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Abstract
Ventilator-associated pneumonia (VAP) is a severe condition in critically ill patients that requires timely diagnosis to improve
patient outcomes. In this study, we developed an electrochemical sensor for pyocyanin detection using a TiO2-NiO-rGO
catalyst and found that it could detect the concentration of pyocyanin required for mimicking the throat trachea’s environment
(LOD: 0.2 μg/mL). We also investigated using DNA aptamer for detecting pyocyanin, a biomarker of Pseudomonas aerugi-
nosa, a common causative agent of VAP. Our findings suggest that the TiO2-NiO-rGO catalyst without aptamer could provide
a rapid and cost-effective diagnostic tool for VAP, and the electrochemical sensor has the potential to be made disposable for
in vivo applications. Using the TiO2-NiO-rGO catalyst offers synergistic effects that enhance the detection process’s overall
electrochemical performance, sensitivity, and selectivity. This work’s results demonstrate that electrochemical detection of
pyocyanin using a TiO2-NiO-rGO catalyst holds great potential for various applications, such as clinical diagnostics and
drug discovery. Further research and optimization of the catalyst composition, morphology, and surface modifications can
contribute to advancing this pyocyanin electrochemical detection approach.

Keywords Biosensors · Bio-signal processing · DNA aptamer · Electrochemistry · Nosocomial infections · Ventilator-
associated pneumonia (VAP)

1 Introduction

Ventilator-associated pneumonia (VAP) is a prevalent health-
care-associated infection that mostly affects critically ill
patients on mechanical ventilation (MV) for more than
48hours [1, 2]. Up to 28% of patients undergoing MV
in the intensive care unit (ICU) are at risk of develop-
ing VAP, making it the most common nosocomial infection
[3, 4]. VAP constitutes a significant portion of nosocomial
infections in ICUs, with a majority of them (around 83%
of the cases) associated with MV [5]. VAP’s most preva-
lent pathogens include Acinetobacter baumannii, Klebsiella
pneumoniae, methicillin-resistant Staphylococcus aureus
(MRSA), Staphylococcus aureus, and Pseudomonas aerug-
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inosa [6]. VAP is a severe condition that increases the
mortality risk by 2–10 times and prolongs the duration of
MV and hospitalization [7]. Patients who have a significant
amount ofP. aeruginosa colonization aremore likely to expe-
rience highermortality rates in comparison to thosewho have
been infected by other pathogens [8, 9].

Methods currently used for diagnosing VAP involve clin-
ical observations, such as fever and purulent secretion,
chest radiography, as well as monitoring oxygenation lev-
els [10–12], and microbiological testing of sputum samples.
However, these methods have several limitations in pre-
dicting patient outcomes and are often time-consuming
[13–15]. False-negative results are common with microbio-
logical testing of sputum samples, particularly when patients
undergo antibiotic treatment [16, 17]. Consequently, unspe-
cific diagnoses based on clinical criteria often have a 2–4
fold lower incidence rate compared to overnight microbio-
logical testing [16, 17]. Bronchoscopy sampling can improve
diagnostic accuracy, but it is an invasive procedure with
a prolonged culturing duration [15]. To rapidly respond to
microbial infections, it is typical for patients in the ICU to
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receive broad-spectrum antibiotics [18–20]. However, this
practice contributes to developing antibiotic resistance due
to selective pressure after resistance has emerged [21–23].
Therefore, alternative and non-invasive methods for detect-
ing VAP in ICU patients are urgently needed, which utilize
alternativemarkers of pulmonary infections [24]. VAP incurs
a high financial burden, with hospital expenses per patient
reaching approximately $39,500 [25, 26].

Various methods have been employed to improve the
detection of volatile organic compounds (VOCs) associated
with VAP. With the recent advances in the areas of sen-
sors and medical practice, numerous studies have aimed at
enhancing the methods of detecting VOCs. These studies
have included methods using electronic-chemical sensors
and pattern recognition systems [27–30] that can detect dif-
ferent odors (e-nose) [31] to detect VAP [32, 33], and those
that utilize computer vision for fast detection of VAP or
other pathologies usingmedically obtained results such as the
log of breathprints, computed tomography scans, magnetic
resonance imaging, or X-ray [34–37]. Moreover, secondary
bacterial infections frequently occur in individuals with
severe COVID-19 and influenza, particularly among hospi-
talized patients requiring intubation and MV [38]. Among
these cases, bacterial pneumonia is the predominant cause
of mortality. Notably, P. aeruginosa, a bacterium known for
its production of pyocyanin, is a significant contributor to
VAP, a prevalent secondary bacterial infection in such clini-
cal contexts [39, 40]. However, the trend of using biosensors
inVAPdetection has becomemore prominent in recent years,
especially with the outbreak of the COVID-19 pandemic

