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Background: This study was aimed to detect bacterial causes of hospital-ac-
quired pneumonia (HAP), determine serum levels of IL-6, IL-22, and TGF-B in
HAP patients, and compare the levels of these cytokines with those in healthy indi-
viduals. Additionally, the study investigated the relationship between cytokine
profiles and bacterial species responsible for HAP in Diyala Governorate, Irag.
Materials & Methods: Samples (blood and sputum) were collected from 150 patients
admitted to Baquba Teaching Hospital in Iraq between December 2023 and May 2024.
All patients showed clinical signs and symptoms of pneumonia. Sputum samples were
cultured on differential media, and only 58 samples displayed bacterial growth. Bacterial
species were identified using the Vitek system. In addition, 32 blood samples were ob-
tained from healthy individuals as controls. Serum levels of IL-6, IL-22, and TGF-f3 were
measured in both groups using enzyme-linked immunosorbent assay (ELISA).
Findings: The results revealed that IL-6, IL-22, and TGF-f levels were significantly higher
in patients (19.02+1.675 pg/mL, 446.1+£3.074 pg/mL, and 14.69+0.191 ng/mL, respective-
ly) compared to healthy controls (7.206+0.274 ng/mL, 365.6+4.265 pg/mL, and 5.88+0.17
ng/mL, respectively). The prevalence of HAP was higher in males. IL-6 and IL-22 levels
were significantly higher in males, whereas TGF-f3 levels were lower compared to females.
Conclusion: Significant differences were observed in IL-6, IL-22, and TGF-f levels
among patients and healthy individuals. Understanding the cytokines involved in HAP
pathogenesis may contribute to developing targeted therapies and improving clinical
outcomes.
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Introduction

Pneumonia caused by bacterial infection
remains a major health challenge worldwide,
infecting many people and causing mortality
each year U, Bacteria that invade the lower
respiratory tract and trigger a strong
immune response include Staphylococcus
aureus and Klebsiella pneumoniae '». The
most important symptoms of pneumonia
that could lead to hospitalization include
cough, fever, chest pain, and difficulty
breathing [¥l. Antibiotic resistance and severe
inflammatory responses still complicate
treatment, although antibiotics could be used
to treat pneumonia [*. Bacterial pneumonia
is caused by bacteria invading the alveoli,
leading to local inflammation and disruption
of the alveolar-capillary barrier 2. Bacterial
components such as lipopolysaccharides
and peptidoglycans could stimulate innate
immune system receptors such as TLRs
(toll-like receptors), and this stimulus leads
to the activation of signaling cascades and
the production of cytokines ™.

There are many types of cytokines that play
a critical role (such as IL-6) during infections
like HAP Bl these cytokines are secreted
in response to microbial invasion and
tissue injury by a variety of cells, including
macrophages, epithelial cells,and endothelial
cells 1. Although IL-6 is critical for initiating
protective immune responses, its excessive
or prolonged expression could contribute
to lung inflammation, alveolar damage, and
progression to respiratory failure in severe
pneumonia cases [7l. Vascular permeability
and leukocyte infiltration could occur
through the secretion of pro-inflammatory
cytokines such as IL-6 Bl The secretion
of pro-inflammatory cytokines is crucial
for eliminating pathogens, but they may
damage the alveoli and disturb gas exchange
“l, During bacterial pneumonia, cytokines
play an important role in regulating immune
responses [, Pro-inflammatory cytokines

Infection Epidemiology and Microbiology

332

such as IL-6 rapidly recruit neutrophils and
macrophages to the site of infection after
pathogen recognition [?. Interleukin-22 (IL-
22) plays an important role in maintaining
the epithelial barrier, mainly in the lungs ©,
it is mostly produced by innate lymphoid
cells (ILCs) and Th17 cells in response to
bacterial infections in the respiratory tract ..
[L-22 contributes to host protection through
promoting the expression of antimicrobial
peptides, limiting excessive inflammation,
and enhancing epithelial cell regeneration
in HAP 1%, Transforming growth factor-beta
(TGF-B) is a main regulatory cytokine that
influences both inflammation and tissue
repair through pulmonary infections [,
TGF-B in the lung environment suppresses
extreme immuneresponses while preserving
epithelial homeostasis, but this regulation
could impair host defenses against invading
pathogens !2. This cytokine is mainly
secreted by alveolar macrophages and
epithelial cells 3. Elevated TGF-f levels in
HAP have been shown to decrease neutrophil
function and bacterial clearance and increase
susceptibility to severe infection M. TGF-3
decreases excessive immune activation and
minimizes tissue damage ..

