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Abstract

Infectious bronchitis virus (IBV) is an avian coronavirus and a primary causative agent of
respiratory disease in poultry, representing a significant global economic concern. IBV shares
structural and functional similarities with other coronaviruses, including severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), making it an invaluable model for studying coronavirus
behavior and exploring potential therapeutic strategies. Novel applications could prove valuable
in controlling the spread of these pathogens. This study evaluates the antiviral efficacy of various
commercial formulations of the probiotic-based disinfectant (Prowill), Astragalus root extract,
and ivermectin against the IBV D274 strain (Genotype 1-Lineage 12; GI-12). The agents were
applied at different concentrations to specific pathogen-free (SPF) embryonated chicken eggs (9-
10 days old) previously inoculated with IBV D274. The key parameters, such as egg mortality,
mean hemagglutination (HA) titer, and HA titer (log2) values, were assessed to determine the
antiviral efficacy of each treatment. The results revealed that the gel form of Prowill demonstrat-
ed superior antiviral activity, including at lower tested concentrations. This gel form showed the
lowest egg mortality rates (10% at 0.5%, 1%, and 2% concentrations). This form also exhibited
relatively low HA titers (4.7, 3.8, and 3.6 in log2, respectively). In addition, other Prowill formu-
lations demonstrated significant antiviral effects, reducing mortality rates. Astragalus root extract,
particularly at a concentration of 5 mg/kg, demonstrated potent antiviral activity by effectively
inhibiting viral replication; however, mortality reached 30%. Ivermectin showed remarkably high
cytotoxicity. These findings suggest that Prowill disinfectants, especially in their gel form, might
represent a promising auxiliary application for managing the spread of IBV and potentially other
coronaviruses. Further investigation is required to evaluate the long-term safety and broader ap-
plicability of these disinfectants in controlling avian coronaviruses and related pathogens.
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Introduction

Infectious Bronchitis Virus (IBV) is an avian coro-
navirus belonging to the Igacovirus subgenus of the
Gammacoronavirus genus within the Orthocoronaviri-
nae subfamily of the Coronaviridae family. This virus is
a significant cause of respiratory disease in poultry,
leading to substantial economic losses in the global
poultry industry (Marchenko et al. 2022). Like other
members of the coronavirus family, including the
human Severe Acute Respiratory Syndrome Coronavi-
rus 2 (SARS-CoV-2), IBV is an enveloped virus with
a positive-sense single-stranded RNA genome, a charac-
teristic shared among coronaviruses across various gen-
era (Quinteros et al. 2022). This genetic makeup allows
IBV to exhibit similar structural and functional proper-
ties to other coronaviruses, making it an important
model for studying coronavirus behavior and sensitivity
to chemicals and disinfectants, as well as for develop-
ing strategies to control their spread.

The high mutation rates of IBV strains complicate
efforts to control its transmission, with frequent genetic
variations reducing the effectiveness of vaccines. This
highlights the need for alternative or complementary
control strategies (Zhang et al. 2018, Zhang et al. 2021).
Disinfectants are crucial in managing infectious diseas-
es by reducing pathogen load in contaminated environ-
ments, thereby preventing viral spread. Effective disin-
fectants are particularly important in poultry farms,
which help mitigate outbreaks and reduce the risk of
reinfection (Chima et al. 2012). However, as with any
chemical treatment, disinfectants must also be evalua-
ted for their safety, mainly when used in environments
with sensitive hosts like poultry. Certain disinfectants,
such as iodine-based solutions, have been shown to be
effective in controlling poultry viruses, including IBV,
but their safety profile must be carefully assessed (Tura-
bekov et al. 2024).