[41, 42], and they have been used for a considerable time
to detect other VOCs related to lung pathologies [41–45].
Further details of some significant studies on this topic can
be seen in Table 1.

DNA aptamers are short single-stranded DNA sequences
that can bind to target molecules with high specificity and
affinity. They have several advantages over traditional anti-
bodies, including lower cost, ease of synthesis, and improved
stability. Previous studies have shown that DNA aptamer can
detect various pathogens, including P. aeruginosa, the most
common pathogen associated with VAP. Therefore, there is
a rationale for using DNA aptamers as diagnostic tools for
VAP.

This study describes the development of an electrochemi-
cal sensor for rapidly detecting pyocyanin. As part of a larger
diagnostic system, this sensor has the potential to provide
rapid and early detection of VAP, enabling timely interven-
tions and improved patient outcomes, since P. aeruginosa is
electrochemically active [55]. It will be integrated into the
diagnostic system for in vivo detection of VAP, which could
provide early warning signs for the disease, as illustrated in
Fig. 1. We aim to evaluate the sensitivity and selectivity of
the electrochemical sensor in detecting the virulence factor
produced by P. aeruginosa with and without using aptamer.
It is shown that the TiO2-NiO-rGO catalyst without aptamer
provides a rapid and cost-effective diagnostic tool for VAP.

Our study shows that using the proposed electrochemical
sensor as a diagnostic tool for VAP could lead to improved
patient outcomes and reduced healthcare costs. The devel-
oped sensor has a very rapid response.

Table 1 Overview of previous
studies for detecting microbial
pathologies

Pathology Biomarker Material/Method LOD Ref.

COPD ILK-6 LIGMA-FET 1.37 pg/mL [43]

ILK-6 OECT 0.2 ng/mL [44]

ILK-6 G-FET 0.012 nM [45]

COVID-19 SPR G-FET 0.001 pg/mL [41]

SPR G-FET 200 fM [42]

Influenza DNA rGO 5 pM [46]

DNA aptamer GO 1 ng/mL [47]

SGP G-FET 130 pM [48]

VAP PYC Carbon 0.14 μM [49]

PYC AuZF 25 μM [50]

PYC Carbon ink 95 nM [51]

PYC SERS 5 ppb [52]

PYC AdSV 2 nM [53]

PYC Gold Nanoparticles 500 nM [54]

Table Key: AdSV Adsorptive Stripping Voltammetric, AuZF Gold-coated Zein Film,G-FET Graphene-based
Field-Effect Transistor, ILK-6 Interleukin-6, LIGMA-FET Liquid Immuosensor Gate for Medical Assistive
Field-Effect Transistor, OECT Organic Electro-Chemical Transistor, PYC Pyocyanin, SGP Sialylglycopep-
tide, SPR Spike Protein, SERS Surface-enhanced Raman Spectroscopy
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Fig. 1 Schematic diagram of the overall proposed system for in vivo diagnosis of VAP and other lung pathologies

2 Materials andmethodology

2.1 Chemicals

Acetylene black (ACET), N-Methyl-2-pyrrolidone (NMP),
and nickel nitrate were purchased from SRL. Polyvinyli-
dene difluoride (PVDF), Nafion, ethanol, glacial acetic acid,
and graphite were purchased from Rankem, India. 100 nmol
ssDNA aptamer (5′-CTT CTG CCC GCC TCC TTC CTA
GCCGGATCGCGCTGGCCAGATGATATAAAGGGT
CAG CCC CCC AGG AGA CGA GAT AGG CGG ACA
CT-3′) was purchased from Integrated DNA Technologies,
Belgium. Finally, pyocyanin [CAS85-66-5/ref.10009594]
was purchased fromCayman Chemicals, Estonia. The chem-
icals were used in their original formwithout any alterations.
All reagentswere synthesizedusingdeionized (DI)water. For
electrochemical experiments, glassy carbon electrodes from
Sigma Aldrich were used. Glassy carbon electrodes (GCEs)
are chemically electrochemically inert and relatively repro-
ducible.

