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Abstract

COVID-19 patients, especially those with severe symptoms, are more susceptible to developing secondary
bacterial infections due to their weakened immune systems. Antibiotics are often used to treat these
infections, but overuse of antibiotics has led to the emergence of antibiotic-resistant bacterial strains.
Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenzae, Klebsiella pneumoniae,
Acinetobacter baumannii, Escherichia coli, Pseudomonas aeruginosa, Legionella pneumophila, etc. are some
of the bacteria commonly associated with COVID-19. Post-COVID-19 bacterial pneumonia is a complication
that can occur after recovery from COVID-19. Antibiotic resistance after COVID-19 is a growing concern in the
medical field, as a significant increase in resistance to amoxicillin, cephalosporins, carbapenems,
azithromycin, clarithromycin, and ciprofloxacin has been observed among bacterial isolates.
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Introduction

Antibiotic resistance has been a long-standing concern in healthcare, with the emergence of new bacterial
strains that are resistant to traditional antibiotics. However, the COVID-19 pandemic hasbrought to light a
new turmoil of antibiotic resistance. The widespread use of antibiotics in COVID-19 patients, particularly
prophylaxis use of antibiotics due to the fear of co-infection in those with severe symptoms, has
contributed to the development of new, antibiotic-resistant bacterial strains. The use of antibiotics in
COVID-19 patients has been extensive, as clinicians have been treating secondary bacterial infections and
using antibiotics as a preventative measure. However, this practice has led to the emergence of antibiotic-
resistant bacterial strains in post-COVID-19 patients. As these patients have weakened immune systems,
they are more susceptible to infections, and antibiotic-resistant bacterial strains can cause severe and
potentially fatal infections [1].

Several studies have shown that patients with severe COVID-19 symptoms are more likely to develop
secondary bacterial infections, which are typically treated with antibiotics. However, the overuse of
antibiotics in COVID-19 patients has contributed to the emergence of new, antibiotic-resistant bacterial
strains [2-5].

Post-COVID-19 Bacterial Pneumonia:

One of the complications of COVID-19 is the development of bacterial pneumonia. When a person's
immune system is weakened by COVID-19, they may be more vulnerable to developing a secondary
bacterial infection in their lungs. Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus
influenzae, Klebsiella pneumoniae, Acinetobacter baumannii, Escherichia coli, Pseudomonas aeruginosa,
and Legionella pneumophila are some of the bacteria commonly associated with COVID-19 [1,6-13]. The
most common isolate from such cases was Streptococcus pneumoniae, while Staphylococcus aureus can
cause a variety of infections, including skin infections, pneumonia, and sepsis. Klebsiella pneumonia and
Staphylococcus aureus are the bacteria isolated in COVID-19 patients who are hospitalized or who require
ventilator support [13-16].

People with COVID-19 may also be more prone to bacterial pneumonia because they may be bedridden,
have difficulty coughing up mucus, and have a weakened immune system. Although COVID-19 and bacterial
pneumonia are different illnesses caused by different pathogens, they can both affect the respiratory
system and cause similar symptoms such as cough, fever, and difficulty breathing. Treatmentfor bacterial
pneumonia typically involves antibiotics, whereas no specific antiviral drugs are availablefor COVID-19.
However, supportive care such as oxygen therapy and fluid management can help alleviate symptoms of
both illnesses [17-19].

Post-COVID-19 bacterial pneumonia is a potential complication that may arise after a person has recovered
from COVID-19. COVID-19 weakens the immune system, which can make a person more susceptible to
secondary bacterial infections, including pneumonia they may require antibiotics to treat the infection.
Treatment may also involve oxygen therapy, bronchodilators, and other supportive measures to help with
breathing and other symptoms.
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Secondary bacterial infections and coinfections can occur in individuals who are already infected with a
virus, such as influenza or COVID-19. These types of infections can be more severe and difficult to treat than
infections caused by a single pathogen. Secondary bacterial infection occurs when bacteria infectan
individual who is already infected with a virus or another pathogen. This can occur because the virus
weakens the immune system, making it easier for bacteria to cause an infection. In some cases, the virus
may also damage the respiratory tract, making it easier for bacteria to infect the lungs.

