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Parameters of biochemical serum test of pigs in sarcosporidiosis

Sarcocystoses (sarcosporidioses, sarcocystoses) are invasive diseases caused by protozoa — coccidia of the
genus Sarcocystis, the family Sarcocystidae. The main damage the disease causes livestock. Being localized in
the muscles and heart of intermediate hosts (cattle and small cattle, pigs) cause exhaustion, anemia, decreased
productivity and even death. In 1843, the German scientist Miescher first described characteristic intramuscular
formations in the skeletal muscles of a domestic mouse, believing that these were clusters of parasites of un-
known nature. Subsequently, similar formations in the muscles of other animals began to be described under
different names: “Misher's bags”, “Rhine bodies”, “psorospermia” (ie scabies sperm). It was only in 1882 that
Lankester began to call them meat cysts, or sarcocists, and proposed for their designation the corresponding
generic name — Sarcocystis. A change in the level of iron, zinc, total and ionizing calcium in pig blood was
observed during the clinical symptoms of sarcosporidiosis, when the disease is transmitted to the muscle. The
article analyzes the changes in minerals and the activity of enzymes in the blood.
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Introduction

Porcine sarkosporidiosis causes serious economic damage to livestock. With sarcosporidiosis, the growth
and development of piglets deteriorates, fertility decreases, the death of young animals is often observed, and
meat products also worsen. To date, clinical manifestations and pathological changes have been described
[1, 2], but the dynamics of biochemical parameters are not well understood.

The aim of our research is to study the changes in minerals in pig blood and the catalytic activity of
enzymes in sarcosporidiosis.

Materials and method of study

The experiments were carried out in 2018 in a peasant farm in the Almaty region on 10 piglets of large
white breed of 3—-4 months of age, divided into 2 groups: 6 experimental animals were infested with Sorcocystis
suicanis sporocysts at a dose of 75x10° parasites (1), 4 control ones did not infect (11). Keeping and feeding of
the animals were the same. Blood was taken for examination before infection (2—4 times), then on 7, 14, 21,
30, and 40 days after infection. Biochemical studies included: determination of total calcium according to
F. Umland, K.l. Meckenstok, ionized calcium — by calculation method according to I. Todorov, chlorides —
by Levinson, copper — by I.W. Landers, V. Zak, iron — by W.T. Caraway, activity alkaline and acid phos-
phatases — by Bodansky, aspartic (AST) and alanine (ALT) transaminases — according to Reitman and Fren-
kel. The obtained data were statistically processed using the constant method [3].

Results and discussion

Data on the dynamics of mineralization in the blood serum of experimental invasive piglets with spores
of sarcocystis suicanis are shown in Table 1. The severe period of the disease was characterized by an increase
in the total calcium content and subsequently, a decrease in the transitional stage. The actual increase in the
index compared to the initial data was observed on the 7th day (+69.1 %, P>98.8). Subsequently, the lowest
levels of total and ionized calcium were recorded at 53.9 and —63.3 % (P<99.9), respectively, compared with
data 30 days before infection [4, 5].

At the end of the experiment (40 days), the level of total calcium normalized, while ionized calcium
decreased from the initial level by 61.9 percent (P>98.8). Serum iron and copper levels increased, and the
maximum value was determined after 14 days, i.e. during clinical manifestations of the disease gradually de-
creases to 21-30 days by 111.0 and 62.4 % (P>99.9). During the parasitic period (40 days), the initial level of
iron was recorded, and the copper content exceeded the initial level by 29.5 % (P>92).
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Table 1

The dynamics of the content of minerals in the serum of the pancreas with sarcoporroidosis (M+m), n=10

Days Total calcium, lonized calcium, Iron, Copper, Chlorides,
of observation mmol/L mmol/L mmol/L mmol/L mmol/L
Before infection 1.5240.32 1.2140.13 11.10+2.10 25.80+2.30 73.72+5.93

