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Aleutian mink disease (AMD) caused by parvovirus is a real curse of the industrial mink breeding worldwide. Most
minks infected with the AMD virus die, so the symptomatic treatment is aimed to extend the life of diseased minks until
the fur maturation. This review contains an analysis of data obtained from the use of Gamavit (GM) and Phosprenyl
(PP), which are widely used in practical veterinary medicine, including in fur animals, and have therapeutic efficacy for
treating other parvovirus infections of carnivores.

Both drugs were administered to minks by mixing with feed at the rate of 0.1 ml per kg of body weight for GM and 0.05
ml per kg of body weight for PP.

In efficiency studies of the drugs on healthy animals, it was shown that they had a positive effect on the resistance of
animals to adverse impacts (infections, feeding disorders, weaning). GM was most effective for increasing the fertility
and number of kits per female, as well as for reducing the alimentary anemia, while PP was effective for increasing the
survival rate of kits and contributed to their growth. Both drugs stimulated phagocytosis, increased SBA and SLA.

The combined use of PP and GM increased the survival rate of young animals by 7.3% and the number of kits per female
by 0.45 animals, as well as increased the number of defect-free skins by 7%. In addition, it eliminated anemia and
increased the level of hemoglobin and erythrocytes in minks affected with AMD, although they did not reach the lower
limit of the norm. Moreover, the use of PP and GM increased the number of kits per female by 0.7 animals vs. control,
while the mortality rate of young animals reduced by 9.8%.

Thus, the combined use of GM and PP in minks can increase the main natural resistance indicators (SBA, SLA levels,
phagocytosis indicators, the absorption ability of peripheral blood granulocytes, the activity of natural killer cells) and
significantly reduce anemia. Furthermore, the combined use of the drugs can increase the survival rate of young animals,
the number of kits per female, reduce the live weight decrease in kits and increase the number of defect-free skins.
Keywords: mink, Aleutian disease, parvoviruses, Phosprenyl, Gamavit, anemia.
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Aseymcras 60e3ab HOpor (ABH), Bo3bygumeseM KOmMopou CAYKUM NAps8osUPYC, A8/11emMCca HACMOSWUM OUYOM /I
NPOMBIW/IEHHOZ20 HOPROBOGCMBA 80 8CeM Mupe. boavuuuHCcmMB0 uHpuuyuposaaavix supycom ABH HOpok nozubarom, no-
2MOoMYy Ueb CUMNIMOMAMUYeCK020 JeUeHUs COCOoUM 8 moM, 4mobbl npog/Iumbp KU3Hb O0IbHbIM HOPRAM O CO3PEBAHUI
B0JIOCAHO20 NOKPOBA. B HACmMosweM 0630pe npoaHau3uposanvl ganHvie 06 ucnoab3osaruu npu ABH Iamasuma (I'M) u
@ocnperuza (OI1) — npenapamos, WIUPOKO NPUMeHIeMbIX 8 NPAKMUYECKOU semepuHapull, 8 MOM YUc/e y NYUWHbIX KU~
BOMHDIX, U 06/1AgA0WUX Mepanesmudeckol 9QPermusHOCMbIO NPU gpyeux Naps0BUPYCHbIX UHPERGUIX NIOMOIJHDIX.
O6a npenapama gasasu HOpRAM, pasMewiusad ux ¢ Kopmom u3 pacyema 0,1 ma/rRe maccvl mesaa gas I'M, u 0,05 ma/re
Maccvl mejaa gia OI1.

IIpu ucnvimaruu sppermuBHOCMU NPenapamos Ha 3goposoM N020/I08be ObLI0 NOKA3AHO, YMO OHU NOJ0KUME/TbHO B/IU-
A0mM HA ycmoudusocms 38epell K HeOIazonpusmHabIM 803gelicmsuaMm (UHPeRyuU, HapyueHUsS KOPMAEHUS, OmMCcagra).
T'M 6v11 HAUbOZEE d9pheRMUBEH ¢/ NOBLILIEHUA ONJI0JOMBOPIEeMOCIU U BbIX0gA WEHKO8, d MAKXKe ¢/ YMeHbW eHUS
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6eronyxocmu, a @IT — ¢/ nosbltieHUA COXPAHHOCMU U ARMUBU3AuUU pocma weHros. Oba npenapama cmuMyauposaii
¢azoyumos, nosvruasu BACK u /IACK.

