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An 11-Year Single-Center Study
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Abstract

Introduction: Catheter-related bloodstream infections (CRBSIs) remain a major cause of morbidity and mortality in inten-
sive care units (ICUs), despite advances in infection control practices. Monitoring long-term trends in infection rates and
pathogen distribution is essential for evaluating the effectiveness of preventive strategies and guiding empirical treatment.
The present study aimed to evaluate temporal trends in CRBSI incidence and changes in the distribution of causative micro-
organisms in an ICU over an 11-year period (2015-2025).

Methods: This retrospective, single-center study was conducted in the ICUs of Tokat State Hospital, Turkiye, between Jan-
uary 1,2015,and December 31, 2025. CRBSI rates were calculated as the number of infections per 1,000 catheter-days using
aggregated annual surveillance data. Temporal trends in infection rates and microbial distribution were analyzed using
joinpoint regression, and annual percent change (APC) values were calculated.

Results: Over the 11-year study period, CRBSI rates demonstrated a statistically significant decreasing trend, with an overall
APC of —=21.81% (p<0.05). Klebsiella pneumoniae showed a significant decrease during 2015-2017 (APC: —47.83%, p<0.001),
followed by an increase during 2017-2022 (APC: +25.01%, p<0.001) and a subsequent decrease during 2022-2025 (APC:
—34.21%, p<0.001). Acinetobacter baumanniiincreased significantly during 2015-2020 (APC: +21.20%, p<0.001) and decreased
during 2020-2025 (APC: —31.34%, p<0.001). Candida spp. demonstrated a marked increase during 2015-2021 (APC: +46.10%,
p<0.001), followed by a non-significant trend thereafter (APC: —2.50%, p=0.570). Other pathogens, including Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, and enterococci, showed no statistically significant temporal changes.
Discussion and Conclusion: CRBSI rates significantly decreased over the study period, reflecting improvements in infection
control practices. However, pathogen-specific trends revealed dynamic and heterogeneous patterns, particularly among
Gram-negative bacteria and Candida spp. Continuous surveillance and adaptive infection control strategies are essential to
sustain reductions in infection rates and to address evolving microbial patterns.
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Catheter-related bloodstream infections (CRBSIs) are  patients, is associated with an increased risk of microbial
among the most common healthcare-associated entry into the bloodstream and subsequent infection
infections in intensive care units (ICUs) and are associated ~ [1:2l, CRBSIs have been shown to prolong hospital stays,
with substantial morbidity, mortality, and healthcare increase antimicrobial consumption, and significantly
costs 1. The widespread use of central venous catheters,  contribute to mortality, making them a major concern in
while essential for the management of critically ill  modern healthcare systems [1:2],
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The incidence of CRBSIs varies considerably across
regions and healthcare settings, largely depending on the
effectiveness of infection prevention and control strategies.
In high-income countries, the implementation of evidence-
based care bundles has led to a marked reduction in CRBSI
rates over the past decade [3-¢l. In contrast, CRBSIs remain
a persistent and significant challenge in many developing
and resource-limited settings [24],

Historically, Gram-positive bacteria, particularly coagulase-
negative staphylococci and Staphylococcus aureus, have
been the predominant causative agents of CRBSIs. However,
recent studies have demonstrated a shift toward Gram-
negative bacteria and fungal pathogens [2. Notably,
Klebsiella pneumoniae, Acinetobacter baumannii, and
Pseudomonas aeruginosahave gained prominenceduetoan
association with hospital-acquired infections and increasing
antimicrobial resistance profiles (2. In parallel, the incidence
of candidemia has risen, a trend largely attributed to the
growing population of immunocompromised patients and
the widespread use of broad-spectrum antibiotics 78],

These changes in pathogen distribution not only reflect
evolving microbial ecology but also highlight the dynamic
nature of antimicrobial resistance and infection control
practices. Continuous surveillance and analysis of temporal
trends are therefore essential for guiding empirical
therapy and optimizing infection prevention strategies
(1.2 In particular, long-term epidemiological data provide
valuable insights into fluctuations in infection rates and
pathogen profiles, enabling healthcare systems to evaluate
the effectiveness of interventions over time.

