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Introduction

The Severe Acute Respiratory Syndrome Corona Virus 
2 (SARS-CoV-2) first appeared in Wuhan, China in 
December 2019. It has now become a global pandemic 
affecting most of the countries round the world. Globally 
as on 3rd May 2021, the total confirmed cases and deaths 
due to COVID-19 disease reported to WHO include 
152,387,917 and 3,195,624 respectively. India reported 
19,925,604 confirmed cases of COVID-19 disease 
including 218,959 deaths to WHO [1]. Also, during the 
second wave, between 1st March and 3rd May, India has 
reported 8,813,363 confirmed cases and 61,802 deaths, 
thereby accounting for a total of 44.23% confirmed 
cases and 28.23% mortalities.
Antibiotics remain ineffective in treating COVID-19 
but they are used to treat patients suspected of 
COVID-19. This is because of the difficulty in ruling 
out the Secondary bacterial infection and remains as a 
dangerous and common complication in hospitalized 
patients, especially with COVID-19 disease. They occur 
at an approximate incidence of 10-15% [2, 3]. Also, 
COVID-19 patients with secondary bacterial infections 
have a higher mortality rate of around 50% [4]. Therefore, 
early initiation of the appropriate antimicrobial therapy 

can help to tackle the life threatening secondary bacterial 
infections. Current recommendations are extrapolated 
from the data available to treat other viral pneumonias 
as there are no proper controlled clinical trials available 
to support the use of empirical antimicrobial agents for 
the treatment of COVID-19 disease [5]. Studies have 
recommended empirical antimicrobial therapy like 
3rd generation cephalosporins to treat all COVID-19 
disease associated secondary bacterial infections [6, 7]. 
However, irrational use of broad-spectrum antibiotics to 
treat hospitalized patients can lead to the emergence of 
multidrug resistant isolates [8, 9]. Clear understanding 
of COVID-19 patients with secondary bacterial infection 
and the etiological agents will help to treat the COVID-19 
patients promptly in order to assure the controlled use of 
antibiotics and to reduce the adverse effects of antibiotic 
overuse. 
Therefore, based on the existing microbiological 
data, antibiotics ought to be judiciously used to treat 
COVID-19 patients with confirmed secondary bacterial 
infections. Currently there is no pre-existing data about 
the etiology or spectrum of secondary bacterial infections 
in patients with COVID-19 disease [10-12].
In the current study, a retrospective comparative analysis 
of secondary bacterial infections was made in critically 
ill patients with and without COVID-19 disease. The aim 
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Summary

Introduction. Secondary bacterial infections have been reported 
in majority of patients hospitalized with coronavirus disease 2019 
(COVID-19). A study of the antimicrobial susceptibility profiles of 
these bacterial strains revealed that they were multidrug resistant, 
demonstrating their resistance to at least three classes of anti-
microbial agents including beta-lactams, fluoroquinolones and 
aminoglycosides. Bacterial co-infection remains as an important 
cause for high mortality in patients hospitalized with COVID-19.
Methods. In our study, we conducted a retrospective comparative 
analysis of bacterial co-infections and the antimicrobial resist-
ance profile of bacterial isolates obtained from inpatients admit-
ted in COVID-19 and non-COVID-19 intensive care units. The 
goal was to obtain the etiology and antimicrobial resistance of 
these infections for more accurate use of antimicrobials in clini-

cal settings. This study involved a total of 648 samples collected 
from 356 COVID-19 positive patients and 292 COVID-19 nega-
tive patients admitted in the intensive care unit over a period of six 
months from May to October 2020.
Results. Among the co-infections found, maximum antimicrobial 
resistance was found in Acinetobacter species followed by Kleb-
siella species in both the ICU’s. Incidence of bacterial co-infec-
tion was found to be higher in COVID-19 intensive care patients 
and most of these isolates were multidrug resistant strains.
Conclusion. Therefore, it is important that co-infections should 
not be underestimated and instead be made part of an integrated 
plan to limit the global burden of morbidity and mortality during 
the SARS-CoV-2 pandemic and beyond.
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was to obtain the etiology and antimicrobial resistance 
profile of bacterial isolates causing secondary bacterial 
infections in COVID-19 patients admitted in the ICU 
and also to compare the susceptibility profile of bacterial 
isolates obtained from critically ill COVID-19 negative 
patients. This can lead to a more accurate and effective 
antimicrobial use.

