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ABSTRACT

Influenza A virus (H1N1) infection is still a high risk disease that involves inflammatory reactions.
Chemokine (C-C motif) ligand 2 (CCL2) and Toll-like receptor 7 (TLR7) are important elements of immune system that
regulate antiviral and inflammatory responses. This study aimed to assess the combined diagnostic and prognostic
importance of TLR7 and CCL2, and investigate their relationship with clinical parameters and disease severity of HIN1.

In this case-control study, 60 influenza patients (divided into influenza-like illness [ILI] and severe
acute respiratory infection [SARI] groups) were included along with 30 healthy people that served as control group. Blood
samples were used to evaluate the expression of the TLR7 gene using RT-qPCR. The levels of CCL2 were measured using
ELISA. ROC curve analysis, multivariate logistic regression, spearman correlation, and nonparametric tests were used to
analyze the clinical data.

m H1N1 patients showed considerably higher levels of TLR7 expression than controls (median 8.6 vs 1.6; P<0.001).
WABC and CRP levels were positively linked with elevated levels of TLR7. On the other hand, CCL2 was significantly lower in
SARI group compared to ILI patients (37.5 vs 87.4 pg/mL; P<0.001). Predictive AUCs of 0.75 for TLR7 and 0.79 for CCL2 were
found using ROC analysis; the combined model increased AUC to 0.85 (95% Cl, 0.73-0.91). The presence of disease severity
and diabetes was substantially correlated with both biomarkers.

In severe HIN1 infection, both CCL2 downregulation and TLR7 overexpression indicate increased immunological
activity and inflammatory reactions dysregulation. The prognostic accuracy for identifying patients at risk of severe influenza
is improved by their combined profiling.
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1. Introduction

evere acute respiratory infection (SARI) can

develop from influenza A (HIN1) infection,

which is still a leading source of respiratory

morbidity globally, especially in susceptible

groups. The clinical outcome of infection depends not

only on viral load but also on the host’s

immunogenetic response. Chemokine (C-C motif)

ligand 2 (CCL2) and Toll-like receptor 7 (TLR7) have

become important regulators of immune regulation
among the major molecular determinants (1, 2).

TLR7 is found in endosomal compartments of
dendritic cells and macrophages. Type | interferon and
proinflammatory cytokines are induced when TLR7
detects single-stranded viral RNA and initiates MyD88-
dependent signaling pathways. However, the
“cytokine storm” feature of severe viruses may be
exacerbated by increased activation of TLR7 (1-3).

The powerful chemokine CCL2 (monocyte
chemoattractant protein-1), which is encoded on
chromosome 17q11.2, facilitates the recruitment of
monocytes and T-cells (4, 5).

In viral pneumonia, abnormal leukocyte trafficking
and tissue damage have been associated with
elevated or dysregulated levels of CCL2 expression (6-
8).

According to a recent study, TLR7 and CCL2 interact
through common inflammatory and antiviral
pathways (9, 10). TLR7 stimulation increases cytokine
cascades, but excessive CCL2 synthesis or depletion
might upset immunological homeostasis and increase
the risk of immunopathology or exhaustion (11-13).

This integrated study evaluates the combined
diagnostic and prognostic relevance of previously
created single-biomarker datasets on CCL2 serum
levels and TLR7 gene expression from the same Iraqi
HIN1 patient group. Our hypothesis was that
immunological dysregulation linked to influenza
severity is concurrently reflected by the elevated TLR7
expression and downregulated CCL2, and that their
combined profiling enhances the illness progression
prediction.

2. Materials and Methods

2.1 Study Design and Participants

For this case-control study, sampling was conducted
between November and December 2023 across
multiple public hospitals in seventeen Iraqi provinces.
The study included 90 participants, 60 of them were
patients with laboratory-confirmed influenza A
(HIN1) infection and 30 were control participants. To
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capture the acute phase responses, in ten days of
symptom onset nasal and throat swabs and blood
samples were taken. Patients were clinically classified
according to the World Health Organization (WHO)
criteria into two groups: influenza-like illness (ILI) and
severe acute respiratory infection (SARI). ILI patients
showed mild respiratory symptoms with fever and
cough, whereas SARI patients exhibited dyspnea
requiring  supplemental oxygen therapy or
hospitalization in addition to fever and cough.

