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Abstract. Electrocardiographic reference values of clinically healthy horses are
needed for assessment of the reduced performance or cardiac pathology animals.
The purpose of this study was to establish the rate of occurrence of arrhythmias in
clinically healthy horses of the Ukrainian riding breed at rest, during exercises, and
the recovery period. The experimental group of animals included 36 horses of age
3—17years, 16 mares (adult female horses), 11 geldings (castrated males), and 9 stallions
(adult males). The electrodes were placed with a modified base-apex system on the
surface of animals’ bodies. ECG recording was performed at rest (15 minutes), during
exercises and the recovery period for 30—40 and 15 minutes, respectively. Prevalence
and frequency of occurrence of arrhythmias were analysed with obtained recordings.
A significant number of the second-degree atrioventricular blocks were detected in
13.9% cases (n = 5) during the recovery period. 33.3% (n = 2), 8.3% (n = 3), and 19.4%
(n = 7) of cases of supraventricular premature contractions were detected during
exercises, at rest, and during the recovery period, respectively. The incidence of
supraventricular premature contractions was < 3/animal and < 5/animal during
exercises, and recovery period, respectively; with the exception of one animal in which
9 and 7 premature contractions were detected, respectively. Ventricular premature
contractions were identified in 2.7% (n = 1) and 5.6% (n = 2) cases, at rest and
exercises, respectively. Supraventricular tachycardia with 6-9 consecutive premature
contractions during trot was detected in 1 horse (2.7%). The results of this study
have confirmed the presence of arrhythmias in clinically healthy horses. The type of
arrhythmias significantly depends on the period (rest, exercises, and recovery) of the
animal’s activity, particularly.

Keywords: arrhythmias, heart condition diagnostics, portable ECG monitor, ECG
records, horses
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Introduction

Electrocardiography is an indispens-
able and highly accurate method for
diagnosing heart pathology, including
arrhythmias. Any disorder in the car-
diac impulse generation or conduction,
changing the heart rhythm, causes an
arrhythmia that can disrupt peripheral
circulation. Electrocardiography is the
most important method for diagnostics
of arrhythmias (Alidady et al., 2002).

Arrhythmias are divided into two
types: functional and organic. Arrhyth-
mias of the first type are not associated
with heart pathology, also called phys-
iological or inorganic. For example, in
horses and cattle, such arrhythmias can
occur under the high influence of the
autonomic nervous system. The second
type, organic or pathological arrhyth-
mias, is associated with heart disease or
structural disorder in the cardiac con-
duction system (Dezfuli et al., 2001).

The wvalue of electrocardiogram
(ECQG) in horses at rest is limited be-
cause most of the arrhythmias have a
latent course and can occur only during
the exercise. Furthermore, some distur-
bances in cardiac rhythm may appear
after exercise during the recovery peri-
od (Young, 2007). In this case, for the
complete diagnosis the ECG should be
recorded not only at rest, but also during
and after the exercise, especially in
horses with a history of collapse.

Analysis of recent researches
and publications

In 1911, Lewis recorded the first
case of a pathological ECG of a horse
with atrial fibrillation (Lewis, 1911).
Since then many researchers, both for-
eign and domestic ones, have studied
arrhythmias in horses.

Borovkov et al. (2013) studied the
effect of age on the condition of the car-
diovascular system in Ukrainian riding
horses. They found that horses over 18
years old were more likely to have car-
diac arrhythmias, namely sinoatrial and
atrioventricular (AV) blocks.

Maksymovych studied the prevalence
and significance of arrhythmias before
and after exercise in athletic horses of
Ukrainian riding, Hanoverian and West-
phalian breeds. He reported that sinus ar-
rhythmia (SA), second-degree AV block,
and supraventricular premature complex-
es (SVPCs) were diagnosed with a high
prevalence (Maksymovych, 2016).

Ryan et al. examined arrhythmias in
apparently healthy Thoroughbred horses
during and after exercises. The rate and
prevalence of such arrhythmias as sinus
arrhythmia, second-degree AV block,
SVPCs, and ventricular premature com-
plexes (VPCs) were established in their
research (Ryan et al., 2005). Another re-
search conducted by Buhl et al. investi-
gated prevalence of arrhythmias before,
during, and after exercises in clinically
healthy show jumping horses of differ-
ent breeds (Buhl et al., 2010).

The Ukrainian Riding Horse, or
Ukrainian Saddle Horse, also known as
Ukrainian Warmblood, is a relatively
young Ukrainian breed of warmblood
sport horses. Breeding of these horses
has begun since 1945 and the genetic
base constituted Hanoverian, Thorough-
bred, and Trakehner stallions with local
mares or Hungarian Furioso, Gidran
Arab, or Nonius mares (Edwards, 2016).
It was bred as show jumping, dressage
and three-day eventing breed, but also
suitable as a general riding horse (Rous-
seau et al., 2017).

Due to the lack of literature describ-
ing cardiac arrhythmias in Ukrainian
riding horses during the exercises, the
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clinical significance of heart rhythm dis-
turbances is yet to be established.
Purpose. The aim of this study was
to document the incidence of arrhyth-
mias in clinically healthy horses of the
Ukrainian riding breed. The electrocardi-
ography was performed in horses at rest,
during exercises and the recovery period.

Materials and methods
of research

The study was conducted in equestri-
an sport complexes and private stables
in Kyiv region of Ukraine (“Kentaur”,
“Pavlovsky Passage”, “Rodeo”, “KSK
Koenig”, “Kyivska Rus”, and others).

In order to confirm the clinically
healthy condition of the animals and to
form the experimental group, a physi-
cal examination was carried out, which
included: anamnesis collection, rectal
temperature measurement, examination
of visible mucous membranes (conjunc-
tiva of the eyes), determination of cap-
illary refill time, apex beat (precordial
area), arterial pulse (maxillary and dig-
ital arteries), and cardiac auscultation.
Animals with clinical signs of oedema
and the presence of heart murmurs were
not included in the experimental group.

Animals. The experimental group of
animals have included 36 horses at age
of 3—17 years, 16 mares (adult females),
11 geldings (castrated males), and
9 stallions (adult males). 10 horses com-
peted in dressage, 9 — in show jumping,
17 — did not take part in competitions,
but 3-4 times a week had a general
lungeing training.

ECG recording. The ECG registra-
tion in Ukrainian riding horses was per-
formed using a portable ECG monitor
[a portable ECG monitor developed by
scientists of the National Technical Uni-
versity of Ukraine “Kyiv Polytechnic

Institute named after Igor Sikorsky”].

With this purpose the system of 4 elec-

trodes was placed as follows: the nega-

tive (red) electrode was attached on the
right in front of the scapula, the positive

(green) one — on the left directly behind

the area of apex beat caudally from the

elbow, the positive-negative (yellow)
one — 5-10 cm above the green, and the
reference (black) electrode — on the left
in the area of the scapula (Popadiuk &

Holopura, 2020). Disposable electrode

pads with a gel layer and a sticky base

[SKINTACT F — 55, Innsbruck, Austria]

were used. For better contact and stabil-

ity of the electrodes during movement,

a girth covering all electrodes was used.

The ECG recordings were stored on a

memory card of the device with the sub-

sequent uploading to the cloud storage.

Exercises. The outdoor training was
performed during spring and fall, in the
morning with the temperature approxi-
mating to be 13-20 °C. ECG recording
in horses was performed in three stages:

1) at rest before exercise for 1015
minutes.

2) during physical
30 — 40 minutes.

3) during the recovery period imme-
diately after exercise for 15 minutes.

The stage of physical activity includ-
ed the warm-up and the exercise itself.
The training protocol consisted of 7 in-
tervals: 2 at a walk, 2 in trot, 2 in canter
and 1 in a gallop. Each of the intervals
lasted 3—10 minutes with a distance of
2000—4000 meters.

ECG analysis. Arrhythmias diagnos-
tics was based on the following prin-
ciples:

- second-degree AV  block: the
absence of the QRS complex for
the P wave on the interval between
the two previous P-P intervals.
There are two types distinguished:

activity for

6| ISSN 2663-967X

YKpaiHCbK1IN 4aconmnc BeTepMHapPHNX HayK

Vol. 11, N2 3,2020



JiaeHocmuka cmaHy cepus KoHell YKpaiHCbKoi 8epx080i nopoou rnopmamugHUM ...

physiological Mobitz type 1 with
Wenckebach periods, when the PR
interval gradually lengthens before
the block, and pathological Mobitz
type 11, in which the P-R interval has
a constant duration (Hilwig, 1977).

- sinus arrhythmia: variability of R-R
intervals, in which the heart rate (HR)
for several heartbeats decreases,
increases, and decreases again, until
a more stable rhythm is established
(Menzies-Gow et al., 2001).

- sinus pause: increasing of the R-R
interval by 20% at rest and by 10 %
during exercise; the P waves have
a normal configuration (Ultberg &
Clark, 2006).

- sinus block: the absence of the P
wave for a time equal to the duration
of the double previous P-P interval
(Bonagura & Miller, 1985)

- SVPCs: decreasing of the P-P interval
by 20 % at HR < 60 beats/min (bpm),
by 10% at HR of 60-100 bpm,
and by 4 % at HR > 100 bpm; the
morphology of the P wave may vary
depending on the site of the impulse
origin, premature contraction may
be accompanied by a compensatory
pause (Flethoj et al., 2016).

- supraventricular tachycardia (SVT):
a series of three or more consecutive
SVPCs.

- (VPCs: shortening of the R-R
interval by more than 20%; there is
no P wave before the QRS complex;
the QRS complex has an abnormal
configuration (Buhl et al., 2010).
Statistical — analysis.  Descriptive

analysis included determining the prev-

alence and frequency of arrhythmias, as
well as the mean and 95% confidence
intervals for the HR at three periods of
each individual (rest, exercises, and re-
covery). Statistic data analysis was per-
formed by two-way analysis of variance

(ANOVA) with such factors as arrhyth-
mias and periods (rest, exercises, re-
covery) in the SAS software [SAS Uni-
versity Edition, NC, USA]. The results
were considered significant at P < 0.05.

Results of the research and their
discussion

The minimum and maximum HR for
different periods (rest, exercises, and re-
covery) are shown in Fig. 1. The max-
imum HR during the gallop averaged
180200 bpm.

ECG recordings (Fig. 2) are demon-
strating sinus pause, sinus block, sec-
ond-degree AV block, SVPCs, VPCs,
and SVT. The prevalence and frequency
of arrhythmias are shown in Table 1.
The second-degree AV block was de-
tected in 5 (13.9%) horses during the
recovery period. The prevalence and
frequency of SVPCs and VPCs in indi-
viduals are shown in Table 2. In 12 ani-
mals (33.3%) the SVPCs were detected
during exercise, and in 3 (8.3%) and
7 (19.4 %) at rest and during the recov-
ery period, respectively. The incidence
of SVPCs was < 3/animal during exer-
cise, and < 5/animal during the recov-
ery, except for one animal, in which 9
and 7 premature contractions were de-
tected, respectively. VPCs were iden-
tified in 2.7% (n=1) and 5.6% (n=2)
cases at rest and exercises, respectively.
SVT with 6-9 consecutive premature
contractions during trot was detected in
1 horse (2.7%).

ANOVA included sinus pause, sinus
arrhythmia, second-degree AV block,
and SVPCs. The remaining arrhythmias
were not included in the analysis be-
cause of the insufficient sample. A sig-
nificant relation (P <0.0001) between
arrhythmias and different periods (rest,
exercises, recovery) was found, con-
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Fig. 1. The range of minimum, maximum values, and mean HR calculated for
three periods (rest, exercises, and recovery, after 5, 10, and 15 minutes)
of each individually. The error bars reflect the 95% confidence intervals

firming the fact that the type of arrhyth-
mia varies depending on the period of
activity or rest of the animal. During the
exercise, an increase in the number of si-
nus arrhythmias (P = 0.006) and SVPCs
(P<0.0001), and during the recovery
— an increase in the number of the sec-
ond-degree AV block (P <0.0001) was
found.

A. Sinus pauses on the ECG of a
7-year-old gelding on a walk. The beat
after the pause is marked with a filled
arrow. HR = 50 bpm, Speed =25 mm/s,
I mV =10 mm

B. Sinus block on the ECG of a 5-year-
old mare during the recovery period. The
pause is equal to two R-R intervals. HR =
35 bpm, Speed =25 mm/s, | mV =10 mm
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C. Second-degree AV block on the ECG
of a 12-year-old mare during the recovery
period. The blocked P wave is marked with
a filled arrow. Some P-R intervals have a
longer duration — Wenckebach phenome-

non, marked with an empty arrow. HR = 31
bpm, Speed =25 mm/s, 1 mV =10 mm
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double arrow). Also, premature P wave has
clearly different morphology compared to
normal P waves (empty arrow). HR = 38
bpm, Speed =25 mmy/s, 1 mV =10 mm

E. VPCs on the ECG of a 5-year-old
stallion at rest. The premature contrac-
tion (filled arrow) has a bizarre mor-
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D. SVPCs on the ECG of a 7-year-old
gelding at rest. The premature contractions
(marked with a filled arrow) are followed by
anoncompensatory pause, because the pre-
mature depolarization resets the sinus node,
meaning that the R-R interval encompass-
ing the SVPC (solid double arrow) is short-
er than the normal R-R interval (dashed

16 164 168 172 176 18 184 188 192 196 20 204 208 212

phology, longer QRS duration, and is
followed by a T wave with the opposite
direction. The subsequent P wave (empty
arrow) occurs in predefined time but is
blocked and followed by a compensato-
ry pause due to the refractoriness of the
ventricular myocardium. HR = 39 bpm,
Speed = 50 mm/s, 1 mV =20 mm.
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F. SVT on the ECG of a 9.5-year-old
stallion during trotting. The atrial rate is
about 75 bpm. The QRS complexes after
premature P waves (marked with a filled ar-
row) show a larger amplitude and T waves
have the opposite direction, which is often
the case for short R-R interval. HR = 68
bpm, Speed =25 mmy/s, 1 mV =10 mm.

Wenckebach phenomenon was present,
so such arrhythmia was considered to be
a physiological one.

Normally, horses may develop SVPCs
both at rest and during the recovery. Fre-
quent premature contractions during
exercise, especially at the peak HR, are
considered to be a consequence of atrial
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Fig. 2. ECG recordings with a sinus pause (A), sinus block (B), second-degree
AV block (C), SVPCs (D), VPCs (E), and SVT (F)

For the first time, a detailed analysis
of ECG for the presence of arrhythmias
in Ukrainian riding horses before, during,
and after the exercises was demonstrated.

Second-degree AV block, found in 6
animals (16.6%), completely disappeared
during exercise and in 5 animals (13.9%)
returned during the recovery period, when
the HR decreased to the rest values. In all
cases of diagnosis of this arrhythmia, the

1. Prevalence of detected cardi

myocardial disease. The number of ani-
mals in which SVPCs were detected, as
well as the frequency of extrasystoles per
animal, was lower in our study compared
to the data obtained by other researchers
in their studies (Ryan et al., 2005; Buhl et
al., 2010). Nonetheless, most SVPCs oc-
curred during the low intensity of exercise
and low HR, which is consistent with data
obtained by other researchers. It is note-

ac arrhythmias in horses at rest,

during exercises and the recovery period

. Type of horse work
Arrhythmia -
Rest (n,%) Exercises (n,%) Recovery (n,%)
Second-degree AV block 6 (16.6) 1(2.7) 5(13.9)
SVPCs 3(8.3) 12 (33.3) 7 (19.4)
SVT - 1(2.7) -
Sinus block - - 2 (5.6)
Sinus arrhythmia 4(11.1) 10 (27.8) 6 (16.6)
VPCs 1(2.7) 2(5.6) -
Sinus pause 2 (5.6) 3(8.3) 5(13.9)
Sinus tachycardia 1(2.7) - 1(2.7)
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worthy that no extrasystoles were detect-
ed during peak exercise, so its occurrence
might be explained by the fluctuations in
HR due to the changes in the pace and the
influence of the autonomic nervous sys-
tem on the equine heart.

VPCs are the result of a violation
of electrical activity in the heart ventri-
cles, resulting in premature contraction
(Bonagura & Miller, 1985). The value of
ventricular arrhythmias for animals often
contradicts each other, but its occurrence
is usually associated with myocardial
disease (Reimer et al., 1992). Ventric-
ular extrasystoles in the current study
occurred at a higher HR (110-130 bpm)
compared with SVPCs (45-90 bpm).

Single VPCs that occur at the end or
immediately after the exercises, in the

absence of structural myocardial dis-
ease, are considered to be physiological
ones (Reef et al., 2014). In case if >2
SVPCs or VPCs occur at peak loads, or
> 5 pairs during the recovery period, its
presence may cause poor performance,
predispose to the development of ven-
tricular tachycardia, and even collapse
and sudden death (Martin et al., 2000).
However, recent studies in clinically
healthy horses, with significantly ex-
ceeding numbers of SVPs and VPCs,
have questioned the validity of these
cut-off values. The current study re-
vealed fewer VPCs than in the studies of
other authors, which may be explained
by the different protocols of the exercise
procedure (Ryan et al., 2005; Buhl et al.,
2010; Maksymovych, 2016).

2. The number of SVPSs, VPCs, and SVT at rest, during recovery
and exercises in horses, with periods specified

Physiological Rest and recove Exercises
Ne Age, condition of male very X
years and female
SVPCs VPCs SVPCs VPCs SVT
1 M 3 rest - 1 trot - -
2 S - 1 rest - 1 canter -
3 55 M 2 rest, 7 ) 5 walk, 4 ) )
recovery trot
4 6 G - - 1 walk - -
5 7 M - - 1 walk - -
6 | 7 G 2 rest, 5 - 3 walk - -
recovery
7 7 S - - 2 trot - -
8 7.5 M 3 recovery - 1 canter - -
9 8 M 2 recovery - 1 trot - -
10 9 G - - 1 trot - -
111 9.5 S - - - - 2 trot
12 11 M - - 1 walk 1 canter -
13| 12 G 1 recovery - 2 walk - -
14| 13 M 1 rest, 1 - 2 trot - -
recovery

Note: M — mare, G — gelding, S — stallion.
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SVT in most cases is pathological
and occurs due to myocardial disease,
atrial dilatation, or another congenital
heart disease. Subsequently, SVT may
lead to the development of atrial fibrilla-
tion (Marr & Bowen, 2010). In our study,
it was detected in 1 animal and was man-
ifested as 6 and 9 consecutive SVPCs.

The sinus pauses found in the current
study have been previously described
(Buhl et al., 2010). This arrhythmia was di-
agnosed during a walk or trot of the animal,
and on the ECG, it is visually similar to a
sinus block with a shorter duration. It can
be assumed that sinus pauses occur during
the return to vagal tone, resulting in a slight
delay in the impulse conduction through
the sinus node. Since the high vagal tone
is typical for horses, the sinus pauses may
be considered a physiological arrhythmia.

Conclusions and future
perspectives of the study

As per our present study, it was clear-
ly shown that usage of the portable ECG
monitor confirms arrhythmias in clini-
cally healthy horses of the Ukrainian
riding breed. It was found that the type
of arrhythmia significantly depends on
the period (rest, exercises, and recov-
ery) of their activity.

The second-degree atrioventricular
block was most often (16.6%) regis-
tered at rest. During the exercises most
frequently (33.3% of cases) supraven-
tricular premature complexes develop,
in particular, in most cases, premature
contractions occur at a relatively low
heart rate and low intensity of exercises.

The obtained reference values al-
low the veterinarians to assess the heart
functions in horses of Ukrainian riding
breed with poor performance, clinical
signs of cardiac pathology, or cases of
collapse in the case report.
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of Veterinary Sciences, 11(4): 4—13, https://doi.org/10.31548/ujvs2020.04.001

AHomauia: EnekmporapdioapacpiuHi pechepeHmHi 3Ha4eHHs KiHiYHO 300posux KoHel € HeobXiOHUMU
nid 4ac oyiHKu KoHell 3i 3HUM#EHOI MPodyKmusHicmio abo cepyesumu namosoziamu. Memoro ybo2o
docrnioreHHs by10 8CMAHOBUMU YaCMomy 8UHUKHEHHSA apummili y KniHiYHO 300poeux KoHel yKpaiHCoKOI
8epX0B0i Mopodu 8 CMAHI CIIOKOKO, Mi0 Yac hi3UMHUX HABAHMAXEHb MA Y NePiod 8iONOYUHKY. JocnioHa
2pyna exnto4ana 36 KoHeli YKPaiHCLKOI 8epxosoi nopodu eikom eid 3 do 17 pokie — 16 Kobusn (Oopocni
camku), 11 mepuHis (kacmposaHi camui) ma 9 xepebuis (dopocni camui). Enekmpodu po3miusysanu 3a
MOOUIKOBAHOK OCHOBO-8epPXIBKOBOHO CLCMEMOIO HA Mini meapuH. Peecmpauito EKI nposodusnu y cmaHi
criokoro (15 x8), ni0 yac HasaHMaMeHs Ma y nepiod eiOHo8eHHs 8i0nosiOHo ernpodoex: 30—40 ma
15 x8. Ha 00epxaHux 3anucax aHasi3yeanu NepesaraHHs ma 4yacmomy 8UHUKHEHHSA apummill. 3Ha4Hy
Kinbkicme ampioseHmpuKynapHux 6s10kad y 13,9% (n = 5) 6yso suseneHo y nepiod nicas HABAHMAMEHH.
33,3%(n=12),83% (n=3), 19,4% (n = 7) suradkie cyrpaseHmMpuKynapHUXx ekxcmpacucmon bys1o 8uAe1eHo
8i0r0BIOHO Mi0 Yac HABAHMAM(EHHS, Y CMAHI CIOKOK Ma y nepiod 8iOHO8MeHHs. Yacmoma 8UHUKHEHHs
CYrPaseHMPUKYAAPHUX eKcmpacucmorn ckaadana <3/meapuHy ma <5/meapuHy eionogioHo nid
4ac HaBaHMaAXEeHHs Ma BIOHOB/EHHS, OKPIM OOHIEI MBApPUHU, y AKOI Byro suseneHo 8idrnosioHo 9 ma
7 excmpacucmon. LLinyHoukosi ecmpacucmonu 6ysio susesneHo y 2,7% (n=1) ma 5,6 % (n = 2) eidrosioHo
y cmaHi criokoto ma rid Yac pyxy. CyrpageHmpuKynapHy maxikapoito 3 6 —9 nocsidosHUX eKcmpacucmon
nid vac pyxy puccto bys1o 8usABAEHO y 0OHO20 KOHA (2,7%). Pesynemamu docnioxeHHs niodmeepdiyroms
HassHICMb apummili y KniHiYHO 300po8ux KoHel YKPaiHCbKOI 8epxosoi mopodu. Turn apummii docmogipHo
3anexwums i0 nepiody (criokiti, HABAHMAXEHHs], BIOHOB/IEHHST) AKMUBHOCMI MBAPUHU.

Kntovoei cnoea: apummii, diazHocmuka cmaHy cepys, nopmamusHuli EKI-moHimop,
peecmpauis EKI, KoHi
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Abstract. Numerous studies in experiments on laboratory animals and in clinical
practice have confirmed the positive effect of essential phospholipids on the structural
organization of cell membranes, intracellular metabolism, mitochondrial function,
antioxidant processes, which explains the active use of phospholipid-containing drugs
in hepato- and enteropathologies, cardiovascular diseases, etc. The raw material of
animal origin, in particular milk, which is a safe source of biologically active substances,
has a structural similarity with phospholipids of mammalian tissues. Based on them,
a biologically active additive (BAA) "FLP-MD" was created, which is characterized by
membranotropic properties and reparative effect. The aim of this work was to investigate
the biological effect of the liposomal form of BAA "FLP-MD" based on milk phospholipids
on the body of clinically healthy laboratory mice.

Determination of the toxicity of phospholipid-containing BAA "FLP-MD" was performed
on mice of the CBA line. The duration of the experiment was 16 days. The results of the
studies indicate a probable increase in body weight of mice of the CBA line after the 10th
day of intragastric administration of 1% solution of liposomal form of BAA "FLP-MD".

As a result of the study of biochemical parameters of plasma / native blood, the
absence of toxic effects of the liposomal form of BAA "FLP-MD" on the functional state of
the body of mice was set. Morphological parameters of peripheral blood in these animals
did not change significantly. According to the results of microscopic studies, no negative
effect of the liposomal form of BAA "FLP-MD" on the structure microstructure of the
mucous membrane of the gastrointestinal tract was found.

Therefore, the components of BAA "FLP-MD" do not adversely affect the functional state
of organs and systems of laboratory mice and do not show a toxic effect, which allows it to
be recommended for use in veterinary medicine as a means of rehabilitation therapy.

Keywords: milk phospholipids, BAA "FLP-MD", laboratory mice of the CBA line,
clinical, hematological and microscopic examinations, functional state of the organism
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Introduction

Now, the key role of structural and
functional destabilization of cell mem-
branes due to phospholipid deficiency,
lipid peroxidation, and their hydrolysis in
the pathogenesis of inflammatory, dystro-
phic and degenerative processes has been
scientifically and experimentally proven
(Solis-Calero et al., 2015; Gariani et al.,
2017; Calitz et al., 2018). This indicates
the feasibility of introducing reparative
therapies in veterinary medicine and med-
icine, which include phospholipid-con-
taining drugs, in particular, the most fa-
mous in the world — Essentiale® Forte N.
Numerous studies in experiments on lab-
oratory animals and when used in clinical
practice have confirmed the positive effect
of essential phospholipids on the structur-
al organization of cell membranes, intra-
cellular metabolism, the functional ability
of mitochondria, antioxidant processes,
and explains the active use of phospho-
lipid-containing drugs in hepatopatholo-
gy and enteropathology, cardiovascular
diseases, the intoxication of the body, etc.
(Bothra et al., 2018; Colombo et al., 2018;
Yang et al., 2018; Zhang et al., 2018).

The structural similarities with phos-
pholipids of mammalian tissues have raw
materials of animal origin, in particular,
obtained from milk, as well as a by-prod-
uct of its processing — butterdish, which
is a cheap and safe source of biological-
ly active substances. Based on them, we
created a biologically active additive
(BAA) “FLP-MD”, which is character-
ized by membrane-active properties and
reparative effect of an action. Therefore,
it is advisable to use reparative therapy
in applied veterinary medicine, focused
on the peculiarities of pathogenetic disor-
ders, taking into account the natural po-
tential and physiological ability of cells to
self-restore lost functions, especially dam-

aged intracellular structures — membrane
systems. This approach, along with tradi-
tional therapy in the medical field, helps
to reduce the economic damage from ani-
mal death, the occurrence of relapses and
complications of relevant pathologies,
as well as the solution of environmental,
food. and biological safety problems.

Analysis of recent research
and publications

Preventive medicine that studies the
problems of common non-communicable
diseases, based on the identification of risk
factors for the disease. An urgent task is
to assess the risk of developing a chronic
process, the formation of which correlates
with the duration of risk factors action
and their intensity. A chronic pathological
process is formed under the influence of
risk factors for a long period. In this re-
gard, to suspend it or achieve regression
of the disease is possible only as a result
of prolonged exposure to corrective fac-
tors while eliminating or attenuating the ef-
fects of negative factors. Inhibition of the
progression of the pathological process
and, especially, its reverse development
is an extremely difficult task that requires
the use of rehabilitation measures.

New rehabilitation technologies for
rehabilitation treatment include endoeco-
logical rehabilitation aimed at improving
the natural cavities and spaces formed by
the serous and mucous membranes, endo-
thelial structures, as well as the restoration
of the extracellular and cellular structures
(Gryshchenko et al.,, 2018). Currently,
there are four levels of endoecological
rehabilitation. Particularly noteworthy is
the fourth level, which is aimed at stimu-
lating cell regeneration and structural and
functional restoration of cell formations:
external and intracellular membranes,
protoplasm, membrane receptors, nuclear
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structures. The task of the fourth level of
rehabilitation is solved by correcting the
diet of animals with biologically active
substances of membranotropic action, lo-
cal action of membranotropic drugs (Gula
& Margitich, 2009).

The criterion for assessing the effec-
tiveness of endoecological rehabilita-
tion of the fourth level can be methods
that characterize the processes that oc-
cur in cell (biological) membranes. The
membrane responds to external signals
and induces the production of the cor-
responding metabolites by the cell; it is
able to effectively rebuild in response to
various factors. The physical state of the
membrane is known to be determined
by phospholipids, primarily phosphati-
dylcholine, phosphatidylethanolamine,
and phosphatidylserine, which contain
the bulk of the polyene fatty acids of the
®-6 and ©-3 structure (Gryshchenko,
2019; Sang-Chul & Xuemin, 2020).

In the process of rehabilitation therapy
at the fourth level of endoecological in-
teraction, there is a directed regulation of
cellular lipid metabolism, which is carried
out through the enzymatic block of desat-
uration of fatty acids, as well as due to the
stabilization of vasodilator function in the
synthesis of eicosanoids (Gryshchenko et
al., 2019). Moreover, the intensity of lipid
modification of cell membranes depends
on the depth and nature of the initial met-
abolic disorders. The fourth level will be
especially effective in rehabilitation for
years, but the effect can be seen on several
generations of the rehabilitated.

Most drugs from the arsenal of humane
and veterinary medicine are artificially
synthesized. Along with the quick effect
of their use, the development of severe
complications is possible, it is extremely
dangerous in case of complex clinical sit-
uations (Gryshchenko et al., 2019; Starr
et al., 2019). The likelihood of side effects

requires a deliberate and careful prescrip-
tion of such drugs in each case of the dis-
ease. Often the risk of negative effects of
synthetic drugs on a living organism limits
the possibility of their appointment due to
existing contraindications. The vast major-
ity of such drugs has cumulative properties
and, if the recommended therapeutic and
preventive doses are not followed, produc-
es a toxic effect on the body.

The unqualified prescription of
drugs, especially synthetic ones, often
causes the development of a “drug” dis-
ease. According to statistical materials,
the “drug” disease is the cause of death
of about 100,000 people and the cause
of the development of serious diseases
in 2,200,000 people a year, unfortunate-
ly, no such studies have been conducted
on the situation with animals. In many
cases of “drug” disease, life-threatening
side effects are noted: cardiac arrhyth-
mia, renal failure, internal bleeding, and
a critical decrease in blood pressure.