Materials and methods

This was a retrospective observational study carried out 
at Chettinad Hospital and Research Institute, a tertiary 
care hospital situated in Kelambakkam, Tamilnadu after 
obtaining due approval from the Institutional Human 
Ethics Committee.
Sample size: This study included a total of 648 patients 
which comprised of 356 COVID positive patients and 
292 COVID negative patients admitted in other intensive 
care units (ICU). The study was conducted over a period 
of six months from May to October 2020. 
The COVID-19 positive patients included in the study 
had tested positive for SARS CoV-2 infection by Real 
time RT-PCR (Reverse Transcriptase Polymerase Chain 
Reaction) as per Indian Council of Medical Research 
(ICMR) guidelines using SD-BIOSENSOR Real Time 
detection kit. SARS Cov2 RNA extraction for these 
samples was done using Qiacube, an automated nucleic 
acid extractor. The clinical samples from these patients, 
like blood, urine and sputum were obtained and processed 
for bacterial culture and sensitivity according to 
standard microbiological procedures [13]. The bacterial 
isolates were subjected to anti-microbial susceptibility 
testing (AST) by Kirby Bauer disc diffusion method as 
per Clinical and Laboratory Standards Institute (CLSI) 
Guidelines 2021. According to Centres for Disease 
Control and Prevention (CDC) definition the bacterial 
strains were identified as multidrug resistant if they were 
resistant to 1 drug each in at least 3 of the categories 
of drugs like extended spectrum cephalosporin, 
fluoroquinolones, aminoglycosides, carbapenems, and 
piperacillin tazobactam.

Results

Total of 648 patients were included in the study. Out of 
which 356 patients (54.94%) from the COVID ICU and 
292 patients (45.06%) from the non-COVID ICUs. 
Total respiratory samples processed was 316, out of 
which 178 (56.33%) samples were from COVID ICU 
and 138 (43.67%) samples were from other ICU’s. Of 
the total 316 samples processed, 113 samples yielded 
pathogenic bacterial isolates, out of which 76 (67.26%) 
samples were from COVID ICU and 37 (32.74%) 
samples were from other ICU’s.
Among the 113 samples that showed growth, 66 
samples yielded multidrug resistant bacterial isolates. 
40 (60.61%) samples were from COVID ICU and 26 
(39.39%) samples were from other ICU’s.

Bacteriological profile of the multidrug resistant isolates 
obtained from respiratory samples from COVID ICU 
and other ICU’s includes Escherichia coli, Klebsiella 
species, Pseudomonas species, Acinetobacter species 
and Citrobacter species (Fig. 1). Multidrug resistant 
strains of Escherichia coli and Klebsiella species were 
found to be more prevalent in COVID ICU (32.5% & 
35% respetively) and other ICU’s (38.46% & 34.62% 
respectively).
A total of 320 urine samples were analyzed. Of the total 
320 samples processed, 123 samples yielded growth, 
out of which 74 (60.16%) samples were from COVID 
ICU and 49 (39.84%) samples were from other ICU’s. 
Among the 123 samples that yielded growth, 65 samples 
yielded multidrug resistant isolates. 40 (61.54%) Multi-
drug Resistant (MDR) isolates were from COVID ICU 
and 25 (38.46%) MDRO’s were from other ICU’s.
The bacteriological profile of the multidrug resistant 
bacterial urine isolates from COVID ICU and other 
ICU’s includes Escherichia coli, Klebsiella species, 
Pseudomonas species, Acinetobacter species and 
Proteus species (Fig. 2) Multidrug resistant Escherichia 
coli and Klebsiella species were found to be more 
prevalent in COVID ICU (35% and 37.5% respectively) 
and other ICU’s (40% each).
Total blood samples processed was 175, out of which 
106 (60.57%) samples were from COVID ICU and 69 
(39.43%) samples were from other ICU’s. Of the total 
175 samples processed, 76 samples yielded growth, out 
of which 53 (69.74%) samples were from COVID ICU 
and 23 (30.26%) samples were from other ICU’s. Among 
the 76 samples that showed growth, 23 yielded multidrug 
resistant isolates. 14 (60.87%) samples were from COVID 
ICU and 9 (39.13%) samples from other ICU’s.
The bacteriological profile of the MDRO’s in blood 
samples obtained from COVID ICU and other 
ICU’s included Escherichia coli, Klebsiella species, 
Acinetobacter species and Candida albicans (Fig. 3). 
MDR Klebsiella species were found to be more prevalent 
in COVID ICU (35.71%) and other ICU’s (44.44%).
An overview on the total profile of various bacterial 

Fig. 1. 