Probiotic disinfectants are innovative cleaning
products that are eco-friendly alternatives to traditional
chemical disinfectants. They contain beneficial bacte-
ria, such as Bacillus spp. and Lactobacillus spp., which
can effectively reduce harmful pathogens while pro-
moting a healthier microbial environment (Denkel et al.
2024). D’ Accolti et al. (2021) demonstrated that formu-
lations of the probiotic-based disinfectant can effective-
ly inactivate a range of enveloped viruses, including
human coronaviruses — such as SARS-CoV-2 — and
influenza viruses, achieving up to 99.99% efficacy
within 1-2 hours of application. These disinfectants also
emerge as a viable solution for enhancing biosecurity in
poultry farms (Graham et al. 2018). This eco-sustain-
able approach not only mitigates the risks associated
with traditional chemical disinfectants but also addres-

ses concerns related to antimicrobial resistance (AMR)
and environmental pollution (D’Accolti et al. 2021).
In addition to probiotics, ivermectin, and plant-based
compounds like Astragalus root extract have gained
attention for their potential to reduce viral load and
enhance immune function. Astragalus root extract,
a traditional Chinese medicinal herb, has demonstrated
potential as an immune booster and antiviral agent in
animal models, particularly for its ability to modulate
the immune response and reduce viral replication
(Zhang et al. 2017, Lu et al. 2019, Wu et al. 2022).
Ivermectin, primarily known as an antiparasitic drug,
has shown promising antiviral activity in poultry,
although its toxicity in avian species requires careful
consideration (Azeem et al. 2015). The potential of
ivermectin as a therapeutic agent for SARS-CoV-2
underscores the importance of studying this antipara-
sitic drug in the context of coronavirus treatment (Zaidi
and Dehgani-Mobaraki 2022).

Prowill, a commercial disinfectant in Turkey,
presents an interesting option for managing the trans-
mission of IBV. This probiotic disinfectant is known for
its antibacterial properties, but its antiviral efficacy,
particularly against IBV, has not been fully explored.
This study aims to fill this gap by evaluating the anti-
viral activity of various commercial formulations of
Prowill against IBV in specific pathogen-free (SPF)
embryonated chicken eggs (ECEs). In addition to
assessing the antiviral effectiveness, the study also
examines the safety of these disinfectants by investigat-
ing their lethal effects on embryos. As embryos are
among the most sensitive hosts to viral and chemical
exposure, this evaluation is crucial for determining the
safety of Prowill in poultry settings. Furthermore,
the study compares the efficacy of Prowill with that of
Ivermectin and Astragalus root extract.

Materials and Methods

Selection of eggs and IBV serotype

In this study, only SPF ECEs aged 9-10 days were
used. As SPF ECEs younger than 14 days are not clas-
sified as experimental animals under national regula-
tions (https://www.tarimorman.gov.tr), no ethics com-
mittee approval was required; however, all procedures
were conducted in accordance with institutional and
national ethical guidelines. They were obtained from
the Veterinary Control Institute, Bornova, Izmir, Tur-
key. The IBV serotype D274 (Genotype 1, Lineage 12)
was selected for this study. The virus strain was
obtained from the Poultry Diseases Diagnostic Labora-
tory, Bornova Diagnostic Institute, Bornova, Izmir,
Turkey. To assess its virulence and ensure appropriate
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experimental conditions, the virus titer was determined
and standardized using the Reed and Muench method
(Reed and Muench 1938). The virus was diluted to 10°
Embryo Infective Dose 50% (EID,,)/ml as reccommend-
ed by the World Organisation for Animal Health
(WOAH) for subsequent use in evaluating the in ovo
antiviral activity of various disinfectants and substances
(WOAH 2018).

