, BFV-infected animals among the
livestock.

Out of 121 blood samples, genetic material of leu-
kemia virus was revealed in 101 samples, foamy vi-
rus — in 99 samples, and the genetic material of immu-
nodeficiency virus — in 44 samples, which amounted to
83.5, 82, 36.4 % respectively (Fig. 1).

Here the number of infected samples was different
for all 4 farms. The number of animals, infected with
leukemia, was 57—-100 % from the total number of ex-
amined livestock on average. The presence of genetic
material of BIV virus was either not detected (0 % in
the farms 1 and 2), or detected in the amount of 62 %
from the number of tested animals. At the same time,
the presence of genetic material of BFV was in the
range of 61.5-81 % from the total number of studied
samples (Table 2).

According to the data, obtained by some authors,
BIV-seropositivity may increase among BLV-infected

Table 2. The incidence of detecting BLV-, BIV-, BF V-infected animals among bovine livestock of the Eastern region of

Ukraine
Indices Farm 1 Farm 2 Farm 3 Farm 4
Tested animals 10 14 60 37
Number of BLV-positive 10 (100 %) 8 (57 %) 53 (88 %) 30 (81 %)
Number of BIV-positive 0 (0 %) 0 (0 %) 37 (62 %) 7 (19 %)
Number of BFV-positive 7 (70 %) 13 (61.5 %) 49 (82 %) 30 (81 %)
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cattle [3]. Based on the results of our studies, the pres-
ence of genetic material of immunodeficiency virus in
the leukemia-positive samples was insignificant — only
4 samples, whereas the presence of the foamy virus in
the leukemia-positive samples was detected in 51 sam-
ples, which was 3 % and 42 % from the total number of
investigated samples respectively. The absence of leu-
kemia virus in the blood samples, containing the DNAs
of two other minor retroviruses, was detected in one
sample (0.8 %).

The simultaneous presence of all three agents of ret-
roviral infections was established in 36 samples, which
constituted almost the third part of investigated sam-
ples (Fig. 2).

CONCLUSIONS

Therefore, the results of PCR-screening of bovine
blood samples demonstrated the presence of BLV-,
BIV, BF V-infected animals among the livestock. Pos-
sible connections between the viruses of leukemia, im-
munodeficiency and foamy virus of cattle, circulating
among the livestock in the farms of the Eastern region
of Ukraine, were established.

These are preliminary data, as the incidence range
for minor retroviruses in Ukraine is yet to be deter-
mined. There are no data on the hematological sta-
tus and clinical manifestations of diseases in these
animals, there are no data on any previous investiga-
tions either. Therefore, to establish a potential role of
minor retroviruses in bovine diseases, it is necessary
to conduct large-scale and long-term (taking into ac-
count the incubation period) studies, the number of
which is currently limited. From the standpoint of
incidence of retroviral infections and ensuring food
safety, it is urgent to obtain the information on the
circulation of viruses in the population of suscep-
tible animals.

