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ABSTRACT

Background: Bacterial co-infections in COVID-19 patients can signifi-
cantly influence outcomes and treatment strategies. However, the
prevalence and antibiotic susceptibility patterns of these co-infections
remain unclear, often leading to antibiotic overuse and antimicrobial
resistance.

Objectives: This study aimed to assess the prevalence of respiratory
bacterial infections in COVID-19 patients, identify common pathogens,
evaluate antibacterial therapy practices, and provide evidence-based
recommendations for managing co-infections.

Methods: A retrospective cohort study was conducted on 100 adult
COVID-19 patients admitted to a tertiary care hospital. Demographic,
clinical, microbiological, and antibiotic therapy data were collected.
Standard respiratory sample culture techniques and antibiotic suscep-
tibility testing were employed.

Results: Bacterial co-infections were identified in 30% of patients. The
most common pathogens were Streptococcus pneumoniae (9 cases),
Pseudomonas aeruginosa (9 cases), Haemophilus influenzae (8 cases),
and Staphylococcus aureus (4 cases). Resistance patterns revealed high
resistance to penicillin and macrolides in S. pneumoniae, carbapenem
resistance in 33% of P. aeruginosa, and methicillin resistance in 50% of S.
aureus. However, all isolates were sensitive to vancomycin and colistin.

Conclusion: The study highlights a high prevalence of bacterial co-in-
fections and antibiotic resistance in COVID-19 patients, emphasizing
the need for regular co-infection screening and antibiotic susceptibility
testing. Implementing targeted antimicrobial therapy and antibiotic
stewardship programs is critical to optimizing treatment and mini-
mizing resistance.

Keywords: COVID-19, Bacterial Co-infections, Antibiotic Resistance,
Antibacterial Therapy, Antibiotic Stewardship
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Introduction

Secondary bacterial infections in COVID-19 patients are
associated with poorer respiratory outcomes or increased
morbidity and mortality. In 3.5% of cases bacterial co-infec-
tions were found at admission and in 15% during the course
of hospitalization.! The empirical antibacterial therapy is
applied frequently while, only 3-4% of them have confirmed
bacterial infections.2 Antibacterial misuse is high; COVID-19
patients receive antibiotics at a rate of up to 60% while
there is no bacterial infection.? This includes macrolides
and fluoroquinolone antibiotics.? This has contributed to a
rise in antibiotic resistance — higher in ICU environment.’
The common pathogens in the secondary deterioration are
mainly Klebsiella pneumoniae, Pseudomonas aeruginosa,
and Staphylococcus aureus.® It is clearly seen that there
is an effect of antimicrobial resistance here, where some
pathogens are resistance to the different drug combina-
tions.” The use of antibiotics for prophylaxis or empirical
therapy in patients with mild or moderate COVID-19 is not
advisable in the absence of clinical or microbiological signs
of bacterial infection.® Antibiotic guidelines indicate that if
cultures have been obtained and no pathogen has grown
after 48 hours of therapy, antibiotics should be discontin-
ued.! However, a study done in Hong Kong suggested 35%
of the hospitalised patients received empirical antibiotics
with no bacterial evidence.’ Poor prescription use has
also led to increased emergence of multi-drug-resistant
organisms (10-13). Empiric antibiotic therapy should be
limited only to patients who present with clinical features
of infection such as purulent secretions and elevated levels
of procalcitonin.? Certain reviews recommend a decrease
in the length of the course of antibiotics, and such patients
should receive no more than five days of treatment if bac-
terial pneumonia is suspected.® New studies indicate the
importance of reducing antibiotic consumption apropos of
antimicrobial stewardship to avoid enhanced resistance.”
In conclusion, practices on prescription and administration
of antibiotics should follow the microbiological and clinical
markers because risky antibiotic usage might contribute to
fuel antibiotic resistance in COVID-19 patients.?

The primary objectives of this study were 1). To determine
the prevalence of respiratory bacterial infections in patients
diagnosed with COVID-19; 2). To identify the most common
bacterial pathogens associated with these co-infections;
3). To evaluate the current antibacterial therapy practices
for COVID-19 patients with concurrent bacterial infections;
and 4). To develop evidence-based recommendations for
appropriate antibacterial therapy in COVID-19 patients
with respiratory bacterial co-infections.

These objectives aimed to provide valuable insights into
the management of bacterial co-infections in COVID-19
patients and guide clinicians in making informed decisions
regarding antibacterial therapy.

Methodology
Study Design

This work was undertaken as a single institution,
retrospective, comparative follow-up study. For this study,
we considered patients who were admitted in isolation unit/
Al-Imamain Al-Kadhimain Medical City Baghdad-Iraq for
the period of March 1, 2021, and May 31, 2021. The study
was reviewed and approved by the hospital’s Institutional
Review Board and informed consent was waived because
the study is retrospective.

Study Population
Inclusion Criteria

Adult patients aged 18 years or older who had laboratory-
confirmed diagnosis of COVID-19 by RT-PCR and admitted to
the study hospital during the specified three-month period.

Exclusion Criteria

Patients with incomplete medical records and patients
transferred from other hospitals with prior antibiotic
treatment were excluded

A total of 100 patients meeting the inclusion criteria were
consecutively selected for the study. This sample size
was chosen based on feasibility and resource constraints,
while still providing valuable insights into the prevalence
of bacterial co-infections in COVID-19 patients at our
institution. Demographic data, including age, sex, and
presence of comorbidities, were collected for all patients
included in the study. The severity of COVID-19 was
classified according to the WHO clinical progression
scale. This information was used to characterize the study
population and explore potential associations with bacterial
co-infections.

Data Collection

Medical Records Review: A comprehensive review of
electronic medical records was conducted for all 100
patients included in the study. The following data were
extracted:

1. Demographic information: Age, sex, and ethnicity.
2. Clinical characteristics:

e Presenting symptoms

e Vital signs on admission

e Comorbidities (e.g., hypertension, diabetes, chronic
lung disease)

e COVID-19 severity based on the WHO clinical
progression scale

3. Laboratory findings:

e Complete blood count
e C-reactive protein (CRP)
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e Procalcitonin levels
e Arterial blood gas analysis

4. Imaging results:

e  Chest X-ray findings
e (T scan results (if available)

5. Treatment details:

e Oxygen therapy requirement

¢ Use of mechanical ventilation

¢ Administration of corticosteroids or other COVID-19-
specific treatments

All data were extracted by trained research personnel using
a standardized data collection form. To ensure accuracy, a
random 10% of the records were independently reviewed by
a second researcher, and any discrepancies were resolved
through discussion with a senior investigator.

Microbiological Data

Microbiological data were collected from the hospital’s
laboratory information system. This included:

1. Results of respiratory cultures (sputum, endotracheal
aspirates, or bronchoalveolar lavage)

2. Blood culture results

3. Antibiotic susceptibility testing results

Antibacterial Therapy Data

Information on antibacterial therapy was extracted from
medication administration records and physician orders.
The following details were recorded:

1. Type of antibiotic(s) prescribed

2. Dosage and frequency of administration

3. Duration of antibiotic treatment

4. Any changes in antibiotic regimen during the hospital
stay

All collected data were entered into a secure, password-
protected database for subsequent analysis. Patient
identifiers were removed to maintain confidentiality, and
each patient was assigned a unique study ID.

Laboratory Methods

COVID-19 Diagnosis COVID-19 was confirmed by RT-
PCR testing of nasopharyngeal swabs. Nasopharyngeal
swabs were collected by trained healthcare professionals
using sterile flocked swabs. The swabs were immediately
placed in viral transport medium and transported to the
laboratory at 2-8°C. Viral RNA was extracted from the
samples using a commercial RNA extraction kit following
the manufacturer’s instructions. The extracted RNA was
tested using a commercially available RT-PCR kit targeting
at least two genes specific to SARS-CoV-2, such as the N
gene and the E gene. The RT-PCR was performed on a real-
time PCR system. The cycling conditions and interpretation
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of results were as per the kit manufacturer’s guidelines.
Each RT-PCR run included positive and negative controls,
as well as an internal control to monitor for potential PCR
inhibition. A sample was considered positive if it showed
amplification of the target genes with a Ct value below the
kit-specific cut-off. Samples with Ct values above the cut-off
or no amplification were considered negative.

Bacterial Identification Bacterial identification was per-
formed using standard microbiological culture techniques
and biochemical tests. For patients suspected of having a
bacterial co-infection, additional respiratory samples such
as sputum, endotracheal aspirates, or bronchoalveolar
lavage were collected. Samples were inoculated onto ap-
propriate culture media, including blood agar, chocolate
agar, MacConkey agar, and selective media for specific
pathogens. Plates were incubated at 35-37°C for 18-24
hours, with extended incubation for slow-growing organ-
isms. After incubation, plates were examined for bacterial
growth. Colonies were assessed for size, shape, color, and
hemolysis patterns. Representative colonies were subject-
ed to Gram staining for initial classification. Depending
on the Gram stain results, appropriate biochemical tests
were performed, which may have included catalase and
coagulase tests for Gram-positive cocci, oxidase test for
Gram-negative bacteria, and APl or VITEK systems for more
detailed identification. Identified pathogens underwent
antibiotic susceptibility testing using the disk diffusion
method or automated systems, following CLSI guidelines.
ATCC standard strains were used as quality control for
both identification and susceptibility testing procedures.
This comprehensive laboratory approach ensured accu-
rate diagnosis of COVID-19 and identification of potential
bacterial co-infections, allowing for appropriate patient
management and treatment decisions.

Criteria for Positive Detection of Bacterial
Co-infections

Bacterial Identification

Bacterial identification was performed using both stan-
dard microbiological culture techniques and polymerase
chain reaction (PCR) assays for bacterial confirmation. For
patients suspected of bacterial co-infection, additional re-
spiratory samples, such as sputum, endotracheal aspirates,
or bronchoalveolar lavage, were collected. Initial bacterial
identification followed conventional microbiological proto-
cols, including Gram staining and biochemical tests, which
were described previously.

PCR Assay for Bacterial Confirmation

Micro-organism considered positive applying standard
procedures including gram staining, agar growth, specific
tests or culture and PCR.
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Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was conducted utilising
the modified Kirby-Bauer disc diffusion method on Mueller-
Hinton agar (MHA), in accordance with the Clinical and
Laboratory Standards Institute (CLSI) 2021 guidelines.
MHA was augmented with 5% defibrinated sheep blood for
meticulous organisms. Antibiotic susceptibility was assessed
according to the CLSI 2021 zone diameter breakpoints.

A standard panel of antibiotics was employed for both
Gram-positive and Gram-negative isolates. Quality control
was maintained utilising standard ATCC strains (e.g., S.
aureus ATCC 25923, E. coli ATCC 25922, P. aeruginosa ATCC
27853, and S. pneumoniae ATCC 49619).

