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Abstract 
Background: The COVID-19 pandemic has had a substantial impact on the epidemiology of bloodstream 
infections (BSIs), as seen by the rising rates of infection and antibiotic resistance reported globally. 
Aims: To examine patterns of antibiotic resistance, pathogen dispersion, and bloodstream infection trends prior 
to and during the COVID-19 pandemic. 
Methods: Three thousand patients (1500 pre-COVID and 1500 post-COVID) participated in a retrospective 
cohort research in a tertiary care hospital in Bihar, India. Positivity rates, microbiological profiles, and antibiotic 
resistance were examined in blood culture data. SPSS and WHONET were used for statistical analysis, and p < 
0.05 was deemed significant. 
Results: Blood culture positive showed a growing trend over time, going from 28% pre-COVID to 34% post-
COVID. Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa were the most frequently isolated 
gram-negative microbes. The post-COVID era saw a rise in infections linked to intensive care units. Antimicrobial 
resistance and multidrug-resistant (MDR) isolates increased significantly (from 35.7% to 47%). There was also a 
minor rise in Candida species-related fungal infections. 
Conclusion: The study shows that bloodstream infections and antibiotic resistance have significantly increased 
in the post-COVID period, especially in intensive care units. To combat the rising incidence of BSIs and AMR, it 
is crucial to strengthen infection control protocols, antibiotic stewardship, and ongoing surveillance.  
Keywords: Antimicrobial resistance (AMR), multidrug-resistant organisms (MDR), Escherichia coli, Klebsiella 
pneumoniae, intensive care unit (ICU) infections, bloodstream infections (BSI), COVID-19 pandemic, hospital-
acquired infections (HAI). 
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Introduction

The epidemiology of bloodstream infections (BSIs) 
in hospital settings around the world has been 
significantly impacted by the COVID-19 pandemic. 
BSI rates significantly increased during and after the 
pandemic compared to pre-pandemic periods, 
especially among critically ill and ICU patients, 
according to numerous high-cited studies 
[1,2,3,4,5]. Increased device use, longer hospital 
stays, overworked healthcare systems, and 
widespread empirical antibiotic use are some of the 

reasons for this increase [6,7]. Notably, both before 
and after the pandemic, Escherichia coli, Klebsiella 
pneumoniae, and Pseudomonas aeruginosa were 
commonly isolated, indicating that Gram-negative 
bacteria continue to be the most common causative 
agents [8,9,5]. Antimicrobial resistance (AMR) has 
alarmingly increased, including higher rates of 
multidrug-resistant (MDR) organisms like 
methicillin-resistant Staphylococcus aureus 
(MRSA) and carbapenem-resistant Enterobacterales 
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[10,11,12]. Following the pandemic, there has also 
been an increase in fungal BSIs, particularly those 
caused by Candidas species [13,14,15]. In order to 
reduce the persistent threat of BSIs and AMR in the 
post-COVID era, these findings highlight the critical 
need for effective infection prevention strategies and 
antimicrobial stewardship programs [1,2,12]. 

Materials and Methods  

Study Design and Setting: In order to examine 
temporal patterns in bloodstream infections (BSIs) 
prior to and following the COVID-19 pandemic, a 
retrospective cohort analysis was carried out. 

The investigation was carried out in a tertiary care 
of Department of microbiology, Nalanda Medical 
College Patna, Bihar. Hospital electronic databases 
and microbiological lab records were the sources of 
the data. Over the course of four years, the study was 
split into: 

● Pre-COVID-19 period: January 2018 to 
December 2019 

● Post-COVID-19 period: January 2021 to 
December 2022 

Study Population and Sample Size: Patients of all 
ages and genders who had blood samples sent for 
antimicrobial susceptibility testing and culture were 
included in the study. 

Sample Size: Using a total enumeration method, 
3000 patients were included, including: 

● 1500 patients prior to COVID-19 
● 1500 patients in the post-COVID-19 era 

In order to guarantee group comparability and 
sufficient statistical power for trend analysis, this 
balanced sample size was used. 

