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Abstract: The Zika virus (ZIKV) epidemic brought new discoveries regarding arboviruses, espe-

cially flaviviruses, as ZIKV was described as sexually and vertically transmitted. The latter shows 

severe consequences for the embryo/fetus, such as congenital microcephaly and deficiency of the 

neural system, currently known as Congenital ZIKV Syndrome (CZS). To better understand ZIKV 

dynamics in trophoblastic cells present in the first trimester of pregnancy (BeWo, HTR-8, and con-

trol cell HuH-7), an experiment of viral kinetics was performed for African MR766 low passage and 

Asian-Brazilian IEC ZIKV lineages. The results were described independently, and demonstrated 

that the three placental cells lines are permissive and susceptible to ZIKV. We noticed cytopathic 

effects that are typical in vitro viral infection in BeWo and HTR-8. Regarding kinetics, MR766lp 

showed peaks of viral loads in 24 and 48 hpi for all cell types tested, as well as marked cells death 

after peak production. On the other hand, HTR-8 lineage inoculated with ZIKV-IEC exhibited in-

creased viral production in 144 hpi, with a peak between 24 and 96 hpi. Furthermore, IEC had peak 

variations of viral production for BeWo in 144 hpi. Both cells types continued alive during the pro-

cess of viral replication. Considering such in vitro results, the hypothesis that maternal-fetal trans-

mission is probably a way of virus transmission between the mother and the embryo/fetus is main-

tained. 
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1. Introduction 

According to (ICTV, 2023) classification, ZIKV belongs to Flavivirus genus and Fla-

viviridae Family. Its genome is presented as a positive sense single strand RNA (ssRNA+) 

that has around 11 kb. The genomic RNA is constituted by one strand and presents an 

ORF that codes for a single polyprotein. When it is cleaved, originates structural and non-

structural proteins.  

Zika virus was discovered in 1947 during a research expedition about Yellow Fever 

in the Ziika Forest located in Uganda, Africa [1,2,3]. Only in 1964, Simpson et al. reported 

the first human case of ZIKV infection in Uganda [4]. In 1966, the presence of the virus in 

the Aedes aegypti mosquito circulating in the urban area was registered, for the first time, 

in Malaysia [5]. Furthermore, the first recorded outbreak of Zika Fever occurred between 

1977-1978 in Indonesia [6,7]. Until then, the infection was only identified by serological 

test in humans [7]. Between 1947 and 2007, Posen et al. (2016) reported the presence of the 

ZIKV in 29 African, eight Asian and one European countries [8,9,10]. Between 2013 and 
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2016, ZIKV spread to a larger global circulation being the causal agent for several out-

breaks of Zika Fever in 2016 [8,9,10]. Brazil was one of the most affected countries and 

registered one of the highest numbers of infected people, Guillain Barre Syndrome (GBS) 

in adults and congenital ZIKV Syndrome (CZS) in newborns [9,10,11,12]. 

The major ZIKV transmission is vectorial, with focus of infection on the nervous sys-

tem [9,13]. Considering the viral detection in the amniotic fluid of pregnant women and 

in the female and male sexual organs, it is possible that ZIKV can be transmitted by means 

of sexual relation and maternal-fetal attachment [13,14,16,17]. Among flaviviruses, there 

are cases of vertical transmission (maternal-fetal) for CHIKV, DENV and WNV [8,9], but 

its relevance for the spread and disease of such viruses is still not conclusive. ZIKV cell 

tropism includes central and peripheral nervous system, epithelial cells, immune system, 

and reproductive system [8,9,13]. In placental tissues, ZIKV has been identified in syncyti-

otrophoblasts, cytotrophoblasts and endothelial cells of the maternal immune system 

(dendritic cells and macrophages) [14]. Receptor for ZIKV is present in female reproduc-

tive tissues an in the placenta, the receptors are Gas6-AXL receptor tyrosine kinase com-

plex and AXL tyrosine kinase protein [15]. 

