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ABSTRACT

Background: Multidrug-resistant bacteria cases are increasing globally, including in
Indonesia. Bloodstream infection (Bacteremia) is a term that represents the presence of
bacteria in a patient's blood. Blood cultures have become one of the most critically
important and frequently performed tests in the clinical microbiology laboratory. Aim:
Determining the prevalence of multidrug-resistant (MDR) bacterial isolates in
bloodstream infection patients in Indonesia. Methods: Over three years (January 2020 to
December 2022), a cross-sectional study was conducted at Tugurejo Hospital in Semarang,
Indonesia, to collect 184 bacterial isolates from patients with bloodstream infections. The
initial identification involves Gram staining and colony morphology assessment,
biochemical assays, and antimicrobial susceptibility testing utilizing the VITEK®2
Compact system. Results: The most identified bacterial isolate was Staphylococcus aureus
(73.9 %), followed by Klebsiella pneumoniae (10.9 %), Acinetobacter sp. (8.7 %), and
Escherichia coli (6.4 %). The overall prevalence of MDR bacterial isolates was >80 %,
with the highest resistance observed in Staphylococcus aureus to benzylpenicillin (91.2%),
Klebsiella pneumoniae, and Escherichia coli to ampicillin (100 % and 91.9 %) and
Acinetobacter sp. to Cefazolin (100 %). Conclusion: Our study revealed that the presence
of MDR pathogens in Bloodstream Infection was noteworthy. The findings of this study
would assist in the decision-making process regarding Bloodstream Infection treatment.

Introduction

shock, which can result in multi-organ failure and

Bloodstream infections (BSIs), commonly
referred to as bacteremia, represent a critical public
health concern due to their association with
significant morbidity and mortality rates across
diverse populations. These infections can arise from
various sources, including healthcare-associated
procedures, community-acquired infections, and the
presence of indwelling medical devices, leading to
severe complications such as sepsis and septic
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death [1]. Research on bloodstream infections
(BSlIs) has been conducted across various countries,
revealing significant variations in incidence rates
and causative pathogens; for instance, a study in
Finland reported an increase in BSI incidence from
150 to 309 cases per 100,000 population between
2004 and 2018, while a comprehensive analysis in
Sweden highlighted a high incidence rate of 307 per
100,000 person-years from 2006 to 2019,
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underscoring the global public health challenge
posed by these infections and the need for continued
surveillance and intervention strategies [2,3]

Several causes of BSIs are bacterial
invasion through open wounds, needle punctures,
hemodialysis equipment, catheters, ventilators, and
contamination from the hospital environment [4].
Bacteremia is linked to the highest hospitalization
death rates [5]. The Intensive Care Unit (ICU) is a
high-risk area for bacteremia [6]. A study reported
that 27 blood samples from ICU patients were
bacteremia [7]. Applying a central venous catheter
(CVC) for patients in the ICU is one of the main
factors in bacteremia. Bacteremia from ICU patients
is usually associated with other diseases such as
pneumonia, urinary tract infection (UTI), skin and
soft tissue infection, and surgical site infection [8].

Antibiotics are typically used to treat
bacteremia. However, long-term and improper use
of antibiotics can cause bacteria to become resistant
to them and develop multidrug resistance (MDR),
which makes treating infections more difficult [9].
The burgeoning crisis of MDR bacteria in Indonesia
necessitates urgent attention, driven by the alarming
rise in antibiotic misuse and its profound
implications for public health [10,11]. Several
studies explored herbal alternatives, such as
mushrooms [12], plant [13-16] and bacteria from
marine isolates [17,18].

Different environments have been shown
to have different profiles of susceptibility and
spectra of bacterial pathogens [11]. While antibiotic
abuse in animals and humans rapidly speeds up the
development of antibiotic resistance, antibiotic
resistance occurs naturally over time. Certain
antibacterial processes, such as those involved in the
creation of cell walls, nucleic acids, ribosomal
function, proteins, folate metabolism, and cell
membrane function, are frequently inhibited,
leading to the emergence of resistance to antibiotics.
One of the main causes of antibiotic access and
misuse is also a lax enforcement of antimicrobial
laws. Antibiotics are generally over-the-counter in
poor nations without a prescription [19,20]. The UK
forecasts 10 million annual deaths [21]. The MDR
patients, usually associated with
immunocompromised conditions, who are easily
targeted for hospital-acquired disease, have led to
the further distribution of MDR [22,23]. Another
study also reported 46 out of 58 isolates were

primary bacteremia MDR (26%), and 58%
secondary bacteremia [7].

The MDR organisms can cause severe and
lethal human infections such as Methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-
resistant enterococci, and certain gram-negative
bacilli. A study by [24,25] reported that
Enterococcus faecium, Enterobacter sp., Klebsiella
pneumoniae, and Staphylococcus aureus have been
proposed for most nosocomial infections. Regarding
gram-negative bacteria, the most common MDR
bacteria are extended-spectrum [-lactamases
(ESBL) [26]. Therapy for infections brought on by
bacteria that produce ESBLs (extended-spectrum f3-
lactamases), which hydrolyze clinically significant
drugs, is getting harder as these bacteria become
more prevalent [27]. Millions of individuals are in
danger of antibiotic-resistant diseases because, in
many parts of Southeast Asia and other parts of the
world, ESBL-producing bacteria are estimated to
make up more than 50% of the population [28].
Coagulase-negative Staphylococci are commonly
found in joints. On the other hand, Escherichia coli,
Klebsiella  pneumoniae, and Pseudomonas
aeruginosa are the most frequently found ESBL-
producing Gram-negative bacteria [29,30]. This
study aimed to look into the variety of multidrug-
resistant bacteria that cause bacteremia in Central
Java, Indonesia. This study also looked at rates of
antibiotic resistance and the overall diversity of
bacteria in the bloodstream according to age,
gender, and gram strain.