BACTERIAL CO-INFECTIONS AND DRUG RESISTANCE PATTERNS IN COVID  
AND NON-COVID ICU’S

E21

isolates and multidrug resistant isolates isolated from 
respiratory, urine and blood samples of COVID ICU and 
other ICU patients are demonstrated (Tab. I).

In our study highest resistance was demonstrated among 
Acinetobacter species (n  =  22) (Fig. 4). Of these, 14 
(63.6 %) were from COVID ICU and 8 (36.3%) were 
from other ICU patients. 
Among the 14 strains from COVID ICU, 11 (78.6%) 
strains were resistant to cefotaxime, 9 (64.3%) resistant 
to cefepime, 7 each (50%) were resistant to piperacillin 
tazobactam, ciprofloxacin and amikacin, 6 (42.9%) 
to gentamicin and 3 each (21.4%) to imipenem and 
meropenem. 
Of the 8 Acinetobacter strains from other ICUs, 4 each 
(50%) showed resistance to gentamicin, cefotaxime and 
to piperacillin tazobactam, 3 each (37.5%) to cefepime 
and imipenem, 6 (75%) to amikacin, 5 (62.5%) to 
ciprofloxacin and 2 (25%) to meropenem.
The total resistance pattern of Acinetobacter isolates from 
both the ICU’s (COVID and non- COVID) is as follows: 
68.2% (n = 15/22) to cefotaxime, 54.5% (n = 12/22) to 
cefipime, 50% (11/22) to piperacillin tazobactam, 59.1% 
(13/22) to amikacin, 45.5% (n = 10/22) to gentamicin, 
54.5% (n  =  12/22) to ciprofloxacin, 27.3% (6/22) to 
imipenem and 22.7% (n = 5/22) to meropenem.
In our study next highest resistance was demonstrated 
among Klebsiella species (n = 57) (Fig. 5). Of the total 
57 isolates of Klebsiella species, 34 were (59.6%) were 
isolated from COVID ICU and 23 (40.3%) were from 
other ICU patients. 
Among the 34 strains from COVID ICU, 25, (73.5%) 
were resistant to cefotaxime, 26 (76.5%) to cefepime, 
24 (70.6%) to piperacillin tazobactam, 15 (44.1%) 
to amikacin, 18 (52.9%) to gentamicin, 17 (50%) to 
ciprofloxacin, 22 (64.7%) to imipenem and 19 (55.9%) 
to meropenem. 
Of the 23 strains from other ICUs, 15 (65.2%) were 
resistant to cefotaxime, 13 (56.5%) to cefepime, 17 
(73.9%) to piperacillin tazobactam, 13 (56.5%) to 
amikacin, 15 (65.2%) to gentamicin, 7 (30.4%) to 
ciprofloxacin, 11 (47.8%) to imipenem and meropenem.
Therefore, the total resistance pattern of Klebsiella 
species from COVID and non-COVID ICU is as follows: 

Fig. 2. 

Fig. 3. 

Fig. 4. Acinetobacter Species - Antibiotic resistance profile.
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Tab. I. An overview on the total profile of various bacterial isolates and drug resistant isolates isolated from various clinical samples. 

Sample type
No of Organisms

Urine Blood Respiratory

Type of ICU
COVID 

ICU
Other 

ICU
COVID 

ICU
Other 

ICU
COVID 

ICU
Other 

ICU

Escherichia coli
TOTAL 28 22 9 7 23 17
MDR 14 10 3 2 13 10
% MDR 50 45.45 33.33 28.57 56.52 58.82

Klebsiella species
TOTAL 21 17 9 11 21 16
MDR 15 10 5 4 14 9
% MDR 71.42 58.82 55.55 36.36 66.66 56.25

Pseudomonas species
TOTAL 9 7 0 0 14 9
MDR 4 2 0 0 7 3
% MDR 44.44 28.57 0 0 50.00 33.33