2.2 Synthesis of nanocomposite

2.2.1 Synthesis of TiO2-NiO nanoparticles

Asol-gelmethodwas used to create TiO2-NiOnanoparticles.
First, 50mL of ethanol was mixed with 5.7 mL of titanium
isopropoxide. Once thoroughly blended, a mixture of 3g of
aqueous Ni(NO3).2H2O 14mL of DI water was introduced.
Following this, stirring was discontinued until the solution

solidified into a gel-like substance. The gel was left to age
naturally for 5hours before being dried at 80◦C for 48hours.
The next step involved calcining the dried gel at 300◦C for
2hours to produce TiO2-NiO.

2.2.2 Synthesis of TiO2-NiO-rGO nanoparticles

The modified Hummer process created graphene oxide (GO)
by oxidizing graphite [56]. The solvothermal method was
used to reduce GO to rGO [56]. The mixture is then heated
at different temperatures for the reduction process. Initially,
200mg of GO was combined with 10mL of DI water and
20mL C2H5OH by subjecting the mixture to intense soni-
cation for 30minutes. A stable GO dispersion was obtained
and brought to a Teflon-lined stainless-steel autoclave with
a capacity of 80mL. The mixture was then heated at 150◦C
for 2hours. A sol-gel method was used to create TiO2-NiO
nanoparticles. First, 50mLof ethanol wasmixedwith 5.7mL
of acetic acid. Once thoroughly blended, a mixture of 3g of
aqueous Ni(NO3).2H2O 14mL of DI water was introduced
into the blend. Following this, stirring was discontinued until
the solution solidified into a gel-like substance. The gel was
left to age naturally for 5hours before being dried at 80◦C
for 48hours. The next step involved calcining the dried gel
at 300◦C for 2hours to produce TiO2-NiO. To create the
solution, 0.04 g of rGO was mixed in 1.5 mL of NMP via
ultrasonic homogenization. The resulting solution was then
uniformly mixed with 0.35 g of TiO2-NiO, 0.05 g of PVDF,
and 0.05 g of ACET. The two solutions were mixed at 80◦C
for 12hours to get a black slurry. Then it was dried for
12hours at 120◦C [57].
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2.3 Fabrication of electrode

The catalytic ink was prepared by sonicating 15mg of the
nanocomposite in an ice bath for 2hourswith 20μLofNafion
and 1.5 mL of ethanol. Following sonication, 10 μL of the
catalytic ink was placed on 2mm diameter glassy carbon
electrodes (GCE) and allowed to dry at room temperature.

2.4 Characterization of catalyst

The X-ray diffractometer (XRD-6100, LabX, SHIMADZU
Ltd., Japan) was used to obtain the crystal phases. Transmis-
sion electron microscopy (TEM) investigated the morphol-
ogy of the nanocomposite.

2.5 Preparation of aptamer and pyocyanin solutions
for electrochemical assay

To prepare the aptamer and pyocyanin solutions, the aptamer
was initially re-suspended and folded into its tertiary struc-
ture for optimal binding.The aptamer storage tubewasbriefly
centrifuged to ensure the dried aptamer pellet was at the bot-
tomof the tube. Thepelletwas then re-suspended inTEbuffer
(10mM Tris HCl, 0.1 mM EDTA, pH 7.5), nuclease-free
water, to achieve a 100 μM concentration. After incubat-
ing the solution at room temperature for 30minutes, the
tube was vortexed for 20 seconds and then centrifuged for
1minute according to the aptamer preparation protocol. The
re-suspended DNA was aliquoted and stored at −20◦C.

Next, for diluting the aptamer, 95 μL of molecular grade
water (MGW) is added to a sample of the 5 μL aptamer to
achieve a final volume of 100 μL. This solution will have a
concentration of 10 μM for the stock solution. After prepar-

ing the stock solution, the working solution for the aptamer
can be prepared by diluting 10 μL of the stock solution with
90 μL of MGW. This results in a final concentration of 2
μM for the working solution. Similarly, the preparation of
pyocyanin working and stock solutions was performed. Ini-
tially, 50mg of pyocyanin was dissolved in 2mL MGW to
obtain the stock solution. To prepare the 1mg/mL working
stock solution, 40 μL of the stock solution was added to
960 μL of MGW. To prepare the working solution of 0.1667
mg/mL concentration to mimic the throat trachea’s environ-
ment, 200 μL of the 1mg/mL pyocyanin solution was mixed
with 1mL of MGW. This resulted in the desired concentra-
tion of pyocyanin as shown in Fig. 2, which can be further
used for downstream assays and experiments.

