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Background: Recently, long non-coding RNAs (lncRNAs) have emerged as potential molecular biomarkers for sepsis. We aimed to 
profile the expression signature of three inflammation-related lncRNAs, MALAT1, ANRIL, and HHOTAIR, in the plasma of neonates 
with sepsis and correlate these signatures with the phenotype.
Patients and Methods: This case–control study included 124 neonates with sepsis (88 survivors/36 non-survivors) admitted to the 
neonatal ICU and 17 healthy neonates. The relative expressions were quantified by real-time PCR and correlated to the clinic- 
laboratory data.
Results: The three circulating lncRNAs were upregulated in the cases; the median levels were MALAT1 (median = 1.71, IQR: −0.5 to 
3.27), ANRIL (median = 1.09, IQR: 0.89 to 1.30), and HOTAIR (median = 1.83, IQR: 1.44 to 2.41). Co-expression analysis showed 
that the three studied lncRNAs were directly correlated (all p-values <0.001). Overall and stratification by sex analyses revealed 
significantly higher levels of the three lncRNAs in non-survivors compared to the survivor group (all p-values <0.001). Principal 
component analysis showed a clear demarcation between the two study cohorts in males and females. Cohorts with upregulated 
ANRIL (hazard ratio; HR = 4.21, 95% CI = 1.15–10.4, p=0.030) and HOTAIR (HR = 2.49, 95% CI = 1.02–6.05, p=0.044) were at 
a higher risk of mortality.
Conclusion: Circulatory MALAT1, ANRIL, and HOTAIR were upregulated in neonatal sepsis, and the latter two may have the 
potential as prognostic biomarkers for survival in neonatal sepsis.
Keywords: neonatal sepsis, long non-coding RNAs, MALAT1, ANRIL, HOTAIR, survival

Introduction
More than 47% of less than five-year-old deaths globally occur in the neonatal period, resulting in 2.4 million deaths 
yearly.1 Most of these deaths usually occur in low-income countries, and almost one million deaths are attributed to 
infectious causes, including neonatal sepsis, meningitis, and pneumonia.1,2 On the other hand, the survivors of neonatal 
sepsis are vulnerable to short- and long-term neurodevelopmental morbidity.3

Pathophysiology of neonatal sepsis relies on the innate immunity of neonates as their adaptive immune response is 
not fully developed. A more rigorous evaluation of the possible association between genetic signatures and neonatal 
sepsis is critical. The related neonatal innate and adaptive immune responses showed impairment of some aspects of 
innate immunity to bacterial infection, particularly in low-birth-weight infants.4–6

International Journal of General Medicine 2022:15 6237–6247                                           6237
© 2022 AbdAllah et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 12 May 2022
Accepted: 12 July 2022
Published: 20 July 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-2431-746X
http://orcid.org/0000-0002-6625-6012
http://orcid.org/0000-0002-1944-8388
http://orcid.org/0000-0002-8641-3716
http://orcid.org/0000-0001-9267-3787
http://orcid.org/0000-0001-8784-6022
http://orcid.org/0000-0003-1252-8403
http://orcid.org/0000-0002-9381-7137
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


The recently recognized family of non-coding RNAs, long non-coding RNAs (lncRNAs; >200 nucleotides), has been 
implicated in several biological processes, including innate immunity.7 The lncRNA “Metastasis Associated Lung 
Adenocarcinoma Transcript 1” (MALAT1) upregulation has demonstrated an independent predictive value as 
a biomarker for diagnosis, severity, and poor prognosis in adults with sepsis.8,9 Also, the antisense non-coding RNA 
in the INK4 locus (ANRIL) was implicated in regulating inflammation in rats with uric acid nephropathy,10 and the pro- 
inflammatory genes, including IL6 and IL8, in human endothelial cells under the control of the nuclear factor-κB.11 Gui 
et al have identified its clinical utility as a biomarker of severity, inflammation, and prognosis in adult sepsis patients.12 

