
Il virus Zika 

(ZIKV)



Emerging viruses are defined as those causing new human infections that 
had never been encountered earlier

reemerging viruses are defined as those causing infections after lying 
quiescent for many years or even decades… (new population, changes in 
viral biology, etc.)

Emerging and re-emerging viruses

Key players among the different pathogens that have caused recent epidemics
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A vector is an organism, often an arthropod,
that transmits an infectious disease from one
individual to another. They can be actively
involved in the pathogen's lifecycle or simply
carry the pathogen

A reservoir host is a species in which the pathogen endemically
circulates and is considered to have coevolved with



Flavivirus

• 1648 : first description of Yellow fever

• 17th–21th century– outbreaks of YF and 
Dengue 

• 1927: isolation of YFV

• 1932 YFV vaccine by Max Theiler (Nobel 
prize in 1951)

• 1943: Isolation of DENV

• From 1970’s dramatic increase in severe 
dengue cases Before 1970, only 9 countries had 
experienced severe dengue epidemics. The disease is 
now endemic in more than 100 countries.

Family: Flaviviridae

Genus: Orthoflavivirus

Species: orthoflavivirus zikaense
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Who is Zika

How it is transmitted

Where and when we met Zika

Which organs it targets



Where and when we met Zika…





Zika vectors

Ae. albopictus was susceptible to ZIKV infection (infection rate: 10%), and the virus could disseminate and was secreted in the mosquito's 
saliva (dissemination rate: 29%; transmission rate: 29%) after an extrinsic incubation period of 11 days. The observed vector competence was 
lower than that of an Ae. aegypti tested in parallel. (experimental infection!)

Aedes aegypti Aedes albopictus



Aedes in Europe: 

Since the previous update (October 2023), there 
were changes in 12 regions.

Since the previous update (October 2023), the mosquito 
has been recorded as newly introduced into Gran Canaria
(Spain).



Zika virus 

and Aedes aegypti

distribution





2022



Zika virus in Italy
Oltre 140 casi importati, soprattutto nel 2016

Il solo caso definito come autoctono dovuto a 

trasmissione verticale.



These symptoms are mild 
and usually last for 2-7 
days.  (4 out of 5 infected 
« asymptomatic »)

Symptoms and treatment

There is no specific 
treatment or vaccine 
currently available.

The incubation period is around 3-14 days



Association with neurological disorders:

• Guillain-Barré syndrome: a rise in the incidence first reported in 2013 
outbreak in French Polynesia

• Microcephaly: in Brazil, French Polynesia and other Latin american countries



Congenital zika syndrome (CZS)

Zika virus infection during pregnancy can cause birth defects of the brain or eye. These birth defects can occur 
alone or with developmental problems in a particular pattern called congenital Zika syndrome. The following 
conditions can occur in a baby with congenital Zika virus infection:

•Smaller than expected head size, called microcephaly
•Problems with brain development
•Feeding problems, such as difficulty swallowing
•Hearing loss and vision problems
•Seizures
•Decreased joint movement, called contractures
•Stiff muscles, making it difficult to move

Not all babies born with congenital Zika syndrome will have all of these conditions. Some infants who do not have 
microcephaly at birth may develop it later. In addition, some babies might look healthy at birth but can develop 
long-term health problems as they grow.



Sample: Blood (Saliva, Urine, and Semen)

RT-PCR: It is useful in the first week after the onset of
symptoms (maybe longer in whole blood specimens)

Serology Test: to detect antibodies, useful usually
after five days (beware of cross reactivity with other
Flavivirus such as Dengue or Yellow fever).

Differential diagnosis:
Yellow Fever, Dengue, Chikungunya, 

Oropouche, Malaria, Richettsiosi, 
Leptospirosis, Parvovirus B19, Ross River 
virus, Enteroviruses, COVID-19…



Zika Virus structure and life cycle

The ZIKV genome consists of 10,794 nucleotides in a single-stranded positive-sense RNA that encodes a

polyprotein of 3,424 amino acids and 10 proteins crucial for the viral life cycle. ZIKV RNA has two

untranslated regions (UTRs) and a single open reading frame (ORF).

