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0.1-0.5%. A dose-dependent effect was observed in bees under laboratory conditions: concentrations of 0.5-2.05%
caused acute toxicity with a mortality peak on the 7th day, whereas optimal concentrations of 0.05-0.1% exhibited
a stimulating effect —-maximum lifespan of 17-18 days, a 25% increase in viability compared to the control, and a
probable immunomodulatory effect associated with iodine deficiency correction. Based on the obtained results,
a 0.1% solution of the preparation in sugar syrup is recommended for oral administration and a 0.2% aqueous
solution for hive sanitation in the presence of bees. The therapeutic concentration range has been established for
further research. The findings may serve as a foundation for developing new prevention schemes of bee bacterioses
based on iodine-containing preparations, considering the identified dose-dependent effects
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INTRODUCTION

The decline in the population of honeybees (Apis mel-
lifera) represents one of the most acute challenges
in modern agricultural production, as the stability of
pollination and global food security depend directly
on the health of these insects. The mass losses of bee
colonies, known as Colony Collapse Disorder (CCD), are
of a multifactorial nature, combining biological, toxi-
cological and microbiological factors. According to the
findings of B. Mohammadian et al. (2024), the primary
causes of this phenomenon include dysbiosis of the
gut microbiota, pesticide burden and a decline in im-
mune resistance, which together lead to the progres-
sive weakening of colonies. Similar conclusions were
drawn by G. Singh and A.Rana (2025), who emphasised
that the economic losses caused by colony collapse
reach hundreds of millions of dollars, with global eco-
logical consequences.

Bacterial infections remain among the key factors
contributing to brood mortality and reduced produc-
tivity in honeybees. M. Alburaki et al. (2024) reported
that American and European foulbroods were detected
in more than half of the apiaries examined across the
USA, and their pathogens exhibited antibiotic resist-
ance. Comparable results were obtained by S. Yakan et
al. (2025) in Turkey, where the combination of bacteri-
al infections and pesticide exposure led to increased
colony mortality. Ukrainian researchers O. Galatyuk et
al. (2020) also noted the high resistance of enterobac-
teria isolated from diseased bees to conventional disin-
fectants, which complicates the effective prevention of
bacterial diseases in apiaries.

Due to legislative restrictions on the use of anti-
biotics in apiculture, the development of alternative
antimicrobial agents has become a particularly rel-
evant direction. According to R. Dinata et al. (2023),
bee-derived bioactive peptides demonstrate a broad
spectrum of antibacterial activity; however, their in-
dustrial application is limited by structural instabil-
ity. Meanwhile, A. Truong et al. (2023) demonstrat-
ed that the use of probiotic Lactobacillus strains
reduces larval mortality during Paenibacillus larvae
infection, although the effect depends on the specific
strain combination and environmental temperature.
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M. Damico et al. (2025) found that commercial pro-
biotic formulations do not always ensure consistent
outcomes, highlighting the need for compounds with
prolonged antimicrobial effects.

One of the most promising approaches involves
the use of iodine-containing antiseptics, which com-
bine bactericidal and immunomodulatory properties.
G. Kampf (2024) notes that povidone-iodine provides
effective disinfection through the controlled release
of active iodine, acting against a wide range of patho-
gens without inducing resistance. According to J. Mee-
han (2025), povidone-iodine solutions exhibit potent
antimicrobial activity even at low concentrations and
do not cause damage to animal cellular structures. At
the same time, M. Karbownik-Lewinska et al. (2022)
stress the importance of maintaining optimal dosages,
as excessive iodine intake can affect the endocrine sys-
tem through the activation of oxidative stress.

Ukrainian researchers have made a significant con-
tribution to the study of iodine-containing preparations
in veterinary medicine. D. Demyanenko et al. (2021)
demonstrated the efficacy of the preparation Kombi-
yod in disinfecting poultry farm water systems without
signs of toxicity and with the preservation of high bac-
tericidal activity even at low concentrations. The advan-
tages of such preparations lie in their broad-spectrum
activity: they act against Gram-positive and Gram-nega-
tive bacteria, fungi, spores and viruses, without promot-
ing pathogen habituation. As noted by I. Tlak Gajger et
al. (2024), iodine-containing antiseptics effectively sup-
press P. larvae under laboratory conditions, indicating
the feasibility of their application for hive sanitation.
Given the proven effectiveness of Kombiyod in poultry
and aquaculture, investigating its impact on the micro-
flora and viability of honeybees represents a logical
continuation of scientific inquiry in the field of safe an-
timicrobial technologies.