The use of natural, environmentally
friendly raw materials with low cost to cre-
ate BAA of therapeutic and prophylactic
action should help reduce the negative im-
pact of enteropathology on the health status
of animals and the formation of their pro-
ductive qualities (Tomchuk et al., 2019).

So, modern pharmaceutical pro-
duction focuses on the search for new,
efficient, environmentally friendly, and
at the same time more cost-effective
technologies; as a whole, it must solve
an extremely important task — preserv-
ing human health and the environment.
The components of dietary supplements
can be various organic and mineral sub-
stances of natural origin, which, along
with other properties of membrano-
tropic action. These are phospholip-
ids, essential fatty acids, amino acids,
vitamins, etc. (Udut et al., 2013). The
aim of the work was to investigate the
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biological effect of the liposomal form
of BAA “FLP-MD” based on milk
phospholipids on the body of clinically
healthy laboratory mice.

Materials and methods
of research

All manipulations with rats were car-
ried out in accordance with the require-
ments of the European Convention for
the Protection of Vertebrate Animals used
for experimental and scientific purposes
(Strasbourg, 1986), the Law of Ukraine
“On the Protection of Animals from Cru-
elty” Ne 3447 from 02/21/2006, which
was confirmed by the conclusion of the
Bioethics Commission of the National
University of Life and Environmental
Sciences of Ukraine, Kyiv, Ukraine.

The toxicity of the biologically active
phospholipid-dietary supplement “FLP-
MD” was determined in laboratory con-
ditions on CBA mice by oral adminis-
tration. The duration of the observation
period is 16 days (Vlizlo et al., 2012).

These tests are widely used by toxicol-
ogists as a relatively quick, uncomplicated,
low-cost, and statistically reliable method
for assessing the negative effects of drugs
on objects such as laboratory animals.

The studies were conducted on labora-
tory mice of the CBA line obtained from
healthy individuals of the vivarium of the
Institute of Oncology of the Academy of
Medical Sciences of Ukraine. Used ex-
perimental mice that reached puberty at
the beginning of the experiments. Healthy
individuals were selected, which had ap-
proximately the same size and weight, had
never before been used in other laboratory
studies and manipulations. The weight of
the mice was monitored throughout the
experiment. So, at the beginning of the
experiment, males weighed 19-20 g, fe-
males — 18-19 g.

To study the biological properties
of the phospholipid-containing dietary
supplement “FLP-MD” groups of exper-
imental animals were composed of ten
mice (five of each sex). Mice were kept
in five individuals in a separate cage.

The drug was fed to mice every day
for 16 days. Animals of the experimen-
tal group were intragastrically injected
with a 1% solution of phospholipid-con-
taining BAA “FLP-MD” in the liposo-
mal form at a dose of 13.5 mg/kg once
a day. BAA “FLP-MD?” is the author’s
development (Melnychuk et al., 2009),
which includes a complex of milk phos-
pholipids (nipples) that have a fatty acid
spectrum natural for mammalian cell
membranes, a mixture of unsaturated
fatty acids (oleic, linoleic, linolenic), ob-
tained with linseed oil, and antioxidants
(vitamins A and E). The control group
included intact animals injected per os
with an equivalent volume of distilled
water. After administration of the test
substance, the mice had free access to
food and water. Food intake was moni-
tored by both test and control mice.

We observed changes in the general
condition of the animals, the presence
of symptoms of intoxication. Every
24 hours of the experiment, the mice
were weighed and the amount of feed
consumed was monitored. After the ex-
periment, the mice were decapitated un-
der ether anesthesia, blood samples were
taken for morphological and biochemical
studies, stomach and intestine samples
for microscopic studies. The blood was
stabilized with heparin. Morphological
(number of erythrocytes, leukocytes,
platelets, leukogram) and physical (he-
matocrit, erythrocyte sedimentation rate,
ESR) parameters of blood were calcu-
lated and measured by the method of
Coulter on a veterinary hematology an-
alyzer “Mindray BC 2800 Vet” (China)
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(Vlizlo et al., 2012). Hemoglobin content
was determined in whole blood using the
Analyzer Micro CC-20 Plus Auto HTI
(USA) according to the instructions of
the manufacturer. Biochemical indicators
were determined by biochemical GBG
Stat Fax 1904 Plus (Awareness Technol-
ogy, Inc., Florida, USA) using chemicals
purchased from DAC-SPECTROMED
S.R.L. (Republic of Moldova). This de-
vice allowed to determine routinely the
content of total protein, glucose; activity
of enzymes e.g. aspartate transaminase
(AST, EC 2.6.1.1), alanine transaminase
(ALT, EC 2.6.1.2), alkaline phosphatase
(ALP, EC 3.1.3.1) and lactate dehydro-
genase (LDH, EC 1.1.1.27). Microscop-
ic samples were stained with hematox-
ylin-eosin, blood smears according to
Romanovsky-Giemsa.

Statistical data analysis was per-
formed using software Statistica 6.0.
Data confidence was estimated using
Student t-criteria. Data were assumed as
significant at P < 0.05.

Results of the research
and their discussion

Throughout the experiment, the behav-
ior of animals in the experimental group
did not differ from that in mice of the con-
trol group. When assessing the appearance
(condition of the skin, coat, mucous mem-
branes) in mice of the experimental group,
no differences were revealed compared
with animals of the control group. After
administration of the BAA “FLP-MD”,
no symptoms of intoxication (tremors, sei-
zures, paresis, and paralysis) were observed
in animals of the experimental group.

During visual observation in exper-
imental animals, the frequency of urine
output and defecation, as well as the
color of urine and feces did not differ
from those in the control group.

The dynamics of changes in the
body weight of CBA mice of various
groups are given in Table. 1. According
to the table, when feeding a phospholip-
id-containing

BAA “FLP-MD” to mice for 16 days,
a significant increase in the bodyweight
of mice was observed after 10 days of
experiment in both males and females.

The results of the study of morpholog-
ical, biochemical, and physical parameters
of the peripheral blood of mice treated with
phospholipid-positive  BAA “FLP-MD”
for 16 days are presented in Table. 2.

According to the results presented
in mice of the experimental group, the
number of erythrocytes and the ESR de-
crease under the influence of phospho-
lipids of the dietary supplement, which
is better expressed in females (corre-
spondingly from (7.2240.25)x 10"%/L
to (6.04+£025)x10%L and from
(1.6 £0.24) mm/h to (0.8 +0.2) mm/h,
P <0.05). All other indicators of animals
treated with BAA “FLP-MD” did not
change significantly.

As a result of biochemical studies,
which are presented in Table 3, when
mice were fed phospholipids of milk in
the form of liposomal BAA “FLP-MD”
for 16 days, no significant changes in
blood plasma parameters were found,
with the exception of alanine transami-
nase (ALT, EC 2.6.1.2) in females.

The above allows us to conclude that
there is no toxic effect of the compo-
nents of the dietary supplement on the
functional condition of the body.

The results of microscopic studies of
the stomach and intestines. On the prepa-
ration of the esophagus in females of the
experimental group, the transition of the
stratified squamous epithelium of the
esophagus into the glandular epithelium
of the cardiac part of the stomach and
the absence of cytological or structural
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1. The average change in bodyweight of mice (g) over the experimental period
(M £ m, n =5 in each group)

. Bodyweight (g)
Group of animals
2 day 5 day 8 day 10 day 16 day
Experimental | females | 17.74£0.3 | 184+0.1 | 18.6+0.3 | 18.8+0.3* | 19.0+0.3*
Group males | 19.5+04 | 20.5+0.6 | 21.1+0.6 | 22.1 +0.4* | 22.94+0.3*
Control females | 18.1+02 | 18.6+0.3 | 187+02 | 189+0.2 | 19.7+£0.6
Group males | 21.0£0.3 | 220+£0.6 | 209+0.7 | 209+1.0 | 21.1£1.3

Note: * P < 0.05, compared with the initial data on the 2nd day of the experiment in the

context of the control groups.

changes in these organs are noted. In the
esophagus, strata of the stratified epitheli-
um are surrounded by keratin masses with
foci of mineralization (dystrophic lim-
ing). Dystrophic liming indicates the an-
tiquity of the mineralization process and
is not a pathology. No structural changes

were detected in the epithelial cells of the
esophagus glands and the cardiac glands
of the stomach. The muscular membrane
with an active response of smooth muscle
cells, the serous membrane is thickened
with an active reaction of fibroblasts. At
the intersection of the esophagus into the

2. Blood morphological, biochemical and physical parameters in experimental
mice (M = m, n =5 in each group)

Males Females
Indicator experimental experimental
control group control group
group group
Erythrocytes, x 10'%/L 6.01 £0.25% 7.22+0.25 6.97+0.51 7.60 + 0.66
Hemoglobin, g/L 1120+ 1.7 116.8+2.7 116.3 +3.03 1153+1.8
Hematocrit, conv. units 0.46 £0.03 0.45+0.01 0.47 +£0.01 0.43£0.02
Platelets, x 10°/L 548.67 £ 145.60 | 515.20+41.20 | 611.25 £ 26.56 | 607.25 +39.02
Leukocytes, x 10°/L 6.78 £0.56 6.80 = 0.44 5.97+0.35 5.40+0.77
Stab 10°/L | 0.021£0.014 | 0.040+0.023 | 0.051 £0.021 | 0.056 +0.021
leukocytes % 0.30+0.20 020+0.12 | 0.83+£033 | 1.00£0.36
Segmental 10°/L 1.08 +0.06 1.06 £0.28 1.07+£0.25 1.14+£0.19
leukocytes % 16.60 £ 1.96 15.00+£3.38 | 17.67+£3.77 | 21.29+2.93
) ) 10°/L 0.17+£0.05 0.22+0.08 0.15+0.03 0.13+0.02
Eosinophiles
% 2.50+£0.63 3.30+1.35 2.58 £0.45 2.71+£0.56
10°/L 0.22+0.05 0.39+0.14 0.28 £0.03 0.33+0.09
Monocytes
% 3.20+£0.66 5.50+1.75 4.75+£0.64 6.21 £1.60
10°/L 5.30+0.56 5.13+0.20 4.44+0.38 3.73+£0.68
Lymphocytes
% 77.60+2.14 76.00 £2.76 74.50 +4.61 68.36 +4.58
ESR, mm/hour 0.80+0.10* 1.60£0.14 1.33+0.17 1.51+0.29

Note: * P <0.05, the difference is significant compared with the control.
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3. Blood plasma biochemical parameters in mice of different groups
(M £ m, n =5 in each group)

Males Females
Indicat i i
ndicator experimental control group experimental control group
group group
Alanine 126.3 + 6.1 1393+ 1.9 97.0+ 1.6* 833+1.1
transaminase, [U
Aspartate 565.6+30.7 | 612.3+57.9 | 537.0+50.1 | 527.6+71.6
transaminase, [U
Alkaline 864.0+162% | 7550+313 | 79234453 | 969.0=73.9
phosphatase, [U
Lactate
2496.3+203.2 | 2996.3+79.9 [10199.0=+102.7|10802.0+488.1

dehydrogenase, [U
Glucose, mM 20.7+1.2 19.4+0.8 17.8+0.6 1821+1.5
Total protein, g/L 393+1.9 37.3+0.6 31.0+04 31.0+1.2

Note: * P < 0.05, the difference is significant compared with the control.

stomach, there are massive round-cell in-
filtrates (inflammatory), stasis (plethora)
of blood vessels. The mineralization of
keratin masses in the esophagus and at the
same time an active reaction of the basal
cells of the esophagus are noted.

The mucous membrane of the stomach
was rejected into the lumen with stick ne-
crosis fragments of the glandular epitheli-
um and the storage of individual Brunner
glands, which are represented by a cylin-
drical epithelium. The rejection of the gas-
tric mucosa extends to the limit of its plate.
The last thinned, homogeneous, poor cells
with signs of mineralization. The muscular
membrane is thinned with signs of inter-
muscular edema; smooth muscle cell re-
sponse and lymphocyte infiltration. Some
preparations have no structural changes.
All layers of the structure are clearly recog-
nizable: lobes, fossa of the mucosa, and
own glands. The submucosa of the mucosa
membrane is thinned, the muscle and se-
rous membranes are thickened.

The small intestine corresponds to the
structure of the duodenum. The structure of
the mucous membrane is preserved, despite
the rejection of the mucous layers in the in-
testinal lumen and necrosis of a part of the

villi. The submucosa and serous membrane
are absent. In the $troma of the intestinal vil-
li, lymphocytic infiltration is expressed. The
structure of the small intestine is not broken
in all layers. The villi of the mucous mem-
brane are large with a moderate endothelial
reaction. The cavernous expansion of the
blood vessels of the submucosal layer is de-
termined. Hypertrophied muscle plate (mid-
dle section). The serous membrane is absent.
In males, when studying the prepara-
tions in the transitional zone of the esopha-
gus and the cardiac part of the stomach, the
hyperkeratinization between the cells of
the stratified squamous epithelium and the
subepithelial layer with foci of mineraliza-
tion (dystrophic liming) is noted. Massive
foci of hemorrhage (intramuscular). The
active reaction of nuclear forms of fat cells
in the upper section. Fragmentation and
decay of connective tissue fibers, which
borders the squamous epithelium.
Transitional zone of the esopha-
gus into the stomach: on the verge of a
multilayer squamous epithelium of the
esophagus and glandular epithelium
of the cardiac section of the stomach,
round-cell infiltrates were found. Dys-
trophic liming in the intermediate tis-
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sue of the esophagus. The structure of
the stomach corresponds to the structure
of the normal mucous membrane with
pyloric glands and muscle membrane.

Small intestine: pockets crypts are
clearly distinguished, villi are flattened,
sent by a single-layer cylindrical epi-
thelium, without visible pathological
changes, mainly edged in the absence
of other cells that make up the intestinal
villus (goblet-like mucus-producing and
endocrine-hormone-producing). Edema
of the intermediate tissue of the Brunner
glands with microcenters of inflamma-
tory round-cell infiltrates was revealed.

When studying the transition of the
esophagus to the cardiac stomach in
males and females of the control group,
the pattern of changes corresponds to
the characteristic changes for the exper-
imental group described above, with the
difference that a more pronounced inflam-
matory reaction is noted in the underlying
connective tissue stroma of the esopha-
gus. It turns dystrophic liming subepithe-
lial tissue of the esophagus. The cardiac
glands of the esophagus (Brunner) are not
structurally altered; there is intra-plasmic
retardation of mucus with infiltration of
the submucosal layer of lymphocyte.

In the plate of the mucous mem-
brane of the esophagus, the structure is
not broken, it contains all types of cells
with a predominance of mucus-produc-
ing. In structure, it does not differ from
the mucous membrane, characteristic for
normal. In the small intestine, high villi
were detected with a pronounced reac-
tion of lymphocytes and plasma cells in
their plate of the mucous membrane.

Conclusions and Prospects
During the feeding mice of the CBA

line with the liposomal form of BAA
“FLP-MD” based on milk phospholipids

(within 16 days), a significant increase in
body weight was observed after the 10th
day of the experiment in both males and
females. The amount of feed consumed
during the entire period of the exper-
iment in the control and experimental
groups do not differ.

The obtained biochemical blood pa-
rameters indicate the absence of toxic
effects of the liposomal form of BAA
“FLP-MD” based on milk phospholipids
on the functional condition of the body.

The morphological parameters of the
peripheral blood in experimental animals
receiving the liposomal form of BAA
“FLP-MD” do not change significantly,
with the exception of a decrease in the
number of red blood cells and the ESR in
animals of the experimental group.

According to the results of micro-
scopic studies, there was no negative
effect of the liposomal form of BAA
“FLP-MD” based on milk phospholip-
ids on the microstructures of the mu-
cous membrane of the organs of the gas-
trointestinal tract. The normal structure
of'this section of the digestive tract is dis-
tinguished only by pronounced inflam-
matory infiltration (squamous) in the
submucosal layer. Hyperplasia of the
lymphoid elements of Peyer’s plaques is
noted. The epithelial cells of the Brun-
ner glands are filled with mucus (de-
layed withdrawal), like the glands of the
cardiac section of the stomach.

Therefore, the BAA “FLP-MD” can be
recommended for use in veterinary medi-
cine as a means of rehabilitation therapy.

References
Bothra, A., Arumugam, P., Panchal, V., Menon,
D., Srivastava, S., Shankaran, D., Nandy, A.,
Jaisinghani, N., Singh, A., Gokhale, R. S.,
Gandotra S., & Rao V. (2018). Phospholip-
id homeostasis, membrane tenacity and

Vol. 11, Ne 3,2020

Ukrainian Journal of Veterinary Sciences

ISSN 2663-967X | 21



B. A. TpuweHko

survival of Mtb in lipid rich conditions is
determined by MmplL11 function. Scien-
tific Reports, 8(8317):1-14. doi: 10.1038/
s41598-018-26710-z
Calitz, C., Hamman, J. H., Fey, S.J., Wrzesinski, K., &
Gouws, C.(2018). Recentadvancesin three-di-
mensional cell culturing to assess liver func-
tion and dysfunction: from a drug biotransfor-
mation and toxicity perspective. Toxicology
Mechanisms and Methods, 28(5):369-385.
doi: 10.1080/15376516.2017.1422580
Colombo, S., Melo, T., Martinez-Lopez, M.,
Carrasco, M. J., Domingues, P., Pérez-Sala,
D., & Domingues, R. (2018). P-150 — Phos-
pholipidome of endothelial cells shows a
different adaptation response upon oxida-
tive, glycative or carbonyl stress. Free Rad-
ical Biology and Medicine, 120(1):590. doi:
10.1016/j.freeradbiomed.2018.04.297
Gariani, K., Ryu, D., Menzies, K. J., Yi, H-S., Stein,
S., Zhang, H., Perino, A., Lemos, V., Katsyu-
ba, E., Jha, P, Vijgen, S., Rubbia-Brandt, L.,
Kim, Y. K., Kim, J. T., Kim, K. S., Shong, M.,
Schoonjans, K., & Auwerx1, J. (2017). Inhibit-
ing poly ADP-ribosylation increases fatty acid
oxidation and protects against fatty liver dis-
ease. Journal of Hepatology, 66(1):132-141.
Gryshchenko, V. A. (2019). Blood and acid
composition of blood and biles in calves
at enteropatology and application of milk
phospholipides. Ukrainian Journal of Veter-
inary Sciences, 10(4):36-42, doi: 10.31548/
ujvs2019.04.005 (in Ukrainian).
Gryshchenko V., Danchenko O., & Musiychuk V.
(2019) Modification of Modeling Method of
Toxic Dystrophy of Liver in Rats. In: Nadykto
V. (eds) Modern Development Paths of Ag-
ricultural Production. Springer, Cham. doi:
10.1007/978-3-030-14918-5_67
Gryshchenko V. A,, Sysolyatin S. V., & Guleva-
ta J. V. (2018). Phospholipid composition
of blood plasma and internal organs of
rats with diclofenac-induced hepatitis.
Ukrainian Journal of Ecology, 8(3):211-215.
Gryshchenko, V., Sysoliatin, S., & Midyk, S.
(2019). Fatty acids of lipids of blood serum

and liver of rats with tetracyclin-induced
hepatosis and at correction. Regulatory
Mechanisms in Biosystems, 10(4):520-525.
doi: 10.15421/021976

Gula, N. M., & Margitich, V. M. (2009). Zhyrni
kysloty ta yikh pokhidni pry patolohichnykh
stanakh [Fatty acids and their derivatives in
pathologic starts]. Naukova dumka, Kyiv (in
Ukrainian).

Melnychuk, D. O., Gryshchenko, V. A., & Lyt-
vynenko, O. N.: Veterynarna biologichno
aktyvna dobavka liposomal’noi’ formy ta
sposib reparatyvnoi’ terapii’ v gepatologii’
[Veterinary biologically active additive of
liposomal form and method of reparative
therapy in hepatology]. Patent UA, 86516
(2009). (in Ukrainian).

Sang-Chul, K. & Xuemin, W. (2020). Phosphatid-
ic acid: an emerging versatile class of cel-
lular mediators. Essays in Biochemistry.
EBC20190089. doi: 10.1042/EBC20190089

Solis-Calero, C., Ortega-Castro, J., Frau, J. &
Mufioz, F (2015). Nonenzymatic reactions
above phospholipid surfaces of biologi-
cal membranes: reactivity of phospholip-
ids and their oxidation derivatives. Oxi-
dative Medicine and Cellular Longevity,
319505:22. doi: 10.1155/2015/319505

Starr, M. L., Sparks, R. P, Arango, A. S., Hurst, L.
R., Zhao, Z., Lihan, M., Jenkins, J. L. Tajkhor-
shid, E., & Fratti, R. A. (2019). Phosphatid-
ic acid induces conformational changes in
Sec18protomers that prevent SNARE prim-
ing. Journal of Biological Chemistry, 294:3100-
3116, doi: 10.1074/jbc.RA118.006552

Tomchuk V., Gryshchenko, V., Vlizlo, V., &
Enciu V. (2019). Corrective effect of milk
phospholipids in pathological conditions.
lasi Editura lon lonescu de la Brad.

Udut, V. V., Vengerovsky, A. |., & Dygai, A. M.
(2013). Effects of phospholipid hepatopro-
tectors on apoptosis during experimental
liver pathology induced by isoniazid and
paracetamol. Bulletin of Experimental Bi-
ology and Medicine, 154(5):614-617. doi:
10.1007/s10517-013-2012-9

22 | ISSN 2663-967X

YKpaiHCbK1IN 4aconmnc BeTepMHapPHNX HayK

Vol. 11, N2 3,2020



Bnnus gocghoniniooemicHoi 6io00b6asKU Ha GhyHKYiOHAMbHUL CMaH op2aHie ma cucmem...

Vlizlo, V. V., Fedoruk, R. S., & Ratych, I. B. (2012).

Laboratorni metody doslidzhen u biolohiyi,
tvarynnytstvi ta veterynarniy medytsyni
[Laboratory methods of investigation in bi-
ology, stock-breeding and veterinary]. Spo-
lom, Lviv (in Ukrainian).

Yang, K. J., Son, J., Jung, S. Y., Yi, G., Yoo, J., Kim,

D. K., & Koo, H. (2018). Optimized phos-
pholipid-based nanoparticles for inner ear
drug delivery and therapy. Biomaterials,

171(7):133-143. doi: 10.1016/j.biomateri-
als.2018.04.038

Zhang, X., Yang, L., Liu, Y., Song, Z., Zhao, J., Chen, D.,

Yu, H., Li,R., Wang, Y,, Yang, K., Chen, Y,, Xia, M.,
& Zhang, L. W. (2018). Detection of nanocarri-
er potentiation on drug induced phospholipi-
dosis in cultured cells and primary hepatocyte
spheroids by high content imaging and anal-
ysis. Toxicology and Applied Pharmacology,
348:54-66. doi: 10.1016/j.taap.2018.04.016

B. A. Ipuwenko (2020). BI/INB ®OCOINIAOBMICHOI 61040EABKU HA ®YHK-

LIIOHA/IbHWUH CTAH OPIAHIB TA CUCTEM OPTAHI3MY MULLIENA. Ukrainian Journal

of Veterinary Sciences, 11(3): 1423, https://doi.org/10.31548/ujvs2020.03.002

AHomayjia. YucneHHUMU O0CNiOHEHHAMU 8 eKcriepuMeHmax Ha n1a6opamopHUX MBAapUHAX
i Mid Yyac sUKOPUCMAHHSA 8 KAIHIYHIG npakmuyi niomeepdxeHo no3umusHuli 8naue eceHyiliHux
¢ocgoninioie Ha cMpPyKMypHy OpP2aHI3ayit0 KAIMUHHUX MeMOPAH, 8HYyMPpPIilWHbOKAIMUHHUCL
memaboi3m, hyHKUYioHANbHY 30aMHiCMb MiMOXOHOPIl, GHMUOKCUOAHMHI MPoyecu, Uj0 NOACHIOE
aKmueHe 3acmocysaHHA gocgoninidosmicHUX npernapamise 3a eenamo- ma eHmeponamooeit,
cepyeso-cyOUHHUX 3ax80pto8aHb6 mouwjo. CmpykmypHy nodibHicme i3 hocgponinidamu mKaHuH
ccasyie Mae cCUPOBUHA MBAPUHHO20 MOXOOHEHHS, 30KPEMA, MO/IOKA, AKA € be3neyHum Oxepesnom
bionozivHo akmusHuUX peyosuH. Ha ixHili ocHosi cmeopeHo 6ionoziyuHo akmueHy 0obasky (bAL)
«FLP-MD», 0515 AKOI XapakmepHi membpaHomponHi eaacmusocmi ma penapamusHuli e¢pekm Oii.
Memoto pobomu 6yno docnidumu bionoeiyHuli enaue ainocomaneHoi popmu BAL «FLP-MD» Ha
0CHO8I (hocghoninidie MoMoOKa Ha opeaHiam KniHiYHO 300posux nabopamopHux muwed.

BusHa4eHHA mokcu4Hocmi ¢hocgoninidoemicHoi BAL] «FLP-MD» npogodunu Ha mMuwax AiHii
CBA. Tpusasnicme 0ocnidy cmaHosuna 16 0i6. Peaynemamu 0ocniomceHs cgiduame npo sipozioHe
36inbweHHs macu mina muwel niHii CBA nicas 10-of dobu iHmpazacmpaneHo2o esedeHHA 1%
pO34uHy ninocomanebHoi popmu bAL «FLP-MD».

Y pe3ynemami 0ocnioneHHs GioXiMiYHUX MOKA3HUKI8 MaAa3MU/HaMUBHOI Kposi 6CMAH0B8/1eHO
8i0cymHicmbs moKcu4Ho20 ensausy ninocomansHoi popmu BAL «FLP-MD» Ha ¢yHKUioHanbHUL
cmaH opaaHismy muwell. MopgonoaiuHi MOKA3HUKU nepughepuyHoi Kposi yux meapuH He
303HABANU ICMOMHUX 3MiH. 30 pe3ynbmamamu MIKPOCKOMIYHUX O0CiOHEHb He 8UABAEeHO
He2amueHo20 6nausy sinocomansHoi ¢popmu BAL «FLP-MD» Ha mikpocmpykmypy cau3080i
060/10HKU OP2aHI8 WTYHKOBO-KUWKOBO20 MPaKmy.

Omice, cknadosi bAL] «FLP-MD» He 4YUHAMb He2amueHO20 8rnausy Ha (hYyHKYioHaMAbHUl
cmaH opaaHie i cucmem opaaHiamy nabopamopHux muweli ma He 8UABAAOMb MOKCUYHO20
echekmy 0il, wjo 003807€ il pekomeHOysamu 0715 34CMOCYB8AHHA y 8emepuHapii 8 AKocmi 3acoby
8i0H06/11080/16HOT Mepanii.

Kmrovoei cnoea: pocghoniniou monoka, BAL «FLP-MD», nabopamopHi muwi niHii CBA, KniHi4Hi,
2eMamosio2ivyHi ma MikpocKoniyHi 00CiOHeHHs, PyHKYioHanbHUL cmaH opaaHizmy

Vol. 11, N2 3, 2020 Ukrainian Journal of Veterinary Sciences ISSN 2663-967X | 23



UDC 619:611.018.53/.4:612.33:636.597 https://doi.org/ 10.31548/ujvs2020.03.003

CELLULAR COMPOSITION OF LYMPHOID TISSUE
OF PEYER'S PATCH OF DUODENUM IN DUCKS

T. A. MAZURKEVYCH, Candidate of Veterinary Sciences, Associate Professor
Academician Volodymyr Kasyanenko Department of Animal Anatomy, Histolo-
gy and Pathomorphology
https://orcid.org/0000-0002-1294-5939
National University of Life and Environmental Sciences of Ukraine, Kyiv,
Ukraine
E-mail: mazur@faust.kiev.ua

Abstract. The aim of our research was to study the cell composition of the lymphoid
tissue of the duodenal Peyer's patch of the ducks in age-related aspects. Among the cells
of the lymphoid tissue of the duodenal Peyer's patch are immunoblasts, lymphocytes,
proplasmocytes, and plasma cells, monocytes and macrophages, epithelial cells, reticular
cells, erythrocytes, granulocytes, fibroblasts, and M-cells. The content of populations of
these cells is not the same. Lymphocytes in the preparations-imprints are found the most.
They are represented by small, medium, and large forms. Small lymphocytes were found
in the largest number, and large ones — in the smallest. The content of small lymphocytes
decreases unevenly with the age of ducks, and medium and large lymphocytes — increases
unevenly. The content of immunoblasts in the lymphoid tissue of the duodenal Peyer's patch
of ducks is less than that of lymphocytes. This index decreases unevenly from the 1st to
the 420 days of age of birds. Proplasmocytes and plasmocytes are found in the lymphoid
tissue of the duodenal Peyer's patch of ducks in small numbers from the 15th day of age.
Their content increases significantly with the increasing of the birds’ age. The content of
macrophages and monocytes in the lymphoid tissue of the duodenal Peyer's patch of ducks
is insignificant. Uneven increase of this indicator is registered from the 1st to the 420 days
of age of birds. The content of reticular cells cannot be calculated because they are covered
by lymphoid cells, and fibroblasts, erythrocytes, granulocytes, and M-cells that occur in the
imprint preparations in small quantities cannot be statistically processed.

Keywords: ducks, duodenum, Peyer's patch, lymphoid tissue, immunoblasts,
lymphocytes, proplasmocytes, plasmocytes, monocytes, macrophages

Introduction lymphocytes scattered throughout the

body, including lymphocytes circulating

It is well known that the organs of in the bloodstream and lymph (Day &
hemo- and lymphopoiesis include cen-  Schultz, 2014; Kaushansky et al., 2016).
tral (primary) and peripheral (second- A special place in this multicomponent
ary) organs, as well as focal clusters of  tissue organization is given to the so-
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called lymphoid tissue associated with
mucous membranes (mucous associat-
ed lymphoid tissue — MALT). In birds,
MALT is formed by lymphoid cells,
which are localized in their own plate
and submucosal basis of the mucous
membrane of the gastrointestinal tract
(GALT) and respiratory tract (BALT)
(Day & Schultz, 2014; Kaushansky et
al.,2016). These structures form the first
protective barrier against antigens that
enter the body with food and air. Interest
in GALT in birds is currently growing,
due to the fact that the vast majority of
antigens enter the body of these animals
through the digestive organs (Forchielli
& Walker, 2005). As a result, about 70%
of the lymphoid tissue, which forms the
parenchyma of peripheral organs of im-
munogenesis, including GALT struc-
tures that comprise Peyer’s patches, is
localized in their walls (Neutra et al.,
2001).