PROSPECTS OF FURTHER STUDIES

Randomly selected samples can not reflect the whole
picture of incidence of retroviral infection agents
among bovine livestock. A great relevance of retrovi-
ruses for the etiology of immunodeficiencies of ani-
mals and humans, the lack of information about the in-
cidence of minor retroviruses in Ukraine, as well as the
presence of BLV-, BIV-, BFV-infected animals among
the livestock highlight the urgency of this topic and re-
quire further large-scale studies.
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KpoBi Ha HasiBHicTh BLV-, BIV-, BFV-in¢ikoBanux
TBAPUH B TOCIOAAPCTBAX CXiIHOrO0 periony Ykpainu
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PerpogipycHi indekuii Bemmukoi poraroi xynoom (BPX), y
TOMYy YHCIi W JeWKo3, 3HAYHO MOIIMPEHI y BCHOMY CBi-
Ti. B VYkpaiHi BHBYCHHSAM JeiiKo3y 3aiiMaloThCS yKe Io-
Hax 40 pokiB, y Tol "ac sk MiHOpHI perpoBipycn BPX mo
nporo yacy He BuBuamucs. Merta. IIJIP-ckpuHinr 3pas-
KiB mepudepiiinoi KpoBi Bia KOpiB, MO MiJJISTaId jiar-
HOCTHUYHUM JOCTi/PKEHHSM Ha JIeHKo3, 13 TOCIOAapCcTB
Cxignoro periony Ykpainu (XapkiBcbkoi Ta CyMCbKOT 0011 ).
Metonu. JleTekililo TeHEeTHYHOro Mmarepiaiay 30yIHHKIB
peTpoBipyCHUX iH(EKIIN y KIIHIYHUX 3pa3kax 311HCHIOBAIN
HISIXOM KJIACHYHOI ToJIiMepa3Hol JIaHIIOroBol peakiii Ta
moJIiMepa3Hoi JIAHIFOTOBOI peakilii y peXuMi peabHOro
yacy. Pesyabrarn. [loka3aHo HasiBHICTH cepel MOTOJIB s
BPX BLV-, BIV-, BFV-indikoBanux tBapuH. KinbkicTb
TBapyH, iH(QIKOBAHUX JIEHKO30M, CKJajajia B CEpeTHbOMY
57-100 % Bix uncna gocnikeHnx. HasBHICTh reHETHYHOTO
Marepiany Bipycy BIV abo He BusBsUH, a00 BUSBIISLIN Y
KiJbkocTi 62 % 3paskiB BiJ 4yHCiIa JOCIIKEHUX TBapHUH.
VY To#f yac HasBHICTh I'€HETHYHOrO Marepially MiHHCTOrOo
Bipycy Oynma B Mexax 61.5-81 % Big 3araibpHOi KUIBKOCTI
JIOCHIJPKEHNX 3pa3kiB. Takoxk OyJ0 BCTAaHOBICHO MOXKIIMBUI
3B’S30K MIDXK BIpycaMu JICHKO3y, IMyHOACQIIUTy Ta
niHucToro Bipycy BPX, 1m0 nupkymooTh cepes moroiis’s
xynobu y rocrnozmapcrBax CXigHoro periony YkpaiHu.
BucnoBku. [IpucyTHicTh TeHEeTHYHOTO Marepiany Bipycy
iMyHOZIeDIUTY y 3pa3Kax, MO3WTHBHUX IIOJO JICHKO3Y,
CKJIaJla HEBENHMKY KIIbKICTh — Jumie 4 3pa3KH, TOAl SK
MPUCYTHICTb MIHUCTOTO Bipycy y 3pa3kax, MIO3UTUBHHX L1010
Jneiikosy, Oyno BusBiIeHO y 51 3pasky, mo cxiano 3 i 42 %
BiJITIOBIJTHO BiJ 3araJibHO{ KUTBKOCTI JOCIIDKEHUX 3pa3KiB.
BingcyTHICTB y 3pa3kax KpoBi Bipycy JIEHKO3y 3a HassBHOCTI
JHK nBox iHIIMX MIHOPHUX PeTpPOBipyciB OyiI0 BHSBIEHO B
onHoMmy 3pasky (0.8 %). HasBHICTb 5ke 0THOUaCHO BCIX TPHOX
30yIHHKIB pETPOBIPYCHUX iH(EKIIiH OyT0 BCTAHOBJICHO y 36
3paszkax (30 %).

Kirouosi cioa: BPX, miHOpHI peTpoBipycH, MOJIEKyIsIpHA
JIlarHOCTHKA, MoJTiMepa3Ha JIaHIForoBa peaKIis.

