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A B S T R A C T   

Tropical countries are highly prone to infectious diseases such as the one caused by zika virus. Infection by zika is 
clinically and epidemiologically highly relevant. For example, when women are infected by zika during the first 
trimester of pregnancy, the child incurs a high risk of microcephaly and acute neurological syndromes. In adults, 
the virus is associated with the Guillain-Barré syndrome and other disorders. The worldwide emergency caused 
by zika in 2013/14 demonstrated the need for rapid and accurate diagnostic tools for the virus. Current diag
nostic methods include virus isolation, serological tests, and molecular assays. However, virus isolation requires 
labor-intensive and time-consuming cell culture; serological detection suffers from cross-reactivity caused by 
previous exposure to homologous arboviruses that cause symptoms like those caused by zika, while molecular 
tools commonly are not designed for differential zika detection. This work reports on developing a specific 
molecular detection method based on phylogenetically conserved primers designed for the specific diagnosis of 
the zika virus. The zika primers were systematically selected through a rigorous bioinformatic analysis and 
demonstrated the capability to be highly specific. We tested our primers on synthetic DNA, cell cultures and 
samples from patients infected with zika, dengue and chikungunya and found that they detected zika with 
specificity high enough for differential virus diagnosis.   

1. Introduction 

Zika virus is an arbovirus that belongs to the family Flaviviridae 
(Musso and Gubler, 2016). Its genome consists of approximately 10.800 
nucleotides of a single-stranded RNA with positive polarity (Hasan et al., 
2018; Kuno, 1998), packed into an icosahedral structure similar to other 
flaviviruses (Dai et al., 2016; Sirohi and Kuhn, 2017). The main vector 
for virus propagation is the mosquitoes of the genus Aedes, which spread 
the first great zika epidemic outbreak in Oceania between 2013/14. 
From there, the virus has likely spread throughout America between 
2014/15 (Musso and Gubler, 2016) and compromised large areas of the 
Asian (Hu et al., 2019) and African (World Health Organization, 2019) 
continents, showing great epidemiological relevance. 

Some of the frequent symptomatic manifestations of zika infection 
include fever, conjunctivitis, muscle and joint pain, although many pa
tients do not manifest any symptoms (Calvet et al., 2016). Zika infection 
of women in the first trimester of pregnancy has a high probability of 
delivering children with microcephaly (Sikka et al., 2016; Rasmussen 
et al., 2016; Mlakar et al., 2016), a neurological development disorder 

that drastically reduces the size of the brain with severe reduction of 
cognitive function and intellectual capacity (Mlakar et al., 2016; Ras
mussen et al., 2016). This can be accompanied by spasticity, craniofacial 
disproportion, miscarriage, and ocular abnormalities (Zhang et al., 
2021). A preliminary case-control study showed that pregnant mothers 
infected with Zika virus were 8.6 times more likely to have a child with 
microcephaly than uninfected mothers (De Araújo et al., 2016). Zika 
Infection has also been probed to cause Guillain-Barre syndrome (Zhang 
et al., 2021; Cao-Lormeau et al., 2016), meningoencephalitis (Carteaux 
et al., 2016), myelitis (Mécharles et al., 2016) and ophthalmological 
abnormalities in infected adults (Fernandez et al., 2017). Apparently, 
the virus infects different cell types by different mechanisms where the 
envelope glycoprotein interacts with cell surface receptors such as 
DC-SIGN, AXL, TYRO3 and TIM-1 (Zhang et al., 2021). 

