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Abstract—A comparative study of some parameters of nonspecific immunity in the Angelinskii rubella-resis-
tant variant of the scaly and mirror groups of carp in the prespawning and late feeding periods was carried out.
The level of the antimicrobial properties of the C-reactive protein, nonspecific immune complexes in the
blood serum, and phagocytic activity of neutrophils were studied. The study showed interbreed and inter-sea-
sonal differences in some indicators. It is concluded that the higher level of bacteriostatic activity of blood
serum in the rubella-resistant variant, compared with other groups of carp, provides a low percentage of
immunodeficient individuals and resistance to pathogens of infectious diseases.
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INTRODUCTION
The annual cycle of fish consists of a number of

periods: prespawning, spawning, post-spawning,
feeding, wintering migration, wintering, spawning
migration, and prespawning feeding (Nikolsky, 1974).
Earlier from the examples of the roach Rutilus rutilus,
bream Abramis brama, river bass Perca fluviatilis, and
blue bream Abramis ballerus, it was shown that the
resistance of fish to bacterial infection in different
periods of the year varies. During the spawning and
post-spawning periods (May, June), a minimum resis-
tance to the pathogens of aeromonosis of fish was
noted, and the maximum resistance was at the end of
the feeding period (Schaperclaus, 1979; Mikryakov,
1984).

During the spawning period, significant changes
take place in the fish organism, requiring huge energy
costs due to the activation of catabolic processes and
reduction of anabolic processes. The metabolic pro-
cesses include the structural fractions of lipids (phos-
pholipids). The level of cholesterol increases, and that
of albumin, glycogen, and α-globulin decreases.
During this period, the processes of dissimilation pre-
vail over assimilation. Simultaneously, during the
spawning and post-spawning periods, the proportion
of individuals with a low level of immunoreactivity
increases. During the feeding period, opposite pro-

cesses occur in the fish organism, which are associated
with the restoration of the resources of plastic and
energy substances expended during wintering and
spawning and with an increase in the functional activ-
ity of the immune system (Shatunovsky, 1980;
Mikryakov, 1984; Lloret et al., 2014).

The carp Cyprinus carpio grown on fish farms expe-
riences f luctuations in the level of immunoreactivity
during the annual cycle (Lysanov and Mikryakov
1990). A decrease in nonspecific immunity contrib-
utes to the creation of conditions for an outbreak of
epizootics of infectious diseases. The spring period is
considered the most dangerous. Fish experience stress
as a result of capture, transportation, and changes in
conditions of storage during their transfer from winter-
ing grounds to feeding ponds. Exposure to stress fac-
tors leads to a decrease in survival, immunoreactivity,
and nonspecific protection against pathogens of vari-
ous infectious and invasive diseases (Wendelaar
Bonga, 1997; Van Muiswinkel and Vervoorn-Van Der
Wal, 2006; Uren Webster et al., 2018).

Rubella is considered one of the most common fish
diseases causing great economic damage in the Rus-
sian Federation. This is a polyetiological disease of
fish, mainly of the cyprinid family, the causative
agents of which are the virus of spring viremia, aero-
monas, and pseudomonas (Kirpichnikov et al., 1993;
Golovina et al., 2003). To solve the problem of reduc-
ing significant damage to fish farming in Russia with† Deceased.
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the help of selection for immune resistance, the Ange-
linskii carp breed was bred, which is resistant to rubella
pathogens (Ilyasov, 2002). The study of the indices of
nonspecific immunity in rubella-resistant carp will
make it possible to understand the mechanisms that
ensure the immunity of fish to infectious diseases.
Previously, the authors have shown differences in
some immunobiochemical parameters between
rubella-resistant carp and breeds susceptible to disease
(Mikryakov et al., 2019a, 2019b; Suvorova et al.,
2019). It was found that individuals of the rubella-
resistant breed differ from carp of other breeding
groups in the proportions of the content of various
forms of leukocytes; the intensity of leukopoiesis; the
level of protein, glucose, and total lipids; oxidative
processes; and antioxidant protection. However, these
data are insufficient to understand the peculiarities of
the functioning of various body systems, including
those responsible for the immune response and resis-
tance to infectious diseases in specimens of the Ange-
linskii breed.

The purpose of this work is a comparative study of
the indicators of nonspecific immunity of rubella-
resistant fish with carp, which is receptive to rubella
pathogens.

MATERIALS AND METHODS
Carp 2+ to 3+ years of age were studied in May and

September 2018 during the transfer of fish from win-
tering grounds to feeding ponds, and vice versa. The
material was taken from specimens of the Angelinskii
scaly rubella-resistant breed kept at the Sunoga exper-
imental pond base at the Papanin Institute for the
Biology of Inland Waters, Russian Academy of Sci-
ences, Yaroslavl oblast. For comparison, we used scaly
and mirror carp susceptible to rubella pathogens from
the Kirya fish farm of the Chuvash Republic.