Coinfections, on the other hand, occur when an individual is infected with two or more pathogens at the
same time. This can happen when a person is exposed to multiple pathogens, or when they are infected
with a virus and then subsequently exposed to bacteria. In both cases, the presence of multiple pathogens
can make the infection more severe and difficult to treat. In addition, coinfections can increase the risk of
antibiotic resistance, as bacteria may be exposed to multiple antibiotics and develop resistance more
quickly.

The most common co-infections and secondary infections identified with SARS-CoV-2, including
Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, Haemophilus influenzae,
Mycoplasma pneumoniae, Acinetobacter baumannii, and Legionella pneumophilia [6, 13].

1. COVID-19 can damage the lining of the respiratory tract, which can make it easier for bacteria to
infect the lungs.

2. Patients with severe COVID-19 may require mechanical ventilation, which can increase the risk
of bacterial infections.

3. Patients with COVID-19 may have weakened immune systems, which can make them more
susceptible to bacterial infections.

4. The diagnosis of pneumonia caused by atypical and typical bacteria is typically based on clinical
symptoms, physical examination, laboratory tests, and chest x-ray.

Clinical diagnosis of COVID-19 pneumonia, influenza pneumonia, and bacterial

pneumonia:

The clinical diagnosis of pneumonia caused by different pathogens, including COVID-19 pneumonia,
influenza pneumonia, and bacterial pneumonia, can have some similarities but also some differences.
COVID-19 pneumonia often presents with fever, cough, shortness of breath, fatigue, and body aches while,
loss of taste or smell, sore throat, and runny nose are less common but can occur. In severe cases,COVID-19
pneumonia can cause acute respiratory distress syndrome (ARDS), septic shock, and multiple organ failure
[20-24]. Influenza pneumonia can present with fever, cough, shortness of breath, body aches, headache,
and fatigue. It may also be associated with a sore throat, runny nose, and nasal congestion. In severe cases,
influenza pneumonia can cause ARDS, septic shock, and multiple organ failure. Chest imaging may show
patchy infiltrates or confluent opacities in the lungs [25-29]. The diagnosis of influenza pneumonia is usually
made based on clinical symptoms, epidemiological factors, and rapid antigen tests or PCR testing of
respiratory samples.
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Bacterial pneumonia can present with fever, cough, shortness of breath, chest pain, and the production of
sputum that may be purulent or blood-tinged. It can also cause fatigue, body aches, and confusion,
particularly in older adults. In severe cases, bacterial pneumonia can cause septic shock and multiple organ
failure. Chest imaging may show lobar consolidation or patchy infiltrates in the lungs [30]. The diagnosis of
bacterial pneumonia is usually made based on clinical symptoms, radiographic findings, and microbiological
testing of respiratory samples, such as sputum cultures.

Acinetobacter baumannii pneumonia and Mycoplasma pneumonia can be differentiated based on their
symptoms, diagnostic tests, and response to treatment. Acinetobacter baumannii pneumonia is typically
associated with a productive cough and more severe symptoms, while Mycoplasma pneumonia is
associated with a non-productive cough and milder symptoms. Additionally, Mycoplasma pneumoniacan
often be diagnosed with blood tests or PCR testing for the presence of the bacteria, whereas Acinetobacter
baumannii pneumonia is typically diagnosed with sputum culture and sensitivity testing.

X-Ray Diagnosis of COVID-19 pneumonia, Influenza pneumonia, and Bacterial
pneumonia:

The chest X-ray findings for COVID-19 pneumonia can vary depending on the severity and stage of the
disease. However, some common X-ray findings include:

e Ground-glass opacities- which are hazy areas of increased density in the lung; often in a peripheral
and bilateral distribution. The opacities can progress to consolidation over time.

e Consolidation- This is the dense, white appearance of lung tissue, replacing normal air-filled spaces.
Consolidation can be patchy or confluent. Crazy paving- which is the pattern of ground-glass
opacities with superimposed interlobular septal thickening.

e Air bronchograms- which are visible air-filled bronchi within an area of consolidation,

The chest X-ray findings for bacterial pneumonia, COVID-19 pneumonia, and influenza pneumonia can have
some similarities but also some differences that may help differentiate between them. Bacterial pneumonia
often presents as a lobar consolidation, with a dense, homogeneous opacity in a specific region of the lung.
It can involve one or more lobes of the lung and may be associated with airbronchograms. Additionally,
bacterial pneumonia can be associated with pleural effusions (accumulation of fluid between the lung and
the chest wall) [31-33].

