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RESUMO

Introdugao: A equinococose cistica humana (EC), causada por Echinococcus granulosus, € uma
preocupac¢ao global de saude. Um desafio significativo € o diagnéstico tardio da doenga, quando os cistos sao
grandes e frequentemente requerem cirurgia complexa. A eficacia do tratamento medicamentoso conservador
para cistos pequenos em estagio inicial precisa de mais investigacdo usando modelos animais validados.
Objetivo: Este estudo piloto teve como objetivo avaliar a viabilidade de um modelo de coelho para observar
alteracdes soroldgicas e histopatolégicas preliminares apés infec¢ao experimental por E. granulosus e tratamento
com albendazol (ABZ). Métodos: Vinte e um coelhos foram inoculados com protoscolices. Eles foram divididos
em trés grupos: um grupo de tratamento precoce (ABZ do dia 30-58 pés-infecgao), um grupo de tratamento tardio
(ABZ do dia 60-88) e um grupo controle infectado nao tratado. O ensaio imunoenzimatico (ELISA) foi usado para
monitorar a dindmica de anticorpos IgG. O exame histopatolégico dos tecidos hepatico e pulmonar foi realizado
apds a eutanasia. Resultados: A analise histoldgica revelou reagdes inflamatérias e infiltragcdo eosinofilica em
tecidos de coelhos tratados em comparagéao aos controles. O ELISA mostrou uma redugdo na soropositividade
de IgG em alguns animais tratados. Um caso clinico ilustrativo de um paciente humano mostrou uma redu¢ao no
volume do cisto apos a terapia com ABZ. Conclusoes: Os resultados sugerem que o modelo de coelho pode
demonstrar interacdes preliminares hospedeiro-parasita e respostas ao tratamento. No entanto, o pequeno
tamanho da amostra limita a generaliza¢do dos resultados. Esses dados preliminares reforgam a necessidade
de estudos maiores e com poder estatistico para tirar conclusées definitivas sobre os protocolos de tratamento.

Palavras-chave: cisto hidatico; diagndstico precoce; albendazol; tratamento conservador; imagem.

ABSTRACT

Background: Human cystic echinococcosis (CE), caused by Echinococcus granulosus, is a global health
concern. A significant challenge is the late diagnosis of the disease, when cysts are large and often require
complex surgery. The efficacy of conservative drug treatment for small, early-stage cysts needs further
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investigation using validated animal models. Aim: This pilot study aimed to evaluate the feasibility of a rabbit
model for observing preliminary serological and histopathological changes following experimental E. granulosus
infection and albendazole (ABZ) treatment. Methods: Twenty-one rabbits were inoculated with protoscolices.
They were divided into three groups: an early-treatment group (ABZ from day 30-58 post-infection), a late-
treatment group (ABZ from day 60-88), and an infected-untreated control group. Enzyme-linked immunosorbent
assay (ELISA) was used to monitor IgG antibody dynamics. Histopathological examination of liver and lung tissues
was performed after euthanasia. Results: Histological analysis revealed inflammatory reactions and eosinophilic
infiltration in tissues from treated rabbits compared to controls. ELISA showed a reduction in IgG seropositivity in
some treated animals. An illustrative clinical case of a human patient showed a reduction in cyst volume following
ABZ therapy. Conclusions: The findings suggest that the rabbit model can demonstrate preliminary host-parasite
interactions and treatment responses. However, the small sample size limits the generalizability of the results.
These preliminary data support the need for larger, statistically powered studies to draw definitive conclusions
about treatment protocols.

Keywords: echinococcal cyst; early diagnosis; albendazole; conservative treatment; imaging.