1.43+0.21 0.98+0.03 9.40+2.30 27.30+£3.21 74.80+4.20
7 days after 2.57£0.10 1.28+0.06 17.40+2.70 32.104£2.70 86.85+3.88
infection 1.84+0.18 1.00+0.12 11.8+1.40 28.0+2.10 80.0+1.24
14 days after 1.36+0.07 0.69+0.06 25.50+3.80 41.90+3.20 79.84+5.24
infection 1.26+0.04 1.18+0.10 11.40+£2.30 29.10+1.71 60.46+6.21
21 days after 1.01+0.07 0,61+0,07 21.70+£2.62 27.404+2.20 75.42+4.34
infection 1.18+0.23 1.23+0.21 9.50+2.41 31.0+£2.31 84.20+3.25
30 days after 0.70+0.23 0.42+0.11 15.67+1.50 36.40+3.80 96.86+3.86
infection 1.20+0.31 1.74+0.21 8.70+1.73 25.40+2.61 93.0+2.36
40 days after 1.24+0.09 0.46+0.05 10.004+2.20 33.40+2.80 75.69+1.13
infection 1.17+0.33 1.70+0.14 8.7+£2.32 30.10+2.36 64.2+2.35

Note. In the field of the test group, figures for the control group are indicated.

Changes in the amount of chloride in the blood serum in the experimental and control groups were not
observed during the experiment, an average of 64.20+2.35 mmol/L.

The enzymatic activity of aspartic and alanine transaminases, alkaline and acid phosphatase in serum of
pigs significantly changed with sarcosporidiosis (Table 2).

Table 2

Change in the activity of enzymes in the serum of pigs in experimental sarcosporidiosis (M £ m), n =10

Aspartate Alaninamino Alkaline Acidic
Days of observation aminotransferase, transferase, phosphatase, phosphatase,
nmol/s. L nmol/s. L nmol/s. L nmol/s. L
Before infection 30.9+1.9 9,1+3.4 2.46x1.04 0.78+0.16
31.4+1.1 8,4+2.8 3.81+1.2 0.84+0.14
7 days after infection 25.543.8 14,2+3.1 11.19+1.84 0.59+0.19
31.3+06 6,2+1.7 4.04+2.1 0.81+0.22
14 days after infection 55.946.3 33.545.5 15.16+£1.98 4.11£1.05
31.3£1.8 13.2+£2.4 39423 0.81+0.10
21 days after infection 59.34£2.5 17.8+£2.9 16.61£2.67 1.64+0.17
32.5+2.1 10.2 £1.5 2.7£1.7 1.7+0.12
30 days after infection 51.4+4.2 57.8+1.8 11.61+1.52 3.06+1.85
32.7+1.9 15.8£2.4 6.5+1.3 1.6+0.14
40 days after infection 40.2+3.8 29.2+6.04 9.03+1.52 1.3840.33
26.0+4.1 19.1£2.8 5.5+1.2 1.21+0.32

Note. In the field of the test group, figures for the control group are indicated.

Thus, the actual growth of ACT and ALT — 67.6 and 268.1 % (P>99.9) was determined within 14 days,
and the catalytic activity of alkaline and acid phosphatase in comparison with the initial data was 516.0 and
426, respectively, 0 % (all P>99.9). The highest activity of AKT and alkaline phosphatase on the 21st day was
observed in the range from +91.6 to +575.2 % (P>99.9). High activity of these enzymes on the 40th day
(+30.1 %, P>94); (+220.9 %, P>98); (+261.1 %, P>99) and acetic phosphatase remained in the original data.
Actual changes in the control group of animals were not detected during the control.

Discussion of the study results

Thus, in a severe period of the disease, pancreatic disorders occur in the form of hyperkalemia, hyperbili-
remia, hypercupremia. Detected hypercalcemia is a consequence of a kidney and urinary tract disorder; the
decrease in the content of ionized calcium is due to a decrease in the biosynthesis of albumin proteins in serum,
as well as a violation of the water balance and acid-base balance.
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Hyperbiliremia can be associated with high hemolytic erythrocytes and, as a result, the growth of the
gallbladder in the blood serum, hypercupremia, major muscle fibrosis due to liver damage, is the result of a
high level of ceruloplasmin product. A sharp increases in the activity of transaminases. According to Y. Musil,
the liver has deep lesions before necrosis [6]. Fluctuations in the chloride content in the experimental and
control groups of animals were not observed.

Conclusions

Disruption in mineral metabolism in blood serum such as hyperdemia, hypercupremia, hypercalcemia, in
the severe stage of sarcosporidiosis of the pig; an increase in the enzymatic activity of aspartic and alanine
transaminases, alkaline and acid phosphatases is observed.

