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Mortality rate in Brazil according to WHO



Dr. McCoy's scanner 

( In "Star Trek VI: The 

Undiscovered Country")



➢Early diagnosis;
➢Decentralization of healthcare services;
➢More effectiveness in prevention and control 

of diseases;
➢More practical and faster diagnostic ;
➢Low cost diagnostic analysis;
➢Humanization in health care with

ambulatorial attendance...

Portable analytical methods for diagnosis, control and vigilance



Source: Health Express





A rapid point of care (POC) 

diagnosis of flu and other 

respiratory conditions



ENZYMATIC POCT
POCT FOR IMMUNOASSAY
AND  MOLECULAR BIOLOGY

Glucose
Sensors

Cholesterol,      
uric acid, 

etc

Disease
Diagnostic

Terapeutic
Monitoring

...  Evolution of POC 



ECLIA METHOD 

BIACore 2000- Optical SPR 

Technology (Biosensor)

ELISA METHOD BIOSENSOR METHOD 





 Free sample preparation“mix and measure”;
 User friendly processing (practical analyses)
 Lower limit of detection;
 Lower cost;
 More reliability; 
 More reproducibility;
 Compatible with established

readout systems like the glucose
 Adaptable to run or read in smartphone, tablet, 
 Lower power consum, etc...





➢Nanomaterial synthetically dedicated;

➢Bioreceptors with high specificity (or non);

➢Transducers with simple electronics;

➢Friendly use readout system;

➢Non redox-probe (probeless), and label-free 

detection. 





 The way how the graphene sheet is rolled up into 
a cylinder can form different types of CNTs

▪ The structure of carbon nanotubes also 
determines their physical and chemical properties, 
where armchair nanotubes are always metallic in 
terms of electrical conductivity, zig-zag and chiral
forms are semiconducting.

Metallic  
Airmchair

Semiconductor 
Zig-Zag



➢ Techniques have been
developed to produce CNTs
in sizeable quantities, some
of them are:

❑ Arc discharge
❑ Laser ablation
❑ Chemical vapor 

deposition (CVD).

CNTs were firstly discovered by
Sumio Iigima (1991).



 Carbon nanotubes are extremely small! They have diameters 
on the order of a few nanometers and lengths that can be as 
much as several millimeters.

Single walled carbon 
nanotube -SWNT

Multi-walled CNT

Single-walled CNT



 High electrical conductivity (10-6 ohm typically)

 High thermal conductivity (1750-58 00 W/mK)

 High mechanical strength (tensile strength 60GPa) and 
modulus (Young’s modulus 1TPa).

 High aspect ratio structures with diameters in nanometers, 
lengths in microns. Collectively, nanotubes can exhibit 
extremely high surface area



 Currently, the physical properties of carbon 
nanotubes are still being discovered and 
described!!



More than 40 percent of 

the world's population, 

in more than 100 

countries are at risk 

of dengue infection. 

The most 

significant dengue epid

emics in recent years 

have occurred in 

Southeast Asia, the 

Americas and the 

Western Pacific. Each 

year, an estimated 390 

million dengue infection

s occur around 

the world.







04 serotypes

DENV1,DEN
V2, DENV3, 
DENV4



Why NS1 for 
Dengue acute
phase?

NS1 Primary and Secondary
DENV



Hangzhou Clongene Biotech Co., Ltd

Read out Time: 15-20minutes

Dengue fever is considered one of the most emerging diseases causing 

successive epidemics practically over all tropical and subtropical regions of the 

world . It is estimated that 50 to100 million of dengue cases in worldwide.

Biomarkers for dengue virus : 
NS1  

http://clongene.en.alibaba.com/




Figure 4. (A)  Principle of the amperometric immunosensor showing the 

stepwise construction of immunoelectrode and principle of immunoassay
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Molde

PET support

Carbon ink

Drying at,high temperature

Dutra et al., Biosensors & Bioelectronics, 2012



(a) (b)

(c)
Micrography of (a) EI without NTC e (b) EI with MWCNT-NH2 (1 mg/mL). 
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Figure 4. (A)  Principle of the amperometric immunosensor showing the 

stepwise construction of immunoelectrode and principle of immunoassay
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PET support
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Dutra et al., Biosensors & Bioelectronics, 2012



(a) (b)

(c)
Micrography of (a) EI without NTC e (b) EI with MWCNT-NH2 (1 mg/mL). 
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AFM images: (a) bare CNT-SPE; (b) CNT-SPE 

modified by EDA and (c) CNT-SPE with 

immobilized anti-NS1.

Effect of CNT on the reproducibility of SPEs.