Lastly, the lncRNA “HOX Transcript Antisense RNA” (HOTAIR) was observed to promote sepsis progression by 
regulating interleukin-6 receptor expression via microRNA-211 in a septic rat model.13 Additionally, it was reported to 
play a vital role in “sepsis-induced acute kidney injury” via regulating apoptosis.14,15

Although dysregulated expression of the lncRNAs mentioned above was associated with sepsis etiopathology in 
adults, no studies have explored their potential clinical utility as diagnostic and/or prognostic biomarkers in neonatal 
sepsis.16 To this end, the authors were inspired to explore the potential clinical utility of the lncRNAs MALAT1, ANRIL, 
and HOTAIR in a sample of neonatal sepsis to confirm their rules in this devastating disorder. The results of this work 
could help in risk stratification for this vulnerable group of population and provide preliminary data for future molecular 
targeted therapy.

Materials and Methods
Study Subjects
A total of 124 neonates with sepsis (93 early-onset and 31 late-onset sepsis) and 17 healthy controls were enrolled in the 
current study after taking informed consent from all their parents or legal guardians. Cohorts were recruited from Suez 
Canal University Hospital, Egypt, between December 2018 and November 2019. Age enrollment starts from the day of 
life (DOL) 1 at delivery till DOL 7 of suspected neonates with any manifestations that enable physicians to diagnose 
neonatal sepsis. Neonates ≥28 weeks gestational age confirmed by “New Ballard Score”,17 of both sex diagnosed with 
sepsis (defined as bacteremia presented clinically with dysregulation of response to infection in the first four weeks of 
life),18 or suspected neonatal sepsis (defined as neonates who are delivered to a mother with risk factors for sepsis, 
including premature rupture of membrane (PROM) >18 hours, urinary tract infection, genital infections, fever, leuko-
cytosis or chorioamnionitis),19 were enrolled. In addition, neonates presented with clinical indicators (ie, observations 
and events in the baby) of possible/suspected neonatal sepsis/infection, including red flag clinical indicators and other 
“National Institute for Health and Care Excellence (NICE)” guidelines-related clinical indicators, were recruited.20 

Exclusion criteria included newborns with gestational age <28 weeks, gross congenital malformation/genetic syndromes, 
history of perinatal hypoxia, hypoxic-ischemic encephalopathy, maternal drug abuse, or maternal viral hepatitis. The 
study was executed following the “Declaration of Helsinki” guidelines and approved by the Ethics Committee of the 
Faculty of Medicine, Suez Canal University (approval no. 4463).

Clinical Assessment
Early clinical diagnosis of neonatal sepsis is still highly suspected due to the lack of specific signs and symptoms as they 
are shared with various other neonatal diseases. Blood culture is the gold standard of lab diagnosis but has certain 
limitations, which delay early identification. Routinely, 7–13% of neonates are treated empirically for suspected sepsis 
because of these diagnostic limitations. In this sense, we included all neonates with sepsis, either diagnosed with +ve 
blood cultures or –ve results.6,21

Prenatal maternal history was examined for maternal risk factors such as premature rupture of membrane, maternal 
diabetes, anemia, hypertension, pre-eclampsia, urinary tract infection, or triple I (intrauterine inflammation, infection, 
or both). Detailed obstetric history on the mode of delivery, weight at birth, antepartum hemorrhage, maternal 
antibiotics, or intrapartum fever were obtained. Putative neonatal risk factors were evaluated as “preterm, intrauterine 
growth retardation, receiving total parental nutrition, mechanical ventilation, umbilical venous catheterization” and 
other invasive procedures such as a urinary catheter, chest tubes, or long lines. Symptoms in neonatal sepsis are 
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unspecific, as many non-infected neonates display similar symptoms. There is no single-point assessment of clinical 
signs to diagnose sepsis; hence, our clinical examination included the following: (1) gestational age assessment, weight, 
and sex of the full-term neonates, (2) general and systemic examination, including (a) the respiratory system: 
tachypnea, apnea, increased ventilator support, and oxygen desaturation, (b) the cardiovascular system: bradycardia, 
pallor, hypotension, persistent pulmonary hypertension (PPHN) and decreased perfusion, (c) metabolic changes: 
hypothermia, hyperthermia, glucose instability, metabolic acidosis, (d) gastrointestinal system: poor feeding, vomiting, 
diarrhea, jaundice, feeding intolerance, abdominal distension, and ileus (e) neurologic changes: lethargy, hypotonia, 
decreased activity, and seizures, (f) hematological: disseminated intravascular coagulopathy, purpura, petechiae, and 
bleeding.