Couemanroe npumerHeHue @IT u I'M no3so 1110 nosvicumb COXPAHHOCMb MOJIOGHARA Ha 7,3 %, ysesuuumsp 8biX0g WeHKOB
Ha 0,45 wieHRa Ha caMKy u noaydumb Ha 7 % 6oabuie WIKYPOK 6e3 gepermos. Tarxke y 60vHbIXx ABH HOPOK ygaaoch
CROpPPERmMuUpOsambv dHeMUIO U NOBbICUMDb YPOBEHb 2eM02I00UHA U SpUmMpoyumos, Xoms OHU He Jocmuez/all HUKHel 2pa-
HUUbI HOpMbL. KpoMe moeo, 8biX0g WeHK08 0om 60IbHbIX CAMOK npu ucnoab3osarnuu OIT u I'M 6vir Ha 0,7 wjeHKA sbiwie,
yeM 8 KOHMPO/Ie, Mmoegad KAK 0mx0g MOJI0ogHAKRa cHu3ugcsa Ha 9,8 %.

Tarum obpasom, couemarnroe npumeHerue I'M u @IT Hopram npu ABH nos3so/igem nosvicums OCHOBHbIE NOKA3AMe Il
ecmecmaeHHOU pe3ucmeHmeuocmu opearusma (yposau BACK, /IACK, norazamesu ¢pazoyumosd, n0z10mumeabHoll
CNoCcOBGHOCMU ZPAHY/IOUUIMOS8 NepudepudecKoli Kposl, dRMUBHOCMU eCIECMBeHHbIX KUJI/JIePHbIX KACINOK) U 8 3HAYU-
meabHOU cmeneHu ycmpaHums aHemuro. KpoMe moeo, couemaHHOe npuMeHeHUe Npenapamos no3so/igem nosblcliumb
COXPAHHOCMb MOJIOGHAKA, YBeJIUYUMb 8bIX0g WEHKOB8 HA CAMKY, YMeHbUWIUMb CHUKEHUE JKUB0U MACChl WEHKOB 11 NOAY-

yumpb 60be WKYPOK 6e3 gegermos.

Kiarouesvie c108a: HOpKU, azeymcKag 604e3Hb, Napsosupycyl, GOCNPeHUA, 2AMABUIM, AHEMUA.

Abbreviations (coxpamenns): AMD (ABH) — Aleutian
mink disease (Aneyrckas 6omesHb HOpok), GM (TM) —
Gamavit (Tamasut), NK cells (EKK) — natural killer cells
(ecrecTBennbie kumnepublie kaeTku), SLA (/IACK)— serum
lysozyme activity (IM30mMMHAs aKTUBHOCTDH CHIBOPOT-
ku Kposu), PP (®II) — Phosprenyl (®ocnpenun), SBA
(BACK) — serum bactericidal activity (6akrepmnummaas
AKTUBHOCTH CHIBOPOTKM KPOBM).

Aleutian mink disease, or viral plasmacytosis, is
literally a real curse of the industrial mink breeding
worldwide [45]. The disease can become epizootic with
the death of up to 90 % of diseased minks [43] and causes

enormous economic damage manifested by a number
of indicators: reduction of the total number of animals
on the farm, decreased fertility of females, a mass death
of mink kits, worsening of the fur quality, etc. [40, 42].

Causative agent, pathogenesis, clinical signs
of AMD

The causative agent of AMD is a small DNA-containing
parvovirus of the genus Amdoparvovirus, the family
Parvoviridae [2]. The key virus reproduction protein is the
NS1 nuclear protein, which possesses ATPase and helicase
activity and contains sites through which its caspases —
the main mediators of apoptosis — are recognized and
cleaved [13]. In addition, there are two capsid proteins,
VP1 and VP2, which are the main targets for the immune
response [39]. There is no clear understanding of the
mechanism how the AMD virus penetrates into cells [47].