Thus, scientific interest in the study of the antisep-
tic properties of povidone-iodine and in determining
its safe concentrations in apiculture is driven by the
need to identify effective antibiotic alternatives capa-
ble not only of controlling pathogenic microflora but
also of supporting the physiological state of bees. At




present, there is a lack of comprehensive studies that
simultaneously evaluate the antimicrobial activity of
preparations in vitro and their effects on bee viability in
vivo. Therefore, the aim of this study was to investigate
the effects of various concentrations of Kombiyod on
pathogenic enterobacteria in vitro and on the viability
of honeybees in vivo.

MATERIALS AND METHODS

A mixed microbial association isolated from hives
where bees exhibited signs of dysbiosis, along with
pathogenic enterobacterial cultures of Klebsiella pneu-
moniae and Klebsiella (Enterobacter) aerogenes, was
used for the study. The cultures were obtained from
diseased colonies originating from various apiaries in
the north-western region of Ukraine. Pure cultures of
enterobacteria (Klebsiella pneumoniae, Klebsiella (En-
terobacter) aerogenes) were identified at the Research
Laboratory of the Department of Veterinary Epidemiol-
ogy, Faculty of Veterinary Medicine, Polissia University,
and the State Institution “Zhytomyr Regional Laborato-
ry Centre of the Ministry of Health of Ukraine”. The stud-
ied cultures are maintained at a temperature of 5-7°C
at the Department of Veterinary Epidemiology, Faculty
of Veterinary Medicine, Polissia University.

At the first stage of the study (in vitro), the effect
of Kombiyod on pathogenic enterobacteria of bees was
examined using the disc diffusion method in Petri
dishes. The preparation was tested at the following
concentrations: 0.01%, 0.05%, 0.1%, 0.2%, 0.3% and
0.5%. The inoculation of test cultures was carried out
on Mueller-Hinton Agar (MHA). Distilled water was
used for dilution. The disc diffusion test was conduct-
ed using sterile absorbent paper discs, which were im-
pregnated with the respective concentrations of the
preparation for 30 minutes. Following deep inocula-
tion, the impregnated discs were placed on the surface
of solidified MHA media containing the test cultures
(Balazs et al., 2021). The study was performed in five
Petri dishes per culture, with observations made over
three consecutive days.

At the second stage of the study (in vivo), the ef-
fect of Kombiyod on mortality dynamics and lifespan
of worker bees of the Ukrainian steppe breed (summer
generation) was assessed under laboratory conditions.
The experiment was conducted on worker bees aged
10-15 days. The influence of the preparation on bee
longevity was evaluated in entomological cages by
daily monitoring of the insects’ physiological state and
recording the number of dead bees in each cage (Fig. 1).
Each cage was populated with 40 bees, with a total of
10 cages (400 bees). Bees in the control groups were
fed native 50% sugar syrup simultaneously with those
in the experimental groups. The cages were kept in a
thermostat at a temperature of +22 to +24°C and a rel-
ative humidity of 50-70%. The experiment continued
until the death of the last bee in each cage.
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Figure 1. Determination of the effect
of preparations on the lifespan of honeybees under
laboratory conditions (in entomological cages)
Note: A - consumption of the Kombiyod solution diluted
with sugar syrup by bees per os; B, C - appearance of
entomological cages populated with experimental bees
Source: developed by the authors