Control subjects were hospital employees or blood
donors who volunteered, and they had no clinical
signs of respiratory infection, chronic inflammatory or
autoimmune disease. Furthermore, demographic and
clinical characteristics were registered in all
participants, such as age, sex, diabetes mellitus, and
hypertension. This study was approved by the Ethics
Committee of the College of Science, University of
Baghdad (approval No. CSE/0922/0084). All the
participants signed a written informed consent form
prior to the study.

2.2 Sample Collection and Handling

Nasal and throat swabs were collected using sterile,
labeled, screw-capped tubes containing viral transport
medium (VTM) to maintain viral integrity during
transportation. Samples were promptly transferred to
the central laboratory under cold-chain conditions and
stored at —70°C until processing.

Five milliliter of venous blood samples were
obtained from each participant and equally divided
into ethylene diamine tetraacetic acid (EDTA) tubes
and plain tubes. The plain tubes were left to clot for
30 min at room temperature (20-25°C) and then
centrifuged for 15 min at 42C to separate serum for
immunological and biochemical assays, while whole
blood samples (EDTA-treated) were reserved for
hematological analysis and RNA extraction.

2.3 Molecular Diagnosis of HIN1 Infection

Infection of HIN1 was confirmed molecularly using
RT/Platinum™ Taq mix with fast 7500 Real-Time PCR
system (Applied Biosystems). Positive samples for
influenza A were subjected to subtyping with CDC
Influenza Virus Real-Time RT-PCR Subtyping Influenza
A (H3/H1pdm09) Panel kit (Atlanta, USA). Each 20 pL
reaction contained: 0.5 plL of each primer and probe
(40 uM primers and 10 uM probe concentrations), 0.5
pL Rox dye (1:10 dilution), 5.5 uL PCR grade water, and
5 uL of RNA template extracted from the swab sample.
The thermal cycling conditions included reverse
transcription at 50°C for 5 min, followed by initial
denaturation at 95°C for 2 min, and 45 amplification
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cycles consisting of denaturation at 95°C for 3 sec and
combined annealing/extension at 55°C for 30 sec.

2.4 Blood Biomarkers Assessment

Biomarkers in serum samples were evaluated to
measure inflammation and participants immune
response. C reactive protein (CRP) was quantified
using an electro-chemiluminescence immunoassay
system (ECLIA), and ferritin was measured using the
Enzyme-Linked Fluorescent Assay (ELFA) on a
miniVIDAS analyzer. Concentrations of CCL2 were
qguantified using an enzyme-linked immunosorbent
assay (ELISA) kit with minimum detectable limit of 5
pg/mL. An automated hematology analyzer was used
to analyze white blood cell (WBC) counts. All
biochemical and immunological assays were
performed according to the manufacturers’
instructions.

2.5 RNA Extraction and Quantitative Gene
Expression Analysis

Following the manufacturers' protocol, RNA was
extracted from EDTA-treated whole blood samples
using Viral RNA Mini Kit (Qiagen, Germany).
Afterward, the extracted RNA  underwent
complementary DNA (cDNA) synthesis by EasyScript
One-Step gDNA Eraser and cDNA Synthesis SuperMix
(TransGen, China). Reaction tubes contained 3-5 puL
RNA, 1 uL Anchored Oligo (dT) Primer (0.5 pg/uL) with
1 uL Random Primer (0.1 pg/ulL) and incubated for five
min at 65°C and for 10 min at 4°C in a Thermocycler,
following the incubation, 10 pL of EX reaction mix, 1
uL of gDNA remover, and 1 uL of EasyScript® RT/RI
enzyme mix were added. The final reaction volume
was adjusted to 20 uL by RNase free water. The
thermocycling program was consisted of: 25°C for 10
min, 42°C for 30 min, and 85°C for 5 sec. Utilizing the
TransStart® Green gPCR SuperMix Kit (TransGen,
China), quantitative polymerase chain reaction (qPCR)
was performed. The used primers were as follow:

