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Such longitudinal study examined the progress of influenza-specific cellular
immunity within cohorts over a period of time. A total of 10 milliliters of blood
was collected from participants over a three years period, conducted from
January 2018 to December 2020, the study involved 200 random healthy adult

Corresponding Editors

Salih, A. M. who experienced comprehensive follow-up evaluation at six-month intervals.

Al-Sudani, S. F. K. The participants were divided into two groups; 18 - 45 years and 46 - 65 years.
The research focused on separating Peripheral blood mononuclear cells

Keywords (PBMCs), while flow cytometry was employed to measure the frequencies of

Activation markers, influenza-specific T cells. The study involved analysis for activation markers
flow cytometry,

immunosenescence, CD69 and CD107.The results indicated that participants aged 18-45 revealed

longitudinal immunity, significantly higher influenza-specific T cell frequencies compared to those aged

T cell activation. 46-65 through all assessment periods (p < 0.01). The inconsistency in the levels
of activation markers CD69 and CD107a on influenza-specific T cells remained
elevated throughout the study period. The appearance results of the CD69 and
CD107a markers from participants in the younger age group were statistically
higher and more consistent compared to those observed in the older age group
(p < 0.05).The results from T-cell surveillance indicated that there was a
deviation in an immunological function between younger and older participants,
attributed to the natural aging patterns of the immune system. The observed age-
related immune differences suggest that tailored immunization Programme
(TIP) may be required for older individuals. The study indicated that the
expression of T-cell activation markers exhibited significant variability
throughout cellular immune responses to influenza infections. These outcomes
may reflect age-associated drop in cellular immune responsiveness, consistent
with immunosenescence ideas.
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Introduction posing as a significant risk for susceptible individuals
Influenza is a communicable disease affecting the (Alvarez et al. 2019). Secondary bacterial respiratory
respiratory system. This disease influences the infection is arises as a common complication subsequent
individuals through all age, with different prospects, and influenza infection, especially among the elderly and
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those with specific chronic diseases, leading to a
significant morbidity and mortality rates. Influenza
infection has been a persistent existence throughout
history, leading to annual epidemics that can result as
severe infections, particularly among the -elderly,
pregnant women and individuals with preexisting health
problems (Salvador & Gimeno 2023).

Seasonal outbreaks of influenza infection along with
pandemics lead to significant illness, mortality rates, and
economic loss, thus emerging as a critical global public
health alarm. Adaptive T and B cells have a crucial role
in stabilizing immunological memory and posing defense
against future infections caused by influenza viruses. The
recent studies revealed that the function of innate T-cells
in dealing influenza and linking innate and adaptive
immune mechanisms, thus, standing them as promising
targets for vaccination program (Niissing et al. 2018,
Mansour et al. 2025).

Following the determination of the primary
infection in the lungs, the effector T cells enter a phase of
reduction. In such context, 90-95% of all antigen-
specific T cells suffered apoptosis process. A partial
subset of cells that remained was fixed to become long-
living memory T cells (Spitaels et al 2016).

The influenza vaccines contain antigens that
produce sufficient primary antigen-defense cells, making
vaccination the optimal policy for avoiding seasonal and
pandemic infection. Such vaccines offer at least 40- 60%
protection against influenza infection when correctly
matched (Yang et al. 2023). Previous studies in Iraq have
inspected, influenza viruses and their relationship to flu
disease using both molecular and immunological
methods, and some studies had detected and categorized
the annual incidence of seasonal influenza and compared
it to other countries in the eastern mediterranean region
(Aufi et al 2021).

In Iraq, considerate the epidemiological form among
individuals with seasonal influenza in sentinel
surveillance places can be helpful in various features
including contributing in vaccine strain choice,
evaluating the disease liability, supporting evidence-
based health policy development, and analyzing the
influence of public health interferences related to
influenza infection (Abushal 2021, Radhi et al. 2023).

The cytometry method was working for measuring
T-cell responses involved in the assortment of peptide
panel which was based on immunodominant epitopes of
the influenza infection (Coughlan & Lambe 2015). In
spite of present epidemiological studies on influenza
viruses in Iraq but it's there a lack of studies that
exploring T-cell mediated immunity in the native people.
Prior studies have mainly focused on the viral
classification and the incidence designs, while cellular

188

Microbial Biosystems 10(4)-2025

immune profiling (especially age-related differences in
T-cell activation) has not been thoroughly examined.

The current study pursues to address such gap by
utilizing flow Cytometry to measure the influenza-
specific T-cell responses with different age groups
through a multi-year timeframe.

Materials and Methods

The longitudinal cohort study conducted from January
2018 to December 2020 in the blood illnesses lab at the
faculty of medicine of Babylon University. Two hundred
healthy adults were participated in the current study.
Participants were followed up at six-month intervals
during the study period. The study involved two discrete
age groups, comprising one hundred participants aged
between 18 - 45 years, and one hundred participants aged
between 46 - 65 years (Figure-1).

