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Entamoeba histolytica (Eh) is a pathogenic eukaryote that often resides silently in humans under asymptomatic stages. Upon
indeterminate stimulus, it develops into fulminant amoebiasis that causes severe hepatic abscesses with 50% mortality. This
neglected tropical pathogen relies massively on membrane modulation to flourish and cause disease; these modulations range
from the phagocytic mode for food acquisition to a complex trogocytosis mechanism for tissue invasion. Rab GTPases form
the largest branch of the Ras-like small GTPases, with a diverse set of roles across the eukaryotic kingdom. Rab GTPases are
vital for the orchestration of membrane transport and the secretory pathway responsible for transporting the pathogenic
effectors, such as cysteine proteases (EhCPs) which help in tissue invasion. Rab GTPases thus play a crucial role in executing
the cytolytic effect of E. histolytica. First, they interact with Gal/Nac lectins required for adhering to the host cells, and then,
they assist in the secretion of EhCPs. Additionally, amoebic Rab GTPases are vital for encystation because substantial vesicular
trafficking is required to create dormant amoebic cysts. These cysts are the infective agent and help to spread the disease. The
absence of a “bonafide” vesicular transport machinery in Eh and the existence of a diverse repertoire of amoebic Rab GTPases
(EhRab) hint at their contribution in supporting this atypical machinery. Here, we provide insights into a pseudoRab GTPase,
EhRabX10, by performing physicochemical analysis, predictive 3D structure modeling, protein-protein interaction studies, and
in silico molecular docking. Our group is the first one to classify EhRabX10 as a pseudoRab GTPase with four nonconserved
G-motifs. It possesses the basic fold of the P-loop containing nucleotide hydrolases. Through this in silico study, we provide an
introduction to the characterization of the atypical EhRabX10 and set the stage for future explorations into the mechanisms of
nucleotide recognition, binding, and hydrolysis employed by the pseudoEhRab GTPase family.

1. Introduction

Membrane dynamics play an indispensable role in not only
the transport of molecules through the parasite and its envi-
ronment, but it is also a requisite for the host-parasite rela-
tionship. Membrane dynamics come into play at the first
point of contact with the host and eventually support the cre-
ation of multiple copies of the parasite inside the host [1, 2].
Phagocytosis is a well-known phenomenon of membrane
dynamics observed universally from single-celled amoebas
to the complex defences of the human body. Entamoeba his-

tolytica, a deadly tropical pathogen, adopts not one but two
membrane modulation phenomena, namely, phagocytosis
and trogocytosis, to create a severe prognosis of invasive
amoebic colitis [3].

This seemingly simple organism takes more than 55,000
human lives each year and is the leading cause of death by
diarrhoea in children below 5 years of age in low-income
countries. It often lurks silently inside the human body until
one day under the right stimulus; it manifests itself as severe
amoebic colitis with a mortality rate of more than 50%. This
makes it imperative for us to understand more about the
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pathogenesis of E. histolytica, focusing on the attachment,
invasion, and cytolytic abilities of the pathogen; all these
processes are governed by vesicular trafficking [4, 5].

The various steps of the membrane dynamics in a cell are
coordinated by small GTPases that are essentially GTP/GDP
molecular switches. According to their sequence, structure,
and reactivity to botulinum toxin C3, they are divided into five
families and subsequent subfamilies. Rab is the largest subfam-
ily of the Ras-like GTPase superfamily. Different Rab GTPases
are localized in different cellular compartments and orches-
trate the vesicular trafficking seamlessly [3, 6–8]. The genome
of the pathogenic amoeba E. histolytica has 102 annotated
genes encoding a stupendous number of 91 Rab GTPases,
yet the highest documented number in the available genomes
of the eukaryotic kingdom. Some of these are perfect homo-
logues to classical GTPases and others largely divergent. The
vigorous and atypical endocytosis machinery observed in E.
histolytica (Eh) provides support to the existence of a wide
variety of Rab GTPases required to regulate this delicate
machinery [9, 10].

The G-domain in the Rab GTPases facilitates shuttling
between GTP- and GDP-bound stages. It belongs to the most
common protein fold in the natural world, the P-loop contain-
ing fold family of nucleotide hydrolases [11]. The fivemotifs of
this universal fold are designated G1 to G5 with highly con-
served sequences—GDSGVGKS (G1/P-loop), T (G2/switch
I), DTAGQ (G3/switch II), GNKCDL (G4), and SAK (G5),
pivotal to the functioning of the GTPase. Previous studies have
reported that 52 out of the 91 EhRab enzymes have more than
40% identity to human, yeast, and amoebic homologues.
However, the remaining 39 are peculiar in their G-domain
sequences and do not show substantial identity to other
eukaryotic small GTPases. Thus, a separate group was created
for these 39 Rab GTPases. Three of these were previously
discovered (EhRabA, EhRabB, and EhRabH) and 36 were
newly identified proteins (EhRabX members) [12, 13]. Sur-
prisingly, only nine amoebic GTPases have been characterized
to date and even fewer are well understood [14–18]. One
cannot stress enough the importance of investigating this huge
repertoire of small molecular switches in amoebic protozoans,
which underpin the complex vesicular arrangements seen in E.
histolytica and probably aid in making it a notorious pathogen
[19]. It was initially believed that E. histolytica lacks endoplas-
mic reticulum and Golgi system; however, more recent studies
have provided proof of the presence of an ER-Golgi system
albeit not of the conventional type. The ER is distributed
uniformly in the amoebic cytosol and not clustered together
near the nucleus. Another unexpected observation was the
continuous synthesis and movement of new proteins through
the cell even after the collapse of Golgi. This indicates the pres-
ence of an atypical membrane transport system involving the
diversified collection of Rab GTPases in the pathogenic
amoeba [9, 20, 21].

The applications of vesicular dynamics can have a direct
impact on creating therapeutics to control amoebiasis, cur-
rently managed only by the nitroimidazoles which do not
come without their barrage of toxic side effects [4]. One such
application is mentioned in a recent paper communicating
that proanthocyanidins via manipulation of the multivesicu-

lar body (MVB) pathway act as effective antitrypanosomal
compounds displaying low toxicity in humans [22]. Taking
the lead from here, we decided to characterize the grossly
underrepresented master membrane regulators, amoebic Rab
GTPases. We selected a greatly divergent protein from the
atypical EhRabX family, EhRabX10, and subjected it to com-
putational biology delving into the physicochemical analysis,
protein structure modeling, molecular docking, and protein-
protein interaction (PPI) analysis to explore the premise of
discovering the functioning of this atypical GTPase in the
vesicular transport machinery of pathogenic E. histolytica.

2. Materials and Methods

2.1. Accession of Protein Sequence. EhRabX10 (EHI_096440,
AB197094) protein sequence for Entamoeba histolytica (Eh)
was retrieved from Amoeba DB (https://amoebadb.org/
amoeba/app) and subjected to further analysis.

2.2. Physicochemical Characterization. The physicochemical
properties of the target protein sequence were assessed on
molecular weight, isoelectric point (pI), extinction coeffi-
cient, instability index, aliphatic index, and the GRAVY
(grand average of hydropathicity) index using the Expasy
ProtParam tool (https://web.expasy.org/protparam/) [23].

2.3. Sequence Alignment and Conserved Motif Identification.
The Clustal W 2.0 [24] tool at the NPS server was used to
obtain multiple alignments of the EhRabX10 sequence with
the other proteins of relevance. The identification of con-
served domains was done through the NCBI Conserved
Domain Database [25].

2.4. Structure Modeling and Validation. The information
regarding the structure of EHI_096440 is not available in the
RCSB PDB database [26]. Thus, we utilized homology
modeling to generate a protein structure of EHI_096440
(EhRabX10). Protein templates for in silico modeling of
EhRabX10 were obtained by running a BLAST search through
the PDB, NCBI, I-TASSER, and SWISS-MODEL databases
[26–28]. The sequence similarity and query coverage cut-offs
were 30% and 70%, respectively. The normalised Z-score
(template-target alignment score) and global model quality
estimate (GMQE) cut-offs were 1.0 and 0.5, respectively. The
templates above the cut-off values were used for homology
modeling of EhRabX10, through SWISS-MODEL via the
Expasy web server [29]. The homology models were then ana-
lyzed for their quality via the SWISS-MODEL server. Further
quality analysis was done by assessing the structural deviation
(RMSD) between the template and the model, through
PyMOL Molecular Graphics System (http://www.pymol.org).
The final selected model of EhRabX10 was subjected to valida-
tion of the structural quality using the Ramachandran plot
[30] through the PDBSUM server (http://www.ebi.ac.uk/
thornton-srv/databases/pdbsum/Generate.html) [31, 32].

2.5. Protein-Protein Interaction Study. To find out the interact-
ing partners of our protein of interest, EhRabX10 (EHI_
096440), we used the STRING version 11.0 (http://string-db
.org/). It generated a network view of the interacting proteins.
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Figure 1: Continued.
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These interacting proteins were displayed as nodes, with the
node edges indicating the confidence scores. The confidence
scores were generated by integrative STRING algorithms that
collect and compute information from seven evidence parame-
ters; these are experiments, text mining, cooccurrence, gene
fusion, coexpression, conserved neighbourhood, and databases.
The multiple coloured lines in the network map represent the
seven evidence parameters supporting the interaction [33, 34].

2.6. Docking Studies. The proteins with high confidence inter-
actions were subjected to molecular docking via the ClusPro

server 2.0 (https://cluspro.org) [35]. None of the interacting
partners of EhRabX10 had their three-dimensional structure
defined in the databases. Since only the PDB format is
accepted as input in ClusPro, we subjected the interacting pro-
teins to homology modeling via the SWISS-MODEL server.
We performed the docking of EhRabX10 with the 3D struc-
tures of the interacting partners and the algorithm generated
eighty docked sets. These docked sets were based on the
ClusPro PIPER algorithm energy terms: hydrophobic and
electrostatic interactions, Van der Waals forces, and inter-
atomic charges. The low-energy docked structures were
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Figure 1: Decoding the sequence features of EhRabX10 and constructing its 3D model through in silico methods. (a) Sequence alignment of
EhRabX10 with the canonical GTPases HRas (human), HRab5 (human), HRab7 (human), and Rab5 (E. histolytica) and the noncanonical
GTPase EhRabX3 (E. histolytica). The divergent motifs in EhRabX10 are G2/switch I (absent), G3/switch II (DTQDME), G4 (TKAD), and
G5 (SSQ). (b) Flowchart describing the selection of templates for homology modeling of EhRabX10. (c) The modeled 3D structure of
EhRabX10. (d) The local quality estimate plot of the model showing the appreciable strength of local similarities between the target
(EhRabX10) and the template (PDB: 6O62). (e) QMEAN plot of EhRabX10 is a mean of Z-scores that describes the “degree of nativeness” of
the structural features observed in the model on a global scale. QMEAN Z-scores closer to zero indicate good nativeness. Our model falls in
the range 1 < Z‐score < 2; thus, it is in agreement with structural conformations of crystal structures of similar-sized proteins.
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subjected to rigorous qualitative and quantitative analysis via
PyMOL (v.1.2r3pre; Schrodinger LLC) and Protein Interac-
tionCalculator (http://pic.mbu.iisc.ernet.in/), respectively [36].

3. Results

3.1. Sequence-Based Investigation of EhRabX10 (EHI_096440).
The EHI_096440 (UniProt ID: Q5NT06) protein, commonly
known as EhRabX10, consists of 188 amino acid residues.
The physicochemical properties of molecular mass and iso-
electric point (pI) are 21.45 kDa and 5.32, respectively. The
extinction coefficient is 19160M-1 cm-1 at 280nm, measured
in water. The physicochemical indices including instability,
aliphatic, and GRAVY index were calculated to be 30.63,
76.65, and −0.49, respectively. By the careful investigation of
the sequence through the NCBI conserved domain database
and Expasy ProtParam tool, we found that this protein has
four motifs indicative of Rab GTPases, namely, G1 motif
(residues 18-25), G3 motif (residues 61-66), G4 motif
(residues 122-126), and G5 motif (residues 151-153). It also
houses a coiled-coil domain at residues 124-144. The G1motif
(GxxxGKS/T) is conserved; however, the G2 box threonine, an
extremely conserved residue in canonical Rab GTPases such
as HRas [37] and HRab5 [38], is absent in EhRabX10. It was
also observed that three out of the four motifs (G3-G5) in
EhRabX10 have nonconserved sequences. The conserved
sequences of these motifs are G3 (DxxGQE), G4 (NKxD),
and G5 (SAK) for canonical GTPases [39] as seen in
Figure 1(a); however, EhRabX10 houses divergent sequences
in these motifs which are G3 (DTQDME), G4 (TKAD), and
G5 (SSQ).

3.2. Molecular Modeling of EhRabX10 (EHI_096440), Proteins
from Entamoeba histolytica. To better understand the rele-
vance of EHI_096440, a structure was needed and the absence
of a three-dimensional X-ray structure of EHI_096440 in the
PDB database necessitated homology modeling of the protein.
A thorough search for ideal templates was done via the servers
of NCBI, PDB, I-TASSER, and SWISS-MODEL. The tem-
plates were selected based on the highest similarity to the

sequence and the structural folds (secondary protein struc-
tures), predicted model quality, and percent query coverage
(QC) (Figure 1(b)). The following templates scored higher
than the cut-off values as mentioned in Section 2.4 and were
selected for homology modeling: Rab GTPase Sec4p of
Candida albicans (PDB ID: 6O62) [40], Ras-related protein
Rab39B of Homo sapiens (PDB ID: 6S5F) [41], GTPase Kras
isoform 2B of Homo sapiens (PDB ID: 4DSU) [42], GTPase
Kras isoform 2B of Homo sapiens (PDB ID: 4DST) [42], and
GTP-binding protein YPT7P of Saccharomyces cerevisiae
(PDB ID: 1KY3) [43]. Homology models, based on all the
above templates, were subjected to further scrutiny by assessing
the QMEAN, GMQE (global model quality estimate), and
RMSD (root mean square deviation) values (Table 1). Models
with QMEAN scores closer to zero are of better quality, and
models with QMEAN scores below−4.0 are rejected. Addition-
ally, models with higher GMQE scores are considered of higher
quality. Furthermore, a good model has a very low (closer to
zero) root mean square deviation (RMSD) from the template.

Here, we observed the highest GMQE score (0.61) and the
least RMSD value (0.124Å) for the model built on the tem-
plate, Rab GTPase Sec4p of Candida albicans (PDB ID:
6O62). The query coverage (QC) was good (86%), covering
all the crucial G-motifs of the G-domain barring only the
terminal residues (1-8 and 174-188) of the EhRabX10
sequence. Additionally, it also had a good model QMEAN
score of −1.51 which is closer to zero (Table 1). All these fac-
tors indicate the 6O62-based EhRabX10 model to be of the
most credible quality [44]. This model of size 18.15 kDa was
selected as final, and all further assessments were done using
this model (Figures 1(c)–1(e)). The analysis of the structural
quality of the EhRabX10 model was done through the Rama-
chandran plot (Figure 2(a)). The plot computed that 90.8%
residues of the EhRabX10 structure lay in the most-favoured
regions, 7.9% in the additionally allowed regions, 1.3% in the
generously allowed regions, and none in the disallowed
regions indicating the modeled structure to be of high quality
when compared to the stereochemistry of protein structures
experimentally decoded to date [30, 45].