The pathogenesis of AMD is similar in some respects to
some mechanisms of the development of equine infectious
anemia, hemolytic anemia, murine lymphocytic
choriomeningitis and African swine fever, which are
characterized by hypergammaglobulinemia. Two stages are
distinguished in the pathogenesis of the disease: infectious
and autoimmune.

The first stage proceeds in the same way as with
most viral infections — it begins after the invasion and
reproduction of the virus that stimulates proliferation of
plasma cells that infiltrate many organs: lymph nodes,
bone marrow, spleen, liver, kidneys, etc. [2]. Then,
hypergammaglobulinemia develops with gamma globulins
making up to 50 % of all serum proteins [38]. Interacting

with the virus, antibodies form immune complexes,
in which the virus preserves it infectious activity.
Thus, antiviral antibodies exacerbate the development
of AMD — a phenomenon of antibody-dependent
enhancement of the infection can be observed. The
inability of specific antibodies to neutralize the invading
virus causes its lifelong persistence in the body. During the
phagocytosis of immune complexes, macrophages release
the virus, contributing to its subsequent multiplication
in phagocytic cells. As a result, the immune response
only contributes to the virus reactivation and impedes
the recovery.

Moreover, the second stage with the AMD development
is accompanied by an autoimmune process. The formed
perivascular and glomerular complexes of the virus and
antibodies are deposited on small blood vessel membranes,
capillaries of renal vascular glomeruli, blood vessel walls of
the liver and other organs, which leads to the development
of necrotic arteritis, proliferative glomerulonephritis and
other pathological conditions. It is supposed that it is the
formation of such immune complexes that is the main
reason for unsuccessful attempts of vaccination against
AMD [37].

Clinical signs of AMD depend on the severity of the
disease. Shortly before the death of the animals, they
show aversion to food, depression, exhaustion, ulceration
of the mucous membrane of the mouth, lips, gums, and
renal failure. In addition, severe anemia develops due to
the breakdown of red blood cells, decreased or inadequate
erythropoiesis [44].

Most of the minks infected with the AMD virus die and
those who had recovered from the disease fail to develop
the immunity [40]. Formalin-inactivated vaccines against
AMD contribute to only some increase in resistance
of the animals. The main purpose of symptomatic
treatment with vitamins, glucose, electrolyte solutions,
immunomodulators, etc. is to prolong the life of sick
minks before the fur maturation.

Use of immunomodulators and biostimulants

We have analyzed specific aspects of the use of
immunomodulators and biostimulants in minks with
AMD. In available published data, we found information
on the use of drugs such as Levamisole, Thymogen,
Polyoxidonium, Phosprenyl (PP) and Gamavit (GM) for
this purpose.
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It was shown that in minks spontaneously infected with
the AMD virus, the number of red blood cells, the levels
of hemoglobin and hematocrit are significantly lower than
in healthy ones [33]. Levamisole had a weak and short-
lasting immunomodulating effect on the body of minks
with AMD, while the administration of polyoxidonium
and thymogen contributed to a certain decrease in the
intensity of pathological processes and autoimmune
reactions, the infiltration of immune organs by plasma
and mast cells [20].

However, most studies of AMD dealt with GM and
PP — drugs that had long been used in practical veterinary
medicine, including in fur animals [1, 3, 5, 8, 33]. GM
is an effective immunomodulator [10], a metabolic and
hematopoietic stimulator, which is successfully used
for the treatment of clinically expressed infections,
including those caused by parvoviruses [30], parasitic
infestations [14, 28], various intoxications [12, 24| and
other pathological conditions and stressful physiological
periods of life. Its active ingredients are sodium nucleinate
and denatured placenta extract. PP (the active substance
is sodium polyprenyl phosphate) is an antiviral and
immunomodulating agent that is effective in many viral
infections of small domestic animals [23, 26]. It is also
important that PP has proven clinical efficacy for the
treatment of parvovirus infections in dogs (parvovirus
enteritis) and cats (panleukopenia) [19, 26].

Both drugs were administered to minks by mixing with
feed at the rate of 0.1 ml per kg of body weight for GM and
0.05 ml per kg of body weight for PP.

