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Abstract

Objective: To analyze the clinical characteristics and risk factors of children
with sepsis diagnosed using the Phoenix Sepsis Score in the pediatric emer-
gency room of Guangzhou Women’s and Children’s Medical Center, and to
provide clinical evidence for early intervention and reliable treatment. Meth-
ods: A total of 163 pediatric sepsis cases admitted from November 2019 to
November 2024 were studied. Patients were divided into normal lactate (<2
mmol/L) and high-lactate (=2 mmol/L) groups. Data were analyzed using chi-
square tests and Mann-Whitney U tests. Univariate and multivariate logistic
regression analyses were performed to identify risk factors for the high-lactate
group. Results: Among the 163 children (97 males, 66 females; age range 1
month to 14 years, median 1 year), 93 were in the normal lactate group and 70
in the high-lactate group. Clinical features included fever (98.2%), cough
(17.2%), vomiting (9.2%), abdominal pain (12.9%), convulsions (7.4%), uri-
nary tract infections (13.9%), and surgical diseases (6.7%). Vomiting and ab-
dominal pain rates were significantly lower in the high-lactate group com-
pared to the normal-lactate group (P < 0.05), while the rate of urinary tract
infections was higher (P < 0.05). Risk factors for the high-lactate group in-
cluded age < 1 year, PICU admission, oxygenation index (P/F) < 100 mmHg,
and multiple organ dysfunction (all P < 0.05). Age < 1 year was an independent
risk factor (adjusted OR = 4.946, 95% CI 2.439 - 10.027, P < 0.05). Conclu-
sions: Early intervention is crucial for high-lactate sepsis patients under 1 year
of age, aiding in disease severity and prognosis assessment.
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1. Introduction

Sepsis is an important cause of morbidity and mortality in children [1]. Although
the standardized criteria for defining sepsis are in flux, the general concept of sep-
sis is a severe infection that results in organ dysfunction [2]. The clinical presen-
tations of sepsis in children are varied and may include fever, shortness of breath,
rapid heart rate, hypotension, and impaired consciousness [3]. The clinical presen-
tation may be more insidious and atypical in children than in other age groups.
Serum lactate is an important tool for assessing the efficacy of sepsis treatment
and predicting its severity, and knowledge of the clinical features of sepsis can
help in the early diagnosis, treatment and prognosis of patients [4]. The 2024 In-
ternational Consensus updated the diagnostic criteria for sepsis and septic shock
in children, introducing the Phoenix Sepsis Score (PSS) criteria as a diagnostic
tool [5]. The data of 163 cases of childhood sepsis admitted to the Emergency De-
partment of Guangzhou Women and Children’s Medical Centre from November
2019 to November 2024 were retrospectively analyzed and summarized to explore
the clinical features of sepsis and the high-risk factors of the high-lactate group,
and to provide a basis for early diagnosis and treatment.

2. Objects and Methods
2.1. Objects

A total of 163 pediatric patients with confirmed sepsis diagnosed in our emer-
gency stay were selected for the study (Time: 2019.11-2024.11), and their clinical
history, laboratory investigations, and treatment were retrospectively collected.
The male to female ratio was 1.47:1 (97/66). Age of high-lactate group was 1 month
to 11 years (median age 3 years); age of normal lactate group was 1 month to 14
years (median 8 months).

Diagnostic criteria for patients with sepsis: Referring to the “2024 International
Consensus Criteria: Sepsis and Septic Shock in Children” diagnostic criteria, sep-
sis is considered to be diagnosed as suspected infection with a Phoenix score > 2;

sepsis with cardiovascular score > 1 is diagnosed as septic shock.

2.2. Methods

2.2.1. Ethical Approval and Consent to Participate

This study was approved by the Ethics Committee of Guangzhou Women and
Children’s Medical Center (Approval No. 2025069A01). Informed consent was
obtained from the parents and guardians upon admission. All procedures involv-
ing human participants were performed in accordance with the ethical standards
of the institutional and/or National Research Committee and the Declaration of
Helsinki 1964.

