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Abstract

Background: myocardial injury, characterized by elevated cardiac troponin 
levels, is a common finding in severe COVID-19 cases, occurring in up to 38% 
of patients. It has been identified as an independent predictor of mortality. 
Objective: our aim is to assess the predictive value of cardiac troponin 
levels for in-hospital mortality among adults hospitalized with COVID-19 in 
Barranquilla, Colombia, during the period from January to June 
2021.Methods: this study is a nested case-control analysis within a 
retrospective cohort. It encompasses individuals aged 18 and older with a 
confirmed diagnosis of COVID-19 who were hospitalized between January 
and June 2021 (n = 358). We describe the demographic and paraclinical 
characteristics of the patients and their association with outcomes at the 
time of discharge. We also estimate the diagnostic accuracy, including 
sensitivity, specificity, and predictive values, of elevated troponin levels in 
predicting in-hospital mortality. Results: patients with elevated troponin 
levels demonstrated a significantly increased risk of in-hospital mortality 
(OR: 9.4; 95% CI: 5.5-16.0; p < 0.05) and had a notably higher in-hospital 
mortality rate (55.6%) compared to those with non-elevated troponin 
levels (11.7%). The troponin biomarker exhibited a sensitivity of 77.9% and 
specificity of 72.7%, with positive and negative predictive values of 55.6% 
and 88.3%, respectively, for in-hospital mortality. Conclusion: troponin 
elevation in subjects with COVID-19 is positively related to in-hospital 
mortality , independently of other conditions such as age group, 
comorbidities, or oxygen therapy requirement.

Keyword: COVID-19, mortality, troponins, predictive value, myocardial injury.

Introduction

 The year 2019 marked a milestone in modern history 
with the emergence of Coronavirus disease, COVID-19, a 
highly contagious respiratory illness caused by the SARS-CoV-2 
virus (severe acute respiratory syndrome coronavirus 2) (1). 
Since the onset of the pandemic, cardiovascular risk factors 
and chronic diseases have been shown to play a significant 
role in the development of severe and fatal forms of COVID-19 
(2). Factors such as diabetes, hypertension, respiratory 
diseases, being male, over 65 years of age, and being an active 
smoker have been associated with an increased risk of disease 
progression (3,4).

 Likewise, various multicenter studies have observed 
that an increase in biomarkers such as leukocytes, creatinine, 
procalcitonin, C-reactive protein (CRP), MB fraction of 
creatine kinase, myoglobin, high-sensitivity troponin T, N-
terminal pro-B-type natriuretic peptide (NT-proBNP), and 

aspartate aminotransferase are associated, with varying 
statistical significance, with increased morbidity and fatal 
outcomes in ARDS-CoV-2 disease (3–5).

 Myocardial injury, defined as an elevation of cardiac 
troponins, occurs in up to 38% of patients with severe forms of 
COVID-19, and its occurrence has been described as an 
independent marker of mortality (51.2% vs. 4.5%) (6). A study 
conducted in Wuhan, China (7), linked troponin elevation and 
in-hospital mortality with a sensitivity of 67.3% and a specificity 
of 88.7%. This reiterated that the cutoff points are 
approximately 40% lower than those typically defined for 
traditional cardiac pathology. The study also demonstrated 
that this is independent of previous cardiovascular pathology, 
as patients with a history of heart disease who did not present 
elevated troponins had a lower mortality rate compared to 
those who did, even without prior cardiovascular disease (8). 
Taking this into account, the aim of this study is to determine 
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the predictive value of troponins for in-hospital mortality in 
adults with COVID-19.

Methods

Study design and participants

 A case-control study was conducted, nested within a 
retrospective cohort, which included subjects diagnosed with 
SARS-CoV-2/COVID-19 infection and treated at the 
Organización Clínica General del Norte in Barranquilla, 
Colombia, between January 1, 2021, and June 30, 2021.

