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Abstract:

Introduction: Klebsiella species are ubiquitous Gram-negative bacilli responsible for a variety of healthcare-
associated infections, including bloodstream infections (BSIs) that can lead to septicaemia. Drug-resistant
Klebsiella pneumoniae strains are emerging as significant pathogens, contributing to increased morbidity and
mortality.

Objectives: This study aimed to assess the prevalence of Klebsiella pneumoniae in bloodstream infections and to
determine its antibiotic susceptibility pattern among patients attending a tertiary care hospital in South Bihar.
Materials and Methods: This cross-sectional study was conducted in the Department of Microbiology, NMCH,
Sasaram, Bihar, from December 2022 to December 2023. Blood samples from patients admitted to various wards
and 1CUs were processed using an automated blood culture system. Positive bottles were subjected to Gram stain-
ing and subculture on Blood and MacConkey agar, followed by overnight incubation.

Preliminary identification was done based on colony morphology, Gram staining, and basic biochemical tests like
catalase and oxidase. Further identification included conventional biochemical tests such as indole, citrate, TSI,
urease, and motility etc.

Antimicrobial susceptibility testing was performed by the Kirby—Bauer disc diffusion method on Mueller-Hinton
Agar, and results were interpreted as per CLSI guidelines (CLSI M100, 33rd Edition, 2023).

Results: Out of 639 blood samples processed, 320 (50.07%) were from patients with clinically suspected BSI.
Total of 103 (16.11%) were culture-positive for Klebsiella species, of which Klebsiella pneumoniae accounted
for 92 (88.23%) and Klebsiella oxytoca for 12 (11.76%). Among the 103 isolates, Gram-positive cocci were found
in 61(59.22%) cases, and Gram-negative bacilli in 42 (40.78%), with 36 (85.71%) from the Enterobacteriaceae
family and 6 (14.28%) being non-fermenters. The antibiotic susceptibility profile of Klebsiella pneumoniae re-
vealed the highest sensitivity to Piperacillin/tazobactam 75 (82.35%), followed by Co-trimoxazole 54 (58.82%),
Ciprofloxacin 27 (29.41%) and least sensitive to Amoxiclav 5 (5.88%). Resistance was highest to Amoxiclav 86
(94.11%), followed by Cefuroxime 64 (70.58%) and Piperacillin/tazobactam 16 (17.64%).

Conclusion: The findings emphasize the need for regular surveillance of antibiotic resistance patterns to guide
empirical therapy and prevent the spread of multidrug-resistant organisms. Implementation of robust antimicrobial
stewardship programs is essential to contain resistance and improve patient outcomes.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://lwww.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

Bloodstream infections (BSIs) are among the most
critical healthcare-associated infections and are as-
sociated with high morbidity, prolonged hospitaliza-
tion, increased healthcare costs, and elevated mor-
tality rates [1]. These infections are mostly caused
by Gram-negative bacilli, of which Klebsiella spe-
cies, particularly Klebsiella pneumoniae, are com-
monly implicated. These members of the Enterobac-
teriaceae family can be readily isolated from the en-
vironment and as a normal flora of human intestinal
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tract but may cause grave opportunistic infections
when immunity is impaired or in the hospital [2].

Klebsiella pneumoniae is a capsulated, non-motile
bacillus that has also become a significant nosocom-
ial pathogen. It can cause pneumonia, urinary tract
infection, wound infection, and bacteraemia [3]. The
emergence of multidrug-resistant (MDR) strains of
K. pneumoniae, including extended-spectrum beta-
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lactamase (ESBL) producers and carbapenem-re-
sistant isolates, is a significant public health issue
globally. The prevalent dissemination of antimicro-
bial resistance genes through plasmids has encour-
aged the development of such resistant strains, lim-
ited treatment options and complicating clinical
management [4]. In recent years, the prevalence of
antimicrobial resistance among clinical isolates of
Klebsiella pneumoniae has risen significantly,
mostly in developing nations, including India. The
situation is also worsened by the uncontrolled and
excessive application of antibiotics in clinical set-
tings. Constantly monitoring patterns of resistance
and judicious use of antibiotics are needed to control
the development of resistance and achieve effective
infection treatment [5].

This study was done to determine the prevalence of
Klebsiella pneumoniae in blood infections among
patients visiting a tertiary care centre in South Bihar
and to evaluate the antibiotic resistance profiles of
the isolates. The findings will prove helpful in
providing meaningful information regarding the
prevalence of resistant strains of Klebsiella in the re-
gion as well as for guiding empirical treatment
guidelines and antibiotic stewardship programs.