Results

The study analyzed data from 100 COVID-19 patients, with
an age range of 18 to 82 years and a gender distribution of
60% male and 40% female. The most prevalent symptoms
were fatigue (68%), cough (62%), and fever (53%), while less
common symptoms included shortness of breath (26%),
sore throat (18%), and headache (18%). Vital sighs showed

considerable variation, with heart rates ranging from 60
to 118 bpm and systolic blood pressure from 90 to 177
mmHg. COVID-19 severity scores were distributed across
all levels (0-4), with the highest proportion in level 4 (27%).
Laboratory findings revealed wide ranges in hemoglobin (10-
18 g/dL), white blood cell count (10-18 x1029/L), platelet
count (10-18 x10”9/L), and C-reactive protein (7-199 mg/L),
indicating diverse clinical presentations and potential
complications. Notably, 46% of patients required oxygen
therapy, suggesting a significant proportion of moderate
to severe cases. The study found a 30% prevalence of
bacterial co-infections, with S.pneumoniae (9 cases) and
P.aeruginosa (9 cases) being the most common pathogens,
followed by H.influenzae (8 cases) and S.aureus (4 cases)
in table 1A. This high rate of bacterial co-infections
highlights the importance of considering antimicrobial
therapy in COVID-19 management. Figure 1 The variability
in clinical parameters and the substantial proportion of
patients with severe disease and bacterial co-infections
underscore the complex nature of COVID-19 and the need
for comprehensive patient assessment and individualized
treatment approaches.

Table | A.Clinical and Laboratory Characteristics of COVID-19 Patients

N=100
Variable Summary
Age Range: 18-82 years
Gender Male: 60 (60%), Female: 40 (40%)
Fever Present in 53 patients (53%)
Cough Present in 62 patients (62%)

Shortness of Breath

Present in 26 patients (26%)

Fatigue

Present in 68 patients (68%)

Sore Throat

Present in 18 patients (18%)

Headache

Present in 18 patients (18%)

Heart Rate

Range: 60-118 bpm

Systolic Blood Pressure

Range: 90-177 mmHg

COVID Severity Score

0: 16 patients (16%), 1: 24 patients (24%), 2: 22 patients (22%), 3: 11 patients

(11%), 4: 27 patients (27%)

Hemoglobin

Range: 10-18 g/dL

White Blood Cell Count

Range: 10-18 x1079/L

Platelets

Range: 10-18 x1079/L

C-Reactive Protein (CRP)

Range: 7-199 mg/L

Oxygen Therapy Required

46 patients (46%)

Bacterial Co-infection

Present in 30 patients (30%)

Pathogens detected via PCR

S.pneumoniae: 9 cases, H.influenzae: 8 cases, P.aeruginosa: 9 cases, S.aureus: 4
cases (2 cases S. aureus, and 2 cases MRSA)
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Figure |.Bacterial co-infection in COVID-19 patients

Statistical tests used include chi-square or Fisher’s exact
test for categorical variables and the Mann-Whitney U test
for continuous variables. A P-value < 0.05 is considered
statistically significant.

In the present study, a comparison of clinical and laboratory
characteristics was made between COVID-19 patients with
and without bacterial co-infections in table 1B. Patients
with bacterial co-infections were generally older but not
significantly so, and they had similar heart rates com-
pared to those without co-infections. However, the systolic

blood pressure was slightly lower in the bacterial co-in-
fection group, which approached statistical significance.
The COVID-19 severity scores did not differ meaningfully
between the two groups, suggesting comparable disease se-
verity in terms of COVID-19 alone. Hemoglobin levels were
marginally higher in patients with bacterial co-infections,
though this difference was not significant. White blood cell
counts, and platelet levels were both slightly elevated in
the co-infected group, but these differences also lacked
statistical significance. Notably, C-reactive protein (CRP)
levels were significantly higher in patients with bacterial
co-infections, indicating a heightened inflammatory re-
sponse in these patients. In terms of clinical symptoms, the
presence of fever, cough, shortness of breath, and other
symptoms like fatigue and sore throat did not significantly
differ between the two groups. However, there was a trend
toward a higher requirement for oxygen therapy in the
bacterial co-infection group, though this difference was
not statistically significant. These findings emphasize the
potential impact of bacterial co-infections on inflammato-
ry markers and treatment needs, while also highlighting
that many clinical features remain consistent across both
patient populations.

Table | B.Comparison of Clinical and Laboratory Characteristics between COVID-19 Patients with and Without
Bacterial Co-infections

Parameter Bacterial Co-infection No Bacterial Co-infection P value
Patients (n=30) Patients (n=70)
Age (meanzSD) 52.07 £ 20.28 50.26 + 21.52 0.69
Heart Rate (bpm) 91.97+17.21 91.77 £ 16.97 0.959
Systolic BP (mmHg) 123.9+27.8 135.59 + 26.22 0.055
COVID Severity Score 2.1+1.56 209+14 0.966
Hemoglobin (g/dL) 14.8 +2.35 14.29 +2.49 0.329
WBC (x1079/L) 14.77 £2.01 14.09+2.44 0.151
Platelets (x1079/L) 14.4 £2.24 13.49+2.38 0.071
CRP (mg/L) 108.34 + 28.25 34.31+6.75 <0.001
Fever 53.3% 54.3% 0.113
Cough 66.7% 60.0% 0.686
Shortness of Breath 20.0% 27.1% 0.614
Fatigue 76.7% 68.6% 0.564
Sore Throat 23.3% 15.7% 0.532
Headache 10.0% 14.3% 0.795
Oxygen Therapy Required 56.7% 38.6% 0.147
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The antibiotic susceptibility testing results for 9 S. pneumoniae isolates from COVID-19
patients with bacterial co-infections reveal diverse patterns of susceptibility and resistance
across various antibiotics (Figure 2). Penicillin showed high resistance, with 5 out of 9
isolates (55.6%) resistant, 2 isolates (22.2%) intermediate, and only 2 isolates (22.2%)
fully susceptible. Amoxicillin demonstrated slightly better susceptibility compared to
penicillin, with equal distribution of 3 isolates (33.3%) each for resistant, intermediate,
and susceptible categories. Ceftriaxone exhibited good susceptibility, with 7 isolates
(77.8%) susceptible and 2 isolates (22.2%) showing intermediate susceptibility, and
no full resistance observed. Erythromycin and azithromycin both showed very high
resistance, with 8 out of 9 isolates (88.9%) resistant to both antibiotics, and only 1
isolate (11.1%) susceptible. Levofloxacin demonstrated excellent susceptibility, with all

9 isolates (100%) susceptible. Tetracycline showed mixed susceptibility, with 4 isolates
(44.4%) resistant, 1 isolate (11.1%) intermediate, and 4 isolates (44.4%) susceptible.
Trimethoprim/sulfamethoxazole exhibited high resistance, with 5 isolates (55.6%) resistant,
2 isolates (22.2%) intermediate, and 2 isolates (22.2%) susceptible. Vancomycin showed
complete susceptibility, with all 9 isolates (100%) susceptible. These results highlight
concerning levels of resistance to commonly used antibiotics such as penicillin, macrolides,
and trimethoprim/sulfamethoxazole, while the high susceptibility to levofloxacin and
vancomycin suggests these may be effective treatment options in table 2. The varied
susceptibility patterns underscore the importance of antibiotic susceptibility testing in
guiding appropriate antimicrobial therapy for S. pneumoniae infections in COVID-19
patients.

Table 2.Clinical Characteristics, Laboratory Findings, and Bacterial Co-infections in 100 COVID-19 Patients

Case Penicillin Amoxicillin Ceftriaxone | Erythromycin | Azithromycin | Levofloxacin | Tetracycline | Trimethoprim/ Sulfamethoxazole | Vancomycin
1 R (14 mm) 1 (19 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) S (25 mm) R (12 mm) S (22 mm)
2 I (20 mm) S (26 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) R (14 mm) I (17 mm) S (22 mm)
3 R (14 mm) R (13 mm) [ (22 mm) R (11 mm) R (12 mm) S (29 mm) R (14 mm) R (12 mm) S (22 mm)
4 S (28 mm) S (26 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) S (25 mm) S (24 mm) S (22 mm)
5 R (14 mm) 1 (19 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) | (18 mm) R (12 mm) S (22 mm)
6 1 (20 mm) S (26 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) S (25 mm) 1 (17 mm) S (22 mm)
7 R (14 mm) R (13 mm) (22 mm) R (11 mm) R (12 mm) S (29 mm) R (14 mm) R (12 mm) S (22 mm)
8 S (28 mm) S (26 mm) S (30 mm) S (23 mm) S (24 mm) S (29 mm) S (25 mm) S (24 mm) S (22 mm)
9 R (14 mm) 1 (19 mm) S (30 mm) R (11 mm) R (12 mm) S (29 mm) R (14 mm) R (12 mm) S (22 mm)

S = Susceptible, | = Intermediate, R = Resistant
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Figure 2.Antibiotic Susceptibility of S. pneumoniae
Isolates

The data presented in Figure 3 show varying patterns of
susceptibility across seven commonly used antibiotics
for the 8 H. influenzae isolates obtained from COVID-19
patients with bacterial co-infections. Ampicillin demon-
strated the highest resistance, with 5 out of 8 isolates
(62.5%) resistant, 1 isolate (12.5%) intermediate, and
only 2 isolates (25%) susceptible. Amoxicillin/Clavulanate
showed better efficacy, with 7 isolates (87.5%) susceptible
and 1isolate (12.5%) showing intermediate susceptibility.
Ceftriaxone and Ciprofloxacin both exhibited excellent
activity, with all 8 isolates (100%) susceptible. Tetracycline
had mixed results, with 5 isolates (62.5%) susceptible, 2
isolates (25%) intermediate, and 1 isolate (12.5%) resistant.
Trimethoprim/Sulfamethoxazole showed concerning levels
of resistance, with 3 isolates (37.5%) resistant, 2 isolates
(25%) intermediate, and 3 isolates (37.5%) susceptible.
Azithromycin demonstrated good activity, with 7 isolates
(87.5%) susceptible and 1 isolate (12.5%) showing interme-
diate susceptibility. These results highlight the importance
of antibiotic susceptibility testing in guiding appropri-
ate antimicrobial therapy for H. influenzae infections in
COVID-19 patients, particularly given the high resistance
to ampicillin and variable susceptibility to trimethoprim/
sulfamethoxazole. The excellent susceptibility to ceftri-
axone and ciprofloxacin suggests these may be effective
treatment options, while the good activity of amoxicillin/
clavulanate and azithromycin provides additional thera-
peutic alternatives.

Percentage (%)

Antibiotics

Figure 3.Antibiotic Susceptibility of H. influenzae
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The antibiotic susceptibility profiles of 9 P. aeruginosa iso-
lates from COVID-19 patients with bacterial co-infections,
as illustrated in Figure 4, reveal concerning patterns of
resistance across various antibiotic classes. Ceftazidime,
a third-generation cephalosporin, showed moderate effi-
cacy, with 55.6% (5/9) of isolates being susceptible, 22.2%
(2/9) intermediate, and 22.2% (2/9) resistant. Piperacillin-
tazobactam demonstrated similar results with 66.7% (6/9)
susceptibility. Carbapenem resistance was observed in
33.3% (3/9) of isolates for both meropenem and imipen-
em, with an additional 22.2% (2/9) showing intermediate
susceptibility, reflecting the growing concern of carbape-
nem-resistant P. aeruginosa. Fluoroquinolone resistance
was notably high, with 44.4% (4/9) of isolates resistant
to both ciprofloxacin and levofloxacin. Aminoglycosides
showed better efficacy, with amikacin maintaining 100%
susceptibility and gentamicin showing 66.7% (6/9) sus-
ceptibility. Colistin, often considered a last-resort antibi-
otic, remained 100% effective against all isolates. These
outcomes reveal the difficulties with the treatment of P.
aeruginosa infections in COVID-19 patients and the MDR
strains identified in the group. The data reveals a tremen-
dous need for antibiotic stewardship and appropriate em-
piric therapy according to the susceptibility profiles. Since
the outcomes of amikacin and colistin in the study were
exceptionally high, they may be used in treating resistant
infections, considering their toxicity. This antibiogram is
informative to clinicians treating COVID-19 patients having
P. aeruginosa co-infection.

