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Pathogenic bacteria features
of central line-associated
bloodstream infections in ICU
patients: focus on the early
predictive value of neutrophil-
to-lymphocyte and platelet-to-
lymphocyte ratios

Yuzhen Li', Yanyan Li', Jigin Wang* and Keyu Sun*

Department of Emergency, Minhang Hospital, Fudan University, Shanghai, China

Objective: Explore and analyze CLABSI pathogenic bacteria characteristics in
ICU patients and the value of PCT, NLR, PLR in early infection prediction.

Methods: 926 ICU patients with central venous catheters in Minhang Hospital
from January 2021 to December 2023 were enrolled. They were grouped by co-
infection status. PCT, NLR and PLR levels were measured, patient data analyzed,
pathogenic bacteria characteristics summarized, and their predictive value
evaluated via ROC curve.

Results: From January 2021 to December 2023, among the 926 patients with
CVC, 73 were diagnosed with CLABSI, with an infection rate of 7.88%. A total of 81
strains of pathogenic bacteria were isolated, including 60.50% (49/81) Gram -
positive bacteria, 35.80% (29/81) Gram - negative bacteria, and 3.70% (3/81)
fungi. The main Gram - positive bacteria exhibited high resistance to penicillin,
erythromycin, clindamycin, and oxacillin, with a resistance rate exceeding 70%,
yet were sensitive to vancomycin, linezolid, and tetracycline. The main Gram -
negative bacteria had high resistance to piperacillin, piperacillin/tazobactam,
Aztreonam, and gentamicin, with a resistance rate over 70%, and were more
sensitive to cefoperazone/sulbactam, imipenem, and amikacin. Age, the site of
catheterization, the duration of catheterization, and the employment of double -
cavity catheters were all factors that exerted an influence on CLABSI among ICU
patients (with p < 0.05). The levels of peripheral blood NLR, PLR, and PCT in the
infected group were higher than those in the non - infected group (p < 0.05). The
areas under the curve (AUCs) of peripheral blood NLR, PLR, and PCT were 0.814,
0.798, and 0.856, respectively, with the largest AUC for PCT. When the cut - off
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point was 2.75 ng/ml, the Youden index was the largest. The AUCs of the
combination of peripheral blood NLR and PLR, NLR and PCT, PLR and PCT,
and all three combined were 0.877, 0.903, 0.857, and 0.917.

Conclusion: The early prediction of CLABSI in ICU patients by means of PCT,
NLR, and PLR is of remarkable significance. It can provide a precious reference
for clinical diagnostic and treatment strategies.

KEYWORDS

central line-associated bloodstream infection (CLABSI), pathogenic bacteria, drug
resistance, neutrophil to lymphocyte ratio(NLR), platelet to lymphocyte ratio(PLR),

procalcitonin(PCT)

1 Introduction

As a commonly used diagnosis and treatment method in
intensive care units (ICUs), central venous catheters (CVC) are
widely used in hemodynamic monitoring, parenteral nutrition,
hemofiltration, fluid resuscitation, etc. However, as a foreign
body, it is easily colonized by microorganisms, which may lead to
central line-associated bloodstream infection (CLABSI), thereby
increasing mortality, morbidity and healthcare costs (van der
Kooi et al., 2023; Teja et al.,, 2024; Xu et al., 2024).

