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Abstract. Sepsis and septic shock are major complications
of febrile neutropenia (FN) in pediatric patients with cancer
(PPCs). The aim of the present study was to determine the
association of vitamin D (VD) and cathelicidin levels with
sepsis and septic shock in PPCs with FN. A prospective
cohort of PPCs with FN who had previously received cyto-
toxic chemotherapy was analyzed. At baseline, the plasma
levels of VD and cathelicidin were quantified. Patients with
sepsis and septic shock were compared with patients with FN
without complications. Relative risks (RRs) were calculated
with 95% confidence intervals (95% Cls) to determine asso-
ciations. Multiple logistic regression analysis was performed
to adjust the results for the identified confounders. A total of
78 episodes of FN were included; 35 (44.8%) completed their
FN treatment without complications, 19 (24.4%) presented
with sepsis and 24 (30.8%) progressed to septic shock. The
median plasma VD level was 15.2 ng/ml, while the median
plasma cathelicidin level was 27.9 ng/ml. Patients with severe
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VD deficiency (RR, 2.34; 95% CI, 1.17-4.70) and patients with
cathelicidin levels >41.5 ng/ml (RR, 2.44; 95% CI, 1.07-5.56)
exhibited a higher risk of developing sepsis compared with the
control group. Patients with severe VD deficiency had a higher
risk of septic shock (RR, 1.96; 95% CI, 1.02-3.79) compared
with patients without complications, while cathelicidin levels
were not associated with septic shock. After adjusting for
confounders, cathelicidin levels >41.5 ng/ml (odds ratio, 5.52;
95% CI, 1.17-26.06) remained as an independent risk factor
for progressing to sepsis. In patients who developed septic
shock, the multivariate model revealed <700 leukocytes/mm?
and glucose levels >100 mg/dl as independent risk factors. In
conclusion, higher plasma cathelicidin levels were indepen-
dently associated with progression to sepsis in PPCs with FN.

Introduction

Febrile neutropenia (FN) is a common adverse reaction
to chemotherapy, which involves an absolute decrease in
neutrophils and fever associated with infections that increase
the morbidity and mortality of pediatric patients with cancer
(PPCs) (1). Consequently, sepsis and septic shock, major
complications of FN, are the main causes of intensive care unit
(ICU) admission and mortality in patients with malignancies
undergoing intensive cytotoxic chemotherapy (2,3). Among
pediatric patients with FN, ~20% may experience septic
shock (4,5). Previous studies have explored clinical predictors
and biomarkers for the early identification of patients at risk
of developing severe sepsis or septic shock; however, patient
categorization remains a challenge (4.6).

Classically, vitamin D (VD) is involved in calcium
and phosphate metabolism, and bone health. Nonetheless,
experimental studies have revealed that the VD active
form (1,25-dihydroxyvitamin D) exerts immunological activi-
ties on both components of the innate and adaptive immune
system, as well as endothelial membrane stability (7). In chil-
dren, VD deficiency has been associated with infection, sepsis
and septic shock (8-10). During an infection, Toll-like receptor
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activation results in upregulation of both the VD receptor
and the VD-activating hydroxylase cytochrome P450 family
27 subfamily B member 1, serving a key role in activating
VD signaling, which subsequently induces the production of
cathelicidin, a potent antimicrobial peptide effective against a
broad spectrum of microorganisms (11,12). Cathelicidin inter-
acts with the microorganism membrane in regions containing
anionic components and induces a curvature deformation
in the phospholipid bilayer, as well as the translocation of
cathelicidin from the outer membrane to the inner surface,
resulting in the disruption of membrane homeostasis (12,13).
In immunocompromised patients with infection, such as
pediatric patients with FN, VD-cathelicidin pathway dysregu-
lation could be involved in the development of complications.
Therefore, the aim of the present prospective cohort study was
to determine the association of VD and cathelicidin plasma
levels with sepsis and septic shock in PPCs with FN.

Materials and methods

Patients. Eligible patients were pediatric patients with any
cancer type with FN who previously received cytotoxic
chemotherapy between March 2021 and March 2023. A
total of 42 patients included in the present study were male
and 36 were female. The mean age among participants was
8.68 years (range, 1-17 years). The exclusion criteria were as
follow: i) Patients with low-risk FN and complications whose
empiric treatment was on an outpatient basis; ii) parents or
patients declined to participate; iii) febrile patients without
neutropenia; and iv) patients for whom blood samples could
not be obtained.