The topological model generated by PROCHECK
(Figure 2(b)) revealed our protein to possess the classical

Table 1: Comparative analysis of the templates for homology modeling of EhRabX10.

PDB ID (name)
Query

coverage (%)

GMQE
(global model

quality estimate)

Sequence
similarity (%)

Method of structure
determination of

template

Model
QMEAN

RMSD between
template and

model

6O62 (Rab GTPase Sec4p,
Candida albicans)

86 0.61 34
X-ray diffraction,

1.88Å
-1.51 0.124 Å

6S5F (Ras-related protein
Rab39B, Homo sapiens)

87 0.54 34
X-ray diffraction,

1.70Å
-2.25 0. 292Å

4DSU (GTPase Kras isoform 2B,
Homo sapiens)

94 0.59 32
X-ray diffraction,

1.70Å
-1.97 2.78Å

4DST (GTPase Kras isoform 2B,
Homo sapiens)

94 0.58 32 X-ray diffraction, 2.3 Å -1.21 2.078Å

1KY3 (GTP-binding protein
YPT7P, Saccharomyces cerevisiae)

90 0.49 35
X-ray diffraction,

1.35Å
-3.34 0.58Å
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fold of the Rab GTPase family. This fold is composed of a
six-stranded β-sheet with one antiparallel and five parallel
strands which are interspersed by five distinct α-helices. In
agreement with the convention, the four Rab motifs of the
G-domain (G1-G5), except the G2 box (absent), are located
in the loops connecting the α-helices and β-strands, and this
can be observed in the modeled structure (Figure 2(b)).

3.3. Interactome. The STRING v11.0 server provided an inter-
active network (Figure 2(c)) composed of ten predicted inter-
actions with the protein of interest, EhRabX10 (EHI_096440).
Each of these interacting proteins had a combined confidence
score computed by combining the individual scores of each of
the seven evidence parameters mentioned in Section 2.5.
Indeed, all the interactions had a combined confidence score

(0.668)

(0.760)

(0.850)

(0.848)EHI_097650

EHI_096180

EHI_096440EHI_130670

EHI_040450

(0.750)
EHI_127220

EHI_170390

(0.670)EHI_187770

(0.708)EHI_093130

(0.675)EHI_014310

(0.795)
EHI_000550

(c)

Figure 2: Structure quality assessment and the protein interactome of EhRabX10. (a) Ramachandran plot of EhRabX10 computed through
PROCHECK. (b) Topology of the secondary structures of EhRabX10 aligned with the FASTA sequence of EhRabX10. The G-domain motifs
are marked with red boxes. (c) STRING network of predicted interacting partners of EHI_096440 (EhRabX10). The nodes represent the
proteins, and the lines represent the functional evidence links between the proteins. The combined confidence scores are highlighted in
the brackets over the nodes.

Table 2: Interactome parameters of EHI_096440 (EhRabX10).

Accession
no.

Annotation
Confidence

score
Evidence of interaction

Amenable to
homology modeling

EHI_040450 Rab family GTPase; EhRabK2 0.850
Experiments, cooccurrence, text

mining, homology
Yes

EHI_170390 Rab family GTPase; EhRabC8 0.848
Experiments, text mining,

homology
Yes

EHI_000550 Myb-like DNA-binding domain-containing protein 0.795 Experiments No

EHI_130670 Rab family GTPase; EhRabX35 0.760 Cooccurrence, text mining Yes

EHI_127220 Synapsin, putative 0.750 Coexpression, text mining Yes

EHI_093130
EhSec1; Syntaxin-binding protein, putative; belongs

to STXBP/unc-18/SEC1 family
0.708 Coexpression, text mining Yes

EHI_014310 Calcium-gated potassium channel protein, putative 0.675 Coexpression, text mining No

EHI_187770 SH3 domain protein 0.670 Coexpression, text mining Yes

EHI_097650 Rab family GTPase; EhRabN2 0.668 Experiments, text mining Yes

EHI_096180 Ras family protein 0.664
Experiments, coexpression, text

mining
Yes

7BioMed Research International



greater than 66% indicating a low chance of false positives
(Table 2). We selected the protein partners with high confi-
dence scores (>70%) for molecular docking studies (Table 3).
Since none of the predicted interacting partners had a 3D
structure resolved, we resorted to homology modeling and
those providing the highest quality structures were used for
the docking studies in ClusPro 2.0 server. Among the six, high
confidence interactions, Myb-like DNA-binding domain-
containing protein (EHI_000550) was not amenable to predic-
tive modeling; however, the other five were able to produce
protein structures of reliable standard (Table 2). Out of these
five, we selected two proteins for further studies: the Rab family
GTPase EhRabC8 (EHI_170390) and the syntaxin-binding
protein, EhSec1 (EHI_093130). These proteins were subjected
to docking after a final structural quality check where both

fared excellently with high GMQE scores of 0.62 and 0.60 of
EHI_093130 and EHI_170390, respectively (Table 3). The
functional links of these docked partners of EhRabX10 were
supported by the STRING evidence parameters of in vitro
experiments, text mining, homology, and coexpression.

3.4. Assessment of the Docked Complexes. The modeled 3D
structures of interacting partners, EHI_170390 and EHI_
093130, were fed into ClusPro 2.0 server as receptor proteins
and EHI_096440 (EhRabX10) as the ligand. The low-energy
docked complexes were rendered into four groups of energy
coefficients; these are balanced, electrostatically favoured,
hydrophobic favoured, and Van der Waals. We assessed
the top 10 complexes from each group using PyMOL and
supplemented the assessment with quantitative data from

Table 3: Homology modeling of interacting partners that have high confidence interaction score.

Accession
number

Annotation
Sequence

similarity (%)
Query

coverage (%)

GMQE
(global model

quality estimate)

Combined confidence
score of interaction

EHI_093130
EhSec1; syntaxin-binding protein, putative;
belongs to STXBP/unc-18/SEC1 family

35 93 0.62 0.708

EHI_170390 Rab family GTPase; EhRabC8 39 88 0.60 0.848

EHI_040450 Rab family GTPase; EhRabK2 40 80 0.54 0.850

EHI_127220 Synapsin, putative 40 93 0.70 0.750

EHI_130670 Rab family GTPase; EhRabX35 39 85 0.56 0.760

EHI_170390

EHI_096440

(a)

EHI_093130

EHI_096440

(b)

N-terminal MSSNNKDKTIKYKVITV

KHITLKDKQYDIVLC

IQNWVEPINLYEPKDDIKKPIKILVG LEQKISDETMQAKAKELNMEY

AF NDSQGVL SNENGLKD

G1

G4

G5

G3 RabF3 RabF4 RabF5
TFVKKYCHAEDMKESFDSLVGNYGIGKT

DTQDME

TKAD

FKI TGVGVEEVMDKLFTCMTQKFNPSPEKSKSGCCTVM C-terminalSSQ

DISYIT YY LMVDL

(c)

Figure 3: Assessment of the protein-protein interactions of EhRabX10 with its partner proteins. Docked complexes of EHI_096440
(magenta) with (a) EHI_170390 (blue) and (b) EHI_093130 (orange) visualised through PyMOL. Interacting interface marked in dotted
circles. (c) The complete sequence of EhRabX10 displaying the diagnostic G-domain motifs and RabF regions required for the specificity
of interacting effectors. The sequences are colour coded as red for the G-domain (G1-G5) motifs, blue for the RabF3 region, pink for the
RabF4 region, and green for the RabF5 region. The interacting partners EHI_017390 and EHI_093130 both docked at the switch II
region (G3, RabF3, and RabF4) of EHI_096440 (EhRabX10).
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Protein Interaction Calculator (PIC) server for both the
receptor proteins (Figures 3(a) and 3(b)). After careful
examination of ~80 docked sets, we identified the interacting
residues of EHI_096440 to fall mainly in the switch II region
composed of G3 box (DTQDME), RabF3 box (DISYIT), and
RabF4 box (YY), for both the partners, EHI_170390 and
EHI_093130 (Figure 3(c)). As established for classical Rab
GTPases, the switch II region is involved in interaction with
Rab effectors and regulators [11, 46]. Thus, we can speculate
from the molecular docking data that this region might also
serve the same function in EhRabX10.

The interacting residues of EHI_170390 (EhRabC8) are
positioned at residue 3 Gln (N-terminus) and residues 45-79
(mainly in RabF1 and RabF3 regions) (Figure 1(a), Table 4).
The interacting residues of EHI_093130 are positioned at the
C-terminal (485-521) (Table 5). Singularly, we also found
residues 41 Phe and 42 Asp of EhRabX10 to participate in
hydrophobic and ionic interactions with the partner proteins.
Based on the multiple alignment data (Figure 1(a)), these two
residues fall in the region annotated as RabF1 in canonical Rab
GTPases but have not yet been annotated for EhRabX10. This
observation should be explored in future studies.

4. Discussion

Rab family members, though sharing the conventional G-
domain of P-loop containing nucleotide hydrolases, are dis-
tinguished from the other small GTPases by virtue of the
Rab family regions (RabF) flanking the G-domain motifs.
Moreover, these regions are bracketed by Rab subfamily

Table 4: Interactions between EHI_096440 (EhRabX10; chain A)
and EHI_170390 (chain B) within 5Å.

(a)

Position Residue Chain Position Residue Chain

41 PHE A 62 TRP B

41 PHE A 77 TYR B

65 MET A 45 PHE B

65 MET A 62 TRP B

68 ILE A 47 PHE B

(b)

Protein-protein side chain-side chain hydrogen bonds
Donor Acceptor

Position Chain Residue Atom Position Chain Residue Atom

25 A THR OG1 77 B TYR OH

38 A LYS NZ 72 B ASN OD1

67 A ASP OD1 3 B GLN OE1

67 A ASP OD1 3 B GLN OE1

3 B GLN OE1 67 A ASP OD1

3 B GLN OE1 67 A ASP OD1

58 B LYS NZ 67 A ASP OD1

58 B LYS NZ 67 A ASP OD2

77 B TYR OH 39 A GLU OE1

79 B ARG NH1 42 A ASP OD1

79 B ARG NH1 42 A ASP OD1

79 B ARG NH2 42 A ASP OD1

79 B ARG NH2 42 A ASP OD1

79 B ARG NH2 42 A ASP OD2

79 B ARG NH2 42 A ASP OD2

Table 5: Interactions between EHI_096440 (EhRabX10; chain A)
and EHI_093130 (chain B) within 5Å.

(a)

Position Residue Chain Position Residue Chain

20 TYR A 495 PHE B

20 TYR A 496 ALA B

20 TYR A 499 PRO B

37 MET A 188 PRO B

65 MET A 495 PHE B

74 PHE A 485 PRO B

75 TYR A 490 LEU B

(b)

Protein-protein side chain-side chain hydrogen bonds
Donor Acceptor

Position Chain Residue Atom Position Chain Residue Atom

67 A ASP OD2 520 B GLN NE2

67 A ASP OD2 520 B GLN NE2

70 A TYR OH 520 B GLN OE1

75 A TYR OH 483 B GLU OE1

75 A TYR OH 483 B GLU OE2

110 A LYS NZ 486 B GLU OE1

110 A LYS NZ 486 B GLU OE2

183 B ARG NH2 65 A MET SD

183 B ARG NH2 65 A MET SD

187 B LYS NZ 39 A GLU OE1

187 B LYS NZ 39 A GLU OE2

449 B ARG NE 35 A GLU OE1

449 B ARG NE 35 A GLU OE2

449 B ARG NH1 35 A GLU OE2

449 B ARG NH1 35 A GLU OE2

453 B LYS NZ 39 A GLU OE1

478 B ARG NH1 42 A ASP OD2

478 B ARG NH1 42 A ASP OD2

478 B ARG NH2 42 A ASP OD1

478 B ARG NH2 42 A ASP OD1

478 B ARG NH2 42 A ASP OD2

478 B ARG NH2 42 A ASP OD2

520 B GLN NE2 67 A ASP OD2

520 B GLN NE2 67 A ASP OD2

520 B GLN OE1 70 A TYR OH

520 B GLN OE1 70 A TYR OH

521 B LYS NZ 70 A TYR OH
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specific regions (RabSF) which provide for the specificity of
the diverse Rab community across eukaryotes [46]. The
discovery of these regions aided in the identification and
classification of new Rab GTPases, among which lies our
enzyme of interest, EhRabX10, of the pathogen Entamoeba
histolytica [12].

With nothing known about this novel GTPase, we started
with the physicochemical characterization based on the amino
acid sequence of EhRabX10, where the instability, aliphatic,
and GRAVY indices were calculated. The instability index
(II) indicates the stability of a protein in a test tube. EhRabX10
has an II of less than 40.0; it is stable in vitro. The aliphatic
index (AI) is the relative volume occupied by the aliphatic side
chains, and a high value of 76.65 signifies our protein to be
thermostable. Apart from being stable, it is also essential for
a protein to be pure for its study and applications, thus under-
lining the importance of knowing the extinction coefficient of
a protein. This coefficient conveys the amount of light a
protein absorbs at a certain wavelength. The extinction coeffi-
cient of EhRabx10 was 19160M-1 cm-1 at 280nm, measured in
water, a value of importance when considering the spectro-
photometric analysis of purified protein at 280nm. The nega-
tive GRAVY index of hydropathicity defines our protein as
globular and hydrophilic, which endorses the small GTPase
annotation of EhRabx10.

However, an interesting contrast during sequence-based
evaluation revealed the absence of the prominent G2 box
threonine, vital for binding guanine nucleotide and Mg+2

ion in small GTPases and is the most conserved motif of
the GTPase fold [37]. In addition, a massive divergence
was noted in the other conserved motifs of the globular G-
domain through sequence assessment. Multiple alignment
of EhRabX10 with classical Rab GTPases of humans (HRas
[37]and HRab5 [38]) and Entamoeba histolytica (Rab5
[47]) and another nonclassical GTPase (EhRabX3 [48])
revealed maximum deviations in the G3, G4, and G5 motifs
(Figure 1(a)). The conserved residues of G3 (DxxGQE), G4
(NKxD), and G5 (SAK) are crucial for GTP/GDP state
switching and hydrolysis and such significant alterations in
the G-domain might affect the enzymes functioning greatly
[37, 49]. We thus have labelled EhRabX10 as a pseudoRab
GTPase possessing noncanonical G-motifs.