Study Design
(Longitudinal Cohort Study)

Group 1
(18-45 years)
100 participants

(46-65 years)
100 participants

Group 2 j

Blood Collection (10 mL)
Peripheral vein (EDTA tube)

| PBMC Isolation (Ficoll) |

1

In vitro Stimulation with |
Influenza Peptide Pools

.

[ Flow Cytometry Analysis I
L(CDS, CD4, CD8, CD69, CD107a4

Il

Data Analysis (SPSS)
—ANOVA, t-test, Correlation

Fig 1. The design of the current study.

Inclusion criteria

The participants were selected with no recent
influenza infection or vaccination for the past year, no
history of chronic illnesses (diabetes, cardiovascular
disease, or immunocompromising conditions), and
provided consent to participate in the study. Such criteria
ensured that enrolled participants met the necessary
health and ethical necessities for participation.
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Blood collection

Ten milliliters of blood was collected from all
participants and transferred into vacutainer tubes
containing EDTA. Unprocessed blood samples were
transported to the lab in a cooler conserved at 2—8°C and
processed within one hour to ensure optimal cell quality.

Peripheral blood mononuclear cells (PBMCs)

The density gradient centrifugation was employed to
separate the PBMCs using Ficoll-Paque™ solution. Five
milliliters of whole blood was placed on the top of Ficoll-
Paque™ with no mixing arisen in a sterile 15 milliliters
conical tube. Blood samples were centrifuged at 400 x g
for 30 minutes at room temperature without brake to
reserve the PBMC coat integrity. The PBMC buffy coat
was carefully removed by pipette and moved into a sterile
tube. Subsequent of the incubation with the Ficoll-
Paque™, the cells washed twice by phosphate-buffered
saline in pH 7.4 by centrifugation at 300 x g for 10
minutes.

Influenza-specific T-cell stimulation

Separated PBMCs placed in the Roswell Park
Memorial Institute medium (RPMI-1640) that basically
used for culturing of non-adherent cell types,
accompanied with 1% penicillin-streptomycin, 10% fetal
bovine serum, and two millimole of L-glutamine. The
samples incubated at 37 °C in a humidified condition
with 5% CO.. The PBMCs stimulated by using peptide
pools such as Neuraminidase, Hemagglutinin and
Nucleoprotein that derived from influenza types A and B
(JPT, Germany) in a concentration of 2 pg / mL for each
peptide.

The Flow Cytometry method working multiple
colours measured the frequencies of T cells precise to
influenza virus. The PBMCs stimulated with peptides
experienced evaluation by fluorochrome conjugated
monoclonal antibody stains on the surface antigens in
order to determine the frequencies of CD69* and
CD107a* cells within CD4* and CDS8" T-cell group as;
anti-CD3 (FITC Cat no.:555332), anti-CD4* (PE Cat no.:
555347), anti-CD8* (PerCP, Cat no.: 347314), anti-
CD69* (APC, Cat no.: 555531) and anti-CD107a" (PE-
Cy7, Cat no.: 5). The Flow Cytometry analysis was
performed using a BD FACSCanto™ II clinical flow
cytometer prepared for multicolor detection. All analyses
were conducted by using FlowJo v10 software and the
fractions of CD4" and CD8" T cells expressing CD69*
and CD107a* were calculated from the total participants
of such T cells. The current study conducted by utilizing
SPSS 25.0. The results with a p-value less than 0.05 were
considered significant.
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Results

Influenza-specific T-cell responses persistence

The study over two years shown variations in the
maintenance of influenza-specific T-cell responses
among both age groups. The results indicated that the
participants aged 18—45 years revealed influenza-specific
T cells frequencies significantly higher compared to
those aged 46-65 through all the assessment period (p <
0.01). Influenza-specific T cell frequencies ranged from
2.8% - 3.5% in the younger age group (18-45 years) who
were with mean of 3.125 + and standard deviation of
0.298, while older group (46-65 years) showed
frequencies ranging from 1.9% - 2.4% who were with
mean of 2.175 + and standard deviation of 0.221 (Figure
2, table 1).

35

W 18-45 years old

M 46-65 years old

Mean freguetery of influsnes —specific T celle (%)

TL T2 T3 T4

Time points

Fig 2. Influenza-specific T-cell responses persistence
over four time points (T1, T2, T3, and T4) among two
age groups: 18-45 years (mean=3.125 + standard
deviation= 0.298) (blue bars) and 46-65 years
(mean=2.175 + standard deviation = 0.221).