Clinical and epidemiologic management of zika infections needs the 
availability of good diagnostic tests that can differentiate zika from 
other related viruses, given that some clinical indicators do not always 
lead to correct diagnosis with enough accuracy. Conventional diagnosis 
of zika relies on virus isolation upon infection of cell cultures, serological 
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tests, and molecular assays such as nucleic acid amplification-based 
techniques (Digoutte et al., 1992; Hayes, 2009; Lanciotti et al., 2008a; 
Charrel et al., 2016). However, all these methods have drawbacks. Cell 
culture is labor-intensive and time-consuming. Serological detection 
suffers from cross-reactivity due to previous exposure to close phylo
genetically related arboviruses or viruses with high sequence identity 
that produce similar symptoms, and molecular diagnostic tools are not 
precisely designed for differential zika virus detection or even for the 
detection of different lineages. Although no relevant evidence of 
cross-reactivity between Zika and Chikungunya (Chik) has been re
ported, there is evidence of cross-reaction between dengue and Chik 
[Kam et al., 2015], thus suggesting that cross-reaction may also occur 
with other flaviviruses, including zika. Regarding molecular tests, we 
have found that some PCR primers used for diagnostic purposes 
nonspecifically might amplify these two arboviruses which are trans
mitted by the same vector and cause similar clinical symptoms. For that, 
analysis of the published and widely used primers (Lanciotti et al., 
2008b; Camacho et al., 2016; Faye et al., 2008; Calvo et al., 2016; 
Waggoner et al., 2016a; Grard et al., 2014; Kuno and Chang, 2007) with 
the nucleotide Blast algorithm (https://blast.ncbi.nlm.nih.gov), pre
dicted a high probability that these primers will result in false-positive 
PCR when in fact other arbovirus is present, thus hindering the spe
cific zika virus detection (data not shown). 

Differential detection of zika virus was attempted by isothermal 
nucleic acid amplification using two specific primers to detect femto
molar virus concentrations (Pardee et al., 2016). Effectiveness of the 
method was probed by discriminating zika genome from three dengue 
serotypes. Subsequently, others applied methods such as RT-qPCR (Luis 
Eduardo Cuevas et al., 2016), reverse transcription loop-mediated 
isothermal amplification (RT-LAMP) (Priye et al., 2017; Song et al., 
2016), triple reverse transcription real-time PCR (Pabbaraju et al., 
2016), multiplexed reverse transcription real-time PCR (RT-PCR) 
(Waggoner et al., 2016b) and nano-biosensors (Alzate et al., 2020; 
Cajigas et al., 2020) have been developed. Importantly, Corman et al. 
(2016), showed that specificity of PCR-based tests is affected by recog
nition of polymorphic sequences by primers designed to target different 
regions of zika genome (Corman et al., 2016). Furthermore, specificity 
of some PCR tests may depend on zika lineage. Finally, detection limits 
vary among different primers, regions of the genome, and the virus 
lineage. For these reasons, some tests did not perform very well in 
clinical samples with low copy numbers, generating false-positive re
sults (Corman et al., 2016). 

Because the symptoms of zika, dengue and chikungunya are so 
similar, a diagnostic tool to differentiate among these agents would be 
indispensable. Using a rational and rigorous bioinformatic analysis, this 
work aims to design highly specific primers and probe their specificity, 
sensitivity, and ability to detect specifically zika infection. We demon
strate that our primers discriminated against synthetic target DNA, RNA 
both from virus-infected cell culture supernatants and from samples 
coming from patients infected by zika, dengue, and chikungunya 
viruses. 

2. Materials and methods 

2.1. Selection of conserved regions and primer design 

Eight hundred ninety-one sequences from all zika-virus lineages re
ported worldwide until 2017 were downloaded from the NCBI database 
and filtered. A multi-fasta file was created with 117 final sequences after 
filtering based on a systematic review of each strain sequence to identify 
incomplete genomes, genomes with significant gaps, or genomes not 
isolated from humans. Sequences were loaded and aligned using the 
Clustal Omega program (McWilliam et al., 2013) to identify further the 
evolutionarily conserved regions by a consensus sequence analysis with 
Jalview (Waterhouse et al., 2009) and Bioedit (Hall, 1999) programs. 

Specificity of the unique selected zika regions was confirmed by 

Blastn analysis against human, dengue, and chikungunya genomes. 
Selected target sequences were synthesized to evaluate their capability 
to discriminate zika from dengue and chikungunya by PCR. 