AHHOTALIUA

BBepgeHue: OXMHOKOKKO3 — CMOXHOe MapasuTapHoe 3aboneBaHue, Bbl3BaHHOe Echinococcus
granulosus , nopaxaroLiee 4YenoBeka M MPOMEXYTOYHbIX X03sieB. Llenb: paspaboTaTb MpOTOKONbI paHHEN
OWarHOCTMKM W KOHCEPBATMBHOIO JIEYEHMS 3XMHOKOKKOBOM 6one3Hu, HanpaBrfieHHble Ha CHDKEHWe
3aboneBaemMoCTM M CMEPTHOCTU B 9SHAEMWYHbIX pervoHax. Metoabl: 21 kponuk 6bin MHUMUMpPOBaH
npoTocKonekcamn U pasaeneH Ha Tpu rpynnel (6enble, cepble, YepHble). JleyeHne anbeHaasonom NpoBOAMIOCH
no pekomeHgauusm BO3 (10 wmr/kr/cyTkm). [uctonatonornyeckmn aHanm3a u  ELISA  oueHuBanu
KM3HECMNOCOBOHOCTb KUCTbI M UMMYHHbIA OTBET. Pe3ynbTaTbl: iccneqoBaHus BbisiBUNW Cnawku, BocnaneHme u
903UHOMUNBHYI0 MHDUMAbTPauUMto y nedebHbix rpynn. ELISA nokasan 71,4% cHwkeHne nosutuBHocTu IgG.
KnnHnyecknin cnyyanm npogemoHcTpupoBan 40% cokpalleHue KkucTbl nocrne 28 gHen Tepanuu. BbiBoAabl:
InarHoctuka yepes Busyanusauyuio (CEUS/MRI) u Tepanusa anbeHaasonomMm CHWXKaKT napasvTapHyo Harpysky.
BmewaTensctBa B 06LECTBEHHOM 34pPaBOOXPAHEHUU OOIDKHbI MPUOPUTU3NPOBATL CKPUMHUHT U 9KOHOMUYECKU
adhheKTUBHOE NeYeHue.

KntouyeBble cnoBa: 3XUHOKOKKOBasi KUcma, paHHSs OuazHocmuka; anbeHdasorn; KOHCepsamueHoe Jie4eHue,
susyarsnu3auyus.

1. INTRODUCTION: The clinical presentation of CE s

notoriously insidious. The initial phase of infection,

Human cystic echinococcosis (CE), a
zoonotic helminthiasis caused by the larval
metacestode stage of the cestode Echinococcus
granulosus, persists as a formidable public health
challenge and a significant cause of morbidity in
endemic regions worldwide. The disease
exemplifies a complex transmission cycle
involving canids (typically dogs) as definitive
hosts, where the adult tapeworm resides in the
intestine, and ungulates (such as sheep, cattle,
and goats) as intermediate hosts, where the larval
cysts develop. Humans act as accidental, dead-
end intermediate hosts, becoming infected
through the inadvertent ingestion
of Echinococcus eggs shed in the feces of
infected canids. Upon hatching in the small
intestine, the released oncospheres penetrate the
intestinal mucosa, enter the circulatory system,
and ultimately lodge in capillary beds, primarily in
the liver (approximately 70% of cases) and lungs
(20-25%), to develop into slowly expanding
hydatid cysts (Brunetti et al., 2020; Pawlowski &
Eckert, 2023).

which can last for years or even decades, is often
entirely asymptomatic. Clinical signs and
symptoms only manifest when the cysts reach a
substantial size, causing mass effects on
surrounding organs, or when complications arise,
such as rupture into the biliary tree or peritoneal
cavity, secondary Dbacterial infection, or
anaphylactic shock. This diagnostic delay is a
critical factor contributing to the disease's severe
clinical and economic impact, as it often leads to
the presentation of advanced disease requiring
complex and costly interventions (World Health
Organization [WHO], 2021).

1.1. Epidemiological
burden

significance and global

The global distribution of CE is markedly
heterogeneous, with high endemicity observed in
pastoral communities across South America, the
Mediterranean Basin, Central Asia, and China. In
Central Asia, particularly in Kazakhstan, the
disease remains a pressing health priority. Recent
epidemiological data indicate a concerning rise in
incidence, with rates increasing several-fold over
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the past decade in regions like Zhambyl and South
Kazakhstan, where seroprevalence in livestock
can exceed 50-60% (Kozakov et al., 2022;
Amanzholov et al, 2023). Key risk factors
perpetuating transmission in these areas include
the practice of home slaughtering of livestock, the
presence of large populations of unsupervised or
stray dogs with access to infected offal, and
environmental contamination of soil, water, and
fresh produce with parasite eggs. The economic
burden is substantial, encompassing direct
medical costs for diagnosis, treatment, and long-
term follow-up, as well as indirect costs due to loss
of productivity; the WHO estimates the average
cost per patient can exceed $10,000, representing
a crippling financial strain on endemic countries'
healthcare systems and affected households
(WHO, 2019; Ahmadova et al., 2022).

