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O QUE RECEBEMOS …. 
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O QUE DEVOLVEMOS …. 



Metcalf TG, Melnick JL, Estes MK.  
Annu Ver Microbiol 1995, 49:461-87 
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DE ONDE CHEGAM? 
 
VIAS DE DISSEMINAÇÃO DE VÍRUS ENTÉRICOS NO AMBIENTE 





Rotaviruses 

Astroviruses Enteric adenoviruses 

coronavirus bredavirus bocavirus 

Human Caliciviruses 

Gut metagenomic analysis: new enteric viruses !! 

WATER, PUBLIC HEALTH and  
GASTROENTERIC VIRUSES 



Diversity 
of 

 hosts 

Genetic  
diversity 

Antigenic 
diversity 

Fastidious! 
 

Experimental model? 
 

Interspecies infections !?  



   Noroviruses Rotaviruses 

Associated  Food and Water Borne Gastroenteritis 
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RISCO PARA SAÚDE PÚBLICA 

1. GRANDE NÚMERO DE PARTÍCULAS VIRAIS ELIMINADAS NAS FEZES DE 

INDIVIDUOS INFECTADOS (105 – 1011/G)  

    

1 grama de fezes = 10.000.000 Vírus 

                                    1.000.000 Bactérias 

                                             1.000 Parasitas 

                                               100 Ovos de parasita 

 

        2. BAIXA DOSE INFECCIOSA  - O CONTATO COM APENAS UMA ÚNICA    

PARTÍCULA VIRAL É  CAPAZ DEDESENCADENAR UMA INFECÇÃO 

    10 a 10000 vezes > risco de bactérias 

Haas & Gerba, 1991 



 
3. ESTABILIDADE  E RESISTENCIA  

 

• NO ESGOTO: RESISTEM AOS TRATAMENTOS  SECUNDARIOS 
 
  
• NOS SEDIMENTOS: ADSORVEM-SE AOS SEDIMENTOS  ALTA 

ESTABILIDADE 
 
• NOS MOLUSCOS: ADSORVEM-SE AOS TECIDOS (BRÂNQUIAS E  
 
TRATO GASTROINTESTINAL)  ALTA ESTABILIDADE 









“People are beginning to understand there is 

nothing in the world so remote that it can’t 
impact you as a person.” 

“As pessoas estão começando a entender que não existe nada no 
mundo, mesmo tão remoto, que não possa afeta-la como pessoa” 

William H. Foege 
Director, US Centers for 

Disease Control, 1977–1983 

 

 

 





Aho et al.2000; Mitchell, 2002; Kosek, 2003;  

WHO 2005; Parashar et al., 2007.  

MORBIDITY AND MORTALITY IN CHILDREN <5 YEARS OLD / YEAR 

GASTROENTERITIS 

Parasites 

Bacteria  

viruses 

1.3 million deaths 

2 billion of cases 

18 million of hospitalizations 

111 million cases at home 

25 million of medical 
assistance 



• MOST COMMON CAUSE OF SEVERE 
DIARRHEA IN CHILDREN 

 

• ALL CHILDREN WORLDWIDE 
INFECTED BY AGE 5 

 

• STRAINS DIVERSITY CIRCULATION: 

DEVELOPING COUNTRIES  > 
DEVELOPED COUNTRIES   

 

• IMPROVEMENTS IN SANITATION 
WON’T SUBSTANTIALLY REDUCE 
DISEASE INCIDENCE : VACCINE ! 

Major Clinical Symptoms 
Diarrhea 
Vomiting 

Dehydration 
Shock  
Death 

2 







1 death / 12 minutes 



Family: Reoviridae 
 
Genus: Rotavirus 
 

Species: A – G (H?) (Wakuda et al., 2011) 

 
Virus Particle: 100 nm, non-enveloped,    

icosahedral with triple capsid protein. 
 

Genome: dsRNA with 11 segments  
 
Proteins:  6 structural (VP) 
            6 non-structural (NSP) 
   
  NSP4: enterotoxine  

 vomiting (Svensson 2009) 

Barth, 2006 

Modified from Estes, 2001 

7 

ROTAVIRUS CLASSIFICATION 

Estes & Kapikian, 2006 



•  Reassortment of RV-A strains 
-  P and G antigen combinations   
-  Intragenogroup reassortment of  all genes 
 

• Role of animal RV-A in diversity 
-   Examples of interspecies infections 
-   Human-animal RV-A reassortants 

 

116E (P8[11]G9) 

India (10 HU/1 BO) 

Eg2295 (P[14]G8) 

Egypt (BO/LA/HU?) 