Homology modeling was necessitated by the absence of
the crystal structure of EHI_096440 (EhRabX10). It was a
rigorous process in the bid to create the best possible predic-
tive 3D model. After iterative examination of several tem-
plates and their corresponding models, Rab GTPase Sec4p
of Candida albicans (PDB ID: 6O62) was used as a template
to model EHI_096440. The crystal structure of 6O62 protein
was itself resolved at a high resolution of 1.88Å, thus provid-
ing a detailed and reliable template for creating our model.
Consequently, the predicted structure was of a high standard
as mentioned in Section 3.2; none of the residues lay in the
disallowed region of the Ramachandran plot, illustrating
the feasibility of the phi and psi dihedral angles of all resi-
dues in our structure. Extended proof of template credibility
was exhibited by the low structural deviation (RMSD
0.124Å) between the template and the model. The model
was approximately 18.15 kDa in size, which supports its

annotation of a small Rab GTPase. The EhRabX10 structure
was also aligned with other notable Rab GTPases, among
which EhRabX3 was of consequence (Figure 4), being the
only documented pseudoRab GTPase with its structure
defined through X-ray diffraction by Srivastava et.al [48].
Quite unexpectedly, the least deviation was observed in
EhRabX10 alignment with HRab5 (RMSD 1.978), not
EhRabX3 (Table 6), and this implies that all noncanonical
Rab enzymes are not identical in their structural arrange-
ments. More research is needed to better understand the
pseudoGTPase family.

In agreement with the classical Rab fold [37], EhRabX10
houses six β-strands inside a partial shell of five α-helices with
the loops connecting the secondary structures (Figure 1(c)).
These loops contain the functional motifs (G1-G5), albeit the
motifs are quite divergent as compared to the conserved
sequences of conventional Rab GTPases. To explore the effects
of these altered sequences on the enzyme functionality and
interaction with other biomolecules, we generated an interac-
tome of EhRabX10 (EHI_096440) through the STRING v11.0
server. The interacting partners predicted with high confi-
dence fell mostly in the category of fellow Rab GTPases and
one in the syntaxin-binding protein (STXBP) family that
regulate vesicle docking and fusion [50, 51] (Table 3). High-
quality structures of EhRabC8 (EHI_170390) and EhSec1
(EHI_093130) were built through SWISS-MODEL and were
then used for docking studies in ClusPro 2.0. Experimental
evidence acquired from STRING v11.0 demonstrated a strong

EhRabX10
Sec4P
HRas

HRab5
EhRabX3

N C

Figure 4: Superposition of target EhRabX10 (magenta) over
template Sec4p (PDB: 6O62) (cyan) and with other notable Rab
GTPases: HRas (PDB ID: 6ZL3) [55] (lime green), HRab5 (PDB
ID: 1TU4) [38] (yellow), and EhRabX3 (PDB ID: 5C1T) [48]
(raspberry) to assess the structural alignments. The dotted circles
indicate the loops of maximum deviation between the structures.
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functional link between EHI_170390 and EhRabX10 (EHI_
096440). It was based on affinity chromatography and tandem
affinity purification assays. Coexpression evidence in the inter-
actome showed that the STXBP partner (EHI_093130) is often
coexpressed with Rab GTPases and controls the late-stage
vesicular trafficking. Thus, we selected these two proteins for
docking studies [50].

As described in the opening of this discussion, the RabF
and RabSF regions are diagnostic for the diverse Rab
GTPases found in the eukaryotic kingdom. These regions
are clustered in the switch I and II regions of the GTPase
[46]. In-depth tracking of residues of the protein-protein
interaction complexes showed that the G3 box, RabF3, and
RabF4 regions comprising the switch II loop were engaged
in the docked interface of EHI_096440 (Figure 3(c)).
Accordingly, it can be speculated that the diverged G-
motifs may not render EhRabX10 inactive and it may func-
tion as an atypical GTPase similar to the known functionally
active hydrolase, EhRabX3, which also lacks the G2 domain.
However, the altered G4 motif in EhRabX10 could consider-
ably affect the nucleotide recognition potential of this pseu-
doGTPase [16, 48, 52]. A closer inspection is required to
validate these hypotheses.

Previous literature has shown that the yeast homologue
of Rab8, the Sec4 protein, plays a regulatory role in the
late-stage vesicular secretory pathway [1]; EhRabX10 is
modeled using a template that is a Sec4 protein (PDB:
6O62). Additionally, EhRabX10 is predicted to interact with
syntaxin-binding protein of the Sec1 family (EHI_093130).
These observations suggest the putative involvement of
EhRabX10 in the cascade of Rab-Sec signalling in the late-
stage vesicular pathway [53]. There is limited knowledge
about the role of amoebic Rab GTPases, except EhRab5, in
the early stages of the endocytic pathway [15, 47]. In addi-
tion, there is a huge gap in understanding the orchestration
of the secretion of various virulence factors such as amoebic
cysteine proteases (EhCPs). E. histolytica (Eh) houses a huge
arsenal of EhCPs, and these are the major contributors to the
cytolytic potential of E. histolytica (Eh) [8, 54]. Eh also con-
tains a complex and unique system of vesicle-based de novo
protein trafficking that continues to function even after the
collapse of the Golgi complex [20]. This compels us to
explore the role of these noncanonical Rab GTPases in
regulating the stages of vesicle trafficking and the de novo
synthesis of virulence factors in the peculiar vesicular trans-
port system of E. histolytica [9, 20]. The absence of these
pseudoRab GTPases (EhRabX family) in humans hallmarks
them as targets for future exploration and justifies extensive
research in discovering their mechanisms of nucleotide

recognition, binding, and hydrolysis which may throw new
light on the complex membrane dynamics of enteric amoe-
bic protozoa.
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Objective. To determine the accuracy of 16S rRNA polymerase chain reaction (PCR) for the diagnosis of neonatal sepsis through a
systematic review and meta-analysis. Methods. Studies involving 16S rRNA PCR tests for the diagnosis of neonatal sepsis were
searched in the PubMed, Medline, Embase, and Cochrane Library databases. The methodological quality of the identified
studies was evaluated using the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2), and the sensitivity, the
specificity, the positive likelihood ratio (PLR), the negative likelihood ratio (NLR), the diagnostic odds ratio (DOR), and the area
under the curve (AUC) of operator characteristic (SROC) curves were determined. Heterogeneity between studies was analyzed
by metaregression. Stata 14.0 and Meta-disc 1.4 software were used for the analyses. Results. This meta-analysis included 19
related studies. The analysis found a sensitivity of 0.98 (95% CI: 0.85-1), specificity of 0.94 (95% CI: 0.87-0.97), PLR of 16.0
(95% CI: 7.6-33.9), NLR of 0.02 (95% CI: 0.00-0.18), DOR of 674 (95% CI: 89-5100), and AUC of 0.99 (95% CI: 0.97-0.99).
Metaregression analysis identified Asian countries, arterial blood in blood samples, and sample size > 200 as the main sources of
heterogeneity. This meta-analysis did not uncover publication bias. Sensitivity analysis showed that the study was robust.
Fagan’s nomogram results showed clinical usability. Conclusions. The results from this meta-analysis indicate that 16S rRNA
PCR testing is effective for the rapid diagnosis of neonatal sepsis.

1. Introduction

Neonatal sepsis, a systemic inflammatory reaction to the
invasion of bacteria, viruses, fungi, and other pathogens in
a newborn’s blood, produces toxins and is the most common
form of infectious disease among newborns [1]. Globally,
neonatal sepsis has an intimate connection with a 2.2% mor-
bidity rate and a mortality rate of 11-19%, with higher mor-
tality in developing countries [2, 3]. Clinical signs of
neonatal sepsis are often aspecific, which limits initial diag-
nosis. Late diagnosis leads to disease progression, resulting
in multiple organ failure and even death. Thus, early diagno-
sis of sepsis and early treatment are key to successful
outcomes.

The gold standard for the diagnosis of neonatal sepsis is
through culture of the microorganisms from patient blood or
other body fluids, such as urine, and cerebrospinal fluid. How-
ever, due to factors such as insufficient samples, maternal use of
antibiotics, and antibiotic use before sampling, this methodmay
give false negative results [4, 5]. Various biomarkers, including
C-reactive protein (CRP), procalcitonin (PCT), neutrophil
CD64, interleukin-8, and interleukin-27, are used for sepsis
diagnosis [6–11]. However, these biomarkers may also be ele-
vated in noninfectious conditions such as premature rupture
of membranes, fetal distress, dystocia, and perinatal asphyxia,
resulting in false positive results and low specificity for neonatal
sepsis [6]. Thus, there is an urgent need for faster, more sensi-
tive tests for neonatal sepsis diagnosis.
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Recently, the PCR technique has been universal
deployed in clinical diagnoses, which makes it possible to
diagnose infectious diseases caused by microorganisms
quickly and accurately. Moreover, numerous studies have
shown that 16S rRNA PCR can diagnose neonatal sepsis
[12–17]. The 16S rRNA gene is 1500 nucleotides long
and encodes the 30S ribosomal subunit in all prokaryotes.
The 16S rRNA gene is highly conserved and does not
change over time. Within a certain range, the 16S rRNA
gene can accurately identify specific bacteria based on
gene-specific signatures [18, 19]. Relative to culture tech-
niques, 16S rRNA PCR is cost-effective and rapid [20].
Here, we conducted a systematic review and meta-

analysis of published studies to determine the utility of
16S rRNA PCR in neonatal sepsis diagnosis.

2. Methods

2.1. Search Strategy. Two authors independently performed
literature searches of PubMed, Medline, Embase, and the
Cochrane Library using the search terms 16S rRNA, 16S
ribosomal ribonucleic acid, septic, septicemia, and neonatal
sepsis. No restrictions were applied on the search, which
included studies published until 13 January 2021. To ensure
comprehensive literature identification, we manually
searched relevant references in the identified studies.

1487 of articles screened

119 of full-text articles 
assessed for eligibility

19 articles included 
in final meta-analysis

1058 of records after duplicates 
removed by using Endnote

1368 articles excluded based on 
screening the titles and abstract

2545 records identified through 
database searching: 1087 from 
PubMed, 1458 from Embase, 0
 from Cochrane Library

11 reviews, 1 meta-analysis, 6 
case reports, 4 articles about the 
relationship between maternal 
intestinal or vaginal flora disorder 
and neonatal sepsis were 
excluded. 78 articles were 
excluded without available data.

Figure 1: Study selection flow chart.

Table 1: The important features of the 19 articles included in this meta-analysis.

Author Year Country TP TN FN FP Specimen Center Threshold

İstanbullu K [25] 2019 Turkey 1 2 5 92 Blood Single Florescence

EL-Amir [26] 2019 Egypt 51 0 13 11 Venous Single 380 base pairs and 212

Yu R [12] 2020 China 31 25 0 4 Blood Single 1380 bp

Punia H [27] 2017 India 66 3 0 31 Blood Single 203 bp

Midan DA [28] 2016 Egypt 28 4 0 8 Intravenous Single Fluorescent sensor

Rohit A [29] 2016 India 28 27 6 36 Peripheral Single 996 bp

El Gawhary S [30] 2015 Egypt 10 6 6 40 Peripheral Single 200 bp

Dutta S [31] 2009 India 50 7 2 183 Blood Single 380 bp

Liu CL [32] 2014 China 95 28 0 583 Venous Multicenter 630 and 216 bp

Fujimori M [33] 2010 Japan 6 9 0 24 Arterial Single NA

Ohlin A [34] 2008 Sweden 21 12 29 233 Intravenous Single CP value with a range

Wu YD [35] 2007 China 20 23 0 787 Venous Single CT values ≤ 35 cycles
Jordan JA [36] 2006 USA 7 30 10 1186 Venous Single 380 bp

Makhoul IR [37] 2005 Israel 9 0 4 202 Venous Single 997 bp

Shang S [38] 2005 China 8 9 0 155 Venous Single 371 bp

Yadav AK [13] 2005 India 9 4 0 87 Venous Single 861 bp

Tong MQ [39] 2004 China 8 9 0 268 Venous Single 371 bp

Shang S [40] 2001 China 26 0 0 30 Blood & CFS Single 371 bp

Laforgia N [41] 1997 Italy 4 2 0 27 Venous Single 861 bp
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2.2. Study Selection. The following inclusion criteria were
used: (1) samples were neonatal blood; (2) true positive
(TP), true negative (TN), false positive (FP), and false nega-
tive (FN) values could be directly or indirectly obtained; (3)
all data were derived from 16S rRNA PCR tests for neonatal
sepsis diagnosis. The exclusion criteria were as follows: (1)
literature in the form of review, meta-analysis, case report,
or letter; (2) studies that were not clearly defined as involving
neonates; (3) studies in with insufficient data for meta-
analysis; and (4) studies involving nonblood samples.

2.3. Data Extraction. The following data were extracted by 2
authors: first author name, publication year, region, TN, FN,

TP, FP, test method, and test sample. Disagreements were
resolved by a 3rd author.

2.4. Quality Assessment. The inclusion criteria and methodo-
logical quality of selected articles were evaluated by 2 inde-
pendent authors using QUADAS-2 [21], and disagreements
were resolved by a 3rd author.

2.5. Statistical Analysis. Study heterogeneity was evaluated by
I2 test. Heterogeneity due to the threshold effect was evalu-
ated by the Spearman model. When study heterogeneity
was statistically significant (I2 > = 50% or p = <0:05), the
random effect model was used; otherwise, a fixed effects
model was used [22, 23]. To evaluate 16S rRNA PCR
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potential and accuracy in neonatal sepsis diagnosis, sensitiv-
ity, specificity, PLR, NLR, DOR, and AUC of SROC curve
analyses were used. Metaregression analysis was used to
determine heterogeneity sources. Deeks’ funnel plot asym-
metry test was used to evaluate publication bias [24]. Sensi-
tivity analysis was used to evaluate the robustness of this
study. Statistical analyses were performed by Stata 14.0 and
Meta-disc 1.4.

3. Results

3.1. Study Characteristics. A total of 2545 studies were identi-
fied, and 1058 duplicate studies were eliminated. Upon title
and abstract review, 1368 studies were excluded, and 119
were subjected to full-text review. Of these, 100 were
excluded because valid data could not be extracted, and the
remaining 19 articles were included in our study [12, 13,
25–41] (Figure 1).

The19 articles incorporated into in our study involved a
comparison between the diagnostic value of 16S rRNA PCR
and blood culture for pathogenic microorganism identifica-
tion in neonatal sepsis patients. The important features of
the 19 articles are displayed in Table 1. They involved a total
of 4740 neonatal blood samples, of which 553 were positive
and 4187 were negative. The included studies were from Tur-
key (1), China (6), Egypt (3), India (4), Israel (1), the US (1),

Japan (1), Italy (1), and Sweden (1). 16S rRNA amplification
was achieved by PCR.