When the disease transitions into the chronic stage, the activity of AST, ALT, and alkaline phosphatase
is maintained at a high level; the amount of ionized calcium is lower than the initial one; other indicators also
are normalized.

A comparative study of the morphology of sarcocysts, cystozoites, and sporocysts under a light micro-
scope of the sarcocysts we have identified from different mammalian species shows the presence of a wide
variety of shapes and sizes of cysts, merozoites, and the structure of the cysts wall.

The size and shape of cysts depend largely on their age and degree of maturity.

The most stable diagnostic sign of Mature sarcocysts in different species of animals under a light micro-
scope is the structure of the cystic wall and the size of Mature asexual stages of development of sarcocysts-
merozoites.

The most stable diagnostic sign of mature sarcocysts in various animal species under a light microscope
is the structure of the cyst wall and the size of the mature asexual stages of development of sarcocysts —
merozoites.

According to the morphological characteristics of the cystic wall and Mature merozoites, in some cases,
it is possible to distinguish species only with the help of an electron microscope.

When determining the type of sarcosporidium, the type of intermediate and definitive host is of great
importance, along with the morphological and biological properties of the parasite.

Sarcosporidia, like other eimeriid spores, are parasites that are strictly specific to the intermediate host.

The dependence of the size of merozoites on the taxonomic affiliation of the final host was noted.

Analysis of morphological features of different types of sarcosporidia shows that the morphology of these
parasites depends largely on the taxonomic affiliation of the final host.

In sarcosporidia, the final hosts of which are predatory mammals (Fox, Korsak, cat), merozoites are large,
the wall of the cysts is thick with transverse striation, (under a light microscope).

The exception is sarcocysts from the house mouse, in which the wall of the cysts is smooth.

In sarcosporidia, the final hosts, which are birds of prey (Buzzard, owl, Kestrel), are merozoites smaller
in size, the wall of the cysts is thin, smooth without transverse striation.

The selection of probable final hosts-predatory animals for setting up experiments to clarify the develop-
ment cycle of detected sarcocysts is not an easy task, especially in wild animals.

Some help in selecting the likely final hosts of the sarcocysts under study can be provided by the regu-
larities of the dependence of morphological features on the final host.
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J1.V. CekcenoBa, b.K. Ecumog, 3.A. NoparumoBa

Capkocnopuano3 Ke3iHje MOIMKAHBIH KaH CAPbICY bIHAFbI
OMOXMMHSIIBIK KOpCceTKilTep

Capkorpicto3ap (CapKOCIIOPUINO3ap, Sarcocystoses) — OyJI KOKIMIMSIAPABIH Sarcocystis TYBICHIHA,
Sarcocystidae TyKbIMIIachIHA JKaTaThIH KaparaibIMABLIAP TyIbIPAThIH HHBA3USIIBIK aypyiap. Herisri 3usHbIH
MaJl IapyalibUIBIFbIHA TUT13eI1. ApalbIK HeldepiHiH OYIIBIK eTTepi MeH Xyperinze (ipi koHe ycak Magapa,
IIOIIKAJa) OKIIayJaHa OTBHIPBIN, MAaJIbIH apbhIKTayblHA, aHEMHSAFa, OHIMALUTIKTIH TOMEHIEYiHe KOHE TilTi
erimre okesemi. 1843 sxpuibl Hemic FampiMbl Mumtep (J.F. Miescher) yit teimkangapsiasie (Mus musculus)
OWIIIBIK €T TaJIIIBIKTapbIHAH CapKoIMcTanapasl TanTel. KeliHipek ochHaall mucranap skaHyapiIapbH 0acKa
Jla TYpJIepiHiH OYIIBIK eTTepineH Ta0buFaH. Onap apTypuli aTayaap/a cunarrana 6acTagsl: «MUIIEp KaIllIbIK-
Tape», «PEHHIIK IeHelep», «IcopocrepManapy» (SFHH, KbIIbIMa crepManapsl). 1882 xeuel Jlankectep
IIOIIKA CapKOCTIOPHIMSCHIH CHITATTAll, OJapasl Sarcocystis mischeri Jien aTajabl xaHe ocblIaiiima Sarcocystis
TYBICHI aTayhl eHri3iireH. CapKoCIOpHANO3 aypyBIHBIH KIMHAKAIBIK Oenriiepin Oalikar, aypy OYIIIBIK eTKe
aybICKaH Ke3eH/IE IIIOIIKA KaHbIH/Ia TeMIp, MBIPBILLI, JKaJIITbl )KOHE MOHIaHFaH KaJIbLIMH MeJIIepin/ie e3repicTep
GonaThIHbI aHBIKTaFaH. Makanaia KaHJarbl MUHEPaJIIbIK 3aTTap MeH (pepMeHTTep/IiH OeICeHAUTIKTepiHiH 03~
repicTepi TaJgaHFaH.

