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ABSTRACT

Background: Bloodstream infections (BSIs) are a critical cause of mortality globally, yet the
profile of causative pathogens and their antimicrobial resistance (AMR) patterns vary
dramatically across different healthcare settings. This study critically compared the BSI
landscape between a specialized cardiac center (Peshawar Institute of Cardiology, PIC), which
deals with high-risk nosocomial infections, and a general tertiary care hospital (Khyber
Teaching Hospital, KTH), which handles a broad spectrum of community-acquired illnesses.
Methods: In total, 7,330 blood culture specimens (6,765 from KTH and 565 from PIC) were
processed and rigorously identified. Antimicrobial Susceptibility Testing (AST) was performed
using the VITEK 2 Compact Automated System and Kirby-Bauer disc diffusion, interpreted
according to CLSI guidelines.

Results: The study revealed a bipartite epidemiology of BSIs. At Cardiac Center, the positivity
rate was significantly higher (26.9%) and was overwhelmingly dominated by Gram-positive
cocci (75%), characteristic of healthcare-associated infections. The principal pathogen was
Staphylococcus aureus (48.7%). At General Hospital, the profile was a near-monomicrobial
outbreak, with Gram-negative rods predominating (99%). The primary pathogen was
Salmonella species (95.7%), reflecting a severe regional burden of community-acquired
extensively drug-resistant enteric fever. All tested Gram-positive isolates retained 100%
susceptibility to Linezolid, Vancomycin, and Teicoplanin. Similarly, Salmonella isolates
showed 100% susceptibility to Carbapenems and Azithromycin. Salmonella exhibited near-
universal resistance to Ciprofloxacin (0-2.2% susceptibility) and very poor susceptibility to
Ceftriaxone.

Conclusion: This study provides a definitive, comparative profile of BSI pathogens in KP,
demonstrating that the microbial threat is fundamentally linked to the healthcare
environment. The reliance on last-line antibiotics is critical yet threatened by high resistance
rates among common oral agents. Immediate clinical and policy action, informed by these
institution-specific antibiograms, is urgently required to strengthen Antimicrobial Stewardship
Programs and contain the spread of high-priority Multidrug-Resistant organisms.
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Introduction
Bloodstream infections (BSIs) remain a major
global health threat, contributing

significantly to morbidity, mortality, and
increased healthcare costs, particularly in
hospitalized patient cohorts (1). Prompt and
accurate etiological identification via blood
cultures is the definitive standard for guiding
specific antimicrobial therapy (2). However,
the therapeutic landscape is critically
threatened by the escalating global crisis of
Antimicrobial Resistance (AMR), which
compromises the efficacy of empirical
regimens, especially in low- and middle-
income countries (LMICs) (3). In Pakistan,
and specifically within the Khyber
Pakhtunkhwa (KP) province, the confluence
of high BSI incidence and rapidly rising AMR
rates constitutes a profound public health
emergency, underscoring the necessity for
targeted, localized surveillance data (4).

The spectrum of organisms causing BSI is
highly heterogeneous, commonly featuring

both  Gram-positive  organisms (e.g.,
Staphylococcus  aureus, Coagulase-negative
Staphylococci) and Gram-negative bacilli

(e.g., Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa) (5). Crucially, the
dominant pathogen profile is not static; it is
intrinsically linked to the specific healthcare
setting, patient population, and geographic
locale. Recent evidence highlights a worrying
global shift toward a predominance of Gram-
negative pathogens in many lower-middle-
income countries (LMIC), frequently
exhibiting more complex, multidrug-resistant
(MDR)  phenotypes in  critical care

environments (5). The global burden of
bacterial AMR is estimated to cause over 4.95
million deaths annually, with the highest
rates concentrated in South Asia and sub-
Saharan Africa, emphasizing the urgency of
regional data (6, 7).