Advanced statistical methods such as joinpoint regression
analysis enable a more precise evaluation of temporal
trends by identifying significant changes and inflection
points within longitudinal data []. This approach enhances
understanding of non-linear trends and provides robust
evidence for assessing the impact of infection control
measures and epidemiological shifts.

In this context, the present study aimed to evaluate
temporal trends in CRBSI incidence and changes in the
distribution of causative microorganisms in an ICU over an
11-year period (2015-2025).

Materials and Methods

Study Design and Setting

This retrospective, single-center observational study was
conducted in the ICUs of Tokat State Hospital, Tiirkiye,
between January 1,2015,and December 31,2025.The study
aimed to evaluate temporal trends in CRBSI incidence and
changes in the distribution of causative microorganisms.

Study Population

All  patients who developed CRBSIs during ICU
hospitalization throughout the study period were included.

Definitions

CRBSI was defined according to the criteria of the
CDC National Healthcare Safety Network. Accordingly,
laboratory-confirmed bloodstream infections occurring in
patients with a central venous catheter in place for at least
48 hours before the onset of infection and not attributable
to another identifiable source were classified as CRBSIs.
Laboratory-confirmed bloodstream infection was defined
as the isolation of a clinically significant pathogen from at
least one positive blood culture, or, in the case of potential
contaminants, the isolation of the same microorganism
from at least two separate blood cultures obtained at
different times, in the presence of clinical signs such as
fever, chills, or hypotension.To support the catheter-related
origin of infection, simultaneously obtained blood cultures
from the catheter and a peripheral vein were evaluated.
Findings suggestive of catheter-related infection included
a differential time to positivity, defined as growth detected
in the catheter-drawn blood culture at least 2 h earlier
than in the peripheral blood culture, or a =3-fold higher
microbial burden in quantitative cultures from the catheter
compared to peripheral blood. In addition, isolation of
the same microorganism from catheter tip cultures, when
available, was considered a supportive finding [10.11],

The CRBSI incidence density was calculated as the number
of infections divided by the total number of catheter-days
and expressed per 1,000 catheter-days:

+  CRBSIrate=(Number of infections/Catheter-days)x1,000

Data Collection

Data were retrospectively obtained from the hospital
infection surveillance system and microbiology laboratory
records. The dataset included:

+ Annual total number of CRBSIs,
- Total catheter-days per year,
+ Distribution of causative microorganisms by year.

No individual-level clinical data (e.g., demographics,
comorbidities, or repeated infection episodes per patient)
were included.

Microbiological Methods

Blood cultures were processed using standard automated
systems in the microbiology laboratory. Identification of
microorganisms and antimicrobial susceptibility testing
were performed using conventional and/or automated
methods according to international laboratory standards.



Ozbay. CRBSI Trends in ICU: An 11-Year Study / doi: 10.14744/hnhj.2026.00878

329

w
o

g
§ b
2 3
£ <
— S —
o 15 —
iy - ‘L..‘__\__‘-H-
-4 ]
o ‘-hq,_.\__‘__\_
=
10 - e —
= !
—] .
. e —
5 . ==
-
2015 20186 2007 2018 2019 2020 2021 2022 2023 2024

Figure 1. Temporal trend and annual change in catheter-related bloodstream infection incidence rates from 2015 to 2025.

Only clinically significant isolates were included. Potential
contaminants were excluded based on microbiological
criteria and infection control surveillance evaluation.

Outcome Measures

The primary outcome was the temporal trend in CRBSI
incidence density (per 1,000 catheter-days) over the study
period.

Secondary outcomes included:

« Temporal changes in the distribution of causative
microorganisms.

« Trend analysis of major pathogens, including K.
pneumoniae, A. baumannii, and Candida spp.

