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Mosquitoes pose a very significant health threat to much 
of the worlds population 

Mosquito-borne Viruses of  
Significant Public Health Importance  

 
• Dengue fever    
         50-100 M cases, > 500,000 DHF/DSS cases 
    >20,000 deaths 
         2.5-3  billion at risk in >100 countries 
 
• Chikungunya fever     
         Estimated >1.7M cases in Caribbean, S & C 
         America (ongoing) 

 
• Yellow fever     
         Estimated 200,000 cases, 30,000 deaths  
 
• Japanese encephalitis    
         Estimated 35-50,000 cases, 10,000 deaths 

 
• West Nile        
         Estimated >2M infections in the USA       
         between 1999-2015, 1,600 deaths 

 
Based on WHO reports and CDC data 



Factors Related to Arbovirus Emergence 
 Human demographics and behavior 

 Technology and industry 

 Economic development and land use 

 International travel and commerce 

 Microbial adaptation and change 

 Breakdown of public health measures 

 
From: Emerging Infections. Microbial Threats to Health in the United States. 
Institute of Medicine, 1992. 



Almost 2 billion people 
travel aboard commercial 
airlines every year 

         

 

 

 

 
Lancet, 2009. Feb19 issue 



Rockefeller Foundation dedicated to arbovirus 
discovery 1947 (sentinel macaque),  
1948 (mosquito),  
1954 (human)  

Zika virus: Discovery 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika virus: Discovery 

Adapted from National Academy presentations by  
R. Rosenberg  (platform photo by B. Beard)  
And presentation by  Scott Weaver 



A member of the Flaviviridae family of RNA viruses   
 
Genome is single positive strand of RNA ~ 10,600 
nt   Transmitted by mosquitoes   
 
Virus particle contains a lipid bilayer, one genome 
RNA, and three distinct types of viral proteins, :  1. 
E - envelope protein 2. M - membrane protein/prM 
– premembrane protein 3. C - capsid or core 
protein 

Zika virus: Genetics 

Adapted from National Academy 
presentation by  R. Kuhn 



Sequence: Kuno & Chang, 
January, 2007 (Arch. Virol. 
152:687)  

Zika virus: Genetics 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika virus: Genetics 

Adapted from National Academy 
presentation by  S. Weaver 



Zika virus: Genetics 
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Zika virus: Genetics 



SYLVATIC 
CYCLE  

URBAN 
CYCLE 

Ae. africanus, Ae. apicoargenteus, Ae. dalzieli,            
Ae. furcifer (Inc males), Ae. hirsutus, Ae. luteocephalus, 
Ae. metallicus, Ae. unilinaetus, Ae. vitattus.  
Anopheles coustani, An. gambiae s.l.  
Mansonia uniformis, Culex perfuscus 

Primates 

ZIKV transmission cycles 

Ae. aegypti 
Ae. albopictus 
Ae. hensilli ? 

Vervet monkey 
Chlorocebus sabaeus 

Pattas monkey 
Erythrocebus patas   
(wadi or hussar monkey) 

Rodents? 
gerbils, Tutex indica, 
jirds, Meriones hurriunue 
Sheep and goats?, 



Zika virus: Spread 

Adapted from National Academy 
presentation by  R. Rosenberg 
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Zika virus: Spread 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika virus: Yap Island 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika virus: Yap Island 



49 confirmed and 59 probable cases of Zika virus disease.  
Most patients had mild illness. 
 
Rash, fever, arthralgia, and conjunctivitis were common 
symptoms. No hospitalizations, hemorrhagic 
manifestations, or deaths due to Zika virus were reported.  
 
Estimated that 73% of Yap residents 3 years of age or 
older were infected with Zika virus (more than 900 people 
in total).  
 
The mosquito vector was not identified but Aedes hensilli 
was the predominant mosquito species identified. 
 

Zika virus: Yap Island 

Adapted from National Academy 
presentation by  R. Rosenberg 



Infection rates of up to 86%, 62%, and 20% and dissemination rates of 23%, 
80%, and 17% for Zika, chikungunya, and dengue-2 viruses respectively,  

Zika virus: Yap Island 



2013 – French Polynesia  
• Estimated 28,000 (11% population) – clinically 
similar to Yap, but…  
• First suspect association Guillan-Barré syndrome  
• 2015 retrospective case review: increase in 
microcephaly  
• 2014 – New Caledonia, Cook Islands, Solomons, 
Easter Island  
• Asian genotype – Yap, Cambodia  

Zika virus: South Pacific Outbreaks 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika virus: Perinatal transmission 