Materials And Methods
Study site, period, and Sample collection

Bacteria identification from the blood
samples of patients with bloodstream infections was
conducted from January 2020 to December 2022 at
the Microbiology Laboratory, Tugurejo Hospital,
Semarang, Indonesia, Semarang, Indonesia. This
study was accepted under EC  number
120/KEPK.EC/VI1/2023 from Tugurejo Hospital
Ethics Committee. This study enrolled 184 patients
in total suffering from bloodstream infections, all of
whom had not received any antibiotic treatment.
Blood specimens were collected according to the
protocols, inoculated into blood agar and
MacConkey agar (both from Merck, Darmstadt,
Germany), and incubated overnight at 37+2°C.
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Identification and antimicrobial susceptibility
pattern analysis.

The isolated bacteria were identified
preliminarily based on the type of colony, margin,
elevation, size, shape, and color. Using the
VITEK®2 Compact (bioMérieux, Craponne,
France) equipment, all isolates were identified, and
the resistance pattern was assessed. A total of 17
antibiotics were tested for Gram-negative bacteria,
including aminopenicillins (AM: ampicillin, AMC:
amoxicillin+clavulanic  acid); 1% generation
cephalosporin  (CZO: cefazolin); 2" generation
cephalosporin  (FAM: ampicillin+sulbactam); 3
generation cephalosporins (CAZ: ceftazidime,
CTX: cefotaxime, CRO: ceftriaxone); 4™ generation
cephalosporin (CEF: cefepime); aminoglycosides
(GM: gentamicin); penicillins (PIP: piperacillin);
monobactam (AZM: aztreonam); carbapenems
(ETP: ertapenem; MEM: meropenem);
fluoroquinolone (CIP: ciprofloxacin); glycylcycline
(TGC: tigecycline); nitrofuran (NIT:
nitrofurantoin); sulfonamides-trimethoprim (SXT:
trimethoprim + sulfamethoxazole).

A total of 16 antibiotics were tested for
Gram-positive  bacteria, including penicillin
(BENPEN: benzylpenicillin, OXA: oxacillin); 3
generation cephalosporins (CTX: cefotaxime);
aminoglycosides (GM:  Gentamicin);
fluoroguinolone  (CIP:  ciprofloxacin; LEV:
levofloxacin, MXF: moxifloxacin); macrolides
(ERY:  erythromycin);  lincosamides  (DA:
clindamycin); oxazolidinones  (LNZ: linezolid);
glycylcyclines (TGC: tigecycline); sulfonamides-
trimethoprim (SXT: trimethoprim+
sulfamethoxazole); tetracyclines (TET:
tetracycline); nitrofurans (NIT: nitrofurantoin);
rifamycin (RIF:  rifampicin); and glycopeptides
(VAN: vancomycin)

Results

Distribution of the bacteria from Bloodstream
infections

In this study, we found 73.92% (n=136)
Gram-positive bacteria and 26.08% (n=48) Gram-
negative bacteria. Our data indicated that
Staphylococcus aureus (73.9 %), followed by
Klebsiella pneumoniae (10.9 %), Acinetobacter sp.
(8.7 %), and Escherichia coli (6.4 %) were the most
common bacteria causing bloodstream infections
(Figure 1).
Antibiotic resistance pattern of Gram-negative
and Gram-positive bacteria

More than 90% of Klebsiella pneumoniae,
and Escherichia coli showed high resistance to
ampicillin (100% and 91.9%). While Acinetobacter
sp. showed resistance to Cefazolin (100%) (Table
1). Over 70% of Staphylococcus aureus isolates
showed high resistance to Penicillin
(benzylpenicillin: 91.2%, and oxacillin: 79.4%). In
contrast, Staphylococcus aureus showed low
resistance (less than 5%) to glycylcyclines
(tigecycline), nitrofurans (NIT: nitrofurantoin),
glycopeptides (VAN: vancomycin), and
oxazolidinones (LNZ: linezolid) (Table 2).
Multidrug-resistance (MDR) profiles of isolates

MDR percentages were calculated for each
bacterium based on 184 isolates. Overall, 82.6%
(n=152) were MDR (resistant to three or more
antibiotic classes), while 17.39%(n=32) had a non-
MDR profile (Table 3 and Table 4). Out of the total
Gram-negative  isolates  (n=48), Klebsiella
pneumoniae (90%, n=18), Acinetobacter spp.
(68.8%, n=11), and Escherichia coli (66.7%, n=8)
had the highest MDR prevalence, contributing to
77.1% of all MDR cases (n=37) (Table 3). Among
the total number of Gram-positive isolates (n=136),
the MDR rate for Staphylococcus aureus. was the
highest at 84.6% (n=115) (Table 4)
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Table 1. Antibiotic resistance pattern of Gram-negative bacteria.