The preliminary stage involved assessing the impact
of “high” concentrations of Kombiyod: 2.05% (cage 3),
1.7% (cage 4), 1.35% (cage 5), and 1.0% (cage 6), each
diluted with sugar syrup (1 part sugar: 1 part water).
Cage 1 served as the control for testing high concentra-
tions. During the experiment, these doses demonstrat-
ed high toxicity for bees; therefore, further observa-
tions were conducted using lower concentrations. The
subsequent concentrations tested were 0.5% (cage 7),
0.1% (cage 8),0.05% (cage 9),and 0.01% (cage 10), also
diluted with sugar syrup (1 part sugar : 1 part water).
Cage 2 served as the control for the assessment of low
concentrations. The solutions were freshly prepared
each day and administered in a volume of 4-5 cm® per
feeding into the feeders of each cage three times dai-
ly. The experimental studies involving live honeybees
(Apis mellifera) were conducted in accordance with the
ethical principles of animal research. All procedures
were carried out with minimal stress and harm to the
bees, in compliance with the Law of Ukraine No. 3447-
IV (2006) and international standards and recommen-
dations, including those of the OECD (n.d.).

RESULTS AND DISCUSSION

Honeybees (Apis mellifera) are highly sensitive to path-
ogenic bacteria that can significantly affect their viabil-
ity and productivity (Motta & Moran, 2024). The present
in vitro studies indicate the antimicrobial activity of
the preparation Kombiyod against enterobacteria and
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demonstrate its potential for protecting bees from bac-
terial infections in apiculture. The effect of Kombiyod
on enterobacterial cultures isolated from bees, specifi-
cally Klebsiella pneumoniae and Klebsiella (Enterobacter)
aerogenes, as well as on a mixed microbial association,
was examined using the disc diffusion method (DDM) on
Mueller-Hinton Agar (MHA). The aqueous solutions of
Kombiyod were tested at concentrations of 0.01%,0.05%,
0.1%,0.2%, 0.3%, and 0.5%. Visual changes observed at

different concentrations and the manifestation of the
preparation’s activity on the tested bacterial cultures
are presented in Figures 2 and 3. As can be seen from
the results displayed in Figures 2 and 3, no bactericidal
effect of the preparation was detected against the test-
ed bacterial cultures. A negative bactericidal effect was
recorded when the preparation diluted with distilled
water was applied at the studied concentrations, both
on the first and the third day of in vitro observations.

Figure 2. Visual changes observed during bacteriological studies
of the preparation’s activity on the tested bacterial cultures
Note: medium - Mueller-Hinton Agar (MHA); tested concentrations: 0.01%, 0.05%, 0.1%, 0.2%, 0.3%, 0.5%; A - Klebsiella
pneumoniae (1 day); B - Klebsiella (Enterobacter) aerogenes (1 day); C, D — mixed microbial association (3 days)

Source: developed by the authors

At the same time, a bacteriostatic effect of Kombi-
yod was recorded on the first day of the experiment at
concentrations of 0.1%, 0.2%, 0.3%, and 0.5%, where
growth inhibition of the mixed bacterial culture was
observed, indicating the development of bacteriosta-
sis in the pathogenic microorganisms (Fig. 3). These
concentrations of the preparation affect pathogenic
microorganisms by altering their metabolism, ener-
gy exchange, and cellular structure. Such pathogens
are no longer capable of exhibiting a high degree of
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pathogenicity within the host organism; however, they
may persist latently and be excreted into the external
environment. In this state, the infected organism be-
comes a bacterial carrier, and such bee colonies con-
tinue to serve as a source of infection within the api-
ary. Therefore, it can be assumed that the treatment of
dysbiotic conditions in bees from an affected apiary,
following a course of Kombiyod, should be continued
with the administration of probiotics until complete
recovery is achieved.

Y |

’,"q |
" o |

Figure 3. Visual changes observed during bacteriological studies of Kombiyod activity against
the mixed bacterial culture on Mueller-Hinton Agar (MHA) on the first day of the experiment

