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Abstract

Background: Sepsis is one of the major causes of disability and death in the pediatric population globally. Although metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) has been reported to be associated with the survival of adult patients with
sepsis, its prognostic value in children has not been identified.
Objectives: The present study aimed to evaluate the role of MALAT1 in the prognosis of severe sepsis in children.
Methods: A total of 60 children with severe sepsis were included in this research. Serum level of MALAT1 was assessed at baseline,
and the survival data were recorded during a follow-up of 28 days. These participants were categorized into high or low MALAT1
groups based on the median value. Multivariate Cox regression was performed to explore the association of MALAT1 level with the
survival of pediatric patients with sepsis after controlling for potential confounding factors.
Results: The 28-day mortality rate of severe sepsis was 35%. The expression of MALAT1 in the non-survivors was significantly higher
than in the survived patients (P < 0.01). The multivariate Cox proportional hazards model, showed that a higher MALAT1 expression
was associated with a higher risk of mortality in patients with severe sepsis (HR = 6.70; 95% CI: 1.65 - 27.2; P < 0.01).
Conclusions: According to our results, MALAT1 might be a promising marker for predicting the prognosis of severe pediatric sepsis.
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1. Background

Sepsis is defined as a life-threatening dysfunction of
the organs caused by the disturbed response of the host
to infection (1, 2). In children, infections commonly lead
to sepsis, including blood, skin, lung, and urinary tract in-
fections. A systematic review and meta-analysis of stud-
ies on population-based sepsis incidence in children pub-
lished during 1979 - 2016 reported an annual incidence
of 1.2 million cases of sepsis in children on a global scale
(3). Although several effective therapies have been applied,
its mortality rate still reaches 29 - 70% (4, 5). Moreover,
the sepsis survivors suffer from disability, morbidity, and
readmission (6-8). Therefore, exploring novel and accurate
biomarkers is necessary to improve prognosis in pediatric
sepsis patients (9, 10).

Several prognostic scores and biomarkers have been
evaluated in pediatric patients with sepsis to suggest more
rigorous monitoring or to predict the risk of early deteri-
oration. Currently, the second-generation pediatric index

of mortality or pediatric risk of mortality score is used to
assess the severity and prognosis of pediatric sepsis inter-
nationally, while the pediatric critical illness score (PCIS)
is more commonly used in China (11, 12). Hu et al. gener-
ated a disease severity scoring model for pediatric sepsis
in China that comprises prothrombin time, D-dimer, to-
tal bilirubin, total serum protein, uric acid, PaO2/FiO2 ra-
tio, and myoglobin, indicating that patients with higher
scores had a higher risk of severe sepsis (13). In addi-
tion, several biomarkers, such as lactate, procalcitonin,
high-sensitivity C-reactive protein, pancreatic stone pro-
tein, interleukin-6 (IL-6), cardiac dysfunction, and high
serum ferritin, have attracted attention in low- and middle-
income countries because of being inexpensive (11, 14-16).
However, so far, none of these biomarkers showed suffi-
cient sensitivity or specificity to be pervasively applied in
clinical practice (17), and it is necessary to explore more
novel biomarkers. Metastasis-associated lung adenocar-
cinoma transcript 1 (MALAT1), also known as non-coding
nuclear-enriched abundant transcript 2 (NEAT2), is a large,
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infrequently spliced non-coding RNA that is highly con-
served amongst mammals and highly expressed in the nu-
cleus (18). MALAT1 was identified in multiple physiological
processes, and evidence indicates that MALAT1 also closely
relates to various pathological processes, ranging from di-
abetes complications to cancers. MALAT1 is reported to
regulate the secretion of inflammatory cytokines in the
immune and inflammatory systems (19). It is associated
with infection and immune-mediated inflammatory dis-
eases by regulating the inflammatory response through
multiple target genes and signaling pathways (20-23). Re-
cent studies indicated that MALAT1 was significantly asso-
ciated with the survival of adult patients with sepsis (24,
25).

2. Objectives

However, to our knowledge, its prognostic value in
children has not been identified. Therefore, this research
aimed to assess the association of MALAT1 level with the
prognosis of severe sepsis in children.