Acinetobacter species
TOTAL 5 3 5 2 7 5
MDR 5 2 4 2 5 4
% MDR 100.00 66.67 80.00 100.00 71.43 80.00

Citrobacter species
TOTAL 0 0 0 0 1 0
MDR 0 0 0 0 1 0
% MDR 0 0 0 0 100 0

Proteus species
TOTAL 4 3 0 0 0 0
MDR 2 1 0 0 0 0
% MDR 50 33.33 0 0 0 0

Coagulase Negative Staphylococcus 
species

TOTAL 0 0 13 5 0 0
MDR 0 0 0 0 0 0
% MDR 0 0 0 0 0 0

Candida albicans
TOTAL 0 0 7 4 0 0
MDR 0 0 2 1 0 0
% MDR 0 0 28.57 25 0 0

Candida species (non-albicans)
TOTAL 2 2 0 0 0 0
MDR 0 0 0 0 0 0
% MDR 0 0 0 0 0 0

Staphylococcus aureus
TOTAL 0 0 2 2 0 0
MDR 0 0 0 0 0 0
% MDR 0 0 0 0 0 0

Fig. 5. Klebsiella species - Antibiotic resistance profile.

70.2% (n = 40/57) to cefotaxime, 68.4% (n = 39/57) to 
cefepime, 71.9% (n = 41/57) to piperacillin tazobactam, 
49.1% (n=28/57) to amikacin, 57.9% (n  =  33/57) to 

gentamicin, 42.1% (n = 24/57) to ciprofloxacin, 57.9% 
(n  =  33/57) to imipenem and 52.6% (n  =  30/57) to 
meropenem.
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Next highest resistance was demonstrated among 
Escherichia coli (n = 52). Of these, n = 30/52 isolates 
were from COVID ICU and n = 22/52 were from other 
ICU patients. (Fig. 6)
Among the 30 strains from COVID ICU, 23 (76.7%) 
showed resistance to cefotaxime, 18 (60%) to cefepime, 
21 (70%) to piperacillin tazobactam, 19 (63.3%) to 
amikacin, 17 (56.7%) to imipenem, 14 (46.7%) to 
gentamicin and meropenem, 16 (53.3%) to ciprofloxacin.
Of the 22 strains from other ICUs, 17 (77.3%) showed 
resistance to cefotaxime, 11 (50%) to cefepime, 17 
(77.3%) to piperacillin tazobactam, 20 (90.9%) to 
amikacin, 15 (68.2%) gentamicin, 10 (45.5%) to 
ciprofloxacin, 9 (40.9%) to imipenem and 7(31.8%) to 
meropenem.
Therefore, the total resistance pattern of Escherichia 
coli from both the ICUs is as follows: 76.9% (n = 40/52) 
of the strains showed resistance to cefotaxime, 
55.8% (n  =  29/52) to cefepime, 73.1% (n  =  38/52) to 
piperacillin tazobactam, 75% (n = 39/52) to amikacin, 
55.8% (n  =  29/52) to gentamicin, 50% (n  =  26/52) 
to ciprofloxacin, 50% (n  =  26/52) to imipenem and 
40.4%(n = 21/52) to meropenem.
Also the resistance profile of Pseudomonas species, 
(n = 16) was analyzed. Of these, n = 11/16 isolates were 
from COVID ICU and n = 5/16 were from other ICU 
patients. (Fig. 7)
Among the 11 strains from COVID ICU, 7 (63.6%) 
showed resistance to ceftazidime and piperacillin 
tazobactam, 6 (54.5%) to imipenem, cefepime and 
amikacin, 5 (45.5%) to gentamicin and meropenem, 4 
(36.4%) to ofloxacin.
Of the 5 strains from other ICU’s, 2 (40%) strains 
showed resistance to ofloxacin and ceftazidime, 1 
(20%) to cefepime, 3 (60%) to piperacillin tazobactam, 
amikacin and gentamicin, 4 (80%) each to imipenem 
and meropenem.
Therefore, the total resistance pattern of Pseudomonas 
from both the ICUs is as follows: 56.3% (n  =  9/16) 