Note: concentrations - 0.01%, 0.05%, 0.1%, 0.2%, 0.3%, 0.5%

Source: developed by the authors
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Thus, Kombiyod at concentrations of 0.1%, 0.2%,
0.3%, and 0.5% exhibits a bacteriostatic effect against
the mixed bacterial culture isolated from hives in vitro,
where bees showed clinical signs of dysbiosis. There-
fore, the preparation represents an environmentally
safe therapeutic agent of potential interest for apicul-
ture. The active substance of the preparation is pov-
idone-iodine (polyvinylpyrrolidone-iodine complex) -
an iodine-containing polymer compound characterised
by pronounced bactericidal properties combined with
lower toxicity compared to preparations containing
free iodine (Boisson et al., 2019: Makhayeva et al., 2023).
This effect is due to the gradual release of free iodine,
which binds to proteins and penetrates through cellu-
lar membranes (Eggers, 2019). In the present in vitro
experiment, at low concentrations (0.01-0.05%), the
bacterial test cultures multiplied faster than free iodine
was released during the dissociation of povidone-io-
dine, which explains the absence of both bactericidal
and bacteriostatic effects.
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At the same time, Kombiyod at concentrations of
0.1%, 0.2%, 0.3%, and 0.5% exhibited a bacteriostatic
effect against the mixed bacterial culture isolated from
hives in vitro, where bees presented clinical manifesta-
tions of dysbiosis, confirming its potential as an envi-
ronmentally safe therapeutic preparation. Subsequent-
ly, the effect of higher concentrations (1.0%, 1.35%,
1.7%, and 2.05%) of Kombiyod on the lifespan dynamics
of worker bees of the summer generation was studied
in cage experiments under laboratory conditions. The
results of the influence of high concentrations of the
preparation on caged bees are presented in Table 1. Ac-
cording to the data in Table 1, bees in the control group,
which received native sugar syrup, showed mortality as
follows: on day 1 - 2 bees (5%), on day 6 - 4 bees (10%),
and on day 12 - 7 bees (17.5%). In the subsequent days
of the experiment, bees in the control group continued
to die daily, with all individuals perishing between the
13* and 17" days of the experiment. Therefore, bees in
the first control group survived for a total of 17 days.

Table 1. Dynamics of bee mortality in cages at different concentrations of Kombiyod in sugar syrup

Number of dead bees

Day of Control Group 3 Group 4 Group 5 Group 6
experiment group (1) <br>2.05% Kombiyod =~ <br>1.7% Kombiyod =~ <br>1.35% Kombiyod ~ <br>1.0% Kombiyod
in sugar syrup in sugar syrup in sugar syrup in sugar syrup
n % n % n % n % n %
1 2 5 0 0 0 0 0 0 0 0
2 0 0 5 12.5 3 7.5 0 0 2 5
3 0 0 2 5 5 12.5 1 2,5 8 20
4 0 0 0 0 0 0 0 0 3 7.5
5 0 0 5 12.5 5 12.5 4 10 9 22.5
6 4 10 0 0 1 2.5 1 2.5 8 20
7 0 0 13 32.5 9 22.5 3 7.5 3 7.5
8 0 0 5 12.5 3 7.5 1 2.5 0 0
9 0 0 2 5 4 10 4 10 2 5
10 0 0 2 5 6 15 5 12.5 5 12.5
11 0 0 6 15 1 25 0 0
12 7 17.5 3 7.5 6 15
13 2 5 15 375
14 8 20
15 11 27.5
16 4 10
17 2 5
Total 40 100 40 100 40 100 40 100 40 100

Note: concentrations - 1.0%, 1.35%, 1.7%, 2.05%
Source: developed by the authors

Studies of bee mortality dynamics at high concen-
trations of the preparation Kombiyod demonstrated
that insect mortality was higher compared with the
first control group. At concentrations of 2.05% (Fig. 4A)
and 1.7%, the maximum lifespan of bees was 11-12
days, accompanied by diarrhoea and subsequent death
of the individuals. The highest mortality rate was

recorded on the 7 day of the experiment. It is likely
that the gradual accumulation of the preparation in
the bodies of experimental bees reached critical levels
for most individuals during this period. A reduction in
concentration to 1.35% did not alter the overall trend
in mortality dynamics (Fig. 4B). When Kombiyod was
administered at a concentration of 1%, a reduction
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in bee lifespan and a high mortality rate within 3-5
days were observed. This concentration is likely toxic
to the experimental insects (cage 6). During observa-
tion of the physiological condition of bees in this cage,
clustering behaviour was noted, with bees forming a
tight cluster on the wall of the cage starting from the
third day of the experiment, indicating hyperthermia -

a sign of intoxication. In some individuals from this
cage, diarrhoea was also observed, visible on the mesh
surface of the cage, further confirming the presence
of intoxication (Fig. 5A). In contrast, no signs of hyper-
thermia or diarrhoea were observed in bees from the
control cage; the bees remained active and consumed
all the syrup provided (Fig. 5B).