Interactions between cytokines and
immune cells lead to the development and
progression of bacterial pneumonia 2.
Excessive production of cytokines, called
cytokine storm, leads to lung damage
and acute respiratory distress syndrome
(ARDS) UL The elevated IL-6 and TGF-B
levels observed in this study align with
mechanisms described in neutrophil-
and macrophage-driven cytokine storms
during bacterial pneumonia. IL-6 plays
the role of an essential amplifier of the
acute inflammatory cascade by stimulating
neutrophil recruitment and degranulation,
thereby sustaining a self-perpetuating
inflammatory loop ™. Activated alveolar
macrophages and infiltrating monocyte-
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derived macrophages also release large
amounts of [L-6 in response to bacterial load
and epithelial injury, further exacerbating
the cytokine storm [¢, In contrast, TGF-f3
exhibits a dual context-dependent role:
while initially dampening excessive
inflammation, sustained TGF-8 signaling
during prolonged infection contributes to
fibrosis, extracellular matrix deposition, and
functional immune suppression 7). Chronic
inflammation could result from impaired
regulation of bacterial clearance by immune
cells ™. Extensive research is currently
underway into therapeutic strategies
that modulate cytokine signaling without
compromising immune defense B,
Objectives: This study aimed to detect
the bacterial causes of HAP, measure
serum levels of IL-6, IL-22, and TGF-f in
HAP patients, compare the levels of these
cytokines with those in healthy controls, and
also compare the levels of these cytokines
based on the types of bacteria causing HAP
in Diyala Governorate, Iraq.

Materials and Methods

A total of 150 blood samples were collected
from both male and female patients
admitted to Baqubah Teaching Hospital
(Diyala, Iraq) between December 2023
and May 2024. Blood samples (5 mL) were
taken under aseptic conditions using sterile
disposable syringes. For the control group,
blood samples were collected from30
healthy individuals. Each blood sample was
transferred into a plain gel tube and allowed
to clot for 30 min at 37 °C. The tubes were
then centrifuged at 3000 rpm for 10 minutes
to separate the serum, which was stored at
- 20 °C until further analysis. In addition,
sputum samples were collected from the
same patients in sterile containers and
processed within two hours of collection to
ensure sample integrity. All sputum samples
were cultured on blood agar and MacConkey
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agar plates and incubated at 37 °C for 24-
48 hours. Bacterial colonies were identified
based on their culture and morphological
characteristics and then biochemically
confirmed using the Vitek2 compact system
(bioMerieux, France). Serum levels of IL-
6, IL-22, and TGF- were measured using

Table 1) Frequency of bacterial isolates from sputum
(descriptive statistics)

Total
(N=150)
Sample e
No. %
Gram
. . 44 (29.3)
t
Positive negative 58 38.6
culture Gram
positive L G
Negative culture 92 61.3

Table 2) Types of bacterial isolates from sputum
culture (descriptive statistics)

Total
Bacterial Isolates M
No. %
Pseudomonas 29 37.9
aeruginosa
Klebsiella
Gram pneumoniae 10 17.2
negative
bacteria Escherichia coli 8 13.7
Acmetobact:“.er 4 6.8
baumannii
Gram
positive Stapgi’ i‘;;‘;““s 14 2413
bacteria

Table 3) Distribution of patients by gender (descrip-
tive statistics)

Study

0,
Groups ol %
Female 26 (44.82)
Patients 58 64.4
Male 32 (55.17)
Controls 32 35.5
Total 90 100
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enzyme-linked = immunosorbent  assay
(ELISA) kits according to the manufacturer’s
instructions.

Statistical analysis: GraphPad Prism soft-
ware was used to analyze the data. Quantita-
tive data were expressed as mean+ standard
deviation (SD).

Comparisons between groups were per-
formed using t-test or one-way ANOVA
where appropriate. A p-value < .05 was con-
sidered statistically significant.
Findings

A total of 150 clinical samples (blood and
sputum) were collected from patients
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admitted to Baquba Teaching Hospital in
Diyala. All sputum samples were cultured
on differential media to detect bacterial
growth. Out of the 150 samples, 58 (38.67%)
samples were positive for bacterial growth.
This positivity rate might have been
influenced by many factors, such as sample
quality and prior antibiotic exposure.
Among the 58 culture-positive samples, 44
(75.86%) samples contained Gram-negative
bacteria, including Pseudomonas aeruginosa
(n=22, 379%), K pneumoniae (n=10,
17.2%), Escherichia coli (n=8, 13.7%), and
Acinetobacter baumannii (n=4, 6.8%). In