In fish, blood was taken from the tail vein to study
the bacteriostatic blood serum activity (BAS), the pro-
portion of immunodeficient (IMD) individuals, the
content of nonspecific immune complexes (IC), the
level of the C-reactive protein (CRP), and the phago-
cytic activity (PA) of neutrophils. To determine PA,
smears were made, which were fixed in a 5% solution
of sulfosalicylic acid for 60–90 s, washed with distilled
water, dried, and then stained with a 0.1% solution of
bromophenol blue in borate buffer for 1–2 minutes.
Then, they were washed three times with a 0.05 M
borate buffer solution for 1–3 min. At the next stage,
the nuclei were supplemented with 1% safranin solu-
tion for 30–60 s. To obtain serum, fish blood was col-
lected in a dry sterile test tube. The test tube with
blood was left in a rack for 1 h at room temperature,
and then kept for 1 day in a refrigerator at 4°C for
blood coagulation and clot retraction. After that, the
serum was taken with a syringe with a fine needle and
transferred into an Eppendorf tube. The samples were
frozen in a freezer at a temperature of –18 to –20°C
and transported in special thermal containers. In the
laboratory, immediately before analysis, samples were
thawed at room temperature.

BAS was assessed by the nephelometric method
according to the modification by Mikryakov (1984).
Depending on the level of BAS, the proportion of
IMD was revealed in individuals whose blood serum
did not inhibit the development of test microbes. The
CRP level was determined visually by the agglutina-
tion reaction of the latex reagent with blood serum
using the CRP-Olvex reagent kit. The IR content was
established spectrophotometrically at a wavelength of
450 nm by the method of selective precipitation with a
4% polyethylene glycol molecular mass of 6000 as rec-
ommended earlier (Grinevich and Alferov, 1981).
Spectrophotometric studies were carried out using a
KFK-3 photoelectric photometer of the Zagorsk Opti-
cal and Mechanical Plant. PA was determined by the
content of non-enzymatic cationic protein in lyso-
somes of peripheral blood neutrophils by the cyto-
chemical method with bromophenol blue (Shubich,
1974), adapted for aquatic organisms. Microscopic
examination of smears was performed under an Optika
DM-15 digital microscope with magnification
(×600), looking at 100 cells in each smear. According
to the degree of phagocytic activity, the cells under
study were divided into four groups (0–3 points): 0,
there are no cationic protein granules; 1, single gran-
ules; 2, granules occupy ~1/4 of the cytoplasm; 3,
granules occupy more than 1/4 of the cytoplasm. The
average cytochemical coefficient (ACC) was calcu-
lated using the following formula:

where H0, H1, H2, and H3 are respectively, the number
of neutrophils with an activity of 0, 1, 2 and 3 points;

Statistical processing of the results was carried out
according to standard algorithms implemented in the
Statistica V6.0 software package using the t-test. The
differences were considered significant at p ≤ 0.05.

RESULTS AND DISCUSSION
Comparative analysis showed that individuals of

the rubella-resistant breed and others breeding groups of
the carp Cyprinus carpio had inter-seasonal and inter-
breed differences in the parameters studied (Table 1).

It is known that BAS is an integral indicator of the
functional state of innate factors of humoral immu-
nity: complement systems, lysozyme, immunoglobu-
lins, antimicrobial peptides, lectins, precipitins,
β-lysine, properdin, defensin, etc. (Mikryakov, 1984;
Royt et al., 2000; Van Muiswinkel and Vervoorn-Van
der Wal, 2006; Koiho et al., 2008; Van der Marel,
2012; Campoverde et al., 2017; etc.). The BAS value
was several times higher in carp caught in autumn
compared to spring, while in rubella-resistant species

( )0 1 2 3ACC 0 H 1 H 2 H 3 H 100,= × + × + × + ×

0 1 2 3H H H H 100.+ + + =
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Table 1. Indicators of nonspecific immunity of carp

Above the line are spring indicators, and below the line are autumn indicators; * denotes significant differences between spring and
autumn indicators; a significant differences between the Angelinskii breed and other groups (scaly and mirror) carp, with p ≤ 0.05.

Indicator Angelinskii carp Scaly carp Mirror carp

Number of fish

Body weight, g

Body length, cm  

Bacteriostatic activity of blood serum, %

Immunodeficient individuals, %

Immune complexes, conv. units

C-reactive protein, mg/L

Average cytochemical coefficient of lysosomal 
cationic protein in blood neutrophils, units