Patients with CLABSI typically present without characteristic
clinical features. Generally, fever is the most prominent initial sign.
Redness, swelling, pain, and suppuration at the intubation site are
highly specific manifestations. Other clinical presentations include
hemodynamic instability, catheter malfunction, and sudden-onset
sepsis, among others (Singer et al., 2016). If the infection fails to be
effectively managed, it can give rise to severe complications, thereby
impacting the patients’ quality of life, prolonging hospitalization,
and even resulting in death (Badia-Cebada et al., 2022). At present,
bacterial culture remains the gold - standard for diagnosing
CLABSI. Nevertheless, its low positive culture rate and long
processing time limit its guiding value in early - stage clinical
treatment (Liu et al., 2021; Ruiz-Ruigomez and Aguado, 2021). The
neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte
ratio (PLR) are effective indicators in blood biochemical indicators
that can evaluate the inflammatory state of the body. The detection
is simple and easy to obtain. Currently, they have been applied in
the diagnosis and prognosis of diseases including systemic lupus
erythematosus and influenza (Luo et al., 2022; Zinellu et al., 2022).
Serum procalcitonin (PCT) is widely applied in bacterial infectious
diseases. It is not influenced by other diseases and has relatively high
diagnostic specificity, and its value has already been recognized
(Zhang et al., 2022; Bajic et al., 2023). This study analyzed the
pathogenic bacteria and drug - resistance status of patients with
CLABSI and explored the diagnostic value of peripheral blood NLR,
PLR, and PCT for such infections, aiming to provide a reference for
early clinical diagnosis and treatment.
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2 Subjects and methods
2.1 Subjects

A total of 926 patients with CVC in the ICU of the Minhang
Hospital were enrolled as the research subjects. Inclusion criteria
were as follows (Figure 1): (1) Patients with CVC within the ICU of
the hospital; (2) Those having indwelling CVC for over 48 hours;
(3) In the situation of multiple catheter - related infections in one
patient, only the first instance was chosen; (4) Patients with reports
of microbiological examinations related to the catheter. Exclusion
criteria were: (1) Patients who had been clearly diagnosed with
sepsis prior to catheterization; (2) Patients who developed a
hematoma during the puncture procedure; (3) Nosocomial
infections due to non - catheter - associated factors. The
diagnostic criteria for central venous catheter - related infections
referred to the Clinical Practice Guidelines for the Diagnosis and
Management of CLABSI in the United States (Hentrich et al., 2014).
This study was reviewed and approved by the hospital’s medical
ethics committee.

2.2 Methods

Cases were retrieved through the hospital’s medical record
query system. Two staff members were assigned to fill in the
form, while another two were responsible for the review process.
The statistical content covered various aspects: patients’ basic
information (including gender, age, body mass index, and past
medical history), details of the catheter (such as type, indwelling
site, duration of indwelling, and the time interval from catheter
insertion to the onset of infection), results of pathogen detection
and drug - sensitivity tests. For the infected group, the NLR, PLR,
and PCT values were selected within 48 hours before blood
culture and catheter culture were performed when infection was
suspected. For patients in the non - infected group, the results of
blood routine examinations and PCT tests were selected on the day
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Patients with CVC from Minhang Hospital from
January 2021 to December 2023 (n=1082)

| n=926 |
!

Non - infected group (n = 853)
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Excluded:
1) with sepsis prior to catheterization (n=66);
2) developed a hematoma during the puncture [*
procedure (n=39);
3) Non-catheter-related infections(n=51);
Infection group (n = 73)
FIGURE 1

The flow of patient selection.

of CVC removal. Blood routine examination items include
neutrophils, platelets, and lymphocytes, among others. Based on
these elements, the NLR and PLR are calculated.

2.3 Statistical analysis

The SPSS21.0 software was employed for data analysis. The
counting data were expressed in the form of case numbers or
percentages, and either the )* test or the Fisher’s exact probability
method was utilized. Measurements following a normal distribution
were presented as (X + s), while those with a non - normal distribution
were presented as Psg (Pys, P7s). An independent - sample T - test was
conducted for inter - group comparison. The receiver operating
characteristic (ROC) curve of subject characteristics was drawn to
analyze the value of serological indices in diagnosing CLABSI. The
test level o = 0.05 for both - sided tests, and a p - value less than 0.05
was considered statistically significant.