Statistical Analysis

Temporal trends in CRBSI rates and microbial distribution
were analyzed using the Joinpoint Regression Program
Version 6.0.1 (National Cancer Institute, USA). This method

Table 1. Temporal trends of causative microorganisms in CRBSI based on joinpoint regression analysis (2015-2025)

Microorganism Segment Incidence rate APC* (%95 CI) p Trend
Initial Final
Klebsiella pneumoniae 2015-2017 0.29 0.08 -47.83 (-61.25—-30.8344) <0.001 Decreasing
2017-2022 0.08 0.26 25.0138(17.1256-94.9331) <0.001 Increasing
2022-2025 0.26 0.07 -34.2181 (-52.3962--24.3556) <0.001 Decreasing
Acinetobacter baumannii 2015-2020 0.22 0.50 21.2042 (7.9394-93.1435) <0.001 Increasing
2020-2025 0.50 0.12 -31.3443 (-66.5186—-23.2610) <0.001 Decreasing
Pseudomonas aeruginosa 2015-2025 0.13 0.07 -4,5775 (-13.1278-3.2625) 0.151 Stable
Escherichia coli 2015-2025 0.06 0.01 -4.7143 (-13.7205-2.1742) 0.147 Stable
Staphylococcus aureus 2015-2025 0.04 0.11 1.7144 (-5.2584-11.2238) 0.519 Stable
Coagulase-negative staphylococci 2015-2025 0.06 0.06 5.7410 (-0.2975-14.3399) 0.063 Stable
Enterococcus spp. 2015-2025 0.14 0.12 -0.8305 (-7.3964-6.1957) 0.746 Stable
Candida spp. 2015-2021 0.04 0.36 46.1046* (32.9702-373.3709) <0.001 Increasing
2021-2025 0.36 0.28 -2.5089 (-24.2585-9.4288) 0.570 Stable
Gram-positive bacterium 2015-2025 0.24 0.29 1.7184 (-4.8610-9.5154) 0.503 Stable
Gram-negative bacterium 2015-2025 0.71 0.37 -4.7070 (-11.6881-1.6078) 0.116 Stable

APC: Annual percent change; CI: Confidence interval.
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Figure 2. Annual change in the proportion of Klebsiella pneumoniae among catheter-related bloodstream infection isolates from 2015 to 2025.

identifies statistically significant changes in trends over
time and calculates the annual percent change (APC) with
95% confidence intervals.

The optimal number of joinpoints was determined using
permutation tests, with a maximum of three joinpoints
allowed. A p<0.05 was considered statistically significant.
All analyses were performed using aggregated annual
data. Descriptive statistics were presented as proportions
and rates.

Ethical Considerations

This study was conducted in accordance with the principles
of the Declaration of Helsinki. The study was approved
by the Tokat Gaziosmanpasa University Clinical Research
Ethics Committee (approval number: 26-MOBEK-091).

Results

Overall CRBSI Incidence Trends

During the study period (2015-2025), CRBSI rates were
calculated annually using the number of infections
per 1,000 catheter-days. Joinpoint regression analysis
demonstrated a statistically significant declining trend in
CRBSI incidence over time. The overall APC was —21.81%
(p<0.05), indicating a substantial and consistent reduction
in infection rates throughout the 11-year period.

No significant joinpoint (inflection point) altering the
overall declining trend was identified, suggesting a

relatively stable and continuous improvement in infection
control performance over time (Fig. 1).

Distribution of Microorganisms

Multiple causative microorganisms were identified over the
study period. Overall, Gram-negative bacteria constituted
the majority of pathogens, although the proportion
of Gram-negative organisms showed a non-significant
declining trend over time. Gram-positive bacteria and
enterococci demonstrated relatively stable distributions
without statistically significant changes. In contrast,
Candida spp. exhibited a marked increase during the earlier
years, followed by a plateau in the later period (Table 1).

Temporal Trends of Major Pathogens
Gram-negative bacteria
« K. pneumoniae exhibited significant temporal variability
(Fig. 2).
o A marked decrease was observed between 2015 and
2017 (APC: —47.83%, p<0.001).

o This was followed by a significant increase between
2017 and 2022 (APC: +25.01%, p<0.001).
o Subsequently,asecondsignificantdecrease occurred
between 2022 and 2025 (APC: —34.21%, p<0.001).
+ A. baumannii showed a biphasic pattern (Fig. 3):
o A significant increase from 2015 to 2020 (APC:
+21.20%, p<0.001).
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Figure 3. Annual change in the proportion of Acinetobacter baumannii among catheter-related bloodstream infection isolates from 2015 to 2025.
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Figure 4. Annual change in the proportion of Candida spp. among catheter-related bloodstream infection isolates from 2015 to 2025.

o Followed by a significant decrease from 2020 to - Escherichia coli also showed a non-significant decrease

2025 (APC: —31.34%, p<0.001).