2.2.2.Data Management
Through the electronic medical record management system of Guangzhou Women’s

and Children’s Medical Centre, we retrieved the clinical medical record data of
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the children who were kept under observation for the diagnosis of sepsis in the
emergency department in the past 5 years, and analyzed the clinical characteristics
of the children, including gender, age, clinical manifestations, laboratory tests,

pathogens, complications and therapeutic measures.

2.3. Statistical Analyses

Data were processed by SPSS 26.0 statistical software, and count data were ex-
pressed as cases (%), and the y* test was used for intergroup comparisons. Com-
parisons between groups were made using the Mann-Whitney rank sum test. Risk
factors in the high-lactate group were analyzed by one-way logistic regression, and
risk factors with P < 0.05 were entered into two-way logistic regression analysis,

with P < 0.05 being a statistically significant difference.

3. Results

General data and distribution feature: A total of 163 patients with sepsis were in-
cluded, aged from 1 month to 14 years (median 1 year). There were 70 cases (43%)
in the high- lactate group and 93 cases (57%) in the normal lactate group; there
were 97 cases (59.5%) of males and 66 cases (40.5%) of females, with a male-to-
female ratio of 1.47:1. The age of the patients was 1 month to 6 months in 42
cases (25.8%), 6 months to 12 months in 18 cases (11%); 1 to <3 years in 33 cases
(20.2%); 3 to 7 years in 57 cases (34.9%); >7 years in 13 cases (8%). There were 70
cases (45 males and 25 females) in the high-lactate group and 93 cases (52 males
and 42 females) in the normal lactate group. The time of onset was from Novem-
ber 2019 to November 2020. There were 23 cases (14.1%) in total, 41 cases (25.2%),
25 cases (15.3%), 32 cases (19.6%) and 42 cases (25.8%) in that order. The season
of onset was autumn and winter.

Clinical features: 160 of the 163 children had fever, most of them were auditory
fever or flaccid fever, with a fever peak of 38.5°C - 40.5°C. The patients in the male
high-lactate group had 45 cases of fever. There were 45 cases in the male high-
lactate group and 52 cases in the normal lactate group. The duration of fever was
<7 d in 142 cases and >7 d in 21 cases. 38 children had cough and wet rales in the
lungs. 36 (22.1%) had gastrointestinal symptoms, including vomiting in 15, ab-
dominal pain in 21, convulsions in 11, urinary tract infections in 22, coagulation
disorders in 49, and sepsis with surgical disease in 11, and sepsis in 97 males
(59.5%). It was found that: vomiting and abdominal pain were lower in the high-
lactate group than in the normal lactate group [2/13, y* = 5.912, P < 0.05; 4/17,
=5.618, P < 0.05]; whereas, the proportion of urinary tract infections in the high-
lactate group was higher than that in the normal lactate group [16/6, y* = 9.207, P
< 0.05] (see Table 1).

Laboratory tests: oxygenation index (P/F) decreased in the majority of children.
P/F less than 400 in 149 cases (91.4%), less than 300 in 106 cases (65%), less than
200 in 46 cases (28.2%), less than 100 in 10 cases (16.3%). 107 cases (65.6%) had
elevated WBC of 16.7 (8.9, 26.3) * 10°/L; C-reactive protein (CRP) was elevated in
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Table 1. Comparison of clinical characteristics of children with sepsis in two groups.

Clinical High lactate  Normal lactate Total cases X P
characteristics group (n=70) group (n =93) (%)

Fever 92 68 160 (92.4%) 3.602 0.058
Cough 10 18 28 (17.2%) 0.721 0.396
Vomit 2 13 15(9.2%) 5.912 0.015
Stomach ache 4 17 21 (12.9%) 5.616 0.018
Seizure 3 9 12 (7.4%) 1.702 0.192
Urinary tract infection 16 6 22 (13.5%) 9.207 0.002
Surgical diseases 4 7 11 (6.7%) 0.209 0.648
Coagulation disorders 22 27 49 (30.1%) 0.109 0.741
Sex: male 45 52 97 (59.5%) 1.162 0.281

155 cases (95.1%), at 135.7 (89, 100) mg/L; PCT was elevated in 98 cases (89%) at
4.22(0.98, 12.57) mg/L; Platelet decline in 13 cases (8%) was 328 (236, 446) * 10°/L;
FIB decreased in 43 cases (26.4%) to 6.11 (4.627, 7.27) g/L; 45 cases (27.6%) with
D-dimer more than 2 mg/L. Of these, only P/F < 100, the ratio of children with
sepsis in the high-lactate group to those in the normal-lactate group was 7/3 (OR
=3.833,95% CI 0.83 - 13.387, P = 0.014).