Table 4) Serum levels of IL-6, IL-22, and TGF-f1 in the studied groups (independent sample t-test)

Parameter Patients (Mean # S.E) Control (Mean * S.E) P Value

IL-6 19.02+1.675 7.206+0.274 <.0001

IL-22 446.1+3.074 365.6+4.265 <.0001

TGF-B 14.69+0.191 5.88+0.17 <.0001
Table 5) Serum levels of IL-6, IL-22, and TGF-31 by gender (independent samples t-test)

Parameter Male Patients Female Patients P Value

(Mean * S.E) (Mean # S.E)

IL-6 17.94+0.122 20.35+3.757 <.0001

IL-22 450+4.30 440+4.22 <.0001

TGF-B 14.27+0.172 15.22+0.34 <.0001
Table 6) Serum levels of IL-6, IL-22, and TGF-f1 by bacterial type (independent samples t-test)

Type of Bacteria IL-6 IL-22 TGF-B

Pseudomonasaeruginosa 17.98+0.144 451.2+5.530 14.04+0.213

Klebsiella pneumoniae 17.85+£0.237 448.4+6.79 14.77+0.22

Escherichia coli 28.76x12.2 458.8+7.75 14.21+0.765

Acinetobacter baumannii 15.73+£0.68 417.0+£3.464 15.38+0.832

Staphylococcus aureus 16.87+£0.27 437.4+4.121 15.76+£0.474

P value .2359 .0155 .0052
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Table 7) Correlation between studied parameters in hospital-acquired pneumonia
Sex of Sex of IL-6 of IL-6 of IL-22 of IL-220f TGF-Bof TGF-Bof Type of
Patients Controls Patients Controls Patients Controls Patients Controls Bacteria
. 1* -.095 203 -.329 -.313
patients
szt 1* 036 - 296 -.009 -.039 - 361 206 - 815
controls
b -.095 036 1* 286 193 -162  -.168 163 246
patients
IL-6 of -.296 .286 fIks .032 -.085 -.010 434 315
controls
IL_Z.Z of .203 -.009 .193 .032 i .0371 -.245 -.116 112
patients
LA -.039 -162 -.085 037 1* - 147 126 -.029
controls
R -168 -.010 245 -.1470 1* - 353 -.069
patients
TGE-B of 206 .163 434 -.116 126 -.353 bk -.077
controls
Lipe of - 313 - 815 246 315 112 -.029 -.069 -.077 1*
bacteria
<0.0001
<0.0001 <0.0001
40 ' 309
600 -
. 304 T w 204
| i ©

P ﬁ 400 — - :

T 204 + =

e 3 é 10

= 2 n

=  200-
104
— IJ;I
- 0
0 T 0 | T T
IL-6 IL-22 TGF-B
ngimL paimL ngfmL

Figure 1) Serum levels of IL-6, IL-22, and TGF-f31 in the studied groups (independent samples t-test)

contrast, 14 (24.13%) samples contained
Gram-positive bacteria, mainly S. aureus
(Tables 1 and 2). These results indicated that
Gram-negative bacteria were predominant
among HAP cases, with P aeruginosa being
the most frequently isolated pathogen.
Although Vitek?2 is a standardized platform
forbacterialidentification, the distribution of

Infection Epidemiology and Microbiology

pathogens isolated in this study, particularly
the predominance of P. aeruginosa (37.9%)
and the detection of only S. aureus isolates,
differs from global patterns commonly
reported for HAP. This difference may be
attributed to local hospital ecology and
antibiotic stewardship practices.

The distribution of patients by gender

Fall 2025, Volume 11, Issue 4
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Figure 2) Serum levels of IL-6, IL-22, and TGF-1 by gender (independent samples t-test)
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Figure 3) Serum levels of IL-6, IL-22, and TGF-3 by bacterial type

showed that the prevalence of the disease
was higher among male patients (55.17%)
compared to female patients (44.82%) (Ta-
ble 3). The concentrations of IL-6, IL-22,

Infection Epidemiology and Microbiology

and TGF-$ in the serum of pneumonia pa-
tients were higher (19.02+1.675 ng/mlL,
446.1+3.074 pg/mL, and 14.69%£0.191 ng/
mL, respectively) compared to the control
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group (7.206+0.274 ng/mL, 365.6%4.265
pg/mL, and 5.88+0.17 ng/mL, respectively)
(Table 4, Figure 1).