Study design. The present study was a prospective cohort study
conducted at the Hemato-Oncology Department, Hospital
Infantil de Mexico Federico Gémez (HIMFG; Mexico City,
Mexico). The study protocol was approved by the HIMFG
Institutional Review Board (approval no. HIM-2021-004;
Mexico City, Mexico) and was conducted in accordance with
The Declaration of Helsinki. The parents of the patients signed
an informed consent form for participation in the present study.
In addition, all patients aged >7 years provided written assent.
Patients were recruited at the time of hospitalization for FN.
Patients were followed up until any of the following scenarios
occurred: i) The patient was discharged due to FN resolu-
tion; or ii) the patient developed sepsis or septic shock. Data
collection included sociodemographic information, cancer
diagnosis, and biochemical and hematological parameters at
cohort integration.

Definitions. FN was defined as an absolute neutrophil count
of <1,000/mm? with a single temperature of >38.3°C or a
sustained temperature of =38°C for >1 h (14). Patients with
neutrophil counts <100 cells/mm?® were considered as having
profound neutropenia (15). VD deficiency was defined by
plasma calcidiol levels <20 ng/ml (50 nmol/l), while patients
with levels <5 ng/ml (12.5 nmol/l) were considered to have a
severe deficiency (16,17). Hypocalcemia was defined as a blood
calcium concentration of <8.0 mg/dl (14). Hypomagnesaemia
was defined as a blood magnesium concentration of
<1.6 mg/dl (14). Hypokalemia was defined as potassium levels

<3.5 mmol/l (14). The body mass index (BMI) was calculated,
and patient categorization was performed using the Centers for
Disease Control and Prevention BMI percentile calculator for
children and adolescents. Cathelicidin levels were categorized
using the 50 and 75th percentiles as cut-off points.

Cathelicidin and VD quantification. A blood sample for
the determination of VD and cathelicidin levels was taken
at the time of cohort integration. The sample was separated
by centrifugation at 1,400 x g for 5 min at room tempera-
ture to obtain plasma that was aliquoted and stored at -70°C
until analysis. The VD concentration was determined by
measuring plasma calcidiol levels using a competitive ELISA
kit according to the manufacturer's instructions [25(OH) VD
ELISA kit; sensitivity, 1.98 ng/ml; 25(OH) VD Standard;
cat. no. ab213966; Abcam]. The cathelicidin plasma
concentration was determined using a sandwich ELISA kit
according to the manufacturer's instructions [CAMP ELISA
Kit (Human); sensitivity, 0.039 ng/ml; Lyophilized CAMP
Standard; cat. no. OKCAO00619; Aviva Systems Biology
Corporation]. Quantification was performed in duplicate,
and the arithmetic mean of the measurements was used for
statistical analysis.

Statistical analysis. Descriptive statistics were used to analyze
the demographic and clinical characteristics of all patients at
the baseline. The distribution of quantitative variables was
evaluated with the Shapiro-Wilk test. Quantitative variables
are presented as the median and interquartile range (IQR),
while qualitative variables are presented as the number of
patients and percentages. Categorical variables were compared
between groups using the y* test, x* for linear trend or Fisher's
exact test, as appropriate. Comparisons of quantitative vari-
ables were performed using the Mann-Whitney U test. All
tests were two-sided, and P<0.05 was considered to indicate a
statistically significant difference.

Patients with FN were divided into three groups: The
first group was made up of patients without complications,
the second group consisted of patients who developed sepsis
and the third group comprised patients who developed septic
shock. Patients with sepsis that progressed to septic shock
were included in the septic shock group. For the association
analysis, the sepsis and septic shock groups were compared
with the group of patients without complications. Associations
were determined by calculating relative risks (RRs) and
95% confidence intervals (95% Cls). A backward multiple
logistic regression (MLR) analysis was conducted to adjust for
confounding variables previously identified between groups.
MLR results are presented as the adjusted odds ratio (OR) and
95% CI. All analyses were performed using SPSS version 20
(IBM Corp.).