3. Methods

3.1. Patients

This prospective, observational study was conducted
on consecutive pediatric patients (≤ 18 years) with severe
sepsis admitted into The Fifth Affiliated Hospital of Zunyi
Medical University, Zhuhai, China, during Jan. 2017-Dec.
2020. All participants were diagnosed with sepsis accord-
ing to the criteria established by the International Pedi-
atric Sepsis Consensus Conference. Severe sepsis was de-
fined as sepsis complicated with organ dysfunction or tis-
sue hypoperfusion (26). The exclusion criteria included
blood specimen not taken at admission, refusal of parents,
not being available for the 28-day follow-up after hospital
discharge, malignancy, congenital heart disease, coronary
artery disease, chronic cardiac dysfunction, chronic renal
insufficiency, and immunodeficiency.

This study was approved by the Ethics Committee of
The Fifth Affiliated Hospital of Zunyi Medical University,
Zhuhai, China (Code: 2016052).

3.2. Data Collection and Measurement of MALAT-1 Expression

The baseline characteristics of patients, including age,
gender, body mass index (BMI), infection sites, etiology,
PCIS, and length of pediatric intensive care unit (PICU)
stay, were obtained from medical records. Survival was
also recorded and measured.Peripheral blood specimens

of 5 mL were collected from each patient at admission.
Total RNA was elicited using TRIzol reagent (Invitrogen,
Shanghai, China) following the manufacturer’s protocol.
Next, total RNA was reversely transcribed to complemen-
tary DNAs by PrimeScript RT reagent Kit (Takara, Shanghai,
China), and qPCR was performed using TB Green Fast qPCR
Mix (Takara, Shanghai, China). The relative mRNA expres-
sion of MALAT-1 was calculated according to the 2-∆∆Ct for-
mula using GAPDH as the internal reference.

3.3. Statistical Analysis

We assumed that approximately 20 of 60 enrolled pa-
tients would die by the time of the primary analysis (with
a two-sided type I error rate of 5%), providing a power of
more than 90% to detect a hazard ratio of 2.0. The continu-
ous variables with normal distribution were presented as
mean± SD and compared by the unpaired t-test, and those
with non-normal distribution were expressed as median
(range) and compared by the Mann-Whitney U test. More-
over, the categorical variables were expressed as numbers
(percentage) and compared by the χ2 test. Kaplan-Meier
method was used to estimate survival distribution. Multi-
variate Cox regression was applied to evaluate the associ-
ation of MALAT1 with the mortality risk of pediatric sepsis
after controlling for potential confounders, including age,
gender, BMI, infection sites, etiology, PCIS, and length of
PICU stay. The SPSS statistical software version 20 was used
for all analyses. P-value < 0.05 was considered statistically
significant.

4. Results

A total of 64 patients were assessed for eligibility, out
of which four cases were excluded due to the refusal of par-
ents (n = 2), loss to follow-up (n = 1), and malignancy (n = 1).
Finally, 60 patients included in the analysis were divided
into low and high MALAT1 groups (30 in each group) based
on the median value of 3.1.

Among 60 pediatric patients with severe sepsis, 31 were
boys, and 29 were girls. The 28-day mortality rate was 35%.
Table 1 summarizes the baseline demographic and clini-
cal characteristics of patients according to survival status
or MALAT level. It is shown that the distributions of age,
gender, BMI, infection sites (chest, abdomen, combined,
or others), etiology (Gram-positive or -negative, fungus, or
others), and PCIS were not significantly different between
survivors and non-survivors or between patients with low
and high MALAT1 levels (P > 0.05). The etiology of sepsis
was described in detail; it is shown that the distribution
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Figure 1. A, Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) mRNA expression levels in survivors and non-survivors; B, Kaplan-Meier survival curves in high-
and low-MALAT1 levels

of microbial pathogens, including Gram-positive bacteria
(Staphylococcus aureus, Streptococcus species, and Enterococ-
cus species), Gram-negative bacteria (Pseudomonas species,
Escherichia coli, Klebsiella species), and fungi (Candida para-
psilosis and Candidiasis albicans) were not significantly dif-
ferent between survivors and non-survivors or between pa-
tients with low and high MALAT1 levels (P > 0.05). Pa-
tients with lower MALAT1 levels had a significantly shorter
PICU stay compared to those with higher MALAT1 levels (P <
0.01); however, the difference in the PICU stay was not sig-
nificant between survivors and non-survivors (P > 0.05).