In efficiency studies of the drugs on healthy animals,
experiments conducted on the Saltykovsky Animal
Breeding Farm showed that both drugs had a positive
effect on the resistance of animals to adverse impacts
(infections, feeding disorders, weaning). GM was most
effective for increasing the fertility and number of kits
per female, as well as for reducing the alimentary anemia,
while PP was effective for increasing the survival rate
of kits and contributed to their growth [8]. Both drugs
stimulated phagocytosis, increased SBA and SLA [9]. The
incidence of staphylococcal infection in newborn kits was
also prevented [21].

In another study conducted at Rechnoye CJSC in the
Omsk Region, PP was administered i.m. It was found that
PP increased the erythrocyte count in the peripheral blood
of minks infected with the AMD virus by 13% (P<0.05)
and the group of sick animals treated with PP showed
an increased absorption capacity of peripheral blood
granulocytes and enhanced quantitative indices of the
phagocytic index and phagocytic number [4]. In another
study conducted by the same animal breeding farm, after
administration of PP to minks infected with the AMD
virus, the number of erythrocytes increased by 14.9%
and the level of hemoglobin grew by 7.5% (P<0.001 and
P<0.05, respectively) [35].

Based on the results, a scheme was developed for the
combined use of these drugs in case of unfavorable course
of AMD. The purpose of this experiment was to maintain
the level of natural resistance of animals spontaneously
infected with AMD, to prevent the expected decrease in
the number of kits per female, their death and to reduce a
live weight decrease. Like in previous experiments, both
drugs were given together with food in the same doses.
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1. Results of the combined use of PP and GM in minks suspected of
developing AMD
PesynbTathl covyetaHHoro npumeHendns ®I u 'M y Hopok ¢ nopo-
3penuem Ha AbH

Control Experiment
Indicators (122 (141
females) females)
Kits per female, animals 4.130.1 4.58+0.1*
Nulmber of kits in the experiment, 400 400
animals
Survival r?’te of young animals until 915 98.8*
slaughter, %
females, 2250417 231021
50 animals
Live weight of kits, g
males, 382026 384030
50 animals
Defect-free skins, % 72 79
* significant differences (P<0.05) vs. control

As can be seen from Table 1, the use of PP and GM
allowed to increase the survival rate of young animals by
7.3 % and the number of kits per female by 0.45 animals.
In addition, in the experimental group, the live weight of
kits increased and the number of defect-free skins was
more by 7% [22].

The following series of experiments studied the effect
of the combined use of GM and PP on indicators of the
erythroid lineage of hematopoiesis and natural resistance.
When comparing the above scheme of the combined use of
GM and PP (scheme 1) with a modified scheme, in which
PP was additionally given with feed for the second time,
3 days before blood collection (scheme 2), the following
results were obtained (Table 2).

2. Results of hematological and immunological studies of blood of the
minks suspected of developing AMD
Pe3ynbTathl remaTonorn4eckoro M MMMyHONOTNYECKOr0 UCCeA0BaHMA
KPOBM HOPOK ¢ nofio3peHnem Ha AbH

Hemo- Erythro-
Group globin, cytes, SBA,%  SLA, ug/ml
g/l million
Control 12.7:06 | 4.8:0.1 | 21.8+0.1 56.7+0.9
Experiment,
scheme 1 (stan- | 449,06 | 54202 | 38603 | 96.7+2.1
dard scheme of
PP + GM)
Experiment,
scheme 2 PP +
GM (+PP 3 days | 15.7+0.5* | 6.9+0.1** |44.9+0.2** | 158.3+1.2**
before blood col-
lection)
o) 181£12 | 8.7:1.4 - -
norm
* significant differences (P<0.05) vs. control, ** P<0.01
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As can be seen from the data obtained, the hemoglobin
level and the number of erythrocytes in control minks
were lower, which is typical for anemia in AMD.
In the experimental groups, the level of hemoglobin
and erythrocytes significantly increased, but did not
reach the norm. However, scheme 2 proved to be more
effective. Similarly, the combined use of PP and GM in
minks suspected of AMD according to scheme 1 resulted
in an increase in SBA by 1.8 times, SLA by 1.7 times,
while according to scheme 2 — by 2.1 and 2.8 times,
respectively [22].