Bacteria AM FAM | PIP | CAZ | CZO | CTX | CRO | CEF | AZM | AMC | ETP | MEM | GM | CIP | TGC | NIT | SXT
Acinetobacter
sp. (n=16) - 11 11 13 16 14 14 10 - 3 - 11 10 11 5 - 6
Percentage
(%) - 68.8 | 68.8 | 81.3 | 100.0 | 875 | 875 | 625 | - 18.8 - 68.8 62.5 | 68.8 | 31.3 | - 37.5
Escherichia
coli (n=12) 11 9 1 5 7 7 7 2 7 - - - 5 9 - 1 9
Percentage
(%) 91.7 818 |83 |417 | 583 |583 |583 | 16.7 | 583 | - - - 417 | 75.0 | - 8.3 75.0
Klebsiella
pneumonia
(n=20) 20 16 9 15 16 16 16 7 16 1 1 1 14 12 3 15 15
Percentage
(%) 100.0 | 80.0 | 45.0 | 75.0 | 80.0 | 80.0 | 80.0 | 35.0 | 80.0 | 5.0 5.0 5.0 70.0 | 60.0 | 15.0 | 75.0 | 75.0
Note: (-) were not examined.
aminopenicillins (AM: ampicillin, AMC: amoxicillin+clavulanic acid); 1% generation cephalosporin (CZO: cefazolin); 2" generation
cephalosporin (FAM: ampicillin+sulbactam); 3 generation cephalosporins (CAZ: ceftazidime, CTX: cefotaxime, CRO: ceftriaxone); 4™
generation cephalosporin (CEF: cefepime); aminoglycosides (GM: gentamicin); penicillins (PIP: piperacillin); monobactam (AZM:
aztreonam); carbapenems (ETP: ertapenem; MEM: meropenem); fluoroquinolone (CIP: ciprofloxacin); glycylcycline (TGC: tigecycline);
nitrofuran (NIT: nitrofurantoin); sulfonamides-trimethoprim (SXT: trimethoprim + sulfamethoxazole)
Table 2. Antibiotic resistance pattern of Gram-positive bacteria.
BE
Bacteria oX T NPE | GM | CIP | MXF LEV TG TET | NIT | SXT | VA ER LNZ | RIF | DA
A X N C Y
Staphylococ
cus aureus 108 | 62 124 | 52 78 74 78 1 59 6 62 6 99 4 50 84
(n=136)
z;r)ce"tage 79.4 | 456 | 912 | 382 | 574 | 544 | 574 |07 |434 |44 |456 |44 |728 |29 |368 | 618
Penicillin (BENPEN: benzylpenicillin, OXA: oxacillin); 3rd generation cephalosporins (CTX: cefotaxime); aminoglycosides (GM:
Gentamicin); fluoroquinolone (CIP: ciprofloxacin; LEV: levofloxacin, MXF:  moxifloxacin);  macrolides (ERY: erythromycin);
lincosamides (DA: clindamycin); oxazolidinones (LNZ: linezolid); glycylcyclines (TGC: tigecycline); sulfonamides-trimethoprim (SXT:
trimethoprim+  sulfamethoxazole); tetracyclines (TET: tetracycline); nitrofurans (NIT: nitrofurantoin); rifamycin (RIF:  rifampicin); and
glycopeptides (VAN: vancomycin)
Table 3. Gram-negative bacteria isolated from blood infections with an MDR pattern.
RI R3 (%) R10 MDR
Bacteria RO (%) | (%) R2 (%) 0 R4 (%) | R5(%) | R6(%) | R7 (%) | R8 (%) (%) (%)
Acinetobacter spp 0(0.0) 1(6.3) 4(25.0) | 1(6.3) 0 (0.0) 0(0.0) | 1(6.3) 6 (37.5) | 3(18.8) 0 (0.0) | 11 (68.8)
Escherichia coli 1(8.3) 0 (0.0) 3(25.0) | 0(0.0) 0 (0.0) 4(33.3) | 4(33.3) | 0(0.0) 0 (0.0) 0(0.0) | 8(66.7)
Klebsiella pneumoniae | 0 (0.0) 1(5.0) 1(5.0) 1(5.0) 2(10.0) | 1(5.0) 4(20.0) | 2(10.0) | 7 (35.0) 1(5.0) | 18 (90.0)
Gram-negative bacteria | 1 (2.1) 2(4.2) 8(16.7) | 2(4.2) 2(4.2) 5(10.4) | 9(18.8) | 8(16.7) | 10(20.0) | 1(2.1) | 37 (77.1)
RO: Sensitive to every chosen lass of antibiotic; R1: Willing to resist at least one type of antibiotic; R2: Willing to resist at least two type of
antibiotics; R3: Willing to resist at least three classes of antibiotics; R4: Willing to resist at least four classes antibiotics; R5: Willing to resist
at least five classes antibiotics; R6: Willing to resist at least six classes antibiotics; R7: Willing to resist at least seven classes antibiotics; R8:
Willing to resist at least eight classes antibiotics; R9: Willing to resist at least nine classes antibiotics; R10: Willing to resist at least ten classes
antibiotics; MDR: Resistant to a minimum of three classes of antibiotics.
Table 4. Gram-positive bacteria isolated from blood infections with an MDR pattern.
RO RI R2 R3 R4 R5 R6 R7 R8 R9 R10 | R11 | R12 | MDR
Bacteria ) [ ) | () | () | (%) | (%) (%) (%) (%) (%) (%) | (%) | (%) | (%)
Staphylococcus | 1 11 9 10 6 16 17 26 18 15 5 1 1 115
aureus 0.7) | (81 |(®.6) | (74) | (44) | (125) | (125) | (19.1) | (13.2) | (12.0) | (3.7) | (0.7) | (0.7) | (84.6)

RO: Sensitive to every chosen lass of antibiotic; R1: Willing to resist at least one type of antibiotic; R2: Willing to resist at least two type of
antibiotics; R3: Willing to resist at least three classes of antibiotics; R4: Willing to resist at least four classes antibiotics; R5: Willing to resist
at least five classes antibiotics; R6: Willing to resist at least six classes antibiotics; R7: Willing to resist at least seven classes antibiotics; R8:
Willing to resist at least eight classes antibiotics; R9: Willing to resist at least nine classes antibiotics; R10: Willing to resist at least ten classes
antibiotics; MDR: Resistant to a minimum of three classes of antibiotics
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Table 5. MDR bacteria distribution according to criteria.

