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Abstract Background: Shigellosis remains a significant public health concern, particularly in regions with poor
sanitation and limited access to healthcare. The disease is characterized by acute intestinal inflammation, leading to diarrhea,
fever, and systemic intoxication. Standard treatment involves rehydration, antibiotics, and symptomatic therapy. However,
the growing antimicrobial resistance of Shigella strains necessitates exploring adjunctive treatments to enhance therapeutic
outcomes. Objective: To study the clinical-epidemiological and laboratory characteristics of shigellosis and current
approaches to treatment, with a focus on the efficacy of Polisorb in improving clinical outcomes. Methods: A comparative
analysis was conducted on 140 patients diagnosed with shigellosis, divided into two groups. The first group (n=62) received
standard therapy supplemented with Polisorb, while the second group (n=65) received only standard therapy. Clinical
symptoms, laboratory parameters, and recovery dynamics were assessed. Statistical analysis included Student’s t-test and
non-parametric methods. Results: Patients treated with Polisorb demonstrated a more rapid resolution of intoxication
symptoms, normalization of stool frequency, and improvement in laboratory markers of inflammation compared to the
standard therapy group. The duration of fever, diarrhea, and abdominal pain was significantly shorter in the Polisorb group (p
< 0.05). Additionally, economic evaluation indicated reduced hospitalization duration and lower treatment costs in this group.
Conclusion: The inclusion of Polisorb in the treatment regimen for shigellosis contributes to a faster clinical recovery,
improved laboratory parameters, and potential cost-effectiveness. This suggests that Polisorb can be an effective adjunctive
therapy in managing shigellosis.
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1. Introduction

[3]. It accounts for approximately 22% of all diarrhea-related
deaths worldwide [4].

This disease is caused by Gram-negative bacteria of the
Shigella genus, with Shigella flexneri being the predominant
pathogen in developing countries [5]. The epidemiology
of Shigella varies based on the specific species. S. flexneri
is the primary cause of endemic shigellosis in low- and
middle-income countries, accounting for nearly two-thirds of

Shigellosis is an acute invasive intestinal disease that
affects millions of people worldwide, causing approximately
one million deaths annually [1]. The disease primarily
affects children under five years of age and is responsible for
over 60% of deaths in developing countries [2]. Globally,
shigellosis is the leading cause of bacillary dysentery, with at
least 80 million cases and 700,000 deaths reported each year
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infections [6]. S. sonnei is the second most common species
in these regions (responsible for about 25% of cases) and
is the predominant species in high-income countries [7]. The
remaining isolates belong to S. dysenteriae or S. boydii.
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Historically, S. sonnei has been considered endemic in
developed countries, while S. flexneri is more common in
developing nations with poor sanitation. However, in recent
years, a significant increase in S. sonnei infections has also
been observed in developing countries, prompting further
investigation into the changing epidemiology of Shigella [8].

Shigella pathogens invade the colonic epithelium, leading
to severe mucosal inflammation. Consequently, Shigella
infections cause damage to the rectal and colonic tissues [2].
This intestinal disease is characterized by frequent (three or
more times per day) episodes of watery or bloody diarrhea,
lasting for days or weeks and leading to significant
electrolyte loss [8]. The infection disrupts fluid absorption,
resulting in the loss of water and electrolytes (Na+, Cl-,
Ca++, and K+ ions) [9].

A major challenge in combating shigellosis is its high
person-to-person transmissibility and increasing antibiotic
resistance [10]. Ciprofloxacin, a commonly used antibiotic
for treating shigellosis, has been found to cause arthropathy
in children. The drawbacks of antibiotic use include their
high cost and the rise of resistance [9]. Therefore, there is a
need to develop effective therapeutic alternatives [11], [12],
[13], [14].

The pathogenesis of acute bacterial intestinal infections is
primarily driven by the production of endo- and exotoxins.
Depending on the specific pathogen, the toxins travel to the
intestines and are absorbed by the mucosa, classifying acute
intestinal infections into invasive, secretory (non-invasive),
and foodborne intoxications [15].