TLR7 (forward 5'-AATGTCACAGCCGTCCCTAC-3' (14)
and reverse -5'- GCGCATCAAAAGCATTTACA-3' (14) )
and Beta-actin as housekeeping gene (forward 5'-
GAAGGATTCCTATGTGGGCG-3' (15) and reverse -5'-
TGGTGGTAAAGCTGTAC-3' (15) ).

The reaction consisted of 3 puL cDNA, 1 uL of each
primer, 10 pL SYBR Green master mix, and 5 pL
nuclease free water. The initial denaturation of
amplification was at 94°C for 30 sec, next was 40
cycles of 94°C for 5 sec, 58°C for 15 sec, and 72°C for
20 sec. Finally, to confirm amplicon specificity, the
dissociation curve was generated at 55-952C for one
cycle. Relative expression of TLR7 was calculated using
the 222¢t method, normalized to B-actin expression
levels.
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2.6 Statistical Analysis

Kolmogorov-Smirnov and Shapiro-Wilk test was
used to test continuous variables for normality before
hypothesis testing. Continuous variables that followed
a normal distribution were expressed as mean *
standard deviation (SD) and compared using the
Student’s t-test. Non-normally distributed (skewed)
variables were expressed as the median with
interquartile range (IQR) and compared using Mann—
Whitney U test for two groups or the Kruskal-Wallis
test for multiple groups.

Data were summarized as frequencies and
percentages then analyzed by the Pearson Chi-square
test or the two-tailed Fisher’s exact test as appropriate
for the categorical variables. Meanwhile, to evaluate
the relationships between quantitative variables and
to assess the associations between TLR7 expression,
CCL2 serum levels, and inflammatory markers such as
CRP, ferritin, and WBC counts the Spearman’s rank-
order correlation coefficient (p) was used. Binary
logistic regression analysis was applied to identify
independent predictors of disease severity (SARI vs.
ILI) for predictive modeling. With control group as the
reference category, patients were categorized into
“low” and “high” production groups for each
biomarker based on the median value (Smedian vs.
>median) and results were reported as odds ratios
(ORs) with 95% confidence intervals (Cls).

The diagnostic performance of the test was
assessed using receiver operating characteristic (ROC)
curve analysis. For TLR7, CCL2, and the combined
model the area under the curve (AUC), 95% Cl, optimal
cutoff point, sensitivity, and specificity were
calculated. The optimal threshold was determined
using Youden’s index (sensitivity + specificity - 1) to
maximize discriminatory accuracy.

All statistical tests were two-tailed and as
statistically significant a probability (P) value <0.05
was taken. GraphPad Prism version 10.0.0 (San Diego,
California, USA) and IBM SPSS Statistics version 27.0
(Armonk, NY: IBM Corp.) were used to perform all
statistical analyses. To determine the power of sample
size the G*Power software (version 3.1.9.7) was used.

3. Results
3.1 Expression levels of TLR7 gene using RT-qPCR

The median of TLR7 gene expression increased in HIN1
patients (8.6) compared to controls (1.6) (Figure 1).

The median levels of TLR7 fold stratified according to
ILI, SARI patients, and controls are listed in Table 1. There
was an increase in high median of SARI vs. low median
(P=0.008).
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Figure 2 illustrated the ROC curve analysis of TLR7 Fold
in HIN1 patients compared to controls. TLR7 Fold less
than 3.85 can predict patients at lower risk (Area under
the curve=0.751; 95% CI=0.619-0.881; P<0.001;
Sensitivity=76.1%; Specificity=75.2%).