Zika virus: Guillain-Barre 



Zika virus: Spread 

Adapted from National Academy 
presentation by  R. Rosenberg 



Zika Virus in Brazil, May 2015 



Zika Case Distribution: February 3, 2016 



Zika Case Distribution by Week: March 9 

193 travel associated 
cases 
0 locally transmitted 
cases 
 
US territories 
1 travel 
173 local 

http://www.cdc.gov/zika/geo/united-states.html 



Only 4 cases of Zika virus in Peru:  
All are travel-related 

 

Zika virus: Peru 



MOSQUITO 
INFECTIONS 



SYLVATIC 
CYCLE  

URBAN 
CYCLE 

Ae. africanus, Ae. apicoargenteus, Ae. dalzieli,            
Ae. furcifer (Inc males), Ae. hirsutus, Ae. luteocephalus, 
Ae. metallicus, Ae. unilinaetus, Ae. vitattus.  
Anopheles coustani, An. gambiae s.l.  
Mansonia uniformis, Culex perfuscus 

Primates 

ZIKV transmission cycles 

Ae. aegypti 
Ae. albopictus 
Ae. hensilli ? 

Vervet monkey 
Chlorocebus sabaeus 

Patas monkey 
Erythrocebus patas   
(wadi or hussar monkey) 

Rodents? 
gerbils, Tutex indica, 
jirds, Meriones hurriunue 
Sheep and goats?, 



The first isolation of Zika virus from mosquito samples 
was made in 1948 from Aedes africanus.,  
 
Lately, many other Aedes species have been 
surveyed for the detection of Zika virus, and thus far, 
Zika virus has been detected by RT-PCR or isolated 
from many mosquito species, human beings, and 
non-human primates.  
 

Zika virus: Vectors 

Adapted from National Academy 
presentation by  T. Monath 



Zika virus: Vectors 



Aedes albopictus the Asian Tiger Mosquito (photo S. Higgs) 

 

Introduced into: Europe (Albania, 1979), US (Houston, 1985), Brazil (86), Continental Africa, 
(Nigeria,1991), Italy (from US?, 1990), France (1999), UK (2014). 

Zika virus: Vectors 



Between 1989 and 1994, 7.5M tyres imported into USA, (5M from 14 Asian 
Countries including 4.7M from Japan). 6M were exported from the USA. 

Ae. albopictus movement between countries 



Ae. albopictus movement within countries 



Brady et al Parasites and Vectors 2014, 7:338 

Zika virus: Vectors 

Adapted from National Academy 
presentation by  T. Monath 



ZIka virus/viral  RNA have been detected in a number of \ 
species of mosquitoes in several genera  

  
 Aedes aegypti,  
 Ae. africanus,  
 Ae. apicoargenteus,  
 Ae. dalzieli 
 Aedes furcifer (includimg males) 
 Ae. hirsutus  
 Ae. luteocephalus  
 Ae. metallicus 
 Ae. unilinaetus 
 Ae. vitattus.  
 Anopheles coustani,  
 An. gambiae s.l 
 Mansonia uniformis 
 Culex perfuscus 
Studies show that the extrinsic incubation period in mosquitoes is about 10 days.  



Zika virus: Vectors 

Adapted from National Academy 
presentation by  T. Monath 



Fat body 

Nerve chord 

Salivary 
glands 

Midgut 

Ovaries 

Aedes albopctus  



A Female Mosquito Typically Becomes Exposed 
Naturally to a Virus When Feeding on a Viraemic Host 

Labium (sheath) fold back 
as the stylets penetrate the 
skin to obtain blood  



Engorgement of blood 



Engorgement of blood 



Engorgement of blood from a viremic vertebrate 



Microvilli 

Midgut                         
epithelial cells 

Basement membrane 
Circular muscle 
Longitudinal  muscle 

Engorgement of blood from a viremic vertebrate 

Gut lumen 

Hemocoel –  “open” circulatory system in which organs are suspended 



For the enveloped arboviruses, it is generally assumed 
that the surface structural proteins interact with 
receptors on the midgut epithelial cell membrane and 
following attachment, fusion of the viral envelope and 
cellular membrane occurs. 

Although infection is probably a receptor-mediated 
event, no specific receptor has been identified in the 
mosquito midgut.  

Virus Entry into Midgut Cells 



Virus infection: binding to receptor? 
The basis of specificity?  

ZIKV and Aedes aegypti/albopictus 
Microvillus 



Virus replication and spread 

? 

? 



Spread of virus within midgut 



Dissemination from the midgut into the hemocoel 

? 



Dissemination from the midgut into the hemocoel 

Nervous system 
Salivary glands 

Fat body 

Hemocoel 



West Nile virus: Infection of muscles around the midgut 



Virus replication in secondary tissues 



Infection of the fat body by Sindbis virus 



Cerebral ganglion 
(brain) 

WNV in Nervous System of Cx.p.q. at 14 days pi 

Suboesophageal 
ganglion 

Thoracic 
ganglion 

Ventral 
nerve 
chord 

Ommatidia 

X 10 



SINDV in the Ventral Nerve Chord & Abdominal Ganglia 



CHIKV 5’GFP  in a Pair of Ae. albopictus Salivary Glands 



Collection of Saliva from 
Individual Mosquitoes for 
Viral or Protein Analysis. 