The gender distribution of IL-6, IL-22, and
TGF-f1 levels in the studied groups is shown
in Table 5 and Figure 2. The mean concentra-
tions of IL-6, IL-22, and TGF-1 were high-
er in male patients (17.94+0.122 ng/mlL,
450+4.30 pg/mL, and 14.27+0.172 ng/mL,
respectively) compared to the control group
(20.35%£3.757 ng/mL, 440+4.22 pg/mL, and
15.22+0.34 ng/mL) (Table 5, Figure 2).
The distribution of IL-6, IL-22, and TGF-1
levels by bacterial type is shown in Table 6
and Figure 3.

The results showed that the correlation
between the cytokines IL-6, IL-22, and TGF-f3
and bacterial causes of hospital-acquired
pneumonia was weak and not strong enough
to be relied upon to differentiate between
the studied groups.

Discussion

Hospital-acquired pneumonia (HAP)
remains a major challenge in healthcare
settings due to its significant morbidity
and mortality rates. In a previous study, the
most important finding was the prevalence
of Gram-negative bacteria and S. aureus as
major causes of pneumonia, these bacteria
are of great concern due to their increasing
resistance to commonly-used antibiotics.
Multidrug-resistant  bacterial infections
lead to worse outcomes, including longer
hospital stays and increased mortality rates
(191, There are numerous factors that increase
the risk of developing ventilator-associated
pneumonia, such as prolonged hospital stay,
use of mechanical ventilation, and previous
antibiotic use. This type of pneumonia
is particularly common among patients
receiving mechanical ventilation for long
periods of time [, Diagnostic challenges
play an important role in the management of
bronchitis. Previous studies have shown that
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sputum culture and imaging with traditional
diagnostic methods may not always provide
conclusive results, leading to delayed or
inappropriate treatment [2%,

Interleukin-6 (IL-6) isinvolved in both innate
and acquired immune responses and plays
a central role in proinflammatory and anti-
inflammatory responses through regulating
immune and inflammatory responses [?2.
This cytokine is produced by many immune
cells, such as macrophages and T cells, in
response to infection and is also involved
in B cell differentiation and T cell activation
4l This study results are consistent with
those of other previous studies indicating
increased IL-6 levels in bacterial infections
(231 IL-6 plays an essential role in HAP
pathogenesis [?4. Elevated IL-6 levels in HAP
patients are associated with disease severity
and systemic inflammation 4, Furthermore,
[L-6 has been implicated in immune
dysregulation, which could impair bacterial
clearance and elevate the risk of secondary
infections, particularly in ventilator-
associated pneumonia (VAP) [°]. [L-6-guided
risk stratification has been proposed as a
useful tool for supporting early diagnosis and
treatment decisions in nosocomial infections
(261, Previous studies suggest that IL-6 plays
a role in promoting protective immune
responses and regulating inflammatory
pathways 1?7, In a study, serum levels of IL-6
were found to be considerably higher in ICU
patients with HAP than in non-pneumonia
controls, indicating its role in systemic
inflammation and disease progression 1?81, In
another study, clinical severity ratings and
length of ICU stay were positively correlated
with IL-6 levels in mechanically ventilated
HAP patients. These findings imply that
this cytokine might be a useful prognostic
indicator in hospital environments %, A
clinical investigation revealed that early
IL-6 elevation was associated with worse
outcomes and complications such as
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sepsis in HAP patients, underscoring the
importance of IL-6 monitoring in critical
care units B% Moreover, a study at Mosul
Teaching Hospital revealed that IL-6 levels
were significantly higher in HAP patients
who were resistant to several antibiotics
than in susceptible patients, indicating the
connection between pathogen virulence and
immune activation B,

The elevated IL-22 levels observed in our
cohort are consistent with its proven role in
mucosal immunity and antimicrobial defense
B, The gender difference in this study is
supported by single cell transcriptomic
studies indicating that activated neutrophils
and lung resident macrophages are involved
in IL-22 production during pneumonia
32, Interleukin-22 plays an important role
in mucosal immune responses and tissue
protection, particularly in the respiratory
system. IL-22 plays an important role
in pneumococcal pneumonia and helps
suppress the pneumococcal burden in
the lungs and extrapulmonary tissues by
promoting complement deposition on
bacteria, which improves phagocytosis by
neutrophils®3.RecentstudiessuggestthatIL-
22 enhances epithelial defense mechanisms
by inducing antimicrobial peptides and
promoting tissue regeneration, especially in
bacterial pneumonia ¥, In murine models
of HAP and VAP, IL-22 administration has
been shown to reduce bacterial burden and
recover survival by strengthening alveolar
epithelial barrier integrity . The defensive
role of IL-22 has been confirmed in
immunocompromised hosts, suggesting its
potential as a therapeutic agent for patients
at high risk of nosocomial infections 3¢, A
previous study in Baghdad found that [L-22
was significantly increased in patients with
severe pneumonia compared to controls,
indicating its protective immunomodulatory
role P71 Increased IL-22 levels in patients
with pneumonia caused by multidrug-
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resistant bacteria were shown in another
study *®. Another research in Iraq examined
IL-22 in VAP patients and found that its
high levels were associated with disease
resolution, supporting its protective function
in lung repair and recovery 9.

