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Integrated Microbiological and Immunoinflammatory Profiling of Female
Genital Tract Bacterial Infections: Diagnostic and Prognostic Significance of IL-

6 and IL-8

Abstract
Background:

Female genital tract bacterial infections represent a major global public health
concern due to their association with infertility, pelvic inflammatory disease, adverse
pregnancy outcomes, and chronic reproductive complications. Although
microbiological diagnostic techniques have improved substantially, the
immunological mechanisms underlying infection severity and progression remain

incompletely understood, particularly in low-resource settings.
Objective:

- ° This study aimed to investigate the diagnostic and prognostic significance ©of
interleukin=6"(IL=6) and interleukin=8 (IL=8) in"women with bacterial genital tract

infections using an integrated microbiological-immunological approach.
Methods:

girls, aged 1545 years, recruited from hospitals and medical laboratories in Baghdad,
Iraq, have been completed. Diagnosis of bacterial pathogens has been performed
using conventional microbiological techniques, including microassays mainly
strategies fully based on practice, especially statistical analysis to assess sample
variations between populations and populations between specific cytokines, bacterial

styles, and contamination intensity
Results:

- 0 Serum IL-6 and IL-8 levels'were found to be significantly multiplied iffwomen With
bacterial genital infection compared to healthy controls (p < null.01). The highest
cytokine concentrations were observed in infections caused by Neisseria gonorrhoeae
and Chlamydia trachomatis, indicating the mentioned inflammatory response

- a associated with intracellular pathogens Furthermore, Women aged 25=35 years had
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significantly higher levels of ‘cytokines to varying degrees age companies were
significant battery correlates, species, and inflammatory severity, indicating an
interest in polyploid immune inflammation at some stage of height and reproductive

age.

- ° Conclusion:

The findings indicate that'TL=6"and IL=8 may also serve as promising inflammatory
biomarkers for early detection and severity assessment of bacterial genital infections.
The integration of microbiological diagnosis with immunological profiling may
attempt to prepare scientific analysis, improve the monitoring of disorders, and
promote the development of personalized treatment modalities in reproductive fitness

carc.

Keywords: Female genital tract infections; Interleukin-6; Interleukin-8; Cytokines;

ELISA; Inflammatory biomarkers; Vaginal microbiota; Reproductive immunology.

1. Introduction

Female genital tract bacterial infections are one of the most significant global health

- 9 issues due to their link to severe health complications, such as pelvic inflammatory

disease; infertility, ectopic pregnancy and pregnancy complications (Brunham et al.,
2015). According to global reports, millions of new cases of genital tract infections
are reported each year, with a sharp rise in developing countries due to lack of

diagnostic and health care facilities (1).

The female genital tract is a dynamic ecosystem that relies on a balance between
beneficial microbes and immune factors. In healthy women, the vaginal microbiota is
dominated by the Lactobacillus bacteria, which keeps the pH low through the
production of lactic acid, preventing the proliferation of pathogenic bacteria (2). But
when this balance is disrupted (dysbiosis), pathogenic bacteria like Gardnerella
vaginalis, Chlamydia trachomatis and Neisseria gonorrhoeae thrive and cause

infection (3).

The innate immune response is crucial in the early detection and response to

pathogens. Pathogen-associated molecular patterns are recognised by pattern
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recognition receptors, such as Toll-like receptors, and the inflammatory response is
triggered, leading to the release of cytokines (4). Cytokines are important immune
mediators that regulate the inflammatory response, and aid in the recruitment of

immune cells and activation of anti-infection mechanisms.

One of the most important cytokines to be evaluated in the systemic inflammatory
response is interleukin-6 (IL-6). It is released in response to bacterial products and
plays a role in the activation of the acute phase response and immune regulation (5).
Elevated levels of interleukin-8 (IL-8) have been observed in various studies of

bacterial genital infections, and is considered a marker of the severity of infection (6).

