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ABSTRACT
Introduction: Growing antimicrobial resistance to commonly used antimicrobial exacerbates global burden of the bloodstream 
infection (BSIs). Understanding the local antimicrobial susceptibility pattern is crucial for effective antimicrobial stewardship. 
This study evaluated the antimicrobial susceptibility pattern and proportion of multidrug-resistant organisms (MDROs) among 
blood culture bacterial isolates at Eastern Regional Referral Hospital. Methods: The retrospective study reviewed blood culture 
records of 2025. A total of 79 positive blood cultures from 62 unique patients were included. Antimicrobial susceptibility testing 
was performed using standard microbiological methods and interpreted according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines. Data were collected in REDCap and analyzed using SPSS version 32 and R version 4.6.0. Results: 
Of 981 blood cultures performed in 2025, 8.1% showed positive culture. Most cases occurred in patients over 40 years (74.7%), 
with a female predominance (53.2%). Sepsis was the predominant clinical diagnosis (78.5%), and 70.9% had comorbidities. 
Gram-negative organisms accounted for 78.5% of isolates led by E. coli (45.2%), which exhibited high susceptibility to amikacin 
(86.7%). Staphylococcus aureus (82.4%) was the main Gram-positive isolate demonstrating complete susceptibility to cloxacillin 
(100%). Overall, 23.0% (17/74) of the isolates were MDROs. For carbapenem resistance, 35.7% (5/14) of tested isolates were 
identified as CRO, representing 6.3% (5/79) of the total cohort. Conclusion: Gram-negative organisms, particularly, E. coli 
was the main causative pathogen. The findings provide vital insights into the local susceptibility patterns to guide antimicrobial 
stewardship programs.
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INTRODUCTION 

BSI is one of the life-threatening medical emergencies 
associated with high rates of morbidity, clinical complications 
and mortality worldwide 1. BSI is characterized by the presence 
of viable microorganisms in the bloodstream, usually detected 
through positive blood culture, in association with clinical signs 
of infection and systemic inflammatory response 2. BSI may 
occur as a complication of various clinical conditions including 
pneumonia and deep tissue infections such as septic arthritis 3,4. 
Furthermore, BSI can cause acute infection and trigger sepsis – 
a life-threatening host immune response to an infection which 
causes severe organ dysfunction 5,6.

	 Blood culture remains the “gold standard” for diagnosis 
of BSI allowing identification of the pathogens and antimicrobial 
susceptibility testing 7. Blood culture is indicated for conditions 
with a strong likelihood of BSI such as septic shock, endovascular 
infections, pneumonia, septic joints and meningitis 8.

	 Studies from different regions have shown varying 
blood culture positivity rates with commonly isolated pathogens 
including Gram-positive bacteria such as Staphylococcus 
aureus and Gram-negative bacteria such as E. coli, Klebsiella 
pneumoniae and Pseudomonas aeruginosa 9,10.

	 In the Southeast Asia region including India, Nepal, 
Pakistan and Bangladesh, the rate of positive blood culture 
generally ranges from approximately 12% to 30% 11–14. Reflecting 
the global trends, the predominant pathogens in the region 
include Staphylococcus aureus, E. coli, Klebsiella pneumoniae 
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and Pseudomonas aeruginosa 12,13,15.

	 Beyond the high burden of the infection, the global 
expansion of antimicrobial resistance (AMR) among predominant 
pathogens has further complicated the clinical management of 
BSI with a disproportionate burden in low- and middle-income 
countries (LMICs) 16.  Evidence from Nepal documented an 
alarming rise in multidrug-resistant organism (MDRO) from 20% 
to 43% and carbapenem-resistant Enterobacterales from near 
zero to 65% over the years 13. In India, high resistance to third 
generation cephalosporins in E. coli and Klebsiella pneumoniae, 
with additional carbapenem-resistance ranging from 20% to 65% 
has been documented across multiple centers 17.

