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Abstract

This work describes different approaches for theect®n of hepatitis B virus
(HBV) genomic DNA, using electrochemical and optitechniques. The platforms
consisted of a single-stranded DNA probe (HEPBXggcific to HBV, grafted on a
gold electrode modified with reduced graphene oxidgold nanopatrticles. Differential
pulse voltammetry analysis indicates that the amdivf HBV genomic DNA caused an
increase of about 1.4 times in the current peake/alvhen compared to the negative
control. It was observed a linear dependence with ibg HBV-genomic DNA
concentration and the electrochemical biosensoectd until 7.65 pg.ut of the
target. Electrochemical impedance spectroscopy umeaents showed an increase of
about 2 times in the charge transfer resistantey, tife addition of HBV genomic DNA.
Assays using colloidal suspension of gold nanoglagi showed a shift of the peak
wavelength, linearly proportional to the HBV-genen®NA concentration, with a
detection limit of 0.15 ng.uL The applicability of the gold nanoparticles fdinical
samples was tested with success in the blood plaaihthe approaches used in this
work were effective in detecting genomic DNA or ddioplasma in positive samples for
HBV.
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1 Introduction

Over the past few decades, nanomaterials basedrnorcand noble metals,
such as reduced graphene oxide (rGO) and gold aatidps (AuNPs) have gained
space in scientific research due to their distproperties, such as high electrical and
thermal conductivities, surface-to-volume raticeatton mobility at room temperature,
a high mechanical resistance and large surface hi4ja

These materials are widely employed to increase pirformance of DNA
biosensors [5,6] combining their excellent promerti with the stability and
complementarity of the DNA molecules using an etectiransfer reaction through
stacked DNA duplex, electroactive tags or intertoata[7-9].

The demand for optical and electrical biosens@s grown as alternatives to
the current methods, since they can be used atimeabiagnostic devices, requiring no
professional handling, with a quick response atatively low cost of construction, are
potentially miniaturized and portable. Recent adezsnin micro and nanotechnologies
have allowed the development of highly sensitivel aost-effective electrochemical
and optical biosensors [10] for hepatitis B viresedttion [11].

Hepatitis B is a disease caused by a viral infectio liver cells and occurs
through percutaneous and mucosal membrane expmscoataminated blood and body
fluids, including serum, semen and saliva [12].cdn be asymptomatic, rapid and
progressive, and remains as a great public heatthlgm [13-15]. The World Health
Organization estimates that there are 240 milli@ogbe chronically infected with
hepatitis B virus (HBV) in the world, with about 000 deaths per year [16].
Complete vaccination is the most effective stratégyreduce global morbidity and
mortality [17]. However, there is a portion of imdiuals who do not respond positively
to this immunization. There are several tests fer HBV detection, for the disease
progression monitoring, and to check the acquiredmunity, such as the
immunoenzymatic assay (ELISA), Western Blot, fluotenoassay, and polymerase
chain reaction [13, 14]. However, these techniqueguire the use of expensive
equipment and reagents as well as skilled perspandlare performed exclusively in a
hospital or laboratorial environment [18]. Genosgaghat do not need an amplification
step are of greater interest for public health $fiyipg and reducing the assay time
[11], where the electrochemical methods allows ¢bmbination of the especifity of
biological identification with the selectivity ofhgsicochemical transduction on the

hybridization event [19].



The electrochemical or optical behavior of DNA aigi the biosensor
construction for hepatitis B have been investigat€then and collaborators [20]
development a nanostructured impedance biosengbrtwb dynamic linear ranges,
102-103 and 103-105.1 copies/mL, and detectiort bmlll copies/mL. Ahangar and
Mehrgardi developed electrochemical DNA biosensordietection of Hepatitis B virus
[21] using ferrocene as a redox reporter. The dyoaamge was from 0.4 to 10 nmol of
target with detection limit of 10 pmol. Mashhadieadet al. [16] grafited thiol
modified Hepatitis B virus (HBV) probe DNA onto nragjite and gold nanoparticle
modified carbon paste electrode. The sensing phatfimtegrated two nanoparticles
presented linear range of about 8.3%3@0 6.4x10” M and detection limit of 3.1
(+0.1)x10™ M. Mao et al. reported a colorimetric detection method of hejsa
virus DNA based on DNA-templated copper nanoclgsteith a detection limit of
12x10 molecules [22].