5
6

10
8

10
8

284.40 12.37
863.00 34.41

±
±

241.77 22.41
2022.37 69.70

±
±

270.20 22.94
2033.75 71.05

±
±

22.74 0.19
32.35 0.51

±
±

22.09 0.75
42.66 0.54

±
±

23.04 0.61
40.41 0.40

±
±

23.22 6.54
53.93 5.26*

±
±

±
±

а7.10 6.34
58.77 15.01*

±
±

а5.16 2.18
45.40 14.40*

20
0

70
25

60
25

1.82 0.70
1.50 0.54

±
±

1.25 0.46
1.00 0.27

±
±

0.94 0.21
1.21 0.37

±
±

6
6>

6
6

> 6
6

>
>

1.78 0.10
1.60 0.06

±
±

1.88 0.04
1.84 0.04

±
±

1.83 0.03
1.67 0.04*

±
±

the inter-seasonal differences were not as significant
as in scaly and mirror carp. As mentioned above, such
differences are associated with the level of the func-
tional state of the immune system of the fish organism
in different periods of the annual cycle. A similar
change in the BAS level was recorded for ecologically
different species of fish: the burbot Lota lota, blue
bream Abramis ballerus, roach Rutilus rutilus, and
bream Abramis brama (Mikryakov and Silkin, 1978;
Mikryakov, 1984).

Comparison of the level between different breeding
groups showed that the spring BAS indices in individ-
uals of the rubella-resistant variant were 3.3 times
higher than in scaly carp and 4.5 times higher than in
mirror carp. A low level of BAS is associated with a
high percentage of IMD of individuals among scaly
and mirror carp. In the Angelinskii breed, the percent-
age of such individuals was low even in the spring,
which indicates a higher level functional state of non-
specific humoral immunity.

The study of the IC content showed insignificant
differences among the groups of fish studied. Higher
rates were recorded in the spring (with the exception of
mirror carp). It is known that ICs, antigen-antibody
complexes and the associated complementary compo-
nents, formed as a result of the interaction with low
molecular weight foreign compounds (haptens, solu-
ble antigens, and autoantigens). They play an import-
ant role in the regulation of immune responses, the
elimination of xenobiotics from the body, and the
BIOLOGY BULLETIN  Vol. 48  No. 5  2021
maintenance of immunological and biochemical
homeostasis. When the organism is saturated with for-
eign bodies, excessive formation of ICs occurs due to
suppression of the clearing function of cells of the
phagocytic system (Loginov et al., 1999; Coico et al.,
2008). The absence of significant interspecies and
inter-seasonal differences in the level of ICs in the
blood serum indicates a good content of the carp and
the absence of infectious agents. Inter-seasonal changes
are probably associated with the intensity of accumula-
tion and utilization of ICs by the fish organism.

Study of the level of CRP, the acute phase protein,
the most sensitive laboratory marker of infection,
inflammation, and tissue damage, showed off-season
differences in Angelinskii carp and scaly carp. A
weakly positive level of CRP (6 mg/L) was recorded in
rubella-resistant carp in spring and in scaly carp in
autumn. The rest of the samples showed a positive
result (more than 6 mg/L). CRP, one of the key com-
ponents of humoral innate immunity, provides a con-
nection between the innate and adaptive immune sys-
tems (Nazarov, 2010), capable of recognizing
microbes and promoting their absorption by phago-
cytes (Bottazzi et al., 2010; Lee et al., 2017). CRP is a
very sensitive element in the blood, reacting faster than
others to tissue damage. In the serum of a healthy
organism, CRP is absent, but its level increases rapidly
and many times in infectious and parasitic diseases.
The low content of CRP in the body of the rubella-
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resistant carp breed in spring is probably related to the
high level of BAS.

Phagocytes are capable of killing pathogens using a
variety of mechanisms, which can be broadly classified
as oxygen-dependent or oxygen-independent. Studies
have shown that monocytes/macrophages and granu-
locytes (neutrophils and, in some cases, eosinophils)
have phagocytic activity in fish. Granulocytes (espe-
cially neutrophils) are mobile, phagocytic cells that
produce reactive oxygen species, but their bactericidal
activity is lower than macrophages (Hoar et al., 1996).
The results of the lysosomal cation test showed that
the potential phagocytic activity of neutrophils in fish
blood was within the physiological norm for carp of
this age category. However, in autumn, a significant
decrease in the ACC of the cationic protein was noted
in the mirror group of carp. Such a decrease in the
autumn period indicates the expenditure of a highly
toxic lysosomal cationic protein in the process of non-
specific cellular immune defense (phagocytosis) in
fish during the foraging period. Similar results were
obtained by us earlier (Pronina et al., 2019) and indi-
cate a good immune status of fish during this period of
the year.

Study of the immunological parameters in the
rubella-resistant variant of the carp Cyprinus carpio
made it possible to obtain new data on the level of
nonspecific immunity in the spring and autumn peri-
ods of the annual cycle. The analysis of the data
obtained showed the interseasonal and interbreed dif-
ferences of the parameters studied. The most signifi-
cant differences were recorded in the level of BAS and
the number of IMD of individuals in the spring. A high
level functional state of nonspecific humoral immu-
nity, in particular the bacteriostatic properties of blood
serum, probably provides immunity to carp of the
Angelinskii breed against the causative agents of
rubella. The data obtained can be used as markers
when carrying out selection and breeding work to
increase the resistance of fish to infectious diseases.
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