« P aeruginosa demonstrated a non-significant
decreasing trend over the entire period (APC: —4.57%,
p=0.151).

(APC: —4.71%, p=0.147).

Gram-positive bacteria

+ S. aureus showed a slight but non-significant increase
over time (APC: +1.71%, p=0.519).
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» Coagulase-negative staphylococci exhibited a non-
significant upward trend (APC: +5.74%, p=0.063).

+ Enterococcus spp. remained stable with no significant
temporal change (APC: —0.83%, p=0.746).

Fungal pathogens

» Candida spp. demonstrated a pronounced increase
between 2015 and 2021 (APC: +46.10%, p<0.001).

- Between 2021 and 2025, no statistically significant
change was observed (APC: —2.50%, p=0.570), indicating
a plateau phase following the initial rise (Fig. 4).

Overall Microbial Group Trends
When microorganisms were grouped:

» Gram-negative bacteria showed a decreasing trend over
time, although this did not reach statistical significance
(APC: —4.70%, p=0.116).

« Gram-positive bacteria demonstrated a stable trend
(APC: +1.71%, p=0.503).

Discussion

In this study, CRBSI incidence showed a statistically
significant decline over the 2015-2025 period. This
sustained declining trend suggests that local infection
prevention measures became increasingly effective
over time, rather than reflecting a single short-lived
intervention. The absence of a significant joinpoint
supports the interpretation that the decrease was gradual
and continuous, consistent with cumulative gains from
bundle-based catheter care, hand hygiene, insertion-site
antisepsis, daily assessment of catheter necessity, and
surveillance feedback. Reviews of CRBSI prevention have
repeatedly demonstrated that evidence-based bundles
can substantially reduce infection rates [2-4], One review of
ICU studies reported statistically significant reductions in
most included studies, with CRBSI rates decreasing by 26%
in the 15tyear of intervention and by as much as 95% by the
2"d year in some settings (4],

The predominance of Gram-negative organisms across the
study periodis epidemiologicallyimportant.Incriticallyilland
heavily instrumented patients, Gram-negative bacteria often
remain major causes of catheter-related infection, especially
where broad-spectrum antibiotic exposure, prolonged
hospitalization, and intensive care contact are common.
Although Gram-negative pathogens remained the leading
group in the present series, the overall proportion of Gram-
negative organisms showed a non-significant declining
trend, which may indicate that infection control measures
and antimicrobial stewardship gradually suppressed the
hospital ecological pressure favoring these organisms.

Current CRBSI guidance also emphasizes pathogen-specific
management for Gram-negative bacilli and Candida spp.,
underscoring the need to interpret changing organism
patterns alongside treatment implications '],

Among individual Gram-negative pathogens, the
fluctuating behavior of K. pneumoniae is particularly
notable. The marked decline early in the study, followed by
a rise and then a later fall, is more compatible with local
epidemiologic oscillation than with a monotonic secular
trend. Such patterns can reflect clonal spread, ward-level
outbreaks, shifts in antimicrobial pressure, and subsequent
containment efforts. A. baumannii showed a similar but
reversed biphasic pattern, with a period of increase followed
by a clear decline, again suggesting that local transmission
dynamics and control practices likely changed over time.
These organisms warrant particular attention because of
an association with resistant healthcare-associated strains,
and the temporal instability of these pathogens may serve
as a useful marker of changing hospital ecology.

By contrast, P. aeruginosa and E. coli showed only non-
significant decreases, and Gram-positive organisms
remained largely stable. This relative stability suggests
that these pathogens were present throughout the study
period but did not undergo major ecological expansion or
suppression. The small upward drift in coagulase-negative
staphylococci may be clinically plausible in catheter-related
infection, given an established association with device
colonization and biofilm formation; however, the lack of
statistical significance warrants cautious interpretation.
Overall, the Gram-positive profile appears less dynamic than
the Gram-negative profile in the present dataset, suggesting
that the strongest shifts in local epidemiology occurred
among healthcare-associated Gram-negative organisms.