Mostly of current genossensors for hepatites B rdbag in the literature are
based on the detection of amplifed polimerase cteantion (PCR) fragments [23-25],
thus introducing an additional step in the processch is laborous and costly.

In this context, electrical and optical methods evased in this work for the
detection of the genomic DNA from blood plasma afignts with hepatitis B, with no
PCR amplification (Fig. 1). This is a new platformsing a specific probe for the
genomic DNA of the HBV onto gold electrodes modifi@ith reduced graphene oxide

or gold nanoparticles.

HereFigurel
2 Experimental
2.1 Chemicals and solutions

All reagents were of analytical grade, without poer¢ purification. Ultra high
purity water (18.2 M.cm, Master System, Gehaka, Brazil) was used fptkparation
of all solutions. Ethidium bromide (3,8-diamino-8yd-6-phenyl phenatridinium
bromide) was obtained from Merck KGaA. All solut®onsed in the electrochemical
analysis were deoxygenated by means of ultra-pitregen bubbling for at least 25

minutes before use. Tetrachloroauric (Ill) acichydrate (99%), graphite powder,
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potassium permanganate (KMgQand sulfuric acid (bF50;) were purchased from
Sigma-Aldrich Chemical, USA (ACS purity). Ammoniuhydroxide 28% (w/v) and
sodium nitrate were purchased from Synth. The DNigoaucleotide probe for the
HBV virus (HEPB1S) was synthesized by InvitrogefelTechnologies (USA) with the
following sequence: 5-(HS)-GAGGAGTTGGGGGAGCACATT-3 The
oligonucleotide solutions were prepared in sodiumsgphate buffer (0.1 mofl3, pH
7.4) and SSC buffer (sodium chloride 0.3 mdl.sodium citrate 0.03 moll, Sigma-
Aldrich, USA, pH 7.0) for the electrochemical angbtioal assays, respectively.

Oligonucleotide samples were stored at -8 °C.
2.2 Apparatus

The electrochemical studies were conducted in anpiaistat from CH Instruments
620C and Autolab PGSTAT 302N potentiostat/galvaatostith a FRA2 module. A
three-electrode electrochemical cell was employgedhe electrochemical experiments.
A gold electrode (2 mm diameter, CH Instruments} wiaed as working electrode, a
platinum wire as auxiliary electrode, and Ag/Ag®Q] 3.0 mol.L'Y) as a reference
electrode. The assays using AuNPs were carriedusiny a Shimadzu UV-1650PC
spectrophotometer. The surface morphology was sedesvith an atomic force
microscopy (SPM 9600 Shimadzu).

2.3 Preparation of the gold electrode modified with rGO

Gold electrodes (Au) were initially sonicated wétinanol (70%) for 10 minutes,
mechanically polished with alumina slurry (0.3 pamd washed with deionized water
and dried in the air. The preconditioning of thectlode was performed in a 0.5 mal.L
H,SO, (98%, Synth) solution through cyclic voltammetgtlween +0.0 V and +1.2 V, 5
cycles, 50 mV.s. Graphene oxide was produced according to the Henmmnethod
[26], and then reduced with hydrazine (64%, Dynaij#€]. An aqueous dispersion of
the reduced graphene oxide (rGOul§ 1 mg.mL?Y) was applied to the surface of the
gold electrode and maintained at 55 °C until coteptirying. The washing of the gold
electrode modified with rGO was performed by immersn phosphate buffer for 15

seconds.



2.4 Genomic DNA samples

Genomic DNA of HBV-positive or negative patients reregprovided by the
Adolfo Lutz Institute (Ethics Committee number 11134). For the selectivity tests,
coli genomic DNA, hepatitis C virus (HCV) genomic RNAdahealth plasma samples
(HS) were used. The genomic DNA was extracted aABBOTT m2000sp extractor,
and DNAse free water was used in the elution bufiee health plasma samples were
obtained from the Clinical Hospital of the Fedetativersity of Uberlandia. These
samples were incubed with a lysis buffer (EDTA 2&aohL ™, Tris-HCI 200 mmol.L,
NaCl 250 mmol.[}, SDS 1%, pH = 7.5) for 1 hour at 25°C prior to litse. The
genomic DNA was diluted (1:100) in phosphate bufterelectrochemical tests and in
SSC buffer for the optical assays. All genomic Dd&nples were submitted to thermal
denaturation at 98 °C for 5 minutes before hybatian to obtain the single-stranded
DNA (ssDNA).