Envelope, 50 nm, ssRNA+, 
10genes, 11 kb



Figure 1. Architecture of Zika virus (ZIKV) genomic ribonucleic acid (RNA), translation, and cleavage of ZIKV polyprotein, function, and localization of ZIKV proteins. The ZIKV 
genomic RNA is capped but it lacks a poly A tail. The gray lines represent 5’- and 3’-untranslated regions (UTR). The viral RNA codes for a polyprotein that is cotranslationally
cleaved to yield 10 proteins. The 3 structural proteins (C, prM/M, and E) and 7 nonstructural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) are displayed with the length 
of each protein (number of amino acids). The cleavage profile of the polyprotein, the proteases involved, as well as the role and the subcellular location of individual proteins are 
provided in the figure. Information shown in the figure is true for flaviviruses in general, but many aspects need to be specifically verified for ZIKV. The figure does not provide an 
exhaustive list of the functions of each protein. The viral proteins interact with several host proteins, which expands their functional repertoire. aa, amino acid; ER, endoplasmic
reticulum; LD, lipid droplet; nt, nucleotide; RC, replication complex; SP, signal peptide; TGN, Trans-Golgi Network; TMD, transmembrane domain.



Zika Virus structure and life cycle Envelope, 50 nm, ssRNA+, 
10genes, 11 kb

ssRNA +

Putative receptors: DC-SIGN, AXL, Tyro-3

Viral envelope protein E intermediates membrane 
fusion by receptor-mediated endocytosis

An extensive set of cells susceptible to ZIKV infection

As the capsid breaks apart in the cytoplasm, there is a
release of the viral RNA. The positive-sense RNA
genome is translated by the host ribosomes attached
to the ER (viral factories), which results in a
polyprotein processed by proteolytic cleavage.



Zika Virus structure and life cycle

ZIKV virion assembly involves: 
(i) prM interaction with E protein in the endoplasmic 

reticulum; 
(ii) encapsulation of the RNA genome with C protein 

and coverage with a lipid bilayer containing a prM-E 
protein complex to form immature virions; 

(iii) cleavage of prM protein into M protein by furin or 
furin-like protease in the trans-Golgi network before 
release of mature virions

Prior to virion release from the cell, cleavage of prM to M 
protein results in release of the pr peptide, allowing 
rearrangement of E proteins into homodimers and 
facilitating virion maturation

Inhibiting the function of prM during the viral lifecycle may incapacitate
ZIKV infectivity and pathogenicity. ZIKV prM and E proteins are being
used as antibody-activating epitopes in most of the ZIKV vaccines
currently undergoing clinical trials



Zika Virus genotypes

Phylogenetic analyses of ZIKV genetic diversity identified two major ZIKV lineages referred to as the African lineage 
and the Asian lineage, respectively. 
Strikingly, all ZIKV strains responsible for human large outbreaks to date belong to the Asian lineage

The first Zika phylogenetic study was conducted after the epidemics in Yap Island 2007 (Lanciotti et al. 2008)



Zika Virus genotypes



Zika virus likely originated in Africa and spread East, circulating within Africa prior to 1950; Asia by 1966; Pacific islands by 2007; and the 
Americas by 2015.Over this period, the epidemiological properties of the virus appeared to change dramatically from modest, likely 
endemic circulation with mild symptoms (subject to reporting bias), towards epidemic cycles infecting up to 50% of affected communities 
with major neurological complications.

Asian zika strains had two independent disseminations from Southeast Asia into the Pacific region: the first in Yap Island and the second in 
French Polynesia
Later, all of the Asian lineage strains isolated from American countries (e.g. Colombia, Brazil, Puerto Rico, Guatemala) showed 
>99%nucleotide identity, temporal and phylogenetic closeness with the French Polynesia strains (Lanciotti et al 2016)

French Polynesian strains were suggested 
to simoultaneously disseminate into Fiji, 
Samoa, Tonga, to the Easter Island, Cook 
Ilands, New Caledonia, and the Americas

In the Americas thousands of CZS 
reported...

The accumulated mutations contribute to 
neuropathogenicity and increased 
transmissibility observed?