All functions of lymphoid tissue
provide its cellular elements from poly-
potent stem cells to effector cells (lym-
phocytes, plasma cells, macrophages),
which are in the processes of prolifera-
tion, differentiation, migration, cooper-
ation, and apoptosis (Regoli et al., 1994;
Trufakin et al., 2005). The optimal bal-
ance of immunocompetent cells pro-
vides its main function — immunity. We
did not find information on the cellular
composition of the lymphoid tissue of
the duodenal Peyer’s patch of the ducks
in the special literature. Therefore, the
study of this issue is relevant.

Materials and methods
of researches

Intestines were obtained from the
Blahovarsky cross broiler ducks of 1, 5,
10, 15, 20, 25, 30, 60, 90, 120, 150, 180,
210, 240 days old (5 ducks per group). All

interventions and slaughter of the birds
were performed in compliance with the
requirements of the European Convention
for the Protection of Vertebrate Animals
Used for Experimental and Scientific Pur-
poses (Council of Europe, 1987) and the
Decree of the First National Congress on
Bioethics (Reznikov, 2003).

Cytological examinations were per-
formed on imprint preparations stained
with commercial stains LeikoDiff 200
(Erba Lachema, Czech Republic) and
with Pappenheim’s stains Hemacolor
(Merck, Germany) (Silverman & Frable,
1990; Storc et al., 2005). The slides were
examined with a bright-field microscope
“Olympus” (Japan). In imprint prepara-
tions, cells were differentiated and their
number was counted in 5 fields of view
of the microscope (in one preparation).
50-70 cells were counted in one field of
the microscope (Avtandilov, 1990).

The arithmetic mean was deter-
mined statistically with the error of the
arithmetic mean (SD). Statistical analy-
sis was performed by StatSoft Statistica
13.1 (1998).

Results of the research and their
discussion

Immunoblasts, lymphocytes, pro-
plasmocytes and plasmocytes, mono-
cytes and macrophages, epithelial cells,
reticular cells, erythrocytes, granulo-
cytes, and M-cells were found in im-
print preparations of the lymphoid tis-
sue of the Peyer’s patch in ducks by
age-related studies. The presence of
these cells in the immune formations of
the intestines in birds has been reported
by other researchers (Burns & Maxwell,
1986; Havrylin et al., 2014; Barsukova
et al., 2015; Qu, 2018). The content of
these cell populations is not the same
(Tables 1, 2). The content of reticular
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cells cannot be calculated because they
are covered by lymphoid cells, and fi-
broblasts, erythrocytes, granulocytes,
and M-cells occur in the imprint prepa-
rations in small quantities that cannot be
statistically processed.

Lymphocytes are mostly found
among the cells (Table 1). They have a
structure similar to that in mammals and
other birds. The lymphocytes on the im-
print preparations have a predominantly
round shape and a large basophilic nucle-
us, which occupies almost the entire vol-
ume of the cell (Fig. 1). The shape of the
nuclei is different. They can be rounded
and slightly elongated. The contours of
the nuclei are uneven. A lot of heteroch-
romatin is attached to the inner mem-
brane of their cell wall. The latter, in the
form of grains and lumps, is also freely
present throughout the nucleoplasm. The
nucleolus in the nucleus is difficult to
differentiate due to the high content of
heterochromatin. The cytoplasmic vol-

ume of lymphocytes is insignificant. It
surrounds the nucleus in the form of a
thin weakly basophilic strip.

The lymphocytes content in ducks
of the studied age groups decreas-
es unevenly, which, in our opinion,
is due to their differentiation into ef-
fector cells. Thus, in one-day-old
this indicator is 65.32 = 0.39%, and
in 420-day-old — 55.97 = 0.32%. The
content of lymphocytes decreases
most intensively in ducks in age from
10 to 15 days (by 2.95%).

Among lymphocytes are small, me-
dium, and large. Their content is also
different (Table 2). Small lymphocytes
are found most in ducks of all ages.
Their diameter is up to 7 microns. Small
lymphocytes have a large nucleus. Due
to the high heterochromatin content, it
is intensely stained. The nucleus is sur-
rounded by a narrow strip of cytoplasm.
The cytoplasm of small lymphocytes
has a form of a crescent-shaped strip,

1. The content of cells in the Peyer’s patch of the duodenum in ducks (M £+ m,%)

doye | mmunoblass | Lymphoeytes | GBICRE | nerophases
32.64+£0.36 65.32+0.39 — 2.04+0.09
5 32.53+0.24 65.09 +0.25 — 2.38+0.09
10 32.52+0.09 64.76 £ 0.21 — 2.73+£0.17
15 31.49+0.26 62.86 +0.24 2.52+0.11 3.14+£0.19
20 31.63 +0.35 61.91+£0.11 2.77+0.16 3.69+0.18
25 30.28 +0.17 61.53+0.17 3.63+0.10 4.56 £0.23
30 28.04 +0.19 60.88 +0.19 6.91 +0.28* 4.17+£0.07
60 26.51 +0.49 60.89 + 1.42 9.21+£0.78 3.39+0.25
90 25.59+0.76 60.94 +0.75 10.41 £0.61 3.06 +0.59
120 25.94+0.19 60.25 +0.26 9.19+0.37 4.62+0.16
150 24.06 + 0.29 59.65 + 0.80 9.66 + 0.44 6.63 +0.26*
180 24.72 £ 0.37 58.94+0.19 9.54+0.26 6.79 +£0.25
210 25.86 +0.26 58.23+0.27 9.85+0.23 6.07+0.17
240 24.76 +0.16 56.58 +£0.26 11.24+0.23 7.42+0.13
330 24.15+0.11 56.99 +0.27 10.83 £0.12 8.02+0.24
420 24.48 +£0.08 55.97+0.32 11.13+0.35 8.42+0.28

Note: * P <0.05 compared to the previous age group.
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which does not completely surround the
nucleus (Fig. 1). The content of these
lymphocytes decreases unevenly from
age of one-day (52.27 + 0.51%) to 420-
day (48.65+0.49%). The content of
small lymphocytes decreases most in-
tensively in ducks from 60 to 90 days of
age (by 9.71 %).

Medium lymphocytes are larger
(d=7-10 pum) than small ones. They
have a larger volume of cytoplasm and
nucleus. In their nucleus, the heteroch-
romatin content is slightly lower, as a
result of which they have a less intense
colour (Fig. 1). The content of medium
lymphocytes in the lymphoid tissue of
the duodenal Peyer’s patch in ducks of
the studied age groups decreases un-
evenly (Table 2). Thus, in 1-day-old
birds, this indicator is 40.10 £ 0.82%,
while in 420-day-old — 36.96 = 0.43%.
The content of medium lymphocytes in-
creases more intensively in ducks aged
from 30 to 60 days (by 7.68%).

-t

The content of large lymphocytes on
the imprint preparations is the lowest. The
volume of their cytoplasm and nucleus is
the largest (Fig. 1). The nucleus is weakly
basophilic, contains small lumps of heter-
ochromatin. The cytoplasm is manifested
in the form of a thin weakly basophilic
strip. The content of large lymphocytes
in ducks of the studied age groups in-
creases unevenly (Table 2). In 1-day-old
birds their content is 7.63 +0.67%, and
in 420-day-old birds — 14.39 + 0.68%.
The most intensive increase in the content
of large lymphocytes (by 52.06%) is ob-
served in ducks from 30 to 60 days of age.

Immunoblasts — cells of the fifth
class of lymphocytopoiesis, precursors
of effector cells of lymphocytes (Da-
vison et al., 2008). Their size is larger
than small and medium lymphocytes.
Immunoblasts have a shape from round
to slightly elongated. The volume of
their cytoplasm is much larger than that
of lymphocytes (Fig. 2).

Fig. 1. Cells of the duodenal Peyer’s patch of in duck aged 150 days:
1 — small lymphocyte; 2 — medium lymphocyte; 3 — large lymphocyte; 4 — plasma
cell. Imprint preparation. Wright staining, < 1000
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2. The content of different groups of lymphocytes in the Peyer’s patch
of the duodenum in ducks (M + m,%)

Lymphocytes
Age, days :
Small Medium Large
1 52.26 £0.51 40.10£0.82 7.63£0.67
5 51.77+0.48 40.04 +1.03 8.19+£0.72
10 51.09 +0.44 40.59£0.79 8.32+0.41
15 53.48+0.22 39.07+£0.21 7.46 +£0.29
20 53.69£0.15 3891 +0.16 7.39+0.31
25 54.23+0.94 37.87+0.67 7.89+0.41
30 51.54+0.89 37.58 £ 0.69 9.02+0.71
60 49.75+0.92 35.12+1.58 15.13+1.05
90 44,92 +£1.27 38.53 £ 1.41 16.56 +1.18
120 46.63 +0.39 39.61+£0.73 14.76 £0.57
150 4575+ 1.11 38.41+0.78 15.84+0.77
180 46.12 +£0.27 38.21+0.17 15.67+0.21
210 47.56 +0.55 36.14+0.28 16.29+0.78
240 47.74 +£0.38 36.92 +0.35 1534+0.15
330 47.82+0.36 36.42+0.19 15.76 £ 0.44
420 48.65+0.49 36.96 +0.43 1438 £0.68

Note: * P <0.05 compared to the previous age group.

It, in the form of a narrow basophilic
strip of unequal thickness, completely or
partially delimits the nucleus. It reveals a
small number of large round mitochon-
dria with a light matrix and weakly ex-
pressed crystals, elements (tubules and
cisterns) of the endoplasmic reticulum,
elements of the Golgi complex, lyso-
somes, polyribosomes. The nucleus is
light spherical, contains mainly two nu-
cleoli, chromatin is evenly distributed in
the nucleoplasm. Part of the heterochro-
matin is fixed near the inner membrane
of the nuclear envelope.

The content of immunoblasts in the
lymphoid tissue of the duodenal Pey-
er’s patch in ducks is less than that of
lymphocytes (Table 1). In birds of all
studied age groups, the content of im-
munoblasts decreases unevenly from

one day (32.64 +0.36%) to 420 days
of age (24.48 = 0.08%). The content of
immunoblasts decreases most intensive-
ly in ducks from 25 to 30 days of age
(by 7.4%).

Plasmocytes — effector cells of
B-lymphocytes, and proplasmocytes —
precursors of plasma cells. Proplasmo-
cytes are small, irregularly shaped cells.
Their nucleus with jagged edges has an
irregular shape. The nucleus contains
one or two nucleoli, in the nucleop-
lasm, there is a lot of heterochromatin
that, fixing to the inner membrane of
the nucleolemma, forms triangular and
trapezoidal shapes. The cytoplasm is
basophilic and larger than that of lym-
phocytes. Elements of the granular en-
doplasmic reticulum and mitochondria
are localized in the cytoplasm.
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Fig. 2. Immunoblast (arrow) of the duodenal Peyer’s patch in a 90-day-old
duck. Imprint preparation. Wright staining, x 1000

Plasmocytes — cells of small size,
round, or oval shape with an eccentrical-
ly located nucleus (Fig. 1). In the latter,
well-condensed heterochromatin is pro-
nounced, forming a characteristic pattern
in the form of wheel spokes or a clock
face. In the cytoplasm near the nucleus, a
visible area of enlightenment is the Golgi
complex. The volume of the cytoplasm
exceeds the volume of the nucleus and it
is almost completely filled with the gran-
ular endoplasmic reticulum, the tubules
of which are significantly expanded. The
latter are located mainly concentrically
around the nucleus. A few large mito-
chondria of oval and round shape with
a light matrix, ribosomes, and their clus-
ters are also visible in the cytoplasm.

Plasmocytes and proplasmocytes
in the lymphoid tissue of the duodenal

Peyer’s patch in ducks are detected
from the 15th days of age in small quan-
tities (2.52 £ 0.11%) (Table 1). With the
increase in the age of birds, the content
of these cells increases significantly (by
341.66%) and in 420-day-old ducks is
11.13 £0.35%. In ducks in age from
10 to 15 days, the most intense, almost
double (by 90.36%) increase in the con-
tent of proplasmocytes and plasma cells
is registered.

Monocytes are precursors of mac-
rophages. They are large cells with
a bean-shaped or horseshoe-shaped
nucleus. In the nucleus, the lumps of
heterochromatin are evenly distributed
throughout the nucleoplasm. There are
rounded mitochondria with a light ma-
trix, lysosomes, and endoplasmic retic-
ulum in the cytoplasm.
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Fig. 3. Cells of the duodenal Peyer’s patch in a 210-day-old duck. Imprint
preparation: 1 — macrophage; 2 — pseudoeosinophil. Wright staining, x 1000

Macrophages are large, round, or
oval-shaped cells with jagged edges
(Fig. 3). The nucleus of macrophages is
small, it has a lot of heterochromatin,
which is fixed to the inner membrane of
the nuclear envelope and sprayed into
the nucleoplasm. The cytoplasm has a
significant volume and forms protrusions
of various sizes and shapes. It has many
large round lysosomes, small phago-
somes, slightly fewer mitochondria, and
tubules of the endoplasmic reticulum.

The content of macrophages and mono-
cytes in the lymphoid tissue of the duode-
nal Peyer’s patch in ducks of the studied
age groups is also insignificant. This fig-
ure increases unevenly from 2.04 £ 0.09%
in 1-day-old birds to 8.42+0.28% in
420-day-old birds. The most intensive in-
crease in the number of monocytes and
macrophages in lymphoid tissue of the du-
odenal Peyer’s patch of ducks is registered
in age from 90 to 120 days (by 50.98%).

Conclusions

1. Among the cells of the lymphoid tis-
sue of the duodenal Peyer's patch are
immunoblasts, lymphocytes, proplas-
mocytes and plasma cells, monocytes,
and macrophages. The content of pop-
ulations of these cells is not the same.

2. Lymphocytes in the imprint prepara-

tions are found the most. They are rep-
resented by small, medium, and large
forms. Small lymphocytes were found
in the largest number, and large — in the
smallest. The total content of lympho-
cytes decreases by 14.31% with the age
of ducks. The content of small and me-
dium lymphocytes decreases unequally
by 691 and 7.83%, respectively, and
large —unevenly increases by 88.47%.

3. The content of immunoblasts in the

lymphoid tissue of the duodenal
Peyer's patch is unequally reduced
by 25.0% with the age of ducks.
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4. Proplasmocytes and plasmocytes in
the lymphoid tissue of the duodenal
Peyer's patch in ducks are detected
from the 15th days of age. Their con-
tent increases by more than 4 times
(by 341.67%) with the age of birds.

5. The content of macrophages and
monocytes in the lymphoid tissue of
the duodenal Peyer's patch of ducks
unequally increases more than 4
times (by 312.75%) with the age.
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AHomauyia. Memorw Hawoz2o 00cnidxeHHA byn0 sus4umu KaimuHHUl cKaad AimgoioHoi
MKaHUHU naamku Meliepa 08aHaOUAMuUNAnoi KUWKU Ka4oK y sikosomy acriekmi. Ceped KaimuH
NiMeoiOHOI mMKaHUHU naamKu [leliepa 08aHAOUAMUNANOT KUWKU 8UABAAIOMbCA iMyHObaacmu,
nimgoyumu, nponaasMoyumMu  ma nAASMAMUYHI  KAIMUHU, MOHOUUMU ma Makpogaau,
enimenianbHi KAIMUHU, pemuKyasapHi KAimuHuU, epumpoyumu, 2paHyanoyumu, ¢ibpobaacmu ma
M-kaimuHu. Bmicm nonynayil yux kKnimuH HeooHakosud. Jlimgpoyumis y npenapamax-8iobumkax
susenaemoca Halibinbwe. BoHU npedcmasneHi mMaaumu, cepedHiMmu i 8eaukumu opmamu.
Manux nimgpoyumie peecmpyemoca Halibinowe, a senukux — HalimeHwe. Bmicm manux i cepeoHix
AiMgoyumis i3 8iKOM KA4YOK HePIBHOMIPHO 3MEHWYEMbCA, O 8E/IUKUX AiIMpoyUMie — HepieHOMIPHO
36inbwyemeocs. Bmicm imyHobnacmis y nimgoidHili mkaHuHi naamku lMeliepa dsaHaduysmunanoi
KUWKU Ka4yoK mMeHwuli makozo nimgoyumis. Lleli MOKA3HUK Hepi8BHOMIPHO 3MEHWYEMbCA 8i0
nepwoi 0o 420 dobu xcummsa nmuyi. Mponaasmoyumu i naa3moyumu 8 AiMg@oioOHIl MKAHUHI
naamku leliepa 08aHAOUAMUNANOT KUWKU 8UABAAIOMbCA 8 HeBenUKill Kinbkocmi 3 15-0o606020
8iKy KauoK. IxHili emicm 3Ha4YHO 36inbuwyemsca 3i 36inbLeHHAM 8iky nmuuyi. Bmicm makpodgazie
ma MoHouyumie y nimgoioHili mKaHuHi nasmku [leliepa 08aHAOUAMUNANOI KUWKU KAYOK
He3HayHul. Bid nepwoi do 420 dobu ¥ummsa nmuuyi peecmpyemosca HepieHOMipHe 30inbWeHHsA
Yb020 MOKA3HUKA. BoOHoYac, emicm pemuKyaapHUX KAIMUH nidpaxysamu HEMOX/UBO, OCKiflbKU
B0HU NpUKpumi aiMgoIOHUMU KaimuHamu, a @ibpobaacmu, epumpoyumu, 2paHyaoyumu i
M-KaimuHuU mpanasaomecs 8 npenapamax-8idbumxax y He3Ha4Hil KinbKocmi, AKa He niddaemocs
cmamucmuyHiti 06pobu.

Kmrovyoei cnosa: Kauku, 08aHAOUAMUNOAA KUWKGA, nAamka [lelepa, nimMmgoidHa MKAHUHG,
imyHobacmu, simghoyumu, nponaasmoyumu, naazmMoyumu, MoHOUUMU, Makpogaau
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Abstract. Due to the concern for animal and human health, efforts to develop
mathematical and computational models for predicting the spatial and temporal dynamics
of infectious diseases, including rabies, are constantly increasing. Therefore, our goal was
to model the dynamics of the spread of rabies by foxes, dogs, and cats on the territory of
Vinnytsia Oblast in the period from 2012 to 2018. To study and analyse the dynamic spread
of rabies in time and space, an information-analytical technology was developed, which
is based on retrospective data from registered cases of rabies. The rabies transmission
parameter was determined using official epizootological data from the regional oblast
veterinary laboratory and the regional department of the State Service of Ukraine On Food
Safety and Consumer Protection. It was found that rabies spread the most among dogs
and cats at a distance of up to 50 km in the winter (26.45%), from 50 to 100 km — in the
autumn (40.33%), over 100 km — in the summer (49.84%). In general, domestic carnivores
were sources of rabies within a radius of 50 km in only 16.98% of cases, and within a radius
of 100 km — in 55.95% of cases. Foxes were sources of rabies within a radius of 50 km in
only 24.33% of cases and within a radius of 100 km in 58.54% of cases. At the same time,
the highest spread of rabies among the foxes at a distance of up to 50 km was observed in
the spring (31.01%), from 50 to 100 km — in the winter (43.67%), and over 100 km — in the
summer (48.38%). The new data will be useful in planning and carrying out preventive anti-
rabies measures. In the future, it is planned to conduct the modelling in terms of all regions
and create forecasts for the spread of rabies on the territory of Ukraine.

Keywords: animal rabies, rabies distribution modelling, foxes, domestic carnivores,
information-analytical technology

Introduction public health worldwide. Rabies virus-

es are transmitted to a wide range of

Rabies infections are the cause of globally distributed mammals, but only
over 99 % of all human rabies deaths, some species are able to be a reservoir.
and therefore pose a serious threat to  The twentieth century was significant

!'Scientific supervisor — Doctor of Veterinary Sciences, Professor V. V. Nedosekov
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in the eradication of rabies due to effec-
tive attempts to eradicate rabies in the
wildlife (Robardet et al., 2019) as well
as by eliminating rabies from a number
of European countries through strict
sanitary measures (elimination of stray
dogs, destruction of suspected animals,
requirements for wearing muzzles on
dogs, tracking the movement of rabid
dogs and their contacts, restriction of
movement and quarantine) (Cliquet et
al., 2014; Miiller & Freuling, 2020).
Therefore, the spread of rabies by reser-
voir species is a unique problem. Thus,
mathematical and simulation models are
useful tools to provide an understanding
of the most effective rabies control strat-
egies (Elmore et al., 2017; Rattanavipa-
pong et al., 2019).

Analysis of recent researches
and publications

Modelling provides an inexpensive way
of studying the main parameters of wildlife
rabies transmission, rabies management
economics, its prevention and control
(Sterner & Smith, 2006). Many existing
models that study the spread of rabies virus
in Europe are associated with the appear-
ance of rabies in one species, namely the
red fox (Borchering et al., 2012). However,
in Eastern Europe, especially in Ukraine,
rabies continues to spread equally through
foxes and domestic carnivores (Makovs-
ka et al., 2020). As reported by Drozhzhe
(2015), over the past decade, our country,
together with neighbouring countries such
as the Russian Federation, Republic of
Belarus, and Romania, has formed the epi-
centre of rabies, which accounted for up to
90% of all European countries.

In addition, Ukraine is the only
country in Europe where rabies is spread
even more through domestic carnivores
than through foxes (Tkachenko et al.,

2014; Yarchuk et al., 2015; Golik et al.,
2018). This epizootic situation is pro-
voked on the one hand by a large num-
ber of homeless and stray dogs and cats,
which move freely in all regions, trans-
porting the causative agent of rabies and
exacerbating the epizootic and epidemic
situation and causing economic damage
(Gulyukin et al., 2016; Kurtyak, 2017).
On the other hand, the reason for the
high incidence of rabies among domes-
tic carnivores is the low vaccination
rate (Achilov & Nedosekov, 2013; Po-
lupan et al., 2019). Because unvaccinat-
ed and $tray animals are currently po-
tential carriers of the rabies virus, they
exacerbate an epizootic situation of an
anthropological nature ("urban") (Re-
benko et al., 2019).

According to Levkivsky et al. (2016),
there is a relationship between the rabies
incidence in foxes and stray cats. Be-
cause cats often come into contact with
foxes during hunting, they become in-
fected and transmit virulent strains of the
rabies virus to other domestic carnivores
and farm animals. This is facilitated by
both the biological characteristics of
animals and the intervention of human
agricultural activities, which leads to the
synantropization of wild animals and the
savagery of domestic animals (Perotska-
ya, 2011). And, if the situation with wild
animals is more controlled, then with do-
mestic animals, and even more with stray
and homeless animals in cities, the situ-
ation is the most unstable, uncontrolled,
and threatening, both for humans and an-
imals (Rebenko et al., 2019).

During the geographic information
systems analysis for 2018 in all regions
of Ukraine, it was found that cases of
rabies in domestic carnivores were reg-
istered throughout the country with the
most concentrated in the east and cen-
tre, while for foxes the most affected ar-
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eas by rabies were the territories in the
west of Ukraine. In general, most cases
of rabies were registered in Vinnytsia
Oblast. On the one hand, it is the result
of a large number of foxes and domes-
tic carnivores, but on the other hand,
it is the result of quality monitoring in
this area. Also, it was found that during
2018, cases of rabies in foxes registered
the most in the first and fourth quarters,
and in domestic carnivores mainly in
the first quarter (Makovska, 2020).

In most cases, the transmission of the
pathogen is mainly a localized process
that occurs between animals with the
most intense contact, provided that they
are in one place. In this case, the move-
ment of animals between settlements
contributes to the geographical spread
of infectious diseases. Given the limited
knowledge about the patterns of animals’
movement and their interspecific interac-
tion, it is usually impractical to model
each animal within a population.

Therefore, today, the analysis of the
spread of rabies in space is possible with
the use of appropriate information and ana-
lytical technology (Dzyublyk et al., 2017).

Purpose. Thus, the purpose of this
study was to model the dynamics of the
spread of rabies in areas with the high-
est concentration of registered rabies
cases in the period from 2012 to 2018.

Materials and methods
of research

Approximation of percentage values
of the dynamics of rabies spread was
carried out for the period from 2012
to 2018, taking into account the full
set of data collected from all regions
of Ukraine. The main parameter of the
model — the parameter of rabies trans-
mission, was determined using official
epidemiological data from regional lab-

oratories of veterinary medicine and re-

gional departments of the State Service

of Ukraine On Food Safety and Con-
sumer Protection.

The development of a qualitative
prognostic model for the spread of ra-
bies among domestic and wild animals
is impossible today due to the incom-
plete or contradictory retrospective data
on the prevalence of rabies. According-
ly, it is possible to build a concept of
information and analytical technology
aimed at analysing and summarizing
existing data in order to study trends
and make appropriate management de-
cisions based on them.

To study and analyse the dynamic
spread of rabies in time and space, in-
formation and analytical technology
was developed, which is based on retro-
spective data on the recording of rabies
cases in certain regions.

Algorithm of work of the developed
information-analytical technology:

1. Filter available data according to speci-
fied criteria (such as region or species).

2. Clustering of filtered data by time peri-
ods in order to obtain data on the area of
infection for a certain time period.

3. Sort clusters by time from the first to
the last.

4. Determination of the centres of the
regions as the average value of the
cluster points.

5. Comparison of the obtained clusters
with neighbouring ones to obtain
data on the distance to which the
region of infection has moved. The
comparison is made using the geo-
graphical coordinates of the points
of infection detection.

6. Construction of a discrete distri-
bution of distances for each pair of
comparable clusters.

By analysing the obtained discrete
distributions of distances over a time pe-
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riod, it is possible to determine trends in
the distance to which the infection zone
is shifted, and based on the analysis of
cluster centre displacement, trends in the
direction of the infection zone might be
determined (Fig. 1).

The set of analysed rabies cases is
single-layered, but there are many com-
plex real-world systems that might be
represented as several layers of such
separate sets. Most complex physical,
social, engineering, information, and
biological systems include several sub-
systems and levels of communication,
and they are often open, meaningful,
oriented, multilevel, multicomponent,

rebuilt systems of systems, and located
in unstable and changing conditions.

The following indicators: the inter-
val duration of one month and the dis-
tance of 20 km, 50 km, and 100 km
were used for the analysis. Data were
entered separately for each rabies case
in the format of the region, district, city
or town, animal species, date of diagno-
sis confirmation, and geographical co-
ordinates of latitude and longitude.

The diagram was built in draw.io
(https://app.diagrams.net/).

The limitation of the research was the
limited method for modelling in areas
with a small number of cases, as a result of

Data about
disease

Data selection criteria

|

Filtered
Clustered

Interval duration J

Clustered data

over time Searching for the mean
Distance parameter
point of the cluster
Discrete « S — Central
distance points of
distribution clusters
[ P e —
The tendency
to shift the
area of
infection

........................

Fig. 1. Algorithm of actions of the developed information-analytical technology
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1 Modeling the dynamics of disease spread - a X
Calculate  Save current chart  Save data to Excel
Interval duration
1 2 3 6 12
Distance
20 km 50 km 100 km 200 km
Data | Distribution of distances | Dynamics of change of distances
N Region District Village Species Date Longitude Latitude Weight
1 Vinnytsia Shargorodsky Shargorod Fox 03.01.2012 28078889 48755278 1
2 |Vinnytsia Zhmerynsk Leliaky Fox 04.01.2012 28128611 49.069722 1
3 |Vinnytsia Barsky Vechivka Fox 04.01.2012 27649167 48.900556 1
4 [Vinnytsia Barsky Vechivka Fox 04.01.2012 27649167 48.900556 1
5 |Vinnytsia Pischansky Pischanka Fox 04.01.2012 28.8889 48.1994 1
6 [Vinnytsia Tulchinsky Kirnasivka Fox 04.01.2012 28968528 48.597428 1
7 |Vinnytsia Barsky Pylypy Fox 11.01.2012 27.574444 48.970556 1
8 |Vinnytsia Zhmerynsky Tarasivka Fox 11.01.2012 28171389 48.907222 1
9 |vinnytsia Kozyatynsky Samgorodok Fox 12012012 28.841667 49.530556 1
10| Vinnytsia Pohrebyshchensky _|Buhni Fox 13.01.2012 29321389 49.608056 1
11| Vinnytsia Illinetsky Viadimyrivka Fox 13.01.2012 29255278 49.225556 1
12| Vinnytsia Litynsky Kusykivtsi Fox 18012012 27918889 49.410833 1
13| Vinnytsia Litynsky Kusykivtsi Fox 18012012 27918889 49.410833 1
14| Vinnytsia Nemyrivsk Muchivisi Fox 21.01.2012 28785833 48.950278 1
15| Vinnytsia Nemyrivsky Chukiv Fox 21.01.2012 285302 48,5339 1
16| Vinnytsia Kozyatynsky Samgorodok Fox 23012012 28.84396 49.527038 1
17| Vinnytsia Nemyrivsky Grabivtsi Fox 25.01.2012 27.891265 48.859378 1

Fig. 2. Sample data on rabies cases among foxes for the 7-year period
(2012-2018) in Vinnytsia Oblast

which the results of modelling in areas with
the highest concentration of rabies cases
were taken into account, the epicentre of
which in recent years is Vinnytsia Oblast.
Thus, we conducted modelling with data
from all regions of Ukraine, but this paper
presents the results on the example of Vin-
nytsia Oblast. For analysis, the developed
system included information from the na-
tional database created by us, which was
adapted for the modelling (Fig. 2).

Results of the research
and their discussion

These results carry the greatest prog-
nostic information about the peculiari-
ties of the epizootic process of rabies.
Modelling the dynamics of rabies in
Ukraine differs as in territorial features
as in species and season. Thus, we found
that the disease spread up to 250 km per
month within the region.

In general, the distance of distribution
of rabies depended on season and species
of animals. Firstly, we conducted model-
ling for 7 years. The results of modelling

the spread of rabies with fixed intervals
of up to 20 km and the interval duration
of one month on the example of Vinnyt-
sia Oblast are presented in Figure 3.

As we can see from this graph, the
movement of rabies in foxes, dogs and
cats has a wavy dynamics and is repeat-
ed every year with varying intensity. In
summary, animals transmitted rabies
over short distances in 10-40% of cases.
Distribution of rabies among species has
shown that wild animals transmit the dis-
ease mainly over longer distances, which
agrees with the available literature data.

Besides this, we conducted model-
ling of the dynamics of distance change
at a fixed distance of up to 100 km and
the interval duration of one month,
which is presented in Figure 4.