Results

Patient characteristics. A total of 252 PPCs were identified as
potentially eligible to participate in the present study. A total
of 53 patients had fever without neutropenia, a blood sample
was not obtained in 116 patients and 5 patients decided not to
participate. A total of 72 patients experiencing 78 FN episodes
were enrolled in the current study.
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The median age was 9.0 years (IQR, 7.0 years) and 42
(53.8%) patients were male. Acute lymphoblastic leukemia
(ALL; 64.1%) was the most common diagnosis, followed by
acute myeloblastic leukemia (AML; 7.7%) and germ cell tumors
(5.1%). The median BMI was 16.4 kg/m? (IQR, 4.9 kg/m?), and
44 (56.4%) patients were categorized as normal weight, 23
(29.5%) as underweight and 11 (14.1%) as overweight or obese.
The body surface area median was 0.8 m? (IQR, 0.57 m?),
and 44 (56.4%) patients had a low socioeconomic status. The
median time to antibiotic (TTA) treatment was 58.0 min (IQR,
85.25 min), and 37 (47.4%) FN episodes began antibiotic treat-
ment outside the first h of admission. In terms of hematological
parameters, the median values were 900 leukocytes/mm?
(IQR, 1,260 leukocytes/mm?), 120 neutrophils/mm?® (IQR,
210 neutrophils/mm?), 50 monocytes/mm? (IQR, 105 mono-
cytes/mm?),64,000platelets/mm?*(IQR, 151,000 platelets/mm?),
8.1 fl (IQR, 1.2 fl) mean platelet volume and 9.0 g/dl (IQR,
3.7 g/dl) hemoglobin. In terms of biochemical parameters, the
median values were 92.0 mg/dl (IQR, 18.0 mg/dl) glucose,
13.9 mg/dl (IQR, 9.0 mg/dl) blood urea nitrogen, 0.48 mg/dl
(IQR, 0.31 mg/dl) creatinine, 150.5 U/l (IQR, 37.0 U/l) phos-
phate alkaline, 51.5 U/l (IQR, 42.0 U/]) alanine transaminase,
28.0 U/1 (IQR, 22.0 U/1) aspartate transferase, 231.0 U/l (IQR,
76.5 U/]) lactate dehydrogenase, 2.1 mg/dl (IQR, 0.4 mg/dl)
magnesium, 8.2 mg/dl (IQR, 1.6 mg/dl) calcium, 137.0 mmol/l
(IQR, 5.0 mmol/l) sodium, 3.9 mEq/1 (IQR, 0.9 mEq/]) potas-
sium and 103.0 mEq/1 (IQR, 5.5 mEq/1) chloride. Infection
was microbiologically documented in 44 (56.4%) patients, and
viral (45.4%) and bacterial (43.2%) infections were the most
frequent. Baseline sociodemographic, clinical, biochemical
and hematological characteristics of the groups are presented
in Table I.

VD and cathelicidin levels. The median plasma VD level was
15.2 ng/ml (IQR, 19.4 ng/ml), while the median plasma cathe-
licidin level was 27.9 ng/ml (IQR, 20.9 ng/ml). VD deficiency
was observed in 44 (56.4%) patients, while 7 (9.0%) patients
had severe deficiency. Patients with plasma cathelicidin levels
>41.5 ng/ml were above the 75th percentile. Plasma levels
of VD were not significantly different in patients with ALL
(median, 14.86 ng/ml; IQR, 19.1 ng/ml; P=0.49) and AML
(median, 21.80 ng/ml; IQR, 28.06 ng/ml; P=0.39) compared
with those in patients with solid tumors (median, 14.04 ng/ml;
IQR, 20.17 ng/ml). However, the plasma levels of cathelicidin
were significantly different in patients with ALL (median,
27.54 ng/ml; IQR, 14.19 ng/ml; P=0.02) and AML (median,
48.20 ng/ml; IQR, 43.14 ng/ml; P=0.006) compared with
those in patients with solid tumors (median, 26.73 ng/ml; IQR,
21.72). A total of 35 patients (44.8%) completed their FN treat-
ment without complications, 19 patients presented with sepsis
(24.4%) and 24 patients (30.8%) progressed to septic shock. In
the study, 2 patients who developed septic shock died (2.5%).
The plasma levels of cathelicidin in the patients who died were
16.10 and 16.20 ng/ml.