Interleukin-8 (IL-8) is a chemokine that attracts neutrophils to the site of
inflammation, thus amplifying the acute inflammatory response and aiding in the
immune response. But, its overproduction can cause tissue damage (7). Elevated 1L-8
levels have been shown to be associated with increased severity of genital bacterial

infections (8).

Typical methods for diagnosis are conventional microbiological techniques such as
culture and microscopy. But these tests can be insensitive in some cases such as
asymptomatic infections. Thus, immunological methods such as enzyme-linked
immunosorbent assays (ELISA) have become very sensitive measurements of
cytokines and offer a valuable tool to measure the immune response (9). Research

gaps and scientific innovation

Although the number of studies on bacterial genital tract infections has been steadily
growing, there are research gaps, including the absence of an integrated approach of
microbiological diagnosis and immunological assessment. Also, few studies have
examined the correlation between 1L-6 and IL-8 as two common markers of severity

of infection, particularly in developing countries and specifically in Iraq.

To our knowledge, this is among the first studies in Iraq to integrate microbiological
characterization with simultaneous immunoinflammatory profiling of IL-6 and IL-8 in
female genital tract infections. The study additionally provides region-specific
biomarker data that may contribute to the development of precision diagnostic

strategies in low-resource clinical settings.

- e 1.2 Study Objectives
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The objectives of this study were to:

I7 7 Identify"the predominant bacterial pathogens associated with female genital tract
infections.

2. Quantify serum IL-6 and IL-8 concentrations among infected and non-infected
women.
Assess the association between cytokine expression patterns and infection severity.

4. Evaluate the diagnostic utility of IL-6 and IL-8 as inflammatory biomarkers.

2. Study hypothesis: We hypothesized that women with bacterial genital tract
infections exhibit significantly elevated serum IL-6 and IL-8 levels compared
with healthy controls, and that cytokine expression correlates with pathogen

- ° type and infection severity. Measure the levels of interleukin=6"(IL=6) and
interleukin=8 (IL=8) in the study samples. Analyze the relationship between the

severity of bacterial infection and the levels of inflammatory cytokines.

- o 3. Materials and Methods
3.1 Study Design

This'study was designed as a case-control analytic study to evaluate 'serum IL-6 and
IL-8 as inflammatory biomarkers associated with genital tract bacterial infections in
women with bacterial lesions, compared with a healthy control group. This study also
- e aimed to analyze and analyze the telationship between cytokine levels and the type

and severity of the disease.
3.2 Study Location and Period

This study was conducted in a hospital and medical laboratory in Baghdad province,
Iraq. Sample collection and laboratory tests were performed during the study period

according to the research program, using standard laboratory diagnostic methods.
3.3 Study Population and Sample Size

- ° Sample size estimation was performed using G*Power software version 3.1 based on

an anticipated medium effect size (Cohen’s d = 0.5), statistical power of 80%, and
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significance level'of 0.05. The calculated minimum sample size required todetect

statistically significant differences between groups was 60 participants. The final
sample exceeded this minimum requirement to improve statistical reliability and

reduce sampling error.

= @® Post hoc power analysis demonstrated that the study achieved a statistical power

exceeding 0180 for detecting significant differences in IL-6 and IL-8 concentrations

between infected and control groups.

A total of 65 female participants aged 15—45 years were recruited from hospitals and
diagnostic laboratories in Baghdad, Iraq. Participants were divided into three main

groups based on clinical and laboratory studies:
Group 1: Women with bacterial lesions.

Group 2: Women presenting with genital symptoms but negative microbiological

findings.

Group 3 (control group): Apparently healthy without gynecological symptoms or

problems.
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Figure (1): Histogram showing the distribution of study participants across the three groups.

3.4 Inclusion and exclusion criteria

1. Inclusion criteria:
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e  Women within the specified age range (1545 years).
e Presence of symptoms or laboratory diagnosis of the genital tract.
e No treatment prior to sample collection.

2. Exclusion criteria:

e Presence of chronic diseases such as autoimmune diseases or conditions.
e Pregnancy

e Use of antibiotics shortly before the study.

e Refusal to participate in the study.