These curves show the peaks of
spread over long and short distances
within each month. Among foxes the re-
duction of all peaks for the period from
August 2015 to August 2016 is signifi-
cant. This can be explained by changes
in the number of foxes and the presence
of a forage bases in this period.
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I 260 km ...280 km
I 240 km...260 km
I 220 km . 240 km
[ 200 km .20 km
[ 180 km...200 km
[ 160 km...180 km
[ 140 km ..160 km
[ 120 km .. 140 km
[ 100 km...120 km
[ 80 km ...100 km
B 60 km .80 km

[ 40 km .60 km

[ 20 km ...40 km

I 0 km .20 km

[ 280 km...300 km
I 260 km 280 km
I 240 km ..260 km
W 220 km ...240 km
I 200 km ...220 km
I 180 km ...200 km
160 km ..180 km
B 140 km ...160 km
W 120 km ...140 km
I 100 km 120 km
I 50 km ...100 km
I 60 km .80 km
I 40 km .60 km
B 20 km .40 km
I 0 km .20 km

Fig. 3. Dynamics of distribution of rabies for the period from 2012 to 2018
on the territory of Vinnytsia Oblast (A — among foxes, B —among domestic
carnivores)

For a more detailed study, we set
aside one year and determined the dis-
tribution of rabies separately for foxes
and domestic carnivores (Fig. 5).

These curves show sharp changes in
the dynamics of rabies spread among
foxes, and smoother for cats and dogs.
This is due to the possibility of domestic
carnivores being more attached to one
habitat (Rebenko et al., 2019).

In addition, the longest periods of
movement of rabid foxes were regis-
tered from July to August and from
November to December in 2018.
And among domestic carnivores, there
is a clear visual rise of long-distance
movements in the summer-autumn pe-
riod and a decline in the winter-spring
period.

Based on the results presented in the
graphs, we determined the percentage
of the dispersion of rabies, which is pre-
sented in Table 1.

To build this model, 95 confirmed
cases of rabies among dogs and cats (do-
mestic and stray) were studied. From the
results presented in the graph and in Ta-
ble 1, we can see that the dynamics of
the distribution of cases differed signifi-
cantly depending on seasonality. Thus,
we found that rabies spread the most at
a distance of up to 50 km in the winter
(26.45%) compared to other months, at a
distance from 50 to 100 km — in the au-
tumn (40.33%), and at a distance of more
than 100 km — in the summer (49.84%).

In general, domestic carnivores were
sources of rabies within a radius of 50 km
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200 km ..300 km

Fig. 4. Dynamics of distance change of rabies cases for the period from 2012
to 2018 on the territory of Vinnytsia Oblast with the fixed distance of up to
100 km (A — among foxes, B — among domestic carnivores)

in only 16.98 % of cases, and within a ra-
dius of 100 km — in 55.95% of cases.

Although this issue has not been stud-
ied in Ukraine today, there is an opinion
in rabiology that a certain species of ani-
mals can carry the disease to a specific dis-
tance. As reported by Shcherbak (1982),
the concept of ecological and anthropo-
logical limited borders of the spread
of the disease means the migratory re-
sources of animals, namely: wolf — up to
150 km, fox — 10-15 km, dog — 5 km,
marten — 3 km. That is the distance with-
in which one infected animal can trans-
mit the virus to another animal or human.

In our study, we found that domes-
tic carnivores can carry the rabies vi-
rus over long distances (up to 100 km)
during the month.

This could be explained by the in-
clusion into the epizootic process not
only of domestic dogs and cats, which
have owners and should be vaccinated,
but also homeless and stray dogs and
cats that usually are not vaccinated and
can move freely over long distances,
and in an aggressive form of the disease
to attack oncoming animals and people
on their way.

This statistic is confirmed by Korn-
ienko et al. (2019), where on the exam-
ple of the analysis of national data for
2018, it was found that 253 people were
bitten by vaccinated S$tray dogs, and
8 788 people (97.20%) were affected by
unvaccinated stray dogs. If we use the
data only for the Vinnytsia Oblast, 98
bites were inflicted by vaccinated stray
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Fig. 5. Dynamics of the distribution of rabies for 2018 on the territory
of Vinnytsia Oblast (A — among foxes, B — among domestic carnivores)

dogs and 199 on unvaccinated stray
dogs, i.e., twice as many.

It should be noted that even domes-
tic carnivores, which had a host in 80%,
were not vaccinated against rabies (Ma-
zur et al., 2017). Also, the high incidence
among domestic carnivores, especially
cats, indicates a lack of regulation of
their number in cities and villages, as
well as the lack of a proper number of
routine vaccinations among animals of
these species (Titarenko, 2019).

When studying the seasonal dynam-
ics, it can be assumed that in winter do-
mestic carnivores transmitted the rabies
virus mainly over short distances due
to adverse weather conditions that lim-
ited movement in general, and in sum-
mer this trend reversed and the disease
spread to the longer distances due to fa-
vourable weather conditions, biological

characteristics of cats that are prone to
straying (Makovska et al., 2018), and
also due to stray animals (Levkivsky et
al., 2016).

In order to build the model for mod-
elling dynamics of rabies spread in fox-
es, 145 confirmed cases of rabies among
foxes were studied. The level of disper-
sion of disease is presented in Table 2.

Thus, we found that rabies spread at
a distance of up to 50 km the most in
the spring (31.01%) compared to other
months, at a distance from 50 to 100 km —
in the winter (43.67%), and at a distance
of more than 100 km — in the summer
(48.38 %), similar to the indicators of
domestic carnivores. In general, foxes
were sources of rabies within a radius
of 50 km in only 24.33% of cases and
within a radius of 100 km — in 58.54%
of cases.
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1. Indicators on the dynamics of the distribution of rabies by domestic
carnivores for 2018 in Vinnytsia Oblast

Distance, km
Month | <50 | VAt | so-100 | VA | <00 | VA | 100 | Ve
The level of the dispersion of disease,%
January 28.93 36.36 65.29 34.71
February 23.97 2645 39.67 3801 63.64 64.46 3436 3453
March 20.78 31.17 51.95 48.05
April 18.57 | 18.67 | 51.43 | 39.75 | 70.00 | 5843 | 30.00 | 41.57
May 16.67 36.67 53.34 46.66
June 476 33.33 38.09 61.91
July 20.00 | 12.60 | 25.71 | 37.45 | 4571 | 50.15 | 5429 | 49.84
August 13.33 53.33 66.66 33.34
September 8.33 41.67 50.00 50.00
October 1375 | 1328 | 3375 | 4033 | 47.50 | 201 [ 5050 | 4638
November 17.78 45.56 63.34 36.66
Mean value | 16.98 38.96 55.95 43.86

2. Indicators on the dynamics of the distribution of rabies by foxes for 2018

in Vinnytsia Oblast
Distance, km
Month | >50 | Mean |50 g | Mean | jgq | Mean | gq | Mean
The level of dispersion of disease,%

January 20.62 35.00 55.62 44.38
February 12.50 1656 52.34 367 64.84 6023 35.16 3977
March 37.50 56.25 93.75 6.25
April 3333 | 31.01 | 3333 | 33.56 | 66.66 | 6458 | 3334 | 3542
May 2222 11.11 33.33 66.67
June 33.33 25.00 58.33 41.67
July 37.50 | 24.53 | 31.25 | 27.08 | 68.75 | 51.62 | 31.25 | 4838
August 2.78 25.00 27.78 72.22
September 37.61 39.32 76.93 23.07
October 16.64 | 22.62 | 37.05 | 3568 | 53.69 | 5831 | 46.31 | 41.68
November 13.63 30.69 4432 55.68
Mean value 2433 34.21 58.54 41.46
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As mentioned above, according to
Shcherbak (1982), the fox’s migration
resources were 10—15 km. Based on this
(taking into account the following crite-
ria), a spatial criteria for foci of fox ra-
bies was established, which included the
place of detection of a sick or died from
rabies animal, including an area within
a radius of 1015 km. However, our re-
sults show significant differences. This
can be explained by the ecological char-
acteristics of foxes and the high number
of fox populations in today’s conditions,
which increases the prevalence of rabies
in wild animals. It is known that the
population is affected by the presence or
absence of fodder base, which for foxes
consists mainly of rodents, and as more
land is ploughed for agriculture, the
fodder base increases every year, so the
prevalence of this species also increases
(Brusentsova, 2019). Accordingly, the
larger the animal population, the greater
the risk of rabies and the greater the area
affected.

If we consider the seasonal aspect,
then in our results, the vast majority of
foxes carried the pathogen for shorter
distances in spring, medium in winter,
and the longest in summer. The spread
of rabies in the winter at distances from
50 to 100 km might be explained by
the need for wild animals to cover long
distances in search of prey. Spring and
summer trends deserve special consid-
eration, because according to scientists
(Golik, 2016; Polupan, 2017) the spring
period in foxes is associated with the
mating season and they can cover long
distances, biting and carrying the caus-
ative agent of rabies, and in summer
foxes are engaged growing fox cubs and
only in the fall disperse throughout the
territory. Therefore, this issue requires
additional research by both biologists
and veterinarians.

Conclusions and future
perspectives of the study

In conclusion, modelling the dynamics
of rabies in an area with a high density of
rabies cases (Vinnytsia Oblast) for 2018
allowed to obtain new data on the spread
of rabies through domestic carnivores. It
was determined that at a distance of up to
50 km rabies is spread mainly in winter,
up to 100 km and more — in summer. In
general, domestic carnivores were sources
of rabies within a radius of 50 km in only
16.98% of cases, and within a radius of
100 km — in 55.95% of cases. For foxes,
the simulation found that up to 50 km fox-
es transmitted rabies the most in the spring
months (31.01%), up to 100 km — in the
winter months (43.67%), over 100 km —
also in the summer months (in 48.38%).

These results should be taken into
account when planning and conducting
preventive vaccinations among domes-
tic and wild animals in order to better
prevent the spread of rabies, preserve
the livestock and humans and eradicate
the disease. Prospects for further re-
search will be the forecasting of rabies
epizootics in Ukraine.
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AHomayisa. 3a80aKu mypbomi npo oxopoHy 300po8’a meapuH ma awdel nocmil-
HO 3pocmarome 3ycunns uj000 po3pobraeHHA MamemMamuyHUX ma obyuca8anbHUX Mo-
Oesneli 018 Npo2HO3YBAHHA MPOCMOPOB8OI Ma 4acoeoi OUHAMIKU iHeKyiliHux xeopob, y
momy 4ucni i ckasy. Tomy, Hawoto memoto 6ysa0 nposecmu MoOeNo8aHHA OUHAMIKU Mo-
WUPEHHA CKa3y aucuyamu, cobakamu ma Komamu Ha npukaadi BiHHuybkoi obaacmi e
nepiod i3 2012 0o 2018 pokis. [na 00cnidweHHA ma aHas1i3y OUHAMIYHO20 MOWUPEHHsA
cKa3y 8 4yaci ma npocmopi 6yno po3pobraeHo iHpopmayiliHo-aHAAIMUYHY mexHonozito,
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AKA I'PYHMYEMbLCA HA OCHOBI pempocrneKmusHUX OQHUX 30PeeECMpPOBAHUX BUNAOKI8 CKa-
3y. Mapamemp nepedayi ckazy 6ys8 gusHavyeHul i3 8UKOPUCMAHHAM o@iyiliHux enizoomo-
no02i4yHUXx daHux 3 obaacHoi nabopamopii eemepuHapHoOi meduyuHU ma obaacHo20 8io-
dineHHa [epxnpoocrnioncuscaymbu YkpaiHu. BuseneHo, wo cKka3 ceped Komie ma cobak
nowuprosasca Ha 8iocmaHe 00 50 km Halibinbwe (26,45%) y 3umosuli nepiod, eid 50 do
100 km — e ocCiHHIl nepiod (40,33%), noHad 100 km — y aimHil nepiod (49,84 %). 3aza-
10M, OOMaWHi M’AcoiOHi bynu Oxcepenamu ckasy e padiyci 50 km nuwe e 16,98% sunadkis,
a 6 padiyci 100 km — yue 8 55,95% sunadkis. /lucuyi 6ynu dxcepenamu ckasy e padiyci
50 km nuwe y 24,33% sunadkis, a e padiyci 100 km — yxe 8 58,54 % sunadkie. BoOHouac,
Halibinbwe nowupeHHA ckasy ceped Aucuyb Ha 8i0cmaHb 00 50 km cnocmepizanoce y eec-
HAHUl nepiod (31,01%), 8id 50 do 100 km — y 3umosuli nepiod (43,67%), noHaod 100 km —y
nimHril nepiod (48,38%). OmpumaHi Hosi 0aHi 6ydymb KopucHUMU Mid Yac NAaHYy8aHHA ma
nposedeHHA NPoginakmuyHuUx aHmMupabiyHuUx 3axodie. ¥ nodanbwWomy nAAHYEMbCA NPo-
8ecmu mMoOento8aHHA 8 po3pisi 8cix obaacmeli ma cmeopeHHA NPO2HO3i8 MOWUPEHHA CKA3y
mepumopieto YKpaiHu.

Knwouosi cnosa: ckaz meapuH, mMoOesnto8aHHA MOWUPEHHA CKA3y, Aucuyi, 0oMawHi
M’ACOIOHI, iIHpopmayiliHo-aHanimu4Hi mexHosnoeii
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MICROSCOPIC CHANGES IN LAYING HENS KIDNEYS
AT THE EGG DROP SYNDROME
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Abstract. The article presents the results of studying the microscopic changes in
laying hens’ kidneys under egg drop syndrome (EDS-76). Clinical signs of EDS-76
in laying hens included decreasing of egg production, suppression, changes in egg
pigmentation, laying of small-sized eggs with a soft shell, or without a shell at all.
During the dissection enlarged, pale kidneys with clearly dilated blood vessels were
registered. The lungs in most cases had an uneven red-pink color. In many laying
hens, the spleen had an uneven color — it showed areas of different sizes and shapes
of grayish, bluish, and red. In some cases, the liver was unevenly colored (with areas
of yellowish and clay color), and in other cases, point and spotted hemorrhages were
found under its capsule. However, the most pronounced and permanent gross changes
registered in reproductive organs. During the histological examinations of the kidneys
of laying hens infected with EDS-76 virus, we found that in this organ, there are specific
for this disease and nonspecific microscopic changes, which are registered under the
kidney damage of various etiologies. Specific for EDS-76 changes include the presence
of basophilic and eosinophilic inclusion bodies in the nuclei of many epithelial cells in
convoluted tubules, part of epithelial cells of straight tubules, and part of endothelial
cells, podocytes, and mesangiocytes of the many glomeruli. Some of nuclei completely
acquired distinctly oxyphilic properties. Nonspecific microscopic changes included
diverse changes in nuclei and cytoplasm in epithelial cells of convoluted and straight
tubules, violations of intercellular junctions, damages of renal corpuscles.

Keywords: laying hens, egg drop syndrome, clinical signs, gross changes, kidneys,
microscopic changes.
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Introduction

Broiler meat and chicken eggs are
cheap foods. Feed costs for protein and
energy production in poultry are the
lowest compared to other livestock in-
dustries. The production of 1 g of pure
protein in eggs and meat or poultry feed
units is 8 times less than in beef, 3 times
less than in pork. It takes 12 times less
time to produce 1 ton of meat than in
cattle breeding, and 8 times less than in
pig breeding (Vermienko, 2008; Naza-
renko, 2009). One egg satisfies a human
daily need for vitamin B2 by 10-12%,
vitamin D — by 10-40%, vitamin A — by
15-16% (Oshchipok, 2007).

Various infectious and non-infec-
tious diseases cause great problems for
poultry (Giasuddin et al., 2002). Infec-
tious diseases mainly cause decreased
egg production in hens. These diseases
include infectious bronchitis, Newcastle
disease, infectious encephalomyelitis,
avian pox, 4th serotype of chicken ad-
enovirus group I and the egg drop syn-
drome (Badar et al., 2006; Geetha et al.,
2008). The egg drop syndrome (EDS-
76) is primarily a significant economic
problem due to product shortages and
additional costs for diagnostic and pre-
vention (Begum et al., 2013).

EDS-76 is an infectious viral disease
in laying hens, characterized by a sharp
decrease in egg production, damage of the
reproductive organs, changes in pigmen-
tation and egg shape, thinning and defor-
mation of the shell, reduced protein value,
reduced percentage of hatching chicks
from hatching eggs and reduced viabili-
ty of chicks (Anufrieva & Olshevskaya,
1992; McNulty & Smyth, 2002).

In addition to chickens, EDS-76 reg-
istered in quail, pheasants, and guinea
fowl. Turkeys can be infected experi-
mentally, but they do not show clinical

signs (Parsons et al., 1980). Antibodies
to EDS-76 virus were found in a large
number of bird species: domestic and
wild ducks and geese, herons, seagulls,
owls, storks and swans and pigeons
(Schloer, 1980; Watanabe & Ohmi,
1983; Das & Pradhan, 1992; Bidin et
al., 2007; Ezema et al., 2010).

Until 2001, it was thought that EDS-
76 virus was not virulent to ducks and
geese. However, in 2001, this virus was
isolated at the outbreak of the respira-
tory disease in young goslings, and the
disease was reproduced experimentally
(Ivanics et al., 2001).

In many countries, EDS-76 virus
infects up to 50 % of chicken flocks
(Badar et al., 2006). Chickens of any
age and all breeds and crosses are sus-
ceptible to this infection (Zsak & Bar-
tha, 1979; Al-Hilly et al., 1982; Curtis
& Boachie, 1982; Howell, 1982; Ibra-
himov & Osidze, 1988; McFerran &
Smyth, 2000; Elayo et al., 2010).

Infection can occur at any age, but the
clinical signs of the disease are limited
to the period of egg production, which is
probably due to the reactivation of the la-
tent virus (McFerran et al., 1978; Kaleta
et al., 2003; Suresh et al., 2013).

Pathomorphological changes under
EDS-76 are only superficially described
in only a small number of original re-
searches (Bakulin et al., 1988; Van Eck
et al., 1976; Taniguchi et al., 1981;
Brugh et al., 1984; Chetty et al., 1987,
Ivanics et al., 2001).

According to McFerran and Smyth
(2000), pathognomonic changes in lay-
ing hens are short-lived and are present
only during the period of falling egg
production.

According to many authors, path-
omorphological changes are generally
minimal and limited by the reproductive
tract of laying hens. Inactive ovaries,
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oviduct atrophy, edema, and white exu-
date in the uterus may be registered. In
the uterus — dystrophic changes and des-
quamation of epithelial cells, glandular
atrophy, infiltration by heterophiles,
lymphocytes, and plasma cells. In the
epithelial cells of the uterus, cervix, and
vaginal area — intranuclear inclusion
bodies (Taniguchi et al., 1981; Brugh et
al., 1984; Chetty et al., 1987).

Bakulin et al. (1988) in addition to
changes in the reproductive tract of lay-
ing hens infected by the EDS-76 virus,
found enlarged kidneys, numerous hem-
orrhages under the liver capsule, atro-
phy of the cloacal bursa and spleen, and
the accumulation of exudate in the peri-
cardium and intramuscular connective
tissue. EDS-76 virus is also minimal-
ly replicate in the gastrointestinal tract
(McFerran, 2000; Smyth, 2000).

Materials and methods
of research

The research was performed at the
poultry farm “Khorostpodillya” of the
Khmelnitskyi region on laying hens
of “Hisex White” and “Hisex Brown”
crosses. The diagnosis on EDS-76 was
established by epidemiological data,
clinical signs, and results of the dis-
section and laboratory researches. Lab-
oratory researches (ELISA-test) was
performed in the Center for Veterinary
Diagnostics (Kyiv).

Dissection of 28 laying hens (11
laying hens of the cross “Hisex White”
and 17 laying hens of the cross “Hisex
Brown”) was performed by the method
of partial evisceration in the convention-
al sequence (Zone et al., 2009). During
the dissection, the pieces from different
parts of the kidneys (at least 3 pieces
from each kidney) were selected for his-
tological examination

Pieces of the kidney were fixed in
10% aqueous formalin solution with a
pH 7.2-7.4, dehydrated in ethanol of
increasing concentration, and through
chloroform embedded into paraffin.
Slides with a thickness of 8 + 1 um were
stained with hematoxylin and eosin
(Goralsky et al., 2005). All steps were
carried out at room temperature. The
slides were studied under a light micro-
scope Micros 100LED (Austria) at mag-
nifications of x 50—-1500. Photographing
of slides was performed through a pho-
tographic nozzle NDPL-2(2X) using a
camera Canon EOS 550D.

Results of the research and their
discussion

Clinical signs of EDS-76 in laying
hens included decreasing of egg produc-
tion, suppression, changes in egg pig-
mentation, laying of small-sized eggs
with a soft shell, or without a shell at all.

During the dissection of laying hens
with EDS-76 registered enlarged, pale
kidneys with clearly dilated blood ves-
sels. The lungs in most cases had an
uneven red-pink color. In many laying
hens, the spleen had an uneven color — it
showed areas of different sizes and shapes
of grayish, bluish, and red. In some cas-
es, the liver was unevenly colored (with
areas of yellowish and clay color), and
in other cases, point and spotted hemor-
rhages were found under its capsule.

However, the most pronounced and
permanent changes registered in repro-
ductive organs. In some laying hens,
gross changes in the ovaries and oviduct
were not detected, except for hyperemia
in individual oocytes at the early stages
of development.

In most laying hens, the redness of the
vast majority, or all oocytes, and inflam-
mation of the oviduct was marked. In the
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lumen of the caudal part of the oviduct
were often formed eggs with a soft shell,
which easily burst at low pressure on it.
The protein of such eggs was turbid.

In some laying hens, egg formation
completely stopped in the early stages.
This was evidenced by the complete ab-
sence of oocytes in the late stages of for-
mation and the absence of formed eggs
in the caudal part of the oviduct. In some
laying hens, signs of egg maturation and
egg formation were not detected at all.
The tendency to reduce the weight of the
whole oviduct or its individual parts was
detected in laying hens with EDS-76.

In addition to these signs, in some
laying hens was the serous catarrh of the
small intestine, as well as atrophy of the
cloacal bursa and spleen.

During the histological examina-
tions of the kidneys of laying hens in-

fected with EDS-76 virus, we found that
in this organ, there are specific for this
disease and nonspecific microscopic
changes, which are registered under the
kidney damage of various etiologies.
Specific for EDS-76 changes include
the presence of basophilic and eosinophilic
inclusion bodies in the nuclei of many ep-
ithelial cells in convoluted tubules, part of
epithelial cells of straight tubules, and part
of endothelial cells, podocytes, and mes-
angiocytes of many glomeruli (Fig. 1-3).
Some of the nuclei completely acquired dis-
tinctly oxyphilic properties (Fig. 1).
Previously, in a cell culture model
found that virus particles and four types
of virus-induced inclusions appeared in
the nucleus in 24 hours after infection
(Adair et al., 1979). The dynamics of
their development is similar to that of
avian adenoviruses of subgroup I (Mar-

Fig. 1. Convoluted tubules in the kidney of a laying hen under EDS-76:

1 — lysis of the apical cytoplasm of the epithelial cell; 2 — lysis of all parts in the
cytoplasm of the epithelial cell; 3 — discomplexation of neighboring epithelial
cells; 4 — basophilic inclusion bodies in the eosinophilic nucleus of the epithelial
cell. Hematoxylin and eosin, x 1000
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e

Fig. 2. Convoluted tubules in the kidney of a laying hen under EDS-76:
eosinophilic inclusion bodies in the nuclei of epithelial cells (arrows).
Hematoxylin and eosin, x 1000

Fig. 3. Renal body of a laying hen under EDS-76: 1 — eosinophilic inclusion
bodies in a nucleus of a mesangiocyte; 2 — eosinophilic substance. Hematoxylin
and eosin, x 1000
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tinez-Palomo et al., 1967; Adair et al.,
1978; Adair et al., 1979).

Under EDS-76 the intranuclear in-
clusion bodies are found in epithelial
cells of the uterus, a cervix uterus, and
a vaginal site (Taniguchi et al., 1981;
Brugh et al., 1984; Chetty et al., 1987).

Staining of monolayer cells with
hematoxylin and eosin can be used to
control EDS-76 virus replication in cell
culture. The first changes are detected
after 24 hours. They manifest as sever-
al eosinophilic inclusion bodies in the
nuclei of infected cells. Later, one or
two large inclusion bodies were found
in the nucleus, which consists of sepa-
rate clusters. The nucleoplasm around
the inclusion bodies acquires a granular
structure, separates from the nuclear en-
velope and nucleolus, and forms one or
more basophilic pockets, separated by
unpainted areas (Adair et al., 1979).

It was also found, that kidney and
liver trypsinized cell cultures can be
used to isolate EDS-76 virus. The virus
reproduces the best in duck kidney cell
culture, worse — in duck and chicken
liver cell cultures, and very poorly — in
turkey kidney and liver cell cultures
(Adair et al., 1979).

Considering the literature, we be-
lieve that we found that intranuclear
inclusion bodies in various kidney cells
reflect replication of EDS-76 virus in
them. In the convoluted tubules, ba-
sophilic inclusion bodies were found
in nuclei of many epithelial cells. The
number of such inclusion bodies in nu-
clei of epithelial cells was different —
from 4 to 14.

The size of inclusion bodies was
small — from 0.5 to 2.7 um. The shape
of intranuclear basophilic inclusion
bodies was also different. Most of them

Fig. 4. Convoluted tubules in the kidney of a laying hen under EDS-76:
1 — basophilic inclusion bodies in the cytoplasm of the epithelial cell; 2 — round-
shaped epithelial cell. Hematoxylin and eosin, x 1000
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were round or oval in shape, but in some
nuclei, there were inclusion bodies of
elongated and irregular shapes.

In some epithelial cells, basophilic
inclusion bodies were found in the cy-
toplasm (Fig. 4). With the destruction
of epithelial cells, basophilic inclusion
bodies remained among the cell de-
tritus, and with complete lysis of the
cells, they lay freely in the lumen of
the tubule.Basophilic inclusion bodies
from the chromatin of the nucleus were
well-differentiated based on the follow-
ing features. First, the inclusion bodies
were much more intensely stained in
blue color with hematoxylin compared
to chromatin. Second, inclusion bodies
remained basophilic even when all oth-
er parts of the nucleus acquired oxyph-
ilic properties. Third, basophilic inclu-
sion bodies remained intact even after
the complete lysis of epithelial cells.

In convoluted tubules were also
found non-specific for EDS-76 changes.
Epithelial cells of all convoluted tubules
were in a state of cell swelling. As a re-
sult, their size significantly increased. In
the part of the convoluted tubules, the
increase in the volume of epithelial cells
was so significant that the lumen of the
tubule completely or almost completely
disappeared (Fig. 5).

In some epithelial cells, the cyto-
plasm lysis was observed. Cytoplasmic
lysis is registered in different areas of
epithelial cells: basal, apical, and peri-
nuclear (Fig. 1, 5). However, most of
the cytoplasm in many cases was lysed
in the basal part of the cells.

Complete or partial discomplex-
ation of adjacent altered epithelial cells
of convoluted tubules was detected in
some places (Fig. 1). At the same time,
part of the discomplexed epitheliocytes

Fig. 5. Convoluted tubules in the kidney of a laying hen under EDS-76:

1 —lack of tubular lumen; 2 — lysis of the basal part of cytoplasm in the epithelial
cell; 3 — lysis of the nuclear envelope in the epithelial cell; 4 — cell swelling.
Hematoxylin and eosin, x 1000
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acquired a rounded shape (Fig. 4). Part
of the epithelial cells was separated
from the basal membrane into the lumen
of the tubule.

In many tubules, there is pronounced
subepithelial edema, as a result of which
all epithelial cells were separated by a
continuous layer from the basal mem-
brane (Fig. 6).

In a part of the epithelial cells of the
convoluted tubules, changes in shape,
increase in the size of the nucleus, and
the presence of protrusions of the nu-
clear envelope were registered. Partial
lysis of the nuclear envelope and nu-
cleus of epithelial cells was also ob-
served (Fig. 5).

In the straight tubules in the kid-
neys of laying hens with EDS-76, the
microscopic changes were slightly dif-
ferent from similar changes in the con-
voluted tubules. Signs of cell swelling

and partial lysis of the cytoplasm were
registered in their epithelial cells. In
many areas, partial or complete dis-
complexation of neighboring epithelial
cells and their complete or partial sep-
aration from the basal membrane were
detected.

Hyperchromatosis of the nuclear en-
velope was registered in the nuclei of
some cells. Part of the epithelial cells of
the straight tubules were destroyed. In
some cells, karyorrhexis was detected in
some cases. Intranuclear inclusion bod-
ies in straight tubules were found only
in individual epitheliocytes.

Many renal corpuscles had irreg-
ular shapes. In glomeruli registered
proliferation of mesangiocytes. Some-
times registered a significant expan-
sion of the exit of the proximal convo-
luted tubule from the renal corpuscle

(Fig. 6).