-
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Figure 4. Physiological condition of experimental insects from cages 3 and 5
Note: A - Appearance of bees fed with 2.05% Kombiyod solution diluted with sugar syrup (cage 3, day 7 of the experiment);
B - Appearance of experimental bees fed with 1.35% Kombiyod solution diluted with sugar syrup (cage 5, day 7 of the

experiment)
Source: developed by the authors

Figure 5. Physiological condition of insects from the experimental and control groups
Note: A - Clustering of experimental bees following administration of a 1% Kombiyod solution diluted with sugar syrup
(cage 6, day 3 of the experiment); B - Appearance of bees from the control group (day 3 of the experiment)

Source: developed by the authors

Thus, the consumption of sugar syrup containing
Kombiyod at concentrations ranging from 1% to 2.05%
proved to be acutely toxic, causing symptoms of toxi-
cosis and bee mortality by days 10-12. The subsequent
stage of experimental research focused on analysing
the effects of lower Kombiyod concentrations (0.01%,
0.05%, 0.1%, and 0.5%) on the lifespan of summer-gen-
eration worker bees under laboratory cage conditions.
It was established that the use of low-concentration
Kombiyod solutions resulted in an extension of bee

Scientific Horizons, 2025, Vol. 28, No. 10

lifespan compared with administration of the prepara-
tion at higher concentrations. Moreover, the viability of
worker bees exposed to low concentrations of Kombi-
yod was longer (at 0.1% and 0.05%) or comparable (at
0.01%) to that of insects from the second control group
(Table 2). The physiological state of bees in entomolog-
ical cages 8 and 9 was characterised by pronounced ac-
tivity: constant buzzing, absence of anorexia and thirst,
rapid movement of bees along the cage walls, and the
absence of diarrhoea or depression (Fig. 6).
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Figure 6. Physiological condition of insects from experimental cages 8 and 9
Note: A - Appearance of experimental bees fed with 0.1% Kombiyod solution diluted with sugar syrup (cage 8, day 10
of the experiment); B — Appearance of experimental bees fed with 0.05% Kombiyod solution diluted with sugar syrup
(cage 9, day 10 of the experiment)
Source: developed by the authors

Table 2. Dynamics of bee mortality in cages with Kombiyod diluted
in sugar syrup (0.01%, 0.05%, 0.1%, 0.5%) under laboratory conditions

Number of dead bees

Day of Control group Group 7 Group 8 Group 9 Group 10
experiment (2) <br>0.5% Kombiyod in  <br>0.1% Kombiyod in <br>0.05% Kombiyod in <br>0.01% Kombiyod in
n sugar syrup sugar syrup sugar syrup sugar syrup
n % n % n % n % n %

1 0 0 0 0 0 0 0 0 0 0
2 0 0 2 5 2 5 0 0 0 0
3 1 2.5 5 12.5 4 10 2 5 1 2,5
4 1 2.5 1 2.5 1 2.5 0 0 0 0
5 0 0 3 7.5 2 5 0 0 0 0
6 0 0 4 10 2 5 2 5 2 5
7 3 7.5 9 22.5 2 5 1 2.5 1 2.5
8 6 15 8 20 2 5 1 25 8 20
9 5 12.5 8 20 2 5 1 25 4 10
10 10 25 2 5 1 25 7 17.5
11 8 20 7 17.5 4 10 10 25
12 3 7.5 3 7.5 11 27.5 7 17.5
13 3 7.5 2 5 4 10
14 2 5 6 15
15 2 5 4 10
16 2 5 2 5
17 3 7.5 1 25
18 2 5

Total 40 100 40 100 40 100 40 100 40 100

Source: developed by the authors

Changes in the trends of bee mortality dynamics
and lifespan may be associated with the kinetics of
iodine release from the complex compound polyvi-
nylpyrrolidone-iodine (Meehan, 2025). From a chem-
ical perspective, the release dynamics of iodine in a
0.1% solution of the preparation reach an equilibrium
state, meaning that a stable ratio between chemically
bound and free iodine is maintained. Disruption of this

equilibrium occurs depending on the depletion of one
of the compound’s components. The release of iodine
therefore proceeds gradually, as the available free io-
dine is consumed (Turganbay et al., 2025). Consequent-
ly, no abrupt imbalance in concentration occurs, which
creates favourable conditions for the preparation’s
physiological effect on the organism of experimental
bees under laboratory conditions.