The primers for each in silico selected zika-specific target region 
were designed by using Primer-BLAST (https://www.ncbi.nlm.nih.gov/ 
tools/primer-blast/) and Primer3Plus (https://www.bioinformatics. 
nl/cgi-bin/primer3plus/primer3plus.cgi) programs. Primer thermody
namic parameters were analyzed with IDT Oligoanalyzer (Integrated 
DNA Technologies, https://www.idtdna.com/pages/tools/olig 
oanalyzer). Primer selection criteria mandated the length from 16-22- 
mers to provide high specificity and minimal probability of generating 
secondary structures or self-complementarity at sequence ends. Primer 
melting temperature (Tm) was to be similar with no more of 3 ◦C of 
differences. Guanine/cytosine (GC) content of primers was to be be
tween 30–60 %. The last five nucleotides at the 3′ end of primers should 
not have had more than two G or C bases. Homopolymeric region of four 
or more identical nucleotides was avoided and the negative Gibbs free 
energy values were not to exceed scores higher than -8 kcal/mol to 
minimize the chance of homo-hetero dimers and hairpin structure 
formation. 

2.2. Primer performance in conventional PCR with synthetic templates 

Conventional PCR was set up with the four primer pairs and each of 
the four selected synthetic target DNA as templates. PCR reactions were 
run in a ProFlex thermocycler using the DreamTaq PCR master mix (2X) 
Kit (Thermo Scientific). The reaction was set with 12.5 μL of the 2X 
master mix, 1.5 μL of each primer solution at 5 μM, 4 μL (0.1 and 1 nmol/ 
μL) of each synthetic DNA region (target region 1, 2, 5.1 and 5.2) at a 
concentration of 40 ng; the reaction was completed with up to 25 μL 
with RNAse-DNAse free water. The PCR cycling conditions were the 
following: initial denaturation cycle at 95 ◦C for 180 s, 30 cycles at 95 ◦C 
for 30 s; annealing temperature 52 ◦C (regions 1 and 2) or 59 ◦C (regions 
5.1 and 5.2) for 30 s and extension at 72 ◦C for 30 s. A single final 
polymerization step was at 72 ◦C for 300 s. PCR products were elec
trophoresed in 2 % agarose gels for one h and stained with ethidium 
bromide. The gel was visualized in an E-Gel Imager System with UV 
Light Base (Thermo Scientific). 

2.3. Performance of primers by RT-PCR 

2.3.1. RNA extraction and reverse transcription 
We used the Zymo Research ZR Viral RNA kit (https://www.zymores 

earch.com/pages/viral-rna) to extract RNA (300− 500 μL of input 
extraction sample) from supernatants of zika-infected cells in vitro, or 
from serum samples from zika-infected patients previously diagnosed by 
standard RT-PCR using commercially available primers at the lab where 
serum was obtained. RNA from zika-infected cells and serum samples 
was extracted following manufacturer’s instructions. The reaction mix 
was always set in a laminar flow chamber sterilized with 70 % ethanol 
and UV irradiation for 30 min. Reverse transcription was conducted 
with the Thermo Scientific™ RevertAid™ First Strand cDNA Synthesis. 
For this, 1 μg of total RNA was mixed with 1 μL of Oligo (dT)18 primer 
and 1 μL of Random Hexamer primer, 4 μL of 5X buffer, 1 μL of RiboLock 
RNAse inhibitor (20 U/μL), 2 μL of 10 mM of dNTP mix, and 1 μL of 
Revert Aid M-MuL V RT enzyme (200 U/μL). The mix was centrifuged 
and incubated for 5 min at 25 ◦C followed by 60 min at 42 ◦C. 

Specificity of primers for zika was also evaluated on cDNA retro
transcribed from RNA extracted from cell culture supernatants infected 
with dengue and chikungunya viruses. The RNA was extracted as 
described below. Specificity was evaluated by both conventional RT- 
PCR and real-time PCR. 