N MDR NONMDR
(n) (%) (n)

Age 0-9 65 51 (78.5) 14 (21.5)
10-19 8 7(87.5) 1(12.5)
20-29 12 8 (66.7) 4 (33.3)
30-39 5 5 (100.0) 0(0.0)
40-49 18 16 (88.9) 2(11.1)
50-59 31 26 (83.9) 5(16.1)
>60 45 39 (86.7) 6 (13.3)

Gender Female 94 77 (81.9) 17 (18.1)
Male 90 75 (83.3) 15 (16.7)

Gram Strain Negative 48 37 (77.1) 11 (22.9)
Positive 136 | 115 (84.6) 21 (15.4)

Figure 1. Distribution of the bloodstream infection, A: Gram-negative bacteria, B: Gram-positive bacteria
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Discussion

This study has determined the variety of
MDR bacteria in blood infections as well as the list
of microorganisms frequently linked to blood
infections in Semarang. Indonesia. The independent
variables of this study are age, Gender, and Gram
staining. According to our research. Bacteria from
blood infection patients who are young, old, or
teenagers have a higher likelihood of developing
into MDR than bacteria from other age groups.
Compared to bacteria-isolated children (0-9 years).
isolates from patients aged 30-39 years have a
higher likelihood of developing multidrug-resistant
strains. Additionally, isolates of blood samples from
adult patients revealed a comparatively greater
proportion of MDR (86.7%).

In this study, 16 (33.3%) were found
Acinetobacter sp. This percentage is higher than the
test conducted by Carena et al (2020) on a cancer

Gram-positive bacteria's distribution of the bacteremia (%)

=2 100.00% Staphylococcus aureus

B

patient who reported Acinetobacter sp., 3.4% out of
394 isolates. The previous study reported that
Acinetobacter sp. increased in bacteremia infection
and pneumonia [31]. Antibiotic-resistant bacteria
naturally develop resistance to medicines. which
means that their existence can be detrimental to
civilization [32]. Multiple isolates in the current
investigation were discovered to be MDR to more
than three classes of antibiotics. there are 11 out of
16 isolates (Acinetobacter sp.), 8 out of 12 isolates
(Escherichia coli), and 18 out of 20 isolates
(Klebsiella pneumoniae). A pattern of MDR of
Amoxicillin/ Clavulanic Acid (18.8%) in total MDR
isolates of Acinetobacter sp., 3 of 16 total isolates.
Acinetobacter is a gram-negative coccobacillus
pathogen that can be found frequently in hospitals
and other healthcare settings [33]. The natural
reservoirs and sites of colonization of Acinetobacter
sp. are human skin and mucous membranes, and
they are also able to survive in a dry environment.
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The types of infections were suppurative infections
in any organ system and ocular infections. septic
arthritis,  respiratory infections, soft tissue
infections, abscesses, and sepsis [34]. Acinetobacter
bacteria were resistant to three or more antibiotic
classes. including  imipenem,  Doripenem,
meropenem (type 3 carbapenems), and ampicillin-
sulbactam [33,35]. Our results also showed
Acinetobacter sp. strain MDR against the type of
antibiotic cephalosporin  (83.8%). Carbapenem
(68.8%). and Penicillin (68.8%).

Escherichia coli isolates possessed one or
more serum resistance-related genes [36] . The
pattern of multidrug resistance in this study showed
a high percentage of Escherichia coli resistance to
ampicillin (91.9%) was the highest percentage of
other antibiotics, such as Ampicillin/sulbactam
(81.8%), Trimethoprim/Sulfamethoxazole (75.0%)
and Ciprofloxacin (75.0%), sulfamethoxazole-
trimethoprim  (45.8%).  ampicillin-sulbactam
(56.3%). and ciprofloxacin (35.4%) is the same as
the result reported in the previous study [36]. The
MDR Escherichia coli isolates are very common in
many countries and are responsible for a range of
infections of high severity and difficult to treat.
Escherichia coli is the Gram-negative bacterium
most frequently isolated in adult patients with
bacteremia [37]. However, in general, Escherichia
coli is a normal flora of the commensal gut
microbiota. Moreover. some strains can cause
extraintestinal infections due to specific virulence
factors (VFs) [38].