 The inclusion criteria were individuals aged 18 years 
or older, with a confirmed diagnosis of COVID-19, and a record 
of ultrasensitive troponin T measurements in their clinical 
history. Subjects diagnosed based solely on clinical findings, 
radiological findings, or antibody measurements were 
excluded. Patients with acute myocardial injury who showed 
clinical evidence of acute myocardial ischemia, with a rise 
and/or fall of cardiac troponin (cTn) values, with at least one 
value exceeding the 99th percentile URL, and meeting at 
least one of the following criteria were also excluded: 
Symptoms of myocardial ischemia, new ischemic ECG 
changes, development of pathological Q waves, imaging 
evidence of new loss of viable myocardium or new regional 
wall motion abnormality consistent with an ischemic etiology, 
or identification of a coronary thrombus by angiography or 
autopsy, in accordance with the fourth universal definition of 
acute myocardial infarction (9).

 Demographic variables included age (defined as the 
time elapsed from birth to inclusion in the study) and sex, 
categorized as male or female. Clinical variables, known to 
influence the prognosis of the disease based on the literature, 
were included: the presence of comorbidities such as arterial 
hypertension, diabetes mellitus, and/or lung diseases 
(bronchial asthma, COPD) (2–4). Additionally, the values of 
the following biomarkers taken within the first 24 hours of 
admission were considered: total leukocyte count, ferritin, 
lactate dehydrogenase (LDH), ultrasensitive troponin T, C-
reactive protein, D-dimer, and the final dichotomous 
condition of being alive or deceased. Non-probabilistic 
convenience sampling was conducted. The sample size was 
calculated using Epidat 4.2 with a power of 80% and a 
confidence level of 95%.

Data Collection

 After obtaining the necessary approvals from the 
relevant authorities, medical records were identified by 
filtering participants' diagnoses recorded under the codes 
U071 (COVID-19 identified virus) and U072 (COVID-19 
unidentified virus) as per ICD-10 (International Classification of 
Diseases - 10). Subsequently, a database was created to 
record the study data abstracted from the medical records.
Information extracted from cl in ical  h istor ies was 
systematized into an Excel table, tabulating each variable 
based on  the  estab l i shed t reatment  c r i ter ia  for 
operationalization. A table was designed to relate patient 

identification data (masked for privacy), demographic and 
clinical variables, based on the defined treatment for each 
variable's operationalization and their respective categories. 
Each independent row corresponded to a single study 
subject.

Statistical Analysis

 For data analysis, the SPSS V23 program was 
employed. Qualitative variables were presented as 
frequencies, and quantitative variables were described using 
mean, standard deviation, and range. Bivariate analysis 
utilized the chi-square test (with p-value) to determine the 
presence of statistically significant differences (p<0.05). The 
Mantel-Haenszel formula was used for dichotomous variables 
to calculate odds ratios (ORs) and their 95% confidence 
intervals (95% CI) to describe the relationship between 
elevated cardiac troponin and COVID-19 patient outcomes. 
Receiver Operating Characteristic (ROC) curve analysis was 
applied to calculate the sensitivity, specificity, and predictive 
values of elevated troponins and specific variables in relation 
to mortality, with their corresponding level of statistical 
significance (p<0.05).

Ethical Considerations

 To conduct this study, it underwent evaluation by the 
ethics committee of the healthcare provider institution 
(Organización Clínica General del Norte) and was approved 
with filing number T.I-448, considering it as posing no risk to 
the patients. It was also evaluated by the research bioethics 
committee of Universidad Libre, which verified that the study 
was conducted in accordance with current scientific, 
methodological, and ethical principles.

Results

Characterization of the Population

Out of the 358 participants, just over half were male (52.2%). 
The average age was 65.1 years with a standard deviation of 
14.9, and 70.4% fell within the age range of 50 to 79 years. The 
primary method of detecting COVID-19 cases was through 
antigen testing (60.6%), and 61.5% required oxygen upon 
admission. Approximately two-thirds of the participants had 
at least one comorbidity, with 53.1% suffering from arterial 
hypertension, 31.6% from obesity, and 21.5% from Diabetes 
Mellitus among those (n=245).

Inflammatory Markers

 The averages of the inflammatory markers are 
presented in Table 1. It's worth noting that not all cases had 
the opportunity to undergo all five markers, but all had 
troponin measurements. CRP had the highest percentage of 
cases with elevated values (91.8%), followed by D-dimer 
(83.1%). Notably, 42.7% of the participants exhibited elevated 
troponin levels. Just under a third (30.4%) of the subjects did 
not survive.
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Table 1
Inflammatory Markers

*n=344; **n=345; ***n=348 SD: Standard deviation
LDH: Lactate Dehydrogenase 
¶: Some participants did not have all the biomarkers measured but all had 

troponin measurements, so they were included in the study.