2.3.2. Conventional reverse-transcription PCR 
After RNA extraction, RT-PCR was carried out using the Verso SYBR 

Green 1-Step qRT-PCR Kit (Thermo Scientific) with samples obtained 
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from zika-infected cells and serum samples. RT-PCR was carried out 
according to manufacturer’s instructions. 

2.3.3. Electrophoresis of PCR products 
PCR products obtained by PCR on synthetic DNA templates and by 

conventional RT-PCR using supernatant of zika-infected cell cultures 
and serum samples were run on 3 % agarose gel electrophoresis, stained 
with 0.5 μg/mL ethidium bromide and visualized in an E-Gel Imager 
(Thermo Fisher Scientific). Electrophoresis was run at 90 V for 40 min. A 
100 bp DNA Ladder molecular weight marker (NorGen) was employed 
to determine the amplicon size. A 4 % agarose gel electrophoresis was 
also performed using hyperLadder V (500-25) bp marker for the devel
opment of amplified samples from zika-infected cell cultures (ZC) and 
cultures infected with dengue (DC) and chikungunya (CC) viruses. 
Electrophoresis was run at 80 V for 90 min, developed with the hydra- 
green DNA dye, and visualized with the E-Gel Imager. 

2.4. Real time-PCR 

A real-time PCR was run for the synthetic DNA targets and a RT-PCR 
was conducted for RNA obtained from cell-culture supernatants using 
the Two-step RT-PCR kit (Thermo Scientific). The reaction mix for the 
real time PCR was set up with the QuantiTect SYBR® Green PCR Kits 
using 12.5 μL of the master mix and 0.2 μM of each primer and 2 μL of 
the synthetic DNA targets. The final volume was complete up to 25 μL 
with DNAse free water. The RT- PCR was prepared in a total volume of 
25 μL and contained 1.5 μL of each primer solution at 5 μM, 5.5 μL of 
nuclease-free water, 4 μL of the RNA sample and 12.5 μL of master mix 
(2X) containing 0.05 U/μL Taq DNA polymerase, 4 mM MgCl2 and 0.2 
mM of each deoxynucleotide. Negative (nuclease-free water) and posi
tive (RNA purified from viral culture supernatants) were included in 
each run as controls. 

Real-time PCR of patient serum samples was conducted using the 
Verso SYBR Green 1-Step qRT-PCR Kit (Thermo Scientific). The reaction 
was set up with 12.5 μL of one-step qPCR SYBR mix, 0.25 μL the Verso 
enzyme, 1.25 μL of the RT-enhancer, 0.5 μL (0.2 μM) of each forward 
and reverse primers, 4 μL of purified RNA and nuclease-free water up to 
25 μL. All reactions were carried out in 0.2 mL PCR tubes in a Quant
Studio 3 thermocycler (Thermo Scientific). The cycling conditions were 
like the conditions described for synthetic DNA templates, except than 
the reaction was run for 60 cycles. 

2.5. Limit of detection 

An aliquot of each of the synthetic DNAs corresponding to the R1 and 
R2 regions were quantified by fluorometry using a qubit (Thermo Fisher 
Scientific). With the DNA concentration, the number of copies was 
established, using the DNA copy number calculator program of the URI 
Genomics & Sequencing Center (https://cels.uri.edu/gsc/cndna.html). 
Once the number of copies was established, a 10-fold dilutions serie 
were made from 100,000 to 1 copy. The PCR was run as described in 
Materials and Methods in Section 2.2. The linear regression curve was 
calculated in Excel using the Ct values obtained for each number of 
copies of the synthetic DNAs. 

2.6. Patient serum samples and supernatants of virus isolates 

Samples of patient serum were kindly donated by the Instituto de 
Investigaciones Biológicas del Trópico (Universidad de Cordoba) in the 
city of Monteria-Colombia. Two supernatants of virus isolates were 
kindly donated by the Center for Research in Tropical Diseases (Uni
versidad Industrial de Santander); from the Department of Santander, 
Colombia. 