Table 1. Persistence of Influenza-Specific T-Cell

Responses
Mean frequency of influenza —specific
T cells (%)
Time point  18-45 years old 46-65 years old

(M

T1 2.8 1.9

T2 3 2.1

T3 3.2 2.3

T4 3.5 24

Mean: 3.125 Mean: 2.175
SD: 0.298 SD: 0.221

SD= Standard deviation
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T-Cell Activation Markers Variability (CD69" and
CD107a*)

The levels of CD69* and CD107a" expression
markers persisted steadily higher among younger
participants through all of the time period points. The
expression consequences of the CD69" and CDI107a*
markers in the younger age cohort were statistically
higher and more constant compared to those in the older
age cohort (p < 0.05). The younger participants revealed
CD69* and CD107a* cells levels with influenza-specific
T-cells ranging from 71.5% and 65% respectively with
mean of 63.25 + and standard deviation of 11.667. The
older participants revealed greater variants in the
measured the CD69*and the CD107a" cells ranging from
55% and from 50% respectively with mean of 57.5 +
standard deviation of 10.606 (Figure 3, table 2).

80.00%
70.00% 1
60.00% 1
5000%
40.00% 1
30.00% +
20.00% 1
10.00% 1
0.00% +

mCD69+
mCD107a+

Percentage (20)

20-40 260
yearsold

Activation markers

Fig 3. The CD69" and CD107a" expression by Influenza
virus -specific T cells. Participants aged 20-40 years
old (71.5% of the cells express CD69™ 65% of the
cells express CD107a") (mean= 63.25 + standard
deviation=11.667). Participants aged > 60 exhibited
(55% of the cells express CD69" 50% of the cells
express CD107a") (mean= 57.5 + standard
deviation= 10.606).

Table 2 The CD69+ and CDI107at+ expression by
Influenza virus -specific T cells.

Immunological 20-40 years old >60
markers
CD69* 71.5% 55%
CD107a* 65% 50%
Mean: 63.25 Mean: 57.5
SD: 11.667 SD: 10.606

SD=Standard deviation
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Discussion

The long-term analysis of the current study providing
significant perceptions into the behaviour of influenza-
specific cellular immunity among Iraqi people. Such
research revealed three key findings: First; found that the
T-cell responses specific to influenza remained
detectable over the period of 2 year period. Second; the
T cells exhibited age-dependent distribution forms and
variations in the activation expressions. Third; the
measurements of influenza-specific T-cell exhibited
positive correlation with the related immunological
markers.

The results of the current study proved the crucial
role of cellular immune responses in the influenza
protection as there was a consistent detection of the T-
cell immune response throughout the study period.

Several previous studies revealed that the T-cell
immunity enabled the viral clearance and the memory
cell response development (Sun & Braciale 2013, De
Santo et al. 2008). The tissue-resident memory T cells
within the respiratory tract presented actual heterologous
immunity and must be considered a crucial element of
influenza vaccines (Schmidt & Lapuente 2021, Uddback
etal. 2021).

The term immunosenescence referred to the age-
dependent disparities in influenza-specific T-cell
responses associated with the documented changes
within the immune system (Reber et al. 2012, Sambhara
& McElhaney 2009). The results of the current study
revealed that the influenza-specific T cells in the older
group (46-65 years) exhibited both reduced levels and
less expected activation characteristics compared to the
younger group (18-45 years). Such results agreed with
previous findings, which were suggested that while the
mechanisms behind the abnormal CD4" T cell
differentiation with aging are yet to be fully understood,
it was obvious that the age factor contributed in flu
infection responses among the older individuals
(Lorenzo et al. 2018, Lefebvre & Haynes 2012).

It should be important to integrate the age-related
factors into influenza vaccination policies (Grande-
Tejada & Clemente-Maya 2024). We found a few studies
in which the flow Cytometry method used to measure the
T cell responses against influenza virus, such as Sabbaghi
and his colleagues 2020 who said that the efficacy of yo
T cells-induced immunity is dependent on several
concerns such as the predominant subset of Yo T cells, the
amount of enrolled yd T cells, the host immune system,
and the patient’s genetics (Sabbaghi et al. 2020).
Although without using the flow Cytometry method, few
studies agreed with our results such as,
Mahallawi and Khabour (2024), who found a strong
correlation (p < 0.001) between age and the
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Hemagglutinin (HA)-specific memory-CD4" T cells
induced by pandemic HiN; exposure (Mahallawi &
Khabour 2024).

Another study by Mabhallawi et al. (2020), who
found that the age and body mass index (BMI) might
have a role in the influenza type A Abs level. The current
study was a longitudinal approach, along with two age
groups to provide a comprehensive perception into the
influenza-specific cellular immunity among Iraqi
populations. The findings acquired from this research
will contribute to the development of improved influenza
vaccination protocols and adapted healthcare strategies
that aimed an effectively preventing and managing of the
influenza virus infection.

Conclusion

The results of this study provided significant visions into
the sequential changes of influenza-specific T-cell
responses and the variability among participants which
may contribute to the development of vaccination plans
and tailored healthcare facilities. The findings of such
research provided the useful knowledge into the
influenza-specific cellular immunity mechanism among
the study groups. The Long-term defence against
influenza depend on the sustained influenza-specific T-
cell responses which were observed throughout the study
period.
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