	 Within the national healthcare framework of Bhutan, 
regional referral hospitals serve as the main medical hub 
managing complex infections. The Eastern Regional Referral 
Hospital (ERRH) serves as an essential tertiary care center for 
the eastern region of the country, receiving critically ill patients 
across departments such as medical, surgical and emergency. 
Although Bhutan has national antibiotic guidelines and a relatively 
regulated antibiotic supply system, regional variations in pathogen 
prevalence and antibiotic resistance can vary significantly due 
to localized antibiotic prescribing patterns and varying patient 
demographics. Therefore, locally generated surveillance data 
are essential to inform empirical treatment decisions and support 
effective antimicrobial stewardship interventions. However, 
comprehensive data regarding the bacterial profile and antibiotic 
susceptibility patterns in this setting remain limited. The gap in 
the surveillance data may compromise the precision of empirical 
therapy and hinder optimization of antibiotic stewardship 
programs. To address these challenges, this study aimed to 
evaluate the antibiotic susceptibility patterns and the proportion 
of MDROs among blood culture bacterial isolates from patients 
with BSI at ERRH.

MATERIALS AND METHODS

Study design

A retrospective descriptive study was conducted at ERRH, 
Mongar, Bhutan.

Study setting

The study was conducted at a 150-bed hospital, which serves 
as an essential referral center for eastern region of Bhutan.  The 
hospital provides a wide range of specialized clinical services 
through various departments including Medicine, Emergency 
Medicine, General Surgery, Obstetrics & Gynecology, Pediatrics, 
Orthopedics, Ophthalmology, and Otorhinolaryngology.
Laboratory diagnostic support is provided by the Department of 
Pathology & Laboratory Medicine. Diagnostic services include 
hematology, biochemistry, blood banking, anatomical pathology 
and microbiology services. The microbiology laboratory provides 

antibiotic susceptibility testing for various clinical specimens 
including blood.

Study period

Medical records documented at the Microbiology Lab and 
medical record unit from 1st January to 31st December 2025 were 
retrospectively reviewed and analyzed from 1st January to 31st 
January 2026 after receiving an ethical clearance waiver.

Study population

All 981 blood culture specimens submitted to the Microbiology 
Laboratory in the year 2025 were evaluated. The unit of analysis 
was the blood culture isolate recovered from each positive blood 
culture episode. A total of 79 positive blood culture episodes were 
recovered from 62 unique patients. Each positive blood culture 
isolate was analyzed independently. Consequently, 17 isolates 
recovered from the same patient on different dates were retained 
because they represented separate blood culture episodes.

Inclusion criteria

All positive blood culture episodes, including repeat positive 
culture episodes from the same patient on different dates, were 
included in the study. 

Exclusion criteria

Those blood samples with negative growth on culture and record 
with missing and incomplete information were excluded from 
the study. In addition, coagulase-negative staphylococci (n = 77) 
were also excluded since no susceptibility test was performed 
as per the institutional protocol due to their high likelihood of 
representing skin contaminants.

Sample size and sampling method

Records of all blood culture specimens processed at the 
microbiology laboratory during 2025 were reviewed, and all case 
fulfilling inclusion criteria were included for the study, and a 
separate sample size was not determined. A consecutive sampling 
method was employed for data collection.

Study procedure

Laboratory register maintained at microbiology laboratory and 
medical record of the patients were retrospectively reviewed and 
relevant variables were extracted using a structured proforma 
developed in REDCap. Demographic characteristics (age, 
gender), departments, clinical characteristics, previous antibiotic 
exposure, microbial isolates of blood samples, and patterns 
of antimicrobial susceptibility (susceptible, intermediate and 
resistant), multidrug-resistant organisms, and carbapenem-
resistant organisms were all collected. 
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Microbiological methods

Blood samples were collected according to the standard operating 
procedures of the Microbiology Laboratory. For adults 8-10 ml 
of blood were collected and for pediatrics 2-5 ml were collected 
from the median cubital vein for each blood culture bottle. One 
blood culture set from venipuncture site was collected before 
antimicrobial therapy. Blood cultures were incubated at 37 ℃ 
using BACTEC™ (Becton, Dickinson Microbiology Systems) 
and BACT/ALERT® system for a minimum of 5 days. Both 
the BACTEC™ and BACT/ALERT® automated blood culture 
systems were used in the microbiology laboratory. Blood 
culture specimens were processed using the system compatible 
with the blood culture bottles available at the time of specimen 
collection. Thus, specimen allocation was based solely on bottle 
compatibility with the respective instrument.  Positive blood 
culture bottles detected by the BACTEC™ and BACT/ALERT® 
blood culture system were sub-cultured onto MacConkey agar and 
5% sheep blood agar plates. The inoculated plates were incubated 
at 35–37°C for 24–48 hours under appropriate atmospheric 
conditions, after which bacterial growth was examined and 
isolates were processed for identification and antimicrobial 
susceptibility testing. Bacterial isolates were identified using 
conventional microbiological methods, including assessment of 
colony morphology, gram staining, and standard biochemical 
tests. Isolates requiring further confirmation were identified using 
the Analytical Profile Index identification system.  Antimicrobial 
susceptibility testing was performed by Kirby Bauer disk diffusion 
method   and interpreted according to the CLSI, Performance 
Standards for Antimicrobial Susceptibility Testing, M100, 33rd 