TGF-p is a cytokine mainly produced by mac-
rophages, regulatory T cells, and epithelial
cells. It plays essential roles in fibrosis, im-
mune regulation, and epithelial cell repair.
In the lung, this cytokine is crucial for main-
taining pulmonary homeostasis by regulat-
ing inflammatory responses and promoting
tissue remodeling *°. TGF- may defend the
body against infection by reducing exces-
sive inflammation or contribute to disease
pathophysiology by inhibiting immune sys-
tem function 1,

The high TGF-$ levels in HAP patients in
the present study may primarily reflect a
compensatory strategy aimed at preventing
acute lung tissue damage and reducing ex-
cessive inflammation. TGF-f3 plays a dual bi-
ological role, and activation of this pathway
has been strongly related with pulmonary
fibrosis and immune dysregulation. Several
previous studies have confirmed that per-
sistent TGF-3 signaling promotes fibroblast
activation, structural remodeling of the lung
parenchyma, extracellular matrix deposi-
tion, and long-term functional decline 1l
Higher levels of TGF- in bronchoalveolar
lavage fluid (BALF) are linked to worse out-
comes in patients with pneumonia, indicat-
ing its dual function in pulmonary immunity
11, TGF-B is a multipurpose mediator that
controls immune responses to lung infec-
tions such as HAP by preventing excessive
inflammation to maintain tissue integrity.
Nevertheless, this inhibition may weaken
antimicrobial resistance and increase the
persistence of pathogens 2. Impaired neu-
trophil recruitment and delayed bacterial
clearance have been associated with elevat-
ed pulmonary TGF-f3 levels during bacterial
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pneumonia, particularly in nosocomial in-
fections 3. TGF-B is known to induce epi-
thelial-to-mesenchymal transition (EMT), a
process that may worsen the long-term out-
comes of HAP or VAP 4, Despite these neg-
ative consequences, TGF-3 is essential for
reducing inflammation and promoting tis-
sue healing in the latter stages of infection,
underscoring its intricate and crucial roles
(31, Therapeutic targeting of TGF-3 pathways
is under investigation to promote bacterial
clearance while reducing lung injury in HAP
patients [l A clinical study in Baghdad Medi-
cal City reported significantly elevated TGF-f3
levels in ICU patients with HAP compared to
non-infected ICU controls ..

Another study found that increased TGF-f3
levels were associated with prolonged me-
chanical ventilation and delayed radiologi-
cal recovery, underscoring its role in fibrosis
and immune suppression during pulmonary
infections ®l. Previous studies have shown
that TGF-3 elevation is part of a compensa-
tory anti-inflammatory response (CARS) that
might contribute to immune paralysis in pro-
longed infections *7.

The present study results also highlight the
main gap between therapeutic intervention
and cytokine profiling. Although cytokine
modulation is suggested as a possible HAP
prevention strategy, precise mechanisms
are yet difficult to determine. For instance,
IL-6 is a desirable target, and IL-6 receptor
antagonists, such as tocilizumab, have been
evaluated in hyperinflammatory states and
cytokine storm syndromes. However, in the
setting of severe bacterial pneumonia, any
attempt to blunt IL-6-driven inflammation
must carefully balance the need to reduce
tissue injury against the risk of impairing
bacterial clearance.

Study limitations: There are a number of
limitations to this study. Important con-
founding variables that might affect inflam-
matory responses, such as comorbidities or
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disease severity, were not taken into consid-
eration.

Conclusion

This study highlights the distinctive cytokine
signatures in HAP patients, demonstrating
significantly elevated IL-6, IL-22, and TGF-f3
levels in patients compared with healthy in-
dividuals. The intricate interaction between
pro-inflammatory and anti-inflammato-
ry reactions determines the severity and
course of bacterial pneumonia. Therapeutic
manipulation of immune cell function and
cytokine activity may lead to better recovery
and reduced mortality.
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