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ABSTRACT

Antimicrobial resistance is a growing global health threat and is projected to
cause up to 10 million deaths per year by 2050. Klebsiella pneumoniae is a
priority pathogen due to its multidrug resistance (MDR) mechanisms, such as
extended-spectrum B-lactamases and carbapenemases, which significantly limit
therapeutic options and increase the need for antimicrobial alternatives. This
study aimed to isolate and quantify active lytic bacteriophages capable of
infecting clinical MDR K. pneumoniae from river water samples. Water samples
were processed by centrifugation and membrane filtration to remove debris and
bacterial cells, then incubated with MDR K. pneumoniae in Luria broth at 37°C to
enhance phage adsorption and amplification. Phage detection and enumeration
were performed using the double-layer agar method. Plague morphology was
observed to confirm lytic activity, while serial dilutions were used to determine
phage titer. Several lytic bacteriophages were successfully isolated from river
water samples. The plagues formed were clear, spherical, and well-defined, with
some exhibiting halos indicative of possible depolymerase activity. Phage titers
ranged from 1.28 x 10° to 2.00 x 10° PFU/mL, indicating efficient replication
against MDR K. pneumoniae without repeated enrichment processes. River water
is a potential source of lytic bacteriophages capable of infecting MDR K.
pneumoniae. These findings emphasize the role of aquatic environments as
natural reservoirs of phages with potential use in the development of future
antimicrobial or biocontrol strategies and support the need for further studies on
the host range, stability, and therapeutic applications of the isolated phages.
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economic burdens of up to US$730 billion for managing

iThe WHO Global Antimicrobial Resistance Surveillance
System (GLASS) has been monitoring priority pathogens,
including  Klebsiella  pneumoniae, since 2015.
Implementation of GLASS recommendations in Africa
shows variable progress, with K. pneumoniae recovered
from 68.3% of blood samples and 68.1% of urine samples
in surveillance studies. However, no studies tested all
recommended pathogen-antibiotic combinations [1].
Antimicrobial resistance (AMR) represents a critical global
health crisis, projected to cause 10 million deaths annually
by 2050 without effective interventions[2],[3]. Currently,
AMR contributes to approximately 4.95 million deaths
each year, with potential economic losses up to US$100
trillion [4]. More recent estimates indicate annual

AMR-related diseases [5]. These figures emphasize that
AMR is not only a medical challenge but also a socio-
economic threat requiring immediate solutions. One
pathogen prioritized by the World Health Organization is
Klebsiella pneumoniae, due to its rising resistance and its
role as a major cause of healthcare-associated infections
[6]. This pathogen possesses multiple resistance
mechanisms, including extended-spectrum B-lactamase
(ESBL) production, efflux pumps, and carbapenemases,
all of which significantly limit therapeutic options [7],[8].
The situation is further aggravated by the emergence of
hypervirulent strains that increase morbidity and mortality
[6]. According to WHO GLASS (2018), ESBL-producing
E. coli and K. pneumoniae are leading causes of
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bacteremia and nosocomial infections in Southeast Asia,
including Indonesia [9]. MDR K. pneumoniae prevalence
in the region reaches 55%, with 27% being ESBL
producers [10]. Outbreaks in India involving carbapenem-
resistant K. pneumoniae (CRKP) harboring blaOXA-48
and blaNDM genes demonstrated high mortality rates and
rapid inter-hospital spread [11]. These findings highlight
the urgent need for novel strategies to combat antibiotic-
resistant K. pneumoniae.

Phage therapy has emerged as a promising alternative
other than herbal medicines in fighting drug-resistant
pathogens[12],[13],[14]. Lytic bacteriophages specifically
target and lyse bacteria without disturbing the host
microbiota [15]. Bacteriophages show significant promise
in combating Klebsiella pneumoniae biofilms, offering
alternatives to conventional antibiotic treatments.

Characterized phage PG14, which demonstrated
effective  biofilm inhibition and disruption against
carbapenem-resistant  K.pneumoniae, with  rapid

adsorption (>90% within 12 minutes) and no antimicrobial
resistance genes [16]. Similarly, phages
vB_KpnA_GBHO014 and vB_KpnM_GBHO019 significantly
prevented and disrupted biofilms from clinical K.
pneumoniae isolates. These phages were successfully
incorporated into alginate hydrogels, creating antibiofilm
surfaces with dramatically reduced bacterial counts (from
108 to 10%-10? cfu/ml) compared to controls[17]. Both in
vitro and in vivo studies have shown phage effectiveness
against MDR K. pneumoniae, with advantages including
self-replication, co-evolution with bacterial hosts to
prevent resistance, and minimal disruption of commensal
flora [18],[19]. Recent research has focused on isolating
and characterizing bacteriophages targeting K.
pneumoniae from various water sources. Fang et al.
isolated two Iytic phages, P24 and P39, which
demonstrated strong activity against carbapenem-
resistant K. pneumoniae, exhibiting large burst sizes and
potential for intestinal decolonization in mice [20].
Combining phages with antibiotics has further enhanced
efficacy and, in some cases, reversed resistance [21].
Recent reviews reinforce the therapeutic promise of
phages, whether as phage cocktails, phage-derived
enzymes, or synergistic antibiotic combinations [22],[23].

In Indonesia, research on therapeutic phage
applications remains limited. A review of available
literature revealed no published studies describing the
isolation of Klebsiella pneumoniae phages from river or
wastewater  samples[24],[25],[26],[27],[28].  Existing
investigations have primarily focused on environmental
phage isolation targeting other clinical pathogens like
Escherichia coli [28] and Staphylococcus aureus [25] or
in vitro characterization without therapeutic validation.
This highlights a significant research gap in the discovery
and application of indigenous bacteriophages as potential
therapeutic agents against K. pneumoniae infections in

Indonesia. An essential first step in phage therapy
development is the isolation and characterization of
bacteriophages from the environment. Several studies
have successfully isolated highly lytic phages against
MDR K. pneumoniae [23],[29],[30],[31]. Environmental
sources such as rivers, hospital wastewater, and
contaminated water systems are known to harbor diverse
phages with significant potential against clinical MDR
isolates [32],[33],[34],[35]. Likewise, the widespread
presence of MDR K. pneumoniae in surface waters, river
estuaries, and wastewater strengthens the urgency of
isolating phages from these environments [29],[36],[37].
Thus, exploring natural phage reservoirs is not only
scientifically relevant but also essential for developing
alternative therapeutic approaches against MDR K.
pneumoniae.

