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Abstract

Sepsis presents a significant challenge in healthcare, with increasing incidence rates globally. This study
addresses the pressing need for timely diagnosis and intervention by evaluating the efficacy of a rapid extrac-
tion and filtration method for identifying Gram-negative bacteria in blood samples. The research, conducted at
Taipei Cathay General Hospital between July 1, 2023, and March 20, 2024, analyzed 191 positive blood bottle
samples. The experimental group utilized Gram staining followed by rapid extraction and filtration, while the
control group underwent traditional subculture. Results showed a high identification agreement rate of 94%
(177/188) between the experimental and control groups. Furthermore, drug susceptibility testing exhibited a
high level of consistency, with an Essential agreement (EA) and Category agreement (CA) of 98% (2694/2738)
each. While the rapid method met acceptance criteria and demonstrated lower error rates, improvements are
still warranted. This study underscores the potential of rapid diagnostic methods in improving sepsis manage-
ment, with implications for enhancing patient care and healthcare efficiency. Future research should focus on
broader clinical trials to further validate and optimize these diagnostic approaches.
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Introduction

Based on data from our country’s Ministry of
Health and Welfare, sepsis was among the top 20
causes of death in 2022, claiming the lives of 2,345
individuals. This figure highlights a troubling trend:
the increasing prevalence of sepsis patients in recent
years. Contributing factors include the aging popula-

tion, a rise in chronic diseases, immunocompromised

individuals, and the growing use of invasive medical
procedures. This trend is not unique to our country
but is mirrored globally. A retrospective analysis in
the United States from 1998 to 2009 showed a signifi-
cant surge in sepsis and septic shock incidence, from
13 to 78 cases per 100,000 people'. Moreover, interna-
tional studies emphasize the substantial global health

burden of sepsis, with 48.9 million cases reported in
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20172.

Statistics from the National Development
Council indicate that Taiwan’s elderly population,
aged over 65, reached 4,296,985 in 2023. Projections
suggest that by 2026, seniors will make up 20.8% of
the total population, transforming Taiwan into a super-
aged society. This demographic shift is expected to
increase the incidence and mortality rates of sepsis,
adding strain to the healthcare system. Additionally,
advancements in medical technology have led to
more invasive treatments like surgery and infusion
therapies, which, while improving disease manage-
ment, also raise the risk of sepsis development.

In addition to demographic shifts and medical
advances, the misuse of antibiotics and the rise of
drug-resistant pathogens significantly contribute to
the increasing incidence of sepsis. Multidrug-resis-
tant strains, such as Gram-negative bacilli, present
particular challenges to effective sepsis treatment,
having developed resistance to conventional antibi-
otics and necessitating stronger therapeutic interven-
tions?3.

Various studies have highlighted the prevalence
of Gram-negative bacteria, especially Gram-nega-
tive bacilli (GNB), in bloodstream infections. Data
from the National Healthcare Safety Network show
that around one-quarter of central venous catheter-
associated bloodstream infections between 2009
and 2010 were attributed to Gram-negative bacilli*.
Similarly, a multicenter study in Brazil involving
2563 patients with nosocomial bacteremia found that
58.5% of infections were caused by Gram-negative
bacteria®. Furthermore, Gram-negative bacteremia
is more common in elderly individuals in the com-
munity, with a retrospective analysis showing Gram-
negative bacteria as the causative agent in 36% of
cases in patients aged over 65°. These findings under-
score the significant role of Gram-negative bacteria,
particularly in the elderly population, in contributing
to the burden of sepsis.