Figure 1A illustrates that the MALAT1 relative expression
level was significantly higher in non-survivors compared
to survivors (P < 0.01). These 60 patients were divided into
low and high MALAT1 groups (30 in each group) based on
the median value of 3.1. As shown in the Kaplan-Meier sur-
vival curves (Figure 1B), subjects with higher MALAT1 lev-
els had a worse survival than those with lower MALAT1 lev-
els (HR = 2.95, 95% CI: 1.23 - 7.08; P < 0.01). Multivariate
Cox proportional-hazards regression analyses showed that
a higher MALAT1 level (HR = 6.70; 95% CI: 1.65 - 27.2; P < 0.01)
was significantly related to increased mortality risk, and a
higher PCIS (HR = 0.90, 95% CI: 0.86 - 0.95; P < 0.01) was sig-
nificantly associated with a lower risk of mortality (Table
2).

5. Discussion

Antibiotics are specific medications for sepsis treat-
ment as sepsis is a blood infection. However, mortality
remains high despite antibiotic therapy, fluid resuscita-
tion, and assisted ventilation. The lack of laboratory diag-
nostic modality to triage and classify the patients as high-

and low-risk complicates the clinical management. There-
fore, reliable biomarkers are urgently required to accu-
rately stratify the stages of sepsis, predict the prognosis,
and apply specific treatments based on the patient cate-
gory (27). LncRNA MALAT1 has been found to dysregulate
and influence biologic or pathologic processes in several
inflammation-related diseases, including sepsis (28, 29).
However, the prognostic value of MALAT1 for sepsis was
rarely reported, especially in the pediatric population. To
our knowledge, the present study is the first to evaluate
the predictive value of MALAT1, indicating that pediatric
patients with a higher MALAT1 level were significantly as-
sociated with a higher risk of 28-day mortality.

Three studies have assessed the association of MALAT1
with survival in adult patients with sepsis and reported
conflicting results. A study by Geng et al. (25) showed that
the 28-day mortality rate was 30.5%. Kaplan-Meier curves
and the log-rank test indicated that the accumulating sur-
vival was worse in patients with the high expression of
lncRNA MALAT1 than in patients with LncRNA MALAT1 low
expression (P < 0.001). In another study by Chen et al. (24),
multivariate logistic regression revealed that high MALAT1
expression was an independent risk factor for sepsis (P <
0.001), septic shock (P = 0.030), and poor prognosis (P =
0.015). Huang and Zhao by a univariate logistic regression,
revealed that lnc-MALAT1 high expression was associated
with raised mortality (OR = 2.263, 95% CI: 2.107 - 29.798; P
= 0.024) (30). However, the association in the multivariate
logistic regression was not significant (OR = 1.433, 95% CI:
0.535 - 3.840; P = 0.474). The prognostic value of MALAT1 in
pediatric patients with sepsis has not been reported. The
present study is the first to evaluate the predictive value of
MALAT1, indicating that a high MALAT1 level in pediatric pa-
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Table 1. Demographic and Clinical Profiles of Patients at Baseline a

Variables Total Survival Status MALAT1 Level

Survival Death P-Value High MALAT1 Low MALAT1 P-Value

No. 60 39 21 31 29

Age (mo) 30.5 (2 - 150) 32 (2 - 150) 27 (3 - 145) 0.53 32 (2 - 145) 30 (5 - 150) 0.66

BMI (kg/m2) 14.7 (7.9 - 22.0) 15.5 (8.5 - 22.0) 14.5 (7.9 - 21.3) 0.94 13.5 (7.9 - 22) 15.5 (8.9 - 21.6) 0.23

Gender 0.79 0.60

Boys 31 (51.7) 21 (53.8) 10 (47.6) 16 (51.6) 15 (51.7)

Girls 29 (48.3) 18 (46.2) 11 (52.4) 15 (48.4) 14 (48.3)

Infection sites 0.06

Chest 25 (41.7) 17 (43.6) 8 (38.1) 0.79 12 (38.7) 16 (55.2)

Abdomen 14 (23.3) 8 (20.5) 6 (28.6) 0.53 9 (29.0) 2 (6.9)

Combined 11 (18.3) 7 (17.9) 4 (19.0) 1.00 7 (22.6) 4 (13.8))