Blood Sample Collection
Qualified nurses collected 5 milliliters of blood on several occasions (ie, not at one time) from a peripheral vein under an 
aseptic condition from the enrolled neonates upon admission for routine hematological, chemistry, immunological 
assessment, blood culture, and genetic analysis. Tubes for genetic analysis (1 mL on EDTA tubes) were transferred 
immediately to the genetic lab within 20 min to be centrifuged with separation of the buffy coat in sterile Eppendorf for 
the subsequent genetic analysis. Post-treatment samples were withdrawn three days after starting antibiotics (as post- 
treatment samples) for 43 neonates (only the available samples for comparison).

Blood Culture
As blood culture is the gold standard to define neonatal sepsis, a blood culture sample (0.5–1 mL) taken from a normally 
sterile site under aseptic measures was taken in pediatric oxoid blood culture bottles and sent to the microbiology lab for 
cultivation. Blood culture time to positivity (TTP) or turn-around time technique was used. The blood cultures were 
incubated aerobically at 37°C and observed daily for the first three days to identify any visible microbial growth 
(turbidity). A preliminary report of findings is available within 48 hours. However, even in the absence of turbidity, the 
blood was subcultured up to the seventh day, and the report depends on the growth result rather than the observation of 
the bottles. The final report is released after 5–7 days accordingly.

RNA Extraction and Reverse Transcription (RT)
Extraction of total RNA from the buffy coat separated from the whole blood was carried out using PureLink RNA Mini 
Kit (Qiagen, Catalog no. 217184) according to the manufacturer’s instructions. RNA concentration and purity were 
assessed via NanoDrop ND-1000 spectrophotometer (NanoDrop Tech., Inc. Wilmington, DE, USA). Samples with 
a 260/280 nm absorbance ratio <1.8 were excluded. RNA was converted to complementary/copy DNA (cDNA) using 
the “high-capacity cDNA Reverse Transcription (RT)” Kit (Applied Biosystems, USA), as described in our previous 
work.22 The RT reactions were carried out in a “Mastercycler Gradient Thermocycler (Eppendorf, Hamburg, 
Germany)” at 25°C for 10 min, 37°C for 120 min, and 85°C for 5 min, then held at 4°C. No template and no enzyme 
samples as negative controls were included in each run. Gene expression of MALAT1, ANRIL, and HOTAIR compared 
to GAPDH was performed using quantitative real-time polymerase chain reaction (qPCR) following the “Minimum 
Information for Publication of Quantitative Real-Time PCR Experiments (MIQE)” guidelines.23 The PCR reactions 
were carried out in duplicate with a final volume of 20 µL, including 1 µL TaqMan® assays (Hs00273907_s1, 
Hs03300540_m1, Hs05502358_s1, and Hs02786624_g1) that include the pre-designed primer and probe set 
(Thermo Fisher Scientific) for MALAT1, ANRIL, HOTAIR, and GAPDH, respectively, diluted in RNAse-free water, 
1.33 µL RT product, and 2× TaqMan® Universal PCR Master Mix (Applied Biosystems, Waltham, MA, USA) 
following the previously described protocols.24 The fold change of the studied lncRNA expressions in each case 
with sepsis relative to the healthy controls was calculated via the Livak and Schmittgen method based on the 
quantitative cycle (Cq) value (2−ΔΔCq); where “ΔΔCq = (Cq lncRNA – Cq GAPDH) sepsis cases − (Cq lncRNA – 
Cq GAPDH) healthy neonates”.25
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Statistical Analysis
Statistical Package for the Social Sciences (SPSS) for Windows software (version 27.0; IBM SPSS Statistics, USA) and 
GraphPad Prism 9.1.2 software were used for data analysis. Data were presented as the median and interquartile range or 
frequency and percentage. Chi-square (χ2), Fisher’s exact, and Mann–Whitney U (MW) tests were used. Spearman 
correlation analysis was carried out to assess lncRNAs co-expression. Cox proportional regression analysis was 
performed to identify independent predictor risk factors for mortality. Hazard ratio (HR) and 95% confidence interval 
(CI) were reported. Statistical significance was set at a p-value <0.05. Heatmap, hierarchical clustering, box plots, and 
correlation matrix were generated using “reshape2”, “scales”, “RColorBrewer”, “gplots”, “psych”, “factoextra”, 
“FactoMineR”, and “ggpubr” R package.