edition 2023.   Antibiotic susceptibility testing was performed 
tier-wise – testing was performed for first tier, and if detected 
intermediate or resistant to first tier, a subsequent tier antibiotic 
was tested. Consequently, susceptibility percentages reported for 
second-tier agents represent conditional probabilities and reflect 
potential selection bias, as these agents were tested primarily on 
isolates enriched for resistance. Cefoxitin disk testing was used as 
a surrogate for methicillin or oxacillin resistance and reported as 
cloxacillin susceptibility 18. Quality control was performed using 
standard reference strains, including Escherichia coli ATCC 
25922, Staphylococcus aureus ATCC 25923, and Pseudomonas 
aeruginosa ATCC 27853.

Operational definitions

Multidrug-resistant organism – It is defined as “acquired non-
susceptibility to at least one agent in three or more antimicrobial 
categories.” An isolate was classified as a multidrug-resistant 
organism when it demonstrated acquired non-susceptibility (i.e., 
intermediate or resistant interpretation) to at least one antimicrobial 
agent in three or more antimicrobial classes, according to the 
international consensus definition 19. To ensure calculation 
reproducibility, antimicrobial classes were defined separately 
by organism group, excluding intrinsic resistance and clinical 
non-recommended combinations. Isolates were considered 

evaluable for MDRO classification only if susceptibility results 
were available for at least three eligible antimicrobial classes. 
These criteria were applied to E. coli, Klebsiella pneumoniae, 
Staphylococcus aureus, Acinetobacter spp., Enterobacter sp., 
Citrobacter sp., and 16 Pseudomonas aeruginosa isolates. 
Conversely, 2 Pseudomonas aeruginosa and 3 Streptococcus sp. 
isolates had fewer than three tested classes; consequently, they 
were classified as non-evaluable and excluded from the MDRO 
denominator. Overall, 74 of the 79 total isolates met the criteria 
for complete testing and were included in the MDRO analysis.

Carbapenem-resistant organism – An isolate was classified 
as a CRO when it demonstrated resistance to at least one tested 
carbapenem agent (imipenem or meropenem) according to the 
CLSI antimicrobial susceptibility testing interpretive criteria. 
CRO classification was performed at the isolate level based on 
the susceptibility results of each blood culture isolates 20. 

WHO AWaRe classification of antibiotics – To assist in the 
development of tools for antibiotics stewardship program and to 
reduce antibiotic resistance, AWaRe classification of antibiotics 
(access, watch, and reserve) was developed by World Health 
Organization 21.

Access group – includes antibiotics that have activity against 
a wide range of commonly encountered susceptible pathogens 
while also showing lower resistance potential than antibiotics in 
the other groups. Access group of antibiotics are recommended 
as first or second line of empirical treatment 21. 

Watch group – includes antibiotics that have higher resistance 
potential and includes most of the highest priority agents among 
the critically important antimicrobials. These antibiotics are 
recommended as the first or second line of empiric treatment of 
a specific infection 21. 

Reserve group- includes antibiotics that should be reserved for 
treatment of confirmed or suspected infections due to MDRO. 
These antibiotics should be treated as “last resort” options 21. 

Data management and confidentiality 

A unique identifier was allocated to every isolate enrolled in the 
study, and the investigators carefully entered data in REDCap and 
the data were double checked for duplicate entries. Supervision of 
the data collection and a thorough review of form completeness 
were conducted by the principal investigator. All eligible positive 
blood culture isolates had complete clinical and laboratory 
documentation, with zero records excluded for missing data or 
incomplete entry. A clear distinction was maintained between 
missing records and unperformed susceptibility tests: variations 
in testing denominators (N) across antimicrobial agents were 
strictly driven by the laboratory’s selective, tier-wise testing 
protocol rather than missing data records. Confidentiality was 
maintained by keeping the patient’s data in a secure folder 
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locked with a password. The questionnaire did not include any 
identifying data of the patients.