Despite these advances, many countries have
reported environmental phages active against MDR K.
pneumoniae, Indonesia lacks baseline data on natural
lytic phages against clinical MDR strains, particularly from
natural water sources in Banten Province, Indonesia, from
the Cisadane River, which is highly exposed to hospital
and community waste. This indicates a clear research gap
in identifying naturally occurring bacteriophages in this
region, especially those capable of lysing multidrug-
resistant (MDR) K. pneumoniae. Previous studies
conducted in other areas have demonstrated that river
and freshwater environments serve as rich reservoirs of
bacteriophages active against MDR K. pneumoniae when
isolated using the double-layer agar (DLA) method. For
instance, Balcédo et al. successfully isolated a novel lytic
bacteriophage from river water employing the DLA
technique, which exhibited strong lytic activity and stability
under varying environmental conditions [38]. Similarly,
Peng et al. reported the isolation of bacteriophage
vB_Kp_XP4 from freshwater sources using the same
approach, showing potent infectivity against hypervirulent
and MDR K. pneumoniae strains [19]. Nepal et al. also
utilized the DLA assay to isolate and quantify
bacteriophages infecting MDR Klebsiella and other
Enterobacteriaceae  from  environmental sources,
confirming the robustness of this method for phage
detection and enumeration [33]. Therefore, this study
aims to isolate, quantify, and characterize lIytic
bacteriophages from Cisadane River water as a potential
reservoir for phage therapy development in Indonesia.
This research directly addresses a critical knowledge gap
by employing the DLA method to detect and quantify lytic
bacteriophages from river water using clinical isolates of
K. pneumoniae as hosts, without prior enrichment.
Establishing baseline data from this location is essential
not only for expanding the understanding of natural phage
reservoirs in Indonesia but also for providing a foundation
for future applications in phage therapy. The contributions
of this study are 1) isolation of Iytic bacteriophages from
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river water contaminated with hospital effluents in
Tangerang, Banten, 2) determination of bacteriophage
titers and plague morphology against clinical K.
pneumoniae isolates, 3) identification of potential
depolymerase activity indicated by halo zones
surrounding plaques, and 4) providing baseline data for
bacteriophage therapy and environmental surveillance in
Indonesia. This study is structured as follows: Section Il
discusses the theoretical background, data acquisition,
data processing, and data analysis. Section Il displays
the results of bacteriophage isolation and titration. Section
IV discusses the interpretation and comparison of the
results with other studies, as well as the limitations.

Section V displays conclusions which rewrite the
objectives, main findings, and future works.

Il. MATERIALS AND METHOD

A. Theoretical Background

Bacteriophages are viruses that specifically infect

bacteria, acting as natural bacterial predators and
potential alternatives to antibiotics for multidrug-resistant
infections. The double-layer agar technique remains the
gold standard for phage isolation and enumeration, as it
enables visualization of phage-induced bacterial lysis as
plagues. This method provides both qualitative and
quantitative data regarding phage activity and
concentration, serving as a reference approach for phage
screening, propagation, and titration [39],[40].

B. Data Acquisition

Clinical isolates of Klebsiella pneumoniae were obtained
from human clinical specimens provided by a
collaborating hospital laboratory. Environmental water
samples were collected from the Sukamandi segment of
the Cisadane River, located in Neglasari, Tangerang,
Indonesia. This site receives mixed discharges from
hospital and community wastewater sources, providing a
potential reservoir of bacteriophages targeting multidrug-
resistant bacteria.

Each sample (500 mL) was collected aseptically in
sterile plastic bottles, stored at 4 °C, and processed within
24 h to minimize phage degradation and bacterial
overgrowth. River water samples were centrifuged at
10,000 x g for 10 min to sediment large particles and cells
[41]. The resulting supernatant was filtered through
regenerated cellulose (RC) membranes with a 0.22 um
pore size to remove residual bacterial cells and debris.
The clarified filtrate was then mixed with exponential-
phase K. pneumoniae host cultures adjusted to a turbidity
equivalent to 0.5 McFarland standard in nutrient broth
supplemented with 10 mM CacCl, and 10 mM MgSO, to
facilitate phage adsorption. The mixture was combined
with molten soft agar (0.7% w/v, ~45 °C) and poured onto
Luria—Bertani (LB) agar plates. Plates were incubated at
37 °C for 18-24 h. The formation of clear plaques on the

bacterial lawn indicated the

bacteriophages.

C. Data Processing and Data Analysis

Lytic activity was confirmed by observing plaque
formation on bacterial lawns. Quantitative titration was
conducted through serial dilution using the DLA method
as follows: phage lysates were diluted from 1071 to 1073,
and 100 pL of each dilution was mixed with 200 L of host
culture (log phase) and 3 mL of molten soft agar. The
mixture was overlaid onto LB agar and incubated at 37 °C
for 18-24 h. Plates containing 30-300 plaques were
selected for counting. Phage titer (PFU/mL) was

calculated using the standard formula:

_ NXF
Titer (PFU/mL) = v

presence of Iytic

Description:

N = number of plagques,

F = dilution factor (e.g., 10° for 107%),
V = plated phage volume (mL).

For this study, dilutions were prepared up to 107° to
determine final titers. Phage titers (PFU/mL) were
determined from plaque counts obtained through
standard double-layer agar assays across serial dilutions.
Because only single primary isolates were tested without
biological or technical replicates, no inferential statistical
comparisons were performed. However, to express the
stochastic uncertainty associated with individual plaque
counts, 95% confidence intervals were calculated under a
Poisson model, assuming plaque formation events occur
independently [33]. The lower and upper bounds were
derived using the exact Poisson method based on chi-
square quantiles and then converted into PFU/mL using
the corresponding dilution factor and plated volume
according to:

UXF

LXF
PFU/mL lower = -0 PFU/mL upper = -~

Where L and U are the lower and upper Poisson
confidence limits, respectively.

lll. RESULTS
A. Confirmation  of
(Qualitative Detection)
The presence of bacteriophages in one out of five river
water samples was confirmed by the appearance of
plaques on the bacterial lawn of K. pneumoniae after 18—
24 h of incubation at 37 °C, as shown in Fig. 1. In addition
to plagues on overlay agar, quadrantal streak assays
revealed lytic zones forming streak patterns, further
confirming phage activity. Plaques were typically round
with distinct edges, and their clarity indicated complete
bacterial lysis. Plaque morphology varied slightly in
diameter (0.5-2 mm), suggesting possible heterogeneity
in phage particle size or adsorption kinetics, as shown in
Error! Reference source not found.. The results
indicate that K. pneumoniae-specific lytic phages were

Bacteriophage  Presence
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successfully isolated from environmental samples
collected from the Cisadane River, Neglasari, Tangerang.

Fig. 1. Representative clear plaques formed on
K.pneumoniae lawns by the DLA method, and lytic
zones observed in the quadrant-streak assay,
confirming phage activity.
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Fig. 2. Variation in plaque size and density across
dilution series (107-107%).

B. Phage Titration (Quantitative Assessment by DLA)
Phage titration yielded plaque counts across serial
dilutions (107*—107°), with results summarized in Table 1.
Quantification was performed using the double-layer agar
(DLA) method, and plaque counts were converted to
phage titers expressed as PFU/mL.