2.6 Electrochemical experiments

Various electrochemical experiments, including cyclic voltam-
metry (CV), chronoamperometry, and electrochemical impe-
dance (EIS), were carried out using aGamry galvanostat (Ref
600). Herein, a catalytic ink-coated GC working electrode,
an Ag/AgCl reference electrode, and a graphite rod counter
electrode were used. Pyocyanin was detected by employing
25mL of 0.5 M KOH electrolyte, resulting in a final concen-
tration of 0.2 μg/mL. The measurements were conducted at
specific parameters while varying the swept rates between 50
and 200 mV/s. All electrochemical experiments were carried
out at ambient conditions.

Using nuclease-free water to prepare DNA aptamers and
using deionized water during the electrochemistry experi-
ment is generally not a problem. Both types of water serve
different purposes and are suitable for their respective stages
in the experimental process. DNA aptamers are short single-

Fig. 2 Preparing the pyocyanin
with concentration of 0.1667
mg/mL
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stranded DNA molecules selected for their specific binding
affinity to a target molecule. Nuclease-free water is cru-
cial during the preparation of DNA aptamers to ensure that
nucleases do not degrade the DNA molecules and helps
maintain the integrity and stability of the DNA aptamers
during preparation. Nucleases could potentially degrade
the DNA aptamers, compromising their functionality and
affecting the experiments’ accuracy and reliability. Elec-
trochemical analysis often involves sensitive measurements
of electrical properties, particularly in the context of DNA
aptamers, which are used as bio-recognition elements in
biosensors. Deionized water creates a controlled ionic envi-
ronment during the electrochemistry experiment. It has a low
ion concentration, minimizing interference with the electro-
chemical measurements and helping to maintain a consistent
and controlled baseline for the experiment. Starting with
nuclease-free water for DNA aptamer preparation ensures
the quality and integrity of the aptamer molecules. Subse-
quently, during the electrochemistry experiment, deionized
water maintains the desired ionic environment essential for
accurate electrochemical measurements. There’s no inherent
conflict or problem in using nuclease-free water for aptamer
preparation and deionized water during the electrochemical
analysis, as they serve distinct purposes in the experiment.

3 Results and discussion

3.1 Structural andmorphological assessment

Figure3 displays the XRD patterns. The TiO2 nanoparticles
exhibited peaks at 2θ of 24.5◦, 47◦, 54.1◦, and 63.7◦ corre-
sponding to (101), (200), (211) and (204) plane respectively
(JCPDS Card No. 21-1272). The presence of NiO at 36.9◦,
62.8◦, and 75.4◦ in composite indicated a hexagonal plane

Fig. 3 XRD pattern

(111), (220) and (222), respectively (JCPDS Card No. 73-
1523) [58]. A few peaks on the rGO surface suggested that
the carbonaceous surface had been well-exfoliated and was
covered by other metal oxides [59, 60]. Diffraction peaks
of TiO2-NiO-rGO were sharper, indicating the crystalline
nature.

The TEM analysis (Fig. 4) of the composite confirms the
formation of the nanocomposite, with d values of 0.26 nm,
0.25 nm, and 0.34 nm obtained for the rGO, NiO, and TiO2

nanoparticles, which are attributed to the (002) of rGO, (111)
of NiO, and (101) of TiO2 respectively. The TEM images
indicate the presence of NiO and rGO nanoparticles in the
inner layer at the interface and the TiO2 nanoparticles in the
outer layer.

3.2 Electrochemical profile for detection of
pyocyanin

Initially, the efficiency of GCE in detecting pyocyanin was
determined by CV. Initially, the experiments were carried out
with and without adding pyocyanin (Fig. 5a). It was observed
that GCE failed to detect pyocyanin. Then, CV analysis was
carried out using TiO2-NiO-rGO coated GCE. In the first
case, analysis was performed without pyocyanin. In the sec-
ond case, pyocyanin was added. In the third case, aptamer
and pyocyanin were added (Fig. 5b). The results showed that
cyclic voltammograms of TiO2-NiO-rGO had more area and
distinct oxidation and reduction peaks in detecting pyocyanin
in the absence of aptamer.