Results
Characteristics of the Study Population
The current study included 124 neonates with sepsis (93 early-onset and 31 late-onset sepsis). Two-thirds of them 
(65.3%) were males, and in-hospital mortality was reported in 29%. Table 1 demonstrates a comparison between 88 
survivors of neonates with sepsis and 36 non-survivors. The non-survivors were more likely to be delivered by cesarean 
section (66.7% vs 46.6%, p=0.049), preterm (63.9% vs 34.1, p=0.002), with inserted umbilical venous catheter (44.4% vs 
9.1%, p<0.001). Higher prevalence of deceased neonates presented with hypoxia (86.1% vs 65.9%, p=0.027) and 
respiratory distress syndrome (55.6% vs 30.7%, p=0.014). Mothers were more likely to have premature rupture of 
membranes (52.8% vs 28.4%, p=0.010), pre-eclampsia (13.9% vs 0%, p<0.001), and received amoxicillin (27.8% vs 
8.0%, p=0.003). Higher frequency of non-survivors’ neonates required ventilation (63.9% vs 29.5%, p<0.001) and 
surfactant therapy (33.3% vs 10.2%, p=0.001). Non-survivors’ neonates were more likely to develop complications (75% 
vs 13.6%, p<0.001), such as pulmonary hemorrhage (16.7% vs 0%, p<0.001), air leak syndrome and pneumothorax 
(19.4% vs 3.4%, p=0.002), respiratory failure (22.2% vs 1.1%, p<0.001), necrotizing enterocolitis (11.1% vs 0%, 
p=0.002), and multiple organ failure (22.2% vs 0%, p<0.001).

The Circulatory Expression Level of Long Non-Coding RNAs
Compared to normal neonates, the three tested lncRNAs expression signatures were upregulated in the circulation of 
neonates presented with sepsis. Their median levels were as follows: median = 1.71, IQR: −0.5 to 3.27 for MALAT1, 
median = 1.09, IQR: 0.89 to 1.30 for ANRIL, and median = 1.83, IQR: 1.44 to 2.41 for HOTAIR (Figure 1A). Co- 
expression analysis showed a direct correlation between the three lncRNAs ranged from weak (r = 0.37) to moderate (r = 
0.42 and 0.61) correlations (all p-values <0.001) (Figure 1B). Hierarchical cluster analysis classified patients into two 
clusters: the first cluster was characterized by high expression of all lncRNAs, and almost all patients died, while 
the second cluster, including those who survived, exhibited downregulation of at least one of the markers (Figure 1C). On 
comparison of gene expression levels of the studied lncRNAs pre- and post (three days)-treatment after initiating the 
antibiotic therapy, there was no observed significant change in their expression signature (Figure S1).

Association of lncRNA Expression with Clinical Features and Survival
The transcriptomic pattern of MALAT1 (p=0.93), ANRIL (p=0.69), and HOTAIR (p=0.98) did not show a significant 
difference between early-onset and late-onset sepsis groups. However, overall and stratification by sex revealed 
significantly higher levels of the three lncRNAs in deceased neonates compared to the survivor group (all p-values 
<0.001) (Figure 2A–C). Analysis of the association of the three studied lncRNAs with other comorbidities in the study 
groups is presented in Table S1. Running a principal component analysis showed a clear demarcation between the two 
groups of cohorts in males and females (Figure 3A).