CV = 3.1% against 12,9% (without CNTs)



An excellent reproducibility
was obtained (coefficient of variation 
CV = 3.4%). The proposed
immunosensor also showed good 
repeatability by measuring 10. 
The proposed immunosensor also 
showed good repeatability by 
measuring 10, CV = 3,2%



(a) (b)

(c)

Fig. 16: MEV of (a) EI without NTC e (b) EI with MWCNT-NH2 (1 mg/mL). 
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Silva et al.,  Talanta, 2013



Figure 4. (A)  Principle of the amperometric immunosensor showing the 
stepwise construction of immunoelectrode and principle of immunoassay
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Dutra et al., Microchemical Journal 138 (2018) 35–44 



Dutra et al., Microchemical Journal 138 (2018) 35–44 



 Epidemia da Zika em 2016 (OMS: ZIKA como emergência 
global);

 Transmissão vertical, 
 Vigilância no período pré-natal : MS apontou a 

obrigatoriedade de três testes no período pré-natal;
 Necessidade de desenvolver alternativas point-of-care

devido à urgência na intervenção e inquéritos 
epidemiológicos;

 Os testes atuais são realizados em laboratório (PCR, 
ELISA, Mac Elisa);

 Surtos e semi-surtos em regiões tropicais, e outras 
regiões;



→ O aumento no número de casos de Dengue pode ser reflexo 

de um monitoramento inadequado, uma vez que os flavivírus

possuem 60% de homologia geneticamente. 



* Few confirmed cases: Sub-notification and non-mandatory declaration, and non accurated

methods!  

Brazil: Areas with Risk of Zika







Definição de marcadores sorológicos e alvos moleculares

RESULTADOS

Ernesto Marques  (FIOCRUZ-PE/Pitts-USA)

ZIKA DENGUE

Painel A + -

Painel B + +

Painel C - +

Painel D - -

Construção de Painel Sorológico 

Estudo de reatividade das Proteínas do Capsídeo, M, Envelope,NS1e NS2B;

Estudo de reatividade (andamento): NS3, NS4B e NS5

NS2B

! Coorte ~400 pacientes 
ZIK, porém 19 ZIK+ DENV-

NS2B é uma proteína de membrana integral de 14 kDa



RESULTADOS

✓ NS2B é uma proteína de membrana integral de 14 

kDa que contém três domínios: dois domínios 

transmembranas localizados na porção C e N terminal 

e um domínio central de 47 aminoácidos 

✓ Anticorpos antiIgG → Partícula viral
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Produção dos Biomarcadores (Proteínas e anticorpos)

Maria Izabel F. Guedes (UECE)

Sistema vegetal : Nicotiana benthamiana

Proteínas NS2B, M , NS1, Capsideo, NS3, NS4B.

Yield M-ELP NS2B-ELP

% TSP 1,27 1,10

Fresh Weight 
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[Fe(CN)6]3-

[Fe(CN)6]4-

Carbon 
nanotube

Pyrrole

Chemical mediator

Desenvolvimento dos Sistemas Sensores (Detecção de NS2)  

Rosa Fireman Dutra (UFPE)

Vantagens
- Detecção direta em 

tempo real, amostra de 
sangue ou saliva.

-Resultados em menor 
tempo.

NS2B



(a) Bare SPCE 

(Rm=126,7 nm)

(b) FeCl3-COOH-MWCNT/SPCE 

(Rm: 291,6 nm)
(c) PB-PPyCOOH-MWCNT/SPCE

(Rm: 98,9 nm)
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Figure 1. Electrochemical profile of the modifications 
of the SPE: (a) bare SPE; (b) only PPy; (c) PPY/COOH-
CNT and (d) PB/PPy/COOH-CNT. Measure performed 
in KCl (0.1 M) solution at 0.05 V/s.

PPy/COOH-CNT/SPE PPy-PB-COOH-CNT/SPE

Home made
electrode



Figure 2. I) Analytical response of the immunosensor to supernatant culture with
and without ZIKV isolated (positive and negative); (II) Cyclic voltammograms of the
immunosensor to successive injection of the supernantant culture with ZIKV.
Measure performed in KCl (0.1 M) solution at scan rate of 0.05 V/s;

NS2B in supernatant culture response
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RESULTADOS

Tela gráfica para a interface 
Homem-máquina

Protótipo Final

✓ Imunossensor  Point-of-care (Leitura em 
Sangue e Saliva)

Sistema de Geo-
referenciamento para ZIKV.

✓ A tecnologia do biossensor para ZIK/DENV pode ser adaptável para ensaios 
laboratoriais automatizados



Escolha da tecnologia para o desenvolvimento do equipamento
▪ Tecnologia Ultra Low-Power;

▪ Processador ARM® Cortex®-M0+, 32-Bit, 48MHz;

▪ Módulo de comunicação SPI, I2C e UART;

▪ Alimentação em 1.7 V ~ 3.0 V;

▪ Conversor A/D de 12 bits e 4 canais;

▪ Conversor D/A de 12bits;

▪ Circuito amplificadores de precisão.