In Shigella, exotoxins and endotoxins are produced,
specifically shiga-toxins and enterotoxins. Enterotoxins
ShET-1 and ShET-2 enhance fluid secretion in the intestines,
leading to secretory diarrhea [2]. ShET-1 consists of A and B
subunits, where subunit A has enterotoxic activity, and
subunit B binds to target cell receptors. The genetic codes
for ShET-1 are located in the bacterial chromosome (genes
setlA and setlB). In contrast, ShET-2 is encoded in the
virulence plasmid (sen gene) and is secreted via the Type IlI
secretion system (T3SS). ShET-2 also stimulates epithelial
cell inflammation and IL-8 secretion [16]. Enterotoxins are
frequently involved in the early stages or initial manifestation of
shigellosis, causing watery diarrhea [17]. Shigella triggers
secretory diarrhea in the small intestine, facilitating its
migration to the invasion site in the colon. Watery diarrhea
may also result from inflammatory responses in the colon
[18].

In this context, the inclusion of enterosorbents in
combination therapy plays a crucial role in absorbing
enterotoxins not only from the small intestine but also from
the colon. This, in turn, helps mitigate endotoxemia and
positively influences the progression of the disease [19].

For our scientific study, we used Polisorb MP (an
oral agent) — an inorganic, non-selective, polyfunctional
enterosorbent based on highly dispersed silica (Si0:) with
particle sizes of up to 0.09 mm. The average daily dose was
0.1-0.2 g per 1 kg of body weight, administered 3-4 times a
day, to investigate its therapeutic efficacy against shigellosis.
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2. Materials and Methods

Between 2022 and 2024, we analyzed 140 patients aged
six months to 50 years hospitalized with shigellosis at the
Intensive Care Unit and Acute Intestinal Infections Departments
of the Republican Center for Epidemiology, Microbiology,
Infectious, and Parasitic Diseases in Tashkent.

To determine the etiology of the disease, microbiological
cultures from stool samples and molecular-genetic PCR
methods were used. The severity of the illness was classified
according to clinical guidelines, national protocols, and
regulatory orders [10]. Epidemiological data (contact history
with acute intestinal infection cases), clinical symptoms
(intoxication, dehydration, abdominal pain, vomiting, diarrhea,
and stool abnormalities), as well as specific and non-specific
complications, were assessed.

All patients underwent routine laboratory tests, including
complete blood count, urinalysis, stool analysis, blood
biochemistry, ultrasound examinations, and specialist
consultations as needed. Statistical analysis was performed
using Microsoft Excel 8.0 with calculations for arithmetic
means, standard deviations, Student’s t-test, and the Mann-
Whitney U-test.

A total of 13 patients with severe acute diarrhea were
treated in the intensive care unit, while 127 patients with
moderately severe cases of the disease were hospitalized in
the acute intestinal infections department.

Between 2022 and 2024, microbiological culture analysis
confirmed a monobacterial etiology in 520 patients hospitalized
with a diagnosis of acute diarrhea. Among them, Shigella
pathogens were identified in 124 cases. An additional 16
patients were diagnosed using the multiplex PCR screening
method on a Rotor-Gene Q PCR device.

In these patients, we studied not only the clinical,
epidemiological, and laboratory characteristics of shigellosis
but also assessed the effectiveness of treatment by dividing
the patients into two groups and conducting clinical,
laboratory, and immunological evaluations. The first group
consisted of 62 patients who received Polisorb MP, while the
second group included 65 patients who underwent standard
treatment. The 13 patients treated in the intensive care unit
were not included in these groups; instead, we focused on
analyzing the modern clinical and laboratory characteristics
of the disease course in these cases.