VD and cathelicidin association with the risk of sepsis and
septic shock. In the association analysis, patients with severe
VD deficiency (RR, 2.34; 95% CI, 1.17-4.70) and patients with
cathelicidin >41.5 ng/ml (RR, 2.44; 95% CI, 1.07-5.56) exhib-
ited a higher risk of developing sepsis compared with patients
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without complications (Table II). Additionally, patients with
creatinine levels >1 mg/dl, hypomagnesemia, AML diagnosis,
microbiologically documented infection (MDI), and those
whose infection was due to bacteria or fungi also had a higher
risk of sepsis (Table II). After adjusting for the aforementioned
variables in the MLR, levels of cathelicidin >41.5 ng/ml
(OR, 5.52; 95% CI, 1.17-26.06) were independently associated
with progression to sepsis (Table III).

Patients with severe VD deficiency (RR, 1.96; 95% CI,
1.02-3.79) had a higher risk of septic shock compared with
patients without complications, while plasma levels of cathe-
licidin were unrelated to septic shock (Table II). In addition,
patients with a leukocyte count <700 cells/mm?, a count of
<100 monocytes/mm?, <50,000 platelets/mm?, creatinine
>1 mg/ml, glucose >100 mg/dl, a temperature >39°C, MDI, or
bacterial or fungal infection also demonstrated a higher risk
of septic shock (Table II). While VD and cathelicidin levels
were not independently associated with the progression of
FN to septic shock in the multivariate analysis, leukocytes
<700/mm? and glucose levels >100 mg/dl were predictive for
septic shock (Table IV).

Discussion

FN is a medical emergency that requires immediate attention;
the mortality rate ranges between 0.7 and 10% (18-23). The
mortality results in the present study were consistent with this
range. This underscores the critical need to understand FN
pathophysiology and the factors associated with its complica-
tions. Thus, the present study aimed to determine whether VD
and cathelicidin plasma levels may be associated with sepsis
and septic shock, a major FN complication, in PPCs. To the
best of our knowledge, no previous study has explored this
hypothesis.

Cathelicidin is a versatile antimicrobial peptide that is
expressed in diverse tissues and cell types, including epithelial
cells and various immune cells (24). Within the bone marrow,
myelocytes and metamyelocytes synthesize cathelicidin,
storing the inactive precursor hCAP18 in neutrophil-specific
granules for swift release during immune responses (25).
In line with this evidence, patients with AML exhibited the
highest levels of cathelicidin among all participants in the
present study. Furthermore, the observed lower cathelicidin
levels in patients with FN, in comparison with patients with
other infectious diseases, may be attributed to the depletion
of neutrophils, which are an important storage and production
site for cathelicidin (24).

Inflammatory stimuli, such as wounds or infections, initiate
signaling pathways that activate immune cells, stimulating
increased cathelicidin expression, primarily in leukocytes,
and its release via neutrophil degranulation (24,26). The
present findings indicated that patients with FN and elevated
cathelicidin levels upon admission may be at a higher risk of
developing sepsis, potentially due to a more severe under-
lying infection. Notably, patients with significantly higher
cathelicidin levels did not develop septic shock, suggesting
that cathelicidin may serve as a biomarker of immune
responsiveness in immunocompromised individuals. In
BALB/c male mice with cyclophosphamide-induced neutro-
penia and Pseudomonas aeruginosa-induced septic shock, a


https://www.spandidos-publications.com/10.3892/mco.2024.2817

4 GARCIA-GARCIA et al: CATHELICIDIN ASSOCIATED WITH COMPLICATIONS OF FEBRILE NEUTROPENIA

Table I. Baseline clinical characteristics of pediatric patients with febrile neutropenia (n=78).

Variable

No complication n=35 (%)

Sepsis n=19 (%)

Septic shock n=24 (%)

Male sex, n (%)

Cancer type, n (%)
Other
Leukemia

Age, =12 years, n (%)

Nutritional status, n (%)
Normal weight
Underweight
Overweight and obesity

Socioeconomic status, n (%)

Low

Medium
TTA =60 min, n (%)
Leukocytes <700/mm?3, n (%)
Profound neutropenia, n (%)
Monocytes <100/mm?3, n (%)
Platelets <50,000/mm3, n (%)
Creatinine =1 mg/dl, n (%)
Hypomagnesemia, n (%)
Hypocalcemia, n (%)
Hypokalemia, n (%)
Glucose =100 mg/dl, n (%)
Temperature >39.0°C, n (%)
MDI, n (%)
Microbiological result, n (%)

No isolation

Fungal

Bacterial

Viral
VD deficiency, n (%)
Severe VD deficiency, n (%)
Cathelicidin <28 ng/ml, n (%)

