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ABSTRACT

Objective: To perform bacteriological analysis and to study drug susceptibility patterns of isolates from bloodstream infections.

Methods: This retrospective study was conducted in the microbiology department of NSCB Medical College, Jabalpur, spanning from July 2023 to
December 2023. The study included blood culture samples from all adult intensive care unit patients of the medical college. Blood samples were
collected with aseptic guidelines and cultured for 7 days. Growths were identified using standard biochemical tests and subjected to sensitivity
testing according to Modified Kirby-Bauer’s disk diffusion method. Data for the source of blood collection and duration of incubation were noted and
compared.

Results: A total of 100 (21.7%) pathogens were isolated from 460 bacteremia suspect patient blood specimens. Pseudomonas spp. Were predominant
organisms recovered followed by Klebsiella spp. and Staphylococcus aureus, coagulase-negative staphylococci, and Acinetobacter spp. were the primary
pathogens isolated. Carbapenems, glycopeptides, and aminoglycosides were the most effective drugs for treating bacteremia.

Conclusions: Early diagnosis and proper antimicrobial therapy lead to successful treatment of sepsis and decreased morbidity and mortality.
Antibiogram of a particular area helps in rationalizing verified treatment strategies.
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INTRODUCTION

Bloodstream infections (BSI) are broadly defined as the presence of
viable microorganisms in the blood, which can cause inflammation in
the host, alter clinical and hemodynamic properties, and lead to morbid
consequences [1]. Patients with bacteremia are mainly treated with
antimicrobial therapy, alongside management of its consequences (e.g.,
shock or metastatic suppurative complications), and surgical treatment
of infection sites (e.g., debridement, abscess drainage, or removal of
intravascular devices) when appropriate [2].

Health-care associated (HCA) BSIs are associated with increased
incidence of multi-drug resistant microorganisms, such as Methicillin-
resistant Staphylococcus aureus, extended-spectrum beta-lactamase
producing Enterobacteriaceae, Acinetobacter —baumannii, and
Pseudomonas aeruginosa. The antimicrobial resistance profile of HCA
BSI depends on local epidemiology [2].

In recent years, clinicians have observed a growing incidence of BSIs
caused by bacteria resistant to commonly used antimicrobials [3]. A
multidrug-resistant (MDR) microorganism is defined as an isolate with
non-susceptibility to at least one agent in three or more antimicrobial
categories. Extensively drug-resistant (DR) microorganisms exhibit
susceptibility to only one or two antimicrobial categories, whereas pan-DR
isolates are resistant to all agents across all antimicrobial categories [4].

In India, nearly 200,000 cases of BSI occur annually with a mortality
rate of 20-50%. About 5% of all patients admitted to intensive care
units (ICUs) develop BSI as a complication of serious illness [6].
HCA risk factors for BSIs include prolonged antibiotic therapy in ICU
and HDU patients due to extended hospital stays, immunological

deficiencies, old age, children, acute diseases, surgery, trauma, and,
notably, in primary BSI, the presence of a central line shows a specific
association of 87% [7].

Understanding the antimicrobial resistance patterns of pathogens
in a particular hospital is crucial for the judicious use of antibiotics,
thereby preventing the emergence of antibiotic resistance [8,9].
This underscores the significance of systematic surveillance of the
causes of BSI to monitor the range of bacterial infections and their
resistance patterns in specific areas. Clinicians not only require this
data to be informed about emerging MDR strains spreading in the
community but also to initiate effective empirical therapy for life-
threatening infections [10].

Therefore, formulating alocal antibiotic policy based on the antibiogram
of the area is essential to guide intensivists and physicians in the initial
selection of antibiotics for promptly treating seriously ill patients,
aiming to significantly reduce morbidity and mortality. In this study, we
aimed to examine the frequent microorganisms causing BSI and their
antimicrobial susceptibility patterns among ICU patients at a tertiary
care center in Madhya Pradesh.

Aims and objectives

1. Todescribe the profile of isolates causing BSIs in cases of bacteremia
and septicemia.

2. To determine the antibiotic susceptibility pattern of these isolates.

METHODS

This retrospective study was conducted in the microbiology department
of NSCB Medical College, Jabalpur, spanning from July 2023 to December
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2023. The study included blood culture samples from all adult ICU
patients of the medical college. Contaminants, mixed bacterial growths,
and repeated positive cultures from the same patient were excluded.