Data analysis

Data were captured using REDCap (Research Electronic Data 
Capture). The dataset was then exported and analyzed using 
SPSS (Version 32) (IBM Corp., Armonk, NY, USA) and R (Ver-
sion 4.6.0). Descriptive analysis was performed and data were 
presented as frequencies and percentages, and a heatmap was 
used to present the antimicrobial susceptibility.

RESULTS

A total of 981 blood cultures were performed in 2025. 
Excluding 77 coagulase-negative staphylococci isolates deemed 
contaminants per institutional protocol, 8.1% (n = 79) yielded 
positive cultures (62 unique patients, and 17 were repeated blood 
cultures performed on different dates).  

Demographic, Microbiological and Clinical Characteristics

The positive blood culture was predominant among older 
patients, with nearly three-quarters of them aged over 40 years 
(74.7%, n = 59) and over half were female (53.2 %, n = 42). More 

than three-quarters of the patients were clinically diagnosed with 
sepsis (78.5%, n = 62), and the majority (70.9%) had underlying 
comorbidities. 

	 Microbiological analysis revealed a predominance 
of Gram-negative organisms (78.5%, n = 62), of which E. coli 
(45.2%, 28/62) was the most isolated, followed by Pseudomonas 
aeruginosa (29.0%, 18/62). Meanwhile, Staphylococcus aureus 
was the most frequently isolated Gram-positive organism (82.4%, 
14/17). Detailed data is presented in Table 1.

Antimicrobial susceptibility of organisms 

E. coli isolates demonstrated the highest susceptibility to 
amikacin (86.7%), followed by gentamicin (64.3%) and 
sulphamethoxazole-trimethoprim(64.3%).Pseudomonas 
aeruginosa showed complete sensitivity to amikacin (100%) 
and high sensitivity to sulphamethoxazole-trimethoprim (94.4%) 
and gentamicin (88.9%). Meanwhile, Staphylococcus aureus 
exhibited complete sensitivity to cloxacillin (100%), alongside 
high sensitivity to erythromycin (92.9%) and sulphamethoxazole-
trimethoprim (85.7%). Other isolates demonstrated variable 
susceptibility as detailed in Table 2

Table 1: Demographic, Clinical, and Microbiological Characteristics of patients with bloodstream infection at the Eastern 
Regional Referral Hospital, Mongar, Bhutan, 2025 (n = 79).
Characteristics Frequency Percent
Age in years    
  <20 years 13 16.5
  20-40 years 7 8.9
  >40 years 59 74.7
Sex    
  Female 42 53.2
  Male 37 46.8
Departments    
  Emergency 13 16.5
  Medicine 34 43.0
  Orthopedics 9 11.4
  Pediatrics 6 7.6
  Surgery 17 21.5
Clinical Diagnosis    
  Sepsis 62 78.5
  Pneumonia 9 11.4
  Joint Infections 8 10.1

Characteristics Frequency Percent
Comorbidities    
  Present 56 70.9
  Absent 23 29.1
Gram-staining    
  Positive 17 21.5
  Negative 62 78.5

Gram positive    
  Staphylococcus aureus 14 82.4
  Streptococcus spp. 3 17.6
Gram negative    

  Acinetobacter spp. 2 3.2
  Citrobacter sp. 1 1.6
  Enterobacter sp. 1 1.6
  E. coli 28 45.2
  Klebsiella pneumoniae 12 19.4

 
Pseudomonas aerugi-
nosa 18 29.0
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Table 2: Antimicrobial Susceptibility Pattern of Organisms isolated from patients with Bloodstream Infections at the Eastern 
Regional Referral Hospital, Mongar, Bhutan, 2025 (n = 79)

Antibiot-
ics 
 

E.coli, 
n/N (%)

PA,
n/N (%)

KP,
n/N (%)

Acin. spp.
n/N (%)

Citro. sp.
n/N (%)

Entero. sp.
n/N (%)

Staph au-
reus, n/N (%)

Strep 
spp. n/N 
(%)

Ampicillin
  S 4/28 (14.3) X X X 0/1 (0.0) X X X

  I 3/28 (10.7) X X X 0/1 (0.0) X X X
  R 21/28 (75.0) X X X 1/1 (100.0) X X X

Penicillin G

  S X X X X X X 0/9 (0.0)
3/3 

(100.0)

  I X X X X X X 0/9 (0.0) 0/3 (0.0)

