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O

The current study was conducted in Kirkuk city at Al-

Shifaa 14 hospital from November 2021 to March 2022,
indicated the bacteria causing secondary pneumonia isolated
from severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) patients and the role of IL-6 and IL-17 in
these infection.

Sputum samples were used to obtain the bacterial isolates,
and API testing was used to confirm the species level
identification. Using an enzyme-linked immunosorbent assay
(sandwich ELISA), the levels of IL-6 and IL-17 in the blood
were evaluated. The study documented several bacterial
species in a single infection (56/87.5%) or mixed bacterial
infection (8/12.5%). The most common isolated bacteria
species was Klebsiella pneumoniae (35.95%) followed by
Staphylococcus aureus (31.25%), E. coli (17.19%),
Pseudomonas aeruginosa (10.94%), and (1.56%) for each of
Klebsiella ~ oxytoca, Acinetobacter  baumannii  and
Cronobacter sakazakii. The study recorded a high significant
difference (P <0.01) between the patients (22.2+6.82) pg/mL
and the control group (58.39+11.15) pg/ mL concerning IL-6
also a high significant difference (P <0.01) between the
patients (101.79+27.13) pg/mL and the control group
(58.39£11.15) pg/mL concerning I1L-17.

In conclusion, K. pneumoniae and S. aureus were the
predominant isolated bacteria from COVID-19 patient's lung
and there was a highly significant increase in IL-6 and IL-17
levels in secondary bacterial pneumonia in COVID-19
patients.

Introduction

The SARS-CoV-2 that causes COVID-19 disease was
first detected in December 2019 in Wuhan, China,
which has actively spreading throughout the world
[1]. Viral respiratory infections lead to clinical
deterioration, and a common side effect of secondary
bacterial infection, Secondary bacterial infection was
a major contributor to morbidity and mortality in
earlier, researched influenza pandemics, as well as in
seasonal influenza and other respiratory illnesses.
[2,3]. Additionally, it is becoming obvious the
secondary bacterial infections frequently develop in
COVID-19 patients and may be related to worse
outcomes [4].
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Although the specific nature and source of these
infections are still unclear, some evidence suggests
that multidrug resistance bacteria are among the
microorganisms believed to be responsible for the
prevalence of these infections [5,6]. The bacteria K.
pneumoniae, S. aureus, A. baumannii, P. aeruginosa,
and E. coli are the most predominant bacterial species
that cause secondary bacterial pneumonia related with
COVID-19, which eventually results in death despite
receiving prophylactic antimicrobial treatment [7,8].
In COVID-19 patients, the development of secondary
bacterial infection is enhanced by several risk factors,
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including disease severity, recent disease and
treatment [9].

In severe COVID-19 infections, SARS-CoV-2 causes
an excessive immune response termed a cytokine
storm [4]. A cytokine storm is an immunological
condition that has the potential to be devastating and
is distinguished by the excessive production of
inflammatory cytokines and chemical mediators such
as IL-6, IL-7, IL10, 1L17, TNF, INF, CCL2, CCL3,
and CXCL10, as well as a high level of immune cell
stimulation [10,11].

The study aims to isolate and identify the bacteria
causing secondary pneumonia in SARS CoV-2
patients and determine the role of IL-6 and IL-17 in
these infections.

Materials and methods

Sample Collection: A total of 186 sputum samples
and 60 peripheral blood samples (from positive
bacterial infection) were collected from COVID-19
patients attending Al-Shifaa 14 hospital at Kirkuk
city during the period from November 2021 to March
2022.

Isolation and Identification: Isolation and
identification of bacterial species were performed
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using sputum samples that were cultured on blood
agar, MacConkey agar and chocolate agar. The
isolated bacteria were identified on the basis of
macroscopic appearance (colour, conistency, texture
and shape of colony) microscopic (Gram stain,
bacterial morphology) and biochemical tests
(catalase, oxidase, urease, IMVIC and KIA) [12]
Identification was confirmed at the species level
using API test. IL-6 and IL-17 levels were evaluated
by using ELISA technique (sandwich ELISA).
Statistical analysis

The data were analyzed statistically by using the test
analysis (T. test) at P. value (0.01) and compared
averages means using (Duncan Multiple Range) by
applying statistical programs SPSS (version 28) and
Microsoft Office Excel 2010 [13].

Results

Bacterial isolation and identification

The present study recorded (60/32%) of cases were
confirmed to have bacteria as a secondary infection to
COVID-19. Also determined various bacterial species
in a single infection (56/87.5%) or in a mixed
bacterial infection (8/12.5%). as shown in Table (1).