Fig. 6. The kidney of a laying hen under EDS-76: 1 — renal corpuscle of
irregular shape; 2 — subepithelial edema; 3 — significant expansion of the exit
of the proximal convoluted tubule from the renal corpuscle; 4 — proliferation of
mesangiocytes. Hematoxylin and eosin, x 200
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Conclusion

In the kidneys of laying hens under
EDS-76 were registered specific and
nonspecific changes. Specific changes
should be considered in the pathomor-
phological diagnosis of EDS-76.
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AHomayia. Y cmammi npedcmasneHi pesynemamu 00CAiOHeHHA MIKPOCKOMIYHUX 3MiH
HUPOK Kypel-Hecy4yoK 3a cUHOpPoMY 3HUMeHHA Hecyyocmi (C3H). KniHiuHi o3Haku C3H y Kypel-
HECYYOK BKAKOMAAU 3HUMEHHA Hecyvyocmi, MpudyweHHA, 3MiHU nieMeHmayii A€yb, 3HECeHHA
AEYb HesenuKux po3mipie 3 M’aKoto 06010HKo abo 83azasni be3z wkapanynu. [1i0 Yyac po3muHy
peecmpytomscs 36inoweHi 61i0i HUPKU 3 YiMKO PO3WUPEHUMU KPOBOHOCHUMU CyOUHAMU.
JlezeHi 30ebinbwio2o manu HepisHomipHUl YepeoHo-poxcesuli Konip. Y 6azameox Kypeli-Hecy4yok
cenesiHKa mana HepieHOMIpHUU Konip — y Hili suaenanuca OinAHKU Pi3HUX po3mipie i ¢popmu
Cipysamoezo, CUHIOWHO20 Ma YepPBOHO20 KO/bOPY. Y 0eAKUX 8UNAOKAX neviHKa 6yna HepieHOMIpHO
306apeneHa (3 QiNAHKAMU #08Mysamoz0o ma 2/UHUCMO20 KOo/bopy), a 8 iHWuUX eunadkax mnio
i kancynor 6ynu eussneHi mMo4ykosi ma naamucmi kpoeosunusu. OOHAK, Halibinbw eupasHi
ma nocmiliHi 2pybi 3MiHU peecmpysanuces y penpooyKmueHuUx opeaHax. id yac eicmosnoaiyHux
00cnioxeHb HUPOK Kypeli-Hecy4ok, iHgikosaHux eipycom C3H, mu sussunu, Wo 8 YbomMy opaaHi
€ cneyuaivHi 01 0aHO20 30X80PIOBAHHA MA HecrieyuiuyHi 0418 Hb020 MIKPOCKOMIYHI 3MiHU, AKI
peecmpyomsca npu ypamceHHi HUPOK pi3Hoi emionoeii. CneyugpiuHi 0na C3H 3miHU 8KA4anu
HasAgHICMb 6a30¢inbHUX MA e03UHOPINbHUX Mineyb-8KH0YEHb Y A0pax baeameox enimeniansHux
KAIMUH 38UBUCMUX KAHQA/1bYi8, YOCMUHU enimenianbHuX KAiMUH MpAMUX KOHAAbYI8 ma YaCmuHU
eHoomenianbHUX KaimuH, modoyumis ma mesaHzioyumie 6azameox Kaybouykie. [esaki adpa
rnosHicmio Habynu eupasHO OKcuginbHUx enacmusocmeli. HecrieyugivyHi mikpockoniyHi 3miHuU
8K/O4AU PIZBHOMAHIMHI 3MiHU A0ep ma yumMonaasmu enimenianbHUX KAIMUH 3eugucmux ma
MPAMUX KOHA/1bYi8, MOPYWEHHA MIHKAIMUHHUX 3’ €OHOHb, MOWKOOMHEHHA HUPKOBUX Mineyb.

Knroyoei cnoea: Kypu-HecyuKu, CUHOPOM 3HUMEHHS HECY4OCMI, KAIHIYHI O3HAKU, MAKPOCKOMiYHI
3MIHU, HUPKU, MIKPOCKOMiYHI 3MiHU
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Abstract. Dogs and cats that live near humans are a source of zoonotic agents. The
purpose of the study was to investigate domestic dogs and cats for staphylococcus carriers
and to study their biological properties, biofilm ability, and antibiotic resistance in isolated
cultures. A total of 44 samples were collected from 19 dogs and 25 cats of different age
and sex groups. Staphylococci were detected in 54% of all samples selected. 25 cultures
of Staphylococcus spp. were isolated. Plasma coagulation reaction was negative in 100%
of strains isolated from cats and positive in 2 strains isolated from dogs (18%). Lecithinase
activity was detected in 85.8% of strains isolated from cats and 72.8% from dogs. 71.5% of
strains isolated from cats and 63.7% from dogs had the ability to induce hemolysis. Mannitol
was fermented in 50.0% of strains isolated from cats and 54.6% from dogs. 78.6% of strains
isolated from cats and 91.0% isolated from dogs grew on crystal violet lactose agar in the
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form of blue colonies. Simultaneously 28.5% of strains isolated from cats and 27.2% isolated
from dogs showed the lecithinase activity, hemolysis, fermented mannitol, and grew on
crystal violet lactose agar. The derived strains from cats and dogs had multiple resistance
to Oxacillin, two or more groups of antibiotics. As a result of the study of biofilm formation,
all 100% of isolates obtained from dogs had a high optical density (OD > 1.0) and the ability
to form a biofilm. Only 21.4% of strains isolated from cats formed biofilms with a medium
optical density (OD > 0.5 < 1.0), and the remaining 78.5% — high optical density (OD > 1.0)

and the ability to form a biofilm.

Keywords: coagulase-positive and coagulase-negative Staphylococci, biofilms,

antibiotic resistance

Introduction

Zoonoses are infectious diseases that
spread between animals and humans and
can be caused by microorganisms (bacte-
ria, viruses, microscopic fungi) and para-
sites. They are among the most common
diseases in the food chain of transmission
(so-called food poisoning) and can also be
transmitted to humans either in direct con-
tact with a diseased animal or with a vec-
tor / carrier. According to a 2019 report of
the European Food Safety Authority and
European Center for Disease Prevention
and Control (EFSA and ECDC), there are
typically about 5 000 outbreaks of food
zoonoses per year in the European Union,
affecting more than 40 000 people.

In many cases, patients need hospital-
ization, and deaths are recorded. Togeth-
er, they pose a major challenge to the
health care system and have important
implications for international trade.

Analysis of recent researches
and publications

Dogs and cats as the main pets oc-
cupy a special place in human life. Of-
ten, dogs and cats have various diseases
caused by Staphylococci microorgan-
isms. The main pathogens are S. aureus
(Weese & Duijkeren, 2010), S. schleif-

eri (Lee et al., 2019) S. pseudointer-
medius, S. haemolyticus  (Kizerwet-
ter-Swida et al., 2019), and many other
coagulase-negative Staphylococci.

The widespread use of antimicrobi-
als in the treatment of humans and their
pets has led to the activation of resistance
in certain types of microorganisms, in
particular, in Staphylococci. One of the
representatives of Staphylococci — the
methicillin-resistant (MRSA) S. aureus.
As a result of an in-depth study of the
resistance of Staphylococci to antibi-
otics, a separate group of methicillin
resistant (MRS) and methicillin suscep-
tible (MSS) — S. aureus LA (livestock
animals) was derived. Staphylococcus
strains containing antibiotic resistance
genes colonize the mucous membranes
and skin of a wide variety of animal spe-
cies, especially domestic dogs and cats.
Numerous studies (Weese & Duijkeren,
2010; Hatch et al., 2012; Quitocoet al.,
2013; Savini et al., 2013; Worthing at al.,
2018; Gomez-Sanz et al., 2019; Loncaric
et al., 2019) are devoted to the study of
the transmission of Staphylococci from
dogs and cats to humans and their bio-
logical properties. Staphylococci derived
from dogs and cats are known to have a
different set of pathogenicity features,
such as the presence of coagulase leci-
thinase, hemolytic activity, toxin forma-
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tion, biofilm formation, etc. (Rahman
et al., 2018; Loncaric et al., 2019). At
present, the phenomenon of biofilm for-
mation needs to be thoroughly studied. It
is known that they are formed due to the
action of aggressive factors: detergents,
disinfectants, antibiotics, and probiotics
(Paharik & Horswill, 2016; Ahmadraja-
bi et al., 2017; Stewart et al., 2017; Otto,
2018; Turko & Ushkalov, 2018; Vitale et
al., 2019). In 2017, 80 MRS strains were
isolated in Ukraine, including 77.5%
from domestic animals, 11.3% from
poultry, 6.3% from cattle, and 5% from
pigs (Kozytska et al., 2019).

Purpose. In view of the above, the
aim of our work was to investigate do-
mestic dogs and cats as the Staphylo-
coccus carriers and to study the biolog-
ical properties of the selected cultures,
in particular, the ability to biofilm and
antibiotic resistance.

Materials and methods
of research

Work was carried out in the Research
Department of Microbiological Research
of the Ukrainian Laboratory for Quality
and Product Safety of the Agro-industrial
Complex of the National University
of Life and Environmental Sciences of
Ukraine during August-March 2019-
2020. The clinical research material was
selected at the “Multivet” veterinary clinic
in the Kyiv region. A total of 44 samples
were collected from 19 dogs and 25 cats
of different age and sex groups (Table 1).

Selection and identification of
Staphylococcus spp. was carried out in
accordance with DSTU EN 6888: 2003
“Microbiology of food products and
animal feed”. Using the Baird-Parker
agar medium (Merck, Germany). In the
derived cultures, colony morphology,
lecithinase activity, Gram staining, and
catalase test were performed. Hemolyt-
ic properties were studied on Colom-
bian blood agar (Biomeriux, France)
at a temperature of 37 °C for 24 hours.
The coagulase activity in vitro by lyo-
philized citrate plasma rabbit (Biolik,
Ukraine) was determined. The formed
clots were evaluated visually after 2, 4,
18, and 24 hours of incubation at a tem-
perature of 37 °C. The main characteris-
tics of the colonies growth on Mannitol
Salt agar (Merck, Germany) were deter-
mined. The sowing was performed by
looping on the agar surface, cultured at
temperature of 37 °C for 48 hours, and
the colonies were evaluated visually.
The presence of colonies on Crystal Vi-
olet Lactose agar (HiMedia, India) and
their color were assessed visually.

Antibiotic resistance of cultures was
determined by the disc diffusion method
(Kirby-Bauer) using antibiotic discs and
a Miiller-Hinton agar medium (HiMedia,
India), McFarland inoculum 0.5 optical
density was determined using a DEN-1
densitometer (Biosan, Latvia) and McFar-
land standard (HiMedia, India). The incu-
bation was carried out at a temperature of
37 °C for 18 + 2 hours. The resistance of
the obtained strains to Benzylpenicillin,

1. Quantitative characterization of selected samples by disease groups

Number of Pathologies
T e ..
yp samples Skin Eyes Ears Traumas Cﬁg:lctilyly
Dogs 19 2 4 5 S .
Cats 25 3 5 3 5 =
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Ampicillin, Oxacillin, Norfloxacin, Ci-
profloxacin, Levofloxacin, Gentamicin,
Tobramycin, Erythromycin, Tetracycline,
Doxycycline, and Chloramphenicol was
investigated. The results were evaluated in
accordance with the recommendations of
the European Committee for Antimicrobi-
al Sensitivity EUCAST (version 10.0) and
the national criteria for the assessment of
antibiotic resistance — the methodological
guidance “Determination of susceptibility
of microorganisms to antibacterial drugs”.

The ability to form biofilms in the de-
rived isolates was determined and the re-
sults obtained were interpreted (Kukhtyn
& Krushelnytska, 2014). This study was
performed using sterile polystyrene Petri
dishes (Greiner Bio-One GmbH, Germa-
ny) of d =35 mm, which were added to 5
mL of Tryptone-soy broth (HiMedia, In-
dia) and added 1 ml of inoculum with a cell
content of 0.5 to MacFarland daily culture
of studied Staphylococci. The plates were
cultured in a thermostat at a temperature
of 37 °C for 24 hours, the residues of the
nutrient medium were carefully removed,
the planktonic forms were washed three
times with a sterile phosphate buffer solu-
tion (KH,PO, x Na PO,x H,O) (pH 7.2
7.4). The Petri dishes were air-dried and
5 mL of Ethanol 96 % was added to fix the
formed biofilms. The fixation exposure
was 10 minutes. Then the fixing liquid
was drained and after it, the Petri dishes
were stained with 0.1% alcohol solution
of crystal violet for 10 min. Then washed
the plates three times with sterile phos-
phate buffer solution (pH 7.2) and dried.
Contributed to 5 mL of Ethanol 96% and
placed on a shaker for shaking for 30 min.
The contents of the Petri dishes were then
pipetted and the amount of absorption
of the biofilm of the dye was measured
on an Evolution 300 spectrophotome-
ter (Thermo Fisher Scientific, USA) at a
wavelength of 570 nm. The density of the

formed biofilm was determined by mea-
suring the adsorption level of the dye with
ethanol measured in units of optical densi-
ty (OD) using a spectrophotometer.
When the value of an optical density
is less than 0.1, it was considered that the
strains do not form a biofilm, from 0.1 to
0.49 — the ability to form a film was con-
sidered as a low. When the value of opti-
cal density is from 0.5 to 1.0 — the medi-
um density of the biofilm and the ability
to form it. At values above 1.0 — the high
ability to form a biofilm and its high den-
sity (Kukhtyn & Krushelnytska, 2014).

Results of the research
and their discussion

According to the results of the ex-
periments, Staphylococci were detect-
ed in 54% of all samples. Total of 25
Staphylococcus spp. cultures were de-
rived and investigated.

On the Baird-Parker agar, isolated
cultures grew in the form of typical and
not typical colonies. Typical colonies
are black and gray, shiny, and convex of
1.0-2.5 mm in diameter, surrounded by a
clear area. The atypical colonies were bril-
liant black colonies with a narrow white
margin and gray colonies, with no clear
area. Gram staining revealed gram-posi-
tive spherical bacteria, which occurred in
the form of clusters that resemble grapes,
fixed, did not form a spore. They gave a
positive catalase reaction.

Plasma coagulation was negative in
100% of cat isolates and positive in 2 dogs
isolates (18 %). Lecithinase activity was
shown by 85.8% of the strains isolated
from cats and 72.8% — from dogs (Fig. 1).

71.5% of strains isolated from cats and
63.7 % from dog possessed the hemolysis
ability. Mannitol was fermented with
50.0% of the strains isolated from cats and
54.6% from dogs (Fig. 2, 3).
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Fig. 1. Lecithinase activity on Baird-
Parker agar (HiMedia, India)

On crystal violet lactose agar, 78.6%
of the strains isolated from cats and
91.0% isolated from dogs were formed
in blue colonies (Fig. 4). At the same
time, the lecithinase activity, hemolysis,
fermented mannitol and grew on crys-
tal violet lactose agar exhibited 28.5%
of strains isolated from cats and 27.2%
isolated from dogs (Fig. 5).

28.5% of strains derived from cats
and 54.5% of strains derived from dogs
were resistant to Benzylpenicillin (Fig.
6). 28.5% of strains derived from cats
and 27.2% of strains derived from dogs
were resistant to Ampicillin. 28.5% of
strains derived from cats and 45.4% of

N\

Fig. 2. Mannitol fermentation on
Mannitol Salt agar (Merck, Germany)

Fig. 3. No fermentation of mannitol on
Mannitol Salt agar (Merck, Germany)

strains derived from dogs were resis-
tant to Oxacillin (Fig. 7).

14.2% of strains derived from cats were
resistant to Norfloxacin and Ciprofloxacin.

Fig. 4. Blue colonies on crystal violet
lactose agar (HiMedia, India)

Fig. 5. White colonies on crystal violet
lactose agar (HiMedia, India)
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Fig. 6. Susceptible to Oxacillin
and Benzylpenicillin strains of
Staphylococcus spp.

27.2% of strains derived from dogs were
resistant to Norfloxacin and Ciprofloxacin.
7.1% of strains derived from cats and 27.2%
of trains derived from dogs were resistant
to Levofloxacin. 21.4% of strains derived
from cats and 27.2% of strains derived from
dogs were resistant to Gentamicin and To-
bramycin. 42.8% of strains derived from
cats and 27.2% of strains derived from dogs
were resistant to Erythromycin. 28.5% of
strains derived from cats were resistant to

Fig. 7. Oxacillin, Ampicillin, and
Benzylpenicillin resistant strains of
Staphylococcus spp.

Tetracycline. 27.2% of strains derived from
dogs were resistant and 9.0% were mod-
erately resistant to Tetracycline. 14.2% of
strains derived from cats and were interme-
diately resistant to Doxycycline. 18.1% of
strains derived from dogs were resistant to
Doxycycline. 14.2% of strains derived from
cats and 36.3% of strains derived from dogs
were Chloramphenicol-resistant.  21.4%
of strains derived from cats and 36.3% of
strains derived from dogs were resistant to
Fusidic acid. The isolated strains from cats
and dogs had multiple resistances to two
or more antibiotic groups. Thus, a coagu-
lase-negative strain resistant to all antibiot-
ics except Levofloxacin, Fusidic, acid and
moderately resistant to Doxycyclin was de-
rived from cats. Two resistant strains to the
Penicillin group, Erythromycin, and Chlor-
amphenicol, were also derived. A strain
resistant to all antibiotic groups, except for
Chloramphenicol and Fluoroquinolones,
was also derived from cats. 35.7% of strains
derived from cats were sensitive to all stud-
ied antibiotic groups.

Two coagulase-positive strains iso-
lated from dogs exhibited different resis-
tance. Thus, one strain was sensitive to
Benzylpenicillin, Ampicillin, Erythro-
mycin, Oxacillin, and, at the same time,
was resistant to all other antibiotics.
Another coagulase-positive strain was
resistant to Benzylpenicillin, Gentami-
cin, Tobramycin, and Fusidic acid, and,
at the same time, was sensitive to other
antibiotics. Among the coagulase-neg-
ative strains isolated from dogs, one
strain was resistant to all antibiotics, ex-
cept for Doxycycline; one strain was re-
sistant to all antibiotics, except for Am-
picillin, Gentamicin, and Tobramycin.
One strain resistant to the Penicillin and
Erythromycin group and two strains re-
sistant to the Penicillin group were also
isolated. 27.2% of strains were sensitive
to all groups of antibiotics tested.
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2. The value of the optical density of biofilms at 570 nm and the ability to form
biofilms in strains of Staphylococci isolated from cats and dogs (M £ m, n =3)

Strain | The value of the optical density of the | The value of the optical density of the
No. strains derived from cats strains derived from dogs
1 3.184 +0.095 4.744 £0.188
2 0.909 + 0.030 3.440+0.134
3 1.651 £0.060 1.896 + 0.065
4 1.243 £0.037 2.138 +£0.088
5 0.908 + 0.033 2.483 +£0.052

Fig. 10. The high density
of the formed biofilm

As a result of the study of biofilm
formation, all 100% of the isolates iso-
lated from dogs had a high optical den-
sity (OD > 1.0) and the ability to form a
biofilm (Table 2).

Only 21.4% of strains isolated from
cats formed biofilms with medium opti-
cal density (OD > 0.5 <1.0), and the re-
maining 78.5% — with high optical den-
sity (OD > 1.0) and the ability to form a
biofilm (Fig. 10).

Conclusion and future
perspectives

Staphylococcus spp. was derived from
54.0% of studied animals. Selected cul-
tures have different pathogenicity factors

Fig. 11. The medium density
of the formed biofilm

(lecithinase, coagulase). Simultaneously
showed lecithinase activity, hemolysis, fer-
mented mannitol, and grew on crystal violet
lactose agar 28.5% of strains isolated from
cats and 27.2% isolated from dogs. The
studied cultures of Staphylococcus spp.,
had multiple resistance to Oxacillin, two
or more groups of antibiotics. As a result
of the study of biofilm formation, all 100%
of isolates obtained from dogs had a high
optical density (OD > 1.0) and the ability
to form a biofilm. Only 21.4% of strains
isolated from cats formed biofilms with a
medium optical density (OD > 0.5 <1.0),
and the remaining 78.5% — high optical
density (OD > 1.0) and the ability to form
a biofilm. The data obtained by us indicate
the need for full monitoring of antibiotic re-
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sistance and biofilm capacity of Staphylo-
cocci isolated from domestic animals using
polymerase chain reaction analysis.
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AHomauyisa. Cobaku (i Komu, AKi MeWKaromeo rnopy i3 Mo0bmu, € Oxepesnom 36yOHUKie 300HO3ie.
Memoto pobomu 6yn0o docnidumu domawHix cobak i Komig Ha Hocilicmeo cmacinoKokis i eugyumu
ixHi bionoeivHi enacmusocmi, 30amHicme 0o bionniekoymeopeHHA ma cmilikicme 0o aHmubiomukie
y sudineHux Kysnbmyp. Ycboeo 6yso 8idibpaHo 44 3pasku eid 19 cobak ma 25 Komis pi3Hux eikosux
ma cmamesux epyn. Y 54% 3 ycix 8i0ibpaHux 3paskie 6ynu eussneHi cmaginoKoKu. 13016080HO
25 kynemyp Staphylococcus spp. Peakyia naasmokoaeynayii 6yna HeecamueHoro y 100% wmamie
OMpPUMAaHUX 8i0 Komig i no3umusHor —y 2 wmamie ompumaHux 8id cobak (18%). J/leyumuHasHy
akmusHicme nposenanu 85,8% wmamie i301608aHUX 8i0 Komie i 72,8% — 8i0 cobak. 30amHicmio
0o eemonizy 80n100inu 71,5% wmamie sudineHux eid Komie i 63,7% — 6id cobak. PepmeHmysanu
maHim 50,0 % i3onamise 8i0 komig i 54,6% — 8i0 cobaK. Pocsu Ha 1GKMO3HOMY G2api 3 KpUCMasniYHUM
hionemosum y 8u2nadi cuHix KosoHil 78,6% wmamie ompumaHux 8id komig i 91,0% — 6i0 cobaK.
OOHOYACHO NPOABAAAU AEYUMUHA3HY OKMUBHICMb, 2eMori3, hepmeHmysanu MaHim i pocau Ha
7I0KMO3HOMY a2api 3 KpucmanidHum ¢pionemosum 28,5 % wmamie i301608aHUX 8i0 Komie | 27,2% —
8i0 cobak. OmpumaHi wmamu 8i0 Komig i cobak 80/100iAU MHOXUHHOI pe3ucmeHmHicmio 00
oKcayuniHy, 08ox i binbwe 2pyn aHmubiomukis. Pe3ynemamu 0ocnioxeHHA ymeopeHHs bionnisok
rnokasanu, wo yci 100 % i301amie sudineHux 8id cobak 80100inU BUCOKOK OMMUYHOI WibHICMIO
(OD > 1.0) ma 30amHicmto o popmysaHHs bionnieku. /luwe 21,4% wmamie i30/1608aHUX 8i0 Komie
ymeoprosanu bionsnieku cepedHboi onmuyHoi winsHocmi (OD > 0.5 < 1.0), a pewma 78,5% — sucokoi
onmuYHoi winsHocmi (OD > 1.0) ma 30amHocmi 0o ymeopeHHs bionsieKu.

Kmrovoei cnosa: KoaeynasonosumusHi | KoaeynazoHezamueHi  Staphylococci,  6ionnieku,
aHmubiomukopesucmeHmMHicmo
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Abstract. It is established that in geese, are constantly registered only
cervicothoracic lymph nodes. The cervicothoracic lymph nodes of geese are local
accumulations of lymphoid tissue in the wall of the lymphatic vessels, which are taking
away lymph from the head and neck. The cervicothoracic lymph nodes of geese are
not the same shape, most of them have a conical shape. Parameters of absolute,
relative weights, and size of the cervicothoracic lymph nodes of geese depend on the
weight and sizes of their body.

The cervicothoracic lymph nodes of geese are formed by a connective tissue stroma,
parenchyma, and sinus. Connective tissue stroma is represented by a capsule, which
is a continuation of the adventitia and media of lymphatic vessels and trabeculae.
Connective tissue stroma is formed by loose fibrous connective tissue, which has blood
vessels and myocytes. Sinus is a continuation of the lymphatic vessel lumen and its
wall — a continuation of its intima. The area, occupied by a connective tissue stroma,
parenchyma, and sinus in the nodes of investigated birds, varies. The largest area
occupies the parenchyma of the cervicothoracic lymph nodes, which like the parenchyma
of lymph nodes in mammals, is formed by lymphoid tissue. In the parenchyma, there
is unclearly allocated the cortical and cerebral substances. The cortical substance is
located on the periphery and the cerebral substance — around the sinus. The area of
the cortical substance dominates over a cerebral substance. The cortical substance is
formed by the diffuse lymphoid tissue and lymphoid nodules (mainly secondary), and
the cerebral substance — only by the diffuse lymphoid tissue. Lymphoid nodules are
spherical in shape, surrounded by delicate shells, and depending on the diameter, is
divided into three groups: large, medium, and small. The basis of the lymphoid tissues in
the parenchyma is reticular tissues, which consists of reticular fibers. The architectonics
of its fibers varies in the different components of the lymphoid tissue. They are placed
tightly, intertwined, and form the confined units of various shapes and small sizes. The
cellular composition of the parenchyma of the cervicothoracic lymph nodes of geese
is extremely diverse. It is reticulocytes, lymphocytes, immunoblasts, macrophages,
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monocytes, plasma cells, mast cells, and myoid cells. The content of these cells is not
the same. The presence of lymphocytes, immunoblasts, macrophages, and plasma
cells in the parenchyma of the cervicothoracic lymph nodes of geese convinces in their

functioning as peripheral organs of immunogenesis.
Keywords: geese, cervicothoracic lymph nodes, connective tissue stroma,
parenchyma, central sinus, cortical substance, medullary substance, lymphoid follicles,

lymphoid cells

Introduction

Lymph nodes are the peripheral organs
of haematopoiesis and immunogenesis
(Sapin et al., 1978; Vershigora, 1990). In
them, due to antigenic stimulation, T- and
B-lymphocytes differentiate into the effec-
tor cells, which cause specific immunity.
Besides, in these bodies, there is a release
of lymph from the foreign substances and
its deposition, recirculation of lympho-
cytes, an metabolism of some substances.
They, owing to availability in their connec-
tive tissue stroma of smooth myocytes, also
promote lymph circulation (Vinogradova,
1970; Sapin, 1977; Sapin, 1978; Sapin et
al., 1978; Vershigora, 1990).

Analysis of recent researches
and publications

During the historical development of
animals for the first time lymph nodes ap-
pear in waterfowl (Sapin et al., 1978). They
are found in geese, ducks, flamingos, and
are presented by two couples: the cervi-
cothoracic and lumbar (Jolly, 1909-1910;
Ellenbergez & Baum, 1915; Kositsyn,
1958; Kositsyn, 1959; Kositsyn, 1963; Flo-
rensov, 1968; Florensov & Pestova, 1990).
References about the existence of lumbar
lymph nodes at waterfowls are inconsis-
tent. There are data that geese and ducks
don’t have them and that they are assimilat-
ed with kidneys (Pylypenko & Musienko,
1973; Berezina, 1979).

The topography and morphology
of the cervicothoracic lymph nodes of
birds are studied insufficiently. Due to
this, the data of their functional features
are incomplete and contradictory.

The purpose of the study — to clari-
fy the topography of the cervicothorac-
ic lymph nodes of geese at the age of
puberty, to establish their macroscopic
morphological parameters, and to find
out features of the microscopic structure.

Materials and methods
of research

Material for studying was selected
from 13 geese of Gorki Goose breed at
the age of 11 months which grew up
in farms of Kyiv region (Ukraine). To
perform the work, the classical meth-
ods of macroscopic and microscop-
ic morphological studies (Merkulov,
1969; Avtandilov, 1990; Goralsky et
al., 2005) were used. After the slaugh-
tering of birds by an acute devascular-
ization, the topography, shape, color,
texture, absolute and relative organ
weight, and linear morphometric pa-
rameters were defined. For the inves-
tigation of the cellular composition of
lymph node parenchyma, the imprint
preparations were prepared. The ma-
terials selected for microscopic exam-
ination were fixed in a 10% aqueous
solution of neutral formalin for 5 days.
From the fixed material were cut indi-
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vidual pieces, which were dehydrated
in ethyl alcohol with the increasing
strength and embedded in paraffin. The
obtained paraffin blocks were sliced by
microtome MPS-2 with a thickness of
3-8 microns. Slices were stained with
hematoxylin and eosin, and by Weigert
and van Gizon. The composition of
parenchyma cells, their structure, and
content were determined by histolog-
ical preparations stained with azure II
and eosin, imprint preparations stained
according to Pappenheim, and by elec-
tron microscopy according to the V. Ui-
kly method (Goralsky et al., 2005).

Bright-field microscopes “Olym-
pus”, “Biolar”, MBI-15 MBI-6-1, and
MBS-1 were used for microscopic
studies. The area to be occupied in the
lymph nodes of individual structural
components were determined using a
microscope MBS-1 and the measuring
grid, which is a part of its set.

Results of the research and their
discussion

The performed researches confirmed
the data (Khomych & Melnyk, 2008;
Melnyk, 2010), that the cervicothoracic
lymph nodes of geese are paired constant
bodies. They are located under the skin
in a lower part of the neck, at the top of
the angle which is formed by the jugular
and subclavian veins (before the entry of
a jugular vein into a thoracoabdominal
cavity) (Fig. 1). Lymph nodes are cov-
ered with many layers of fatty tissue that
complicate their detection, preparation,
and differentiation from a number of the
located last lobes of the thymus.

The cervicothoracic lymph nodes
have different forms. They may be
cone-shaped (80%) and spindle-shaped
(20%). Their colours are pink and grey,
and consistency is dense.

The absolute weight of the right
and left lymph nodes is the same
(0.28 £0.06 g), and the relative weight
of the first (0.009 +0.001%) is bigger
than the second (0.008 = 0.001%).

The length of the right lymph node
(25.68 £2.20 mm) is bigger than the left
(22.85+1.56 mm). Width in the area of
expansion: the right —4.65 + 0.47 mm, the
left — 5.46 £ 0.59 mm. The width of the
restriction: the right —2.69 + 0.38 mm, the
left 3.34 + 0.49 mm. The thickness of the
lymph nodes: the right — 2.038 +0.242
mm, the left —2.331 £ 0.345 mm.

The cervicothoracic lymph nodes of
geese located in a wall of lymphatic ves-
sels, which are taking away lymph from
the head and the neck, and in a forma-
tion of their components, except for lym-
phoid tissue, participate all structures of
these vessels. They are formed by a con-
nective tissue stroma and parenchyma of
the central sinus. Connective tissue stro-
ma occupies 23.95+0.95% of the area
of nodes, parenchyma — 55.48 + 1.45%,
and the sinus —20.57 = 0.66%.

Connective tissue stroma is present-
ed by a capsule and a few trabeculae
(Fig. 2). The capsule is a continuation of
adventitia and media of a lymphatic ves-
sel. In comparison with them, it is thick-
ened. Trabeculae extend from the capsule
into the parenchyma of the nodes. They
do not have a specific orientation and do
not reach the walls of the sinus. Connec-
tive tissue stroma is formed by loose fi-
brous connective tissue with its character-
istic cells and intercellular substance. The
stroma contains bundles of single bunches
of myocytes and blood vessels.

Sinus occupies a central position in the
lymph nodes. It is a continuation of the lu-
men of the lymphatic vessel and its wall —
a continuation of its intima (Fig. 3).