to ceftazidime, 43.8% (n  =  7/16) to cefepime, 62.5% 
(n = 10/16) to piperacillin tazobactam, 56.3% (n = 9/16) 
to amikacin, 50% (n  =  8/16) to gentamicin, 37.5% 
(n = 6/16) to ofloxacin, 62.5% (n = 10/16) to imipenem 
and 56.3% (n = 9/16) to meropenem.
In this study, 3 out of 11 Candida albicans isolates 
demonstrated 27.27% resistance, out of which 2 
(66.66%) of the isolates were from COVID ICU patients 
and 1(33.33%) was from patients admitted in other 
ICUs. All the three resistant strains were blood isolates.
Among the 2 strains isolated from COVID ICU, no 
strains (0%) showed resistance to amphotericin-B 
and nystatin, 1 strain (50%) showed resistance to 
ketoconazole and both strains (100%) showed resistance 
to clotrimazole, fluconazole and itraconazole. The single 
strain isolated from other ICU’s, showed no resistance 
to amphotericin-B, fluconazole and itraconazole, and 
showed resistance to clotrimazole, ketoconazole and 
nystatin.
The total resistance pattern of Candida albicans 
from both the ICUs is as follows: 0% (n  =  0/3) to 
amphotericin-B, 100% (n = 3/3) to clotrimazole, 66.67% 
(n = 2/3) to fluconazole, itraconazole and ketoconazole 
and 33.33% (n = 1/3) to nystatin.
In our study we also isolated other Candida species 
which include three strains of Candida tropicalis and 
one strain of Candida parapsilosis obtained from urine 
samples and these isolates did not demonstrate any 
antifungal resistance. 

Discussion

Bacterial co-infections occurring in patients hospitalized 
with COVID-19 are a leading cause of mortality. A meta-
analysis done by Langford BJ et.al states that bacterial 
co-infection remains very common among COVID-19 
infected ICU patients than critically ill patients belonging 
to other ICU settings [14].

Fig. 6. Escherichia coli - Antibiotic resistance profile.
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Among the Gram-negative bacteria, Escherichia coli, 
Klebsiella pneumoniae and Acinetobacter baumannii 
are the most prevalent bacterial isolates and the anti-
microbial resistance rates among these bacteria were 
found to be very high. 
A study conducted by Russell et al., showed that among 
the Gram negative bacteria, members belonging to 
the family Enterobacteriaceae, like Escherichia coli 
commonly are associated blood stream infections [15]. 
In our study Escherichia coli and Klebsiella species are 
the predominant isolates causing blood stream infections 
affected with COVID-19. 
In our study, we included 356 COVID positive patients 
admitted in the intensive care unit and 292 COVID 
negative patients admitted in other non-COVID intensive 
care units. We found that COVID patients admitted 
in the ICU were more prone to bacterial co-infections 
and also the resistant bacterial strains were found to be 
more prevalent in COVID patients admitted in the ICU 
(Figg. 1-3).
Higher resistance was found in Acinetobacter spp 
81.48% (n = 22/27), out of which 63.63% (n = 14/22) of 
the bacterial strains were isolated from COVID ICU and 
36.26% (n = 8/22) were from other ICU patients. 
This finding is similar to the study done by Jie Le et 
al. [9]. However, the study conducted by Mahmoudi 
and another study conducted by Surbhi Khurana et 
al. [16, 17] showed higher resistance among Klebsiella 
species, followed by Acinetobacter species. In our study, 
Acinetobacter species showed higher resistance followed 
by Klebsiella species. A study by Ehsan Sharifipour 
et al. also showed that a wide spread resistance was 
contributed by Acinetobacter species [18]. Another 
study conducted by Sama Rezasoltani et al. showed 
more resistance among Staphylococcus aureus (MRSA) 
strains [19].
Klebsiella species was the next most resistant organism 
isolated (60%), out of which 59.64% (n = 34/57) were 
from COVID ICU patients and 40.35% (n = 23/57) were 