  R X X X X X X 9/9 (100.0) 0/3 (0.0)

Cloxacillin
  S X X X X X X 14/14 (100.0) X

  I X X X X X X 0/14 (0.0) X

  R X X X X X X 0/14 (0.0) X

Piperacillin
  S X 12/15 (80.0) 0/1 (0.0) X X X X X

  I X 0/15 (0.0) 1/1 (100.0) X X X X X
  R X 3/15 (20.0) 0/1 (0.0) X X X X X

Ceftazidime
  S X 11/13 (84.6) X X X X X X

  I X 1/13 (7.7) X X X X X X
  R X 1/13 (7.7) X X X X X X

Ceftriaxone 
  S 10/28 (35.7) X 5/12 (41.7) X 0/1 (0.0) 0/1 (0.0) X X

  I 0/28 (0.0) X 2/12  (16.7) X 0/1 (0.0) 0/1 (0.0) X X
  R 18/28  (64.3) X 5/12 (41.7) X 1/1 (100.0) 1/1 (100.0) X X

Ciprofloxacin

  S 15/28 (53.6) 17/18 (94.4) 8/12 (66.7) 2/2 (100.0) 1/1 (100.0) 1/1 (100.0) X X

  I 3/28 (10.7) 1/18 (5.6) 2/12 (16.7) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0) X X

  R 10/28  (35.7) 0/18 (0.0) 2/12  (16.7) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0) X X

Doxycycline
  S X X X X X X 11/14 (78.6) X

  I X X X X X X 2/14 (14.3) X
  R X X X X X X 1/14 (7.1) X

Tetracycline

  S X X X X X X 7/14 (50.0) X
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Antibiot-
ics 
 

E.coli, 
n/N (%)

PA,
n/N (%)

KP,
n/N (%)

Acin. spp.
n/N (%)

Citro. sp.
n/N (%)

Entero. sp.
n/N (%)

Staph au-
reus, n/N (%)

Strep 
spp. n/N 
(%)

  I X X X X X X 3/14 (21.4) X
  R X X X X X X 4/14 (28.6) X
Sulphamethoxazole-Tri-
methoprim
  S 18/28 (64.3) X 6/12 (50.0) 2/2 (100.0) 1/1 (100.0) 1/1 (100.0) 12/14 (85.7) X

  I 0/28 (0.0) X 0/12 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0) 0/14 (0.0) X

  R 10 /28 (35.7) X 6 /12 (50.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0) 2/14 (14.3) X

Erythromycin

  S X X X X X X 13/14 (92.9) X

  I X X X X X X 1/14  (7.1) X

  R X X X X X X 0/14 (0.0) X

Gentamicin

  S 18/28 (64.3) 16/18 (88.9) 10/12  (83.3) 2/2 (100.0) 1/1 (100.0) 0/1 (0.0) X X

  I 0/28 (0.0) 0/18 (0.0) 0/12 (0.0) 0/2 (0.0) 0/1 (0.0) 0/1 (0.0) X X

  R 10/28 (35.7) 2/18 (11.1) 2/12  (16.7) 0/2 (0.0) 0/1 (0.0) 1/1 (100.0) X X

Amikacin

  S 13/15 (86.7) 8/8 (100.0) 6/6 (100.0) 2/2 (100.0) 1/1 (100.0) X X X

  I 0/15 (0.0) 0/8 (0.0) 0/6 (0.0) 0/2 (0.0) 0/1 (0.0) X X X

  R 2/15 (13.3) 0/8 (0.0) 0/6 (0.0) 0/2 (0.0) 0/1 (0.0) X X X
Imipenem

  S 5/9 (55.6) 3/5 (60.0) X X X X X X

  I 0/9 (0.0) 2/5 (40.0) X X X X X X

  R 4/9 (44.4) 0/5 (0.0) X X X X X X

Meropenem

  S 3/8 (37.5) 2/3 (66.7) X X X X X X

  I 2/8 (25.0) 0/3 (0.0) X X X X X X

  R 3/8 (37.5) 1/3 (33.3) X X X X X X

Piperacillin/Tazobactam

  S X 0/1 (0.0) X X X X X X

  I X 1/1 (100.0) X X X X X X

  R X 0/1 (0.0) X X X X X X

Acin. spp: Acinetobacter species; Citro. sp: Citrobacter species; Entero. sp: Enterobacter species; I: intermediate; KP: Klebsiella 
pneumoniae; PA: Pseudomonas aeruginosa; R: resistant; S: susceptible; X: test not performed; n/N: ‘n’ indicates the number of isolates 
in the S, I, or R category, and ‘N’ indicates total number of isolates tested for that organism-antibiotic pair. 