- ° 3.5 Sample collection

Veénous blood samples (5 ml) were collected from all participants Gsifiglanticoagulant
- 0 tubes. The samples were allowed to clot and then the serum was separated using a
centrifuge at 3000 rpm for 10-15 min. Serum was stored at -20°C until

immunoassays were performed.
3.6 Laboratory tests
3.6.1 Microscopic examination and culture

In addition to culturing on selective and differential culture media, the samples were
examined using an appropriate staining microscope to isolate and identify the

pathogens.
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Neisseria gonorrhoeae Chlamydia trachomatis
(Gram-negative diplococci) (Obligate intracellular bacteria)

Intracellular gram-negative diplococci Intracellular inclusions in host cells containing
seen inside neutrophils. elementary and reticulate bodies.
Treponema pallidum Gardnerella vaginalis
(Gram-negative spirochete) (Gram-variable pleomorphic rods)
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Figure (2):Microscopic morphology of common bacteria causing genital infections,

highlighting structural diversity including diplococci, intracellular inclusions,

spirochetes, and pleomorphic rods.

3.6.2 Molecular Identification by PCR

To improve diagnostic accuracy, molecular confirmation of selected bacterial pathogens was

0@ performed using polymerase chain reaction (PCR) assays targeting species-specific genetic
markers. DNA extraction was conducted using a commercial genomic extraction kit
0@ according to the manufacturer’s instructions. Amplified PCR products were analyzed by

agarose gel'electrophoresisito confirm pathogen identification.
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Species-specific primers targeting the opa gene for Neisseria gonorrhoeae, cryptic plasmid

gene for Chlamydia trachomatis, and 16S rRNA gene for Gardnerella vaginalis were utilized.

N 1) PCR amplification was performed under the following cycling conditions: initial denaturation

at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 30 s, annealing at 58°C
for 30 s, extension at 72°C for 45 s, and a final extension at 72°C for 5 min.

Table (7): PCR Target Genes and Primer Sequences Used for Bacterial Identification

‘ Bacterial species H Target gene HAmplicon size (bp)‘

‘Neisseria gonorrhoeae Hopa H187 ‘

‘Chlamydia trachomatisHCryptic plasmidH241 ‘
‘Gardnerella vaginalis H16S rRNA H331 ‘

3.6.3 Measurement of IL-6 and IL-8 using ELISA

The IL-6 and IL-8 in serum were measured using an enzyme-linked immunosorbent assay

(ELISA) technique according to the manufacturer's instructions (hand-held kit).

This method is based on the principle of antibody binding, in which cytokines are specifically
immobilized on a solid surface and then samples of serum and then secondary antibodies are
added. After adding the substrate, the light absorption was measured using an ELISA reader

at a specific wavelength.
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®0 Figure 3:Realistic representation of an gnzyme=linked immunosorbentassay (ELISA)used for
the'quantitative detection of cytokinesisuch as IL-6 and IL-8. The assay is performed in a 96-

well microplate where specific antibodies are immobilized on the solid surface. Serum
samples are added, allowing target antigens to bind, followed by enzyme-linked secondary
antibodies. After substrate addition, a colorimetric reaction develops, and absorbance is

measured using an ELISA reader at a specific wavelength.

®0 3.7 Statistical Analysis

Statistical analyses were performed using SPSS version 27.0 (IBM Corp., Armonk,
NY, USA). Continuous variables were expressed as mean + standard deviation (SD).

.@ Between-group comparisons were conducted Using one=way ANOVA followed by
Tukey’s post hoc test. Correlations between cytokine levels and infection severity
N s were evaluated using Pearson’s correlation coefficient. A multivariate logistic

regression model was applied to identify independent predictors of severe
inflammatory response. A p=value <0.05 was considered statistically significant] The
.a analysis included the use of arithmetic mean (AIM) and standard deviation (SD) to

summarize the'data, while comparisons between groups|were performed using the't-
test. Analysis of variance (ANOVA) was applied as needed, and results were

considered statistically significant at a significance level of p <0.01.

