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ASSESSMENT OF THE PHYSIOLOGICAL CONDITION
OF YOUNG-OF-THE-YEAR CYPRINID FISH INFECTED
WITH MYXOSPOREANS

The physiological condition of young-of-the-year mirror carp (Cyprinus carpio) reared under pond
aquaculture conditions and infected with myxosporeans was investigated. The study aimed to assess the
effects of myxosporean infection on the physiological and hematological parameters of cyprinid fishe.
Infected individuals exhibited pronounced clinical signs of the disease, frequently accompanied by mor-
tality. Hematological analysis revealed high levels of monocytes, neutrophils (32.68%), and white blood
cells (257.6x 10%/L) compared to the norm. Elevated differential leukocyte counts indicate an increased
defense reaction of the organism under conditions of parasitic invasion. Histological examination of
gills, heart, intestine, hepatopancreas and musculature revealed the presence of intracellular, interstitial,
and diffuse localization of parasitic mucous spores (Myxozoa: Myxosporea: Myxobolidea). Necrosis,
desquamation, hyperplasia and a dramatic increase of mast cells in the gills of the studied fish are due to
both small intracellular plasmodia and spores located inside tissue cysts. The increase in the number of
mast cells in the gills of fish in localization of mucous parasites is associated with the need to maintain
homeostasis of the immune system. The pathological effect of myxosporean plasmodia on organs of the
digestive tract were established, causing necrosis, disruption of cell absorption and transport processes,
as well as reduction of the height of prismatic epithelial cells with degeneration of microvilli on their
apical surface. Intracellular parasitism of uninucleate and binucleate mucous myxosporeans were also
observed in the cells of the hepatopancreas and heart. Necrotic foci located on the skin of the fish were
a manifestation of the inflammatory process and hemorrhages in the muscles due to parasitic invasion.

Keywords: fish farming, cyprinid fish, hematology, histology, gills, hepatopancreas, heart.
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MuKcocnopMAnsIMEH MHBa3MSIAQHFAH XKaC TYKbl GAAbIKTaPbIHbIH,
(pM3MOAOTUSIABIK, XKaFAQMAAPbIH OaFanay