Scientific Horizons, 2025, Vol. 28, No. 10
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The optimal disinfectant concentration providing
the longest lifespan and best physiological condition
of bees was determined to be 0.1%, as confirmed by the
obtained experimental data (Fig. 6A). Thus, the most
“favourable” concentrations for the insects were 0.1%
and 0.05%, at which the preparation exhibited a stim-
ulating effect, improving the viability of experimental
bees under laboratory conditions. The lifespan of bees
in these cages was maximal, lasting 17-18 days. Further
reduction of the solution concentration led to mortality

v ‘v‘

and lifespan indicators approaching those of the con-
trol group, suggesting a weak physiological impact of
the preparation on the experimental insects. Converse-
ly, the use of higher concentrations ranging from 0.5%
to 2.05% resulted in rapid death due to the toxic ef-
fects of the preparation. A relatively high concentration
of 0.5% at this stage of the experiment demonstrated
a clear tendency towards toxicity: bees in group seven
survived for only nine days - four days less than the
bees in the control group (Fig. 7).

2t S0 Ny
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Figure 7. Physiological condition of insects from experimental cages 7 and 10
Note: A - Appearance of experimental bees fed with 0.5% Kombiyod solution diluted with sugar syrup (cage 7, day 7
of the experiment); B — Appearance of experimental bees fed with 0.01% Kombiyod solution diluted with sugar syrup

(cage 10, day 8 of the experiment)
Source: developed by the authors

The active substance of Kombiyod is povidone-io-
dine (polyvinylpyrrolidone-iodine complex), an io-
dine-containing polymer compound possessing bac-
tericidal properties while exhibiting lower toxicity
compared with free iodine formulations. This is attrib-
uted to the controlled release of free iodine, which
binds to proteins and penetrates cellular membranes.
The molecular structure of the polymer forms steric
barriers that restrict substance transport through bio-
logical membranes, thereby reducing systemic toxicity
(Verwold et al., 2021). The toxicity of povidone-iodine
is likely associated with several mechanisms of action:
poisoning by free iodine, leading to inactivation or deg-
radation of structural and enzymatic proteins, disrup-
tion of protein and nucleic acid synthesis, impairment
of excretory system function, induction of epithelial
cell apoptosis, and disturbances in the intestinal mi-
crobiota balance of bees (Lepelletier et al., 2020). On
a molecular level, toxicity involves oxidation of sulf-
hydryl groups in enzymes and structural proteins by
free iodine, resulting in loss of their functional activ-
ity (Shi et al., 2024). The inhibition of macromolecular
synthesis is related to oxidative stress induction and
nucleic acid damage (Karbownik-Lewinska et al., 2022).
Epithelial toxicity manifests through activation of the
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caspase cascade (Wang et al., 2022), while microbiome
disturbances arise due to the non-selective antiseptic
action of the compound (Chen et al., 2024). The bacte-
ricidal activity of Kombiyod ensures the prevention of
bacterial, helminthic, viral, and protozoal infections. In
addition, its application contributes to the correction of
iodine deficiency in bees, an important factor for main-
taining metabolic homeostasis (Morthorst et al., 2023).
The obtained results suggest that the preparation also
exhibits immunomodulatory properties, likely realised
through two interrelated mechanisms: enhancement of
bacterial toxin neutralisation followed by the induction
of anatoxin formation (Yu et al., 2022).