3 Results
3.1 Infection rate and related conditions

A total of 926 patients with a central venous catheter in the ICU
were investigated from January 2021 to December 2023. Among
them, 73 patients developed CLABSI, resulting in an infection rate of
7.88%. Among the infected patients, 45 were male and 28 were
female. Fifty patients were 60 years old or older, while 23 were
younger than 60. There were 30 patients with a catheter indwelling
time of 14 days or more, and 43 patients with a catheter indwelling
time of less than 14 days. Multiple logistic regression analysis
indicated that age, catheterization site, catheterization time, and the
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application of a double - luminal catheter were independent
influencing factors for CLABSI (P < 0.05), as presented in Tables 1, 2.

3.2 Distribution of pathogenic bacteria

In this study, 73 patients with CLABSI had 81 pathogenic
bacteria strains detected. Gram - positive bacteria accounted for
60.50% (49/81), gram - negative ones for 35.80% (29/81), and fungi
for 3.70% (3/81). The specific proportion of each is shown
in Figure 2.

3.3 Drug resistance of major
Gram - positive bacteria

Among the pathogens related to CLABSI in the intensive care
unit, gram - positive bacteria exhibited high resistance to penicillin,
erythromycin, clindamycin, and oxacillin, with a resistance rate
exceeding 70%. In contrast, vancomycin, linezolid, and tetracycline
demonstrated low drug resistance, having a resistance rate of less
than 20%, as presented in Table 3.

3.4 Drug resistance of major
Gram - negative bacteria

Among the pathogens of CLABSI in intensive care units, the
principal Gram - negative bacteria exhibited high resistance to
cefepime, piperacillin, aztreonam, and gentamicin, with the drug
resistance rate exceeding 70%. In contrast, cefoperazone/sulbactam,
imipenem, and amikacin demonstrated low drug resistance, having
resistance rates lower than 20%, as presented in Table 4.
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TABLE 1 Univariate analysis of the CLABSI.

Infected Group

Non-infected group

10.3389/fcimb.2025.1525758

Project (n = 73) (n = 853) P - value
Gender (Male/Female) 45/28 465/388 1.382 0.240
Age (in years) 61.18 + 8.39 60.59 + 8.82 0.579 0.577
BMI (kg/m?) 21.73 + 3.84 2240 + 3.65 0.896 0.462
Catheter Indwelling Time (days) 6.280 0.012
<14d 43 620

>14d 30 233

Indwelling Catheter Position 7.476 0.006
Non - femoral Vein 28 469

Femoral Vein 45 384

Use of Double - lumen Catheters 7.868 0.005
Yes 39 314

No 34 539

History of Diabetes Mellitus 3.212 0.073
No 54 703

Yes 19 150

BMI, body mass index.

3.5 The levels of peripheral blood PCT,
NLR, and PLR of patients in both the
infected and non - infected groups were
compared

The peripheral blood PCT levels of patients in the infected and
non - infected groups differed statistically (P < 0.001). When the
NLR and PLR levels of the two groups were compared, it was found
that the NLR and PLR in the infected group were significantly
higher than those in the non - infected group (p < 0.001) (Table 5).

3.6 Value of peripheral blood PCT, NLR,
and PLR levels in the diagnosis of CLABSI
individually and in combination

The AUC of the levels of PCT, NLR, and PLR in peripheral

blood for diagnosing CLABSI were 0.856, 0.814, and 0.798
respectively. The AUC for PCT diagnosis was the largest. When

TABLE 2 Multivariate logistic regression analysis of the infection in CLABSI.

Associated Factors and

the cut - off point was 2.75 ng/ml, the Youden index reached its
maximum. In the combined diagnosis, the AUCs of peripheral
blood PLR combined with NLR, PLR combined with PCT, NLR
combined with PCT, and the combination of all three in diagnosing
CLABSI were 0.877, 0.857, 0.903, and 0.917 respectively. Among
these combinations, the combination of all three had the highest
diagnostic efficiency, as presented in Table 6 and Figure 3.