COVID-19 pneumonia, on the other hand, can have a bilateral, peripheral, and patchy distribution of
ground-glass opacities on chest X-ray. The opacities may progress to consolidation over time. This pattern is
often described as "crazy paving." COVID-19 pneumonia can also be associated with pleural effusions.
Influenza pneumonia can present with patchy infiltrates or confluent opacities in the lung, often involving
the lower lobes. It can also be associated with pleural effusions [31-33].

The chest X-ray findings for Mycoplasma pneumonia can be different from those of COVID-19 pneumonia.
Mycoplasma pneumonia often presents with a patchy, interstitial pattern of infiltrates, which means that
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the opacities are distributed throughout the lung in a hazy, diffuse pattern. These infiltrates can involve
one or both lungs and can be more prominent in the lower lobes. Mycoplasma pneumonia can also
cause a range of other findings on chest X-rays, including pleural effusions, nodular opacities, and hilar
lymphadenopathy [34].

In contrast, the ground-glass opacities and consolidation seen in COVID-19 pneumonia are often more
peripheral and bilateral, and they can progress rapidly from ground-glass opacities to consolidation. Crazy
paving and air bronchograms, which are commonly seen in COVID-19 pneumonia, are not typicallyseen in
Mycoplasma pneumonia.

The chest X-ray findings for bacterial pneumonia can vary depending on the specific bacterial organism
causing the infection. However, there are some common X-ray findings that can suggest the presence of
bacterial pneumonia. The differential diagnosis of bacterial pneumonia on X-ray includes:

e Streptococcus pneumoniae pneumonia- typically presents as lobar pneumonia with a dense,
homogeneous opacity in a specific region of the lung. It can involve one or more lobes of the lung
and may be associated with air bronchograms.

e Haemophilus influenza pneumonia- often presents as lobar or segmental pneumonia, with patchy
consolidation or nodular infiltrates. It can also have a bronchopneumonia pattern with diffuse
infiltrates.

e Klebsiella pneumoniae pneumonia- can present as lobar pneumonia with a dense opacity, similar
to Streptococcus pneumoniae pneumonia, but may also have a more diffuse pattern of infiltrates. It
can also be associated with pleural effusions.

e Pseudomonas aeruginosa pneumonia- typically presents as a patchy, unilateral infiltrate, often
involving the lower lobes of the lung. It can also be associated with pleural effusions.

e Staphylococcus aureus pneumonia- can present as a lobar or patchy infiltrate, often with
cavitation. It can also be associated with pleural effusions.

e Mycoplasma pneumonia- is often characterized by bilateral interstitial infiltrates, which appear as
patchy or diffuse areas of increased density on chest X-ray. These infiltrates may involve multiple
lung segments or lobes and can have a "ground-glass" appearance.

e Acinetobacter baumannii pneumonia- can have a more diffuse pattern of infiltrates on chest X-ray,
witha nodular or patchy appearance. It may also be associated with pleural effusions (accumulation
of fluid between the lung and the chest wall).

There can be some overlap in X-ray findings between Streptococcus pneumonia and Acinetobacter
baumannii pneumonia, the presence of lobar consolidation is more suggestive of Streptococcus
pneumonia, while a more diffuse pattern of infiltrates and pleural effusions may be more suggestive of
Acinetobacter baumannii. However, these findings should always be interpreted in the context of the
patient's clinical presentation and microbiological results. The chest X-ray findings for COVID-19
pneumonia, and Mycoplasma pneumonia can be similar, but there are some differences that may helpto
distinguish between them. There can be some overlap in X-ray findings with COVID-19 pneumonia,
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associated with typical bacterial or Mycoplasma pneumonia.