The Step Growth Curve (SGC) methodology was defined as standard to observe vi-

rus behavior over time, since such can be used in silico, in vitro, in/ex situ, in/ex vivo 

[18,19,20,21,29]. Moreover, the data obtained through SGC allows application in different 

studies, such as: vaccines, antivirals, epidemiology, viral evolution, comparison between 

strains/variants/serological of the same species or different species, double or more infec-

tions, intra and inter- viral species in the same host, among others. Since sexual and ma-

ternal-fetal transmission is uncommon for Flaviviruses this study aimed to evaluate se-

lected BeWo and HTR-8 placental cells to verify whether Asian-Brazilian strain of ZIKV 

has the same behavioral dynamics as the original African strain in sustained replication 

(viral kinetics). 

2. Materials and Methods 

2.1. Viral isolation and formation of viral stocks 

ZIKV-MR766lp. Low passage (lp) strain isolated from Macaca mulatta in 1947 in Ziika 

Forest, Uganda, Africa (GenBank: AY632535.2) [22,23,24]. It presents the term low passage 

because has a smaller number of passages in mice, according to information provided by 

Dr. Amadou Alpha Sall, from the Pasteur Institute of Dakar, Senegal, Africa, who kindly 

provided samples for this study.  

ZIKV-IEC-Paraíba. Strain isolated from a patient in Paraíba, Brazil, clinically diag-

nosed with ZIKV in the 2015 outbreak (GenBank: KX2800260) [25]. Sample kindly pro-

vided by professor Dr. Pedro Vasconcelos from the Evandro Chagas Institute in Belém, 

Pará.  

Both strains were cultivated in Vero CCL-81 cells (ATCC) to form viral stocks and 

to get the necessary amount for complete experimentation. Such stock was produced in 

three steps to obtain the maximum yield of infective virions. In the first step, there was 

cultivation in five cylindrical tubes of glass with volume of 1 mL of cells. The second occur 

in five culture flasks with 25 cm2 Corning® and volumes between 5-7 mL; and the third in 

five culture flasks with 75 cm2 Corning® filter and volumes between 15-20 mL. For each 

step, supernatant, debris and cell monolayer were collected together; gathered in a single 

container; and homogenized to be stored in 1.8 mL Corning® cryotube, frozen in freezer 

at -80°C. We separated a small aliquot from the three steps for titration by PFU/mL and 

tested for the presence of mycoplasma according Timenetsky et al. [26].  

2.2. Cells cultures 

For Vero CCL-81, HTR-8/SVneo and BeWo, we followed the cell maintenance as de-

scribed by the ATCC cell bank; while for HuH-7, JCRB Cell Bank recommendations were 

used. Cellular, viral stocks and samples from viral kinetics experiments were tested for 

mycoplasma [26] and RNA contaminations by ZIKV [27]. All results were negative. 
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BeWo is a fusiogenic choriocarcinoma cell type – they form syncytium with human 

villous trophoblastic cells properties. It shows features common to normal trophoblasts; 

in addition to expressing IL-6, IL-10, IFN-, IFN-, hCG, steroids, estrogens and proges-

terone. For this reason, it is a good model to study the dynamics of viral infection 

(ATCC). Considering that BeWo in vitro has low rate of spontaneous fusion, we used 

forskolin (chemical compound that accelerates the fusiogenic capacity of such cell lineage) 

[28]. 

HTR8/SVneo is a cell type of human extravillous trophoblast immortalized by SV40 

virus, and originary from chorionic villi, present between 6 and 12 weeks of gestation (first 

gestational trimester). Furthermore, it is characterized as a type of epithelial cell, with hCG 

production and invasion of maternal uterine tissue (ATCC). 

Both cell lineages were kindly provided by Prof. Dr. Estela M. A. F. Bevilacqua, from 

the Maternal-Fetal and Placenta Interaction Studies Laboratory, ICB-USP, São Paulo, SP – 

Brazil. (App A). 

Vero CCL-81 is a type of epithelial adherent cell from the kidney of a normal adult 

monkey which belongs to the African species Chlorocebus aethiops (ATCC). 

HuH-7 (JCRB0403) is an adherent cell lineage that is immortalized and originary 

from tumorigenic epithelium of Homo sapiens – a hepatocellular carcinoma commonly 

used for HCV studies (JCRB). 