Relationship between Clinical Variables and Mortality

 When examining the relat ionship between 
sociodemographic and clinical variables with mortality, 
statistically significant differences (p<0.05) were observed in 
all the variables studied, except for sex (Table 2). Regarding 
troponin levels, their elevation represented statistically 
significant differences (p<0.05) in terms of vital status, with an 
OR of 9.4 (95% CI: 5.5-16.0) (Figure 1).

Table 2
Relationship between sociodemographic and clinical variables 
with mortality in the participants

*Statistically significant differences (p<0.05)
LDH: Lactate dehydrogenase; CRP: C reactive protein

Predictive Values of Cardiac Troponins vs. Mortality

 An analysis of the overall relationship between 
troponin levels and in-hospital mortality revealed a significant 
increase in mortality among those with elevated troponins 
(55.6%), compared to the group without elevated troponins 

(11.7%). When stratified by subgroups, a consistent increase in 
mortality was observed in participants with elevated 
troponins, irrespective of age group, oxygen requirement 
upon admission, or presence of comorbidities (Table 3).

Figure 1
Forest Plot for variables related to mortality

Table 3
Relationship between having elevated troponins or not and 
vital status at discharge, in general and according to age, oxygen 
need at admission and presence of comorbidities

 The sensitivity and specificity of troponin elevation in 
predicting in-hospital mortality were 77.9% and 72.7%, 
respectively. These values increased when troponin elevation 
occurred in patients without other comorbidities, with 
sensitivity at 78.9% and specificity at 81.1%. The positive 
predictive value of troponin elevation was 55.6%, while the 
negative predictive value was 88.3%, rising to 95.1% in the 
absence of other comorbidities (Figure 2).

Mean SD+/- Range

Troponins 0,1 0,2 0-1,38

Ferritin*
¶ 1910,6 5873,3 12-81094

LDH*
¶ 467,0 362,1 140-3603

D Dimer **¶ 3160,6 8135,8 100-99000

Lymphocytes***¶ 1040,5 1286,5 84-21400

%Deceased %Alive Chi2; p

Male (n=187) 32,1 67,9

Female (n=171) 28,7 71,3

≥60 (n=242) 39,3 60,7

20-59 (n=116) 12,1 87,9

Yes (n=220) 40,0 60,0

No (n=138) 15,2 84,8

Yes (n=245) 36,7 63,3

No (n=113) 16,8 83,2

>1(n=125) 44,0 56,0

1(n=120) 29,2 70,8

Increased (n=153) 55,6 44,4

Normal (n=205) 11,7 88,3

Altered (n=198 41,9 58,1

Normal (n=147) 17,0 83,0

Increased (n=313) 33,5 66,5

Normal (n=31) 6,5 93,5

Increased (n=287) 34,5 65,5

Normal (n=58) 13,8 86,2

Increased (n=329) 32,5 67,5

Normal (n=9) 6,9 93,1

Increased (n=268) 35,4 64,6

Normal (n=76) 14,5 85,5

CRP 
Fisher: 

0,0027*

Ferritin 12,21; 0,000*

Lymphocytes 24,3; 0,000*

LDH Fisher: 0,001*

D Dimer  9,66; 0,002*

Comorbidities 14,9; 0,000*

Number of 

comorbidities 
5,79; 0,016*

Troponins 79,54; 0,000*

Sex 0,496; 0,481

Age (years) 27,3; 0,000*

Oxygen 

requirement 

at admission 

24,6; 0,000*

%Yes %No

Increased (n=153) 55,6 44,4

Normal (n=205) 11,7 88,3

Increased (n=132) 57,6 42,4

Normal (n=110) 17,3 82,7

Increased (n=21) 42,9 57,1

Normal (n=95) 5,3 94,7

Increased (n=106) 65,1 34,9

Normal (n=114) 16,7 83,3

Increased (n=47) 34,0 66,0

Normal (n=91) 5,5 94,5

Increased (n=121) 57,9 42,1

Normal (n=124) 16,1 83,9

Increased (n=32) 46,9 53,1

Normal (n=153) 4,9 95,1

Comorbidities

 

Yes 

No 

Total  

Age 

≥60 

20-59 

Oxygen 

requirement 

at admission 

Yes 

No 

Troponins
Deceased
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 An analysis of the overall relationship between 
troponin levels and in-hospital mortality revealed a significant 
increase in mortality among those with elevated troponins 
(55.6%), compared to the group without elevated troponins 

(11.7%). When stratified by subgroups, a consistent increase in 
mortality was observed in participants with elevated 
troponins, irrespective of age group, oxygen requirement 
upon admission, or presence of comorbidities (Table 3).