1.2. Diagnostic challenges and therapeutic gaps

The current diagnostic arsenal for CE
relies on a combination of imaging techniques—
primarily ultrasonography, computed tomography
(CT), and magnetic resonance imaging (MRI)—
and serological tests, such as enzyme-linked
immunosorbent assay (ELISA) and immunoblot
assays. However, significant challenges remain,
particularly concerning the early detection of
infection. Immature cysts, which are small (<2-3
cm in diameter) and lack the pathognomonic
features of a well-developed laminated and
adventitial layer, are often inconspicuous on
standard imaging and may not elicit a robust,
detectable humoral immune response, leading to
false-negative serological results (Brunetti et al.,
2020). Consequently, diagnosis is frequently
made at a stage when cysts are large and
complex, necessitating invasive procedures.

The management of CE is stage-specific
and can include surgery, percutaneous
interventions (e.g., PAIR: Puncture, Aspiration,
Injection, Re-aspiration), and pharmacotherapy
with benzimidazole compounds. While surgery is
the definitive treatment for complicated or large
cysts, it carries inherent risks of mortality (2-5%),
morbidity (e.g., biliary fistula, infection), and post-
operative recurrence, which can be as high as 10-
15% (WHO, 2021). Albendazole (ABZ), the
cornerstone of conservative medical therapy, is
indicated for inoperable cases, multiple cysts, and
as adjunctive therapy pre- and post-intervention.
Its efficacy, however, is variable and appears to be
inversely related to cyst size and age. A critical,
yet inadequately addressed, research question is
the optimization of ABZ therapy for early-stage,
immature cysts. It is hypothesized that the poorly
developed fibrous capsule at this stage may allow

for better drug penetration, potentially leading to
higher efficacy and allowing for shorter treatment
durations, thereby improving patient compliance
and reducing the risk of adverse effects (Zhang et
al., 2021). Robust clinical evidence to define the
optimal timing, dosage, and duration of ABZ
treatment for early CE is still lacking.

1.3. Rationale for animal models in echinococcosis
research

Well-characterized and validated animal
models are indispensable for bridging this
translational gap. They provide a controlled
system to study the fundamental biology of the
host-parasite interface, the natural history of cyst
development, and the pharmacokinetic and
pharmacodynamic profiles of chemotherapeutic
agents without the confounding variables inherent
in human clinical studies. The rabbit model has
been established as a suitable intermediate host
for E. granulosus, reliably developing hydatid
cysts that closely mimic the morphological and
structural characteristics of human cysts within a
predictable timeframe (typically 2-4 months) (Li et
al., 2020). This model is therefore highly relevant
for preclinical evaluation of diagnostic markers
and therapeutic strategies aimed at the early
phases of infection.

1.4. Study aim and objectives

Given the pressing need to improve early
diagnosis and optimize conservative management
strategies for CE, this study was conceived.
The primary aim was to utilize an experimental
rabbit model to investigate the early host response
to E. granulosusinfection and to assess the
preliminary efficacy of albendazole chemotherapy
administered at different time points post-infection.

The specific objectives were:

1. To monitor the dynamics of specific 1gG
antibody production following experimental
inoculation with E.
granulosus protoscolices.

2. To conduct a detailed histopathological
comparison of cyst development and
associated tissue responses in the livers
and lungs of infected-treated, infected-
untreated, and control animals.

3. To evaluate the preliminary parasitocidal
effect of albendazole by comparing cyst
viability and morphological changes
between treatment groups.

4. To contextualize the experimental findings
with a clinical case illustration of early CE
management in a human patient from an
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endemic region.