Cathelicidin <41.5 ng/ml, n (%)

Median age, years (IQR)
Median BMI, kg/m? (IQR)
Median BS, m2 (IQR)

Median leukocytes, mm? (IQR)
Median neutrophils, mm3 (IQR)
Median monocytes, mm? (IQR)
Median hemoglobin, g/dl (IQR)

Median hematocrit, %(IQR)
Median platelets, mm? (IQR)
Median MPV, fl (IQR)
Median ALT, U/IIQR)
Median AST, U/l (IQR)
Median ALP, U/l (IQR)

Median creatinine, mg/dl (IQR)

Median LDH, U/l (IQR)

Median magnesium, mg/dl (IQR)

Median calcium, mg/dl (IQR)
Median sodium, mEq/l (IQR)

19 (54.3)

10 (28.6)
25 (71.4)
8(22.9)

21 (60.0)
10 (28.6)
4(11.4)

22 (62.9)
13 (37.1)
12 (34.3)
9 (25.7)
15 (42.9)
19 (54.3)
12 (34.3)
0 (0.0)
0 (0.0)
20 (57.1)
8(22.9)
7 (20.0)
3(8.6)
12 (34.3)

23 (65.7)
1(2.9)
2(5.7)
9(25.7)

18 (51.4)
1(2.9)

20 (57.2)

28 (80.0)

7.0 (7.0)

15.7(3.9)

0.76 (0.43)

1000 (900)

120 (300)

90 (120)

9.5 (3.6)

282 (11.1)
84,000 (187,000)

8.1(13)

51.5(13)

28.0 (8.0)

150.5 (61.5)
0.48 (0.16)
231.0 (1.0)
2.05 (0.30)

82(6.5)

137.0 (2.0)

11 (57.9)

3(15.8)
16 (84.2)
421.1)

8 (42.1)
8 (42.1)
3(15.8)

8 (42.1)
11 (57.9)
11 (57.9)
6 (31.6)
6 (31.6)
10 (55.6)
7 (36.8)
1(5.3)
1(53)
13 (68.4)
6 (31.6)
7 (36.8)
4(21.1)
13 (68.4)

6 (31.6)
2(10.5)
3(15.8)
8 (42.1)
10 (52.6)
3(15.8)
6 (31.6)
10 (52.6)
7.0 (9.0)
16.45 (6.84)
0.73 (0.71)
900 (2,150)
175.0 (610)
87 (280)
8.6 (4.33)
28.1(12.43)
68,000 (182.250)
8.0 (1.3)
470 (51.75)
29.5 (27.0)
150.5 (53.5)
0.42 (0.17)
231.0 (84.75)
1.85(0.35)
8.3(0.8)
137.0 (5.25)

12 (50.0)

9 (37.5)
15 (62.5)
11 (45.8)

15 (62.5)
5(20.8)
4(16.7)

14 (58.3)
10 (41.7)
14 (58.3)
15 (62.5)°
15 (62.5)
22 (91.7)
15 (62.5)
7(29.2)°
0 (0.0)
17 (70.8)
9 (37.5)
13 (54.2)°
6 (25.0)
19 (79.2)

5(20.8)
2(8.3)
14 (58.3)
3(12.5)
16 (66.7)
3(12.5)
13 (54.2)
22 (91.6)
11.0 (7.0
17.46 (5.56)°
1.18 (0.75)
400 (1,050)°
55(178)
20 (55)¢
8.8 (2.85)
25.45 (8.65)
28,500 (64,250)¢
8.2 (1.43)
485 (70.5)
320 (31.5)
150.5 (56.8)
0.75 (0.93)
236.5 (147.0)
2.0(0.58)
7.85(1.7)
134.5 (4.75)
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Variable

No complication n=35 (%)

Sepsis n=19 (%)

Septic shock n=24 (%)

Median potassium, mmol/l (IQR)
Median chloride, mEq/l (IQR)
Median glucose, mg/dl (IQR)
Median BUN, mg/dl (IQR)
Median temperature, °C (IQR)
Median vitamin D, ng/ml (IQR)
Median cathelicidin, ng/ml (IQR)

3.9(0.5)
103.0 (2.0)
89.0 (6.0)
13.9 (4.42)
38.5 (0.5)
185 (19.7)
23.7(21.9)