3.2. Quality Assessment. Methodological quality and risk of
bias in the included studies were assessed using QUADAS-
2. All studies used a prospective study design to avoid inap-
propriate exclusion (Figure 2). Five studies did not specify
whether patients were continuously enrolled or not [25, 26,
28–30]. The remaining studies specified continuous enroll-
ment. The reference standard in all studies was pathogenic
microorganism blood culture. Some studies did not report
sufficient data on indicator tests and/or reference criteria,
so these items were used as ambiguous risk of bias scores.
QUADAS-2 did not include an overall bias score, but the
overall quality of the studies included in the analysis was
moderate to high.

3.3. Heterogeneity Analysis and Diagnostic Accuracy. The
sensitivity I2 was 99.95 (95% CI: 99.94-99.55), p ≤ 0:001.
And the specificity I2 was 99.32 (95% CI: 99.23-99.42), p ≤
0:001. Because the results point out heterogeneity among
the studies, the random effect model was adopted. Analysis
results were displayed in Figure 3. The overall sensitivity
and specificity of the 19 studies were 0.98 (95% CI: 0.85-
1.00) and 0.94 (95% CI: 0.87-0.97), respectively. The PLR
was 16.0 (95% CI: 7.6-33.9), the NLR was 0.02 (95% CI:
0.00-0.18), and the DOR was 674 (95% CI: 89-5100). The
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Figure 3: Forest plots for pooled sensitivity and specificity of neonatal sepsis diagnosis by 16S rRNA PCR.
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SROC curve analysis of the 16S rRNA gene PCR test accuracy
in neonatal sepsis diagnosis revealed an AUC of 0.99 (95%
CI: 0.97-0.99; Figure 4).

3.4. Subgroup Analysis and Metaregression. In order to inves-
tigate the potential sources of heterogeneity, we conducted
threshold effect analysis using Meta-disc 1.4 and obtained a
Spearman correlation coefficient of 0.262 (p = 0:279), indi-
cating that the threshold effect was not the source of the het-
erogeneity. Next, metaregression analysis was used to divide
the subgroups into location (Asian vs. non-Asian), specimen
(arterial vs. nonarterial blood), center (single center vs. mul-
ticenter), and sample size (≥200 vs. <200) (Figure 5). The
main sources of sensitivity heterogeneity were location, spec-
imen, center, and sample size. Specificity heterogeneity was
mainly due to sample size.

3.5. Sensitivity Analysis. Sensitivity analysis was used to eval-
uate the reliability and robustness of the analysis results. The
validity and robustness of the models involved in the statisti-
cal analyses were verified by goodness-of-fit and bivariate
normality analysis (Figures 6(a) and 6(b)). Influence analysis
(Figure 6(c)) showed 3 influence studies, and outlier detec-
tion (Figure 6(d)) found 1 outlier study. Sequential exclusion
of influencing factors and outliers did not significantly alter
the overall results (Table 2).

3.6. Clinical Utility of the Index Test. To evaluate posttest
probabilities, Fagan’s nomogram could be used to calculate
the posttest probability of 16S rRNA PCR for neonatal sepsis
diagnosis. When the pretest probability was set at 11%, it was
found that the probability of neonatal sepsis was 0.66 if the
results were positive and 0 if the results were negative
(Figure 7). A likelihood ratio scatter plot showed that 16S
rRNA PCR was effective for neonatal sepsis diagnosis (posi-
tive) and exclusion (negative), with the summary point of
the probability ratio in the upper left quadrant (Figure 8).

3.7. Publication Bias. Deeks’ funnel plot asymmetry test on
the 19 included studies found no publication bias (Figure 9,
p = 0:09).

4. Discussion

Past studies demonstrated the high potential of 16S rRNA
PCR tests for diagnosing bloodstream infections. This strat-
egy has been suggested to be effective and fast for screening
sepsis [42]. In this meta-analysis, we evaluated the perfor-
mance of 16S rRNA PCR for neonatal sepsis diagnosis rela-
tive to blood culture techniques. 16S rRNA PCR tests have
the potential to accelerate neonatal sepsis diagnosis, thereby
ensuring timely and effective treatment.

Our analysis found that the sensitivity and specificity of
16S rRNA PCR tests for neonatal sepsis diagnosis were 0.98
(95% CI: 0.85-1.00) and 0.94 (95% CI: 0.87-0.97), respec-
tively, indicating high diagnostic effectiveness. The SROC
curve showed the trade-off between the sensitivity and spec-
ificity of diagnostic research, and the AUC of the SROC curve
is a measure of the integrity of the diagnostic testing ability,
providing a precise basis for the overall study [43]. Our anal-
ysis revealed an AUC of 0.99 (95% CI: 0.97-0.99), indicating
that 16S rRNA PCR is highly accurate for neonatal sepsis
diagnosis. The DOR is a way of the usefulness of a diagnostic
test and is given as a value between 0 and ∞, and a higher
value means better performance. Conversely, a value of <1
indicates that the test lacks the ability to distinguish between
outcomes [44]. Our analysis revealed a DOR value of 674
(95% CI: 89-5100), indicating high accuracy. The likelihood
ratio fully reflects the diagnostic value of a screening test
and is very stable. The DOR comprises the PLR (ratio of true
positive rate to false positive rate, where the larger the ratio is,
the greater the likelihood of a true positive test result) and the
NLR (ratio of false negative rate to true negative rate, where
the smaller the ratio is, the greater the chance of a true nega-
tive test result). Our pooled results revealed a PLR of 16.0
(95% CI: 7.6-33.9) and NLR of 0.02 (95% CI: 0.00-0.18), indi-
cating that 16S rRNA PCR has good diagnostic ability.

Although the 16S rRNA PCR test was effective, there
was significant heterogeneity in this meta-analysis. Differ-
ent regions were also major sources of heterogeneity in
this study. In the Asian population relative to the non-
Asian populations, the sensitivity, specificity, PLR, NLR,
DOR, and AUC were 1.00 (0.89-1.00) vs. 0.71 (0.41-
0.89), 0.91 (0.79-0.97) vs. 0.96 (0.89-0.98), 11.5 (4.4-30.3)
vs. 16.7 (7.0-39.5), 0 (0-0.14) vs. 0.31 (0.13-0.72), 4297
(64-289895) vs. 55 (17-180), and 1.00 (0.99-1.00) vs. 0.95
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Figure 6: Stability and robustness analysis of the included studies.
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Table 2: Summary estimates of the diagnostic performance of 16S rRNA PCR in neonatal sepsis diagnosis.

Analysis
Number of
studies

Sensitivity (95%
CI)

Specificity (95%
CI)

PLR (95%
CI)

NLR (95%
CI)

DOR (95% CI)
AUC (95%

CI)

Overall 1912, 13, 25-41 0.98 (0.85-1.00) 0.94 (0.87-0.97)
16.0 (7.6-
33.9)

0.02 (0.00-
0.18)

674 (89-5100)
0.99 (0.97-

0.99)

Influence studies
excluded

1613, 25-28, 30-36,
38-41 0.99 (0.84-1.00) 0.95 (0.92-0.97)

19.5 (12.9-
29.4)

0.01 (0.00-
0.20)

1464 (103-
20881)

0.98 (0.96-
0.99)

Outlier excluded 1813, 25-41 0.97 (0.83-1.00) 0.95 (0.91-0.97)
19.2 (10.6-

34.7)
0.03 (0.00-

0.20)
612 (87-4290)

0.98 (0.97-
0.99)
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Figure 7: Fagan’s nomogram for calculating the post-test probabilities of 16S rRNA PCR for neonatal sepsis diagnosis.
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(0.93-0.97), respectively. Blood sample sources, sample
sizes, and single- or multicenter studies were also sources
of heterogeneity. However, because there were few multi-
center studies, more standardized multicenter studies are
needed to better understand the value of 16S rRNA PCR
tests in neonatal sepsis diagnosis [45].

Our meta-analysis has some limitations. First, the
included studies defined sepsis using different criteria,
which may be reflected in different clinical symptoms
and routine blood tests for the included patients. Although
blood culture, the gold standard for sepsis diagnosis, was
used in all studies, the associated false positive rate was
high [4]. Second, the kits and testing tools used for blood
cultures and testing were manufactured by different com-
panies, and there are no studies on whether the results
vary by kit manufacturer. Third, most studies included in
this meta-analysis did not distinguish between early-onset
sepsis and late-onset sepsis. Thus, we could not carry out
subgroup analysis between early-onset sepsis and late-
onset sepsis.

5. Conclusions

In summary, this meta-analysis shows that 16S rRNA PCR
tests are effective for rapid neonatal sepsis diagnosis. How-
ever, PCR amplification methods are not fully defined, and
future prospective studies should carry out subgroup analysis
of PCR methods.
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Purpose. Sepsis originates from the host inflammatory response, especially to bacterial infections, and is considered one of the main
causes of death in intensive care units. Various agents have been developed to inhibit mediators of the inflammatory response; one
prospective agent is β-sitosterol (βS), a phytosterol with a structure similar to cholesterol. This study is aimed at evaluating the
effects of βS on the biomarkers of inflammation and liver function in cecal ligation and puncture- (CLP-) induced septic rats.
Methods. Thirty male Wistar rats were divided equally into six groups as follows: sham, CLP, CLP+dexamethasone (DX,
0.2mg/kg), CLP+βS (1mg/kg), CLP+imipenem (IMI, 20mg/kg), and CLP+IMI (20mg/kg)+βS (1mg/kg). Serum levels of
IL-1β, IL-6, IL-10, AST, ALT, and liver glutathione (GSH) were assessed by ELISA. Liver expression levels of TNF-α and
NF-κBi mRNAs were evaluated by RT-qPCR. Results. Serum concentrations of IL-1β, IL-6, IL-10, ALT, and AST and
mRNA levels of TNF-α and NF-κBi were all significantly higher in septic rats than in normal rats (p < 0:05). Liver GSH content
was markedly lower in the CLP group than that in the sham group. βS-treated rats had remarkably lower levels of IL-1β, IL-6,
IL-10, TNF-α, NF-κBi, AST, and ALT (51.79%, 62.63%, 41.46%, 54.35%, 94.37%, 95.30%, 34.87%, and 46.53% lower,
respectively) and greater liver GSH content (35.71% greater) compared to the CLP group (p < 0:05). Conclusion. βS may play a
protective role in the septic process by mitigating inflammation. This effect is at least partly mediated by inhibition of the NF-κB
signaling pathway. Thus, βS can be considered as a supplementary treatment in septic patients.

1. Introduction

Sepsis is a life-threatening critical illness caused by the inva-
sion of microbial pathogens into the bloodstream. It remains
one of the major causes of death specifically in intensive care
units. According to the World Health Organization (WHO),

sepsis affects more than 30 million people each year, causing
approximately six million deaths worldwide [1]. Excessive
and uncontrolled response to infection, septic shock, and
acute failure of one or multiple organs such as the liver,
kidney, and lungs can occur and may result in death in
sepsis patients [2, 3]. It has been reported that liver
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dysfunction is a subsequent result of sepsis, confirmed by
higher serum levels of aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), and lower glutathi-
one (GSH) content [3].

Cytokines, defined as a group of endogenous inflamma-
tory and immune-modulating proteins, play a dominant role
in sepsis syndrome. Exacerbated production of both pro-
and anti-inflammatory cytokines results in a situation called
“cytokine cascade.” A cytokine cascade is initiated when a
host is targeted by stimuli such as bacterial endotoxins,
which induce the production of early cytokines including
tumor necrosis factor-alpha (TNF-α) and interleukin 1-
beta (IL-1β). Overproduction of early cytokines has been
associated with multiple end-organ dysfunction and mortality
[4]. Along with endotoxins, these cytokines are able to stimu-
late the production of later cytokines, such as interleukin 6
(IL-6). Interestingly, IL-6 is responsible for the downregula-
tion of TNF-α and IL-1β, which might be vital in limiting
the cytokine cascade [2]. Nuclear factor-kappa B (NF-κB) also
plays a regulatory role in the cytokine cascade and is activated
in numerous cell types by endotoxins, TNF-α, and IL-1β. Acti-
vation of NF-κB is a pivotal step for the transcription of many
cytokines including TNF-α, IL-1β, IL-6, and IL-8. However, as
activation of NF-κB increases, the transcription of NF-κB
inhibitor (NF-κBi) also rises. The protein product of NF-κBi,
IκBα, is an indicator of NF-κB activation. Newly synthesized
IκBα translocates into the nucleus and terminates NF-κB acti-
vation by binding to the activated dimer. NF-κBi level
increases in response to inflammation and decreases when
appropriate treatment is given [5]. Furthermore, the NF-κB
signaling pathway has been reported to play a role in hepatic
injury [6]. In addition to the cytokine cascade, several studies
have demonstrated that the balance between pro- and anti-
inflammatory cytokines is a major factor determining the
severity of sepsis [7, 8]. In vitro studies have shown that the
anti-inflammatory cytokine interleukin 10 (IL-10) is a regula-
tory factor that blocks TNF-α, IL-1β, and IL-8 [4] and many
studies have found higher concentrations of IL-10 in patients
with sepsis [9, 10] (Figure 1).

Many natural plants contain pharmacologically active
compounds that possess immunomodulating and anti-
inflammatory properties and can potentially inhibit the
cytokine cascade [11]. β-Sitosterol (βS) is a phytosterol
found in various plants and has a chemical structure sim-
ilar to that of cholesterol [12]. Several in vitro studies have
revealed βS to possess anti-inflammatory properties. βS
has been shown to have antiatherogenic potential through
its anti-inflammatory action on human aortic endothelial
cells [13]. Similarly, it has been reported that βS causes
a dose-dependent inhibition of IL-6 and TNF-α in
endotoxin-activated human monocytes [13, 14]. It has been
found that βS has beneficial effects on the immune system
by increasing the number of viable peripheral blood mono-
nuclear cells (PBMCs) and activating the swine dendritic
cells (DCs) [15]. Moreover, βS has been evaluated as an
anti-inflammatory agent in a number of animal models in
in vivo experiments. Anti-inflammatory and immunomodu-
latory properties of βS have been demonstrated in several
animal models, including fattener pigs after receiving a mod-

ified live porcine reproductive and respiratory syndrome
virus (PRRSV) vaccine [15], rats with oxazolone-induced
contact-delayed type hypersensitivity [16], and mice with
ovalbumin-induced lung inflammation [17]. Clinical studies
represented the potential immunomodulatory effects of βS in
patients with pulmonary tuberculosis, human immunodefi-
ciency virus (HIV), human papillomavirus (HPV), stress-
induced immune suppression, rheumatoid arthritis, and
allergic rhinitis and sinusitis [14].

Our research is aimed at evaluating the effects of βS
administration on the biomarkers of inflammation and liver
function in cecal ligation and puncture (CLP) rats as a gold
standard animal model of sepsis.