The elevation in the level of TLR7 was more obvious in
SARI group compared to ILI, particularly in the age group
46-67, males more than females, and diabetes (Table 2).

As depicted in Figure 3, there was a positive correlation
between TLR7 and WBC as well as CRP (P<0.001).

3.2 CCL2 protein levels in the sera of patients and
controls

There was no significant difference in the level of CCL2
in the patients (80.8) (range 47.3 - 98.6) compared to the
control group (86.8) (range 69.9-108.9); P=0.195 (Figure
4).

No significant difference was observed in the level of
CCL2 between patients and controls in relation to age
group and hypertension, except for sex factor that
increased in males [90.7 (87.9-115.5)] in control group
compared to females [81.1 (60.6—91.8)] (P=0.023). Also,
there was significant difference in the level of CCL2 in
patient with diabetes [positive 95.5 (71.6-123.8) vs.
negative 73.6 (44.5-95.3); P=0.034] and control [positive
110.5 (87.8-117.8) vs. negative 83.5 (64.7-91.8);
P=0.041] (Table 3).

3.3 CCL2 levels in the sera of SARI and ILI groups

There was increase in the level of CCL2 in ILI patients
[87.4 (range 58.1 - 103)] compared to SARI patients [37.5
(26.8-56.7); P=0.00.1], while there was decrease in the
level of CCL2 in SARI patients [(37.5 (range 26.8-56.7)]
compared to control [86.8 (range 69.9-108.9); P=0.00.1].
Also, there was no significant difference between ILI
patients [87.4 (range 58.1 - 103) and controls [86.8
(range 69.9-108.9); P=0.731] (Figure 5).

ROC curve analysis of CCL2 level less than 76.33 pg/mL
can distinguish patients with influenza type A progressive
(Area under the curve=0.794; 95% Cl=0.703 - 0.886; P<
0.0001; Sensitivity=70.3%,; Specificity=67.6%), as shown
in Figure 6.

A positive correlation was shown between the levels of
CCL2 and CRP, as well as ferritin level. Data are shown in
Figure 7.

There were no significant differences between ILI and
SARI patients in case of age group, except for the sex
factor in ILI patients that was significant between male
(17) and female (33) (P=0.024), while regarding diabetes
and hypertension, there were significant differences with
ILl.  Also, significant differences were highlighted
between ILI and SARI patients in the level of CRP [ILI, 13.7
(13-14.2); P<0.001], WBCin ILI 11 (10.7-11.8), in SARI 42
(40.1-49.3), SARI 12.5 (10-14.2); P<0.001, ferritin in ILI
387 (360-444), in SARI 780.5 (671.967.5); (P<0.001)
(Table 4).

Table 1. Median TLR7 expression stratified by disease group and corresponding odds ratios.

Group High (>median) Low (Smedian)
Control 7 23
ILI 12 33
SARI 10 5

OR 95% Cl P-value
Reference — —

1.19 0.41-3.44 0.793

6.57 1.74-24.83 0.008

OR: odds ratio; Cl: confidence interval; P-value calculated by Fisher’s exact test.

Table 2. Median levels of TLR7 fold stratified according to characteristics of HIN1 patients and severity of illness.

Characteristic ILI (n=45)
Age 25-35 0.2 (0.12-1.1)
Age 36-45 0.12 (0.03-3.6)
Age 46-55 1.2 (0.09-3.7)
Age 56—67 0.77 (0.15-1.7)
Sex (Male) 1.0 (0.06-3.7)

Sex (Female) 0.31 (0.03-3.25)

Diabetes (Yes) 0.1 (0.01-6.3)

Diabetes (No) 0.2 (0.06-3.6)

SARI (n=15) P-value
0.22 (0.32-42) 0.770
0.10 (0.01-0.2) 0.109
7.3 (1.1-55.3) 0.105
6.2 (0.01-6.3) 0.926
3.66 (0.01-36.8) 0.928

1.1 (0.01-6.3) 0.646
0.77 (0.17-2.4) 0.305
3.7 (0.12-31.3) 0.408

SARI: severe acute respiratory infection, ILI: influenza-like illness; Age values are given as median with IQR (continuous variables); P: probability of

Kruskal-Wallis test and Mann-Whitney U test.
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Table 3. CCL2 Median levels stratified according to characteristics of patients with influenza virus and controls.

