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APRESENTAÇÃO

Apresentamos a mais nova obra no campo das Ciências Médicas intitulada “Ciências 
Médicas Campo Teórico, Métodos, Aplicabilidade e Limitações” coordenada pela Atena 
Editora disposta, inicialmente, em quatro volumes, objetivando destacar todo espectro 
de ação da medicina desde a teoria à prática. Todo o trabalho que de forma didática foi 
subdividido em quatro volumes foi desenvolvido em território nacional o que implica no 
trabalho constante dos profissionais da saúde no Brasil para o avanço da saúde do país 
mesmo em face dos diversos impecílios e dificuldades enfrentadas.

Deste modo direcionamos ao nosso leitor uma produção científica com conhecimento 
de causa do seu título proposto, o que a qualifica mais ainda diante do cenário atual e 
aumentando a importância de se aprofundar no conhecimento nas diversas técnicas 
de estudo do campo médico que tragam retorno no bem-estar físico, mental e social da 
população. 

Repetimos aqui uma premissa de que ano atual tem revelado a importância da 
valorização da pesquisa, dos estudos e do profissional da área médica, já que estes tem 
sido o principal escudo e amparo nos últimos meses. Esta obra, portanto, compreende 
uma comunicação de dados muito bem elaborados e descritos das diversas áreas da 
medicina oferecendo uma teoria muito bem elaborada nas revisões literárias de cada 
capítulo, descrevendo metodologias tradicionais e também as mais recentes, aplicando as 
mesmas na realidade atual de cada cidade onde os trabalhos foram desenvolvidos e onde 
os resultados foram obtidos.

A disponibilização destes dados através de uma literatura, rigorosamente avaliada, 
evidencia a importância de uma comunicação sólida com dados relevantes na área médica, 
deste modo a obra alcança os mais diversos nichos das ciências médicas. A divulgação 
científica é fundamental para romper com as limitações nesse campo em nosso país, assim, 
mais uma vez parabenizamos a estrutura da Atena Editora por oferecer uma plataforma 
consolidada e confiável para estes pesquisadores divulguem seus resultados.  

Desejo à todos uma excelente leitura!

Benedito Rodrigues da Silva Neto
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ABSTRACT: The control and management of 
diseases that affect the population depend on 
reliable tests with high robustness, especially in 
terms of specificity and sensitivity. In this scenario, 
the use of nanometer-scale technologies has 
emerged as an ally in the diagnostics of diseases 
caused by viruses of the Flaviviridae family, 
such as Yellow, Dengue, and Zika fevers. Thus, 
this study brings an approach to the use of gold 
nanoparticles in the diagnosis of Zika virus, 
Dengue virus, Yellow fever virus, West Nile virus, 
Hepatitis C virus, and Japanese encephalitis 
virus. On the other hand, the different platforms 
in the construction of biosensors for this purpose 
are explored including chips, RT-LAMP, Surface-
enhanced Raman Scattering (SERS), and 
localized surface plasmon resonance (LSPR). 
Finally, it is presented why nanotechnology is 
promising in overcoming the limitations shown in 
the tests for the diagnosis of flaviviruses
KEYWORDS: Nanotechnology; Gold 
nanoparticles; Diagnostics; Flavivirus. 
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DE FLAVIVÍRUS COM NANOPARTÍCULAS 

DE OURO
RESUMO: O controle e o gerenciamento de 
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https://orcid.org/0000-0003-2472-8111
https://orcid.org/0000-0002-9883-1392
https://orcid.org/0000-0003-2586-5257
https://orcid.org/0000-0001-6297-4677
https://orcid.org/000-0002-3498-965X
https://orcid.org/0000-0003-3152-9962
https://orcid.org/0000-0002-9991-9564
https://orcid.org/0000-0002-4269-1896