2.3. Standard curve for PFU/mL determination 

The correlation between CT and PFU/mL or standard curve was established through 

titration by PFU/mL performed in triplicate for ZIKV-MR766 and ZIKV-IEC, in plates of 

24 wells with a cell concentration of 1x105 cells/mL per well of Vero cells. Moreover, the 

stock was titrated using 0.2 mL of the viral sample in a serial dilution of 10-fold (10-1 to 10-

11). Then, we incubated the plates for five days in an oven with temperature at 37°C and 

5% of CO2. Thereafter, the supernatant was collected and stored for quantification by qRT-

PCR (App B) and the cells monolayers were fixed to determine the viral titer. Based on a 

conversion table, CT values were calculated and obtained from viral titers in PFU/mL (App 

H). 

2.4. Viral kinetics (Step Growth Curve) 

In this experiment, we verified the capacity of infectivity and viral multiplication that 

both viral strains of ZIKV (African and Asian-Brazilian) have, considering the following 

cell lineages: BeWo, BeWo treated with forskolin, HTR-8 and HuH-7.  

The step growth curve presented seven time-points, determined as hour post infec-

tion (hpi), starting from two hpi in the incubator and a 24 interval until 144 hours. There-

fore, we obtained the following hpi: 2h, 24h, 48h, 72h, 96h, 120h, 144h. Sample collection 

for each time-point was performed in duplicate, with separation of samples between su-

pernatant and cell monolayer, which was stored in a freezer at -80°C for later analysis 

(App C). The multiplicity of infection (MOI) It is the ratio of the number of viral particles 

to the number of host cells. The MOI = 1 implies that for each cell unit there is a single 

viral particle. The encounter of a particle by the host cell is a chance encounter, therefore 

statistically it can be represented by the Poisson distribution [18,19,20,29]. The variation 

was determined between 0.1 to 1 due to the different replicative capacity of both strains. 

According to the Poisson distribution, there are few differences within this variation when 

applied in the assay. 

The data obtained from the first complete growth curve was used as standard for the 

analysis of the two remaining replicates at 24, 48 and 72 hpi. Thereafter, we calculated 

PFU/mL for each time-point from qRT-PCR data based on the standard curve, constructed 

before the beginning of kinetics experiment (App D and H). Then, it was performed a 

description of cytopathic effect noticed for all time-points of three replicates. Since it was 

not possible to fulfill the replications at the same time and in the same passage of cells, we 

chose that the cells had two passages of difference for each replication of the kinetic assay. 
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Images for all kinetics were seen on the Thermo Fisher Scientific EVOS™ FL inverted light 

microscope at 20x (200 M). The viral growth curve is based on the theoretical curves of 

Delbruck and Ellis Ellis [19] and Burleson [18] (Figure 1, step 3). 

 

Figure 1. Experiment of viral kinetics. Steps 1 and 2 represents cell cultures in plates of six wells 

where they went inoculated with ZIKV, collated after each hour post infection (hpi) and qRT-PCR 

analysis of monolayer and supernatant. Step 3, the viral growth curve was elaborated by Delbruck 

and Ellis Ellis [19]; whereas Burleson [18] presented the graphical description of the phases of rep-

licative cycle related to enveloped viruses, considering time versus unit of infectious particles 

formed. Based on the Delbruck & Ellis and Burleson models, the curve can be divided into two 

parts. The first is characterized by (I) adsorption, (II) penetration and disassembly of viral particles: 

onset period of transcription, translation and replication of viral genome. In this stage, few viruses 

are detectable, and the most accurate verification of their presence is by means of qRT-PCR or im-

munofluorescence. In the second part, there are assembly, (III) maturation and (IV) release of the 

viral progeny, in addition to its detection by different molecular and cellular methods. Both phases 

occur concurrently. 

3. Results 

For the standard curve we used the average of the titers to construct the standard 

curve for each strain – conversion from CT to PFU/mL (App D to F and Table S1). 

Viral Kinetics ZIKV-MR766(lp). The titer of the viral stocks was 1.7x108 PFU/mL. We 

utilized MOI = 1 and it were found the following averages of cell concentration: BeWo = 

3.14x106 cell/mL, BeWo+fork = 1.7x106 cell/mL, HTR-8 = 1.7x106 cell/mL, and HuH-7 = 

0.85x106 cell/mL. 

Viral Kinetics ZIKV-IEC-Paraíba. The titer of the viral stocks was 1.5x106 PFU/mL. 