AU-1, Ro-5829 (P3[9]G3) 

Japan, Israel (11 FE) 

Br1054 (P[8]G5) 

Brazil  (8 HU/3 PO ?) reassortments 

MECHANISMS FOR ROTAVIRUS EVOLUTION  

Reassortments 

Ponctual Mutation(s) 

Rearrangements 



A BINARY CLASSIFICATION SYSTEM RVA: 
  P  and G  GENOTYPES 

Modified from Estes, 2001 

Prevalent worldwide human strains:   Wa-like: P[8]G1, P[8]G3, P[8]G4, P[8]G9, a 
                                                                 DS-1 like: P[4]G2 

Prevalent in Asia and Africa human strains:  G5,  G8,  G10,  G12, P6,  P9,  P10  

P1A[8], 
P1B[4], 
P2A[6], 
P1A[8], 
P1A[8], 

G1 
G2 
G2 
G3 
G4 

GENOTYPES 

7 
8 
9 

4 
P genotypes: 35 

G genotypes: 27 

Khamrin et al., 2007; Martella et al., 2007; Matthijnssens et al., 2008, 2012; Albe et a l., 2009 

VP4 

VP7 

945 genotypes 

ROTAVIRUS SPECIE A 



Distribution of Rotavirus Genotypes by  
WHO Regions, 2010 
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Human Origin 

G1P[8] 

Rotarix® (GSK-Bio) 

Human-Bovine Origin 

G1 G3 

G2 G4 

P[8] 

RotaTeq® 

(Merck) 
 

GSK – BioManguinhos / Fiocruz - Brazil 
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DEATHS 



• Area: 8.514.876,599 km2 (~40% LA) 
 

• 190.755.799  inhabitants 

BRAZIL 

IBGE, 2012 

North 

Regions 

Northeast 

Southeast 

South 

Midwest 

REGIONAL DIFFERENCES 

Economical – Social  

 Environmental 



After the introduction of the Rotavirus vaccine , Brazil had 
1500 fewer deaths under  5 due to diarrhea (2007-2009) 

2007 2008 2009 

Without 

vaccine With vaccine 

Carmo,G. et al. Plos Medicine, April 2011, Vol 8, Issue 4. 



2007 2008 2009 

Without 

vaccine 

With vaccine 

After Rotavirus vaccine introduction, Brazil had 130,000 
fewer under 5 diarrhea admissions during 2007-2009 

Carmo,G. et al. Plos Medicine, April 2011, Vol 8, Issue 4. 



Rotarix Introduction 

G5 before  2005 / G9 after 2005 
Prevalence of G2P[4] after 2005 
G3 2009  South 



Rotavirus surveillance, assessment of Rotarix (RV1) 
effectiveness and trends in diarrhea-associated mortality 

following massive vaccination in Brazil 
Carvalho-Costa et al em preparação 
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Figure 1. Monthly rates and seasonality of rotavirus detection in 
cases of acute diarrhea in Brazil, 2010 to 2012. 



Conclusions:  
 
RVA detection rate in subjects with acute diarrhea 
declined significantly from 2010 to 2012.  
 
A clear shift in RVA genotypes distribution could be 
observed between 2010-2012.  
 
This shift may have influenced positively RV1 performance 
due to reduction on prevalence of heterotypical strains.  
 
RVA infection, presents a changing epidemiological profile 
in Brazil. RV1 vaccine, introduced in 2006, can be considered 
as one of several measures being implemented in Brazil with  
the goal of reducing diarrhea morbidity.  



CHALLENGES RVA VACCINES 
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Biological Characteristics of RVA 

  Infectivity: 10 -100 particles 

  Shedding: 1 billon of infectious particles 

  Environmental    

 

Rotavirus Specie A 

http://3.bp.blogspot.com/_7NspgqSqGqg/SEqvwyujEwI/AAAAAAAABAk/HXxserDHi0U/s1600-h/rotavirus[1].jpg


Emerging genotypes: G12, G8, G5, P6, P9 ?  New vaccines?  

Infection, Genetics and 
Evolution, 2009 



Rose et al., 2013 Emerg. Infect. Dis. In press 

1 unvaccinated 

2 unvaccinated 
14 vaccinated 

1 unvaccinated 

2 unvaccinated 
2 vaccinaed 

MARANHÃO (MA) 

PERNAMBUCO (PE) 

SERGIPE (SE) 

ESPÍRITO SANTO (ES) 

BAHIA (BA) 

3 unvaccinated 
2 vaccinated 

• 27 G1 P[8]  < 5 years old 
 
• 18 vaccinated / 9 unvaccinated 
 
• May 2008 –August 2010 

18 vaccinated from Northeastern 
 
08 unvaccinated from Northeastern 
 
1 unvaccinated from Southeastern 

5  sentinel surveillance hospitals / 1 for each region 



Intra-genotypic reassortment 

VP2 

Rotarix® vaccine x ES15221-08 (VP1) 

unvaccinated 
child 

42 months 
VP1 from Rotarix 

Southeast 







RV = HAdV > HAsTV > NoV 





Developed countries: ~900,000 episodes of diarrhea. 
        ~64,000 hospitalization of children <5 years. 
 