In the next series of experiments conducted in the
Saltykovsky Animal Breeding Farm, the efficiency of
the combined use of PP and GM in infected females was
assessed on 699 animals. They were included into an
experimental group. In the control group, which included
both seronegative minks (3781 animals) and minks
suspected of AMD (2160 animals), 27 % were positively
reacting females at the beginning of the experiment.
Seronegative females that remained after isolation of
positively reacting ones served as additional controls.
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3. Effect of PP and GM on the number of kits per female and survival
rate of young American minks of sapphire color diseased with AMD
Bnusuue ®I1 1 'M Ha BbIXOA ¥ COXPAHHOCTb MOJIOHSAKA aMEPUKAHCKUX
HOPOK OKpaca «cantgmp», 605bHbIX ABH

Control
Negatively
reacting

(3781
animals)

Experiment
699 animals

Suspected of
AMD (2160
animals)

Indicator

Females affected with

AMD, % 100 27 0
Kits per female, animals 49+01 4.2+0.1 5.10.1
Mgrtallty of young 3 13.0 58
animals, %

The experiments showed (Table 3) that the use
of PP and GM increased the number of kits from
diseased females by 0.7 animals vs. control (4.9 and 4.2,
respectively, P<0.001). Moreover, the number of kits per
female in the experimental group did not significantly
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differ from negatively reacting control animals (4.9 and
5.1, respectively; P>0.05). The mortality rate of young
animals in the experimental group was lower by 9.8%
vs. control — animals suspected of AMD (3.2 and 13%,
respectively). It should be emphasized that the mortality
rate of young animals was even lower than for control
negatively reacting, i.e. healthy, animals.

Since there are no effective specific remedies for treating
AMD, the main task of the combined symptomatic
treatment regimens for this disease is to improve the
condition of sick minks, to maintain the fur quality and
to prolong the life of animals to the maximum extent
until the fur maturation. We believe that GM and PP are
most suitable for solving this problem. The use of these
drugs can increase the main natural resistance indicators
(SBA, SLA levels, phagocytosis indicators, the absorption
ability of peripheral blood granulocytes, the activity of NK
cells), significantly reduce anemia (increase the number of
erythrocytes and the hemoglobin level almost to the lower
limit of the norm). In addition, the combined use of GM
and PP for treating AMD can increase the survival rate of
young animals, the number of kits per female, reduce the
live weight decrease in kits and increase the number of
defect-free skins by 7 %.

As one of the features of the course of AMD is antibody-
dependent enhancement of the disease, it is important to
note that PP has proven therapeutic efficacy for treating
flavivirus infections [16, 18], in the pathogenesis which,
like in AMD, an antibody-dependent enhancement of a
viral infection plays an important role [17]. In addition,
hemolytic anemia, which increases with the progression
of the disease, is of great importance in the pathogenesis
of AMD. We cannot disregard the important role of GM
in the reduction of anemia.

It has been repeatedly shown that GM eliminates
anemia and restores the erythroid lineage of hematopoiesis
in stressful conditions [6], congenital iron deficiency [7],
blood parasitic diseases in dogs [14, 25, 27], cats [29],
northern deer [15, 32] and other animals [26]. Moreover,
GM effectively restored erythropoiesis in experimental
hemolytic anemia caused by phenylhydrazine [31].
The mechanism of development of toxic anemia in the
latter case is associated with a blockade in the binding
of erythropoietin to receptors leading to disruption of
the JAK-STAT signaling pathway and suppression of
erythrocyte maturation [44]. GM has a positive effect on
structures of the liver parenchyma in minks [36].