We used MOI = 0.5 for ZIKV-IEC, with the following averages of cell concentration: BeWo 

= 2.3x106 cell/mL, BeWo+forsk = 1.7x106 cell/mL, HTR-8 = 1.6x106 cell/mL, and HuH-7 = 

0.32x106 cell/mL. 

The data obtained in our study should be analyzed independently for each ZIKV 

strain as we used different MOIs due to the lack of ZIKV-IEC titers to reach MOI = 1. 

Regarding BeWo lineage, due to addition of forskolin, we performed cultivation of treated 

and untreated cells two days before, and such compound was added one day before in-

oculation. Eight assays of viral kinetics were fulfilled: four for each ZIKV strain, in 
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triplicates, with seven hpi. Considering triplicates, there were a total of 208 samples, in-

cluding negative controls for each hpi from intra and extracellular media (App C).  

For standardization, we quantified the CT of viral RNA for all hpi of triplicate one. 

Based on these results, we also quantified triplicates two and three but only for three time-

points: 24h, 48h and 72h. Therefore, in the end, the quantification of 96 samples was ob-

tained by the CT result converted into PFU/mL. Since the results obtained after by the 

analysis of triplicates two and three validated those of triplicate one, we proceed the study 

(Figure 1, step 1 and 2). The complete conversion table is found in (Table S1).  

In general, all BeWo, HTR-8 and HuH-7 controls presented similar features in all hpi. 

At 2 and 24 hpi, the monolayer was intact, the cells had visible boundaries and absence of 

deformities, cell division, observable nucleus and nucleolus. At 48 hpi, the monolayer was 

more closed, with the appearance of cells in the supernatant (refringent cells), and also the 

presence of characteristics found in the previous hpi. Furthermore, at hpi between 72 and 

144, there were saturation of the space occupied by monolayer, augmentation of the cells 

in supernatant, and same characteristics of 48 hpi (App I). 

On the other hand, BeWo/HTR-8/HuH-7-infected cells displayed cytopathic effects 

(CPEs) that increased during the time points analyzed. Monolayer detachment, focal de-

generation with rounded and refractory cells, partial and total destruction of the mono-

layer inoculated, as well as formation of cellular debris, morphological alterations, swell-

ing and cluster of cells could be observed (Figure 2a and 2b). Thus, we considered the 

three cell lineages susceptible to the ZIKV-MR766lp and ZIKV-IEC viruses. 

 

Figure 2. Image obtained by optical microscope of inverted light and magnification at 200 m (20x). 

The data obtained in our study should be analyzed independently for each ZIKV strain as we used 

different MOIs due to the lack of ZIKV-IEC titers to reach MOI = 1. The monolayer of infected cells, 

from the viral kinetics experiment, of (a) ZIKV-MR766 low passage (African) and (b) ZIKV-IEC-

Paraíba (Asian-Brazilian) strains hpi 96h post infection. Comparative observation between mock 

and infected cells showed the characteristic cytopathic effects (CPEs) of ZIKV. Furthermore, such 

features seen, under the optical microscope, in the BeWo, BeWo+fork and HTR-8 were the same 

noticed in the HuH-7 control lineage: monolayer detachment; focal degeneration with rounded and 

refractory cells; partial and total destruction of monolayer inoculated; generation of cellular debris; 
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morphological alterations, edema and crowd of cells. The non-infected BeWo lineage, as observed 

in the daily maintenance of it, began to detach from the monolayer after three days. Such cells had 

rapid cell division and expansion. When they reached 100% of space occupation, the oldest sponta-

neously separated from the monolayer. 

3.1. Inoculation of ZIKV-MR766lp (a) 

Regarding kinetics curve after infection with ZIKV-MR766lp (Figure 3 and App I), 

BeWo and BeWo+fork had the following similarities: peak of intracellular viral production 

between hpi 24 and 48, in addition to decay soon after this period. Considering the pres-

ence of virus in the extracellular medium, there was growth in the first three time points. 

After these periods, a constant stability remained until the end.  