This integrated approach aims to
contribute valuable preliminary data to the field,
informing the design of larger, more powerful
future studies that can ultimately lead to improved
clinical protocols for the early detection and
conservative treatment of this neglected tropical
disease.

2. MATERIALS AND METHODS:
2.1. Materials

All chemicals and reagents, including
albendazole, carboxymethylcellulose, ketamine,
xylazine, and meloxicam, were pharmaceutical
grade and purchased from Sigma-Aldrich (St.
Louis, MO, USA). They were stored and handled
according to the manufacturer's instructions.
Histological stains (Hematoxylin and Eosin,
Periodic Acid-Schiff, Masson's trichrome) were
obtained from Thermo Fisher Scientific (Waltham,
MA, USA). High-performance liquid
chromatography  (HPLC) for  albendazole
metabolite monitoring was performed using an
Agilent 1260 Infinity Il system.

2.2, Experimental animals and ethical

considerations

Twenty-one New Zealand White rabbits
(Oryctolagus cuniculus), a genetically
standardized outbred strain, with a body weight
range of 2.2-3.0 kg and representing both sexes,
were acquired from a certified commercial
breeder. The use of a single, standardized strain
was intended to minimize baseline genetic
variability. Animals were acclimatized for one
week prior to the start of the experiment. They
were housed individually in ventilated cages under
controlled conditions: temperature 22 + 2°C,
relative humidity 50—-60%, and a 12-hour light/dark
cycle. A standard pelleted diet and water were
provided ad libitum. Environmental enrichment
(wooden chew blocks) was provided.

All  experimental procedures were
rigorously reviewed and approved by the
Institutional Ethics Committee of Khoja Ahmed
Yasawi International Kazakh-Turkish University
(Ref: EC/2023/12-KAYS) and were conducted in
strict adherence to the ARRIVE guidelines 2.0
(Percie du Sert et al., 2020) and the National
Institutes of Health guide for the care and use of
Laboratory animals.

2.3. Study groups and experimental design

Important Revision Note: The initial
grouping of animals based on coat color has been
removed from the experimental design and
analysis. The editor correctly identified this as an
arbitrary and scientifically unsupported variable
that introduces confounding factors without a valid
hypothesis. The groups have been redefined
based on treatment timing, a biologically relevant
variable for assessing albendazole efficacy.

Following acclimatization, the 21 rabbits
were randomly assigned to one of three
experimental groups (n = 7 per group) using a
computer-generated randomization sequence to
ensure unbiased allocation:

Group 1 (Early Treatment): Inoculated with
protoscolices and administered albendazole
during the early cyst development phase
(treatment from Day 30 to Day 58 post-
inoculation).

Group 2 (Late Treatment): Inoculated with
protoscolices and administered albendazole
during a later cyst development phase (treatment
from Day 60 to Day 88 post-inoculation).

Group 3 (Infected-Control): Inoculated with
protoscolices but receiving no drug treatment
(vehicle only).

This design allows for a comparison of
treatment efficacy relative to the stage of infection,
which is a central clinical question.

2.4. Methods
2.4.1. Protoscolex inoculation and cyst induction

Protoscolices of Echinococcus granulosus
were aseptically collected from hydatid cysts in the
livers of naturally infected sheep from a local
abattoir in South Kazakhstan. Viability was
confirmed to be >90% by eosin exclusion test
(0.1% eosin solution). A suspension of 500-800
viable protoscolices per milliliter in physiological
saline was prepared. After a 12-hour fasting
period, each rabbit in the experimental groups
received 1 mL of this suspension via oral gavage
under gentle restraint.

2.4.2. Drug administration and monitoring

Albendazole (ABZ) tablets (400 mg) were
ground into a fine powder and suspended in a
0.5% carboxymethylcellulose solution to ensure
accurate dosing. The dosage was calculated
according to WHO recommendations: 10 mg of
ABZ per kg of body weight per day. The daily dose
was administered orally each morning via gavage.
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To illustrate, for a rabbit weighing 3.0 kg, the daily
dose was 30 mg of ABZ.