3.9 (0.9)
103.0 (9.0)
89.0 (29.3)
109 (9.8)
38.7(0.5)
19.5(29.1)
34.4 (36.8)°

39(1.1)
102.0 (8.0)
103.5 (29.8)¢
15.85 (19.3)
38.7 (0.6)
11.14 (16.6)
2622 (16.7)

TTA, time to antibiotics; MDI, microbiologically documented infection; VD, vitamin D; BMI, body mass index; BS, body surface; MPV, mean
platelet volume; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase;
BUN, blood urea nitrogen. *" test, P<0.01, vs. no complication group. *Fisher's exact test, P<0.001 vs. no complication group. “Mann-Whitney
U test, P<0.05 vs. no complication group. ‘Mann-Whitney U test, P<0.001 vs. no complication group. “Mann-Whitney U test, P<0.01 vs. no

complication group.

Table II. Factors associated with the development of sepsis and septic shock in pediatric patients with febrile neutropenia (N=78).

No
compli-
cation
(n=35) Sepsis (n=19) Septic shock (n=24)
Variable N (%) N (%) RR [95% CI] N (%) RR [95% CI]
VD deficiency, yes 18 (51.4) 10 (52.6) 1.03 [0.50, 2.13] 16 (66.7) 1.47[0.75, 2.88]
Severe VD deficiency, yes 1(2.9) 3(15.8) 2.34[1.17,4.70]* 3(12.5) 1.96 [1.02,3.79]
Cathelicidin, <28 ng/ml 20 (57.2) 6 (31.6) 1 13 (54.2) 1
Cathelicidin, 28 to 41.5 ng/ml 8 (22.8) 4(21.0) 1.44 [0.50, 4.19] 9(37.5) 1.34[0.73,2.49]
Cathelicidin, >41.5 ng/ml 7(20.0) 9(474) 2.44[1.07,5.56]* 2(8.3) 0.56 [0.16,2.06]
Covariates
Sex, male 19 (54.3) 11 (57.9) 1.05[0.71, 1.56] 12 (50.0) 1.11 [0.60, 2.05]
Cancer type
Solid tumor 9(25.7) 3(15.8) 1 9(37.5) 1
Acute lymphoblastic leukemia 25(71.4) 12 (63.2) 1.30 [0.44, 3.84] 13 (54.2) 0.68 [0.36, 1.30]
Acute myeloblastic leukemia 1(2.9) 4(21.0) 3.20[1.09,9.36] 2(8.3) 1.33[0.53, 3.36]
Age, =12 years 8(22.9) 4(21.1) 1.04 [0.66, 1.64] 11 (45.8) 1.78 [0.99, 3.21]
Nutritional status
Normal weight 21 (60.0) 8(42.1) 1 15 (62.5) 1
Underweight 10 (28.6) 8 (42.1) 1.61[0.74,3.53] 5(20.8) 0.80 [0.36, 1.80]
Overweight and obesity 4(11.4) 3(15.8) 1.26 [0.55, 4.40] 4(16.7) 1.20 [0.54,2.65]
Socioeconomic status
Low 22 (62.9) 8 (42.1) 0.58 [0.28, 1.22] 14 (58.3) 0.89 [0.48, 1.66]
Medium 13 (37.1) 11 (57.9) 1 10 (41.7) 1
Time to antibiotics, >60 min 12 (34.3) 11 (57.9) 1.85[0.89, 3.86] 14 (58.3) 1.78 [0.95, 3.33]
Leucocytes, < 700 mm? 9(25.7) 6(31.6) 0.90 [0.56, 1.44] 15 (62.5) 2.43[1.28,4.62]
Profound neutropenia, yes 15 (42.9) 6 (31.6) 1.18 [0.80, 1.73] 15 (62.5) 1.61[0.84,3.09]
Monocytes, <100 mm? 19 (54.3) 10 (55.6) 0.98 [0.67,1.45] 22 (91.7) 4.83[1.27,18.39]
Platelets, <50,000 mm? 12 (34.3) 7 (36.8) 0.96 [0.63, 1.46] 15 (62.5) 1.98 [1.03,3.78]
Creatinine, =1 mg/dl 0(0.0) 1(5.3) 2.94[2.02,4.28] 7(29.2) 3.06[2.07,4.52]
Hypomagnesemia, <1.5 mg/dl 0(0.0) 1(5.3) 3.06[2.07,4.52] 0(0.0) UD
Hypocalcemia, <8.5 mg/dl 20 (57.1) 13 (68.4) 0.85[0.58,1.25] 17 (70.8) 1.44[0.71,2.92]
Hypokalemia, <3.5 mg/dl 8(22.9) 6(31.6) 0.85[0.51,1.40] 9(37.5) 148 [0.81,2.71]


https://www.spandidos-publications.com/10.3892/mco.2024.2817

Table II. Continued.