BeWo showed a fast proliferation, although the onset of monolayer stayed with low 

density. After 3-4 days, 100% confluence was observed, with detachment of older cells 

(refringent cells). Concurrently with CPE, the cell growth was maintained at the beginning 

of kinetics. HTR-8 showed similar dynamics to other cell types. At 24 and 48 hpi, there 

was a peak of intracellular viral production, followed by a rapid decline. In contrast, ex-

tracellular medium remained constant throughout the kinetics. Furthermore, after 72 hpi, 

a plenty of cells still in the monolayer. HuH-7 presented a peak of intracellular viral pro-

duction after 24h hpi and continued to decline until 144 hpi. In the extracellular medium 

showed a lot of cellular debris after the pick of infection. (Figure 2a and Image S1). 

3.2. Inoculation of ZIKV-IEC-Paraíba (b) 

After ZIKV-IEC-Paraíba infection, BeWo and BeWo+fork showed different growth 

curves (Figure 3 and App I). The amount of PFU/mL of BeWo cells remained higher intra-

cellularly until 120 hpi, and the peak production occurred at 48 hpi. Regarding the extra-

cellular medium, the PFU/mL was maintained lower the intracellularly until 144 hpi, 

when it became higher. The CPE was observed at 72 hpi and augmented at 144 hpi, but 

part of the monolayer retained the characteristics of non-infected (Image S1). BeWo+fork 

showed intense viral production between 24 and 72 hpi, with a drop at 96 hpi and an 

increase between 120 and 144 hpi. During all the kinetics, the amount of virus in the ex-

tracellular medium remained constant, with few fluctuations over the time. CPE was ob-

served at 48 hpi and progressively increased in posterior hpi. Furthermore, there was 

monolayer detachment and cellular debris (Figure 3b and Image S1). 

HTR-8 maintained a high PFU/mL in the intracellular environment until 96 hpi. In 

contrast, at 120 and 144 hpi, the number of virions augmented in the extracellular medium 

and decreased in the intracellular medium, probably indicating cell bursts. CPE started 

was observed at 96 hpi, but debris formation only happened at next hpi. Most cells re-

mained adhered to monolayers and showed signs of infection (Figure 3b and Image S1). 

HuH-7 viral production in intracellular and extracellular medium were high between 

24 and 72 hpi. A fast decline of growth occurred in the intracellular environment after this 

period, whereas the extracellular environment remained constant until 144 hpi. CPE be-

came apparent at 48 hpi and increased up to 144 hpi, when all cells formed cellular debris 

and there was no longer a monolayer (Figure 2b and Image S1). 
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Figure 3. Rate graphic of PFU/mL relation between extra and intracellular viral kinetics of BeWo, 

BeWo treated with forskolin, HTR-8, HuH-7 infected by ZIKV-MR766 low passage, and ZIKV-IEC-

Paraíba (App G). The abscissa shows the infected lineages during the period of post infection (hpi) 

from 2 to 144, while the ordinate indicates a relation between extra and intracellular o Log10PFU/mL. 

The data obtained in our study should be analyzed independently for each ZIKV strain as we used 

different MOIs due to the lack of ZIKV-IEC titers to reach MOI = 1. 

We considered 7 time points to describe the viral infection, its capacity to generate 

new infectious progenies and to observe the CPE. After six days, at 144 hpi for ZIKV-

MR766lp, the majority of the available cells were infected, which reflected in the consid-

erable decay of alive cells. Regarding ZIKV-IEC, cell death by infection was only high for 

HuH-7; while in BeWo, BeWo+fork and HTR-8 there were persistence of alive cells – pos-

sible abortive infection? Moreover, BeWo+fork and HTR-8 cells sustained the infection 

and a possible new round of viral replication, even after the infectious peak. Another fact 

noticed in the kinetics, for all assays with the exception of HuH-7, is that the cell mono-

layer remained the same in the last three hpi, when compared to its non-inoculated con-

trols. The most prominent CPEs in infected cells were morphological changes and death. 

Dead cells are also present in non-inoculated control, due to the fact that the control troph-

oblastic cells reach maximum confluence and lose space during monolayer expansion. 

These results may be an indication that during the replicative cycle of the virus there was 

no inhibition of cell multiplication. Moreover, in the kinetics end, the supernatant had 

both dead cells by the virus and cells, possibly alive, due to the continuity of monolayer. 

