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Vector-borne diseases such as Dengue, Zika, and Chikungunya represent a significant public health 

challenge, particularly in tropical and subtropical regions. Accurate laboratory testing is crucial for 

diagnosing these infections, tracking outbreaks, and implementing effective public health responses. 

However, similarities in clinical presentations and methodological limitations complicate diagnosis, 

including in vitro cross-reactivities in serological tests due to antigenic similarities. Nucleic acid 

amplification (NAAT) and the high sensitivity of high-throughput sequencing enable specific virus 

identification. However, these tests are generally positive only during the acute phase of infection (1,2). 

High-throughput sequencing technologies allow for a comprehensive analysis of viral pathogens in 

suspected patient samples. This study employs the viral capture sequencing (VirCapSeq-VERT) 

approach, a targeted capture method to enrich vertebrate viral nucleic acids from biological samples. 

This technology enables the simultaneous detection, differentiation, and discovery of viruses infecting 

vertebrates (3,4). The study aims to investigate urine and serum from patients presenting symptoms 

suggestive of Zika, Dengue, or Chikungunya (ZDC), but who originally tested negative by RT-qPCR for 

ZDC. Our objective is to identify the presence and variety of viral pathogens circulating in the same 

geographic region in patients whose samples previously tested negative by RT-qPCR. 

Study samples 

The 2016-2018 Zik01 study was a prospective, observational cohort study conducted in Tapachula, 

Chiapas, a dengue hyper-endemic region. 

• The study included patients with suspected Zika virus infection who exhibited fever, rash, and any of the 

following symptoms: joint pain, muscle pain, non-purulent conjunctivitis or conjunctival redness, 

headache, or fatigue.  

• RT-PCR tests were performed on blood and urine samples for ZIKV, CHIKV, and DENV. 

• Negative samples with paired serum and urine samples  were selected for further analysis. 

Results 

Poster number EPI-TUES-125  

October 15th 

Phone +525554183621 

pilar.ramosc@incmnsz.mx 

• Location of the State of Chiapas (A) on the border with Guatemala (B) and the City of Tapachula (C).  

• Red dots indicate participants' neighborhoods or communities of residence in and around Tapachula 

(D). Each red dot in map E represents a febrile rash case in Tapachula. (Image from (5))  

Flow diagram of screening and enrollment of study population for 

the Zik01 study 

• The VirCapSeq-VERT sequencing workflow features a positive-selection augmentation to standard metagenomics sequencing that enriches all 

viral sequences known to infect vertebrates.  

• After high-throughput sequencing, viral identification and characterization are performed using the Rapid Identification of Microbes (RIM) 

bioinformatics pipeline.  

• VirCapSeq-VERT enables an increase in sensitivity up to 1000-fold using a viral template enrichment panel composed of approximately 1 million 

oligonucleotide probes covering the genomes of all viruses known to infect vertebrates and reported in GenBank, RefSeq, EMBL, or GISAID. (3,4) 

1. Library preparation 

2. Capture and enrichment  

Schematic of VirCapSeq-VERT capture, enrichment, and sequencing workflow: 

1. Hybridization of targeted viral libraries with biotinylated VirCapSeq-VERT probes.  

2. Capture of hybridized libraries with streptavidin magnetic beads.  

3. Post-capture amplification. Sequencing and data analysis.  

3. Data analysis 

Bioinformatic analysis was conducted using the Rapid Identification of Microbes (RIM) bioinformatic pipeline. This viral metagenomics pipeline 

utilizes the Reference Viral Database to assemble host-filtered and adapter-trimmed sequencing. RIM results are in HTML format, providing 

non-experts with the tools to analyze viral genomic data.  

4. Visualization of results on the RIM website 

Result Ranking and Display: 

• Data for each sample's number of reads, mean score, and GC content. 

• Results are ranked by bit-score, including links to the reference sequence and pairwise alignments. 

• Information is displayed on the number of reads and the number and percentage of bases covered from the reference sequence.  

Reads Mapping and Visualization: 

• Provide a 'reads mapping' feature to map all quality-filtered reads directly to reference using Bowtie. 

• Display mapping results in a standard Integrated Genome Viewer (IGV) format. 

• Provide links to the generated *.bam and *.bai files. 

• Offer consensus sequence for download using SAM tools. 

Viruses per participant  

According to the viruses determined by the RIM pipeline, 261/289 (90%) participants were positive for ≥1 

virus, either in serum (90/261; 34%), urine (30/261; 11%), or both (141/261; 54%)  

Virus classification 

All viruses were classified into one of 4 categories, according to their reported pathogenicity and clinical 

presentation, to identify those that may explain the participants' symptoms: 

• Fever: known to cause febrile illness 

• Non-fever: causes disease but not known to cause febrile illness. 

• Commensal: does not typically cause disease in humans. 

• Non-human: does not typically infect humans, although rare infections may be reported.  

68 (23%) participants had a virus considered fever-causing, 13 in serum and urine (19%), 33 (49%) in 
serum only, and 22 in urine only (32%).  

Conclusions 
• VirCapSeq-VERT identified unexpected viruses in undiagnosed patients with Zika, Dengue, and Chikungunya-like symptoms. 

• Parvovirus B19 was the most frequently detected fever-causing virus in serum. 

• Clustering of Parvovirus B19 strains from January-February 2017 and March-May 2018 suggests two previously undetected clusters, especially in adults. 

• Testing was conducted only on ZDC-negative patients; expanding testing could reveal more parvovirus cases. 