GARCIA-GARCIA et al: CATHELICIDIN ASSOCIATED WITH COMPLICATIONS OF FEBRILE NEUTROPENIA

No
compli-
cation
(n=35) Sepsis (n=19) Septic shock (n=24)
Variable N (%) N (%) RR [95% CI] N (%) RR [95% CI]
Glucose, = 100 mg/dl 7 (20.0) 7 (36.8) 0.71[0.41,1.25] 13 (54.2) 231[1.27,4.18])°
Temperature, =39.0°C 3(8.6) 4 (21.1) 0.63[0.26,1.51] 6(25.0) 1.85[1.03,3.35]°
MDI, yes 12 (34.3) 13 (68.4) 2.51[1.12-5.63]° 19 (79.2) 343 [1.48-797)*
Microbiological result
No isolation 23 (65.7) 6(31.6) 1 5(20.8) 1
Fungal 14.2) 2(25.0) 3.22[1.10,941]° 2 (28.6) 373[1.21,11.53]°
Bacterial 2 (8.0) 3(33.3) 2.90[1.06,7.96] 14 (73.7) 490 [2.17,11.08]*
Viral 9 (28.1) 8(57.1) 0.67[0.41,1.08] 3(37.5) 1.40 [0.40,4.94]

RR, relative risk; 95% CI, 95% confidence interval; VD, vitamin D; TTA, time to antibiotics; MDI, microbiologically documented infection;

UD, undetermined. * test, P<0.05.

Table III. Multiple logistic regression model for the develop-
ment of sepsis in patients with febrile neutropenia.

Table IV. Multiple logistic regression model for the develop-
ment of septic shock in patients with febrile neutropenia.

95% CI 95% CI
Independent risk factor OR* Low High  Independent risk factor OR® Low Superior
Cathelicidin, 28 to 41.5 ng/ml 1.58 0.31 8.10  Leucocytes, <700 mm? 29.98 1.95 461.36
Cathelicidin, >41.5 ng/ml 5.52 1.17 2606  Glucose, =100 mg/dl 18.01 1.95 166.40
_ . . Cathelicidin, 28 to 41.5 ng/ml 6.78 0.62 74.32
OR, odds ratio; 95% CI, 95% confidence interval. *Adjusted by Cathelicidin, >41.5 ng/ml 0.17 001 231

creatinine =1 mg/dl, hypomagnesemia, severe vitamin D defi-
ciency, cathelicidin 28 to 41.5 ng/ml and cathelicidin >41.5 ng/ml,
acute myeloblastic leukemia diagnosis, microbiological result and
microbiologically documented infection.

combination of cathelicidin and granulocyte colony-stimu-
lating factor demonstrated the greatest efficacy in protecting
against the development of sepsis (27).

In a large multicenter study of infants hospitalized with
bronchiolitis, low serum LL-37 levels were independently asso-
ciated with intensive care use and longer length-of-stay (28).
By contrast, in patients with septic shock admitted to the
ICU, cathelicidin levels were not associated with in-hospital
mortality (29). The present results support the evidence
suggesting that cathelicidin levels are not associated with the
development of septic shock. Barbeiro et al (30) reported that
cathelicidin was downregulated during septic shock indepen-
dently of serum VD levels, while TNF was elevated, indicating
a complex regulation of cathelicidin during septic shock.
Since multidrug-resistant microorganisms cause serious
healthcare-associated infections, even sepsis and death,
preclinical studies are evaluating the therapeutic potential of
both human and non-human cathelicidins against this type of
microorganism (31,32).

OR, odds ratio; 95% CI, 95% confidence interval. *Adjusted by
leucocytes <700 mm?3, monocytes <100 mm?3, platelets <50,000 mm?3,
creatinine >1 mg/ml, temperature =39.0°C, severe vitamin D defi-
ciency, cathelicidin 28 to 41.5 ng/ml and cathelicidin >41.5 ng/ml,
microbiological result, aged =12, microbiologically documented
infection, glucose =100 mg/dl, and time to antibiotics >60 min.