Predictor Risk Factors for Mortality
As depicted in Figure 3B, Cox regression analysis revealed that non-survivor neonates were more likely to be male (HR 
= 6.43, 95% CI = 1.31–15.7, p = 0.022) and presented with early-onset sepsis (HR = 4.18, 95% CI = 1.05–11.6, p = 
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Table 1 Characteristics of Sepsis Patients According to Survival

Characteristics Levels Survivors (n = 88) Non-Survivors (n = 36) p-value

Demographics
Age, days Median (IQR) 1 (0–2) 1 (0–3) 0.019*

Sex Male 52 (59.1) 29 (80.6) 0.024
Gestational age at birth, weeks Median (IQR) 36 (32–40) 30 (30–32) 0.001*
Mode of delivery Vaginal 47 (53.4%) 12 (33.3%) 0.049

Cesarean 41 (46.6%) 24 (66.7%)

Weight at birth Median (IQR) 2.6 (1.7–3.5) 1.9 (1.4–2.5) 0.002*
LBWB 5 (5.7%) 7 (19.4%) 0.03#

Maternal antibiotic Amoxycillin 7 (8%) 10 (27.8%) 0.003
Risk factors Positive 57 (64.8%) 32 (88.9%) 0.006
Maternal factors PROM 25 (28.4%) 19 (52.8%) 0.010

Maternal diabetes 4 (4.5%) 0 (0%) 0.32#

Maternal anemia 11 (12.5%) 1 (2.8%) 0.09#

Maternal hypertension 4 (4.5%) 0 (0%) 0.32#

Pre-eclampsia 0 (0%) 5 (13.9%) <0.001#

Triple I 18 (20.5%) 6 (16.7%) 0.62

Neonatal factors Preterm 30 (34.1%) 23 (63.9%) 0.002
IUGR 6 (11.5%) 0 (0%) 0.05#

Total parental nutrition 26 (29.5%) 15 (41.7%) 0.21

Umbilical venous catheter 8 (9.1%) 16 (44.4%) <0.001
Presentation
Onset Late 24 (27.3%) 7 (19.4%) 0.49

Early 64 (72.7%) 29 (80.6%)

Features TTN 12 (13.6%) 3 (8.3%) 0.55
Temperature instability 21 (23.9%) 10 (27.8%) 0.65

Hemodynamic instability 26 (29.5%) 14 (38.9%) 0.39

Hypoxia 58 (65.9%) 31 (86.1%) 0.027
Lethargy 41 (46.6%) 14 (38.9%) 0.55

Hypoglycaemia 16 (18.2%) 5 (13.9%) 0.79

Poor feeding 50 (56.8%) 19 (52.8%) 0.69
Seizures 5 (5.7%) 3 (8.3%) 0.68#

Oliguria 15 (17%) 7 (19.4%) 0.79

RDS 27 (30.7%) 20 (55.6%) 0.014
Congenital pneumonia 20 (22.7%) 5 (13.9%) 0.32

Acquired pneumonia 13 (14.8%) 2 (5.6%) 0.22#

Comorbidities Congenital heart disease 4 (4.5%) 4 (11.1%) 0.17#
Jejunal atresia 3 (3.4%) 0 (0%) 0.55#

Inguinal hernia 3 (3.4%) 2 (5.6%) 0.62#

Biochemical data WBC 4.5 (1.07–9) 7.0 (5.0–12) 0.006*
Immature/total WBCs 0.2 (0.2–0.3) 0.2 (0.2–0.3) 0.08*