Makanapa TOFaH akBallapyallbIAbIFbl >KaFAAMbIHAQ OCIPIAETIH >K8He MWMKCOCMOPUAMSIABIK,
MHBa3MsIMEH 3aKbIMAAHFaAH >Kac anHa TyKbl GaAblFbiHbiH, (Cyprinus carpio) (u3MOAOTUSIAbIK, XKaFAarbl
KapacTbipblAasbl. XKyMbICTbIH MaKcaTbl TYKbl GaAbIKTapbiHbIH (DU3UOAOTUSAABIK, KOHE FEMATOAOTUSIABIK,
KOPCEeTKiLITePiHE MUKCOCTTOPUAMSIAAPMEH MapasmUTTIK 3aKbIMAAHYAbIH 8CepiH 6araAay GOAbIN TabbIAAAbI.
KyKTbIpbIAFaH AapasapaAa kebiHece 6GaAblKTapAblH OAIMIMEH Gipre >KYpeTiH aypyAblH KAMHMKAABIK,
6eArinepi H6arikasAbl. [€MaTOAOTUSIAbIK, TEKCEPY KE3IHAE MOHOLMTTEPAIH, HEMTPOUAAEPAIH, (32,68 %)
KOHE AeMKOUMTTEPAIH (257,6x10%/A) KaAbINTbI KOPCETKIWMNEH CaAbICTbIpFaHAQ >KOFapbl MeAulepi
aHbIKTaAAbl. [1apasnTTiK MHBa3MS >KaFAalbIHAQ AEMKOUMTTIK (POpMyAa KepceTKillTepiHiH XXoFapAaybl
OpraHM3MHiH KOpPFaHbILL PEaKLMSCbIHbIH apTKaHbIH KepceTeAi. Xeabe3ekTepAiH, KYPEeKTiH, ileKkTiH,
renaTonaHKpPeacTbiH XaHe OYALLILIKETTEPAIH TMCTOAOTUSIAbIK, 3ePTTeY HOTUMXKECI MAPA3UTTIK LUbIPbILLTbI
criopaAapbiHbiH, (Myxozoa: Myxosporea: Myxobolidea) >xacywailiaik, yAnailiAik >keHe wallbiparn
OpHaAacaTbiHbl aHbIKTaAAbl. 3epTTEeAreH GaAblKTapAbiH, XeAbe3ekTepiHAeri HeKpo3, KabbipliakTaHy,
TUMEPIAA3US XKOHE MEC >KacCylluaHblH, KYPT Ke6eroi ycak >kacylwailliAik NAa3MOAMSIAAPMEH A€, TIHAIK
LUMCTaAapAbIH ilIHAE OpHaAaCKaH CriopaAapMeH Ae OGaiAaHbICTbl. baAblKTapAbIH >keAbe3ekTepiHAeri
WbIPLIWTbI MapasuMTTep OpPHAaAACKaH XEPAepAEe MeC >Kacylla CaHbIHbIH apTybl UMMYHADIK, >KYMeHiH
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rOMEOCTasblH CakTay KaXKeTTiAiriMeH 6arAaHbICTbl. MMKCOCTIOPUAMIA NMAA3MOAMSIAAPbI HEKPO3Fa, >Ka-
CyLIAAapAbIH CiHIPiAY >K&He TacbIMaAAaHy MPOLECTepiHiH Oy3blAybliHa, COHAAM-aK, MPU3MAAbIK, SMUTe-
AMI XKacyllaAapbIHbIH, OUIKTIriHIH TOMEHAYIHE >KOHE OAApPAbIH anMKaAbAi 6eTIHAEr MUKPOOYPAEPAIH
AEreHepaumsCbiHa 9KEAETIH ac KOPbITY KOAAQPbIHbIH MYLIEAEpiHE MAaTOAOTMSAbIK, 8Cepi aHbIKTAAAbI.
Bip >keHe eKi SAPOAbI WbIPbILWTHI CMIOPAAAPAbIH >KacyLlailliAIK Mapa3uTTeAyi renatonaHkpeac neH xy-
PEeKTiH >KacyllarapbiHAa Aa Garkanaabl. baAblKTapAblH TepiciHAE OpHaAaCKaH HEKPOTMKAAbIK, OLIAK-
Tap napasuTTiK MHBa3usFa 6aiAaHbICTbl KAObIHY MPOLECiHIH >KaHe BYALIbIKETKE KaH KeTYAiH KOpiHiCi
6OAADI.

Ty#in ce3aep: 6aAbik, 6Cipy LAPYyaLLbIAbIFbl, TYKbl OaAbIKTapbl, FEMATOAOIMSI, TMCTOAOIMS, XeAbe-
3eKTep, rematonaHkpeac, Kypek.
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OueHka PM3MOAOTMYECKOr0 COCTOSIHMSI CETOAETKOB KapnoBbIX pbl0,
MHBA3MPOBAHHbIX MMKCOCMTOPUAUSIMH