Characteristic Control (n=30) Patient (n=60) P-value
25-35 75.5 (61.9-88.5) 70.1 (43.6-106.2) 0.167
36-45 88.3 (78.8-101.6) 81.9 (44.3-99.1) 0.950
Age group (years)
46-55 109.5 (88.2-114.3) 75.4 (51.4-95.2) —
56—67 — 79.7 (55.6-106.1) —
Male 90.7 (87.9-115.5) 66.4 (41.2-93.9) 0.023
Sex
Female 81.1 (60.6-91.8) 86.2 (47.8-110.5) 0.118
Positive 91.8 (83.7-110.5) 57.7 (41.1-94.1) 0.134
Hypertension
Negative 81.1 (64.7-90.7) 86.0 (53.5-101.6) 0.172
Positive 110.5 (87.8-117.8) 95.5(71.6-123.8) 0.034
Diabetes mellitus
Negative 83.5 (64.7-91.8) 73.6 (44.5-95.3) 0.041

IQR: Interquartile range; P: Mann-Whitney U test and Kruskal-Wallis test probability.

Table 4. Baseline characteristics of patients with influenza virus stratified by infection severity.

VELELIS ILI (n=50) SARI (n=10) P-value
Age, years 44 (40-56) 56 (47-64) 0.074
Sex (Male/Female) 17/33 5/5 0.599
Diabetes mellitus, n (%) 9(18) 3(30) 0.278
Hypertension, n (%) 10 (20) 5 (50) 0.221
CRP (mg/L) 13.7 (13-14.2) 42.5 (40.1-49.3) <0.001
WBC (x10%/L) 11.0 (10.7-11.8) 12.5 (10-14.2) <0.001
Ferritin (ng/mL) 387 (360-444) 780.5 (671.9-967.5) 0.029

SARI: severe acute respiratory infection, ILI: influenza-like iliness; Age values are given as median with IQR (continuous variables) or number and
percentage (categorical variables); P: probability of Mann-Whitney U test (to compare continuous variables), two-tailed Fisher’s exact test, or Pearson
Chi-square test (to compare categorical variables).

8.6(3.8-19.8) I 1.6(0.13-8.4)

20+ —_

154

104

Median (IQR) of TLR7 Fold

s B

1
Patients  Healthy control

Figure 1. TLR7Gene expression in HIN1 patients and healthy controls. Bars represent the median and IQR. (***: P<0.001)
(Prepared by Authors, 2025).
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Figure 2. ROC curve analysis of TLR7 Fold in HLN1 patients vs. controls. TLR7 Fold less than 3.85 can predict patients at lower risk
(Prepared by Authors, 2025).
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Figure 3. Scatter plot Spearman rank-order correlation coefficient (rs). The image shows the relationship of TLR7 fold analysis
with CRP and WBC among influenza patients (Prepared by Authors, 2025).
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Figure 4. Scatter dot plot of CCL2 levels in patients with influenza virus and controls. The median and IQR are indicated by
horizontal and vertical lines, respectively. P: probability of Mann-Whitney U test between continuous variables (Prepared by
Authors, 2025).
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Figure 5. Scatter dot plot of CCL2 levels in SARI and ILI patients compared to controls (HC). P: the probability of Mann-Whitney
U test between continuous variables (Prepared by Authors, 2025).

Year 19, Issue 5 (September - October 2025) Iranian Journal of Medical Microbiology



348 TLR7 and CCL2 as Biomarkers for HIN1 Severity
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Figure 6. ROC curve analysis of CCL2 in patients with influenza type A vs. controls. A CCL2 level of less than 76.33 pg/mL can
distinguish patients with influenza type A progressive (Prepared by Authors, 2025).
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Figure 7. Scatter plot Spearman rank-order correlation coefficient (rs). The image shows the relationship of CCL2 level with CRP
and ferritin levels in patients with influenza virus (Prepared by Authors, 2025).