Platelets 228 (150–306) 120 (100–150) <0.001*
CRP 3.3 (0.6–6) 5.4 (1–11.7) 0.79*

Hb 15.9 (11.7–20) 12 (11–13) 0.46*

Na 146 (142–150) 140 (136–145) 0.20*
K 4.2 (3.7–4.6) 4.2 (4–4.5) 0.006*

Ca 9.2 (9–9.3) 8.7 (8.3–9) 0.91*

pH 7.3 (7.2–7.3) 7.3 (7.2–7.3) 0.031*
CO2 58 (55–61) 55 (41–59) 0.58*

O2 53 (39–67) 65 (48–78) 0.75*

HCO3 25.5 (22–29) 19 (15–20.7) 0.10*

(Continued)
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0.043). Cohorts with upregulated ANRIL (HR = 4.21, 95% CI = 1.15–10.4, p=0.030) and HOTAIR (HR = 2.49, 95% CI 
= 1.02–6.05, p = 0.044) were at higher risk of mortality. On the contrary, higher gestational age, more than 33.5 weeks, 
were less likely to die (HR = 0.79, 95% CI = 0.64–0.96, p=0.020), and those who received surfactant therapy conferred 
protection (HR = 0.21, 95% CI = 0.06–0.76, p=0.017).

Discussion
Neonatal sepsis contributes to global neonatal morbidity and mortality worldwide, with a higher burden, in particular, in 
low- and middle-income countries.26 The current study included 124 neonates with sepsis, two-thirds of them were 
males, and the non-survivor neonates were more likely to be male, as revealed by Cox regression analysis. This male 
predominance aligns with previous studies that revealed that females have a less exaggerated immune reaction to 
pathogens than males due to hormonal and genetic/epigenetic modifiers contributing to the observed immunological 
and survival rate differences.27,28 Also, Cox regression analysis revealed that non-survivor neonates were more likely to 
be presented with early-onset sepsis. This finding is congruent with recent Fleischmann et al’s meta-nalysis conclusion 
that “in the overall time frame, estimated incidence and mortality was higher in early-onset than late-onset neonatal 
sepsis cases” based on 26 studies from fourteen countries.26

Table 1 (Continued). 

Characteristics Levels Survivors (n = 88) Non-Survivors (n = 36) p-value

Culture data Culture 58 (65.9%) 33 (91.7%) 0.003
Positive results 30 (34.1%) 21 (58.3%) 0.012

Type of organism E. coli 6 (20%) 7 (33.3%) 0.005
Klebsiella 6 (11.4%) 7 (13.9%)

Staph aureus 6 (6.8%) 7 (25%)

Streptococcus 6 (6.8%) 7 (25%)
Pseudomonas 0 (0%) 2 (4.8%)

Management
Antibiotics BetaLact +3rd G Cepha 53 (61.6%) 20 (55.6%) 0.96

Penecillin + amino 14 (16.3%) 2 (5.6%)

Vanco + carbapenem 9 (10.5%) 5 (13.9%)

4th G cephalosporin 4 (4.7%) 4 (11.1%)
Others 6 (7%) 5 (13.9%)

Ventilation Negative 24 (27.3%) 9 (25%) <0.001
O2 therapy 38 (43.2%) 4 (11.1%)
Ventilation 26 (29.5%) 23 (63.9%)

Surfactant Positive 9 (10.2%) 12 (33.3%) 0.001
Outcomes
Length of stay Median (IQR) 10 (4–16) 14 (9–14) 0.10*

Complication Positive 12 (13.6%) 27 (75%) <0.001
Type of complications Pulmonary hemorrhage 0 (0%) 6 (16.7%) <0.001