4 Discussion

In this study, it has been determined that the risk factors for
CLABSI within ICUs include an age of >60 years, femoral vein
catheterization, a catheter placement time of 214 days, and the use
of double - lumen catheters. This finding coincides with certain
research on CLABSI (Chua et al,, 2014; Cheng et al, 2019; de
Grooth et al., 20205 Pitiriga et al., 2020). It suggests that the patient’s
age, the site of catheterization, the duration, and the type of catheter
all increase the incidence of CLABSI in ICUs to varying degrees.

Variable Assignment B SE Wald 2 P - value 95%ClI

Age 1.965 0.827 4.968 0.029 6.287 2.891, 37.834

Tube Placement Location 3.217 0.587 11.223 0.012 14.926 3.897, 52.437

Indwelling Time of Catheter 1.447 0.430 12.320 0.007 4.503 1.116, 19.228

Use of Double - lumen Catheters 3.762 0.536 11.874 0.009 15.327 4.396, 59.671
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FIGURE 2
Constituent ratio of the pathogens isolated from the patients with CLABSI.

Consequently, for clinical catheterization, the internal jugular vein
or subclavian vein should be selected whenever feasible.
Additionally, the catheter should be removed as soon as possible,
and the single - cavity catheter should be preferred.

In this study, through analyzing the distribution of pathogens
related to CLABS], it was found that among 926 patients in the ICU,
73 suffered from CLABSI, with an infection rate of 7.88%. In the
United States, approximately 16,000 cases of CLABSI occur in
ICUs, and around 400 - 5,000 patients die annually due to
catheter infection (Chua et al., 2014). In this research, a total of
81 strains of pathogenic bacteria were identified in 73 patients with
CLABSI. Among them, gram - positive bacteria accounted for
60.50%, gram - negative bacteria for 35.80%, and fungi for 3.70%.
The most common gram - positive bacteria was Staphylococcus
epidermidis (20.99%), and the most prevalent gram - negative
bacteria was Pseudomonas aeruginosa (14.82%). Pinto et al.

(2022) investigated patients in three large hospitals and revealed
that the positive rate of Staphylococcus epidermidis was 36.21%,
and among gram - negative bacteria, the positive rate of
Pseudomonas aeruginosa was the highest. This is similar to the
results of this study and relevant literature (Barrigah-Benissan et al,,
2023; Rha et al., 2023; Tabah et al., 2023), indicating that gram -
positive bacteria are the principal pathogens in patients with
CLABSI in the ICU, which has guiding significance for clinical
drug use.

In the present study, through the monitoring of the drug
resistance profiles of the principal pathogens in patients
diagnosed with Central Venous Catheter-Related Bloodstream
Infections (CLABSI), several notable findings were obtained. It
was observed that Gram-positive bacteria manifested a high level
of resistance to penicillin, erythromycin, clindamycin, and oxacillin,
with the resistance rates surpassing 70%. In contrast, their

TABLE 3 Drug Resistance of Major Gram - positive Bacteria in CLABSI in the Intensive Care Unit [Strains (%)].

Staphylococcus aureus

Staphylococcus hemolyticus

Staphylococcus epidermidis

Antibacterial drug (1 = 10) (n = 13) (n=17)
\| Drug Resistance Rate (%) Drug Resistance Rate (%) N Drug Resistance Rate (%)
Levofloxacin 3 30.00 5 38.46 6 35.29
Ciprofloxacin 5 50.00 8 61.54 7 41.18
Linezolid 1 10.00 2 15.38 0 0.00
Oxacillin 9 90.00 12 92.31 16 94.12
Vancomycin 0 0.00 0 0.00 0 0.00
Clindamycin 8 80.00 11 84.62 14 82.35
Tetracycline 4 40.00 4 30.77 9 52.94
Erythromycin 9 90.00 12 9231 16 94.12
Penicillin 8 80.00 10 76.92 15 88.24
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TABLE 4 Drug resistance of major Gram-negative bacteria in CLABSI in
intensive care unit [strains (%)].