Ciências médicas: Campo teórico, métodos, aplicabilidade e limitações Capítulo 15 134

especialmente no tocante à especificidade e sensibilidade. Nesse cenário, o uso de 
tecnologias na escala nanométrica tem despontado como aliadas no diagnóstico de viroses 
causadas por vírus da família Flaviviridae como, por exemplo, os causadores das febres 
Amarela, Dengue e Zika. Dessa forma, o presente estudo traz uma abordagem do uso de 
nanopartículas de ouro no diagnóstico de Zika virus, Dengue virus, Yellow Fever virus, West 
Nile virus, Hepatitis C virus e Japanese encephalitis virus. Por outro lado, são exploradas 
as diferentes plataformas na construção de biossensores para tal fim, como o emprego de 
chips, RT-LAMP e Espectroscopias Raman amplificada por superfície (do inglês SERS) e 
Ressonância de Plasmon de Superfície Localizada (LSPR). Por fim, traz-se o porquê de 
a nanotecnologia ser promissora na superação de limitações apresentadas nos testes nos 
diagnósticos de flavirvírus. 
PALAVRAS-CHAVE: Nanotecnologia; Nanopartículas de ouro; Diagnóstico; Flavivírus.

1 | 	INTRODUCTION 
The viruses are pathogens considered a threat to global public health, responsible 

for significant increases in morbidity and mortality rates (DRAZ; SHAFIEE, 2018). Its 
contagious profile, as well as the lack of tight control systems for both transmitting vectors 
and the viruses themselves, causes them to spread quickly and become easily endemic in 
new geographic territories (DRAZ; SHAFIEE, 2018; BRAACK et al., 2018). In addition to the 
current COVID-19 pandemic, the world has seen major viral outbreaks (LUO; GAO, 2020) 
(Figure 1).

Figure 1. Major viral outbreaks over the past ten years. 

Transmitted by the bite of mosquitoes or some arachnids, such as ticks, the 
arthropod-borne viruses are among those that cause considerable social and economic 
effects (MAYER et al., 2017). The Flaviviridae family comprises important zoonotic viruses 
that circulate in nature involving the interaction between Aedes-mammal, Anopheles-
mammal, or Culex-bird and cause severe endemic infection and epidemics on a global 
scale (GUZMÁN et al., 2019). 

It is worth emphasizing that the prospect for diseases caused by arboviruses is 
worrying since global warming is already a reality, and temperature increase can reduce the 
incubation period of those pathogens and the life cycle of vectors, thus boosting transmission 
risk through elevated vector populations (LINDGREN et al. 2012; SEMENZA et al., 2016).  
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Additionally, the recent co-circulation of arboviruses makes diagnosis even more 
complex and challenging, highlighting the need for differential diagnosis. These viruses 
are antigenically related and transmitted by the same vector mosquito; also, they may 
trigger diseases with similar early symptoms (in the acute phase), with a higher proportion 
of symptomatic cases, shorter incubation, and more extended viremia period (DONALISIO; 
FREITAS, 2015; MALAFA et al., 2020). 

Serological tests are rapid and easy to handle. However, they may show some 
limitations, including cross-reactions and low specificity. Consequently, confirmation of 
suspected cases requires more expensive and complex diagnostic methods (KORHONEN 
et al., 2016). Therefore, the development of direct viral detection systems is desired in 
regional reference clinical laboratories whether they are public or private (MALONE et 
al., 2016). Indeed, more specific tests at a low cost are useful to clinical management, 
surveillance, outbreak investigations, early interventions for the positive cases, and in both 
epidemics prevention and control (PEELING et al., 2010). 

 In recent years, nanotechnology has provided numerous advances for diagnostics 
assays such as the development of new techniques, especially using gold nanoparticles 
(GNPs). This review aims to update the GNP-based nanotechnologies developed for 
Flavivirus diagnostic since an early-accurate diagnosis of such infections is crucial for 
adequate clinical care.

2 | 	FLAVIVIRUSES OF MEDICAL IMPORTANCE
Currently, global health concerns stirred by emerging viral infections include 

flaviviruses, a group of enveloped and single-stranded RNA viruses of the Flavivirus genus 
that belongs to the Flaviviridae family, comprised of important human pathogens (CHONG 
et al., 2019), such as the different members we will briefly describe below. 