The effectiveness of treatment relies on com-

pleting multiple interventions within a specified time
frame, highlighting the importance of timely diag-
nosis and intervention. Currently, the testing process
takes 48 to 72 hours on average to complete bacte-
rial strain identification and drug sensitivity testing
reports. Timely diagnosis and intervention are criti-
cal in managing sepsis, as delays can significantly
affect patient outcomes’. Research has demonstrated
that for septic shock patients, each hour of delay in
administering appropriate antibiotic therapy is asso-
ciated with a 7.6% decrease in survival rate®. This
statistic underscores the urgent need for rapid diag-
nostic methods that can expedite the identification
of pathogens and enable prompt, targeted treatment.
According to Tsuchida et al. (2018), using an
improved in-house lysis-filtration (IH) method can
significantly increase the accuracy of MALDI-TOF
MS identification of pathogens in positive blood
culture bottles, especially for Gram-positive bacte-
ria. Compared to the Sepsityper Kit, the IH method
achieved 98% accuracy for Gram-negative bacteria
and 98.5% for Gram-positive bacteria. These data
suggest that the improved lysis-filtration method
can significantly enhance the speed and accuracy of
pathogen identification, thus reducing clinical diag-
nosis time and improving treatment outcomes!?.
This study aims to evaluate the efficacy of the
rapid extraction and filtration method for Gram-neg-
ative bacteria-positive blood bottles and to develop
a streamlined process suitable for routine clini-
cal application. The goal is to transcend traditional
frameworks, expedite reporting timelines, and assist
clinicians in promptly administering appropriate
drug treatments, thereby reducing mortality and drug

resistance in sepsis patients.

Method

Sample Collection and Preparation:

During the study period, we collected all pos-
itive blood bottle samples tested at Taipei Cathay
General Hospital between July 1, 2023, to March 20,
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2024. Each sample was divided into experimental and
control groups. (Figure 1)

In the experimental group, Gram staining was
initially conducted to identify a single strain of Gram-
negative bacteria as the target sample. Subsequently,

0.5 ml of cell lysis buffer (OctylPhenoxypolyethoxy-

ethanol, Triton X-100) from the DTC SepsiFilt Kit
(DiaTech Technology Co. Ltd., Taiwan) was added to
3 ml of the blood sample to be tested. The lysis buffer
in the DTC SepsiFilt Kit is specifically designed to
lyse bacterial cells and release intracellular com-

ponents for subsequent analysis. It contains surfac-

Figure 1.
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tants and other agents that facilitate the breakdown
of bacterial cell walls. The mixture was then placed
on a Vortex Mixer for 10 seconds to ensure thorough
mixing and complete action of the cell lysis solution.

Afterward, 1.5 ml of the mixture was filtered
into a microcentrifuge tube using a filter with a 3
pm pore size (Nylon membrane manufactured by
DiaTech Technology Co. Ltd.). The choice of a 3 um
pore size filter is based on its effectiveness in trap-
ping non-bacterial components, such as red and white
blood cells, while allowing smaller bacterial cells and
proteins (less than 1 pm in size) to pass through. This
ensures that the filtrate contains primarily bacterial
cells and proteins. The filtrate was then centrifuged
at 12,000g for 1 minute to collect the precipitate as
the target test specimen (Figure 2). Since MALDI-
TOF (matrix-assisted laser desorption ionization-time
of flight) can detect fine protein signals and utilize
protein molecular sizes to establish spectra for bacte-
rial identification, these test specimens, rich in bac-
terial cells and proteins, can be accurately identified
for bacterial strains using MALDI-TOF. Following
identification, the bacterial strains will undergo auto-
mated antibiotic susceptibility testing. All these pro-
cedures will be completed within the same day.

In the control group, parallel samples taken
from the same positive blood culture bottles in the

experimental group were sub-cultured to isolate

single colony for subsequent strain identification by
MALDI-TOF and drug susceptibility testing. Com-
pared to the control group, the experimental group
omitted the time for subculture, enabling the report
to be sent to the clinical end approximately 24 hours

earlier.

Analysis:

Our primary endpoint is to initially compare the
results of the experimental and control groups and
evaluate the consistency of test specimen identifica-
tion to confirm whether the strains identified by the
experimental group using rapid extraction and filtra-
tion are consistent with those identified by standard
subculture in the control group. If the strains identi-
fied by the experimental group match those of the
control group, it indicates that the results of the strain
identification test and automated antibiotic suscep-
tibility testing equipment conducted by the exper-
imental group on the previous day can be trusted.
However, if the strains identified by the experimen-
tal group differ from those cultured by the control
group the next day, and the results of the strain iden-
tification test and automated antibiotic susceptibil-
ity testing equipment conducted by the experimental
group on the previous day cannot be trusted, the stan-
dard process will continue, and the report will be sent

to the clinical end.