Selection and preparation of disinfectants
and substances

The disinfectants included are Prowill surface-
-cleaning disinfectant (Bacillus ferment, a fermenta-
tion-derived complex produced by Bacillus species,
11t, Efor Group, Turkey), Prowill probiotic hand gel
(Bacillus ferment, a fermentation-derived complex pro-
duced by Bacillus species, 250ml, Efor Group, Turkey),
Prowill probiotic anti-allergy spray (Bacillus ferment,
a fermentation-derived complex produced by Bacillus
species, 300ml, Efor Group, Turkey) (https://prowill.
com.tr/). Additionally, Astragalus root extract (250 mg
of powdered Astragalus membranaceus root and
225 mg of Astragalus membranaceus extract) (Solgar,
NJ, USA) and ivermectin (Merck, NJ, USA) were also
used to evaluate their antiviral properties.
The dilutions of disinfectants were prepared using
phosphate-buffered saline (PBS) to achieve the desired
concentrations of 0.5%, 1%, and 2%. The stock solu-
tions of the disinfectants were diluted in PBS to these
final concentrations by volume. For ivermectin and
Astragalus root extract, stock solutions were prepared
by dissolving the compounds in dimethyl sulfoxide
(DMSO) to ensure proper solubility. These stock solu-
tions were then diluted in PBS to the following concen-
trations: 0.01, 0.1, 1, and 5 mg/kg for Astragalus root
extract and 0.01, 0.1, and 1 mg/kg for ivermectin.

In ovo virucidal and antiviral activity
of disinfectants and substances

The antiviral efficacy of the disinfectants and sub-
stances was assessed by inoculating 9-10-day-old SPF
ECEs with 10° EID, /ml IBV D274 strain mixed with
each disinfectant and anti-viral agent at a 1:1 ratio.
The mixtures were incubated at room temperature for
1 hour to allow for virucidal activity. An antiviral disin-
fectant (1% diluted BOREL, Eti Maden, Turkey) was
also used to compare the antiviral activity of the disin-
fectants and antiviral agents. The control groups includ-
ed: untreated SPF ECEs, vehicle control (virus treated
with 5% DMSO), commercial antiviral disinfectant
(BOREL 1%), and 10° EID, /ml IBV D274 strain alone.
Each experimental group consisted of 10 SPF ECEs.
After the 1-hour incubation period, 0.1 ml of the

virus-disinfectant mixture was inoculated into the cho-
rioallantoic cavity (CAC) of the SPF ECEs. Inoculation
points were carefully marked using transmitted light to
ensure accurate delivery. The inoculated eggs were
sealed and incubated at 37°C with 55% humidity for 48
hours. All inoculation procedures were performed un-
der sterile conditions in a Biosafety Level 2 (BSL-2)
cabinet to maintain environmental safety.

Hemagglutination (HA) assay

Hemagglutination (HA) assays were conducted
to assess the antiviral activity in the chorioallantoic flu-
id (CAF). The 1% (v/v) chicken red blood cell (RBC)
suspension was prepared from freshly collected chicken
blood mixed with Alsever’s solution and then washed
with PBS. The serial dilutions (1:2 to 1:4096) of CAF
were tested using a V-bottom 96-well microplate.
The procedure followed standard protocol, adding PBS
to all wells, followed by CAF samples, serially diluted
across the plate, and RBC suspension (WOAH 2018).
The plate was incubated for 45 minutes, and hemagglu-
tination was assessed. A button formation was consid-
ered negative, while agglutination or lattice formation
was considered positive. The results were analyzed by
comparing the endpoint dilution of HA-positive sam-
ples to the virus control dilution, determining viral pres-
ence and titer (WOAH 2018).

Statistical analysis

Data were expressed as mean values + standard de-
viation. Statistical comparisons between groups were
performed using non-parametric tests, specifically the
Kruskal-Wallis and Mann-Whitney tests. Post hoc com-
parison was performed using Dunn’s test (only virus
vs each experimental condition). Differences between
experimental groups were considered statistically
significant at (* p<0.05, ** p<0.01, *** p<0.001, ****
p<0.0001). All statistical analyses were performed
using GraphPad Prism (version 10.2.0).

Results

The results of this experiment provide insightful
data on the efficacy of various treatments against viral
infection-induced egg mortality and viral replication,
measured through both mortality rates and HA titers.
The untreated SPF ECEs group, which was not exposed
to any treatment or the virus, also showed no mortality,
indicating the normal, healthy condition of the embryos
under non-infected circumstances. The positive control
group, which was inoculated with the virus alone,
exhibited a 20% mortality rate (2 out of 10 eggs),
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Table 1. Embryo mortality and percent mortality ratio for different dilutions of disinfectant and substances.