Figure 1
Forest Plot for variables related to mortality

Table 3
Relationship between having elevated troponins or not and 
vital status at discharge, in general and according to age, oxygen 
need at admission and presence of comorbidities

 The sensitivity and specificity of troponin elevation in 
predicting in-hospital mortality were 77.9% and 72.7%, 
respectively. These values increased when troponin elevation 
occurred in patients without other comorbidities, with 
sensitivity at 78.9% and specificity at 81.1%. The positive 
predictive value of troponin elevation was 55.6%, while the 
negative predictive value was 88.3%, rising to 95.1% in the 
absence of other comorbidities (Figure 2).

Mean SD+/- Range

Troponins 0,1 0,2 0-1,38
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Lymphocytes***¶ 1040,5 1286,5 84-21400
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Figure 2
Sensitivity, Specificity and Predictive Values   of elevated 
Troponins versus mortality, in general (total) and according to 
age, oxygen need at admission and presence of comorbidities

PPV: Predictive positive value; PNV: Predictive negative value

Discussion

 The COVID-19 pandemic has been a challenge for 
healthcare workers worldwide. Since its onset in 2019, it 
became evident that the presence of chronic diseases and 
cardiovascular risk factors plays a significant role in the 
development of fatal forms of this disease (2). In the present 
study, it was observed that the sociodemographic groups at 
the highest risk are adults over 60 years of age, with a 
mortality rate of 39.3% compared to 12.1%, and there were no 
significant differences based on sex.

 The presence of at least one of the comorbidities 
studied, which include arterial hypertension, diabetes 
mellitus, obesity, and chronic lung disease, increased the 
probability of death by 44% compared to patients without 
these conditions. Although this study did not find a significant 
relationship between male sex and mortality, as reported in a 
recent meta-analysis (3), the results align with other 
investigations where the group at the highest risk for mortality 
consists of older patients over 60 years of age with 
comorbidities such as primary arterial hypertension, type 2 
diabetes mellitus, and chronic obstructive pulmonary disease 
(COPD), which are significantly associated with an increased 
risk of mortality (OR: 5.15; 95% CI: 2.51–10.57; p<0.00001) (2).

 Changes in paraclinical parameters have been linked, 
with varying statistical significance, to in-hospital and 
medium-term mortality in SARS-CoV-2 infection. When 
comparing the paraclinical results of patients with mild and 
critical forms of COVID-19, a higher frequency of neutrophilia, 
lymphopenia, and significant elevations in CRP and troponins 
were found in the latter (11,12).

 The results of this investigation reveal that C-reactive 
protein (CRP) was the most frequently elevated marker in 
patients, although it is not the one with the strongest 
association with their condition at discharge. Similar findings 
were reported in the Asian population, where CRP elevation 
was the most common alteration, but lymphopenia was the 

main negative predictor of mortality (13). Consistently, this 
study found a statistically significant relationship between 
lymphopenia, elevated lactate dehydrogenase (LDH), ferritin, 
and D-dimer with in-hospital mortality in patients with COVID-
19.

 Previous studies have also described the elevation of 
LDH as one of the parameters with the strongest correlation, 
and within coagulation studies, the elevation of D-dimer was 
significantly related to the same outcome, likely associated 
with the cytokine storm described in the pathophysiology of 
this disease (14,15).

 In the investigated population, troponins were 
elevated in only 42.7% of the participants, and despite this, 
they proved to be the primary potential marker of mortality, 
with an OR of 9.4 (95% CI: 5.5-16.0). When comparing by 
subgroups, a consistent increase in this outcome was 
observed in patients with elevated troponins regardless of 
other conditions such as the need for supplemental oxygen, 
age group, or the presence of comorbidities. Even the 
specificity of troponins against mortality increased 
considerably when this elevation occurred in the absence of 
the studied comorbidities, with no significant differences in 
terms of their sensitivity. Likewise, its negative predictive 
value increased from 88.3% to 95.1% in the absence of other 
comorbidities.

