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Why Does Zika Virus 
Epitomize Lessons 

Learned About 
Emerging Infection in 

the Past 25 Years?

Why Zika?
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EPA/STR
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16 case reports and multiple serosurveys

Duffy MR et al. N Engl J Med 2009;360:2536‐2543.

Confirmed and Probable Cases of Zika Virus Disease on Yap among Persons Seeking Health Care, 
According to Week of Onset of Illness during the Period from April through July 2007
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Cumulative number of countries and territories by WHO region reporting 
mosquito-borne Zika virus transmission for the first time in years (2007–2014), 

and monthly from 1 January 2015 to 16 November 2016
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Lanciotti RS, et al. Emerg Infect Dis. 2016 May. http://dx.doi.org/10.3201/eid2205.160065
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Zika Virus

Flavivirus, family Flaviviridae
Positive sense, single-stranded RNA virus
3 structural and 7 nonstructural proteins, 

expressed as a single polyprotein that undergoes 
cleavage

Closest relative Spondweni virus
African and Asian lineages
Enters skin cells at bite wound and travels to 

lymphatics and bloodstream
Neurotropic

Incubation Period from Exposure to Onset of Symptoms 
among Reported Zika Cases with Symptoms

Bull World Health Organ E‐pub: 1 Apr 2016. doi: http://dx.doi.org/10.2471/BLT.16.174540
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Wikimedia Commons
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Differential Diagnosis

Dengue

Chikungunya

Leptospirosis

Malaria

Rickettsial infection

Parvovirus

Group A streptococci

Rubella

Measles

Adenovirus

Enterovirus

Seropositivity Rates (%) for Anti-Zika Antibody
Country Years Children Adults Total

Uganda 1945‐52 11.3 12.7 11.9

Tanzania 1945‐52 13.3 19.0 16.7

Nigeria 1955 55.1

Angola 1960 15.9 38.7 27.0

Central African Republic 1961‐62 48.8

Nigeria 1966‐67 0.0 5.1 1.8

Kenya 1968 2.4 11.2 7.8

Nigeria 1969‐71, 1972 52.3 71.7 64.0

Senegal  1972, 1975 58.3

Uganda 1984 6.1

Malaya 1953‐54 75.0

Vietnam  1954 4.0

Indonesia 1983 12.7

Borneo 1996‐97 44.1

Yap 2007 74.3

French Polynesia 2011‐13 0.8

French Polynesia 2014 66.0 50.0

Musso D, Gubler DJ. Clin Microbiol Rev. 2016 Jul;29(3):487‐524.
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Pond WL. Trans R Soc Trop Med Hyg. 1963 Sep;57:364-71 

Why Zika?
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Number of reported 
cases of microcephaly 
in full-term newborns 
following laboratory-
confirmed Zika virus 
transmission —
Pernambuco, 
Paraíba, and Bahia 
states, Brazil, 2015

MMWR/ March 11, 2016 / 
65(9);242–247

Known Causes of Microcephaly

Genetic mutations

Exposure to alcohol, drugs or toxic chemicals 
during pregnancy

Malnutrition during pregnancy

Infections, such as rubella, during pregnancy

Lack of blood supply to the fetal brain
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Factors in Zika Virus 
Infection in Pregnancy

Viremia

Gestational age

Transplacental transmission

Placental infection

Congenital infection

Antibody – specific and cross-reactive

Why Microcephaly? Why Now?

Not noticed before

Immunity acquired in childhood

Interaction with other factor
Infection due to related viruses

Change in the virus
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More Than Microcephaly

Retinal lesions

Sensorineural hearing loss

Arthrogryposis

Neuropsychomotor developmental delay 

Hydrops fetalis

Fetal demise, miscarriage 
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Reported cases of confirmed and suspected Guillain-Barré
syndrome (n = 56), by Zika virus laboratory result and month of 
onset of neurologic signs — Puerto Rico, January 1–July 31, 2016  

(MMWR/Early Release/August 26, 2016/65) 
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Guillain Barré Syndrome

Acute inflammatory demyelinating 
polyneuropathy (AIDP)
AIDP with secondary degeneration

Acute motor axonal neuropathy (AMAN)
Acute motor sensory axonal neuropathy 

(AMSAN)