Group Samples Concentration No. of eggs Number of Death Egg mortality Mortality%
Day 1 Day 2
1 Positive control 1 1 2/10 20%
(Only virus)
2 Vehicle control 0 1 1/10 10%
(Virus treated with %5 DMSO)
3 Commercial antiviral agent control 0 0 0/10 0%
(BOREL 1%)
4 Untreated SPF ECEs 0 0 0/10 0%
5 Astragalus root extract 0.01 mg/kg 10 0 0 0/10 0%
0.1 mg/kg 10 0 1 1/10 10%
1 mg/kg 10 2 2 4/10 40%
5 mg/kg 10 2 1 3/10 30%
6 Ivermectin 0.01 mg/kg 10 1 2 3/10 30%
0.1 mg/kg 10 2 3 5/10 50%
1 mg/kg 10 2 3 5/10 50%
7 Surface cleaning liquid 0.5% 10 0 1 1/10 10%
(Prowill) 1% 10 0 2 2/10 20%
8 Probiotic hand gel 0.5% 10 0 1 1/10 10%
(Prowill) 1% 10 0 1 1/10 10%
2% 10 0 1 1/10 10%
9 Probiotic anti-allergy spray 0.5% 10 1 1 2/10 20%
(Prowill) 1% 10 0 1 1/10 10%
2% 10 0 1 1/10 10%

providing a baseline to gauge the impact of the virus
in the absence of any antiviral intervention. The vehicle
control group, which treated the virus with 5% DMSO,
showed a slightly lower mortality rate of 10% (1 out of
10 eggs), suggesting that DMSO might have a minimal
protective effect or slightly reduce the viral impact, as
indicated in Table 1. The commercial antiviral agent
control group (BOREL 1%) demonstrated remarkable
efficacy, with 0% mortality observed, highlighting the
agent’s ability to prevent viral-induced egg mortality
completely.

Astragalus root extract showed variable results,
with its effects differing depending on the concentra-
tion. At the lowest concentration (0.01 mg/kg), no mor-
tality was observed (0%). However, at 0.1 mg/kg, the
mortality rate increased to 10% (1 out of 10 eggs).
As the concentration increased, egg mortality also
increased (Fig. 1). At 1 mg/kg, the mortality rate surged
to 40% (4 out of 10 eggs), and at 5 mg/kg, the mortality

rate was 30% (3 out of 10 eggs). These results suggest
that higher concentrations of Astragalus root extract
may exert toxic effects, thereby increasing embryo mor-
tality. However, this toxic effect was still less than that
caused by ivermectin.

Ivermectin, tested at concentrations of 0.01 mg/kg,
0.1 mg/kg, and 1 mg/kg, showed a dose-dependent im-
pact on egg mortality. At the lowest concentration (0.01
mg/kg), the mortality rate was 30% (3 out of 10 eggs),
indicating a modest toxic effect. However, at both
0.1 mg/kg and 1 mg/kg, the mortality rate increased to
50% (5 out of 10 eggs) at each concentration, suggest-
ing that ivermectin at higher concentrations might lead
to toxicity, as reflected in the increased mortality rates
(Fig. 1).

In Prowill gel, the mortality rate was consistent
across all three doses, indicating that increasing doses
of Prowill gel did not cause any toxic effects. For Prow-
ill spray, the lowest dose of 0.5% resulted in a 20%
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Fig 1. Embryo mortality rates in embryonated chicken eggs treated with 10° EIDso/mL infectious bronchitis virus. Mortality rates (%)
were assessed following infection with 10° EIDso/mL IBV and treatment with various substances, including Prowill probiotic-
disinfectant products (0.5-2%), Astragalus root extract (0.01-5 mg/kg), and ivermectin (0.01-1 mg/kg). Control groups consist of
only virus, vehicle control, antiviral control, and untreated control.

mortality rate, whereas higher doses caused only a 10%
mortality rate. This further suggests that increasing
doses of Prowill spray are not toxic. However, contrary
to these observations, the 1% dose of liquid Prowill
appeared to be slightly more toxic than the 0.5% dose
(Fig. 1).