4, Discussion

The present study demonstrates that patients with
influenza A (H1IN1) exhibited significant upregulation
of TLR7 gene expression, while CCL2 levels showed a
biphasic pattern, remaining relatively stable in mild
cases (ILl) but markedly decreased in severe cases
(SARI). An increase in TLR7 gene expression in HIN1
patients was observed in comparison with controls in
this study.

TLR7, an endosome-resident molecule, is a critical
pattern recognition receptor for antiviral immunity. It
is pro-activated by interaction with virus single
stranded RNA, like influenza A. This activation is

Year 19, Issue 5 (September - October 2025)

important in innate and adaptive immunity, being the
responsibles for the initiation of signaling pathways
which mediate an augmentation of proinflammatory
cytokines release and dendritic cell maturation.

Improved antiviral response is achieved while TLR7

is stimulated. For instance, TLR7 agonists
administration like imiquimod increased type |
interferons (IFNs) remarkably. Intranasal

administration of imiquimod in murine models
showed a rise in levels of type | interferons in lung
tissues for five-fold within three days that correlated
with reduced replication of influenza infection. Such
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results suggest TLR7 as potential target for the viral
infection treatment (4, 16).

Besides TLR7 direct antiviral effects, it also enhances
wider immune response through increasing
inflammatory cytokines production leading to
recruitment and activation of immune cells, which in
return strengthen the antiviral defense. Furthermore,
influenza-infected mice lacking functional TLR7
showed signs of impaired inflammatory response and
diminished adaptive immunity, most likely due to
insufficient maturation of dendritic cells as studies
revealed (17, 18).

Results listed in Table 1 displayed an increase in
TLR7 levels in SARI patients compared to ILI patients.
In individuals with H1N1, the variations in TLR7
expression levels have the ability to impact the clinical
outcomes of SARI significantly. An excessive
inflammatory response is a consequence of overactive
TLR7 signaling pathway commonly referred to as
cytokine storm; therefore, patients with elevated or
altered TLR7 expression levels could manifest more
severe SARI symptoms for intensified inflammatory
response (19, 20). This correlation between severity or
SARI and expression levels of TLR7 imply that
monitoring these levels might be a beneficial
biomarker for predicting HIN1 clinical outcome.
Additionally, and as shown in Figure 2, TLR7 predictive
value area under the curve conducted by ROC curve
analysis is a valuable technique for assessing a
statistical model precision and evaluating the efficacy
of diagnostic procedures. Data revealed that TLR7
levels during HIN1 infection was an auspicious
biomarker for the disease progression.

According to Table 2 and in comparison, with ILI, a
rise in the levels of TLR7 in SARI patients appeared in
particular between age group, sex (males>females),
and diabetes indicating an active immune response in
patients with SARI. Older adults, especially over sixty
ages, have compromised immune reaction due to
immnunosenescence making them more vulnerable
to complications of severe influenza compared to
younger individuals as research showed.

Taking into consideration, the variation in immune
response between sexes are essential for deciding
therapy strategies. These differences are due to
hormonal influence in general and estrogens
specifically, that modulate immune response as
studies indicated (21).

People with diabetes have an altered immune
response notably regarding TLR7 signaling that leads
to a modified immune response and cause
complications in effective management of influenza
and other viral infections. This may attribute to
differences in expression levels of TLR7 (22).
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Results from the current study as depicted in Figure
3 indicated a positive correlation between TLR7 and
WBC and CRP. The WBC counts and CRP levels
increase during inflammations and infections as part
of the HIN1 immune response (23). Due to migration
to the infection site the WBC count rises, meanwhile,
in response to inflammatory signals the liver produces
CRP that leads to recording elevated levels (24).