 Myocardial injury, defined as the elevation of cardiac 
troponins above the reference value, occurs in up to 38% of 
patients with COVID-19 (6), raising concerns about its 
association with increased mortality . Previous studies 
conducted between 2020 and 2021 have shown a strong 
relationship between the elevation of cardiac biomarkers and 
mortality, with an increase of up to 7.9 times compared to the 
group that does not elevate this cardiac enzyme (16,17).

 In this study, similar results were found, with a 9.4 
times higher risk of death in the group with elevated troponin 
levels, regardless of other factors such as age, the presence of 
comorbidities, or the need for supplemental oxygen upon 
admission. Similarly, a Brazilian study (8) reported the use of 
troponins as a marker with special impact during the first 7 
days of hospitalization, with an independent correlation to 
the presence of previous heart disease.

 Another important element is the timing of troponin 
measurement, as demonstrated in a study conducted in Italy 
(18), where early detections within the first 24 hours of 
admission can discriminate patients with worse outcomes. 
The results of this study show that mortality was higher (22.5%; 
OR: 4.35; 95% CI: 1.72-11.04) in people with elevated troponin 
levels on admission compared to those who did not have such 
elevation (6.25%).

 Additionally, the prognostic value of troponins for 
the prediction of mortality has been compared in patients 
with adult respiratory distress syndrome (ARDS) due to 
COVID-19 and ARDS due to other causes, with favorable 
results for troponins, taking into account potential biases, as 
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the patients in the group with ARDS and COVID-19 were older 
and had a greater number of comorbidities compared to the 
patients with ARDS due to other causes (19).

 On the other hand, some studies report different 
findings from this investigation, where the main predictor of 
mortality is established as the ratio between arterial oxygen 
pressure and the inspired fraction (PaO2/FiO2), (HR: 0.901; 
95% CI: 0.829–0.978; P<0.0133), with no statistically 
significant findings for troponin elevation (20).

 Other results suggest the superiority of myoglobin 
over troponin as a predictor (21), and that troponin alone is 
not statistically significant in predicting outcomes (HR: 0.98; 
95% CI: 0.92–1.03; p: 0.507), while myoglobin was superior to 
troponin as an independent factor in predicting mortality (HR: 
1.001; 95% CI: 1.001–1.002; p < 0.001). However, the low 
availability of myoglobin makes it impractical for use (21).

 In this investigation, a sensitivity for the elevation of 
troponins against mortality of 77.9% and a specificity of 72.7% 
was obtained. The total positive predictive value was 55.6%, 
while the negative predictive value for the elevation of 
troponins against this same outcome was 88.3% in general. 
These results confirm previous findings in similar studies, 
where the relationship between elevated troponin and in-
hospital mortality was established with a sensitivity of 67.3% 
and a specificity of 88.7% (7), a positive predictive value of 
51.9%, and an 89.7% negative predictive value for all-cause in-
hospital mortality in patients with COVID-19 (22).

 It is clear that this research has certain limitations 
since the information on the study population was obtained 
from a secondary source of information and was limited to a 
single healthcare center that serves patients from the 
contributory and special regime in Colombia, which may 
represent a better chance of access to some services and a 
different social vulnerability. Additionally, these results are 
only applicable to patients who were hospitalized for COVID-
19 and do not represent the situation of patients who did not 
require hospitalization.

 Furthermore, several parameters described in the 
literature with varying relationships between their alteration 
and the development of more severe forms of the disease 
were not evaluated in this study. Thrombocytopenia has been 
recognized as a partial predictor of disease severity, as have 
elevations in aminotransferases and bilirubin (23). It is 
essential to consider that due to logistical and safety 
limitations, it was not possible to perform echocardiographic 
or cardiac magnetic resonance studies to assess myocardial 
involvement, as recommended in the literature (24), and to 
rule out differential diagnoses such as myocarditis and stress 
cardiomyopathy, which may introduce bias into the results.