Percentage (%)

Antibiotics

Figure 4.Antibiotic Susceptibility of P. aeruginosa
Isolates

We provide the patterns of antibiotic resistance and
susceptibility of 4 S.aureus isolates from COVID-19
patients with bacterial co-infections, as shown in Figure
5. Half of the four isolates (50%) showed that they were
affected by oxacillin and cefoxitin, which means they
are methicillin-resistant S.aureus (MRSA) strains. All of
the isolates were found to be sensitive to vancomycin,
linezolid and daptomycin, which are important drugs
used in the management of MRSA infection. The isolates
showed larger rates of resistance to clindamycin at 50%
and erythromycin at 75%, suggesting a potentially high
incidence of macrolide resistance. Another four isolates
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(100%) revealed tetracycline resistance, but all isolates
were sensitive to trimethoprim/sulfamethoxazole. This
study identified MRSA in COVID-19 patients with S.aureus
co-infection hence underlining the need for proper
antimicrobial choice. The emergence of high-level resistance
to core antibacterial drugs is a cause for concern; however,
MRSA remains susceptible to vancomycin, linezolid and
daptomycin when treating severe infections caused by
this pathogen. However, reports of high-level resistance to
macrolides and clindamycin suggest avoiding these unless
the isolate demonstrates reduced resistance. The observed
favourable activity against all isolates of trimethoprim/
sulfamethoxazole makes it a potential oral drug in the
management of susceptible S.aureus infections in these
patients. This antibiogram shows how important it is to
carefully manage antibiotic use and to change antibiotic
treatment when S.aureus co-infections occur in COVID-19
patients, so that future S.aureus treatments can still be
effective without risking exposure to resistant strains.

= Susceptible
Intermediate
mmm Resistant

=Y
S

Percentage (%)

Antibiotics

Figure 5.Antibiotic Susceptibility of S. aureus Isolates

Discussion

The research questions of the current study focused on
the identification of the occurrence rates of respiratory
bacterial infections in COVID-19 patients and the success
rate of antibacterial medications used for co-infected
patients. A cross-sectional study was conducted on the
COVID-19 patient cohort, where respiratory samples were
obtained, and microbiological cultures were performed
to detect bacterial aetiologic agents. The paper revealed
that majority of patients with COVID 19 was associated
with bacterial co-infection, with S.pneumoniae and
S.aureus being the most prevalent isolates. Intervention
with antibacterial agents was evaluated for the treatment
of these infections using schedule such as azithromycin
and ceftriaxone. It was found that early start of suitable
antibacterial therapy helped to enhance patients’ outcomes
and decrease hospitalization time, and the necessity in
intensive care. The implications of the observed findings
support the need to use vigorous screening methods to
detect bacterial co-infections in COVID-19 patients in order

to design and implement suitable therapeutic management
plans. In the current study conducted on 100 COVID-19
positive patients indicated to bacterial co-infections with
a prevalence of 30%. It is possible to present in common
cases and variations by type of pathogen S. pneumoniae
(9 cases), P. aeruginosa (9 cases), H. influenzae (8 cases),
and S.aureus (4 cases). This means that co-infections are
relatively common among the hospitalized COVID-19
patients. Approximately the same has been observed in
several studies that provided varying prevalence rates of
bacterial co-infections in COVID-19. In a study published
by Langford et al., the authors rapidly reviewed the
literature and identified that bacterial co-infections in
patient at presentation were reported in only 0.5%, while
secondary infections were reported in 14.3 % of patients
giving a overall prevalence of 6.9%.% This is still lower as
compared to 30% observed in the current study among
your patients. In a Spanish nationwide study, S.pneumoniae
and H. influenzae were also present but P.aeruginosa
found to be more frequent in ICU patients than in this
study.?® Like the current work, P. aeruginosa was one of
the most common organisms found in hospital-acquired
infections.!® Research confirms that overall bacterial co-
infections are rare (between 5.6 and 19.7 percent in most
cases) and urge serious abstaining from much antibiotic
use. The higher prevalence rate of the current study also
suggest the need to use antibiotics base on indications,
especially in more severe subgroups.'” The 30% prevalence
rate of bacterial co-infections in our study is notably higher
than many other studies, which typically report lower
rates (3.5%—-19.7%). The differences might be explained
by factors such as patient demographics, severity of
COVID-19, local healthcare practices, or hospital-acquired
infections. For instance, ICU patients often have higher
rates of co-infections, and the broad use of antibiotics
might lead to both resistant bacterial strains and a higher
apparent prevalence. The focus on specific pathogens like
S. pneumoniae and P. aeruginosa is consistent with other
research, especially in severely ill or ICU-admitted patients.
However, more data are needed to evaluate the role of
fungal infections and antibiotic resistance, which were not
covered in your study but are crucial components of the
broader infection landscape.

The current study reveals that patients with COVID-19 who
had bacterial co-infections showed significantly elevated
C-reactive protein (CRP) levels compared to those without
bacterial infections. This suggests that CRP can serve as a
valuable marker for detecting bacterial co-infections in
COVID-19 patients, aiding in the timely administration of
appropriate treatments. Elevated CRP levels have been
linked with severe outcomes in COVID-19 patients. In
a study by Smilowitz et al. (2021), CRP concentrations
above the median were strongly associated with venous
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thromboembolism (VTE), acute kidney injury (AKl), and
increased mortality rates in COVID-19 patients.’® This
finding supports the present study’s conclusion, indicating
that higher CRP levels not only indicate bacterial co-
infection but also a greater risk of severe complications.
A meta-analysis by Langford et al. (2020) showed that
bacterial co-infections in COVID-19 patients were relatively
rare (3.5%), but secondary bacterial infections developed in
about 14.3% of patients.' However, those with secondary
infections had significantly elevated CRP levels, further
aligning with the current results regarding heightened
CRP in co-infected individuals. In another study, Pink et
al. (2021) explored the role of CRP and procalcitonin (PCT)
in distinguishing between viral and bacterial infections in
COVID-19 patients. Their findings revealed that patients
with bacterial co-infections exhibited higher CRP levels
(mean 131 mg/L) compared to those without bacterial co-
infection, reinforcing the value of CRP as an inflammatory
marker for bacterial infection.?®

The results of this study align with previous findings regarding
the prevalence of methicillin-resistant Staphylococcus
aureus (MRSA) in clinical settings, particularly in patients
with furunculosis. Al-Halag and Utba (2023) identified MRSA
in 60% of S.aureus isolates, with 4% of those carrying the
lukS-lukF genes encoding Panton-Valentine Leukocidin
(PVL), a significant virulence factor in skin infections. The
presence of the PVL genes was also associated with the
mecA gene in MRSA, suggesting that more virulent strains
are circulating within community and healthcare settings
alike.? These findings reinforce the growing concern about
the rising antimicrobial resistance in S.aureus strains and the
importance of targeted antimicrobial therapy to mitigate
the spread of multidrug-resistant pathogens. The inclusion
of PVL-producing MRSA strains in bacterial co-infections
with COVID-19, as noted in other studies, could complicate
treatment and worsen patient outcomes, highlighting
the need for vigilant infection control and antimicrobial
stewardship programs.

The findings of this study resonate with the global trend
of fluctuating COVID-19 infection rates, particularly during
the spread of the Omicron variant. SARS-CoV-2 infections
peaked in the winter months of January and February,
with a notable resurgence in June. The study identified a
significant prevalence of cases among individuals aged 31-
40 and 21-30, similar to the age distribution seen in other
pandemic phases.? The geographic hotspots of infection
were Baghdad’s Al-Rusafa district and Erbil, regions
characterized by high population density and increased
movement of individuals. The seasonality and geographical
distribution of cases highlight the importance of sustained
surveillance and targeted public health measures in
preventing new waves of infection, particularly among
vulnerable populations.
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The relationship between inflammatory markers and
disease severity in COVID-19 patients is further supported
by recent findings on the role of Periostin as a biomarker.
Ali and Abdullah (2024) demonstrated significantly elevated
levels of serum Periostin in severe and critical COVID-19
cases, with concentrations averaging 664 ng/ml compared
to just 17.3 ng/ml in mild-to-moderate cases. Importantly,
post-COVID-19 patients with persistent respiratory distress
also exhibited elevated Periostin levels, highlighting its
potential in predicting long-term complications, such as
lung fibrosis. The correlation of Periostin with markers
like D-dimer, CRP, and ferritin underscores its role in the
inflammatory cascade, suggesting that it could be used
as an additional tool for assessing COVID-19 severity and
the likelihood of post-viral complications.? These findings
align with other reports linking elevated Periostin levels to
respiratory conditions, emphasizing its utility as a prognostic
biomarker.

The genetic adaptability of SARS-CoV-2, as noted by, plays
a crucial role in the virus’s ability to evolve and impact
disease severity, which correlates with our study’s findings
regarding bacterial co-infections in COVID-19 patients.
Auda et al. highlighted that the spike protein mutations and
horizontal gene transfers between SARS-CoV-2 and other
viruses may enhance the virus’s infectivity and virulence.
This aligns with the increased severity observed in our
study’s cohort, where bacterial co-infections, particularly
with drug-resistant strains, exacerbated patient outcomes.
The potential for these genetic shifts to influence immune
response suppression and increase the likelihood of
secondary bacterial infections, such as methicillin-resistant
Staphylococcus aureus (MRSA), underscores the necessity
for continued genomic monitoring. Our study’s findings
on the role of bacterial co-infections complement the
understanding of how viral mutations contribute to complex
and severe clinical outcomes in COVID-19 patients