The emergence and dissemination of
resistance mechanisms, such as Extended-
Spectrum Beta-Lactamases (ESBLs),
Methicillin-Resistant ~ Staphylococcus — aureus
(MRSA), and, critically, Carbapenemase-
Producing Enterobacterales (CPE), have
rendered numerous conventional antibiotics
ineffective (8, 9). Within  Pakistan,
surveillance  studies have  persistently
reported alarmingly high resistance rates,
particularly among E. coli, Klebsiella spp., and
Acinetobacter spp. (10). This problem is
exacerbated by systemic factors, including
the unregulated, over-the-counter access to
antibiotics, inconsistent stewardship, and
pervasive deficits in infection control
practices (11).

A significant research gap exists concerning
the comparative epidemiology of BSI across
diverse healthcare typologies in KP. Most
available data stem from single-center
reports, lacking the necessary generalizability
to inform regional policy. This study
addresses that deficit by directly comparing
data from a general tertiary care hospital
(KTH), which primarily handles community-
acquired infections, with a specialized
cardiac center (PIC), which faces high-acuity
nosocomial challenges. Understanding the
divergence in pathogen distribution and
resistance patterns between these settings is
crucial for developing highly granular,
institution-specific antibiograms to optimize
empirical therapy and strengthen regional
antimicrobial stewardship efforts (12).

Methods
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This was a descriptive, cross-sectional study
conducted over 06 months from January 2025
to June 2025 analyzing blood culture
specimens from two major tertiary care
facilities in Peshawar, Khyber Pakhtunkhwa:
the Khyber Teaching Hospital (KTH) and the
Peshawar Institute of Cardiology (PIC). A
total of 7,330 blood culture specimens were
processed for the study (6,765 from KTH and
565 from PIC), collected from both admitted
(inpatient) and outpatient department (OPD)
patients.  Initial = processing  utilized
automated continuous monitoring systems:
the VersalREK™ Automated Microbial
Detection System (Thermo Scientific, USA)
was used at KTH, while the BACT/ALERT
3D System (bioMérieux, France) was
employed at PIC-MTI. Blood culture bottles
flagged as positive by either system were
immediately removed from the incubator
and subjected to aseptic sub-culturing onto a
panel of solid media, including Sheep Blood
Agar, MacConkey's Agar, and Chocolate
Agar (Oxoid, UK), which were subsequently
incubated aerobically at 37°C for 18-24 hours.
Bacterial isolates were identified from pure
colonies using a rigorous protocol involving
Gram staining and conventional biochemical
tests, with final species-level confirmation,
particularly for Enterobacterales and other
clinically significant organisms, achieved
using the API 20E and relevant API
identification kits (bioMérieux, France).

Antimicrobial susceptibility testing (AST)
was  performed using a combined
methodological approach, with all results
interpreted according to the Clinical and
Laboratory Standards Institute (CLSI) M100
guidelines, 33rd Edition (2023). The Kirby-
Bauer disc diffusion method was employed
as the primary screening tool, utilizing a
bacterial inoculum standardized to a 0.5
McFarland Standard and lawned onto

Muller-Hinton Agar plates. Crucially, all
clinically significant isolates, especially those
exhibiting  intermediate = or  resistant
phenotypes by disc diffusion, were subjected
to quantitative = Minimum  Inhibitory
Concentration (MIC) determination. These
quantitative MIC values for a comprehensive
panel of recommended antibiotics were
determined using the bioMérieux VITEK 2
Compact Automated System (bioMérieux,
France), utilizing specific AST cards (AST-
GN and AST-GP) to provide quantitative

resistance profiles essential for guiding
clinical ~management of bloodstream
infections. All collected culture,

identification, and quantitative antimicrobial
susceptibility ~data were entered and
analyzed using the Statistical Package for
Social Sciences (SPSS) version 22 (IBM Corp.,
USA).
Results