Conclusion

 This study determined the predictive value of cardiac 
troponins for in-hospital mortality in adults with COVID-19. 
Despite not being the most frequently altered marker, there is 

a positive correlation between troponin elevation and this 
outcome, independent of the presence of other conditions 
such as age group, comorbidities, or the need for 
supplemental oxygen therapy. One of the most significant 
findings of this study was the predictive value of cardiac 
enzymes for mortality, which becomes even more valuable in 
patients without associated pathologies. Normal values of 
this biomarker in patients infected with SARS-CoV-2 
substantially reduce the probability of a fatal outcome.
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limitations, it was not possible to perform echocardiographic 
or cardiac magnetic resonance studies to assess myocardial 
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Abstract

The rise in antibiotic resistance could be a growing public health concern among agents 
of respiratory tract infection, which is liable for morbidity, mortality, and costs in Africa. 
This study was designed to determine the antimicrobial susceptibility pattern of bacteria 
isolated from patients with lower respiratory tract infection (LRTI) attending some Kebbi 
State, Nigeria hospitals. Three hundred and fifty sputum samples were collected from 
consented patients with the symptoms of LRTI attending six different hospitals in Kebbi 
State. The samples were all screened for significant bacterial growth using standard 
microbiological techniques. The bacterial isolates were identified using conventional 
biochemical tests and then confirmed using a commercial biochemical test kit 
(MICROBACT) according to the manufacturer's instructions. Antimicrobial susceptibility 
tests were identified using the disc diffusion method. Staphylococcus aureus was the 
foremost predominant bacteria isolated, followed by Klebsiella pneumoniae, with an 
estimated percentage occurrence of 31.1% and 22.2%, respectively. Other bacteria 
isolated include Klebsiella oxytoca (13.9%), Escherichia coli (11.1%), Pseudomonas 
aeruginosa (5.6%), Aeromonas hydrophila (5.6%), Acinetobacter baumannii (4.6%), B. 
pseudomallei (2.8%) and Proteus spp (2.8%). Most of the isolates were ssusceptible to 
piperacilin (51%), trimethoprim-sulfamethoxazole (61%), Azithromycin (70%), 
Ciprofloxacin (71%) and Gentamycin (74%), so as of ranking. High resistance was recorded 
in βeta-lactam antibiotics, erythromycin and vancomycin tested. Finally, it was revealed 
that Staphylococcus aureus is the most predominant bacteria isolated. Most of the 
isolates were resistant to the β-lactam antibiotic tested. Azithromycin, Ciprofloxacin, 
Gentamycin, and piperacillin remain helpful antibiotics for treating LRTIs in these centers.

Keyword: antibiotics, susceptibility, pathogens, lower respiratory tract, resistance.

Introduction

 Antibiotic resistance is considered a global problem, 
and inappropriate use of antibiotics has been recognized as a 
pivotal contributor to the increasing rates of resistance (1). 
The use of antibiotics in developing countries mostly depends 
on empirical antibiotic selection (2). The resistance patterns of 
bacterial pathogens of respiratory tract infections may occur 
differently in adults and children (3)(4). A study on hospital-
acquired pneumonia (HAP) in Japan recorded that methicillin-
resistant S. aureus accounted for 17.5%, P. aeruginosa 13.9%, 
and methicillin-sensitive S. aureus 6.5%. An analogous analysis 
of nursing and healthcare-associated pneumonia (NHCAP) 
reported S. pneumoniae in 16.4% of cases, Klebsiella 
pneumoniae in 9.6%, and methicillin-resistant S. aureus in 9.6%. 
However, it should be noted that in about half cases, the 
bacterial cause of bronchial pneumonia could not be 
identified (5). The selection of antimicrobial therapy for lower 
respiratory tract infections (LRTIs) caused by bacteria is 
comparatively easy when the etiologic agents and their 

antibiotic susceptibility patterns are known. However, the 
clinical presentation is typically not specific enough to form a 
firm etiologic diagnosis in the community or hospital setting 
(6).

 Most cases, lower respiratory tract infections are 
treated empirically before obtaining a culture report. Still, the 
rise in antibiotic resistance has compromised the choice of 
empirical treatment in recent years (7). The way decides on an 
efficient antimicrobial agent could be a new challenge to 
clinicians because the resistance pattern of pathogens to 
commonly used antimicrobial agents was frequently 
changing. Various factors contribute to the emergence of 
resistance, like the irrational use of antibiotics, the 
transmission of resistant bacteria from patient to patient, 
healthcare practitioners to patients, and the other way 
around (8,9).

 The global medical and research community 
considers antibiotic resistance exerted by microorganisms 
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