Materials and Methods

Study Design and Setting: This was a hospital-
based cross Mine Q observational study conducted
in the Department of Microbiology, Narayan Medi-
cal College and Hospital (NMCH), Sasaram, India
from December 2022 to December 2023. with a
large population base. The study aimed to determine
the prevalence of Klebsiella pneumoniae in blood-
stream infections and the antibiotic resistance pat-
tern.

Study Population and Sample Size: The study in-
cluded all the patients hospitalized in various clini-
cal wards like Medicine, Surgery, Paediatrics, Ob-
stetrics and Gynaecology, and Intensive Care Units
who were clinically suspected of having a blood-
stream infection for which blood culture studies
were requested. Over the period of the study, a total
of 639 blood samples were received and processed.

Inclusion Criteria

e Patients of any age and gender with clinical sus-
picion of bloodstream infection, as indicated by
signs such as fever, chills, hypotension, tachy-
cardia, or leucocytosis.

o Blood samples collected as part of routine diag-
nostic workup for sepsis.

e Only the first blood culture sample collected
from each patient during the septic episode was
included.

Exclusion Criteria
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e Patients who had been on empirical antibiotic
therapy for more than 48 hours before blood
collection.

e Repeat or follow-up samples from the same pa-
tient.

e Samples with evidence of contamination or in-
sufficient volume for culture.

Sample Collection and Processing

Blood samples were collected using aseptic precau-
tions by trained personnel. From adult patients, 5—
10 ml of venous blood was collected, and from pae-
diatric patients, 1-3 ml was collected, and each was
inoculated immediately into blood culture bottles
containing Brain Heart Infusion (BHI) broth. The in-
oculated bottles were incubated aerobically at 37°C
and observed daily for visible signs of bacterial
growth, such as turbidity, gas formation, or hemoly-
sis, for up to seven days.

Subculturing was performed on blood agar and Mac-
Conkey agar on day 2, and subsequently on alternate
days up to day 7 for bottles with no initial growth.
The inoculated agar plates were incubated at 37°C
for 24-48 hours. Any bacterial growth was sub-
jected to Gram staining, and identification was car-
ried out based on standard biochemical reactions, in-
cluding Indole, Citrate utilization, Urease test, Mo-
tility test and Triple Sugar Iron (TSI) tests.

Antibiotic Susceptibility Testing: Isolates con-
firmed as Klebsiella pneumoniae or Klebsiella oxy-
toca were subjected to antibiotic susceptibility test-
ing using the Kirby-Bauer disk diffusion method on
Mueller-Hinton agar, following the guidelines is-
sued by the Clinical and Laboratory Standards Insti-
tute (CLSI) relevant to the study period. Bacterial
suspensions were adjusted to 0.5 McFarland stand-
ard and uniformly lawn cultured. The following an-
tibiotics were tested:

Amoxiclav (20/10 pg)

Cefuroxime (30 pg)

Ciprofloxacin (5 pg)
Co-trimoxazole (25 pug)
Piperacillin/tazobactam (100/10 pg)

Plates were incubated at 37°C for 18-24 hours. Zone
diameters were measured and interpreted as Sensi-
tive, Intermediate, or Resistant according to CLSI
standards. Escherichia coli ATCC 25922 was used
as the quality control strain for validating suscepti-
bility results.

Data Compilation and Statistical Analysis: Pa-
tient demographic details, clinical departments, cul-
ture results, and antibiotic sensitivity profiles were
recorded using structured data entry forms. Data
were entered in Microsoft Excel and analysed using
descriptive statistics. Categorical variables such as
prevalence of isolates and resistance percentages

International Journal of Pharmaceutical Quality Assurance

237



International Journal of Pharmaceutical Quality Assurance

were expressed in terms of frequency and percent-
age. As the study was observational, no inferential
statistical tests were applied.

Results

The present study included 639 blood culture sam-
ples received from patients admitted NMCH,
Sasaram, Bihar, over a one-year period from De-
cember 2022 to December 2023.0ut of total 639
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blood cultured processed, 320 were from patients
with clinically suspected BSI and total of 103 sam-
ples were culture positive for Klebsiella species. The
isolates were analyzed in relation to demographic
characteristics, ward distribution, culture positivity
rates, gram staining, species identification, and anti-
biotic susceptibility patterns.