A total of 6765 blood samples were processed
at Khyber Teaching Hospital (KTH), out of
which 740 (10.9%) yielded positive cultures.
In contrast, 565 samples were analyzed at the
Peshawar Institute of Cardiology (PIC), with
152 (26.9%) that yielded growth. At KTH, the
spectrum of organisms was narrow and
heavily skewed toward Gram-negative
pathogens. Gram-negative rods
predominated (99%), with only 1% of BSIs
caused by Gram-positive cocci. Salmonella
species were the overwhelmingly dominant
pathogen, comprising 95.7% of all isolates.
Enterobacterales other than accounted for
3.2%, while Staphylococcus aureus made up
only 1 % of the isolates. In contrast, the
microbial profile at PIC was notably diverse,
attributed mainly to Gram-positive cocci
(75%). The most frequent organism was
Staphylococcus aureus (48.7%). Other notable
isolates included Streptococcus species
(20.4%) and Enterococcus species. Among
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gram-negative rods (25%), Salmonella species

Pseudomonas (3.3%) were isolated from

(14.5%),  Enterobacterales (7.2%), and blood cultures. Table 1.
Table 1: Blood Culture Positivity and Organism Distribution
Total Positive .
Hospital Samples Cultures I;;)s:tn;}ty Dominant Organism H n tal O/I(iIOf T.(:t?l
Processed (n) ate (%) (Hospital) | (Hospital)
Khyber
?j:;‘:;% 6,765 740 10.90% Salmonella spp. 708 95.70%
(KTH)
Enterobacterales 24 3.30%
Staphylococcus aureus 8 1.00%
Peshawar
Inst1t.ute of 565 152 26.90% Staphylococcus aureus 74 48.70%
Cardiology
(PIC)
Streptococcus spp. 31 20.40%
Salmonella spp. 22 14.50%
Enterobacterales 11 7.20%
Enterococcus spp. 9 5.90%
Pseudomonas spp. 5 3.30%

The antibiotic resistance profile of Salmonella
spp., the dominant pathogen at KTH and a
key isolate at PIC, was analyzed. At KTH,
Salmonella exhibited excellent susceptibility
to Imipenem and Meropenem (100%), and
Azithromycin (100%), suggesting
carbapenems and macrolides remain highly
effective. However, very poor susceptibility
was observed to Ciprofloxacin (2.2%),
Ampicillin (6.7%), Cefotaxime (13.99%), and
Ceftriaxone (15.3%), indicating significant
resistance to commonly used oral and third-
generation cephalosporins. Susceptibility to
Co-trimoxazole (30.2%) and
Chloramphenicol (10.9%) remained moderate
to low. While at PIC, although the sample

size was smaller (n=22), the Salmonella
isolates mirrored similar resistance patterns.
No sensitivity to Ciprofloxacin (0%) was
observed, and only 30% were susceptible to
Ceftriaxone. Encouragingly, 100%
susceptibility to Imipenem, Meropenem, and
Azithromycin was preserved, while Co-
trimoxazole showed 60% sensitivity, and
Chloramphenicol demonstrated 35%
sensitivity, as shown in Figure 1. This figure
illustrates the percentage susceptibility of key
organisms, specifically Salmonella spp.,
Enterobacterales, and Staphylococcus aureus,
to a panel of tested antibiotics as determined
by the Kirby-Bauer and VITEK 2 MIC
methods.
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Figure 1: Antibiotic Susceptibility Profiles of Key Bacterial Isolates at KTH and PIC

The  antibiotic  profiles  for  other
Enterobacterales isolated from PIC and KTH
were also analyzed. A total of 11 and 28
Enterobacterales were recovered from blood
specimens at PIC and KTH, respectively. A
uniform susceptibility pattern was observed
at both healthcare facilities, showing a
susceptibility rate of 100% to Imipenem,
Meropenem, Piperacillin-Tazobactam,
Tigecycline, and Colistin, indicating these
agents remain highly effective against
resistant Gram-negative organismes.
Additionally, Amikacin and Gentamicin
demonstrated 80% sensitivity, whereas
Ciprofloxacin showed 40% susceptibility,
suggesting ~ moderate fluoroquinolone
resistance. However, Ampicillin resistance