Table 1. Plaque counts and calculated phage titers
against K. pneumoniae (dilution series 1071-107%).

107® 5 10° 2.00 x 10¢

As shown in Table 1, plague counts ranged from 5 to
40, yielding phage titers between 1.28 x 103 and 2.00 x
10° PFU/mL. The maximum titer was obtained at the 1075
dilution, while the lowest titer appeared at the 107!
dilution. These findings suggest that the isolated
bacteriophage exhibited moderate infectivity toward K.
pneumoniae.

C. Statistical Evaluation Using Poisson Distribution
To evaluate the consistency and reliability of the plaque
count data, Poisson distribution analysis was applied, as
this model assumes random, independent events of
phage infection on the bacterial lawn. The standard
deviation (SD) for each dilution was estimated using the
square root of the observed plaque number (SD = VN),
and 95% confidence intervals (ClI) were calculated using
N + 1.96 x YN. The results are summarized in Table 2,
showing that the coefficient of variation (CV = SD / N x
100%) ranged from 7.8% to 44.0%, indicating good
reproducibility for plaque counts within the range of 20—
40 plagues. This finding supports the reliability of the
titration results, particularly for dilutions 1073 and 1074,
which fall within the ideal countable range (20-200
plagues).

Table 2. Statistical analysis of plaque counts using
Poisson distribution (95% CI).

Plate Plaque
Count YN 95% CI (N %1.96 x VN) CV (%)
Code
(N)

1071 32 5.66 1.28 x 103 17.7
1072 28  5.29 1.12 x 104 18.9
1073 35 592 1.40 x 10° 16.9
107 40  6.32 1.60 x 10° 15,8
10°° 5 2.24 2.00 x 10° 44.8

Plate Plague Dilution Phage Titer
Code Count (N) Factor (F) (PFU/mL)
1071 32 10 1.28 x 108
1072 28 102 1.12 x 104
1073 35 103 1.40 x 10°
107 40 10 1.60 x 10°

These statistical results demonstrate that plaque
counts at moderate dilutions (1072 to 107*) showed low
variability and acceptable statistical precision (CV < 20%).
The high CV at 107° is attributed to the low plaque
number, which increases counting uncertainty. Overall,
the calculated titers and Poisson analysis confirm that the
bacteriophage isolated from the sample produced
consistent and countable plaques suitable for further
characterization.

IV. DISCUSSION
A. Isolation and Detection of Bacteriophages

The successful isolation of lytic bacteriophages from
Cisadane River water demonstrates that naturally
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occurring phages persist in aquatic environments
exposed to both hospital and community wastewater. The
presence of clear plaques on K. pneumoniae lawns (Fig.
1) confirmed active lytic infection, aligning with previous
studies that environmental waters serve as rich reservoirs
of bacteriophages against multidrug-resistant (MDR)
pathogens [1],[42],[19], [38],[43]. Quantitatively, phage
titers obtained via the double-layer agar (DLA) method
ranged from 1.28 x 10° to 2.00 x 10° PFU/mL (Table 1).
Statistical evaluation using the Poisson distribution
indicated moderate variation at higher dilutions (Table 2),
reflecting the stochastic distribution of phage particles
within environmental samples rather than technical error.
These results underscore the natural heterogeneity of
phage populations in river waters, consistent with
previous observations of variable environmental phage
loads [3],[37],[44]. Moreover, differences in plaque size
and density suggest the presence of multiple phage
morphotypes, possibly reflecting distinct adsorption
kinetics, latent periods, or burst sizes. Such heterogeneity
may influence downstream applications, including phage
therapy formulation and environmental biocontrol
[29],[30].

B. Environmental and Clinical Relevance

The isolation of phages capable of lysing MDR K.
pneumoniae from the Cisadane River highlights the
potential of local aquatic environments as reservoirs of
therapeutically relevant bacteriophages. Rivers receiving
hospital effluents provide ecological niches for the co-
evolution of phages and antibiotic-resistant bacteria,
enhancing phage diversity and potentially selecting for
broad-spectrum lytic activity [4],[5]. Plague morphology
observed in the double-layer agar (DLA) assays provided
insight into the phenotypic diversity and functional
potential of the isolated phages. Most plaques displayed
clear lysis zones surrounded by peripheral halos, a
pattern frequently associated with phage-encoded
depolymerases. These specialized enzymes, typically
located on phage tail fibers, degrade bacterial capsular
polysaccharides, thereby generating the characteristic
halo zones around plaques [45]. Functional domain
analyses in previous studies have identified motifs within
these depolymerases, such as pectin lyase-like and
glycosidase domains, that facilitate capsule degradation
and determine host specificity[45]. The observed halo
structures in this study, although not biochemically
confirmed, are consistent with such depolymerase activity
and suggest the potential presence of enzymes capable
of degrading the capsular or exopolysaccharide layers of
Klebsiella pneumoniae. This activity is particularly
important, as capsule degradation enhances phage
access to bacterial cell surfaces, disrupts biofilms, and
improves antibacterial efficacy [7],[46],[47]. Differences in
plague size, edge clarity, and halo intensity may further
reflect variations in adsorption rate, burst size, or
enzymatic efficiency among individual phages [48],[49].
Although biochemical confirmation was not performed in
this study, the halo structures observed are consistent
with reports where phage depolymerases enhanced

biofim clearance, an important consideration for

therapeutic applications against biofilm-associated K.

pneumoniae infections [16],[17],[50].

C. Variability Across Samples and Statistical
Considerations

The observed variability in phage titers across serial
dilutions underscores the critical importance of
incorporating statistical considerations when interpreting
data derived from environmental phage isolations. Such
variability likely reflects both intrinsic factors, such as the
heterogeneity of initial phage densities in environmental
matrices [51], and extrinsic technical factors introduced
during the double-layer agar procedure. Variations in
bacterial lawn uniformity, mixing efficiency, and pipetting
accuracy may further influence plague formation and
enumeration. According to established plaque assay
standards, only plates vyielding 30-300 plaques are
recommended for robust titer estimation, as they provide
a balance between statistical precision and countability
[52]. In this study, lower dilutions (107%) often produced
confluent lysis and uncountable plaques due to crowding
effects, whereas intermediate dilutions (1073-107%)
yielded discrete, well-defined plaques with coefficients of
variation below 20%. These findings indicate that
moderate dilutions offer the most reliable representation
of phage abundance and activity [53], reinforcing the need
for methodological standardization when assessing
environmental phage populations.