Klebsiella sp. site of colonization is found
in the gastrointestinal and respiratory tracts of
humans. The transmission paths are usually through
ingestion of contaminated water and food. droplets.
and contact. Types of infection, such as sepsis.
pneumonia. UTIs. intraabdominal infections. and
meningitis [34]. In 2005. K. pneumoniae was the
third most prevalent blood infection [39]. In a study
conducted according to pathogens and geographical
distribution, 1882 blood infections in the world were
caused by Klebsiella pneumoniae, including 150
cases of blood infection in Asia, 551-561 cases in
Europe, and 335 cases in America [40]. In this study,
we found showed there are 20 blood samples
contaminated with Klebsiella pneumoniae (41.7%).
and MDR bacteria, 18 isolates (90.0%). Based on
the study results. antibiotics ertapenem is very
sensitive to gram-negative bacteria except
Klebsiella pneumoniae. Table 2 showed that
Ampicillin had the highest percentage (100%)

compared to other types of antibiotics. In addition.
the MDR pattern of Klebsiella pneumonia in this
study showed that 80.0% of isolates were MDR to
Ampicillin/Sulbactam. Aztreonam and
Cephalosporin antibiotics (Cefazolin, Cefotaxime,
and Ceftriaxone). Out of 15 isolates (75%),
Klebsiella pneumoniae was resistant to Ceftazidime.
Nitrofurantoin and
Trimethoprim/Sulfamethoxazole. Results showed
that Klebsiella pneumoniae was also resistant to
Ciprofloxacin (60.0%). 9 isolates resistant to
Piperacillin  (45.0%). 7 isolates resistant to
Cefepime. 3 isolates were resistant to tigecycline.
and only 1 isolate (5.0%) resistant to Amoxicillin/
Clavulanic Acid and Carbapenem group antibiotics
(ertapenem dan meropenem). In total, 152 blood
samples from patients in Saudi Arabia were positive
infected K. pneumoniae. 53 isolates were ESBL-
strain (34.87%), 55 isolates were Carbapenem-
resistant (36.18%), and 44 isolates were susceptible
(28.95%) [41].

Another gram-negative bacterium.
Acinetobacter sp. is more sensitive to Amoxicillin/
Clavulanic Acid antibiotics, with an MDR of 3%,
which has an antibiotic resistance rate of 100%. The
Piperazine antibiotic group was sensitive to
Escherichia coli with an MDR percentage of 8.3%.
compared to Acinetobacter sp., which has an MDR
figure of 68.8%. According to multiple earlier
studies. Staphylococcus aureus and Klebsiella
pneumoniae were the most common pathogens
linked to blood infections [42]. We found there are
136 isolates containing Staphylococcus aureus in
blood specimens. while 115 isolates were MDR
(84.6%). These results were in agreement with those
who found that S. aureus represents 52 out of 207
isolates in the blood (25.1%) [43]. S. aureus was a
common cause of blood infection, and the
population of incidents of 50: 100.000 population,
with a mortality rate of 20-30% [44]. Bacteria S.
aureus were normally present in adults' skin and the
mucosa of the anterior portion of the nose and
pharynx. In  some countries. methicillin-
resistant Staphylococcus aureus (MRSA) infection
is up to 50% in the most common cases of
vancomycin and teicoplanin [45].

Bacteremia is strongly associated with
an increased risk of invasive blood infections,
particularly in cancer patients, bone marrow
transplant  recipients, and individuals with
compromised immune systems. The MDR pattern
has observed that Tigecycline (TGC) was the most
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potent antibiotic in terms of sensitivity against
Staphylococcus aureus and other gram-positive
bacterial species. There were no other bacteria noted
in our research. But still. 1 (0.7%) Staphylococcus
aureus was tigecycline-resistant. Furthermore. it
was discovered that 91.2% of Staphylococcus
aureus had the highest level of resistance to
benzopenicillin. The antibiotic pattern showed that
78.4% of isolates were resistant to ampicillin. 45.6%
isolates resistant to Ampicillin/Sulbactam. there
were 38.2% isolates resistant to gentamicin. 56.4%
isolates are resistant to Fluoroguinolones. 45.6%
isolates resistant to
Trimethoprim/Sulpfamethoxazole.  there  were
36.8% isolates resistant to Rifampicin. 61.8%
isolates are resistant to Clindamycin. 72.8% isolates
are resistant to Erythromycin. 44.4% isolates
resistant to Vancomycin and Nitrofurantoin, and
only 1.5% isolates resistant to Quinupristin-
dalfopristin (GDA). Recent research from Colombia
and India has produced comparable results. In other
countries. 255 bloodstream infections in Argentina
were caused by  Carbapenemase-producing
Enterobacterales (CPE) (21%), which were mostly
Klebsiella pneumoniae carbapenemases (KPC)
(83%) [46].

This study has shown the variety of MDR
related to blood infections and provided a list of
prevalent bacteria found in blood infections in
Semarang. Indonesia. The data was analyzed based
on variable gram staining. age. and gender.
According to age, children (0-9 years) represent the
highest proportion (35.3%) of patients with MDR
bacteria from blood infections, followed by the
elderly (=60 years), which is 24.5%. and patients 50-
59 years (16.8%). The data showed that isolates
from people aged 30-39 were more prone to become
multidrug-resistant (100%) than bacteria from other
age groups. Moreover. blood samples from patients
aged 40-49 years also showed a relatively high
percentage (88.9%). The lowest percentage of MDR
bacteria based on age was from patients 20-29 years
(66.7%). Elderly patients were at high risk of
nosocomial infections [47].

The distribution of patients with MDR
bacteria from blood infection according to gender is
shown in Table 5. Out of 184 isolates, 94 (51.1%)
were from females and 90 (48.9%) from males.
Similar findings were reported in another study.
Characteristic bacteremia among 84 hospitalized
patients in Arizona, females (69.0%) are more likely
to suffer bacteremia than males (31.0%) [48].

According to the Gram stain. Our study showed that
gram-positive bacteria have a higher percentage
(73.92%) than gram-negative bacteria (26.08%). In
addition, compared to gram-negative bacteria
(77.1%), the percentage of MDR gram-positive
bacteria (84.6%) was higher.