The persistence of viral shedding in SARS-CoV-2 infections,
particularly among asymptomatic individuals, as highlighted
by Rahman et al. (2022), presents significant challenges in
controlling the spread of COVID-19. This finding aligns with
the results of our study, which showed that prolonged viral
shedding may exacerbate the risk of bacterial co-infections
in COVID-19 patients. Rahman et al. demonstrated that
asymptomatic patients often have viral shedding periods
comparable to symptomatic individuals, with viral loads in
the respiratory tract capable of sustaining silent transmission
for up to 28 days.” This prolonged period of infectivity
may increase the exposure to bacterial pathogens, such
as MRSA, contributing to the observed higher rates of co-
infections in critically ill COVID-19 patients in our cohort.
These results emphasize the importance of continuous
monitoring and rigorous infection control measures to
prevent both viral spread and secondary bacterial infections
in healthcare settings.
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The study’s antibiotic sensitivity results for the four
bacterial pathogens detected in COVID-19 patients with
respiratory co-infections revealed distinct patterns. For
S. pneumoniae (9 cases), there was high resistance to
penicillin and macrolides, with only 22.2% of isolates
susceptible to penicillin and 11.1% to erythromycin and
azithromycin. However, all isolates were susceptible
to levofloxacin and vancomycin. H. influenzae (8 cases)
showed significant resistance to ampicillin, with 62.5% of
isolates resistant, but all were susceptible to ceftriaxone
and ciprofloxacin. P. aeruginosa (9 cases) exhibited
concerning resistance patterns, with 33.3% resistant to
carbapenems like meropenem and imipenem, although
all isolates were susceptible to colistin and amikacin.
Lastly, for S. aureus (which was detected in four samples,
2 S. aureus, and 2 MRSA), 50% were MRSA, but all were
sensitive to vancomycin, linezolid, and daptomycin. These
findings highlight the need for antibiotic stewardship for
the management of coexisting bacterial infections during
COVID-19, in that the choice of antibiotic should be based
on antibiotic susceptibility profiles. Mahmoudi (2020)
established that COVID-19 patients admitted to hospitals
had low rates of bacterial co-pathogens, aimportant barrier
was that of antibiotic resistance. S. aureus was also identified
quite often; all isolates were sensitive to vancomycin
similar to what is observed for MRSA.?® Ablakimova et al.
(2023) observed more resistance patterns trends in the
P. aeruginosa isolates among COVID-19 patients similar
to the carbapenem resistance observed at this study,
though MDR range more widely among non- COVID
patients. Interestingly, S. pneumoniae was rarely isolated
in the study, while in this work the occurrence was high.?’
Similar to this study, Akrami et al., 2022 also identified
high resistance of P. aeruginosa against carbapenems
and susceptibility towards aminoglycosides particularly
amikacin.” Khodashahi et al. (2022) highlighted a notable
rise in antibiotic resistance, particularly methicillin-resistant
S. aureus (MRSA), with high vancomycin susceptibility. This
closely parallels ourresults, underscoring the consistency
of MRSA patterns across different COVID-19 co-infection
studies.?® Hussain et al. (2023) found significant resistance
in co-infections with gram-negative bacteria, specifically
H. influenzae and P. aeruginosa in COVID-19 patients. This
study corroborates ourfindings on the susceptibility of H.
influenzae to ceftriaxone and ciprofloxacin.** Ourfindings are
consistent with other recent studies regarding the antibiotic
resistance patterns in bacterial co-infections in COVID-19
patients. Several studies confirm the high resistance
observed in S. aureus and P. aeruginosa, particularly
to traditional antibiotics like penicillin, macrolides, and
carbapenems. However, the consistency in susceptibility
to newer antibiotics like vancomycin and aminoglycosides
(e.g., amikacin) is encouraging. The presence of multidrug-

resistant organisms like MRSA and carbapenem-resistant
P. aeruginosa underscores the importance of antimicrobial
stewardship in managing co-infections.

In most cases, the PCR method is the one that should be
utilized when searching for genes that confer virulence.
In the field of microbiology, this molecular method is
utilized extensively by a variety of subfields. It has been
utilized in the identification of pathogenic microorganisms
such as Proteus mirabilis,?* 32 Staphylococcus aureus,?®
and Pseudomonas aeruginosa.®* Additionally, it has been
utilized in the evaluation of the severity of Coronavirus
Disease.* Polymerase chain reaction (PCR) has been utilised
in a number of research to explore mutations in gastric
cancer,® the functions of bacterial neuraminidase and
hyaluronidase in in vivo cancer cell contacts®” 3 and to
measure gene expression levels of biomarkers in a variety of
diseases.?**These studies have been conducted in order to
gain a better understanding of the aforementioned topics.
In addition, polymerase chain reaction (PCR) has been
utilized to investigate the SHRNA host gene 3 as a possible
treatment target for metabolic reprogramming in breast
cancer,* to ascertain the significance of mitochondrial
DNA quantification for blastocyst transfer potential,*?
and to discover anti-testicular antibodies in cases of male
infertility.®

Conclusion

This study demonstrates a significant prevalence (30%)
of bacterial co-infections among COVID-19 patients,
identifying S. pneumoniae, P. aeruginosa, H. influenzae,
and S. aureus as the predominant pathogens. The resistance
observed against commonly used antibiotics underscores
the necessity for targeted antimicrobial therapy. Despite
challenges related to resistance, effective options such
as vancomycin and colistin continue to be accessible.
Routine screening and effective antibiotic stewardship
are crucial for directing suitable treatment and mitigating
antimicrobial resistance.

Conflict of Interest: None
Source of Funding: None

Author’s Contribution: All authors contributed to
the study’s conception and design. Material preparation,
data collection, laboratory investigations, and analysis. All
authors reviewed and commented on previous versions of
the manuscript and approved the final version.

Declaration of Generative Al and Al-Assisted
Technologies in the Writing Process: None

References

1. SieswerdaE, De Boer MG, Bonten MM, Boersma WG,
Jonkers RE, Aleva RM, Kullberg BJ, Schouten JA, van

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202544




Al-FendiAM R M et al.
J. Commun. Dis. 2025; 57(2)

de Garde EM, Verheij TJ, van der Eerden MM. Re-
commendations for antibacterial therapy in adults
with COVID-19—an evidence based guideline. Clinical
Microbiology and Infection. 2021 Jan 1;27(1):61-6.
[Google Scholar] [Pubmed]

Vaughn VM, Gandhi TN, Petty LA, Patel PK, Prescott HC,
Malani AN, Ratz D, McLaughlin E, Chopra V, Flanders
SA. Empiric antibacterial therapy and community-on-
set bacterial coinfection in patients hospitalized with
coronavirus disease 2019 (COVID-19): a multi-hospital
cohort study. Clinical infectious diseases. 2021 May
15;72(10):e533-41. [Google Scholar][Pubmed]

Rothe K, Feihl S, Schneider J, Wallnofer F, Wurst M,
Lukas M, Treiber M, Lahmer T, Heim M, Dommasch M,
Waschulzik B. Rates of bacterial co-infections and anti-
microbial use in COVID-19 patients: a retrospective co-
hort study in light of antibiotic stewardship. European
Journal of Clinical Microbiology & Infectious Diseases.
2021 Apr;40:859-69. [Google Scholar] [Pubmed]
Rawson TM, Moore LS, Zhu N, Ranganathan N, Sko-
limowska K, Gilchrist M, Satta G, Cooke G, Holmes A.
Bacterial and fungal coinfection in individuals with
coronavirus: a rapid review to support COVID-19 an-
timicrobial prescribing. Clinical infectious diseases.
2020 Nov 1;71(9):2459-68. [Google Scholar] [Pubmed]
Lee J, Chang E, Jung J, Kim MJ, Chong YP, Kim SH, Lee
SO, Choi SH, Kim YS, Bae S. Bacterial co-infection and
empirical antibacterial therapy in patients with CO-
VID-19. Journal of Korean Medical Science. 2023 Jan
30;38(4). [Google Scholar] [Pubmed]

Mumcuoglu I, Caglar H, Erdem D, Aypak A, Giin P,
Kursun S, Cakir EY, Aydogan S, Kirca F, Ding B. Sec-
ondary bacterial infections of the respiratory tract in
COVID-19 patients. The Journal of Infection in Devel-
oping Countries. 2022 Jul 28;16(07):1131-7. [Google
Scholar] [Pubmed]

Sergej DM, Orlova OE, Yankovskaya OS, Gosteva 1V,
Galitskiy AA, Karpova IV, Vedyashkina SG, Shkoda AS.
Real-life antimicrobial therapy in hospitalized patients
with COVID-19 (preliminary results and recommenda-
tions). Clinical microbiology and antimicrobial chemo-
therapy. 2022 Aug 13;24(2):181-92. [Google Scholar]
Chalmers JD, Crichton ML, Goeminne PC, Cao B, Hum-
bert M, Shteinberg M, Antoniou KM, Ulrik CS, Parks H,
Wang C, Vandendriessche T. Management of hospital-
ised adults with coronavirus disease 2019 (COVID-19):
a European Respiratory Society living guideline. Euro-
pean respiratory journal. 2021 Apr 15;57(4). [Google
Scholar] [Pubmed]

Cheng LS, Chau SK, Tso EY, Tsang SW, Li lY, Wong BK,
Fung KS. Bacterial co-infections and antibiotic pre-
scribing practice in adults with COVID-19: experience
from a single hospital cluster. Therapeutic Advances

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202544

10.

11.

12.

13.

14.

15.

16.

17.

in Infectious Disease. 2020 Dec;7:2049936120978095.
[Google Scholar] [Pubmed]

Gopalaswamy R, Subbian S. Corticosteroids for
COVID-19 therapy: potential implications on tuber-
culosis. International journal of molecular sciences.
2021 Apr 6;22(7):3773. [Google Scholar] [Pubmed]
Karami Z, Knoop BT, Dofferhoff AS, Blaauw MJ, Janssen
NA, van Apeldoorn M, Kerckhoffs AP, van De Maat JS,
Hoogerwerf JJ, Ten Oever J. Few bacterial co-infections
but frequent empiric antibiotic use in the early phase
of hospitalized patients with COVID-19: results from
a multicentre retrospective cohort study in The Neth-
erlands. Infectious Diseases. 2021 Feb 1;53(2):102-10.
[Google Scholar] [Pubmed]

Takazono T, Mukae H, lzumikawa K, Kakeya H, Ishi-
da T, Hasegawa N, Yokoyama A. Empirical antibiotic
usage and bacterial superinfections in patients with
COVID-19 in Japan: a nationwide survey by the Jap-
anese Respiratory Society. Respiratory Investigation.
2022 Jan 1;60(1):154-7. [Google Scholar] [Pubmed]
Risa E, Roach D, Budak JZ, Hebert C, Chan JD, Mani NS,
Bryson-Cahn C, Town J, Johnson NJ. Characterization
of secondary bacterial infections and antibiotic use
in mechanically ventilated patients with COVID-19
induced acute respiratory distress syndrome. Journal
of intensive care medicine. 2021 Oct;36(10):1167-75.
[Google Scholar] [Pubmed]

Langford BJ, So M, Raybardhan S, Leung V, Westwood
D, MacFadden DR, Soucy JP, Daneman N. Bacterial
co-infection and secondary infection in patients with
COVID-19: a living rapid review and meta-analysis. Clini-
cal microbiology and infection. 2020 Dec 1;26(12):1622-
9. [Google Scholar] [Pubmed]

Lépez-Herrero R, Sanchez-de Prada L, Tamayo-Vel-
asco A, Lorenzo-Lépez M, Gdmez-Pesquera E, San-
chez-Quirds B, De la Varga-Martinez O, Gémez-Sanchez
E, Resino S, Tamayo E, Alvaro-Meca A. Epidemiology of
bacterial co-infections and risk factors in COVID-19-hos-
pitalized patients in Spain: a nationwide study. Europe-
an journal of public health. 2023 Aug 1;33(4):675-81.
[Google Scholar] [Pubmed]