Other 10 (16.7) 7 (17.9) 3 (14.3) 1.00 3 (9.0) 7 (24.1)

Etiology 0.97 0.66

Gram-positive bacteria 32 (53.3) 21 (53.8) 11 (52.4) 16 (51.6) 16 (55.2)

Staphylococcus aureus 17 (28.3) 13 (33.3) 4 (19.1) 10 (32.3) 7 (24.1)

Streptococcus species 10 (16.7) 6 (15.4) 4 (19.0) 4 (12.9) 6 (20.7)

Enterococcus species 5 (8.3) 4 (10.3) 1 (4.8) 2 (6.5) 3 (10.3)

Gram-negative bacteria 19 (31.7) 12 (30.8) 7 (33.3) 11 (35.5) 8 (27.6)

Pseudomonas species 10 (16.7) 7 (17.9) 3 (14.3) 6 (19.4) 5 (17.2)

Escherichia coli 6 (10) 3 (7.7) 3 (14.3) 3 (9.7) 3 (10.3)

Klebsiella species 3 (5.0) 2 (5.1) 1 (4.8) 2 (6.5) 1 (3.4)

Fungus 5 (8.3) 3 (7.7) 2 (9.5) 3 (9.7) 2 (6.9)

Candida parapsilosis 3 (5.0) 2 (5.1) 1 (4.8) 1 (3.2) 2 (6.9)

Candidiasis albicans 2 (3.3) 1 (2.6) 1 (4.8) 2 (6.5) 0

Other 4 (6.7) 3 (7.7) 1 (4.8) 1 (3.2) 3 (10.3)

PCIS 58.2 ± 15.1 64.3 ± 13.9 46.9 ± 10.7 0.11 56.9 ± 13.5 59.6 ± 17.1 0.10

Length of PICU stay (d) 5 (2 - 15) 5 (2 - 15) 6 (2 - 15) 0.65 8 (2 - 15) 3 (2 - 9) < 0.01

Mortality 21 (35.0) - - - 15 (48.4) 6 (20.7) 0.03

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript 1; BMI, body mass index; PCIS, pediatric critical illness score; PICU, pediatric intensive care
unit.
a All the continuous data were represented by the mean ± SD (for normally distributed data) or by the median and interquartile (for non-normally distributed data).
Categorical data were presented by the No. (%).

tients was significantly associated with a higher risk of 28-
day mortality.

The current research had some limitations. First, it was
performed in a single center with a limited patient num-
ber, which may present insufficient data and cause selec-
tion bias. Moreover, several potential confounders, such as
socioeconomic status (e.g., family income, insurance sta-
tus, and parental education level) and receiving vitamin D
that have been reported to be associated with the progres-
sion and mortality of pediatric sepsis were not collected

in the present study (31-34), which may cause bias. In ad-
dition, detailed mechanisms of MALAT1 in sepsis had not
yet been fully elucidated. Consequently, large-scale clinical
studies with more samples and long-term follow-up and
an in vivo study for evaluating the molecular mechanisms
should be performed to verify our findings.

5.1. Conclusions

In conclusion, MALAT1 might be a promising marker
for predicting the prognosis of severe pediatric sepsis.
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Table 2. Multivariate Cox Regression Analysis for Investigating the Association of
MALAT1 with the Risk of 28-Day Mortality in Pediatric Patients with Severe Sepsis a

Variables HR 95% CI P-Value

MLALT-1 level 6.70 1.65 - 27.2 < 0.01

Age 1.00 0.98 - 1.02 0.85

Girl 1.97 0.73 - 5.34 0.18

BMI 1.06 0.94 - 1.20 0.32

Infection sites 0.84 0.55 - 1.27 0.41

Etiology 1.16 0.63 - 2.16 0.63

PCIS 0.90 0.86 - 0.95 < 0.01

Length of PICU stay 0.87 0.73 - 1.03 0.11

Abbreviations: MALAT1, metastasis-associated lung adenocarcinoma transcript
1; BMI, body mass index; PCIS, pediatric critical illness score; PICU, pediatric in-
tensive care unit.
a The Cox regression analysis was performed after controlling for potential con-
founders, including age, gender, BMI, infection sites, etiology, PCIS, and length
of PICU stay.
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