4. Discussion 

Considering the results obtained by us, all cell lineages are permissive and suscepti-

ble to a both lineages of ZIKV with commons characteristics CPEs observed in Flavivirus.    

HuH-7:IECHTR-8:IECBeWo+fork:IECBeWo:IECHuH-7:MR766lpHTR-8:MR766lpBeWo+fork:MR766lpBeWo:MR766lpTime point

3,5510,0092,1680,00813,5421,0481,8990,9202h

0,4520,0080,0890,0360,7240,1510,1760,13624h

0,7910,0220,0850,0694,8410,1230,7661,78548h

0,9150,0250,2340,15110,8742,29930,06032,40372h

12,1160,0272,9280,29089,70869,415136,313270,86096h

61,71013,0530,4200,26482,511984,307142,588748,646120h

247,8980,3590,6387,389254,4892536,2892970,84110328,108144h
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Regarding virus transmission by placental barrier, the first 12 gestational weeks are 

the most critical, because placenta is still developing and its protection depends on ma-

ternal antibodies [13,14,16,17,31]. Among proposed routes, virus transmission can occur 

via trophoblasts [32,33], which are pluripotent cells that arise in blastula stage and begin-

ning of the first cell differentiation and will originate the embryo and embryonic annexes 

[34]. Studies were published about the development of ZIKV infection in embryonic stem 

cells, from the first gestational semester, and in human placental explant [33,39,40,41,42]. 

These papers comparatively showed how the two strains infect and cross the placental 

protective barrier, and shows that both lineages are permissive and susceptible. But does 

not show why the Asian lineage can cross placental barrier and causes CZS infection in 

the embryo/fetus/newborn, and African lineage does not.     

The percentage of maternal-fetal transmission is estimated by 20-30% of pregnant [9]. 

The hypotheses about maternal-fetal route of transmission, excluding the primary route 

of transmission by vector or sex, occur through the placental tissue. Villous trophoblast 

cells (VT), present in the beginning of embryogenesis, differentiate into cytotrophoblasts 

(CTB) and then into syncytiotrophoblasts (STB), that correspond respectively to BeWo and 

BeWo+fork. Forskolin induces BeWo to form syncytial cells. Based on the VT, there is a 

subset of extravillous cells (EVT) which matches with the HTR-8 lineage. Such cells arise 

between the sixth and twelfth week, in the first trimester of pregnancy, and constitute an 

efficient barrier against microorganisms like viruses. Thus, since the onset of gestation, 

the interaction between the maternal uterine and embryonic placental tissues promotes a 

barrier against the entry of microorganisms [39,42]. The first trimester is also considered 

the period of greatest risk for the embryo/fetus to contract CZS [9,12,37,38,46]. Another 

factor of gestational vulnerability in the first trimester is that maternal IgG crosses the 

placental barrier only from the second trimester of gestation [38,42,44]. 

The comparison of African and Asian lineages in vitro (in different cell types), in vivo, 

non-human primates and in the most common species of Aedes spp is presented and dis-

cussed in the scientific literature [18]. The majority of such experiments showed that the 

African strain is more infectious than the Asian [32,33,36]. However, only the Asian strain 

have the potential to cause CZS and GBS [8,11,33].  

Considering the hypotheses emerged for ZIKV to have become an infectious agent 

capable of infecting neural progenitor cells (NPC), one is due to point mutations in struc-

tural genes D67N [35] and S139N [36], and non-structural T2634V [37]. When considering 

ZIKV-MR766 (African), ZIKV-Asian (2010) and ZIKV-Asian (2013-15) genomes, through 

in vivo and in vitro experiments that exist, at least such mutations that are considered hot- 

spot [35,36,37]. Such mutations are related to increased infectivity, cellular tropism for 

NPC and NS cells, and less virulence, but with greater persistence in tissues [43]. Consid-

ering that in our study the BeWo and HTR-8 cells that showed similar dynamics, it is 

possible that these same genes also favor viral tropism in placental cells and infect the 

embryo/fetus. But need more studies. 

Another hypothesis is related of the target cells can be modified by ZIKV and in-

duced an apoptosis, necrosis and paraptosis [9]. Considering the results of Asian-Brazilian 

lineage one supposes the lineage cells BeWo and HTR-8 stay alive for more time, maybe 

because the pathway apoptosis is not activated or block for some reason not investigate 

yet. 