Beyond methodological optimization, the observed
variability has broader implications for the reproducibility
and scalability of phage research. Accurate and
consistent quantification is fundamental to ensuring the
reliability of downstream applications, including phage
biobanking, comparative host range studies, and
therapeutic screening [53],[54]. When phage titers are
measured within the statistically optimal range, inter-
sample comparisons become more meaningful and
biologically interpretable. Furthermore, extending future
studies to include replicate sampling across multiple
environmental sites and time points would enable a more
comprehensive understanding of temporal and spatial
fluctuations in phage abundance. Such systematic
approaches would enhance the representativeness of
environmental phage libraries and facilitate the
identification of robust, high-potency candidates for
therapeutic development, particularly those active against
clinically significant pathogens such as Klebsiella
pneumoniae.

D. Implications for Phage Therapy

The isolated lytic bacteriophages represent promising
candidates for phage therapy, particularly against MDR K.
pneumoniae, a WHO-priority pathogen [6]. Environmental
phages may offer advantages such as adaptation to local
bacterial strains, potentially increasing efficacy in region-
specific applications [9],[10]. The presence of halo-
forming phages further suggests potential anti-biofilm
activity, critical for combating persistent infections
associated with indwelling medical devices or chronic
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wounds[7],[16],[17]. One notable limitation of lytic phages
is their inherently narrow host range, which confines their
activity to specific bacterial targets, such as Klebsiella
spp., and may limit broader therapeutic applicability.
However, in precision medicine, this high specificity is
beneficial [55]. When used in vivo, such targeted activity
minimizes collateral effects on the normal microbiota,
thereby reducing the risk of dysbiosis and preserving
microbial homeostasis [55],[56]. Comprehensive host
range testing across diverse K. pneumoniae isolates and
other clinically relevant Enterobacteriaceae is necessary
to assess the spectrum of activity and ensure specificity
[1],[57]. The phage also shows potential for application as
a biocontrol agent against multidrug-resistant Klebsiella
pneumoniae in wastewater treatment facilities prior to
discharge into natural water bodies [58]. Because the
phage was isolated from the environment, it is likely to
exhibit enhanced stability and persistence under
environmental conditions, supporting its efficacy as a
biocontrol agent [59]. However, its high host specificity
presents a limitation, as it would selectively target K.
pneumoniae while leaving other clinically relevant
Enterobacteriaceae that may also require control
unaffected. This limitation can be addressed by
employing a phage cocktail composed of multiple lytic
phages with complementary host ranges, thereby
broadening the overall spectrum of activity [60].

E. Study Limitations and Future Directions

While this study demonstrates the feasibility of isolating
lytic phages from river water, several limitations must be
addressed in future research:

1. Single-point sampling: Only one location and sampling
time were assessed, limiting ecological inference.
Multi-site and temporal studies are recommended to
evaluate phage abundance dynamics.

2. Absence of molecular confirmation: Phage identity,
genome content, and potential lysogeny were not
verified. Whole-genome sequencing and
bioinformatics analyses are essential in ensuring
phage safety for therapeutic use [61]. This process
helps to identify and exclude any phages carrying
undesirable genes, particularly those associated with
lysogeny (such as integrases, repressors, or
excisionases) that enable the phage to integrate into
the bacterial chromosome and potentially transfer
harmful genetic material [62],[63]. It also screens for
virulence or toxin-related genes that could enhance
bacterial pathogenicity or pose risks to patients[64].

3. Host range and functional activity: The current study
focused on a single K. pneumoniae host. Expanded
host range testing, alongside depolymerase and
antibiofilm assays, would strengthen translational
relevance. Functional assays for depolymerase
activity would provide further evidence for clinical or
biocontrol applications.

4. Environmental stability: Factors such as temperature,
pH, and river flow may affect phage survival and
efficacy. Controlled studies to evaluate environmental
stability will inform practical applications.

Addressing these aspects will enhance the
translational value of environmental phage isolates and
support the development of phage-based therapeutics in
Indonesia. Establishing a local phage library could
facilitate personalized therapy and contribute to
antimicrobial stewardship programs, particularly in
regions facing high MDR K. pneumoniae prevalence [23].

V. CONCLUSION

This study aimed to isolate and characterize lytic
bacteriophages from the Cisadane River in Tangerang,
targeting multidrug-resistant Klebsiella pneumoniae
clinical isolates. Lytic phages were successfully isolated
by the double-layer agar (DLA) method, producing clear
plaques with halo zones, and titers ranging from 1.28 x
10® to 2.00 x 10° PFU/mL. The Poisson distribution
analysis showed moderate variability in plaque counts,
indicating natural distribution rather than technical errors.
The presence of halos implies potential depolymerase
activity, which could enhance phage therapeutic efficacy.
This work represents the first isolation of K. pneumoniae
phages from an environmental source in Banten
Province. Future research should involve multi-site
sampling, host-range testing, genome sequencing to
confirm the absence of virulence genes, and functional
enzyme assays to confirm depolymerase activity for
therapeutic and biocontrol applications.

REFERENCES

[1] M. Hope et al.,, “Progress on implementing the
WHO-GLASS recommendations on  priority
pathogen-antibiotic sensitivity testing in Africa: A
scoping review,” Wellcome Open Res., vol. 9, p.
692, 2024, doi:
10.12688/wellcomeopenres.23133.1.

[2] D. I. Swerdlow, M. Michail, and K. Zacharias, Role
of Conventional Risk Factors in Genetic
Susceptibility to Cardiovascular Diseases. Elsevier
Inc., 2016. doi: 10.1016/B978-0-12-803312-
8.00008-2.

[3] K. W. K. Tang, B. C. Millar, and J. E. Moore,
“Antimicrobial Resistance (AMR),” Br. J. Biomed.
Sci., vol. 80, no. June, pp. 1-11, 2023, doi:
10.3389/bjbs.2023.11387.

[4]  J. Cooke, “Antimicrobial resistance: a major priority
for global focus,” Eur. J. Hosp. Pharm., vol. 29, no.
2, pp. 63—-64, 2022, doi: 10.1136/ejhpharm-2022-
003241.

[5] Z. Ye, M. Li, Y. Jing, K. Liu, Y. Wu, and Z. Peng,
“What Are the Drivers Triggering Antimicrobial
Resistance Emergence and Spread? Outlook from
a One Health Perspective,” Antibiotics, vol. 14, no.
6, pp. 1-23, 2025, doi:
10.3390/antibiotics14060543.

[6] V. Arato, M. M. Raso, G. Gasperini, F. B. Scorza,
and F. Micoli, “Prophylaxis and treatment against
klebsiella pneumoniae: Current insights on this
emerging anti-microbial resistant global threat,” Int.

Corresponding author: Aminah Aminah, aminah@poltekkesbanten.ac.id, Department of Medical Laboratory Technology, Poltekkes Kemenkes

Banten, No. 12, Syekh Moh. Nawawi Albantani Street, Banjaragung, Cipocok Jaya District, Serang City, Banten 42122.