Laboratory Diagnosis of COVID-19 pneumonia, Influenza pneumonia, and Bacterial

pneumonia:

The laboratory diagnosis of pneumonia caused by COVID-19, influenza, and bacterial pathogens involves
several methods that can help identify the causative agent and guide appropriate treatment. Here are some
of the common laboratory tests used in the diagnosis of these types of pneumonia:

e COVID-19 Pneumonia:
Real-time reverse transcription-polymerase chain reaction (RT-PCR): This is the gold standard test
used to detect the presence of the SARS-CoV-2 virus in respiratory samples, such as nasal or throat
swabs, sputum, or bronchoalveolar lavage fluid.

e Serology:
Serology testing can detect antibodies produced by the body in response to an infection.
Serologytesting can be used to confirm a diagnosis of COVID-19 pneumonia, especially in patients
with negative RT-PCR results.

e Influenza Pneumonia:
Rapid influenza diagnostic tests (RIDTs): These tests detect influenza virus antigens in respiratory
samples, such as nasal or throat swabs. RIDTs are quick and can provide results in as little as 15
minutes.

e RT-PCR:
This test can also be used to diagnose influenza pneumonia. RT-PCR is more sensitive and specific
than RIDTs, but it takes longer to get results.

e Bacterial Pneumonia:
Gram stain and culture: This is a common laboratory test used to identify the bacteria causing
bacterial pneumonia. A sample of sputum, blood or other respiratory secretions is collected and
examined under the microscope after being stained with a dye. The bacteria can be identified
based on their morphologyand arrangement. The sample is also cultured on special media to grow
the bacteria and identify the species.

e Blood Culture:
Blood culture can be used to diagnose bacterial pneumonia and can help identify the bacteria
causing the infection. Blood culture involves collecting a sample of blood and growing it in the
laboratory to see if any bacteria grow. Blood culture can also help identify bacteria that have spread
from the lungs to the bloodstream, which can be a sign of severe infection.
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e Antibiotic Susceptibility Testing:
Antibiotic susceptibility testing is used to determine the most effective antibiotic to treat bacterial
pneumonia. The test involves exposing the bacteria to different antibiotics to see which ones are
most effective.

The laboratory diagnosis of pneumonia caused by different pathogens, including bacteria, viruses, and
fungi, involves several methods that can help identify the causative agent and guide appropriate
treatment. Here are some of the common laboratory tests used in the diagnosis of different types of
pneumonia:

e Marker Tests for pneumonia:
There are several laboratory tests that can be used as markers to aid in the diagnosis and
management of pneumonia, regardless of the underlying cause. These include:

e (C-reactive protein (CRP):
Elevated levels of CRP are commonly seen in patients with pneumonia and can help to monitor the
severity of the infection and response to treatment.

e Procalcitonin (PCT):
PCT is a protein that is released in response to bacterial infection. Elevated levels of PCT are seen in
patients with bacterial pneumonia but are usually low in patients with viral or non-infectious causes
of pneumonia. PCT levels can be used to guide antibiotic treatment and monitor response to
therapy.

e Interleukin-6 (IL-6):
IL-6 is a cytokine that is produced by immune cells in response to inflammation. Elevated levels of
IL-6 are seen in patients with pneumonia and can help to monitor the severity of the infection and
predict outcomes.

It is important to note that laboratory tests and imaging studies should be interpreted in the context of the
patient's clinical presentation and medical history to make an accurate diagnosis of pneumonia and guide
appropriate treatment.

Antibiotic Treatment for bacterial pneumonia in association with COVID-19:
Antibiotics may be prescribed to treat bacterial co-infections or to prevent secondary bacterial infections in
people with COVID-19 pneumonia [4-7]. Antibiotic therapy was given to COVID-19 patients as prophylaxis to
prevent secondary infections in moderate or severe COVID-19 patients or treat co- infections caused by
bacteria and the types of antibiotics used in such cases were listed in Table 1.

Pneumonia caused by Mycoplasma pneumonia:
Mycoplasma pneumonia is a type of bacteria without a cell wall, that can cause pneumonia and bronchitis

and it was the common co-infection found in patients with COVID-19. Beta-Lactam including Amoxycillin or
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Cephalosporins is ineffective against Mycoplasma pneumoniae as these lack cell walls. Macrolides are the
common antibiotics that target to treat Mycoplasma infections which include azithromycin and
clarithromycin as it works by inhibiting bacterial protein synthesis. They bind to the 50S subunit of
bacterial ribosomes, preventing the elongation of nascent peptides and inhibiting the translation of
bacterial proteins. Fluoroquinolones such as ciprofloxacin, moxifloxacin, levofloxacin, and ofloxacin may be
another option if azithromycin is resistant cases such as its Interface with bacteria DNA replication and
transcription.