VAP 9 (10.2%) 1 (2.8%) 0.16#

Air leak syndrome 3 (3.4%) 7 (19.4%) 0.002#

Respiratory failure 1 (1.1%) 8 (22.2%) <0.001#

Organ failure 0 (0%) 8 (22.2%) <0.001#

Necrotizing enterocolitis 0 (0%) 4 (11.1%) 0.002#

Notes: Data are presented as a median and interquartile range (IQR) or number and percentage. Two-sided Chi-square, Fisher’s exact (#), or Mann-– 
Whitney U (*) tests were applied. Bold values indicate significance at p < 0.05. 
Abbreviations: LBWB, low birth-weight baby; PROM, premature rupture of membrane; Triple I, Intrauterine inflammation, infection, or both (a new 
concept of chorioamnionitis); IUGR, intrauterine growth retardation; TTN, transient tachypnea of newborns; RDS, respiratory distress syndrome; 
WBC, white blood cells; CRP, C-reactive protein; Hb, hemoglobin; E. coli, Escherichia coli; VAP, Ventilator-associated pneumonia; others, other 
antibiotics, including quinolones or nitroimidazole, or other combinations; N.B., negative ventilation, no invasive mechanical ventilation; positive 
surfactant: neonates were given surfactant therapy for RDS.
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In comparison between 88 survivors of neonates with sepsis and 36 non-survivors, the non-survivors were more likely 
to be delivered by cesarean section, preterm, and have a history of an inserted umbilical venous catheter. Their mothers 
were more likely to have premature rupture of membranes, pre-eclampsia, and received amoxicillin. Also, non-survivor 
neonates were more likely to develop complications such as pulmonary hemorrhage, air leak syndrome and pneu-
mothorax, respiratory failure, necrotizing enterocolitis, and multiple organ failure as expected.

On exploring the association of the tested inflammation-related lncRNAs expression signature with neonatal sepsis 
and outcome, our results demonstrated that the three lncRNAs, MALAT1, ANRIL, and HOTAIR, were markedly 
increased in the plasma of cases with neonatal sepsis compared to healthy neonates. On correlating the expression 
signatures of the studied lncRNAs to the clinical features and outcome of the neonatal cases, we found significantly 
higher levels of the three lncRNAs in deceased neonates than in the survivor group. Furthermore, the cohorts with 
upregulated ANRIL and HOTAIR were at higher risk of mortality, as revealed by Cox regression analysis.

Given the high blood stability and detection sensitivity of lncRNAs in plasma compared with several traditional 
protein biomarkers,29 circulating lncRNAs show promising roles as adjunct diagnostic/prognostic epigenetic biomarkers 
in several disorders, including inflammatory conditions.30–32 In the last years, the circulatory MALAT1 expression profile 
was screened mainly in adults with sepsis. Pellegrina et al identified that deregulated MALAT1 expression might 
“contribute to gene expression changes associated with the poorer outcome of elderly patients with sepsis”.33 In the 
present study, the expression signature of this lncRNA is uncovered for the first time in neonatal sepsis. Our finding could 

Figure 1 The expression level of long non-coding RNAs in plasma of neonatal sepsis compared to normal neonates. (A) Box plot for fold change (log-transformed). All the 
three studied lncRNAs were upregulated in neonates with sepsis relative to controls. Mann-Whitney U-test was used. Cases are plotted compared to controls (set at zero 
line). All p-values were <0.001. (B) LncRNAs co-expression analysis. A direct correlation between the three studied lncRNAs was identified. The correlation coefficient (r) 
text color aligns with the degree of correlation. Spearman correlation analysis was employed. All p-values were <0.001. (C) Heatmap showing expression pattern in patients. 
Ward.D2 method and Euclidean distance measure were utilized. Hierarchical cluster analysis categorized cases into two distinct clusters: high expressors of all lncRNAs and 
those who exhibited downregulation of at least one of the studied lncRNAs.
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be supported by the vital role MALAT1 plays in regulating the “lipopolysaccharide-induced inflammatory response” via 
its interaction with nuclear factor (NF)-kappa B.34 It was also implicated in regulating the hyperglycemia-induced 
inflammatory process.35 Recent findings by Liu et al, in addition, confirm the substantial value of MALAT1 as part of the 
MALAT1/miR-125 axis in discriminating adult sepsis cases from a healthy population and demonstrate a significant 
correlation with disease severity, organ injury, and inflammation level.36