B cTaTbe nccaep0BaHO PM3MOAOTMYECKOE COCTOSIHME CErOAETKOB 3epkaAbHoro kapna (Cyprinus
carpio), BbipalllMBaeMbIX B YCAOBUSIX MPYAOBOI aKBaKyAbTYPbl U MOPaXKEHHbIX MUMKCOCMOPUAMIMHON UH-
Basuein. LleAbto paboTbl IBASAACH OLIEHKA BAUSHMS NMapasmMTapHOro 3apa>keHnsi MUKCOCMOPUAMNSMM Ha
hM3MOAOTMYECKME M TEMAaTOAOTMUYECKME MOKa3aTeAN KaproBbiX pblb. Y MHMULMPOBaHHbLIX 0cobeit OT-
MEYAAUCb KAMHMYECKME MPU3HAKM 3a00AEeBaHMs, HEPEAKO COMPOBOXKAABLIMECS TMOEAbIO Pbibbl. [pn
reMaToOAOrMYECKOM MCCAEAOBAHMMN ObIAO BbISIBAEHO BbICOKOE COAEP>KaHME MOHOLMTOB, HEMTPO(UAOB
(32,68%) 1 Aenkoumntos (257,6x 10°/A) MO CpaBHEHMIO C HOPMOWA. [1OBbILIEHHbIE NMOKA3aTeAN AEMKO-
LUMTApPHOM (POPMYAbI CBUAETEABCTBYIOT 00 YCUAEHMM 3aLUMTHOM pPeakumm opraHmM3ma B YCAOBMSX Ma-
pasuTapHOM MHBa3uK. [MCTOAOrMUECKOE MCCAEAOBAHUE XKabp, CepALa, KMLIEYHMKA, renartornaHkpeaca
M MYCKYAQTYpPbl BbISIBUAO HAaAMUME BHYTPUKAETOUHOM, BHYTPUTKAHEBOM M AMMDQY3HON AOKaAM3aLMM
rnapasmMTUUYecKMX CAM3MUCTbIX CMOPOBUKOB (Myxozoa: Myxosporea: Myxobolidae). Hekpos, aeckBama-
UMS, TUMNEPNAA3MS U PE3KOE YBEAMYEHNE TYUHbIX KAETOK B XKabpax MCCAEAOBAHHBIX Pbl0 0OYCAOBAEHDI
KaK MEAKMMW BHYTPUKAETOYHbIMM MAA3MOAMSIMU, TaK M CMOPaAMM, PACTIOAOXKEHHbBIMW BHYTPU TKAHEBbIX
UMCT. YBEAMYEHME KOAMYECTBA TYUHbIX KAETOK B >kKabpax pbl6 B MeCTax AOKaAM3aLMU CAM3UCTbIX Ma-
PasnTOB CBSI3aHO C HEOOXOAMMOCTbIO MOAAEP>KAHUSI FTOMEOCTa3a MMMYHHOM CUCTEMbI. YCTaHOBAEHO
NMaTOAOrMYECKOe BO3AENCTBME MAA3MOAMEB MUKCOCMOPUAMIA HA OpraHbl MULLEBAPUTEABHOIO TPAKTA,
BbI3bIBalOLLEE HEKPO3, HapyLLIEHWE MPOLIECCOB BCACbIBAHUS M TPAHCMoOpPTa KAETOK, a TaKXKe YMeHblle-
HUE BbICOTbI MPU3MATUYECKMX SMUTEAMOLMTOB C AEreHepaumein MMKPOBOPCMHOK Ha MX anMKaAbHOM
NMOBEPXHOCTU. BHYTPUKAETOUHOE NMapa3uTUpPOBaHME OAHO- U ABYSIAEPHbBIX CAM3UCTbIX CMIOPOBUKOB Ha-
OGAIOAAAOCH TaKXKe B KAETKax rernartonaHkpeaca u cepaua. HekpoTnsmMpoBaHHble o4arun, pacrnoAOXKeH-
HblE Ha KOXXHbIX MOKPOBax Pbl0, IBASAUCH MPOSABAEHNEM BOCMAAMTEABHOIO MPOLIECCA M KPOBOU3AUSHMI
B MYCKYAQTYpPy BCAEACTBME MApa3UTapHOM MHBa3UMN.

KAtoueBble cAoBa: pbI6OBOAHOE XO3SMCTBO, KaproBble Pbibbl, FEMATOAOIMUSI, TMCTOAOIMS, XKabpbl,
renatonaHkpeac, cepALle.

Introduction

Artificial cultivation of carp in Kazakhstan is of
considerable importance, as it contributes to meeting
the growing demand for high-quality fish products
(Badryzlova et al., 2014). There are viral, bacterial,
fungal, and parasitic infections, which are classified
according to their pathogens. Ecto — and endopara-
sitic infections of carp in pond aquaculture systems
are characterized by high biodiversity, significant
epizootiological relevance, and pose a serious threat
to fish farming. Previous studies have reported the
current state of parasite fauna in commercially im-

portant fish species inhabiting the Kapchagay Res-
ervoir (Mitenev, 2000).

Fish diseases negatively affect survival and
growth rates, reduce heterosis effects achieved
through interline crosses, increase feed conversion
ratios, and ultimately lead to decreased farm profit-
ability. In addition, diseases associated with adverse
environmental factors may directly or indirectly
cause mass fish mortality.