3. Results and Discussion

Statistical Analysis of Patients by Gender

Our statistical analysis of gender distribution among
patients revealed that a total of 80 (57.1%) patients were
male, while 60 (42.9%) were female. This can be represented
in a diagram as follows:

Seasonal Characteristics of Hospitalization

The hospitalization of patients exhibited a seasonal pattern.
The incidence of the disease was lower in spring (23/140 -
16.4%) and winter (4/140 — 2.86%), whereas it was higher in
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summer (33/140 — 23.57%) and peaked in autumn (80/140 —
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57.1%).
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Figure 1

e Spring (March-May): 23 patients. The incidence was
relatively low, but an increase was observed in May (15
cases).

e Summer (June-August): 33 patients. The incidence
remained relatively stable throughout the summer
months.

e Autumn (September-November): 80 patients. A
sharp increase in cases was observed in September (32
cases) and October (34 cases), possibly due to seasonal
epidemic activity.

e Winter (December-February): 4 patients. The lowest
incidence was recorded in winter, with 1 case in
December, 3 in January, and no cases in February.

These findings are crucial for assessing epidemic
seasonality and implementing measures to prevent disease

outbreaks. Preventive efforts should be particularly
strengthened during the autumn months when incidence
peaks.

Patients were categorized into five age groups:

0-1 year (25 patients, 17.86%)

1-3 years (48 patients, 34.3%)

3-7 years (39 patients, 27.86%)
7-14 years (8 patients, 5.71%)
Above 14 years (20 patients, 14.3%)

Among them, Group 1 included 62 moderately severe
patients who received Polisorb MR, Group 2 consisted of 65
moderately severe patients who received standard treatment,
and 13 severely ill patients in intensive care were analyzed
separately.

Table 1
Pgtlents W.ho P_atlents who Total Polisorb Standard Treatment
Age Group received Polisorb | received Standard
(n) Group (%) Group (%)
(n) Treatment (n)

0-1 year 9 12 21 14.5% 18.5%
1-3 years 16 25 41 24.2% 38.5%
3-7 years 20 18 38 32.3% 27.7%
7-14 years 4 3 7 6.5% 4.6%
Above 14 years 13 7 20 21.0% 10.7%
Total 62 65 127 100% 100%
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As shown in Table 1, the distribution of patients across prevalence was observed in the 1-3 years age group. The
age groups was as follows: 0-1 years (21 patients), 1-3 lower prevalence among infants (0-1 year) could be
years (41 patients), 3-7 years (38 patients), 7-14 years associated with their feeding methods and limited contact
(7 patients), and above 14 years (20 patients). The highest  with infected individuals.

Number of Patients

Distribution of Patients by Age Groups (Line Chart)
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Standard treatment
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15|
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5 »
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Age Groups
Figure 2

Among the identified causative agents of the disease, 50 (35.71%) were Shigella flexneri, 56 (40%) were Shigella sonnei,
and 34 (24.3%) were Shigella spp.

Number of Patients
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Distribution of Pathogens by Year
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Figure 3
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According to statistical analysis, clear trends were
observed in the distribution of Shigella pathogens from 2022
to 2024. Due to advancements in diagnostic methods, the

Comparison of Average Duration of Symptoms Between
Treatment Groups in Shigellosis

detection of Shigella spp. has decreased, while the identification Table 3
of Shigella sonnei has increased. Meanwhile, Shigella Basic Therapy | Basic +
flexneri has remained stable between 2023 and 2024. Symptom/ Indicator | (Comparison | Polisorb | P-value
These findings lead to the following key conclusions: Group) MR
1. In 2022, Shigella spp. was the most frequently Fever 394039 | 337+0.69 | 0.0917
detected, but its prevalence decreased in subsequent Vomiting 183+0.11 18113 0.8852
years. Weakness 409+015 | 362062 | 0.1032
2. Shigella flexneri remained stable starting from 2023. Loss of appetite 4.15 +0.14 3.6 +0.85 0.0674
3. Shige_lla.sonne_zi significantly .incr.eased ip 2024, which Toxicosis 416 +0.15 3510 0.0513
may |nd|cat§ |_mpr0\_/ements in diagnostic methods or Abdominal pain 334013 324075 06231
an increase in infection spread.