Studies on the phenotypic differences between African and Asian strains 

gave counterintuitive results:

In vitro: historical African strains exhibit higher growth rates and induce higher rates of cellular apoptosis than the 
Asian strains 
in vivo models: historical African strains have higher virulence than the Asian strains in mice
Mosquitoes are more susceptible to the African strains than the Asian strains

The Asian strains, responsible for the ZIKV outbreaks in the Pacific and the Americas, were less virulent with lower 
vector competence than the African strains.

That is also true when analysing recent african strains
Here, we experimentally compare seven low-passage ZIKV
strains representing the recently circulating viral genetic
diversity. We find that recent African ZIKV strains display
higher transmissibility in mosquitoes and higher lethality
in both adult and fetal mice than their Asian counterparts.
We emphasize the high epidemic potential of African ZIKV
strains and suggest that they could more easily go
unnoticed by public health surveillance systems than
Asian strains due to their propensity to cause fetal loss
rather than birth defects.



More recent studies have focused on phenotypic comparison of the ancestral (Cambodia 2010) strain and different 
contemporary Asian strains isolated after 2010 showing that the contemporary strain exhibits higher neurovirulence,
causing microcephaly in the mouse model, enhancing the viral infectivity in mosquitoes, and possessing superior 
fitness than the ancestral strain in vivo



Mosquito-borne

Zika Virus Transmission

Sexual
Male to male
Male to female
(Zika virus is present in Semen
and vaginal fluids)

Materno-foetal
Zika RNA detected in 
amniotic fluid, antigen 
and RNA detected in 
placentas and brain 
tissues of newborns and 
from miscarriages

Transfusion
Transmitted
infection



Mosquito-borne

Zika Virus Transmission



Zika virus cycles

First detection of zika virus in a sentinel monkey in the Zika 

forest in Uganda. 

A Brazilian study found Zika virus in many 

wild marmoset monkeys, which could 

become part of a threatening transmission 

cycle for humans.

The virus has been isolated in monkeys, and antibodies have been detected in domestic sheep, goats, horses, cows, 

ducks, rodents, bats, orangutans, and carabaos.



Animal reservoir



Mosquito-borne transmission

The transmission cycle of mosquito-borne viruses is initiated when

pathogen-containing fluids are ingested by the vector from an infected

vertebrate during a blood meal.

Once the virus crosses the midgut barrier and has replicated in the

mosquito body, it reaches the salivary glands, leading to the presence of

high infectious titers in the saliva of infected arthropods.

During a subsequent blood meal, the proboscis of the infected mosquito

probes the vertebrate host's skin, resulting in the extravascular delivery

of most of salivary glands content in both the epidermis and dermis

where resident and migratory cells will encounter the pathogen.



J. Virol

Primary keratinocyte Primary dermal fibroblasts Skin biopsies

Microscopic observation of mock (C)- or ZIKV (D and E)-infected
human skin biopsy specimens. Small arrows indicate keratinocyte
cytoplasmic vacuolation. The large arrow indicates a superficial
subcorneal edema, and also cytoplasmic vacuolation.

Immature DCs



Human skin fibroblasts express AXL but not 
TIM-1. 
Neutralizing anti-AXL Ab reduced and AXL 
siRNA abrogated the infection with ZIKV or 
DENV.

HEK293T cells expressing the indicated receptors were
incubated with ZIKV (MOI0.1 and 1), and the percentage of
infected cells was determined by measuring the expression of
the viral envelope protein by flow cytometry at 24 hpi.

DC-SIGN, AXL, TYRO3, TIM-1 as ZIKV receptors



ZIKV induces an innate antiviral 
response in primary human skin 
fibroblasts.

Inhibition of TLR3 expression, unlike that 
of the other PRRs, resulted in a strong 
increase in the viral RNA copy number 
48 h following viral infection of the cells



Mosquito-borne transmission



Zika Virus Transmission



Transfusion transmission of Zika virus

2,8% of  samples from blood donors resulted ZIKV RNA positive in French Polynesia during the epidemics

ZIKV may associate to blood cells and platelets



Zika Virus Transmission



Evidence of Sexual transmission

Male (returning from Brazil) to Female 

Morb Mortal Wkly Rep. 2016 
Apr

returning from Venezuela

Male (returning from Thailand) to Female Male (returning from Senegal 2008) to Female 

•Zika virus can be spread by a man to his sex partners.
•In known cases of sexual transmission, the men developed Zika virus symptoms. From these cases, we know 
the virus can be spread when the man has symptoms, before symptoms start and after symptoms resolve.