2. Methods

2.1. Animals. Thirty male Wistar rats, weighing 210-250g,
were acquired from the Animal House, Faculty of Pharmacy,
Tehran University of Medical Sciences, Tehran, Iran. The ani-
mals were housed in a temperature-controlled environment
(25 ± 3°C) on a 12h light/dark cycle (lights on at 08:00 AM)
and were provided with water and standard diet ad libitum.
The rats did not fast before CLP surgery (Section 2.3.). All ani-
mals were acclimated to the laboratory environment for seven
days before surgery. Experimental procedures were conducted
according to the Institutional Animal Care and Use Commit-
tee (IACUC) guidelines and were approved by the Animal
Ethics Committee of Tehran University of Medical Sciences,
Tehran, Iran (Code: IR.TUMS.REC.1394.1837).

2.2. Study Design. Animals were randomly divided into six
groups of five rats each. The first group was the sham group
and received 5mL normal saline (NS) as fluid resuscitation at
6 h and 24 h after sham surgery. CLP surgery was performed
in all other groups. The second group (CLP group) received
NS at 6 h and 24h after surgery. The third group (DX group)
received NS and dexamethasone (DX, 0.2mg/kg) at 6 h and
24 h after surgery. The fourth group (βS group) received NS
and βS (1mg/kg) at 6 h and 24 h after surgery. The fifth
group (IMI group) received NS and imipenem reconstituted
in NS (IMI, 20mg/kg) at 6 h, 24 h, 36 h, and 48 h after sur-
gery. The sixth group (IMI+βS group) received NS, IMI
(20mg/kg), and βS (1mg/kg) at 6 h, 24 h, 36 h, and 48h after
surgery. DX and IMI were obtained from 13Aban Pharmacy
(Tehran, Iran), and βS was purchased from Zardband
Company (Tehran, Iran), with 95.41% purity as assessed by
high-performance liquid chromatography at 208nm by the
manufacturer (Zardband Company, Tehran, Iran). All ani-
mals in the sham, CLP, DX, and βS groups were euthanized
48 h after surgery, and those in the IMI and IMI+βS groups
were euthanized 72 h after surgery by ketamine (160mg/kg)
and xylazine (20mg/kg). Liver tissue was removed and
washed thoroughly with cold-sterile phosphate-buffered
saline (PBS) to remove blood residues. It was then snap-
frozen in liquid nitrogen for real-time quantitative polymer-
ase chain reaction (RT-qPCR).

2.3. CLP. The animals were anesthetized under aseptic condi-
tions by intraperitoneal (i.p.) administration of ketamine
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(80mg/kg) and xylazine (10mg/kg). A 2 cm midline laparot-
omy was performed longitudinally and medially on the ante-
rior abdomen. The distal 20% was ligated by 3.0 silk sutures
below the ileocecal valve to make a closed-loop and was
perforated two times with a sterile 21-gauge needle. The loop
(cecum) was manually and gently squeezed to extrude fecal
material from the punctures, and then placed back into the
abdominal cavity. The peritoneum and skin were sutured in
two layers. After surgery, all groups were resuscitated with
5mL NS by subcutaneous injection. A thermoregulated heat-
ing pad and overhead heating lamp were used to maintain
core body temperature (37°C). The sham group underwent
surgery identical to CLP, with the exception that ligation
and puncture procedures were not performed.

2.4. Bicinchoninic Acid Assay (BCA). Total amounts of serum
and liver tissue protein were assayed using a BCA protein
quantification kit (ParsTous, Tehran, Iran) according to the
manufacturer’s instructions. Briefly, one part of copper
reagent was added to 50 parts of BCA reagent to prepare
the working solution. The serial dilutions of bovine serum
albumin (BSA) standard were used to prepare the standard
curve. Standards and sample solutions were pipetted into
wells. The working solution was added into all the wells.

The wells were incubated for 60 minutes at 60°C. Optical
density (OD) was measured at 562nm using an enzyme-
linked immunosorbent assay (ELISA) plate reader (BioTek,
Winooski, VT, USA). The blank OD was subtracted from
all standard and sample OD values. Each sample protein
concentration was determined using the standard curve.

2.5. Assessment of Liver Damage. Serum levels of AST and
ALT were determined using commercially available ELISA
kits (Pars Azmoon Inc., Tehran, Iran) and according to the
manufacturer’s instructions. The serum ALT levels were
measured based on two parallel reactions. Firstly, ALT trans-
fers the amino group of alanine to α-ketoglutaric acid. The
products of this reaction are pyruvate and glutamate. Then,
lactate dehydrogenase converts pyruvate to lactate while oxi-
dizing NADH to NAD+. This oxidation results in a decrease
in absorbance at 340nm, and this reduction is proportional
to the ALT level in the sample [18]. Relatively similar reac-
tions were used to measure the serum AST levels. AST trans-
fers the amino group of aspartate to α-ketoglutaric acid to
form oxaloacetate and glutamate. Then, malate dehydroge-
nase changes oxaloacetate to malate while oxidizing NADH
to NAD+ [19]. The absorbance was measured using an ELISA
plate reader (BioTek, Winooski, VT, USA).

Bacterial invasion through cecal puncture

Bacterial
Endotoxin

TNF-𝛼

TNF-𝛼

IL-1𝛽

IL-1𝛽

IL-6

IL-6

IL-8

IL-10NF-𝜅Bi

Indicator of activated
cytokine cascade

Figure 1: Cytokine cascade after CLP induction. Invasion of stimuli (bacterial endotoxin) to the blood is the trigger of cytokine cascade. An
increase in the early proinflammatory elements (such as IL-1β and TNF-α) results in the production of other inflammatory factors such as
NF-κB, IL-6, and anti-inflammatory cytokines such as IL-10. An uncontrolled cytokine cascade will lead to sepsis and, in severe cases, to
septic shock. Tissue/organ dysfunction or end-organ damage might occur following progressive cytokine imbalance. CLP: cecal ligation
and puncture; IL: interleukin; TNF: tumor necrosis factor.
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2.6. GSH Content. GSH levels were determined using Ell-
man’s reagent (4mg DTNB [5,5′-dithiobis-(2-nitrobenzoic
acid)] in 10mL sodium citrate 10%) [20]. In brief, equal vol-
umes of 10% trichloroacetic acid were added to liver homog-
enates. The mixtures were then vortexed and centrifuged at
15,000 g for 10min at 4°C. Following centrifugation, 100μL
of the resulting supernatants was added to a 96-well micro-
plate. Subsequently, 200μL of Ellman’s reagent was added
to each well. The absorbance was measured at 412 nm using
an ELISA plate reader (BioTek, Winooski, VT, USA).

2.7. Detection and Quantitation of Cytokines. Following
euthanasia, blood samples were collected in sterile blood-
collecting tubes by cardiac puncture and allowed to clot for
2 h at room temperature. Following the protocol, serum was
removed and stored at ≤-20°C. All samples were centrifuged
for 20 minutes at 1000g. IL-1β, IL-6, and IL-10 concentra-
tions were then measured using ELISA kits specific for rats
(R&D Systems, Minneapolis, MN, USA). All reagents, stan-
dard dilutions, controls, and samples were prepared accord-
ing to the manufacturer’s instructions. 50μL of assay
diluent (specific for each cytokine) was added to each well.
Then, 50μL of standards, controls, or samples was added to
each well. The plates were covered with an adhesive strip
and incubated for 2 h at room temperature. The standards,
controls, and samples were recorded on a plate layout. Each
well was aspirated and washed five times by filling with wash
buffer (400μL). After removing any remaining wash buffer,
the plates were inverted and blotted against clean paper
towels. 100μL of rat IL-1β, IL-6, or IL-10 was added to each
well. The plates were covered with an adhesive strip and
incubated for another 2 h at room temperature. Each well
was aspirated and washed five times as previously described.
100μL of substrate solution was added to each well and incu-
bated at room temperature for 30 minutes away from light.
For the last step, 100μL of stop solution was added to each
well, and after 30 minutes, the ODs were determined at
450nm and 540nm. The readings at 540nm were subtracted
from 450nm to correct optical imperfections in the plates.
Spectrophotometric readings were taken using the BioTek
Synergy 4 microplate reader (BioTek, Winooski, VT, USA).
Data obtained from ELISA were then normalized to the total
protein in each serum sample, which was measured by the
BCA method (Section 2.4).

2.8. Selection of Reference and Target Genes and Design.
GAPDH has been shown to be a suitable reference gene for
use in normalizing liver tissue gene expression values
obtained through RT-qPCR [21]. DNA sequences of
GAPDH and target genes were obtained from the GenBank
database, and corresponding primer sequences (Table 1)
were designed using Primer-BLAST fromNCBI. The primers
were designed in exon-exon junctions to minimize genomic
DNA contamination.

Primers were synthesized at the highest quality (Sinaclon,
Tehran, Iran), and primer specificity was confirmed by melt
curve analysis. RT-qPCR products were evaluated by electro-
phoresis in a 2% agarose gel to confirm the quality of
products.

2.9. RT-qPCR. The expression of TNF-α and NF-κBi mRNA
was determined by RT-qPCR. RNA samples were extracted
from liver tissue following the TriPure isolation reagent pro-
tocol (Roche, Basel, Switzerland). RNA OD was measured
using Eppendorf BioPhotometer (Eppendorf, Hamburg,
Germany). RNA extracts were then used as templates for
cDNA synthesis. Considering obtained RNA OD values,
cDNA synthesis was performed with the PrimeScript™ RT
reagent kit (Takara Biotechnology, Shiga, Japan) according
to the manufacturer’s instructions, using 5μL of RNA (cor-
responding to 1μg), 10μL of RT-premix, 1μL of random
hexamers, and 4μL of DEPC-RNase/DNase-free water.
The primer sequences used in this study are listed in
Table 1. RT-qPCR was conducted using Applied Biosystems
StepOnePlus (Thermo Fisher, Waltham, MA, USA) and the
SYBR Premix Ex Taq™ II kit (Takara Biotechnology, Shiga,
Japan). Reactions were prepared in a total volume of 10μL,
each containing 3μL of template cDNA (corresponding to
1μg RNA), 0.5μL of each primer (forward and reverse with
concentrations equal to 5 pmol/μL), 5μL of SYBR Green
master mix, 0.2μL of ROX reference dye, and 0.8μL of RNa-
se/DNase-free sterile water. After 5min of room temperature
incubation, the cDNA synthesis cycle (42°C for 90min,
followed by 95°C for 10min) was performed on an Applied
BioSystems 96-well thermal cycler. PCR was conducted with
an initial single heating cycle (95°C for 10min) followed by
45 amplification cycles (95°C for 5 s, 60°C for 40 s). All sam-
ples were analyzed in a single analytical run (RT-qPCR reac-
tion) to exclude any potential variation. Finally, for each
primer pair, product specificity and the absence of primer
dimer formation were confirmed using a dissociation pro-
tocol with a heat gradient ranging from 60°C to 95°C. In
order to control DNA contamination, no-template control
(NTC) reactions were included in each experiment. Reac-
tions were performed three times for each gene, and the
mean value was used for statistical analyses using Applied
Biosystems StepOnePlus (Thermo Fisher, Waltham, MA,
USA). GAPDH was used as the housekeeping gene. The
expression levels of TNF-α and NF-κBi mRNA were nor-
malized to that of GAPDH as an internal control. All data
were then normalized to the sham group [22, 23].

2.10. Statistical Analysis. GraphPad Prism version 8 for Win-
dows was used for statistical analysis. Data are presented as
the mean ± standard deviation (SD). One-way analysis of
variance (ANOVA) was used to compare the sham, CLP,
DX, and βS groups 48 h postsurgery. Post hoc comparisons
were made with Tukey’s post hoc test. Unpaired t-test was
used to compare the IMI and IMI+βS groups 72h postsur-
gery. The Kaplan-Meier method was used to estimate
survival rates at 48 h postsurgery, and the log-rank test was
used to compare the study groups. Significance was defined
as p < 0:05.

3. Results

3.1. Serum Levels of AST and ALT. AST and ALT are effective
modalities and biomarkers of liver function. The CLP group
demonstrated significantly higher levels of both AST and
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ALT (p < 0:0001) in comparison to the sham group
(Figures 2(a) and 2(b)). Both AST and ALT levels were mark-
edly lower in groups that were treated with either DX or βS
(p < 0:0001). ALT level was lower in the βS group than in
the DX group; however, the difference was not statistically
significant. The addition of βS to IMI (IMI+βS) resulted in
markedly lower levels of AST and ALT compared with
IMI-only treatment (p < 0:001 and p < 0:0001, respectively).

3.2. GSH Content of Liver Tissue.GSH is a pivotal antioxidant
that acts as a scavenger of reactive oxygen species (ROS).
GSH content was assessed as an indicator of oxidative stress.
Significant depletion of GSH was observed in the CLP group
compared to the sham group (p < 0:0001, Figure 2(c)). GSH
content was higher in the DX- and βS-treated groups com-
pared to the CLP group (p < 0:001 and p < 0:0001, respec-
tively). GSH level was higher in βS-treated rats compared
with the DX group (p < 0:01). Moreover, the addition of βS
to IMI (IMI+βS group) resulted in significantly higher levels
of GSH (p < 0:05).

3.3. Serum Concentrations of IL-1β, IL-6, and IL-10. Rats in
the CLP group had remarkably higher serum levels of IL-
1β, IL-6, and IL-10 compared with the sham group
(p < 0:0001). Treatment with βS resulted in considerably
lower levels of these cytokines compared with the CLP group
(IL-1β, p < 0:0001; IL-6, p < 0:0001; and IL-10, p < 0:0001)
(Figure 3). DX-treated rats showed lower levels of IL-1β
and IL-6 compared with the CLP group (p < 0:0001 and p
< 0:05, respectively). βS treatment resulted in considerably
lower serum IL-6 levels as compared with DX treatment
(p < 0:01). Although the differences in the levels of IL-1β
and IL-6 between the IMI and IMI+βS groups were not sta-
tistically significant (p > 0:05), IL-10 levels were significantly
lower in IMI+βS compared with the IMI group (p < 0:001).

3.4. Liver Expression of TNF-α and NF-κBi. Liver levels of
TNF-α and NF-κBi mRNAs were determined by RT-qPCR.
Higher concentrations of TNF-α and NF-κBi mRNAs were
observed in the CLP group (Figure 4; data are presented rel-
ative to the sham group). Treatment with DX (p < 0:0001)
and βS (p < 0:0001) resulted in remarkably lower TNF-α
expression levels compared with the CLP group
(Figure 4(a)). IMI+βS treatment led to lower levels of TNF-
α mRNA compared with the IMI group, but the difference

was not statistically significant. DX (p < 0:0001) and βS
(p < 0:0001) treatments resulted in significantly lower levels
of NF-κBi mRNA compared with the CLP group, and inter-
estingly, the addition of βS to IMI led to significantly lower
levels of NF-κBi mRNA (p < 0:05) compared with IMI-only
treatment (Figure 4(b)).

3.5. Survival Rates. Survival rates were compared using the
Kaplan-Meier method (Figure 5). The survival rates were
60% (3/5 rats) in the CLP group and 80% (4/5 rats) in the
DX and IMI groups by day two. Survival rates in the sham,
βS, and IMI+βS groups were 100% 48h after surgery.
According to the log-rank (Mantel-Cox) test, the survival
curves were not significantly different between groups
(p > 0:05).