Note. Second-tier antimicrobial agents were tested selectively following a selective reporting protocol, conditioned on non-susceptibil-
ity to first-tier agents. Susceptibility percentages for second-tier agents reflect only this pre-selected subset (e.g., amikacin tested on 15 
of 28 E. coli isolates) and are not directly comparable to first-tier susceptibility rates. Cloxacillin susceptibility was determined using 
cefoxitin disk diffusion testing as a surrogate marker.
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Previous antibiotic exposure pattern

Out of 79 blood culture positive episodes with a complete 
exposure history, over 60% (48/79) had prior antibiotic exposure. 
Individual episode could involve exposure to more than one 
antibiotic. Over three-fifth were exposed to doxycycline (62.5%, 
30/48) followed by ceftriaxone (37.5%, 18/48) and ampicillin 
(29.2%, 14/48) before the blood culture collection. The exposure 
to other antibiotics varied and occurred at lower frequencies as 
presented in the Figure 3.

Figure 1: Heatmap of antimicrobial susceptibility pattern 
of E. coli among patients with Bloodstream Infection at the 
Eastern Regional Referral Hospital, Mongar, Bhutan, 2025
*Note. S = susceptible; I = intermediate; R = resistant. Numbers 
inside cells represent n/N (%), where   ‘n’ indicates the number of 
isolates in the S, I, or R category, and ‘N’ indicates total number of 
isolates tested for that organism-antibiotic pair. N per antibiotic 
ranges from 8 to 28 (see Table 2 for exact denominators).

Figure 2: Heatmap of antimicrobial susceptibility pattern of 
Pseudomonas aeruginosa among patients with Bloodstream 
Infection at the Eastern Regional Referral Hospital, Mongar, 
Bhutan, 2025
*Note. S = susceptible; I = intermediate; R = resistant. . 
Numbers inside cells represent n/N (%), where  ‘n’ indicates the 
number of isolates in the S, I, or R category, and ‘N’ indicates 
total number of isolates tested for that organism-antibiotic 
pair. N per antibiotic ranges from 1 to 18 (see Table 2 for exact 
denominators).

Figure 3: Distribution of previous antibiotic exposure across 
blood culture-positive episodes at the Eastern Regional 
Referral Hospital, Mongar, Bhutan, 2025

*Percentages are calculated based on the total episodes exposed 
(n = 48). Multiple antibiotic exposures were recorded per 
episode.

Distribution of multidrug-resistant organism and 
carbapenem-resistant organism

Of 79 blood culture isolates, 74 had ≥ 3 valid antimicrobial 
categories tested and were evaluable for MDRO classification (5 
isolates were excluded as < 3 valid antimicrobial categories were 
evaluated; Pseudomonas aeruginosa, n=2; Streptococcus spp., 
n=3). Among evaluable isolates nearly one-fourth of the isolates 
were classified as MDRO (23.0 %, n = 17). For carbapenem 
resistance, 5 isolates were identified as CRO, representing 
35.7% (5/14) of isolates tested against at least one carbapenem 
and 6.3% (5/79) of the total cohort. The highest proportion of 
the MDRO (47.1%) and CRO (80.0%) isolates were reported 
from Department of Medicine. E. coli was the most predominant 
organism in both MDRO (88.2%) and CRO (80.0 %). Other 
organisms contributed variably as presented in the Table 3.
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Table 3: Distribution of Multidrug-resistant organisms 
and Carbapenem-resistant organisms by Department and 
Isolates among patients with Bloodstream Infections at the 
Eastern Regional Referral Hospital, Mongar, Bhutan, 2025.