DOI: https://doi.org/10.35882/teknokes.v18i4.113

Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

277


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:aminah@poltekkesbanten.ac.id
https://doi.org/10.35882/teknokes.v18i4.113
https://creativecommons.org/licenses/by-sa/4.0/

Jurnal Teknokes

Homepage: teknokes.org; Vol. 18, No. 4, pp. 272-281, December 2025;

e-ISSN: 2407-8964
p-ISSN: 1907-7904

(7]

(8]

&

(10]

(11]

(12]

(13]

(14]

(19]

(16]

J. Mol. Sci.,, vol. 22, no. 8,
10.3390/ijms22084042.

S. Shah, P. Adhikari, P. Upadhaya, and P. Shah,
“Clinical, Bacteriological and Radiological Study of
Community Acquired Pneumonia Cases at Tertiary
Medical Center in Kathmandu, Nepal,” Nepal Med.
Coll. J., vol. 22, no. 1-2, pp. 1-7, 2020, doi:
10.3126/nmc;j.v22i1-2.29995.

T. Karampatakis, K. Tsergouli, and P. Behzadi,
“Carbapenem-Resistant Klebsiella pneumoniae:
Virulence Factors, Molecular Epidemiology and
Latest Updates in Treatment Options,” Antibiotics,
vol. 12, no. 2, 2023, doi:
10.3390/antibiotics12020234.

S. Sunarno, N. Puspandari, F. Fitriana, U. A.
Nikmah, H. H. Idrus, and N. S. D. Panjaitan,
“Extended spectrum beta lactamase (ESBL)-
producing Escherichia coli and Klebsiella
pneumoniae in Indonesia and South East Asian
countries: GLASS Data 2018,” AIMS Microbiol.,
vol. 9, no. 2, pp. 218-227, 2023, doi:
10.3934/microbiol.2023013.

A. Salawudeen et al., “Epidemiology of multidrug-
resistant Klebsiella pneumoniae infection in clinical
setting in South-Eastern Asia: a systematic review
and meta-analysis,” Antimicrob. Resist. Infect.
Control, vol. 12, no. 1, pp. 1-14, 2023, doi:
10.1186/s13756-023-01346-5.

S. Sharma, T. Banerjee, A. Kumar, G. Yadav, and
S. Basu, “Extensive outbreak of colistin resistant,
carbapenemase (bla OXA-48, bla NDM) producing
Klebsiella pneumoniae in a large tertiary care
hospital, India,” Antimicrob. Resist. Infect. Control,
vol. 11, no. 1, pp. 1-9, 2022, doi: 10.1186/s13756-
021-01048-w.

R. Bushra, Z. Ahmed, S. Naeem, and J. Ishaq,
“Curbing Anti-Microbial Resistance of Synthetic
Medicinal Agents Using Herbal Drug Alternatives:
Current Trends And Future Insights,” Prospect.
Pharm. Sci., vol. 23, no. 2, pp. 50-66, 2025, doi:
10.56782/pps.341.

M. M. Ahmed, H. E. Khadum, and H. M. S. Jassam,
“Medicinal Herbs as Novel Therapies against
Antibiotic-Resistant Bacteria,” Res. J. Pharm.
Technol., vol. 16, no. 1, pp. 62—-66, 2023, doi:
10.52711/0974-360X.2023.00011.

A. |. Saputra and K. A. Putri, “Comparative in Vitro
Antibacterial Activity of Red Ginger ( Zingiber
Officinale Var . Rubrum ) Extract and Conventional
Antibiotics Against Pathogenic Escherichia Coli,”
Teknokes J., vol. 18, no. 3, pp. 174-181, 2025.

M. Hosseini Hooshiar et al., “The potential use of
bacteriophages as antibacterial agents in dental
infection,” Virol. J. , vol. 21, no. 1, 2024, doi:
10.1186/s12985-024-02510-y.

M. S. Mulani, S. N. Kumkar, and K. R. Pardesi,
“ Characterization of Novel Klebsiella Phage PG14
and Its Antibiofilm Efficacy ,” Microbiol. Spectr., vol.
10, no. 6, 2022, doi: 10.1128/spectrum.01994-22.

2021, doi:

(17]

(18]

[19]

[20]

(21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

H. R. Ali, C. Valdivia, and D. Negus,
“Bacteriophage-embedded and coated alginate
layers inhibit biofilm formation by clinical strains of
Klebsiella pneumoniae,” J. Appl. Microbiol., vol.
136, no. 5, 2025, doi: 10.1093/jambio/Ixaf099.

S. Abbas et al., “Bacteriophage therapy: a possible
alternative therapy against antibiotic-resistant
strains of Klebsiella pneumoniae,” Front. Microbiol.,
vol. 16, 2025, doi: 10.3389/fmich.2025.1443430.
X. Peng et al., “Isolation, characterization, and
genomic analysis of a novel bacteriophage
vB_Kp_XP4 targeting hypervirulent and multidrug-
resistant Klebsiella pneumoniae,” Front. Microbiol.,
vol. 16, no. March, 2025, doi:
10.3389/fmich.2025.1491961.

Q. Fang, Y. Feng, A. McNally, and Z. Zong,
“Characterization of phage resistance and phages
capable of intestinal decolonization  of
carbapenem-resistant Klebsiella pneumoniae in
mice,” Commun. Biol., vol. 5, no. 1, 2022, doi:
10.1038/s42003-022-03001-y.

C. Anastassopoulou, S. Ferous, A. Petsimeri, G.
Gioula, and A. Tsakris, “Phage-Based Therapy in
Combination with  Antibiotics: A Promising
Alternative against Multidrug-Resistant Gram-
Negative Pathogens,” Pathogens, vol. 13, no. 10,
2024, doi: 10.3390/pathogens13100896.

J. Xing et al.,, “Revisiting therapeutic options
against resistant klebsiella pneumoniae infection:
Phage therapy is key,” Microbiol. Res., vol. 293, no.
October 2024, p. 128083, 2025, doi:
10.1016/j.micres.2025.128083.

X. Kou, X. Yang, and R. Zheng, “Challenges and
opportunities of phage therapy for Klebsiella
pneumoniae infections,” Appl. Environ. Microbiol.,
vol. 90, no. 10, 2024, doi: 10.1128/aem.01353-24.
A. S. Kinanti, A. A. Prihanto, and Y. D. W. .
Jatmiko, “Phage diversity from shrimp ponds
underpinning multi-host lytic activity in Vibrio
pathogens,” Biodiversitas, vol. 26, no. 9, pp. 4457—
4464, 2025, doi: 10.13057/biodiv/d260918.

H. Ramadhani et al., “Effects of Bacteriophage in

Postoperative ~ Endophthalmitis  Caused by
Staphylococcus aureus,” Pharmacogn. J. , vol. 16,
no. 5, pp. 1188-1191, 2024, doi:
10.5530/pj.2024.16.194.

B. Ansani Takwin, D. Wahjuningrum, W.
Widanarni, and H. Nasrullah, “The potential of
bacteriophage for controlling Vibrio
parahaemolyticus as in-vitro,” J. Akuakultur

Indones., vol. 23, no. 2, pp. 122-133, 2024, doi:
10.19027/jai.23.2.122-133.