In terms of viral replication, measured by HA titers,
the positive control group (virus only) showed a high
mean HA titer of 10.8 (titer in log2), confirming active
viral replication. The vehicle control group (virus + 5%
DMSO) also showed a mean HA titer of 10.7 (titer in
log2), indicating no remarkable interference from
DMSO in viral replication. However, the commercial
antiviral agent BOREL 1% completely inhibited viral
replication (Fig. 2), resulting in an HA titer of 0 (titer in
log2), further validating its antiviral efficacy (Table 2).

The results for Astragalus root extract showed
a clear dose-dependent reduction in viral replication
(Fig. 3). At 0.01 mg/kg, the mean HA titer was 10.9
(titer in log2), similar to that in the positive control
group, indicating no antiviral effect. At 0.1 mg/kg, the
mean HA titer dropped to 9.8 (titer in log2), suggesting
some antiviral activity. At 1 mg/kg, the mean HA titer
decreased further to 8 (titer in log2), and at 5 mg/kg, the
mean HA titer reached O (titer in log2), suggesting com-
plete viral inhibition at this highest concentration. These
findings align with the increased mortality rates obser-
ved at higher concentrations of Astragalus root extract,
indicating a dose-dependent antiviral effect, with the
highest concentration providing the most significant
reduction in viral replication.

For ivermectin, the HA titers also showed a dose-
-dependent decrease. At 0.01 mg/kg, the mean HA titer
was 8.8 (titer in log2), reflecting moderate antiviral
activity. At 0.1 mg/kg, the mean HA titer decreased
to 8 (titer in log2), and at 1 mg/kg, it dropped further to
5.9 (titer in log2), suggesting a stronger antiviral effect
at higher concentrations. However, as seen with the egg
mortality data, the higher concentrations also correlated
with increased toxicity to the embryos.

The Prowill disinfectants displayed varying levels
of antiviral activity. The surface cleaning liquid at 0.5%
had a mean HA titer of 7.8 (titer in log2), which
decreased to 6 (titer in log2) at 1%, indicating a mild
antiviral effect. The probiotic hand gel at 0.5% exhibi-
ted a mean HA titer of 4.7 (titer in log2), which
decreased to 3.8 and 3.6 (titer in log2) at both 1% and
2%, respectively, indicating good antiviral activity even
at lower concentrations. The probiotic anti-allergy
spray at 0.5% had a mean HA titer of 5.8 (titer in log2),
which dropped to 2.8 and 2.4 (titer in log2) at both 1%
and 2%, respectively, demonstrating significant antivi-
ral activity at the higher concentrations (Table 2).
Although significant antiviral effects were observed
across all dilutions of the Prowill disinfectants, the pro-
biotic hand gel demonstrated remarkable efficacy in
reducing both egg mortality (Fig. 1) and viral load

(Fig. 2).
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Fig 2. Hemagglutination (HA) activity in embryonated chicken eggs (ECEs) treated with 10° EIDso/mL of IBV after 48 hours.

HA activity (log2) was measured in ECEs 48 hours post-infection with 10*> EIDso/mL of IBV and treatment with various sub-
stances, including Prowill probiotic-disinfectant products (0.5-2%), Astragalus root extract (0.01-5 mg/kg), and ivermectin
(0.01-1 mg/kg). Control groups consist of only virus, vehicle control, antiviral control, and untreated control. Data are presented
as mean values + standard deviation. Statistical analysis was performed using the Kruskal-Wallis test with Dunn’s test as a post
hoc comparison. *p<0.05, ***p<0.001, ****p<0.0001
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Fig. 3. Comparison of haemagglutination (HA) activity in embryonated chicken eggs treated with 10° EID, /ml of IBV after 48 hours

at different concentrations. Data are presented as mean values + standard deviation. * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001