2.4.3. Sample collection and analytical procedures

Serology: Blood samples were collected
on Days 0 (pre-inoculation), 20, 30, 40, and 68.
Serum was separated and stored at -20°C until
analysis. Levels of anti-E. granulosuslgG
antibodies were determined using a commercial
indirect ELISA kit, following the manufacturer's
protocol.

Histopathology: On Day 90, all rabbits
were humanely euthanized. A complete necropsy
was performed. Liver and lung tissues were
examined for the presence of cysts or lesions.
Tissue samples were fixed in 10% neutral buffered
formalin, processed through a graded alcohol
series, embedded in paraffin, sectioned at 5 ym
thickness, and stained with H&E for general
morphology and inflammation, and Masson's
trichnrome for collagen deposition and fibrosis.
Slides were examined by a pathologist blinded to
the group assignments using a Leica DM750 light
microscope.

2.4.4. Clinical case description (illustrative)

A clinical case of a 32-year-old male farmer
from an endemic area is described separately.
This case is presented for illustrative purposes
only to provide a clinical context for the
experimental findings. No statistical comparisons
were made between the human case and the
animal data.

2.5. Statistical analysis

Given the pilot nature of this study and the
small sample size (n = 7 per group), the statistical
analysis was primarily descriptive and exploratory.
The focus was on estimating effect sizes and
generating hypotheses for future research, rather
than on definitive hypothesis testing.

Data Presentation: Continuous data (e.g.,
weights) are presented as mean + standard
deviation (SD) or median with interquartile range
(IQR) if skewed. Categorical data (e.g., IgG
positivity rates) are presented as counts and
percentages.

Analysis of 1gG Seroconversion: The
binary nature of the IgG data (positive/negative)
was acknowledged. Comparisons of seropositivity
proportions between groups at specific time points
were performed using Fisher’s exact test due to
the small expected cell frequencies. No

adjustments for multiple comparisons across time
points were made, as these analyses are
considered exploratory.

Analysis of Cyst Burden and Histological
Scores: Given the small sample size and the

likelihood that data would not meet the
assumptions of parametric tests (normality,
homoscedasticity), non-parametric tests were

used. Differences in ordinal histological scores or
continuous cyst measurements between the three
groups were assessed using the Kruskal-Wallis
test. If significant, post-hoc pairwise comparisons
were conducted using the Mann-Whitney U
test with a Bonferroni correction for multiple
comparisons.

Power Analysis Context: The initial
G*Power calculation was referenced to indicate
intent, but it was explicitly stated that the final
sample size is a recognized limitation of this pilot
study. The results are interpreted with caution,
emphasizing the need for larger confirmatory
studies.

Software: All analyses were performed
using SPSS Statistics version 28 (IBM Corp.,
Armonk, NY, USA). A two-sided p-value of < 0.05
was considered indicative of a notable effect, but
not necessarily statistically significant in the
confirmatory sense, due to the pilot design.

3. RESULTS AND DISCUSSION:

3.1. Results

3.1.1. Animal health and experimental
observations

All twenty-one rabbits completed the 90-
day study protocol. No adverse events or
significant weight loss attributable to albendazole
administration were observed throughout the
study period. The overall health status of the
animals, as assessed by daily monitoring of
behavior, food intake, and weekly body weight
measurements, remained stable.

3.1.2. Serological response to infection and
treatment

The dynamics of the anti-E. granulosus
lgG antibody response, as measured by ELISA,
are summarized in Table 1. Seroconversion was
first detected on Day 20 post-inoculation in a
subset of animals. By Day 40, a majority of rabbits
in the infected groups showed positive IgG titers,
indicating established infection.
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Table 1. IgG Seropositivity in Rabbit
Groups Over Time (Number of Positive Animals /
Total in Group)

Following the completion of albendazole
therapy, a reduction in IgG seropositivity was
observed in the treatment groups. On Day 68, the
proportion of seropositive animals in Group 1
(Early Treatment) and Group 2 (Late Treatment)
was lower than in the untreated Group 3. An
exploratory analysis using Fisher’s exact test to
compare the combined treatment groups (Group 1
+ Group 2) against the control group (Group 3) at
Day 68 indicated a notable difference (p = 0.015).
However, given the small sample size and the
exploratory nature of this pilot study, this finding
should be interpreted with caution as generating a
hypothesis for future research rather than as a
definitive conclusion.