Pseudomonas
aeruginosa (n = 12)

Acinetobacter

Antibacterial Paumannii (n = 11)

Drug

10.3389/fcimb.2025.1525758

vancomycin could be considered as the preferred therapeutic
option for treating Gram-positive bacterial infections in the
context of CLABSI, especially in regions characterized by a low
prevalence of CLABSI and a relatively low susceptibility to
vancomycin. Concurrently, within the scope of this study, it was

Drug Resis- Drug Resis- . C e
found that the resistance rate of amoxicillin in the drug-
tance Rate (%) tance Rate (%) o . . o &
susceptibility testing was the highest among the antibiotics tested,
Levofloxacin 6 | 5455 6 | 5000 followed by that of ampicillin. For Gram-negative bacteria,
Ciprofloxacin 5 | 4545 5 | 4167 imipenem was identified as the antibiotic to which they exhibited
o the highest sensitivity, followed by tobramycin. Nevertheless, it
Amikacin 2 18.18 2 16.67
should be noted that these Gram-negative bacteria still displayed a
Gentamicin 5 | 818 9 | 7500 relatively high resistance rate to aztreonam and ceftriaxone. This
Meropenem 4 3636 5 4167 comprehensive understanding of the drug resistance patterns of the
. main pathogens in CLABSI patients can provide valuable insights
Imipenem 0 0.00 0 0.00
for guiding the rational selection of antibiotics in clinical practice,
Aztreonam 8 | 7273 9 | 0o aiming to improve the treatment outcomes and mitigate the impact
Piperacillin 9 | 81.82 11 9167 of antibiotic resistance.
In this study, NLR, PLR, and PCT were selected as predictors
Cefoperazone 1 1 8.33
_ Sulbactam 9.09 for CLABSI. NLR serves as an indicator reflecting the levels of
neutrophils and lymphocytes within the body. During sepsis and
Cefotaxime 6 54.55 8 66.67 P L Y p th . 4 & sep
other systemic infections, the activation of extracellular regulatory
Cefepime 10 | 9051 11| 9167 kinase and other substances can be observed, and the enhanced
Ceftazidime 5 4545 8 | 6667 expression of anti - apoptotic proteins leads to the delay of

resistance to vancomycin, linezolid, and tetracycline was relatively
low, as evidenced by the resistance rates remaining below 20%.
Regarding Gram-negative bacteria, these pathogens demonstrated a
pronounced resistance to cefepime, piperacillin, aztreonam, and
gentamicin, where the resistance rates exceeded 70%. However, they
exhibited a low resistance to Cefoperazone-Sulbactam, imipenem,
and amikacin, with the resistance rates being less than 20%.
Previous studies (Ohnuma et al, 2023) have suggested that

neutrophil apoptosis. A higher count of neutrophils implies a
more severe inflammatory response within the body and a more
intense systemic inflammatory reaction. Meanwhile, the large
consumption of lymphocytes can directly reflect the degree of
inflammation in the body and provide auxiliary evidence for the
early diagnosis of bacterial bloodstream infections. (Buonacera
et al, 2022; Li et al,, 2022; Wang et al, 2023). PLR is an index
that reflects the levels of platelets and lymphocytes. Besides their
hemostatic and thrombosis - promoting functions, platelets also

TABLE 5 Peripheral Blood PCT, NLR and PLR Levels in Patients of the Infected and Uninfected Groups.

Non-infected Group  Infected Group t value P value
(n = 853) (n=73)
PCT, median (QI, Q3) 0.43 (0.29, 0.67) 5.87 (4.83, 7.70) -30.024 <0.001
PLR, median (QI, Q3) 121.71 (98.04, 141.79) 168.35 (143.24, 217.39) -10.177 <0.001
NLR, median (Q1, Q3) 2.28 (1.87, 2.96) 6.80 (2.90, 9.60) -8.827 <0.001

TABLE 6 Diagnostic value of peripheral blood PCT, NLR and PLR in CLABSI.