Kinm ce3dep: capkocopuan03, THIIEPCUAEPEMHUS, THIIEPKYIPEMUs, TUIIepKanbIueMus, GepMeHTTep, AUHA-
MHKa, CApKOIHCTO3, KAH CapBICYHI.

J.Y. Cekcenona, b.K. Ecumos, 3.A. UGparumoBa

buoxuMuuyeckue nmoka3areju B CbIBOPOTKE KPOBH CBHHEH IpHu CapKoCImopuano3e

CapKomucTo3bl (CapKOCHOPHUINO3BI, Sarcocystoses) — 3TO MHBA3HOHHBIC OOJIC3HH, BBI3BIBAEMBIC MPOCTEH-
IMINMH — KOKIUAMSIMU pojia Sarcocystis, cemelicTBa Sarcocystidae. OCHOBHO# ypoH 00JI€3Hb HAHOCHT JKHBOT-
HOBOJCTBY. JIOKaIn3ysCh B MBIIILAX U CEp/Ie IPOMEXKYTOUHBIX X034€B (KPYIHBIH M MEJIKUH POTaThIi CKOT,
CBUHBH), BBI3BIBAIOT UCTOILCHHE, aHEMHUIO, CHI)KEHHE MMPOAYKTHBHOCTH U Jaxke manex. B 1843 r. nemenkuit
yuaeHblit Mumep (Miescher) BepBbie omucan XapakTepHble BHY TPHUMBILICYHbIE 00pa30BaHUs B CKEICTHOH My-
CKyJaType JOMAaIIHEH MBIIIN, T0JIarasi, 4T0 3TO ObLIN CKOIUIEHHS Tapa3suTOB HEN3BECTHOM Mpupo bl Bnocnen-
CTBUM CXOJHBbIe 00pa30BaHMUs B MBIIIIAX JPYTHX KUBOTHBIX CTAIN ONMHCBHIBATHCS 0] Pa3HBIMH Ha3BaHHUSIMU:
«MHILEPOBBI MEIIOYKHY, «PEHHOBCKHUE TEJIay, KIICOPOCTIEpMHNY (T.€. YecoTouHbIe criepmun). W s B 1882 1.
JlankecTep cTai Ha3bIBaTh MX MSCHBIMU IIMCTAMHM, WM CApPKOLMCTaMH, U MPEJIOKUI JUI1 UX 0003HAuUSHUS
COOTBETCTBYIOLIEE POJOBOE Ha3BaHHEe — Sarcocystis. 3aMeTHB KJIMHHYECKUE NMPU3HAKN 3a00JIeBaHMs CapKO-
CIIOPHJIF03a, OH OOHAPYXKWII, 9TO B TIEPHO/] TIepexo/a 3a00JIeBaHNs K MBIIIIAM B KPOBH CBHHEN IPOUCXOAUT
U3MEHEHHUE COJIep)KaHus XKene3a, IIMHKA, 0OIIero ¥ HOHUPOBAHHOTO KajlbIysA. B craThe mpoaHanm3mpoBaHbI
M3MEHEHUs aKTUBHOCTH MHHEPAJIbHBIX BEIIECTB U ()ePMEHTOB B KPOBHL.

Kniouesvie cnosa: capkociopuINo3, THIIEPCHIEPEMUS, THIIEPKYIPEMHUS, THIIEPKaIbIIeMHs, HepMEHTEI, THHA-
MHKa, CApKOLIUCTO3, CBIBOPOTKA KPOBH.
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