I P-cKkpuHUHIOBbIE HCC/IEI0BAHUS KIMHUYECKHX
0o0pa3uoB KpoBU Ha Haauuue BLV-, BIV-, BFV-
HH(GUIMPOBAHHBIX *KUBOTHBIX B X03IlicTBAaX
BOCTOYHOTO PerHOHA YKpPauHbI

PerpoBupychbie nngexiun kpymnaoro poraroro ckora (KPC),
B TOM YHCJIE M JICWKO3, IIUPOKO PACIPOCTPAHEHBI BO BCEM
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mupe. B VYkpamne usyueHuem Jeikoza 3aHUMAIOTCS YyKe
Gomee 40 metr, B TO BpeMs KaK MHHOPHBIC PETPOBHPYCHI
KPC nmo cux mop He m3ydamuch. Lleab. [ML[P-ckpuHIHT
00pa3mnoB nepudepudeckoil KPOBHA OT KOPOB, MOIIEKAIITIX
JMAarHOCTUYECKUM HCCIIEAOBAHUIM Ha JIEHKO3, U3 XO3SHCTB
Boctounoro permona VYkpawnsl (XapekoBckonr u Cymc-
Kol 0011.). MeToabl. J[eTeKIHMI0 TeHETHYECKOro MaTepuaia
BO30yIUTENICH PETPOBUPYCHBIX MHPEKIUH B KIMHUYECKNX
o0pasnax OCYIIECTBISUIM ITyTeM KIaCCHUYECKON IIOIMMe-
pa3HOM LIEMHON peaklMK U MOJIUMEPA3HON IIEMTHOM peakuu
B peXHME pealibHOro BpeMeHH. Pesyiabrarhl. llokasaHo
Hanuuue cpeau moronoBes KPC BLV-, BIV-, BFV-
I/IH(bI/IHI/IpOBaHHBIX J)KMBOTHBEIX. KomnuecTtBo KUBOTHBIX,
MH-(QUIMPOBAHHBIX JIEHKO30M, COCTABIISIIO B CpelHeM 57—
100 % ot uncna uccnenoBaHHbIX. Hanmnune reHeTn4eckoro
marepuaia Bupyca BIV wim He ycraHaBiuBaiu, WU
¢ukcupoBanu B konuuectBe 62 % o00pa3lnoB OT wyHcia
HUCCIICAOBAHHBIX >»XUBOTHBIX. Hanuune reHeTuyeckoro ma-
Tepuaja MeHUCTOro BHpyca Obuio B mpemenax 61.5-81 %
0T 00IIero KOJMYECTBAa HCCIEIOBAHHBIX 00pa3loB. Tarke
Obula yCTAaHOBJICHA BO3MOXKHAsl CBsI3b MEXAY BHpPyCaMH
neiikoza, MMMyHozxeduuuTa M mnenucroro Bupyca KPC,
LUPKYJIUPYIONINX CPEIH IIOTOJNIOBbS CKOTa B XO3SIHCTBAX
Bocrounoro pernona Ykpaunsl. BeiBonbl. I[Ipucyrcreue
IEHETHYECKOr0 Marepuaja BuUpyca HMMyHoae(hHUIHTa B
o0pasiax, MOJOKUTENBHBIX IO JICHKO3Y, COCTaBHIO BCEro
4 oOpasia, Torna Kak NMPUCYTCTBHE IIEHHCTOTO BHpyca B
o0pasiax, IMoJI0KUTEIbHBIX 110 JIEHKO3Y, ObIIIO 00HAPYKEHO
B 51 obpasue u coctaBwio 3 u 42 % COOTBETCTBEHHO OT
00111eT0 KOJIMYecTBa HCCIIeIOBAaHHBIX 00pa3noB. OTCyTCTBHE
B oOpasmax KpoBHW Bupyca Jeiko3a npu Hanmumu JIHK
JIBYX IPYTMX MHUHOPHBIX PETPOBHPYCOB OBLIO OOHapyxKe-
HO B omHOoM oOpasme (0.8 %). Hamuume ke cpasy Bcex
Tpex Bo30yauTeneil peTpoBUPYCHBIX MH(EKIH ObUIo yc-
TaHOBIIEHO B 36 obpasuax (30 %).

KiroueBbie cioBa: KPC, MuHOpHBIE peTpOBHPYCHI, MOJIE-
KyJIsIpHasl TUarHOCTHKA, TOJTMMEpa3Hast LeHast PeaKIIys.
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