Etapas de desenvolvimento:
ETAPA 1 ETAPA 2

Placa de 
Desenvolvimento 
KL25z e Circuito 

analógico em 
Protoboard

Desenvolvimento de placa 
dedicada do hardware 

analógico e Digital integrado

Leitor (Sistema embarcado) 

Marco Aurelio Benedetti -
UFPE



Construção do primeiro protótipo de teste

Sensor para leitura em 
tempo real



RESULTADOS

Construção de placa eletrônica
(Miniaturizado)
Placa desenvolvida a partir da KL-25,
compondo Hardware Digital e
Analógico

Placa KL-25 Placa desenvolvida

Placa KL-25





 Plastic antibodies
based on nanomaterials

Nano-Moleculary
Imprinted polymers: 
nanoMIPs
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Covalent attaching protein to carbon nanotubes via two step

process of diimide-actived amidation.

Stepwise imprinting process of the troponin T

on MWCNT

Moreira et al., Bionsensors and Bioelectronics 2012



Moreira et al., Bionsensors and Bioelectronics, 2012



Potentiometric Response to cTnT

Moreira et al., Bionsensors and Bioelectronics, 2012

Drawbacks - LOD!!



Conducting and Organic Polymer + Graphene

Synthetic antigen peptide  

Silva et al., Bionsensors and Bioelectronics, 2015
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MIP grafted on the Graphene electrode

Pyrrole

COOH-

Pyrrole

Synthetic protein





Dutra et al., 2018. Sensors and Actuators B 264 (2018) 1–9



Cu



C-SPE CNT-Cu/C-SPE MPan/CNT-Cu/C-SPE NPan/CNT-Cu/C-SPE

30 000X
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100 000X 100 000X 100 000X

Figure 3 – SEM images of C-SPE, CNT-Cu/C-SPE, MPan/CNT-Cu/C-SPE, NPan/CNT-Cu/C-SPE materials.



Cu

CNT

Aniline

A-42

Cu-CNT
DROP-CAST

IMPRINTING 
STAGE

TEMPLATE 
REMOVAL

Figure1 - Schematic representation of the synthetic process of imprinting synthesis. 
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Figure 6 - SWV measurements of (A) MPan/CNT-Cu /C-SPE and (B) NPan/CNT-Cu /C-SPE based biosensor in wide

potential range (1), the insite of a narrow potential range (2) and the corresponding calibration curve (3). Assays in human

serum samples diluted 100 times at pH 7.4 with different concentrations of Aβ42 (ng/mL).





Wang group’s, 2013

Lactate biosensor

Drug delivery

Dae-Hyeong Kim at Seoul

in South Korea, Nature 2014

Stick-on skin sensor





(a)

(

b

) 

(b)

SEM micrographies of HA-CNTs (a) after EDC/NHS activation (b) control (without EDC/NHS activation).
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20 μm





-> based on electrical 
conductivity  changings at 
a constant AC voltage by  
antigen-antibody 
interactions

Dutra et al, 2013. Biosensors& Biolectronics





Device structure

Si <100> wafers were cleaned in ultrasonic agitation by a sequence of 5-min immersions in
acetone, methanol and HF with DI water between steps. A silicon dioxide (SiO2) layer (350 nm-
thickness) was grown in a tubular furnace by wet oxidation. Two Al electrodes (80 nm thickness
each) onto the SiO2 layer were thermally evaporated from a tungstein boat followed by a 30-
min anneal in forming gas at 400oC.

The devices were fabricated in a Class 1000 cleanroom (Federal Standard 
209D)  at the Federal  University of Pernambuco.





TEM and HRTEM images of GOx (a-c) and TiO2 over GOx

sheets(c-f).

-0.2 0.0 0.2 0.4 0.6
-500

-400

-300

-200

-100

0

100

200

300

400

500

I 
(


)

E (V vs. Ag/AgCl
(KCl sat)

) 

 GCE

Area: 46 cm
2 

 Graphene_TiO
2
 (25 l)

Area: 192 cm
2 

 TiO
2
 (25 l)

Area: 10 cm
2 

0 200 400 600 800 1000 1200 1400

0

-200

-400

-600

-800

-1000

-1200

-1400
 GCE

 TiO
2
 (25 l)

 Graphene_TiO
2
 (25 l)

Z
''
 (

O
h

m
)

Z' (Ohm)

CV curves comparing TiO2

and RGO_TiO2, D) EIS 

Spectroscopy. GCE 1.17 

µF, TiO2 NPs 5.56 µF and 

RGO_TiO2 30 mF.



Nanocomposite “grafted’ 

Ppy –NTCTiO2 on IDE

Lockin amplifier - Capacitance
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Summary and outlook

•Synthesis of  nanomaterial should be more 
controlled.
•Nanomaterials dedicated should be intended.
•Nano MIPs is a good alternative to a trial testing.
•Low cost, one step and large scale biochips and 
tips should be aim.
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