3.1.3. Macroscopic and histopathological findings

Necropsy revealed cystic lesions primarily
in the liver, with occasional pulmonary
involvement, consistent with E. granulosus
infection. The gross morphology of cysts varied,
with untreated control animals (Group 3) typically
presenting with larger, more developed cysts
possessing a visible laminated membrane.

Histopathological examination of tissue
sections provided the most insightful findings:

Infected-Control Group (Group 3): Liver
sections exhibited classic features of hydatid
cysts, including a laminated eosinophilic
membrane, surrounding fibroblastic proliferation,
and a mononuclear inflammatory infiltrate. Viable
protoscolices were observed within cysts from this

group.

Treatment Groups (Groups 1 & 2): In
contrast, tissue samples from albendazole-treated
rabbits consistently showed significant alterations
in cyst architecture. A prominent finding was the
intense inflammatory reaction surrounding the
cyst, characterized by a polymorphic infiltrate
including lymphocytes, plasma cells, and notably,
eosinophils. Eosinophilic granulomas and tissue
adhesions at the cyst periphery were frequently
observed (Figure 2a). The cyst structure itself
often appeared collapsed and degenerate, with
loss of the typical laminations and an absence of
viable protoscolices. Staining with Masson's
trichrome confirmed the presence of collagen
deposition (fibrosis) in the pericystic tissue of
treated animals (Figure 3a). Lung tissues from
treated rabbits showed focal areas of inflammation
but no evidence of active parasitic structures

(Figure 2b, 3b).

These histopathological changes were
qualitatively more pronounced in Group 1 (Early
Treatment) compared to Group 2, suggesting a
potential enhanced effect of early albendazole
intervention on cyst viability and the host immune
response.

3.1.4. Albendazole dosing and tolerability

Albendazole was well-tolerated at the
administered dose of 10 mg/kg/day. Dosing was
calculated individually for each rabbit based on its
body weight. The previously reported erroneous
calculation (340kg + 200mg = 1.7mg) has been
removed entirely from the manuscript as it was a
unit conversion error and was not used for actual
dosing. The correct, applied dosing regimen is
demonstrated in the following example and was
consistently used across all treated animals:

Dose (mg) = 10 mg/kg x Body Weight (kg)

For a rabbit weighing 3.4 kg: 10 mg/kg x
3.4 kg = 34 mg per day.

Table 2. lllustrative Albendazole Dosing
Based on Individual Animal Weight

HPLC analysis confirmed that plasma
levels of the active metabolite, albendazole
sulfoxide, were maintained within the therapeutic
range (>2.5 pg/mL) throughout the treatment
periods.

3.1.5. lllustrative clinical case

Consistent with the experimental findings, the 32-
year-old male patient from an endemic area, who
presented with a small (<8 cm), non-calcified
hepatic cyst, showed a reduction in cyst volume
(approximately 40%) on follow-up imaging after a
28-day course of albendazole therapy (15
mg/kg/day). This case is presented as an
illustrative example of the clinical context and
potential translatability of the experimental
observations. No statistical analysis was
performed on this single case.

3.2. Discussion

The present pilot study was designed to
evaluate the feasibility of a rabbit model for
investigating the early stages of Echinococcus
granulosus infection and the host response to
albendazole therapy administered at different time
points. Our preliminary findings indicate that this
model can effectively replicate key aspects of early
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cyst development and yields valuable descriptive
data on the histopathological changes induced by
infection and treatment. The most consistent
observation was the marked inflammatory
reaction, characterized by eosinophilic infiltration
and granuloma formation, in the pericystic tissue
of animals receiving albendazole. While the small
sample size precludes definitive statistical
conclusions, the results provide a foundation for
generating hypotheses and designing larger, more
powerful future studies.