Discussion cated its control (Zhang et al. 2021). Alternative strate-

gies, such as novel disinfectants and adjunct antiviral

IBV remains a major threat to global poultry pro- agents, have received growing attention. This study
duction, causing significant economic losses through evaluated probiotic-based disinfectants, Astragalus root
respiratory disease, renal complications, and decreased extract, and ivermectin for their antiviral effects in an
egg production. Despite ongoing vaccination programs ECE model. The results point to a promising role for
and stringent biosecurity measures, IBV’s high muta- certain probiotic-based agents in reducing IBV replica-

tion rate and extensive genomic diversity have compli- tion while highlighting the dose-dependent benefits and
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Table 2. Hemagglutination (HA) titers for specific pathogen-free embryonated chicken eggs following 48-h incubation with IBV.

No. HA titer Mean
Group Samples Concentra- of eggs Mean titer
tion (ny ECEl ECE2 ECE3 ECE4 ECES ECE6 ECE7 ECE8 ECE9 ECEIO0 HA titer (log,)
1 Positive control 2048 2048 2048 1024 2048 2048 2048 1024 2048 2048 1782 10.8
(Only virus)
2 Vehicle control 2048 1024 2048 2048 2048 2048 1024 1024 2048 2048 1663 10.7
(Virus treated with %5 DMSO)
3 Commercial antiviral agent control 0 0 0 0 0 0 0 0 0 0 0 0
(BOREL 1%)
4 Untreated SPF ECEs 0 0 0 0 0 0 0 0 0 0 0 0
5 Astragalus root extract 0.01 mg/kg 10 2048 2048 1024 2048 2048 2048 2048 2048 2048 2048 1910  10.9
0.1 mg/kg 10 1024 512 1024 1024 1024 512 1024 2048 1024 512 891 9.8
1 mg/kg 10 512 256 128 256 256 256 128 256 516 256 256 8
5 mg/kg 10 0 0 0 0 0 0 0 0 0 0 0 0
6 Ivermectin 0.01 mg/kg 10 256 512 1024 512 512 512 256 512 512 256 445 8.8
0.1 mg/kg 10 256 128 256 512 256 128 256 256 512 128 256 8
1 mg/kg 10 64 32 64 64 32 64 64 128 64 64 60 5.9
7 Surface cleaning liquid 0.5% 10 256 256 256 128 256 256 256 128 256 256 223 7.8
(Prowill) 1% 10 32 64 128 64 64 32 64 128 64 64 64 6
8  Probiotic hand gel 0.5% 10 32 16 32 32 32 8 32 16 64 32 26 4.7
(Prowill) 1% 10 16 8 16 16 8 16 16 32 8 16 14 3.8
2% 10 16 16 16 8 16 8 8 16 16 8 12 3.6
9  Probiotic anti-allergy spray 0.5% 10 64 64 64 32 32 64 128 32 64 64 56 5.8
(Prowill) 1% 10 8 16 4 8 8 8 2 4 8 16 7 2.8
2% 10 8 8 4 8 4 2 4 8 4 8 5 2.4

toxicity profiles of potential antivirals like Astragalus
extract and ivermectin.

Probiotic-based cleaning products have drawn sub-
stantial interest because of their ability to offer sus-
tained antimicrobial activity without many of the detri-
mental ecological and health-related side effects
associated with conventional chemical disinfectants
(Caselli et al. 2016, D’ Accolti et al. 2021). Indeed, prior
research has shown that probiotic disinfectants can in-
hibit a variety of enveloped viruses, including human
coronaviruses and influenza viruses (D’Accolti et al.
2021, Ramos and Frantz 2023). In this study, all three
formulations of the probiotic-based disinfectant (liquid,
hand gel, and anti-allergy spray) demonstrated signifi-
cant antiviral effects, though the hand gel consistently
showed particularly low mortality and HA titers.
The high efficacy of this gel formulation may be due to
better adherence to surfaces or localized prolonged
release of beneficial bacterial metabolites that interrupt
the viral membrane (D’Accolti et al. 2021). Further-
more, probiotic-based products have been associated
with reduced antimicrobial resistance and lower envi-
ronmental pollution in poultry farms (Lutful Kabir
2009, Leistikow et al. 2022, Yaqoob et al. 2022), an
important consideration given the intensive farming

conditions and repeated administration of disinfectants.