The wall of the sinus is formed by a
layer of endothelial cells and a subendothe-
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Fig. 1. Topography of the cervicothoracic lymph nodes of a domestic goose.
Macropreparations: 1 — lymph node; 2 — thymus lobes; 3 — jugular vein

Fig. 2. Connective tissue stroma of the cervicothoracic lymph node
of a domestic goose. Histological preparation (hematoxylin and eosin, x 200):
1 — capsule; 2 — trabeculae; 3 — parenchyma
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lial layer. The structure of these endothelial
cells is similar to the cells of lymphatic ves-
sels in mammals. In some places between
the endothelial cells, there are significant
cracks through which there is a migration
of lymphoid cells into the lumen of the si-
nus. We didn’t find the basal membrane un-
der endothelial cells. The subendothelial si-
nus wall layer is formed by a soft layer of a
loose fibrous connective tissue. Among its
fibers, we found the only collagen, which
in places, are connecting with the outer
surface of the endothelial cells. Axons of
the reticular cells of a node’s parenchyma
penetrate the subendothelial layers. Sinus
varies in width. In some places its’ wall
penetrates a node’s parenchyma, forming
deepings of various shapes and sizes.

In a sinus lumen, there are frag-
ments of disrupted cells, surrounded by
a membrane, lymphoid cells, and single
erythrocytes.

The parenchyma of Lymph nodes is
located between a wall of a sinus and
components of connective tissue stroma.
Its basis is formed by Llymphoid tissue. In
the parenchyma, there is unclearly stand
out the cortical and cerebral substances.
The first is located on the periphery, the
second — around the sinus and its invagi-
nations. The area of the cortical substance
(57.99 £ 1.21%) dominates under a cere-
bral substance (42.01 + 1.21%). The cor-
tical substance is formed by the diffuse
lymphoid tissue and lymphoid nodules
(mainly secondary), and the cerebral sub-
stance — only by the diffuse lymphoid tis-
sue (Fig. 4). Lymphoid nodules are pre-
dominantly spherical in shape, have an
unequal diameter, and are surrounded by
delicate shells. Depending on the diame-
ter, we divided them into a small (58.79 +
1.37 mm), medium (165.51 £ 1.93 mm),
and large (253.16 = 3.43 mm).

Fig. 3. Central the cervicothoracic sinus node of a domestic goose. Histological
preparation (hematoxylin and eosin, x 200): 1 — lumen of the sinus;
2 — wall of the sinus; 3 — invaginations; 4 — node parenchyma

Vol. 11, Ne 3,2020

Ukrainian Journal of Veterinary Sciences

ISSN 2663-967X | 69



B. B. MenbHuK, T. C. MapKoscbKa

! e AN
Fig. 4. Cortical substance of the cervicothoracic lymph node of a domestic
goose. Histological preparation (hematoxylin and eosin, x 100): 1 — capsule; 2
— diffuse lymphoid tissue; 3 — lymphoid nodules

- - X

Fig. 5. Parenchyma cells of lymph node of a domestic goose. The preparations
(imprint stained by Pappenheim, x 1000): 1 — plasmocytes; 2 — macrophage; 3 —
large lymphocytes; 4 — medium lymphocytes; 5 — monocyte
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Fig. 6. Mast cell in parenchyma of the cervicothoracic lymph node
of a domestic goose. Electronogram, x 13500: 1 — nucleus; 2 — granules in cell
cytoplasm; 3 — cell cytoplasm

Fig. 7. Myoid cell (1) in parenchyma of the cerv1c0th0rac1c lymph node of a
domestic goose. Electronogram, x 6500
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The basis of the lymphoid tissue of
parenchyma node is formed by a retic-
ular tissue. The architectonics of its fi-
bers varies in the varieties of lymphoid
tissue. They form a fine mesh in the dif-
fuse lymphoid tissue, cortex, and cere-
bral substance. In grid cells of lymphoid
nodules, larger reticular fibers are often
visible, and their center can be absent.

In imprint preparations of the cervi-
cothoracic lymph nodes, in their paren-
chyma were found reticulocytes, lym-
phocytes, immunoblasts, plasma cells,
macrophages, monocytes, mast cells,
and myoid cells (Fig. 5-7).

The established cellular structure of
parenchyma in studied lymph nodes tes-
tifies that these geese organs function
as peripheral organs of immunogenesis.

The content of the parenchyma cells
in the lymph nodes is not the same.

Among them, there are more lym-
phocytes (79.51 +2.73%). Among the
lymphocytes, there are large, medium,
and small.

The second place by cell content
immunoblasts occupy (18.73 + 1.05%).

The contents of plasmacytes, macro-
phages and their predecessors — mono-
cytes is insignificant (0.64 £ 0.07% and
1.12 £ 0.06%).

The presence of lymphocytes, im-
munoblasts, macrophages, and plasma
cells in parenchyma of the cervicotho-
racic lymph nodes of geese indicates
that they function as peripheral organs
of immunogenesis.

Conclusions

In mature domestic geese are con-
stantly registered paired cervicothoracic
lymph nodes and lumbar are absent. The
cervicothoracic lymph nodes are pre-
dominantly spindle-shaped, less — coni-
cal. Their absolute and relative weights

and sizes also depend on the weight and
the size of the body of birds. The abso-
lute weight of the left cervicothoracic
lymph node of geese is 0.28 + 0.06 g, the
right — 0.28 £ 0.06 g. The relative weight
of the right cervicothoracic lymph node
of geese is 0.009 £ 0.001%, the left —
0.008 £ 0.001%.

The cervicothoracic lymph nodes
of domestic geese are formed by a
connective tissue stroma, parenchyma,
and the central sinus. The cortical sub-
stance of parenchyma is located on the
periphery and the cerebral substance —
surrounds the sinus. The first is formed
by lymphoid nodules and diffuse lym-
phoid tissue, and the second — only by
the diffuse lymphoid tissue.

As a part of the parenchyma of the
cervicothoracic lymph nodes, except
for the cells, which contribute the func-
tion as a peripheral organ of immuno-
genesis (reticulocytes, immunoblasts,
lymphocytes, plasmocytes, monocytes,
and macrophages), mast cells and
myoid cells are also identified. There
are many lymphocytes among them
(79.51 £ 2.73%).

The architectonics of reticular fibers
in the parenchyma of the cervicothorac-
ic lymph nodes varies in its individual
components. In the diffuse lymphoid
tissue of the lymph nodes, they form a
fine mesh, on a periphery of lymphoid
nodules of the reticular fibers there is a
coarse mesh, and in their center — fibers
are located solitary.
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AHomayia. BcmaHoeneHo, wo 6 2yceli nocmiliHo peecmpytomsca minbKu 2pyo0o-wuliHi
nimgpamuyHi  8y3nu. [pyoo-wuliHi nimgpamuyHi 8y3nu eyceli € A0KAAbHUMU CKYMYEHHAMU
NiM@POTOHOI MKAHUHU 8 CMIHYi AiMdamuyHux cyOuH, wo 8idsodame nimey 6id 2on08u U wui.
®dopma epydo-wuliHux nimpamuyHux 8ysnie y eyceli HeoOHaKosa, binbwicms i3 HUX MaOMb
KOHyconodibHy ¢opmy. [MoKasHUKU abconromHoi, 8i0HOCHOI macu i po3mipie 2pydo-wuliHux
nimeposysris 2yceli 3anexcams 6id macu U po3mipis ixHbo2o mina. [pydo-wuliHi nimgosysnu 2yceli
ymaeopeHi crosy4YHOMKAHUHHOK CMPOMOIO, NapeHXimoro U cuHycom. Crioany4HOMKAHUHHA CMpoma
npedcmasneHa Karcysnok, AKa € NpooosHeHHAM adseHmuuii U medii nimgpamuyHoi cyouHu, a
makox mpabekynamu. CmMpoma CKAAOAEMbLCA 3 MYyXKOI 80IOKHUCMOI CrOAYy4YHOI MKAHUHU, Y
AKIU po3miujeHi mioyumu i KPOBOHOCHI cyOuHU. CUHYC € MPOOOBHEHHAM NPocsimy Aimpamu4Hoi
cyOuHu, a io2o cmiHKa — npodosxceHHAM if iHmumu. Maowa, AKy 3alimarome croay4HOMKAHUHHA
cmpoma, naperxima G cuHyc y 8y3nax 0ocnioxceHuUx nmaxie, HeodOHakosa. Halibinbwy naowy
3alimae napeHxima 2pydo-wuliHux niMmgosysnis, AKa, AK | napeHxima nimgosysnie ccasyis,
ymeopeHa niM@oiOHOI0 MKAHUHOK. Y napeHXiMi HevyimKko 8udinAlmecsa Kipkosa i Mo3Kosa
peyosuHu. li Kipkoea pe4osuHa Po3MawoeaHa Ha nepucepii, @ MO3KO8a — HABKOMO CUHYCA.
Mnowa Kipkosoi pevyosuHu nepesaxae Had Mmo3Kogow. Kipkosa peyosuHa ymeopeHa
Ougpy3iliHoto NiMEOIOHO MKAHUHO i AIMGOIOHUMU 8Y31UKAMU (MepesarHo 8MOPUHHUMU),
a MO3K08a — MisnbKu Ougy3iliHow NiM@POIOHO MKAHUHO. JliMgOiOHI 8y3aUKU Kpyanoi ¢hopmu,
omoueHi obonoHKkamu U 3anexHo 8i0 diamempa po3dineHi HO Mpu 2pynu: 8enuki, cepedHi ma
mani. OCHOB0K MiIMGOIOHOI MKAHUHU MAPEHXIMU € PEMUKYAAPHA MKAHUHA, AKA CKAAOAEMbCA
3 PemuKynApHUX BO/IOKOH. ApPXimeKmOHIiKa B0/10KOH HEOOHOKO8A 8 pPi3HUX KOMMOHeHmMax
NiMOIOHOI MKAHUHU. BOHU po3mawo8aHi WinbHo, nepenaimaromecs i popmMyrome 3aMKHYmMi
ocepeoKu pizHoi popmu U Hesenukux posmipis. KaimuHHuUl cknad napeHximu epydo-wuliHux
nimgpamuyHux ey3nie 2yceli Ha03su4yaliHO pizHomMaHimHul. Lle — pemukynoyumu, aimgoyumu,
nimgpobnacmu  (imyHobaacmu), Makpogazu, MoOHouumu, nAA3Moyumu, My4Hi ma MioioHi
KaimuHu. CKnaod yux KaimuH HeoOHakosul. HassHicme y napeHximi 2py0o-wuliHux simgpamuyHux
sy3riie eyceli nimgpoyumis, nimgpobnacmis (imyHobaacmis), Makpodgazie i naasmoyumie 8Kaye Ha
me, Wo 80HU QPYHKYiOHYIOMb AK nepugdepusHi op2aHU imyHozeHe3y.

Knrovoei cnoea: 2ycu, wuliHo-2pyOHinimgamuyHi 8y3au, CroayYHOMKAHUHHA CMPOMa, NapeHxima,
ueHmMpaneHUl CUHYC, KiPKOBA PEYOBUHA, MO3KOBA Pe408UHG, NiMEOIOHI honiKynu, NimgoidHI KnimuHu
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Abstract. The article considers domestic and foreign experience in the spread
of Ixodes ticks — vectors of dangerous transmissible infections and invasions in the
park areas of Ukraine and preventive measures against Ixodidosis of animals and
humans. The material for the study was the data of veterinary reporting obtained
from the state regional laboratories of the State Service of Ukraine on Food Safety and
Consumer Protection for 2018-2019. The research was conducted at the Department
of Parasitology and Tropical Veterinary Medicine of the National University of Life and
Environmental Sciences of Ukraine. Ixodes ticks, previously collected in the park zone of
Kyiv, were used for research. We analyzed the results of studying the Ixodes ticks for the
presence of pathogens of dangerous transmissible infections and invasions, as well as
the treatment of dogs with Ixodidoses.

We consider it important to timely prevent animals from ticks, the studying of ticks in
the areas of their possible spread; analysis of the ecological situation within three to four
years in the area where ticks are most common; creation of maps using the Geographic
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information systems that reflect the dynamics of diseases transmitted by Ixodes ticks;
informing the population to prevent the spread of infected ticks.
Prospects for further research are the search for effective acaricidal drugs, taking into

account their toxicity.

Keywords: Ixodes ticks, spread, risks, transmissible diseases, Ixodidoses of animals

Introduction

Ixodes ticks (in Latin Ixodidae) are
carriers of dangerous transmissible in-
fections and invasions, such as Tick-
borne encephalitis (TBE), Tick-borne
borreliosis or Lyme borreliosis, Tularae-
mia (in Latin Tularenia), Tick-borne
rickettsial pathogens, in particular, que-
ry fever (Q-fever) and Marseilles fever
(Galat, 2003; Nikiforova, 2007; Lugi-
nin, 2011). Tick-borne encephalitis and
Lyme borreliosis (Lyme disease), from
which both humans and animals suffer,
are the most well-known and wide-
spread in Ukraine (Klymniuk, 2017).

The transmission of dangerous
pathogens occurs after the Ixodes tick
bite. However, even a short tick stay on
an animal’s body can result in its infec-
tion. This feature is associated with fac-
tors of immunosuppression of the secre-
tion of glands that enter the Ixodes ticks
during the bite (Afzelius, 1910; Appel
et al., 1993). Therefore, we believe, that
Ixodes are a vector of transmission of
dangerous transmissible diseases of hu-
mans and animals (Burgdorfer, 1984).

The widespread ticks distribution of
the genus Ixodidae in the world, includ-
ing Ukraine, the mosaic nature of their
spatial distribution, the adaptive diversi-
ty of life cycles, as well as the potential
danger as vectors of infectious and in-
vasive diseases of animals and humans
make the task of their detailed studying
relevant. Thus, it is important to study
the dynamics of the number of Ixodes

in different countries and regions of
Ukraine, as well as the structure of the
fauna, features of biotope distribution,
the development cycle of these ticks, and
others. The research on the territory of
Ukraine, where the natural center of dan-
gerous transmissible infections and inva-
sions have been registered, is important.

Analysis of recent researches
and publications

The studies of Ukrainian scientists
V. E. Galat, A. V. Berezovsky, M. P. Prus are
devoted to Ixodidae. N. M. Soroka (2003)
considered and examined invasive animal
diseases (Galat at al., 2003); O. V. Nikifor-
ova (2007) analyzed the spread of Ixodes
ticks as carriers of pathogens of Borrelia
burgdorferi sensu lato, Babesia microfi,
Ehrlichia phagocytophila geno group, Bar-
tonella spp., Rickettsia spot fever group,
Toxoplasma gondii in the south-eastern part
of Ukraine (Nikiforova, 2007); M. S. Lug-
inin (2011) investigated trophy-consortial
relationships of Ixodes ticks in forest ecosys-
tems and their role in the spread of patho-
gens of natural focal diseases in humans and
animals (Luginin, 2011); O.E. Galatiuk,
0. O. Peredera, 1. V. Lavrinenko, 1. A. Ger-
nosik (2018) analyzed infectious diseases of
dogs (Galatiuk et al., 2018).

Dangerous pathogens of transmissi-
ble diseases transmitted by Ixodes ticks,
is researched and studied in European
countries (Steere et al., 1977; Lind-
gren et al., 2006; Littman et al., 2018;
Regional Committee for Europe EUR/
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RC68/16 68th session Rome, 2018). So
the pathogen Borrelia burgdorferi was
registered in Germany by Zeman (1997)
and Honig et al. (2011), in Italy — by
Rizzoli et al. (2004). Also, Schwarz et
al. (2009) made predictions about the
spread of Ixodes in Germany, and Braga
(2012) — in Scotland.

In Ukraine, the pathogen Toxoplas-
ma gondii in Ixodes ticks of the genus
Ixodes was detected and studied by
M. V. Galat et al. (Galat et al., 2016).

The prevalence of infection and /x-
odes scapularis Say, its activity season,
survival, wintering and development
(Acari: Ixodidae) were studied by Zach-
ary C. Polk (Manitoba, Canada, 2017);
Meryl P. Littman, Bernhard Gerber,
Richard E. Goldstein, Mary A. Labato,
Michael R. Lappin, George E. Moore
(American College of Veterinary Inter-
nal Medicine, ACVIM, 2018).

Researchers analyzed the reasons for
the geographical distribution of infect-
ed and infested Ixodes; developed diag-
nostic tests to rule out coinfection and
other causes of clinical signs that could
potentially be associated with Lyme dis-
ease; tested in the experiment effective
methods for treatment of dogs and other
animals for arthritis and nephritis caused
by Ixodes, as well as developed treatment
regimens for Ixodes (Littman et al., 2018;
Regional Committee for Europe EUR/
RC68/16 68th session Rome, 2018).

Purpose. The aim of the study is
to analyze the prevalence of Ixodes as
vectors of dangerous transmissible in-
fections and invasions in Ukraine and to
identify risks for their prevention.

Materials and methods of research
For the study, we collected Ixodes in

the forest park areas of Kyiv and the Kyiv
region. We used the conventional method

of direct selection of Ixodes in animals. It
is based on a selective or complete col-
lection of Ixodes mites found on dogs of
different breeds. We used a thin wooden
board (size 15-20 x 5 cm) with pointed
long edges for select Ixodes from dogs
with short and straight hair. We combed
the board against the wool and looked
behind the plate for lightened skin under
the conditions of Ixodes.

In addition, we also searched Ixo-
des ticks conventional method, namely,
collecting them from the environment
in a simple white cloth material (size
60 x 100 cm). Adults of Ixodes (females,
males) were collected from vegetation;
preimaginal stages (larvae, nymphs) —
for combing small dogs. In total, we ex-
amined 150 adults, 60 nymphs, and 30
larvae of Ixodes, including adult genera
Ixodes 110 and Dermacentor — 40.

The polymerase chain reaction was
used to isolate the DNA of Borrelia
burgdorferi and Toxoplasma gondii from
Ixodes ticks. The results of the reaction
were analyzed using special software.

Ixodes ticks were mechanically
ground, incubated at 56 °C with the ad-
dition of proteinase K for 16 hours. Pro-
teinase K is a non-specific serine prote-
ase with high proteolytic activity. The
obtained suspension was centrifuged, the
supernatant was collected and DNA isola-
tion of pathogens was performed using a
special set (according to the instructions
for use). This set contained a mixture of
required primers that are necessary for
DNA replication during amplification.

Results of the research and their
discussion

We conducted experimental studies
during 20182019 in periods of high ac-
tivity of Ixodes ticks — in spring (April,
May), and in early summer (June), and
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autumn (September, October). Accord-
ing to the results of the research, Ixodes
ticks of the genera Ixodes and Dermacen-
tor were found in the forest park zones of
Kyiv and Kyiv region. Other genera of
Ixodes ticks were not registered.

Laboratory tests revealed the pres-
ence of DNA of Borrelia burgdorferi
and Toxoplasma gondii in the body of
Ixodes, larvae and nymphs of the genus
Ixodes. We did not detect these patho-
gens in ticks, larvae, and nymphs of the
genus Dermacentor.

The presence of Borrelia burgdorferi
in Ixodes of the genus Ixodes confirms
the main natural source of infection
with this pathogen in various species
of animals and humans in Ukraine and,
in particular, in the city of Kyiv and the
Kyiv region. At that time, the detection
of Toxoplasma gondii in Ixodes ticks
indicates one of the possible sources of
infection with the pathogen in animals
and humans.

The results of the research indicate
that a stable natural center of Lyme bor-
reliosis and toxoplasmosis has formed
in the forest-park zones of Kyiv and
Kyiv region.

It should be noted that the forest
park zones of Kyiv and the Kyiv region
have sufficient soil moisture, the almost
optimal ambient temperature in recent
years, diverse flora and fauna, which
contributes to the mass spread of Ixodes
ticks and creates favorable conditions
for the circulation of pathogens Borreli-
andurg in them.

Investigating the emergence of mites
of the genus Ixodes and Dermacentor
from the winter diapause, in recent years
there have been earlier periods, and the
period of activity lasts until mid-No-
vember, which leads to an increase in
numbers and, consequently, attacks on
animals and humans.

In this regard, the epizootic and epi-
demic situation of Lyme borreliosis disease
and toxoplasmosis in Kiev and the Kiev re-
gion in recent years is regarded as unstable.
In particular, the level of infection of hu-
mans and dogs with the pathogen Borrelia
burgdorferi remains quite high.

Our results coincide with the data
of state laboratories of veterinary med-
icine, which indicate the detection of
Ixodes ticks of the genus Ixodes patho-
gens of Lyme borreliosis. In addition,
peaks of Ixodes ticks attacks on domes-
tic and farm animals causing ixodido-
sis are recorded.

Currently, the annual dynamics of
infection of animals and humans with
Borrelia burgdorferi and Toxoplasma
gondii is characterized by a pronounced
seasonality associated with the period
of activity of ticks of the genus Ixodes.
It is established that the largest number
of attacks of Ixodes ticks on dogs and
humans is registered in May-June and
September-October.

Ixodes ticks bite involving a viola-
tion of the integrity of the skin, allergic
reactions to foods salivary glands, irrita-
tion, and inflammation.

With a significant invasion, ticks
cause ixodidosis, which is characterized
by the development of anemia and se-
vere Stress and is accompanied by loss
of appetite and exhaustion, decreased
resistance of animals.

It should be noted, that, currently,
there are new enzootic areas in the Kyiv
region, both at the site of infection of
humans and animals (suction of ticks),
and the results of studies of Ixodes ticks
(positive findings). At the same time,
natural foci of Lyme borreliosis were
found in most forest park areas of the
city and region. Therefore, the risk of
infecting humans and animals depends
on the number of infected and infested
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Ixodes ticks in the region and the fre-
quency of contact with them.

First of all, we focused on the fea-
tures of the biology and ecology of /Ix-
odes ticks to determine the risks associ-
ated with the spread of Ixodes mites and
their prevention.

As it is known (Nikiforova, 2007; Lug-
inin, 2011), the development cycle of Ixo-
des ticks covers three active stages: larva,
nymph, and imago (female, male). At each
stage of their transformation and to main-
tain their vital activity, [xodes mites find a
suitable host to feed on its blood and main-
tain the temperature they need (Fig. 1).

As a rule, an adult tick needs a large
host, a mammal, such as a deer. Larvae
and nymph need a small host, such as a
rodent, a small bird, and a dog. After feed-
ing, female Ixodes ticks hide in vegetation
and the upper layers of the soil and lay
thousands of eggs, and then die. At the
same time, larvae and nymphs go through
stages of development to adult directly on
animals or also in the environment.

The efficiency of transmission of
Borrelia in the body of ticks in different
individuals ranges from 26.5 to 81.4%.
The spirochetes appear in the hemo-
lymph of the mite in the first hours af-
ter infectious blood suction on the donor
animal, and after 4-6 days in the body
of the female mite. They were found not
only in the intestine, but also in the brain,
Malpighian tubes, and, most importantly,
in the salivary glands and eggs.

The nymph bites, in contrast to
adults, in the vast majority of cases go
unnoticed, which should be taken into
account when collecting epidemiology.
The same role in the circulation and
preservation of the causative agent of
Lyme borreliosis belongs to small mam-
mals in which the pathogen experiences
an inter-epizootic period. The rodents
can be carriers of Borrelia for almost
their entire lives and play a significant
role as a reservoir of infection in nature.

It is noted that some Ixodes ticks de-
velop from eggs, two immature stages

Adult (Lat. Imago) mite lays eggs

y

Active larvae
(Lat. Larvae)

Active Nymph

(Lat. nymph) mea

Active adults
(Lat. Imago)

Larvae finds
mea

Adult finds

meal (blooa;

— Larvae Developing

— Nymph Developing

Adult Developing |—

Fig. 1. The life cycle of Ixodes ticks
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(larvae and nymphs), to adults, within
1-3 years. Each immature stage in the
development of Ixodes mites requires
feeding on the blood of certain animals,
which takes several days. In addition,
the environment has a very sensitive
effect on their activity and survival.
Gilbert et al. (2014) investigated that
ticks of the genus Ixodes, more than
other genera, are sensitive to low tem-
peratures. Therefore, they usually retain
their viability by hiding in vegetation,
soil (their behavior, known as a quest).
In conclusion, scientists found that
“questing behavior in response to tem-
perature varies between 1. Ricinus pop-
ulations in relation to thermal climate
with a higher proportion of the popu-
lation questing at lower temperatures if
they are from cooler climates” (Gilbert
etal., 2014).

Randolph et al. (2002) found that
these ticks try to avoid drying out, espe-
cially at low or high humidity. This con-
clusion was validated when emergence
dates of unfed ticks predicted from a
day-degree summation development
model coincided precisely with the first
appearance in the field of ticks with
high fat content (Randolph et al., 2002).
It is important to consider these factors
to predict the future activity of Ixodes
ticks or their numbers.

The Geographic Information Sys-
tems (GIS) are now increasingly used to
make spatially large-scale associations
between environmental factors and dis-
ease risk parameters. These maps have
enabled us to gain insight about diseases
ranging, for example, from Encephalitis
to Lyme borreliosis, or to focus on the
fact that GIS to simulate the dynamics
of diseases transmitted by Ixodes ticks.
The Medical GIS will remain a lasting
approach for understanding populations
and the world we live in.

The presentation of data in the form
of an interactive portal of online maps is
an ideal way to convey information to
the public. For example, map of “Ticks
and tick-borne diseases in South Bohe-
mia and regions of Bavaria 2008-2020”
by scientists of University of South
Bohemia, VSB — Technical University
Ostrava, Institute of Parasitology, BC
AS CR, v.v.i. (http://gisak.vsb.cz/klista-
ta/index_en.html). The main purpose of
the map portal is to make the data on
the occurrence of ticks and tick-borne
pathogens in South Bohemia, Lower
Bavaria, and Upper Palatinate available
to the public (Svec et al., 2009; Honig et
al., 2015; Svec et al., 2019; Honig et al.,
2019; Zubrikova et al., 2020).

To prevent ixodidosis in animals, a va-
riety of chemical drugs (acaricides, insecti-
cides) of domestic and foreign manufactur-
ers and repellents are applied to the skin in
the form of aerosols, suspensions, powder,
drops, shampoo, as well as collars, tapes.
However, some of them are not effective
enough, and some are even toxic.

Thus, analyzing the epizootologi-
cal and epidemiological situation, we
should talk about the spread of Lyme
borreliosis and toxoplasmosis among
humans and animals and the expan-
sion of their vectors, in particular the
increase in the number of ticks of the
genus Ixodes in forest parks of Kyiv and
Kyiv region. The main reason for this
phenomenon, in our opinion, is climate
change and ecology. In addition, there
is a set of natural and social factors that
create receptive conditions for the re-
production of Ixodes ticks. In particular,
the mitigation of the climate in Ukraine,
the destruction of conifers, and the
emergence of small deciduous shrubs
with undergrowth and tall grass, as well
as severe cluttering of the landscape in
some forest parks, the emergence of ro-
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dents and intensive construction in sub-
urban areas. Therefore, the importance
of preventive measures for Lyme bor-
reliosis and toxoplasmosis in animals
and humans, it is timely laboratory di-
agnosis and specific prevention.

Due to the above, it is necessary to
create an operational algorithm for epi-
demiological surveillance of natural foci
of infection transmitted by ticks (Fig. 2).

The algorithm involves the follow-
ing actions:

- Epidemiological surveillance with

Ixodes tick-borne borreliosis;

- Monitoring of objects or phenomena;

- Analysis of monitoring results;

- Decision making (development of a
plan of preventive measures);

- Implementation of the action plan;

- Monitoring the effectiveness
measures;

- Correction of the monitoring program
and the plan of preventive measures;

- If monitoring the effectiveness of
measures showed positive results,
then we suggest to repeat the
epidemiological surveillance with
Ixodes  tick-borne  borreliosis,
according to the season favorable for
the spread of ticks;

- If monitoring the effectiveness
of measures showed a negative
result, it is proposed to correct the
monitoring program and the plan of
preventive measures and repeating
the algorithm cycle “Implementation
of the action plan — Monitoring the
effectiveness of measures”.

The affiliation of Ixodes tick-borne
borreliosis to natural focal infections

of  determines the specifics of surveillance,

which should be considered as epizooti-

Epidemiological surveillance with Ixodes tick-borne
borreliosis

Monitoring of objects or phenomena

Analysis of monitoring results

Decision making
(development of a plan of preventive measures)

Implementation of the action plan

Monitoring the effectiveness of measures

<>

Correction of the monitoring program and the plan of
preventive measures

Fig 2. Algorithm for epidemiological surveillance of natural foci of tick-borne
infections
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ological and epidemiological, including
epidemiological, immunological, and
zooentomological monitoring.

The epidemiological monitoring in-
volves monitoring the intensity of the
epidemic process, dynamics (perennial
and seasonal), territorial distribution, and
structure of the disease and includes lab-
oratory examination of patients, an epi-
demiological examination of the case (or
suspicion) of Ixodes tick-borne borrelio-
sis. The distribution of morbidity around
territory is traditionally grouped by ad-
ministrative principles (cities and dis-
tricts of the region, districts of the city).

The structure of the disease includes
the distribution by sex, age, social and
occupational composition with the se-
lection of “risk groups”, by clinical
forms (1st stage — migratory erythema;
2nd-3rd stages — indicating the leading
symptoms and severity of the course).

The epidemiological examination of
the case (or suspicion) of Ixodes tick-
borne borrelios is a compulsory com-
ponent of epidemiological monitoring.
Sanitary and epidemiological station
after receiving an emergency notifica-
tion in case of disease or suspected /xo-
des tick-borne borrelios (form N 058/0)
conducts its epidemiological examina-
tion. Collection of information on epi-
demiological monitoring is carried out
according to the data of official account-
ing documentation — the form N 357/o
“Map of epidemiological inspection
of the center of an infectious disease”
(https://zakon.rada.gov.ua/laws/show/
z0115-16#Text).

Conclusions and future perspectives

In the forest park areas of Kyiv and
Kyiv region found Ixodes ticks and Der-
macentor genera. Other genera of Ixo-
des ticks have not been registered.

The Laboratory tests revealed the
presence of DNA of Borrelia burgdor-
feri and Toxoplasma gondii in adults,
larvae, and nymphs of the genus Ixodes.
In adults, larvae and nymphs of the ge-
nus Dermacentor these pathogens were
not detected. The annual dynamics of
infection with Borrelia burgdorferi and
Toxoplasma gondii is characterized by
a pronounced seasonality associated
with the period of activity of ticks of
the genus Ixodes. The highest number
of Ixodes ticks attacks on dogs and hu-
mans is recorded in May-June and Sep-
tember-October. The presence of Bor-
relia burgdorferi in ticks of the genus
Ixodes confirms the main natural source
of infection with this pathogen in var-
ious species of animals and humans in
Ukraine and, in particular, in Kyiv and
the Kyiv region. At the same time, the
detection of Toxoplasma gondii in Ixo-
des ticks indicates the presence of one
of the possible sources of infection with
the pathogen in animals and humans.