Reports of replication-competent Zika virus isolated from semen till 62 days after onset of symptoms.

Sexual transmission

Zika virus can be sexually transmitted from a man to his sex partners.

The first documented case of sexual transmission of Zika virus was in 2008 from a man returning to USA 
from Senegal

Other recent reports described: in Italy in 2014 (imported from Thailand), in France in 2016 imported from 
Martinique and  Brazil, 6 confirmed cases in USA (imported from Latin America) 

In known cases of sexual transmission, the man developed Zika virus symptoms. 

It is not known whether infected men who never develop symptoms can transmit Zika virus to their sex 
partners. 

The viral load in semen is often higher than in blood and long lasting.

?

WHO reccomendations: Travellers returning from areas with ongoing Zika virus transmission should be 
advised to use a condom for at least 8 weeks after returning. If symptoms occur, men should use condoms 
for at least 6 months. Use a condom with a pregnant partner until the end of pregnancy. 



Zika in Semen

Emerg Infect Dis. 2016 May

Cook Islands  2014

French Polynesia (Zika detected in semen)

Brazil and French Guyana Viral load in semen of 8,6 Log

•The virus is present in semen longer than in blood.

Sexual transmission 
up to 41 dps

Infectious particles in 
semen up to 69 dps 

Viral RNA in semen 
up to  414 dps 

Lower sperm 
count



Zika virus in the semen of infected men

✓ ZIKV associates to spermatozoa

✓ Germ cells macrophages and epithelial seminal cells are infected by ZIKV

✓ Germ cells are persistently infected for the longest duration (5 months)

Mahé et al, Lancet Inf Dis 2020

Testicular germ cells in 
semen are infected up 
to 5 months

Epithelial cells and 
macrophages in semen are 
infected up to 3 months
Epididymal origin?

Semen smears: IHC viral proteins + cell markers

Mansuy et al, Lancet Inf Dis 2016



Zika virus infection of human testis

Organ 

donors

Ex vivo 

infection

✓ ZIKV replicates ex vivo in the human testis interstitial tissue and 

seminiferous tubules

ZIKV

Infectious viral particlesViral RNA

ISH RNAscope- ZIKV RNA

Matusali et al, Lancet Inf Dis 2016



Target cells of ZIKV in the human testis ex vivo

✓ ZIKV primarily infects resident macrophages, peritubular cells and germ cells ex vivo

ZIKV RNA ISH/ CD68 IHC

ZIKV RNA ISH/ SMA IHC

ZIKV RNA ISH/ DDX4 IHC

Macrophages



Cell apoptosis and 
tissue viability

Testosterone

Inhibin B
Blood testis barrier

ZIKV has no effect on human testis explants histology, apoptosis, BTB 
or hormones production ex vivo

ZIKVMock



Zika in female genital samples

Up to 14 dso ZIKV RNA in vaginal swabs



Zika in female genital samples

ZIKV RNA was present in the vaginal fluids of 60.7% of the 
184, a higher frequency when compared to a study 
conducted in Puerto Rico, where detection was observed in 
only 1.7% of 119 women Detection up to 67 days after 
symptom onset.

Most of our subjects were pregnant at enrollment (4 out of 5); pregnant women are 

known to shed Zika virus in blood for up to 3 times longer than nonpregnant women, 

possibly because of fetal infection. 

Another study reported detection of Zika virus RNA in cervical cytology samples of 32 

of 59 pregnant women compared with 18 of 109 nonpregnant women. 

Fetal tissue may act as a reservoir for long-term infection, or pregnancy-related 

immunosuppression might delay viral clearance. 

One patient shed Zika virus RNA in the reproductive tract after delivery, suggesting that 

there may be reservoirs of viral replication in the female reproductive tract. 