• The study confirms the presence of viruses that may explain clinical symptoms and highlights the co-circulation of other viral pathogens that affect disease outcomes. 

• Parvovirus B19 can cause mild fever, headache, rashes, and joint pain and may be clinically misdiagnosed as Zika. 

• Symptomatic Parvovirus B19 infection is more common in children than adults, but our study shows that it may go undiagnosed in adults. 

• VirCapSeq-VERT enhances understanding of viral diversity and the complexity of viral pathology in endemic regions and emphasizes the importance of blood and urine testing for better 

pathogen identification and virome characterization. 

• Our study highlights the significance of co-infections and the discovery of pathogens, necessitating further research into their clinical implications. 

• Integrating genomic data with epidemiological information can empower public health to implement more effective outbreak detection and prevention measures. 

 

References 
1. Hunsberger, S. et al. Patterns of signs, symptoms, and laboratory values associated with Zika, dengue, and undefined acute illnesses in a dengue-endemic region: Secondary analysis of a prospective cohort study in southern Mexico. 

Int J Infect Dis. 2020 September; 98: 241–249. doi:10.1016/j.ijid.2020.06.071. 

2. Belaunzaran-Zamudio PF et al. Comparison of clinical characteristics of Zika and dengue symptomatic infections and other acute illnesses of unidentified origin in Mexico. PLoS Negl Trop Dis 15(2): e0009133. https://doi.org/10.1371/
journal.pntd.0009133. 

3. Briese T. et al. Virome capture sequencing enables sensitive viral diagnosis and comprehensive virome analysis. mBio 2015 6(5):e01491-15. doi:10.1128/mBio.01491-15. 

4. Kapoor V. et al. Validation of the VirCapSeq-VERT system for differential diagnosis, detection, and surveillance of viral infections. J Clin Microbiol. 2024 62:e00612-23. https://doi.org/10.1128/jcm.00612-23. 

5.  Belaunzarán-Zamudio PF et al., Different epidemiological profiles in patients with Zika and dengue infection in Tapachula, Chiapas in Mexico (2016-2018): an observational, prospective cohort study. BMC Infect Dis. 2021 Aug 28;21
(1):881. doi: 10.1186/s12879-021-06520-x. PMID: 34454432; PMCID: PMC8397877. 

6. Mrzljak A. et al. The Role of Emerging and Neglected Viruses in the Etiology of Hepatitis. Curr Infect Dis Rep. 2019 Nov 21;21(12):51. doi: 10.1007/s11908-019-0709-2. PMID: 31754812. 

7.  Ghosh S and Malik YS (2021) The True Host/s of Picobirnaviruses. Front. Vet. Sci. 7:615293. doi: 10.3389/fvets.2020.615293. 

Methods 

Acknowledgement:  Funded by the NCI Contract No. 75N91019D00024 

Introduction 

• We conducted a phylogenetic analysis of Parvovirus B19 by aligning VP1/VP2 

nucleotide sequences with at least 80% coverage. Eighteen out of 26 samples 

had sufficient coverage for comparison with B19V reference sequences in 

GenBank. 

 

• We used the MUSCLE tool in Mega X software for the alignment.  

 

• Maximum likelihood phylogenetic trees were constructed with IQtree using the 

TN+F+G4 model with 1000 bootstrap replicates. 

 

• ZIK01 Parvovirus B19 strains are marked in orange. All belong to genotype 

1b, further divided into two subgroups comprising 2 and 16 samples, 

respectively.  

 

• No samples fell under genotypes 2 or 3.  

 

• Strains from January to February 2017 and March to May 2018 form two 

single clades, indicated by the red and blue boxes, respectively. 

Parvovirus B19 phylogenetic analysis 

Analysis of Parvovirus B19 strains 

• For Parvovirus B19, 26 participants were positive; most were adults (3<18 years). 

• 2 participants were observed with mono-infection, and 26 had other viruses detected.  

Parvovirus B19 co-infection with other viruses 

*SEN and picobirnavirus virus was classified as commensal despite its link 
to diseases because there is no clear evidence of their role in 
pathogenicity. (6,7)  

Viruses found in each category 

• Identified fifteen fever-causing viruses. Four samples showed additional dengue previously missed by RT-PCR, 

primarily in serum. 

• Parvovirus B19 emerges as the most prevalent fever-causing virus in serum, a finding of considerable 

significance. 

• The most common fever-causing viruses in urine were adenovirus, Cytomegalovirus, and Norovirus. 

• Papillomavirus was the most prevalent non-fever virus in urine, followed by JC and BK polyomaviruses. 

• The most common commensal viruses in both samples were members of the Anelloviridae family.  

• Seven non-human virus hits were found. Further analysis confirmed their validity: two had partial coverage, two 

were misannotations in the reference database, and three non-viral hits were identified as plant transposons in 

one serum sample, indicating contamination during collection. 

• Single Nucleotide Polymorphism (SNP) analysis reveals two distinctive patterns of sequence changes (signatures) that are unique to Mexican strains compared to the reference strain. 

• This suggests two separate clusters: one highlighted in red with 8 cases between January and February 2017 and another highlighted in blue with 2 cases from March to May 2018. 

• The map illustrates the geographic distribution of these unique Parvovirus B19 strains. 

Single Nucleotide Polymorphism analysis and map of geographic distribution of Parvovirus B19 strains 

*Created in BioRender.com 

VirCapSeq-VERT system 