Aedes aegypti and Aedes albopictus transmit all the four known Dengue virus (DENV) 
serotypes named DENV (1-4). DENV triggers dengue, an acute febrile illness that can 
present itself as hemorrhagic fever and affects all age groups (LAZO, 2020). The Japanese 
encephalitis virus (JEV), transmitted by the bite of Culex mosquito vectors, causes a severe 
neurological disorder known as Japanese encephalitis. In the Asian continent, for example, 
it has an incidence of 70,000 cases annually, being responsible for the deaths of 10,000 
people (MANSFIELD et al., 2017).

The West Nile virus (WNV) also transmitted by the Culex mosquito, has a transmission 
cycle that comprises mosquito-bird-mosquito, while humans and horses are considered 
accidental hosts. The disease caused by WNV exhibits a broad spectrum of symptoms, being 
reported both asymptomatic infected patients and patients with meningitis, encephalitis, or 
that evolve to death (BENJELLOUN et al., 2016). The Hepatitis C virus (HCV) belongs to 
the genus Hepacivirus in the Flaviviridae family and is the leading cause of inflammatory 
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liver disease, or may induce cirrhosis and hepatocellular carcinoma. HCV is one of the few 
flaviviruses transmitted just through blood–blood contacts (SHAKERI et al., 2013). 

In contrast, the Yellow Fever virus (YFV) is transmitted by Aedes and has two 
transmission cycles: wild and urban. Despite the availability of an effective vaccine, yellow 
fever continues to cause major outbreaks among unvaccinated populations (WAGGONER 
et al., 2018). Finally, the Zika virus (ZIKV), transmitted by the bite of the mosquitoes 
Aedes aegypti and Aedes albopictus, can also be transmitted by blood transfusion, organ 
transplantation, sexual transmission, and mother-to-child vertical transmission (PETERSEN 
et al., 2016). During pregnancy, ZIKV infection can cause a variety of congenital deficiencies, 
such as microcephaly. Also, ZIKV infection may be directly related to Guillain-Barré 
syndrome (MARTINS et al., 2020).

3 | 	CHALLENGES ON FLAVIVIRUS DIAGNOSIS
The primary current problem is the absence of low-cost platforms for the specific 

identification of infections caused by ZIKV, WNV, YFV, JEV, and DENV (PIERSON; 
DIAMOND, 2020; RATHORE; ST. JOHN, 2020; MUSSO; DESPRÈS, 2020).  

Generally, the diagnosis of a Flavivirus infection is serological, which includes the 
detection of immunoglobulins IgG, IgM, and IgA using Enzyme-linked immunosorbent 
assays (ELISA), lateral flow immunoassay (LFIA), Virus neutralization tests (VNT), 
Multiplex immunoassay (MIA), and Immuno-fluorescence tests (IFT) through structural and 
non-structural antigens, such as the prM/E and NS1 proteins (MUSSO; DESPRÈS, 2020; 
RATHORE et al., 2018). Monoclonal antibodies are also commonly used for direct detection 
of the antigens with reportedly high levels of sensitivity, albeit the degree of cross-reactivity 
observed among all Flaviviruses is very high in the application of direct and indirect detection 
using serology (KERKHOF et al., 2020; RATHORE; ST. JOHN, 2020).

The cross-reactivity of the tests caused by the significant similarity of the antigens 
presented by the different Flavivirus species explains the biggest problem in the development 
of a low-cost diagnostic platform (PIERSON; DIAMOND, 2020; RATHORE; ST. JOHN, 2020). 
On the other hand, the gold standard test allows the specific detection of these viruses by 
using quantitative reverse transcription-polymerase chain reaction in real-time (RT-PCR) for 
the direct detection of viral RNA, which currently can be applied comprehensively such as 
the pan-flavivirus RT-qPCR assay (CUNHA et al., 2020). However, this method is expensive 
and limited for detecting Flavivirus RNA in biological samples linked to viremia (MUSSO; 
DESPRÈS, 2020). Therefore, there are still no efficient and specific low-cost diagnostic 
tests commercially available for ZIKV, WNV, YFV, JEV, and DENV infections. 
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4 | 	GOLD NANOPARTICLES
The scientific use of nanoparticles exploits their interesting electrical, optical, and 

magnetic properties resulting from their small particle size, high surface area, and quantum 
confinement (ASHA; NARAIN, 2020). Among the metallic nanoparticles, colloidal gold is 
the most stable of all colloids widely used because it is chemically inert and exhibits high 
stability at elevated temperatures (SLEPICKA et al., 2020). Also, several consistent studies 
analyze its cytotoxicity and subsidize its safe use (JIA et al., 2017).  