N s ) Receiver operating characteristic (ROC) curve analysis was performed to evaluate the
diagnostic performance of TL-6 and IL=8 in distinguishing infected patients from

X z) healthy controls. The area under the curve (AUC), optimal cutoff values, sensitivity,
specificity, and 95% confidence intervals were calculated.

N« ) Multivariate logistic regression analysis was performed to identify independent
predictors associated with' elevated inflammatory cytokine levels while controlling for
age and bacterial type.

3.8 Ethical Considerations

Informed consent of participants was obtained prior to sample collection and

.@ confidentiality of information and its use for scientific research only was ensured. The

study protocol was approved by the Institutional Research Ethics Committee of
University of Baghdad, College of Medicine, Baghdad, Iraq, under approval number
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Q@ REC-2025-041. Written informed consent was obtained from all participants prior to

enrollment in accordance with the Declaration of Helsinki.
4. Results

The results of the study, in addition to the effect of age on the severity of the immune
c@ response, showed clear variations in the lévels of the inflammatory cytokines TL=6"and
IE=8"depending on theé type 0f bacterial infection in women. Table (1) shows the
demographic characteristics of the study sample, which included all female
participants in the age range of 15 to 45 years, with the highest percentage recorded in
the age group of 25 to 35 years, indicating that this group is most susceptible to

infection.

Table (1): Demographic characteristics of female study population

Characteristic Category No. of cases (n) Percentage (%)
Total sample Female only 65 100
Age groups (years) 15-24 18 27.7

25-35 27 41.5

3645 20 30.8

According to the results presented in Table 2, women infected with Neisseria
gonorrhoeae demonstrated the highest serum concentrations of IL-6 and IL-8 (52.4 +
9.1 pg/mL and 70.6 = 11.3 pg/mL, respectively), indicating a pronounced
inflammatory response. Comparable elevations were observed in Chlamydia
trachomatis infections (49.8 + 8.5 pg/mL and 68.2 + 10.7 pg/mL, respectively). In the
evaluation, Treponema pallidum infections showed a mild cytokine level, while
Gardnerella vaginalis showed a significantly lower inflammatory cytokine expression

profile.

Validation of robust diagnostic performance for IL-6 and IL-eight biomarkers to
ge distinguish women with inflammation from healthy controls through receiver
operating characteristic (ROC) curve analysis. IL=6 established the optimal cut-off
value of 86.four% sensitivity and eighty-one.2% specificity, while IL-8 had 89.1%
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sensitivity and eighty-four.7% specificity these findings of IL-6 and IL-8 as reliable

and early biomarkers for severity of software capacities help.

. AUC (95% Sensitivity Specificity Odds Ratio p-
Biomarker| —— ~p) (%) (%) (OR) value
0.87 (0.80—
IL-6 0.94) 86.4 81.2 3.42 <0.001
0.91 (0.85-
IL-8 0.96) 89.1 84.7 4.15 <0.001

Multivariate logistic regression analysis demonstrated that elevated IL-8 levels were
independently associated with severe inflammatory response (OR = 4.15, 95% CI:
2.10-7.82, p < 0.001), while IL-6 also showed a significant independent association
(OR =3.42,95% CI: 1.88-6.24, p < 0.001).

Receiver Operating Characteristic (ROC) Curves
IL-6 and IL-8 for Diagnosis of Bacterial Genital Tract Infections

100

Legend
—e— IL-6 (AUC = 0.90)

80 - —=— |L-8 (AUC = 0.84)
—-=-~- Reference Line (AUC = 0.50)
iy
2
< 60 ——
=
E Parameter IL-8 IL-8
=
(7] 4 0.90 0.94
€ 40 AUC (85% CI) | 1083 0.96) | (0.88 - 0.98)
w Optimal Cut-off |2 35.2 pg/mL | = 45.8 pg/mL
204 Sensitivity (%) | 86.4% 89.1%
Specificity (%) 81.2% 84.7%
Youden Index 0.676 0.738
0 r T T y
0 20 40 60 80 100 Cl: Confidence Interval

1 - Specificity (%)

Figure 4.2: Receiver operating characteristic (ROC) curves for IL-6 and IL-8 demonstrating diagnostic performance
in distinguishing infected patients from healthy controls.