In our study, the most frequently isolated
bacteria from blood infection samples were
Staphylococcus  aureus,  Escherichia  coli,
Acinetobacter sp., and Klebsiella pneumoniae.
These isolates show a high percentage of resistance
to most commercial antibiotics, this will be a serious
problem that needs attention. Eliminating the
sources of resistance development for multidrug-
resistant bacteria is essential to stop their spread.
Our study had limitations despite some noteworthy
findings, such as its reliance on data from a
diagnostic facility in Semarang, Indonesia. Future
studies aimed at preventing MDR in bloodstream
infections must address these constraints.

Conflict of interest

There is no conflict of interest
Funding statement

None
Data availability

All data generated or analyzed during this
study are included in this puplished article.
Authors’ contribution

All authors made significant contributions
to the work presented, including study design, data
collection, analysis, and interpretation. They also
contributed to the article's writing, revising, or
critical evaluation, gave final approval for the
version to be published.

Acknowledgments

Thanks to the Director of Tugurejo
Hospital, Head of the Department of Microbiology,
Tugurejo Hospital. Semarang. Indonesia for their
support of this study.

References

1- Karchmer AW. Nosocomial bloodstream
infections: Organisms, risk factors, and
implications. Clin Infect Dis 2000; 31(4): 139—
43. doi: 10.1086/314078.

2- Ljungquist O, Blomstergren A, Merkel A,
Sunnerhagen T, Holm K, Torisson G.
Incidence, etiology and temporal trend of

bloodstream infections in southern Sweden



6418

prastiyanto M E et al./ Microbes and Infectious Diseases 2025; 6(4): 6411-6421

from 2006 to 2019: a population-based study.
Eurosurveillance 2023;28 (10). 1-10. doi:
10.2807/1560-7917.ES.2023.28.10.2200519.
Kontula KSK, Skogberg K, Ollgren J.
Population-Based Study of Bloodstream
Infection Incidence and Mortality Rates,
Finland, 2004-2018. Emerg Infect Dis 2021;
27(10):2560-2569. doi:
10.3201/eid2710.204826.

Lugito NPH, Cucunawangsih, Kurniawan A.
A Lethal Case of Sphingomonas paucimobilis
Bacteremia in an Immunocompromised
Patient. Case Rep Infect Dis 2016; 2016:
3294639. doi: 10.1155/2016/3294639

Heston SM, Young RR, Hong H, Akinboyo IC,
Tanaka JS, Martin PL, et al. Microbiology of
Bloodstream Infections in Children after
Hematopoietic Stem Cell Transplantation: A
Single-Center Experience over Two Decades
(1997-2017). Open Forum Infect Dis
2020;7:1-10. doi: 10.1093/ofid/ofaa465.
Bassetti M, Righi E, Carnelutti A. Bloodstream
infections in the Intensive Care Unit. Virulence
2016;7:267-79. doi:
10.1080/21505594.2015.1134072.

Pappa E, Sarris G, Pavlou H, Eforakopoulou
M. Primary and secondary bacteremia caused
by MDR bacteria in ICU patients. Intensive
Care Med Exp 2015; 1;3(Suppl 1): A885.
doi:10.1186/2197-425X-3-S1-A885.

Timsit JF, Ruppé E, Barbier F, Tabah A,
Bassetti M.
critically ill patients: an expert statement.
Intensive Care Med 2020; 46(2): 266—84. doi:
10.1007/s00134-020-05950-6.

Bologa CG, Ursu O, Oprea T, Melangon CE,
Tegos GP. Emerging Trends in the Discovery
of Natural Product Antibacterials. NIH Public
Acces  2013; 13(5): 678-87. doi:
10.1016/j.coph.2013.07.002

Bloodstream infections in

10-Prastiyanto ME, Iswara A, Khairunnisa A,

Sofyantoro F, Siregar AR, Mafiroh WU, et al.
Prevalence and antimicrobial resistance
profiles of multidrug-resistant bacterial
isolates from urinary tract infections in
Indonesian patients: A cross-sectional study.
Clin Infect Pract 2024;22:100359. doi:
10.1016/j.clinpr.2024.100359.

11-Prastiyanto ME, Darmawati S, Daryono BS.

Examining the prevalence and antimicrobial
resistance profiles of multidrug-resistant
bacterial isolates in wound infections from
Indonesian patients. Narra J 2024; 4(2): 1-13.
doi: 10.52225/narra.v4i2.980

12-Prastiyanto ME, Rukmana RM, Saraswati DK,

Darmawati S, Maharani ETW, Tursinawati Y.
Anticancer potential of methanolic extracts
from Pleurotus species on Raji cells and
antibacterial activity against Methicillin-
Resistant Staphylococcus aureus.
Biodiversitas 2020; 21(12):5644-5649. doi:

10.13057/biodiv/d211221.

13- Prastiyanto ME, Tama PD, Ananda N, Wilson

W, Mukaromah AH. Antibacterial Potential of
Jatropha sp. Latex against Multidrug-Resistant
Microbiol 2020;
27:2020:8509650. doi:
10.1155/2020/8509650.

Bacteria. Int J

14-Prastiyanto ME, Darmawati S, Mukaromah

AH. Antibacterial activity of seed kernel
extracts of seven mangoes (Mangifera indica)
cultivars native to Indonesia against MDR-
Pseudomonas aeruginosa isolated from
wounds. Biodiversitas 2022; 23(11): 5629-37.
doi: 10.13057/biodiv/d231112.