Table 1: Bacterial species isolated from patients with SARS CoV-2 infection

Isolated bacteria | Gram stain Single Mixed TOTAL
56 (87.5%) | 8 (12.5%) | 60 (32%)
No. | % No. | % No. | %
K. pneumoniae Gram-negative | 21 | 32.82 | 2 3.13 | 23 | 35.95
K. oxytoca 1 1.56 0 0 1 1.56
E. coli 9 14.06 | 2 313 |11 | 17.19
P. aeruginosa 6 9.38 1 156 | 7 10.94
C. sakazakii 1 1.56 0 0 1 1.56
A. baumannii 1 1.56 0 0 1 1.56
S. aureus Gram-positive | 17 | 26.56 | 3 469 | 20 | 31.25

IL-6 level in SARS CoV-2 patients with secondary
bacterial pneumonia and control group

The study reported a highly significant increase in IL-
6 levels in SARS CoV-2 patients with secondary
bacterial infection (22.2+6.82 pg/mL) compared to
the control group (13.47+1.85 pg/mL) at (P <0.01).
Table (2).

Table 2: IL-6 level in SARS CoV-2 patients with
secondary bacterial pneumonia and control group

Patients Control
No. 60 30
1L-6 (pg/mL) 22.2+6.82 13.47+1.85
P. value: 0.001 T test: 6.84
IL-17 level in SARS CoV-2 patients with

secondary bacterial pneumonia and control group.

The present study determined that the highest
mean level of IL-17 in SARS COV-2 patients with
secondary bacterial pneumonia was (101.79+27.13
pg/mL) compared with the control group
(58.39+11.15 pg/mL) at (P <0.01). As shown in Table

@)
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Table 3: IL-17 level in SARS CoV-2 patients with
secondary bacterial pneumonia and control grou
Patients Control

30

60
101.79+27.13

No.
IL-17 (pg/mL) 58.394+11.15
P. value: 0.0001 T test: 8.39

Correlation between IL-6 and IL-17 in SARS
CoV-2 patients with secondary bacterial
pneumonia and control group

A significant correlation between IL-6 and IL-17
levels was found by this study, which means that IL-6
levels increase with IL-17 elevation. Figure (1).
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Fig. 1: Correlation between IL-6 and IL-17.
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Discussion

The present study determined various bacterial
species in a single infection (87.5%) or in a mixed
infection (12.5%). The current study agreed with
several studies, in a European multicenter study
conducted by Rouzé et al. [8] it was identified that
83.6% of isolates were Gram-negative bacteria where
P. aeruginosa was constituted of 22.3%, Klebsiella
spp. were constituted of 11.5%, followed by E. coli
8.4% and A. baumannii 7.3%. S. maltophilia was
accounted for 3.5% and 1% of detected bacteria was
for H. influenzae and M. morganii. It was also
revealed that S. aureus was isolated in 12.2% of
bacterial pneumonia cases, Enterobacter spp were
accounted for 18.8%, S. pneumoniae was detected in
2.8% of cases and 9.8% of cases had mixed growth.
[14] demonstrated that S. aureus was the most
common bacteria involved in secondary bacterial
pneumonia (26.2%), followed by P. aeruginosa
(16.9), K. pneumoniae (13.8%) and E. coli (12.3%).
While E. cloacae and K. aerogenes were only 7.7%
and 3.1% for E. faecalis and H. influenzae. In other
study, K. pneumoniae was the most prevalent
bacterial species responsible for secondary bacterial
pneumonia (73%), followed by A. baumannii 57%, P.
aeruginosa that accounted for only 1.7% of cases,
while 24.6% of cases were had mixed bacterial
infection [15]

In a study conducted at Kirkuk city in 2021 on
COVID-19 patients by Ameen et al. [16], reported
that the pure single bacterial isolates were 75.55%
while mixed isolates accounted for 12.5%. Moreover,
they showed that the most common causative agents
of secondary bacterial pneumonia in COVID-19
patients were S. aureus (31.11%), S. pneumoniae
(8.8%), S. pyogenes (7.4%), K. pneumoniae
(27.40%), P. aeruginosa (11.85%), H. influenzae
(11.1%), and K. oxytoca (2.22%).

With consideration to mixed bacterial infections,
Cilléniz et al. [17] illustrated that polymicrobial
infections are common among patients with
pneumonia admitted to the ICU and may lead to
inappropriate  empiric  antimicrobial  therapy.
Additionally, ARDS and chronic lung illness were
predictive factors of polymicrobial pneumonia. They
also reported that polymicrobial pneumonia occurs
less frequently in general among hospitalized
individuals with pneumonia. One common limitation
of such research on microbial infections is that not all
microbiological tests are performed systematically on
all patients, due to this issue, it is possible that a
complete microbiological investigation would reveal
a greater actual prevalence of polymicrobial
etiologies [17].