A. ATIKANA et al., “Characterization of EPS7-like
Enterobacteria phage Isolated from Indonesia,”
Microbiol. Indones., vol. 15, no. 1, pp. 8-14, 2021,
doi: 10.5454/mi.15.1.2.

R. N. Sunarti, P. L. Hariani, and S. Budiarti,
“Exploration of bacteriophages from waters in
Palembang, Indonesia as biocontrol of antibiotic-

Corresponding author: Aminah Aminah, aminah@poltekkesbanten.ac.id, Department of Medical Laboratory Technology, Poltekkes Kemenkes
Banten, No. 12, Syekh Moh. Nawawi Albantani Street, Banjaragung, Cipocok Jaya District, Serang City, Banten 42122.

DOI: https://doi.org/10.35882/teknokes.v18i4.113
Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

278


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:aminah@poltekkesbanten.ac.id
https://doi.org/10.35882/teknokes.v18i4.113
https://creativecommons.org/licenses/by-sa/4.0/

Jurnal Teknokes

Homepage: teknokes.org; Vol. 18, No. 4, pp. 272-281, December 2025;

e-ISSN: 2407-8964
p-ISSN: 1907-7904

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

resistant Escherichia coli,” Biodiversitas, vol. 24,
no. 11, pp. 6069-6081, 2023, doi:
10.13057/biodiv/d241128.

N. Li, Y. Zeng, R. Bao, T. Zhu, D. Tan, and B. Hu,
“Isolation and Characterization of Novel Phages
Targeting Pathogenic Klebsiella pneumoniae,”
Front. Cell. Infect. Microbiol., vol. 11, no.
December, pp. 1-13, 2021, doi:
10.3389/fcimb.2021.792305.

J. Bai et al., “Isolation and Characterization of
vB_kpnM_17-11, a Novel Phage Efficient Against
Carbapenem-Resistant Klebsiella pneumoniae,”
Front. Cell. Infect. Microbiol., vol. 12, no. July, pp.
1-13, 2022, doi: 10.3389/fcimb.2022.897531.

S. Liu, H. Xu, R. Cao, Z. Yang, and X. Li, “Isolation,
Identification, and Biological Characterization of
Phage vB_KpnM_KpVB3 Targeting Carbapenem-
Resistant Klebsiella pneumoniae ST11,” J. Glob.
Antimicrob. Resist., vol. 37, pp. 179-184, 2024,
doi: 10.1016/j.jgar.2024.03.007.

A. Senhagji-Kacha et al., ‘“lsolation and
characterization of two novel bacteriophages
against carbapenem-resistant Klebsiella

pneumoniae,” Front. Cell. Infect. Microbiol., vol. 14,
no. August, pp. 1-12, 2024, doi:
10.3389/fcimb.2024.1421724.

R. Nepal, G. Houtak, S. Karki, G. Dhungana, S.
Vreugde, and R. Malla, “Genomic characterization
of three bacteriophages targeting multidrug
resistant clinical isolates of Escherichia, Klebsiella
and Salmonella,” Arch. Microbiol., vol. 204, no. 6,
pp. 1-9, 2022, doi: 10.1007/s00203-022-02948-0.
H. T. Nour EI-Din et al., “Isolation, Characterization,
and Genomic Analysis of Bacteriophages Against
Pseudomonas aeruginosa Clinical Isolates from
Early and Chronic Cystic Fibrosis Patients for
Potential Phage Therapy,” Microorganisms, vol. 13,
no. 3, 2025, doi:
10.3390/microorganisms13030511.

T. S. Sada and T. S. Tessema, “Isolation and
characterization of lytic bacteriophages from
various sources in Addis Ababa against
antimicrobial-resistant diarrheagenic Escherichia
coli strains and evaluation of their therapeutic
potential,” BMC Infect. Dis., vol. 24, no. 1, pp. 1-
21, 2024, doi: 10.1186/s12879-024-09152-z.

R. Nadeem, K. Ahmed, L. Salama, and A. M.
Elhoufi, “Tolerable Maximum Positive End
Expiratory Pressure in Mechanically Ventilated
Patients and Its Impact on Blood Flow across
Cardiac Valves: Index Case Report of a Physiology
Study,” Dubai Med. J., vol. 2, no. 4, pp. 163-167,
2019, doi: 10.1159/000504045.

S. Aradjo, V. Silva, M. Quintelas, A. Martins, G.
Igrejas, and P. Poeta, “From soil to surface water:
exploring Klebsiella ’s clonal lineages and antibiotic
resistance odyssey in environmental health,” BMC
Microbiol., wvol. 25, no. 1, 2025, doi:
10.1186/s12866-025-03798-8.

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

V. M. Balcdo et al., “Isolation and Molecular
Characterization of a Novel Lytic Bacteriophage
that Inactivates MDR Klebsiella Pneumoniae
Strains,” Pharmaceutics, vol. 14, no. 7, 2022, doi:
10.3390/pharmaceutics14071421.

V. Daubie et al., “Determination of phage
susceptibility as a clinical diagnostic tool: A routine
perspective,” Front. Cell. Infect. Microbiol., vol. 12,
no. September, 2022, doi:
10.3389/fcimb.2022.1000721.

P. Paranos, S. Pourmaras, and J. Meletiadis, “A
single-layer spot assay for easy, fast, and high-
throughput quantitation of phages against
multidrug-resistant Gram- negative pathogens,” J.
Clin. Microbiol., vol. 62, no. 8, 2024, doi:
10.1128/jcm.00743-24 2.

S. J. Jo et al., “Standardization of the Agar Plate
Method for Bacteriophage Production,” Antibiotics,
vol. 14, no. 1, pp. 1-14, 2025, doi:
10.3390/antibiotics14010002.

G. Mancuso, A. Midiri, E. Gerace, and C. Biondo,
“Bachterial Antibiotic Resistanc: The Most Critical
Pathogens,” Pathogens, vol. 10, no. 1310, pp. 1-
14, 2021, doi: 10.3390/pathogens10101310.

T. Wakinaka, M. Matsutani, J. Watanabe, Y. Mogi,
M. Tokuoka, and A. Ohnishi, “ldentification of
Capsular Polysaccharide Synthesis Loci
Determining  Bacteriophage Susceptibility in
Tetragenococcus halophilus,” Microbiol. Spectr.,
vol. 11, no. 3, 2023, doi: 10.1128/spectrum.00385-
23.

J. Y. Ho et al., “Multidrug-resistant bacteria and
microbial communities in a river estuary with
fragmented suburban waste management,” J.
Hazard. Mater., vol. 405, no. November 2020, p.

124687, 2021, doi:
10.1016/j.jhazmat.2020.124687.