The research results show that a sta-
ble natural center of Lyme borreliosis
and toxoplasmosis has formed in the for-
est park zones of Kyiv and Kyiv region.

To prevent the spread of infected
ticks, in our opinion, it is important:

- timely prevention of animals from
ticks;

- research of ticks in the territories of
their possible spread;

- analysis of the ecological situation
within three or four years in the area
where ticks are most common;

- creation of maps with the help of
Geographic Information Systems
that reflect the dynamics of diseases
transmitted by Ixodes mites; public
awareness.

Prospects for further research are
the search for effective acaricidal drugs,
taking into account their toxicity.
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AHomauyia. Y cmammi po3ensdaromecs eimyusHaHul ma 3apybixcHul 0ocsid w000
MOWUpPEHHA IKCO00BUX Kniwie — nepeHoCHUKi8 30yOHUKi6 Hebe3neyHux MmpPaHCMICUBHUX
iHgpekyili ma iHeasili y niconapkosux 30Hax YKkpaiHu i npeseHmMueHuUx 3axo00ax w000 ikcodioosie
meapuH ma AduHu. Mamepianom 01a O0CNiOHEHHA Ccny2ysanu OaHi eemepuHapHoI
38iMHOCMI, OMPUMGHI 8i0 OepxasHUX pezioHanbHUX nabopamopili eemepuHapHoi meduyuHu
30 2018-2019 poku. [locniomceHHsA nposoounuca Ha Kagedpi napasumosnozii ma mponiyHoi
semepuHapii HayioHaneHo20 yHisepcumemy biopecypcis i MpupodoKopucmysaHHsA YKkpaiHu. [ns
00Cni0HEHb BUKOPUCMOBYBAAU IKCOO0BUX KAilie, nonepedHbo 3i6paHux y MiconapKosux 30HAxX
Kuesa. AHanisysanucsa pe3ynomamu 00CniOHeHHA iKco008UX Knijie Ha HaseHicme 36yOHUKie
Hebe3neyHux mpaHCcMicusHUX iHgheKuili ma iHeasil, a maKoxt niKye8aHHA cobak 3a iKcodidosis.

Ana 3anobi2aHHA NOWUPEHHIO iHBIKOBAHUX KAilyie 8aHAUBUMU HOMU 8U3SHAYEHO CBOEYACHA
MpoginaKmMuKa meapuH 8i0 Kniwie, 00CNIOHEHHA KAiujie Ha mepumopisix iXHb020 MOM/IUB020
PO3M0BCIOOHCEHHSA,; AHAI3 eKO102iYHOI cumyauii 8 Mexax mpbox-4omupbox PoKie Ha mepumopii,
de Hal4acmiwe po3noscloOHYIombCA KAiwi; cmeopeHHs man 3a 0ornomozoto leozpaghidyHux
iHghopmayiliHux cucmem, wo 8idobpaxarome OUHAMIKY X80p0b, W0 nepedaromscs iKcodo8uMU
KAiwamu; iHpopMy8aHHsA HaceneHHs.

Mepcnekmusamu nodanbWux HAyKOBUX OOCAIOHEHb € MOWYK eheKmusHUX aKApUUUOHUX
npenapamis i3 8paxy8aHHAM iXHbOI MoKcUYHOCM.

Knrovoei cnoea: iKco0osi ki, MowupeHHs, pUsuKuU, mpaHcmicusHi xeopobu, iKkcodido3u meapuH
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Abstract. The article presents the results of the studying of anthrax strains and Bacillus
anthracis-like strains on the formation of toxins. We found that anthrax vaccine strains
actively produce exotoxins to the culture fluid. The amount of specific protein is different
under the same incubation conditions and depends on the individual characteristics of the
microorganism population, because of this, different titers of the toxin are registered.

Strain B. anthracis K-79 Z (vaccine) with the same number of planting microbial cells and
growing on the same culture medium and at the same temperature produces by two orders
of magnitude more exotoxin than strains B. anthracis Tsenkovsky Il IBM 92Z (virulent),
B. anthracis Stern 34F2, (vaccine), B. anthracis 55 (vaccine), B. anthracis SB (vaccine), B.
anthracis Tsenkovsky I (vaccine, apathogenic). The amount of exotoxin may change if the pH
of the medium changes. The activity of exotoxin production, when the pH changes, depends
on the characteristics of the anthrax strain.

Keywords: anthrax, exotoxin, exotoxin production

Introduction forms spores. The infectious dose of the

pathogen is only 1-10 spores. They fall

Anthrax is a part of the most dan-
gerous infectious diseases common to
humans and animals. This disease is
common in all mammals, most often
among cattle (large and small) and hors-
es. The causative agent is the gram-posi-
tive bacterium Bacillus anthracis, which

victim to the blood of a sick animal or a
corpse. The pathogen forms spores that,
once in the soil, can persist for more than
100 years. After reaching a favourable
environment, the spores become active
in 1-6 days, some spores may intensify
after 60 days or more (Cizauskas et al.,
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2014; Hendricks et al., 2014; Shadomy
et al., 2016; Chugh, 2019).

For this reason, the area contaminat-
ed with anthrax spores is a factor in the
transmission of the disease indefinitely.

During its stay in the soil, the an-
thrax pathogen periodically restores its
population, thus maintaining the infec-
tivity of the territory. To reproduce its
population and mass, B. anthracis in-
fects animals or humans, and with their
corpses, it re-enters the soil and closes
the natural cycle of its biology.

Humans can become infected by an-
thrax via respiratory system (inhalation),
gastrointestinal tract, and through the skin
(this is the most common form and 95%
manifests as a malignant pustule). The in-
haled form of anthrax is the most severe,
as it often causes septicemia and menin-
gitis with high mortality and the highest
risk of man-made spread. The gastrointes-
tinal form of anthrax occurs when con-
suming meat and meat products of poor
quality (Glomski et al., 2007; Hashemi et
al., 2015; Owen et al., 2015; Vieira et al.,
2017; Mwakapeje et al., 2018).

Between 2,000 and 100,000 cas-
es of anthrax are reported worldwide
each year. This disease remains a major
health threat in Africa, the Middle East,
South America, Central Asia, and Haiti
(Doganay & Esel, 2008; Abboud et al.,
2009; Liu et al., 2020). Anthrax spores
can be used as a target for bioterrorism.
In 2001, spores of the pathogen were
mailed to exceptional individuals in the
United States, which caused 22 cases
of cutaneous, inhalation, and meninge-
al anthrax and 5 deaths (Abrol, 2016;
Walsh et al., 2018).

Stability of spores for many years, un-
pretentiousness to the conditions of cul-
tivation leads to human disease or death
— all this makes anthrax a primary patho-
gen of the NIAID category. The patho-

gen causes 45-90% of mortality even
with timely treatment with antimicrobial
drugs (Mourez, 2004). High mortality is
associated with the rapid development of
bacterial infection and the action of tri-
partite toxin (Crowe et al., 2010).

Both field and vaccine strains of the
anthrax pathogen have the ability to pro-
duce toxins. B. anthracis has two main
virulence factors: poly-y-D-glutamic
acid capsule and tripartite toxin (Mock
& Fouet, 2001). The capsule plays an
antiphagocytic role and allows bacte-
ria to avoid absorption by macrophages
(Zwartouw & Smith, 1956). The tripar-
tite toxin contains protective antigen, le-
thal factor, and oedema factor (Stanley
et al., 1960: Stanley et al., 1961). These
toxins act on the innate and adaptive im-
mune system and affect the subsequent
consequences of the disease (Tourni-
er et al., 2009; Moayeri et al., 2015).
Field and vaccine strains clearly differ
in the lethality and the amount of tox-
in production. Field strains produce lit-
tle toxin during in vitro cultivation, but
they are more aggressive (predominate
lethal and oedematous fractions). Vac-
cine strains produce more toxin, which
is dominated by a protective fraction.

All anthrax vaccines develop anti-
toxic immunity in a vaccinated animal,
but the ability of anthrax microbes to
produce an exotoxin is not the same. The
stress and duration of immunity (immune
protection of vaccinated animals) depend
on this property, so studies of the toxige-
nicity of anthrax strains are relevant.

Analysis of recent sources
and publications

Exotoxins of the anthrax pathogen
as biotechnological objects are relevant
for many scientists in different countries
(Friebe et al., 2016).
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Studying the protective factor of
the antigen and the mechanism of for-
mation have shown that the protective
factor may be a new means for con-
trolling cytotoxicity (Kintzer et al.,
2009) and studying the complex action
of exotoxins as toxic complexes (Lacy
et al., 2002). Studying the mechanism
of action of a protective exotoxin on a
cell against the background of the le-
thal and oedematous toxin are relevant
(Chaudhary et al., 2012; Slater et al.,
2013). The use of protective antigen
of the anthrax pathogen as an inhibi-
tor of breast cancer cell development
has shown the prospects for the devel-
opment and application of new thera-
peutic approaches in the fight against
tumours (Felix et al., 2020).

Particular attention is paid to the
studying of the epizootic situation and
disease monitoring worldwide. Cre-
ating a unified surveillance system,
strengthening cross-sectoral coordina-
tion on prevention and control, biolog-
ical and social strategies for anthrax
prevention focuses scientists’ atten-
tion on endemic regions (Sahoo et al.,
2020). Improving anthrax vaccines for
humans and animals is an important
stage in preventing infection. We are
conducting research to find new ap-
proaches to the use of antibiotics in the
schemes of anthrax vaccines. There is a
question of disposable vaccine creation
(Clark & Wolfe, 2020).

The development of vaccines, which
preserve natural antigenic structures
that mimic natural infection, and the
studying of the effects of antibodies that
neutralize toxins are an important re-
search area (Dumas et al., 2020).

The purpose is to study the prop-
erties of toxins formation by anthrax
pathogens and Bacillus anthracis-like
Strains.

Material and methods of research

To conduct the experiment we took
lyophilized museum cultures of anthrax
vaccine strains and Bacillus anthracis-like
Strains: B. anthracis Tsenkovsky II IBM
927 (virulent), B.anthracis K-79Z,
B. anthracis Sterne 34F2, B. An-
thracis 55, B. anthracis SB, B. anthracis
Tsenkovsky I, B. anthracoides 67,
B. Subtilis 17, B. cereus 8035 (virulent),
which are stored in collection of micro-
organisms in the “State Center for Inno-
vative Biotechnology”. The methods for
studying vaccine strains described by
S. G. Kolesov, generally accepted in mi-
crobiological practice, were used (1976).

The agglutination reaction and the
concentration of the spore suspension
for each strain were determined in colo-
ny forming units (CFU) by scientific and
methodological recommendations “Lab-
oratory diagnosis of anthrax in animals,
detection of pathogens from pathological
and biological material, raw materials
of animal origin and environmental ob-
jects” (Skrypnyk et al., 2015). Statistical
processing of the obtained research re-
sults was performed using the program
“Microsoft Excel 2011 for Windows.

The titer of microorganisms toxige-
nicity in the causative agent of anthrax
and Bacillus anthracis-like strains was
determined using the disc precipitation
reaction (DPR) by the method improved
by A. L. Zaviryukha (Zaviryukha & Ste-
panyuk, 1978). Precipitated anthrax
serum RP Ne 3905-14-0403-08, man-
ufactured by Kherson State Biological
Factory, was used for the study.

Bacterial cells of vaccine strains
and Bacillus anthracis-like strains were
grown on standard culture media: broth
and meat-peptone agar, and injection of
5 and 10% gelatine at pH 7.2 — 7.6 and
a temperature of 37.0 + 1.0° C.
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From microbial colonies grown on agar,
smears were prepared and stained according
to Gram, Mikhin, Olt, Rebiger, Romanows-
ky-Giemsa, the length and width of micro-
bial cells were measured with a micrometre,
and their shape and the presence of spores
were determined. The shape and physical
characteristics of the colony were studied.

Antigens were prepared by autoclav-
ing from the microbial mass of each strain,
which was investigated in the Ascoli reac-
tion and in the DPR with anthrax serum
for precipitation. We prepared antigens
from the culture fluid of vaccine strains,
which were filtered through a bacterial fil-
ter and examined by the DPR and Ascoli.

The control was antigens made from
bacterial mass and sterile filtrate of cul-
ture fluids of anthracoid microorgan-
isms B. Anthracoides 67, B. Subtilis 17,
B. cereus 8035 (virulent).

Results of the research
and their discussion

Investigated extracellular anthrax
toxins, which were obtained by the meth-
od mentioned above. The results of the
examination by the reaction of Ascoli
and the DPR are presented in Table 1.

Our data indicate that the virulent
strain B. anthracis Tsenkovsky 11 IBM
927 and the avirulent B. anthracis
K-79Z produce extracellular toxin out-
side the cell membrane in a liquid nu-
trient medium. The toxin reacts with
antibodies of the precipitating anthrax
serum in the precipitation reaction.
However, the amount of exotoxin in the
culture fluid of virulent and avirulent
strains is not the same. We noted the
ability to produce exotoxin at a titer of
1:32 in vaccine strains of anthrax.

1. The results of studying the sterile filtrates of culture fluids of microbes of
the genus Bacillus, which were examined by the Ascoli reaction and the disk
precipitation reaction

Ascoli DPR
dilution of culture fluid
Strain s
o0
Al || —=|on|o|a Nt |o|[L|an|le |
Sl IS (U R (ORI BRI O Il ISt [t R hryiy (i QR By
B. anthracis
K79 7 + |+ |+ |+ ]+ + |+ |+ |+ |+ |+ ]+ ]|+ +]+
B. anthracis
Tsenkovsky 1T + |+ |+ |+ - [ (N RIS ROVER IR I B R
IBM-92 Z
B. anthracis
Sterne 34F2 + |+ |+ |+ ]+ B e T T = s o B [
B. anthracis 55 + |+ |+ |+ |+ R (N RIS RV IR I VI R B
B. anthracis SB 4+ |+ |+ |+ N I (NI (I (I VI A B
B. anthracis
Tsenkovsky 1 + |+ |+ |+ ]+ I e U ot B i S (NS [
B. cereus 8035 - - - -] - S N e
B. anthracoides 67 | - | - | - | - | - S N I R
B. subtilis 17 - - - -] - S A A T N I R

Note: n —native fluid; + positive reaction; — negative reaction.
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Saprophytic spore-forming bacilli of
B. anthracoides 67, B. subtilis 17, B. ce-
reus 8035, and B. subtilis 17 do not pro-
duce a specific toxin, and therefore their
filtrates of culture fluids do not react by
precipitation with antibodies of precipi-
tated anthrax serum.

We investigated the impact of pH on the
production of exotoxin by anthrax strains,
which began with the production of bacte-
rial masses with an identical number of mi-
crobial cells —30.2-30.8 x 10° CFU.

Colonies that grown on agar were
seeded in a liquid nutrient medium —
meat broth with different pH values —6.5;
8.5; 7.5. They were incubated in a ther-
mostat for 48 hours at 37° C. Then we fil-
tered the bacterial mass through bacterial
filters type F5. The received filtrates were
checked according to DSTU 4483:2005.

We performed the DPR with culture
fluid filtrates to determine the anthrax
protein titer. The results of the examina-
tion are presented in Table 2.

2. Effect of pH on exotoxin production by anthrax vaccine strains, M+ m, n=10

o . Number of grown . Exotoxin titer
Ne Strain microbial cells, CFU PH of the medium in the DPR
6.5 8
B. anthracis 7.5 64
1. K-79 7 30.5 x 106 Y 32
M+m 34.66 + 16.22%%*
6.5 4
B. anthracis 75 3
2. | Tsenkovsky 30.7 x 106
I1IBM 92 Z 8.5 4
M+m 5.33 £ 1.33%*
6.5 8
B. anthracis 7.5 32
3. Sterne 34F2 30.2 106 85 16
M+m 18.66 + 7.05%*
6.5 8
; 7.5 32
4 B. anthracis 308 x 106
55 8.5 16
M+m 18.66 + 7.05%*
6.5 8
i 7.5 32
5 B. anthracis 305 % 106
SB 8.5 16
M+m 18.667 + 7.05%*
6.5 8
B. anthracis 7.5 16
6. Tsenkovsky I 30.2 x 106 25 2
M+m 10.66 £ 2.66**

Note: * P <0.05; ** P <0.02; *** P <0.01; **** P <0.001.
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Indicators of Table 2 show that at differ-
ent pH of the medium, the amount of specif-
ic protein in the strains increased differently
(1:8-1:64 — B anthracis K-79Z, 1:8-1:32
— B. anthracis Sterne 34F2, B. anthracis 55,
and B. anthracis SB, 1:8-1:16 — B. anthracis
Tsenkovsky I). At the same cultivation
conditions, a high titer of specific anthrax
protein showed the exotoxin B. anthracis
K-79Z —1:64 at pH 7.5. Strains B. anthracis
Sterne 34F2, B. anthracis 55, and B. an-
thracis SB at pH 7.5 produced exotoxin at
the same level, and it was 1:32. Also, in these
strains, the same amount of exotoxin was ob-
served when cultured in a medium at a pH of
6.5, which was 1:8. When the pH was raised
to 8.5, the exotoxin purge of these strains
wasat 1:16. Thisindicates similar characteris-
tics of these vaccine strains and the effect of
pH on the production of exotoxin.

Conclusions and future
perspectives of the study

Vaccine strains of anthrax actively
produce exotoxins in the culture fluid.
The amount of specific protein under the
same incubation conditions is different
and depends on the individual character-
istics of the microorganism populations.

The B. anthracis K-79 Z $train with
the same number of microbial cells and
under cultivation in the same culture
medium and temperature conditions pro-
duces by two orders of magnitude more
exotoxin than B. anthracis Tsenkovsky
II IBM 92Z, B. anthracis Sterne 34F2,
B. anthracis 55,  B. anthracis SB  and
B. anthracis Tsenkovsky 1.

Vaccine strains of anthrax, which we
studied, produce exotoxin when the pH
of the medium. Its amount varies de-
pending on the pH of the medium. The
activity of exotoxin production when
the pH changes depends on the charac-
teristics of the anthrax strain.

The Perspective: we plan to continue the
studying of the toxigenic properties of an-
thrax strains in order to obtain an exotoxin
that will be used in the development of new
drugs against anthrax in humans and animals.
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AHomauyia. Y cmammi npedcmasneHi pe3yabmamu 00CAiOHeHHA wmamie cubipku

ma aHmpakoidie ujo0o0 ymeopeHHs MOKcuHie. Mu eussusu, Wo BAKUUHHI wmamu cubipku

OKMUBHO MPOOYKYOMb eK30MOKCUHU 8 KysnbmypaseHy piduHy. Kinekicme crneyugiyHozo 6inka

pi3Ha 3a 00HaKosux yMo8 iHKybayii U 3anexcume 8i0 iHOUBIOyanbHUX ocobausocmeli nonyaayil
MIKPOOp2aHi3Mis, Yepes Wo peecmpyromsCa Pi3Hi Mumpu MOKCUHY.
LLImam B. anthracis K-79Z (6akyuHa) 3 00HAKOBOIO KiflbKiCMH MOCIAHUX MIKPOOHUX KAimuH i 3a

8UPOWYBAHHA Ha 0OHOMY Ui MOMY H MOXUBUHOMY cepedosulyi ma 3a 00HaKO8OI memnepamypu

8Upobfe Ha 08a MopAoKU binbuwie eK30MOKCUHY, Hix wmamu B. anthracis Tsenkovsky Il IBM
927 (sipyneHmmnuli), B. anthracis Sterne 34F2, (sakyuHa), B. anthracis 55 (sakyuHa), B. anthracis
SB (sakyuHa), B. anthracis Tsenkovsky | (éakyuHa, namoeeHHa). KinbKicmb eK30MOoKCUHy Moxe

3MiHIo8aMUCA 8HACNIOOK 3MiHU pH cepedosuwja. AKMUBHICMb MPOOYKYBAHHA EK30MOKCUHY

8HACAIOOK 3MiHU pH cepedosuwia 3aa1exums 8i0 XapaKmepucmuK wmamy cubipKu.

Kntoyoai cniosa: cubipka, ek30MoKCcUH, MPoOYKYis eK30MOKCUHY
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Abstract. The research was conducted to study the morphological, clinical, and
macroscopic characteristics of the different histological types of canine testicular
tumors. The material was obtained during a routine surgery for the removal of
testicular tumors in dogs in clinics of veterinary medicine in Kyiv. Tumors were divided
into sex cord-stromal tumors and germ cell tumors. Among the sex-cord stromal
tumors recorded Leydig (interstitial) and Sertoli cell tumors. Macroscopic and histologic
characteristics of canine interstitial (Leydig) cell tumor are described. It comprises 12%
of all testicular tumors. Interstitial (Leydig) cell tumor has a slower growth compared
to other testicular tumors, metastases are not observed. Half of the animals had no
clinical signs. Most interstitial (Leydig) cell tumor go together with the pathology
of adnexal structures. This is because Leydig cell tumor leads to increased levels of
androgens. This fact may cause the pathology of adnexal structures. Neoplasms are
recorded both on the right and the left testis. Leydig cell tumor was not related to the
cryptorchid testicles. Mostly, tumors are regular oval, brown or gray color, different
texture, and size with no signs of necrosis or ulceration. Macroscopic and histologic
characteristics of malignant tumors of the testicle are described.

A macroscopic picture was different and did not have clear meaning with the
histological type of tumors. Microscopically a seminoma was characterized by the
presence of layers of oval cells with the expressed grainy cytoplasm, surrounded by
connective tissue, in which there was significant lymphoid infiltration. Leydig cell tumor is
composed of cells that resemble Leydig cells and that are arranged into islands or tubular
structures. The polygonal eosinophilic cells with granular or vacuolated, which contains
lipids, were detected. Nuclei were a round mesh of chromatin and distinct nucleolus.
Sometimes the large cells with 1, 2, or more nucleoli were noted. In Sertoli cell, tumor
marked the various spectrum of cages from polygonal to prismatic sustenocytes.

Keywords: non-germ cell tumors, genital stromal tumors, benign tumors, Leydig
cell tumor, sertolioma, seminoma, testicular neoplasms, dogs
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Introduction

Risk factors for cancer in dogs are
generally similar in humans, although
many questions remain unclear in this re-
gard. The important role of genetic factors
is evidenced by the data on the unequal
frequency of neoplasms in dogs of differ-
ent breeds, as well as the fact that tumors
of dogs are often observed in purebred an-
imals (about 75%) compared with cross-
breed or mixed breed ones (Moulton,
2002; Dobson & Lascelles, 2003). This
assumption is not always confirmed, some
authors believe that the high incidence of
tumors in mongrel dogs is associated with
poor living conditions. It has been shown
that among breeds of various groups, the
highest numbers of sick animals are regis-
tered among service (50-70%) and hunt-
ing (25-37%) breeds, and the lowest — in
Toy breeds (8-28%) (Bernshtein, 2000;
Sereda, 2009; Henry & Higginbotham,
2010). It is possible, however, that a great-
er percentage of service and hunting dogs
breeds in the structure of morbidity, par-
ticularly tumors, is associated with a more
attentive attitude towards them by own-
ers and more frequent visits to veterinary
hospitals, given that these dogs are more
valuable in terms of economic consider-
ations of their use.

Analysis of recent research
and publications

An important endogenous risk factor
for tumors is the age of animals: mor-
bidity increases with age and is a well-
known fact. According to the age range
of diagnosis, tumors of dogs registering
throughout their life, even in the first
year, however, the largest part of sick
animals is observed at the age of 7-12
years. The average age of dogs with tes-
ticular cancer is 10 years. Extremely

rare neoplasms of the testes are found
under the age of 6 years.

One of the factors that increase the
risk of testicular tumors is cryptorchi-
dism with an inguinal or abdominal loca-
tion. Most authors note that the testicles,
which have not descended, sertoliomas
and seminomas develop more often
(Dobson & Lascelles, 2003; Villalobos,
2010). Higher number of tumors register
in the right testicles is explained by the
fact that they do not descend more often.

The breed predisposition to this pa-
thology is also described. Most often,
testicular tumors are recorded in dogs of
such breeds as Siberian Laika, Fox Terrier,
Afghan Hound, and Sheltie (Bernshtein,
2000).Clinical signs vary and depend on
several factors, first of all on the location
of the testicles (in the scrotum, groin, or
abdominal cavity), the presence of me-
tastasis, and the development of parane-
oplastic syndromes. At the same time,
testicular neoplasms are found acciden-
tally very often (North & Banks, 2009).
The most common clinical manifestation
of testicular tumors is feminization syn-
drome. The development of feminization
syndrome depends on the localization of
the neoplasm, localization in the scrotum —
16% of cases, in the groin — 50%, and in
intra-abdominal location — 70% (Bemn-
shtein, 2000). Moreover, bone marrow hy-
poplasia with thrombocytopenia, bleeding
with anemia and granulocytopenia, gyne-
comastia and galactorrhea, attractiveness
for males, atrophy of the opposite testis, at-
rophy of the penis with preputial sagging,
bilateral symmetrical alopecia in the geni-
tal area, inner thighs, abdomen, and chest
are also observed (Sereda, 2009).

The prognosis of the disease depends
on many factors. The significance of the
size of the primary tumor, its location,
the presence of regional and distant me-
tastases, the histological type and level of
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differentiation of tumor cells, infiltration
into the surrounding tissues, and the clin-
ical stage of the disease are considered.
However, the opinions about determining
the prognostic value of certain characteris-
tics of tumors differ among the research-
ers. Thus, most authors believe that a tu-
mor size less than 3 cm in diameter in case
of absence of metastases is associated with
better prognosis (Henry & Higginbotham,
2010; Dobson & Lascelles, 2003), and the
presence of metastasis is associated with a
poor further prognosis. At the same time,
there are opposite opinions: some authors
believe that metastases to regional lymph
nodes cannot be considered a prognostic
factor (Villalobos, 2010).

However, in the literature data, the
issues on the frequency of tumors oc-
currence in dogs, factors of anamnesis,
as well as the peculiarities of tumor mi-
cro- and macrocharacteristics, which a
veterinarian encounters, are not suffi-
ciently highlighted. The studying of the
pathomorphological features of testicu-
lar tumors is extremely important for an
accurate diagnosis.

Purpose. The aim of the work was
to study the frequency of diagnosis,
clinical morphological, and macroscop-
ic features of various histological types
of canine testicular tumors. According
to the goal, it was planned to investi-
gate: the pathomorphological features
of various histological types of tumors,
their clinical manifestation, and the re-
lationships between testicular tumors
emerging and anamnestic data.

Materials and methods
of research

Experimental materials were ob-
tained during elective operations for tes-
ticular tumors removal in dogs at the
veterinary clinic “Animal health”.

The pathological material was pro-
cessed according to generally accepted
histological methods.

For histological studies, a tumor or
part of it was sampled, along with the
capsule and surrounding tissues, and
placed into a special glass or plastic
container with a tightly ground lid. They
were fixed in a 10% neutral aqueous
solution of formalin according to Lil-
ly’s prescription, dehydrated in ethanol
of increasing strength, and after chloro-
form embedded in paraffin. Using a sled
microtome, sections of 6—8 um were ob-
tained. The histological structure of or-
gans and tissues was studied by sections
staining with Carazzi’s hematoxylin and
eosin. The histological slides were ex-
amined and pictures were made using
an Olympus BX-41 microscope (Goral-
skij, Radzihovskij, & Zayika, 2018).

Results of the research
and their discussion

The priority, when a testicular tumor
suspected, is a thorough history taking,
which must include data on the dog’s
behavior, the time of the disease emerg-
ing, the rate of tumor development, and
visual changes along this process. It is
important to find out if the treatment
was provided, what kind of treatment,
and when it was carried out. During the
clinical examination, a general exam-
ination of the animal is carried out and
considerable attention is paid to the area
of the pathological process. The gener-
al condition of the animal depends on
the type of tumor and its stage, but in
most cases, it changed insignificantly.
Decreased appetite and apathy are ob-
served in 18% of dogs. Testicular tu-
mors are accompanied by pain in 16%.

Palpation was used to determine the
location of the testicles. Their size, densi-
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ty, shape, consistency, and mobility were
determined. Examining regional lymph
nodes, attention was paid to their size,
density, mobility, and pain. Additionally,
a rectal examination was performed to
determine the condition of the prostate.

Morphological studies are the main
diagnostic procedure to establish the
nature of the tumor and its histological
type. These data in combination with
other methods allow determining the
stage of the disease and choosing the
most effective method of treatment. We
used two types of morphological stud-
ies: cytological and histological.

Testicular neoplasms are easily
amenable to surgical removal followed
by histological examination. Tumors
up to 1 cm in diameter were examined
completely. For a homogeneous tumor,
3 samples were taken along a line pass-
ing through the center of the tumor. In
the case of macroscopic inhomogeneity,
samples were taken from all areas, as
well as along the median line. In all cas-
es, it is important to take a sample at the
border of the healthy and affected tissue.
Together with the tumor tissues, a histo-
logical examination of regional lymph
nodes was carried out, which provided
a full characterization of the level of the
pathological process development. Dogs
with poorly differentiated tumors had
a poor prognosis compared to animals
with tumors made up of highly differen-
tiated cells.

According to the principles underly-
ing the classification of testicular tumors
of dogs (Meuten, 2002), tumors that oc-
curred in the studied random sample were
divided into sex cord-stromal tumors and
germ cell tumors. Three types of testicu-
lar tumors were most often found in small
domestic animals: a tumor from Leydig
cells — leydigioma, a tumor from Sertoli
cells —sertolioma, and a tumor of the sper-

matogenic epithelium of the seminiferous
tubules — seminoma.

An important prognostic factor is
the histological structure of the tumor.
Thus, an animal diagnosed with serto-
lioma or leydigioma has a more favor-
able prognosis than animals diagnosed
with seminoma. Some authors also con-
sider unfavorable factors such as the
degree of vascular and tissue invasion,
lymphoid infiltration, the size of the
zones of necrosis.

Leydigioma is an interstitial cell tu-
mor that develops from Leydig cells.
Leydig cells are hormone-producing cells
located between the seminiferous tubules
in the testes. They produce the hormone
testosterone. Also, in small amounts,
they synthesize female sex hormones es-
trogens and progestins. Leydig cells are
stimulated by luteinizing hormone, which
is produced by the hypothalamic-pituitary
system. Leydigioma can secrete testoster-
one, an excess of which leads to prostatic
hyperplasia and the formation of adeno-
mas of the hepatoid glands.