ZIKV RNA was present in the vaginal fluids up to 6 months fso



ZIKV RNA has also been detected in the ovaries of female mice and non-human primates. A human case of in 
vitro fertilization (IVF) described ZIKV RNA-positive oocytes. However, in comparison with the male genital tract, 
the consequences of ZIKV infection on the female genital tract (FGT) have not been extensively evaluated, so that 
little is known about the target cells of ZIKV in this site.

Zika in female genital samples



➢ In vivo

➢ In vitro infections: investigation on the effect of IFNs and sex hormones on viral replication. 
Protective role of IFN, IFN and estradiol

ZIKV replication in the FGT: in vitro and in vivo models

Gli ormoni sessuali modulano l’infezione da virus zika



Zika Virus Transmission



Materno-foetal transmission

•A pregnant woman can pass Zika virus to her 
fetus during pregnancy. Zika is a cause of 
microcephaly and other severe fetal brain 
defects. 

•A pregnant woman already infected with Zika
virus can pass the virus to her fetus during the 
pregnancy or around the time of birth.

•To date, there are no reports of infants 
getting Zika virus through breastfeeding.



Mechanisms of materno-fetal transmission 
of viruses:

The mechanisms by which viruses can be 
transmitted vertically are multifaceted 
and can involve entry into the gestational 
sac via direct hematogenous spread, 
trophoblastic transcellular or 
paracellular pathways, transport within 
immune cells or infected sperm, pre-
pregnancy uterine colonization, 
introduction during invasive procedures 
during pregnancy, and/or transvaginal 
ascending infection. 



Hemochorial: Trophoblast surface membrane covered by maternal blood.
Hemodichorial: Syncytium covered on one side by cytotrophoblasts.
Hemomonochorial: Syncytium without underlying cytotrophoblasts.
Hemotrichorial: Syncytium covered on two sides by cytotrophoblasts.
Intervillous space: Maternal blood space between placental villi.
Invasive cytotrophoblasts: Differentiating cells that leave the basement
membrane, switch to an endothelial phenotype and invade the maternal–fetal
junctional zone.
Syncytiotrophoblast: Formed by trophoblast cell fusion, covers the villus
surface.
Trophoblast: Epithelial cells that compose the developing placenta.
Villus stroma: Connective tissue, fibroblasts, macrophages and fetal blood
vessels that are surrounded by trophoblasts.



Placenta
Cervix

Uterus

Amniotic sac

Placenta 

1
2
3
4
5
6

Intervillous space
Syncytiotrophoblast
Cytotrophoblast
Villus mesenchyma
Fetal capillaries
Hofbauer (M)

2nd trimester villi
1
2
3
4

5
6
7
8
9

Intervillous space (with maternal blood)
Placental barrier of a terminal villus
Fetal capillaries
Merged basal membranes of fetal capillary 
and syncythiothrophoblast
Endothelial cells
Rare cytotrophoblast cells
Basal membrane of the capillaries
Basal membrane of the trophoblast
Syncytiotrophoblast (nuclei rich region)

3rd trimester villi1st trimester villi



Placenta and Zika in the literature 

Quicke KM et al. Cell Host and microbes: Infection of placental macrophages from term placenta (>37weeks)

Miner JJ Cell: Zika Virus infection during pregnancy in Mice causes placental damage and fetal demise
ZIKV identified within trophoblasts of the maternal and fetal placenta (female mice lacking interferon 
signaling)

de Noronha L et al. Mem Inst Oswaldo Cruz: 5 cases report: Placenta positive for Zika in case 1 
(cutterage for loss of fetal heartbeats 12 GW IHC+  in Hofbauer cells, symptoms in the mother during 
the 7th week) and case 5 (healthy newborn Zika detected by RT-QPCR, symptoms in the mother during 
the eigth month)

Martines RB CDC report of 1 IHC positive placenta from a miscarriage (week 11 or 13, not specified) 

Bayer A. et al Cell Host and microbes: Human primary Trophoblast from full  term placentas are resistant to 
Zika Virus infection. Suggested role of protection for IFN-III





dT-HESC=decidualized immortalized Human endometrial stromal cells

Primary

endometrial

stromal cells

A more rapid 
insurgence of IFN-β 
expression was 
observed in T-HESC vs. 
dT-HESC