Gold nanoparticles (GNPs) are also highly versatile and allow conjugation with a 
variety of small molecules, polymers, recognizing biomolecules (JAZAYERI et al., 2016; 
CHEN et al., 2017) and with other types of nanoparticles, being commonly used in hybrid 
systems like Ag-Au or Fe2O3-Au (ABEDIN et al., 2018; MANCUSO et al., 2013; SILVA et al., 
2016; BASSO et al., 2019).

Although GNPs can be synthesized in different geometries, the most common are 
gold nanospheres and gold nanorods (GNRs). Gold nanospheres are usually synthesized 
from an aqueous reduction reaction of chloroauric acid (HAuCl4) by sodium citrate. In 
contrast, gold nanorods are often synthesized by the seed-mediated method, in which are 
involved metal precursors, reducing agents, and stabilizing/capping agents in nucleation 
and subsequent growth stages (HERIZCHI et al., 2016).

The unique optical properties of gold nanoparticles reside in the localized surface 
plasmon resonance (LSPR), a particular type of surface plasmon resonance (SPR) 
(AMENDOLA et al., 2017). The LSPR is generated by light when the interaction occurs 
on metallic nanoparticles with dimensions much smaller than the incident wavelength 
(SANTOS et al., 2016). The phenomenon occurs when the incident photon frequency 
is resonant with the collective oscillation of the conduction free electrons, resulting in a 
plasmon that oscillates locally around the nanoparticle (LIANG et al., 2012). LSPR results in 
strong light scattering, in spectrophotometric bands of plasmon absorption, and increased 
local electromagnetic fields (LIANG et al., 2012; AMENDOLA et al., 2017). 

The LSPR band spectral position depends on the size, geometry, dielectric 
environment, and separation distance of GNPs (AMENDOLA et al., 2017). Therefore, the 
gold nanospheres extinction spectra exhibit a single plasmon absorption peak (� 520nm) 
and the gold nanorods exhibit two LSPR bands: a transverse band with a wavelength similar 
to that of the nanospheres; and a longitudinal band (> 600nm) resulting from absorption in 
the long axis, which varies according to their aspect ratio (length/width) (NEHL; HAFNER, 
2008). 

5 | 	GNP-BASED BIOSENSORS
Once the LSPR is highly sensitive to the local refractive index surrounding the 

nanoparticle, being affected by the dielectric constant (ε) and the refractive index (n), 
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the binding of molecules on the GNPs surface causes a change in the LSPR pattern 
(SANTOS et al., 2016; AMENDOLA et al., 2017). Therefore, the possibility of GNPs surface 
functionalization with ligands that are complementary to target molecules has led to the 
exploration of its optical properties for biosensing (VERMA et al., 2015; BASSO et al., 2019; 
TAKEMURA et al., 2019).

The most common functionalization methods comprise chemisorption (frequently 
used to attach thiol-terminated biomolecules) or the use of bifunctionalized linkers (e.g., PEG 
or PEI polymers) to covalently attach biomolecules through traditional coupling strategies, 
such as carbodiimide-mediated reactions (JAZAYERI et al., 2016).

GNRs have an advantage over nanospheres as LSPR sensors due to their differential 
in showing a higher sensitivity to variations of the local dielectric environment (CHEN et al., 
2008). Therefore, after any physical or chemical binding on GNRs surface, the longitudinal 
LSPR band can be shifted both to the right (referred to as redshift, when there is an increase 
of the dielectric constant of the surrounding medium) and to the left (blueshift, for decreasing 
ε) (AMENDOLA et al., 2017). The LSPR shifts can be easily analyzed with a UV-visible 
spectrophotometer (Figure 2A) so that GNRs have been used successfully as nanosensors 
(JIANG et al., 2017; VERSIANI et al., 2020).