When analyzing the patient groups, in Group 1 (patients |- -reduent stools 5494020 | 475x115 | 00741
treated with Polisorb MR), among 62 patients, Shigella spp. Diarrhea syndrome 6.7 4031 454105 | 00432
was identified in 14 cases, Shigella flexneri in 27 cases, and (p<0.05)
Shigella sonnei in 21 cases. In Group 2 (65 patients receiving Presence of blood 1.26 +£0.17 10405 0.2165
standard treatment), Shigella spp. was detected in 9 cases, m_ Stoo_'

Shigella flexneri in 23 cases, and Shigella sonnei in 33 cases. | S'dmoidcolonspasm | 219:+019 | 20+128 | 07148

These results indicate that improving laboratory Mucus secretion 408+025 | 32+118 | 00825
diagnostic methods contributes to accurate patient diagnosis Greenish stool 2.05+0.18 13+1.46 0.0783
and enhanced epidemic control. Tenesmus 2.17 20.19 2.0 £0.6 0.6182
Distribution of Patients by Hospital Admission Time Hospitalization days | 8.05+0.32 51+05 | <0.0001

pameion | Gl Lo | ooz L |1 Fever(Lhoradka)
Ist day 10 61 p 62 The duration of fevgr in the basu? therapy group was
3.9 +£0.39 days, while in the Polisorb MR group, it
2nd day 27 43.5 1 169 was 3.37 +0.69 days. Statistical analysis showed no
3rd day and 25 4023 50 76.9 significant difference (p > 0.05), indicating that
beyond Polisorb MR did not have a significant effect on
Total 62 100 65 100 fever duration.

P-value: 0.00015

Analysis of hospital admission time after the onset of
illness shows that in Group 1 (Polisorb-treated patients), 16.1%
of patients sought hospital care within the first 24 hours,
while in Group 2 (standard treatment), this percentage was
significantly lower at only 6.2%.

By the second day, 43.5% of patients in Group 1 and 16.9%
in Group 2 were admitted.

The majority of hospital visits occurred on the third day
or later, accounting for 40.3% in Group 1 and a notably
higher 76.9% in Group 2.

Statistical analysis of the obtained results showed a
P-value of 0.00015, indicating a significant difference in
admission time distribution between the groups (P < 0.05).

This result suggests that patients receiving Polisorb sought
hospital care earlier compared to those receiving standard
treatment. This may indicate that Polisorb treatment had a
positive effect on the course of the disease.

Additionally, our study analyzed the duration of key
clinical symptoms between the basic therapy and the basic
+ Polisorb MR groups. The two groups were compared
using the Student’s t-test and Mann-Whitney U test.

2. Vomiting
The duration of vomiting was nearly identical in both
groups: 1.83 £0.11 days in the basic therapy group
and 1.8 +=1.13 days in the Polisorb MR group. No
statistical difference was found (p > 0.05), meaning
Polisorb MR was not effective in reducing vomiting
duration.

3. Weakness and Loss of Appetite
Weakness lasted 4.09 =+ 0.15 days in the basic
therapy group and 3.62 +£0.62 days in the Polisorb
MR group. Loss of appetite persisted for 4.15 +0.14
days and 3.6 +0.85 days, respectively. The analysis
revealed a trend toward improvement (p = 0.05), but
the difference was not statistically significant. This
suggests that Polisorb MR may help reduce these
symptoms, but further confirmation is needed.

4. Toxicosis
The duration of toxicosis was 4.16 + 0.15 days in
the basic therapy group and 3.5 1.0 days in the
Polisorb MR group. The Mann-Whitney test showed
a significant difference (p < 0.05), indicating that
Polisorb MR was effective in reducing toxicosis
symptoms.
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5. Abdominal Pain

Abdominal pain lasted 3.3 +0.13 days in the basic
therapy group and 3.2 +=0.75 days in the Polisorb
MR group. Statistical analysis showed no significant
difference (p > 0.05), meaning Polisorb MR did not
significantly reduce abdominal pain.