Pneumonia caused by Acinetobacter baumannii:
Pneumonia caused by Acinetobacter baumannii can be serious because Acinetobacter baumannii is known

for its ability to develop resistance to multiple antibiotics, making it difficult to treat. Treatment of
Acinetobacter baumannii pneumonia typically involves the use of antibiotics that are effective against the
specific strain of the bacterium causing the infection. Carbapenems such as Imipenem, Meropenem,
Ertapenem, Doripenem. This may involve a combination of antibiotics, as well as treatment in a hospital
setting to monitor the patient's condition and provide supportive care as needed.

Pneumonia caused by Other Gram-positive and Gram-negative Bacteria
The common isolates in COVID-19 patients in association with bacterial pneumonia include various Gram-

positive Staphylococcus aureus (including methicillin-susceptible and -resistant strains) and Streptococcus
pneumoniae while Gram-negative organisms predominantly isolated were Haemophilus influenza,
Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumonia.

B-Lactams including Amoxycillin, Amoxicillin-clavulanic acid, 2nd-generation cephalosporins such as
Cefaclor, Cefuroxime and 3rd-generation cephalosporins such as Cefixime, Cefotaxime, Cefpodoxime,
Ceftazidime, and Ceftizoxime used to treat as it inhibits bacterial cell wall biosynthesis. The choice of
antibiotic will depend on the specific type of bacteria causing the infection and its susceptibility to different
antibiotics. Empiric antibiotic therapy may be initiated while waiting for the results of culture and sensitivity
testing.

Bacteria Antibiotic Treatment

Mycoplasma pneumonia Macrolides such as Azithromycin and Clarithromycin

Carbapenems such as Imipenem, Meropenem,
Ertapenem, Doripenem.

Acinetobacter baumannii

. Amoxicillin/clavulanate, ceftriaxone, cefotaxime,
Streptococcus pneumoniae . . . .
azithromycin, clarithromycin

Oxacillin or Nafcillin, or cephalosporins such as

Staphylococcus aureus .
Cefazolin.

Methicillin-Resistant

Vancomycin, linezolid, daptomycin, ceftaroline.
Staphylococcus aureus (MRSA)

Haemophilus influenza Amoxicillin/clavulanate, Ceftriaxone, Azithromycin

Ciprofloxacin, Trimethoprim/sulfamethoxazole,

Escherichia coli . . -
Cefepime, Meropenem, Piperacillin/tazobactam
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Klebsiella pneumonia Ceftriaxone, Levofloxacin

Legionella pneumophila Clarithromycin, Azithromycin

Piperacillin-tazobactam, Ceftazidime, Cefepime,

Pseudomonas aeruginosa .
Imipenem, Meropenem

Table 1: Antibiotics are mostly used to treat co-bacterial infections and secondary bacterial infections

inassociation with COVID-19

Post COVID-19 Antibiotics Resistance

There is emerging evidence of post-COVID-19 antibiotic resistance, particularly for antibiotics that are
commonly used to treat secondary bacterial infections in COVID-19 patients. This includes antibiotics
such as amoxicillin, azithromycin, and cephalosporins. The overuse of these antibiotics in COVID-19
patients has contributed to the development of new, antibiotic-resistant bacterial strains [35-41].

Overall, post-COVID-19 antibiotic resistance is a growing concern in healthcare, and more research is
needed to develop new treatment strategies and antibiotics that are effective against antibiotic-
resistant bacterial strains. It is also important to reduce the overuse of antibiotics in COVID-19
patientsto prevent the emergence of new antibiotic-resistant bacterial strains.

Conclusion

The most common co-infections and secondary infections identified with SARS-CoV-2, including
Streptococcus pneumoniae, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Haemophilus influenzae, Mycoplasma pneumoniae, Acinetobacter baumannii, and Legionella
pneumophilia. There is emerging evidence of post-COVID-19 antibiotic resistance, particularly for
antibiotics that are commonly used to treat secondary bacterial infections in COVID-19 patients, and
it includes antibiotics such as amoxicillin, azithromycin, and cephalosporins. The overuse of these
antibiotics in COVID-19 patients has contributed to the development of new, antibiotic-resistant
bacterial strains. A routine practice of bacteriology culture and susceptibility of the isolate with MIC
will help the wise use of the antibiotic practice. Infection control protocol must be followed in
healthcare facilities to avoid the spread of resistant strains.
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