Astragalus root extract is derived from an herb
widely employed in traditional Chinese medicine and
is reputed for its immunomodulatory and antiviral
properties (Zhang et al. 2018). Several lines of evidence
suggest that Astragalus polysaccharides and flavonoids
can boost systemic immunity and decrease viral repli-
cation in models of influenza and coronaviruses (Lu
et al. 2019, Zhang et al. 2021). In the current experi-
ment, Astragalus extract exerted clear dose-dependent
inhibition of IBV replication, as reflected by a substan-
tial reduction in viral HA titers at higher concentrations.
However, increased embryotoxicity was observed in
parallel, aligning with earlier studies demonstrating that
excessively high doses of plant-based compounds can
induce cytotoxic effects (Yen et al. 2001, Askin Celik
and Aslanturk 2010). The immunostimulatory capacity
of Astragalus extracts (such as enhanced T-cell activity
and reduced pro-inflammatory cytokines) might rein-
force local and systemic defenses against IBV (Kim
etal. 2014, Wang et al. 2022).

Ivermectin, an antiparasitic drug with recognized
in vitro activity against a variety of viruses, has gar-
nered interest as a potential inhibitor of coronaviral
replication (Azeem et al. 2015, Zaidi and Dehgani-
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-Mobaraki 2022). Nevertheless, the embryonated egg
model used in this study revealed that while ivermectin
indeed diminished IBV titers, higher doses significantly
increased embryo mortality. Similar toxicity concerns
have been reported in avian models (Azeem et al. 2015,
Reynolds and Simpson 2022), reflecting the narrow
therapeutic window for ivermectin use in poultry.
This drug has been hypothesized to disrupt viral protein
transport within the host cell by binding importin o/,
thus blocking essential viral replication events
(Wagstaff et al. 2012). Nonetheless, the persistent toxic
effects in higher concentrations highlight the need
for caution. Chemical disinfectants have long served as
a mainstay in poultry biosecurity and disease control,
but repeated use has raised apprehensions surrounding
pathogen resistance, operator safety, and environmental
hazards (Davies and Wales 2019). Indeed, past reports
on ammonia—glutaraldehyde and chlorine-based disin-
fectants note partial efficacy against avian viruses and
highlight the significance of organic matter in diminish-
ing disinfectant potency (Figueroa et al. 2017, Turabe-
kov et al. 2024). Some of these agents show broad effi-
cacy against enveloped viruses like IBV by inactivating
the viral envelope proteins needed for cell entry. Disin-
fectants that rely exclusively on chemical activity can
be undermined by the constant accumulation of organic
debris in poultry facilities and by the formation of
chemical by products that pose environmental or opera-
tor risks (Figueroa et al. 2017, Davies and Wales 2019).

In this context, probiotic disinfectants stand out by
combining environmentally friendly properties with
potentially sustained antimicrobial activity. Their effi-
cacy likely hinges on multiple modes of action: (1) pro-
biotic microbes outcompete pathogens for space and
nutrients, (2) they produce bacteriocins or other metab-
olites (like lactic acid) that destabilize viral envelopes,
and (3) they possibly alter the microbiome of the poul-
try environment to favor beneficial flora (D’Accolti
et al. 2021, Leistikow et al. 2022, Denkel et al. 2024).
More research is warranted to understand how probiotic
formulations might help mitigate not just IBV but also
co-infections, such as avian influenza or Escherichia
coli, that often exacerbate IB-related respiratory disease
(Balta et al. 2020).