The LSPR effect of GNPs is also responsible for their intense color and the color 
changes upon aggregation, making GNPs suitable for rapid colorimetric assays with higher 
sensitivity and specificity (CARTER et al., 2013; BOSAK et al., 2019). Since the LSPR color 
change can be verified simply by naked-eye readout (Figure 2B), colorimetric nanosensing 
does not require expensive or sophisticated instrumentation and can be applied to point-of-
care (POC) disease diagnostics (SHAWKY et al., 2010). 

GNPs have also been used in RT-PCR assays (Figure 2C) because they are already 
known for enhancing the PCR efficiency, shortening the cycle time. It has already been 
reported that RT-PCR using GNPs showed a linear relationship between Ct and template 
amount using approximately ten-fold dilutions of the Japanese encephalitis virus (JEV) 
(HUANG et al., 2008). Also, GNRs have been explored in RT-LAMP assays (Figure 2D) 
where salt-induced GNP-labelled ssDNA probes suffer aggregation to provide a visual color 
result (SUEBSING et al., 2013).

Besides the detection method by spectroscopy in the UV-visible region, GNPs can 
also be analyzed by Raman spectroscopy. A great advantage is that spectroscopy analysis 
only considers the material that is being analyzed, requiring no sample preparation (LIANG 
et al., 2012). The Surface-enhanced Raman Scattering (SERS) is based on the exploitation 
of the SPR from aggregated noble metal nanoparticles (e.g., Au) in proximity with a Raman 
reporter, so the vibrational and rotational Raman modes are magnified and the analyte can 
be detected (AMENDOLA et al., 2017). In line with this application, GNPs are frequently 
used for SERS spectroscopy, a technique that is emerging as a potential to be miniaturized 
for point-of-care (POC) diagnostic (Figure 2E) (NENG et al., 2013).    
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Figure 2. Types of GNP-based bioassays. A: LSPR assay. B: Colorimetric assay. C: RT-PCR. D: RT-
LAMP. E: SERS. F: Chip platform. G: ELISA. H: Lateral Flow Assays. 

Another approach that exploits the SPR effect is the incorporation of GNPs into 
portable analytical systems for detection in a lab-on-a-chip format (Figure 2F). It can use 
electrodes for the analyte detection (CHANG et al., 2007) or take advantage of the GNPs 
colorimetric aggregation (ZHAO et al., 2014). GNPs are also used to enhance Enzyme-linked 
immunosorbent assays (ELISAs) (Figure 2G), acting as carriers of signaling antibodies to 
amplify the signal, increase the sensitivity and decrease the assay time (TABATABAEI et 
al., 2020).  

Finally, GNPs are extensively used to optimize the lateral flow immunoassays 
(LFIAs), one of the most common POC tests due to its portability and rapid and simply 
readout (ANFOSSI et al., 2019). LFIAs are a cassette system (Figure 2H) with a sandwich-
type hybridization, where the GNPs are responsible for producing an intense visible line on 
the strip test when the analyte is present (YRAD et al., 2019).  

The tests described above have already been used for proteins or oligonucleotides 
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detection of some flaviviruses, notably DENV and ZIKV (Table 1). Although these tests are 
promising, there is still research to be done until diagnostic tests launching in the market. 
Our group has been working on developing a diagnostic test for flavivirus using GNRs 
functionalized with the mouse anti-flavivirus envelope protein antibody (4G2). Our LSPR 
test proved to be robust, rapid, and with a simple readout to detect flavivirus. Figure 3 shows 
all detections obtained with the GNR-LSPR-biosensor. The wavelength shift represents viral 
recognition. Our GNR-LSPR nanosensor detected only the flavivirus, as indicated by the 
shift absence observed to Mayaro virus (MAYV), an arbovirus from the Togaviridae family. 

Figure 3. GNR-LSPR-biosensor for Flavivirus detection. A: UV-Vis extinction spectra. Black line 
represents the GNR-LSPR-biosensor functionalized with mouse anti-flavivirus envelope protein 

antibody (4G2); red line represents the shift (55nm) after ZIKV recognition; blue line represents the shift 
(44nm) after DENV recognition; green line represents the GNR-biosensor in interaction with MAYV (no 
recognition observed). B: Relative shift observed after ZIVK (green), DENV (blue) and MAYV (orange) 

interaction with the GNR-LSPR-biosensor.  