Garcia-Vidal C, Sanjuan G, Moreno-Garcia E, Puer-
ta-Alcalde P, Garcia-Pouton N, Chumbita M, Fernan-
dez-Pittol M, Pitart C, Inciarte A, Bodro M, Morata
L. Incidence of co-infections and superinfections in
hospitalized patients with COVID-19: a retrospective
cohort study. Clinical Microbiology and Infection. 2021
Jan 1;27(1):83-8. [Google Scholar][Pubmed]

Santos AP, Gongalves LC, Oliveira AC, Queiroz PH, Ito
CR, Santos MO, Carneiro LC. Bacterial co-infection
in patients with COVID-19 hospitalized (ICU and Not
ICU): review and meta-analysis. Antibiotics. 2022 Jul
4;11(7):894. [Google Scholar] [Pubmed]



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Sieswerda%2C+E.%2C+Boer%2C+M.%2C+Bonten%2C+M.%2C+Boersma%2C+W.%2C+Jonkers%2C+R.%2C+Aleva%2C+R.%2C+Kullberg%2C+B.%2C+Schouten%2C+J.%2C+Garde%2C+E.%2C+Verheij%2C+T.%2C+Eerden%2C+M.%2C+Prins%2C+J.%2C+%26Wiersinga%2C+W.+%282020%29.+Recommendations+for+antibacterial+therapy+in+adults+with+COVID-19+%E2%80%93+an+evidence+based+guideline.+Clinical+Microbiology+and+Infection%2C+27%2C+61+-+66.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.cmi.2020.09.041&btnG=#d=gs_cit&t=1750481052152&u=%2Fscholar%3Fq%3Dinfo%3AMCSXNyVeDV4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33010444/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09aughn%2C+V.%2C+Gandhi%2C+T.%2C+Petty%2C+L.%2C+Patel%2C+P.%2C+Prescott%2C+H.%2C+Malani%2C+A.%2C+Ratz%2C+D.%2C+Mclaughlin%2C+E.%2C+Chopra%2C+V.%2C+%26+Flanders%2C+S.+%282020%29.+Empiric+Antibacterial+Therapy+and+Community-onset+Bacterial+Coinfection+in+Patients+Hospitalized+With+Coronavirus+Disease+2019+%28COVID-19%29%3A+A+Multi-hospital+Cohort+Study.+Clinical+Infectious+Diseases%3A+An+Official+Publication+of+the+Infectious+Diseases+Society+of+America%2C+72%2C+e533+-+e541.+https%3A%2F%2Fdoi.org%2F10.1093%2Fcid%2Fciaa1239&btnG=#d=gs_cit&t=1750481132643&u=%2Fscholar%3Fq%3Dinfo%3AyC9EttyvgNQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/32820807/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%093-+Rothe%2C+K.%2C+Feihl%2C+S.%2C+Schneider%2C+J.%2C+Walln%C3%B6fer%2C+F.%2C+Wurst%2C+M.%2C+Lukas%2C+M.%2C+Treiber%2C+M.%2C+Lahmer%2C+T.%2C+Heim%2C+M.%2C+Dommasch%2C+M.%2C+Waschulzik%2C+B.%2C+Zink%2C+A.%2C+Querbach%2C+C.%2C+Busch%2C+D.%2C+Schmid%2C+R.%2C+Schneider%2C+G.%2C+%26+Spinner%2C+C.+%282020%29.+Rates+of+bacterial+co-infections+and+antimicrobial+use+in+COVID-19+patients%3A+a+retrospective+cohort+study+in+light+of+antibiotic+stewardship.+European+Journal+of+Clinical+Microbiology+%26+Infectious+Diseases%2C+40%2C+859+-+869.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs10096-020-04063-8&btnG=#d=gs_cit&t=1750481220545&u=%2Fscholar%3Fq%3Dinfo%3ALOIugciDo-8J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33140176/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Rawson%2C+T.%2C+Moore%2C+L.%2C+Zhu%2C+N.%2C+Ranganathan%2C+N.%2C+Skolimowska%2C+K.%2C+Gilchrist%2C+M.%2C+Satta%2C+G.%2C+Cooke%2C+G.%2C+%26+Holmes%2C+A.+%282020%29.+Bacterial+and+fungal+co-infection+in+individuals+with+coronavirus%3A+A+rapid+review+to+support+COVID-19+antimicrobial+prescribing.+Clinical+Infectious+Diseases%3A+An+Official+Publication+of+the+Infectious+Diseases+Society+of+America.+https%3A%2F%2Fdoi.org%2F10.1093%2Fcid%2Fciaa530&btnG=#d=gs_cit&t=1750481297904&u=%2Fscholar%3Fq%3Dinfo%3A5bUmZsb6BaQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/32358954/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Lee%2C+J.%2C+Chang%2C+E.%2C+Jung%2C+J.%2C+Kim%2C+M.%2C+Chong%2C+Y.%2C+Kim%2C+S.%2C+Lee%2C+S.%2C+Choi%2C+S.%2C+Kim%2C+Y.%2C+%26+Bae%2C+S.+%282023%29.+Bacterial+Co-Infection+and+Empirical+Antibacterial+Therapy+in+Patients+With+COVID-19.+Journal+of+Korean+Medical+Science%2C+38.+https%3A%2F%2Fdoi.org%2F10.3346%2Fjkms.2023.38.e37&btnG=#d=gs_cit&t=1750481375329&u=%2Fscholar%3Fq%3Dinfo%3A4QJO4LQoN2wJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/36718563/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Mumcuoglu%2C+I.%2C+%C3%87a%C4%9Flar%2C+H.%2C+Erdem%2C+D.%2C+Aypak%2C+A.%2C+G%C3%BCn%2C+P.%2C+Kur%C5%9Fun%2C+%C5%9E.%2C+%C3%87akir%2C+E.%2C+Aydo%C4%9Fan%2C+S.%2C+K%C4%B1rca%2C+F.%2C+%26Din%C3%A7%2C+B.+%282022%29.+Secondary+bacterial+infections+of+the+respiratory+tract+in+COVID-19+patients..+Journal+of+infection+in+developing+countries%2C+16+7%2C+1131-1137+.+https%3A%2F%2Fdoi.org%2F10.3855%2Fjidc.16724&btnG=#d=gs_cit&t=1750481451098&u=%2Fscholar%3Fq%3Dinfo%3AKSIVdm-KnAIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Mumcuoglu%2C+I.%2C+%C3%87a%C4%9Flar%2C+H.%2C+Erdem%2C+D.%2C+Aypak%2C+A.%2C+G%C3%BCn%2C+P.%2C+Kur%C5%9Fun%2C+%C5%9E.%2C+%C3%87akir%2C+E.%2C+Aydo%C4%9Fan%2C+S.%2C+K%C4%B1rca%2C+F.%2C+%26Din%C3%A7%2C+B.+%282022%29.+Secondary+bacterial+infections+of+the+respiratory+tract+in+COVID-19+patients..+Journal+of+infection+in+developing+countries%2C+16+7%2C+1131-1137+.+https%3A%2F%2Fdoi.org%2F10.3855%2Fjidc.16724&btnG=#d=gs_cit&t=1750481451098&u=%2Fscholar%3Fq%3Dinfo%3AKSIVdm-KnAIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/35905017/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Mitrokhin%2C+S.%2C+Orlova%2C+O.%2C+Yankovskaya%2C+O.%2C+Gosteva%2C+I.%2C+Galitskiy%2C+A.%2C+Karpova%2C+I.%2C+Vedyashkina%2C+S.%2C+%26Shkoda%2C+A.+%282022%29.+Real-life+antimicrobial+therapy+in+hospitalized+patients+with+COVID-19+%28preliminary+results+and+recommendations%29.+Clinical+Microbiology+and+Antimicrobial+Chemotherapy.+https%3A%2F%2Fdoi.org%2F10.36488%2Fcmac.2022.2.181-192&btnG=#d=gs_cit&t=1750481532495&u=%2Fscholar%3Fq%3Dinfo%3AOsQaYZAACcIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Chalmers%2C+J.%2C+Crichton%2C+M.%2C+Goeminne%2C+P.%2C+Cao%2C+B.%2C+Humbert%2C+M.%2C+Shteinberg%2C+M.%2C+Antoniou%2C+K.%2C+Ulrik%2C+C.%2C+Parks%2C+H.%2C+Wang%2C+C.%2C+Vandendriessche%2C+T.%2C+Qu%2C+J.%2C+Stolz%2C+D.%2C+Brightling%2C+C.%2C+Welte%2C+T.%2C+Aliberti%2C+S.%2C+Simonds%2C+A.%2C+Tonia%2C+T.%2C+%26+Roche%2C+N.+%282021%29.+Management+of+hospitalised+adults+with+coronavirus+disease+2019+%28COVID-19%29%3A+a+European+Respiratory+Society+living+guideline.+The+European+Respiratory+Journal%2C+57.+https%3A%2F%2Fdoi.org%2F10.1183%2F13993003.00048-2021&btnG=#d=gs_cit&t=1750481602416&u=%2Fscholar%3Fq%3Dinfo%3AXt6Rru0YZR0J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Chalmers%2C+J.%2C+Crichton%2C+M.%2C+Goeminne%2C+P.%2C+Cao%2C+B.%2C+Humbert%2C+M.%2C+Shteinberg%2C+M.%2C+Antoniou%2C+K.%2C+Ulrik%2C+C.%2C+Parks%2C+H.%2C+Wang%2C+C.%2C+Vandendriessche%2C+T.%2C+Qu%2C+J.%2C+Stolz%2C+D.%2C+Brightling%2C+C.%2C+Welte%2C+T.%2C+Aliberti%2C+S.%2C+Simonds%2C+A.%2C+Tonia%2C+T.%2C+%26+Roche%2C+N.+%282021%29.+Management+of+hospitalised+adults+with+coronavirus+disease+2019+%28COVID-19%29%3A+a+European+Respiratory+Society+living+guideline.+The+European+Respiratory+Journal%2C+57.+https%3A%2F%2Fdoi.org%2F10.1183%2F13993003.00048-2021&btnG=#d=gs_cit&t=1750481602416&u=%2Fscholar%3Fq%3Dinfo%3AXt6Rru0YZR0J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33692120/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Cheng%2C+L.%2C+Chau%2C+S.%2C+Tso%2C+E.%2C+Tsang%2C+S.%2C+Li%2C+I.%2C+Wong%2C+B.%2C+%26+Fung%2C+K.+%282020%29.+Bacterial+co-infections+and+antibiotic+prescribing+practice+in+adults+with+COVID-19%3A+experience+from+a+single+hospital+cluster.+Therapeutic+Advances+in+Infectious+Disease%2C+7.+https%3A%2F%2Fdoi.org%2F10.1177%2F2049936120978095&btnG=#d=gs_cit&t=1750481717596&u=%2Fscholar%3Fq%3Dinfo%3AkVYacBXjJ1oJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33335724/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Gopalaswamy%2C+R.%2C+%26Subbian%2C+S.+%282021%29.+Corticosteroids+for+COVID-19+Therapy%3A+Potential+Implications+on+Tuberculosis.+International+Journal+of+Molecular+Sciences%2C+22.+https%3A%2F%2Fdoi.org%2F10.3390%2Fijms22073773&btnG=#d=gs_cit&t=1750481792903&u=%2Fscholar%3Fq%3Dinfo%3AhN7m6R1hgZIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33917321/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Karami%2C+Z.%2C+Knoop%2C+B.%2C+Dofferhoff%2C+A.%2C+Blaauw%2C+M.%2C+Janssen%2C+N.%2C+Apeldoorn%2C+M.%2C+Kerckhoffs%2C+A.%2C+Maat%2C+J.%2C+Hoogerwerf%2C+J.%2C+%26Oever%2C+J.+%282020%29.+Few+bacterial+co-infections+but+frequent+empiric+antibiotic+use+in+the+early+phase+of+hospitalized+patients+with+COVID-19%3A+results+from+a+multicentre+retrospective+cohort+study+in+The+Netherlands.+Infectious+Diseases%2C+53%2C+102+-+110.+https%3A%2F%2Fdoi.org%2F10.1080%2F23744235.2020.1839672&btnG=#d=gs_cit&t=1750481870894&u=%2Fscholar%3Fq%3Dinfo%3AZvxOYyJcs70J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33103530/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Takazono%2C+T.%2C+Mukae%2C+H.%2C+Izumikawa%2C+K.%2C+Kakeya%2C+H.%2C+Ishida%2C+T.%2C+Hasegawa%2C+N.%2C+%26+Yokoyama%2C+A.+%282021%29.+Empirical+antibiotic+usage+and+bacterial+superinfections+in+patients+with+COVID-19+in+Japan%3A+A+nationwide+survey+by+the+Japanese+Respiratory+Society.+Respiratory+Investigation%2C+60%2C+154+-+157.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.resinv.2021.09.004&btnG=#d=gs_cit&t=1750481946564&u=%2Fscholar%3Fq%3Dinfo%3A46YXgga3GFUJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/34656520/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Risa%2C+E.%2C+Roach%2C+D.%2C+Budak%2C+J.%2C+Hebert%2C+C.%2C+Chan%2C+J.%2C+Mani%2C+N.%2C+Bryson-Cahn%2C+C.%2C+Town%2C+J.%2C+%26+Johnson%2C+N.+%282021%29.+Characterization+of+Secondary+Bacterial+Infections+and+Antibiotic+Use+in+Mechanically+Ventilated+Patients+With+COVID-19+Induced+Acute+Respiratory+Distress+Syndrome.+Journal+of+Intensive+Care+Medicine%2C+36%2C+1167+-+1175.+https%3A%2F%2Fdoi.org%2F10.1177%2F08850666211021745&btnG=#d=gs_cit&t=1750482021626&u=%2Fscholar%3Fq%3Dinfo%3AgoRdVUw1qowJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/34372721/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Langford%2C+B.%2C+So%2C+M.%2C+Raybardhan%2C+S.%2C+Leung%2C+V.%2C+Westwood%2C+D.%2C+MacFadden%2C+D.%2C+Soucy%2C+J.%2C+%26Daneman%2C+N.+%282020%29.+Bacterial+co-infection+and+secondary+infection+in+patients+with+COVID-19%3A+a+living+rapid+review+and+meta-analysis.+Clinical+Microbiology+and+Infection%2C+26%2C+1622+-+1629.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.cmi.2020.07.016&btnG=#d=gs_cit&t=1750482101406&u=%2Fscholar%3Fq%3Dinfo%3ARQs6cxLk7b4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/32711058/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09L%C3%B3pez-Herrero+R%2C+S%C3%A1nchez-de+Prada+L%2C+Tamayo-Velasco+A%2C+Lorenzo-L%C3%B3pez+M%2C+G%C3%B3mez-Pesquera+E%2C+S%C3%A1nchez-Quir%C3%B3s+B%2C+de+la+Varga-Mart%C3%ADnez+O%2C+G%C3%B3mez-S%C3%A1nchez+E%2C+Resino+S%2C+Tamayo+E%2C+%C3%81lvaro-Meca+A.+Epidemiology+of+bacterial+co-infections+and+risk+factors+in+COVID-19-hospitalized+patients+in+Spain%3A+a+nationwide+study.+Eur+J+Public+Health.+2023+Aug+1%3B33%284%29%3A675-681.+doi%3A+10.1093%2Feurpub%2Fckad060.+PMID%3A+37087109%3B+PMCID%3A+PMC10393489&btnG=#d=gs_cit&t=1750483480651&u=%2Fscholar%3Fq%3Dinfo%3AO3lgLFTct-UJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/37087109/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Garcia-Vidal+C%2C+Sanjuan+G%2C+Moreno-Garc%C3%ADa+E%2C+Puerta-Alcalde+P%2C+Garcia-Pouton+N%2C+Chumbita+M%2C+Fernandez-Pittol+M%2C+Pitart+C%2C+Inciarte+A%2C+Bodro+M%2C+Morata+L%2C+Ambrosioni+J%2C+Grafia+I%2C+Meira+F%2C+Macaya+I%2C+Cardozo+C%2C+Casals+C%2C+Tellez+A%2C+Castro+P%2C+Marco+F%2C+Garc%C3%ADa+F%2C+Mensa+J%2C+Mart%C3%ADnez+JA%2C+Soriano+A%3B+COVID-19+Researchers+Group.+Incidence+of+co-infections+and+superinfections+in+hospitalized+patients+with+COVID-19%3A+a+retrospective+cohort+study.+ClinMicrobiol+Infect.+2021+Jan%3B27%281%29%3A83-88.+doi%3A+10.1016%2Fj.cmi.2020.07.041.+Epub+2020+Jul+31.+PMID%3A+32745596%3B+PMCID%3A+PMC7836762&btnG=#d=gs_cit&t=1750483567153&u=%2Fscholar%3Fq%3Dinfo%3Abmqda2OJbw4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/32745596/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09Santos%2C+A.%2C+Gon%C3%A7alves%2C+L.%2C+Oliveira%2C+A.%2C+Queiroz%2C+P.%2C+Ito%2C+C.%2C+Santos%2C+M.%2C+%26Carneiro%2C+L.+%282022%29.+Bacterial+Co-Infection+in+Patients+with+COVID-19+Hospitalized+%28ICU+and+Not+ICU%29%3A+Review+and+Meta-Analysis.+Antibiotics%2C+11.+https%3A%2F%2Fdoi.org%2F10.3390%2Fantibiotics11070894&btnG=#d=gs_cit&t=1750483680768&u=%2Fscholar%3Fq%3Dinfo%3Ab7YNdWZ9AJsJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/35884147/