Among parasitic agents, protozoans and myxo-
sporeans (Myxosporea) are the most common mul-
ticellular parasites of fish. They possess complex
life cycles involving vertebrate hosts (primarily
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fish, less frequently amphibians, reptiles, birds, and
mammals) and invertebrate hosts, such as aquatic
annelids and bryozoans (Lom & Dykova, 2006, Hal-
lett et al., 2005). Myxosporeans frequently infect
carp, however, only a limited number of species are
recognized as pathogenic to pond fish. In Europe,
severe clinical signs of this disease and the associ-
ated significant losses of carp are rarely reported.
However, in Japan and People’s Republic of China,
species (e.g., Myxobolus artus, M. koi, Thelohanel-
lus kitauei) have been reported to cause severe clini-
cal signs and high mortality in fish farms cultivating
the Far Eastern Subspecies of common carp (Cypri-
nus carpio haematopterus).

A total 0f 2425 species of myxospores have been
described, at least 900 of which are myxobolids; a
significant number of species have been detected in
fish hosts of the order Cypriniformes (Eiras et al.,
2005; Eiras et al., 2014, Liu et al., 2019). For carp
cultured in the regions of CEE and CCA, five spe-
cies (Myxobolus cyprini, Sphaerospora dykovae, S.
molnari, Thelohanellus nikolskii, and T. hovorkai)
of economic importance, infecting common carp,
and one species (M. pavlovskii) parasitizes bighead
and silver carp (Food and Agriculture Organization
of the United Nations, 2017). In highly infected fish,
body condition is reduced, hemoglobin in the blood
decreases, and gonadal development is delayed
(Bruno et al., 1997).

It has been suggested that myxosporean infec-
tions may contribute to reductions in both wild and
cultured populations of freshwater and marine fish
species (Kent et al., 2014).

According to published data, young-of-the-
year mirror carp exhibit higher susceptibility to
myxosporean invasion compared with adult fish.
Some authors have suggested that young flounders
become infected with myxosporean G. stephani
at a very early age (3 weeks after hatching) (Lom
& Dykova, 1992). At low levels of infestation by
parasites, adaptive blood reactions develop that do
not become pathological without increasing levels
of infestation. As pathogen numbers continue to in-
crease, a stress response typically develops, often
accompanied by pathological changes characteristic
of acute disease (Golovina, 2018; Davydov, 2006).
Changes in the fish’s blood count depend on the de-
gree of pathogenicity of the pathogen and the level
of invasion. The differential white blood cell count
is the most stable and objective indicator of physio-
logical state and energy level of metabolic processes
(Serpunin, 2010). The differential white blood cell
count of one-year old carp was determined accord-
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ing to the classification of fish blood cells by N.T.
Ivanova (Ivanova,1983).

Neutrophils are active enzyme-forming cells
with phagocytic functions, the proportion of which
increases during inflammatory processes and vari-
ous intoxications (Moiseenko, 2000). Thus, neutro-
phil can be seen as an adaptation mechanism that
enhances the protective function of blood under
the influence of a set of adverse factors (Peskova,
2004). An increase in the number of eosinophils
in the blood of mirror carp (Cyprinus carpio) indi-
cates a parasitic invasion by myxosporeans, while
an increase in neutrophils and monocytes indicates
a concurrent inflammatory process. Mucous spores
(Myxozoa), entering the host organs, begin intracel-
lular division; also division can occur in intercellular
space (Lom & Dykova, 2006). The formed primary
parent cell undergoes further mitotic division, giv-
ing rise to secondary daughter cells. Thus, the pri-
mary cell, containing secondary plasmodium cells,
is located in the cells of the primary epithelium and
in the cartilaginous tissue of the gills. Therefore,
multiple mitotic divisions greatly increase the num-
ber of parasites, which damage host cell metabolism
and tissues due to their compressive effect (Kent et
al., 2001). This process, turning into a long-term or
chronic form, subsequently provokes various disor-
ders in the internal organs of fish (necrosis, dystro-
phy, etc.) (Mineev, 2011).