3. Results 

3.1. Primer design 

To identify the conserved sequences unique to zika virus genome, we 
aligned 117 zika genomes and compared them to human, dengue and 
chikungunya genomes using Nucleotide-BLAST. The analysis revealed 
ten such sequences ranging in size from 42 to 75 nucleotides. These ten 
sequences were used to design the primers using Primer-BLAST and 
Primer3Plus programs, but only three sequences (Table 1) allowed the 
design of highly specific primers. We named the sequences Region 1 
(R1), Region 2 (R2), and Region 5 (R5). However, for the purpose of 
primer design, region 5 was divided into two subregions, R5.1 and R5.2. 
The selected primer list and their target sequences (amplicons) are 
shown in Table 2. 

The alignment of specific nucleotide sequences is important because 
it provides valuable information for knowing the phylogenetic re
lationships traced by the species’ evolutionary history and because 
conserved portions of the genome have physiological and adaptative 
implications. The conserved zika sequences were mapped into the 
reference zika virus isolate PRVABC59 reference genome (https://www. 
ncbi.nlm.nih.gov/nuccore/MH158237); (Table 3 and Scheme S1). This 
analysis revealed the sequences within the zika genome that are highly 
conserved and their corresponding target genes. 

Based on nucleotide sequences size, the extent of the untranslated 
regions of the virus (5′ and 3′ UTRs), the size and position of the se
quences encoding the unique polyprotein of the zika virus within the 
global genome, as well as the positions of the sequences encoding the 
structural and non-structural proteins of the virus, it was possible to 
track the location of the conserved and specific regions of the virus that 
were obtained by bioinformatic analyses. Table 3 summarizes the results 
of the genetic mapping. 

It is important to highlight that the R1 and R2 regions are located in 
the non-structural protein 5 (NS5), where key residues and the structural 
motifs of methyltransferase and viral RNA polymerase are located (Zhao 
et al., 2017). These results highlight the functional implications of the 
sequences found through computational biology algorithms in the zika 
virus genome. The NS5 RNA-dependent RNA polymerase (RdRp) is a 
flaviviral non-structural protein that has a central role in replicating the 
zika virus genome and is absent in mammalian hosts, a relevant target 
drug discovery. Therefore, active ingredients that are inhibitors of NS5 
RdRp, especially molecules directed to the so-called priming loop that 
regulates the RNA template’s binding and the virus’s polymerization 
process, have been vigorously sought. (Zhao et al., 2017; Godoy et al., 
2017). The priming loop is responsible for the allosteric positioning of 
the 3′end of the RNA template at the active site of the RdRp in the zika 
virus. In summary, the NS5 proteins of the dengue and zika viruses differ 
in the network of molecular interactions and the orientations of the 
methyltransferase (MT) and RdRp domains (Zhao et al., 2017). Inter
estingly, the R2 conserved zika sequence showed the best PCR perfor
mance, which amplified a region located at the beginning of the NS5 
gene. 

The conserved sequences of R1 correspond to the priming loop, 
which performs stacking by interacting with the initiating nucleotide in 
the polymerase catalytic pocket. The priming loop is located in the sub- 
thumb domain deployed within the catalytic chamber to promote the 
initiation complex formation (Duan et al., 2017). The R1 and R2 se
quences correspond to the amplified regions of the molecular targets 
located in the region that codes for the priming loop and loop four of the 
palm that composes the virus polymerase. R5.1 and R5.2 correspond to 
the amplified regions of the molecular targets that are located in the 
3′end region of the virus genome that is not translated into proteins. 

3.2. Primers testing by conventional PCR 

We tested our primers using synthetic DNA targets according to the 
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sequence of the four unique zika-virus genome regions (Table 2) and 
RNA extracted from supernatants of cell cultures infected individually 
by zika, dengue, and chikungunya viruses and reversely transcribed. 
PCR products for each pair of primer and synthetic target DNA were 
amplified by the conventional PCR protocol (Fig. S1a). Electrophoresis 
of the respective PCR products is shown in Fig. 1a; lines 3 and 4; it 
demonstrates that PCR amplifies exclusively with the synthetic DNA 
zika targets and zika-virus supernatants, but not with the supernatants 
of cells infected with dengue or chikungunya viruses (Fig. 1a lines 1 and 
2). In addition, the PCR products specific for zika were of the expected 
size for each of the four identified unique zika genome regions. 