2.5 Genosensor construction

3 uL of HEPB1S probe (1xI®mol.L™) were added onto the surface of the gold
electrode modified with rGO (Au/rGO). Thenud of sodium sulfate dodecyl solution
(0.1 mol.L'Y) were applied for 5 minutes, at room temperatireemove non-adsorbed
HEPB1S probe. For the surface blocking of the medifelectrode, bovine serum
albumin solution (4L, 0.5% wi/v) was applied and then incubated fon8Qutes at 37
°C. The washing of the gold electrode modified withO and sensibilized with
HEPB1S was performed by immersion in phosphatesbéidir 15 seconds.

2.6 Electrochemical detection by the genosensor

5 uL of positive or negative genomic DNA samples wapplied on the surface
of the genosensor, maintened for 20 minutes atG&rfd then washed with phosphate
buffer solution. For the detection, ethidium broeiblution (4uL, 1x10* mol.L™") was
applied onto the electrode, then incubated for ifutes at room temperature and
washed with deionized water. Differential pulse tanimetry measurements were

conducted in phosphate buffer as electrolyte.



To calibration curve construction, HepB gDNA sansple(0.00765ng.puL?,
0.0765 ng.pll, 0. 765 ng.ul, 7.65 ng.ul}) were added to the biosensor and
maintained at 55 °C for 30 minutes. For the datectphosphate buffer, pH 7.4, was
used as electrolyte. Data are representativbree independent experimeatsd values
are expressed in mean + standard deviation.

The measurements of the electrochemical impedapeetrescopy EIS) was
performed at perturbation amplitude of 10 mV aredjérency range of 10 kHz to 0.1 Hz
in 5.00 mmol.[* K,Fe(CN)/KsFe(CN) containing 0.10 mol.EKCI solution.

2.7 Assay using gold nanoparticles (AuUNPS)

The AuNPs were produced using a modified TurkeWobrs method [28]. In
this method, gold salts are reduced, which leadf¢onucleation and growth of gold
nanoparticles with 15 to 20 nm in size, stabilizsdcitrate ions. After synthesis, the
AuUNPs were stored at 4 °C until useul2of the probe solution (HEPBL1S, 13éh0l.L
') were conjugated with 200 of AuNps solution and maintained at room tempet
for 1 hour. Microtubes containing the modified AuNwith HEPB1S were submited to
98 °C for 5 minutes. Then, 2L of the HBV genomic DNA (1:100) were added and
maintained at 55 °C for 20 min for the duplex fotima. Prior to the hybridization
process, the genomic DNA was digested using theatsn enzyme EcoRI, which was
diluted in a specific buffer (50 mmol’LNaCl, 10 mmol.[} Tris-HCI, 10 mmol.C*
MgCl,, DTT 1 mmol.L*, pH 7.6). Saturated sodium chloride solution waed to
promote the aggregation of AUNPs. Absorbance measmts were monitored by UV-
VIS spectroscopy.

3 Resultsand Discussion
3.1 Electrochemical impedance spectroscopy analysis

The Electrochemical Impedance Spectroscdg()(spectra were plotted in the
form of Nyquist plots (Fig. 2A and 2B) and fitted bbtain the theoretical curve
corresponding to the equivalent circuit with fregog response (NOVA 1.0).
Electrochemical impedimetric measurements were rdecb using Au,
Au/rGO/HEPBL1S probe, Au/rGO/HEPB1S:positive sampl&V genomic DNA) and
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Au/rGO/HEPB1S:negative sampl&.(coli genomic DNA, HCV genomic RNA and

healthy plasma samples).

Here Figure 2

Bare gold presents a very small semicircle domiaigicating a low electron-
transfer resistancd¢t= 30Q2), Fig. 2A (curve a). For Au/rGO (Fig. 2A, curvethgre
was the absence of the semicircle caused by tinease in electrical conductivity of the
nanocomposite (see inset) when compared to theMare

In the current literature are not found any studibsut the force that keeps the
reduced graphene oxide sticking onto gold, butsikmown that this structure is a
derived of graphene oxide that has functional gsoogntaining oxygen removed, in
order to make it more similar to graphene. Graphéimes supported by metal
substrates generally display charge transfer with rhetal surfac§9]. Specifically,
charge transfer from graphene to gold has beenndgdakeresulting in a slight p-type
doping of the graphene [30-34], with a binding eyebetween graphene and gold
smaller than 40 meV per C atom [30-32].