was universal 0% susceptibility and third-
generation  cephalosporins  such  as
Ceftriaxone/Cefotaxime (10-20%), Cefepime
(20-30%), Ceftazidime (20%), Co-trimoxazole
(20-30%), and amoxicillin-clavulanate (10—
20%) showed poor activity against
Enterobacterales. Antibiotic susceptibility of
Enterobacterales at PIC and KTH is shown in
Table 2. This table illustrates the percentage
susceptibility of Enterobacterales isolates
recovered from blood specimens at both KTH
and PIC, highlighting their susceptibility to
agents like Carbapenems (Imipenem,
Meropenem), Piperacillin-Tazobactam, and
third-generation cephalosporins
(Ceftriaxone/ Cefotaxime).
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Table 2: Antibiotic Susceptibility Profiles of Enterobacterales at KTH and PIC
AMP|AMC| CN® | CIP |[CRO| FEP | CAZ | DOX | TZP | SXT | AK | MEM| C CT | TGC
PIC | 0% | 10% | 80% | 40% | 20% | 20% | 20% 10% | 100% | 20% | 80% | 100% | 60% | 100% | 100%
KTH| 0% | 20% | 50% | 25% | 10% | 30% | 20% 15% 88% 30% | 75% | 88% | 50% | 100% | 100%

Ampicillin (AMP), Amoxicillin Clavulanate (AMC)+ Gentamicin (CN), Ciprofloxacin (CIP), Ceftriaxone (CRO), Cefepime
(FEP), Ceftazidime (CAZ), Doxycycline (DOX), Piperacillin-Tazobactam (TZP), Cotrimoxazole (SXT), Amikacin (AK),
Imipenem (IMP), Meropenem (MEM), Chloramphenicol (C), Sulbactam-Cefoperazone (SCF), Tigecycline (TGC), Colistin
€D

of Erythromycin was effective against 20%.

Despite  the variable frequency

Staphylococcus aureus at PIC and KTH,

Amikacin

(90%)

and Gentamicin

(83%)

100% susceptibility was observed for retained relatively high efficacy. Predictably,
Linezolid, Teicoplanin, cefoxitin, Ampicillin and Penicillin resistance were
Amoxicillin-clavulanate, Vancomycin, and near-universal. Antibiotic susceptibility of
Tigecycline, confirming their continued Staphylococcus aureus is shown in Table 3.

reliability for

Gram-positive bacteremia.

This

figure

illustrates

the

percentage

Rifampin and Doxycycline also showed good
activity with sensitivities of 100% and 100%,

susceptibility of Staphylococcus aureus isolates
to a panel of tested antibiotics, including

respectively. However, susceptibility =~ Glycopeptides (Vancomycin, Teicoplanin),

dropped considerably for first-line oral Oxazolidinones (Linezolid), and common

agents. Ciprofloxacin and cotrimoxazole oral agents (Ciprofloxacin, Co-trimoxazole),
demonstrated only 33% susceptibility;  across both healthcare facilities.
Table 3: Antibiotic Susceptibility Profile of Staphylococcus aureus at KTH and PIC

P | AMC | CIP | E DA | SXT | DOX | RIF |CN10| AK | TEC | FOX | VA | LZD | TGC

PIC | 0% | 100% | 33% | 20% | 25% | 33% | 100% | 100% | 75% | 83% | 100% | 100% | 100% | 100% | 100%

KTH | 0% | 100% | 30% | 17% | 20% | 46% | 84% | 100% | 83% | 81% | 100% | 100% | 100% | 100% | 100%

Penicillin (P), Amoxicillin Clavulanate (AMC), Gentamicin (CN. Ciprofloxacin (CIP), Doxycycline (DOX), Clindamycin
(DA), Vancomycin (VA), Cefoxitin (FOX), Linezolid (LZD), Teicoplanin (TEC), Cotrimoxazole (SXT), Amikacin (AK),
Tigecycline (TGC)

Of the 31 Streptococcus species isolates at agents was apparent. However, 100%

PIC, 100% were susceptible to Penicillin,
Ampicillin, Vancomycin, Teicoplanin,
Linezolid, and Tigecycline, underlining the

high  efficacy of beta-lactams and
glycopeptides. ~ Moderate activity = was
observed for Erythromycin (33%) and