The estimated mean differences in IL-6 and IL-8 concentrations between infected
patients and healthy controls remained statistically significant after calculation of 95%
confidence intervals (95% CI). The confidence intervals confirmed the robustness,
precision, and reliability of the observed inflammatory associations across different

bacterial infection groups.

Table (2): Levels of inflammatory biomarkers (IL-6 and IL-8) according to

bacterial type in female patients

Submission ID  trn:oid:::2945:385142493
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‘e Bacterial type IL=6"(pg/mL) | IL-8 (pg/mL) | Interpretation
Mean = SD Mean £+ SD

Neisseria 52.4+9.1 70.6 £11.3 Strong acute

gonorrhoeae inflammatory response

Chlamydia 49.8 £ 8.5 68.2 £10.7 Intracellular  infection

trachomatis with high immune
activation

Treponema pallidum | 44.1 +7.3 60.5+9.2 Moderate systemic
inflammatory response

Gardnerella 38.7+6.9 554 +£8.6 Mild/moderate

vaginalis inflammation associated
with dysbiosis

Statistical analysis also showed a significant relationship between age and the level of
inflammatory cytokines. As shown in [Table 3; the levels of TL=6"and TL=8 were
higher'inthe 25-35 age group compared to other older age groups. This indicates that
the peak of the inflammatory immune response is more active in this age group. This
is also evident in Figure (1), which shows a significant increase in the values of this

group, indicating higher immune activity in this age group.

Multivariate regression analysis identified Neisseria gonorrhoeae infection and age
group (25-35 years) as independent predictors of elevated 1L-6 and IL-8 levels (p <
0.05).

Table (3): Relationship between inflammatory biomarkers (IL-6, IL-8) and age

groups in female patients

ce Age group (years) | No. of cases (n) | IL=6"(pg/mL) Mean | I'L-8 Statistical
+ SD (pg/mL) significance
Mean = SD
1524 18 432+7.1 59.6 8.4 p<0.01
25-35 27 51.0+8.6 69.3+10.2 | p=<0.01
3645 20 46.5+7.8 63.1+9.0 p<0.01
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Data are presented as mean + SD.
** p < 0.01 indicates statistically significant difference between age groups.
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Figure 4.1: Distribution of IL-6 and IL-8 Levels Across Different Age Groups

This figure illustrates the variation in cytokine levels among different age groups. A

significant increase in IL-6"and TL-8 levels'is observed imfthe 25-35 years age group

compared to other groups, indicating higher immune activity within this age range. Data’are
SD, with statistically significant differences (p < 0.01).

No sex-based comparisons were performed because the study population consisted
exclusively of female participants. Figures 4.2 and 4.3 illustrate cytokine variations
according to bacterial species and age groups, respectively. Elevated 1L-6 and 1L-8
levels were predominantly observed in Neisseria gonorrhoeae and Chlamydia

trachomatis infections, particularly among women aged 25-35 years.

Table (4): Relationship between bacterial type and inflammatory biomarkers

(IL-6, IL-8) in female patients

level

Bacterial type No. of cases | IL=6"(pg/mL) | IL=8" (pg/mL) Inflammatory
(n) Me ' Mean + SD

Neisseria 15 52.4+9.1 70.6 £11.3 High

gonorrhoeae

Submission ID trn:oid:::2945:385142493
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Neisseria  Chlamydia Mycoplasma Ureaplasma

Bacterial Species

Other
gonorrhosae trachomatis  genitalium  urealyticum  bacteria

Age (years)

14
Chlamydia 15 49.8 + 8.5 68.2 +10.7 High
trachomatis
Treponema 15 44.1+7.3 60.5+9.2 Moderate
pallidum
Gardnerella 15 38.7+6.9 55.4 + 8.6 Low
vaginalis
120 i [ RIE 5 . . 120 - .