 
Developing countries: ~1.1 million of hospitalizations  
                          ~218,000 deaths/year in children. 

Patel et al. Emerg. Infect. Dis. 2008, 14(8):1224-31. 

Burden of Norovirus infections 

Electronic immunemicroscopy. 

Kapikian. J Infect Dis. 2000 ,181(2): S295-302.. 



Norovirus properties 

• Non-enveloped virus, 38-40 nm in diameter 

• Icosahedral symmetry, 180 VP1  

• Single stranded positive RNA 

• Non-cultivable  

• Virus receptor seems to be an HBGA 

• Replication in cytoplasm 

• Exit probably by Cell lysis  

VP1 

http://www.google.com.ni/url?sa=i&rct=j&q=norovirus+icosahedral+simetry&source=images&cd=&cad=rja&docid=DbbkKBJzD0b1qM&tbnid=0aZjPYzMnRaiQM:&ved=0CAUQjRw&url=http://www.sciencedirect.com/science/article/pii/S1044532306001035&ei=V90IUduaGYS-8ATLioGICg&bvm=bv.41642243,d.eWU&psig=AFQjCNF9e2QbSdJUHmWchkM5lMNvFn2V6Q&ust=1359621839299175


MECHANISMS FOR NOROVIRUS EVOLUTION  
 

• Ponctual Mutation(s) 

  estimated mutation rate:  

 1.21 x 10−2 to 1.41 x 10−2 substitutions per site per year 

Victoria  et al.,  Bayesian coalescent inference reveals high evolutionary rates and expansion of Norovirus populations. Infect Genet Evol. 2009 ;  
Rates of evolutionary change in viruses: patterns and determinants. Duffy S, Shackelton LA, Holmes EC. Nat Rev Genet. 2008 Apr;9(4):267-76. 

•  Recombination 

http://www.ncbi.nlm.nih.gov/pubmed/18319742


Genus 

Norovirus 
Norwalk 
Virus 

Sapovirus 
Sapporo 
virus 

Vesivirus 
Feline 

Lagovirus 
Rabbit 

Hemorragi
c  

Genogroups 

Genotypes 

GI GII   GIII GIV GV 

Nebovirus   
Cattle 

Recovirus?   
Rhesus 

GVI? 

human caliciviruses  

Caliciviridae 

GII.1 GII.2 GII.3 GII.4 GII.5 GII.6 GII.7 GII.8 GII.9 GII... GII.18 



GII.4 

Farmintong Hill 
US 2002  

Lordsdale  
UK 93  

Grimsby 
UK 95  

Fayettville  
US 02  

Hunter 
Aus 04  

Representatives Strains of GII.4 Genotype  

Rowena Bull et. Al 2006, Ramirez et.al 2006,  
Monroe S et. al 2004, Dingle et. al 1995 

Laurens 
2006a 

Minerva 
2006b  

New 
Orleans 
2009  

Sidney 
2012  



Treatment 
• No specific treatment 

• Fluids replacement recommended  

• Antiemetic 

• VLPs Vaccine?  





“There is nothing permanent except change”  

                                            Heraclitus 

Webster et al. Microbiol. Rev., 56: 152 - 179, 1992 





American Journal of Hospital Infection 



Representação dos pontos de coleta.  A) botão de descarga, B) controle remoto 
da TV, C) telefone, D) cadeira do acompanhante, E) suporte para álcool gel e 
clorexidina, F) maçaneta interna da porta do leito e maçaneta externa do 
banheiro, G) tampa da lixeira de resíduos comuns, H) controle da cama, I) 
teclado da bomba de infusão, J) mesa de apoio. 
 





Food and Environmental Virology, September 2013, Volume 5, Issue 3, pp 144-149 

 
Optimization of an Adsorption–Elution Method with a Negatively 
Charged Membrane to Recover Norovirus from Lettuce 
 
Adriana de Abreu Corrêa, Marize Pereira Miagostovich 

Water Research, Volume 47, Issue 8, 15 May 2013, Pages 2797–2810 
 
Detection and quantification of classic and emerging viruses by skimmed-milk 
flocculation and PCR in river water from two geographical areas 
Byron Calguaa, Tulio Fumianb, Marta Rusiñola, Jesus Rodriguez-Manzanoa, 
Viviana A. Mbayedc, Silvia Bofill-Masa, Marize Miagostovichb, Rosina Gironesa,  
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Iguaçu Falls 

World Day for Water  
March 22nd, 1993 

United Nations General Assembly 
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Obrigado e Bem Vindos 

Thank you and Welcome  

Ipanema beach Corcovado / Christ 
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