Clindamycin (40%), whereas susceptibility to
Ciprofloxacin was limited to 16%, indicating
poor oral treatment options for streptococcal
bacteremia. Chloramphenicol and
Ceftriaxone both showed full activity (100%),
supporting their use in severe systemic
infections. Among the 9 Enterococcus isolates
identified at PIC, resistance to multiple
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susceptibility was retained for Linezolid,
Vancomycin, Teicoplanin, and
Chloramphenicol, making them the most
effective choices. Ampicillin showed 66%
susceptibility, while Ciprofloxacin was only
effective against 20% of isolates. Activity of
Minocycline (66%) and Levofloxacin (25%)
was variable. The aminoglycosides fared
moderately, with Gentamicin (CN120)
showing 50% susceptibility and Amikacin
not consistently tested. These results reflect
typical ~multidrug  resistance = among
enterococci, with preserved susceptibility to
key last-line agents.
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For all Gram-negative isolates, carbapenems
(Imipenem and Meropenem) remained
highly effective, while fluoroquinolones like
Ciprofloxacin =~ demonstrated  declining
efficacy, especially among Salmonella and
Enterobacterales. = Among Gram-positive
organisms, glycopeptides (Vancomycin,
Teicoplanin) and oxazolidinones (Linezolid)
consistently showed 100% efficacy against S.
aureus, Streptococcus, and Enterococcus species.
However, increasing resistance to oral agents
such as  Ampicillin,  Erythromycin,
Ciprofloxacin, and Co-trimoxazole was
evident across all pathogen classes.
Discussion

This comparative analysis reveals significant
differences in the burden, diversity, and
antibiotic sensitivity of organisms causing
bloodstream infections (BSIs) at two distinct
tertiary care institutions, Khyber Teaching
Hospital (KTH) and the Peshawar Institute of
Cardiology (PIC). The clear divergence in the
microbial etiology between the two facilities
underscores the influence of specific patient
risk factors and the broader community
epidemiology on BSI acquisition,
necessitating a highly granular approach to
antimicrobial policy.

Among 269% of positive blood culture
isolates at the Peshawar Institute of
Cardiology (PIC), a Gram-positive etiology
was dominant, accounting for 75% of all the
BSIs. Notable isolates included Staphylococcus
aureus (48.75%), Streptococcus spp (20.4%), and
Enterococcus spp (5.9%). This pathogen profile
is pathognomonic for Healthcare-Associated
Bloodstream Infections (HA-BSIs). Patients at
PIC,  undergoing  high-risk  cardiac
interventions such as surgery, stenting, and
valve replacement, are critically reliant on
central venous access and prosthetic devices.
Prolonged hospital stays in intensive care
environments, which are typical for this

patient cohort, provide a high-selective
pressure environment that favours the
colonization and systemic invasion of the
bloodstream by commensal gram-positive
cocci. These findings are consistent with
earlier epidemiological studies, both local
and international, where the presence of
invasive procedures and indwelling vascular
devices was identified as a potent predictor
of Healthcare-Acquired Infections (HAISs)
and BSI (13, 14). Previous studies have also
documented an  increased risk  of
postoperative infection by Staphylococcus
aureus in cardiac patients, specifically linked
to perioperative nasal colonization and
longer operative times (15, 16). The historical
context of MRSA emergence, dating to 1992
in cardiac surgical units through nosocomial
horizontal transfer (17), underscores the

persistent threat of multidrug-resistant
Gram-positives in  specialized cardiac
settings. Regional studies from similar

cardiac units consistently show that Gram-
positive BSIs are highly prevalent in heart
surgery patients, strongly agreeing with the
finding of a relatively higher percentage of S.
aureus in blood culture specimens of PIC (18).
The spectrum of BSI observed at KTH,