Salivary glands of Aedes aegypti 10% PAGE, silver stained 

-Sialokinin I (1.4kDa) 
 - D7 protein (37kDa) 

Apyrase (68kDa) 
Glucosidase (68kDa) 

Amylase (97kDa) 

Marker   1 Female 



Days Post WNV Feed 

P
FU

 

100 

101 

102 

103 

104 

105 

106 

14 21 

* 

West Nile Virus in Culex pipiens quinquefasciatus Saliva 



Saliva 

West Nile Virus 
partcles 

Cytoplasm 



HUMAN 
INFECTIONS 



SUMMARY  
During an epidemic of jaundice in Eastern Nigeria infection with Zika virus was shown 
to have occurred in three patients, one by isolation of the virus and two by a rise in 
serum antibodies. Two of these patients gave evidence of liver damage. Serological 
studies indicate a relationship between jaundice and the development of virus 
neutralizing bodies in the serum 

Zika virus: Human infections 



SUMMARY  
(1) has been inoculated with the Eastern Nigerian strain of Zika virus.  
(2) Following an incubation period of 82 hours a mild, short-lived febrile condition 

occurred without evidence of involvement of any particular tissue or viscus.  
(3) (3) Zika virus was isolated from the blood during the febrile period.  
(4) Aedes aegypti fed at the times of virus isolation failed to transmit the infection to 
infant white mice.  
(5) A rise in serum antibody to both Zika and yellow fever viruses was demonstrated by 
both mouse protection and haemagglutination inhibition tests.  

Zika virus: Human infections 



Zika virus: Human infections 



Zika virus: Human infections 



ZIKV IN THE 
AMERICAS 



Zika Virus Global Distribution before May 2015 



Zika Virus in Brazil, May 2015 



Zika Virus in Brazil, May 2015 



 

Dominican 
Republic 
3 June 2015 

Zika Virus in Dominican Republic, 3 June 2015 



Zika Virus in Brazil, October 2015 





WHAT IS HAPPENING  WITH 
ZIKA VIRUS IN THE 

AMERICAS? 



• Evidence from small case series in outbreak 
settings   

• Majority of cases are asymptomatic.                 
 Clinical attack rate: 18%   

• Self-limiting illness (immunocompetent)    
• Viremia short but shedding may be prolonged in 

urine (15d) and semen (62d)   
• Knowledge gaps:  
 Duration of viremia and viral shedding.  
 Implications of prolonged shedding 

Adapted from National Academy 
presentation by A. Ko 







• Evidence with Guillain-Barré Syndrome (GBS).                     
42 cases during outbreak in French Polynesia (pop. 270,000).         
100-200 GBS among ~400k-1m cases during Brazil epidemic.        
One confirmed case (Oehler et al, Eurosurveiilance, 2014)    

• Knowledge gaps              
 Association? Barrier of diagnosing post infectious process in 
populations previously exposed to flaviruses   

• • Clinical presentation and outcomes? Anecdotal experience: 
classic GBS, responsive to IVIG   

• • Risk after exposure, either symptomatic or asymptomatic 
infection?   

• • Confounding with chikungunya   
• • Other neurological manifestations?: isolated sensory 

disturbances, encephalitis, ADEM  

Adapted from National Academy 
presentation by A. Ko 



CONTROL OF ZIKA VIRUS IN 
THE AMERICAS 



Arbovirus Control = Vector Control (+/- Vaccination) 



Public awareness: repellants, avoidance 



Photo: © Public Library of Science / Scott O’Neill 

Wolbachia spp – infected mosquitoes. 
Intracellular bacteria that infects multiple 
tissues including ovaries and salivary glands. 

Higgs, 2013 

Release of Insects carrying a Dominant Lethal 
gene (RIDL) 

“Alternative Approaches to Control Dengue and 
Chikungunya” 



RIDL mosquitoes 



In French Polynesia, 42 of 1 505 (3%) 
blood donors, although asymptomatic 
at the time of blood donation, were 
found positive for Zika virus genome 
by PCR. 
 