4. Discussion

Inflammatory responses are believed to play a critical role in
the underlying mechanisms of inflammatory diseases like
sepsis. Hence, a combination of anti-inflammatory drugs
and antibiotics is recommended to improve sepsis severity
and prognosis [24]. Here, IMI was used as the antibiotic
agent, as it has a broad-spectrum antibacterial activity [25,
26]. DX, a glucocorticoid drug that is widely used for sepsis
patients, was also considered [24]. The physiological roles
of phytosterols in the inflammatory processes have yet to be
elucidated. Therefore, in the present study, we aimed to eval-
uate the association between βS administration and inflam-
matory cytokines by conducting an in vivo research using
the gold standard method of sepsis induction, CLP.

Our study provides considerable insight into the anti-
inflammatory properties of βS. We observed lower levels of
IL-1β, IL-6, and IL-10 serum levels in the βS-treated group
compared with the CLP group. Although adding βS to IMI
treatment did not significantly alter IL-1β and IL-6 levels, it
resulted in a remarkable decrease in IL-10 serum level com-
pared with IMI alone, suggesting that βS might help to
control the inflammation caused by cytokine cascade via
modulation of anti-inflammatory cytokines. Furthermore,
βS treatment caused a significantly greater reduction in IL-
6 level compared with DX. Glucocorticoids such as DX are
proven anti-inflammatory agents in sepsis management.
Glucocorticoid therapy interferes with the production of

Table 1: Reference and target genes and the corresponding primers used in RT-qPCR.

Symbol Gene name Mechanism GenBank ID Primer sequences
Amplicon length

(bp)

GAPDH
Glyceraldehyde-3-

phosphate dehydrogenase
Glycolytic
enzyme

NM 017008
FP: 5′-AGTGCCAGCCTCGTCTCATA-3′
RP: 5′-GGTAACCAGGCGTCCGATA-3′ 77

TNF-α
Tumor necrosis
factor-alpha

Proinflammatory
cytokine

NM 012675
FP: 5′-TGGGCTCCCTCTCATCAGTT-3′
RP: 5′-CTTGGTGGTTTGCTACGACG-3′ 104

NF-κBi
Nuclear factor kappa B

inhibitor-alpha
Inhibitory
enzyme

NM001105720
FP: 5′-GTGACTTTGGGTGCTGATGT-3′
RP: 5′-ACACTTCAACAGGAGCGAGA-3′ 111

bp: base pair; FP: forward primer; RP: reverse primer.

5BioMed Research International



various proinflammatory cytokines such as IL-6. Schmidt
et al. [27] reported that DX administration decreased IL-6
production in a CLP-induced sepsis study. Given this con-
text, the statistically distinct reduction of IL-6 by βS sup-
ports the potential usefulness of βS in sepsis-induced
inflammation. Our observations on the effects of βS on
inflammatory cytokines are in agreement with several
other studies. One recent study suggested a negative correla-
tion between βS and IL-6 levels in an animal model of
obesity-related chronic inflammation [28]. Another study

revealed a decrease in IL-1β levels in murine-activated neu-
trophils following βS therapy [29]. However, our data on
the effects of βS on serum levels of IL-6 and IL-10 is not in
agreement with a study conducted by Alappat et al. [30] on
the immune function of macrophages. Their findings dem-
onstrated higher serum concentrations of IL-6 and IL-10 in
the βS group compared with the sham group. These contra-
dictory results might be due to different dosages, times of
sampling, and the type of experimental study (i.e., in vitro
vs. in vivo). Although IL-10 is an anti-inflammatory mediator
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Figure 2: Measurement of AST (a) and ALT (b) serum levels and GSH content of liver tissue (c) using ELISA (n = 5/group). Measurements
were performed 48 h after surgery in the sham, CLP, DX, and βS groups, and 72 h after surgery in the IMI and IMI+βS groups. All
data are expressed as the mean ± SD. Data were analyzed by ANOVA, followed by Tukey’s post hoc test for sham, CLP, DX, and
βS comparison. The IMI and IMI+βS groups were analyzed separately using unpaired t-test. #Significant difference compared with
the sham group (p < 0:0001). ∗∗Significant difference compared with the DX group (p < 0:01). ∗∗∗Significant difference compared with the
CLP group (p < 0:001). ∗∗∗∗Significant difference compared with the CLP group (p < 0:0001). +Significant difference compared with the
IMI group (p < 0:05). +++Significant difference compared with the IMI group (p < 0:001). ++++Significant difference compared with the
IMI group (p < 0:0001). βS: β-sitosterol; CLP: cecal ligation and puncture; DX: dexamethasone; IMI: imipenem.
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and could potentially suppress the cytokine cascade, the
higher levels may lead to organ dysfunction, as previously
confirmed by other studies [31, 32].

Rats treated with βS showed lower expression levels of
TNF-α mRNA and NF-κBi mRNA in the liver compared
with the CLP group, which is in line with the IL-1β and IL-
6 lower levels in serum samples. βS also exerts beneficial
effects on the cytokine cascade by targeting NF-κB. The inhi-
bition of NF-κB by βS has been extensively investigated,

with published findings that are in line with our data
[13, 33, 34]. The immunoblot and confocal analyses of
lipopolysaccharide- (LPS-) stimulated intestinal and perito-
neal mouse macrophages by Kim et al. [33] showed that
βS inhibits the phosphorylation and nuclear translocation
of the p65 subunit of NF-κB. Similarly, ImageStream
cytometry analysis by Valerio and Awad [34] showed that
24 h treatment of mouse macrophages with 4μM βS and
stimulation with LPS for the last 6 h resulted in 45% lower
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Figure 3: Measurement of IL-1β (a), IL-6 (b), and IL-10 (c) serum levels using ELISA (n = 5/group). Measurements were performed 48 h after
surgery in the sham, CLP, DX, and βS groups, and 72 h after surgery in the IMI and IMI+βS groups. All data are normalized to the total
protein levels measured by BCA assay (mean ± SD of 0:205 ± 0:0001, 0:205 ± 0:0001, 0:204 ± 0:0001, 0:204 ± 0:0001, 0:204 ± 0:0001, and
0:205 ± 0:0003 pg/mL in the sham, CLP, DX, βS, IMI, and IMI+βS groups, respectively), and expressed as the mean ± SD. Data were
analyzed by ANOVA, followed by Tukey’s post hoc test for sham, CLP, DX, and βS comparison. The IMI and IMI+βS groups were
analyzed separately using unpaired t-test. #Significant difference compared with the sham group (p < 0:0001). ∗Significant difference
compared with the CLP group (p < 0:05). ∗∗Significant difference compared with the DX group (p < 0:01). ∗∗∗∗Significant difference
compared with the CLP group (p < 0:0001). +++Significant difference compared with the IMI group (p < 0:001). βS: β-sitosterol; CLP: cecal
ligation and puncture; DX: dexamethasone; IMI: imipenem.
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translocation of NF-κB to the nucleus compared to the
LPS alone. The stabilization of NF-κBi mRNA by βS is
believed to be the mechanism underlying TNF-α downreg-
ulation, reducing its phosphorylation, and consecutively

depleting the nuclear NF-κB complex [35]. The most strik-
ing result that emerges from our data is that the adminis-
tration of βS and DX both resulted in significantly lower
levels of TNF-α and NF-κBi mRNA expression compared
to the CLP group (p < 0:0001), and the level of expression
was the same between the βS and DX groups as confirmed
by Tukey’s multiple comparisons test (p > 0:05). This fur-
ther supports that βS could be considered as an effective
intervention for controlling sepsis-induced inflammation.

Liver injury is common among sepsis patients. The inci-
dence of liver dysfunction varies in different studies from
34% to 46% [36]. Along with the sepsis-associated liver
injury, other liver injuries such as diseases caused by hepatitis
B and C viruses, alcoholic liver disease, nonalcoholic fatty
liver disease, and drug-induced injuries are also common
among sepsis patients [37]. Elevation of serum AST and
ALT and reduction of liver GSH are signs of liver malfunc-
tion [3]. In our experiment, compared with the sham group,
CLP rats had significantly higher levels of AST and ALT.
These levels were markedly lower in the βS-treated rats. Sim-
ilarly, compared with the sham group, liver GSH content was
significantly lower in the CLP group, and βS treatment
restored the GSH content. Furthermore, the level of GSH in
the βS group was significantly greater than that in the DX
group. The addition of βS to IMI (IMI+βS group) also
resulted in significantly lower levels of ALT and significantly
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Figure 4: mRNA expression of TNF-α and NF-κBi in liver tissue. TNF-α and NF-κBi mRNA expression was assessed using predeveloped
assays for RT-qPCR. Values were calculated using a comparative CT method (2−ΔΔCT) according to the manufacturer’s instructions.
GAPDH was used as an internal control gene. Data are presented as the mean ± SD normalized to the sham group. Statistical analysis was
performed using one-way ANOVA and Tukey’s multiple comparisons test for sham, CLP, DX, and βS comparison. The IMI and IMI+βS
groups were analyzed separately using unpaired t-test. ∗∗∗∗Significant difference compared with the CLP group (p < 0:0001). +Significant
difference compared with the IMI group (p < 0:05). βS: β-sitosterol; CLP: cecal ligation and puncture; DX: dexamethasone; IMI: imipenem.
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higher levels of liver GSH content compared to the IMI-only
group. These results suggest that βS could provide advanta-
geous effects on liver function and also demonstrate its
possible antioxidant activity. Our data confirm the results
provided by Wong et al. [38], which demonstrated the favor-
able effects of βS against carbon tetrachloride-induced hepa-
totoxicity with significant improvements in AST, ALT, and
GSH levels. Liver dysfunction during sepsis is associated with
an increased risk of multiple organ failure and death. Mortal-
ity occurs in up to 68% of sepsis patients with liver dysfunc-
tion [36]. Data from our study, showing reduced serum levels
of AST and ALT, suggest that βS may improve liver function
in sepsis. Redox imbalance and severe oxidative stress occur
in critically ill sepsis patients and can cause multiple organ
failure [39, 40]. Glutathione is the primary antioxidant in
cells, meaning that the lower the glutathione content, the
greater the risk of organ failure becomes [41]. Thus,
increased liver GSH content with βS treatment indicates that
it may improve prognosis and limit liver dysfunction in
sepsis.

We additionally investigated the survival rates over the
48 h period after treatment (observed every 6 h). CLP-
induced rats exhibited 60% survival. All animals in the
sham, βS, and IMI+βS groups survived up to 48 h, while
the IMI and DX groups had a lower survival rate of
80%. Based on the Kaplan-Meier curves, these differences
in survival rates were not statistically significant. Our data
do not allow drawing any clear conclusions about the
impact of βS on survival rate.

Doğan et al. [42] evaluated the antibacterial effects of
different steroid substances. While they did not find any
significant antibacterial activity for progesterone, estrone,
and stigmasterol, they reported that βS inhibits the growth
of Staphylococcus aureus with a minimum inhibitory con-
centration (MIC) value of 32μg/mL. In another study by
Sen et al. [43], the antibacterial activity of βS was exam-
ined using the agar disk diffusion method. βS was found
to be effective against Escherichia coli, Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Klebsiella pneumoniae.
They reported that the antibacterial activity of βS (20μg/mL)
was almost equivalent to that of gentamicin (20μg/mL). Sim-
ilarly, Burčová et al. [44] demonstrated the bacteriostatic
effects of βS on Escherichia coli, Bacillus cereus, Pseudomonas
aeruginosa, Bacillus subtilis, and Listeria monocytogenes. A
wide range of bacteria were affected by βS in these studies,
and this can potentially provide additional benefits for sepsis
patients. More pharmacokinetic and pharmacodynamic
studies are required to fully evaluate the antibacterial proper-
ties of βS in sepsis.

Here, we demonstrated the beneficial impacts of βS
administration on inflammatory responses and liver function
tests in septic rats. By dampening the hyperinflammatory
damage, βS may provide some benefits in diseases with
molecular patterns similar to sepsis, such as the coronavirus
disease 2019 (COVID-19). It has been demonstrated that
the extensive release of inflammatory mediators such as
TNF-α, IL-6, and IL-10 is associated with increased mortality
risk in COVID-19 patients [45]. Moreover, this cytokine
storm may lead to liver dysfunction in these patients as ele-

vated AST/ALT levels are widely reported in the literature
[46]. The potential benefits of βS supplementation in
COVID-19 could be investigated in future research. The dis-
turbance of immune cells, including a drastic depletion of
CD4 and CD8 lymphocytes, occurs in sepsis patients [47].
The evaluation of the effects of βS on the status of immune
cells is warranted in future studies.

5. Conclusions

Overproduction of proinflammatory cytokines contributes to
high mortality rates in sepsis patients. In our study, we
observed that treatment with βS at a dose of 1mg/kg for
two days results in a significant reduction of proinflamma-
tory cytokines in the sera of CLP-induced septic rats. Liver
expression of TNF-α and NF-κBi was also reduced in rats
treated with βS. Similarly, the addition of βS to IMI led to
an improvement in the serum and liver inflammatory
markers compared to IMI alone at three days after sepsis
induction. We concluded that βS has noticeable potential
for consideration as an anti-inflammatory supplement in
hyperinflammatory conditions such as sepsis. Our findings
would seem to suggest that βS targets NF-κB as a major reg-
ulator of cytokine cascade and inhibits inflammatory
response to a great extent. Liver dysfunction is common
among sepsis patients and is associated with a poor progno-
sis. Here, we found that βS treatment effectively lowered the
levels of serum biomarkers of liver dysfunction (AST and
ALT) and increased the liver GSH content in septic rats.
Thus, βS could alleviate liver oxidative stress and could
inhibit possible organ dysfunction. The results so far are
encouraging and promising, and this could eventually lead
to a better understanding of the beneficial effects of βS
against hyperinflammation. Future research should provide
further insight into the potential use of βS in sepsis and sim-
ilar clinical conditions with systemic inflammation.
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Background. The present study was aimed to investigate the value of blood interleukin-27 (IL-27) as a diagnostic biomarker of
sepsis. Methods. We searched PubMed, EMBASE, the Cochrane Library, and the reference lists of relevant articles. All studies
published up to October 21, 2020, which evaluated the accuracy of IL-27 levels for the diagnosis of sepsis were included. All the
selected papers were assessed using the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2). We used a bivariate
random effects model to estimate sensitivity, specificity, diagnostic odds ratios (DOR), and a summary receiver operating
characteristic curve (SROC). Deeks’ funnel plot was used to illustrate the potential presence of publication bias. Results. This
meta-analysis included seven articles. The pooled sensitivity, specificity, and DOR were 0.85 (95% CI, 0.72-0.93), 0.72 (95% CI,
0.42-0.90), and 15 (95% CI, 3-72), respectively. The area under the summary receiver operating characteristic curve was 0.88
(95% CI, 0.84-0.90). The pooled I2 statistic was 96.05 for the sensitivity and 96.65 for the specificity in the heterogeneity
analysis. Deeks’ funnel plot indicated no publication bias in this meta-analysis (P = 0:07). Conclusions. The present results
showed that IL-27 is a reliable diagnostic biomarker of sepsis, but it should be investigated in combination with other clinical
tests and results.