Flavivirus Nanoparticle Recognition 
biomolecule1

Assay LOD References

HCV GNP Staphylococcal 
protein A

Protein chip 3 ng/mL DUAN et al., 2005

HCV GNP
and magnetic 
nanoparticles 

(MNPs)

Polyclonal antibodies 
and capture ssDNA

Protein chip 1 pg/μL CHANG et al., 
2007

HCV GNP None Colorimetric 50 copies/
reaction

SHAWKY et al., 
2010

JEV GNP None RT-PCR (1-10.000 
cópias) RNA 

genome

HUANG et al.; 
2008

JEV GNP NS1 protein and
goat IgG

Lateral Flow 
Assay

ND DHANZE et al.; 
2019



Ciências médicas: Campo teórico, métodos, aplicabilidade e limitações Capítulo 15 141

WNV GNP with 
paramagnetic 
nanoparticle

Raman reporter 
label*

SERS 10 pM ZHANG et al., 
2011

WNV GNP with 
paramagnetic 
nanoparticles

Raman reporter 
dyes*

SERS 5  fg/mL NENG et al., 2013

DENV GNP DENV2 - probe 
oligonucleotides

QCM-chip 2 PFU/mL CHEN et al., 2009

DENV GNP DNAzyme Colorimetric 10 TCID50/
mL

CARTER et al., 
2013

DENV GNP NS1-binding 
affibodies

ELISA 350 ng/mL BANG et al., 2018

DENV GNP with 
iron oxide 

nanospheres

Aptamers Colorimetric ND BASSO et al.; 
2019

DENV GNP Thiol-ss-DNA Colorimetric 10−6 dilutions VINAYAGAM et 
al.; 2019

DENV-1 GNP AuNP/Dextrina e 
AuNP/rDNA

Lateral Flow 
Assay

1,2x104 

PFU/mL
YRAD et al.; 2019

DENV GNR DENV- E protein LSPR 1 pg VERSIANI et al., 
2020

ZIKV GNR ZIKV-NS1 protein Bioplasmonic 
paper-based 
device (BPD)

1 ng mL-1 JIANG et al., 
2017

ZIKV GNP Aptamers Microfluidic 
device 1 pM

SARAF et al.; 
2019

ZIKV GNP Aptamers Colorimetric 1.0 x 105 
PFU

BOSAK et al.; 
2019

ZIKV GNP with 
Quantum 

Dots

Thiol molecules Fluorescence 8,2 copies/
mL

TAKEMURA et 
al.;2019

ZIKV GNP ssDNA Differential 
pulse 

voltammetry

500 fM–10 
pM

CAJIGAS et al., 
2020

Table 1. GNP-biosensors designed for Flavivirus detection. 1 Functionalized biomolecules on GNPs 
surface. *In Raman techniques, these molecules are not responsible for antigen binding.   ND – Not 

determined. 

6 | 	CONCLUSION
The diagnosis of pathogens, especially viruses of medical importance, such as 

flaviviruses, is crucial to assist health professionals in directing patients’ treatment. It is also 
significant for carrying out epidemiological studies and monitoring the circulation of these 
pathogens to prevent and control the emergence of epidemics, which certainly will continue 
to occur in the upcoming decades. Hence, this fact causes not only economic damages 
but also life losses since their vectors’ control are very difficult and they will remain widely 
spread across the globe. 
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Many diagnostic techniques available today are very sensitive and specific, but 
most costly, time-consuming, and challenging to perform and interpret. Nanomaterials in 
the development or improvement of diagnostic methods, especially gold nanoparticles with 
unique physical and chemical properties, have been increasingly observed in both research 
and products in the market. 

Great efforts, however, from academia and industry are still necessary to turn out 
the use of these devices based on nanomaterials viable in the methods of diagnosis of 
flaviviruses. Scaling is notably a barrier to overcome when dealing with nanoparticles and 
that must meet sensitivity and specificity criteria similar to that of more complex tests, 
notably PCR techniques.
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