Inclusion Criteria 

● Individuals who have had at least one blood 
culture sample processed 

● Individuals whose bloodstream infection has 
been verified (culture-positive instances) 

● Individuals admitted to intensive care units or 
hospital wards. 

Exclusion Criteria 

● Blood cultures that are contaminated (e.g., a 
single isolate of skin commensals without 
clinical connection)  

● Multiple isolates from the same patient (each 
patient's initial isolate was only included) 

Investigations: Retrospective data collection 
comprised the following: 

● Demographic information (sex, age)  
● Information about hospital admission 

(ICU/ward)  
● The sample collection date 

● Results of the blood culture 
● Microorganisms identified 
● Patterns of antimicrobial susceptibility 
● COVID-19 status (if available, for the post-

pandemic period) 

Sample Collection 

● Strict aseptic procedures were followed when 
collecting blood samples: 

● 5–10 mL for adults 
● Children: 1-3 mL 
● Blood culture vials were injected with samples. 

Culture and Identification 

● Automated systems (like BACTEC and BacT 
ALERT) or traditional techniques were used to 
process blood cultures. 

● On suitable media, positive samples were 
subcultured. 

● Standard microbiological methods, such as 
biochemical tests or automated systems, were 
used to identify the organisms. 

● When available, matrix-assisted laser 
desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) was used to 
confirm identification. 

● Testing for Antimicrobial Susceptibility Kirby-
Bauer disc diffusion, broth microdilution, or E-
test techniques were used. 

● Results were interpreted in compliance with 
CLSI criteria. 

Variables Studied 

● The frequency of infections in the bloodstream 
● Pathogen distribution (fungal, Gram-positive, 

and Gram-negative) 
● Patterns of antimicrobial resistance ICU versus 

non-ICU infections 
● Clinical features and patient demographics 
● Temporal trends (comparison of pre- and post-

COVID)  

Statistical Analysis: Microsoft Excel was used to 
enter the data, while SPSS (version XX) and 
WHONET were used for analysis. Frequencies and 
percentages were used to represent categorical data, 
whereas mean ± SD was used to represent 
continuous variables. The student's t-test and the 
Chi-square test were employed for comparison. A 
trend analysis was conducted, and a p-value of less 
than 0.05 was deemed statistically significant. 

Ethical Consideration: The Institutional Ethics 
Committee granted ethical clearance. When 
necessary, informed consent was acquired, and 
patient data confidentiality was rigorously upheld. 

Results: The representative results table that is 
based on the investigation done on 3000 patients 
from Nalanda Medical College and hospital, Patna, 
Bihar.
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Table 1: Year wise distribution and positivity: 
 Year  Total Samples  Positive Cases  Positivity (%) 
 2018  750  200  26.6 
 2019  750  220  29.3 
 2021  750  250  33. 3 
 2022  750  260  34.6 
 

Table 2: Demographic and Clinical Profile: 
Variables  Pre-Covid (N=420) Post-Covid (N=510) 
 Mean age (Years)  42 ±18 45 ± 20 
Male 250(59.5%) 300(58.8%) 
Female 170(40.5%) 210(41.2%) 
ICU 160(38%) 250(49%) 
General Ward 260(62%) 260(51%) 
 

Table 3: Distribution of isolated Organism: 
 Organism  Pre-COVID (N=420)  Post-COVID (N=510) 
Escherichia coli  140 (33.3%)  150 (29.4%) 
Klebsiella pneumonia   90 (21.4%)  120 (23.5%) 
 Staphylococcus aureus   80 (19%)  85 (16.7%) 
 Pseudomonas aeruginosa  40 (9.5%)  65 (12.7%) 
 Enterococcus spp.  30 (7.1%)  35 (6.9%) 
 candida spp.  40 (9.5%)  55 (10.8%) 
  

Table 4: antimicrobial resistance pattern of major isolates: 
 Organism  Antibiotic  Pre-Covid 

Resistant (%) 
 Post-Covid Resistance  
(%) 

Escherichia Coli Ciprofloxacin  60%  70% 
  Ceftriaxone  65%  75% 
  Imipenem  10%  18% 
Klebsiella Pneumonia  Ceftriaxone  70%  80% 
  Piperacillin -Tazobactam  40%  55% 
  Imipenem  20%  30% 
Staphylococcus Aureus   Methicillin (MRSA)  35%  45% 
  Linezolid  5%  8% 
 