The histological method does not always al-
low a sufficiently accurate diagnosis of the disease.
However, it provides insight into the depth of the
pathological process at cellular and tissue levels,
as well as the extent of its impact on the entire fish
population. In this context, organs from apparently
healthy fish may exhibit various stages of patholo-
gy, enabling the determination of the overall degree
of population damage (Chernysheva, 2002; Moi-
seenko, 2009).

Our pathomorphological study identified the in-
vasion of myxosporeans in the gills, heart, intestines,
and trunk muscles of mirror carp from a fish farm.
The parasites found are identified as M. muelleri ac-
cording to the methodology of Donec & Schulman
(Dugarov et al., 2011; Donec & Schulman, 1984).
However, Donec and Schulman found quite a wide
range of hosts, and the description of the place of
infestation by myxosporean parasites influence was
inaccurate.

The aim of our study was to investigate the of
parasitic invasion of myxosporeans (Myxoboli-
dae) on the physiological state of carp fish species
(Cypriniformes) grown in aquaculture condition.
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Materials and methods

The objects of the study were young-of-the-year
mirror carp from ponds at a fish farm in southern
Kazakhstan. The fish were kept in ponds at tem-
peratures of +14—16 °C; pH values varied season-
ally, ranging from 6.5 to 8.5. Stocking density was
75,000 individuals per hectare in spring, increasing
up to 40 tons of commercial fish per hectare during
wintering.

Feeding was carried out using sinking feeds
from Polish producer Aller Aqua, Kazakh combined
feed Aqua Alliance, and Russian BIFF at doses of
1-2% of body weight. After examining all fish from

Figure 1

the ponds, specimens exhibiting visible lesions on
the outer coverings, fins, gill arches, and internal
organs were selected. The fish were measured and
weighed; sex and age were determined, and aver-
age values were calculated: length ranged from 15.5
to 27 cm, weight from 86 to 250 g. Samples from
affected areas showed uneven coloration with foci
of necrotic tissue. Microscopy slides were prepared
from these samples at magnifications of 10x and
40x (Figure 1).

In this study, fresh tissue samples of mirror
carp organs were examined. Sections stained with
hematoxylin and eosin were prepared for histologi-
cal analysis.

Young-of-the-year mirror carp with integumentary lesions caused by myxosporeans

Blood samples were collected in May 2025 from
10 pond-reared young-of-the-year mirror carp (Cyp-
rinus carpio) by cardiac puncture into tubes contain-
ing EDTA as an anticoagulant. Hematological pa-
rameters were determined using standard methods
commonly applied in fish hematology (Serpunin,
2005). Red blood cell (RBC) count and hemoglobin
concentration (HGB) were measured in all samples
(n = 10) using a Z5Vet hematology analyzer (Zy-
bio Inc., China). The white blood cell (WBC) count
and differential leukocyte count were determined
using the classical morphological method based
on stained blood smears. For each fish, three blood
smears were prepared, air-dried, and stained accord-
ing to the standard Romanowsky method. The mean
value obtained from the three smears were used
for subsequent analysis. Leukocytes were counted
under light microscopy (Leica Microsystems), and
WBC concentration was calculated indirectly. Iden-

tification of blood cell types (lymphocytes, neutro-
phils, monocytes, and eosinophils) was performed
based on morphological criteria, including cell size,
nuclear shape and structure, and cytoplasmic char-
acteristics, following previously published descrip-
tions Ivanova, Clauss et al. (Ivanova, 1983, Clauss
et al., 2008). Reference values of hematological
parameters for juvenile Cyprinus carpio have been
previously established and reported by Witeska et
al., including normal ranges for hemoglobin, red
and white blood cell counts, and leukocyte differen-
tials (Witeska et al., 2016).

Histological studies. All fish with signs of dis-
ease were examined pathologically, after which
samples were selected for histological analysis. The
collected internal organs tissues were fixed in 10%
formalin. Further sample processing was carried
out in accordance with generally accepted methods
(Bancroft & Gamble 2008). The resulting prepara-
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tions were examined under the XJP-146JBT trin-
ocular microscope at magnification x10, x20, x40,
and x100.