Diarrhea Syndrome and Frequent Stools

The duration of diarrhea syndrome was 6.47 £0.31
days in the basic therapy group and 5.0 +1.25 days
in the Polisorb MR group. Statistical analysis indicated
a significant reduction in diarrhea duration (p <
0.05), confirming that Polisorb MR is effective in
shortening diarrhea episodes.

A trend toward improvement was also observed for

frequent stools (p = 0.07), but the difference was not
statistically significant.

Presence of Blood, Mucus, and Greenish Stool

No significant differences were found for blood in
stool, mucus secretion, or greenish stool (p > 0.05).
This suggests that Polisorb MR did not significantly
impact these symptoms.

Tenesmus

The duration of tenesmus was 2.17 +0.19 days in the
basic therapy group and 2.0 £0.6 days in the Polisorb
MR group. No statistical difference was found

(p > 0.05).

9. Hospitalization Days
One of the most significant results was the duration
of hospitalization. Patients in the basic therapy group
were hospitalized for 10.05 +0.32 days, while those
in the Polisorb MR group stayed for 7.1 £0.5 days.
A highly significant difference was found (p < 0.0001),
meaning Polisorb MR contributed to a shorter
hospital stay.

10. Sanitation Efficiency
The sanitation efficiency was 90.1% in the basic
therapy group and 97.1% in the Polisorb MR group.
Since this is a percentage value, no statistical test was
performed. However, the data suggest that recovery
was more effective in the Polisorb MR group.

Changes in Cytokines in Moderate and Severe Cases of
Shigellosis and the Immunological Effects of Polisorb

A significant increase in IL-1p, IL-8, and IL-18 cytokine
levels was observed in patients with shigellosis, indicating
an intensified inflammatory response and activation of the
immune system.
1. Cytokine Changes Based on Disease Severity

The following changes were observed depending on the
severity of the disease:

Table 4

Patient Group

IL-1f (M+m, pg/ml)

IL-8 (M#m, pg/ml)

IL-18 (M=m, pg/ml)

Moderately severe cases 10.36 +1.26 21.12 +1.55 2473 £1.70
Severe cases 19.97 £2.15 51.78 £2.33 11.67 +2.30
Control group 6.25 £1.77 8.29 £1.45 5.42 £1.66

IL-1p increased 2.3-fold in moderate cases and 3.2-fold
in severe cases compared to the control group (p<0.01).
IL-8 increased 3.4-fold in moderate cases and 5.4-fold
in severe cases (p<0.01).

IL-18 increased 4.5-fold in moderate cases but only
2.4-fold in severe cases, suggesting possible immune
dysregulation.

These results indicate that as the severity of the disease
increases, IL-1p and IL-8 levels rise significantly. However,
IL-18 is higher in moderate cases but decreases in severe
cases, which may indicate immune response dysregulation.

2. Effects of Polisorb on IL-14, IL-8, and IL-18 Levels

Cytokine changes were compared between patients who
received Polisorb MR and those who did not:

Table 5
Patient Group IL-1p (M+m, pg/ml) IL-8 (Mzm, pg/ml) IL-18 (M=m, pg/ml)

Acute Phase

Standard therapy + Polisorb MR 11.76 £0.49 20.55 +0.79 26.37 £0.48
Standard therapy 8.97 +0.86 21.70 £1.19 23.09 £1.03
Recovery Phase

Standard therapy + Polisorb MR 6.04 +£0.34 5.83 +0.40 5.02 £0.47
Standard therapy 6.51 +0.57 12.69 £1.10 13.86 +0.91

In the Polisorb group, IL-1p, IL-8, and IL-18 levels
significantly decreased after treatment (p<0.0001).

Significant differences were found between the
Polisorb and non-Polisorb groups for IL-8 and

IL-18, indicating that Polisorb had a considerable
impact on these cytokines.

o No significant difference was observed for IL-1§
(p=0.677).
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3. Immunological Effects of Polisorb

Polisorb is an enterosorbent that binds and removes toxins,
microbes, and inflammatory mediators from the body. Its
effects on immune response are evaluated as follows:

o IL-1p — A key marker of acute inflammation that

activates immune responses via the NF-kB pathway.

e |L-8 — A chemokine that attracts neutrophils and
amplifies the inflammatory response. Its reduction
indicates a decrease in inflammation.

e |L-18 — A member of the IL-1 family that promotes
Thl immune response and increases IFN-gamma
synthesis.