Higher expression of 
AXL in d-T-HESC

(African lineage) (Asian lineage)



Interestingly, we found that midgestation decidual 

tissues remained susceptible to ZIKV replication, 

whereas midgestation chorionic villi (obtained from 

the same donors and infected in parallel) 

demonstrated significantly reduced viral replication 

(2-log reduction) compared to the decidual tissues 

(P 0.001) (Fig. 2E and F)







Zika in the fetal brain 

Ex vivo brain biopsies: ZIKV preferentially infected neural stem 
cells, astrocytes, oligodendrocyte precursor cells, and microglia, 
whereas neurons were less susceptible to infection.





Where and when: from Africa to America travelling East 

Who and why: african and asian lineages have epidemic potential  

How: arthtopode and alternative route of transmission

Which target: wide range of target organs

Zika natural history





The testis is an immune-privilege organ

➢ Restrict acquired immunity to protect germ cells from non-self recognition: systemic immune 

response deleterious for fertility  

Actors :

➢ Blood-testis barrier : Sertoli cell tight junctions

➢ Range of immuno-suppressive 

mechanisms:

• Secretion of anti-inflammatory molecules: IL-10, 

TGFβ, IDO, testosterone…

• Resident immune cells: anti-inflammatory 

macrophages, tolerogenic DC, Treg, anergic T 

cells…

• TAM inhibition of TLR-mediated responses in 

Sertoli, macro, DC

• Immunosuppressive testosterone

Le Tortorec...Dejucq-Rainsford, Physiol Rev 

2020

Ideal shelter for viruses, unless breakage of immune privilege by inflammation (eg 

Mumps orchitis) or strong antiviral immunity







Hemochorial: Trophoblast surface membrane covered by maternal blood.
Hemodichorial: Syncytium covered on one side by cytotrophoblasts.
Hemomonochorial: Syncytium without underlying cytotrophoblasts.
Hemotrichorial: Syncytium covered on two sides by cytotrophoblasts.
Intervillous space: Maternal blood space between placental villi.
Invasive cytotrophoblasts: Differentiating cells that leave the basement
membrane, switch to an endothelial phenotype and invade the maternal–fetal
junctional zone.
Syncytiotrophoblast: Formed by trophoblast cell fusion, covers the villus
surface.
Trophoblast: Epithelial cells that compose the developing placenta.
Villus stroma: Connective tissue, fibroblasts, macrophages and fetal blood
vessels that are surrounded by trophoblasts.



Viral receptors and tropism

the attachment depends on the interaction between viral E protein and receptor. AXL, Tyro3, TIM1 and 
DC-sign have been identified to be the receptors for ZIKV to infect its permissive cells (52, 53). But the 
conclusive statement still needs further investigation because recent results have been disputed (54, 55). 
Then, viral entry is completed by endocytosis via endosomes. As the capsid breaks apart in the cytoplasm, 
there is a release of the viral RNA into endoplasmic reticulum (51). The positive-sense RNA genome will 
be translated by the host ribosomes attached to the endoplasmic reticulum, which results in a polyprotein 
processed by proteolytic activity for the structural and non-structural proteins (51). When all parts are 
assembled correctly, the virion will be transported out of the cell by endosomal sorting complexes through 
ERGIC (endoplasmic reticulum-Golgi intermediate compartment) to the Golgi apparatus (51). As 
exocytosis is used as a mature virion exits the cell in which a single ZIKV can rapidly increase the amount 
of the virus as the virus will take over the host immune defense system (51).

It has been reported that the entry of the virus is through the interaction of E protein with TAM (Tyro3, 
Axl, and Mer), TIM (T cell/transmembrane, immunoglobin, and mucin), AXL (AXL receptor tyrosine
kinase) or DC-SIGN (Dendritic cell-specific intracellular adhesion molecule-3-G rabbing N on- integrin) 
receptors

https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R52
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R53
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R54
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R55
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R51
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R51
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R51
https://pmc.ncbi.nlm.nih.gov/articles/PMC8698461/#R51
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