Pathological examination: Positive throat swab, blood culture or cerebrospinal
fluid or bone marrow culture tests 22.7% (37/163) and positive throat swab viral
nucleic acid tests 19 % (31/163). Positive blood cultures, cerebrospinal fluid and
its bone marrow cultures were 3.7% (6/163). The viruses detected in 37 children
with viral infection sepsis were ADV, RSV, EV, FA, FB, MP, EB, RV and others.
There was no statistically significant positive pathogenesis in the high-lactate and
normal lactate groups.

Serious illnesses and their complications: During the course of the disease, 17
(10.4%) of the 163 children with sepsis were transferred to the PICU for further
treatment, 10 were diagnosed with septic shock (6.1%) and 11 (6.7%) were com-
plicated by multiple organ dysfunction. Among children transferred to PICU, the
ratio of high-lactate group to normal lactate group was 12/5 (OR = 3.641, 95% CI
1.219 - 10.881, P = 0.021); among children with combined multiple organ dys-
function, the ratio of high-lactate group to normal lactate group was 8/3 (OR =
3.971, 95% CI 0.988 - 15.169, P = 0.048) (See Table 2).

Analysis of high-risk factors for critical illness: One-way logistic regression
analysis identified risk factors for critical illness including age < 1 year, transferred
to PICU, P/F < 100 mmHg, and multiple organ dysfunction (Table 2). The above
statistically different risk factors were included in a two-factor logistic regression
analysis, and it was found that age < 1 year was an independent risk factor for the
occurrence of critical illness (corrected OR = 4.946, 95% CI 2.439 - 10.027, P <
0.01) (See Table 3).
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Table 2. One-way logistic regression analysis of risk factors in the hyperlactate group of
children with sepsis.

High lactate Normal

Groups group lactate group ~ OR P (95% CI)
(n =70) (n=93)

Age < 1 year old 39 21 4.313 <0.01  2.191-8.491
WBC > 12 * 10°/L 46 58 1.291 0.442 0.674 - 2.473
CRP > 100 mg/L 50 57 1.579 0.179  0.812-3.072
PCT > 10 ng/L 14 14 1.411 0.409  0.624 - 3.191
PLT < 100 * 10°/L 4 9 0.566 0.36 0.167 - 1.918

Fib < 100 mg/dl 15 28 1.212 0.741 0.571-2.2
P/F <100 7 3 3.833 0.04 0.83 - 13.387

D-dimer > 2 mg/L 21 24 1.12 0.741 0.571-2.2
Aetiology (+) 4 9 1.579 0.215 0.767 - 3.254
Transferred to PICU 12 5 3.641 0.021 1.219-10.881
MODS 8 3 3.971 0.048 0.988 - 15.169

Table 3. One-way logistic regression analysis of the hyper-lactate group in children with

sepsis.
Transferred to
G Age<1 1d P/F < 100 MODS
roup ge < lyearo PICU /
High lactate
39 12 7 8
group
Normal
21 5 3 3
lactate group
P <0.01 0.146 0.263 0.075
OR 4.946 2.478 2.424 3.94

(95% CI) (2.439 - 10.027)  (0.728 - 8.431)  (0.515-11.412) (0.871 - 17.84)