Figure 2.
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Table 1.
Definition :
Term abbr. Definition
Essential agreement EA MICs are either consistent or differ by a dilution factor of one.
Category agreement CA Consistent SIR
Major error ME One result indicates sensitivity, while the other indicates resistance.
minor error mE One result indicates intermediate susceptibility, while the other indicates sensitivity or

resistance

The secondary endpoint is to evaluate the accu-
racy of drug susceptibility testing in the experimental
and control groups, and according to the standards
outlined in “Cumitech 31A: Validation and Verifica-
tion of Clinical Microbiology Laboratory Procedures
11 This includes ensuring that Category agreement
(CA) and Essential agreement (EA) are both greater
than or equal to 90%, Major error (ME) is less than
5%, and the sum of Major error and minor error (mE)
is less than 10%. (Table 1)

Rationale for Methodology:

The choice of using a rapid extraction and filtra-
tion method is supported by previous research that
has shown its efficacy in improving the accuracy and
speed of bacterial identification. Tsuchida et al. (2018)
demonstrated that the improved in-house lysis-filtra-
tion method significantly increased the accuracy of
MALDI-TOF MS identification of pathogens in posi-
tive blood culture bottles. The method was particu-
larly effective for Gram-negative bacteria, achieving
an accuracy rate of 98% 9. This supports the use of
the DTC SepsiFilt Kit and the procedures outlined
above as an effective approach for rapid diagnosis.

Through this method, our aim is to simplify
the process of identifying Gram-negative bacterial
strains in blood samples and assessing their antibi-
otic susceptibility. By comparing the results of the
experimental and control groups, our study aims to

validate the effectiveness and accuracy of the rapid

extraction and filtration method in a clinical setting
and provide a practical method and basis for future

clinical testing.

Results

In this study, we collected a total of 191 posi-
tive blood bottle samples between July 1, 2023, and
March 20, 2024. However, three samples couldn’t be
successfully identified by traditional methods and
were consequently excluded from statistical analy-
sis. Out of the remaining 188 tested samples, we
observed a high identification agreement rate of 94%
(177/188) in the primary endpoint analysis. (Table
2). This indicates that the rapid extraction and fil-
tration method allowed for successful identification
of most Gram-negative bacteria, enabling reports to
be sent to the clinical end 24 hours earlier. For the
eleven samples that did not achieve consistency, we
were able to resort to bacterial culture, identifica-
tion, and drug susceptibility testing through tradi-
tional methods without compromising patient safety.
In the observation of secondary endpoints, aside from
two anaerobic strains that were originally unavailable
for drug susceptibility testing at our hospital, we com-
pared the rest results of 175 drug susceptibility tests
conducted using both the rapid extraction and filtra-
tion method and the traditional approach. We found
a high level of consistency between them (table 3).
Specifically, the Essential agreement (EA) reached
98% (2694/2738), while the Category agreement (CA)
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Table 2.

reached 98% (2673/2738). However, although the
rapid extraction and filtration method met the accep-
tance criteria and showed a lower Major error (ME)
rate of only 4.3% (22/513) and a lower minor error
(mE) rate of 1.6% (43/2738), there is still some room

for improvement in this aspect.

Based on the above results, this study verifies
the effectiveness and accuracy of the rapid extrac-
tion and filtration method for rapid identification and
drug susceptibility testing of Gram-negative bacte-
rial infections in clinical settings. These findings

hold important implications for enhancing clinical



380 T.1. WU, C. Y. Wong, K. C. Tsui, L. M. Chang

Table 3.

microbiology laboratory processes and improving the
quality of care. Therefore, following the completion
of this study, we continue to utilize rapid extraction
and filtration methods alongside traditional methods
in our hospital to achieve early report issuance while

ensuring patient safety.

Discussion

Sepsis and bloodstream infections have posed
significant global health challenges, with their inci-
dence rising and resulting in considerable mortality.

This challenge is exacerbated by shifting demo-
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graphics, medical advancements, and the emergence
of drug-resistant pathogens. Given these concerns,
enhancing diagnostic efficiency is paramount for
improving patient outcomes and reducing healthcare
costs.