D. L. Peters, F. Gaudreault, and W. Chen,
“Functional domains of Acinetobacter

bacteriophage tail fibers,” Front. Microbiol., vol. 15,
2024, doi: 10.3389/fmich.2024.1230997.

R. Concha-Eloko et al., “DepoScope: Accurate
phage depolymerase annotation and domain
delineation using large language models,” PL0oS
Comput. Biol., vol. 20, no. 8 August, pp. 1-15,
2024, doi: 10.1371/journal.pcbi.1011831.

Q. Fang and Z. Zong, “Lytic Phages against ST11
K47 Carbapenem-Resistant Klebsiella
pneumoniae and the Corresponding Phage
Resistance Mechanisms,” mSphere, vol. 7, no. 2,
pp. 1-11, 2022, doi: 10.1128/msphere.00080-22.
M. J. Tisza et al., “Longitudinal phage—bacteria
dynamics in the early life gut microbiome,” Nat.
Microbiol., vol. 10, no. 2, pp. 420-430, 2025, doi:
10.1038/s41564-024-01906-4.

A. Ramadan et al., “Fully Characterized Effective
Bacteriophages Specific against Antibiotic-
Resistant Enterococcus faecalis, the Causative
Agent of Dental Abscess,” Med., vol. 60, no. 3,

Corresponding author: Aminah Aminah, aminah@poltekkesbanten.ac.id, Department of Medical Laboratory Technology, Poltekkes Kemenkes
Banten, No. 12, Syekh Moh. Nawawi Albantani Street, Banjaragung, Cipocok Jaya District, Serang City, Banten 42122.

DOI: https://doi.org/10.35882/teknokes.v18i4.113
Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

279


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:aminah@poltekkesbanten.ac.id
https://doi.org/10.35882/teknokes.v18i4.113
https://creativecommons.org/licenses/by-sa/4.0/

Jurnal Teknokes

Homepage: teknokes.org; Vol. 18, No. 4, pp. 272-281, December 2025;

e-ISSN: 2407-8964
p-ISSN: 1907-7904

[50]

[51]

[52]

(53]

[54]

(58]

[56]

[57]

(58]

[59]

2024, doi: 10.3390/medicina60030501.

R. Concha-Eloko et al., “DepoScope: Accurate
phage depolymerase annotation and domain
delineation using large language models,” PL0oS
Comput. Biol., vol. 20, no. 8 August, pp. 1-21,
2024, doi: 10.1371/journal.pchi.1011831.

E. J. Mendoza, K. Manguiat, H. Wood, and M.
Drebot, “Two Detailed Plaque Assay Protocols for
the Quantification of Infectious SARS-CoV-2,” Curr.
Protoc. Microbiol., vol. 57, no. 1, pp. 1-15, 2020,
doi: 10.1002/cpmc.105.

T. Glonti and J. Pirnay, “In Vitro Measurement Of
Phage Characteristics That Are Im- portant for
Phage Therapy Outcome,” Viruses, vol. 14, no.
1940, pp. 1-23, 2022.

R. C. Lin, J. C. Sacher, P. J. Ceyssens, J. Zheng,
A. Khalid, and J. R. lIredell, “Phage Biobank:
Present Challenges and Future Perspectives,”
Curr. Opin. Biotechnol., vol. 68, pp. 221-230, 2021,
doi: 10.1016/j.copbio.2020.12.018.

J. Meijer, P. Skiadas, P. B. Rainey, P. Hogeweg,
and B. E. Dutilh, “Eco-evolutionary dynamics of
massive, parallel bacteriophage outbreaks in
compost communities,” 2023, [Online]. Available:
http://biorxiv.org/lookup/doi/10.1101/2023.07.31.5
50844

L. Cui, S. Veeranarayanan, K. Thitiananpakorn,
and D. L. Wannigama, “Bacteriophage
Bioengineering: A Transformative Approach for
Targeted Drug Discovery and Beyond,” Pathogens,
vol. 12, no. 9, pp. 12-15, 2023, doi:
10.3390/pathogens12091179.

C. Ferriol-Gonzalez et al., Targeted phage
hunting to specific Klebsiella pneumoniae clinical
isolates is an efficient antibiotic resistance and
infection control strategy ,” Microbiol. Spectr., vol.
12, no. 10, pp. 1-20, 2024, doi:
10.1128/spectrum.00254-24.

S. Ragab, M. K. Mustafa, Y. Y. Hassan, A. Nasr, B.
H. A. El Hady, and A. EI-Shibiny, “Potential use of
bacteriophages as biocontrol agents against
multidrug-resistant  pathogens in wastewater
treatment: a review,” Environ. Sustain., vol. 7, no.
3, pp. 287-302, 2024, doi: 10.1007/s42398-024-
00322-y.

R. M. Soliman, B. A. Othman, S. A. Shoman, M. I.
Azzam, and M. M. Gado, “Biocontrol of multi-drug
resistant pathogenic bacteria in drainage water by
locally isolated bacteriophage,” BMC Microbiol.,
vol. 23, no. 1, pp. 1-11, 2023, doi: 10.1186/s12866-
023-02847-4.

M. D. Zapata-Montoya, L. Salazar-Ospina, and J.
N. Jiménez, “Combating Environmental
Antimicrobial Resistance Using Bacteriophage
Cocktails Targeting p-Lactam-Resistant High-Risk
Clones of Klebsiella pneumoniae and Escherichia
coli in Wastewater: A Strategy for Treatment and
Reuse,” Water (Switzerland), vol. 17, no. 15, pp. 1-
21, 2025, doi: 10.3390/w17152236.

B. Beamud, N. Garcia-Gonzélez, M. Gomez-
Ortega, F. Gonzéalez-Candelas, P. Domingo-Calap,
and R. Sanjuan, “Genetic determinants of host
tropism in Klebsiella phages,” Cell Rep., vol. 42, no.
2, 2023, doi: 10.1016/j.celrep.2023.112048.

A. Brady, A. Felipe-Ruiz, F. Gallego Del Sol, A.
Marina, N. Quiles-Puchalt, and J. R. Penadés,
“Molecular Basis of Lysis-Lysogeny Decisions in
Gram-Positive Phages,” Annu. Rev. Microbiol., vol.
75, pp. 563-581, 2021, doi: 10.1146/annurev-
micro-033121-020757.

K. Schroven, A. Aertsen, and R. Lavigne,
“Bacteriophages as drivers of bacterial virulence
and their potential for  biotechnological
exploitation,” FEMS Microbiol. Rev., vol. 45, no. 1,
pp. 1-15, 2021, doi: 10.1093/femsre/fuaa041.

L. Rodriguez-Rubio, N. Haarmann, M. Schwidder,
M. Muniesa, and H. Schmidt, “Bacteriophages of
shiga toxin-producing escherichia coli and their
contribution to pathogenicity,” Pathogens, vol. 10,
no. 4, pp. 1-23, 2021, doi:
10.3390/pathogens10040404.