Table 1: Age and sex distribution of patients with suspected bloodstream infection

Age group (years) Male (n) Female (n) Total (n) Percentage (%)
0-10 12 10 22 3.44
11-20 18 16 34 5.32
21-30 24 20 44 6.89
31-40 30 28 58 9.08
41-50 36 32 68 10.64
51-60 26 24 50 7.82
61-70 14 10 24 3.75
71-80 8 6 14 2.19
81+ 4 2 6 0.94
Total 172 148 320 50.07
Table 2: Ward-wise distribution of blood culture samples received
Ward Number of Samples (n) Percentage (%)
Medicine 180 28.17
Surgery 130 20.34
Paediatrics 120 18.78
OBG 99 15.49
ICU 110 17.21
Total 639 100.00

Table 3: Culture positivity among total blood samples collected

Culture Result

Number of Samples (n)

Percentage (%)

Positive 103 16.11
Negative 536 83.89
Total 639 100.00

Table 4:

Distribution of Klebsiella species among culture-positive samples

Klebsiella Species

Number of Isolates (n)

Percentage (%)

Klebsiella pneumoniae | 91 88.23
Klebsiella oxytoca 12 11.76
Total 103 100.00

Table 5: Gram stain classification of culture-positive isolates

Type Number of Isolates (n) Percentage (%)
Gram-positive cocci 61 59.22
Gram-negative bacilli 42 40.78
Total 103 100.00
Table 6: Distribution of Gram-negative bacilli among positive samples
Category Number of Isolates (n) Percentage (%)
Enterobacteriaceae 36 85.71
Non-fermenters 6 14.28
Total 42 100.00
Table 7: Antibiotic susceptibility pattern of Klebsiella pneumoniae isolates — Sensitive
| Antibiotic | Number Sensitive (n) | Percentage (%)
Kumari et al. International Journal of Pharmaceutical Quality Assurance
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Piperacillin/Tazobactam 75 82.35
Co-trimoxazole 54 58.82
Ciprofloxacin 27 29.41
Amoxiclav 5 5.88

Table 8: Antibiotic resistance pattern of Klebsiella pneumoniae isolates — Resistant

Antibiotic Number Resistant (n) Percentage (%)
Amoxiclav 86 94.11
Cefuroxime 64 70.58
Piperacillin/Tazobactam 16 17.64

Table 9: Prevalence of multidrug resistance among Klebsiella pneumoniae isolates

MDR Status Number of Isolates (n) Percentage (%)
MDR 73 70.87
Non-MDR 30 29.13

Total 103 100.00

Table 10: Comparative effectiveness of antibiotics against Klebsiella pneumoniae

Antibiotic Sensitivity (%) Resistance (%)
Amoxiclav 5.88 94.11
Cefuroxime 29.41 70.58
Ciprofloxacin 29.41 70.58
Co-trimoxazole 58.82 40.64
Piperacillin/Tazobactam 82.35 17.64

Table 1 showed that patients in the 41-60year age
group were most commonly affected, with a slight
male predominance. Table 2 indicated that the Med-
icine ward was the primary source of blood samples,
followed by Surgery and ICU. Table 3 confirmed a
culture positivity rate of 16.11%. Table 4 established
that Klebsiella pneumoniae was the dominant spe-
cies isolated. Table 5 demonstrated a greater preva-
lence of Gram-positive cocci over Gram-negative
bacilli, while Table 6 confirmed that Enterobacteri-
aceae was the leading group among Gram-negative
isolates. Table 7 and Table 8 presented the antibiotic
susceptibility and resistance patterns, highlighting
Piperacillin/Tazobactam as the most effective and
Amoxiclav showing higher resistant drug whereas
Ampicillin is intrinsically resistance to Klebsiella
pneumoniae as universally ineffective. Table 9
showed that a significant 70.87% of Klebsiella
pneumoniae isolates were multidrug-resistant. Fi-
nally, Table 10 provided a consolidated view of an-
tibiotic efficacy, reiterating the critical role of Pipe-
racillin/Tazobactam in managing bloodstream infec-
tions caused by Klebsiella.

Discussion

The findings of this study provide a clear insight into
the burden and antimicrobial resistance profile of
Klebsiella pneumoniae in bloodstream infections
(BSIs) in a tertiary care setting in South Bihar. The
observed culture positivity rate of 16.11% among
639 blood samples reflects the real-time diagnostic
yield in cases with clinical suspicion of sepsis.
While not all febrile patients may yield positive cul-
tures, this rate emphasizes the importance of timely
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and appropriate sample collection for effective diag-
nosis and management [6,7].