Previous studies have demonstrated that molec-
ular techniques like MALDI-TOF can truncate bac-
terial species identification time from 24 to 48 hours
to merely 4 to 18 hours. This furnishes clinicians
with swifter and more accurate diagnostic insights,
facilitating the precise and prompt administration of
antibiotics. For instance, Maggie J Box, et al.’s study
observed that expeditious diagnosis of bacteremia
led to a significantly reduced mean time to targeted
antibiotic therapy. This underscores the significance
of rapid identification methods. Furthermore, their
research revealed that early diagnosis was corre-
lated with a decreased median length of hospital stay
and median overall hospitalization costs 1213, These
findings further underscore the potential economic
and clinical benefits of early diagnosis in mitigating
healthcare resource utilization and enhancing patient
outcomes.

Our study builds upon existing inspection meth-
odologies. In cases of bloodstream infections caused
by Gram-negative bacteria, we significantly reduced
the diagnosis time by approximately 24 hours,
emphasizing the crucial role of timely diagnosis in
sepsis management. In our investigation, by directly
extracting bacteria from positive blood bottles, this
innovative approach eliminated the time-consuming
subculture process, substantially shortening reporting
time and facilitating the prompt initiation of appro-
priate antibiotic therapy. This rapid extraction and
filtration technique demonstrates comparable accu-
racy, but increased efficiency compared to traditional
testing methods for Gram-negative bacteria in posi-
tive blood bottles, promising expedited diagnosis and
streamlined clinical workflows. This is particularly
critical in severe illnesses like sepsis, where prompt

intervention can profoundly impact patient outcomes.

In addition to Gram-negative bacteria, Gram-
positive bacteria also play a significant role in blood-
stream infections. According to Tsuchida et al. (2018),
an improved in-house lysis-filtration method achieved
98.5% accuracy for Gram-positive bacteria compared
to 76.1% for the Sepsityper kit!?, This suggests that
our rapid extraction and filtration method may also be
effective for Gram-positive bacterial identification,
which warrants further investigation. In this study,
we chose to prioritize the detection of Gram-negative
bacteria due to the challenges associated with Gram-
positive bacteria detection, particularly in terms of
accuracy and efficiency. By initially focusing on
Gram-negative bacteria, we ensured that our detec-
tion methods met the desired standards of accuracy
and reliability. These preliminary results provide a
solid foundation for future research, where we plan
to implement Gram-positive bacteria detection
and further validate and optimize these diagnostic
methods. Our goal is to enhance the overall efficiency
and accuracy of clinical microbiology testing.

Our research bolsters the burgeoning evidence
base supporting the adoption of rapid diagnostic tech-
nologies and early detection of bloodstream infec-
tions, ultimately bolstering patient care and healthcare
efficiency. Nevertheless, despite encouraging results,
room for improvement persists. Although our method
exhibited high consistency and accuracy in identify-
ing Gram-negative bacterial strains and conducting
drug susceptibility testing, further reductions in error
rates are still feasible.

In conclusion, the utilization of rapid extraction
filtration technology offers an effective remedy to
the time delay inherent in traditional inspection pro-
cesses. Its exceptional identification success rate and
consistency in drug susceptibility testing render it a
potent tool in clinical diagnostics. By promoting early
diagnosis and the timely commencement of appropri-
ate antibiotic therapy, rapid diagnostic methods hold
the promise of significantly ameliorating patient out-

comes and curbing healthcare costs associated with
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sepsis management. Hence, further research and
implementation of rapid diagnostic technologies are
warranted to optimize sepsis care and fortify medical
delivery capabilities.

This study has two limitations. Firstly, due to the
lower positivity rate of Gram-positive bacteria, Gram-
positive samples were not included in this study. This
limitation may result in an insufficient evaluation of
the applicability and effectiveness of rapid identifica-
tion methods for these bacteria. Future research could
address this limitation by expanding the sample scope
to comprehensively assess the method’s performance
across different types of bacteria. Secondly, this study
lacks clinical application results. Therefore, further
long-term observation and validation are necessary
to fully understand the effectiveness and feasibility
of the method in real-world clinical settings. Future
studies could focus on broader clinical trials to further
ascertain the benefits and reliability of the method.
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