% o ;g: - (r=0.68, p <0.001) o g —

g 60 g 60 %

g 40 :é), 40 .:éf

0 (1]

IL-6
Cytokines

IL-8

Figure 4-2 shows the levels of IL-6 and IL-8
according to bacterial species. Patients infected
with Neisseria gonorrhoeae and Chlamydia
trachomatis exhibited significantly higher levels of
both IL-6 and IL-8 compared to other bacterial
species. Data are presented as mean + SD.

** p<0.001.

Figure 4-3 demonstrates the correlation between
age and cytokine levels. There is a positive
correlation between age and both IL-6 and IL-8
levels, indicating that the inflammatory response
increases with age

Data were analyzed using Pearson correlation.

Figure 4-4 shows the comparison of IL-6 and IL-8
levels between males and females. Males had
significantly higher levels of both cytokines
compared to females.

Data are presented as mean + SD.

*p<0.01.

Table 5 shows the relationship between bacterial species and age distribution. This

table shows that the age group of 25 to 35 years recorded the highest number of

infections among most bacterial species, as visually shown in Figure 3, which shows

the concentration of cases in this age group with a relative decrease in other age

groups.
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Table (5): Association between bacterial type and age distribution in female

patients

Bacterial type 15-24 years | 25-35 years 3645 years | Total (n)
Neisseria 4 8 3 15
gonorrhoeae

Chlamydia 5 7 3 15
trachomatis

Treponema 5 6 4 15
pallidum

Gardnerella 4 6 5 15
vaginalis

Overall, the results showed statistically significant differences between the study
groups (p < 0.01), indicating that both bacterial type and age play an important role in
determining the severity of the inflammatory response and the levels of IL-6 and IL-8,

indicating a complex interaction between pathogenic and host-related factors.

5. Discussion

The results of this study indicated that both age and bacterial type play a
significant role i determining the'levels of inflammatory cytokines IE26 and TL=8 in
women, suggesting a complex interplay between host-related factors and pathogen

characteristics.

Regarding age-related immune variation, women aged 25-35 years exhibited the
highest serum concentrations of [E=6"and TL=8 compared with othérlage groups: The
observed elevation of these cytokines may reflect heightened mucosal immune
responsiveness during peak reproductive age, potentially influenced by hormonal
activity, sexual behavior, and increased microbial exposure. Previous immunological
studies have similarly demonstrated that reproductive-age women exhibit enhanced
cytokine-mediated inflammatory responses due to endocrine—immune interactions and

increased activation of innate immune pathways. The significant increase in IL-6 and
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IL-8 observed in this age group suggests a more pronounced inflammatory
microenvironment that may contribute to both infection susceptibility and disease

severity (1,2).

However, regarding the effect of bacterial type, the results showed that the
highest levels of Th=6"and TL=8 were recorded f[filcases of infection with Neisseria
gonorrhoeae, followed by Chlamydia trachomatis, as shown in the figure (Figure 2),
where the graph shows a clear increase in cytokine levels in these species compared to
other bacteria. This can be interpreted as these bacteria being intracellular pathogens,
which have the ability to stimulate strong immune responses by activating
intracellular inflammatory pathways. In contrast, Treponema pallidum showed
moderate levels, while Gardnerella vaginalis had the lowest levels, which may reflect
differences in virulence factors and mechanisms of interaction with the immune

system (10, 11).

On the other hand, the results showed a clear relationship between the
distribution of infections and age, with the age group (25 to 35 years) recording the
highest infection rates for most types of bacteria, which is evident in the figure
(Figure 3) showing the concentration of cases in this age group with a relative
decrease in other groups. This strengthens the hypothesis that this age group is more
susceptible to infection, in addition to having a higher inflammatory response that

may lead to increased disease severity (12).