To optimize the annealing temperatures for each of the four zika 
region, we determined their annealing effectiveness at different tem
peratures (Figs. 1b and S2). The annealing temperature range was set up 
four centigrades below and above of the primers’ Tm. For the region R1, 
we obtained Tm = 55 ◦C; for R2, Tm = 49 ◦C; for R5.1 and R5.2, Tm = 60 
◦C. These were the annealing temperature used in subsequent PCR 
reactions. 

3.3. Primers testing by real time PCR 

To obtain further insight into the characteristics of the four set of 
primers, we also employed real-time PCR; sensitivity of the method 
would facilitate detection of cross-reactivity with other templates 
(Corman et al., 2016). Fig. 2 shows the data obtained with the R1 
primers and the corresponding synthetic DNA, viral supernatant extracts 
from zika, dengue and chikungunya, and negative control. The primers 
R1 amplified exclusively the synthetic DNA target and cDNA derived 
from zika virus as demonstrated by the obtention of the same melting 
temperature (inset box in Fig. 2), while other two viral extracts (dengue 
and chikungunya) did not; thus, demonstrating the specificity of the R1 
primers. The primer pairs for R2, R.5.1 and R5.2, also showed a similar 
amplification performance (See the amplification and melting curves in 
the Fig. S3 of the supplementary material). Primers for R1 and R2 

Table 1 
Conserved regions of the zika virus that allowed the design of highly specific primers.  

Regions Sequences (5′→3′) NTs Genome coordinates 

R1 TCATCTGTGCCAGTTGATTGGGTTCCAACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACCA 76 10342-10417 
R2 ATGGGAAAAAGAGAAAAGAAACAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATATGTGGC 73 9361-9434 
R5 AAAAGCAACACCATAAAAAGTGTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGACGGGCC 65 8671-8735  

Table 2 
List of zika primers selected and their specific target sequences.  

Region Primers Forward (5′→3′) Primers Reverse (5′→3′) 

R1 ACTGGGAGAACTACCTGGTC GGTCATCCATTCTCCCTTTCC 
R1 Amplicon ACTGGGAGAACTACCTGGTCAATCCATGGAAAGGGAGAATGGATGACC 

R2 CAAGGGGAATTTGGAAAGGC GCCACATATACCAGATGGCG 
R2 Amplicon CAAGGGGAATTTGGAAAGGCCAAGGGCAGCCGCGCCATCTGGTATATGTGGC 

R5.1 GTGTCCACCACGAGCCAG CATGCGCCCCAAGAGGAG 
R5.1 Amplicon GTGTCCACCACGAGCCAGCTCCTCTTGGGGCGCATG 

R5.2 TCCACCACGAGCCAGCTC GTCCATGCGCCCCAAGAG 
R5.2 Amplicon TCCACCACGAGCCAGCTCCTCTTGGGGCGCATGGAC  

Table 3 
Genetic mapping of conserved sequences of the zika virus that allow the design 
of optimal primers.  

Conserved 
sequence 

Coding Non- 
coding 

Position within the 
genome 

Domain/ 
subdomain 

R1 X  NS5 Thumb/Priming 
Loop 

R2 X  NS5 Palm/Loop 4 
R5,1  X UTR 3′ – 
R5,2  X UTR 3′ –  

Fig. 1. Performance and specificity of the molecularde
signed primers. Agarose gel electrophoresis of the products 
amplified by conventional PCR. A) PCR products amplified 
from supernatants of infected cell cultures (the first step was 
converting the RNA from the cultures in the cDNA for further 
amplification). Dengue (line1), chikungunya (line 2), zika (line 
3), zika synthetic target DNA for each primers pair (line 4) and 
negative control (line 5). All negative controls included 
nuclease-free water instead of genetic material. The synthetic 
regions and cell cultures amplification of zika virus were highly 
specific. B) Temperature gradient for the primers, in ºC.   
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regions were preferred to evaluate the clinical samples because of the 
size of the amplicon generated in the PCR. Primers for R1 and R2 regions 
amplify a 48 and 52 bp products, in contrast with the smaller products of 
36 bp amplified with the primers for region 5.1 and 5.2, which could be 
confused with primer-dimers in conventional PCR and visualized in gel 
electrophoresis. 