Peshawar, revealed a significant
epidemiological variation, characterized by
an overwhelming monomicrobial

predominance of gram-negative rods,
notably Salmonella species (95.5%). As a
general tertiary-care hospital, KTH serves a
diverse catchment area and manages varied
pathologies, including community-acquired
febrile illnesses, abdominal infections, and
emergency admissions. The high burden of
community-acquired Gram-negative
infections, particularly Salmonella Typhi and
Paratyphi, is a well-documented public health
crisis in Pakistan (19). The observation of
Gram-negative sepsis at KTH is primarily
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explained by the influx of Community-
Acquired Bloodstream Infections (CA-BSIs).
The extremely high prevalence of Salmonella
isolates (95.5%) at KTH is quantitatively
consistent with the ongoing regional
epidemic of Extensively Drug-Resistant
(XDR) and Multi-Drug Resistant (MDR)
enteric fever in Pakistan (20, 21). This
epidemiological shift reflects a profound
breakdown in basic Water, Sanitation, and
Hygiene (WASH) infrastructure, which
facilitates the faecal-oral transmission of
Salmonella in endemic regions (22). The
relatively low percentage of Gram-positive
organisms and the limited diversity of
isolates at KTH strongly point towards a
dominant community-acquired etiology, in
contrast to the nosocomial drivers at PIC.

We also observed differences in the
distribution = of  other = Gram-positive
organisms.  Streptococcus  species  and

Enterococcus species were exclusively isolated
at the cardiac care facility (PIC), accounting
for 20.4% and 5.9% of the cases, respectively.
This difference reflects the microbial tropism
associated with specific procedural risks and
associated comorbid conditions. Early studies
have documented the increasing risk of
streptococcal and enterococcal bacteremia in

patients  exposed  to  catheter-based
interventions and valvular  surgeries.
Streptococcus wviridans is often linked to

underlying valvular heart diseases, while
Enterococcus faecalis and Enterococcus faecium
are critical pathogens in healthcare-
associated bacteremia, particularly due to
their capability for biofilm formation and
their association with prolonged
hospitalization and prior antibiotic exposure
in cardiac units (23, 24). The global increase
in Enterococcus BSI, coupled with the risk of
progressing to Infective Endocarditis (IE), is
highly pertinent to the PIC patient cohort

(25). The absence or low detection of these
strains at KTH may reflect genuine
epidemiological differences, variations in
specimen submission practices, or differences
in laboratory detection sensitivities. Findings
from the present study highlight the need for
targeted surveillance, institution-based
antibiograms derived  from  robust
quantitative methods, and effective infection
prevention and control interventions.

The  quantitative  resistance  profiles,
rigorously assessed via the VITEK 2 Compact
System MIC determination, revealed a
concerning frequency of resistant isolates. At
both centers, Salmonella isolates
demonstrated an alarming lack of
susceptibility to Ciprofloxacin and third-
generation cephalosporins (Ceftriaxone) (4), a
signature of the XDR phenotype. This
resistance pattern is likely driven by the
unregulated use of  over-the-counter
antibiotics and incomplete treatment courses.
However, the confirmed preserved
susceptibility to carbapenems (Imipenem,
Meropenem) and Azithromycin is a critical
finding, validating their status as the last-line
therapeutic reserves for severe, systemic
enteric fever (26). A similar resistance pattern
was observed in Salmonella isolates in
previous studies in our region, demanding
strengthening of ongoing surveillance, public
awareness, and preventive strategies (27-29).
The Enterobacterales isolates from PIC also
exhibited a multidrug-resistant phenotype,
with high rates of resistance to Ampicillin,
cephalosporins, and  fluoroquinolones,
consistent with global reports from tertiary
care hospitals (30, 31). The continued efficacy
of Carbapenems, Tigecycline, Colistin, and p-
lactam/[-lactamase inhibitor combinations

(like  Piperacillin-Tazobactam)  positions
them as essential empirical therapeutic
options in this high-acuity setting.
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Continuous surveillance using quantitative
MIC methods is imperative to detect the
emergence of highly concerning resistance
mechanisms, such as Carbapenemase-
Producing Enterobacterales (CPE), including
those harboring OXA-48-like enzymes, a
rapidly expanding global threat (32). In the