4. Discussion

Sepsis is by far one of the most common problems faced by pediatric emergency
department and intensive care unit physicians [6]. Sepsis is a syndrome of sys-
temic inflammatory response caused by bacteria, viruses, and fungi, which can
progress to septic shock and MODS, and become the leading cause of non-cardiac
deaths [7]. It has been reported in the literature that lactate is an independent risk
factor for prognosis in children with sepsis [8]. The 2024 International Consensus
updated the diagnostic criteria for sepsis and septic shock in children, introducing
the Phoenix Sepsis Score (PSS) criteria as a diagnostic tool. Therefore, lactic acid
was used as the basis for grouping in this paper. This study finding that vomiting
and abdominal pain rates were significantly lower in the high-lactate group is
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counterintuitive. The Discussion should briefly address this unexpected result and
speculate on potential clinical reasons, maybe altered consciousness affecting
symptom reporting. The study identifies a higher rate of urinary tract infections
in the high-lactate group, This finding aligns with the research conducted by
Purkerson, Jeffrey M [9]. The conclusion that infants under 1 year are at high risk
is well-supported. That is because younger children with underlying diseases, such
as congenital heart disease and immunodeficiencies. These children may have rel-
atively weakened immune systems and organ function and are less resistant to
infections, and therefore require more aggressive treatment and monitoring [10].
It has been reported that platelets and blood lactate are closely related to the body’s
inflammatory response in patients with sepsis [11].

Multiple organ failure due to septic infections has been previously reported in
the literature as the main reason for admission to the ICU [12]. Potential Racial
Differences in Timeliness of Antibiotic Treatment for Patients with Severe Sepsis
or Infectious Shock Presenting to the Office of the Visiting Clinic [13]. Early use
of antibiotics in children with sepsis is the key to treatment, and in this study it
was found that antibiotics were used in 96.9% of cases of sepsis diagnosed in the
emergency room of our hospital (158/163), which suggests that the emergency
physicians of our hospital have a lot of experience in the early identification of
sepsis, and that the early use of antibiotics greatly reduces the probability of ad-
mission to the PICU of patients in our department(17/163 10.4%). Differences in
initial site of infection, admission PICU inflammatory markers, and co-infecting
pathogens during hospitalisation in children with sepsis have been reported in the
literature [14]. Clinical manifestations of neonatal septicaemia may include leth-
argy, shortness of breath, feeding difficulties, delayed CRT, gastric haemorrhage
[15]. In contrast, high fever and shortness of breath are the two most common
clinical signs of sepsis in children [4], This is consistent with the research in this
paper.

In this study, 163 children with sepsis were included and divided into a normal
lactate group (93) and a hyper-lactate group (70) according to their lactate levels.
The clinical characteristics of the two groups were analyzed using the chi-square
test. It was found that 98.2% of the patients were febrile, 17.2% of the patients
were coughing, 30% of the patients had coagulation dysfunction, 7.4% of the pa-
tients had haemorrhagic convulsions, 6.7% of the patients had co-infections of the
urinary tract, 6.7% of the patients required surgical intervention (11/163 6.7%).
One of them died on the next day of transfer to ICU with complication of intra-
cranial haemorrhage. In this study, 10.4% of children were admitted to PICU and
6.7% of them had multi-organ dysfunction. The study showed that children in the
normal lactate group had more vomiting and abdominal pain, but the incidence
of urinary tract infections was more in the hyper-lactate group than in the normal
lactate group.

It has been reported in the literature that PCT, CRP and neutrophil counts in

children with sepsis can show rapid elevation [16]. Platelets play an important role
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in inflammation and coagulation dysfunction leading to organ damage in sepsis
[17]. Fibrinogen levels as a predictor of mortality in patients with sepsis or infec-
tious shock [18]. The D-dimer-albumin ratio has also been reported in the litera-
ture as an independent predictor of critically ill patients with sepsis [19]. In this
paper, it was found that there was no statistically significant difference between
the two groups of children with sepsis in terms of gender, CRP, PCT, FIB, D-
dimer and pathogenesis. Whereas, there were significant differences between the
two groups in age less than 1 year, P/F less than 100 mg/dl, transfer to PICU and
multiple organ dysfunction. Binary Logistic regression analysis of these four fac-
tors showed that age less than 1 year was only found to be an independent risk

factor for children with sepsis in the high lactate group.

5. Conclusion

In summary, patients with sepsis in small infants require a high degree of vigilance
on the part of the clinician, and early intervention and aggressive treatment can
improve the patient’s prognosis. Hyper-lactate group sepsis in patients younger
than 1 year old is informative in determining the criticality of the disease, the ef-

fectiveness of treatment and prognosis.
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