Cut - off value Sensitivity (%) = Specificity (%) 95% CI P value
PCT 0.856 2.75 74.14 96.53 0.762-0.949 <0.001
PLR 0.798 130.24 92.66 50.92 0.700-0.895 <0.001
NLR 0.814 2.87 81.52 62.27 0.724-0.901 <0.001
PCT+NLR 0.903 — 85.27 91.36 0.849-0.975 <0.001
PCT+PLR 0.857 - 81.55 76.27 0.757-0.954 <0.001
PLR+NLR 0.877 — 88.93 75.07 0.804-0.948 <0.001
PCT+NLR+PLR 0917 - 85.26 92.90 0.827-0.978 <0.001
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(A). ROC curve of peripheral blood PCT, NLR, and PLR levels individually for the diagnosis of CLABSI; (B). ROC curve of peripheral blood PCT, NLR,

and PLR levels in combination for the diagnosis of CLABSI.

possess a certain pathogen - killing effect. In the process of systemic
inflammatory response, endotoxin can trigger platelet activation
and the secretion of pro - inflammatory factors such as chemokines
and nitric oxide. These molecules attach to and bind with
neutrophils, activate them, and result in the production of
reactive oxygen species, cytokines, and other substances to
eliminate pathogenic microorganisms. Hence, the level of
endotoxin can also indicate the degree of inflammation in the
body (Kim et al.,, 2019; Kriplani et al., 2022; Kearney et al., 2023).
The results of this study demonstrated that NLR and PLR were
significantly elevated in the infected group compared to the
uninfected group, indicating that the levels of NLR and PLR
increase with CLABSI. PCT, a protein consisting of 116 amino
acid residues, is a precursor of calcitonin. Studies (Lee et al., 2022;
Bajic et al., 2023; Oussalah et al., 2023) have revealed that PCT can
be released in large quantities during infectious diseases, and its
appearance time precedes that of other cytokines, enabling it to
better reflect the body’s inflammatory response syndrome. The
results of this study indicated that patients with CLABSI had a
substantial increase in PCT, which was significantly higher than
that of the uninfected group. In this study, the diagnostic AUC of
each index was > 0.7, validating that each index has significant value
in the early diagnosis of CLABSI. Among the indicators in this
study, the PCT level has the highest diagnostic value. The possible
reason is that routine blood indexes such as neutrophils,
lymphocytes, and platelets can be influenced by numerous factors,
whereas the PCT level only changes significantly in the context of
infectious diseases, endowing it with higher diagnostic specificity
and efficacy for infectious diseases (Centor and Gilbert, 2022;
Schuetz, 2022). In this study, the combined - diagnosis AUC of
multiple indicators was greater than that of any single indicator.
Therefore, the combined detection of multiple indicators can be
used to enhance the diagnostic efficiency of CLABSI in
clinical practice.

The limitations of this paper are summarized as follows: (1)
Sample size limitation: The study included only 73 cases in the

Frontiers in Cellular and Infection Microbiology

infection group (infection rate: 7.88%), which is relatively small and
may affect statistical power and the stability of results. (2)
Limitations of retrospective design: The study is based on
retrospective data, which may be subject to selection bias (e.g.,
non-randomized grouping), information bias (e.g., incomplete data
recording), or inadequate control of confounding factors (e.g., lack
of detailed records on antibiotic use history and
immunosuppressive status). (3) External validity of single-center
study: The research was conducted exclusively at Minhang
Hospital. Results may be influenced by specific medical
environments, operational norms, or regional pathogen
distributions, making it difficult to generalize to other medical
institutions or regions.

CLABSI in ICU requires close attention. Key risk factors include
age, catheter site, insertion duration, and double-cavity catheter use.
Gram-positive bacteria are the primary pathogens, and targeted
antibiotic therapy based on microbial characteristics is critical for
effective treatment. Elevated peripheral blood NLR, PLR, and PCT
levels can aid CLABSI diagnosis (individually or combined),
guiding early intervention and improving outcomes.
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