Several in vivo and in vitro studies suggested that ANRIL might mediate the inflammatory and immune responses 
associated with various diseases, including sepsis.10,12,37,38 In line with our findings, recently, Gui et al found over-
expression of ANRIL in plasma of non-survivor patients with sepsis than survivors, and the accumulating survival was 
worse in patients with ANRIL high expression. They proposed that this action could be mediated via enhancing multiple 
signaling pathways, such as increasing “NLRP3 (NOD-, LRR- and pyrin domain-containing protein 3)” inflammasome 
by regulating the “miR-122-5p/BRCC3 (BRCA1/BRCA2-Containing Complex Subunit 3) axis”.12

The lncRNA HOTAIR was upregulated and associated with neonatal survival in the present cohort. This finding 
aligns with the previous experimental studies that revealed the implication of HOTAIR in sepsis progression and 
outcomes.14,15 Through acting as a microRNA-211 sponge with subsequent interleukin-6 receptor induction, HOTAIR 
has been found to promote inflammation response, inhibit monocyte proliferation and induce monocyte apoptosis in the 
mice model of sepsis.13 Furthermore, Shen et al showed that HOTAIR could promote cell apoptosis via the microRNA- 
22/high mobility group box 1 (HMGB1) pathway in vivo and in vitro.15

Although this study is the first, up to the authors’ knowledge, to explore the implication of the studied lncRNAs in 
neonatal sepsis, some limitations should be considered. First, the relatively limited sample size, in particular, the healthy 
control group; Second, the short follow-up duration of hospitalized neonates and absence of testing multiple samples to 
unravel the stability of the studied lncRNAs in the blood along the progression of the disease. Third, the exploratory 
nature of the present study lacks explaining the molecular mechanisms by which the studied lncRNAs increase the risk of 
sepsis or are associated with poor prognosis/survival. Fourth, the specificity of the studied lncRNAs for other neonatal 
pathological entities is questionable. In this sense, further future studies in large-scale cohorts with long outcome 
evaluations and molecular experiments are required to unravel the biological significance of these lncRNAs and their 
potential target genes in neonatal sepsis and the precise underlying molecular mechanisms. Furthermore, replication 
studies in other neonatal pathological entities, and including pathological controls with multiple sample testing during the 
disease progress, are recommended to validate the studied lncRNAs specificity in neonatal sepsis.

Figure 2 Association of long non-coding RNA expression with survival and gestational age in neonates with sepsis. (A–C) Boxplots comparing non-survivors and survivors’ 
groups. Higher levels of the three lncRNAs in non-survivor neonates compared to the survivor group were observed. (D) The association between gestational age in 
neonates with sepsis and survival. Fold change was estimated using the formula of delta Cq = (Cq lncRNA – Cq GAPDH) sepsis cases − (Cq lncRNA – Cq GAPDH) healthy 
neonates. The median and interquartile range are shown to the left of the corresponding boxplots. Mann-Whitney U-test was applied.
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Figure 3 Multivariate analysis for predicting mortality. (A) Principal component analysis for data exploration showing clear demarcation between survivor and deceased 
infants based on the three lncRNAs. The expression levels of the three lncRNAs, demonstrated by the direction of their corresponding arrows, were pointing towards the 
cluster of the “Died” group. In contrast, the gestational age (GA) arrow pointed towards the “Alive” group, indicating that the higher the GA, the better survival. The length 
of the arrows indicates the weight of the variables. All points (round and triangle) represent each study subject and are of equal size. A large circle and triangle represent the 
centroid of the cluster. (B) Cox hazard proportional regression analysis was performed. Data are represented as hazard ratio (HR) and 95% Confidence intervals (CI). Non- 
survivor neonates were significantly more likely to be males and have upregulated circulating ANRIL and HOTAIR levels. Significant data with p-values less than 0.05 are red. 
Abbreviations: LBWB, low birth-weight baby; ARDS, acute respiratory distress syndrome; PROM, Premature rupture of membrane.
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Conclusion
The present results show upregulation of circulatory lncRNA MALAT1, ANRIL, and HOTAIR in neonatal sepsis 
compared to healthy neonates. The lncRNAs ANRIL and HOTAIR may have potential prognostic utility as biomarkers 
for survival in neonatal sepsis.
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