Sample processing

Blood sample bottles were collected from patients as per physician
instructions before administering any antibiotics. Patient details
were recorded in registers, and samples from adult ICU patients were
processed. For negative samples, blood culture bottles remained in
the incubator and were reported negative after 5 days. For positive
samples, the blood culture bottle was removed from the system and
conventionally inoculated on blood agar and MacConkey agar, incubated
aerobically at 37°C. The resulting growth was identified using colony
morphology, Gram stain, and standard biochemical tests.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using the Kirby-

Bauer disk diffusion method and interpreted according to Clinical

and Laboratory Standards Institute guidelines 2019. The following

antimicrobials were tested:

e  For Gram-positive bacterial isolates: Erythromycin (E), Penicillin (P),
Cefoxitin (CX), Co-trimoxazole (COT), Clindamycin (CL), Doxycycline
(D0), Linezolid (LZ), Vancomycin (VA), Gentamicin (GM).

e For Gram-negative bacterial isolates: Amikacin (AK), Gentamicin
(GM), Augmentin (AG), Ceftriaxone (CTR), Ceftazidime (CAZ),
Cefepime (CP), Piperacillin-Tazobactam (PT), Ciprofloxacin (CIP),
Levofloxacin (LE), Imipenem (IM), Meropenem (MP), Trimethoprim-
sulfamethoxazole (COT), Tigecycline (TG), Colistin (COL).

Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923),
and P, aeruginosa (ATCC 27853) were used as reference strains for
culture and susceptibility testing.

Data analysis
Data analysis was conducted using SPSS software.

Ethical considerations
Ethical approval for this study was granted by the institutional ethical
committee.

RESULTS

Among a total of 460 samples received from adult ICUs during July
2023 to December 2023, 100 (21.7%) were positive for isolates. Of
these, P aeruginosa accounted for 39 (39.0%) isolates, while the
remaining isolates included S. aureus 19 (19.0%), coagulase-negative
staphylococci (CONS) 4 (4.0%), E. coli 6 (6.0%), Klebsiella pneumoniae
28 (28.0%), and Acinetobacter spp. 4 (4.0%) (Fig. 1).

The present study showed a higher incidence of BSI in males (58.3%)
compared to females (41.6%), as shown in Table 1. The majority of
patients were in the age group above 55 years, comprising 46.9% of the
total, as indicated in Table 1.

According to Table 2, which displays the antimicrobial sensitivity pattern
of S. aureus isolates obtained from the Adult ICU, there were a total of 23
Gram-positive isolates, comprising 19 S. aureus and 4 CONS. S. aureus
exhibited 100% resistance to penicillin, followed by trimethoprim-
sulfamethoxazole (79%) and erythromycin (74%). However, it
showed the least resistance to vancomycin (0%), linezolid (5.3%), and
doxycycline (26.3%). Gentamicin demonstrated 47.4% resistance.

Similarly, CONS displayed maximum resistance to penicillin and
doxycycline, while showing the least resistance to linezolid, vancomycin,
cefoxitin, and clindamycin.

Table 3 shows the antimicrobial sensitivity pattern of Gram-negative
isolates. Non-fermenters, including P. aeruginosa (39) and Acinetobacter
spp. (4), contributed more to BSI than fermenters, such as E. coli and
Klebsiella spp. with Klebsiella spp. (28) predominating over E. coli (6).
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Fig. 1: Different isolates from the blood culture samples

Table 1: Age and gender-wise distribution of positive samples

Age Male Female Total

group Number % Number % Number %
(years)

16-35 12 207 8 19.0 20 20.0
36-55 19 327 14 333 33 33.0
>55 27 46.5 20 47.6 47 47.0
Total 58 58.0 42 42.0 100 100

Non-fermenters demonstrated maximum resistance to co-trimoxazole,
amoxiclav, and ceftriaxone, followed by first-line fluoroquinolones
and aminoglycosides. They exhibited the least resistance to colistin,
tigecycline, and carbapenems.

Among Enterobacteriaceae isolates, Klebsiella spp. showed maximum
resistance to amoxiclav and third-generation cephalosporins. In
contrast, E. coli showed maximum resistance to fluoroquinolones.
Both isolates displayed the least resistance to colistin, tigecycline, and
carbapenems.

DISCUSSION

BSI poses significant health challenges and contributes to increased
resource utilization, morbidity, and mortality, particularly among
critically ill patients in ICUs. This study aims to delineate the spectrum
of pathogens causing BSI and their antimicrobial resistance patterns in
ICU settings.

The critical issue of BSI, which can progress to life-threatening sepsis,
underscores the importance of timely isolation, identification, and
antimicrobial susceptibility testing of bloodborne pathogens. Diagnostic
microbiology labs bear increasing responsibility in this regard [11].

Research consistently shows a strong correlation between delays in
initiating effective therapy and higher in-hospital mortality rates from
septic shock. Literature suggests that each hour of delay in treatment
initiation correlates with an 8% decrease in survival [12].