Miller Fisher syndrome
Cranial nerve involvement, ataxia

Guillain-Barré Disability Scale
0 Healthy

1
Minor symptoms or signs of neuropathy but capable of 
manual work/capable of running

2
Able to walk without support of a stick (5 m across an 
open space) but incapable of manual work/running

3
Able to walk with a stick, appliance of support (5 m 
across an open space)

4 Confined to bed or chair bound

5
Requiring assisted ventilation (for any part of the day or 
night)

6 Death



20

Zika Virus Infection

Asymptomatic (80%)

Symptomatic (20%)
Fever, rash, conjunctivitis

Congenital infection

Guillain Barré syndrome

Uveitis

Encephalitis

Thrombocytopenia
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Results of RT-PCR testing for Zika virus RNA in urine specimens 
of 70 persons with travel-associated Zika virus disease, by number 

of days after onset of symptoms — Florida, 2016

MMWR Morb Mortal Wkly Rep 2016; 65 CDC

Prolonged Zika Viral Detection (PCR)
(as of 11/22/2016)

Serum (7-14 days)
Whole blood - RBCs (58-81 days)
Viremia in pregnant women (53 days)
Newborn (54 days)
Semen (62-188 days)
Vaginal fluid (14 days)
Saliva (91 days)
Urine (91 days)
Breast milk (4 days)
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Phlogenetic Tree of 
Mosquitoborne Flaviviruses

After Lazear and Diamond, 2016 
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Interpretation of results of antibody testing for suspected Zika virus infection ‐ United States, 2016

Zika virus and dengue virus IgM 
ELISA

Zika virus 
PRNT

Dengue virus 
PRNT

Interpretation

Positive or equivocal (either assay) ≥10 <10 Recent Zika virus infection

Positive or equivocal (either assay) <10 ≥10 Recent dengue virus infection

Positive or equivocal (either assay) ≥10 ≥10
Recent flavivirus infection; specific 
virus cannot be identified

Any result (either or both assays) <10 <10
No evidence of Zika virus or dengue 
virus infection

Inconclusive in one assay AND 
inconclusive or negative in the other

≥10 <10
Evidence of Zika virus infection; timing 
cannot be determined

Inconclusive in one assay AND 
inconclusive or negative in the other

<10 ≥10
Evidence of dengue virus infection; 
timing cannot be determined

Inconclusive in one assay AND 
inconclusive or negative in the other

≥10 ≥10
Evidence of flavivirus infection; specific 
virus and timing cannot be determined
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Zika Virus Modes of Transmission

Established
Mosquitoborne

Transplacental

 Intrapartum

Sexual - male to female, male to male, female to male

Blood and body fluid – laboratory needlestick, 
caregiver

Transfusion 

Theoretical
Organ or tissue transplantation

Breast milk 

Individual donor NAT

Phase in Florida, Puerto Rico and 
in 11 other states in 4 weeks and all 
by 12 weeks

120 day deferral and “look-back”

No travel screen with ID NAT

Implement within 4 weeks of guidance

Implement within 11 weeks of guidance
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Zika Virus Transmission Cycle
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CDC

Global Distribution of Aedes aegypti

Kraemer et al. eLife 2015;4:e08347. DOI: 10.7554/eLife.08347
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Dengue Virus Disease Incidence in the Americas

Areas with Yellow Fever
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CDC
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GlobalChange.gov

CDC



33

Global Distribution of Aedes albopictus

Kraemer et al. eLife 2015;4:e08347. DOI: 10.7554/eLife.08347
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http://www.nasa.gov/topics/earth/index.html

NASA Risk‐Assessment Map Shows Aedes aegypti Potential Abundance for July 
and the Monthly Average Number Arrivals to the U.S. by Air and Land from 

Countries on the Center for Disease Control Zika Travel Advisory

Zika Cases Reported in the United States

(as of November 23, 2016)
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Active Zika Virus Transmission in Florida