Candida spp. followed a different trajectory and warrant
separate consideration. The pronounced increase observed
in the earlier years, followed by a plateau in the later period,
suggests that fungal CRBSI became increasingly significant
over time before reaching a relatively stable level. This
pattern is clinically relevant because Candida bloodstream
infection is strongly associated with invasive devices,
prolonged hospitalization, broad-spectrum antibiotic
exposure, parenteral nutrition, immunosuppression,
and severe underlying illness. A review of Candida CRBSI
in patients receiving parenteral nutrition reported that
Candida accounted for 9.8% of pediatric CRBSIs and 11.7%
of adult CRBSIs, and another review noted increasing rates
of Candida bloodstream infections in ICUs with evolving
epidemiology and susceptibilities 712, |n addition,
glucocorticoid use and parenteral nutrition have been
identified as independent risk factors for Candida CRBSI, and
early reinsertion of a catheter after infected-line removal
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may increase the risk of persistent fungal infection [7:13],
Taken together, the Candida trend observed in the present
study may reflect the combined effects of patient severity,
device dependence, and antibiotic selection pressure [7:8/131,

The fact that Gram-negative organisms decreased overall,
even though they remained predominant, is encouraging
and likely reflects improvements in prevention practices.
Studies of central line bundles have shown that strict
adherence to insertion and maintenance components can
reduce CRBSIrates,and a 9-year observational study reported
asignificant reduction in CRBSI rates after the introduction of
a chlorhexidine-impregnated dressing bundle ™. Similarly,
updated prevention reviews continue to emphasize the
importance of catheter placement decisions, insertion
bundles, standard-of-care adherence, and technological
adjuncts such as antimicrobial-impregnated catheters
(141 The present findings align with this body of evidence:
The infection burden decreased overall, but the microbial
spectrum shifted rather than disappearing altogether.

Clinically, these findings support two practical conclusions.
First, the reduction in CRBSI incidence suggests that local
infection control efforts were effective and should be
sustained. Second, the changing pathogen distribution
indicates that prevention and empiric management should
remain data-driven rather than fixed. In particular, ongoing
surveillance for resistant Gram-negative bacilliand Candida
spp. is essential, because these organisms are the most
likely to reshape the clinical burden of CRBSI over time.

The use of joinpoint regression analysis represents a
major strength of this study, enabling the identification
of significant temporal changes and inflection points in
infection trends. This method provides a more nuanced
understanding of epidemiological dynamics compared with
traditional linear analyses [°]. The ability to detect distinct
phases in pathogen-specific trends offers valuable insights
into the timing and potential impact of interventions.

Limitations

However, this study has several limitations. First, it
was conducted in a single center, which may limit the
generalizability of the findings. Second, patient-specific
risk factors, comorbidities, and clinical outcomes could not
be assessed. Third, antimicrobial resistance patterns were
not included, which could have provided further insight
into the observed microbiological trends. Finally, specific
infection control interventions and their timing were not
analyzed, limiting causal interpretations.

Despite these limitations, the study provides valuable
long-term data on CRBSI trends and pathogen
distribution in an ICU setting. The findings highlight that
while overall infection rates can be successfully reduced,

pathogen-specific dynamics may vary considerably over
time. Continuous surveillance, combined with adaptive
infection control strategies and antimicrobial stewardship,
remains essential for sustaining improvements and
addressing emerging threats.

Conclusion

In conclusion, this 11-year retrospective study demonstrated
a significant and sustained reduction in CRBSI rates in the
ICU, reflecting the effectiveness of infection control practices.
However, despite the overall decline, pathogen-specific
analyses revealed dynamic and heterogeneous temporal
patterns, particularly among major Gram-negative bacteria
and Candidaspp.Thesefindings highlightthatimprovements
in infection rates do not necessarily correspond to stable
microbial profiles. Continuous surveillance, integration of
advanced analytical methods, and adaptive infection control
and antimicrobial stewardship strategies are essential
to maintain reductions in infection rates and to respond
effectively to evolving pathogen dynamics.
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