Figure6a shows theCVmeasuredduringpyocyanindetec-
tion by TiO2-NiO-rGO in KOH at different scan rates (50 to
200 mV/s). A gradual redox peak current density elevation is
observed during reductions, as shown in Fig. 6a. Both Fig. 6b
and c show the relation between the square root of scan rates
and the peak current densities of the TiO2-NiO-rGO. It was
observed that current density also increases as the scan rate
increases [61]. The linear regression equation of oxidation
peak current for detecting pyocyanin is

j
(
mA cm−2) = (0.5517 ± 0.0796)x − (3.4446 ± 0.8535),

R2 = 0.9412 (1)

Whereas the linear regression equation of reduction peak
current for detecting pyocyanin is

j
(
mA cm−2) = (−0.6467 ± 0.0597)x + (4.4363 ± 0.6402),

R2 = 0.9412 (2)

where x in both Eq.1 and Eq.2 stand for the square root of
scan rate, ν1/2 (Fig. 6b and c). Further, durability assessments
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Fig. 4 The TEM images of (a)
rGO, (b) TiO2, (c)NiO, and (d)
TiO2-NiO-rGO nanocomposite

for pyocyanin detection by TiO2-NiO-rGO were carried out
by chronoamperometry for 10hours at a reduction potential
of −0.3 V (Fig. 6d). Interestingly, TiO2-NiO-rGO reveals a
much higher retention of the current even after 10hours, indi-
cating greater stability. Metal dissolution was not observed
in the initial hour of electrolysis. However, after 4hours of
electrolysis, a small amount of TiO2-NiO-rGO was detected
in the electrolyte, which was found to be only 2 wt% of the
fresh electrode.

Electrochemical impedance spectroscopy (EIS) data were
collected at 1.23 Vs. Ag/AgCl in the 0.1 Hz–100 kHz sweep-
ing frequency range. EIS provides useful insights into the
interfacial processes at the electrode surface by measuring
the impedance response to an applied AC voltage over vari-
ous frequencies. The blank electrode’s Rct was 695, whereas
the Rct of the TiO2-NiO-rGO electrode was 468. The TiO2-

NiO-rGO electrode has a lower diffusion impedance in its
linear section at lower frequencies than the blank electrode
combinations. This suggests the diffusion process proceeded
with less resistance, enhancing ion transport from the bulk
to the electrode surface. Figure7 shows that TiO2-NiO-rGO
electrodes have more electron conduction channels and reac-
tive surfaces, leading to better electrolyte diffusion.

The electrochemical detection of pyocyanin using a cat-
alyst composed of TiO2, NiO, and rGO is a promising
approach that combines the advantages of each component
for sensitive and selective detection of pyocyanin in vari-
ous samples [62]. Titanium dioxide (TiO2) is a widely used
semiconductor material known for its high photocatalytic
activity, stability, and biocompatibility. Nickel oxide (NiO) is
a transition metal oxide with excellent electrochemical prop-
erties, including high catalytic activity and good electrical

Fig. 5 CV analysis using (a)
Blank GCE, and (b)
TiO2-NiO-rGO coated electrode
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Fig. 6 (a) CV curves at
different scan rates (b) Plot of
anodic peak current density
against the square root of the
scan rate (c) Plot of cathodic
peak current density against the
square root of the scan rate. (d)
Durability assessments for
pyocyanin detection

conductivity. Reduced graphene oxide (rGO) is a form of
graphene that has been chemically reduced from graphene
oxide, resulting in a highly conductive and stable mate-
rial. The TiO2-NiO-rGO catalyst offers several benefits for
electrochemical pyocyanin detection. First, the TiO2 compo-
nent provides a large surface area for pyocyanin adsorption
and enhances the electron transfer process. Second, the NiO
component acts as a catalyst, promoting pyocyanin’s electro-
chemical oxidation and reduction. Third, the rGOcomponent
serves as a conductive matrix, improving the overall elec-
trical conductivity of the catalyst and facilitating electron
transfer. The electrochemical detection of pyocyanin using
the TiO2-NiO-rGO catalyst typically involves the adsorp-
tion of pyocyanin onto the catalyst surface, followed by