Factors Related to Arbovirus Transmission
Reservoir host present

Vector(s) present
Favorable climate

Habitat and food sources present

Vectorial competence
Abundance

Bites reservoir host

Sustains virus replication

Virus incubation period consistent with life cycle and biting behavior

Pathogen reaches saliva

Vectorial capacity
Physiology 

Host preference 

Biting behavior 

Contact probability
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Transmission of Eastern Equine Encephalitis (EEE) Virus, West Nile Virus (WNV) and 
Zika Virus – Vectors and Vector Characteristics

EEE WNV Zika

Virus host reservoir Birds Birds Humans

Amplifying vector(s)

Primary species Culiseta melanura Culex species
1. Aedes aegypti
2. A. albopictus

Breeding habitat
White cedar/red maple 

swamp
Puddles and containers, 

dirty water
Containers

Transmitting vector(s)

Primary species
Coquillettidia perturbans, 

Aedes vexans, other bridge 
mosquitoes

Culex species
1. Aedes aegypti
2. A. albopictus

Primary host Mammals and birds Birds
1. Humans
2. Mammals

Breeding habitat
Cattail swamps, flood plain Puddles and containers, 

dirty water
Containers

Habitat of adults Rural Tree canopy, ubiquitous Peridomestic

Biting habits
Dawn/dusk, outdoors; one 

host meal
Dawn/dusk, outdoors; one 

host meal
All day, indoor/outdoor; 

multiple host meal
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CDC
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Prevention
 Reduce mosquito exposure

Window and door screens

Mosquito netting 

 Staying indoors at peak mosquito times

 Reduce mosquito bites
 Clothing 

 Repellents – use according to product label

 Reduce mosquitoes
 Reduce standing water

Mosquito control
Reduce breeding environment

Larvicide

Adulticide
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Mosquito Repellents

 DEET (N-N-diethyl-meta-toluamide)

 Should not be used on infants under two months of age 
and should be used in concentrations of 30% or less on 
older children

 Picaridin (KBR 3023)

 IR3535 (3-[N-butyl-N-acetyl]-aminopropionic acid)

 Oil of lemon eucalyptus [p-menthane 3, 8-diol (PMD)] 

 Should not be used on children under three years of age

 Permethrin

 Intended for use on items such as clothing, shoes, bed nets 
and camping gear and should not be applied to skin

Mosquito Control Methods 
Under Development

 Pathogenic fungal larvicides

 Release of insects with dominant lethality
 Female-specific late-acting flightless phenotype

 Toxic sugar baits

 Symbionts that block transmission
Wolbachia species

 Anti-pathogen genes

 Indoor residual spraying, curtains

 Lethal ovitraps

 Auto-dissemination of insecticide

 Molecular and other new insecticides 



40



41

Diagram of an Autocidal Gravid Ovitrap used to 
attract and capture female Aedes aegypti mosquitoes

Mackay AJ, Amador M, Barrera R. An improved autocidal gravid ovitrap for the control and surveillance of Aedes aegypti. Parasit Vectors 2013;6:225. 

Reduced Incidence of Chikungunya Virus Infection in Communities with 
Ongoing Aedes Aegypti Mosquito Trap Intervention Studies - Salinas and 

Guayama, Puerto Rico, November 2015 - February 2016
MMWR, May 13, 2016 / 65(18)
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CDC: Photo courtesy of Ed Freytag, City of New Orleans Mosquito & Termite Control Board 

CDC: Photo courtesy of Ed Freytag, City of New Orleans Mosquito & Termite Control Board 
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Average number of adult female Aedes aegypti
mosquitoes collected per trap, by date 
Miami-Dade County, Florida, July–August 2016

MMWR Morb Mortal Wkly Rep 2016;65:1032-1038. 
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Insecticide Resistance Testing in 
Puerto Rico (CDC)

What’s Next in Mosquitoes?
Togaviruses

 Eastern equine

 Western equine

 Venezuelan 

 Chikungunya

 Mayaro

 Sindbis

 Ross River

Flaviviruses

 West Nile

 St. Louis

 Dengue

 Yellow fever

 Zika

 Spondweni

 Usutu

 Japanese

 Murray Valley

Bunyaviruses
California group 

(LaCrosse, Jamestown Canyon, etc.)

Cache Valley
Tensaw
Rift Valley 

Here before 1999

Could come

Unlikely?

Here since 1999
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Number of People Killed by Animals 
Per Year (gatesnotes.com)
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