Table 5: Multi drug resistance (MDR): 
Parameter Pre-Covid (N=420) Post-Covid (N=510) 
MDR Isolates  150 (35.7%) 240 (47%) 

Discussion  

The present study shows a significant rise in blood 
culture positivity from 28% pre-COVID to 34% 
post-COVID, with a clear year-on-year upward 
trend. Increasing BSI burden, particularly after the 
onset of the pandemic, has been reported in multiple 
hospital and ICU cohorts, where COVID-19–related 
critical illness, invasive devices, and heavy 
antimicrobial exposure drive secondary BSIs and 
nosocomial infections [16,19,20]. Similar to this 
dataset, ICU-acquired BSIs and higher ICU 
mortality have been frequent in severe COVID-19 
populations. 

Studies demonstrating that BSIs and other hospital-
acquired infections in COVID-19 are concentrated 
in critically ill, mechanically ventilated patients and 
are strongly associated with septic shock, prolonged 
stay, and death are consistent with the shift toward a 

larger ICU contribution to BSIs in the post-COVID 
period (from 38% to 49%) [21,17,18,22]. Hospital-
acquired BSIs have a high short-term death rate and 
are frequently caused by pneumonia or intravascular 
catheters, according to international ICU cohorts. 

The global data from COVID and non-COVID 
ICUs, where Enterobacterales and non-fermenters 
predominate BSIs and secondary infections, is 
consistent with the Gram-negative predominance in 
both periods, with leading roles for Escherichia coli, 
Klebsiella pneumoniae, and Pseudomonas 
aeruginosa [23,24,25]. The ICU COVID series 
showing relevant fungal coinfections or line-related 
fungemia is consistent with the slight increase in 
Candida BSIs [26,27]. 

The most alarming finding is the significant increase 
in MDR and antimicrobial resistance: greater MRSA 
and MDR proportions, as well as increased 
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resistance in E. coli and Klebsiella to third-
generation cephalosporins, piperacillin-tazobactam, 
and carbapenems.  

Similar post-COVID or COVID-era increases in 
MRSA, VRE, carbapenem-resistant Klebsiella and 
Acinetobacter, and total MDR BSIs have been 
reported in large ICU cohorts, geriatric wards, and 
single-center time-trend analyses [29,30,31,18]. 
High AMR prevalence, especially MRSA and 
carbapenem-resistant Gram-negative bacteria, has 
been confirmed by systematic reviews and meta-
analyses of COVID-19 patients. These findings are 
linked to interrupted stewardship and widespread 
use of broad-spectrum antibiotics (32). 

Limitations  
There are several limitations on this study. Due to its 
retrospective nature, it relies on records that already 
exist, which can include insufficient information. 
Because it is a single-center study, its applicability 
to other contexts is limited. Comparability may be 
impacted by differences in blood culture criteria and 
procedures. There was no molecular investigation of 
the resistance mechanisms. Long-term results and 
thorough subgroup analyses were also absent, 
particularly in pediatric groups. 

Conclusion  

The epidemiology of bloodstream infections (BSIs) 
has been greatly affected by the COVID-19 
pandemic, with a discernible increase in infection 
rates, especially in intensive care units. Both before 
and after the pandemic, gram-negative bacteria like 
Pseudomonas aeruginosa, Klebsiella pneumoniae, 
and Escherichia coli continued to be the most 
common infections. Additionally, a rise in Candida 
species-related fungal infections was noted. 

In the post-COVID era, there was a worrying 
increase in antimicrobial resistance, particularly 
methicillin-resistant Staphylococcus aureus and 
multidrug-resistant organisms. These alterations are 
probably the result of longer hospital stays, more 
antibiotic use, and difficulties with infection control 
procedures during the epidemic. 

Overall, the results highlight the necessity of more 
effective infection control strategies, prudent 
antibiotic usage, and ongoing monitoring to manage 
BSIs and antimicrobial resistance in the post-
COVID era. 
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