15-Prastiyanto ME, Dewi NMBA, Pratiningtias

TD, Pratiwi NMR, Windayani A,
Wahyunengsih E, et al. In vitro antibacterial
activities of crude extracts of nine plants on

multidrug resistant bacterial isolates of wound



Prastiyanto M E et al./ Microbes and Infectious Diseases 2025; 6(4): 6411-6421

6419

infections. Biodiversitas 2021; 22(7): 2641-7.
doi: 10.13057/biodiv/d220712.

16-Prastiyanto ME. Seeds extract of three

Artocarpus species: Their in-vitro antibacterial
activities against multidrug-resistant (MDR)
Escherichia coli isolates from urinary tract
infections (UTIs). Biodiversitas 2021; 22(10):
4356-62. doi: 10.13057/biodiv/d221028.

17-Prastiyanto ME, Kartika Al, Darmawati S,

Radjasa OK. Bioprospecting of bacterial
symbionts of sponge Spongia officinalis from
Savu Sea, Indonesia for antibacterial potential
against multidrug-resistant bacteria.
Biodiversitas 2022; 22(3): 1118-24. doi:
10.13057/biodiv/d230256.

18-Prastiyanto M., Darmawati S, Daryono BS,

Retnaningrum E. Black-Pigmented Marine
Pseudomonas aeruginosa Exhibiting Anti-
Bacterial Activity against Multidrug-Resistant
(MDR) Wound Infection Bacteria. Hayati J
Biosci  2024; 31(5): 880-90. doi:
10.4308/hjb.31.5.880-890.

19-Reale M, Strazzulla A, Quirino A, Rizzo C,

Marano V, Postorino MC, et al. Patterns of
multi-drug resistant bacteria at first culture
from patients admitted to a third level
University hospital in Calabria from 2011 to
2014: Implications for empirical therapy and
infection control. Infez Med 2017; 25(2):98-
107. PMID: 28603227

20-Sakeena MHF, Bennett AA, McLachlan AJ.

Non-prescription sales of antimicrobial agents
at community pharmacies in developing
countries: a systematic review. Int J
Antimicrob Agents 2018; 52(6):771-782. doi:
10.1016/j.ijantimicag.2018.09.022.

21-Akova M. Epidemiology of antimicrobial

resistance in bloodstream infections. Virulence
2016; 7(3):252-66. doi:
10.1080/21505594.2016.1159366.

22-Tanwar J, Das S, Fatima Z, Hameed S.
Multidrug resistance: An emerging crisis.
Interdiscip Perspect Infect Dis 2014; 2014:
541340. doi: 10.1155/2014/541340

23-Banawas SS, Alobaidi AS, Dawoud TM,
AlDehaimi A, Alsubaie FM, Abdel-Hadi A, et
al. Prevalence of Multidrug-Resistant Bacteria
in Healthcare-Associated Bloodstream
Infections at Hospitals in Riyadh, Saudi
Arabia. Pathogens 2023; 12(9): 1075. doi:
10.3390/pathogens12091075

24-Rice LB. Federal Funding for the Study of
Antimicrobial Resistance in Nosocomial
Pathogens: No ESKAPE. J Infect Dis 2008;
197(8): 1079-81. doi: 10.1086/533452

25-Khalili H, lzadpanah M. Antibiotic regimens
for treatment of infections due to multidrug-
resistant Gram-negative pathogens: An
evidence-based literature review. J Res Pharm
Pract 2015; 4(3):105-114. doi: 10.4103/2279-
042X.162360

26-Tosi M, Roat E, De Biasi S, Munari E,
Venturelli S, Coloretti I, et al. Multidrug-
resistant bacteria in critically ill patients: a step
further antibiotic therapy. J Emerg Crit Care
Med 2018; 2(103): 103-103. doi:
10.21037/jeccm.2018.11.08.

27-Ramphal R, Ambrose PG. Extended-spectrum
B-lactamases and clinical outcomes: Current
data. Clin Infect Dis 2006; 42 Suppl 4:5164-
72. doi: 10.1086/500663.

28-Rosenthal VD, Bat-Erdene |, Gupta D,
Belkebir S, Rajhans P, Zand F, et al. Six-year
multicenter study on short-term peripheral
venous catheters-related bloodstream infection
rates in 727 intensive care units of 268
hospitals in 141 cities of 42 countries of Africa,
the Americas, Eastern Mediterranean, Europe,
South East Asia, and Western Pacific Regions:

International Nosocomial Infection Control



prastiyanto M E et al./ Microbes and Infectious Diseases 2025; 6(4): 6411-6421

Consortium (INICC) findings. Infect Control
Hosp Epidemiol 2020 May;41(5):553-563.
doi: 10.1017/ice.2020.20

29- Almaghrabi MK, Joseph MRP, Assiry MM,

Hamid ME.

Acinetobacter baumannii: An Emerging

Multidrug-Resistant

Health Threat in Aseer Region, Kingdom of
Saudi Arabia. Can J Infect Dis Med Microbiol
2018; 2018:9182747. doi:
10.1155/2018/9182747.

30-Averbuch D, Tridello G, Hoek J, Mikulska M,

Akan H, Yailez San Segundo L, et al.
Antimicrobial Resistance in Gram-Negative
Rods Causing Bacteremia in Hematopoietic
Stem Cell Transplant Recipients:
Intercontinental Prospective Study of the
Infectious Diseases Working Party of the
European Bone Marrow Transplantation
Group. Clin Infect Dis 2018; 65(11):1819-
1828. doi: 10.1093/cid/cix646

31-Gilad J, Carmeli Y. Treatment options for

multidrug-resistant  Acinetobacter species.
Drugs 2008; 68(2):165-89. doi:
10.2165/00003495-200868020-00003.