Statistical analysis. Differences between param-
eters in diseased young-of-the-year mirror carp and
reference values were assessed using a one-sample

t-test. . F— Iy
SD/\n

Where x is the sample mean, i, is the reference
value, SD is the standard deviation, and n = 10 rep-
resents the number of independent fish. Values ob-
tained from the three blood smears per fish were av-
eraged prior to statistical analysis. Differences were
considered statistically significant at p < 0.05.

In addition, a nonparametric analysis was per-
formed using the Wilcoxon signed-rank test. For
each parameter, individual differences were calcu-
lated using the following formula:

(M

d; = x; — X5 (2)

Table 1

Where x; is the individual value of the parameter
and x,,, is the corresponding reference value. The
absolute values of the differences |d| were ranked,
after which the ranks were summed taking into ac-
count the sign of the deviation. The test statistic was
defined as the minimum of the sums of positive and
negative ranks:

W = min (ZR¥,ZR7) 3)

Results and discussion

As a result of respiratory dysfunction, the he-
moglobin level in infected young-of-the-year mirror
carp decreased from 96.9 g/L to 78.57 g/L, while the
red blood cell count declined from 1.66 x 10'?/L to
0.72 x 10'2/L. When an invasion occurs, the fish re-
spond by increasing the protective response, which
is an increase in the number of white blood cells and
neutrophils while reducing the number of lympho-
cytes (Table 1).

Hematological parameters of young-of-the-year mirror carps from aquaculture

Ref lues f Diseased mirror carp
Parameters ¢ erir;_cfh:f‘yzzi cc;igoung- (Cyprinus carpio)
Avr£Sd p (t-test) p (Wilcoxon)
Hemoglobin concentration, g/L 96,9 78,57+1,56 0,003 0,018
Red blood cell count, x10'%/L. 1,66 0,72+0,2 <0,0001 0,016
White blood cell count, x 10° /L 55,17 257,643,36 <0,001 0,016
Leukogram, %

Eosinophil % 2,0 1,97+0,42 0,97 0,063
Neutrophil % 15,6 32,68+1,23 0,011 0,016
Monocytes % 1,7 11,34+1,11 0,008 0,016
Lymphocytes % 77,4 53,17+42,59 0,011 0,016

There is an increase in the number of neutrophils
and monocytes, indicating a concomitant inflamma-
tory process and the presence of intoxication. An in-
crease in blood eosinophil counts is also observed,
indicating a parasitic infestation by myxosporeans
in young-of-the-year mirror carp (Cyprinus carpio).

For most parameters, a pronounced unidirec-
tional deviation from reference values was observed
(the results of the t-test confirmed the statistical sig-
nificance of the differences, except for eosinophils).
When the nonparametric Wilcoxon signed-rank test
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was applied, all studied parameters (except eosino-
phils) also showed consistent deviation from the
reference values, indicating high biological signifi-
cance of the observed changes.

At low levels of fish parasite infestation, adap-
tive changes in the blood profile occur at early stag-
es. Under artificial cultivation conditions, reduced
host reactivity and resistance lead to an increase in
parasite burden and disease incidence. Histological
analysis of the presented data revealed the following
distribution.
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Histological studies

Gills. The life cycle of myxosporeans begins
with intracellular parasitism, which is clearly visible
in histological preparations of the gills of young-
of-the-year mirror carp. Myxosporean plasmodia,
entering the gill tissue, penetrate the cells of the pri-
mary epithelium, filling the empty spaces between

Figure 2

host tissue elements with young plasmodia. Small
parasitic plasmodia intermingle with various ele-
ments of the gill cells. The release of the intracel-
lular plasmodia is accompanied by the destruction
of the affected gill tissue, as observed in the histo-
logical preparation of the gills of young-of-the-year
mirror carp (Figure 2).

Microphotograph of myxosporean infected gills of a young-of-the-year mirror carp.

Scale:500.00um

|

The arrows indicate the location of the parasites and the necrosis caused by them. 1 —myxosporean in gill filaments.

Hematoxylin-eosin staining, magnification x4.