Thus, at present, GM and PP are apparently the only
immunomodulatory (GM and PP) and antiviral (PP)
therapeutic agents with obvious therapeutic efficacy for
treating AMD. It is noticeable that both drugs have also
proven themselves in the treatment of other mammalian
parvovirus infections - feline panleukopenia [19] and
canine parvovirus enteritis [26, 30].
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Hoeunen: 65 net M.I. Muxaitnoso#n

3acay:keHHOMY BeTepuHapHoMy Bpauy PD, 3amecturenio HauaasHuka ['BY JIO «CBBX Jlaneii-
Honosibckoro U [loanopoxckoro paitoHoB» Mapuu IlerpoBHe Muxaitnosoit 07.10.2019 ropa wuc-
TMOJTHUJIOCH 65 JIeT.

ITocne okonuanust cpeaneit mkomabl, M.I1. MuxaiinoBa noctynuia B JIeHUHIpaaCKUil BETepU-
HapHbI MHCTUTYT. B 1979 1. ycnenrHo okoHuMIa ero 1 Obu1a HampasieHa B OfeccKyro 001acTh, rie
paboTaja BeTBpauoM Ha oBlieBogueckoM Komruiekce. B 1980 . Obla mpuHsTa HAa paboTy B KauecTBe

' A BeTBpaya MoJjiouyHoro Komrurekca Ha 1200 roos B [TogmopoxkckoM paitorne JIeHUHTpaacKoii 00J1acTH,

e perrajga npooaeMbl oaaepKaHus reHo(poHIa alipITIPCKOI TOPOJIbI, BHEAPSIS MPAKTUKY UCKYC-
CTBEHHOT'O OCEMEHEHMSI KOPOB.

B KpymHBIX KOMIUIEKCaX ¢ OECITPUBSIZHBIM COIepKaHUEM XKUBOTHBIX, TTPU UX OOJIBIIIOM CKOIIJIEHUM Ha OTrpaHUIeHHBIX TUI0-
AASX HY>KHO OBLJIO THIATEJIBHO MPOBOAUTH MPOTUBO3MU300TUYECKHE MEPOTIPUSTHS TI0 TYOEpKyJIe3y, Opyleuie3y 1 JeiHKo3y.
B1997 r. [Tognopoxckuii paitioH ObLT 030POBJIEH OT JieiiKo3a. bblja BHeApeHa aucnaHcepru3alivsl BCEro MorojoBbs, YTo IMo-
3BOJIJIO CBOEBPEMEHHO BBISIBJIATH OOJIbBHBIX KOPOB U MPOBOAUTH JieueOHO-TpoduiakTuyeckue Meporpusitus. CyliecTBeHHO
YMEHBIIUIUCH 32001€BA€MOCTh 110 He3apa3HbIM 00JIe3HSIM, B TOM YHCJIE aKYIIIepCKO-THHEKOJOTUIECKO MaTOJIOTUM, U STTOBOCTbD,
CHM3UJIACh 3200J1eBAEMOCTb 10 XUpPyprudeckum 6ose3HsaM. B 90-e rojipl, Korna He XBaTano KBATM(MUIIMPOBAHHBIX KUBOTHOBO/IOB,
B [Moamopoxbe npu npodrexyurmiie Ne 244 M.T1. MuxaiijioBa OTKpbLia Kypc, Tae o0ydaia OyaylinX orepaTopoB MAalIUHHOTO
JIOEHUST OCHOBaM XMBOTHOBO/ICTBA, (DU3MOJIOTUY XUBOTHBIX M TEXHOJIOTMU IOEHUST KOPOB.

3a 3aciiyru B 00JIaCTU CEJIbCKOTO X034 CTBa U MHOTOJIETHUI, TOOpOocoBeCcTHbIN Tpya Ykazom [pesuneHrta Poccuiickoit Me-
neparuu ot 06.08.1997 roma M.T1. MuxaiiioBoii TpUCBOEHO 3BaHUE «3aCTyKeHHBII BeTeprHAPHBIA Bpad PM».

Komnextus cranuuu u apy3bst Mapuu [1eTpoBHBI cepaeuHO MO3APaB/IsIIOT €€ ¢ I00MIeeM, XKeIaloT KPEIIKOro 310POBbsI, CUaCThs
B JIMYHOM XXU3HU U HOBBIX TBOPUYECKUX YCTIEXOB.

A.A. bampaxkos, B.H. Buoenun, E.E. Maxkeesa
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