from other ICU patients. A study by Sreenath K et.al 
states that Klebsiella species is the common organism 
that usually complicates treatment options in COVID-19 
affected patients admitted in ICU setting [20]. Another 
study by Arcari et al. shows that multidrug resistant 
Klebsiella species remain as a common pathogen in 
critically ill COVID-19 patients [21]. 
Other bacterial isolates like Escherichia coli showed 
49.05% resistance (n = 52/106), out of which 57.69% 
(n  =  30/52) were obtained from COVID ICU patients 
42.31% (n = 22/52) were from non-COVID ICU patients. 
A study by Mahmoudi et al. shows that Escherichia 
coli obtained by COVID-19 patients showed greater 
resistance to cephalosporins, co-trimoxazole and 
piperacillin-tazobactam [16]. Howerver, in our study 
many isolates were resistant to cephalosporins and few 
were also resistant to imipenem and meropenem. 
Drug resistance was found to be 42.85% (n  =  3/7) in 
Proteus spps isolates, out of which 66.66% (n  =  2/3) 
were from COVID ICU patients and 33.33% (n = 1/3) 
were from non-COVID ICU patients.
Pseudomonas spps showed 41.02% resistance 
(n  =  16/39), out of which 68.75% (n  =  11/16) were 
obtained from COVID ICU patients and 31.25% 
(n  =  5/16) were obtained from patients admitted in 
non-COVID ICU’s. A study by Qu et al. states that 
Pseudomonas aeruginosa can remain as an important 
co-infecting pathogen in critically ill COVID-19 patients 
with a greater capacity of producing biofilm and thereby 
conferring antibiotic resistance [22].
In our study we isolated a single strain of Citrobacter 
spps (n = 1/1) that was found to be multidrug resistant. 
That strain was isolated from a respiratory sample in 
COVID ICU.
Other gram-positive bacterial isolates like Coagulase 
negative staphylococci (n  =  18) and Staphylococcus 
aureus (n = 4) obtained from blood culture did not show 
any multi drug resistance.
In our study we respiratory samples from COVID-19 

Fig. 7. Pseudomonas species - Antibiotic resistance profile.
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patients remain predominant as lower respiratory tract 
bacterial co-infections remain common in these patients. 
The underlying pathogenesis of bacterial co-infection 
in severe and critical COVID-19 cases is due to the 
host-pathogen interactions, which include the virulence 
factors of the pathogens, dysregulations of immune 
responses and disturbed microbial flora during viral 
pneumonia [23, 24].
Viral pneumonia and bacterial co-infection act as 
mutual reinforcing factor to promote the progression of 
COVID-19 disease. Severe cases of COVID-19 cause 
multiple damages in the lungs, thereby decreasing 
the oxygen and carbon dioxide diffusion capacities. 
Surfactant disruption and sloughing of cells into the 
airways provide access and rich source of nutrients, 
thereby leading to rapid bacterial invasion. Both the 
factors like changes in microbial flora and bacterial 
virulence can alter the immune responses to SARS-
CoV-2, resulting in the rebound of viral titres and high 
mortality in severe and critically ill patients [25].
The strengths of the present study include, we analysed 
significant number of samples from critically ill 
COVID-19 patients and we were able to present an 
appropriate microbiological and antibiotic resistance 
profile. However, the study also has weakness that has to 
be addressed in the future. This study is a retrospective 
study and therefore systemic patient review was 
not performed. Also this study was conducted in a 
single centre and not a multicentric study because the 
microbiological and antibiotic profile can vary with 
respect to the different geographical location. 

Conclusion

An effective antimicrobial regimen remains the key 
step for the successful treatment of COVID-19. Also, 
due to the scarcity of data available on the empirical 
use of antimicrobials to treat COVID-19 secondary 
infections and the irrational use of antimicrobials to treat 
these patients, has led to the emergence of multidrug 
resistance [25].
Therefore, molecular approaches like meta genomic 
next-generation sequencing can help in the detection 
of a broad range of pathogens and their antimicrobial 
resistance which further contribute to the appropriate 
antibiotic stewardship programmes. In addition, 
molecular understanding of the causes and consequences 
of bacterial co-infections in COVID-19 patients aid 
the development of novel therapeutic interventions 
influencing targets with high efficacy and safety during 
co-infections [26].
To conclude, it is important that the bacterial co-infections 
in critically ill patients should not be underestimated. It 
should be taken as a key factor in order to reduce the 
morbidity and mortality rate in COVID-19 patients 
globally. Investigation of bacterial co-infections and 
antibiotic profile can further help in improved health 
of COVID-19 patients and also will help us understand 
the viral and bacterial pathogen interaction within the 

host [26]. Ethical and rational use of antibiotics is highly 
recommended.
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