Once the performance of the primers was validated with synthetic 
DNA and reverse transcribed RNA obtained from supernatants of zika, 
dengue and chikungunya-infected cells, next, we set to determine the 
diagnostic potential of our primers by evaluating them in the sera of 15 
zika-infected patients from the city of Monteria and two supernatants 
from zika-infected cells from the Department of Santander. The Mon
teria’s samples were provided to us encoded as D485, D589, D588, 
D586, D533, D511 and D479 (cohort I) and AM1, AM5, AM12, AM13, 

AM23, AM27, AM30 and AM34 (cohort II). The two supernatants from 
Santander, were identified as D016 and D109. A single PCR product was 
obtained from each fifteen sera using primers for R1 region (upper panel 
of Fig. 3 and inner inset) and primers for R2 region (lower panel of Fig. 3 
and inner inset). The amplification of the remaining samples from 
Monteria and Santander are showed in Supplementary Fig. S4. These 
results suggest again a good PCR specificity at least again dengue and 
chikungunya virus. However, in silico Blast analysis of specificity of the 
primers (due to the lack of clinical samples infected with arboviruses 
genetically close to Zika) showed that the primers are also specific when 
analyzing against yellow fever, west nile and St Louis encephalitis ge
nomes (data not shown). The different threshold-cycle (Ct) values ob
tained for the fifteen clinical samples from Monteria and the two 
supernatants from Santander are detailed in Table 4. 

Fig. 2. Amplification of RNA extracted from supernatants 
of zika, dengue and chikungunya virus-infected cells by 
real-time PCR using primers for R1. Amplification curves 
were observed for the corresponding synthetic target and su
pernatant of zika virus-infected cells (the first step for each 
virus was converting the RNA extracted from the cell cultures 
to the cDNA for further amplification). The same melting 
curves were obtained for both templates, Tm = 76 (inner 
inset). ScDZ, synthetic DNA of the R1; ZC, RNA from zika virus- 
infected cells; DC, RNA from dengue virus-infected cells; CC, 
RNA from chikungunya virus-infected cells and NC, negative 
control.   

Fig. 3. Detection of RNA zika virus extracted of serum samples from infected patients by real-time PCR, using primers designed for the R2 region (upper panel) and 
R1 region (bottom panel) with the corresponding melting curves in the inner insets, Tm = 82 ◦C for R2 and 77 ◦C for R1, respectively. 
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The Ctould be employed as a measure of analytical sensitivity, where 
the lower the Ct value the higher the analytical sensitivity (de Moraes 
et al., 2018). To compare the characteristics of R1 and R2 primer sets, 
we analyze the Ct obtained with the two primer sets in the 15 clinical 
samples and two supernatants. Data in Table 4 demonstrate lower Ct 
values for products amplified with R2 primers (Mean ± SD)33.7 ± 5.2 
than with R1 primers 41.7 ± 5.1; p < 0.0001) indicating better limit of 
detection for the R2 primers. This conclusion is in line with the empirical 
LOD estimated to be 1 copy/μL (R2 = 0.99) and 1 copy/μL (R2 = 0.97), 
supplementary (Figs. 4 and 5). This detection limit is quite good and was 
close to the LOD of the real-time RT-PCR approach and it behaves better 

or similar to some of the RT-PCRs described for the diagnosis of Zika 
(Zhang et al., 2021). However, multiplex RT-PCRs for the simultaneous 
detection of Zika with other arboviruses have a slightly higher LOD 
(Mishra et al., 2019; Santiago et al., 2018), compromising some of 
sensitivity for the detection of several related pathogens at the same 
time. 