After the biofunctionalization steps, Au/rGO/HEPBff®be (Fig. 2B, curve b)
showed an increase in the charge transfer resesté&ut= 723 Q), indicating that
hepB1S was immobilizated onto Au/rGO.

Reduced graphene oxide (rGO), produced by reductiggraphene oxide with
hydrazine, contains oxygen functional groups, idizig hydroxyl and carboxyl groups
as well as hydrazone groups,(®N-NH,), resulting from the reduction of carbonyl
functions [35]. These organic functions enableratgon of the rGO with DNA by
hydrogen bonds. rGO structure is also formed byaarich regions, containing
condensed aromatic rings, which can bind to thenatiz rings of DNA bases through
n-n Sstacking, favoring DNA adsorption [36]. Still, scang electron microscopy (SEM)
images of a gold surface unmodified or modified witGO shows that, after
modification with rGO, the material is well distuted over almost the entire electrode
surface, indicating good coverage, but does noercall the electrode surface (results
not shown). In conclusion, it is possible to gridwe DNA onto the rGO-Au electrode

throughn-nt stacking, as well as by hydrogen and covalent $bdnds.



After the addition of the genomic DNA (sample pog]}, an increase of about
2.5 times in the charge transfer resistance vahassobservedRct= 1721X2), Fig 2B,
curve d. The addition of the negative contidt(= 8112), does not cause a substantial
difference in the resistance (Fig 2B, curves a apdwhen compared to the
Au/rGO/HEPBLS probe response (Fig. 2B, curve b).

The increase in diameter of the semicircles obskeafter hybridization is due to
the adsorption of biomolecules, which retards tleeteon transfer kinetics between the
redox probe and the electrode surface [37] and shbat the genosensor is capable of
discriminating specific or non-specific samples.t Ralues of the samples of HBV-
positive patients were higher in relation to theyatere samples demonstrating the
selectivity of the interaction of the probe witletRIBV genomic DNA. The response of

the system was presented usingAhatio (Fig. 2C) described in previous studies [38].

Aratio = AHBV genomic DNA A HEPB1S
A HBV genomic DNA =Rct (HEPB1S: HBV genomic ssDNA)
A HEPBL1S =Rct (probe)

WhereRct (probe) is the charge transfer resistance valuaimodad after the probe
immobilization on the electrode, and Rct (HEPB1®Wgenomic ssDNA) is the
charge transfer resistance value observed aftemthéation with the target analyte
genomic ssDNA. The reproducibility of obtained fesuvas evaluated using three
electrodes.

Images of the bare Au electrode, Au/rGO, Au/rGO/BEB/BSA,
Au/rGO/HEPB1S/BSA/HBV genomic DNA (target) and AG@/HEPB1S/ BSAE. coli
genomic DNA (NC) presented roughness valurep 0f 14 £ 1.20 nm, 185 £+ 12.60 nm,
97 + 1.22 nm, 226.2 £ 10.29 nm and 135 + 8.29 respectively. After the probe
immobilization, there was a decrease of 47.5%qrvalues, and in the presence of the
target there was a significantly increase, possihlg to the structure of the genomic
DNA, more elongated and less flexible than is thebp [24, 39, 40]. These results
showed that there was the duplex formation (dosbided DNA), in accordance with
electrochemical and optical studies. AFM imagesatmrate with the results obtained
by EIS since that the increase in the charge transsestearce Rct) values is according

to the increase in the roughneBg)(values for the surfaces evaluated. Rougher sesfac



cause a decrease in the charge permeability of AineGO/HEPB1S/BSA/HBV
genomic DNA to a redox probe, increasing Reevalues.

3.2 Detection by differential pulse voltammetry

DNA hybridization events can be monitored througHirect detection using
redox indicators, such as ethidium bromide intextcail[24, 41].
Figure 3 shows the differential pulse voltammogratative to the oxidation of

ethidium bromide using genomic DNA.