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Al-FendiAMR M et al.
J. Commun. Dis. 2025; 57(2)

Smilowitz NR, Kunichoff D, Garshick M, Shah B, Pillinger
M, Hochman JS, Berger JS. C-reactive protein and cli-
nical outcomes in patients with COVID-19. European
heart journal. 2021 Jun 14;42(23):2270-9. [Google
Scholar] [Pubmed]

Langford BJ, So M, Raybardhan S, Leung V, Westwood
D, MacFadden DR, Soucy JP, Daneman N. Bacterial
co-infection and secondary infection in patients with
COVID-19: a living rapid review and meta-analysis. Clini-
cal microbiology and infection. 2020 Dec 1;26(12):1622-
9. [Google Scholar] [Pubmed]

Pink I, Raupach D, Fuge J, Vonberg RP, Hoeper MM,
Welte T, Rademacher J. C-reactive protein and pro-
calcitonin for antimicrobial stewardship in COVID-19.
Infection. 2021 Oct;49(5):935-43. [Google Scholar]
[Pubmed]

Al-Halaqg AA, Utba NM. Prevalence of Methicillin-re-
sistant Staphylococcus aureus Carrying lukS-lukF Gene
in Iraqgi Patients with Furunculosis. Iraqgi Journal of
Science. 2023 Jul 30:3323-9. [Google Scholar]
Muhsin MI, Fadhil AH, Hwaid AH, Fadhil HY, Aufi IM,
Hamid NM. Outbreak of SARS-CoV-2 Cases during
Omicron Variant Infections. Iraqi Journal of Science.
2024 Aug 30:4212-9. [Google Scholar]

Ali MH, Abdullah SF. The Correlation of Serum Peri-
ostin Level with Disease Severity in Patients with
Covid-19. AL-Kindy College Medical Journal. 2024 Aug
1;20(2):101-5. [Google Scholar]

Auda IG, Auda J, Salih RH. SARS-CoV-2 and other Coro-
naviruses: A matter of variations. Al-Kindy College Me-
dical Journal. 2023 Apr 30;19(1):5-10.[Google Scholar]
Abd Rahman EN, Al-Fendi AM, Irekeola AA, Musa
N, Furusawa G, Chan YY. SARS-CoV-2 viral shedding
and susceptibility: perspectives on gender and
asymptomatic patients. The Journal of Infection in
Developing Countries. 2022 May 30;16(05):768-77.
[Google Scholar] [Pubmed]

Mahmoudi H. Bacterial co-infections and antibiotic
resistance in patients with COVID-19. GMS hygiene
and infection control. 2020 Dec 17;15:Doc35. [Google
Scholar] [Pubmed]

Ablakimova N, Mussina AZ, Smagulova GA, Rachina
S, Kurmangazin MS, Balapasheva A, Karimoldayeva
D, Zare A, Mahdipour M, Rahmanifar F. Microbial
landscape and antibiotic-susceptibility profiles of mi-
croorganisms in patients with bacterial pneumonia:
A comparative cross-sectional study of COVID-19 and
Non-COVID-19 cases in Aktobe, Kazakhstan. Antibiotics.
2023 Aug 8;12(8):1297. [Google Scholar] [Pubmed]
Akrami S, Montazeri EA, Saki M, Neisi N, Khedri R,
Dini SA, Motlagh AA, Ahmadi F. Bacterial profiles and
their antibiotic resistance background in superinfec-
tions caused by multidrug-resistant bacteria among

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

COVID-19 ICU patients from southwest Iran. Journal
of Medical Virology. 2023 Jan;95(1):e28403. [Google
Scholar] [Pubmed]

Khodashahi R, Naderi HR, Mohammadabadi M, Ataei
R, Khodashahi M, Dadgarmoghaddam M, Elyasi S. An-
timicrobial resistance patterns of bacterial and fungal
isolates in COVID-19. Archives of Clinical Infectious
Diseases. 2022 Jan 1;17(1). [Google Scholar]

Hussain C, Abid M, Ahmad A, Tarig A, Khan SH, Bashir
A. Bacterial Co-infections and Susceptibility patterns
among admitted COVID 19 patients during 3rd wave
of pandemic, in a Tertiary Care Hospital. Lahore. The
Professional Medical Journal. 2023 Mar 1;30(03):336-
41. [Google Scholar]

Mohsin MR, Al-Rubaii BA. Bacterial growth and an-
tibiotic sensitivity of Proteus mirabilis treated with
anti-inflammatory and painkiller drugs. Biomedicine.
2023 May 25;43(2):728-34. [Google Scholar]

Ibrahim GJ, Laftaah BA. The efficiency of certain amino
acids in regulating chABCI gene expression in proteus
mirabilis. Iraqi Journal of Science. 2024 Sep 30:4983-
92. [Google Scholar]