Variable
MDRO, n = 

17 (%)
CRO, n = 5 

(%)
Departments
  Emergency 4 (23.5) 0 (0.0)
  Medicine 8 (47.1) 4 (80.0)
  Orthopedics 2 (11.8) 0 (0.0)
  Pediatrics 0 (0.0) 0 (0.0)
  Surgery 3 (17.6) 1 (20.0)
Organisms
  E. coli 15 (88.2) 4 (80.0)
  Pseudomonas aeruginosa 0 (0) 1 (20.0)
  Klebsiella pneumoniae 2 (11.8) 0 (0)
  Acinetobacter spp. 0 (0) 0 (0)
  Citrobacter sp. 0 (0) 0 (0)
  Enterobacter sp. 0 (0) 0 (0)
  Staphylococcus aureus 0 (0) 0 (0)
  Streptococcus spp. 0 (0) 0 (0)

CRO: carbapenem-resistant organism; MDRO: multidrug- 
resistant organism

DISCUSSION

Given the rising burden of bloodstream infections alongside 
increasing antimicrobial resistance among common pathogens, 
particularly in LMICs, robust antimicrobial stewardship and 
evidence-based therapeutic strategies are essential. Effective 
implementation of such interventions requires a clear 
understanding of the local microbiological profile, baseline 
antimicrobial susceptibility pattern, and the burden of resistant 
organisms. Therefore, the study assessed the antimicrobial 
susceptibility pattern of isolated organisms and determined the 
proportion of MDRO among patients with positive blood cultures.

	 The present study observed a blood culture positivity 
rate of 8.1% after excluding coagulase-negative staphylococci, 
which is lower than several other regional studies such as 12.1% 
from Nepal and 28.26% from Pakistan.12,13 The relatively lower 
rate of positivity in the present study may be explained by the 
prior antibiotic exposure, which can suppress bacterial growth 
and culture yield. 

	 The predominance of the gram-negative organisms with 
E. coli leading the isolates followed by Pseudomonas aeruginosa 
and dominance of Staphylococcus aureus among Gram-positive 
organisms aligns with reports from India, where a similar pattern 

has been described17. In contrast, studies from Nepal and some 
regions of India reported Gram-positive organism Staphylococcus 
aureus as the most commonly isolated organism 11,13 . The 
difference could be due to regional variation of prevalence of 
microorganisms causing bloodstream infection. 

	 The antimicrobial susceptibility patterns observed in the 
current study can be interpreted through the lens of the WHO 
AWaRe classification, which categorizes antibiotics into Access, 
Watch and Reserve group based on the impact of different 
antibiotics and antibiotic classes on antimicrobial resistance 
21. E. coli isolates demonstrated relatively high sensitivity to 
amikacin (86.7%), an Access group of aminoglycosides which 
is closely comparable to reports from Bangladesh and India 22,23. 
The high susceptibility to amikacin observed in our setting may 
be partly due to minimal prior exposure (Figure 3). Additionally, 
Amikacin requires prior authorization for its use as it is not 
available as an essential medicine in National Essential Medicine 
List, rendering it generally unavailable for routine use24. This 
restricted availability may potentially minimize broad spectrum 
selection pressure, though the direct impact of these health policy 
factors on local resistance patterns was not formally evaluated 
in this study. However, a significantly low susceptibility of E. 
coli to ampicillin (14.3%), also an Access group of antibiotics, 
is similar to the findings from Bangladesh and India reporting 
low susceptibility rates to commonly used access group antibiotic 
22,23,25 .This observed reduced susceptibility among Access 
group agents could hypothetically reflect broader community 
availability or historical usage patterns, highlighting a potential 
area for future longitudinal antimicrobial stewardship monitoring.

	 The high sensitivity of Pseudomonas aeruginosa to 
amikacin (100%) and gentamicin (88.9%), Access group of 
antibiotics and a high sensitivity to ciprofloxacin (94.4%), a 
Watch group of antibiotics in the present study appears more 
favorable than findings from India, where sensitivity was 
highest towards cefotaxime and colistin, a Watch and a Reserve 
group of antibiotics respectively25. The differences observed 
between the regions could hypothetically reflect geographic 
variations in antibiotic prescribing practice, and infection 
control and prevention measures. Moreover, the unregulated 
sale of antimicrobials over the counter without prescription 
could facilitate the emergence of resistance as reported across 
the globe26. However, these explanations remain speculative, as 
these factors were not evaluated in our study and warrant further 
comparative investigation.

	 The complete sensitivity of Staphylococcus aureus to 
cloxacillin (100%) an Access group of antibiotics, alongside 
high sensitivity to sulphamethoxazole-trimethoprim (85.7%), 
another Access group of antibiotics was observed in the 
present study, in contrast to regional studies reporting varying 
sensitivity rate12,13,23. From an AWaRe perspective, the observed 
susceptibility patterns among gram-positive isolates suggest that 



2026 May | Vol. 12 | Issue 1

Bhutan Health Journal

198

Access group antibiotics remain active in this small sample. 
While these findings align with the WHO AWaRe framework’s 
emphasis on preserving Access agents as primary options where 
feasible, larger surveillance studies are needed before drawing 
definitive conclusions regarding empirical therapy guidelines.