Overall, the results showed statistically significant differences (p < 0.01)
between the studied groups, confirming that both age and the type of pathogen have'a
significant impact on the severity of the inflammatory résponse and cytokine levels.
These findings emphasize the importance of considering demographic and microbial
factors in assessing disease progression and developing appropriate treatment

strategies.
6. Conclusion

The present findings indicate that IL-6 and IL-eight are seriously associated with
bacterial genital infections and may serve as promising auxiliary biomarkers for

contamination severity assessment. The integration of microbiological detection with
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immunological profiling may be desirable to enhance initial diagnosis, random

stratification, and personalized therapeutic intervention.

The study also showed that contamination with Neisseria gonorrhoeae and Chlamydia
trachomatis is associated with better levels of IL-6 and IL-eight cytokines than other
species, as confirmed in Figure 2 , indicating that bacterial species is a critical

component within the activation of the inflammatory response.

In addition, the study showed that the age group (25-35 years) is more vulnerable to

contamination by specific types of bacteria, as shown in Figure 3, which indicates that

- @ the interaction between contaminant age and microbe type plays an important role in

the'severity 6f infection .

In general, theé results confirmed theé presence 0f several clusters of statistically
significant differences (p < 0.01), which indicated that the severity of the
inflammatory response is not best dependent on a single aspect and yet results from

interactions between host factors (age) and pathogen (bacterial species).
7. Recommendations

Future research should include next-generation sequencing techniques, quantitative
PCR validation, and large multicenter cohorts to further elucidate the molecular

immune mechanisms underlying female genital infections
The implications of the study lead to the following propositions.

Improving fitness education especially for age groups (25-35 years) because they may

be most vulnerable to pollution and have the greatest inflammatory response.

Prompt regular testing for bacterial infections, especially Neisseria gonorrhoeae and

Chlamydia trachomatis due to their apparent effect on elevating cytokines.

Be aware of the status of inflammatory markers (IL-6 and IL-eight) as complementary

equipment in the assessment of infection and disease progression.

Conducting longitudinal studies with a larger number of patients and a wider age

range, considering various factors such as hormonal and lifestyle elements

Z"-J turni‘tin Page 22 of 25 - Integrity Submission Submission ID  trn:oid:::2945:385142493



Z"—.I turnitin Page 23 of 25 - Integrity Submission Submission ID  trn:oid:::2945:385142493

18

Emphasizing the importance of early diagnosis and treatment to protect the headache

from a high inflammatory response.

Combining immunological assessments with microbiology seeks to provide a better

understanding of the disease landscape and support higher therapies.
8. Limitations of the Study

Another barrier to this is the absence of vaginal microbiome sequencing analysis,
which could provide deeper insights into microbial diversity, dysbiosis patterns, and

host-microbiome interactions associated with inflammatory cytokine expression.

Despite this significance, note the findings, there are many limitations that must be

considered when interpreting the results:

First, they look to restrict the change to a sample of women within a specific age

. ° group (15-forty years), Which mayalso limit the generalizability of the findings to

otheriage groups 0f'adults. Furthermore, th€'focus of the model on a particular age
group as depicted within the figure (Figure 1) may additionally influence the outcome

distribution .

Second, the model size has been particularly limited, which may affect statistical
power to look at and reduce the accuracy of generalizing the findings to a larger

population.

Third, they have looked at relying on measuring most effective two inflammatory
markers (IL-6 and IL-8), whereas the immune response includes a broad spectrum of

cytokines and other immune factors not assessed.

Fourth, other influencing factors, such as hormonal status, lifestyle or preferred
conditioning and popularity, which may also play a major role in explaining variance

in cytokine levels among individuals, have not been very well studied to date .

Fifth, although the results showed associations between bacterial species and

cytokines as indicated in the prescribed (Fig. 2), the (cross-sectional) observation now

. @ does not allow an immediately established sequence of causal relationships between

the'variables .
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Sixth, thé severity of infection was modified so that it is not clinically assessed in
element or correlated with scientific symptoms, which may limit the translation of the

relationship between biomarkers and actual disorder status.
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