The tumor belongs to non-germino-
genic ones that can cause feminization
syndrome. In males observing libido
reduction, mastopathy development,
prepuce tissue swelling, testes size de-
creasing, becoming flabby, but sper-
matogenesis is preserved.

Changes in the skin and the hairline are
usually started as the shedding period in-
creasing. The coat becomes dull and brit-
tle, alopecia develops, which are mainly
localized on the sides. In most cases, the
tumor is benign, very rarely metastasizes.

Leydigiomas most often are not
accompanied by an increase in testes
volume, but they can be detected with
scrotum ultrasound examination. Ley-
digiomas made up 12% of all testicular
neoplasms and ranked third after sem-
inomas and sertoliomas. Leydigiomas
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occur, as a rule, in the prolapsed testes,
and in 15% of cases both testes can be
affected. If only one testis is affected,
then the other one atrophies.

The neoplasms were mainly repre-
sented by one node, but there were also
cases when several nodes form were
registered in one testicle.

Tumor consistency is soft, gray in
color with no signs of ulcers or necrosis.

Microscopically tumor consists of
atypical cells that are very similar to
their “normal cell analogues”. Tumor
cells are large, round, or polygonal,
sometimes hexagonal, have eosino-
philic granular cytoplasm, as well as a
small or medium nucleus located in the
center. Chromatin reticular, nucleoli are
well-defined. Cell boundaries are often
not visible. Sometimes large cells with
one, two, or several nucleoli were not-
ed. In some cases, spindle-shaped cells
with small nuclei and eosinophilic gran-
ular or vacuolated cytoplasm were ob-

served. Pronounces cell pleomorphism
and mitotic activity was noted.

Cytological diagnosis of testicular
tumors is well developed and has a high
sensitivity for the diagnosis of each in-
dividual type (Fig. 1).

Sertolioma is a tumor of Sertoli scaf-
fold cells (sustenocytes), which perform
a trophic function and produce proteins
that bind androgens. Most sertoliomas
are benign, although morphologically
benign and malignant forms do not dif-
fer. The malignancy of the process is
considered by the presence of metasta-
ses. Sertoli cells have testosterone and es-
tradiol receptors and are involved in the
regulation of spermatogenesis.

Macroscopically, the tumor is pre-
sented in the form of a node with clear
contours (Fig. 2). Very often the tumor
is surrounded by a connective tissue
pseudocapsule.

The color of the tumor is predomi-
nantly whitish or whitish-yellow.

Fig. 1. Cytological structure of leydigioma. Tumor cells with large nuclei
and vacuolated cytoplasm
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Microscopically the proliferation of tu-
mor cells in the interstitial tissue is detect-
ed. Sertolioma cells form sheets and cords.
The tumor is mitotically active. Dystrophic
changes were observed in the epithelium of
the seminiferous tubules. The dysfunction of
spermatogenesis is considered by a change
in the level of maturity and shape of sperm.
The tumor is accompanied by secondary in-
flammation very often. Tumor tissue vascu-
larization is predominantly moderate.

The tumor has a tubular structure
(small tubes separated by thin fibrous
connective tissue layers). Glandular struc-
tures are visualized in it, which have two
types of cell structure (cells with optically
empty cytoplasm and cells with hyper-
chromic nuclei and mitosis presence).

The histological structure of serto-
lioma was different. A wide range of
cells from epithelioid to spindle-shaped
resembling fibroma prevailed. Most of
the tumors consisted of sustenocytes of
various shapes: from polygonal to high
prismatic, which formed tubules or solid

areas. The tumor cells were eosinophilic,
with vacuolated cytoplasm, a rounded or
oval nucleus with a delicate chromatin
mesh, and a small nucleolus (Fig. 3).

Tumor cells have a clearly distin-
guishing nuclear structure and a pro-
nounced rim of the cytoplasm. The
nuclei are large, characterized by mod-
erate polymorphism, nucleoli are visi-
ble in them. In the structure of the tumor
tissue, the cells are located chaotically,
sometime they lie freely in tubules lu-
men as small groups. Signs of cellular
atypism were observed in the form of
nuclear and cellular polymorphism.

The tumor stroma is represented
by fibrous connective tissue layers, in
which the slit-like, often collapsed ves-
sels are located.

Seminoma is a highly malignant tu-
mor, most often found in cryptorchids.
In advanced cases, the tumor occupies
a large volume of the abdominal cavity,
is adherent to surrounding tissues, and
metastasizes to regional lymph nodes. It
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Fig. 3. Histological structure of sertolioma: hyperplasia of spindle cells with
hyperchromic nuclei. 400 x.

is possible to observe the bilateral affec-
tion or affection of one of the testicles.
To suspect seminoma is possible by the
appearance of the affected organ. A pal-
pating node or nodes are located in the
testicular tissue under the outer shell or
inside the organ. The tumor is mostly
painful, accompanied by secondary in-
flammation, and characterized by limited
growth in the form of a node or diffuse
growth with complete organ affection.

The initial localization of the neo-
plasm is the seminiferous tubules, but in
the case of testicular stromal invasion, it
acquires a diffuse form.

Macroscopically, the testicle is enlarged,
the tumor has no clear contours, the surface
is bumpy, thin-walled cysts were palpated
under the capsule. The consistency depends
on the presence and number of necrosis foci.
Section showed that the neoplasms were
loose, swollen, looked like multiple cavi-
ties filled with viscous grayish-white pus on
the periphery, and in the central part — with

dark red bloody fluid. The central part had
significant areas of hemorrhage and necro-
sis. Tissue vascularization was poor. Stroma
swelling (from moderate to pronounced)
with areas of hemorrhage was observed.
Spermatogenesis in the tubules was signifi-
cantly weakened or completely absent in
partly preserved tissue near the site of tumor
localization.

In the tumor growth zone atypical,
polymorphic cells of epithelioid or po-
lygonal form with rounded often large
nuclei with various figures of mitosis,
including atypical ones, are detected. In
some fields of vision multiple nucleoli
in the cells are visible (Fig.4).

In the other fields of vision, some-
times in the capsule, sometimes in places
outside of it, there are fields and groups
of monomorphic cells with light cyto-
plasm and clear boundaries of the cell
wall. The cytoplasm is vacuolated or
optically transparent. Vacuolization of
the cytoplasm indicates the presence of
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Fig. 4. The cytological structure of the seminoma

degenerative changes in the cells. The
cells are located diffusely or in the form
of small complexes bounded by fibrous
tissue, in which a large number of mature
lymphocytes and small foci of necrosis
are determined.

In the process of progressive tumor
tissue proliferation, violations of the
stromal-parenchymal ratio observed.
Lymphocytic ~ accumulations  were
shown in the tumor stroma.

As a result of the seminoma devel-
opment, the adjacent areas of the organ
undergo changes as well. As a result of
pressure from the tumor on healthy tis-
sue, circulatory disorders, edema develop
followed by disruption of the structure of
the spermatogenic epithelium and loss of
its functional activity take place. In some
cases, the tumor tissue invasion into the
capsule was also noted. In this case, the
invasion of tumor elements into the skin
of the scrotum is observed, the tumor be-
comes immobile, areas of inflammation
and ulcers are traced in the skin.

Conclusions

1. The ratio between benign and malig-
nant neoplasms of the canine testi-
cles was 1:4.2.

2. The prognosis of the disease and the
appointment of postoperative che-
motherapy depend on the histologi-
cal verification of the tumor.

3. The largest proportion among all tumors
of canine testicles in the studied sam-
ples were germ cell tumors, namely
seminomas, which were character-
ized by malignant course prevalence.
Among benign neoplasms, Leydigio-
mas and sertoliomas were observed.

4. The right testis is more often affected.
Half of the cases were recorded in
the testicle that did not descend with
an abdominal location.

5. No dependence on the consistency or
shape of tumors on their histological
type was found.

6. Carrying out the cytological studies, it
is important to remember that in 40%
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AHomayisi. [TposedeHi 00cnioHeHHsA 3 8UBYEHHA Yacmomu 0ia2HOCMY8AHHS, MOPGOM02IYHUX,
KAIHIYHUX ma MaKpocKomniyHux ocobausocmeli pi3HUX 2icmosoziyHux munie HO8oymMeopeHs
cim'aHuKie cobak. Mamepian Onsa OocnidxceHos 6ys ompumaHuli ni0 4Yac naaHosux onepayili
i3 npusody sudasneHHA HOBOyMeopeHb CiM’AHUKI8 Yy COOAK y pPi3HUX KAiHIKax eemepuHapHoi
meouyuHu micma Kuesa. lMyxauHu 6yau po3nodineHi Ha MyxaAuHU CMPOMU CMAmMeso20 MAMXY ma
2epMiHo2eHHI nyxnuHu. Ceped nyxauH CMpPoOMU cmamego20 mAxY peecmpysanu neliouzomy ma
cepmosiomy. OnucaHo MAaKpOCKOMIYHY ma 2icmoso2iyHy XapaKmepucmuku aeliduzomu y cobak,
AKa cmaHosumes 12 % 8i0 ycix HogoymeopeHs Cim’siHuKig. Jleliduzoma mae dewjo nosinbHiwuli
picm 'y nopieHAHHI 3 IHWUMU MyXAuHamu Cim’aHUKie, memacmasie He giomiyarome. binbwicmes
neliou2om cynposodxyoMbCA amosoziero NapaaHanbHUX 30103. HosoymeopeHHA peecmpytome,
AK HO PABOMY, MAK i Ha s1i6OMY CiM’AHUKAX. [TepesartHO MyxaAuHU rpasuabHoOi 08aab6HOT hopmu,
6ypozo abo cipozo Konbopy, pi3HOi KOHcucMeHyii ma po3mipy 6e3 03HaK 8UPA30K HYU HEKPO3Y.

OnucaHo MAKpOCKoMidHy ma 2icmosio2iYHy XapakmepucmuKU 3/10AKICHUX MyXAUH CIM)AHUKA
cobaku. MakpockoniyHa KapmuHa 6yna pi3HOO Ma He Masna YimKo2o 383Ky 3 2iCmos02iYHUM
munom HosoymeopeHsb. MIKpOCKONiYHO ceMiHoMa Xapakmepusysasnacb HaAsHicmio naacmis
MOHOMOPGHUX 080/IbHUX KAIMUH i3 8UPAXHEHOH 3epHUCMOI0 YUMONAA3mMoro, wo byau omoyeHi
CrosYy4YHOK MKAHUHO, ceped AKOI 3HaX00UIU 3HAYHY NiMgOIoHY iHginempayito. MikpockoniyHo
nelidueoma cknadaemoca i3 enaHAyAOUUMI8 Pi3HO20 cmyrneHs 3pinocmi, AKi pO3MaAwosaHi y
8u2nsa0i msis, ny4kis, rnaacmis. Crocmepieatome MOMI20HAMAbHI KAIMUHU 3 €03UHOMiNbHO
3epHUCMoto abo 8aKy0i308aHOKO YUMONMAA3MO, WO Micmums 7ainidu. Y cepmosniomi giomivanu
pi3sHOMaHIMHul cnekmp KAimuH 8i0 Mosni20HAMLHUX 00 MPU3MAMUYHUX CycmeHoyumis.

Knroyoei cnoea: HeOpibHOKAIMUHHI MyxAUHU, 2eHimanbHi cmpomanbHi MyxauHu, 0o6posKicHI
MYXAUHU, 71el0uU20-KAIMUHHA MyX/UHA, CepMOosioMa, CeMUHOMA, HOBOYMEBOPEHHA AEHOK, COBAKU
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Abstract. Horse breeding in Ukraine has always been an industry of national importance,
the functional orientation of which has changed because of the development of socio-
economic relations. Currently, the role and importance of horses in state farms is complex
nature. Breeding horses are used to improve existing and create new, more advanced
breeds that would meet the requirements of European and world standards.

Improving the efficiency of reproduction technologies in horse breeding and further
progress of breeds is impossible without the implementation of methods of artificial
insemination of horses, including cryopreservation of sperm.

Multiple improvements have been achieved in the past 10 years with regard to
utilization and processing of frozen stallion semen, use of alternative cryoprotectors and
new commercially available extenders that allow better cell protection during freezing.

Itisanalyzedthat there is only one licensed cryogenic sperm bank of certified sports stallions
in Ukraine, which is located in Zhashkiv Equestrian School, from where sperm is transported
abroad. It contributes to the improvement of the existing gene pool of horses in our country
and promotes the industry. The technological process of selection and cryopreservation of
sperm in breeding stallions of the Belgian sport breed in the Zhashkiv Equestrian School of
Cherkasy region is investigated. The latest methods for selection and cryopreservation of
stallion sperm are presented. It has been investigated that cryopreservation using pre-cooling
of sperm for 2.5 h and subsequent rapid freezing in liquid nitrogen vapors is an effective
method for maintaining the fertilizing ability of stallions. It is established that following the
above rules of selection, evaluation, calculation, dilution, packaging, cryopreservation, and
storage of sperm of high-value stallions, the number of sperm banks might be increased. This
popularizes the industry, allows to increase the number of farms for breeding horses, and to
develop scientific developments in biotechnology and reproduction of these animals.

Keywords: stallions, phantom, mare, artificial vagina, semen, diluent, packaging,
labeling, cryopreservation

102 | ISSN 2663-967X YKpaiHCbK1IN 4aconmnc BeTepMHapPHNX HayK Vol. 11, Ne 3, 2020



Ocobniusocmi 8idbopy ma KpiokoHcepsauyii crepmu #epebuie

Introduction

Horse breeding in Ukraine has al-
ways been an industry of national impor-
tance, the functional orientation of which
has changed because of the development
of socio-economic relations. In the con-
ditions of reforming the agro-industrial
complex and transition to a market econ-
omy, the development of horse breeding
will contribute to the improvement of
economic spheres. Currently, the role
and importance of horses in state farms
has a complex nature. Horse breeding is
used to improve existing and create new,
more advanced breeds that would meet
the requirements of European and world
standards (Atroschenko, 2008; Vasileva,
2007). First successful cryopreservation
was carried out in the early 20th century
using bull semen, and the first effective
insemination using frozen stallion semen
was performed in the United States of
America in 1957 when the semen was
taken from the epididymis of the stallion
(Gopka, Homenko, & Pavlenko, 2004).

Analysis of recent researches
and publications

In the modern practice of horse breed-
ing, obtaining sperm by an artificial vagi-
na for cryopreservation, or insemination
with fresh (native) or freshly diluted
sperm is a common practice. In recent
years, various countries have accumu-
lated considerable experience in work-
ing with freshly diluted cooled sperm,
developed methods of cryopreservation,
which contribute to maintaining high fer-
tility of sperm. Several technologies for
cryopreservation of stallion sperm have
been developed and are constantly used.
Each of them includes many Stages that
affect the quantitative and qualitative in-
dicators of sperm (Nevzorova, 2011).

The use of frozen sperm allows to
determine the timing of insemination,
because sperm can be sent at any time
before ovulation, and therefore avail-
able for insemination at the optimal time
(Gopka, Homenko, & Pavlenko, 2004).
It also allows avoiding bacterial contam-
ination of sperm during natural mating,
which leads to embryonic mortality, de-
creasing impregnation capacity during
subsequent sexual cycles, and the birth
of weak or non-viable offspring (Deyaki
putannya rozvutky kinnoi galyzi, 2010).
Existing ways of sperm freezing differ
significantly in technological methods,
in methods of preparation for cryopres-
ervation, solvents and media, freezing
techniques, method of storage, defrost-
ing, and using (Nevzorova, 2011).

Nowadays interest in horse breeding
is growing. This is evidenced by scientif-
ic publications of many scientists, laws,
and orders on the reorganization of the
industry, the creation of new horse farms
(Pro stvorennya derzhavnoi ystanovu
“Derzhavna durekcia z ypravlinnya, kon-
trolyu ta rozvutky konyarstva Ukrainu,
2010; https://ec.europa.eu/food/animals/
semen/equine_en). At the same time, due
to the development of the private sector
of the economy, the need for horses not
only for work but also for sports, in order
to meet the aesthetic and cultural needs
of the population has increased.

Currently, there is only one certified
horse semen collection center in Ukraine
(https://www.pilchuckvet.com/articles/
freezing-stallion-semen). This number is
due to insufficient logistical and scientific
support of the industry, which inhibits the
realization of the productive potential of
this species of animals and still remains
unresolved. Therefore, this issue is rele-
vant to both practitioners and scientists.

The purpose of the study is to develop
an algorithm for work with sperm of a stal-
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lion of Belgian sport breed, to get acquaint-
ed with the newest methods for selection
and cryopreservation of stallion sperm.

Materials and methods
of research

The research was conducted at the
Zhashkiv Equestrian School, during 2020
with 5 clinically healthy stallions of the Bel-
gian sport breed at age from 15 to 19 years.

Collection of material (sperm) was
conducted on an artificial vagina “Han-
nover” using a phantom of the same com-
pany twice a week, in compliance with
all sanitary requirements, in the morning
before feeding the animals. Sperm were
macroscopically evaluated for volume,
color, odor, and impurities. Microscopic
evaluation included determination of the
number of living, dead and pathological
forms of sperm cells (using automatic
software from Minitube), concentration
(using the device SpermaCue from the
same company). Testing the activity of
sperm was performed in the “crushed
drop” preparation in compliance with all
requirements. INV 96 and INRA Freeze
from IMV Technologies were used to thin
the sperm, and Maxifreeze medium was
used to protect the sperm from the stress
of centrifugation. For marking straws an
automatic printer EasyCoder for straws of
0.5 and 0.25 ml from Minitube was used.
Sperm packing into straws was performed
using an automatic packing machine MPP
Uno, and the process of freezing semen
using a Computer controlled rate freezer
14S and software from Minitube.

Results of the research
and their discussion

Today there is only one licensed
cryogenic sperm bank of certified sports
stallions in Ukraine, which is located

in Zhashkiv Equestrian School. From
that School, sperm is transported abroad
(https://www.pilchuckvet.com/articles/
freezing-stallion-semen). It contributes
to the improvement of the existing gene
pool of horses in our country and pro-
motes the industry.

One portion of ejaculate from an
artificial vagina can inseminate sev-
eral mares. This minimizes the spread
of diseases and allows to store sperm
in liquid nitrogen at a temperature of
196 °C for a long time, and the sperm
bank will allow you to store sperm of
highly breeding offspring and at any
time to have access to the best stallions
or to sell semen abroad.

Algorithm for working with stallion
semen:

1. Collection of ejaculate.
2. Evaluation of ejaculate quality:

— Macroscopic;

— microscopic.

3. Determining the number of sperm.

— requirements for native;

— requirements for frozen.

4. Dilution:

— sperm dilution medium;

— description of the process.

5. Packing semen into straws (volume

0.5 ml).

6. Freezing (cryopreservation) of sperm:

— requirements;

— description of the process.

7. Storage.

The protocol specifies the main col-
lection parameters (date, time, nickname,
number of mounts, number of jumps, use
of a phantom or false animal), ejaculate
volume, color, odor, mucus, concentra-
tion, sperm activity, pathological forms,
used solvents for sperm. The protocol
also, indicates the number of doses that
can be made from this ejaculate, the
number of ready doses and straws with
semen, and storage location.
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Fig. 1. Cartogram of the humus content of the field with the content
of physical clay 45-50%

The School provides each buyer
with a freeze report, which shows the
data on the stallion’s semen (Fig. 2).

According to the protocol, a study
was conducted on the collection, eval-
uation, and cryopreservation of stallion
sperm. The first stage was the collection
of semen from stallions.

e

Stage 1. Collection is carried out
twice a week, in compliance with all
sanitary requirements, in the morning
before feeding the animals in the arena,
which is well lit, the walls are made of a
material that is easy to clean and disin-
fect, the room is equipped with a phan-
tom for a stallion, model Hannover,

TN

LLC «Zhashkiv Equestrian Sports School>»
EOUINE SEMEN COLLLECTION CENTRE

= 23-03-16 ST
FREEZING REPORT

STALILION:

RASSE:

Age at the time of testing:
LIFE Ne:

FREEZING PERIOD:

CORNET OBOLENSKY
Belgian (BWP)

19 years

056-002-WO001 84083
01.03. 2018 - 10.102018

10.10.2018

“* 19200 Zhashkiv, UKRAINE

fresh

Average number of vaginal leaps: T2

Average volume of filtered semen (in ml): 30

Average concentration (in million of spz/ml): 200

Total number of spermatozoa per ¢jaculate (in milliards): 6.0 o Bl
Total morphologic normal (%6): Si1%

Par s fr

Number of frozen cjaculates: az
~Average number of straws produced by cjaculate canned: 32-40

Average number of doses produced by ejaculate canned: a7

Quality of semen when defrosted (% of motile spermatozoa): 74

AVERAGE CONGELATION(M/mI) / VELOCITY Mic/scc / % PROGRESSIVE MOT: 365 7 50 7 43
Number of ejaculation canned: az

Color of straws: _ grey

Dr. O.Migovich

Fig. 2. Sperm Freeze Report
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Fig. 3. Phantom for collecting sperm from a stallion

which is covered with a special layer
before each mount to prevent contami-
nation by microorganisms (Fig. 3).

The floor around the phantom is
covered with special rubber mats in
order to prevent injuries. To stimulate
a clear manifestation of the male’s sex-

ual reflexes, during sperm collection,
there is a mare in heat behind the bar-
rier (Fig. 4).

The arena is equipped with a special
window to the laboratory for the transfer
of ejaculate for further evaluation. The
artificial vagina Hannover from Mini-

Fig. 4. Sperm collection
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tube is used for collecting sperm which
consists of a small valve, an inner cover,
rubber rings, and a leather handle.

Before collection, the artificial va-
gina is pre-disinfected, heated with wa-
ter to a temperature of 55 °C, and at the
time of taking it should be 40—42 °C. A
sterile, vaseline-lubricated plastic bag is
placed on the prepared artificial vagina,
which is tied at the exit end (serves as
a sperm collector). The bandaged end
is cut after collection, and the semen is
transferred to a special filtering vial that
separates the semen from the secrets of
the vesicles (Fig. 5).

Stage 2. The laboratory assistant con-
ducts the evaluation of the obtained ejac-
ulate, which includes organoleptic evalu-
ation: volume, color, odor, the presence of
impurities; microscopic: motility, density,
concentration, pathological forms of sper-
matozoa. Macroscopic evaluation of ejacu-
late is performed after semen filtration from
the secrets of the vesicles in a graduated ves-
sel for filtering the semen of the stallion.

Microscopic evaluation of sperm.
Sperm motility is determined in the
“crushed drop” preparation simultane-
ously with the determination of sperm
density. Then the concentration of se-
men is determined using a device Sper-
maCue (Minitube). Determination of
live, dead, and pathological forms of
spermatozoa is carried out using auto-
matic software from Minitube.

Stage 3. Calculation of the number of
sperm doses according to the formula:

GSZ (N.Z.)
2xDos.—Sz.(pro 0.5 ml)

V.d.E. x2=58A.8S,,

where: GSZ (N. Z.) — concentration of
semen in the ejaculate for centrifugation;

Dos.—Sz. (pro 0.5 ml) — sperm dose
(100 million in straws 0.5 ml);

V. d. E. — volume of the final dilution;

=29V.d. E. x2=58

Fig. 5. Obtained ejaculate

A. S. —number of straws (in our case
58) (Fig. 1).

Requirements for sperm of stallions for
artificial insemination (European standard):

fresh semen: at least 300 million sperma-
tozoa with rectilinear translational motion;

cooled semen (diluted / fresh):

- at least 300 million spermatozoa
with a rectilinear translational motion at
the time of breeding.

- spermatozoa with rectilinear trans-
lational motion at the time of insemina-
tion not less than 35%.

Diluted semen and semen intended
for transportation:

- dose of sperm: at least 600 million
spermatozoa with rectilinear transla-
tional motion during dilution;

- spermatozoa with rectilinear trans-
lational motion at the time of insemina-
tion not less than 35%.

Frozen semen:

- dose of sperm: at least 35% of sper-
matozoa with rectilinear translational
motion after thawing;

- at least 250 million spermatozoa
with rectilinear translational motion
per dose for artificial insemination after
thawing.

Stage 4. Dilution of stallion semen:

solvent for sperm INRA 96 in a dose
of 1:1 and INRA Freeze is added to the
freshly obtained material (Fig. 6); mixing
thoroughly with smooth movements;
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Fig. 6. Solvent for stallion semen

adding 4 ml of Maxifreeze medium,
which protects sperm from centrifugal
stress;

centrifugation of ejaculate at 2800
rpm for 20 minutes.

After the sperm deposition proce-
dure, the maximum amount of super-
natant (solvent and sperm plasma) is
taken.

Step 5. Packing semen into straws
(capacity 0.5 ml) using a packaging
machine from Minitube MPP Uno. The
date of semen collection and the stal-
lion’s number are indicated on the se-
quin. Straws are labeled with an Easy-
Coder automatic printer.

Step 6. Cryopreservation: semen for
pre-cooling is placed in a refrigerator at
a temperature of +4 °C on a special plate
for 2.5 hours. After that, the straws are
moved to the Computer controlled rate
freezer 14S, which has specially adapt-
ed software from Minitube for quick
freezing of stallions. The duration of
freezing in this device is 7 minutes to
a temperature of -120 °C. One dose of
semen must be thawed and evaluated
according to the protocol parameters.

Step 7. After rapid freezing, the se-
men for long-term storage is transferred
to a cryogenic storage Dewar (tempera-
ture — 196 °C) and stored for 60 days in
quarantine. Then, the semen is trans-
ferred to a storage room in cryogenic
storage Dewar.

Thus, following the above rules of
selection, evaluation, calculation, dilu-
tion, packaging, cryopreservation, and
storage of sperm of high-value stal-
lions can increase the number of sperm
banks. This promotes the industry, al-
lows to increase the number of farms for
horse breeding, and to develop scientific
developments in biotechnology and re-
production of these animals.

Conclusions and future perspectives

The algorithm for manipulation with
the semen of stallions according to the
European protocol is developed.

Cryopreservation using pre-cooling
of sperm for 2.5 h and subsequent rapid
freezing in liquid nitrogen vapor is an
effective method to preserve the fertiliz-
ing ability of stallion semen.

Increasing the number of sperm
banks of high-value stallions pro-
motes this industry and will increase
the number of farms for these animals
breeding.
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AHomayisa. KoHapcmaeo 6 YKpaiHi 3a8x0du 6yn0 2any33t0 3020716H00EPHABHO20 3HAYEHHS,
PYHKYIOHAMbHA CPAMOBAHICMb AKOI 3MiHI08AACH 8 3a71eXHOCMI 8i0 PO38UMKY COUianbHO-e-
KOHOMIYHUX 8iOHOCUH. HUHI ponb | 3Ha4eHHA KoHeli y 2ocriodapcmeax depuasu MAE KOMIeK-
cHuli xapakmep. [nemiHHUX KOHell suKopucmosytoms 0714 MOAIMWEHHA ICHYIYUX ma cmeo-
peHHsA Hosux, Binbw O0CKOHAAUX Nopid, AKi 6 sidnosidanu sumozam esponelicbKux i ceimosux
cmaHdapmis.

MidsuweHHa eghekmusHoCmMi mexHo02ili 8i0MeopeHHsA y KOHAPCMEi i nodanswuli npoepec
rnopio Hemoxcauei 6e3 emineHHa Memooie Wmy4yHO20 OCiIMeHIHHsA KoHell, 8 MOMy Yucsi KPiOKOH-
cepsayii cnepmu.

3a ocmaHHi 10 pokie 6yno docaeHymo 6a2amoKpamHux nokpaweHo w000 36epieaHHA ma
rnepepobKu 3aMOpPOHEHOI ciepMU Hepebyis, BUKOPUCMAHHA anbmMepHAMUBHUX Kpionpomexkmo-
pie ma Hosux KomepuiliHux po3wuprosayis, AKi 3a6e3neyyroms Kpauwjuli 3axucm KaimuH nio yac
30MOPOHCYBAHHS.
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MpoaHanizosaHo, ujo 8 YKkpaiHi € nuwe 00uH niyeH3o8aHuli KpioceHHUl 6aHK criepmu cep-
mudgikosaHux criopmusHux xepebuis, AKUl 3Haxo00uMocA 8 MawkKiecobKili KiHHO-cropmueHil
wKoni, 36i0mu mpaHcrnopmyromse criepmy 3a KOPOOH. BiH cripuse NoKpawjeHHo icHyr4Yo20 2e-
HOOHOY KoHeli y Hawili Oepxcasi ma cnpusae nonyaapusayii daHoi eanysi. JocnioreHo mex-
HonoezivyHul npoyec 8id6opy ma KpiokoHcepesayii cnepmu naemiHHuUx xepebuis benveilicokorl
crnopmueHoi nopodu e *awkiscoKili KiHHO-cnopmueHil wikoni Yepkacekoi 06aacmi. O3Haliom-
/71eHO 3 HOBIMHIMU Memodamu 8i06opy ma KpiokoHcepsayii cnepmu xepebuis. [ocnioreHo,
W0 KPiOKOHCepsayia 3 8UKOPUCMAHHAM ornepedHb020 OXO/00MEHHA CrepMu 8rpPo008H
2,5 200 ma 3 No0anbWUM WBUOKUM 3AMOPOXEHHAM y Napax pioko2o azomy € eqheKmusHUM
memoodom 077 3bepexeHHA 3annioHw4oi 30amHocmi cnepmu xepebyis. BcmaHossneHo,
AKWO 00MpuMysamucs Yux npasun 8iobopy, ouiHKU, po3paxyHKy, po38eOeHHs, NaKy8aHHA,
KpiokoHcepeayii ma 36epieaHHA crnepmu 8UCOKOYiHHUX #epebuis, mo mMoxcHa 36inewysamu
KinbKicmo 6aHkie cnepmu. Lle nonynsapu3sye 0aHy 2asny3b, 0d€ 3moay 3b6in6wumu KinbKicme
2ocrnodapcme 3 po3sedeHHA KoHell ma po3susamu HayKoei po3pobKu 3 biomexHosnozii ma pe-
npooyKkmonoeaii yux meapuH.

Knrouoei cnoea: x3cepebyi, @aHmom Mape, wmy4Ha 8aziHa, crnepma, po3pioxcysay, naxy-
BQHHA, MAPKYBAHHSA, KpiOKOHCepaauia
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