A dual biomarker profile could be established from
this interplay of these biomarkers that is useful for
assessing the inflammation severity. Understanding
this interaction may enhance the accuracy of diagnosis
and support clinical strategies through shedding light
on inflammatory processes underlying metabolic
disorders.

In the present study, as shown in Figure 4, there
were no important differences in the levels of CCL2
between control and H1N1 patients. CCL2 plays an
important role in inflammatory response in
respiratory illnesses like influenza. Several studies
demonstrated a rise in the level of CCL2 in severe
cases. CCL2 is essential for controlling inflammation
during the acute stage of HIN1 infection because it
makes easier for different immune cells to enter the
infected tissues (18). Elevated CCL2 levels in HIN1
infections promote the immune cells migration into
the lungs, which is essential for pathogen clearance.
Nevertheless, if left unchecked it can be potentially
harmful leading to tissue damage. The receptor of
CCL2 is CCR2 that recruits various cells, for instance,
dendritic cells, monocytes, fibroblasts, basophils, and
so forth. The fibroblasts and monocytes recruitment
may lead to progression of fibrosis through several
mechanisms like collagen production, TGF-B
upregulation, and aSMA expression (25).

Vangeti and Falck-Jones (26) documented that
increased inflammation and severe clinical outcomes
correlate with higher concentrations of CCL2 in blood.
Heightened levels of CCL2 together with
proinflammatory cytokines such as IL-6 and other
related markers showed hyperactivation in H1IN1
infection cases where patients developed severe
pneumonia (27). Moreover, concerning respiratory
infections, this observation emphasises a possible
dual role for CCL2 as an indicator of active infection as
well as a measure of the disease severity.

Furthermore, valuable insights could be provided
for the patients’ care and treatment strategies by
tracking changes in CCL2 levels throughout the illness.
This evaluation may confer an advantage in
differentiating between mild and severe cases by
providing support for the clinical decisions regarding
interventions and hospitalisation for HIN1 patients
who are at increased risk of serious complications (28).
Sample size and the participants’” demographic
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characteristics are among various factors influenced
the findings of this research. The validity of this
statistical analysis can be weakened by a small sample
size, which identifies significant differences in CCL2
levels challenging among different patient groups.
Regarding sample collection, timing of the collection is
important relative to the onset and progression of the
disease.

In the present study, as demonstrated in Figure 5,
the examination of CCL2 levels among individuals with
SARI, ILI, and non-affected participants revealed clear
trends that point to the potential of CCL2 as a
biomarker in respiratory infections. Compared to SARI
patients, ILI patients had noticeably greater CCL2
concentrations. This demonstrates an intensified
immune response aiming to boost recruitment of
monocytes to the infection site. Such increase may
reflect early stage of the disease, where massive virus
replication is controlled by a vigorous immune
response. In contrast, CCL2 levels in SARI subjects
were dysregulated and could not be closer to the
degree of illness and may be attributed to variations
in immune modulation or prior physical conditions. In
addition, pathogen burdens or immunological
responses could be reflected by the differences in
CCL2 levels between ILI and SARI. Briefly, these results
emphasize the role of CCL2 as a disease severity
marker and potential therapeutic target for treating
respiratory infections elicited by influenza.

As depicted in Figure 6, ROC analysis is a valuable
technique for evaluating the efficacy of diagnostic
procedures and assessing the precision of a statistical
model (e.g., logistic regression). The predictive value
of CCL2 area under the curve was demonstrated by
ROC curve analysis. Results showed that the amount
of CCL2 during influenza type A infection was a
promising biomarker for disease progression.

There were significant differences in CCL2 levels
between males and females (Table 3) likely due to
hormonal influences, particularly estrogens, which
modulate immune responses. Studies indicated that
females generally have higher levels of CCL2 than
males. Macrophages produce more inflammatory
cytokines in females, among them CCL2 exacerbates
inflammation in chronic health issues (29).