Here Figure 3

It can be observed that the oxidation peak of etimdoromide occurs at +0.6 V.
When the treated healthy plasma samples were attddide genosensor (rGO/gold
electrode/HEPB1Sprobe), the current values obsewek similar to those of the
probe. However, with the addition of HBV genomic Bp = 4.09uA £ 0.19uA), an
increase of about 1.4 times was observed when ceaipa the probeifg = 2.93pA £
0.24 pA), indicating accumulation of the ethidium bromida the surface of the
genosensor and duplex formation (Fig. 3A).

In Fig. 3B, we observed a linear relationship wag [HepB gDNA] given by
AQ = 13.99 + 2.34 log [HepB gDNA], being R= 0.99heTelectrochemical biosensor
detected until 7.65 pg.piL

The histogram (Fig. 3C) shows the bar chart chaegeltant of the oxidation
process of the ethidium bromide for positive andjatwe samples for HBV. We
observed an increase in the charge values aftentiiation with the positive sample
for the HBYV, evidencing the specificity of the pemlwhich was able to differentiate the
positive samples from the negative samples (fomgte, HCV) obtained from the
patients with hepatitis B. The concentrations ofMHBbsitive samples determined using
the calibration curve data were: 0.70 ng’uL); 1.86 ng.ul* (2); 102.10 ng.ut (3);
0.20 ng.pu* (4), 0.45 ng.pult (5), 29.38 ng.utt (6); 1.83 ng.ul* (7); 12.67 ng.ptt
(8): 0.253 ng.ul* (9); 0.87 ng.pL: (10).
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3.3Analysisusing AuNPs

The AuNP synthesis and the catalytic propertieAwfPs have been employed
to develop colorimetric sensors [42]. Colorimetéssays and ultraviolet-visible
spectrophotometry (UV-vis) using AuNPs sensibikzhtvith HEPB1S in the presence
or absence of samples positive or negative foHbgatitis B, genomic DNA or blood
plasma, were carried out (Figs. 4 and 5). The cdtange of AUNP conjugated with the
specific probe represents promising sensor plagofar disease diagnosis [43-45].
Images of colorimetric transition for the systermtaining: AuNP, AuNP/HEPB1S,
AuNP/HEPB1S/positive sample, AUNP/HEPB1S/negatavades and AuNP saturated
sodium chloride solution (blank) is shown in thgute 4.

HereFigure4

Considering that gold has affinity with compoundsitaining sulfur atompgl6]
the conjugation of the probe HEPB1S was facilitataad it maintained the AuNPs

stabilized, as the absorbance peak remained @ds20tnm.

AuNPs are highly dependent on the ionic strengthtism. In the presence of
saturated NaCl solution, Au-NPs are destabilizegl tduthe alteration of the ionic force,
which disrupts the citrate ion network located athe nanopatrticles (Fig. 4B, curve
e).

After sensibilization of the AUNP with probe DNAB®PB1S), no alteration was
observed in the color of coloidal suspension. Addiarget (HBV-positive samples)
caused color change (light red to blue) due toatigregation of the nanoparticles and
interaction with the HepB1 probe: HBV genomic DN&nd a shift of the absorption
band to longer wavelengths, between 540 - 590 ng 4B). The red-shift of the peak
wavelength was linearly proportional to the concatidn of HBV-genomic DNA from
1.55 to 6.68 ng/ut with a detection limit of 0.15 ng.iL(N = 3, R = 0.98) and
sensitivity of 9.1 nm/ng.t (Fig. 4C).

Works aiming the development of colorimetric andicg) biosensors for HBV
using nanoparticles as platform and specific antigeDNA as probe are described in
the literature [25, 47-50]. Xi and collaboratordangsgold nanoparticle grafted onto

nylon membrane [48] and gold-coated iron oxide panticles [49] developed a
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colorimetric system with detection limits of 1x¥Omol/L and 1x10° moliL,
respectively. Another colorimetric assay with HBdesific oligonucleotides as a probe
using silver-coated glass and DNAzyme G-quadruplexin, obtained a linear
response range of 0.5 nmol/L to 100 nmol/L withesedtion limit of 0.2 nmol/L [50].
Mao et al. [22] developed a colorimetric method based in eoppanoclusters for the
HBV-DNA with limit of detection of 12 x 1dmolecules.