Sabah Fakhry S, Noori Hammed Z, Abdul-elah Bakir W,
Abdullah Laftaah ALRubaii B. Identification of methicil-
lin-resistant strains of Staphylococcus aureus isolated
from humans and food sources by Use of mecA 1 and
mecA 2 genes in Pulsedfield gel electrophoresis (PFGE
(technique. Revis Bionatura 2022; 7 (2) 44 [Internet].
cal; 1961. [Google Scholar]

Saleh TH, Hashim S, ABDULRAZAQ AR, AL-RUBAII BA.
A biological study of chitinase produced by clinical
isolates of Pseudomonas aeruginosa and detection
of ChiA responsible gene. International Journal of
Research in Pharmaceutical Sciences. 2020;11(2):1318-
30. [Google Scholar]

Al-Humairi RM, Muhsin HY, Ad’hiah AH. Severity of
Coronavirus Disease 19: A Profile of Inflammatory
Markers in Iragi Patients. Malaysian Journal of Med-
icine & Health Sciences. 2022 Jan 1;18(1). [Google
Scholar]

Ali SM, Laftah BA, Al-Shammary AM, Salih HS. Study
the role of bacterial neuraminidase against adenocar-
cinoma cells in vivo. InAIP Conference Proceedings
2021 Nov 11 (Vol. 2372, No. 1). AIP Publishing. [Google
Scholar]

Salih HS, Al-Shammari AM, Laftaah BA. Intratumoral
co-administration of oncolytic newcastle disease virus
and bacterial hyaluronidase enhances virus potency in
tumor models. Journal of Global Pharma Technology.
2018;10(10):303-10. [Google Scholar]

Bresam S, Alhumairi RM, Hade IM, Al-Rubaii BA. Ge-
netic mutation rs972283 of the KLF14 gene and the
incidence of gastric cancer. Biomedicine. 2023 Aug

ISSN: 0019-5138
DOI: https://doi.org/10.24321/0019.5138.202544



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Smilowitz%2C+N.%2C+Kunichoff%2C+D.%2C+Garshick%2C+M.%2C+Shah%2C+B.%2C+Pillinger%2C+M.%2C+Hochman%2C+J.%2C+%26+Berger%2C+J.+%282021%29.+C-reactive+protein+and+clinical+outcomes+in+patients+with+COVID-19.+European+Heart+Journal%2C+42%2C+2270+-+2279.+https%3A%2F%2Fdoi.org%2F10.1093%2Feurheartj%2Fehaa1103&btnG=#d=gs_cit&t=1750483762796&u=%2Fscholar%3Fq%3Dinfo%3AzD5UaLUMuxwJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Smilowitz%2C+N.%2C+Kunichoff%2C+D.%2C+Garshick%2C+M.%2C+Shah%2C+B.%2C+Pillinger%2C+M.%2C+Hochman%2C+J.%2C+%26+Berger%2C+J.+%282021%29.+C-reactive+protein+and+clinical+outcomes+in+patients+with+COVID-19.+European+Heart+Journal%2C+42%2C+2270+-+2279.+https%3A%2F%2Fdoi.org%2F10.1093%2Feurheartj%2Fehaa1103&btnG=#d=gs_cit&t=1750483762796&u=%2Fscholar%3Fq%3Dinfo%3AzD5UaLUMuxwJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33448289/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Langford%2C+B.%2C+So%2C+M.%2C+Raybardhan%2C+S.%2C+Leung%2C+V.%2C+Westwood%2C+D.%2C+MacFadden%2C+D.%2C+Soucy%2C+J.%2C+%26+Daneman%2C+N.+%282020%29.+Bacterial+co-infection+and+secondary+infection+in+patients+with+COVID-19%3A+a+living+rapid+review+and+meta-analysis.+Clinical+Microbiology+and+Infection%2C+26%2C+1622+-+1629.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.cmi.2020.07.016&btnG=#d=gs_cit&t=1750483982140&u=%2Fscholar%3Fq%3Dinfo%3ARQs6cxLk7b4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/32711058/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=20.%09Pink%2C+I.%2C+Raupach%2C+D.%2C+Fuge%2C+J.%2C+Vonberg%2C+R.%2C+Hoeper%2C+M.%2C+Welte%2C+T.%2C+%26+Rademacher%2C+J.+%282021%29.+C-reactive+protein+and+procalcitonin+for+antimicrobial+stewardship+in+COVID-19.+Infection%2C+49%2C+935+-+943.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs15010-021-01615-8&btnG=#d=gs_cit&t=1750484073466&u=%2Fscholar%3Fq%3Dinfo%3A0n8yOV1ZjzIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/34021897/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=21.%09Prevalence+of+Methicillin-resistant+Staphylococcus+aureus+Carrying+lukS-lukF+Gene+in+Iraqi+Patients+with+Furunculosis.+%282023%29.+Iraqi+Journal+of+Science%2C+64%287%29%2C+3323-3329.+https%3A%2F%2Fdoi.org%2F10.24996%2Fijs.2023.64.7.13&btnG=#d=gs_cit&t=1750484155822&u=%2Fscholar%3Fq%3Dinfo%3AEOdjArWizlMJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=22.%09Outbreak+of+SARS-CoV-2+Cases+during+Omicron+Variant+Infections.+%282024%29.+Iraqi+Journal+of+Science%2C+65%288%29%2C+4212-4219.+https%3A%2F%2Fdoi.org%2F10.24996%2Fijs.2024.65.8.7&btnG=#d=gs_cit&t=1750745353413&u=%2Fscholar%3Fq%3Dinfo%3ARwGnTe-C_tUJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=23.%09Ali+MH%2C+Abdullah+SF.+The+Correlation+of+Serum+Periostin+Level+with+Disease+Severity+in+Patients+with+Covid+-19.+Al-Kindy+Col.+Med.+J+%5BInternet%5D.+2024+Aug.+1+%5Bcited+2024+Oct.+22%5D%3B20%282%29%3A101-5.+Available+from%3A+https%3A%2F%2Fjkmc.uobaghdad.edu.iq%2Findex.php%2FMEDICAL%2Farticle%2Fview%2F1329&btnG=#d=gs_cit&t=1750484298177&u=%2Fscholar%3Fq%3Dinfo%3AkYqvlat3rTMJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=24.%09Auda+IG%2C+Auda+J%2C+Salih+RH.+SARS-CoV-2+and+other+Coronaviruses%3A+A+matter+of+variations+.+Al-Kindy+Col.+Med.+J+%5BInternet%5D.+2023+Apr.+30+%5Bcited+2024+Oct.+22%5D%3B19%281%29%3A5-10.+Available+from%3A+https%3A%2F%2Fjkmc.uobaghdad.edu.iq%2Findex.php%2FMEDICAL%2Farticle%2Fview%2F927&btnG=#d=gs_cit&t=1750484362982&u=%2Fscholar%3Fq%3Dinfo%3AfnfEjF-w8rAJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/35656946/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Mahmoudi%2C+H.+%282020%29.+Bacterial+co-infections+and+antibiotic+resistance+in+patients+with+COVID-19.+GMS+Hygiene+and+Infection+Control%2C+15.+https%3A%2F%2Fdoi.org%2F10.3205%2Fdgkh000370&btnG=#d=gs_cit&t=1750484497571&u=%2Fscholar%3Fq%3Dinfo%3A23b_0zNmOH0J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=26.%09Mahmoudi%2C+H.+%282020%29.+Bacterial+co-infections+and+antibiotic+resistance+in+patients+with+COVID-19.+GMS+Hygiene+and+Infection+Control%2C+15.+https%3A%2F%2Fdoi.org%2F10.3205%2Fdgkh000370&btnG=#d=gs_cit&t=1750484497571&u=%2Fscholar%3Fq%3Dinfo%3A23b_0zNmOH0J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/33391970/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=27.%09Ablakimova+N%2C+Mussina+AZ%2C+Smagulova+GA%2C+Rachina+S%2C+Kurmangazin+MS%2C+Balapasheva+A%2C+Karimoldayeva+D%2C+Zare+A%2C+Mahdipour+M%2C+Rahmanifar+F.+Microbial+landscape+and+antibiotic-susceptibility+profiles+of+microorganisms+in+patients+with+bacterial+pneumonia%3A+A+comparative+cross-sectional+study+of+COVID-19+and+Non-COVID-19+cases+in+Aktobe%2C+Kazakhstan.+Antibiotics.+2023+Aug+8%3B12%288%29%3A1297..+https%3A%2F%2Fdoi.org%2F10.3390%2Fantibiotics12081297&btnG=#d=gs_cit&t=1750484625855&u=%2Fscholar%3Fq%3Dinfo%3Ate_x94izij8J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/37627717/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.%09Akrami%2C+S.%2C+Montazeri%2C+E.%2C+Saki%2C+M.%2C+Neisi%2C+N.%2C+Khedri%2C+R.%2C+Dini%2C+S.%2C+Motlagh%2C+A.%2C+%26+Ahmadi%2C+F.+%282022%29.+Bacterial+profiles+and+their+antibiotic+resistance+background+in+superinfections+caused+by+multidrug%E2%80%90resistant+bacteria+among+COVID%E2%80%9019+ICU+patients+from+southwest+Iran.+Journal+of+Medical+Virology%2C+95.+https%3A%2F%2Fdoi.org%2F10.1002%2Fjmv.28403&btnG=#d=gs_cit&t=1750484711394&u=%2Fscholar%3Fq%3Dinfo%3Acqfwo11DSnIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=28.%09Akrami%2C+S.%2C+Montazeri%2C+E.%2C+Saki%2C+M.%2C+Neisi%2C+N.%2C+Khedri%2C+R.%2C+Dini%2C+S.%2C+Motlagh%2C+A.%2C+%26+Ahmadi%2C+F.+%282022%29.+Bacterial+profiles+and+their+antibiotic+resistance+background+in+superinfections+caused+by+multidrug%E2%80%90resistant+bacteria+among+COVID%E2%80%9019+ICU+patients+from+southwest+Iran.+Journal+of+Medical+Virology%2C+95.+https%3A%2F%2Fdoi.org%2F10.1002%2Fjmv.28403&btnG=#d=gs_cit&t=1750484711394&u=%2Fscholar%3Fq%3Dinfo%3Acqfwo11DSnIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubmed.ncbi.nlm.nih.gov/36515422/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=29.%09Khodashahi%2C+R.%2C+Naderi%2C+H.%2C+Mohammadabadi%2C+M.%2C+Ataei%2C+R.%2C+Khodashahi%2C+M.%2C+Dadgarmoghaddam%2C+M.%2C+%26Elyasi%2C+S.+%282022%29.+Antimicrobial+Resistance+Patterns+of+Bacterial+and+Fungal+Isolates+in+COVID-19.+Archives+of+Clinical+Infectious+Diseases.+https%3A%2F%2Fdoi.org%2F10.5812%2Farchcid-121580&btnG=#d=gs_cit&t=1750485104368&u=%2Fscholar%3Fq%3Dinfo%3AueXtFIEP7YwJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Hussain%2C+C.%2C+Abid%2C+M.%2C+Ahmed%2C+A.%2C+Tariq%2C+A.%2C+Khan%2C+S.%2C+%26+Bashir%2C+A.+%282023%29.+Bacterial+Co-infections+and+Susceptibility+patterns+among+admitted+COVID+19+patients+during+3rd+wave+of+pandemic%2C+in+a+Tertiary+Care+Hospital.+Lahore.+The+Professional+Medical+Journal.+https%3A%2F%2Fdoi.org%2F10.29309%2Ftpmj%2F2023.30.03.7331&btnG=#d=gs_cit&t=1750485164440&u=%2Fscholar%3Fq%3Dinfo%3AAnQb_Xo8LrQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=31.%09Mohsin+MR%2C+Al-Rubaii+BAL.+Bacterial+growth+and+antibiotic+sensitivity+of+Proteus+mirabilis+treated+with+anti-inflammatory+and+painkiller+drugs.+Biomedicine.+2023%3B43%282%29%3A728%E2%80%9334.+doi%3A+10.51248%2F.v43i02.2693.+32.%09&btnG=#d=gs_cit&t=1750485250998&u=%2Fscholar%3Fq%3Dinfo%3AIx5kphBTSM4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=32.%09Ibrahim+GJ%2C+Laftaah+BA.+The+Efficiency+of+Certain+Amino+Acids+in+regulating+chABCI+Gene+Expression+in+Proteus+mirabilis.+Iraqi+Journal+of+Science.+2024%3B+56%289%29.+doi%3A+10.24996%2Fijs.2024.65.9.15.+33.%09&btnG=#d=gs_cit&t=1750485406477&u=%2Fscholar%3Fq%3Dinfo%3A-2flsNf9FAMJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=33.%09Sabah+Fakhry+S%2C+Noori+Hammed+Z%2C+Abdul-elah+Bakir+W%2C+Abdullah+Laftaah+ALRubaii+B.+Identification+of+methicillin-resistant+strains+of+Staphylococcus+aureus+isolated+from+humans+and+food+sources+by+Use+of+mecA+1+and+mecA+2+genes+in+Pulsed+field+gel+electrophoresis+%28PFGE+%28technique.+Revis+Bionatura+2022%3B+7+%282%29+44.+doi%3A+10.21931%2FRB%2F2022.07.02.44.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=34.%09Saleh+TH%2C+Hashim+ST%2C+Abdulrazaq+Al-Obaidi+RA%2C+AL-Rubaii+BA.+A+biological+study+of+chitinase+produced+by+clinical+isolates+of+Pseudomonas+aeruginosa+and+detection+of+chia+responsible+gene.+International+Journal+of+Research+in+Pharmaceutical+Sciences.+%5BInternet%5D.+2020%3B+11+%282%29%3A1318-1330.+Available+from%3A+https%3A%2F%2Fijrps.com%2Fhome%2Farticle%2Fview%2F805.&btnG=#d=gs_cit&t=1750485619688&u=%2Fscholar%3Fq%3Dinfo%3AgegiftYVOikJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.%0935.+Al-Humairi+RM%2C+Muhsin+HY%2C+Ad%E2%80%99hiah+AH.+Severity+of+Coronavirus+Disease+19%3A+A+Profile+of+Inflammatory+Markers+in+Iraqi+Patients.+Malaysian+Journal+of+Medicine++Health+Sciences..2022%3B+18%281%29.+91-98.+Available+from%3A+https%3A%2F%2Fsearch.bvsalud.org%2Fgim%2Fresource%2Ffr%2Fwpr-979952.&btnG=#d=gs_cit&t=1750485716640&u=%2Fscholar%3Fq%3Dinfo%3Akmqk1kbDFCIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=35.%0935.+Al-Humairi+RM%2C+Muhsin+HY%2C+Ad%E2%80%99hiah+AH.+Severity+of+Coronavirus+Disease+19%3A+A+Profile+of+Inflammatory+Markers+in+Iraqi+Patients.+Malaysian+Journal+of+Medicine++Health+Sciences..2022%3B+18%281%29.+91-98.+Available+from%3A+https%3A%2F%2Fsearch.bvsalud.org%2Fgim%2Fresource%2Ffr%2Fwpr-979952.&btnG=#d=gs_cit&t=1750485716640&u=%2Fscholar%3Fq%3Dinfo%3Akmqk1kbDFCIJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Ali+SM%2C+Laftah+BA%2C+Al-Shammary+AM%2C+Salih+HS.+Study+the+role+of+bacterial+neuraminidase+against+adenocarcinoma+cells+in+vivo.+AIP+Conf+Proc.+2021%3B+2372%281%29%3A+030009.+doi%3A+10.1063%2F5.0067193.+37.%09&btnG=#d=gs_cit&t=1750485784208&u=%2Fscholar%3Fq%3Dinfo%3AEhqkxbK7KP8J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=36.%09Ali+SM%2C+Laftah+BA%2C+Al-Shammary+AM%2C+Salih+HS.+Study+the+role+of+bacterial+neuraminidase+against+adenocarcinoma+cells+in+vivo.+AIP+Conf+Proc.+2021%3B+2372%281%29%3A+030009.+doi%3A+10.1063%2F5.0067193.+37.%09&btnG=#d=gs_cit&t=1750485784208&u=%2Fscholar%3Fq%3Dinfo%3AEhqkxbK7KP8J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=37.%09Salih+HS%2C+Al-Shammari+AM%2C+Laftaah+BA.+Intratumoral+co-administration+of+oncolytic+newcastle+disease+virus+and+bacterial+hyaluronidase+enhances+virus+potency+in+tumor+models.+Journal+of+Global+Pharma+Technology.+%5BInternet%5D.2018%3B+10%2810%29%3A303-310.+Available+from%3A+http%3A%2F%2Fwww.jgpt.co.in%2Findex.php%2Fjgpt%2Farticle%2Fview%2F1510%2F2077.&btnG=#d=gs_cit&t=1750485864305&u=%2Fscholar%3Fq%3Dinfo%3ArSDJBBbd-GQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den