The intracellular location of the parasites and the
accumulation of mast cells on the apical surface of the
affected gills can be seen on histological preparations

(Figure 3, 4). This stage, in which plasmodium daugh-
ter cells are formed in the primary cell is well described
in the literature (Molnar & Eszterbauer, 2015).
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Figure 3
Destruction of gill fillaments and lamellae.

Scale:200.00um

vo—
ength 462.74um_|

Hematoxylin-eosin staining, magnification x10.

Figure 4
Microphotograph of cysts containing immature plasmodia of myxosporeans in the
gills of young-of-the-year mirror carp.

Hematoxylin-eosin staining, magnification x40.

Histological examination of the gills of young-  of mast cells in the gills of young-of-the-year mir-
of-the-year mirror carp revealed “diffuse infiltra-  ror carp indicates the presence of parasitic invasion,
tion”, which is manifested by the mixing of small  causing an inflammatory reaction with the produc-
and large parasitic plasmodia with different ele-  tion of immune cells in the tissue of the gills (Fig-
ments of host cells. A sharp increase in the number  ure 5).
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Figure 5
Microphotographs of the gills of young-of-the-year mirror carp.

Scale:50.00um

Scale:100.00um

el

B

A) The arrows indicate mast cells. 1-cyst with spores; 2-cyst with plasmodia; 3- cyst with membrane. Hematoxylin-eosin staining,
magnifiation x40; B) 1 — necrosis, 2- cyst with plasmodia. Hematoxylin-eosin staining, magnification x20.

All identified gill pathologies in the fish studied
were caused by plasmodia and myxosporean spores.
Thus, the external form of plasmodia depends on the
location of the parasite, the reaction of the host or-
gan or tissue to its presence, and the complex inter-
action between the host and the parasite.

Heart. Histological examination of the cardiac
muscle of young-of-the-year mirror carp revealed ar-
eas of pathomorphological changes caused by parasitic
invasion. Numerous mononuclear and multinuclear

Figure 6

plasmodia were detected in the intramuscular tissue
of the heart (Figure 6). Loss of transverse striation in
muscle cells and myocyte necrosis were observed.

In the muscle fibers and cardiomyocytes of
the heart in young-of-the-year mirror carp, disor-
ganization was observed, caused by mononuclear
plasmodial cells of myxosporeans (Figure 7A). Ad-
ditionally, the development of adipose and connec-
tive tissue was detected in the cardiac muscle tissue
(Figure 7B).

Microphotograph of the heart of a mirror carp.

Hematoxylin-eosin staining, magnification x4.
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Figure 7

Microphotograph of the heart of a young-of-the-year mirror carp.

Scale:50.00um

A) The arrows indicate the localization of the parasites in the atrium; B) The arrows indicate different degrees of muscle tissue

destruction. Hematoxylin-eosin staining, magnification x40.

Intestine. Necropsy of young-of-the-year mir-
ror carp revealed a thin, fragile intestinal wall with
a distended, flaccid intestine filled with yellowish
mucous content. In the epithelium of the mucous
layer, there were single cysts of various sizes,
causing a disruption in food absorption. Accord-
ing to the literature, weakened carp often develop
secondary enteritis, which can also lead to death
(Wang, 2005).

The pathomorphological study of the middle
section of the intestine revealed structural and func-
tional disorders in the epithelium and submucosa of
the intestine of the young-of-the-year mirror carp
(Figure 8). The cellular response to plasmodia inva-
sion by manifested by lymphocyte and granulocyte
infiltration.

In some areas, degeneration of the microvilli of
prismatic enterocytes was observed, along with cell
stratification and necrosis; the height of the colum-
nar epithelial cells was significantly reduced, and
their boundaries became indistinct. At later stages
of development, pressure from the surrounding epi-
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thelium caused atrophy and, consequently, loss of
integrity of the epithelial layer. (Figure 9A, B).

Figure 8
Microphotograph of the intestine of a young-of-the-year mirror
carp.

Scale:500.00um

Hematoxylin-eosin staining, magnification x4.



N.M. Seidaliyeva et al.

Figure 9
Microphotograph of the intestine of a mirror carp.