32-Fair RJ, Tor Y. Antibiotics and bacterial

resistance in the 21st century. Perspect
Medicin  Chem  2014: 6:25-64. doi:
10.4137/PMC.S14459.

33-Chopra T, Marchaim D, Awali RA, Krishna A,

Johnson P, Tansek R, et al. Epidemiology of
bloodstream infections caused by
Acinetobacter baumannii and impact of drug
resistance to both carbapenems and ampicillin-
sulbactam on clinical outcomes. Antimicrob
Agents Chemother 2013; 57(12):6270-5. doi:
10.1128/AAC.01520-13.

bacteria? GMS Hyg Infect Control 2017
12:Doc05. doi: 10.3205/dgkh000290.

35-Keen EF, Robinson BJ, Hospenthal DR,

Aldous WK, Wolf SE, Chung KK, et al.
Prevalence of multidrug-resistant organisms
recovered at a military burn center. Burns
2010; 36(6): 819-25. doi:
10.1016/j.burns.2009.10.013

36-Daga AP, Koga VL, Soncini JGM, De Matos

CM, Perugini MRE, Pelisson M, et al.
Escherichia coli Bloodstream Infections in
Patients at a University Hospital: Virulence
factors and clinical characteristics. Front Cell
Infect Microbiol 2019; 9: 191. doi:
10.3389/fcimb.2019.00191.

37-Mora-Rillo M, Fernandez-Romero N,

Navarro-San Francisco C, Diez-Sebastian J,
Romero-Gomez MP, Fernandez FA, et al.
Impact of virulence genes on sepsis severity
and survival in Escherichia coli bacteremia.
Virulence  2015; 6(1): 93-100. doi:
10.4161/21505594.2014.991234

38-Usein CR, Papagheorghe R, Oprea M, Condei

M, Straut M. Molecular characterization of
bacteremic  Escherichia coli isolates in
Romania. Folia Microbiol (Praha) 2016;
61(3):221-6. doi: 10.1007/s12223-015-0427-6

39-Magill SS, Edwards JR, Bamberg W, Beldavs

ZG, Dumyati G, Kainer MA, et al. Multistate
Point-Prevalence Survey of Health Care-
Associated Infections. N Engl J Med 2014;
370(13):1198-208. doi:
10.1056/NEJM0a1306801

40-Di Franco S, Alfieri A, Pace MC, Sansone P,

Pota V, Fittipaldi C, et al. Bloodstream
infections from MDR bacteria. Life 2021;

34-Exner M, Bhattacharya S, Christiansen B, 11(6):575. doi: 10.3390/1ife11060575.
41-Hafiz TA, Alanazi S, Alghamdi SS, Mubaraki
MA, Aljabr W, Madkhali N, et al. Klebsiella

about  multidrug-resistant ~ Gram-negative pneumoniae  bacteremia  epidemiology:

Gebel J, Goroncy-Bermes P, Hartemann P, et

al. Antibiotic resistance: What is so special



Prastiyanto M E et al./ Microbes and Infectious Diseases 2025; 6(4): 6411-6421
6421

resistance profiles and clinical outcome of 48(1):300060519829987. doi:
King Fahad Medical City isolates, Riyadh, 10.1177/0300060519829987.
Saudi Arabia. BMC Infect Dis 2023; 23(1):
579. doi: 10.1186/s12879-023-08563-8.

42-Gaston RT, Ramroop S, Habyarimana F. Joint
modeling of malaria and anemia in children
less than five years of age in Malawi. Heliyon
2021; 7(5): €06899. doi:
10.1016/j.heliyon.2021.e06899

43-Karam EA, Mohamed MA, Gad WH, Lotfy
GS. Prevalence of microbial pathogens in
blood cultures: an etiological and
histopathological study. J Taibah Univ Sci
2010; 3:23-32. d0i:10.1016/S1658-
3655(12)60017-X.

44-Lam JC, Stokes W. The Golden Grapes of
Wrath — Staphylococcus aureus Bacteremia: A
Clinical Review. Am J Med 2023; 136(1):19-
26. doi: 10.1016/j.amjmed.2022.09.017

45-Chambers HF, DelLeo FR. Waves of
resistance: Staphylococcus aureus in the
antibiotic era. Nat Rev Microbiol 2009;
7(9):629-41. doi: 10.1038/nrmicro2200

46-Duin DV, Doi Y. The global epidemiology of
carbapenemase-producing Enterobacteriaceae.
Virulence  2017; 8(4): 460-9. doi:
10.1080/21505594.2016.1222343.

47-Wang M, Wei H, Zhao Y, Shang L, Di L, Lyu
C, et al. Analysis of multidrug-resistant
bacteria in 3223 patients with hospital-
acquired infections (HAI) from a tertiary
general hospital in China. Bosn J Basic Med
Sci 2019; 19(2): 86-93. doi:
10.17305/bjbms.2018.3826

48- Almulhim AS, Alamer A. The prevalence of
resistant Gram-negative bacteremia among
hospitalized patients in Tucson, Arizona over a
12-month period; A retrospective single-center
study. J Int Med Res  2020;

Prastiyanto ME, Hikmah AN, Sulistyaningtyas AR, Darmawati S, Khairunnisa A, Santosa B, Koyou HL, Nagib A,
Salleh MN. The Diversity of multidrug-resistant bacteria in bloodstream infection from Indonesian patients.
Microbes Infect Dis 2025; 6(4): 6411-6421.