The study reported a highly significant increase in IL-
6 levels in SARS CoV-2 patients with secondary
bacterial infection (22.2 pg/mL) compared to the
control group (13.47 pg/mL). The result of this study
correspond with Qu et al. [18] and Gayam et al. [19].
They demonstrated that IL-6 is significantly elevated
in patients who experienced secondary bacterial
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infection associated with SARS CoV-2. SARS CoV-
2-induced disease is characterized by the excessive
production of pro-inflammatory cytokines and the
suppression of antiviral innate immune responses
[20]. Santa Cruz et al. [21] mentioned that due to its
strong association with disease severity, likelihood of
requiring mechanical ventilation or mortality, and
most significantly, the fact that it is a pharmaceutical
target, IL-6 plays a special role in the cytokine storm
that COVID-19 patients experience. Herold et al. [22]
proposed that even slightly raised IL-6 levels above
80 pg/mL were adequate to recognize COVID-19
patients who were at a significant risk for respiratory
failure. Holub et al. [23] and Abed et al. [24]
revealed that compared to viral infection, the levels of
TNF-a, PCT and IL-6 were considerably greater in
bacterial infection. The same study showed that high
IL 6 and TNF-a levels returned to baseline within
three days of initiating antibiotic therapy in the
control group, which contained healthy individuals.
Moreover, Tocilizumab (IL-6 receptor antagonist)
therapy can improve the outcomes in patients
hospitalized with serious COVID-19 infection,
according to the Randomized Evaluation of COVID-
19 Therapy (RECOVERY trial) [25].

It is possible that the viral infection activated the
humoral immune response, causing enhanced release
of pro-inflammatory cytokines, which would account
for the raised IL-6 level in SARS-CoV-2 infection
[26]. The virus causes an acute excessive immune
response with an abrupt elevation in pro-
inflammatory cytokines, which is termed "cytokine
storm" [27]. These cytokines may be lead to tissue
damage in multiple organs in COVID-19 patients
[28]. By generating cytolytic dysfunction, IL-6 may
induce cytokine release syndrome. High levels of IL-
6 have been found to reduce the cytotoxicity of
natural killer (NK) cells, resulting in the inability of T
lymphocytes or cytotoxic NK cells to kill target cells,
increasing target cell life time and enhancing antigen
stimulation. Overall, it leads to the overproduction of
proinflammatory cytokines [29,30]. Karwaciak et al.
[31] suggested that the nucleocapsid and spikes of
SARS-CoV-2 can alone stimulate the generation of
IL-6 by macrophage and monocytes, and this
elevation of IL-6 may be the initial cause of impaired
immune response in certain COVID-19 patients.

The present study determined that the highest mean
level of IL-17 in SARS COV-2 patients with
secondary bacterial pneumonia was (101.79 + 27.13
pg/mL) compared with the control group (58.39 +
11.15 pg/mL). The researchers [32,33]
have demonstrated that COVID-19 patients have
higher inflammatory responses due to IL-17
overproduction. Previous research [34] has found that
Th17 cells are upregulated in COVID-19 patients. IL-
17 promotes neutrophil infiltration into the lungs,
which contributes to the pathogenesis of acute
respiratory distress syndrome (ARDS) [35]. The
severity of ARDS in respiratory syncytial virus
iliness and Middle East Respiratory Syndrome-
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related coronavirus is positively associated with
increasing IL-17A activity and elevation of Thl7
cells [36,37]. Likewise, Th17-cell over-activation and
enhanced cytotoxic effects of CD8+ T cells are at
least partially accountable for intense immune
impairment in COVID-19 patients [34]. According to
De Biasi et al. [38], COVID-19 pneumonia patients
showed exhausted T-cell profiles and elevated Th17
responses. In viral ARDS, IL-17A is related to
pulmonary inflammation and poor recovery rates
[39]. Since IL-17A signaling enhances pathological
inflammation by  inducing  pro-inflammatory
cytokines including IL-6 and IL-1, it is regarded as a
potential target for adjunctive ARDS treatment in
COVID-19 patients [35]. IL-17 and acute lung
damage in COVID-19 patients are recognized to be
related, although the underlying functional processes
are not well characterized. There is significant
evidence that IL-17 interacts with the SARS-CoV-2
entrance receptor ACE2 [40]
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