PIC  setting, Gram-positive organisms,
particularly Staphylococcus aureus,
demonstrated  100%  susceptibility  to
Glycopeptides (Vancomycin, Teicoplanin)

and Oxazolidinones (Linezolid), affirming
their indispensable role as the first-line
agents for suspected MRSA and other
resistant Gram-positive infections.
Conversely, the widespread resistance to
traditional oral agents like Ciprofloxacin,
Erythromycin, and Co-trimoxazole severely
compromises options for oral step-down
therapy and outpatient management, often
associated with prosthetic device infections
due to biofilm formation (33). The
Streptococcus and Enterococcus species isolated

at PIC showed susceptibility patterns
generally  consistent with  established
resistance literature. Beta-lactams and

glycopeptides remained largely effective for
Streptococcus, ~ whereas  resistance  in
Enterococcus was more heterogeneous, with
only Linezolid, Vancomycin, and Teicoplanin
offering reliable coverage (34). This reflects
the inherent and acquired resistance
mechanisms in Enterococcus species and the
selective clinical utility of oxazolidinones and
glycopeptides.

In summary, this study highlights a severe
and geographically distinct pattern of
emerging Multidrug Resistance (MDR) across
both Gram-positive (PIC) and Gram-negative
(KTH) pathogens. The high-level
Ciprofloxacin resistance in Salmonella and the
declining efficacy of common oral antibiotics
pose significant challenges to clinical de-

escalation and resource management. The
reliance on last-line agents (carbapenems,
glycopeptides, oxazolidinones) mandates
their  protection  through  intensified
Antimicrobial Stewardship Programs (ASPs),
stringent IPC measures, and targeted policy
interventions to curb antibiotic misuse. The
results emphatically underscore the necessity
for  highly  granular, facility-specific
antibiograms to inform empirical treatment
and guide focused public health efforts
aimed at containing the spread of high-
priority MDR organisms.

Limitations

While this study offers critical comparative
insights into the microbial epidemiology of
bloodstream  infections (BSIs), it is
constrained by several limitations that affect
the generalizability and depth of the analysis.
Firstly, the geographic-specific, cross-
sectional design —confined to a single general
hospital and one specialized cardiac center —
limits the external validity of the findings.
The observed divergence in BSI profiles and
resistance patterns may mnot be fully
generalizable to other healthcare facilities
with  different patient demographics,
infection control policies, or antibiotic
stewardship programs across the region.
Secondly, the reliance on retrospective data
from routine microbiology records restricts
the control over potential confounding
variables. Crucial patient-level data, such as
comorbidity burdens, clinical severity scores,
metrics on invasive device utilization (e.g.,
central line days), and precise details of prior
antimicrobial exposure, were absent. The lack
of these variables precludes a robust
multivariate analysis to definitively link
specific clinical factors to BSI risk or
resistance phenotypes.

Finally, =~ while  phenotypic  resistance
determination via the VITEK 2 system
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provided essential Minimum Inhibitory
Concentration (MIC) data, the study lacks
molecular characterization (e.g.,
identification of resistance genes like blaN-D-
M-1 or mecA). Molecular typing is crucial for
establishing the clonal relationship of the
XDR Salmonella isolates or accurately
characterizing specific staphylococcal strains,
which is necessary to fully elucidate the
transmission dynamics of these high-threat
pathogens. Future research must prioritize
prospective surveillance and molecular
epidemiology.

Conclusion
This  study  establishes a  bipartite
epidemiology of Bloodstream Infections
(BSIs), which is fundamentally driven by the
distinct patient populations at the two
centers. The Gram-negative dominance (99%)
at KTH, characterized by XDR Salmonella
spp., confirms a severe burden of
Community-Acquired  BSI,  challenging
treatment with oral antibiotics. Conversely,
the Gram-positive dominance (75%) at PIC
highlights the persistent threat of nosocomial,
device-associated MDR organisms.
Immediate clinical and policy action,
including institution-specific antibiograms
and strengthened Antimicrobial Stewardship
Programs (ASPs), is urgently required to
preserve the efficacy of last-line antibiotics
and protect patient outcomes across the
region.
Source of Funding: Nil
Conflict of Interest: Nil
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