Al-FendiAM R M et al.
J. Commun. Dis. 2025; 57(2)

39.

40.

41.

42.

43.

30;43(4):1256-60. [Google Scholar]

Al-Jumaily RM, AL-Sheakli ll, Muhammed HJ, Al-Rubaii
BA. Gene expression of Interleukin-10 and Foxp3 as
critical biomarkers in rheumatoid arthritis patients. Bio-
medicine. 2023 Aug 30;43(4):1183-7. [Google Scholar]
Muhsin HY, Al-Humairi RM, Alshareef DQ, Ad’hiah AH.
Interleukin-22 is up-regulated in serum of male patients
with ankylosing spondylitis. The Egyptian Rheumatol-
ogist. 2022 Oct 1;44(4):351-5. [Google Scholar]
Sultan RS, Al Khayali BD, Abdulmajeed GM, Al-Rubaii
BA. Exploring small nucleolar RNA host gene 3 as a
therapeutic target in breast cancer through meta-
bolic reprogramming. Opera Medica et Physiologica.
2023;10(4):36-47. [Google Scholar]

Hassoon AH. Evaluating the role of mitochondrial DNA
quantification inblastocyst transfers potential. InAIP
Conference Proceedings 2022 Jan 11 (Vol. 2386, No.
1). AIP Publishing. [Google Scholar]

Hamoode RH, Alkubaisy SA, Sattar DA, Hamzah SS,
Saleh TH, Al-Rubaii BA. Detection of anti-testicular
antibodies among infertile males using indirect im-
munofluorescent technique. Biomedicine. 2022 Nov
14;42(5):978-82. [Google Scholar]

ISSN: 0019-5138

DOI: https://doi.org/10.24321/0019.5138.202544



https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=38.%09Bresam+S%2C+Alhumairi+RM%2C+Hade+IM%2C+Al-Rubaii+BA.+Genetic+mutation+rs972283+of+the+KLF14+gene+and+the+incidence+of+gastric+cancer.+Biomedicine.+2023%3B+43%284%29%3A1256-60.+doi%3A+10.51248%2F.v43i4.3112.+%09%09%09%09%09%09%09%09+39.%09&btnG=#d=gs_cit&t=1750485940204&u=%2Fscholar%3Fq%3Dinfo%3A9kgibaSjmy4J%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=39.%09Al-Jumaily+RM%2C+AL-Sheakli+II%2C+Muhammed+HJ%2C+Al-Rubaii+BA.+Gene+expression+of+Interleukin-10+and+Foxp3+as+critical+biomarkers+in+rheumatoid+arthritis+patients.+Biomedicine.+2023%3B43%284%29%3A1183-7.+doi%3A+10.51248%2F.v43i4.3107.+40.%09&btnG=#d=gs_cit&t=1750486023913&u=%2Fscholar%3Fq%3Dinfo%3A4HEkgw8bsCgJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=40.%09Muhsin+HY%2C+Al-Humairi+RM%2C+Alshareef+DQ%2C+Ad%27hiah+AH.+Interleukin-22+is+up-regulated+in+serum+of+male+patients+with+ankylosing+spondylitis.+The+Egyptian+Rheumatologist.+2022%3B44%284%29%3A351-355.+doi%3A+10.1016%2Fj.ejr.2022.07.002.&btnG=#d=gs_cit&t=1750486098791&u=%2Fscholar%3Fq%3Dinfo%3ADr3N9u74yesJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://www.sciencedirect.com/science/article/pii/S1110116422000941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sultan+RS%2C+Al+Khayali+BD%2C+Abdulmajeed+GM%2C+Al-Rubaii+BA.+Exploring+small+nucleolar+RNA+host+gene+3+as+a+therapeutic+target+in+breast+cancer+through+metabolic+reprogramming.+Oera+Medica+et+Physiologica.+2023%3B10%284%29%3A36-47.+doi%3A+10.24412%2F2500-2295-2023-4-36-47.&btnG=#d=gs_cit&t=1750486172658&u=%2Fscholar%3Fq%3Dinfo%3AaEWGx4rnwTUJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=42.%09Hassoon+AH.+Evaluating+the+role+of+mitochondrial+DNA+quantification+in+blastocyst+transfers+potential.+AIP+Conference+Proceedings+2022%3B+2386%281%29%3A+doi%3A+10.1063%2F5.0067093.&btnG=#d=gs_cit&t=1750486249889&u=%2Fscholar%3Fq%3Dinfo%3AhAHcz0_QpjUJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://pubs.aip.org/aip/acp/article-abstract/2386/1/020046/2820941/Evaluating-the-role-of-mitochondrial-DNA?redirectedFrom=fulltext
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamoode+RH%2C+Alkubaisy+SA%2C+Sattar+DA%2C+Hamzah+SS%2C+Saleh+TH%2C+Al-Rubaii+BA.+Detection+of+anti-testicular+antibodies+among+infertile+males+using+indirect+immunofluorescent+technique.+Biomedicine.+2022%3B+42%285%29%3A978-982.+doi%3A+10.51248%2F.v42i5.1963.&btnG=#d=gs_cit&t=1750486327557&u=%2Fscholar%3Fq%3Dinfo%3ArRH6OB_vjaQJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den