Modern research into infectious diseases of hon-
eybees demonstrates an integration of microbiologi-
cal, toxicological, and immunological approaches to
assessing colony health. G. Pena-Chora et al. (2023)
emphasise that American and European foulbroods re-
main the most widespread bacterial infections globally,
while the absence of safe antimicrobial agents limits
the possibilities for effective prevention. These con-
clusions confirm the relevance of exploring antiseptic
preparations, particularly those based on iodine-con-
taining compounds. B.A. Daisley et al. (2023) demon-
strated that the development of bacterial infections




in bees is closely associated with intestinal dysbiosis,
which reduces the colonisation resistance of the or-
ganism. S.M. Killam et al. (2024) argue that maintaining
a stable microbiota is key to sustaining colony health
and therefore propose microbial therapeutics as alter-
natives to antibiotics. The obtained antimicrobial test
results confirm the potential for using preparations
with selective bacteriostatic effects that inhibit path-
ogenic microorganisms without destroying the natural
microflora. A similar perspective is expressed by A. Sm-
riti Rana et al. (2024), who highlight the importance of
combining probiotics with antiseptic agents to achieve
long-term remission in cases of bee dysbiosis.

N.S. Deslardins et al. (2023) reported that sublethal
doses of pesticides can cause cognitive impairments
in bees, including reduced learning and orientation
abilities. The absence of such effects in laboratory
observations when using low concentrations of the
iodine-containing preparation indicates its relative
safety. R. Hussain et al. (2023) proposed silver and zinc
nanoparticles as antibiotic alternatives but noted the
risk of metal accumulation and toxicity with prolonged
exposure. Z.S. Lamas et al. (2024) stressed that mass
colony losses result not only from infections but also
from the combined influence of environmental stress-
ors. A. Brhich et al. (2025) similarly noted the synergis-
tic interaction between pesticides and bacterial agents,
which increases the risk of colony collapse. In this
context, the toxic effect of high concentrations of io-
dine-containing compounds may be regarded as a mod-
el for studying the combined impact of chemical stress
on bee physiology. Meanwhile, S. Nekoei et al. (2023), in
a systematic review, questioned the efficacy of chemical
disinfectants and recommended focusing on biological
approaches. However, the present experimental data
demonstrate that, within the therapeutic concentration
range, the antiseptic can be both safe and effective.

Several researchers adopt contrasting positions.
L. Silva Morais et al. (2023) consider genetic selection
of resistant bee lines the primary means of prevent-
ing diseases, while M.A. Aziz and S. Alam (2024) sug-
gest prioritising the enhancement of natural resistance
rather than relying on chemical agents. Although these
approaches possess undeniable scientific value, they
do not provide a rapid reduction in pathogenic load
under practical apiary conditions. Experimental data
on the dose-dependent activity of the iodine-contain-
ing preparation confirm the feasibility of a combined
approach that integrates antiseptic action with the
maintenance of physiological balance in the bee or-
ganism. M. Zhyla et al. (2024) reported that Kombiyod
in low doses improves morphofunctional parameters in
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poultry, indicating a potentially universal mechanism of
polymeric iodine action. These findings support the hy-
pothesis that the preparation may exert immunomod-
ulatory properties and enhance resistance to bacterial
infections across various animal species.

The synthesis of literature data allows the conclu-
sion that polymeric iodine-based antiseptics can com-
bine bactericidal, anti-inflammatory, and immunocor-
rective properties. The demonstrated effectiveness of
Kombiyod at low concentrations confirms its potential
for preventive use in apiculture as a safe alternative to
antibiotics in the control of bacterial infections.