its electrochemical oxidation and reduction, which result
in changes in electrical current that can be measured to
determine the concentration of pyocyanin in the sample solu-
tion. The TiO2-NiO-rGO catalyst enhances the sensitivity
and selectivity of the detection process, making it suitable
for various applications, such as environmental monitoring,
clinical diagnostics, and drug discovery. However, further
research and optimization are still needed to fine-tune the
catalyst composition,morphology, and surfacemodifications
to achieve even better performance for pyocyanin detec-
tion. Additionally, the stability and reproducibility of the
TiO2-NiO-rGO catalyst in real-world sample matrices need
to be further investigated. Nevertheless, the electrochemi-
cal detection of pyocyanin using the TiO2-NiO-rGO catalyst

Fig. 7 EIS spectra of
TiO2-NiO-rGO and blank
electrodes
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holds great promise as a sensitive and selective method
for detecting pyocyanin, contributing to the advancing ana-
lytical techniques for pyocyanin analysis in various fields.
Therefore, the electrochemical detection of pyocyanin using
the TiO2-NiO-rGO catalyst offers a promising approach for
the accurate and sensitive detection of VAP. With further
research and optimization, this method could be expanded to
cover other pathogens biomarkers and further developed as
a valuable tool for diagnosing and treating VAP, ultimately
contributing to improved patient outcomes and better man-
agement of respiratory infections.

While the electrochemical detection of pyocyanin with
TiO2-NiO-rGO nanocomposite represents a promising im-
provement in biosensing technology, it is not without obsta-
cles. Despite the improved sensitivity and selectivity due to
the synergistic effects of the composite materials, the practi-
cal implementation of this detection approachmay be limited
by cost, stability, and specificity. The synthesis and fabrica-
tion methods of generating nanocomposite materials may be
difficult and expensive, possibly limiting their availability
for general application, particularly in resource-constrained
contexts. Furthermore, guaranteeing the nanocomposite’s
long-term stability and minimizing interference from other
compounds found in complicated samples are key factors
for accurate and reproducible detection. Addressing these
issues through additional research and development efforts to
optimize the synthesis process, increase stability, and boost
specificity will be critical in realizing the full potential of
electrochemical pyocyanin detection employing TiO2-NiO-
rGO nanocomposite.

4 Conclusion

In conclusion, the electrochemical detection of pyocyanin
using a catalyst composed of TiO2, NiO, and rGO is a
promising approach for the sensitive and selective detection
of pyocyanin in various samples. The TiO2-NiO-rGO cat-
alyst provides a conductive and catalytically active surface
that enables the electrochemical oxidation and reduction of
pyocyanin, leading to changes in electrical current that can
be measured to determine the pyocyanin concentration in
the sample solution. Using TiO2, NiO nanoparticles, and
rGO in the catalyst offers synergistic effects that enhance
the detection process’s overall electrochemical performance,
sensitivity, and selectivity. This work observed that the TiO2-
NiO-rGO catalyst could detect 0.2 μg/mL (200 ng/mL)
pyocyanin.

Additionally, the catalyst can be modified or function-
alized further to improve its pyocyanin detection perfor-
mance.Moreover,without an aptamer, TiO2-NiO-rGOcyclic
voltammograms demonstrated a larger area and distinguish-

able oxidation and reduction peaks in detecting pyocyanin.
Overall, the electrochemical detection of pyocyanin using
a TiO2-NiO-rGO catalyst holds great potential for various
applications, such as in environmental monitoring, clini-
cal diagnostics, and drug discovery, where the detection of
pyocyanin is of interest.

Further research and optimization of the catalyst com-
position, morphology, and surface modifications can con-
tribute to advancing this electrochemical detection approach
for pyocyanin detection. Furthermore, the electrochemical
detection of pyocyanin using a TiO2-NiO-rGO catalyst has
the potential to aid in the diagnosis andmonitoring ofVAP, as
pyocyanin is a virulence factor secreted byP. aeruginosa, one
of the main pathogens causing VAP. Developing a sensitive
and selective detection method for pyocyanin could improve
the accuracy and speed of VAP diagnosis, leading to better
patient outcomes.
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