In the present work, the detection limit of 0.15rg" (0.721 pmol/L or 9 x 10
copies/uL, HBV genome = 3.2 Kbp), indicates that bilosensor is promising. Still, the
AuNps/HEPB1S system was effective in detecting tH8V genomic DNA
discriminating HBV-negative samples in blood plasma

In order to verify the applicability of the sendor clinical samples, tests were

performed in blood plasma with success (Figure 5).

HereFigure5

For the analysis conducted in blood plasma, thatlsin interfering substances
(proteins, amino acids, uric acid, ascorbic acid athers), the genosensor was specific
since that, further of the color change, a bathmtic shift (146 nm) was observed
using positive HBV samples (Fig. 5d), while for thegative control (Fig. 5¢) occurs a
small bathochromic shift (19 nm) and no color clenghen compared to
AuNPs/HeplS (Fig 5b). The system was able to daisnete efficiently healthy or sick
patients, being able be applied in real sampldsowitprior purification.

4 Conclusion

This work proposed four techniques for the detectbthe hepatitis B virus in
biological samples. The specificity of the HBV peotan be confirmed by voltammetry,
impedance spectroscopy, absorbance measuremenig-Ehimages. VPD anélS for
the genosensors demonstrated significant advantagésrms of response with the
positive target addition, since HBV positive sanspiesult in a change of about 1.4-fold
and 2-fold compared to the negative samples.

Assays using the electrochemical biosensor or dalosuspension of gold
nanoparticules detected until 7.65 pgluar 0.15 ng.pLl* respectively, of the HBV-

target indicating better sensibility for the electiemical biosensor.
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The produced genosensors enabled the discriminagfomepatitis B and
hepatitis C. This assay presents promising refulthe selective detection of hepatitis

B in biological samples.
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Figure captions
Figure 1. Schematic illustration of the manufacturing stepthe DNA sensors.

Figure 2. Nyquist plots in KFe(CN}/Ks:Fe(CN)} redox pair for: A) bare gold
electrode (a) and Au/rGO electrode (lB) Au/rGO/HEPB1S/HCV genomic RNA (a),
Au/rGO/HEPB1S (b), Au/rGO/HEPB1E/ ~coli genomic DNA (c¢),
Au/rGO/HEPB1S/positive sample (d). Inset: equiaal@rcuit, whereRs, RW, Rct and
CPE represent the solution resistance, the WarHiffigsion resistance, the charge-
transfer resistance and the constant phase elemepgctively. €) Histogram showing
theAratio for the positive (1-6) or negative samplés ¢oli, HCV, HS1 and HS2). The

AFM images for the evaluated surfaces are indicaiddand B.

Figure 3. (A) Differential pulse voltammograms (baseline sutitd) of the ethidium
bromide oxidation onto transducer surface: in absda) or presence: healthy plasma
(b) and HBV positive sample (c)B) Relation between charge and log [Hep B gDNA],
N=3. (C) Histogram obtained from differential pulse voltawgrams in the absence
(probe) or presence d. coli genomic DNA, HCV genomic RNA, healthy plasma
samples (HS1 and HS2) and the genomic DNA sampliengositive patients for HBV
(1-10). Supporting electrolyte: phosphate buffert@Omol.L, pH 7.4), modulation

amplitude: 25 mV, pulse interval: 0.2 s, scan raemV.s".
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Figure 4. (A) Photographs of microtubes showing color formafmmsamples: AuNPs,
AuNPs/HEPB1S, AuNPs/HEPBIES/coli (EC), AUNPS/HEPB1S/HCV genomic RNA
(HCV), AuNPs/HEPB1S/healthy plasma samples 1 andH31 and HS2) and
AuNPs/NaCl saturated solution (blank). SamplesQt-AuNPs/HEPB1S/HBV positive
samples. B) Absorption spectrum for: AuNPs (a), AuNPs/HEPB1®),
AuNPs/HEPB1S/positive sample (c), AuUNPs/HEPBEStoli genomic DNA (d) and
AuNPs/ NaCl saturated solution (blank) (efC). Calibration curve for the

spectrophotometric determination of HBV.

FIGURE 5. Images and absorption spectra in UV-VIS using blptasma of four
patients. AUNPs with NaCl (a), AuNPs/HeplS with N#&K), AuNPs/HeplS/plasma
from healthy patients (negative control) with N4€), AuNPs/HeplS/plasma from sick

patients (positive control) with NaCl (d).
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