	 MDROs and CROs represent one of the most pressing 
threats to global health security with a significant burden 
particularly in LMICs. In this study, 23.0% of the isolates were 
MDRO and 35.7% (5/14) of carbapenem-tested isolates were 
CRO [6.3% (5/79) across all isolates], with E. coli predominating 
in both categories (88.2% and 80.0% respectively). In contrast, 
neighboring regions have reported MDRO and CRO rates as 
high as 43% and 65% in 2021, respectively 13. The comparatively 
lower MDRO and CRO prevalence observed in the present study 
may hypothetically reflect the contextual factors specific to the 
region. Specifically, it is plausible that the predominantly public 
healthcare system and regulated antibiotic access with minimal 
over-the-counter availability by Bhutan Food and Drug Authority 
could contribute to this pattern 27. Furthermore, carbapenem use is 
limited as these agents are not included in the National Essential 
Medicine list and requires procurement through a named-patient 
medicine mechanism with prior authorization, limiting their 
use to facilities with culture and susceptibility testing capacity 
24. This restriction policy could hypothetically explain the 
lower carbapenem resistance observed in our study. Despite 
the comparatively lower prevalence observed in the current 
study, it warrants proactive surveillance, strengthened infection 
prevention and control practices, and rational antibiotic use, due 
to rapid escalation of MDRO and CRO documented elsewhere in 
the region within relatively short timeframes. 

	 All the Staphylococcus aureus isolates demonstrated 
complete susceptibility to cloxacillin indicating no methicillin-
resistant Staphylococcus aureus strains in year 2025. The 
findings indicate that isolated staphylococcal strains remain fully 
susceptible to Access group of antibiotics, such as cloxacillin. This 
supports essential antimicrobial stewardship goals by optimizing 
patient clinical outcomes with safer first-line choices while 
minimizing the emergence of multidrug-resistant organisms.

	 This study has several limitations. The findings from a 
single-center tertiary care hospital study may not be generalizable 
to other regions in Bhutan. As this was a retrospective study, the 
sample size was determined by the availability of positive blood 
culture episodes during the study period, and all eligible cases 
were included rather than selecting a sample. The relatively 
low number of bloodstream infection episodes reflects the 
population size and healthcare setting of eastern Bhutan, as 
well as the possible prior antibiotic exposure which suppressed 
bacterial yield. Additionally, methodological factors may have 
introduced selection bias. First, the selective, tier-wise testing 
protocol meant that second-tier broad-spectrum antimicrobials 
were not universally tested across all isolates, resulting in smaller 
denominators and conditional susceptibility estimates reflecting 

incomplete testing panels rather than missing observational 
records; specifically, carbapenem susceptibility was tested on 
only a minority of isolates, meaning the CRO estimate rests on 
a small tested subset. Second, the potential retention of repeat 
isolates from individual patients may overrepresent specific 
resistant phenotypes. Third, the blanket exclusion of coagulase-
negative staphylococci, while  standard practice to avoid blood 
culture contamination, may have omitted clinically significant 
healthcare-associated-infections, means the overall positivity 
rate may not be directly comparable with studies that include 
or clinically adjudicate these organisms. Finally, the absence of 
molecular characterization of MDRO and CRO due to limitations 
in diagnostic facilities have limited the determination of the 
underlying mechanism of resistance. 

Conclusion

Blood culture positivity rate in eastern Bhutan was 8.1% 
(excluding coagulase-negative staphylococci), with more than 
three-quarters of the isolates being Gram-negative organisms. E. 
coli was the predominant organism, with the highest sensitivity 
to amikacin. Nearly one-fourth of evaluable isolates were 
MDRO, while carbapenem resistance was identified in 5 isolates, 
representing 35.7% (5/14) of isolates tested against at least 
one carbapenem and 6.3% (5/79) of the total cohort. The study 
provides valuable baseline data to support local antimicrobial 
resistance surveillance. It also underscores the need for continuous 
microbiological surveillance, strengthened infection control and 
prevention practices and rational antibiotic use through effective 
antimicrobial stewardship to curb the emergence and spread of 
antimicrobial resistance.
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