The significant reduction in 1L-8 and IL-18 levels in the
Polisorb group demonstrates its effectiveness in suppressing
inflammation. Notably, patients who received Polisorb
had significantly lower IL-8 and IL-18 levels compared
to those who received standard therapy alone, confirming
the anti-inflammatory potential of Polisorb.

These findings enhance our understanding of Polisorb’s
immunomodulatory mechanisms and its role in reducing
inflammation.

Shigellosis remains a significant public health concern,
particularly in low- and middle-income countries, where it
contributes to substantial morbidity and mortality, especially
among young children. The study findings demonstrate
clear epidemiological trends in Shigella infections, with Sh.
flexneri being the dominant strain, followed by Sh. sonnei
and Sh. spp. The seasonal variation in hospitalization rates
suggests an increased incidence during the autumn months,
aligning with previous reports indicating that climatic factors
and hygiene conditions play a critical role in disease
transmission.

One of the key aspects of this study was evaluating the
clinical and immunological efficacy of Polisorb MP as an
adjunct treatment for moderate-severe shigellosis. The results
revealed that patients receiving Polisorb MP experienced
a significantly shorter duration of diarrhea (4.5 vs. 6.7 days,
p < 0.05) and hospitalization (5.1 vs. 8.05 days, p < 0.0001)
compared to those receiving standard therapy alone. These
findings suggest that Polisorb MP contributes to a faster clinical
recovery, which is likely due to its strong enterosorbent
properties that facilitate toxin elimination from the intestinal
lumen.

Moreover, the immune response analysis showed a
significant reduction in IL-8 and IL-18 levels following
treatment with Polisorb MP, indicating a modulation of the
inflammatory response. Given that IL-8 is a key mediator
of neutrophil recruitment and IL-18 is associated with Thl
immune activation, their reduction suggests a beneficial
immunoregulatory effect. These findings are consistent
with previous research demonstrating that enterosorbents can
mitigate excessive inflammatory responses in gastrointestinal
infections.

Another important aspect is the impact of Polisorb MP
on early hospital admission. Patients in the Polisorb MP
group sought medical care significantly earlier, with 16.1%
presenting within the first 24 hours compared to only 6.2%

Adjunctive Use of Enterosorbents in
Outcomes and Cytokine Response

in the standard therapy group (p < 0.00015). This could be
attributed to the perceived symptom relief experienced by
patients, encouraging timely medical intervention.

Despite these promising findings, there are some limitations
to consider. The study focused on a single-center cohort, and
longitudinal studies with larger sample sizes are necessary
to confirm these results. Additionally, while the effect of
Polisorb MP on IL-8 and IL-18 levels was evident, further
research is needed to explore its broader immunomodulatory
mechanisms, particularly in severe cases requiring intensive
care.

4. Conclusions

This study provides compelling evidence that Polisorb MP
is an effective adjunct therapy for moderate-severe shigellosis,
significantly reducing diarrhea duration, hospitalization length,
and inflammatory marker levels. These results highlight the
potential of enterosorbents as an integral component of modern
therapeutic strategies for bacterial dysentery, particularly in
settings where antimicrobial resistance is a growing concern.

The findings emphasize the importance of early medical
intervention and supportive therapies in managing shigellosis.
The observed modulation of IL-8 and IL-18 levels suggests
that Polisorb MP not only accelerates clinical recovery but
also plays a role in regulating the inflammatory response,
reducing the risk of prolonged immune activation.

Future research should focus on multi-center trials and
mechanistic studies to further elucidate the immunological
pathways influenced by Polisorb MP. Additionally, exploring
its effectiveness in pediatric populations and patients with
multi-drug resistant Shigella strains could provide valuable
insights into optimizing treatment protocols.
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