Compared to controls, data in Table 3 indicated an
increase in the level of CCL2 in patients with diabetes.
By mediating inflammation and insulin resistance,
CCL2 plays a significant role in the pathophysiology of
diabetes. In obesity cases, the adipose tissue
inflammatory condition leads to an increase in
production of CCL2, attracting inflammatory cells to
the area. This influx aggravates local inflammation,
which is closely linked to insulin resistance and
eventually contributes to type 2 diabetes
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development. Additionally, insulin resistance has been
linked to genetic variants like single-nucleotide
polymorphisms (SNPs) in the CCL2 genes in a few
populations. Increased CCL2 levels are repeatedly
observed in diabetes patients and correlate with
markers that indicate metabolic dysfunction.
Addressing the underlying inflammatory processes
that affect insulin sensitivity suggests that targeting
CCL2 could be a promising therapeutic strategy for
managing diabetes (30). Especially regarding CCL2
levels, ferritin is recognized as an important biomarker
for inflammation and a positive correlation found
between CCL2 and ferritin, along with CRP. Higher
levels of ferritin regularly imply iron overload and have
been linked to various inflammatory conditions (30).

Highlighting  the link  between  systemic
inflammation and metabolic imbalance, ferritin is an
acute phase reactant and its levels can increase
significantly during episodes of inflammation.
Elevated ferritin levels are often associated with
increased expression of CCL2 and regardless of other
known risk factors research concludes that higher
serum ferritin levels serves as a predictor for the onset
of type 2 diabetes as well as reflecting ongoing
inflammatory activity. The possible significance of
monitoring ferritin in healthcare facilities to assess
inflammatory status and its implications for metabolic
disorders is emphasized by this relationship (31).

Often reflecting the underlying pathological
mechanisms found in various diseases such as
diabetes and hypertension makes CCL2 and CRP as
significant indicators of inflammation. CCL2 primarily
facilitates the monocytes recruitment to the areas of
inflammation; meanwhile, the liver produces CRP in
response to inflammatory signals. A dual biomarker
profile could be established by this interaction, which
is beneficial for assessing the severity of inflammation
and enlightening the inflammatory processes
underlying metabolic disorders. Understanding the
interplay between these biomarkers can enhance
diagnostic accuracy and shape the therapeutic
approaches (32).

Patients with SARI had higher levels of WBC, CRP,
and ferritin than patients with ILI, as seen in Table 4.
The increase in these factors due to inflammation
refers to an active immune response from SARI
patients compared to ILI patients. When compared to
ILI patients, SARI patients have an active immune
response due to the rise in these variables brought on
by inflammation. When used as integrated biomarkers
for prognosis and illness monitoring, their combined
evaluation (TLR7 and CCL2) produced a higher
prediction accuracy for disease severity than either
marker alone, supporting their potential use.
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Limitation

There are contributing factors affecting the latest
research, specifically such as participants’
demographic characteristics and sample size. The
validity of analysis affects a small sample weakens the
statistical constitutes from small sample. In addition,
timing is a crucial element to biomarkers detection in
sample collection as it correlates to the disease’s
onset and progression. Furthermore, as observed in
various groups of patients, ranges to environmental
factors and viral strains may act in varying immune
responses.

5. Conclusion

The TLR7 expression levels can serve as a biological
marker to foresee a severity of disease in HIN1
patients. By understanding the intricate association
between TLR7 expression and blood markers provides
a tool for potential therapeutic interventions and
diagnostic approaches. Moreover, it assists to enhance
the management and prevention of patients who are
affected by severe type of influenza infection.
Furthermore, in the latest study, CCL2 demonstrated an
essential role in immunity response to ILl. Another
result showed a positive relationship between Diabetes
and CCL2. A positive correlation was also found
between CCL2, CRP, WBC, and ferritin. The findings
suggested that CCL2 may serve both as factor
influencing and biomarker in severe influenza
infections. The findings recommend TLR7 and CCL2 may
serve as a complementary biomarkers for predicting
H1N1 infection progression and severity.
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