1. Introduction

Sepsis is a severe complication of severe infection, severe
trauma, burns, shock, and surgery, and it can lead to septic
shock and multiple organ dysfunction syndromes (MODS)
[1, 2]. Currently, sepsis poses a significant public health effect
in all parts of the world as it is associated with high morbidity
and mortality. The morbidity rate in patients with sepsis is
29.5% in the hospital and 47% in the intensive care unit
(ICU), and the mortality rate in patients with sepsis is
25.8% in the ICU and 35.3% in the hospital [3, 4]. When
shock is present, the rates can increase to 40%~50% [5, 6].
Presently, the gold standard in diagnosing sepsis is microbi-
ologic cultures, in spite of this is a delay between the clinical
manifestations and the results from such cultures. As a result,
patients do not receive timely antibacterial treatment, often
leading to unfavorable outcomes [7–9]. Therefore, diagnostic

biomarkers that can indicate a diagnosis of sepsis before the
microbiological cultures are complete are needed.

Among the current diagnostic biomarkers used for sepsis,
procalcitonin (PCT) is the most common. Several meta-
analyses of the utility of PCT in diagnosing infection and
sepsis have been performed. However, the usefulness of PCT
is variable, and PCT is insufficient to distinguish between
infected and uninfected critically ill patients [10–13]. Many
studies have shown the efficacy of interleukin-27 (IL-27) for
the differential diagnosis of sepsis and nonsepsis [14–18]. IL-
27 is produced by antigen-presenting cells exposed to inflam-
matory stimuli and other conditions, and it is composed of
EBI3 (an IL-12p40-related protein) and p28 (an IL-12p35-
related polypeptide) joined with disulfide bonds. IL-27 induces
the proliferation of naive CD4+ T cells and causes both proin-
flammatory and anti-inflammatory reactions [19, 20]. IL-27
plays a remarkable role in the evolution of various diseases
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through its involvement in antitumor immunity and anti-
infection immunity. In animal experiments, neutralizing the
biological function of IL-27 improves the survival time of mice
with sepsis [21]. Hence, it is biologically feasible to use IL-27 as
a diagnostic marker for sepsis.

To date, there has been no meta-analysis on the effective-
ness of IL-27 as a biological marker for sepsis diagnosis.
Therefore, this meta-analysis was the first to make a judg-
ment about the diagnostic accuracy of IL-27 in sepsis and
to evaluate the associated specificity and sensitivity.

2. Methods

2.1. Search Strategy. A systematic search was performed for
relevant literature in three databases (the Cochrane Library,
EMBASE, and PubMed). The correlational studies reported
that IL-27 is a useful biomarker for the differential diagnosis
of patients with sepsis and nonsepsis, and they were pub-
lished prior to October 21, 2020. The search keywords were
as follows: (interleukin-27 or IL-27) in combination with
“sepsis” and “biomarker”. There were no language or
publication-type restrictions. We checked the reference lists
of correlational articles to confirm additional eligible studies

not included in the databases. All the relevant articles were
published.

2.2. Selection Criteria. In the meta-analysis, case-control stud-
ies using IL-27 for the differential diagnosis of patients with
sepsis and nonsepsis were included. Then, the case-control
studies provided details of data to construct 2 × 2 contingency
tables. The exclusion criteria used were as follows: (1) meta-
analyses, conference abstracts, correspondences, letters, case
reports, editorials, animal experiments, and reviews; and (2)
unavailable or insufficient data.

2.3. Data Extraction and Quality Assessment. Two authors,
including the first author, independently extracted the
following information from the eligible studies: the country
where the research was conducted, the publication year, the
numbers of cases and controls, biomarkers, and the data for
the meta-analysis (true positive (TP), true negative (TN),
false positive (FP), false negative (FN), sensitivity and speci-
ficity). We evaluated the quality of the included literature
with the QUADAS-2 tool [22].

2.4. Statistical Analysis. To obtain the diagnostic accuracy of
IL-27 for sepsis, we pooled the sensitivity, specificity, PLR,

48 of articles screened

19 of full-text articles 
assessed for eligibility

7 articles included 
in final meta-analysis

15 of records after duplicates 
removed by using endnote

29 articles excluded based on 
screening the titles and abstract

3 reviews , 2 animal experiments, 
1 letter , 6 articles excluded 

without available data

63 Records identified through 
database searching: 43 in pubmed, 
20 in embase, 0 in cochrane library

Figure 1: Seven studies collection flow chart.

Table 1: Characteristics of the included studies.

Author Year Country Cases/controls Cutoff, ng/mL TP FN FP TN Sensitivity Specificity Population

Wong HR [24] 2012 USA 130/101 2 120 10 66 35 92% 35% Children

Wong HR [14] 2013 France 145/125 1 128 17 96 29 88% 23% Adults

Wong HR [16] 2014 USA 109/78 1 94 15 34 44 86% 56% Adults

Fu J [25] 2015 China 45/66 3.6 18 27 10 56 40% 85% Adults

He Y [15] 2017 China 68/83 1 48 20 24 59 70.59% 71.08% Neonates

Abo El Magd NM [26] 2018 Egypt 45/45 485.56 43 2 0 45 95.56% 100% Neonates

Fahmy EM [27] 2020 Egypt 47/37 — 44 3 7 30 93.6% 81.1% Neonates
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NLR, and DOR; we constructed a SROC curve and computed
the area under the curve (AUC) with Meta-disc 1.4 (XI
Cochrane Colloquium, Barcelona, Spain) and Stata 14.0 (Stata-
Corp, College Station, TX) software. We assessed the statistical
heterogeneity using I2 statistics and identified the impact of
potential heterogeneity on the specificity and sensitivity
through threshold analysis, and we evaluated the publication
bias of the included studies by Deeks’ regression test of funnel
plot asymmetry [23]. P < 0:05 or I2 > 50% indicated statisti-
cally significant heterogeneity.

3. Results

3.1. Data Selection and Study Characteristics. The initial
search retrieved 63 articles from the databases. After the
duplicates were removed and the titles and abstracts were
screened, we excluded 48 articles and provisionally included
19 articles. We made a full-text review of 7 articles and elim-
inated 12 articles [14–16, 24–27]. Finally, seven articles were
used in our analysis (Figure 1). Seven studies included 589
sepsis patients and 535 controls, and they were performed
in the USA, France, China, and Egypt. The included patient
populations were neonates, children, and adults. The detailed
characteristics of the seven studies included in our meta-
analysis are listed in Table 1.

3.2. Quality of the Included Studies. The QUADAS-2 tool was
applied to evaluate the quality of the seven studies about IL-
27 for differential diagnosis in patients with sepsis, and the
detailed results are shown in Figure 2.

3.3. Diagnostic Accuracy. The following results were com-
puted using the Stata 14.0 software: 0.85 (95% CI, 0.72-
0.93) for sensitivity, 0.72 (95% CI, 0.42-0.90) for specificity
(Figure 3), 15 (95% CI, 3-72) for DOR, 3.0 (95% CI, 1.2-
7.7) for PLR, and 0.20 (95% CI, 0.09-0.46) for NLR. The
pooled AUC was 0.88 (95% CI, 0.84-0.90), suggesting that
IL-27 is a highly accurate diagnostic biomarker for sepsis
(Figure 4).

3.4. Heterogeneity Analysis. We performed a heterogeneity
analysis with the seven studies, and the I2 was 96.05 (95%
CI, 94.28-97.82) for sensitivity and 96.65 (95% CI, 95.22-
98.08) for specificity, indicating heterogeneity among the
studies. The threshold analysis P value was 0.76, indicating
no heterogeneity in our meta-analysis.

3.5. Publication Bias. We evaluated publication bias through
Deeks’ funnel plot asymmetry test, which clearly demon-
strated that no significant publication bias existed in this
meta-analysis (P = 0:07) (Figure 5).

4. Discussion

Currently, PCT is a biomarker that is broadly used in clinical
diagnosing for bacterial infection, but it cannot be used to
distinguish sepsis from noninfectious causes of systemic
inflammatory response syndrome (SIRS) in critical patients
[11]. Genome-wide expression analysis has indicated that
IL-27 combined with PCT is a better predictor of infection
than either biomarker alone [24]. Moreover, Eckerle et al.
showed that IL-27 is more effective than PCT in diagnosing
bacterial infections in pediatric emergencies [28]. Studies
have shown that IL-27 also links up with suppression of
inflammation and that IL-27 is a therapeutic target for limit-
ing neonatal susceptibility to sepsis and improving infection
outcomes [29–32]. Wong et al. calculated the AUC and cut-
off points, and they showed that IL-27 is comprehensively
superior to PCT as a biomarker for diagnosing sepsis [24].
Therefore, our meta-analysis included seven articles to inves-
tigate the value of IL-27 in diagnosing patients with sepsis.
The results of our study clearly demonstrated that IL-27
was an accurate diagnostic biomarker for sepsis with the
potential for clinical applicability. In our meta-analysis, the
sensitivity was 0.84, and the specificity was 0.71, indicating
an adequate overall diagnostic accuracy. The SROC provides
reliable summarized data of diagnostic studies, showing the
intuitive trade-off between specificity and sensitivity.
According to the results of SROC, the AUC was 0.88, which
further heralded that the overall accuracy was good. The sen-
sitivity, specificity, and AUC of IL-27 in our study showed
similarities with PCT (0.77, 0.79, and 0.85, respectively)
[12], IL-6 (0.73, 0.76, and 0.81, respectively) [33], and presep-
sin (0.77, 0.73, and 0.86, respectively) [13], which are valu-
able diagnostic markers for sepsis in published studies.
Thus, IL-27 may develop into a biological marker in diagnos-
ing sepsis in the future.

To evaluate the overall accuracy, the DOR integrates the
sensitivity and specificity into a readily interpretable number
[34]. The DOR represents the ratio of the probability of the
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Figure 2: Risk of bias and applicability concerns of the included
studies.
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positive results between the conditional group and uncondi-
tional group. The DOR varies from 0 to infinity and DOR
values with a larger notice better diagnosis. When the value
of DOR is less than 1.0, it indicates that the test is unable to
distinguish the patients with or without the condition. In
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Figure 3: Forest plots of the sensitivity and specificity of interleukin-27 as a diagnostic biomarker for sepsis.
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our meta-analysis, the calculated DOR was 15 (95% CI, 3-72),
suggesting a high overall accuracy of IL-27 as a biological
marker for differential diagnosis of sepsis.

We also performed a heterogeneity analysis to discover the
existence of heterogeneity among the studies. The I2 value was
96.05 for sensitivity and 96.65 for specificity, indicating a high
degree of heterogeneity among the studies. Several factors may
have contributed to this high degree of heterogeneity. First, the
age distributions of the subjects differed as adults, neonates,
and children were included. Different populations have differ-
ent pathophysiological characteristics. A previous study has
shown that the average IL-27 levels in the plasma of children
with sepsis are higher than those in adults because the upreg-
ulation of IL-27 expression in answer to infection is more
robust in children [14, 16]. Thus, IL-27 may be a more useful
diagnostic biomarker in patients with sepsis who were not yet
an adult. Second, seven studies were performed in different
regions, including the USA, France, China, and Egypt. The
inclusion of different ethnicities can contribute to heterogene-
ity. Third, sepsis was defined differently in various studies
[35]. The new definition of sepsis was published in 2016 [1];
four studies used the pre-2016 report, and two studies used

the latest information. For clinically septic but culture-
negative patients, the lack of a harmonized definitionmay lead
to a high degree of heterogeneity. Fourth, the pathogenic bac-
teria differed among the patients. The post hoc analyses
showed that the AUC for IL-27 in patients with secondary sep-
sis infection caused by a Gram-positive bacterium and Gram-
negative bacterium was 0.639 and 0.768, respectively [14, 16].
Therefore, the bacterial etiology of sepsis should be considered
as a source of heterogeneity.

To increase the clinical applicability of the results of IL-27
in this meta-analysis, we used LRs to calculate the posttest
probabilities according to Fagan’s nomogram. Given a pretest
probability of 52%, the pooled PLR of 3 increased the posttest
likelihood (positive predictive value) to 77%. Thus, 77 of 100
patients with positive IL-27 results could be expected to have
a confirmed diagnosis of sepsis. Moreover, the pooled NLR
of 0.20 reduced the posttest probability to 18%. Thus, only
18 of 100 patients with negative IL-27 results may ultimately
be diagnosed with sepsis (Figure 6). These results indicated
that IL-27 is a useful diagnostic indicator for sepsis.

In this meta-analysis, several limitations attracted our
attention and should be discussed. Primarily, the degree of
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heterogeneity should be considered. Due to the small sample
size and the limited data available, we could not perform a
meta-regression analysis. Therefore, we only analyzed factors
underlying the existence of heterogeneity. Second, all data-
bases used to identify the studies were in English. Therefore,
some publications may have been overlooked, which may
have been one of the causes of the bias in this meta-
analysis. To overcome the above problems, the authors
repeated the search to include more studies but did not find
additional relevant articles or available data.

5. Conclusions

In conclusion, IL-27 can be used as a candidate biomarker for
the diagnosis of patients with sepsis. Although IL-27 has the
potential for clinical applicability for identifying sepsis in
critical patients, the test results of IL-27 should be explained
in combination with clinical and other test factors. Further
studies with a large sample size are needed to be designed
to reduce the heterogeneity in the analysis of the utility of
IL-27 for discrimination between sepsis and nonsepsis.
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Background. Sepsis is a potentially lethal complication for both flexible ureteroscopy (fURS) and percutaneous nephrolithotomy
(PCNL). This study is aimed at comparing the sepsis rate after fURS and PCNL and the risk factors for sepsis in patients with
solitary proximal ureteral stone. Methods. We reviewed the data of patients with calculi between 10mm to 20mm who
underwent fURS or PCNL surgery from Tongji Hospital’s database. A total of 910 patients were eligible with 412 fURS cases
and 498 PCNL cases. We used univariate analysis and multivariate logistic regression analysis to identify the risk factors for
sepsis. Subgroup analysis was performed using logistic regression analysis. Results. In the cohort, 27 (6.6%) and 19 (3.8%)
patients developed sepsis after fURS and PCNL, respectively. Multivariate analysis shows that the risk factors for sepsis are fURS
(OR = 3:160, P = 0:004), serumWBC ≥ 10,000 cells/μL (OR = 3:490, P = 0:008), albumin − globulin ratio < 1:2 (OR = 2:192, P =
0:029), positive urine culture (OR = 6:145, P < 0:001), and prolonged operation time (OR = 1:010, P = 0:046). Subgroup analysis
was conducted using potential risk factors: stone size, serum WBC, urine culture, and albumin-globulin ratio (AGR). In
subgroup of positive urine culture, patients were more likely to develop sepsis after fURS than PCNL. Conclusions. PCNL may
be a better choice than fURS to reduce postoperative sepsis, especially for patients with positive urine culture.