Melting curves of the samples are similar to positive controls, the 
supernatants of cell culture infected with the zika virus, and the 
respective synthetic targets, hence suggesting again specificity of the 
reaction. 

These results demonstrate that our primers, designed by the aid of a 
bioinformatic analysis, allow the specific detection of zika virus RNA 
with no amplification of dengue and chikungunya viruses. Particularly, 
our primers can be used in both, conventional or real-time PCR ampli
fication with good sensitivity and specificity. The specificity was 
experimentally demonstrated against dengue and chikungunya and 
checked in silico against Yellow fever, West nile and St Louis encepha
litis viruses (data not shown) so this assay can be used as a tool for 
differential diagnosis of zika-virus infection in sera samples, as the 
probability of false-positive results is virtually null. 

4. Conclusion 

We developed a molecular diagnostic test to detect the zika virus 
RNA based on new highly specific primers, which were able to 
discriminate very well against dengue and chikungunya homologous 
arboviruses. Primers were designed through a robust and rigorous bio
informatic analysis, whose specificity was also verified by bioinformatic 
analysis and confirmed by conventional and real-time PCR experiments, 
with synthetic DNA of four selected target regions and RNA extracted 
from virus-infected cells. Finally, we evaluated the primers and the 
diagnosis tool performance in sera obtained from confirmed infected 
patients. The primers designed to amplify the R2 conserved zika 
sequence presented the best performance. Although a complete valida
tion of the tool is mandatory with a larger cohort of patients, the primers 

Table 4 
Threshold-cycle values (Ct) measured in serum samples of zika infected patients 
with R1 and R2 primers, respectively. Statistical analysis by Student’s t-test for 
unpaired samples. Probability that the two groups were statistically indistin
guishable is p < 0.0001.  

Sample R1 R2 

1 47.1 36.7 
2 43.0 37.9 
3 44.7 36.9 
4 44.8 39.7 
5 46.1 40.2 
6 46.6 41.9 
7 40.2 34.2 
8 28.1 21.8 
9 31.5 23.8 
10 43.6 34.4 
11 41.4 35.0 
12 41.6 32.8 
13 43.1 34.1 
14 41.6 34.7 
15 36.8 31.4 
16 45.9 35.0 
17 39.8 31.5 
18 45.2 30.2 
19 40.9 27.7 
Mean ± SD 41.7 ± 5.0 33.7 ± 5.2  

Fig. 4. Real-time PCR detection of synthetic zika virus DNA, amplified for different copy numbers with primers for R1 (upper panel). The inner inset corresponds to 
the melting curve for each PCR amplified product. The standard curve (lower panel) shows the specific value of the PCR cycle for each DNA copy number 
amplification, with a LOD of 1 copy/μL (R2 = 0.97). 
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designed and tested in the developed molecular test can be implemented 
in the differential diagnosis of the zika virus, due to their very high 
specificity, with the potential to respond to epidemiological emergen
cies during a new zika outbreak. 

Author summary 

Currently, neither a zika-virus-specific treatment nor a zika-directed 
vaccine is available making clinical management of zika infection 
challenging. Methods nowadays used for detection regularly misdiag
nose zika as dengue or chikungunya posing undue challenges to the 
clinician. Current diagnostic tests employ virus isolation requiring cell 
culture, serological tests and molecular assays. These methods have 
limitations; cell culture is time-consuming, serological tests can be cross- 
reactive with other flaviviruses, and current PCR methods use primers 
not sufficiently specific to avoid amplification of other flaviviruses. This 
situation urges the development of fast and reliable detection tools for 
diagnosing zika viral infection. In this work, we used bioinformatic tools 
to analyze zika-virus sequences and use the results to design highly 
specific PCR primers. By RT-qPCR we tested the primers on laboratory 
and clinical samples. We found that the method discriminates the zika 
virus from genetically homologous viruses such as dengue virus and 
other arboviruses like chikungunya and enables thus a differential 
diagnosis of zika virus in infected patients. 
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