In recent years, VD has been recognized as serving a
potential role in regulating inflammation and protecting
against infection. In the present study, VD deficiency incidence
in patients with FN was high, and severe deficiency was asso-
ciated with the development of sepsis anarciad septic shock,
although the association was not independent. Similarly, in
pediatric patients with aplastic anemia presenting with FN, a
high prevalence of VD deficiency was observed and low levels
were associated with an adverse clinical outcome (33). In addi-
tion, severe VD deficiency was associated with a higher 30-day
mortality in adolescents and adults admitted to hospital with
community-acquired pneumonia during winter, while low
levels of cathelicidin tended to be associated with increased
mortality (34). Adult patients with sepsis admitted to the ICU
have been reported to present with lower VD levels compared
with healthy controls (35). By contrast, VD was reported to not
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be associated with increased mortality in patients with septic
shock who were admitted to the ICU, although VD binding
protein was associated with in-hospital mortality (29).

Microorganism identification in febrile pediatric patients
with neutropenia continues to be a challenge; only between
22 and 34% can be identified (23,36). This difficulty can be
explained by the current sensitivity of diagnostic methods,
such as microbiological cultures. In the present study, MDI
was associated with both sepsis and septic shock, although
not independently. One explanation is that patients with a
higher degree of infection are identified in the microbiolog-
ical diagnosis, and thus, are the ones who progress to sepsis
and septic shock. In Thai children, MDI has been described
as an independent predictor of severe outcomes of FN, such
as shock, respiratory failure and death (37). Similarly, in
Chilean adults, an association between MDI and increased
mortality rates has been observed (38). By contrast, ~50% of
pediatric patients with acute leukemia prior to induction have
been reported to harbor multidrug-resistant bacteria; this
percentage rose to 70% in patients with FN, although this
multidrug-resistant bacteria isolation was not associated with
negative results in a bivariate analysis (39). Furthermore, in
Thai pediatric oncology patients with FN, the isolation of
antibiotic-resistant gram-negative bacteria was not associ-
ated with septic shock; however, a multivariate analysis was
not performed (36).

There is controversy about the benefits of administering
antibiotics within the first hour in reducing mortality and
ICU admission in patients with FN (40). In this sense, the
association of TTA <60 min and secondary complications of
FN such as septic shock has been recently analyzed (41,42).
Starting antibiotic treatment within 3 h has been reported to be
sufficient and reasonable for PPCs with FN (42). In the present
study, the TTA revealed a non-significant trend with progres-
sion to septic shock, but not with sepsis.

Corticosteroids and L-asparaginase, used in the treatment
of pediatric acute leukemia, may cause drug-induced hyper-
glycemia, which may lead to an increased risk of infections,
including cellulitis, bacteremia and fungemia, and an increased
incidence of FN (43). In addition, the inflammatory cascade is
implicated in the pathogenesis of insulin resistance and hyper-
glycemia (44). In patients with severe sepsis and septic shock,
high levels of resistin, a proinflammatory cytokine derived in
part from monocytes, have been associated with raised blood
glucose (45). Glucose levels >100 mg/dl on admission for
FN were revealed to be independently associated with septic
shock. This fact suggests that the increase in glucose may
be an early manifestation of the inflammatory stress that the
patient is experiencing.

Leukocyte levels <500 cells/mm?® at admission have been
identified as a predictive factor for severe infection complica-
tion in pediatric patients with FN in a univariate analysis (46).
The present results obtained using a multivariate model
revealed that a count of <700 leukocytes/mm?® was associated
with the development of septic shock, but not sepsis.

The main limitation of the present study was the small
sample size. Although there were >100 patients that could
be recruited, the present study was conducted independently
of the treating pediatric oncologists, and for this reason, it
was not always possible to obtain the sample at the time of
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admission for FN. Similarly, the role of other markers, such
as procalcitonin and C-reactive protein, could not be evalu-
ated because these measurements were not available for all
patients. Notwithstanding, the present study reported that
higher plasma cathelicidin levels were independently associ-
ated with progression to sepsis in pediatric patients with FN.
In addition, severe VD deficiency was associated with sepsis
and septic shock, but not independently. Collectively, these
findings highlighted the role of the VD-cathelicidin pathway
in the development of FN complications.
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