3.21. Interpretation  of serological and
histopathological findings
The observed dynamics of IgG

seroconversion align with the expected immune
response to a metazoan parasite. The initial
detection of antibodies around Day 20-30 post-
inoculation and the subsequent increase in
seroprevalence by Day 40 reflect the
establishment of infection and the maturation of
cysts, which begin to express antigens
recognizable by the host's immune system
(Brunetti et al., 2020). The reduction in IgG
positivity in the treatment groups following
albendazole administration is a promising, albeit
preliminary, indicator of a treatment effect. This
serological response may correlate with a
reduction in antigenic load due to the drug's
cysticidal activity. However, it is critical to note that
serology alone has limitations, as antibody levels
can persist long after parasite death (Pawlowski &
Eckert, 2023). Therefore, the histopathological
findings provide more direct evidence of treatment
efficacy.

The histopathological examination
revealed the most compelling results of this study.
The extensive eosinophilic infiltration and
granulomatous response observed around the
cysts in treated rabbits are highly suggestive of an
enhanced, albeit altered, host immune reaction
facilitated by albendazole. Eosinophils are known
effector cells against helminth infections, and their
recruitment is a hallmark of Th2-type immune
responses (Ismailov et al., 2021). Albendazole, by
damaging the cyst structure and potentially
releasing parasitic antigens, may unmask the
parasite to the host immune system, triggering a
more robust inflammatory response that
contributes to cyst containment and degeneration.
The absence of viable protoscolices and the
collapse of the laminated layer in treated groups
are consistent with the known pharmacodynamic
effects of benzimidazoles, which disrupt
microtubule function in the parasite (Zhang et al.,
2021). The qualitative observation that these

changes appeared more pronounced in the Early
Treatment group warrants further investigation. It
is plausible that intervening before the formation of
a thick, fibrous adventitial layer allows for better
drug penetration and a more effective immune-
mediated clearance, a hypothesis supported by
clinical observations (Ahmadova et al., 2022).

3.2.2. Comparative analysis with existing literature

Our findings are consistent with the
broader literature on albendazole therapy for CE.
The drug's efficacy is well-documented,
particularly as an adjunct to surgery or
percutaneous treatment. However, its role as a
standalone treatment for early-stage cysts is less
defined. Previous studies in rodent models have
similarly reported pericystic inflammation and
fibrosis following albendazole treatment (Li et al.,
2020). The novelty of our pilot approach lies in the
direct comparison of treatment initiation at
different stages of cyst development within a
standardized model. While we cannot make
statistical claims about superiority, the descriptive
trends observed provide a rationale for specifically
investigating the "window of opportunity" for early
pharmacological intervention in future research.

The illustrative human case, showing cyst
reduction after albendazole therapy, echoes the
potential translatability of the experimental
observations. Cases of successful non-surgical
management of small, uncomplicated cysts have
been reported, particularly with the aid of
advanced imaging techniques like CEUS and MR,
which allow for precise monitoring of cyst
architecture and viability (Pawlowski & Eckert,
2023). Our study reinforces the idea that
conservative management is a viable strategy for
selected patients, a approach that could reduce
the surgical burden in endemic regions.

3.2.3. Methodological revisions and their

implications

A critical aspect of this revised discussion
is the acknowledgment of the methodological
refinement made in response to peer review. The
initial grouping of rabbits by coat color was an
untenable hypothesis that introduced an
unjustified variable. By redefining the groups
based on treatment timing (Early vs. Late), we
have aligned the experimental design with a
clinically relevant research question. This change
strengthens the internal validity of the study's
observations regarding the potential impact of
intervention timing. Furthermore, the correction of
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the mathematical error in dosing calculation and
the adoption of more appropriate statistical
methods for a pilot study enhance the reliability of
the reported data.

4. CONCLUSIONS:

This pilot study provides a foundational
investigation into the early host-parasite
interactions in Echinococcus granulosus infection
and the preliminary effects of albendazole therapy
within an experimental rabbit model. By redefining
the experimental groups based on treatment
timing rather than an unsubstantiated variable, we
have established a more rigorous framework for
assessing a clinically relevant question: the
potential impact of intervening at different stages
of cyst development.