5. Conclusions 

In summary, our study shows that first trimester placenta cells are permissive and 

susceptible to African and Asian-Brazilian ZIKV infections in vitro. While ZIKV-MR766lp 

effectively infects placental cells leading to fast death, which can be an indication that 

infection by such strain is not persistent and is less transmissible to fetus, ZIKV-IEC-Para-

íba presented sustained and longer replicative cycle, without inducing cell death.  
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Although it is emphasized here that this type of test does not represent the conditions 

of uterine environment, our method allows a better observation of the dynamics of ZIKV 

infection and, as such should be encouraged for further in-dept studies. 

Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Figure S1: Image result of cytopathic effect of viral kinetics (in .pdf exten-

sion); Table S1: Complete table of viral kinetics data (in .xlsx extension). 
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Appendix A: BeWo treated with forskolin. 

The treatment of BeWo cells with forskolin follow the protocol suggested by 

Profa.Dra. Estela M. A. F. Bevilacqua. Formation of 10 mM concentrated solution: 1 mL 

liquid DMSO (Merck™ Cas#67-68-5) plus 4.105 mg of forskolin in powder form (Sigma 

Aldrich® CAS# 66575-29-9). After, usage of DMSO 10 M (0.2%). Later 24h incubation of 

BeWo cells grown in monolayer, add 1 L of the diluted solution for every 1 ml of a new 

culture medium supplemented with 10% FBS. Return to the greenhouse for 24h at 37°C 

and 5% CO2, and then proceed with the inoculation. 

Appendix B: Adaptation of qRT-PCR performed by Lanciotti et al. 2008. 

Mix reagent of qRT-PCR for final volume of 15 L do kit AgPath-ID™ One-Step RT-

PCR – Applied Biosystems™ (Cat#AM1005): DEPC water (Sigma Aldrich® CAS#7732-18-

5) 3,5 L; 3,5 L tampon; 0,5 L sense and anti-sense primers for each; 0,5 L enzyme; and 

5 L extracted RNA. StepOne™ Real-Time PCR System (Applied Biosystems™) reaction 

cycle: (i) one 45°C for 10 minutes; (ii) one 95°C for 10 min; and 40 cycles of 95°C for 15 

seconds plus 60°C for 45s. 

Appendix C: Viral kinetics. 

1. Cell inoculation was performed according to the MOI determined from the viral 

stock of ZIKV-MR766 and ZIKV-IEC-Paraiba. 2. The MOI as established for ZIKV-MR766 

= 1 and ZIKV-IEC = 0.5. 3. The cells were cultured in six-well plates for 24h before starting 

the assays, with exception of BeWo lineage treated with forskolin, started 48h before. 4. 

After the period of cultivation in the plate, we removed the medium and performed a new 

cell count. The monolayer was washed with PBS and the inoculation started per well. 5. 

We dripped the MOI value in L of the inoculum throughout the monolayer cells. Then, 

we kept the cells in the greenhouse for two hours (adsorption phase, under ideal condi-

tions for them); and minimum volume of medium was maintained on the monolayer to-

gether with the inoculum so that such cells did not dry out in the incubator. 6. After 
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adsorption (2h in the incubator), it was washed again with PBS in order to remove cellular 

debris and non-adsorbed virions. 7. At zero time = 2 hpi, we collected from two wells and 

separately the supernatant (inoculum volume) and the monolayer cells. Before collecting 

the cell monolayer, it was washed with PBS to remove debris and virions. 8. Store in 2 mL 

microtubes the samples, identify and kept in the -80°C freezer until molecular analysis. 9. 

Repeat collection separately for each hpi (item 7 and 8). 10. Store in the freezer at -80°C for 

future analysis. 

Appendix D: Standard curve | Direct relation between CT and PFU/mL. 