A, B — arrows indicate plasmodia and edema located in the epithelium. Hematoxylin-eosin staining, magnification x40.

Musculature. The plasmodia stage of mucous
spores parasitizes mainly in the trunk and intercos-
tal muscles. The external manifestation of the early
stages of parasites is redness caused by inflamma-
tion and hemorrhages of different sizes on the skin
of fish (Shulman, 1968). The next stages of the
life cycle of mucous sporozoans are accompanied
by cyst formation, with the development of ulcers,
which can heal and cicatrize in the absence of sec-
ondary infection (Bauer & Greze, 1948).

Histological analysis of the trunk muscles taken
from under the skin ulcers showed destruction of mus-
cle fibers: swelling of the fibers; absence of transverse
striations; necrosis of myocytes with the formation of
loose connective tissue. Necrosis and dystrophy of
muscle fibers were also observed in parts removed
from external skin ulcers. Early degenerative and in-
flammatory changes in fish skeletal muscle include
loss of sarcoplasmic integrity, edema, and intense
macrophage infiltration, which causes myophagy of
the necrotic sarcoplasm (Figure 10).

As recent studies of the developmental cycle of
mucous sporozoans have shown, spore formation
can occur in the spongy and compact layers of the
dermis. Morphological and genetic identification
of the T. kitauei myxospore was carried out with-
out detection of plasmodia. Scientists explain this
discovery as a “habitat transfer” from the intestinal
epithelium to the skin (Zhai et al., 2016).

Figure 10
Histological section of the musculature carp mirror at the level
of ulcer

Hematoxylin-eosin staining, magnification x10

It has been established that the cause of fish death
in myxosporidiosis can be disorders in the digestive
tract that cause mechanical intestinal obstruction
due to blockage of the intestinal lumen when large
tissue plasmodia exit the intestinal mucosa (Rhee,
1994), which contributes to the development of fatal
secondary enteritis. Currently, there are no effec-
tive measures to protect against diseases caused by
myxosporidium (Liu et al., 2016).
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Prevention is based on disinfection of pond
beds and, as necessary, reduction of the number of
alternative hosts (oligochaetes). To more fully and
accurately characterize the epizootic situation in
aquaculture, it is necessary to conduct ichthyopara-
sitological studies covering all fish species across
different seasons of the year.

Conclusion

It is known that fish blood serves as a sensi-
tive indicator of infectious and invasive diseases by
changes in hematological parameters without caus-
ing pathological alterations in red blood cells. In the
blood of infected young-of-the-year mirror carp, de-
creased red blood cell counts and hemoglobin lev-
els are observed. An increase in monocyte counts
in mirror carp to 11.34% indicates monocytosis as-
sociated with an inflammatory process in the gill
apparatus. Neutrophils also show a sharp increase
compared to the normal values in young-of-the-year
mirror carp, reaching 32.68%, indicating phagocytic
activity associated with inflammation.

Comparison of white blood cell counts revealed
that young-of-the-year mirror carp (257.6 x 10%/L)
exhibit a high degree of invasion by myxosporeans,
indicating acute inflammation leading to high mor-
tality rates in infected fish. At low infestation inten-
sities, the disease progresses chronically, and mild
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infestations appear harmless to the fish, which is a
deceptive impression.

The study showed that myxosporidian infection
causes significant hematological and pathological
abnormalities in young-of-the-year mirror carp. Af-
fected fish exhibit decreased hemoglobin levels and
red blood cell counts, while white blood cell, neu-
trophil, and monocyte counts increase significantly,
reflecting active inflammation and intoxication.

Histological studies have revealed serious de-
structive changes in the gills, heart, intestines, and
skeletal muscles, including necrosis, infiltration,
and epithelial damage. Disruption of organ structure
leads to impaired respiratory and digestive function,
contributing to the high mortality associated with
myxosporidiosis.

The lack of effective treatment methods high-
lights the importance of preventive measures, such
as pond bed disinfection, control of oligochaete
populations, and regular ichthyoparasitological
monitoring. Myxosporeans pose a serious threat to
aquaculture by reducing the sustainability and pro-
ductivity of farmed carp.
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