This study contributes by examining the bacteriological profiles
of blood cultures and assessing antimicrobial resistance patterns.
Understanding these dynamics can guide the management of life-
threatening sepsis stemming from BSIs.

In our study, the culture positivity rate was 21.7%, consistent with rates
reported in similar studies from India and abroad [12-17]. Variations in
culture positivity rates across studies can be attributed to demographic
factors and differences in sampling [18-20].
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Table 2: Antimicrobial sensitivity pattern of Staphylococcus aureus isolates

Antibiotics Staphylococcus aureus isolates (n=19) Coagulase-negative
Staphylococcus-CONS (n=4)

Number of Percentage Number of Percentage

sensitive of sensitive sensitive of sensitive

isolates (n) isolates (%) isolates (n) isolates (%)
Erythromycin 05 26 2 50
Penicillin 0 00 1 25
Cefoxitin 06 31.5 4 100
Trimethoprim- sulfamethoxazole 04 21 3 75
Clindamycin 07 36.8 4 100
Doxycycline 14 73.7 2 50
Linezolid 18 94.7 4 100
Vancomycin 19 100 4 100
Gentamicin 10 52.6 3 75

Table 3: Antimicrobial sensitivity pattern of Gram-negative isolates
Antibiotics Escherichia coli Klebsiella spp. Pseudomonas Acinetobacter
n=6 (%) n=28 (%) aeruginosa n=39 (%) spp. n=4 (%)

Amikacin 04 (66.7) 08 (28.5) 16 (41) 01 (25)
Gentamicin 02 (33.3) 04 (14.3) 11 (28) 00 (00)
Amoxicillin-clavulanate 02 (33.3) 01 (03.5) 00 (00) 00 (00)
Ceftazidime 04 (66.7) 03 (10.7) 09 (23.1) 00 (00)
Ceftriaxone 01 (16.7) 01 (3.5) 00 (00) 00 (00)
Cefoperazone 02 (33.3) 02(7.1) 11 (28) 02 (50)
Cefepime 03 (50) 03 (10.7) 17 (43) 02 (50)
Piperacillin-tazobactam 04 (66.7) 19 (67.8) 30 (76.9) 02 (50)
Ciprofloxacin 0(00) 09 (32.1) 12 (30.7) 00
Levofloxacin 01 (16.7) 08 (28.5) 17 (43) 00
Meropenem 05 (83.3) 17 (60.7) 31(79.4) 03 (75)
Imipenem 03 (50) 16 (57.1) 33 (84.6) 02 (50)
Trimethoprim-sulfamethoxazole 03 (50) 08 (28.5) 00 (00) 00 (00)
Tigecycline 06 (100) 23 (82.1) 36 (92.3) 04 (100)
Colistin 06 (100) 26(92.8) 38(97.4) 04 (100)

Our findings indicate a slightly higher culture positivity among males
(58%) compared to females (42%), aligning with previous research.

Gram-negative organisms predominated over Gram-positive organisms
in our study. Monomicrobial growth was observed in all cultures, with
S. aureus and CONS among Gram-positive isolates, and E. coli, Klebsiella
spp., P aeruginosa, and Acinetobacter spp. among Gram-negative
isolates.

Among Gram-positive isolates, S. aureus exhibited high sensitivity to
vancomycin (0%), linezolid (5.3%), and doxycycline (26.3%), consistent
with existing literature [21,22].

Similarly, CONS showed maximum sensitivity to linezolid, vancomycin,
cefoxitin, and clindamycin.

Among  Gram-negative  non-fermenters,  Pseudomonas  spp.
demonstrated maximum sensitivity to colistin, tigecycline, and
carbapenems. Fermenters, such as Klebsiella spp. and E. coli also showed
high sensitivity to these antibiotics, in line with previous studies [23].

CONCLUSION

Effective management of antibiotic-resistant pathogens in ICUs
requires strict adherence to infection control protocols and judicious
use of antibiotics. Antibiotic stewardship programs play a crucial role
in optimizing antibiotic use, slowing the emergence of resistance, and
reducing treatment costs.

The dominance of multi-drug resistant Gram-negative bacilli in ICUs
posessignificant therapeutic challenges. Surveillance of BSI and hospital
antibiograms is essential for guiding effective treatment strategies. With

few new antimicrobials in development, careful antibiotic selection
and stewardship are imperative to combat emerging resistance and
improve patient outcomes.

Implementing multidisciplinary approaches, including robust infection
control measures and antibiotic stewardship, is essential to mitigate
BSI incidence and resistance emergence. This study underscores the
urgent need for responsible antibiotic usage to preserve treatment
efficacy in ICU settings.
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