A demographic analysis revealed that bloodstream
infections were most common in the 41-60-year age
group, suggesting a higher vulnerability in the mid-
dle-aged population. This could be attributed to a
combination of factors such as the presence of
comorbidities, more frequent hospitalization, or in-
vasive interventions in this age group. A slight male
predominance was noted, which may reflect differ-
ences in health-seeking behaviours, occupational
exposures, or gender-based co morbidity profiles
[8,9].

The Medicine ward contributed the highest number
of blood culture samples, followed closely by the
Surgery and ICU departments. This distribution is in
line with expected patterns, as these clinical areas
generally manage the bulk of sepsis cases and im-
munocompromised or postoperative patients. The
ICU setting, in particular, is known to be a high-risk
environment for nosocomial bloodstream infections
due to the use of central venous catheters, prolonged
hospital stays, and broad-spectrum antibiotic usage
[10,11].

Among culture-positive isolates, Klebsiella pneu-
moniae was the most frequently identified species,
accounting for nearly 90% of the Klebsiella isolates
[12]. This reaffirms its role as a major opportunistic
pathogen in hospital settings, particularly in blood-
stream infections. Its encapsulated structure, re-
sistance to phagocytosis, and ability to acquire re-
sistance genes contribute to its survival and patho-
genicity in bloodstream environments [13].
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Microscopic evaluation of isolates indicated that
Gram-positive cocci were more frequently identified
than Gram-negative bacilli overall, yet within the
Gram-negative category, members of the Enterobac-
teriaceae  family—primarily  Klebsiella pneu-
moniae—dominated. This supports the growing
recognition of Enterobacteriaceae as key agents of
nosocomial BSIs, especially in immunocompro-
mised or critically ill patients [14,15].

The antimicrobial susceptibility profile revealed a
worrying trend. More than 90% Klebsiella pneu-
moniae exhibited resistance to Amoxiclav. These
findings align with the global pattern of diminishing
effectiveness of older beta-lactam antibiotics against
hospital-acquired Gram-negative infections. Re-
sistance to Cefuroxime and Ciprofloxacin was also
high, indicating reduced utility of these agents in
empirical therapy [16].

On the other hand, Piperacillin/Tazobactam showed
the highest level of effectiveness, with more than
80% of the isolates being sensitive. This antibiotic
combination continues to serve as a valuable option
for treating serious infections caused by Klebsiella
pneumoniae, although emerging resistance to even
this class of drugs warrants cautious use and stew-
ardship. Co-trimoxazole demonstrated intermediate
sensitivity, which may be useful in select cases, alt-
hough its usage in bloodstream infections remains
limited due to pharmacokinetic considerations
[17,18].

One of the most significant findings of this study
was the high prevalence of multidrug-resistant
(MDR) strains, with 70.87% of Klebsiella pneu-
moniae isolates classified as MDR. This highlights
the growing therapeutic challenge faced by clini-
cians, particularly in resource-limited settings. The
emergence of MDR strains increases the risk of
treatment failure, prolonged hospitalization, in-
creased healthcare costs, and mortality. The pre-
dominance of MDR strains also underscores the
need for robust infection control practices and rou-
tine surveillance in healthcare settings [19].

The comparative analysis of antibiotic efficacy con-
firmed the declining potency of conventional drugs
like Ampicillin and Amoxiclav, while supporting
the strategic use of higher-generation agents such as
Piperacillin/Tazobactam. However, even this agent
showed resistance in about 18% of isolates, indicat-
ing that resistance is progressively encroaching
upon our last lines of defence [20].

These findings strongly advocate for implementa-
tion of a hospital-wide antibiotic stewardship pro-
gram to guide empirical therapy based on local re-
sistance patterns. Early identification of resistant or-
ganisms, strict adherence to infection prevention
protocols, and rational use of antibiotics remain crit-
ical strategies in curbing the spread of resistant
Klebsiella pneumoniae. In addition, microbiological

Kumari et al.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

laboratories should continue routine antibiogram
surveillance and support clinicians in tailoring ther-
apy to improve patient outcomes.

Conclusion

This study highlights a significant prevalence of
Klebsiella pneumoniae in bloodstream infections,
with a high proportion of isolates exhibiting multi-
drug resistance. The findings underscore the urgent
need for continuous antimicrobial surveillance and
the rational use of antibiotics guided by susceptibil-
ity patterns. Strengthening infection control prac-
tices and implementing robust antibiotic steward-
ship programs are essential to combat the rising
threat of drug-resistant bloodstream infections.
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