1. Introduction

Urolithiasis is one of the most common diseases in the uri-
nary system. It affects patients globally because of its high
incidence rate that is 7-13% in North America, 5-9% in
Europe, and 1-5% in Asia [1–3]. Surgery is the main treat-
ment for urolithiasis: extracorporeal shock wave lithotripsy,
endoscopic surgery, or laparoscopic surgery. Among them,
percutaneous nephrolithotomy (PCNL) and flexible uretero-
scopy (fURS) are both recommended to remove 10-20mm
ureteral stone [4].

Sepsis is one of themost intractable surgery complications,
which leads to a longer length of stay and even lethal sepsis
shock in some cases [5]. According to previous studies, post-
operative sepsis is the primary complication with an incidence
of 0.3-7.4% in fURS and 0.9-5.9% in PCNL [6–8]. It seems that
different surgical procedures may lead to different incidence

rate of sepsis. Thus, urologists make efforts to discover risk
factors or preoperative predicting factors for postoperative
sepsis. There have been several preoperative features identified
as risk factors such as positive urine culture, female sex, and
diabetes [9]. However, though the preoperative risk factor
has been identified, it is hardly helpful for clinicians to make
a clinical decision about which surgical procedure to choose,
PCNL or fURS. Thus, we aim to compare the occurrence of
postoperative sepsis between fURS and PCNL and analyze
the difference of risk factors.

Besides, PCNL is usually utilized to treat larger stone than
fURS [10, 11]. Considering the heterogeneity of the stone size
between patients may influence the sepsis incidence, we con-
ducted a retrospective clinical data collection of patients with
solitary proximal ureteral stone with stone size between 10
and 20mm. We performed univariate and multivariate anal-
yses to discover the risk factors for postoperative sepsis in our
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cohort. Our works may provide evidence for clinicians to
make surgical choice.

2. Materials and Methods

The research was approved by the Ethics Committee of
Tongji Medical College (2019S1035). The retrospective study
included patients from January 2012 to December 2018. The
inclusion criteria were (1) unilateral, solitary, and proximal
ureteral stones; (2) PCNL or fURS to treat urolithiasis; (3)
stone size ranging from 10mm to 20mm; (4) patient age ≥
18 years. The exclusion criteria were anatomical abnormality:
solitary kidney, horseshoe kidney, transplant kidney, and
kidney duplication.

The primary outcome was postoperative sepsis. Accord-
ing to the 2001 International Sepsis Definitions Conference,
postoperative sepsis was defined as the concurrence of infec-
tion and at least two of the following criteria with 48 hours of
surgery: (1) heart rate > 90/minute, (2) respiratory rate > 20
/minute, (3) body temperature > 38°C, and leukocyte count
< 4,000 cells/μL or >12,000 cells/μL.

The patient data was retrospectively collected from the
hospital’s database. Preoperative factors were recorded such
as patient age, sex, body mass index (BMI), comorbidities
(diabetes, coronary heart disease, paraplegia, and hyperten-
sion), stone size and laterality, presence of hydronephrosis
and indwelling stent, hematological tests (serum white blood
cell [WBC], neutrophil, and lymphocyte), biochemical tests
(creatinine, cholesterol, albumin, and globulin), urine tests
(urine WBC and urine nitrite), urine culture, and American
Society of Anesthesiologists (ASA) score. Size of ureteral
access sheath and flexible ureteroscope for fURS and size of
sheath and nephroscope for PCNL were also recorded. Oper-
ation time was documented from the commencement of
operation to the end of anesthesia. The laboratory tests were
routinely performed and obtained for all patients. Patients

who have infectious indicators (fever, high serum WBC pro-
portion, or positive urine culture) received at least a full anti-
biotic regimen for seven days until the tests turned negative.
Otherwise, one dose of antibiotics was applied for prophylac-
tic purpose.

Statistical analysis was conducted using Statistical Prod-
uct and Service Solutions (SPSS) version 24.0. The Student’s
t-test was used to compare continuous variables (expressed
by mean ± standard deviation) with a normal distribution.
Continuous variables with a skewed distribution were
showed as median (interquartile range [IQR]) and compared
by the Mann-Whitney U test. The chi-square test or Fisher’s
exact test was utilized to detect the difference between groups
with categorical variables (expressed by proportions). The
logistic regression method was used to identify the risk
factors of sepsis. The difference was considered statistically
significant when P value <0.05.

3. Results

After reviewing 3934 patients with ureteral stone, 2360 were
excluded primarily due to kidney anatomical abnormality
(n = 103), bilateral stone (n = 677), renal stone > 4mm
(n = 1205), and ureteral stone below the fourth lumbar
(n = 375). Finally, a total of 910 patients with 10-20mm
solitary proximal ureteral stone were eligible for analysis
(Figure 1). Among them, 412 patients underwent fURS,
whereas 498 patients received PCNL.

The detailed basic information of the eligible patients is
shown in Table 1. Patients who received PCNL had higher
rate of hydronephrosis, larger stone size, and longer opera-
tion time. The rough sepsis rate of fURS (6.6%) is higher than
that of PCNL (3.8%). But the difference is not significant
(P = 0:061). The multivariate analysis indicates that five var-
iables are independent risk factors of sepsis (Table 2): fURS
(OR = 3:160, P = 0:004), serumWBC ≥ 10,000 cells/μL

Patients with ureteral stone
(n = 3934)

Patients with solitary proximal
ureteral stone

(n = 1574)

2360 were excluded due to
 kidney anatomical abnormality ( n = 103)
 bilateral stone (n = 677)
 renal stone >4 mm (n = 1205)
 ureteral stone below the fourth lumbar (n = 375)

70 were excluded due to
 open surgery (n = 7)
 laparoscopic surgery (n = 63)

Patients who underwent
flexible ureteroscopy

 (n = 759)

Patients who underwent
percutaneous nephrolithotomy

 (n = 745)

Stone size
between 1 cm and 2 cm

 (n = 498)

Stone size
between 1 cm and 2 cm

 (n = 412)

Figure 1: The screening flow chart.
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(OR = 3:490, P = 0:008), albumin − globulin ratio < 1:2
(OR = 2:192, P = 0:029), positive urine culture (OR = 6:145,
P < 0:001), and prolonged operation time (OR = 1:010,
P = 0:046). Sex (P = 0:354) and stone size (P = 0:716) are
not considered as independent risk factors.

Urologists are more likely to choose PCNL to treat larger
stones. We divided patients into a larger stone size group (15-
20mm) and a smaller stone size group (10-15mm) to evalu-
ate the sepsis rate between fURS and PCNL (Figure 2). Both
groups are not of statistical difference: P = 0:160 for smaller
stone size group and P = 0:205 for larger stone size group.
Subgroup analysis using sepsis risk factors is also performed:

serum WBC, urine culture, and albumin-globulin ratio
(AGR). In the positive urine culture group, patients who
receive fURS have 5.71 times the risk of developing sepsis
than patients who receive PCNL (P < 0:001).

4. Discussion

Sepsis is one of the most severe complications in patients who
underwent lithotomy, which may both occur after PCNL or
fURS [12, 13]. It has been reported that the occurrence rate
of sepsis post-fURS or post-PCNL was different. According
to previous research, the sepsis rate after fURS reaches

Table 1: Basic characteristics of including patients.

Variables All patients (n = 910) fURS (n = 412) PCNL (n = 498) P value

Age (years) 50:0 ± 12:4 49:1 ± 13:2 50:6 ± 11:6 0.074

Male, n (%) 588 (64.6) 271 (65.8) 317 (63.7) 0.505

BMI (kg/m2) 24:0 ± 3:1 24:2 ± 3:3 23:9 ± 3:0 0.163

Preoperative urological condition, n (%)

Hydronephrosis 131 (14.4) 34 (8.3) 97 (19.5) <0.001
Indwelling stent 63 (6.9) 29 (7.0) 34 (6.8) 0.900

Stone characteristics

Stone size (mm) 13:3 ± 3:2 12:4 ± 2:8 14:1 ± 3:2 <0.001
Left side, n (%) 476 (52.3) 208 (50.5) 268 (53.8) 0.317

Comorbidities, n (%)

Diabetes 74 (8.1) 39 (9.5) 35 (7.0) 0.180

Coronary heart disease 15 (1.6) 6 (1.5) 9 (1.8) 0.679

Hypertension 210 (23.1) 90 (21.8) 120 (24.1) 0.422

Urine test

Urine WBC, median (IQR) (cells/hpf) 52.0 (19.6-163.7) 46.0 (17.1-127.4) 59.0 (21.3-193.4) 0.024

Positive urine nitrite, n (%) 55 (6.0) 23 (5.6) 32 (6.4) 0.595

Positive urine culture, n (%) 100 (11.0) 38 (9.2) 62 (12.4) 0.121

Hematological test (109cells/L)

Serum WBC 6:8 ± 2:8 6:9 ± 3:2 6:6 ± 2:5 0.164

Neutrophil 4:1 ± 2:7 4:3 ± 3:0 4:0 ± 2:4 0.169

Lymphocyte 1:9 ± 0:6 1:9 ± 0:6 1:9 ± 0:6 0.943

Biochemical test

Albumin (g/L) 39:5 ± 4:2 39:8 ± 4:3 39:3 ± 4:3 0.662

Globulin (g/L) 29:2 ± 4:6 29:2 ± 4:4 29:2 ± 4:8 0.061

AGR 1:39 ± 0:28 1:39 ± 0:27 1:39 ± 0:29 0.051

Creatinine, median (IQR) (μmoI/L) 85.0 (69.0-108.0) 83.0 (68.0-108.0) 86.0 (70.0-109.0) 0.680

Cholesterol (mmol/L) 4:1 ± 0:9 4:1 ± 0:9 4:1 ± 0:9 0.848

ASA, n (%) 0.150

I 378 (41.5) 157 (38.1) 221 (44.4)

II 510 (56.0) 243 (59.0) 267 (53.6)

III 21 (2.3) 12 (2.9) 9 (1.8)

IV 1 (0.1) 0 (0.0) 1 (0.2)

Operation time, median (IQR) (min) 85.0 (66.0-110.0) 72.5 (58.0-89.0) 98.0 (78.0-120.0) <0.001
Postoperative sepsis, n (%) 46 (5.1) 27 (6.6) 19 (3.8) 0.061
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0.3%-7.4% [6, 7], and the sepsis rate after PCNL reaches
0.9%-5.9% [8]. In our study, sepsis after PCNL was 3.8%
(19/498) and 6.6% (27/412) after fURS, which shows a con-
sistency with previous studies. Based on the multivariate
logistic analysis, we find that surgical option, positive urine
culture, serum WBC, and operation time are independent
predictors of postoperative sepsis. Patients with positive
urine culture are more likely to suffer sepsis after fUSR than
PCNL. However, no significant difference in sepsis rate is
indicated between PCNL and fURS when urine culture is
negative.

We previously report that positive urine culture is an
independent predictor for post-fURS sepsis and assemble a
nomogram to predict the occurrence of post-fURS sepsis
[14]. Uchinda [15] et al. and Blackmur et al. [7] explored
the role of bladder urine culture in infectious complications

that it is an independent risk factor increasing 3.53 to 4.88
times the risk of infectious complications. It may be because
the high intrarenal pressure during the fURS promotes local
pathogens and toxins into blood circulation. AGR usually
plays a role as a predictor of cancer progression or cancer-
specific survival because it reflects patients’ nutrition, inflam-
mation, and immunity [16]. We also find it as a predictor of
sepsis after endourological stone surgery [14, 17]. In this
study, both low AGR and high AGR groups, PCNL, and
fURS have similar sepsis rates. From the aspect of reducing
operative sepsis, the level of AGR may have little influence
on surgical option.

Kreydin and Eisner have systemically summarized the
risk factors for sepsis after PCNL [18], and the pre-PCNL fac-
tors included positive urine culture, female, nephrostomy,
urinary diversion, stone size, hydronephrosis, diabetes, and

Table 2: Multivariate analysis for the risk factors of sepsis.

Variables B OR 95% CI P value

Surgery (ref. PCNL) 1.151 3.160 (1.459 to 6.842) 0.004

Sex (ref. male) 0.324 1.383 (0.697 to 2.747) 0.354

Age (years) 0.019 1.019 (0.990 to 1.048) 0.200

BMI (kg/m2) 0.013 1.014 (0.910 to 1.129) 0.807

Stone size (mm) 0.020 1.021 (0.915 to 1.139) 0.716

Indwelling stent -0.038 0.962 (0.338 to 2.739) 0.943

Diabetes -0.431 0.650 (0.181 to 2.334) 0.509

Hydronephrosis -0.519 0.595 (0.168 to 2.107) 0.421

SerumWBC ≥ 10,000 cells/μL 1.250 3.490 (1.391 to 8.758) 0.008

AGR < 1:2 0.785 2.192 (1.082 to 4.442) 0.029

Positive urine culture 1.816 6.145 (2.541 to 14.859) <0.001
UrineWBC ≥ 50 cells/hpf 0.185 1.203 (0.531 to 2.726) 0.659

Positive urine nitrite 0.676 1.967 (0.750 to 5.157) 0.169

Operation time (min) 0.010 1.010 (1.000 to 1.020) 0.046

Abbreviations: PCNL: percutaneous nephrolithotomy; BMI: body mass index; WBC: white blood cell; AGR: albumin globulin ratio.
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Figure 2: Subgroup analysis to compare sepsis rate between PCNL and fURS.
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complicated calculi. Meanwhile, the local urinary system
condition is considered the most critical factor related to
infectious complications. Besides, more novel predictors for
post-PCNL sepsis are identified by researchers. For example,
C-reactive protein, albumin, and procalcitonin are consid-
ered predictors reflecting the systematic condition of patients
[8, 19].

Positive urine culture is a predictor of postoperative sep-
sis for both fURS and PCNL. The evidence reveals that urine
culture can be an essential reference factor for surgical choice
to reduce the incidence of sepsis. In patients with 10-20mm
ureteral stone, we find that PCNL is better than fURS when
patients have a positive urine culture. Our works can
optimize the surgery strategy for patients with a high risk of
infection [20, 21].

The main limitation of the study is the single-center ret-
rospective nature, which may cause selection bias. We
include a relatively large number of patients to stabilize the
results. Subgroup analysis is also performed to compare sep-
sis incidence in patients with different conditions. Further
prospective and multicenter studies are needed.

5. Conclusions

In summary, we find that PCNL might be a better choice
than fURS to reduce postoperative sepsis, especially when
patients have a positive urine culture.

Abbreviations
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PCNL: Percutaneous nephrolithotomy
BMI: Body mass index
WBC: White blood cell
AGR: Albumin-globulin ratio
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