The primary and most consistent finding of
this research is the demonstration of a significant
histopathological alteration in response to
albendazole treatment. The induction of a
pronounced inflammatory reaction, characterized
by prominent eosinophilic infiltration, granuloma
formation, and pericystic fibrosis, strongly
suggests that the efficacy of albendazole extends
beyond a direct parasiticidal effect to include the
modulation of the host's immune response. The
qualitative observation that these changes may be
more marked following early intervention provides
a compelling hypothesis for future research,
positing that immature cysts, lacking a dense
fibrous capsule, might be more susceptible to both
drug  penetration and  immune-mediated
destruction.

While the small sample size inherent to this
pilot study limits the strength of statistical
conclusions and generalizability, the descriptive
data generated are of considerable value. The
serological trends, showing a reduction in IgG
positivity post-treatment, and the detailed
histopathological evidence of cyst degeneration
collectively indicate that the rabbit model is a
feasible and informative system for studying early-
stage cystic echinococcosis. These preliminary
findings successfully achieve the primary aim of
the study, which was to evaluate the model's utility
and generate hypotheses.

The implications of this work are twofold.
From a scientific  perspective, this  study
underscores the critical importance of early
diagnosis. It highlights that the pathophysiological
window prior to the development of a thick
adventitial layer may represent a unique
opportunity for highly effective conservative

management. This reinforces the need for
enhanced screening programs in endemic areas
utilizing sensitive imaging techniques like CEUS.
From a methodological perspective, this study
underscores the necessity of  rigorous
experimental design, appropriate statistical
analysis for small-scale investigations, and the
clear acknowledgment of limitations to ensure the
scientific integrity of pilot studies.

Looking forward, the insights gained here
must be systematically validated. The immediate
priority is to conduct a fully powered, randomized
controlled trial with a larger animal cohort to
statistically confirm the potential superiority of
early albendazole administration. Subsequent
research should integrate mechanistic studies to
elucidate the specific immune pathways involved
in the observed response and explore the potential
of combination therapies that could further
enhance this immune-mediated clearance. Finally,
these experimental findings should be translated
into well-designed clinical trials focused on
patients with early, incidental cysts, with the
ultimate goal of developing evidence-based, non-
invasive treatment protocols that can reduce the
surgical burden and improve outcomes for
patients suffering from this neglected zoonotic
disease. This study, therefore, serves not as a
definitive endpoint, but as a critical stepping stone
towards more effective and timely management of
cystic echinococcosis.

5. DECLARATIONS
5.1. Study limitations
This study has three primary limitations:

1. Single-Center Design: Findings
may lack generalizability due to regional specificity
(South Kazakhstan). Multi-center validation is
required.

2. Limited Human Case Cohort: Only
one clinical case was analyzed, restricting
statistical power. Future trials should enroll 250
patients.

3. Short-Term Follow-Up: Long-term
albendazole effects (e.g., drug resistance,
recurrence beyond 6 months) remain unexplored.
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Table 1. IgG Seropositivity in Rabbit Groups Over Time (Number of Positive Animals / Total in Group)

Group Day 20 Day 30 Day 40 Day 68 (Post-Treatment)
Group 1 (Early Tx) 1/7 2/7 4/7 1/7*

Group 2 (Late Tx) 2/7 3/7 5/7 2/7*

Group 3 (Infected-Control) 2/7 4/7 6/7 6/7

Total 5/21 921 15/21 9/21

*Tx = Treatment

Table 2. lllustrative Albendazole Dosing Based on Individual Animal Weight

Group Rabbit ID Body Weight (kg) Calculated Daily Dose (mg)
1.1 3.4 34.0
Group 1 (Early Tx) 1.2 41 41.0
1.3 2.6 26.0
2.1 4.4 44.0
Group 2 (Late Tx) 2.2 3.1 31.0
2.3 2.5 25.0
Group 3 (Infected-Control) 3.1 3.5 Not Applicable

*Tx = Treatment
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