Because IBV is known for its continued genetic
evolution and the frequent emergence of new serotypes
that can evade immune responses, integrative approa-
ches are crucial for successful disease control (Zhang
et al. 2021, Quinteros et al. 2022). These integrative
strategies include vaccination tailored to local geno-
types, rigorous hygiene practices, and the use of disin-
fectants or antivirals that hamper virus viability outside
the host (Bhuiyan et al. 2021). Furthermore, the mini-
mal embryonic toxicity of probiotic gel found in this

study suggests it could be applied in hatcheries, where
viable embryos are particularly vulnerable to chemical
disinfectant residues (Tarpey et al. 2006). Although
additional in vivo trials in older birds would be neces-
sary to confirm benefits at the farm level, this early evi-
dence positions probiotic-based solutions as a promis-
ing addition to comprehensive control measures.

Overall, these findings add to a growing body of
work indicating that nature-derived or probiotic-based
strategies can effectively address coronaviruses in avian
species. By reducing reliance on conventional chemical
interventions, poultry producers may mitigate environ-
mental burdens and decrease antibiotic use, both of
which are critical goals given the growing concerns
over antimicrobial resistance and ecosystem health.
Taken together, the present data underscore the value of
a broader approach to IBV control in modern poultry
systems, in which vaccination, safe disinfectants, and
auxiliary antivirals function in synergy. As IBV contin-
ues to evolve and cause significant disruptions to poul-
try health and productivity, integrating low-toxicity,
potent antiviral disinfectants, and immunomodulatory
supplements appears both prudent and necessary.

From a field application perspective, probiot-
ic-based disinfectants appear to hold the greatest poten-
tial among the tested agents due to their favorable safe-
ty profile, ease of use, and environmental compatibility.
In particular, the probiotic hand gel demonstrated nota-
ble antiviral activity with minimal embryotoxicity
in ovo, suggesting that such formulations could be safe-
ly used not only in hatchery hygiene routines but also
more broadly across various poultry production areas,
including environments where human workers are pres-
ent. This highlights their potential for providing safe
and practical hygiene solutions throughout the poultry
sector, supporting both animal and occupational health.
Although currently lacking standardized veterinary
authorization, similar Bacillus- and Lactobacillus-based
sprays have shown promising results in flock settings
by reducing viral load and improving clinical outcomes
during experimental avian influenza infections (Rasaei
et al. 2023). Astragalus extract, despite its clear anti-
viral effect in ovo, presents a narrower safety margin
and variable toxicity, which may hinder its direct appli-
cation in commercial flocks unless further refined. Iver-
mectin, although cost-effective and widely available,
caused severe embryotoxicity even at low doses in this
study, making it unsuitable for antiviral use in develop-
ing embryos or hatchery environments. In short, probi-
otic disinfectants, especially those with topical or sur-
face application formats, may represent a promising
adjunct to conventional flock-level antiviral manage-
ment, though further in vivo validation under commer-
cial field conditions remains essential. Such trials in
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poultry flocks and hatchery settings will be crucial for
validating their safety, dosing protocols, and protective
efficacy under practical poultry system conditions, ulti-
mately supporting evidence-based integration into
commercial biosecurity practices.

Consequently, the present findings demonstrate that
probiotic-based disinfectants, particularly in gel form,
effectively reduce infectious bronchitis virus replication
and mortality in an embryonated chicken egg model.
Astragalus root extract likewise confers dose-depen-
dent antiviral effects, although higher concentrations
pose risk of embryotoxicity. [vermectin shows modest
antiviral activity at lower concentrations but carries
substantial toxicity at higher doses. Each of these for-
mulations could contribute to integrative control strate-
gies for IBV, complementing established biosecurity
measures and vaccination programs. To realize their
full potential, future research should focus on refining
safe usage parameters (especially for ivermectin) and
on standardizing dosing regimens to balance antiviral
efficacy with embryo and bird welfare. Optimizing
disinfectant and antiviral approaches will help mitigate
IBV in poultry operations, reducing economic losses
and improving animal health.
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