CONCLUSIONS

Bacteriostatic effects were established when Kombi-
yod, diluted with distilled water, was applied in vitro at
concentrations of 0.1%, 0.2%, 0.3%, and 0.5% against a
mixed bacterial culture isolated from hives where bees
exhibited clinical signs of dysbiosis. High concentra-
tions of Kombiyod ranging from 0.5% to 2.05%, when
administered to bees with sugar syrup, caused acute
toxicosis, with the highest mortality rate observed on
the seventh day. The lifespan of bees in these groups
was 11-12 days. Such concentrations of Kombiyod are
classified as toxic and unsuitable for use in the pres-
ence of bees. It was determined that the most accept-
able concentrations for bees are 0.05% and 0.1%. The
administration of the preparation in these doses with
sugar syrup exhibited a stimulating effect, resulting in
the maximum mean lifespan of 17-18 days - 4-5 days
(approximately 25%) longer than that of the control
group - demonstrating a significant improvement in
bee viability. For the prevention and treatment of infec-
tious diseases in bees, it is recommended to administer
a 0.1% solution of Kombiyod in 50% sugar syrup, or to
apply a 0.2% aqueous solution for spraying bees and
combs as stimulating doses of the preparation. Further
experimental studies are planned to assess the thera-
peutic efficacy of 0.1% and 0.2% Kombiyod solutions in
apiaries affected by infectious bee diseases.
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AHoTauis. Enizootisa 6akTepianbHUX iHQeKLiN y BoKINbHULTBI, NOCUNEHA SBULLEM KONANCY BAXONMHUX CiMe, BUMarae
po3pobKM HOBMX Ta Be3neyHnx NpodinakTMyHMX 3acobis. Yepes 3aKkOHOAABYI 0OMEXEHHS 3aCTOCYBaHHS aHTUOIOTHKIB
NPiOPUTETHUM HANPSAMKOM € A0CHIOXKEHHS aHTUCENTUKIB 3 iIMYHOMOZLY/OKUYMMK BNACTUBOCTAMU. MeToo poboTu
CTana KOMM/IeKCHa oLiHKa edeKkTMBHOCTI npenapaTy «Kombiony, a caMe — BU3HAYEHHS aHTUMIKPOOHOI aKTUBHOCTI
in vitro Ta BCTAHOB/IEHHSI ONTUMAsbHUX BE3NeYHUX KOHLEHTpaLiM ANa NiABULLEHHS XUTTEIAATHOCTI B4Xin in vivo.
[ocnipkeHHs BKIYAN0 AUCKO-AUPY3iAHUI METOL 3 BUKOPUCTAHHAM YMCTUX LUTAMIB eHTepobaKTepii Ta 3MillaHoi
KynbTypu Mikpodnopu Bif, XBOpuX 64Kin in vitro, a TaKoX CafKOBMM €KCNEPUMEHT 3 OLIHKM XMTTE3AATHOCTI Ta
dizionoriyHoro ctaHy 64xin npu fofaBaHHi npenapaty Ao uykposoro cupony (0,01-2,05 %) in vivo y nabopatopHux
yMoBax. BctaHoBneHo BakTepiocTaTuHy eeKTUBHICTb NpenapaTy in vitro npu koHueHTpauisx 0,1-0,5 %. Busasnexo
[0303anexHuin edekT y 64xin B yMoBax nabopatopii: KoHueHTpauii 0,5-2,0 5 % BWKIMKAKOTb FOCTPY TOKCUYHICTb
3 MiKOM CMepTHOCTI Ha 7 poby, Tofi 9Kk onTuManbHi koHueHTpauii 0,05-0,1 % neMOHCTpYTb CTUMYIOYY Ait0 —
MaKCUManbHYy TPUBaNiCTb XuTTsa 17-18 fi6, NiABULLEHHS XXUTTE3AATHOCTI HA 25 % BifHOCHO KOHTPOO Ta MMOBIpHUNA
iMyHOMoZynoUMiA edekT i3 Kopekuieto nogHoro aediumty. Ha niactaBi OTpMMaHMX pe3ynbTaTiB peKOMeHA0BaHo
0,1 % po3unH 3acoby B LLyKPOBOMY CMPONi A/ NepopanbHOro 3acTocyBaHHa Ta 0,2 % BOAHMI PO3UMH ANS CaHaLii
rHi3ga B NpUCYTHOCTI 64Kin. BcTaHOBNEHO TepaneBTUYHUIM Aiana30oH KOHUEHTpauin An9 nofanblimMx AOCNIAXKEHb.
OTpuMaHi pe3ynbTaTv MOXYTb OYTH OCHOBO N1 pO3POOKM HOBMX CXeM NPOodinakTukm 6akTepiosiB 64N Ha OCHOBI
MOLOBMICHMX NpenapaTiB 3 ypaxyBaHHSM BUSBAEHOT A0303aNEXHOCTI IXHbOI Ail

KniouoBi cnoBa: megoHocHi 6mxonu (Apis mellifera); noBigoH-ioa; aHTMMiKpobHa aKTUBHICTb; eHTepobakTepii;
MiKpOBGionoriyHi LOCNIIKEHHS; XUTTE3AATHICTb B4XIN; IMyHOMOAYNOUMIA edekT
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