E. Pfeifer, R. A. Bonnin, and E. P. C. Rocha,
“Phage-Plasmids Spread Antibiotic Resistance
Genes through Infection and Lysogenic
Conversion,” MBio, vol. 13, no. 5, pp. 1-17, 2022,
doi: 10.1128/mbio.01851-22.

(60]

[61]

[62]

[63]

[64]

AUTHOR BIOGRAPHY

Aminah Aminah is a veterinary
professional and academic staff member
at the Department of Medical Laboratory
3 y Technology, Health Polytechnic of the
(\\ / ~~ Ministry of Health in Banten, Indonesia.
) She obtained both her veterinary and her
master’'s degrees in medical microbiology from Bogor
Agricultural University (IPB), where she developed a
strong foundation in microbiological sciences. Her main
fields of expertise encompass molecular diagnostic
techniques, including conventional and real-time
polymerase chain reaction (PCR), as well as microbial
detection and identification methods. Aminah has
contributed as a co-author to multiple scientific articles on
antimicrobial  resistance, Klebsiella  pneumoniae
detection, and studies in both environmental and clinical
microbiology. Passionate about scientific innovation, she
is committed to enhancing diagnostic research and
fostering the development of future medical laboratory
professionals through education and mentorship.

Citra Trisna is a medical doctor and
lecturer at the Department of Medical
Laboratory Technology, Health
Polytechnic of the Indonesian Ministry
of Health, Banten. She earned her
medical degree and professional
training from the Faculty of Medicine,

Corresponding author: Aminah Aminah, aminah@poltekkesbanten.ac.id, Department of Medical Laboratory Technology, Poltekkes Kemenkes
Banten, No. 12, Syekh Moh. Nawawi Albantani Street, Banjaragung, Cipocok Jaya District, Serang City, Banten 42122.

DOI: https://doi.org/10.35882/teknokes.v18i4.113
Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

280


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:aminah@poltekkesbanten.ac.id
https://doi.org/10.35882/teknokes.v18i4.113
https://creativecommons.org/licenses/by-sa/4.0/

Jurnal Teknokes

Homepage: teknokes.org; Vol. 18, No. 4, pp. 272-281, December 2025;

e-ISSN: 2407-8964
p-ISSN: 1907-7904

Universitas Andalas, and completed a master’s degree in
hospital administration at the same university. She is
currently pursuing a doctoral degree at the Faculty of
Public Health, Universitas Indonesia. Dr. Trisna has
extensive experience in clinical practice, public health
services, and academic leadership, including serving as
Head of the Medical Laboratory Technology Department.
Her research interests encompass non-communicable
diseases, infectious disease prevention, diagnostic
innovation, and public health behavior, and she has
authored numerous national and international
publications, as well as textbooks in medical and public
health sciences.

M. Atik Martsiningsih is a senior
lecturer and currently serves as
Secretary of the Department of Medical
Laboratory Technology at the Health
Polytechnic of the Ministry of Health
- (Poltekkes Kemenkes), Yogyakarta,
Indonesia. She earned her bachelor’'s degree in science
and her master’s degree in microbiology, with academic
expertise in clinical and applied microbiology. Her
research interests include antimicrobial resistance,
performance of biochemical assays, bacterial
identification, and the development of innovative
diagnostic  approaches for infectious diseases.
Martsiningsih has contributed to numerous research
projects, scientific  publications, and academic
conferences, and has supervised undergraduate
research in laboratory medicine. Through her leadership,
research, and teaching activities, she is dedicated to
advancing diagnostic science, strengthening laboratory
education, and improving public health outcomes in
Indonesia.

Zulfikar Husni Faruq is a lecturer and

academic staff member at the
Department of Medical Laboratory
Technology, Politeknik Kesehatan
Kementerian Kesehatan Yogyakarta
(Poltekkes Kemenkes Yogyakarta),
Indonesia. He currently holds the

structural position of Penanggung Jawab Kerja Sama
(Head of Collaborations), where he plays a strategic role
in establishing and strengthening academic, institutional,
and industrial partnerships to support education and
research development. He earned a Bachelor’s degree in
Medical Laboratory Technology (S.ST.) and a Master of

Science (M.Si.) with a specialization in biomedical
sciences. His scholarly interests include clinical laboratory
diagnostics, pre-analytical and analytical quality
management, hematology automation, and validation of
laboratory testing methods. He has published research on
the impact of blood transfer techniques on biochemical
analytes and on error evaluation in hematology analyzers.
In addition to teaching and supervising student research,
he actively contributes to institutional collaboration

programs, quality assurance initiatives, and the
advancement of laboratory science education in
Indonesia.

Fitri Alina Putri Sugianto is a recent
graduate of the Diploma Il Medical
Laboratory Technology (D3 TLM)
program at Politeknik  Kesehatan
Kementerian Kesehatan Banten,
Indonesia. Her academic training
encompassed comprehensive coursework and hands-on
experience in diagnostic microbiology, clinical chemistry,
hematology, and molecular laboratory techniques, with a
strong emphasis on evidence-based diagnostic practice
and quality control. She has participated in student
research projects and community-based laboratory
initiatives, reflecting an early commitment to translational
laboratory science and its applications in public health.
Fitri’s professional interests include microbial diagnostics,
molecular detection methods, and laboratory-based
disease surveillance, and she aspires to contribute to
research and innovation in clinical diagnostic sciences.

Gadis Amalia is a recent graduate of the

Diploma [ Medical Laboratory
Technology (D3 TLM) Program at
Politeknik Kesehatan Kementerian
Kesehatan (Poltekkes Kemenkes)

Banten, Indonesia. During her academic

training, she developed a strong
foundation in clinical laboratory science, including
hematology, clinical chemistry, microbiology, and

molecular diagnostics. Her interests focus on the
application of laboratory diagnostics to support disease
detection and public health surveillance. Through her
research and fieldwork, she has demonstrated analytical
competence, scientific curiosity, and a commitment to
advancing laboratory medicine. Gadis aims to continue
contributing to diagnostic science and evidence-based
healthcare practice.

Corresponding author: Aminah Aminah, aminah@poltekkesbanten.ac.id, Department of Medical Laboratory Technology, Poltekkes Kemenkes

Banten, No. 12, Syekh Moh. Nawawi Albantani Street, Banjaragung, Cipocok Jaya District, Serang City, Banten 42122.

DOI: https://doi.org/10.35882/teknokes.v18i4.113

Copyright © 2025 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).

281


https://teknokes.org/index.php/teknokes/index
https://portal.issn.org/resource/ISSN/2407-8964
https://portal.issn.org/resource/ISSN/1907-7904
mailto:aminah@poltekkesbanten.ac.id
https://doi.org/10.35882/teknokes.v18i4.113
https://creativecommons.org/licenses/by-sa/4.0/