 

1. The standard curve stablished a direct relation between CT and PFU/mL, obtained 

from the viral stock titration of ZIKV-MR766 and ZIKV-IEC-Paraiba. Such titration was 

performed in triplicate and its mean values were gotten. The serial dilution for the titra-

tion started from 10-1 up to 10-11 fraction. 2. In a 24-well plate and in duplicate for each 

fraction. However, we collected the total volume for qRT-PCR because all cells generally 

die in the first fractions. 3. The extraction followed the TRIzol®Reagent (Invitrogen™ 

Cat#15596026) protocol. Extracted samples were quantified in the NanoDrop™ spectro-

photometer and normalized to an average value of 200 ng/L RNA contraction. The reac-

tion and primers for qRT-PCR followed the protocol published by Lanciotti et al, 2008. 4. 

After obtaining the CT values for each fraction, we calculated the corresponding values of 

PFU/mL with them. 

Appendix E: Standard curve | Calculation of direct relation between CT and PFU/mL. 

1. Average CT obtained for each dilution fraction. 2. Mean titer of PFU/mL triplicate. 

3. Conversion table. 3.1. First column. Numerical representation of dilution. 3.2. Second 

column. Values of mean dilution. The 10-1 fraction corresponded to the average value of 

the titer got in PFU/mL. The next fraction, 10-2, was the value from 10-1 divided for 10. 

Such division pattern was followed up to the 10-11 fraction. 3.3. Third column. Second col-

umn values multiplied by volume in mL used for RNA extraction with TRIzol per corre-

sponding sample. 3.4. Fourth column. Values from third column multiplied by volume of 

RNA used in qRT-PCR in mL and its result divided by the resuspended volume of RNA 

after extraction with TRIzol. 3.5. Fifth column. Transformation of fourth column values 

into Log10. 3.6. Sixth column. Average of CT corresponding to each dilution fraction. 3.7. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 May 2023                   doi:10.20944/preprints202305.1257.v1

https://doi.org/10.20944/preprints202305.1257.v1


 

 

Chart of standard curve. The negative values of fifth column were excluded, and the equa-

tion of line and determination Coefficient was obtained. Follow the Excel table with the 

step by step described above. File in attachment. 

Appendix F: Conversion of CT values into PFU/mL of the viral kinetics graph. 

The conversion of CT values obtained from the kinetics assay uses the equation of 

standard curve straight. 1. First column. Presentation of all hpi. 2. Second column. Values 

of all CT got from the supernatant and cell monolayer in their corresponding hpi. 3. Third 

column. Equation of the line referring to the ZIKV lineage, in which the x value corre-

sponds to the CT of the second column. 4. Fourth column. Transformation of values to 

antiLog10, and multiplication of the previous column numbers by 10. 5. Fifth column. Con-

version equation of PFU/mL value in volume of the sample collected for extraction with 

TRIzol in mL, x = PFU/0,25 mL. Equation: (volume in mL qRT-PCR) (x) = (volume in mL 

of extracted RNA) (PFU/antiLog10). 6. Sixth column. Conversion equation of PFU/mL 

value in volume in sampling one mL, x = PFU/mL. Equation: (volume in mL of sample for 

extraction) (x) = (sample volume of one mL) (PFU/0,25 mL). Chart: hpi abcissa and 

PFU/mL ordinate). Attached file. 

Values table of triplicate tritation: the titers obtained for ZIKV-IEC were 1.30x106 

PFU/mL, 1.40x106 PFU/mL, and 1.68x106 PFU/mL; while for ZIKV-MR766 were 1.57x108 

PFU/mL, 1.57x108 PFU/mL, and 1.43x108 PFU/mL. 

Strain/Replicate 

(PFU/mL) 
First Second Third Average 

ZIKV-MR766  

low passage 
1.57x108 2.05x108 1.43x108 1.68x108 

ZIKV-IEC-Paraíba 1.30x106 1.40x106 1.68x106 1.46x108 

Appendix G: Calculation of the extra and intracellular ratio. 

1. Average of free virions produced at time point – A value. Calculations of intracel-

lular at the 2 hpi, and extracellular values at the 24 hpi. 2. Mean free virions at the time-

point after burst, peak of highest extracellular production – B value. 3. The B minus A 

subtraction indicates full burst or release of new virions – C value. 4. Division of C by the 

number of virions average of the viral titer obtained in the construction of the standard 

curve. 

Appendix H: Graph results standard curve by qRT-PCR. 
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Appendix I: Graphic result of complete viral kinetics. 
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