Media in Brazil reported a case of 
transfusion-transmitted Zika virus 
infection in March 2015 from an 
asymptomatic 52-year-old donor in of 
Campinas (Unicamp)  

Transfusion and transplant risks 



Public awareness 



Public awareness: travel warnings 



Funding 



Diagnostic test kits 



New vectors in the Americas 
New control (RIDL, Wolbachia) 
Insecticides 
Repellants 

ZIKA VIRUS 
               
HOST           

VECTORS 
ENVIRONMENT 

Viral genetics:   
Asian vs African 
 infectivity          
 pathogenicity 

Surveillance 
Predictive models 

New Vertebrates 
(NW primates, rodents, 
livestock) 
 
Animal Models 
 

Treatments 
 Vaccines 

Reagents 
 
Detection 
 
Diagnostics 
(differential) 

ZIKV: WHAT IS LEFT TO DO? 

Disease 
Guillain-Barre 
microcephaly 
sexual transmission 
persistence 

               
Salivary effects           



SYLVATIC 
CYCLE 

AMERICAS 

?  
URBAN 
CYCLE 

Vectors 
? 

Ae. aegypti 
Ae. albopictus 

Primates  

? 

ZIKV transmission cycles in the Americas? 



New World Primates (135 spp.) 

FAMILY COMMON NAME NUMBER of 
SPECIES 

Family Callitrichidae Marmosets and Tamarins 20 marmosets 
22 tamarins 

Family Cebidae Capuchins and Squirrel monkeys 9 capuchins 
5 squirrel 

Family Aotidae Night/Owl monkeys 11 
Family Pitheciidae Titis, Sakis and Uakaris 

 
29 titis 
10 sakis 
5 uakari 

Family Atelidae Howler, Spider, Wooly spider & Wooly 10 howler 
7 spider 
2 wooly spider 
5 woolly 



Results Over-all prevalence rates were highest for WN, 
DEN and JE viruses (3.2% to 7.8%) followed by ZIKA 
(2.4%) and the other four viruses (Table I). CF titres 
were high (1:16 and/or 1:32) for certain samples of each 
virus except CHIK (Table II). All ZIKA and RF titres were 
1:8 or higher. Between 60% and 70% of the WN, JE, 
SIN, and UGS titres were 1:8 or higher. In rodent sera, 
72% (18 of 25) reacted to one virus and 28% (7 of 25) 
reacted to two or more (mostlv two) viruses. High eF 
titres (1: 16 and/or ’ 1:32)- were obtained with WN, JE, 
SIN, ZIKA, and RF viruses (Table III).  
 

Zika virus: importance of “other” vertebrates 



SOURCES FOR MORE 
INFORMATION 





 
 Main conclusions  
• This is the first documented outbreak of Zika virus (ZIKV) infection in Brazil 
and the Americas.  
• Vigilance should be enhanced towards the detection of imported cases of 
ZIKV infection in EU Member States, EU Overseas Countries and Territories, 
and EU Outermost Regions, in particular where potential vectors are present. 
Early detection of cases is essential to reduce the risk of autochthonous 
transmission in regions where potential vectors are established.  
• Clinicians and travel medicine clinics should be aware of the evolution of 
ZIKV-affected areas in Brazil and the Pacific region and should include ZIKV 
infection in their differential diagnosis for travellers from those areas. Fever 
and/or macular or papular rash not attributable to dengue or chikungunya 
infection among travellers returning from areas currently experiencing ZIKV 
outbreak should prompt further investigation for ZIKV infection.  
• Imported ZIKV cases are possible in EU Overseas Countries and Territories 
and EU Outermost Regions, with onwards autochthonous transmission where 
potential vectors are present.  
• Autochthonous transmission in EU Members States in continental Europe, 
arising from imported cases during the summer season in areas where Aedes 
albopictus are established, cannot be excluded. Vigilance during the mosquito 
season is required in areas where potential vectors are present.  
• The laboratory capacity to confirm suspected ZIKV infections should be 
strengthened in the European region in order to differentiate ZIKV infections 
from other arboviral dengue-like infections.  
• Blood safety authorities need to be vigilant regarding the epidemiological 
situation and might wish to consider deferral of donors with relevant travel 
history, in line with measures defined for West Nile virus.  
• As exposure to infected mosquitoes is the principal risk for infection, 
prevention of ZIKV infection is based  

  
 

European CDC website 





US CDC website 



ViPR Zika portal website 



ASTMH.org 
ASTMH website 



ASTMH website 



ASTMH website 



American Committee on Arthropod-Borne Viruses (ACAV) 
 



 
American Committee on Clinical Tropical Medicine and Travelers' Health 
(ACCTMTH) 
 



ASTMH website 



Many of the slides in this presentation were 
obtained from open source material and 
PowerPoints from the National Academies website. 
Slides were from presentations by Albert Ko, 
Richard Kuhn, Tom Monath, Ron Rosenberg (some 
original pictures by Ben Beard), and Scott Weaver. 
Refer to website for original images. 
 
Many journals have provided open access to 
articles about Zika virus, for example Lancet, and 
Trans. R.S.T.M.H. 
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